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with a relative 10 decrease in poly-unsaturated phospholipid species is
indicative for a nore resistant and aggressive |ipogenic cancer phenotype.
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profiling, whereby a relative increase in mono-unsaturated

phospholipids species in combination with a relative
10 decrease 1in poly-unsaturated phospholipid species 1is
indicative for a more resistant and aggressive lipogenic

cancer phenotype.

BACKGROUND TO THE INVENTION

15
Cancer is recognized by uncontrolled growth of cells, which
form a tumor and ultimately may invade other tissues
(metastasis). Cancer affects people of all ages, and is a
major cause of human death whereby in particular lung

20 cancer, stomach cancer, colorectal cancer and liver cancer
are the most deadliest ones. The most commonly occurring
cancer in men is prostate cancer and in women it is breast

cancer.

25 Each year 11 million people worldwide are diagnosed with
cancer. Almost 7 million die from the disease. Treatment
options of many cancer types and the success rate of
intervention largely depend on the stage of the disease at
the time of diagnosis. In many cases, early detection is of

30 utmost importance as 1t greatly increases the chances for
successful treatment. The implementation of screening

programs for early detection, however, increases the
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prograns for early detection, however, increases the WO

2011/ 098509PCT/ EP2011/ 051936 -2- detection rate of latent and clinically

i rrel evarwotonmmssod Thi s poses a great risk of overtreat memtEPand/05®36
therefore a trenendous clinical dilenmma since no effective tests for

di sease progression are available. On the other hand, the 5 biochem cal
failure is significant notw thstanding bocally aggressive therapy. A
substanti al nunber of patients will develop clinical netastatic di sease or

al ready presendstwbt hrgesubt metastases alihheatiyeioetestaghngruhegst her
with the fact that tunors may respond differently to a given type of 10
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accurately predleli progrhesshon andytherapy snespense and ywitleaid ini1the 20
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predict clinjcal - puteopes ofpLostate; sancer (G V. et al., J. CHn. Invest.
113: 913-923 (2004)) as well as breast cancer (Van 't Veer et al. Nature
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Currently, treatment decisions of many cancers are largely
based on the histopathological TNM (tumor, node, metastasis)
15 system and the histological differentiation of the primary
tumor. As these systems provide only an ad hoc picture of
the tumor, molecular-based insights in the tumor
characteristics will undoubtedly help to more accurately
predict progression and therapy response and will aid in the
20 selection of more appropriate primary and/or adjuvant
treatment options. Recent advances in molecular analytical
methods hold significant promise in this respect and have
the power to revolutionize the ways cancer is diagnosed and
treated.
25
Up to now, most efforts towards molecular characterization
and staging of cancer are carried out at the level of DNA or
RNA (screening for genomic mutations, analysis of
epigenetics, or transcriptome analysis). For example, gene
30 expression profiling can predict clinical outcomes of
prostate cancer (G.V. et al., J. CHn. Invest. 113: 913-923

(2004)) as well as breast cancer (Van 't Veer et al. Nature



-3- 415: 530-536 (2002)). Furthernore, dinsky et al. (J. din. Invest.
[upsilon]5: 1503-1521 (2005)) teaches that altered expression of the BM1
oncogene WO 2biwlegsdowi t h a poor prognosis profile in patipemEP20vtobi9aml ti ple
types of cancer. 5 However, use of these predictive nmarkers is nostly
limted to one or only a few types of cancer, and not generally applicable
to all types of cancer. Therefore, changes nore downstream are perhaps of
nore significance as they represent nore distal endpoints of cellular

regul ation,419: istega i (o i ver se (e fngenrset icLi Heguleat any aod clin.
envi ronnental cues. O partlcular interest in this respect are changes in
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interfaces at numer ous cel [ul ar cesses (in ng signal ng,
nutrient transpostisqetdfidieviisi patiecespi wathom;liceble deatds nEchancsns, etc)
are concentrated and reg u%ated An e lncreas%??§bod of VI ence
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speci es pl ay, acgentyral ok 0} eai Betihis,gegubat kaRceMar guRt ©t+ abene2806).
Phosphol i pids are a conplex class of cellular lipids that are conposed of a
headgroup (@bllieedlethanslaniresssefi rences.i Rosreébreet ehaandsimpses

fatty acyl ghaips that can differbothein,Length, and-in the nugber,g

unsaturatlon doubl'e bonds)’, "Téadi ng eren speC|&s. The
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however, some can al so be synthesized de novo. 30 Most cells express
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change theignghem cahe properti escdrappiically;apdrbocal hynpdul-atgcthe
bi ochem cal WD 2011/ 098509PCT/ EP2011/ 051936 -4- and bi ophysi cal properties
of nmenbranesre changes in membrane lipid composition.

Functioning as barriers that separate and compartmentalize
15 the cell’s content, membranes function as unique interfaces
at which numerous cellular processes (including signaling,
nutrient transport, cell division, respiration, cell death
mechanisms, etc) are concentrated and regulated. An ever
increasing body of evidence indicates that membrane lipids,
200 and particularly changes in phospholipid species play a

central role in this regulation (Marguet et al., 2006).

Phospholipids are a complex class of cellular lipids that
are composed of a headgroup (choline, ethanolamine, serine,
25 inositol, etc) and 1 to 4 fatty acyl chains that can differ
both in length and in the number of unsaturations (double
bonds), leading to hundreds of different species. The
building blocks for these lipids can be taken up from the
circulation, however, some can also be synthesized de novo.
30 Most cells express elaborate pathways that dynamically
modify lipid structures. This can change their chemical

properties dramatically and locally modulate the biochemical



There is nmounting evidence that in tunors, phospholipid netabolismis
dramatically different fromnormal tissue. 5 Whereas nost nornal tissues
acquire twe 2buldess®d the required lipids fromthe circul Cr@arP20108986 cel | s
frequently synthesize the majority of their |ipids de novo (Kuhajada, 2006;
Swi nnen et al., 2006; Menendez et al., 2008; Brusselmans et al., 2009).
This is illustrated by a dramatic 10 ovgrexpression of |ipogenic enzymes
such as fatty acid synthase in some tunors, particularly in those with a
poor prognoshs.blsbhPsiion efopdi6ipat bnayembtensat es tumor growth, Kills
cancer cells and makes them nore responsive to various cancer treatnents,

i ndicating that the |ipogenic 15 phenotype contributes to cancer
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Furthernore, activation of said |ipogenic pathway occurs downstream of

vari ous conﬁb@thm%bgéntheeW@h@ElQB @goééebﬁ PTENIs adi avPonKehairea, | oss
of BRCAL1, | d actio tu SSO ypgxia, etc.
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mar ker s sucmmagséﬂﬁﬁhsAﬁi@JBRcamp9 arEhabsasmﬂluﬁﬁﬁaﬂedmndetakamaelmhether
a tunor is |ipogenic or not. 30 such there is a need forE%:od predictive
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2011/0985095&T/EP2011/051936 general’, as well as for analyzing the ef fect
of cancer therapdess. \N&dﬁﬂh;uwmm.f@ﬁndtbhax:naqhnﬁﬂm e tthempred slsaveumor
S|gn|f|cantI¥ 5 dlff ren%ﬁﬂ%gﬁph%hlpld roflégstqgnpar%gr%% n%glle %enlc
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tunors can \b@rE@mlyadb%&l notd shedch 4, omn@n&ap@g@nlt@attunmﬁé 1ipkbagitct nmuch
easier to fine-tune cancer therapy for each individual patient. 10
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n-6 pol yunsaturat ed ty acids (linoleic acid, dl ey € 1996 and
Gann et 15 9¢orlﬁ9©a$pomﬁnw3zﬂumbﬁsut%pwayars @p@kﬁiBmclaamdonHaﬁVEhiet al .
1997) (nyristic acid; Enlsto et al 003 agan Q§atur atté aci ds
(pal mitol ei TR HaP O et ainvO667) CRANESho é’a?t %" n

increased réskyied deyel oping casseticFuntkhgenprenndhetaryrhatktyipeids have
20 and translation, protein stabilization and phosphorylation,
allosteric regulation and substrate flux), there are
currently no reliable markers for identifying lipogenic
tumors in general. Furthermore, activation of said lipogenic
pathway occurs downstream of various common oncogenic events
25 (loss of PTEN, activation of Akt, loss of BRCAl, steroid
hormone action, tumor-associated hypoxia, etc.) (Kuhajada,
2006; Swinnen et al., 2006), and therefore, said common
cancer markers such as PTEN, Akt, BRCAl,.. are also not
useful to determine whether a tumor is lipogenic or not. As
30 such there 1is a need for good predictive markers to
determine the lipogenic phenotype of a tumor. Said markers

are then useful for predicting the evolution of tumors in



20 al so been shown to correlate with the aggressiveness of tunors. For
exanple Crowe et al. showed that palmtic acid (saturated fatty acid) was
posi ti velwocorvmBsaved with | ow grade (| ess aggressive) pCcogratigd/osBBEer ,
whereas nyristic acid (saturated fatty acid) as well as linolenic acid and
25 ei cosapentaenoic acid (both n-3 polyunsaturated fatty acids) were
positively correlated wi th high-grade (8ggressive) prostate cancer (Crowe
et al., 2008). However, since |lipogenic tunors synthesize nost of their
phosphol i pi glsndeanpvas evel saef gietanyifatty agidsecarecrosit ycagteusef ul
30 for analyzing the |lipogenicity of a tunor. WO

