;e3eGh DWW z4[ f _6_T$ -1 METHOD OF | DENTI FYI NG CANCER MARKERS AND USES ~
THEREFOR | N THE DI AGNOSI S OF CANCER FI ELD OF THE I NVENTION 5 Thi s invent

rel ates t WQ®WO8H:Iagnosi s of cancer, and, nore particul arl yPCHAUAIAH8T hod (LL 1’ '
t he di agnosis of cancer, using nmass spectronetry (Ms}, in particular Mat

Assi sted Laser Desorption/lonisation Tinme of Flight Mass Spectronetry
(hereinafter "MALDI - TOF M5") or electrospray MS. The nethod of the present
i nvention may be carried out to detect the presence of one or nore
cancerous 10 cells or tunors in any huﬁan or ani mal subject) and
optionally, to identify the type of cancer or malignant tunor, by assaying
t he bl ood or serum of said subject for an enhanced and/or reduced | evel of

:one or more nol ecul aMEPHIOROF IDENEIRYING GANCER MARKERS gangl i osi de, or
. ol i gosacchari de. t | ess the
cont ext requi res é&ﬁ%ﬁ?ﬁhﬁmﬁgﬁ T’éﬁ;@ﬁ%ﬁ%sl‘éfb}ﬁaﬁ&m%’?s such as
¥ conpri ses" "conprising", wll be understood to inply the inclusion of a

stat ed steE or el enent or int eger or group of steps or 20 el enents or
i nt eger s ABLDARE TiHie INYENT4OBh of any other step or el enent or integer or

Phat " che TS IHrTioR, b8 e, HMERRSES or (Bihebf, bilF Alche DharticPRRK 50 24, °
nodi fi catmhethed dbhetie dirymosizost cameer| Usingl inasd spectromitry2Msy, in &patrﬁcthar
under st ood that the invention incl ?J'des all such va'__{ilggtlons and

nodi fi catM@ty. ﬁﬂ%teﬂnk‘ﬁﬁr Besarptionflppisatie’ tme of t Jdasss Spactometsy
o vi qu fipier RIRIETOR @S] b tloctpral WSS Bk ethol of e prescht 0"

mor e of ﬁweimtlehemay ﬁeaaanredsout:muemdt|tbespresehcmufmuedor. mdde canceren&

10 cells or tumors in any human or animal subject, and optionally, to identify the type

of cancer or malignant tumor, by assaying the blood or serum of said subject for

an enhanced and/or reduced level of one or more molecular species, in particular

a glycolipid, ganglioside, or oligosaccharide.

15
GENERAL
Throughout this specification, unless the context requires otherwise, the word
"comprise", or variations such as "comprises" or "comprising", will be understood
to imply the inclusion of a stated step or element or integer or group of steps or
20 elements or integers but not the exclusion of any other step or element or integer
or group of elements or integers.

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described.

25 1t is to be understood that the invention includes all such variations and
modifications. The invention also includes all of the steps, features, compositions
and compounds referred to or indicated in this specification, individually or
collectively, and any and all combinations or any two or more of said steps,
features, compositions and compounds.
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The present invention is not to be limted in scope by the specific

enbodi nents descri bed herein, which are intended for the purposes of
exenplifi WQ2487@nly. Functional ly equival ent products, coRgbalp1/Ed7 and
nmet hods are clearly within the scope of the invention) as described herein.
5 The reference to any prior art docunents) in this specification is nmade
nerely for the purposes of further describing the instant invention and is
not to be taken as an indication or adr‘a’ ssion that said docunents) forns
part of the common general know edge of“a skilled person in Australia or

el sewhere. 10 As used herein the words "front' or "of', and the term
"derived from' shall be taken to indicate that a specified product, in
spart i cul &heapradent ihvendioohisamt tbdve dmiteglin, scappddy trep speeific probadimentene or
nucl ei ¢ agi d_ nol,ecul e, antj body. nol ecule, .|l g fraction, or other. nol ecul e,
or a bi olcf?ﬁ“lcﬂggd?ﬁfﬁl% @Hﬁiﬁr?@i w&ergc%&é;‘%ﬁhgcBp@cs%yor}'lgx%rgphgﬂ]ﬁaélpnean rom a
parti cul FurkBhafly eQlidarht Broducks Lomsiishstdnd Riethodd ARl tleBAY WikeaRRr 1 | Y
directly fromthat source) organism tissue) organ or cell. As used herein,
"cancer" sciopelofitke invieation,casdescrived heteinor nore of a wi de range of benign

or maljgnant tunors, including those that are capable of invasive growh 20
and astase through a human or aninmal body or a part thereof, such as,

for examiy reférencBaol ri dit SYSHAENREIINGhist dedificagan 5§ heRB meselyTee

herein, the term"tunor” i ncl udes both benign and malignant tunors or solid

growt hs, thethwpoesasaabiunber escribiag she destent iventionand ds ot to be! taken as

directed to, | agnosk s. d cliqn I gn t |
cancer o, ay piaiGRtOrE R MisRlarl FEtE e 2uB BniE Ritns BAR B¢ 30P Sty
| ymphomagenetald@ownedge ofaekilles befsun iavustialia op\elgevdiereancer, col on cancer,
breast cancer, pancreatic cancer, |lung cancer, prostate cancer, urinary
tractl®ancer, uterine cancer, acute |ynphatic | eukeni a, Hodgkin's disease,
smal | cel I DOF ‘ a w @l sof t
1 asue s SR HERITAE WS b of e ane R Uepltithn SAPBdtallt 21

adenocar ¢o disatef thatarspesified product, il patticalat enindldculd sudtie ap| ffadamptegent i on
as described herein and defined by the clains, the term"cancer marker"

shal | be & Pelypeplidae Dioteily aene Qfi suclpia acld moleeylapaatibpdy mplasie.r gt i on
of a hu i ; oo ) _ b ubiect
cpeai 1 cayacqon-0h PRierrhblbEi, BES hisidReh Sghinle cAnprRG Eail inbIBEus, A
cell v #denobtained &bm af patieulanigoaete, 2organisny didsaeslorgan oo dellaaibkit not he
circulatory systemof a_ subject having cancer conpared to its level in the
circul at &efe%%’f'%ﬁ’frﬁﬁﬂbﬁﬂ'é‘a Bh§OWGH; nism,diIssuePFIRB R &ellnar ker " shal |
al so be taken to include (i) a nolecule that is expressed specifically by
or on a cancer cell

As used herein, "cancer" shall be taken to mean any one or more of a wide range

-

of benign or malignant tumors, including those that are capable of invasive growth
20 and metastase through a human or animal body or a part thereof, such as, for
example, via the lymphatic system and/or the blood stream. As used herein, the
term "tumor” includes both benign and malignant tumors or solid growths,
notwithstanding that the present invention is particularly directed to the diagnosis
or detection of malignant tumors and solid cancers. Typical cancers include but
25 are not limited to carcinomas, lymphomas, or sarcomas, such as, for example,
ovarian cancer, colon cancer, breast cancer, pancreatic cancer, lung cancer,
prostate cancer, urinary tract cancer, uterine cancer, acute lymphatic leukemia,
Hodgkin's disease, small cell carcinoma of the lung, melanoma, neuroblastoma,
glioma, and soft tissue sarcoma of humans; and lymphoma (several), melanoma,
30 sarcoma, and adenocarcinoma of animals.



or whose expression is enhanced by or on a cancer cell conpared to a nornmnal

10 cell; or (ii) a nolecule that is expressed by or on a nornmal cell but
not on a ¥Whe87¢%||) or is shed froma cancer cell) or whBEEWAEPPBILion is
reduced by or on a cancer cells conpared to a nornmal cell. The term "cancer

cell marker" will be understood by those skilled in the art to 15 nean any
nol ecul e that is expressed specifically on a cancer cell or whose
expression is enhanced on cancer cells conpared to normal cells. Typical
cancer markers or cancer cell markers thclude, for exanple, protein,
nucleic acid, lipid, glycolipid, glycoprotein, sugar (nonosacchari de,

di saccharide, 20 oligosaccharide, etc), anongst others, the only

Tequi r enept tHeetorttekh of the §iesdrst mémmrahscueuchbea esrein and adefm@adbylthe,
phenot ype, or cell typg) and t hat can be detected by an assa As used
herein, aclaigs;clbei ferar "¢ancer maker oﬁhalhbﬁyta&@n@nme@eua@v aoleadlecl@tde nor e
25 car bo%%%@fa{ﬁw %tbl‘égg ¢£EiioHd6f‘9 ﬂﬂ&?@r'ﬁhﬁ?su%ﬁ%ﬁ?%&ﬁlﬂh baﬂzah e ldpe art

will be a iosid i'S a glycosphi ng contains

si al i ¢ ac¢ahcer irethessijgeto bpedificatlyed mioteculé tdt ¥s pmditcedttgmrtwtp@dsaﬁfmeOSI ne
is linked to an oli gosaccharl de that conprises Dgl ucose, , D-gal act ose, N 30
acet yl §al eances ool amormal gell of i thersubiesh and whgs )'eﬁﬁﬂd'S\/\moéHlat%d Rt h@ssed

h d , -
i or  SRgtnD syGRRTTS & siflcet TRV oo HANDARLTEY & Ty "Pg'

glhycosyl a¢|ronuatw hygteni otaamathylsumctorﬂwwmmhmandmed slwaﬂaatdoaber e,
the terns "

' d di
gangl i osi tegen tqr '"FIHQP&Qtae@Ogemgﬁté? 9?&53?%4" FB%‘F‘E‘EE”V' llyl g? ﬁlﬁ'gl %@r&ell
disialyl Gapgbso¥ r)\(ﬂf'esﬁtmils gnhémﬁge&f éhlré @ryéeglgé’d?ﬂ afedl Ba Witthat

wherein "n" I's a ntneric I ndicator ving a a ue o east 1, or an
al phab@meselk: or (if}ia motecula thatds expressed by artort aawrmal ael| bugnoﬂnma dargerl c,

etc), i nd atin he PI ndi n atte n _observed cu Lehni nger)
In: Bioc QE rl t’}?ﬁ rggua hop qsgh%)pgresqgglls)redwg%%p ropa
A ycol i pi gshce Ne%scg%bgw gﬁo hacdeym stry, pp. 199-260 (Neuberger et al.,

ed., Elsevier he nol ecul ar masses of nolecules referred to
herein are in Dal tons, and indicated by the abbreviation "Da") consistent

th | at ND OF _THE | ON t
\rllmurrergﬁg eg E’gggg'ﬁciﬁé'ﬁmafﬁ%%e‘% che uiggEsipo q%ﬁ%ée S'ﬂ’i?‘in’" iﬁl r
deat hy yorgyh dgny FRéleblRN mdtﬁsae)&ﬁééséd”spé@iﬁbdll)ﬁ% al Bﬁhéérnﬁélmﬁswh@éet he

early di agnoses of cancer, to facilitate approi)rl ate renedi al action by
surgi cal expsessionis enhanaaden eancerselssompases to ermalieglisknown t r eat ment
met hod. The availability of good diagnostic nethods for cancer is also

i mportant to assess patient responses 20 to treatnent, or to assess

recurrencRypicsl &ande?- Giapkérs o daheeprcleﬁlmafke?stlﬁcmdenﬁbﬁ%xamp‘ie phetein,
characterization of cancer markers) such as) for exanp oncogene

pr oduct s)“lQ'-‘rlQiﬁ/taﬁ"d dinid: glyaplipiyr Q‘W‘PP'PS&!BoFUgﬁc@B@msﬁccﬁﬂ@@%g@ﬁaﬁchﬂlﬁ%r s,
prot e mg%g?gérﬁh‘?ﬁieo }rt{;g%rﬂa A"GhbtRhe ﬁ@p r&il.afgmgﬁnﬁelﬂéotﬂsﬁf altﬁef% eatg? can

prOV| I nt t|on oncer ni' ng resenc

future beéssmmtewmthampartmuraraohdMBn phermtypm,lorsadujtﬁm .arigethat they can bée
presencestf g} of expression or activity of one or nore cancer markers
can assi s{etese d %8R A8BEY-al di agnosis of patients with uncertain clinical
abnormalities, for exanple by distinguishing

As used herein, a "glycolipid" is a lipid or fatty acid molecule having one or more
25 carbohydrate moieties, including a ganglioside.

Those skilled in the art will be aware that a "ganglioside" is a glycosphingolipid that
contains sialic acid (i.e. a glycolipid wherein a fatty acid-substituted sphingosine is
linked to an oligosaccharide that comprises D-glucose, D-galactose, N-
30 acetylgalactosamine and/or N-acetyineuraminic acid) and which is expressed in
the majority of mammalian cell membranes. Gangliosides are mono-, di-, tri, or



30 malignant from benign abnormalities. Furthernore) in patients presenting
with established malignancy, cancer nmarkers can be useful to predict the

ri sk of fUVQU&8760 -5 ' relapse, or the likelihood of re®ednE®1ionsTa
particular patient to a selected therapeutic course. Even nore specific

I nformati on can be obtained by anal yzing highly specific cancer markers, or
conbi nati ons of markers, which nmay predict responsiveness of a patient to
specific drugs or treatnent options. 5 st known net hods for the detection
of cancer cells in a subject rely upon the detection of one or nore high
nmol ecul ar wei ght or high nol ecul ar mass nol ecul ar species in a patient

speci nen. | nmunol ogi cal assays invol ve incubating the sanple with an

ant i body polyesialagangliosides) @epqn@gmpmtmaxteahotg Wyagsylation with isialic apid.

specifically to,a part.jcul ar, cancer cell ker 10 wS l g. . "

Alternati (F‘e%%o‘B@HE? i"ﬂh} §Lq"§’arcﬁ\'78mﬁé1 %B’%ﬁf\%ﬁﬁ@*‘%féﬁu%“ ' TR @be to
nucl ei ¢ agéeh ivthdrafh @NRIdRcdtdsh giiliesidea MY Rididdlés aanenesiaPgasglidsidar ker
such as, for exanple, an oncoprotein. Before the advent of i nmunol ogi cal or

geneti c af¥aindjcatesa disinlyr oangliosides laads"Icdndicates @ trisialid igangaliaside; @pdsur ed

ar oot oWt AAEAC Bhisit RIMG A TRIALT ot Godtot &4 Aphigffihe’ o
appl i cat i jp@fcatdrhaang 2avdiue W@%ﬂéaétmiﬁf?ljis‘ﬁ@w Hnié, eed)cindicatingahettsatingques
can detect and neasure cancer cell markers in relatively nmuch snaller

sanpl es, Patterndphgenedpiarethe énolegulgn{lemingsari/oh Hiogharpighynopadi@drelfes of

ol 1 mar (R ERIISHONE S 158E), WORLRAL Do CGAAT, Mo (BRpblBRENETCr
the pri orBiothemistey) ppl. 190-260(NHUberger atraibedt, Elsaded, 1985). subsequent

detection of the marker, and a time-consum ng binding step in the assay
procedfire per se. A clear need exists for a rapid throughput nethod of 25

detecti t ' | |
cancer L7 holbbrd itacslY B ficiEcdes, firpintd B SefifCate TRLDSIoS 3R ¢
(such as, intivaterk bythes abbraviations' D" hednsistent with aceepted svapneristatuss| ati on or a

bi ndi ng reaction utilizing such a probe). 30 Additionally) imunoassays and
genetic assays are generally used to determ ne the presence of a particular

ol of ¢ o RN O T RO Y Gener al et hod for detect i ng
15 In spite of numerous advances in medical research, cancer remains a major cause
of death worldwide, and there is a need for rapid and simple methods for the early
diagnoses of cancer, to facilitate appropriate remedial action by surgical resection,
radiotherapy, chemotherapy, or other known treatment method. The availability of
good diagnostic methods for cancer is also important to assess patient responses
20 to treatment, or to assess recurrence due to re-growth at the original site or

metastasis.

