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3 cancer in a human and/or animal patient using a universal cancer
marker. It is a further aimof the present invention to provide a
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can be used as an indication that said patient has some form of cancer present in
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advanced stages of cancer development.

The ability to use CYP1B1 in cancer detection is surprising since it is believed
amongst certain reseatch groups in the scientific community that CYP1B1 is highly
over expressed not only in cancer cells but also in normal cells. These claims are
virtually all based on the measurement of mRNA in humans or of proteins in
expetimental animals (often pre-dosed with known inducess of CYP1B1), coupled
with an apparent assumption that the presence of mRNA in a cell guarantees the
presence also of the protein that the mRINA codes fo, ot that experimental animals
are an infallible biochemical model for humans. Howevet, independent research has
shown that the above assumption is likely to be incorrect (2). Since then a few
further examples have been published of proteins for which the mRNA is found in
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of : prostate cancer. However, the concenttation of peptide fragments in blood, urine or

semen is likely to be low and only detectable using highly specialized, ultta~sensitive
apparatus. As such, a further aspect of the present invention is to provide the means
necessaty to detect and measute CYPIBI1 catalytic products and/or peptide
fragments even at very low concentrations in bodily fluid or tissue samples, such as

for example in blood, urine and semen, and assess the bodily presence of cancet.

According to a second aspect of the present invention there is provided a method
for detecting and/or measuring the occuttence of an enzyme CYP1B1 or at least a
part ot fragment theteof or any antibody, peptide and/or other CYP1B1 associated
reagent or product of the catalytic activity of the enzyme CYP1B1 in a patient
either directly or indirectly, whesein the means of detection includes the use of
immunotandem mass spectrometry ((IMALDI).

iMALDI is a technique of extraordinatily high sensitivity (21). Use of fine needle
aspirates drawn from 2 solid tumour tissue is a routine diagnostic cancer technique.
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measur i nghe ietessionr pehy wkastimgeal AP IRPIBptide fagmeiterin isdmpdul icells,
vitro, sai i [ t : | YZi. pal i iy di |
fluid an§>l glF" q?%gg%eé@%ﬁe&?lné gf%fﬂ%o&%gr&f ?%@go%éfﬁgtr%e%ge&é{n %tcl)?f%rg%e tstd
measur engatdetdrmEnenshapoisenee of cancespontpetiesubstrate known to be

nmet abol i zed by CYP1B1 in the human or aninmal patient. The reporter
substrate can be specifically adm nistered or taken by the patient

prior to Nigat ingifallyhdenahsy s&iecﬁ% Aeghd u%é!fﬁfj iﬂ%gf;feﬁén@h&%ﬁﬁéﬁ Qan

in the patient's diet" can be relied upon for the p es of testing.

In one eMSoBFGHRA® EHECH ePHOERRTE: CYBRIRICAtASS¢SS, Lart, Litegd yndées vaepsute the
product ofeUPsSbFahfcediuld falenpr eferably the reporter substrate is a
pl ant derived conpound However, die reporter substrate could be

bi o- synt hesi zed, such as for exanple fromisotopically or

non-i sot Q4 - Y i i .
Chen cal B e TSRS s B o R R ved with
Pr ef er ablthe pPrsent porardionseass be dpund dedhe dellowing tfgreoresnlpe disclosures of
conbi nat i -2 S f.l..aV. I 1 apnd: : Lke. |

erbod et pars URrbBBRAL QA PTAL Biyek 308t P ALLCRlipA YT, bl Bins, ThcRlfing
met abol i €anges wafieds,oand theis giepide Thirghemtsobibingi masy ppectdyetmt especially
net abol i i A (X : i r

At ent | LR e el A et it IS e ML B Bomeny bas
However , thhpetmdial busevmninenizasanet|dagnastics by detilinting hietmabetridisdveyy,

die CYP1BL. Vi g&g%ﬁ J@%; - N i is then

excret ed%om%tﬁ%u%gﬂa nt 1n ‘gurl n lgé%%%ﬁgg g?érﬁelr,lggcﬁi}i me after being
adm ni stered. In one enbodi nent the reporter substrate is a

met hoxyl at . % a tQFI Q: u AR _iLs.oetapal i zed
byt he Capret tehyyonve il Actil\ BE iagoB RN Bab bihcterafia
f or mal dekpgdficatioubeéquertphpligiodiynwbnpedat ocetlar frondgiuex bitepsies. t Bpecific
patient' §;,. : i d in dent's breath. .Thus, in.
one as pe?%hp(gg @C%QQS%%S%E?H fnﬁ)ég?ijbﬁiﬁgﬁfs %1%2?? %1%?%1h 0 ﬁ%as%‘f ﬁ’eﬂﬂ%&ogtfe}{t n
cancer det ettimpn tanddreaslrehentinssing (CRIBY ashaton Méthsagh hivrological

k ' - 10X b -t g, Fh - det 1.ned iod
s such RO GRPRHES PEEBR AN T FhlEh of 6 pRiey SR B eBFes fom
di gesti ve verpdmitfd serpaivignind be abliletped deyeodimathets efieps vdigetidsy e

system i I 80 eam he-taken up by one or nore of, die )
pati ent' E&g%ﬂ gt gl %éfsrlg%o? e;[ﬁlgd%at#fggt 8¥2(§F SRECHEPGHY| ieehyfiughgsed in
r eport er tieyhsteatievbeiex aretldd to dectbeempatfiemholscuied 66 cancdadhdldérs in 2
fluid. For1 _lexa%[ﬁlog, 1t;hi_s ti eri od can.be between 30 m nutes and 48
hours. DEP8¢tt f RGP EPGREHONST Ph F5UF ipRYey;and, cal gHap encer
di e enzymarkadrs deld-hyatellentodsribmsedrn (ife2®odi |y fluid and/or tissue
sanpl e has been taken and therefore the presence of cancerous cells
in the patient.
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In one enbodi nent die ratio of die anmount of die reporter netabolite
to the anount of die reporter substrate or other product is neasured
in the bodMORZM¥1YM+and/ or tissue sanple. An increase iBETHFRRUPIA0P4G3
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pat i ent af ter ag B et & et YHIRSRephokiOl, & PUTASLA CORPPE AR S
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nmetabolites tgQ i ncre sen
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The patient can include any nmanmal i an patient, such as a hunman or
animal. According to a further aspect of die present invention there
is provi deWORUPHWOBIEH f or detecting and/or measuring carREGYGRZH09400463
patient, said nethod including the st&ps of detecting die presence of
a cancer associatign protein, at |least a fragnent of said cancer

associ at ed 1 dlisraRNdneegrtps the pripdessiqsy of ehnmen eriggimemes RS0al Bd. Y.
reagent and/ of, NN t] f [ 2!
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t hereof for tBéodd0Bc283B3284dRBY3)reasuring of cancer in a patient.
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Detailed Summary of the Present Invention

According to an aspect of the present invention thete is provided a method for



WO 2009/ 103984PCT1GB20091000463 14 Figure 6 shows the results of an
MRM anal ysiszé‘;)iﬂguid Chr onot ogr aphy MRM Mass spectronetry LC- MRM M)
of an apprWQiZH® 18+ equi nol ar mi xture of 10 CYP1Bl peptBCHESBU0INED)
sel ected for CYB1Pl1 assay devel opnent? Figure 7 shows the results of
MALDI - TOF anal ysia of an approxi mately equjinolar m xture of 10 CYP1Bl
pept i desd€rERE @397 BF NEensLENg 438 AGCHEGR teNZmg jne? Batiginghe method
results Hichi’di{%g%u? sc¥odi um dodecyl sul phat epol yacryl am ne gel

el ectrophoresis) _anafysis of a m_crosonal fraction of insect cells

cont ai ni ng atUPBVFtCHESESPesEEH BVRIBT TBaASALD ckson) by reducing
SDSPAGE an%)YB]’kﬁi A FHAEE afd PEOUG Uk R8BS Wol$ 1 paiddt MR Md¥Ror mote
anal ysi s of “ge t% ypsin  di gestion_of recomnbi nant CYBlBl