2011/ 098509FCTY &PPDA1/ 051936 4i - Furthernore, al t hough sone inel aborate
phosphol i pids profiles have been found to be associated with the
tunorigenicity of a tunor, no correlations with the |ipogenicity of said
tunors haveraelealvelelscwibednéotlhat 1FoogsnexanpherslLeaBevetget fabanf1987)
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simlar tec i solating anal'yzi ng the indivi

Total |ipi dshev\eaipyffdssted&l exmdia@i@@al npa:ﬂni@mef orm net hanol, and the
different classes of phospholipids were then separated by thin-Ilayered
chr omat Wgr aphy (TLC). The phospholipids fractions were then treated to

obtain fatty,acddymethyl nestecs \Ml'e%%r‘yerﬁaﬁwté?@{dé”%}dzec%ebhﬂ@@ birqui d
chromat ography (G.C). 20 Although G.C is useful for giving a general idea

of the fatt@exa@l@pmpasam&m dfa\c&el loseTonldye sg rlijorict e rrurbes lof. dFsti nct
fatty acids_can Pe detected vvlth esultln |n| eIa orate

phosphol i pl%ﬁa%? of i 1887 Th as aktehe pI"jlrri—ﬁltce apr of i I%s H%v%aﬁg tFI nked
to tunorigendetyYacOne( pindl@ﬁ@ 25 &t i Esehigd s11ar, Swggeshs tanhhetuse a

possi bl e associ at {on of these |{mted phosphiol [pids profiles w.th,the
al., 1997) (myristic acid; Mannistdé et al., 2003), and
monosaturated fatty acids (palmitoleic acid; Harvei et al.,
1997) have shown association with an increased risk of
developing cancer. Furthermore, dietary fatty acids have

20 also been shown to correlate with the aggressiveness of
tumors. For example Crowe et al. showed that palmitic acid
(saturated fatty acid) was positively correlated with low-
grade (less aggressive) prostate cancer, whereas myristic
acid (saturated fatty acid) as well as linolenic acid and

25 eicosapentaenoic acid (both n-3 polyunsaturated fatty acids)
were positively correlated with high-grade (aggressive)
prostate cancer (Crowe et al., 2008). However, since
lipogenic tumors synthesize most of their phospholipids de
novo, levels of dietary fatty acids are mostly not useful

30 for analyzing the lipogenicity of a tumor.



We have now found that phospholipid profiles are useful for 30 predicting
the lipogenicity of a tunor, in general for all types of tunors.

Fur t her nowe,20i1t09830bows to fine-tune cancer therapy for eazrEP2oudiovivdaal
patient, as well as for WD 2011/098509PCT/ EP2011/ 051936 -7- anal yzing the
effects of cancer therapy. In particular, we found that a general increase
in nono- unsaturated phospholipid specigs and an overall decrease in 5

pol yunsat ur at ed phospholipid species is correlated with increased FASN

expressi on pagcpsondees t umheeH s ¥wbhd | naleased Jiesi shapeghagabngk
apoptosi s, stress radicals and chenot herapy. These findings Indicate that
menbr ane phesphblepi diprof i Peay chaube uSed Per epecdéverdpnBathof the
prognostic éfrgé!‘ﬂc%eﬁfcﬁ digrive teshs, for,assessing the,Lipggenicity of a
tunor in a subject. Tn particular, a general increase in nono-unsaturated
phosphat i dyl choyemec specd £ssait mamovertalde decreassdrmibs pol yamsat'arat ed

phosphaditylghol'ne sgecieg_is corgelaégg m@t?_incre sed ﬁﬁSN ex rgs§ion
Bnd provi dES RTRET CUFI € WHich §inct basotoF 441 SUGHEE against apbpt bSi &
stress radigahsuang cherm hes apy: v20s 4 Ppkereat at | ghpfore gise of sugh
phospholipid profiles as
increased in highly tumorigenic human melanoma cell lines.
Similar results were obtained in microsomes and
microchondria of diethylnitrosamine (DEN)-induced hepatomas,
10 which showed an increased ratio of monounsaturated-to-
polyunsaturated PC and PE fatty acids compared to those
found in normal liver cells (Canuto et al., 1989). Both
authors used a similar technique for isolating and analyzing
the individual 1lipid species. Total lipids were first
15 extracted in chloroform-methanol, and the different classes
of phospholipids were then separated by thin-layered
chromatography (TLC). The phospholipids fractions were then
treated to obtain fatty acid methyl esters which were
further analyzed by gas-liquid chromatography (GLC) .
20 Although GLC is useful for giving a general idea of the
fatty acid composition of cells, only a limited number of
distinct fatty acids can be detected herewith, resulting in
inelaborate phospholipids profiles. In as far these limited
profiles have been linked to tumorigenicity, none of these
25 studies hints or suggests to the use a possible association
of these limited phospholipids profiles with the

lipogenicity of a tumor.

We have now found that phospholipid profiles are useful for
30 predicting the lipogenicity of a tumor, in general for all
types of tumors. Furthermore, it allows to fine-tune cancer

therapy for each individual patient, as well as for
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agnosi s and treatnent are nore interdependent and based on

25 These advances will allow the physician to tailor the

o the patient's individual needs. It will also avoid excess of
norbidity and side effects due to overtmeatnment (i.e.
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In particular, we found that a general increase in mono-
unsaturated phospholipid species and an overall decrease in
polyunsaturated phospholipid species 1is correlated with
increased FASN expression and provides tumor cells with
increased resistance against apoptosis, stress radicals and
chemotherapy. These findings indicate that membrane
phospholipid profiling can be used for the development of
prognostic as well as predictive tests for assessing the

lipogenicity of a tumor in a subject.

In particular, a general increase 1in mono-unsaturated
phosphatidylcholine species and an overall decrease in
polyunsaturated phosphaditylcholine species is correlated
with increased FASN expression and provides tumor cells with
increased resistance against apoptosis, stress radicals and

chemotherapy.

Implementation of the use of such phospholipid profiles as
predictive/prognostic Dbiomarkers will lead to a more
personalized medicine in which diagnosis and treatment are
more interdependent and based on molecular evidence of how a
tumor will evolve and respond to a particular treatment.
These advances will allow the physician to tailor the
treatment to the patient’s individual needs. It will also
avoid excess of morbidity and side effects due to
overtreatment (i.e. sparing the patient from an invasive
surgical procedure in case of nonaggressive or too advanced

disease), and will optimize the use of available resources.

evol ve and r espomrdTiER2@ 1051986 cul ar

sparing the patient
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prognostic or predictive in vitro nethod for determning the 5 |lipogenicity
of a tunor in a subject, said nethod conprising; determning the relative
expr essi omolzeunalos®p at | east 1 nono-unsat urated phospholPCpiE®201an0619a¢ | east
1 pol yunsat urated phospholipid, in tunor sanple versus nornal sanple;
wherein an increase in relative expression |level of 10 said

nono- unsat ur at ed phospholipids and a degrease in relative expression |evel
of said pol y-unsaturated phospholipids is indicative for the nore

aggr essi ve $ipegeni or phemotypenTtidnln a further enbodi nent, the in vitro
met hod according to the present 1nvention conprises; determning the
expression | evel of at |east 1 nono-unsaturated phospholipid; and at | east
L pol y-unsaiyraigd phosphol i pid, 1. Jupor ;53aRLe and qor g8l sanples yherein
an increased ratiro of nono- unsat ur at ed ver sus pol y-unsaturate

phosphol i pigsodgmot hec taumpiresidnplierec anpal edo tree thed formmele teanmphe nigsthe
indicative for a npre aggressive |ipogenic phenotype. In a rticular

entbod, et L CHRS TG 4 o HEt hod SEEGRd: My ¢ 5 265 VHES B eocnt LonvERtFo
conpri ses; geherinhdg ddves Hhpogeni thpnafiide f dridnmyi drn 12 vRat benhi
wherein an increase in species with one or two unsaturations (in both acyl
chai ns toget$resl 1 arher Wekateaset g dPlo sypecclilasian tehncherte lebah 3 roly-
unsaturatio i s indicativ I .a .Npre. aggressi v . pogeni ¢ 30
phenotype,iﬁ%%%??%% %@s%&é%f%%gé“éggrel%hgggﬁﬁiig§%éﬁgls%%xgﬁéchgmalmo
2011/ 0985098 EP2 0114 05119361 -iSrcdan s fiur trkar tenrodixperiss ibhe 1phesphol i pi ds
are selected fromthe group conprising; glycerophospholipid, phosphatidic
aci d, pHosphat{ dyretharot et phadphatidyitbl | ;eld a  decrease in
phosphati dylsesi peandphesphaingsi tiidesipreferably b phesphatidylehekine.

phospholipids 1is indicative for the more aggressive

lipogenic phenotype.

15 In a further embodiment, the in vitro method according to
the present invention comprises; determining the expression
level of at least 1 mono-unsaturated phospholipid; and at
least 1 poly-unsaturated phospholipid, in tumor sample and
normal sample; wherein an increased ratio of mono-

20 unsaturated versus poly-unsaturated phospholipids in the
tumor sample compared to the normal sample is indicative for

a more aggressive lipogenic phenotype.