The characterization of cancer markers, such as, for example, oncogene products,
growth factors and growth factor receptors, angiogenic factors, proteases,
25 adhesion factors and tumor suppressor gene products, etc, can provide important
information concerning the risk, presence, status or future behavior of cancer in a
human or animal subject. Determining the presence or level of expression or
activity of one or more cancer markers can assist the differential diagnosis of
patients with uncertain clinical abnormalities, for example by distinguishing
30 malignant from benign abnommalities. Furthermore, in patients presenting with
established malighancy, cancer markers can be useful to predict the risk of future



an enhanced or reduced | evel of any particular cancer marker is required.
Addi tionally, notw thstandi ng that a nunber of cancer-specific blood tests
have 5 bed¥O820&bbped whi ch depend upon the detection of tRECFAWPESTTI C
antigens in circulation (Catalona et al., New England J. Med 324,

1156-1167, 1991; Barrenetxea et al., Oncol ogy 55, 447-449, 1998; Cairns et
al ., Biochim Biophys. Acta 1423, Cl11-C18) 7 999), efforts to utilize serum
sanpl es generally for cancer nmarker assays have nmet with |imted success.
Such limted success may be because aﬁnﬂticular mar ker i s not detectable
in serumusing i munoassay or genetic screening technol ogy, or because
changes in the level of a particular marker cannot be nonitored in serum

O early, relapeed orxtisg dikefihosd reforesponisé! in angartitulablpatienpdesa selected
detecti nghéhe presence of cancer markers in serum sanples. 15 SUWARY OF

THE | NVERheraRelitic kerrsa. &M@ gor spacifie dnfarragtion C?H\%PPWGQ By analindor s

h
ol Snt LY SRR, SARETAnaRSC 0P b RS bY HAER! Rylnar Bk
subj ects,resmhﬂvenhss&if@patwmwdpbm@dndtdgsom:gregatmem agtmm.l c net hods for t he

detection of malignancies that were not limted in application to the
det ectd on of cancer cell markers or tunor- specific markers (i.e. cancer

Mol t 1o EtfGES fér”th(e%@cécl?tﬁi bf c?ﬁéﬁ}aéélg 150%%%@% hélg p?%n th@g/ or

di d not depend upon tﬁe I sol ation o ecul ar probe
exanpl e, detectioni dfazhe or mure lhigic modeclilam weight anmgb\'mdletuﬁartmass}moiecmart i me
consuningpblndlng such nol ecul ar, probe. I nve ound

Chat s gﬁ@ét%ﬁiﬁgﬁeﬁé‘g%nparmn@m SIGhL B8 (ol ReUBAtRY 8 ange
of cancer Rk Sifh 4f diBolly ARSloBiies BN SHSARISal Fhebaas! ok Bidcs

gl ycol i pi gs or gosacc es V\/no ce are no _7_
enhanifed spectﬂeall)eusacp)arﬁlcularrmrmer cell markgr Hytkteesamplea Alhemahvelh,a@emejloc ancer

d I t hat
the adeqlet bﬁ@g@?ﬁ AUEIE agBAroBE torhuiolis 2r '\é\n)tl"@ls@&‘?ﬁmgb?e‘ay NG
or MALDI ﬁ érfl a' o ﬂi’dc\é’éh§ %nééb’ d@ﬂs%éﬁ(eﬁorg&%“%s M5 e%?gﬂ‘% an ned

enpi ri cal ecause t he performance of a nass spectro rirs only
partial l yonctepmtmn Beforethengdverd i immunclogital ar denstic assays tmany caneerar e

Mass accurac sensitivit Si tonoi se ratia, and dynamn The

rel ati vecﬁﬁﬁﬁ?rtkﬁffﬁzgo'élp ?rﬂi b@aq\?tggé %rcpgp§urf%t pg rﬁoﬁ'ﬁeﬁ@%ﬁi(ﬁ'o‘%ﬁ%@?hﬁnce
depengds @asamwémaes Olvhichngerferaiy! rédimréwr géete@tf saMiBledNahd Weve thedefore
general |y several parameters nust be speci d sinul taneously optim zed

t o obt ai Wnsuitatdeder angstpelitical r@pniléatms alnp@mtraatm modgpp limpuinoassay rand

et 1y oRGeH R Sey RERols M eibr o inaline ol SR HRIGRT oleekly g

the rapi énseidsraalier samplésaineimiig biopsiescer séunan anal ysis of the nmodul ation
in cancer cell markers. Accordingly, one aspect of the present invention

provides a nethod of identifying a cancer marker conprising: 20 (i)

separf | Rbdi tﬁétﬁﬂg n& fh% éthhﬁté f@%ﬂﬁ%l issgy ftEBtlmnaHQé ?&I |d€ﬁﬁ¢¥i@ fidh -

by nass spec rone rating a ractron froma human
or ani mamcletilar twaightfmassspanterocefl markens| 6uch ) methoulsr irequiteh¢her pfiord e of

apect o5 IATHGAGOMARHIe Mptker the ko] fsplatiiah & SParqRriars Piples L3 faciate
ol ccul af DseRERUeteBIGH, of he GG S o bihah gl M7

per son t lassay iprocadurer peraséerA |o¢Eaitnéadeax15ts for a rapid throughput method of

25 detecting both high and low molecular weight/mass cancer markers (and cancer

cell markers), and that facilitates sample handling and analysis (such as, for

example, a process that does not require probe isolation or a binding reaction

utilizing such a probe).

30 Additionally, immunoassays and genetic assays are generally used to determine
the presence of a particular cancer cell marker in a sample, possibly because the



30 accordance with this aspect of the invention can be indicative of a
specific type of cancer in a human or ani mal subject, and therefore aid the
di agnosi s V@ 0218876&t i on _g_ of that type of cancer. Ac®O6THUY0§877 a
second aspect of the invention provides a nethod for identifying a cancer
marker that is indicative of a specific cancer, said nethod conprising: (i)
separating a blood fraction froma human or ani mal subj ect having a cancer
5 by nmass spectronetry; (ii) separating a blood fraction froma human or
ani mal subj ect having a cancer other than the cancer at (i) by mass
spectronmetry; (iii) separating a blood fraction froma healthy human or

ani mal subject by mass spectronetry; and 10 (iv) conparing the profile of
mol ecul arandigenicrnuxiei¢ |a):|chdete(:te|d)lsamto(-spe¢|f iand\ gemral Mmetiad fdradedectingscul ar
speci es havi ITDdI fied I when cogﬁpar ed to (iii),

wherei n S8 &N U Jefuced qvﬁlj?f?%ly(e%g'i“ﬁ‘élﬁ cARCERSNatksf I reqyiefes i s a

‘cancer marker that Is indicative of a specific cancer. 15 In an alternative
enbodi nent, this aspect of the invention provides a nethod for identifying
a cancer Ammmallyhmhmﬂwstanwmgtthabaomumbep@tidancerrape@ﬁc bieod tests Have

ct d f t
oy 1 hiben veIABEA LG et L GRSt R e LR o
subj ect %@ch&Ybﬁg(Qafﬂlcﬁia r@tt a¢arW§1Vv Englancs ePaMyd. ng24, bl1sec fgrctbay, from
a heal thy hunman or ani mal sub j ect AZ? MAssS s ectrorretry i) conparing the

prof i | es Bsfirenstxeaiehal.s Qwo@gyf%rﬁ (Cajtnssat &l.,pRisshimyf Bigpbya.

1ot onngh b, KAIEGT, T oROfy 8 i BB SoMiol B BRI o SoRR o

ol ecul aimagiReE iRBaps \Have melogtt liatitedeygdedss. OBuCHERMREd Guctass! may de at
(i) when conpared to the profile of the blood fraction at (ii), wherein

sai d Ibdibecatse & partiowarcmaskert isanot: deteptable: in Serypedsiog immunaassayrofimar ker
o b2 e dcefiha o5 GbL1of BEhng Wpohb I rBSRRE! ofa Whfudupaen! o
marker cannot be monitored in serum. Clearly, a need exists for a reproducible
and reliable process for detecting the presence of cancer markers in serum
samples.
15

SUMMARY OF THE INVENTION
In work leading up to the present invention, the inventors sought to develop a
general process for identifying both high and low molecular weight/mass cancer
20 markers in the blood of human or animal subjects, and to develop related high
throughput diagnostic methods for the detection of malignancies that were not
limited in application to the detection of cancer cell markers or tumor-specific
markers (i.e. cancer markers that are enhanced in tumor cells compared to normal
cells), and/or did not depend upon the isolation of a molecular probe, such as, for
25 example, an antibody or nucleic acid probe, and/or did not require a time-
consuming binding step using such a molecular probe.

The inventors found that mass spectrometry (MS) was particularly suited to
identifying a range of cancer markers in the blood or serum of a subject,
30 specifically glycolipids or oligosaccharides whose abundance are modified (i.e.



a human or ani mal subject, said nethod enpl oying at | east one nass
spectronetric step. |In one enbodi nent of this aspect, the invention

provi des X3¢ f or di agnosing 5 or detecting cancer in BCHABANOWT7 ani mal
subj ect conprising: (i) separating a test sanple conprising a bl ood
fraction froma human or ani mal subject suspected of having a cancer by
mass spectronetry; (ii) separating a control sanple conprising a bl ood
fraction froma healthy subject by mass spectronetry; and 10 (iii)
conmparing the level of a cancer marker7at (i) and (ii) wherein an enhanced
or reduced | evel of said cancer marker in the test sanple conpared to the
control sanple indicates that the subject at (i) has a cancer. It wll be

appar ent ehhanedd orddscreasdd)oin e \cirdaiatdrgr systermhef a eabject hagimge cangeker 15
has been identified using nass spectronetry in accordance with the

i nvent i ogoMpAledia a heallhnsakigchet hod can be enpl oyed to deterni ne whet her
or not the cancer marker has a nodified |level in the subject, said nodified
| evel bei ng diagnostic of cancer. Accordingly, mass spectronmetry need not
be enpl oYhdsé rskilled iactheaart diitidre ainare thaty thideddédadcyi bf hmessbesactromety,.ed in
I dentifying the cancer marker. 20 A(c!\ﬁgrdi ngly. an_alternative enb@gdi ment of
the i AveRb¢@spfer eyaple, iesiEesriay gtProb/?A{d)loTOEeM&tfph@naly@éﬁw @Yn a

human or ' ' c 1Sd Ntakdhihakd PRBVAR oTo| angek r mass
spectr orrenﬁgyg/nlBtl ngg@%r addc%\nit?é (r}g%te'gfr"hﬁgr gm r'r%%gélpheﬁ[@gdgsgre?%gggh@%i n;
and (ii)pdddbmmance nd ahmadssvepectforneied isaonnlyr paetidiyr defined bby dtief neassi on

froma 25 h n or.ani mal subj uspected of having a cancer, wherein a
modi 11 e asOiions| OYie! dMPaHEDE. SHIDUIES @ RRSS AU e SRV 0 SOMEHR | on
i ndi cat egani +.h Uy ; AR WFOu <N lsON
pr ovi desﬁgﬁaﬁtggpé% gg’ Qgﬁ%{g}ch@%r sef%étt“;e%l)%ﬁ)grr%a%@tqﬁemér%ét}%dcsoﬁag%sﬂtsi ng
of : (10) definingaviepalt peHoimance depends an thadygpé rof tsamplerane thfe puip@®seofl459
Da - &P \ .

e analysis, but generally several parameters must be specified and
simultaneously optimized to obtain satisfactory performance for a particular
application. The present inventors have now shown the utility of mass
spectrometry to identifying cancer markers in blood or serum fractions, and to

15 aiding the rapid and accurate diagnosis of cancer by an analysis of the modulation

in cancer cell markers.

Accordingly, one aspect of the present invention provides a method of identifying a
cancer marker comprising:
20 (i) separating a blood fraction from a human or animal subject having a cancer
by mass spectrometry;
(ii) separating a blood fraction from a healthy human or animal subject by mass
spectrometry; and
(i) comparing the profile of molecular species at (i) and (ii) and identifying
25 those molecular species having a modified level at (i) compared to (ii),
wherein an enhanced or reduced level of said molecular species indicates
that the molecular species is a cancer marker.

It will be apparent to the skilled person that the cancer marker identified in
30 accordance with this aspect of the invention can be indicative of a specific type of
cancer in a human or animal subject, and therefore aid the diagnosis or detection



(average mass 1454 Da); (ii)a glycolipid having a nol ecul ar mass in the
range of 1587 to01597 Da(average mass 1592 Da); (iii)a glycolipid having a
mol ecul ar WR8X0876) t he range of 1616 t 01626 Da5{aver age nasBCTBRV1/IY7 (i v)a
gl ycolipid having a nolecular mass in the range of 1671 tol681 Da(average
mass 1676 Da);(v)a glycolipid having a nol ecular mass in the range of '1681
t 01691 Da(average mass 1686 Da); 10 (vi)a glycolipid or oligosaccharide
having a nol ecul ar mass in the range of 809to 819 Da (average mass 814 Da);
and(vii)a glycoiipid or oligosacchari d& havi ng a nol ecul ar mass in therange
of 1016 to 1026 Da (average mass 1021 Da). 15 BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is a copy of a chromatogram of a MALDI - TOF nass spectrum
obt ai nedobyhatdppe aificancef. dccardinglyuansecohdtaspegt btithesinveation provdes er um

fromBALBI eln ted with dextran sulfate. A serumfraction that d|d
ot adoo ISt S5 aBhEi aSabte’ arket gt n.Aicatie JF ayShorfrcartercpas,

a pul se Kﬂiﬁ@@%o § .Volts. The x-axis indicates nol ecular mass (nf z),

and the or |nate S to the relative abundance of each nol ecul ar speci es
as a per (J)a nt agepanfatmgea hlood deaotien dfony achurnan oalanimialrsubjget diaving(a cancer

mz= 8%9 5 Dsl%ﬁ RI\%gbers at the top of each peak refer to the nol ecul ar
mass, “i n Da By np R arrow indicates 25 the position of a
conpoundj av' Sep éra'tl bl%)BéltfrdcﬁoﬁWb’r‘ﬁ'%%rﬁdn G?éhfn?él sﬁlﬂ’:éc’\‘h@v %baﬁeén and
havi ng a ecu of about 1022 I gure Is a copy of
a chromat ogr antf(&rtbamaﬂwafﬁ&bymmﬁntmmed by separation of an

Cerum frUBL 1 oReoRRnG a PiRer TRRtLRBofh a3 Eat s BR1 kawma?ngsg%zéﬁsﬁzl yzed
by NMALDI - TOF MSecifématrplare vol tage of 835 Volts. The x-axis

i ndi cates nol ecul ar, maSs (m z), and the ordinate refers to the reI at| ve
abund@ncévbf eaatpanbpethg arofilecefi mwlecular speeiest ayél) oand Hi) @anﬂbh@@dof t he

nost abundant each
peak refer toﬁﬁ&'ﬁgﬁﬁ amoigé’@?}i%ﬁ%& h%ﬁﬂm%ife@k{@r?'{)@y §Mcat es
the position ebrr@aréue t€ QiR onhérdid saikb nbdifidde vk indigdtes (hatztheomodtuldr 9022
Da 5 Da (Fig. 1). Figure 3 is a copy of a chromatogram of a MALDI - TOF nmass
spect r um obt afpeeies s 3sparer Markasthakis indieativeefs.sPRRIET BIneei ne fraction of
serum from nude mce. A serumfraction that did not adsorb onto a Cl$
Seppak cartridge was anal yzed by 10 MALDt- TOF M5, at a pul se voltage of 910
Vol tﬁs Thean- aitéra%ﬁuvalaémiodsnfenﬂ elﬁnslapena?ﬁ tHerimention grovides admethod f@'][ erﬁ
to the re] ative abundance o myl ecul ar speci es_as a percentage of the
abundanc e@F' M A EINCRHTAKEI: ¢ bé%l'é‘sc‘(“i'vee"?ﬁ speaific gzagggr §%)mgﬁ%t9 fber s
at the te ﬁ@ch peak refer to the nolecular mass) in Da, of that peak.
1022 speCies (Fig. 1, Fig. 2) is not detectable in 15 the serum
f ract| on(|))f neeparating bwdmsstépesﬁonmmyia panel of-bigod drabtions from @phumiana

chromat ogram of a. Dl -T ss. spectrum obt apned by separation qf an
armont um st 1 9F SR Subiect WhESBAcAn SRS P aaRoPHRG Param A sibied)
fracppon that hQW\ rg)&,sﬁﬁ&cgathcgpto a Cl8 Seppak cartridge was analyzed by 20
MALDI - TOF Ms, at g pul se vol tage of 850 Volts. The x-axis indicates

mol ecul afii) rrassepalrazmg aablood firaction fiom a healtby human dreanigiahsubjectivy missce of
each nol ecul ar_speci €syas a per centage of the abundance of the nost
abundant specFBg&(?mS Yy z=865 Da 5 Da). Nunbers at the top of each peak

refer toghiye aeh@aﬁhgrth@apfoﬂesﬁ oPaholetulah alpeRRaK frofh @agh ! Mberdbfc ahi t he

positions of two conpoun ving levels that are reduced in subjects
suffering fr opaagbgggﬁpg,fmnﬂatdurtg each other and to the profile of molecufar
25 species from the blood fraction at (ii); and

(iv) identifying from (jii) those molecular species having a modified level in one
member of said panel at (i) when compared to the profile of the blood
fraction at (ii), wherein said modified level indicates that the molecular
species is a cancer marker that is indicative of a specific cancer.