(Bect on- Di ckip%d@t@rm@pw@ﬁqﬂ@mﬁy to figure 1, there is
illustratedya r egtil / gﬁ@ : | . . )

of the CYPL lme‘n%}ﬁg 1L%fgtbl Vi y&itulrcllnag1 at i%rrﬁle lgsy %%&?%%qt%hgﬁgg{%ﬁ&%ﬁge
product of thendXEIBEasmeymeat of 2 npeipbeliterofs tivs tepauted ntbsthin causedns 2

is a natural dj : i . . i

1% % adm ny oo Sl YR ARisRS HELRRRBPUbtre b U ELRRY hUbERbIT
passes i Rrafetdhdy dim@mymelem{)mn the digestive tract for circulation
in the blood stream as shown by the arrowin step 4. Since CYP1Bl is
virtually exclusive to cancer cells, when the luteolin passes into a

normal céhe ®wfe tdcbnpatei Bntypally kiestuibabhs pheastgangubs shichhéhac pirésent

and is e - [ pAL.L ' L ne '

the pati SRECHOTI D Srisas R of clbbd oo g Sy BB N (PP Tm
| ut eol i nava anwve@viPtBhoenmyarker Ysingheheaityping does not have cancer.
Since CYP1Bl is present in cancerous cells, when the |luteolin passes
into a cancerous cell 10, the CYP1Bl enzyne bi otthnsfornas

(et abol Azesidingaol ait egpdan dfotlpr prhseet Grvepdpoxiyéut éopiovid@d @amethod for
reporter oe i te).. - hyeroxy- | | idqls en d in the
pati ent’ g%?@ﬁ% ailg?%%ﬁ;;;?%g? %IQO ea&u/c}lf llr%:tlél%gaénf';fcllée £ I&% Ihe %g%?ﬁ I RNt
pati ent sdrhplesihowitrohsaidtrhethiodtiaclidmghte stepfnetadjritg 2 gatiants bbdily fluél

patient has,cancer, . 009/ 103984PCT/ 02009/ 0004 15 More

bar ¢ oul B4 HEGe saliiE Patie B Y SISt ae ARG PG, e sBIRE cof <2
measur edmicmbidiee wii netepantek subytratsi kgpwantiobbeirastabolitebbat €YMB1 in the
concent r@te th%qué]Lilte |10 %nd 6- hydroxy-luteolin fromdie urine prior
to proce %l:rnﬁﬂq @&ﬁ% &y s ng an i1 VLALDI technique. A single urine
sanpl e can be taken or a nunber of urine sanples can be taken over a
pr e- det ined tinme riod. en die.expected |l evels. of ,dige |uteolin
na or - eri deeriike SriEtaty Fin Ph S bepiBEG Bl oRle by e guticerenor
sanpl e cantcbéngoalthe adtil dauticnee b ghe pgidressubeatei iflthe patient’s diet can
chromat ogr a h\él Lgﬂhcﬁl f‘%”f | f however. the | evels of luteolin and/or

6- hydr 02159/@? CHHAH 14 PREVEPFHS O4r & TGy | ow, the sanples can be

anal yzed by iMA LD If i MALD is used, die urine sanple is m xed

w th deuterated | u(}]del}ol in and deuter atgd 6- hiédroxy-l eolin, followed
by ni xi 'FTu'gl Viteh SHRBRAIMRRE LG SERPTEGH SHBtHAE o2l arwet DN d&ﬁaed product or
6- hydr oxytdstha el Fuxthér predemnblyortes dpirteradithsGARCRN A B8R ¢ :
corrpoundﬁ. The beads a?{a_ t@er%ohar\ﬁgﬁeg{_and, aft eé appropri at eompound
washi ng, 2 VEb 206 GERAHY TURetalE A i}? iQ-sppthgsizg §U§gé'étf%ﬁf§4’fépl%ﬁiﬁm
dried i nsplopgellyFidral don-idobsiellyn lapeled- Myalsexdls! UbRic

fromthe ant.i g@c}i%/r beads .i nt olﬁdi eynrrass spect rorret’eﬁ)fl idg%t a%gt ﬁﬂgﬁ%ﬁ%
are nmeastiEYCHBEEY MIMHGPHA hei r mass. An increase in the urinary

rati o between 6-hydroxy-luteolin and luteolin will indicate die
presence_of cancer cells sonewhere in the patient. Referring to

fi gure 2lhe gepertes snbpisaier sneBe adppintsere gpraigttecthengatient/ and/or via any
measur i ngkheniegasrkgace of die CYP1Bl1 enzynme activity in a patient

by measuring the catalytic product of die CYP1Bl1 enzyne on an



In the method shown in figure 2, 13C Eupatorin 202 is adm nistered
orally to a patient 204, the 13C Eupatorin is digested and passes
into the bYYOFHE0F%EEm from the digestive tract for cir ATAEREMN0N6E] e
bl ood stream of the patient, as showdOby the arrow in step 206. Since

CYP1Bl1 i virtually exclusive to cancer cells, when di.e 13CEupatorin
passes | Reeler i) fiAdePodicr Ssbai-e U&F@Hﬁi&cf%ﬂpy %ia&Yf@éﬁﬁﬁﬁ%%P?r% stilbene,
passes o@hvefoilhenedl hndyek 4% likecreted in the patient's wine 210. A
urine sanple taken fromdie patient will show no or negligible

catal ytic breakdown of die '3C Eupatorin via a WO

2009/ 103@%%@’&@2&&%&%&@%%&&& Lali3Ble RNEWSE Ind PR RBLLRAIASSlite is

not have cancer._  Si rﬁe CYP} t}g,present in cancerous. cells, when th
DC- Eupat 6rintprashucolin bhe heign

_ : sankR Ao OPIEdl | nof petapRrizel ) porad) prenmpban
met abol i zgg i@ isl%@%wtfﬂfmnm@%ﬁeﬁg%%ﬂ&% E%nﬁlta%ae& tZhé B being
i sotopi c | abel ed O-desnet hyl eupatolin 216 (reporter netabolites). The

13C- f or masleenigigeed. dlowisves i Faneeiogs ppraaliancicds s bgola sxmetabpliged

by die p%&kﬁ@ﬁ@@ﬁ%ﬁ%e%&ﬁb@ﬁc& -@H@mgfaﬁi &n $HR1ERHen %%cx%?é?i{"ﬁom

by arrow 220. The 0- dcsnet hyl cupatorirn Is excreted 1n the patient’s
uri ne 22ghe MHENE) vHnesopEpEEtefmngdibne piehbeing aliministatedr i ng
substances is 12C. By adm nistering synthetic or biosynthetic
eupatoiin in which the netabolically | eaved net hoxy glroup contains a
13C i sot &piend gbdodimenietheesepartast sulsiigg dety gecthawyleedbdaveoxiwd as
met abol i L& ki Eogﬁien-l QHZ]E%C i1 berShgpifi y _
hi gher itﬁ]ﬁ%;ftgméér gg% %Iug)g([l e dlésr i?lg[%tge rom r%a%lgl %%ng}leue%g ori nto ©
than in desmethylsxpatosth candonfotingidedigde. Cohbe qdermildehpdé ney eawlesagnently
t he neas Latl f 149G, ofy. e Laxi.de |
eupat ol i ‘rdlIo?a: %{%ft%c?rtgt ?%ﬁg}_l?\%%%df%&sl ?eeifgﬁée{tg n%%{_f)? H&%ﬁ@fﬂe@%@j rrf“lltedogin:ipg ¢
t her ef or pataing™s grigsién cehwst 1 ameesspeat df ¢hpgresent iInvintem abéngels yprosided a