In a particular embodiment, the in vitro method according to
25 the present invention comprises; determining the lipogenic
profile of a tumor in a patient; wherein an increase in
species with one or two unsaturations (in both acyl chains
together), and a decrease in PL species with more than 3
unsaturations is indicative for a more aggressive lipogenic
30 phenotype, in particular said PL species are

phosphatidylcholine species.



In a further enbodi nent, the saturated phospholipids are the saturated
phosphati dyl chol i ne species, selected fromthe group conprising PC30:0,
PC32: 0, PB4001/098X036: 0O, and PC38:0; 10 and/or the sat ur CEEP2011/051936
phosphat i dyl et hanol am nes, selected fromthe group conprising PE36:0 and
PE38: 0; and/or the saturated phosphatidyl serines selected fromthe group
conprising PS36:0, PS38:0, PS40:0 and P§42:0; and/or the saturated
phosphati dylinositides selected fromthe group 15conprising Pl 34:0, PI36:0

and Pl 38:0.1hm Yetrtacfuehberigahedi frRatpl HepHdND: s atrd atedcphasphehi pi ds
are the phosphatidylcholines (PC) with one or two nono-unsaturated fatty

acyl chai nsthSel®ttw GBATEZO gpdUPeEORPLISENAG 1PCI0: 1PhpPeshbaidpe32: 1,
PC32: 2, PC34. PC34; 1 an e
AL R D

phosphatl dyffl anol a% one or tho no atty acyl
chai ns, selzelmcbefdhétmﬁylmgm@up godpri shogpPEB2od1iande PE34: 2redéndhbiyt he
phosphatl dyl serines. 25 (PS) with one or two nono-unsaturated fatty acyl
chai ns, sel%?%%h??b% éﬂ: %)Jr%%p conpri sing PS36:2, PS38:2, PS40:2, and
PS42: 2; and/or the phosphatidylinositides (Pl) wlth one or two

mono- unsat ur at ed fatty acyl chains, selected fromthe group conprising

Pl 34: 1, PI362E fpr3ger, eppggipenpy 3609 wridl BORAPILsphwdipids are the

ool y- unsal U 51 S BRes RO E 4L 376 ATy CurSar iy 5 e FReSbhaL | Y Enbl Fnes

(PO, sel ecqedup rcmmtﬁfnesjgfg)m?a@ompr PsSBngoPC3d3 8; 0 PARAB &, 0 ,PG36GL BC3PCB6: 4,
PC36: 5, PC38:3, PC38 PC38: 5, PC38:6, PC40:3, PC40:4, 5 PC40:5, PC40 6
and Pcald: 7; RGP or tﬁ@l ys%géﬁ?‘ét é&lopﬁ%%aﬁﬁeﬁ 1(?371 W%%es%#ﬁ?te

sel ected from4hengr U GO SEDY; REIGiehe REBA4_ andoRBAO: i And ohe

pol yunsat ur at ed phosp idyl'serines (PS), selected fromthe group
conpri sing msralte@mghdsp@@%dﬁlsmes andlPsS38d6; £10m the group

and/ or pol y-unsat ur at edphgsphat i dyld nosi LLAeSEPLYy psa2:0; and/or the
saturated phosphatidylinositides selected from the group
15 comprising PI34:0, PI36:0 and PI38:0.

In yet a further embodiment, the mono-unsaturated
phospholipids are the phosphatidylcholines (PC) with one or
two mono-unsaturated fatty acyl chains, selected from the
20 group comprising PC30:1, PC30:2, PC32:1, PC32:2, PC34:1,
PC34:2, PC36:1, PC36:2, PC38:1 and PC38:2; and/or the
phosphatidylethanolamines (PE) with one or two mono-
unsaturated fatty acyl chains, selected from the group
comprising PE32:1 and PE34:2; and/or the phosphatidylserines
25 (PS) with one or two mono-unsaturated fatty acyl chains,
selected from the group comprising PS36:2, PS38:2, PS40:2,
and PS42:2; and/or the phosphatidylinositides (PI) with one
or two mono-unsaturated fatty acyl chaing, selected from the
group comprising PI34:1, PI36:1, PI38:1, PI34:2, PI36:2 and
30 PI38:2.



selected fromthe group conprising; PlI36:4 and Pl 38: 4.

| napr ef erredenbodi nent , t henono- unsat ur at ed phospholipids are the

nono- unsaworatigdsmhosphat i dyl choli nes 15 (PC) PC34:1; &nu/HPhe1/051936

pol y-unsat ur at ed phospholipids are the poly-unsaturated

phosphati dyl cholines (PC), selected fromthe group conprising PC36: 3,
PC38: 3, PC36:4, PC38:4, PC40:4, PC36:5,1PC38:5, PC40:5. 20 In yet another
preferred enbodi nent the nono-unsaturated phospholipids are the

nono- unsat uratedphasphatisddieheld, nese( Be) yPG34:aturarddt pRopphy i upsatur at ed

phosphol i pi ds are the pol y-unsaturated phosphatidyl cholines (

PC

PC36: 4 or

PC38: 4. 25 3¥¢ aPRditers sémiediarenPhoFRRabdiY i shot eneét efff)ni ngetReted

phosphol i pi fr&ﬁo"chée roh ec%%%&is{%ﬁew S ool eyel  obcopes or oA

i C phenotype nmay be determ ne

bi omarkers for an aggressive

i poge

§¢4other
" “Such as

for exanpl epChat5notPd3ismdt,edPCd3 : FASNAFSatst,y ACBEH: syntHialke)3, ACCAO¢ acet yl

CoA 30 carbox e al pha), choline kinase and Y (ATP_citrate
PR o B 10271 { pogeHics pheRbYypESEY

r i an“Afgr ess

expressison.

%%gﬁ)for

exanpl e be pidentnit edy byrwmn b nefease WOrI0115098508RCT ERR0LHD054936- 11-

comprising PE36:4, PE38:4 and PE40:4; and/or

poly-

unsaturated phosphatidylserines (PS), selected from the

group comprising PS38:4, PS40:4, PS38:5, PS40:5 and PS38:6;

10 and/or poly-unsaturated phosphatidylinositides (PI),
selected from the group comprising; PI36:4 and PI38:4.
In a preferred embodiment, the mono-unsaturated

15

20

25

30

phospholipids are the mono-unsaturated phosphatidylcholines
(PC) PC34:1; and the poly-unsaturated phospholipids are the
poly-unsaturated phosphatidylcholines (PC), selected from
the group comprising PC36:3, PC38:3, PC36:4, PC38:4, PC40:4,
PC36:5, PC38:5, PC40:5.

In yet another preferred embodiment the mono-unsaturated
phospholipids are the mono-unsaturated phosphatidylcholines
(PC) PC34:1; and the poly-unsaturated phospholipids are the
poly-unsaturated phosphatidylcholines (PC) PC36:4 or PC38:4.

In a further embodiment, in addition to determining the
phospholipid profiles, the relative expression level of one
or more other biomarkers for an aggressive lipogenic
phenotype may be determined, such as for example, but not
limited to, FASN (fatty acid synthase), ACCA (acetyl CoA
carboxylase alpha), choline kinase and ACLY (ATP citrate
lyase) expression. A tumor having an aggressive lipogenic

phenotype may than for example be identified by an increase



i nrel ati veexpressi onl evel of nono-unsat urat ed phosphol i pids, a decrease in
rel ati ve expression | evel of poly-unsaturated phospholi pids,and an increase
i n expreswoantig9sPhosphoryl ati on/ activati on of one or nMpCE/ER2@ilioerI36

bi omar ker for an aggressive |lipogenic phenotype. Alternatively, a tunor
havi ng an aggressive |ipogenic phenotype may for exanple be identified by
an increased ratio of nono-unsaturated_yersus pol y-unsaturated
phosphol i pids in the tunor sanple conpared to the nornal 10 sanple, and an

i ncrease ini@xpresshonvef oagoeessDEe Ot hetebi omarker mbab-ansaggressyve
| i pogeni ¢ phenot ype The invention further relates to the use of the in
vitro net ho@h%%%@hmgd% @héeﬁﬁééléﬁt l|nn\if@d{6ifower ot XRiet e i hgVab Phe

| i pogeni city, pf_ égg@fa{gdangﬂﬁJ Gly1 ik Iy, t.he 'Qﬂentkﬁﬂxﬁﬁﬂy'dgﬁ a kit

for perfor n t einvitro acc r I'dg to thIS invention, said kit
conpri si ng; eX¢EE$eB@mnKB:fpho$hbof§ﬂat1®ﬁ¥&6kBaapienZQHDreparahlOmo@é

i ntact pho | ipid articular an anti oxi da sol vents_and st andards.
BRI B DRSO BT N CR PHE PRAPRGS: 25 T GUTES AV | cD 26t CooP BHGR P Eeat moni
on intact phpsehaitdydchol ine spect esa kNP gel hgqgwere teeal edoyehic
soraphen (100 nM or vehicle (control) for 72 hr. Lipid extracts were

pr epar ed, am@em%bwyho@pwaﬂﬂugl@h@mph@ Ssect &snBOL ket e banaly zedcbgaESH- M5/ M5
in the MM Jg%)dl ; eTh‘Sfm Z rq%h o TR %F}%Cc' ar@e{%‘ér ggﬂ/eﬁnéﬁ%%%ﬁt are

i ndi cat ed. fers tothe I|p| st andar ds ipid pro
phospholipids in the tumor sample compared to the normal

10 sample, and an increase in expression of one or more other

biomarker for an aggressive lipogenic phenotype.