30
A third aspect of the invention is directed to the diagnosis or detection of cancer in



4B), and havi ng nol ecul ar masses (m z) of about 813.7 Da 5 Da and 1021.2
Da 5 Da. The latter-nentioned nol ecul ar mass corresponds to the 1022 Da
speci es rW@9¥®BAk o in Fig.1, Fig. 2, and Fig. 3. 30 Fi gur BCHAUPYHO$7Eopy of
a chromat ogram of a MALDI - TOF mass spectrum obt ai ned by separation of an
amoni um sul fate/ pyridine fraction of serumfromrats carrying - 12 the
hi ghly nmetastatic rat manmary adenocarci nona 13762 MAT. A serum fraction
that did not adsorb onto a C18 Seppak cartridge was anal yzed by MALDI - TOF
M5, at a pulse voltage of 850 Volts. ~Prte x-axi s indicates nol ecul ar mass
(mz), and the ordinate refers to the relative abundance of each nol ecul ar
species as a 5 percentage of the abundance of the nost abundant speci es.
Nunber s at Humean opr oénieeat h spisjekt, r shiglr methiode emplogingarat mhast bne Daasy t hat
peak. The two conPounds i ndicated by arrows in Figure 4A (m z val ues of
about 818PCRMENIGHEAnd 1021.2 Da 5 Da} are not detectable. 10 Figure 5A
is a copy of a chromatogram of a MALDI - TOF mass spectrum obt ai ned by
separation of a chloroforn nethanol extract of serumfromnormal rats. A
serum f r ic bheremibadimeint o€ this aspect, BkBinSeptiak peavides dgrethied dbpdiadnosing

chl or of or M net hanol was. anal yzed by, DI -T MS, .at a pul se voltage of 900
Vol t s> TREdAgtegling '@HS‘PE%%S%?P&&%%%G‘?FM?"SA% tﬁe or di nat egrefers
to the 1mxrel akj ahu ; ' of
e apuntinee SopAf(Re. 8RS Safiple Hompis ¢ Rlotbfiection fort, & Hurka 3> 00

refer to the ominalsubjectsuspectad®f havingtaheangerdly. masg spectidnetsy;a copy of a
chromat ogr.am of _a LDl - TOE nass %gectrum.obt ai ned 50 BX ?fgc?aratior] of a
chl or of okiti meSRBAGAUNG @ rcRNtrol SAMBIE FIPRHISIRG3 Hlond fiachop HEom; grhealthy
netastatic ragyBRETBY flelgand3762 MAT. A serum fraction that
elutes froma CI8 Seppak cartridge "devel oped with chlorof orni net hanol was
anal yifed(illy Meomipartiaog the level of aeanner vaarkagat j anddiivwheesin anesnhanced

i ndi cates nol ecul ar . e dinate refers to the relative
abundance of §g5%%%§'8%ql %%'ds%gg?}e&aégéréhggﬁggﬁtt %%BP'&fc‘%’ﬂ%afgﬂﬁtﬁgtbﬁce of
the nost abundapfrosszRaplesndicates thazthé&ubjdet Be (i) had@)oanbefibers at the top of
each peak refer to the nolecular mass, in Da, of that peak. The four

conpounds indicated by arrows (m z values of about 1454 Da 5 Da, 1592 Da

> Da. 15fhyithe SpddtentREnihi deRRriptoBroidd Refeif Hat oA § cBho&l MRS

| evel s i
15 has been identified using mass spectrometry in accordance with the invention, any

art-recognized method can be employed to determine whether or not the cancer
marker has a modified level in the subject, said modified level being diagnostic of
cancer. Accordingly, mass spectrometry need not be employed in the actual
diagnosis, provided that it has been employed in identifying the cancer marker.
20 Accordingly, an alternative embodiment of the invention provides a method of
diagnosing or detecting a cancer in a human or animal subject comprising:
(i) identifying a cancer marker by mass spectrometry in accordance with one
or more embodiments described herein; and
(i) determining the level of said cancer marker in a blood fraction from a
25 human or animal subject suspected of having a cancer, wherein a modified
level of said cancer marker compared to a healthy blood fraction indicates
that the subject has cancer.

A fourth aspect of the invention provides an isolated cancer marker selected from
30 the group consisting of:
(i) a glycolipid having a molecular mass in the range of 1439 to 1459 Da



-13 Figure 6Ais a copy of a chromatogram of a MALDI - TOF nass spectrum
obt ai ned by separation of a chlorofornf nethanol extract of serumfrom
normal r a0 024083&x um fraction that elutes froma C18 SeppaRCEAUNHIEFE
devel oped wi th chl orof ormi net hanol was anal yzed by MALDI - TOF M5, at a pul se
vol tage of 900 5 Volts. The x-axis indicates nolecular mass (mz), and the
ordinate refers to the rel ative abundance of each nol ecul ar species as a
per cent age of the abundance of the npbst abundant species. Nunbers at the
top of each peak refer to the noleculalOmass, in Da) of that peak. Two
conpounds are indicated by arrows (mz values of about 1185 Da 5 Da, and
1676 Da 5 Da). 10 Figure 6B is a copy of a chronmatogram of a MALDI - TOF
mass spect r um(ghéragaefiady 1459 Pat i on of a chl orof or m met hanol extract of
serumfromrats carrying the highly netastatic rat nmammary adenocarci noma
13762 MATi) A geglyeolipidchaving tahaoleculpe snassoin thecTange miako&ate riGfye Da

‘devel oped wi t ol was 15 analyzed by MALDI - TOF M5, at a
pul se vol tagquﬁ%%%/%ﬂmr esl'x- axi s indicates nolecular nmass (mz), and
the ordi i e reeyhicolipid having et mioleeulabumalssnire tind rangd ofolEutar163Daaes as

a percentage of the abundagc gé_ t he nost abundant species (i.e. mlz=1676
Da 5a). NufBésragaimassl %ﬁD » each peak refer to the nolecular mass, in

Da, of t p C Ma[all ( I of
about 1188 ch & EveONAId ARRL B AL RuR S RF A RGE I FOT B e B, P
speci es is el ¢gavérageimasse6Z@Da),of rats having cancer conpared to the |evel
I n sera aof nornmal r&'&éMMen staﬂdardi zed against the | evel of the '1185

Dal t on sp¥kci ed 9lyso viRY [ eaoMass utherpngsefs @it 1B8ITBaone
aspect of theéwﬁs?wé&v%é ggapr ovides a nmethod of identifying a cancer
i

mar ker conpri sing: separatifig a blood fraction froma human or ani mal
subj et Ifeiyi n@ glycalipic or 8higdsacehadde having@moigculdri mass sptheaaingg of 80190d

f ti f t h i qad bject b - 14
et o™i8 pA84 (PR mRe BB ABC] b LTSS o St es at (1)
and (ii) (ﬁgd Iagg?ib?r)imar& bi@ﬁ%e&ﬁélﬂélh%wngps%élécb%\”rﬁﬁs@lirﬁ“iﬁéfﬁaﬁge'@NE” at

(i) conpared t , whereln an enhanced or reduced |evel of sai
mol ecul ar spedids torid6dda faverage mass 1021 Da).

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a copy of a chromatogram of a MALDI-TOF mass spectrum obtained
by separation of an ammonium sulfate/pyridine fraction of serum from BALB/c
mice injected with dextran sulfate. A serum fraction that did not adsorb onto a C1s

20 Seppak cartridge was analyzed by MALDI-TOF MS, at a pulse voltage of 832
Volts. The x-axis indicates molecular mass (m/z), and the ordinate refers to the
relative abundance of each molecular species as a percentage of the abundance
of the most abundant species (i.e. m/z=839.9 Da + 5 Da). Numbers at the top of
each peak refer to the molecular mass, in Da, of that peak. The arrow indicates

25 the position of a compound having a level that is enhanced by dextran sulfate
treatment, and having a molecular mass (m/z) of about 1022 Da + 5 Da.

Figure 2 is a copy of a chromatogram of a MALDI-TOF mass spectrum obtained
by separation of an ammonium sulfate/pyridine fraction of serum from normal
30 BALB/c mice. A serum fraction that did not adsorb onto a Cig Seppak cartridge
was analyzed by MALDI-TOF MS, at a pulse voltage of 835 Volts. The x-axis



5 that the nol ecul ar species is a cancer marker. Preferably, the present

i nvention is directed to the identification of cancer nmarkers in respect of
a cancer ¥e0e¥e886D from t he group consisting of carci nomas, PCYIMNGAEEI7 or
sarconmas, such as, for exanple, ovarian cancer, colon cancer, 10 breast
cancer, pancreatic cancer, |lung cancer, prostate cancer, urinary tract
cancer, uterine cancer, acute |lynphatic | eukem a, Hodgkin's disease, snal
cell carcinoma of the lung, nelanonma, neuroblastona, gliom) and soft

ti ssue sarcoma of humans; and | ynphomallseveral), nel anona, sarcoma, and
adenocarci noma of animals. In a particularly preferred enbodi nent of the

I nvention, the cancer is a 15 carcinoma, nore preferably an adenocarci nona.
Those skiddistes mblBBURK imadd (mRY AVt bitiviatavefers ke &hé Aslafive/ ablindance

anal ytical technique for the accurate determ nation of nolecul ar weights,

t he i denof f ¢ackt imolectlas epacies as aupeicaniage ef the abundanceofthe Hwost

conposi tion qf m xtures) and 20 gHal | taty ve &l enent al ,anal ysis. |n

oper at i oﬁ‘,%uﬁgﬂ'&ts§p%%§§§e%n@?%'r2é)4é)ep@rJ‘étﬁbé“orﬁ" eSS, A e M@tlﬂa&b RERlEr

i nvest i gaks SHUBs Ij Y. The GROW i Hﬁ:%ﬁ? e tio,
and rreasﬁ‘%fggﬁ%ﬂg'?@r at | ve'hgﬁsdrll'g?rslaé?of giaé?g ig?lfa Pr e'fnerab éyf?n the lﬁ]rr@s{s)fi
spect somthe gompsuadhaving a maolectilar masg (niz) gf aboah 022 Dant 5dda (RigMhLDI - TOF
M5 or electrospray Ms. 25 The general steps in performng a
mass-spectronetric analysis are as follows: (i) create gas-phase ions from

a sanpl efidrk)3 ga%@ygofg&ggic?ﬁﬁo')k;%rﬁ%‘% WqulL?@F%_%@Q sggcfr&ﬁni bbtained

hass-to-c rge rati o; n measure the quantity I ons of each
sel ect ed byeseparatiarhaf ge anamobpium sulfaté/pyTidine fractiorsepserani frgmanbde oice.

Lo nct udcRerl BAGHES e R Bt adgRro i & C bl it wed apszaa by | °°"
SPECHONRIRIDI-TORCRIS Bt o phIsE VERBLE. of I FoRE:S THebRAxis ndickfEd oIkt lard 94

and USSN 0, generate ions~of sanple material under investigation
and sepammss (nvz}ecandtie acdivate rejensotot thei relativesabundangegef eanh malscular

' he ti ' d i .or.. TOF
Tacs spoSPPORB(N & BPEERIRHEn AL ddbabuIdante o' ey et spindati aFFist e,
EXPEnsi Ve 8539 BNBALS 5vmé)hhwhfﬁu@é laf the 't{:;giotr YachBSSEK RFENE B fridhéculardnge.

TOF mass 10 spectroneters have potenti al hi gher sensitivity than scanning
i nst r unremasshacBasef that peaknThed022 Dd spedies (kigs 1 geige 2xisenbtfdetectablshin

I oni zat i t, T4F t t ticularl ful f
eas i i AU acion EHaR Mice 1Bdek fese Gongligh: ¢ ol ecul es where

conventional magnetic field mass spectroneters |ack sensitivity. 15 The
flight time of an ion accelerated by a g;ven electric potential is
propor t i biguredd Ista capy of acchromategraat oba MALBI-TOF miase spectrumgobtaiiedan i on

is a fungtion of.its o-.char ti. nd... s roxiat el

or opor ¢ | BhaEPattion. St AT St e Bidios W5t of BB A58 Rrtmahraty « e

pr esenceAoderaftl ftasticrothat dithhateadsorb ontd BEC g SEppki catflidgeonds ahaly2sd byeaches

the detector first and are followed %y@gqr) ps of successively heavier nass
r

groupd. WMALRREQFsM&: tat shbulsesvaliage %'@nTBQtX"ENiél indigatas molequan mat e
oLy TRRERLHE R0 1 oRIARLERI A poRET R S AR Ao 1 1e
equal naspecies as a percentage of the abundance of the most abundant species (i.e.
' m/z=865 Da + 5 Da). Numbers at the top of each peak refer to the molecular
mass, in Da, of that peak. The arrows indicate the positions of two compounds
25 having levels that are reduced in subjects suffering from adenocarcinoma (Figure
4B), and having molecular masses (m/z) of about 813.7 Da + 5 Da and 1021.2 Da
+ 5 Da. The latter-mentioned molecular mass corresponds to the 1022 Da species

referred to in Fig.1, Fig. 2, and Fig. 3.

30 Figure 4B is a copy of a chromatogram of a MALDI-TOF mass spectrum obtained
by separation of an ammonium sulfate/pyridine fraction of serum from rats carrying



and charge not arriving at the detector at exactly the sane time. This
error occurs primarily because of the initial tenporal, spatial, and

ki neti c eMQ 0308360t ri butions of generated ions that |ead t BCHAYAHERhg of
the mass spectral peaks, thereby limting the resol ving power of TOF
spectronmeters. The initial tenporal distribution results 30 fromthe
uncertainty in the time of ion formation. -16 The certainty of tine of
ion formation is enhanced by utilizing pulsed ionization techniques) such
as, for exanple, plasma desorption andlgaser desorption, that generate ions
during a very short period of tine and result in the smallest initial
spatial distributions, because ions originate fromwell defined areas on

t he sanplthe highly heetastatid rahwanimaryaddespehrcihornadd762iMAY. ¢ sewm fraction i on

is negligible. Pulsed .ionization such as plasma desorption (PD_ionization
b1 9sehakdigmatiasior DRt & e ePBAK GBHERGS BaSATANEERH DY MALRL TORME: 5 iy
Sn space : ol , ot
Bocancs 1P EPFoltads of BS6 VO, {nd kaBs Indicqtds fdlecii aSs [Pl ahlfhe
convent i ardinatd refgnsc 46 | thee mglatives  abuirfdanicenbf yeadionnolpuulaess;(éoiwua}ltéy

er f or mance

| th 10 d t I ni t | rtaipty. Th

or LD 1 o Repeitage afhe mBuRdancs O s Mmost ABLNdaRt Sacssn Nulibets a8 B &5% o he
| i~al i i i t |

sanpl e pﬁeffé%k:/gtpeém%?er!ta thé ShdcRar flaRs ') DAL oftth&t peMe Wﬂn&p{a@?&é

| aser ( ri x-assi sted | aser desorption/ionizatio

“MALDI ") .indibatededy arrotvadn IFigurestA (nizorgiiesof abbeliti8i3.Z Ba o6 Bd andel 024! e.
MALDI is L_Eéart icularly advantaab?;ous i n biological applications since it
facilitatlédtdfBDa) pre Bat detaciablg.zati on of |arge bi onpl ecul es in excess of
100, 000 Da nol ecul ar mass without their fractionation. A preferred matrix
for performng the instant invention conprises 2 20 (4-hydroxyphenyfazo)

benzoic Figure( 5K R\, copysst K oRumategrant vofl aAMARBDITOT nassaspeetu ebtinet | n

MALDI, sanples are usually deposited on a snmpoth netal surface and desorbed
i nto t he hyaseparationef anchiewofom/meathangl exeact | ofssgrupe fiem mermgl fatson A he 25

surface qQf e nle. |0 r od I N hart £ Lnt erxmal |
correspo%&f@]@ Jf)a;dri@)bi %%QF%‘UE% '? Eoerﬁd(ér %1%%#%&@?@% Sf‘?ﬁ’%p egngfnlﬁﬂ a
very smaldhisrpfirivdinetisanic) wazanalgped tiy NALDI-TIGR M8)rdtiopulse vdiageodfi @00mat ri x
and sanpl e which ' absorbs sufficient energy fromthe |aser tq

b
vapor i zod/oBATe KaNs Moicates dapIepuan MassMuz).cind dhie ordnate FRlew 1q fheynt

TOF | . 0 AL : ;
re ShaproiaRuE S BABNEY of CRich  UeBlial sPBBkE ata pRfcorlabd B e BLURUERY T hg
pul sed i af thet mast iabundantaspédies. i Numbers ab.thé dap raff éach peak refer to the

molecular mass, in Da, of that peak.