presence_qof: TBLhy s i ur .
Pokon fr SapnL O AR A pal £ 0 SR IR Rk SRR NP IBI LR Four
measur edmagkargisuigpearbrarbride dreathtbstingas chr onat ogr aph-i sot ope

sel ective nmass spectroneter Referring to figures 3a-3c, there is

illustrated a method for detecting and/or nmeasuring the occurrence of
CYP1B1 eWhympaciolterzisad ipegiogapside tiatahaeepottof subsRa] haeheffisedt Hnorto

cancerou . ol j.ent’ 1.ng. re rticularly, in

figure 36311121 ?iigr ﬁfsﬁegﬁj‘é‘lé?‘t“ﬁg%ga’ﬁ’ gﬁédtsﬂglaga@gggﬁga %p%ﬁ%"ﬂgﬁﬁ System
passes imto thhdlbbdstdermf bermkdre upaby ent' & kicdtaefs 3D patassshdlsradiy the
arrows 306, .and. SES t _of dise bladder 302 to.be excreted fromthe
pati ent" l‘s(‘%%%fl,bu%gagﬁeoang%b?%ﬁo& i f(ggglel %epégge nscpé)lsg‘ﬁge gFa‘aﬁ&tﬂiéﬂO e
310, CYPidienp’s atmeic o3 Ibdily St déseekampld) ehis elrhe rdioklr egibat Setdeedi 30
CYP1B1 p&g&@%@ﬂg&ﬂﬂre externalized on the cell surface, as shown in

figure 3 P 89 S iP ontrast to a normal bl adder cell 316 which
does not have any

Detection of a reporter metabolite indicates the presence of the enzyme in the
patient from whom the bodily fluid and/or tissue sample has been taken and
therefore the presence of cancerous cells in the patient.

In one embodiment the ratio of the amount of the teporter metabolite to the
amount of the reporter substrate or other product is measured in the bodily fhuid
and/or tssue sample. An increase in the ratio can indicate the presence of
metabolism of the reporter substrate and thus the presence of cancetous cells in

the patient. For example, in one example, the ratdo of a radio isotope ot stable



WO 2009/ 103984PCT/ GB2009/ 000463 17 externalized CYP1B1l protein As
urine 304 ﬁasses into a cancerous bl adder 318, the CYP1Bl protein 312
and fragmeP'9{UW3%¢ e nixed in the urine and are excr etBEd/ERHEMYONE3
patient in the urine 308. As such, dellection of the CYP1Bl protein

and/ or protein.fr ents indicates die presence of cancer in the
pat i ent | DRIGPEJAAIEH FeROHERARSIIGRE o BeEBohis (o SRBFAL ahaPBr Spteciaeled
fragnent sepBridi Qulbbitai@or ndealsdite que beugbdas | MALDI is used. Thus, in

one aspect of die present invention there is provided a nethod of
detecting and measuring bl adder cancer in a patient using CYP1Bl1l in

W ne as dattllie appredigtedihiadiie R4 sQbstPieLAAMDE Sepéitdtinetabolite may be
Bi oi nformatic ‘ﬁgﬁ)ectl on of Cm pept.i de %equences sui table for

Mul ti pl e GREERLES SYPOMERG PRHSHE QaueNndhe foan oL QuudssSysis is a highly
specific mass spectronetry techni que useful for quantifying

pre-defined peptides, of interest. A signal is registered fromthe,
spect r orrat ¢ bRk ?laldpa%d/cfésr 3584 Sflm@&‘rwg i8R 10F18del 2Ry G¥hagy combination of

pre- def i n8gh,RUOSAHCRO breal R+, Mddd, MsrREREHIRSuMQIHERY, RSN ZYARL ifhe
di gestion (netabglism .are angnablée“to MRM anal ysi s. The cytochrone
P450 pr ottierles pavaesmbigPEem $issue smﬂ%nwd@%@ﬁsﬂ@nﬂq baglg fluid and/or
t her ef or g;3g€ §§1§?Ié/cz&10b@ BARL TS A AEhPRfEC PrEABHERRRed 9‘3{1% géﬁ(od)t)r a
di e CYP1Bl1 isoformversus other cytochronme P450 isofornms. Analyzing
the am nduaeber eletfpples con bevrimyat preddesemyned Gmropetiaiis678, CYPLBL. 1
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luteolin, eupatotin, flavonoids, stilbenes, theitr metabolites and/ox the like.

Preferably the antibodies are substantially immobilized on insoluble beads, such as
for example by covalent bonding to Sepharose beads during of prior to the

analyzing and/or measuting step.

In one embodiment an isotopically labeled reporter substrate is administered to the
patent, thereby increasing the sensitivity of detection of the CYP1B1 enzyme. This
results in at least one isotopically labeled reposter metabolite being produced in the
ptesence of the CYP1B1 enzyme. For example, *C-luteolin or *H-luteolin could be
used as reporter substrates. The presence of the PC or *H isotopic label increases
the sensitivity by improving the signal to noise ratio in the mass spectrometry

detection technique.

In one embodiment a tandem gas chromatograph-isotope selective mass
spectrometer is used to measure a gaseous reporter metabolite, such as for example

isotope labeled carbon dioxide produced by a patient.
The patent can include any mammalian patient, such as a human or animal.

According to a further aspect of the present invention there is provided a method
for detecting and/or measuring cancer in a patient, said method including the steps
of detecting the presence of a cancer association protein, at least a fragment of said
cancer associated protein, antibody, peptide, protein or enzyme associated reagent
and/or a metabolite or catalytic product of said cancer associated protein in an in
vitro bodily fluid or tssue sample taken from a patient, whetein the cancer
associated protein 1s CYP1B1.

According to a further aspect of the present invention there is provided use of
CYP1B1 or a CYP1B1 metabolite or catalytic product thereof for the detection
and/otr measuting of cancer in a patient.

The method(s) of the present invention can be used to detect and/or measute

CYP1B1 activity and/or evaluate, assess, grade, stage the presence of cancer in a



214-222 MRM sel ection conpl et e NAT6059A4 NFSNFI LDK 267-275 MRM

sel ection conpl ete NAT6059A5 AAGDSHGGGAR 304- 314 MRM sel ection

conpl et e NXPSOWIAHSEL VALLVR 176- 183 MRM sel ecti on conplPETERDEIEHEDA7
YPDVQTR 349- 355 13

patent.

In one embodiment a computer run algorithm is used to facilitate the diagnosis and

measurement of cancet.

Accotding to a yet further aspect of the present invention thete is provided

apparatus fot use in said methods.