The invention further relates to the use of the in vitro
method according to the present invention for determining

15 the lipogenicity of a tumor in a subject.

Finally, the invention provides a kit for performing the in
vitro method according to this invention, said kit
comprising; the reagents for the ESI - MS/MS sample
20 preparation of intact phospholipids, in particular an

antioxidant, solvents and standards.

BRIEF DESCRIPTION OF THE DRAWINGS

25
Figure 1. Impact of soraphen treatment on 1intact
phosphatidylcholine species. LNCaP cells were treated with
soraphen (100 nM) or vehicle (control) for 72 hr. Lipid
extracts were prepared, and the phosphatidylcholine species
30 were analyzed by ESI-MS/MS in the MRM mode. The m/z of
major species and their species assignment are indicated.

Std refers to the lipid standards. Lipid profiling was



WO 2011/ 098509PCT/ EP2011/ 051936 -12- perfornmed in three pairs of sanples
(1-3), and expressed as the average thereof. Changes are expressed as

f ol d- charmye 20110y983d» i n soraphen treated versus control ®aFmEPe&1/06193¢ he
individual |ipid species. 5 Figure 2. A Expression of fatty acid synthase
(FASN) in five matched pairs of malignant versus nornmal prostate tissue
speci nens was neasured by western blottjmng analysis, and the expression was
normal i zed to 13-actin expression. 10 Values are expressed as a ratio of
tunor over patehingd nDi Ml rdd sslers Bt Baeplelatiive)gbundanegscekeBCaspeci es
in the five matched pairs of nal |gnant versus normal tissues were recorded
by ESI - M5/ ME'¢ it pe2 MRV oot ThetherdifssaareckRTEReclerf panersherpressed
as % of |nd e t c i ne
| evel s in noir/rr(g (b#acigﬁg&§gag%§§t ?gﬁ%‘%tgg gr&é%g%ar S?Q@gbé} eg& leggl n the
ri ght panel snasvidbhal chamge {pegi’d.in normal versus nalignant sanple for
the individual lipid species. 20 Figure 3. (A Effects of soraphen, H202,
and pal mtic acid on Ii pi d peroxidation products. LNCaP cells were treated
with soraphefgeid&02nMa . OFE;éé&ﬂBQfor( cont rak)vi ndtike Presence eraahsenge of
exogenous palmtic acid (75 pM for 72 hr. E)unng the last 2 hr, the cells
wer e exposedliv® 200 qHMcH2D21r 25FEguamaaronans ofcEels s Wm@lanﬁmﬁéatfior
lipid peroxid ) i_dat a
represent  nean NSE SIS BN Mg af FeRbetn Do DsEs R R M s tont o
wi t hout H202n@xpasureep #Sisgrarf n@a@t hysrdaﬂﬁereemttd pOa&5)n f eapresthen.

treat mer})t with H202 or 30 soraphen al one. WO 2011/ 098509PCT/ EP2011/ 051936

Values are expressed as a ratio of tumor over matching
normal tissue. B. The relative abundances of PC gspecies in
the five matched pairs of malignant versus normal tissues
were recorded by ESI-MS/MS in the MRM mode. The results are
in the 1left panels expressed as % of individual 1lipid
15 species compared to total phoshatidylcholine 1levels in
normal (black bars) and malignant (grey bars) samples; and
in the right panels as fold-change (log 2) in normal versus

malignant sample for the individual lipid species.

20 Figure 3. (A) Effects of soraphen, H;0;, and palmitic acid on
lipid peroxidation products. LNCaP cells were treated with
soraphen (100 nM) or wvehicle (control) in the presence or
absence of exogenous palmitic acid (75 pM) for 72 hr.

During the last 2 hr, the cells were exposed to 200 pM H,0;.

25 Equal amounts of cells were analyzed for lipid peroxidation
products using a 1lipid peroxidation assay kit. Data
represent mean * SE (n=4). *Significantly different

(p<0.05) from control without Hy0, exposure. #Significantly
different (p<0.05) from either treatment with Hy0, or

30 soraphen alone.



-13- Figure 4. (A Inpact of de novo |ipogenesis on recognition by

CD36- positive cells. LNCaP cells were treated with soraphen (100 nM or
vehi cl e (wonorialosobn t he presence or absence of exogenoBsTERROmIFM3I@CI d (75
pM for 72 hr. 5 During the last 30 mn, the cells were exposed to 300 pM
H202. Cells were trypsinized, |labeled with Cell Tracker Orange CMRA, and
plated on top of COS-7 cells that had bggn transfected with a plasmd
encodi ng CD36 (pCD36) or the corresponding enpty vector (pEF-BOS)After 1

hr, the 10 rigbrees. werp expensi yel yewashediapdgbnaged. dhertkughescence was
quant| fied using Adobe Phot oshog software. Data represent neans SE (n=3).
*Si gni fi canh?fify ot @rentt 1(p<0c@5) S f r onbBentr (ﬂelJ(SB) WEffﬁecttrQﬁtedje Hévb

| i pogenesi s ﬁgll;lgn C(?H)O nﬁ?n%l tlv\él ¥ Lo nd&td ﬁ‘ﬁ/} %gﬁlg ced.cgll 15

death. LNCaP I's were treated sora e (control)
in the pr esﬁm@nm aalfseaxegeﬁoexogmﬂoustzp:al m:tde awdp(ws pMr o2 whtth a

m xture of 10 0/??(5) %[%Ilnolel an 45 % | inolenic amdég’UFA) (75
pM tot al®) forr D&P‘rsﬁg hditast T2 AF Il Eelfe wsr® aGsosed t0Y 384 pM 20

H202. Cel | spugre C@él?@'[%@r@nd:r%}p@éﬂ?ldzé’&lthléEMP@H blive t@-mssessckhe cell
viability. Data represent neans SE (n=3). *Significantly different

(p<0. 05) fromeont¢Re, FArirels.eqd Hn Itr@psa@tf 605Ssar gghen dhatheafl ppenl op
rate of 25 P c r red ho La hen
(100 nM fo?%géﬁgégﬁrﬁ” g?he ?gé?mﬁ %“C% P%%\%ﬁo %&D\@més ;gddg feto the

cells. An h@@rremp@mdimgarmgy@rs\zetch@rcel bEFV\BDS treafedrwit hheehi ehe or
verapaml (100 pM. Equal amounts of cells were collected, 30 doxorubicin
(10 pM (\/vasc%JcIHéJEleSand”@crf?e NBBFPGdrEsdencd iasd cortihuod€Pgeioni t 5PEd t o

determ ne the,) gvele Ofe quenching @1%@@%&%@%&@3@%@0s%basfﬁ%g%nt
means SE (n=4). WD 2011/ 098509PCT/ EP2011/°051936 44-
Data represent means = SE (n=3). *Significantly different

(p<0.05) from control. (B) Effect of de novo lipogenesis on
the cell’s sensitivity to oxidative stress-induced cell
15 death. LNCaP cells were treated with soraphen (100 nM) or
vehicle (control) in the presence or absence of exogenous
palmitic acid (75 pM) or with a mixture of 10 % palmitic, 45
% linoleic and 45 % linolenic acid (PUFA) (75 pM total) for
72 hr. During the last 24 hr, cells were exposed to 300 uM
20 Hy0,. Cells were collected and stained with trypan blue to

assess the cell viability. Data represent means = SE (n=3).

*Significantly different (p<0.05) from control.

Figure 5. (A) Impact of soraphen on the flip-flop rate of
25 doxorubicin. INCaP cells were cultured with or without
soraphen (100 nM) for 72 hr. During the last 24 hr, NBD-
DHPE (10 uM) was added to the cells. An hour prior to
analysis, the cells were treated with vehicle or verapamil
(100 uM). Equal amounts of cells were collected,
30 doxorubicin (10 uM) was added, and the NBD fluorescence was
continuously monitored to determine the level of gquenching

of NBD by doxorubicin. Data represent means * SE (n=4).



*Significantly different(p<0.05)fromcontrol.(B) Quantification of the

ef fect of soraphen on doxorubicin accunulation in LNCaP cells. LNCaP cells
wer e treavedowaksoor w t hout soraphen (100 nM for 72 hiPCITfEPRII@/0p@GENCE OF
5 absence of palmtic acid (75 pM. Thirty mnutes prior to analysis, 10 pM
of doxorubicin was added to the cells. Cellular extracts were prepared and
doxorubi cin content was fluorinmetrical Lyy.determ ned. Data represent neans
SE (n=4). *Significantly different (p<0.05) fromcontrol. 10(C) Effect of

soraphen andspghiFitgnacy d an rdexenubi cipk | mwiuced reyt otaxiwidy. i n (BNCaP
cells.LNCaP cells were treated with or w thout soraphen (100 nM for 72 hr
in the pres@neetbfabsence o6f Pat nfiteCaci ot (PSTPRPSNDWT ngokREUPASEN24 hr,

doxor ubi ci n, {4, pM. OLo el che-yes. added taehe L5 cel ks Theocells, were

coll ected and stained with trypan ue to assess the cell viability
repr esent neanxaltlsﬁutnsfszaﬁbleﬁSi ga0f n&antfloy d]kaarem t(kpscOpﬁégzen‘wermr
cont rol . Sgnificantly different, (pEs03), Tromeither, soraghen,or
doxor ubi CI *af oh Y P
analysis, 10 pM of doxorubicin was added to the cells.
Cellular extracts were prepared and doxorubicin content was
fluorimetrically determined. Data represent means 1 SE
(n=4). *Significantly different (p<0.05) from control.