Figure 5B is a copy of a chromatogram of a MALDI-TOF mass spectrum obtained

20 by separation of a chloroform/methanol extract of serum from rats carrying the
highly metastatic rat mammary adenocarcinoma 13762 MAT. A serum fraction
that elutes from a C1s Seppak cartridge developed with chioroform/methanol was
analyzed by MALDI-TOF MS, at a pulse voltage of 900 Volts. The x-axis indicates
molecular mass (m/z), and the ordinate refers to the relative abundance of each

25 molecular species as a percentage of the abundance of the most abundant
species (i.e. m/z=1621.1 Da = 5 Da). Numbers at the top of each peak refer to the
molecular mass, in Da, of that peak. The four compounds indicated by arrows (m/z
values of about 1454 Da + 5 Da, 1592 Da + 5 Da, 1621 Da+ 5 Da, and 1687 Da
+ 5 Da) are not detectable at enhanced levels in the sera of normal rats.

30



-17 (also called ion mrrors and reflectrons, consisting of one or nore
honogeneous, retarding, electrostatic fields ) are also known to conpensate
for the eMEey®7@f the initial kinetic energy distributi onPET/AURBOMSAAI yt e
ions, particularly when positioned at the end of the free-flight region.
Addi tional inprovements to MALDI are known in 5 the art wth respect to the
production of ions from surfaces, by inproving resolution) increasing nass
accuracy) increasing signal intensity, and reduci ng background noi se) such
as, for example, those inprovenments deddribed in USSN 6,057, 543. 10 The
present invention enconpasses the use of all nodified MALDI - TOF M5 systens
to determ ne a cancer marker in a blood fraction and/or to aid the

di agnosi Figlire®@N ¢4 copyesttd elsiontato of atMALDI-TOF massWpesaunPobidned S
used to produce gas-phase ions 15 froma liquid sanple matrix, to permt

i nt r oductbyoseraratinn efaapthioroferevaethans! exdiact aﬁeqeéum froE: noFpt SHSVEA s
't her ef or %ﬁﬁ{lmfﬁcgﬁgprtﬂé@ délﬂt%Fa Bdrt &7 fﬁé@%&%ﬁeﬁaﬂgbg pgyaapgag&ﬂgr aph

and a mass spec ter. In elrec rospra

t hrough @hisrpfornangtianst wdsecasalpadd by MABHTOF) MSad aappise anltage ofigater ence
(e.g. three to four thousand Volts) is establijshed between the 20 tip of
t he ndedM@ltgndh an‘@if’ﬁo@m?@t%m‘)'e%%’ maawndﬁ)r rafecthe grdinats; referssior the: ur e.

h gty cloiefite, ahiiHtings 8F bth MABLUAFsP&cs Bg'd Polcenfdde HERf: abance
I nert dryf the gaest abahdarst, srieuieexaﬂmhbersdawthe tmm@émamspeaiayemsm the

I ntroduced through a sur oundr ng ca Jgary to enh nce nepul |éation of the
fluid st m%lﬁ?u?hén%?sedﬂr pPhath rR?@R 8r%°"28°‘m §fﬁ)|"i(3€{atff‘ Ry AENOME: 1 i ¢

field angm/ﬂ@%g%fhgbﬁt q%ngg Hol'%elf) \gp is nmaintained at a

hi gh vac roug e Cco ects of "a ig gas and vacuum the
carrif@ liquid in the droplets evaporates gr adual I y, giving rise to

smal | er, i ncreasingly unstable droplets frﬁ&"&ﬁh h surface jons are
i ber at efiguie S8 ifca opY 9har ehromategramsof & L §OFanass ispastrymsebtainegugh

sanpl e CB\Q/aC% afioh of &%ﬁfcrﬁféﬁﬁﬁﬁeth%ﬂgl akirak 6P§é’r§rwh{‘9rc4?¥ ratsREalrfing: thet ©

t he high region o nass- spectronet er t hey ares parated
accor di nighty mstastatic chttreamenary adetﬁcatn:}nmna ABTERPMATL. e Adsemdrac{tmng a

i or of 1t GHSIahSFamia Gus Seopak aeHEdR davelinsr it cobrabemimethand wes:
5 Py IO M e 0 T B e
needl e 5nmulgcular nyss. (rﬁhhsands khe bedinate refers dottheirelatiue sabundanoerof edcht it
s necessarlecul(a)r IOsrpe s’ ats 5 percerO\Itage of the abundance of the most abundant
species (i.e. m/z=1676 Da = 5 Da). Numbers at the top of each peak refer to the
molecular mass, in Da, of that peak. Two compounds are indicated by arrows
20 (m/z values of about 1185 Da £ § Da, and 1676 Da + 5 Da), and the level of the
1676 Dalton species is elevated in the sera of rats having cancer compared to the
level in sera of normal rats, when standardized against the level of the 1185

Dalton species.

25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
One aspect of the present invention provides a method of identifying a cancer
marker comprising:
(i) separating a blood fraction from a human or animal subject having a cancer
30 by mass spectrometry;

(i)  separating a blood fraction from a healthy human or animal subject by mass



fraction undergoing analysis, for introduction into the MS environnent.
Preferably, the sanple is at | east desalted essentially as described in
Exanpl e 1.WQ82/887¢9) preferably, the sanple is fractionated BCToYUOH0&TAAl ySi s
using at | east one standard chromatographic separation or purification
step. In cases where MALDI -TOF M5 is enpl oyed, the sanple will be m xed
with a suitable matrix and dried, whereas in the case of electrospray M5,
the sanple will be injected directly as a liquid sanple in an appropriate
carrier solution. 15 The tern1"subjecr1Having a cancer” will be understood
to mean that the subject has exhibited one or nore synptons associated with
a cancer, or has previously been diagnosed as having cancer at the tine of
obt ai ni ng the dderpdniétpgtandn used as a test sanple in the inventive nethod.
20 As used herein, the term"healthy subject” shall be taken to nmean a

subj ect t@iiBt regmMpatingthe frolile ahnalgerian sReeies Gti ()} andw(i) randhidentifingn t he

bl ood fractio 0L Snd 1 §SL.QR:L 0 jsat ed
i th cancer  wiDNeE HEBERDas nedied BaV gL RHineCBVRE B T BRI REUE,
met ast ases of wherefy auihanted braedased [dvelof said matedulaospeaviess dicates t he
time when the bl ood fraction was taken. Accordingly, the "healthy subject”
need ndt be di@?tmm%%lﬁrrﬁ@%l%j'ﬁétcaé\G%mﬁf@f- of having cancer. For
exanple, a particular individual) such as, for exanple an individual at

ri sk of devel opi ng cancer, nmay provide blood fractions at different tines)
i n whi ch Rreferably, diae pyedend inlentientis ditetigkido the iidentificatiory of gaptermafkers

devel opnent may be used as a cqntrqgl _sa e agai nst a,later_blood fraction
bei no 1 0d0cEESHRGE P CABCHT SEIRHBRaTTPTLANS oA GonBISYRD a0b RETBPMR:

remssio - | r a |l e
agai nst gyrgpglgglf:}s{ ;ogt?éggb r\gemgtgﬁ't(‘a %Ztg?sgggj gct' %‘é@eggﬁ%réfsw ng%(?‘?ms)uch
as, fbd ecraasl eancer, npandreatic leancengluags caficer) eprostata seancer,Burinann ttrack

sanpl e" is neant, a sanpl e having a kn onpositipn.qr gcontent of a

par i cul ENCRG.aSnaeeer aptterymehaHp e keste diodakits dissRsee alhial. The
only req %a{r@iﬁaﬁiaot?ﬁ!\ﬁtlﬂ?g,ﬁﬁéra%nﬁ, néufl;dlﬂéétéllnas gﬁ&hg bAd sbftktisble @_Qﬁ:ﬁ)nﬁ‘é’t

contain a | eve e cancer narker being defé&cted consistent w

di sease. dfthunsang;landdympppmaciseveratyrmeianqmacsarcomad asdradenpoarcinamaiof i s

not usual_t. ubj ect I |l ood or, whpl e cel.l g .fractiopation by nmass
pect r ondtghaRy b B pAtteyBeY pferdy, SBafincl the inidiiion” B3t cRBesh s Fe
anal ygsd,carBinBiid, nfredirefd?ablg G ddetidcargdne@apPr | sing gl ycolipid or
ol i gosaccharide, and nore preferably, blood fractions conprising

gangl i oside, are |loaded into the nmass spectroneter. Such 15 blood fractions

o apar ot 0N, S Th BRCSHTHHE SuetrBe e SPRcRPinelils, fo alfaical

technique for the accurate determination of molecular weights, the identification of

chemical structures, the determination of the composition of mixtures, and
20 qualitative elemental analysis. In operation, a mass spectrometer generates ions
of sample molecules under investigation, separates the ions according to their
mass-to-charge ratio, and measures the relative abundance of each ion.
Preferably, the mass spectrometry system used in performing the present
invention is MALDI-TOF MS or electrospray MS.
25
The general steps in performing a mass-spectrometric analysis are as follows:
(i) create gas-phase ions from a sample;
(i) separate the ions in space or time based on their mass-to-charge
ratio; and

30 (i) measure the quantity of ions of each selected mass-to-charge ratio.



experinmentation. A "blood fraction" neans any derivative of blood, and
shall be taken to include a 20 supernatant or precipitate of blood, a serum
fraction dYOPMeESHHh fraction, a huffy coat fraction, a fracPCOdAUONP8Ihed for
T-cells, a fraction enriched for platelets, a fraction enriched for

pl atel ets erythrocytes, a fraction enriched for basophils, a fraction
enriched for eosinophils, a fraction enriched for |ynphocytes, a fraction
enriched far nonocytes, a fraction enriched for neutrophils, or any
partially-purified 25 or purified conpokent or bl ood whether or not in

adm xture with any ot her conponent of blood. Blood fractions may be

obtai ned, for exanple, by treatment of blood with a precipitant (e.g. |ow
t enper at UTRe té‘ﬁn d3eprrafing ABIBOA Fracioh b infasPspettidnyetB*e of binsiklr teh Q:)sedor
fractionation chromat ography (e.g. size exclusion, 1on exchange,
hydrophobhéreilmtsilaﬂchﬂ taken @mltyte PMagee ofmare of said #apsry, etc). 30
Particularly preferred blood fractions for use in performng the invention
are serum -20 fractions. In the present context, the term "serum

fracti on"Tinme-asflight (NOFp missispedirometers csueh aﬂeﬁekampl@ thoge desuribedria

i ncl ude a pl asma oteln fractlonép ‘?Qa al bumin fraction, fibrinogen
(factop 1Y %ﬁ\b 5 160,840, genarater igpsHf Sﬂmp@cmaéenalfmr

VI fraﬁhbg&@ﬁﬁgg@ EPdtQ SR ik é&facfr{ﬂgﬁgtfocg'{%r; 890 ARSI Fatifl by ° !X

and X) Or —cryopr eci pi a cryosuper IhaY ant

or cryoprmeasuting etheftlrhe ae haKesogenenated ions o draves dpea mietestdor. oTOF mass
cryoprecipitate of a plas fractio tﬂg or any partleiaa)/ purified or purified
conponent SRACLQMEtRITAEe Ravapiageolsi bEcaYse gy Aargi falatiiely simle. sxpapsive

conponent; Hsﬁ‘EHérﬁ‘tér\ﬁ&ﬁ ?ﬁ@aﬂgyufﬂﬁnﬂ&g%@@@tofcﬂérfé‘%‘é%e)ranﬁet'T%)’T‘ ks Of

serum wi th a precipitan t enperature, acid , amonl um
sul f atl@, spﬂqtm:;tbmeh@wcpntenﬁmlIy) hlgherbgensmmty dhani soamnggmstruments

chr omat ogr a S|ze exc iQn, ion e, bic ing tion,
over se. dhiaise e o e @@%9%@&3@%?9@1 sachiipGRation avent

| nventi onyLygtd g@&g?ﬁ@té&@%ﬁet il fPPfo?fmé%Lﬁ‘ing' the rﬂésé—ﬂﬁcl%@@ atio
fraction, preferably as a precipit te of serum and/or prefera esal t ed,
and/ or pr@f larga&)b;ga‘mcamdlemdesmhb;e honirentioobl magnetic field mass spectaoragtarshy
such as l% a.nﬁ] e using a polycarbon matri x. Ot her nmeans of obtaining

t he bl ood PR SEPSEMY-n accordance with procedures known to the skilled
persopsare clearly contenpl ated herein. 20 Because the nethod of the
present invention is perforned on blood or serum_ it is convenient to

per f or m ahie fight |t|mg)9 an iomagceletated bya givposlectricipptential issprapertienal tdance

or ol i gos iR a AR ik Thub e S it Ot ab TnB R bR Bt RERRREC. IS,

speci es ito-tHarys aatiy sasdnisl approstimatelyprpoftionai to ithe sqasie mtfdmh@hwce of
an activated or functional .1 mmune systemfor its expression. exenplified

herein, aoceharge ratipk Assumingihe peesenseQfurnly siRgly charged ions, the llghtest
20 group of ions reaches the detector first and are followed by groups of successively

heavier mass groups.

TOF mass spectrometers thus provide an extremely accurate estimate of the

molecular mass of a molecular species under investigation, and the error,
25 generally no more than + 5§ Da, is largely a consequence of ions of equal mass

and charge not arriving at the detector at exactly the same time. This error occurs

primarily because of the initial temporal, spatial, and kinetic energy distributions of

generated ions that lead to broadening of the mass spectral peaks, thereby limiting

the resolving power of TOF spectrometers. The initial temporal distribution results
30 from the uncertainty in the time of ion formation.



range of 1016-1026 Da) is detected in the serumfraction of mce treated
with 30 dextran sulfate but not in the serumfraction of nude m ce)

suggest i nYVQ RA87& pr essi on of that marker is strongly i mMmuRET/AVE1/84877
dependent and t hat -21 tunori genesis reduces its expression or causes
its shedding fromthe cell surface. As used herein, the term"inmune system
dependent” includes a requirenent for T-cell function to ensure that the
cancer marker is expressed, or an indication that a particul ar cancer

marker is normally expressed on a T-cel ﬁ) or alternatively, shed 5 froma
T-ceII at any stage during tunorigenesis, preferably prior to netastases.
By "conparing the profile of nolecul ar speci es" is nmeant that the nolecul ar

mass pr of The ceftalrite diltineel dfries tformatiorois ehhascwt by wilizipigepilsed doniaatioh or
aligned to the nol ecul ar nass %Ofl le of the blood fraction fromthe cancer
sanpl e arl8COPIgUED, BHEN aBefNeeXaTBPIEY plaﬁm@%remtmdam lasgr ggsorpiion. hat avar e

that con t t o]
ensure t %rie?ﬁ% {)@gk ﬂelbga g‘t{ Sﬂgﬁ | cuf fat"?@?'l'ecu %jr]t Fs}gteHcﬁa%Pé@Hé& '?'ﬂ'arl

of a par tsipatlbhdlsnﬁaltlonssbmmmerlbns Imubln‘ate from welldefinee avéas bathershmple ar
species | he s cordln Is not strictly ssary to conduct
a furth ersmﬂ;&? ipigia &thugeéﬂa@%?ﬂlen mloé‘r% Q'HE 15 abundance of
t he nol ecul ar species therein, because the nolecul ar mass spectra of two
sanples may be overlaid to determne the differences in peak hei ghts.