Detailed Description of the Present Invention

A detailed description of embodiments of the present invention will now be

described with reference to the accompanying figures, wherein:

Figute 1 is a simplified drawing showing the catalytic steps of CYP1B1 with luteolin

in a human body according to the present invention;

Pigure 2 is a simplified drawing showing the catalytic steps of CYP1B1 with C-

cupatorin according to the present invention;

Figutes 3a-3¢ show simplified drawings of normal urine production from a human
bladder; utine production from patient with bladder cancer and a detailed view of a
normal bladder cell and cancerous bladder cell respectively;

Iigute 4 1s a simplified drawing showing the steps involved in detecting and
measuting CYP1B1 fragments using a mass spectrometry technique according to

the present invention;

Figures 5a-5b show screen shots taken from a BLASTp analysis showing the
alignment of CYP1B1 peptide sequence with the most highly scoting human

isoforms;

Figure 5c shows a screen shot taken from UniProt (http://beta.uniprot.org) and
Ensembl (http://www.ensembl.otg) databases which show polymotphic vasiants
and known post translational features for the CYP1B1 protein;



MRM sel ecti on conpl et e NAT6059A8 ANPNEPAK 495-502 MR1VI sel ection
conpl ete NAT6059A9 VNVTLR 518-523 MRM sel ection conpl ete NATE6059A10
WSGGR 125¥ 938" B4 el ection conplete A nixture of al IPGHB2EBHIE60

pepti des was made and anal yzed by 2 ditffering nmass spectrometry (MB)
approaches to determne the relative signal intensity of each peptide
(ionization efficiency) in order to focus devel opnent efforts on
CYPLB1 peipiirdes shbivh the achilghes tanshIRNMt dnalysis Fliguide (hrhoSeidbRy MRM/

results f " an MRM anal ysi | QUi r onot'ogr aphy, VRM. S
poct r onsts e HRReE) Lor MRS i B oeae i SO e o6 10
CYP1B1 pmmmpéﬁﬂdé_l@Lmb cdlected @6r CYBIPY R5spdctVRhepsent . Each
peak represents the signal observed for recursor fragnent (Ql/ @) ion

pair. The five nost intense precursor/fragment (QL /QB) ion pairs

were us e@i%ﬁ}é TeARRvPER! dedtlts VEMALDIATOTSRE)sd 61 b8 HpheaiiAdy sharhdlar

co-elute and stack. This data.established e retention time of “each
pepti de ﬁﬁautrm?rl%ﬁ’ﬂ' eideR srlerts .Ott}r%éfﬁh PSSAEPETHRRMEALAG &
Al0 appear to be the nost intensely observed peptides by MRM (Note

t hat peptides >6 am no acids in length will be needed for antjbody
gener at | SHRULE FurdiopsshbiRs teRelty el & s SHIS-RAID! (sofughafgases] osulphate-
appr oxi Y BaHI le]dB R | :

CYPLBI ab E?&?ﬁ%@?&&. P ptoi%%%z Ry %%ﬁ%%%%ﬁ%ghﬁg%g?gﬁ cells
most i nt 6ASEING PRI e SEPERSsed - W (Becton Dickson) by reducing SDS-

PAGE analysis; and

Figure 9 shows the results of a LC-MRM/MS analysis of gel trypsin digestion of
recombinant CYP1B1 (Becton-Dickinson).

Referring firstly to figure 1, there is illustrated a method for detecting and/or -
measuting the occutrence of the CYP1B1 enzyme activity in a patient by measuting
the catalytic product of the CYP1B1 enzyme on a teporter substrate luteolin which
is a natural dietary plant desived compound.

In the method, luteolin 1 is administered orally to a patient 2, the luteolin is digested
and passes into the blood stream from the digestive tract for citculation in the blood
stream, as shown by the arrow in step 4. Since CYP1B1 is virtually exclusive to
cancer cells, when the luteolin passes into a normal cell 6 of the patient 2, the
luteclin passes out of the cell and is excreted in the patient’s urine 8. A utine sample
taken from the patient will show no or negligible catalytic breakdown of the luteolin
via a CYP1B1 enzyme if the patient does not have cancer. Since CYP1B1 is present
in cancerous cells, when the luteolin passes into a cancerous cell 10, the CYP1B1
enzyme biotransforms (metabolizes) the luteolin to produce 6-hydroxy-luteolin 12 (a
reporter metabolite). The 6-hydroxy-luteolin is then excreted in the patient’s utine
14. Analysis of a urine sample taken from the cancet patient will show that the
luteolin has been metabolized and that the patient has cancer.
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[ALDI is used, the urine sample is mixed with deuterated luteolin and

deuterated 6-hydroxy-luteolin, followed by mixing with bead immobilized antibodies
to luteolin and G6-hydroxy-luteolin in order to isolate and concentiate both
compounds. The beads are then harvested and, after apptopriate washing, are
loaded onto the sample plate of a mass spectrometer and dried in place. Finally,
luteolin and 6-hydroxy-luteolin are released from the antibody beads into the mass
spectrometer flight path and are measured according to their mass. An increase in
the urinary ratio between 6-hydroxy-luteolin and luteolin will indicate the presence

of cancer cells somewhere in the patient.

Referring to figute 2, there is illustrated a method for detecting and/or measuting
the occutrence of the CYP1BI enzyme activity in a patient by measuring the
catalytic product of the CYP1B1 enzyme on an isotopic labeled reporter substtate
Eupatorin, which is a methoxylated flavone,

In the method shown in figure 2, ®C-Eupatorin 202 is administered orally to a
patient 204, the *C-Eupatorin is digested and passes into the blood stream from the
digestive tract for citculation in the blood stream of the patient, as shown by the
arrow in step 206. Since CYP1B1 is virtually exclusive to cancer cells, when the *C-
Eupatorin passes into a notmal cell 208 of the patient, the *C-Eupatorin passes out
of the cell and is excreted in the patient’s utine 210. A urine sample taken from the
patient will show no or negligible catalytic breakdown of the *C-Eupatorin via a
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CYP1B1 enzyme if the patient does not have cancer, Since CYP1B1 is present in
cancerous cells, when the “C-Eupatorin passes into a cancerous cell 212, the
CYP1B1 enzyme 213 metabolizes the C-Eupatorin to produce C-formaldehyde
214 and isotopic labeled O-desmethyleupatorin 216 (repotter metabolites). The *C-
formaldehyde is converted to isotopic labeled catbon dioxide 218 by the patient’s
body and exhaled in the patient’s breath, as shown by arrow 220. The O-
desmethyleupatorin is excreted in the patient’s utine 222,

The major isotope of catbon in mnaturally occutring substances is '2C. By
administering synthetic or biosynthetic eupatorin in which the metabolically leaved
methoxy group contains a C isotopic label in the resultant formaldehyde and
carbon dioxide metabolites, the ratio between *C and *C will be significantly higher
in the catbon dioxide detived from metabolism of eupatotin than in normal exhaled
catbon dioxide. Consequently an increase in the measured ratio of C and C of
exhaled catbon dioxide following eupatorin administration indicates the presence of
CYP1B1 enzyme and thetefore the presence of cancer in the patient. Alternatively,
the presence of O-desmethyleupatorin can be detected in a utine sample taken from
the patient.

The ratio of the exhaled gases is typically measured using, for example, a tandem
gas chromatograph-isotope selective mass spectrometer.

Refetting to figures 3a-3c, there is illustrated a method for detecting and/or
measuring the occustence of CYP1B1 enzyme by measuting peptide fragments of
CYP1B1 released from cancerous bladder cells into a patient’s urine,

Morte particularly, in figure 3a a normal healthy patient’s bladder 302 is shown. Utine
passes into the bladder from the patient’s kidneys 304, as shown by atrows 306, and
passes out of the bladder 302 to be excreted from the patient’s body, as shown by
arrow 308.

In a cancerous bladder cell 310, CYP1B1 protein 312 is expressed in the cell and
fragments of the CYP1B1 protein 314 are externalized on, the cell surface, as shown
in figure 3c. This is in contrast to a normal bladder cell 316 which does not have any
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externalized CYP1B1 protein. As utine 304 passes into a cancerous bladder 318, the
CYP1B1 protein 312 and fragments 314 are mixed in the utine and are excreted
from the patient in the urine 308. As such, detection of the CYP1B1 protein and/ot

protein fragments indicates the presence of cancer in the patient.

Due to the low levels of the CYP1B1 protein and/oz protein fragments in the utine,
a technique such as iIMALDI is used. Ti1us, in one aspect of the present invention
there is provided a method of detecting and measuring bladder cancer in a patient
using CYP1B1 in ugne as a tumour marker by the method of proteomics using
iMALDI.