10 (C) Effect of soraphen and palmitic acid on doxorubicin-
induced cytotoxicity in LNCaP cells. LNCaP cells were
treated with or without soraphen (100 nM) for 72 hr in the
presence or absence of palmitic acid (75 pM). During the
last 24 hr, doxorubicin (4 pM) or vehicle was added to the

15 cells. The cells were collected and stained with trypan
blue to assess the cell viability. Data represent means =
SE  (n=6-12). *Significantly different (p<0.05) from
control. #Significantly' different (p<0.05) from either
soraphen or doxorubicin alone.

20
Figure 6. Average of relative changes (log2) in phospholipid
species in prostate tumor versus normal prostate tissue from
13 prostate cancer patients. Phospholipids are ordered
according to lipid c¢lass (PC, PE, PS and PI). Cluster

25 analysis divided the patients in 2 major groups. Cluster A:
9 patients with lipogenic phenotype (fig. 6A); Cluster B: 4
patients without lipogenic phenotype (fig. 6B).

30



20 Figure 6. Average of relative changes (lo0g2) in phospholipid species in
prostate tunor versus nornmal prostate tissue from 13 prostate cancer

pati ent s.wBhospleedoppi ds are ordered according to |ipid eCasEP2@iRPG5198E, PS
and PlI). Cluster 25 analysis divided the patients in 2 major groups.

Cluster A: 9 patients wth |ipogenic phenotype (fig. 6A); Custer B: 4
patients without |ipogenic phenotype (fjg. 6B). WD

2011/ 098509PCT/ EP2011/ 051936 - 15- DESCRI PTI ON OF THE | NVENTI ON An obj ecti ve
of the pressmtcrknvendy onr Wase t oNprevice an in vitro nethod for determ ning
the lipogenicity of a tumor 1n 5 a subject, said method conpri sing;
determning the relative expression level of at |east 1 nono-unsaturated
phosphol i pi g, and.at;least %h@ogi‘éé'é'ﬁ@t E{q%ﬁgi%oé&?o’cbp%!&'?vw?t HF[DE'H.Sa”p' €
versus normal ; erein an increase in relative expression [evel of said
nono- unsat urated rdt pdd spdol dgri edsnianich@ tdecrleéaseyam aiglvatifve expoesshon

| evel of said poly-unsaturate osphol.ipids is indicative for nor e
agor essive 1 BIGMY pEHOTTREd Rt ey SRbGATIBHTS Che FRLFETS
net hod accosghbPgs&0odS theyd nvendd on frurt hen sgonphi segodet ghphnlhpgcbhe
rel ati ve expression |evel of at |least 1 saturated phospholipids; and

wher ei n a delersrisel imideland vt deprcdssi palivevalbastirssied saparphpedrid,
phosphol i pi ds, i_ncr i ive ressi .evel of. sai
nnno-unsatu?ﬁté%ﬁghosS%%??Si3%é§%%£a¥H€%?§ése%EgQF%%re%%lfﬁ%§%%%¥%sépon
| evel of satrdlpolye unsatireatedrphospheli pids i ssdindi cabhveuhentarmoed

aggressi ve Iipoqsnic pheno&ype A further objectjve of the present _invention
was to HWOV@%%SP olipids and a decrease 1n relative expression level of

said poly-unsaturated phospholipids is indicative for a more

aggressive lipogenic phenotype.

In a further embodiment, the in vitro method according to
15 the invention further comprises determining the relative
expression level of at least 1 saturated phospholipids; and
wherein a decrease in relative expression level of gaid
saturated phospholipids, an increase in relative expression
level of said mono-unsaturated phospholipids and a decrease
20 in relative expression 1level of said poly-unsaturated
phospholipids is indicative for a more aggressive lipogenic

phenotype

A further objective of the present invention was to provide
25 an in vitro method for determining the lipogenicity of a
tumor in a subject, said method comprising; determining the
expression level of at least 1 mono-unsaturated
phospholipid; and at least 1 poly-unsaturated phospholipid,
in tumor sample and normal sample; and wherein an increased
30 ratio of mono-unsaturated versus poly-unsaturated
phospholipids in tumor sample compared to normal sample is

indicative for a more aggressive lipogenic phenotype.



25 an in vitro method for determning the lipogenicity of a tunor in a

subj ect, said nethod conprising; determning the expression |evel of at

| east 1 rwoceun®sioar at ed phospholipid; and at |east 1 peCyArasatsras ed
phospholipid, in tunmor sanple and normal sanple; and wherein an increased
30 ratio of nono-unsaturated versus pol y-unsaturated phospholipids in tunor
sanpl e conpared to normal sanple is indjgative for a nore aggressive

| i pogeni ¢ phenotype. WD 2011/ 098509PCT/ EP2011/ 051936 -16- In a further

enbodi ment thes nelhak oferidie) Piasethd meatd OB fCemRr bsesecdet enreAAgnt he
rel ati ve expression |level of at least 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12,
13, 14, 15,CaABriFes 180te9MeR1i0 HBRoIGASAIYCateP Sifdsphol 19idds. ©5 A yet a

further enbpg%g@né t he pethod of -t heg present ipwventjon gonPgis§§ 6
determ ning the rel ative’expression 1'eveél of” at™ 1 east %,’3, 4,75 %,’7, 8,
9, 10, 11, 12, 13, 14,04520 Ifond7ynd8iuilfred 200 pohylimsat ur at ed

phosphol i pids. 10 As used herein a tunor is defined as an abnormal grow ng
mass of cells. Tunors useful for the present invention include but are not

limted to pfostat epCcancernebr eashbdcABEer , thdlNthe t8RIONe £ SLAMBCRr QX AL €5,
endonetrium liver, 15 oesophagus, bladder, oral cavity, thyroid, pancreas,

retina and skyentpref eradiyini gcostatervanéer. they tielattivieor esripEe1Ps meant
a sanple taﬁgn {rg ttgggrtebth%r Qriq; to of qgte§ r efov b oizth§3tunor
fromthe 20 éﬁ%jec?]%earlnﬁ sai'd funﬁr.’vwgh d nor mal sahp?e’is freant a
sanpl e obt ai fed 01 qyse 7, nldet 82 mmizigpbaseuhishe uvexpresshopphevébsds.
Accordiﬂply, a normal sanple nmay be obtained by a nunber of neans incl uding
As used herein a tumor is defined as an abnormal growing
mass of cells. Tumors useful for the present invention
include but are not limited to prostate cancer, breast
cancer, lung, colon, stomach, ovaries, endometrium, liver,

15 oesophagus, bladder, oral cavity, thyroid, pancreas, retina

and skin, preferably prostate cancer.

With a tumor sample is meant a sample taken from a tumor
either prior to or after removal of the tumor from the

20 subject bearing said tumor.

With a normal sample is meant a sample obtained for use in
determining base-line expression levels. Accordingly, a
normal sample may be obtained by a number of means including
25 from non-cancerous cells or tissue e.g., from cells
surrounding a tumor or cancerous cells of a subject; from
subjects not having a cancer; from subjects not suspected of
being at risk for a cancer; or from cells or cell lines
derived from such subjects. A normal sample also includes a
30 previously established standard, such as a previously
characterized cancer cell line. Accordingly, any test or

assay conducted according to the invention may be compared



25 from non-cancerous cells or tissue e.g., fromcells surrounding a tunor
or cancerous cells of a subject; from subjects not having a cancer; from
subj ect s wotosumget ed of being at risk for a cancer; orCTmPaoia®Fsiosse or cel l
| i nes derived fromsuch subjects. A normal sanple also includes a 30

previ ously established standard, such as a previously characterized cancer
cell line. Accordingly, any test or assgy conducted according to the

i nvention may be conpared WD 2011/098509PCT/ EP2011/051936 -17- with the

est abl i shedystiandas ¢anglitsHmy stehdiednesassaryay adbtri neacreRFR tsampl e
for conparison each tine. A sanple can be any tissue, cell, cell extract,

urine, 5 se?liFdihhdl 20BN dbdSaPPaSnECEomREN Fate@) ¥ pheeiPprtate from any

fractionation of the plasma/blood or urine such as for exanpl e exosones

(hereinafter also referred to as mcrovesicles), etc isolated froma

subj ect such asnmpde exampbe aamsanplesisel ateeldl fromla sldjmecit havikhgegcancer
" may also be a cell or cell line

or 10 froma healt vol unt eer. "sanpl e
cr eat ed “undeF - Ekpef T rENt A O%%nd?f%%%@?g?ﬁ%?nF ahot di Pectryriebfatéd™ rom a
subject. A sup] eehc€adnbei én hyfaiher 8l 2 sHBYS €0 00D NUPBAC PELFRL 85 EELI Ne,
ete. example ex0osomes (hereinafter also referred to as
microvesicleg), etc isolated from a subject such as for
example a sample isolated from a subject having cancer or
10 from a healthy volunteer. A "sample”™ may also be a cell or
cell line created under experimental conditions, that is not
directly isolated from a subject. A subject can be a human,

rat, mouse, non-human primate, feline, etc.