Not wi t hstRulded gonizatiort such aspldsma kiesomdieh (P ipnization and\aser desarption | y

peci es. 1B BREBHSD A el oA LCoaNtorR e A e by

cancer 0rretdiﬁggﬂnwaa%ftra@c&ﬁé}pyfa;em&:hsnée@éclamséumngcrpys@n%rfgthéh n

rel ati ve abun ce of a nol ecular species I1n said bl racti ons S
i ncl ubties seeioasly limit gnasseresblutioancenventionabl D dypicallynemploys suffidientiyshart ul ar

he bl 0od Jy.om i ch bl ood f derived.
S andar o AU By leshH 10 e %eeteno P riniie SER o ingBrtgBbhccar | de

in a sanple may be enployed, such as, for exanple, an 25 i munochem cal
anal ysis of the peak fraction. Preferably, the nmethod according to this
aspect ofThehperformanceofi R | iaknhancedfby the adgditionaof & smalliergadic matrixancer

(Do) "o (TieBELR R aceRal oot AFENT BEREHRIAEY e BB ey

agai ng3  Jaseddled Mamsm@teeflakaouésmheﬁ%mzmmSherurfalftea "IVERL DY FHg or i N
the estimated nol ecul ar nmass of 5 Da, -22
matrix facilitates desorption and ionization of the sample. MALDI is particularly
advantageous in biological applications since it facilitates desorption and ionization
of large biomolecules in excess of 100,000 Da molecular mass without their
fractionation. A preferred matrix for performing the instant invention comprises 2-
20 (4-hydroxyphenylazo) benzoic acid (HABA), also known as 4-hydroxybenzene-2-

carboxylic acid.

In MALDI, samples are usually deposited on a smooth metal surface and
desorbed into the gas phase as the result of a pulsed laser beam impinging on the
25 surface of the sample. Thus, ions are produced in a short time interval,
corresponding approximately to the duration of the laser puise, and in a very small
spatial region corresponding to that portion of the solid matrix and sample which
absorbs sufficient energy from the laser to be vaporized. MALDI provides a near-
ideal source of ions for time-of-flight (TOF) mass spectrometry, particularly where
30 the initial ion velocities are small. Considerable improvements in mass resolution
are obtained using pulsed ion extraction in a MALD! ion source. lon reflectors



. nore preferably 4 Da, even nore preferably 3 Da, still nore preferably
2 Da, and even still nore preferably 1 Dalton. The cancer marker may al so
be furtheW@pHISIt eri zed structurally, such as, for 5 exanBCEAUS}00877
fragnentation studies using ESI/MS/ Msl QTOF, or enzymatic digestion of

gl ycosyl or lipid noieties, anpngst other techniques known to those skilled
in the art. The present inventors have identified a nunber of cancer

mar kers whose 10 abundance is enhancedjyn the serum of a subject having
cancer, as follows: (i) a glycolipid having a nol ecular nass in the range
of 1439 to 1459 Da (average mass 1454 Da); {ii) a glycolipid having a

mol ecul ar ss ., n the range a&_éS%j to 1597 Da(#aver e mass 1592 Da 15
(111) a drFocFalle onuirdls anduelscirans. sBsisting qf SnEL Al Dol hoppdensolis g Da
(average rgﬁa?aun§68ibc%§fatnelﬂéldsa) 8te/418b Ithwn%vwﬁpawm ﬁfrtthareﬁ&tss of thet he
range of 1671 Da (average nmass 1676 Da); and ém a glycolipid

havi ng a initiakkinetic enetgy distribbtion afithe malsr@s@nsoparset_l_la when(positiengs ahss

L hei £ aithg entl B reeSBRF Feiol ABitnal PEfokRmistd tq Mol e KB
t he 1 egaiths NGrt "Rith efeispRte tB0thed Prédiictidne o SibAg ﬁbmn%affdcéﬂay m?row.g 25 ~

The present inventors have also identified two cancer markers whose
abundanc ¢eselutieniuinsieasing measse agaNracy.ainoiegsing signal ngtansity.e and aedugingows :

s0b o s Hetfnolioife RRCSE T0F kbR, R iBrefEtheRls dRiTped ih'GssRM o

ol i gosac@@s7 843having a nol ecular mass in the range of 30 1016 to 1026 Da
(average nass 1021 Da). -23 It will be apparent to the skilled person
that the cancer marker identified in accordance with this aspect of the

ani maf0 SUBEE B PRI SnomPaSPRE hp Cue B AL AR MALBLTIR IV, .
of cancersysfepfis ¥ ad@tetminen avcancersinatkersin zdbistice frabtidn Hrid/er eotaid agheer 5
types secr ete a uni que spectrum of gangliosides (Kong et aL, Biochim

Bi ophys. diggnpsisoficangerse, 1998), indicating that the mass spectronetry
approach described herein may al so be used to assist in the diagnosis of
the type of cancer present in a patient. 10 The only requirenent to

i dent i f yiHigcteospray MS,syededtraspeaynioaization M8, isdised topseduxgeegds-phase jonss t o
screen a_sufficient nunper of b ood frac ns.to term ne that the

par ti Bl zirro"m ighith SAMBIR Maliistd BEEMdnirPauRan o) 106 GATRIRABIO &cMassand

not gencisp aV| b dél r, CEREROsHAY! Mgﬁgsthe%fdre%éfui r BrBoirlg %Llﬁfé?fécc%om

subj ect s stinct cancers are required acl l'itate
det er m ndetween Brlejwn‘ ebtomategraphcand.& masmspéotannetenslmelechrospmyd\ds a
Accor di n

d f th i de "
i denti fyi Héida o?s Iﬁ‘gls e pﬁg‘cléhza 'C?Ié nt I ?‘{r}kep(r(ﬁé/rg' gl Hgt q@gn@éﬂ %sai d

met hod  c QEREntRl @ifferéhée %é‘gafrﬁféé 8 fé*urbﬂhﬁggaﬁd AP éétﬁﬁﬁs?leh%@tWe@h el mal
subj ect having a cancer mass spectrometry; (ii) g?r ating a bl ood

f r act3®n tiprafithe neadieranst aanpnaslng wlle capikiaryi ¢r§ranceant:elml struciune.n Thiee
Conee sl Y TR a4 o BARBEAEiGn Y Hafudd BRdpigg Trom
by the electric field, forming the electrospray. An inert drying gas, such as, for
example, dry nitrogen gas, may also be introduced through a surrounding capillary
to enhance nebulization of the fluid stream. The electrospray droplets are
25 transported in an electric field and injected into the mass spectrometer, which is
maintained at a high vacuum. Through the combined effects of a drying gas and
vacuum, the carrier liquid in the droplets evaporates gradually, giving rise to
smaller, increasingly unstable droplets from which surface ions are liberated into
the vacuum for analysis. The desolvated ions pass through sample cone and
30 skimmer lenses, and after focusing by a RF lens, into the high vacuum region of
the mass-spectrometer, where they are separated according to mass and detected



25 (iv) conparing the profile of nolecular species at (i) and (ii) and
(iii1); and {v) identifying those nol ecul ar species having a nodified | evel
at (i) orWQe208#¥en conpared to (iii), wherein said nodifiBdI/AE(E0877

i ndicates that the nol ecul ar species is a cancer marker that is indicative
of a specific cancer. 30 In accordance with this enbodi nent, there is no
requi rement for the level of the nolecular species to vary in all three

bl ood fractions (i.e. the tw sanples ﬁ omthe -24 subjects having
cancers, and the single control blood ffaction fromthe healthy subject).
This is because a cancer marker that is indicative of a specific cancer
wll, by definition, vary in anount only for a single cancer, and be

present 41y anrapprapriatevaétector dlelrgar asah@uowultlpherc tirhe) asPrefetred diquid dtaw ar

o iAfseal 20na pHcifeS o Yre s, (braide b8 thelsdbEnt Empgsition.

not w t hstigRemdqiidafiow! fatd ervaydrédut in un8FEADIE lankoineffiént! RWElatioh o feTal
cells, they will be cancer markers falling within the scope of the

i nvent i oligaeivad isampier #1 whidh eese | Rnaumatioayy-essistach gleaiosprayt needint  at

a differ In any of the sanples analyzed will not be cancer
mar kersg %?%y bﬁ\@ﬁdm ternative enbodi nent, this aspect of the invention

provides a nethod for identi fyi ng a cancer mar ker that is indicative of a

speci fic_cancer, said method ngrl sing: (i) .separating by nass
spect r omdthogeskilleddn tae apt Wﬂicﬁhﬁ Gtaw.‘ﬁf@ thﬁb%'%“ﬂ@ﬁﬁﬁ‘i‘m prepaie te blaad ect

wher ei n ?r% omsgqo?ﬁn%aﬁagf mt'ré ddtion, :ﬂtosfﬁ@ r{‘v%hﬁ%n@ Prsferii

cancer separ rac 1on from a unman or ani

subj ect Itlye rsamsplepiscatr last rdﬁsa(ted igssentigiyr aegdédmbpdoml Egample ol EMUirear
speci es from each nenber of _sai.d 20 papel of PI pood fra tions at (i) to each

o horl Gan@relsratté ecsaTRIeds frﬁetf@wﬁqrpr@ﬁée asalisissinn &t ipast oner standerd o
(11): . anenididdoriatie skbafhtioh 4P durli tlangfé'pafﬁi e%&vﬁ}whé@m_ﬁmh%rnﬂs’ﬂ

nodi fi ed eve In ‘'one en conpared to th
profil e id emriployed)tie Eample mﬂ ke mixed withteesuitable madrixradd fdried, Wkrwhas in

i ndi cates, that t I ecul ci es a, cancer,, ker that
el oot T dob Gase of Sledtpseray Ms the Sampleaulhe: gfaried Hisally 4 8 dRod $ATPlencer -
shal | be_,ﬁ ahg{p ?%ﬁﬁé%aﬁ'lé}'sfoil.ﬁfoﬁ”t cancer type. 30 The nodified | evel of

any particula ecul ar species, in particular) the nodified |l evel of a
cancels marker) on a tunor cell conpared to a nornmal cell can also be

The term "subject having a cancer" will be understood to mean that the subject
has exhibited one or more symptoms associated with a cancer, or has previously
been diagnosed as having cancer at the time of obtaining the blood fraction used
as a test sample in the inventive method.

20
As used herein, the term "healthy subject" shall be taken to mean a subject that
has not exhibited any symptoms associated with cancer when the blood fraction
was taken, or is in remission from the symptoms associated with cancer when the
blood fraction was taken, or has not exhibited any metastases of a previously-

25 diagnosed tumor in the blood or serum at the time when the blood fraction was
taken. Accordingly, the "healthy subject' need not be distinct from the subject
suspected of having cancer. For example, a particular individual, such as, for
example an individual at risk of developing cancer, may provide blood fractions at
different times, in which case an early blood fraction taken prior to any symptom

30 development may be used as a control sample against a later blood fraction being
tested. Alternatively, a blood fraction taken from a subject in remission, or



-25 diagnostic of cancer. Accordingly, a third aspect of the invention
relates to the diagnosis or detection of cancer in a human or ani nal

subj ect. MOB82e87ehbodi nent of this aspect, the invention pPE¥IABE87Het hod
for diagnosing 5 or detecting cancer in a human or ani mal subject
conprising: (i) separating a test sanple conprising a blood fraction froma
human or ani mal subject suspected of having a cancer by mass spectronetry;
(ii) separating a control sanple conprijgi_ng a blood fraction froma healthy
subj ect by mass spectronetry; and 10 (i1i) conparing the |level of a cancer
marker at (i) and (ii) wherein an enhanced or reduced | evel of said cancer
marker in the test sanple conpared to the control sanpl e indicates that the
subj ect dellowingiieaatierk.may be|yped-as 8 coBEnk SBREAGRIN & Hipod drgetien from
suspecte f [ : I nadginal Lypdih cat t the
subj ect iqggbseéllﬁ% %@?%ﬁfgl%ﬁde?@eﬁoér ?geﬁb?&t‘agkéﬁ’ f’gs? ?%E%f ﬁ%gﬁl :bﬁhgrngnérranner
t hat t he progmssiofithe disggases t he subject to exhibit any synptons associ ated
with a particular cancer, tunorigenesis or netastases, or that any prior

di agnostic test nust be enployed prior to the inventive diagnostic test
descride ' ' ' | '

amonab] o 2 Copie) saRpletls met o GarRp Yiitind 2KROh SorhyTodtir HEoribhtof a

eval uat i qarticulasisdegeraagainstpehith ancomgpatison tosatesteampletisimads. ateranly hat

h additional testi b I din the i t f firm
ai anosi dechamentianthe sopice: o & AP)CFaRIE S Frai S96s BLeRNeRR e A of
car Ci NOMGhe ankyf WIAKE beify pefa%te@&&ﬁsiﬁenmﬂﬁ%isea@e! on cancer, breast

cancer, pancreatic cancer,” lung cancer, prostate cancer, urinary tract
cancer, uterine cancer, acute |lynphatic | eukem a, Hodgkin's di sease, small

| f th ' | : bl ast [ d t
(1 ssull 3t SilEe"mpnaieah o she Fie R asighafon Bharold ndhuBRLIERUPER ore.
I'n a par tyisalé ablobdPbefvitidiedealld eoripatitioRation by hﬁaés%?abtjremetryhe IASeadr is a
carcinoma, nore preferably an adenocarci nona. It will bé apparent from

t he pr ecdthatigngi caniaivingh ther gnolepulagispgeiast o beeanalyzerds ity padiculas &ileod s not

the. pr oo C8iogs ¢ BPAFLE SofMig . TSR, 800 PBre aBrlsZetRy ke 5°
I evel of friitions domprising QRINglidsie] ard fodded imtditiss massespédtrometen. tHaclsase
of a patient in remssion, a sanple taken early in rem ssion can be used as

a st aatdoedfraglionmean ba pigRaredtby standang methadsdaomente thpse gkilled in the t he
f ot o 4t ot _ |
oo nkeT PSP, aEPORIANS, S ABOR b ok, My Gl °

cancer i Cdl'e t € perio rem ssion
Si mi | ar | yaxpefimentakidri.ent who has under gone

A "blood fraction" means any derivative of blood, and shall be taken to include a

20 supernatant or precipitate of blood, a serum fraction or plasma fraction, a buffy
coat fraction, a fraction enriched for T-cells, a fraction enriched for platelets, a
fraction enriched for platelets erythrocytes, a fraction enriched for basophils, a
fraction enriched for eosinophils, a fraction enriched for lymphocytes, a fraction
enriched for monocytes, a fraction enriched for neutraphils, or any partially-purified

25 or purified component or blood whether or not in admixture with any other
component of blood. Blood fractions may be obtained, for example, by treatment
of blood with a precipitant (e.g. low temperature, acid, base, ammonium sulfate,
polyethylene glycol, etc), or fractionation by chromatography (e.g. size exclusion,
ion exchange, hydrophobic interaction, reverse phase, mass spectrometry, etc).