Bioinformatic selection of CYP1B1 peptide sequences suitable for Multiple

Reaction Monitoring (MRM) analysis

MRM analysis is a highly specific mass spectrometry technique useful for
quantifying pre-defined peptides of interest A signal is registered from the
specttometer when a pre-defined fragment ion arised from the pre-defined
precursot. The majority of peptides produced by enzymatic digestion (metabolism)
are amenable to MRM analysis.

The cytochrome P450 protein supetfarnily consists of many membets and it was
therefore necessary to determine the amino acid sequence identity of the CYP1B1
isoform versus other cytochtome P450 isoforms. Analyzing the amino acid
sequence of CYP1B1 (Accession number: Q16678, CYP1B1.1 or wild type) using a
Basic Local Alighment Search Tool (BLASTp) reveals that CYP1B1 is closer in
identity to CYP1B1 isoforms from other species (e.g. 98% identity to chimp and
81% to mouse) than to other cytochrome P450 isoforms in human (e.g. 40%
identity). A search against only human sequences teveals that CYP1B1 has the
highest identity to its other two family members: 40% identity to CYP1A1 and 39%
to CYP1A2. This identity is very low, revealing a lack of long identical peptide
sequences that are shared between these isoforms.
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Figures 5a — 5b illustrate screen shots taken from a BLASTp analysis which shows
alignment of the CYP1B1 peptide sequence with the most highly scoring human

isoforms.

These results show that the amino acid sequence identity of CYP1B1 to other
human isoforms contains numerous amino acid sequence differences tesulting in
mass differences of tryptic peptides that can be exploited by mass spectrometty.
However, in selecting peptides for assay development, we took into account
polymorphic amino acid varants that have been reported for the different CYP1B1
alleles in the human population. Additionally, the protein does not have reported or

predicted extensive post-translational modifications.

Figure 5c shows a screen shot taken from UniProt (http://beta.uniprot.otg) and
Ensembl (http://www.ensemblorg) databases which show polymorphic vatiants
and known post translational features for the CYP1B1 protein.

MRM analysis was based on the observation of peptides resulting from trypsin
cleavage of CYP1B1. To be able to detect the CYP1B1 protein by MRM analysis
irrespective of which CYP1B1 allele is present in the sample, tryptic peptides
containing polymotphic vatiations were not selected for assay development and
were excluded from the list of usable peptides. Peptides containing amino acid
residues susceptible to chemical modifications duting sample handling, such as
cysteine and methionine, were additionally excluded. Thetefote, by excluding
polymorphic vasiants, peptides containing Cys or Met, and selecting for peptide
sequences upnique within the human proteome, 12 peptides that could be used for
the development of an MRM CYP1B1 assay remained. Due to the limits in length
duting peptide synthesis, peptides 3 through 12 wete pursued as optimal candidates.

Synthesis and MRM optimization of natural forms of all 10 CYP1B1 peptides was
then completed. Table 1 below shows the 10 CYP1B1 peptides.
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LIMS ID Peptide sequence | Position | Status
NATG059A1 | QVLEGHVILSEAR | 164-175 MRM selection complete
NAT6059A2 | ELLSHNEEFGR | 223-233 MRM selection complete
NATG6059A3 | YSHDDPEFR 214-222 | MRM:selection complete
NATG6059A4 | NESNFILDK 267-275 MRM selection complete
NAT6059A5 | AAGDSHGGGAR | 304-314 | MRM selection complete
NATG6059A6 | ELVALLVR 176-133 MRM selection compleie
NATG6059A7 | YPDVQIR 349-355 | MRM selection complete
NATG6059A8 | ANPNEPAK 495-502 MRM selection complete
NATG059A9 | VNVILR 518-523 MRM selection complete
NAT6059A10 | VVSGGR 125-130 MRM selection complete

A mixture of all the above 10 peptides was made and analyzed by 2 diffeﬁng mass
spectromeity (MS) approaches to determine the relative signal intensity of each
peptide (fonization efficiency) in order to focus devélopment efforts on CYP1B1
peptides with the highest sensitivity.

Figute 6 shows the results of an MRM analysis (Liquid Chromotography MRM/
Mass specttometry LC-MRM/MS) of an approximately equimolar mixtute of 10
CYP1BI peptides (A1-A10) selected for CYBIP1 assay development. Each peak
tepresents the signal observed for recursor fragment (Q1/Q3) ion pait. The five
most intense precursor/fragment (Q1/Q3) ion pairs were used for each peptide.
MRM signals specific to a peptide should co-elute and stack. This data established
the retention time of each peptide and their relative intensities. Currently peptides
A4-AG & A10 appear to be the most intensely observed peptides by MRM. (Note
that peptides >6 amino acids in length will be needed for antibody genesration.

Figure 7 shows the results of MALDI-TOF analysis of an approximately equimolat
mixture of 10 CYP1B1 peptides selected for CYP1B1 assay development. Peptides
Al1-A4 and AG appeated to be the most intensely obsetved peptides by MALDI.
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(MRM) analysis.

Figure 8 shows the results of a SDS-PAGE (sodium dodecyl sulphate-
polyacrylamine gel electrophoresis) analysis of 2 mictosomal fraction of insect cells
containing baculovitus expressed CYPIB1 (Becton Dickson) by reducing SDS-
PAGE analysis (4-12% polyacrylamide Invitrogen NuPage Bis-Tris gel). Entite
sample lanes were cut into 24 gel slices and processed for in gel trypsin digestion
using a Genomic Solutions Progest.

Figure 9 shows the results of a LC-MRM/MS analysis of gel trypsin digestion of
trecombinant CYP1B1 (Becton-Dickinson). The 5 most intense MRM Q1/Q3 ion
pairs were used for all 10 peptides (50 MRM ion pairs total). All 10 peptides were
detected well — with NATG6059A3 being the only low signal. ‘The reversed phase
gradient is represented as a red line, separation conditions were C18 analytical
column (150 x 0.075 mm), 300 nL./min flow rate.
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Table 2
MALDI MRM Peptide Name my Most Intense Peak Width Retention Combined
Intensity Tatensity Q1/Q3 Tou Pair (sec} Time Rank
Rank Rank

| 7 NATG6059A6 (ELVALLVR) 9i1.4 456875714 7.4 23.67 8

2 5 NATG60539AZ (ELLSHNEEFGR) 1329.6 444.2/4882 6.1 19.57 7

2 8 NATGO59A1 (QVLEGHVLSEAR) 1336.7 446.6/555.8 6. 19.28 11

4 10 NAT6059A3 (YSHDDPEFR) 1164.5 389.2/3222 3.6 17.97 4

5 1 NATGO59A4 (NFSNFILDK) 1096.6 549.3 /1 836.5 6.2 23.49 8

0 0 NATGO52A7 (YPDVQTR) 877.4 439.7/358.2 8.0 18.16 12

7 | NATG059A9 (VNVTLR) 700.4 351.2/488.3 5.7 18,88 8

8 4 NATGO059A5 (AAGDSHGGGAR) 9544 319.1/407.2 4.5 12.64 12

9 2 NAT6059A10 (VVESGGR) 573.3 287.7/370.2 il1.6 [3.02 11
10 Y NATO059A8 (ANPNEPAK) 839.4 420.7/655.3 15.2 15,75 19

Table 2 above shows a summary of CYP1B1 peptide relative intensities by MALDI
atid MRM (electrospray). MRM intensity rank was determined from an actual
trypsin digest of recombinant BD CYP1B1. Retention times duting reversed phase
separation and half-height peak widths are also listed. Combined rank is the sum of
both the MALDI and MRM intensity ranks. Thus, according to one aspect of the
present invention there is provided use of one or mose of the peptide sequences fot
CYP1B1 or CYP1B1 metabolites listed above for use in the identification of
CYP1B1 in a patient.

In solution digestion

“In solution digestion” was used because the protein sample contains no detergent.
If the protein sample is in a buffer that contains' chemicals incompatible with
wypsin activity, a buffer exchange must first be petformed using a protein

precipitation.