15 For example, exosomes could be extracted from a urine, blood
or serum sample from a cancer patient. Since the membranes
of said exosomes are a representation of the cell membrane
of the cancer cells from which they arrive, phospholipid
profiling of these exosomes is a good alternative for

20 phospholipid profiling from cancer tissue directly and more
importantly a much less invasive method. This makes it much
easier to follow the progression of a tumor over time,
without having to take biopsies of the tumor each time. Said
exosomes can for example be isolated making use of lab-on-

25 chip technology, allowing also subsequent analysis of the
phospholipid profiles, thereby allowing high-throughput
screening. In the latter Exosomes (Microvesicles) can be
isolated by differential <centrifugation according to
previous publications (Valadi H, Ekstrom K, Bossios A,

30 Sjostrand M, Lee JJ, Lotvall JO. Exosome-mediated transfer
of mRNAs and microRNAs is a novel mechanism of genetic

exchange between cells. Nat Cell Biol 2007;9:654-659 - Zhang



15 For exanpl e, exosomes could be extracted froma urine, blood or serum
sanple froma cancer patient. Since the nenbranes of said exosones are a
repr esentwoizon/wssowhe cell nenbrane of the cancer cell sPCrmPeahioste3¢ hey
arrive, phospholipid profiling of these exosones is a good alternative for
20 phospholipid profiling fromcancer tissue directly and nore inportantly
a much | ess invasive nethod. This makesjqg.t nuch easier to follow the
progression of a tunor over tinme, w thout having to take biopsies of the

tumor each ¢j meiuSpj dcexgsgnesican for igxaiple de ds0l@t et ngki ngnuge of
| ab-on- 25 chip technolog%, al | owi ng al so subsequent anal ysis of the
7

phosphol i pi @@ prof i $es, Ot hbresyKal Baw ngWanghQt hFelghput YsEPedni R§Y Pn t he

e DrosArer, (WLE Sren ey P AL BB hcersis,
Bossi 0s A, miR-150 enhances targeted endothelial cell migration. Mol
5 Cell 2010;39:133-144.). Briefly, after removing cells and
other debris by centrifugation at 300g, and 16,500g, the
supernatant are centrifuged at 100,000g for 70 min (all
steps were performed at 4°C). Exosomes are collected from
the pellet and resuspended in RNase-free water. The presence
10 of exosomes after ultracentrifugation are determined with
flow cytometry. To confirm that the vesicles are of the
correct size, flow cytometry gates were set using 1 micron
beads (Invitrogen), vyielding microvesicles for wuse on
microfluidic chips as described hereinbelow.
15
By using the in vitro method of the present invention, one
is able to determine the lipogenicity of a tumor and
subsequently predict the potential of a tumor to evolve into
an aggressive tumor phenotype or to predict the potential of
20 a tumor to respond to anti-cancer therapy. Said anti-cancer
therapy including any therapy known from the art, such as
for example, but not limited to chemotherapy, radiotherapy,..
In addition, the in vitro method according to the invention
is wvery suitable for determining the subset of patients
25 likely to respond to therapies aiming at inhibiting the
tumor lipogenesis, said therapies including but not limited
to inhibitors of enzymes involved in for example fatty acid
synthesis, such as FASN, acetyl-CoA carboxylase, choline
kinase and ATP-citrate lyase. Said inhibitors may be used as
30 mono-therapy or as a sensitizer wused in known cancer
therapies. As such, the in vitro method according to the

invention may also be used to determine whether or not a



30 Sjostrand M Lee JJ, Lotvall JO Exosone-nediated transfer of nRNAs and
m croRNAs i s a novel nechani sm of genetic exchange between cells. Nat Cell
Bi ol 200W0:266496%9 - Zhang WO 2011/ 098509PCT/ EP2011/ 0BC93®20118519% Li u D,
Chen X, Li J, Li L, Bian Z, Sun F, Lu J, Yin Y, Cai X Sun Q Wang K, Ba Y,
wang Q Wang D, Yang J, Liu P. Xu T, Yan Q Zhang J, Zen K, Zhang CY.
Secreted nonocytic m R-150 enhances targgeted endothelial cell mgration.
Mol 5 Cell 2010;39:133-144.). Briefly, after renoving cells and ot her

debris by ceatfddhugasseina@td 3090an angk 161 50Ogens Hes super gy ant are
centrifuged at 100,000g for 70 mn (all steps were perforned at 4C).
Exosones are collected fromthe pellet and resuspended in RNase-free water.

The presenceg: f ones, after u rLf i - i ned_wth
fl ow cyt orreCV?lr%Q ot%%?fi rm tlﬁﬁa% %%egéégi%g%gleagg% t lgcr g%}?%%}%sélﬁzg? fl ow
cytonetry gatastwer eusetr ugiing lemilcgenobeads pibrvicesode)ty yael ds nge

m crovesi cl es for use on mcrofluidic chi,%as descri bed herei nbel ow. 15 By

using t e i ROV 1T et HOT Of - the Prestnt” iy EnPiOGr S FoRé 0P8 OgbfPe 1t &+ @

determ ne thendi pagen it Yeol A-549BE 1 a8 suhsequentder phediagl, the/or
potential of a tunor to evolve into an aggressive tunor phenotype or to

predi ct thehpotent Palhigthe2) Aotanbiat o bcesPordireds antti -lcanteratherapy. Said
anti_cancercompared. to a tumor rendering the patient with a good
survival prognosis.
10
Phospholipids are a class of lipids that are a major
component of cell membranes and that can form lipid
bilayers. Most phospholipids contain a diglyceride, a
phosphate group and a simple organic molecule such as for
15 example choline in phosphatidylcholine (PC), inositol in
phospatidylinostol (PI), serine in phosphatidylserine (PS)
and ethanolamine in phosphatidylethanolamine (PE). A
diglyceride consists of 2 fatty acid chains, covalently
bound to a glycerol molecule through ester linkages. A fatty
20 acid is a carboxylic acid having an unbranched aliphatic
talil of at least 4 carbon atoms, which is either saturated
or unsaturated, depending on the presence of double bonds.
Saturated fatty acids are fatty acids with no double bonds
in their aliphatic tail, mono-unsaturated fatty acids are
25 fatty acids having exactly one double bond in their
aliphatic tail, and poly-unsaturated fatty acids have 2, 3,

4, 5, 6, 7 or more double bonds in their aliphatic tail.

The phospholipids according to the present invention are
30 selected from the group comprising; phosphoglycerides,
phosphatidic acid, phosphatidylethanolamine,
phosphatidylcholine, sphingophospholipids,



t herapy including any therapy known fromthe art, such as for exanple, but
not limted to chenotherapy, radiotherapy, |In addition, the in vitro

met hod acwordingsiod® the i nvention is very suitable for @er@araIniody3¢ he
subset of patients 25 likely to respond to therapies aimng at inhibiting
the tunor |ipogenesis, said therapies including but not limted to

i nhibitors of enzynmes involved in for expnple fatty acid synthesis, such as
FASN, acetyl - CoA carboxyl ase, choline kinase and ATP-citrate |yase. Said

i nhi bi tors pEyspeatisedl 85r 30e MAAdt herapypHaYi s i iSRS timesratsed Eprknown
cancer therapies. As such, the in vitro nmethod according to the invention
may al so beC¥RBRl ¢ ¢ eI e sihietdfor COMPIstESaaWgosphate group linked
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sphingophospholipids (e.qg., sphingomyelin), wherein a
5 phosphate group 1is esterified to a sphingosine amino
alcohol. Another example of a sphingophospholipid is a
sulfatide, which comprises an ionic sulfate group that makes
the molecule amphipathic. A phopholipid may, of course,
comprise further chemical groups, such as for example, an
10 alcohol attached to the phosphate group. Examples of such
alcohol groups include serine, ethanolamine, choline,
glycerol and inositol. Thus, specific phosphoglycerides
include a phosphatidyl serine, a phosphatidyl ethanolamine,
a phosphatidyl choline, a phosphatidyl glycerol or a
15 phosphatidyl inositol. Other phospholipids include a
phosphatidic acid or a diacetyl phosphate. In one aspect, a
phosphatidylcholine comprises a dioleoylphosphatidylcholine
(a.k.a. cardiolipin), an egg phosphatidylcholine, a
dipalmitoyl phosphalidycholine, a monomyristoyl
20 phosphatidylcholine, a monopalmitoyl phosphatidylcholine, a
monostearoyl phosphatidylcholine, a monooleoyl
phosphatidylcholine, a dibutroyl phosphatidylcholine, a
divaleroyl phosphatidylcholine, a dicaproyl
phosphatidylcholine, a diheptanoyl phosphatidylcholine, a
25  dicapryloyl phosphatidylcholine or a distearoyl
phosphatidylcholine.