30

Particularly preferred blood fractions for use in performing the invention are serum



| Otreatnent successfully leading to a rem ssion or cure, or who has not
exhi bited any netastases, a sanple taken shortly after treatnment or prior
to met ast ¥6@82/¢8360 be used as a standard for conpari son agaPGEAUHDESTT bl ood
fractions) to determ ne whether or not the subject has suffered recurrence
or netastases of the tunor, since any nodified | evel of a cancer marker may
I ndi cate recurrence or 15 netastases. Sanple preparation for mass
spectrometry in perform ng the instant Bancer di agnostic nmethod are
essentially the same as descri bed supf& for the identification of cancer
mar kers. 20 Conparison of the cancer marker at sub-paragraph (iii) of the
nmet hod recited supra can also be perforned as described in the preceding
di scussi cfractia'nsh ireftbe epresent cohtext,dtivet terivc éiserum cﬁlfaotian't éneans laesampde ng
mass spec t hi s .aspect, nvention. f

tr 25 Pr elfﬁer ab tther
el udes 99TVER A SEFWp. SEXQHP ?ﬁﬁ’"ﬁ' HEBPE Iyde R RS PEPBIL RGOSR o
preci pi t a(tbeng{)btﬁﬁy H ctr]d?fg/fﬂﬁn atbho fARtBh! §é’run"f1§lyb‘ﬁiln Wa%ﬁ&ﬁ aﬂabtbr Y

fractiona I C | ct i on chr omat ogr aphy, such
exanpl e damlgnafqnwwmrﬂnmlomor pmthmmtun cnemlsxfracm eompriging rfectbr?ow

f d h d he skilled
oo 194 2B X0 B G athemaRint T e SireRaR, bE plebd 2 chERBERERE Bl g ¢ o
this as peﬁgo;%cid'tate B’F’ﬁ@%h%id?ﬁbladﬁfa tdﬂ@rybuupmtahadra@wemewm@ dfathe

cancer in particul ar accordi to’its nol ecul ar nass. The nol ecul ar
mass ( Da)plasma rﬁ@cbancerramuapa@aﬂwurl pr puuﬁﬂcbwmneaewfraewyﬁwnebﬁet ry

"t he. cdidtd: ad AT WA ofy SRGY SeRutesinboRing el facolE iy BT

prefer abldbtalae@a foﬁte)kdmﬁl@f epPripdAnRt Yof ehim W@ eV iteipitant (@ low

preferably 1 Dalton. Preferably, the cancer marker that I1s conpared in
accor Hhndemperatuteeagidadrrss;, | anmniwphsuifale, medvathylenei alicels ef6).eef & f rom

range. of TEEI8TEa0 sd5Mg, phirPaBRR, Me, YeS? ellNGiE 88 BPanlisy g 4
nol ecul amyaesshdbic interaction sreverstfivasep nidss speetromettypers)mass 1592 Da); 15
(ii1) a glycolipid having a nolecular mass in the range of 1616 to 1626 Da

(average nass 1621 Da); (iv) a glycolipid having a nol ecul ar mass in the
range of Hﬁt?r? ; : I I having a
nol ecul arﬂr%gé]srgﬁﬁh ﬁ?ﬁéa %ﬁé?ﬁé%’& of%&% '@"SSQ ?%%2'{%9%8%%‘ EB H}%@@'Y%a) ;
(;n ) B gliye blogd filaction prefesatsly bara pheclpeitatmgf serum), emdllcarprefﬁablgmdshﬁedange
of 809 to e .mass 814 ;. a i) .. co id or
o1 1 gosac ARARTJ SHRIAEN, THCHORalan! Bt hHRiaBhoRi: iterakign Sl craateran™h ohin
(average jgg5: dRgrhplétlsing a polycarbon matrix. Other means of obtaining the blood
fraction in accordance with procedures known to the skilled person are clearly

contemplated herein.

20
Because the method of the present invention is performed on blood or serum, it is
convenient to perform and non-invasive.

The "molecular species” identified in accordance with the present invention is a
25 glycolipid, in particular a ganglioside or oligosaccharide compound. Preferably,
but not necessarily, the molecular species is immune system dependent in so far
as it requires the presence of an activated or functional immune system for its
expression. As exemplified herein, a cancer marker of 1021 Da (molecular mass
range of 1016-1026 Da) is detected in the serum fraction of mice treated with
30 dextran sulfate but not in the serum fraction of nude mice, suggesting that
expression of that marker is strongly immune system dependent and that



25 1t will be apparent fromthe description provided herein that, once a
cancer marker has been identified using nass spectronetry in accordance
with the W¥eXe876h, any art-recogni zed net hod can be enpl oP€HAUGV/HSIEr m ne
whet her or not the cancer marker has a nodified |evel in the subject, said
nodi fied | evel being diagnostic of 30 cancer. Accordingly, nass
spectronetry need not be enployed in the actual diagnosis, provided that it
has been enpl oyed in identifying the C??CGr mar ker . - 28 Accor di ngly)
an al ternative enbodi ment of the invention provides a nethod of diagnosing
or detecting a cancer in a human or animal subject conprising: (i)

I dentifying a cancer marker by mass spectronetry in accordance with one or
mor e enblumetgenesie sedudesdtshexpression on causes its abedding irarg théneell sudacer said

k bl.pod_f f . .ani mal _sub d
or " havi noseet BerBi 8 teih *iofle b8P oHFAe R i, 2l EoineP T par e
to a healrtdpii fohefish d e thianthecstiftlr kel RprBsad, o iRdicafion tdt Once

identified and characterized, standard methods rmay be enpl oyed to determ ne
the | eveh pﬂrtlcuier caneasmatkek i normallyexpeessedaen Ackcell, i aligrmafivelis shed

nyar opnoBPE P erLet ik SeF skl shaiHpAgHS SRRt kal Atrin AR BRRE . 1 on

exchange chromat ography, or other art-recognized nethod. 15 For exanple,
nonocl onal antibodi es can_be prepared against a peak fraction from mass

spect r onByr' wemaﬁngghﬁgarpﬂle Qfam@l@sulﬁa.sneeles Is lpsant that dhe malesiyar dsse, and

th
o canceproflle Bf fik Bldbg ARRHRGPink HahidkALample s ool B e te ¥R 0, |
mammal s naﬂeaaarpmassr pmmei dfythenblwdl fractiort froho\thd ocercen | sarnplecahd stheani de

(15 | Kg..ani mal body weight) to reduce their suppressor cell activity, and
{ hen rmifereasas BwedarTlafe&e siglladt insfhey Al e aWaleufhat conditiens fas Fidss

angl i os r t ek
Gasant | aPbSCtoribiry afid sopl (i Be Sarbufiter ) Uikite ndk GRVSedk RBREoEC )
by subcuparticaias molet:ulavepeues, or therdreapf a partiewbr paale,aslpnoportlonalctodhéance

w th standar roc Before and .during the imunj.zatign period, ani mal
bl 000 soRBHNGAIIRS SLTR SholgRuRY SBeaRS i 165 FHERIE ASSaROYfds GohSiEtyd | n

the ani NRLSeG7Y WEoﬁaﬁct%ﬂH{He?%bgﬁf oFa&%bllected peak sample to determine the
15 abundance of the molecular species therein, because the molecular mass spectra
of two samples may be overlaid to determine the differences in peak heights.
Notwithstanding that this may be the case, the present invention clearly includes
the step of determining the abundance of any candidate molecular species
identified in either the blood fraction from the subject having cancer or the blood
20 fraction from the healthy subject, and/or the relative abundance of a molecular
species in said blood fractions. This includes determining the abundance or
relative abundance of that molecular species in the blood or serum from which the
blood fraction is derived. Standard assays for determining the level of ganglioside
or oligosaccharide in a sample may be employed, such as, for example, an

25 immunochemical analysis of the peak fraction.

Preferably, the method according to this aspect of the invention includes the
further characterization of the cancer marker, in particular according to its
molecular mass. The molecular mass (Da) of the cancer marker is readily
30 determined by mass spectrometry against standard compounds of known

molecular mass, with a maximum error in the estimated molecular mass of + 5 Da,



30 as antigens by any known i nmunoassay nethod detecting an
antigen-anti body reaction. In general, about 5-9 accunul ative doses of a

| i posone PR8N on at -29 short tinme intervals will PEFAUPYSISE’ an
anti body response to the ganglioside. Mce with serumanti body titers

agai nst gangl i osides receive a new i nmuni zation with the |iposone
preparations, about three days before obtaining antibody producing cells,
and then the anti body producing ceIIstf[eferany spleen cells, are
isolated. 5 These cells are fused with™yeloma cells to produce hybri donas
in accordance with standard procedures for preparing nonocl onal antibodies.

The titres of the nonoclonal antibodi es produced by the hybridomas are then
tested bynorerprateiablyt dddmcuen moe esemagly 18 Danstilomery praierablyas ZaDaj s

enpl oyed,_ _i,n whi hybri dQma, super, ants bind to a test sanple containing
the gang@Nd&ved s}@ ’Hﬁﬁ B@EE@HEY :Eﬁé#a} i gen-anti body binding is detected
using a second enzyne | abelled anti body that binds to the nonocl onal

anti body. Once the desired hybridona is selected and sub-cloned, such as,
f or exanlhe, caryceri markergmaly| also v furtherr characiengedwstodtunally, sueh @sdyforan be

o1 ovea Ml 1 tadeBiibhc sHulls iho SERIMSRSREFOR bE SofEati ant.
The sel e iR ipftf RIS d ' ' a Vi t he
skilled g‘egr%ggﬁ of?@gi‘g%'ﬁgé’{&gr m ntee%.’%ot %r&%ﬁtgggpgdgﬁsmﬁm corr%éréi ses
t he i nj eskilled imthe 88. hybri doma into an animal, for exanple, syngeneic mice.

Under these conditions, the hybridoma 20 causes the formation of non-solid
tumors) which will produce a high concentration of the desired antibody in

t he bl oodhgt hpagarnthvehtorsehave® Nidahtifed datruriBecidfesanddr ks twisgyeal .
St andard i mmunoassays are then used to assay for the presence of the 25

gangllilos Bhundanceyisrentranced)io dhe ser pba subiest having cancer, asdplews:suspect ed

of havi ng, cancer. i I i

obt ai ned%? roma he%y 9'&38/%1“?8’[“90%n’ﬁg'gﬁﬁ‘%gf"?éﬁmd?“%ﬁ%@égbﬁigs'%e‘gﬁg@] A
fourth aspect of t i (aveedde maspridbyd®s); an i sol ated cancer marker sel ected
from30 the group consisting of: (i) a ycol i pid having a nol ecul ar _mass

|
in the ré&fge of 14ggg|y§oljpi@81qyglg a mglgcglar mass in the range of 1587 to 1597
Da (average mass 1592 Daj;

15 (iii) a glycolipid having a molecular mass in the range of 1616 to 1626
Da (average mass 1621 Da);
(iv) a glycolipid having a molecular mass in the range of 1671 to 1681
Da (average mass 1676 Da); and
(V) a glycolipid having a molecular mass in the range of 1681 to 1691
20 Da (average mass 1686 Da).
Of these five cancer markers, species (iv) is also detectable, albeit at a low level,
in the serum fraction of a healthy subject, whilst the remaining markers are not
detectable using standard MALDI-TOF MS.

25 . The present inventors have also identified two cancer markers whose abundance
is reduced in the serum of a subject having cancer, as follows:
(i) a glycolipid or oligosaccharide having a molecular mass in the range of 809
to 819 Da (average mass 814 Da); and
(ii)  a glycolipid or oligosaccharide having a molecular mass in the range of
30 1016 to 1026 Da (average mass 1021 Da).



(average mass 1454 Da}; (ii)a glycolipid having a nol ecul ar mass in the
range of 1587 t 01597 Da(average mass 1592 Da); (iii)a glycolipid having a
mol ecul ar Wh&2087¢P t he range of 1616 t 01626 Da5(aver age nmasBCTAROV/MY7 (iv)a
gl ycolipid having a nolecular mass in the range of 1671 tol681 Da(average
mass 1676 Da); (v}a glycolipid having a nol ecular mass in the range of 1681
t 01691 Da(average mass 1686 Da); 10 (vi)a glycolipid or oligosaccharide
having a nol ecular mass in the range 0$3809to 819 Da (average mass 814 Da);
and(vii)a glycolipid or oligosaccharide having a nol ecul ar mass in therange
of 1016 to 1026 Da (average nmass 1021 Da). 15 By "isol ated" neans

substantlall free of conspecifjc glycolipids, or oli osaccha[ S, .such as,
for exanfll Will e apRAFREY @y? '“§9e€¥ ﬁ'@ fuhﬁdEPn? “'E%'FET !d%ﬁ'gieeeﬂ ned

her ei _ .
uﬁ(rjglr gt Oogc%r’débgémﬂ h ﬁ@a%%?s?gﬁa ycoHd g | gosacgl r?fde
Se?ks gxgapd:erf inexd hhgm’:c or mmadzspbyedt tanld tthegdbeei anmiheodlagnosw@mdetecamn

eril ne reln rerera i SO e cancer
syst em degm?ﬁme G anee; B xarmpley TRyl SRR, Indiva S1t diferBar SBRGer
T-cells d nst seLre tﬁg.lrh%%é %ﬁe&?urﬁ'éf%&r@n%@ﬂ"eb%on@%ﬂgﬁ BioaRPh, EBiophP§.eNt ed

bel ow de mass spectronetry can be used to detect
i mune sHstent34,i v3eb6iol1868), amdiqaimgeﬁhatt Hbe| msofSpeotﬂmeﬁyeappeanhpem es

(pr counmiipscriesh Berain Fiayzalso b v BRe R dor cisbibefriBe thhe dl SanGat | o
these in i(;fs@mﬁ-{g(yagé pave been carried out in animals, the results -31

are cons red to be I ndicative of results which would be obtained using
sanpl es obtai ned from human patients. EXAMPLE 1 5 Detection of |mune

Syst t d M P t udl hav

ShoulB, nIPTAT qlRaRBL 5 ey B, P S B B SRS

the ser ugp&btratfgty 3 1 dticthta shfﬂé:férﬁ‘i'idﬁhlfé? ¢fisbbé Fnra%hoﬁé fo detdrmirenfatol

33, 134-144) 1977 Conversely) such g COlcyFar s are lacking ? 0 fromthe
a

sera of the:@artlauiar masker i destricted (cp@r pari typel afngapeesneell,cand)nat2g

gl yeol 1 potRetils Bl cBhefl o8l ibebo AUBRS: i bior TRt Blests aving

et hod ( @stinehcahcers, aréSrequiifed aocaeiitate this doterrhimationd7Pieferddhprsbvesaly, we

extracted serum sanples fromnormal mce, nude mce, and normal mce that
had Béenblogddtacligngiare empleyeth sul fate, usi ng amoni um sul f at el pyri di ne,
and anal yzed those sanples by MALDI -TOF M5, to determ ne 20 whet her or not
mass spectronetry was applicable to the analysis of glycolipid and

ol i gosacpbesrdilegly, @ seeond agpécivbfcthbeanventionopravidespa eetheod foridéntiyimpal | ed
to the identification of cancer r}‘ar kers. Material, ang thods. 25 1. Serum
Sanpl es BRRYRS matkes fatds indicative AT osraailigoanser. ?ﬁ' o Eﬁm'smgce i nj ect ed

ip 4 dayg pregé%%:nﬁgg!elglﬁoﬁ f@tl@l\t}m frofP L PRinte bF éﬁl V\je‘i;é i %E@Qﬁcé?' SO

coll ected from I Ccl ent SS nude m ce. ectl on bl ood
was iRAcubat edbgwmasdspentrobietni;n, stored at 4C over n| ght, and the serum
coIIecteP.foIIovvin 30 centrlfP atfion. . . .
1i) separating a blood fraction from a human or animal subject having a cancer
other than the cancer at (i) by mass spectrometry;
(iiiy  separating a blood fraction from a healthy human or animal subject by mass
spectrometry;
25 (iv) comparing the profile of molecular species at (i) and (ii) and (iii); and
(V) identifying those molecular species having a modified level at (i) or (ii) when
compared to (iii), wherein said modified level indicates that the molecular

species is a cancer marker that is indicative of a specific cancer.