The following solutions wete made using the compounds listed in Table 3 below.



V5111 Sol utions Solubilization buffers 1. 8 NI urea: 8 Murea in 10
nmv HEPES, f‘)'H 8 0. To make 10 m., 4.80 g urea and 23.80%HEPES wer e

di ssol ved P AW W%%hat er. The pH was afjusted with Na HeBAUPHALV0463

solution was stored at roomtenperature (i.e. approx. 20- 25C). 9. 6
M ureal/ 2 'Fhplaipurea: 6Murea, 2 N thiourea in 10 mMNl HEPES, pH 8.0.
To make 10 rnL, 3.60" ; . > i

di ssol veditffit wat er. The pH was adj usted asMamafestrserni t h Ragdict

Sol utions of thiourea often contain insoluble particles s anpl es
can be centri fuged—-at—ﬁﬁ(}e*x-g—f—m—}e—m—mﬂ—e&—t—e—e—lﬁi—m
sol uti on fesnenonsdbigard@ad. 10% w v sodi Bigneeoxychol at e A615D M
amroni um i carh , O her buffers 4. D tion buffer: nM
anmoni um %L@g\r gﬂ§§(§&(NH4HCCB). To nmake 109@{&, 40 ny NFMF‘%OWB.S

di ssol vedlighidtrrdtohat er and stored at rooRiukenperature. 543815

| odoacet agvi. de stock solution: 0.5 pg/p.L ipdoacetam de in gj | on
buf f et Tgﬁ]h’ta‘ke 10 nL, 5 ng iodoacet ani de mﬁ“s"“aP%%‘M ved in g@%ﬁ{li

di gesti onl'hidfifren. This was separated into TB8rbédn al i quot sZaNCJNGEE or ed
at -20C '6'di[?-1r' TieStOc‘::lhko]Elgl ution: 0.5 vg/l.LL DTT in water. 5? 6rake 10
m., 5 ng DT AR as di ssol ved in & and st ored?8(>Y20C
WO 2009/ 103984 Clide320094 OP0hdind3o@ideds 1Prcvabubi | i 7e theyprpt ei n
pel l et (either precipitated fromsolution or a centrifuge peffet—fTrom
a subcel L‘#{)@r fractionation) in 8 Murea, 6 Murea/2 Mthiourea or
10% sodi éﬁjﬂﬁchol ate. Selection of the particular denaturant w ||
be sanpl &$RshbLddsn ButreMr €a/ t hi ourea appeared to work the best for
menbrane proteins. The volune is kegt as smal|l as possible as the

final conceht Sald B¢aof Mhnse el bIEPEReptcisTownike h@edlt 4.80ar urea
reduced by di LyHi®Ng pké MEDPES ' b EL QR i Oure L. of s

sol ubilizati orrll buffer %er I ;Egs %’%%?%%%?ﬁd \E/\ﬁ/agatr?%l ‘é’gf‘ﬁry%li}gé}cf.{)".mrﬁ‘ih‘és‘:ed
produces the é"éﬁ%}l\@%@ﬂ@i the splutigigwas plogedDut o8O pégptataiedi.e.ampirex. 20-
protein and i ngeppte for 30 mns at roomtenperature. To avoid sanple |

| oss the protein mass in the sanple may need to be roughly estimated
2. 6 Murea/2 M thioutea: 6M urea, 2 M thiourea in 10 mM HEPES, pH 8.0. To

make 10 mL, 3.60 g urea, 23.8 mg HEPES and 1.52 g thiourea wete dissolved
in water. The pH was adjusted as necessary with NaOH. Solutions of
thioutea often contain insoluble patticles so samples can be centtifuged at
5000 x g for 10 minutes to clatify them. The solution was stored at 4°C.

3. 10% w/v sodium deoxycholate in 50 mM ammonium bicarbonate.

Other buffers

4. Digestion buffer: 50 mM ammonium bicarbonate (N H,HCO,). To make 10

mL, 40 mg NH,HCO, was dissolved in 10 mL water and stored at room
temperatuse.

5. Iodoacetamide stock solution: 0.5 pg/uL iodoacetamide in digestion buffer.
To make 10 mL, 5 mg iodoacetamide was dissolved in 10 mlL digestion
buffer. This was separated into 100 uL aliquots and stored at -20°C.

6. DTT stock solution: 0.5 pg/uL DTT in watet. To make 10 ml, 5 mg DTT in
10 mL was dissolved in water and stored at -20°C.



3. Add 5 pig iodoacetam de/50 p.g to die sanple protein and incubate
for 30 nuns at roomtenperature. 4. Sanples were then disluted with
enough di g¥& 3B fer to reduce the urea concentr ati dCH@BONNALA
sodi um deoxychol ate concentration tg 1% wv. 5. Add 1 pg trypsin/50
lig to the sanple protein and i ncub&t e over ni ght (16 h) at 37C. 6. It
was fo %I hat di gested peptides are best stored at -80C while

awai ting Rial ysis. Referring to figure 4, an exanple of detection of
CYP1BL pr gt ei nShRaamRNtse | foflini Beldi [QuRANBLEJiBKED AHAM | egit
is now descri bedLu_si ng 1. MALDI tle?ﬁni q&e. Iggt hllﬁsl F&;c]hﬁlgques@%d &t a
CYP1B1 pr ot ei nfl‘aﬁélﬁége prlist é’io_rmﬁlr%@‘ﬂ‘?fé]hﬂél‘ agtienntion) fed Viuga, 6 Marea/2
sanple 1 2 SuM ARG RO N Bliui] BofABote A8l &RVES: balfoulas
smal  er peptides 408 (i.e., light peptides) via tryptic digestion

usi ng ttypsin aenaikeve vBY barseowpla specifin but vl thingtepappeatedpopyodethe
408 are isol at gei+Visd A ﬁ%ﬁgﬁo LG D - r -

| i ganding to specific Ez:anti bo est 4%0@%?&@?@ 1??8%&123& ts%ﬁﬁ%%’%g%ﬁl%le as

beads 412, as StoRrzbygoasensvetion] odnthestechnotiopia nheinbewill rygedi o be

pepti des/antib agd,c -exes. 416, T LY RE LG _
pepti des/anti b%g’g%c. %agycon&ﬁlﬁegué%zt%a?c@%]%gag?gm&ﬁoﬁ trslf%t% of
peptides 408 as@ublieatitrmbuélst pdr agdf pACER00% DBy Pead. EEDIE 31060463

24 after approgfd washi-ng, are loaded and dried onto a target
pl ate 418 of a m@@%@cﬁeoﬁet er, as shown by arrow 420. The peptides

408 are tRen sfddpbeg PTEH0He tmthdetyploepudsein poddnubatd fre Sdumens at
according to thei i?%ﬁ@%- e &Y S,.ar.g. iL,{J ed t
ratio betg'.J ween {kﬁderﬁano ntastl%f @eg@&a%gﬁﬁ ?gﬁ%s %%d?llogég%légsgpg]cp %%ﬂ%‘gle

It is the initimay teadipbeirengldyicstimanl. concentration of the tryptic

! ni il i lyicotirars on of the tryp
o moasurd snl Poanait e P LURE A1 e Pk raB ol b iRl bl a0

single cell. Simgeatteosn speptmonet ry measures peptides by their mass,

a synthetjc pe@t.] .t hS,. | i I el i or 2H.is

di ot i ngui Shabl Blbfifes Ak, d:8a SOLERI SAU] éﬁl@%é&?ﬁﬁ%}%ﬁ% {Odé‘%_é%cien@g
the latter wilhtebeoncetarton 1wl dndcomtiamnd gy dooiz racddoentidaGoand 1%
i sot opes of ca\%l??n and hydrogen respectively. Thus, as part of the
met hod shown in’figure 4, an isotopically |abeled substantially

i dent i cal 5syntAédtlilcpgerypsite 582Q; tathebmmplegaotiit bndiscubitneveeigied 6
tryptic pepti sﬂtzgo,sc as shown by arrow 424 prior to step 414. As
such, CYP1B1l i§ quantifiable using i MALDI by neasuring the quantity
rati o betéween lthensrfebatlithel digherad ipeptidgnifedidsc stoadbheBPERIhile swaiie
the rel ativel y,ml b%ﬁt er body derived peptides. The greater the armun?
of CYP1Bl1 pept de's present in the mne sanple, the further advanced
the cancer is likely to be in the patient. The anti bodi es agai nst