By expression level of phospholipids is meant the levels of
intact phospholipids as determined by any suitable method,
30 such as for example analyzed by ESI - MS/MS. In said
methodology, the phospholipids are identified based on the

intensity of the ionised species, expressed as the %



Wth a tunor having an aggressive |ipogenic phenotype is neant a tunor

whi ch endogenously produces fatty acids de 5 novo and renders the patient
with a povoenioe®nosis i.e. a tunor which is | ess respeaTiRP2011051936
anti-cancer therapy and/or having a higher potential to progress or to

nmet ast asi ze conpared to a tunor rendering the patient wth a good surviva
prognosis. 10 Phospholipids are a classpef lipids that are a major
conponent of cell nmenbranes and that can formlipid bilayers. Most

phosphol i pi gdst&eat @i n 12vdi1gl yeerindg,viauehosphat engr opgpdand i &yl ener gani ¢
nmol ecul e such as for 15 exanple choline in phosphatidyl choline (PC),

i nositol int®h®%ph@¢%W$%ﬁbs%%Ye¥F¢§,a%br@%@S@@Pgh@%%%d@¢@%¢§%¢ine (PS) and
et hanol am ne i n phosphati dyl et hanol am ne (PE). A diglyceride consists of 2
fatty acid chains, covalently bound to a glycerol nolecule through ester

| i nkages. Aifahthh2@edeitd vieseapcasboxyl ievatidf dndapdcan pindy dschednt

al i phatic taé | east .4 carbon atons, which _is either saturated or
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aci ds are fabhyracisdgplict h Aonglopbh e bendscid thepkedkiphatitedal, of
mono-unsaturated fatty acids are 25 fatty acids having exactly one double
bond in thePhogphiphapidstainla apdnpbl yanpsat utat ednfacnpodengsthavehe, 3,

4, 5, 6, 7 d s {in t:heir_aliphatic t.ail :
phospholipigélgg%@?d?%gkggggﬁg df%@%%tﬁé%v%ﬁtP%ﬁxgwgﬁﬁﬁis%?egggéefﬁgﬁ1the
group conprisheagpophesphegloycesdafies;, during, and after therapy. The
phosphati di caci d, phosphat i dyl et hanol am n

e, . .
phosphal’ dyf &hot e, SPAT AgdbosphBE + pias, Lo v pe13F898500PCT/ EP2032/ 651936

- H - phosphat | dyl, sgri fes apd. phasphoi noshdp des. Wherein for exanple
phosphogl yceri des, conprise a phosphate group linked to the first carbon of
glycerol of a diglyceride, and sphingophospholipids (e.g., sphingonyelin),

wherein a hosphate group is .esterified.tqQ a i ngosi ne ani no .al caqhol .
ot her oy opEP DN S PR e 81 TR S RS AGR] 18 BEh2aBLEane o
ionic sul fate geoupctbatenvkes thiae 1mpi2ecw 1eicaanmphipedid €. t e phapboati pid may,

of course, conprise further chem cal groups, such as for exanple, an
15 whereas it 1s considered t0O be decreased i1if the log2 wvalue

is lower than about 0. In a further embodiment the relative
expression level of fatty acids 1is considered to be

increased if the log2 value is higher than about 0,1; 0,2;
0,3; 0,4; or 0,5; and the relative expression level of fatty

20 acids is considered to be decreased if the log2 value 1is

lower than about -0,1; -0,2; -0,3; -0,4 or -0,5.

In an alternative embodiment of the present invention, the
change in phospholipids composition is scored by determining
25 the ratio of mono-unsaturated versus poly-unsaturated
phospholipids in a sample, wherein an increase in the ratio
of mono-unsaturated versus poly-unsaturated phospholipids in
a tumor sample versus a normal sample is indicative for a
more aggressive lipogenic phenotype of the tumor.
30
In a further embodiment, the in vitro method for determining

the 1lipogenicity of a tumor in a subject, comprises;



10 al cohol attached to the phosphate group. Exanples of such al cohol groups
i ncl ude serine, ethanolam ne, choline, glycerol and inositol. Thus,

speci fi c whasphogiogceri des i ncl ude a phosphati dyl seri neCTaEPpé0opivas i dyl

et hanol am ne, a phosphatidyl choline, a phosphatidyl glycerol or a 15
phosphatidyl inositol. O her phospholipids include a phosphatidic acid or a
di acetyl phosphate. In one aspect, a phgsphatidyl choline conprises a

di ol eoyl phosphati dyl choline (a.k.a. cardiolipin), an egg
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intensity of the ionised species, expressed as the % WO
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unsaturations (in both acyl chains together), and a decrease
in PL species with more than 3 unsaturations is indicative
for a more aggressive lipogenic phenotype.
15
In a further embodiment the mono-unsaturated phospholipids
according to the present invention are the mono-unsaturated
phosphatidylcholines (PC) with one or two mono-unsaturated
fatty acyl chains, selected from the group comprising;
20 PC28:1, PC30:1, PC30:2, PC32:1, PC32:2, PC34:1, PC34:2,
PC36:1, PC36:2, PC38:1, PC38:2, PC40:1 and PC40:2.,
preferably PC34:1.

In a further embodiment, the poly-unsaturated phospholipids
25 are poly-unsaturated phosphatidylcholines (PC), selected
from the group comprising; PC32:3, PC34:2, PC34:3, PC34:4,

PC36:3, PC36:4, PC36:5, PC36:6, PC38:2, PC38:3, PC38:4,
PC38:5, PC38:6, PC38:7, PC40:2, PC40:3, PC40:4, PC40:5,
PC40:6, ©PC40:7, PC40:8, PC42:2, PC42:3, ©PC42:4, PC42:5,
30 PC42:06, PC42:7, PC42:8, PC42:9, PC42:10, PC42:11, PC44:2,
PC44:3, ©PC44:4, PC44:5, PC44:6, PC44:7, ©PC44:8, PC44:9,
PC44:10, PC44:11, and PC44:12; preferably PC36:3, PC38:3,



10 rel ative expression |level my be expressed in any suitable way such as
for exanple as 1og2. The relative expression |evel of phospholipids is
consi der edot2o11hsioncr eased if the | og2 val ue is higher ProarEPalo®s198¢ 15
whereas it is considered to be decreased if the log2 value is |ower than
about 0. In a further enbodinment the relative expression |level of fatty
acids is considered to be increased if 4f1e 1 0g2 value is higher than about
0,1; 0,2; 0,3; 0,4; or 0,5; and the relative expression |evel of fatty 20
acids is comsieesedrtoghe, decrmased P3¢ he, | eg2sval uedss Isowesnd hapsabout
-0,1;, -0,2; -0,3; -0,4 or -0,5. In an alternative enbodi nent of the present
i nvention, PFefehdnbe PR3 phdsphdl ¢piBs3ohposition is scored by determining
25 the ratio of nobno-unsaturated versus poly-unsaturated phospholipids in a
sanpl e, wherein an increase in the ratio of nono-unsaturated versus

pol y- unsat urategreifespkol epbddimana, t tin®rmearnplres atersitssd phosimll iganpl e 1S
i ndi cative for nor e aggressi ve |lipogeni ¢ phenot .of the tunmpr. 30 WO
2011/ 098500PCT ERBOTTT L1058 LL B35 HOPER AP RF hoST REPE bUGEN EC br BFFfaTor a
tumor In a pay! ephe @I?L@néﬁtﬁﬁ§£@@seph8s§96§i§§dﬁﬂthQnetQé t%@ly— _
unsaturations (in both acyl chains together), and a decrease in PL species
with nore tWwasaBuumsed whasoinst 1&y § ol ciats v el HOr P4 3forde abddggr BSSPvE -

| i pogeni ¢ phenotype. In yet a further enbodinent, the in vitro nmethod for
determning the lipogenicity of a tunor in a subject, conprises;

det er m ni ngI he fdpogenicogorddfidre: ,ofthae huABFuhBaaul@tpat pratphwhepedn a
decrease in saturated phospholipids species, an increase in species wth
one or tho ¥RRAtH BBCERE LA YIS AGHETEREISnd FES g8t HRr9ne &ifd L4 deeTease in

PL species W th-apLecdhan3 ungatur ationss i s skidicealyl VerdRr & d™Eeoup
aggressi ve |ipogeni c phenotype.
comprising; PE32:1 and PE34:2.

In yet a further embodiment, the poly-unsaturated

15 phospholipids are poly-unsaturated phosphatidylethanolamines
(PE), selected from the group comprising; PE36:4, PE38:4 and
PE40:4.

In a further embodiment the mono-unsaturated phospholipids
20 are the phosphatidylserines (PS) with one or two mono-
unsaturated fatty acyl chains, selected from the group

comprising; PS36:2, PS38:2, PS40:2, and PS42:2.

In yet a further embodiment the poly-unsaturated

25 phospholipids are poly-unsaturated phosphatidylserines (PS),
selected from the group comprising; PS38:4, PS40:4, PS38:5,
PS40:5 and PS38:6.