30 In accordance with this embodiment, there is no requirement for the level of the

molecular species to vary in all three blood fractions (i.e. the two samples from the



-32 2. Fractionation of Serum - Ammoni um sul fate/pyridine nmethod Serum
proteins were precipitated using saturated amonium sul fate and the

super nat aMO @M83ejuent | y desal ted using pyridi ne, as previ BGEAPOHMSFT shed
(Parish et al, Inmmunogenetics 3, 455-463, 1976). The pyridine was renoved
by 5 evaporation and the residue resuspended in chl oroforn nmet hanol / wat er

[ 2143155 (vlv/v)]. The suspension was filtered through a 0.2 Nmfilter and
the filtrate was applied twi ce onto a_Qgg-equilibrated C~8 Seppak cartridge
(Waters, Taunton, MA). The eluate (non=adsorbed fraction or flow through)
was col |l ected and anal yzed using MALDI - TOF M5 as descri bed bel ow. The
cartridge was then sequentially 10 eluted with 2m met hanol /water sol ution,
f ol | oned sbbiezis hawingapancers.oand\the siglengontral dierd fiactien Heam| thef galthyed by

VALDI - ToRORECH, fhiecbi RERHBER HEAGor AT it BRGNS br & Sh flcer' ™
sanmpl es fl, Hpeefipivion! vVare ¥moune ohiyafdr ®#’ingiecander, eshd beVisresent aha f 1 ow
t hrough fraction and the methanol/water fraction were dissolved in water

t
(200 Ni) hoanal {evel inetharssanaples a fhrartrasta thaseymolgpulari spasiesrthat @Aeanotwei ght

cut ofd di [ Led. | : ' re

o di SsoPYRETt FORBIAR FoyeME UL eotoo ARG skitbloc il horkS Wiiicadk
spect r omef arspetifid-tamdaronstwithetamdaty that,dé ey diffdr v pmounl td\theirkedels ined, by
vortex, with matrix soluytion | sol ution

y 1 N of a 3.5 nm/n of . .
2- (4- hydnexpaheels, dbey wilk he siahcae mff'éﬁlﬁEfA}""EMN%B HBﬂ&CPPeﬂﬁéh%'&\ﬁm@"( 1 pl)

Foom t omagsaityet AP TRol: Ridloclil by RO fiaP et it ARRTR B8 1o
( Tof Specir2any bf theosarnplesimadiredtvell notlse caAcer madges. | aser (337 nnm) was used

for ionization, and the analysis was carried out in the linear negative ion
node.10pata are presented as nol ecular mass profiles in Da, with peak

he S 1 IR driEn? 6 SEAEE o i el Bofpes AR for
identifying a cancer marker that is indicative of a specific cancer, said method
comprising:
(i) separating by mass spectrometry a panel of blood fractions from a human
15 or animal subject wherein each member of said panel is from a subject
having a distinct cancer;
(ii) separating a blood fraction from a healthy human or animal subject by mass
spectrometry;
(i) comparing the profiles of molecular species from each member of said
20 panel of blood fractions at (i) to each other and to the profile of molecular
species from the blood fraction at (ii); and
(iv) identifying from (jii) those molecular species having a modified level in one
member of said panel at (i) when compared to the profile of the blood
fraction at (ii), wherein said modified level indicates that the molecular

25 species is a cancer marker that is indicative of a specific cancer.

As used herein, the term "distinct cancer" shall be taken to mean a different
cancer type.

30 The modified level of any particular molecular species, in particular, the modified
level of a cancer marker, on a tumor cell compared to a normal cell can also be



Initial studies exam ned whether MALD - TOF MS coul d be used to detect
nol ecul ar species that are i mmune system derived and/or require activated
T-cel | 5 MWMe¥83eP for their expression. We found that the PEHWUOHPBEGN
fraction (i.e. the fraction that did not adsorb to the C~$ Seppak col um)
fromthe sera of dextran sulfate-treated BALB/c m ce contained a very
prom nent species having a nol ecul ar mass of about 1022 Da) 10 when
anal yzed by MALDI -TOF M5 (Figure 1 ). Sjén contrast, this nol ecul ar nass
speci es, although detectable, was present at nuch lower levels in the flow
through fraction derived fromuntreated BALB/c mice (Figure 2)) and was not
detectable at all by MALDI -TOF M5 in the serum of nude mce (Figure 3). 15
The dat adtagm!emm dancer.guoeerdingly, 3 thivdi aspest ofidhe inventionrelates da thpeci es

S |mTun stemd However, the fact t I s species did not
bind to 8§§ %é%ﬁ%‘ﬂ'%? %“885'%88?‘%% aguwg??%%cgt descri bed herein
suggest s that it is a serumoligosaccharide. 20 EXAMPLE 2 Cancer markers
that are reduced in the serumof animals having tunors Materials and

Met hods BBone eghadimsatipf this aspeal, thesinkentiarcpyidasoarmeshed éordisgaesipgs rat s

{ t 13762 NAT P h
R A R Y G S i yall
tunor CeQ: V@é;@ar‘éﬁh?t@ltéﬁdsamgw compriginy avblosdl fradisit ficaech (oaiarsloret al
Int. J. ncer 40, 511-518, 19 and rats (10 30 13 weeks of age) were

injected | v, animal sgbmsmmequrhe\engg ¢ancer bymassrspectometisdi um

Cunor cel i nFeRdtabho aonfiob SErifle <onrigld 4, biodfiiRctdl o ¥ heathVs are
seen in the | goigjectby mmssrspestrommetryt 88 show no signs of di stress fromthe

turmr Sera were prepared romthe bl ood as described in Exanple 1. 5 2.
Fr act!0onfil) oncempadng thesiavel of arﬁamﬁbmastsqr atd) and iwderejn aearmaaped by

R SRR St e i B,

MALDI - TOF MS spectronetry, |nclu prepara
and | oadi ng aodntdeltsanmtelmmeates\matetheeub;actmtj(u)alsasiamnceued in Exanple 1.

In the present context, term "subject suspected of having a cancer” shall be taken

15 to indicate merely that the subject is being tested, and is not to be taken as
indicating in any manner that the invention requires the subject to exhibit any
symptoms associated with a particular cancer, tumorigenesis or metastases, or
that any prior diagnostic test must be employed prior to the inventive diagnostic
test described herein. In fact, as the present invention is particularly amenable to

20 the early diagnosis of cancer, no prior testing or evaluation is essential to
performing the invention, notwithstanding that such additional testing may be
employed in the interests of confirming any diagnosis.

The cancer is preferably selected from the group consisting of carcinoma,

25 lymphoma, sarcoma, ovarian cancer, colon cancer, breast cancer, pancreatic
cancer, lung cancer, prostate cancer, urinary tract cancer, uterine cancer, acute
lymphatic leukemia, Hodgkin's disease, small cell carcinoma of the lung,
melanoma, neuroblastoma, glioma, and soft tissue sarcoma, lymphoma (several),
melanoma, sarcoma, and adenocarcinoma. In a particularly preferred

30 embodiment of the invention, the cancer is a carcinoma, more preferably an
adenocarcinoma.



Results Data presented in Figure 4A and Figure 4B show t he nass
spectronetry profiles 15 of Cps Seppak flow through fractions of sera from
nor mal an®@axM76beari ng rats. Two nol ecul ar speci es, havi RETHAI0@OWTAr
masses of about 814 Da and 1021 Da, are reduced in the sera of
tunor - bearing animals conpared to normal aninmals (conpare Figure 4A and
4B). The fact that these species do not bind to the Cl8 Seppak cartridge
under the conditions described herein_aéggests that they are 20 serum

ol i gosacchari des. The 1021 Dalton species is the sane as the 1022 Dal ton
species identified as being i mune system associated in Exanple 1 supra.
EXAMPLE 3 25 Cancer markers That are enhanced in the serum of aninmals
havi ng Tunors Materials and Methods 1. Serum Sanpl es Bl ood was col | ected

Fract 1 ondt i i ‘BRI Ao She Mbedind Pk, G bR Miderithes; methady >
tunor beadjdsaabéd herein ignet mited to they diignosishdfasaricer, Mowaidh zaal be appliédn (2
m ) was added to each serum sanple, and the m xtures |ncubated overnight at

h
4C wi t h e geewtesingthernragressofdhe disqasg ip copaniicular sHiest, Ryxeqrpearing the
centr '5{ UGEThI a3 %brid B ?ﬁk%r%r HERRH tl’Pé‘@EBj%c UEr fifle. et Btk PEQS 4f a
extracti ons were repeate nore tines, eac extraction bei ng or rat
4C. The gatienbinoremissivhaasamplesaier earleincientssioncaniy asgdas efistanddrdir i ed

5 45 2 ot oo sesoh B oA e Sl ng g o belaod |
e ] . ) . NG 18
Seppak cBMs L hirted ofigHifiCattf 6 BBNUf i pef it el itlica faF i
fracti ongeriodr of cemissiorehasEentedar Similaly, Wi a heatiené qubothas lundergoreel wit h
o] b Rt 5o B o, VP BB

col I ect e%é@eqség,eékaﬁ&eﬁakéﬂ“hgbg@gj}éxgre%%gﬁbﬁ pwaﬁpymsétée@%éw e

i ncl udi ng sanple preparation and | and data anal yses, were pertforned
as descriused as astanslard for 2ONPETisonsagainst lajers bldogdh fractionse dol detesming es

i dentifjed i h form meth | t t f f ti
(i qur e Sviethiof fok fie Rublkeh bRscaufited dSenéndent mdlesBdnt fhg fheats)
from t umyindieafiynbditied Rvel 6@ fdamebt omarke® "hidy 9Adicate recurrence or

15 metastases.

Sample preparation for mass spectrometry in performing the instant cancer
diagnostic method are essentially the same as described supra for the
identification of cancer markers.

20
Comparison of the cancer marker at sub-paragraph (iiij) of the method recited
supra can also be performed as described in the preceding discussion, with

reference to the identification of cancer markers using mass spectrometry.

25 Preferably, this aspect of the invention further includes the first step of obtaining
the blood fraction, preferably as a precipitate of serum, and/or preferably desalted,
and/or preferably fractionated by hydrophobic interaction chromatography, such
as, for example using a polycarbon matrix. Other means of obtaining the blood
fraction in accordance with procedures known to the skilled person are clearly

30 contemplated herein.



nol ecul ar species that bound to the Cl8 Seppak cartridges, they are

gl ycolipids, 25 preferably gangliosides. These species were al so present at
very nmuchwoea8a® | evel s, or non-detectable by MALD - TOF MXTAUPHS8Eer a of
healthy rats that did not carry tunors (Figures 5A and 6A). More
specifically, the chloroforn methanol eluates of tunor-bearing aninmals 30
contai ned four prom nent species having nol ecul ar nasses as determ ned by
MALDI - TOF M5 of about 1454 Da, 1592 Da,- 1621 Da) and 1686 Da) respectively)
-36 that were not detectable in contr%? sera sanples (Figure 5A). In fact)
a | arge nunber of background peaks were observed in the spectrum derived
from chl orof or nf met hanol el uates of normal rats, wth no predom nant

speci es dreterably, (e guethodanccamdinge teidbis asprnisef thee invesdionvinchides theat

vALD: - Tokrgr SAERAFTRRER" 87 L8P, cBetelC EELY SRR b TR g
pr edoni namdlegllde Thass. d/ Yre Imofsdult hrassn(D4) GPIthe Ubdricaremariast etreadiiyned by
MALDI - TOF M5 of about 1676 Da (Figure 6B). This species was also present in

t he seru@etgrmined oby r aspaspectrp@ety @ggpinsh| sfandart compeundsovafr knewsl t han
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(v) a glycolipid having a molecular mass in the range of 1681 to 1691 Da
20 (average mass 1686 Da);
(vi)  a glycolipid or oligosaccharide having a molecular mass in the range of 809
to 819 Da (average mass 814 Da); and
(vii) a glycolipid or oligosaccharide having a molecular mass in the range of
1016 to 1026 Da (average mass 1021 Da).
25
It will be apparent from the description provided herein that, once a cancer marker
has been identified using mass spectrometry in accordance with the invention, any
art-recognized method can be employed to determine whether or not the cancer
marker has a modified level in the subject, said modified level being diagnostic of
30 cancer. Accordingly, mass spectrometry need not be employed in the actual
diagnosis, provided that it has been employed in identifying the cancer marker.



5. The nmethod of claim4 wherein the glycolipid is a gangtioside. 6. The
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15
For example, monoclonal antibodies can be prepared against a peak fraction from
mass spectrometry comprising the cancer marker, in particular a ganglioside, and
then used in standard immunoassay techniques for the subsequent diagnosis of
cancer.

20

In performing this embodiment of the invention, mice or other mammals can be
pre-treated by injection with low doses of cyclophosphamide (15 mg/Kg animal
body weight) to reduce their suppressor cell activity, and then immunized with
various doses of liposome preparations containing gangliosides, at short intervals
25 (i.e. between 3-4 days and one week), essentially as described in USSN
5,817,513. Immunizations can be performed by subcutaneous, intravenous, or
intraperitoneal injection, in accordance with standard procedures. Before and
during the immunization period, animal blood serum samples are taken for
monitoring antibody titers generated in the animals against the gangliosides used
30 as antigens by any known immunoassay method detecting an antigen-antibody
reaction. In general, about 5-9 accumulative doses of a liposome preparation at



el ectrospray nmass spectronetry. 17. The nmethod of claim 14 wherein the
cancer marker is a glycolipid. 18. The nethod of claim 17 wherein the

gl ycol i pi WQ &/@7¢angl i osi de. 19. The net hod of clai m 14 whB¢EANOUHB Tancer
marker is an oligosaccharide. 20. The nethod of claim 14 wherein the cancer
marker is indicative of a specific cancer selected fromthe group

consi sting of ovarian cancer, colon cancer, breast cancer, pancreatic
cancer, |lung cancer, prostate cancer, Eélnary tract cancer, uterine cancer,
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Another production method comprises the injection of the hybridoma into an
animal, for example, syngeneic mice. Under these conditions, the hybridoma

20 causes the formation of non-solid tumors, which will produce a high concentration
of the desired antibody in the blood stream and the peritoneal exudate (ascites) of
the host animal.

Standard immunoassays are then used to assay for the presence of the

25 ganglioside antigen in a blood fraction obtained from a subject suspected of
having cancer. By comparison of the test resuilt to a blood fraction obtained from a
healthy subject, an appropriate diagnosis can be made.

A fourth aspect of the invention provides an isolated cancer marker selected from
30 the group consisting of:
()] a glycolipid having a molecular mass in the range of 1439 to 1459 Da



-4130. The method of claim 29 wherein the glycolipid is a ganglioside. 31.
The nmet hod of claim 26 wherein the cancer marker is an ol igosaccharide. 32.
The net hoW®#2/@Ieli m 26 wherei n the cancer marker is indi caP€VAUBH00§77
specific cancer selected fromthe group consisting of ovarian cancer, colon
cancer, breast cancer, pancreatic cancer, lung cancer) prostate cancer,
urinary tract cancer, uterine cancer, acute |ynphatic | eukem a) Hodgkin's
di sease, small cell carcinoma of the L%$g, mel anoma, neurobl astoma, gliom,
and soft tissue sarcoma of humans. 33. "The nethod of claim 26 wherein the
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bl ood fracti ofave@geanassdGréBA)subj ect by mass spectrometry; and (iii)
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glycolipidis ngl [.0si.de. 43. The ccording to claim4l or 42
wherei n the gI@%%i@%ﬁgg?av?ﬁggdﬂ?%ﬁn?%g@ais det erni ned by mass
spectronmetry selected fromthe group consisting of: (i) a nolecular mass in
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the conditions defined herein. By virtue of the high resolution of MALDI-TOF MS,
it will be understood by the skilled person that the glycolipid or oligosaccharide
peaks exemplified herein correspond to isolated molecular species as defined
20 herein.