CYP1Bl or-..CYP1Bl~.peptj des are .covalently i iLized on beads (i .e.
Sephu: 0808 SRR AR RTIF R TRk BT T LP KBb B0 Coarante i an
t ypi calit yitdestmapleunkéafelred payinshhistdoy deqidbdasishig MAEmVﬁécmgnges)
corresponding to the naturally occurring CYP1B1 pepti des and e
synt hesi zed using 2H | abel ed FMOC am no acids. It will be

appr ecilathd tetatiqufiehalOWRlBEpestchednd Ashimicues eoshchibe0ns@Mtfiféd in a
ot her tyRes of .cancer. Iﬁ.lFJC'h as .prost t$ cangigr I ch .rel eased CYP1B1
PHE 6o D64 fstscle

protei i %&ﬂﬁ%%ﬁégﬁ ) OL G (o243 egdsle evpigipeptides
pr ot ei Adandef tightpapsddshtvin aypat idedstisnbh@d tiyheim 4N GRAMRF QYSw 410.
cells. . Thus _ﬁl.e det ecti on of CXE% 1 ggéjegn I'ndi cates the probable
or esendeCof g JEBPEG RBIdeiN VS Hat dolated wa cvpubble nteshoigae and
I ndi catescaarged Wit Lo a8' speifid i 4 ARl R

requir d@éﬁgp&ﬁger r?nt ng{ricﬁgg ypseP and/ giriﬁrls'%%ﬁ %2? %ifalezﬁ%_g Hégﬁtcieﬁlﬂ%ag
2009/ 1_59 CHEO0YLIUD463 Z8rorkusil4 rnshethues pesultion t bengedes typtic
| nvent pepribibighsibsapriutdednipiRbnof @f 98 SEIA0 AIARATHELA /bead

complexes 412 catrying the CYP1B1 tryptic peptides 408 ate then hatvested and,



In related procedures of the present invention, the presence of
CYP1Bl1 protein or fragrrents in die cells of tissue biopsies taken

froma patWQr?P" E48he det ected eit heé4| n fine needl e bif§F&rE80%¥P443

i MALDI or in mcroscope-type section$s using |rrag| ng mass

I I
2P oMY e S B 8 L1 O SO I 9
spect r onghacyrcsnatel,ans showtnhiey ot afuethe @spﬂdkméﬂ&bmnﬁﬁntsneppmi/ﬁom the

enabling t etecti o rotein ev Si

1y R 150 PR ot Sl RSt AefRihg PRI st TR e P
cel I s i nfraghicasuardiqupatified rbyt Hes eaticn eaweas, thtuﬂ:ﬁumﬂm opdyeaspmplde dight
are prepared,as for i . m cr.oscppi c _examn i on_ bhut the ar e

Sl b PR e T i ds dhE RSNy Roltony Bed onpBitadhs ot e
mol ecul eaypﬁa QYE’QJB&n}Snﬂﬁt ngives QEAISDI nthiehRighe tdviebmf t;dsmmahw pﬁfﬁm@htng)
a 2-D map an i1ficati P1B t al ni_.ng .canger ce

pre- canc "E‘éﬁ‘ W}anfsrfgngghl‘iég D%ﬁﬂ]ﬁ@%%s gﬁ%ﬁg ;‘%’%@ts gcglrl'e

pr epar ed SI mlarly as for optical mcroscopic exam nation but with no
or m'n| flxatlonﬁélnthelatter cas é_ﬂye section is gut fro ;

T omon 1Bk s s e et BRSPS B Rt pEnels beSRe tharis
plate Ofls@ﬂdplﬁﬁ]r}DllaH(E&ﬁB m&ﬂne@(} OREERIis &imgzﬁshab&d fitdne mcdam@amﬁ&]ly
stained to allow vis tlon E)F tiss hol o 12

Ener gy - aBSBRERAG cratet wall beliphse 4 wilb coltaim pidomigantly °C
i s spraygsd oft @odj]:%sscﬁfctdrﬁﬁn@.ﬁd ﬁ;@@o e@@xtdl;u rlrlﬁfsqau pm dfothgmafevhod

Bes
different, | ocations across the_secti ﬁe SS . Si r . CYP1B
then r ecHIRYR 4 G ot RATRIEYE Wrele T lilfgm%ef gecbiifepeptide 422

secti gndcﬁhus,t ﬁmd&dowﬁgatt@aagineoaeﬁm e Meptidve ADS Odk §1’€tﬂfr§tHy5art10W 424
provided a netho e nmeasur.i.ng cance ati'en

usi ng CYP#81 1 At %ﬂ%éso%ﬁi @%’3&%@% C R Kby Bycagidng the
met hod of u;g{t&sremﬂoc %eﬂﬁéd@:g ﬂhﬁ&&hﬂ@dﬁﬁl&@aﬁd@e%ﬁﬁé@é abeled ? iAk&Bindl the
A et hod for etegélﬁ nd/or gsasurln ge occurr nce o] he enzynme
CYPL Bl i%etyehai getivedy pepgdess ol en&eﬁtﬁﬁ Mo ARG OR ecéfﬁ%ﬂ;ﬁl
of anal ygineHa Hakédth' the Q@El'(ﬂ's\irrf wlﬂieam%@{ a.Hirzﬁl%éﬁ tBaRhEer! 18 m&h{yrt% be
for the oc urrence and/ or neasurément of a netabolite of a repor

subst r at® Ki§RMCHS be met abol i zed by CYPL Bl in the human or ani ma
patient, characterized in that the reporter substrate includes any or
any conbtgatlon of a luteglin, 13Cluteolin, 2Hluteolin, eupatorin or

13C eupaf B¢ ARUDaAEs pRalnsepdFLE! ot YAk peptides any epenlgntin isaiohilized on
desmet hyheiRat, é’@ékhqiﬁeﬁ*@l?@é}%ﬂﬁeﬁ?&%éﬂde%%s@@% 9159%15(9&9: o%es £ %@gly

according to claij wher ei n ‘'t he er substrate |s nat

deri ved fpwatum-lapgled pynthetici@epiides diedbetyy ipsphies) sqonrprisingdieg do e
an isot %tﬁﬁlﬂgk&&ﬁﬁh @W%??&ﬁﬁd@g AR Qg nﬂleggecf‘u %t@g lﬂ:&?&f e C

to clalmlwhrelnth ratio the reporter substrate
met abol i 4rEinst acide reporter substrate is neasured in the patient
sanple in vitro. 4. A nethod according to claim1l wherein the ratio

of a radio isotope or stable isotope |abeled reporter substrate or
met abol i ftevilloba apgrediated ghante ﬂscljteoé@smé)béltedlmqp@me}d ba bsedafm agher

t abol hod
ggcgr gl I;f%ﬁeb cmﬁeéfe\%ﬁgge%shn‘f’lﬁﬁ&beeg&q&?wh&g 961 S%HO | ssue 2 ifnsd
any or aliggoontiinge semens Oélxmeﬂa@deipateieem Caﬂ?lepomdm mhchﬁmgmesm inp a
orine. 3SR AR RdhL Koo LeoDeed0. 00 ey DL PREBIR) O s
vitro baddic,atﬁfbl thiedpanbabler ptesemeeoss @mqmdtetel mncarrunﬂmleedeﬁecﬂmd ofsCP 1Biein .
CYP1 B1 d/
eagent SPEUTRARAort ord o TR fe b ORI Al h PR RGBS b equired
met abol |medq:tennrnd1ﬂnecrypdnnndm lacalorsos tlanddraker.neasuri ng of the
presence of the reporter netabolite.