Preferably, the isolated cancer marker is an immune system dependent
ganglioside or oligosaccharide, and more preferably, a T-cell dependent
ganglioside or oligosaccharide.
25
The examples presented below demonstrate that MALDI-TOF mass spectrometry
can be used to detect immune system-derived molecular species, the loss of some
molecular species in cancer-bearing animals and the appearance of new
molecular species (presumably cancer-derived) in the same cancer-bearing
30 animals. While these initial studies have been carried out in animals, the results



- 43 (v) a nolecular mass in the range of 1681 to 1691 Da (average nass
1686 Da). 44. The nethod of claim 38 wherein the cancer marker is an
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ol i gosacchari de has a nol ecul ar nass as determ ned by nass spectronetry
selected fromthe group consisting of: (i) a nolecular mass in the range of
809 to 819 Da (average nmass 814 Da); and (ii) a nolecular nass in the range
of 1016 to 1026 Da (average mass 1021 ). 46. The nmethod of claim 38
wherei n the subject suspected of having a cancer and the healthy subject
are human. 47. The nethod of claim46 wherein the cancer is selected from
the group consisting of ovarian cancer, colon cancer) breast cancer,
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sarcoma. 48. The nethod of claim 38 wherein the subject suspected of having
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Parish et al also reported that immune system derived glycolipids can be extracted
from serum by an ammonium sulfate/pyridine method (Parish ef al,
15 Immunogenetics 3, 455-463, 1976).

Accordingly, we extracted serum samples from normal mice, nude mice, and
normal mice that had been injected with dextran sulfate, using ammonium
sulfate/pyridine, and analyzed those samples by MALDI-TOF MS, to determine

20 whether or not mass spectrometry was applicable to the analysis of glycolipid and
oligosaccharides in sera, and whether or not the process could be applied to the
identification of cancer markers.

Materials and Methods
25 1. Serum Samples

Blood was collected from normal BALB/c mice or BALB/c mice injected ip 4 days

previously with | mg of 500kDa dextran sulfate. Blood was also collected from T-

cell deficient Swiss nude mice. Following collection blood was incubated at 37°C

for 30 min, stored at 4°C overnight, and the serum collected following
30 centrifugation.



(i1) determning the | evel of said cancer marker in a blood fraction froma
human or ani mal subject suspected of having a cancer, wherein a nodified

| evel of ¥QR/SIefcer marker conpared to a healthy bl ood frBETAYAINMAT cat es
that the subject has cancer. 56. The nethod of claim55 wherein the |evel
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species is cancer narker for carcinona. . A nethod for diagnosing or

det ecti ngﬁm)amatebj andranalyzed bpingtMALRHTQH N@ as desgribashbelawi ng a test sanple
conprising a blood fraction froma subject suspected of having a cancer by
Matri x Assi sted Laser Desorption/lonisation Tine of Flight Mass

Spectromegg ry (NYALDI-TGKFM®&Analysis
15 To prepare samples for mass spectrometry, the fractions were dried in vacuo. The

flow through fraction and the methanol/water fraction were dissolved in water (200
pl), dialyzed extensively against water using a 1 kDa molecular weight cut off
dialysis membrane, and dried by evaporation. All fractions were re-dissolved in 10
! of the relevant solvent for loading into the mass spectrometer.

20
Fractions prepared as described supra (1 pl) and mixed, by vortex, with matrix
solution [1 yl of a 3.5 mg/ml solution of 2-(4-hydroxyphenylazo) benzoic acid
(HABA) in methanol]. The mixture (1 pl) was loaded onto a sample plate having 96
loading positions, and dried at room temperature. The sample plate was then

25 loaded into the MALDI-TOF MS (TofSpec-2e; Micromass, Manchester, UK). A
nitrogen laser (337 nm) was used for ionization, and the analysis was carried out
in the linear negative ion mode. Data are presented as molecular mass profiles in
Da, with peak heights being depicted as the percentage height of the most
abundant molecular species detected in the sample.

30



-46 (i) separati ng a control sanple conprising a blood fraction froma
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a glycolipid having a nolecular mass in the range of 1616 to 1626 Da
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Cancer markers that are reduced in the serum of animals having tumors

Materials and Methods
25 1. Serum Samples
Blood was collected from female Fisher 344 rats carrying the highly metastatic rat
mammary adenocarcinoma 13762 MAT (Parish et al, Int. J. Cancer 40, 511-518,
1987). To induce tumors in animals, tumor cells were maintained in vitro as
previously described (Parish ef al, Int. J. Cancer 40, 511-518, 1987), and rats (10-
30 13 weeks of age) were injected i.v. with 2x10° 13762 MAT cells in 0.6 ml RPMI
1640 medium containing 10% (v/v) FCS. Blood was collected 13 days following
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25 Cancer markers that are enhanced in the serum of animals having tumors
Materials and Methods
1. Serum Samples

Blood was collected from normal and tumor bearing rats as described in Example
30 2.
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incubated overnight at 4°C with vigorous stirring, to extract glycolipid. The

5 mixtures were centrifuged and the chloroform/methanol phases were collected.

The extractions were repeated 4 more times, each extraction being for 2hr at 4°C.
The chloroform/methanol phases for each extract were pooled, and dried in vacuo.
Residues were resuspended in chloroform/methanol/water solution [2/43/55
(viviv)]. The suspensions were filtered through a 0.2 pym filier and the filtrates

10 were applied twice onto pre-equilibrated C1g Seppak cartridges. The eluates (nhon-
adsorbed fractions or flow through fractions) were collected. Each cartridge was
then sequentially eluted with 2ml methanol/water solution, followed by 2ml
methanol, followed by 2ml chloroform/methanol, followed by 2ml chloroform. All
fractions were collected separately.

15
3. MALDI-TOF MS Analysis
Mass spectrometry, including sample preparation and loading and data analyses,

were performed as described in Example 1.

20 Results
Tumor-associated molecular species were identified in the chloroform/methanol
extracts of serum fractions (Figure 5B) and in the methanol extracts of serum
fractions (Figure 6B), from tumor-bearing rats. As these fractions contained
molecular species that bound to the Cq3 Seppak cartridges, they are glycolipids,

25 preferably gangliosides. These species were also present at very much reduced
levels, or non-detectabie by MALDI-TOF MS in the sera of healthy rats that did not
carry tumors (Figures 5A and 6A).

More specifically, the chloroform/methanol eluates of tumor-bearing animals
30 contained four prominent species having molecular masses as determined by
MALDI-TOF MS of about 1454 Da, 15692 Da, 1621 Da, and 1686 Da, respectively,
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(Figure 5A). These data demonstrate unequivocally that cancer markers can be
5 detected in the serum of cancer bearing animals by MALDI-TOF MS.

The methanol eluate of tumor-bearing animals contained a predominant
glycolipid/ganglioside having a molecular mass as determined by MALDI-TOF MS
of about 1676 Da (Figure 6B). This species was also present in the serum of
10 control rats (Figure 6A), albeit at a much lower level than in the tumor-derived
samples. The modified level of the 1676 Da species is particularly evident when
the peak height of this species is compared to the peak height of the 1185 Da
glycolipid in both spectra (Figures 6A and 6B). Accordingly, the 1676 Da species
is enhanced in the sera of tumor-bearing animais.
15
It is possible that the 1676 Da glycolipid is normally secreted by proliferating cells
and, therefore, the presence of proliferating cancer cells in an animal results in an

increase in the serum levels of this molecule.
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3. The method of claim 1 wherein the mass spectrometry comprises
electrospray mass spectrometry.

4. The method of claim 1 wherein the cancer marker is a glycolipid.

5. The method of claim 4 wherein the glycolipid is a ganglioside.

6. The method of claim 1 wherein the cancer marker is an oligosaccharide.

7. The method of claim 1 wherein the cancer is selected from the group

consisting of ovarian cancer, colon cancer, breast cancer, pancreatic
cancer, lung cancer, prostate cancer, urinary fract cancer, uterine cancer,
acute lymphatic leukemia, Hodgkin's disease, small cell carcinoma of the
lung, melanoma, neuroblastoma, glioma, and soft tissue sarcoma of
humans.
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14. A method for identifying a cancer marker that is indicative of a specific
cancer, said method comprising:
(i) separating a blood fraction from a human or animal subject having a
cancer by mass spectrometry;
(i)  separating a blood fraction from a human or animal subject having a
cancer other than the cancer at (i) by mass spectrometry;
(i) separating a blood fraction from a healthy human or animal subject
by mass spectrometry; and
(iv) comparing the profile of molecular species at (i) and (i) and (iii) and
identifying those molecular species having a modified level at (i) or
(il) when compared to (jii), wherein said modified level indicates that
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cancer, uterine cancer, acute lymphatic leukemia, Hodgkin's disease, small
cell carcinoma of the lung, melanoma, neuroblastoma, glioma, and soft
tissue sarcoma of humans.

21. The method of claim 14 wherein the cancer marker is indicative of a specific
cancer selected from the group consisting of lymphoma (several),
melanoma, sarcoma, and carcinoma of non-human animals.

22. The method of claim 21 wherein the carcinoma is adenocarcinoma.

23. The method of claim 14 wherein the blood fraction is a serum fraction.
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(i)  separating a blood fraction from a healthy human or animal subject
by mass spectrometry;

(i) comparing the profiles of molecular species from each member of
said panel of blood fractions at (i) to each other and to the profile of
molecular species from the blood fraction at (ii); and

(iv) identifying from (jii) those molecular species having a modified level
in one member of said panel at (i) when compared to the profile of
the blood fraction at (i), wherein said modified level indicates that the
molecular species is a cancer marker that is indicative of a specific
cancer.

27. The method of claim 26 wherein the mass spectrometry comprises Matrix
Assisted Laser Desorption/lonisation Time of Flight Mass Spectrometry

(MALDI-TOF MS).

28. The method of claim 26 wherein the mass spectrometry comprises
electrospray mass spectrometry.

29. The method of claim 26 wherein the cancer marker is a glycolipid.
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30. The method of claim 29 wherein the glycolipid is a ganglioside.
31. The method of claim 26 wherein the cancer marker is an oligosaccharide.

32. The method of claim 26 wherein the cancer marker is indicative of a specific
cancer selected from the group consisting of ovarian cancer, colon cancer,
breast cancer, pancreatic cancer, lung cancer, prostate cancer, urinary tract
cancer, uterine cancer, acute lymphatic leukemia, Hodgkin's disease, small
cell carcinoma of the lung, melanoma, neuroblastoma, glioma, and soft
tissue sarcoma of humans.

33. The method of claim 26 wherein the cancer marker is indicative of a specific
cancer selected from the group consisting of lymphoma (several),
melanoma, sarcoma, and carcinoma of non-human animals.

34. The method of claim 33 wherein the carcinoma is adenocarcinoma.
35. The method of claim 26 wherein the blood fraction is a serum fraction.

36. The method of claim 26 further comprising the first step of obtaining a blood
fraction from any one or more subjects.

37. The method of claim 26 further comprising determining the abundance or
relative abundance of a cancer marker in any one or more of said blood
fractions.

38. A method for diagnosing or detecting cancer in a human or animal subject
comprising:

() separating a test sample comprising a blood fraction from a human

or animal subject suspected of having a cancer by mass
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39. The method of claim 38 wherein the mass spectrometry comprises Matrix
Assisted Laser Desorption/lonisation Time of Flight Mass Spectrometry
(MALDI-TOF MS).

40. The method of claim 38 wherein the mass spectrometry comprises
electrospray mass spectrometry.

41. The method of claim 38 wherein the cancer marker is a glycolipid.

42. The method of claim 41 wherein the glycolipid is a ganglioside.

43. The method according to claim 41 or 42 wherein the glycolipid has a
molecular mass as determined by mass spectrometry selected from the

group consisting of:
(i) a molecular mass in the range of 1439 to 1459 Da (average mass

1454 Da);

(i) a molecular mass in the range of 1687 to 1597 Da (average mass
1592 Da),

(iii) a molecular mass in the range of 1616 to 1626 Da (average mass
1621 Da);

(iv) a molecular mass in the range of 1671 to 1681 Da (average mass
1676 Da); and
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45. The method according to claim 44 wherein the oligosaccharide has a

molecular mass as determined by mass spectrometry selected from the

group consisting of:

(i) a molecular mass in the range of 809 to 819 Da (average mass 814
Da); and

(ii) a molecular mass in the range of 1016 to 1026 Da (average mass
1021 Da).

46. The method of claim 38 wherein the subject suspected of having a cancer
and the heaithy subject are human.

47. The method of claim 46 wherein the cancer is selected from the group
consisting of ovarian cancer, colon cancer, breast cancer, pancreatic
cancer, lung cancer, prostate cancer, urinary tract cancer, uterine cancer,
acute lymphatic leukemia, Hodgkin's disease, small cell carcinoma of the
lung, melanoma, neuroblastoma, glioma, and soft tissue sarcoma.

48. The method of claim 38 wherein the subject suspected of having a cancer
and the healthy subject are non-human animals.

49. The method of claim 48 wherein the cancer is selected from the group
consisting of lymphoma (several), melanoma, sarcoma, and carcinoma.

50. The method of claim 49 wherein the carcinoma is adenocarcinoma.

51. The method of ciaim 38 wherein the blood fraction is a serum fraction.
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53. The method of claim 38 further comprising determining the abundance or

relative abundance of a cancer marker in any one or more of said blood

fractions.

54. The method of claim 38 when used to monitor the progress of a cancer in a
human or animal subject.

55. A method for diagnosing or detecting cancer in a human or animal subject

comprising:

(i) performing the method of claim 1 or 14 to identify a cancer marker;
and

(i)  determining the level of said cancer marker in a blood fraction from a
human or animal subject suspected of having a cancer, wherein a
modified level of said cancer marker compared to a healthy biood
fraction indicates that the subject has cancer.

56. The method of claim 55 wherein the level of the cancer marker in a blood
fraction is determined by a process selected from the group consisting of:
mass specirometry, hydrophobic interaction chromatography, size
exclusion chromatography, ion exchange chromatography, and
immunoassay.

57. An isolated cancer marker selected from the group consisting of:
(i) a glycolipid having a molecular mass in the range of 1439 to 1459
Da (average mass 1454 Da);
(ii) a glycolipid having a molecular mass in the range of 1587 to 1597
Da (average mass 1592 Da);
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Da (average mass 1686 Da);
(vi) an oligosaccharide having a molecuiar mass in the range of 809 to
819 Da (average mass 814 Da); and
(vii) an oligosaccharide having a molecular mass in the range of 1016 to

1026 Da (average mass 1021 Da).

58. The method of claim 57 wherein the cancer marker is a marker for a

carcinoma.

59. A method of identifying a cancer marker for a carcinoma comprising:

(iv) separating a blood fraction from a subject having a carcinoma by
Matrix Assisted Laser Desorption/lonisation Time of Flight Mass
Spectrometry (MALDI-TOF MS);

(v) separating a blood fraction from a healthy subject by MALDI-TOF
MS; and

(vi) comparing the profile of molecular species at (i) and (ii) and
identifying those molecular species having a modified level at (i)
compared to (ii), wherein an enhanced or reduced level of said
molecular species indicates that the molecular species is a cancer
marker for carcinoma.

60. A method for diagnosing or detecting a carcinoma in subject comprising:

() separating a test sample comprising a blood fraction from a subject
suspected of having a cancer by Matrix Assisted Laser
Desorption/lonisation Time of Flight Mass Spectrometry (MALDI-TOF
MS);
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cancer and wherein the cancer marker is selected from the group

consisting of:

(a) a glycolipid having a molecular mass in the range of 1439 to 1459
Da (average mass 1454 Da);

(b) a glycolipid having a molecular mass in the range of 1587 to 1597
Da (average mass 1592 Da);

(c) a glycolipid having a molecular mass in the range of 1616 to 1626
Da (average mass 1621 Da);

(d) a glycolipid having a molecular mass in the range of 1671 to 1681
Da (average mass 1676 Da);

(e) a glycolipid having a molecular mass in the range of 1681 to 1691
Da (average mass 1686 Da);

(f an oligosaccharide having a molecular mass in the range of 808
to 819 Da (average mass 814 Da); and

(9) an oligosaccharide having a molecular mass in the range of 1016
to 1026 Da (average mass 1021 Da).