7. A nethod according to claim1l wherein the amount of enzyne CYP1
Bl, reporter substrate and/or reporter nmetabolite is neasured and/or
det ect ed u¥ Oy Hi8hot andem mass spectronetry (i MALDI ), POH/GRRU09/000463
performance |iquid chromatography (hplic) or imagi ng mass

spectronﬁéry._ 27 8. A nethod according to claim.7 wherein thod of
ant i bodi £3%ar 8HAetPR%G! (He P RIFIFS IBEHHYYR 1P6ID RmIPEICet Lspethod ©
sanpl e pldi@¢tid0afd oieisufigotlies@aakaienth ansiitRint WERUCYIY BIt @Dsden as a
i sol ate and/ or cqnqe[\jntt%‘ate f&pgﬁ YP1Bl, reporte ;ate and/ or f
r epor t er MERAWHBRTREE DY 1ge e LIPS gt A PR ERCh 28pRst ©

antibodi 8% k&S YRGAYA ﬁiekyis?mmeﬂiazlﬂétm bhdetdebihe ahgadespringrcahler
and/ or duri'ng the anal yéﬁﬂ and/ ar asuring step. 0. §
[

A pet ho
accor di g tobetentnIngherdi 1Bl i Blapdms a1 ORPBb IUMSK; e the medas of
using a tapdamdanidy rogr aph-i sot ope sel ective nmass spectroneter.
11. A hod accordi'ng to claim1 for detecting and/or neasuring
cancer in a patient. 10705.ST25.txt SEQUENCE LI STI NG <110> Care

Sohnol o) 81,4950l 05, SArSEf Bt by et bde and Foohmpiop sk

<151> 20B8ymentzgn the cells of tssue biopsies taken from a patient can be detecte eithet
in fine needle biopsies using IMALDI or in microscope-type sections using imaging
mass spectrotnetry. Fine needle aspitates deawn from 2 solid tumour tissue are
subject to tryptic digestion, antibody isolation and mass spectrometry similar to the
techniques described above, thereby enabling the detection of the protein in even
single cells. Sometimes it may be necessary to analyze the spatial disttibution of
cancer. cells in a tissue biopsy. In these instances, tissue biopsy samples ate prepared
as for optical microscopic examination but they are then analyzed using imaging
mass spectrometry. This detects even 2 few molecules of CYP1B1 in single cells in
the section, thereby providing a 2-ID map and quantification of CYP1B1 containing
cancer cells or pre-cancer cells actoss the section.

The tissue biopsy sections ate prepared similarly as for optical microscopic
examinaton but with no or minimal fixation (in the latter case the section is cut
from frozen tissue) and mounted onto an optically transparent glass tatget plate of
an IMALDI mass specttometer. If required the section can be stained to allow
visual inspection of the tissue mosphology. Enetgy-absorbing matrix for mass
spectrometry (i.e. sinapinic acid) is sprayed onto the section and the mass spectrum
acquired for many different locations across the section. The mass signal for
CYP1B1 is then teconstructed into an image of CYP1B1 density across the section.

Thus, in one aspect of the present invention there is provided a method of
detecting and measuring cancer in a patient using CYP1B1 in tissue biopsy sections

as'a tumout marker by the method of proteomics using imaging mass spectrometry,



<160> 10 <170> Patentln version 3.3 <210> 1 <211> 12 <212> PRY <213>
Hono sapiens <400> 1 Gn Val Leu Qu Gy H's Val Leu Ser Gu Ala Arg
1510 <210> 2 <211> 11 <212> PRY <213>dono sapi ens <400> 2 Gu Leu
Leu Ser Hs Asn Qu GQu Phe Ay Arg 1510 <210> 3 <211> 9 <212> PRY

Claims:

1. A method for detecting and/or measuring the occurrence of the enzyme CYP1B1 in a
patient sample in vitro, said method including the step of analyzing a patient's bodily fluid
and/or tissue sample in vitro for the occurrence and/or measurement of a metabolite of a
reporter substrate known to be metabolized by CYP1B1 in the human or animal patient,
characterized in that the reporter substrate includes any or any combination of a luteolin, °C-
luteolin, *H-luteolin, eupatorin or 3C-eupatorin, and the reporter metabolite is 6-hydroxy-

luteolin, desmethyleupatorin, formaldehyde and/or carbon dioxide.

2. A method according to claim 1 wherein the reporter substrate is a naturally
derived product, is a plant derived product, is bio-synthesized or is an isotopically labeled

feedstock or product.

3. A method according fo claim 1 wherein the ratio of the reporter substrate to the

metabolite of the reporter substrate is measured in the patient sample in vitro.

4, A method according to claim 1 wherein the ratio of a radio isotope or stable isotope
labeled reporter substrate or metabolite to a natural or non-isotope labeled reporter substrate

or metabolite is measured in the patient sample in vitro.

5. A method according to claim 1 wherein the bodily fluid and/or tissue sample is any or
any combination of exhaled patient air, blood, plasma, serum, urine, faeces, semen, saliva, fine

needle aspirate, biopsies, or tissue section.

6. A method according to claim 1 wherein the in vitro bodily fluid and/or tissue sample is
immuno-enriched using the CYP1B1 enzyme and/or one or more antibodies, peptides and/for
reagents to the CYP1B1 enzyme, reporter substrate and/or reporter metabolite prior to or

during analysis and/or measuring of the presence of the reporter metabolite.

7. A method according to claim 1 wherein the amount of enzyme CYP1B1, reporter
substrate and/or reporter metabolite is measured and/or detected using immunotandem mass
spectrometry (iIMALDI), high performance liquid chromatography (hplc) or imaging mass

spectrometry.



<213> Hono sapiens <400> 3 Tyr Ser H'S ASp Asp Pro G u Phe Arg 15
<210> 4 <211> 9 <212> PRT <213> Honp sapi ens <400> 4 Asn Phe Ser Asn
Phe Ile Leu Asp Lys 15 <210> 5 <211> b} <212> PRT <213> Honp sapi ens
<400> 5 10705.ST25.txt Ala Ala Ay Asp Ser Hs Ay Ay Ay Ala Arg
1510

8. A method according to claim 7 wherein antibodies are added to the in vitro bodily fluid
and/or tissue sample prior to or during the analyzing andfor measuring step to isolate andfor

concentrate the CYP1B1, reporter substrate andfor reporter metabolite.

9. A method according fo claim 7 wherein the antibodies are substantially immobilized on

insoluble beads prior to and/or during the analyzing and/or measuring step.

10. A method according to claim 1 wherein the amount of carbon dioxide is measured

using a tandem gas chromatograph-isotope selective mass spectrometer.

11. A method according to claim 1 for detecting and/or measuring cancer in a patient,
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<210> 9 <211> 6 <212> PRT <218> Honp sapi ens <400> 9 val Asn val Thr
Leu Arg 15 <210> 10 <211> 6 <212> PRT <213> Hono sapi ens <400> 10 Val

Val Ser Ay Ay Arg 15
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Ala Ala Gly Asp ger His Gly Gly Gly aAla Arg
1 10

<210> 6

<211> 8

<212> PRT

<213> Homo sapiens

<400> 6
Glu Leu val ala Leu Leu val Arg
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<21i> 7

<212> PRT

<213> Homo sapiens

<400> 7
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