In a further embodiment the mono-unsaturated phospholipids
30 are the phosphatidylinositides (PI) with one or two mono-
unsaturated fatty acyl chains, selected from the group

comprising; PI34:1, PI36:1, PI38:1, PI34:2, PI36:2 and



15 In a further enbodi nent the nono-unsaturated phospholipids according to
the present invention are the nono-unsaturated phosphati dyl cholines (PC)

wi th one WO 2098 O0- unsat urated fatty acyl chai ns, sel ecragémomshe group
conprising; 20PC28:1, PC30:1, PC30:2, PC32:1, PC32:2, PC34:1, PC34:2,

PC36: 1, PC36: 2, PC38: 1, PC38: 2, PC40: 1andPC40: 2., preferably PC34:1. In a
further enbodi nent, the poly-unsaturategyphospholipids 25 are

pol y-unsat ur at ed phosphati dyl cholines (PC), selected fromthe group
conprising;pP&322 3, PC34:2, PC34:3, PC34:4, PC36:3, PC36:4, PC36:5, PC36:6,
PC38: 2, PC38:3, PC38:4, PC38:5, PC38:6, PC38:7, PC40:2, PC40:3, PC40:4,
PC40: PC40: 6, PC40 7, PC40:8, PC42:2, PC42:3, PCA2:4, PC42:5, 30 PCA2:6,

51
PC42:7, PCAZ.S8, , P 4: 2, PCA 4:5,
PC44: 6, PC44- 7. YP g %ﬁt%‘grpméjﬁcl%él%%% 11heandéﬁéi45%§tg? 3Egréably
PC36: 3, PC3@ththILQDié/GQ&SQQPBWhERQﬂiiﬁ£5&93ﬁho23ha€€a§l4no@EBBdés

PC40: 4, PC38: 5, 0:5;. and nost preferably 6:4 a d/o P 8: 4.
In a préfer?% eﬁ%%ﬁ%ﬁﬁﬁf%iPﬁbfﬁﬁn%raﬁgé% Qﬁ%ﬁﬁ?ﬁnxﬁ#ﬁ% ﬁi&g “the
nono- unsat ur at ed phosphati dyl cholines (PC) PC34:1; and the poly- unsaturated

phosphol i pids are the poly-
In a further embodiment, in addition to determining the

expression of phospholipids, the relative expression level
of other biomarkers for an aggressive lipogenic phenotype
10 may be determined, such as for example, but not limited to,
FASN (fatty acid synthase), ACCA (acetyl CoA carboxylase
alpha), <choline kinase and ACLY (ATP citrate lyase)
expression or phosphorylation/activation. A tumor having an
aggressive lipogenic phenotype may than for example be
15 identified by an increase in relative expression level of
mono-unsaturated phospholipids, a decrease in relative
expression level of poly-unsaturated phospholipids, and an
increase in expression of one or more other biomarker for an
aggressive lipogenic phenotype. Alternatively, a tumor
20 having an aggressive lipogenic phenotype may for example be
identified by an increased ratio of mono-unsaturated versus
poly-unsaturated phospholipids in the tumor sample compared
to the normal sample, and an increase in expression of one
or more other biomarker for an aggressive lipogenic

25 phenotype.

The invention further relates to the use of the in vitro
method according to the present invention for determining
the lipogenicity of a tumor in a subject.

30
Finally, the invention provides a kit for performing the in

vitro method according to this invention, said kit



unsat ur at ed phosphati dyl cholines (PC) PC36:4 and/or PC38:4. In a further
enbodi nent, the nono-unsaturated phospholipids 10 are the

phosphat iwgl2etimassan nes (PE) with one or two npbnounsarorTared 105198y acyl
chains, selected fromthe group conprising;, PE32:1 and PE34:2. In yet a

further enbodi ment,the poly-unsaturated 15 phospholipids are

pol y-unsat ur at ed phosphati dyl et hanol am_ywes (PE), selected fromthe group
conprising; PE36:4, PE38:4 and PE40:4. In a further enbodi nent the

nono- unsat usatedi phespheti pedger0sare rt hecphpsphatigises i neshé PShawst h one
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the poly- ”;EI?%EH{@LEPQ TR p£'r‘?§ QQiéi%'lfrom DoLy-ynsaturateds,

phosphat i dyl seri nes ect e group conprising; PS38:4,
PS40: 4, PS38:5, PS40:5 and P838 6. In a further enbodi nent the

nono- unsaturated phasphol i 30 are th hosphat i dylinositid wth
o6 or . HorbL At BHEPALTS  hegt L EHat e OTEGGed FiOhE RS gt Bup
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2011/ 098509PCT/ EP2011/ 051936
microvesicles to a surface coated with molecules or agents

having an affinity for said microvesicles or being capable
of binding microvesicular particles.
10
Any molecule which has an affinity for microvesicles
suitable for coating the selected surface material can be
used. With a molecule having an affinity for microvesicles
is meant that such molecule is capable of binding covalently
15 or non-covalently to a molecule present on a microvesicle.
Preferably said molecule present on a microvesicle is a
membrane-bound molecule. Preferably, molecules having a high
affinity for a microvesicle are used. Preferably, affinity
is expressed as a dissociation constant. Preferably,
20 molecules having a dissociation constant lower than 0.1 nM
for microvesicles are used, more preferably lower than 10
nM. More preferably, molecules having a dissociation
constant lower than 107" M for microvesicles are used. In
another preferred embodiment, an affinity for a microvesicle
25 is used with a dissociation constant in a range between 0.1-
10 nM. Methods of determining affinity are known in the art.
Preferably, a method is used as described in Johnson et al.

Journal of Molecular Riology 368 (2): 434-449

30 Any surface that is suitable for immobilization wusing
coatings having an affinity for microvesicles can be used

Preferred surfaces are made of material comprising glass,



-24- Pl 38: 2. In yet a further enbodi ment the poly-unsaturated
phosphol i pi ds are pol y-unsaturated phosphatidylinositides 5(Pl), selected
fromthe woaop/wesvpri sing; Pl36:4 and PI38:4. In a furtrei/EPediodsveant , in
addition to determ ning the expression of phospholipids, the relative
expression | evel of other biomarkers for an aggressive |ipogenic phenotype
10 may be determ ned, such as for exanpige, but not limted to, FASN (fatty
acid synthase), ACCA (acetyl CoA carboxyl ase al pha), choline kinase and

ACLY (ATP chical @lamse), exRizassi-ofe 0AmpPhasPhor yA B | anad kvat 9Ri oAst unor
havi ng an aggressive |ipogeni c phenotype nmay than for exanple be 15
i dentified BytReds ndireade fATr d@ TV expréssren Faverd ofd Qhsaptr at ed

phosphol i pi g, 8, flagk easen i n Lol Atiye expcessi oohevel., L hal weupsatur at ed

phosphol i pi d and an increase in expression of one or nore other bionarker
for an aggregsivellypogease phehotigpesecAld erarattived ygraup unbicR20bhadsng an
aggr essi ve Iipogeni phenot exanple be identified

e may fo by an
T hor oascd rEtTO G DL UNLAL P BT BT beY sbS BoPSTLALAL fr SFBHCEROSphEPT pi ds

in the tumgysappde corpat ethdid he MM 51851 and ran siracrgase rbn
expression of one or nore other biomarker for an aggressive |ipogenic 25

phenot ype. The-¢avehtion ddgetieriqel dtfes ore tehie .us&rokyshé ang viEpprdeAet hod

according t present_invention 3pr t er m ni .g i eni cit f a
Fumor 1 n-a SBIS5t 230 W D011 093500PCT ERYOL T BSESSE - J5 Sorst i 4Ry the
reagents foiydhexES atMpHMS-0F. ohh@ehass copeetr aietdas basedrsaaplhec
preparation of phospholipids, in particular an_antioxidant, solvents and
st andartfs. with lysine and arginine where pH /-10 drives Schiff's base
reaction. A skilled person will know how to select the right

coating suitable for use in combination with the selected

surface material and test the affinity for microvesicles.

15 The resulting coated surface is put into contact with
microvesicles Dby applying a laminar flow to a fluid
comprising said microvesicles. Said fluid can be any fluid
that is compatible with microvesicles. With compatible is
meant that the integrity of the microvesicles remains

20 intact, which means that at least phospholipids used in the
methods of the present invention are present within the
microvesicles. Preferably said fluid comprises plasma, cell
culture medium, phosphate buffered saline (PBS), phosphate
buffered potassium, or 4-(2-hydroxyethyl)-1-

25 piperazineethanesulfonic acid (HEPES).

A laminar flow is a flow regime characterized by high
momentum diffusion, low momentum convection, pressure and
velocity independent from time. Said laminar flow 1is
30 characterized by a Reynolds number of less than 2000 and
higher than 0. Preferably, laminar flows with a Reynolds

value between 0 and 1000, more preferably between 0 and 500



5 1n a particular enbodinent said kit conprises a mcrofluidic chip, and a
coated surface for the imobilization of mcrovesicles to a surface coated
wi t h nol ewol2esl/850agent s having an affinity for said m ecoxEriaioe®3er bei ng
capabl e of binding mcrovesicular particles. 10 Any nol ecul e which has an
affinity for mcrovesicles suitable for coating the selected surface
material can be used. Wth a nolecule having an affinity for m crovesicles
is neant that such nolecule is capable of binding covalently 15 or

non- coval enihy fids@ pmlRade Ppreserlenold andi COOYesisiia.1 R ekelsabl yisai d

nol ecul e present on a mcrovesicle is a nmenbrane-bound nol ecul e.
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Pref er abl y, fanaet fioell { sv used- s fdescHibedvilelofimgdheat rakfegecnab of

Mol ecul ar Bj o 0gy, 3P§ov(72v}hro§ 449cha§9ef‘n¥o ﬁ{ciég tQ?‘%uhét%Hh%??Egdfor

i rmobi i zatTon uSing coatings having an affinity of i Crovesrc

used Preferwadl surfaces are made of material conprising glass,

2011/ 098509PCT/ EP2011/ 051936 -26- mca, plastic, netal or cer am C

materi al’s. There are various nethods known for coating surfaces having
affinity fop . {8lygo)protgbRfoqcekl Jrabranesof hiompkecyl g £p-general .
Typically, these rret¥10ds use a reactive group which binds 5 covalently or
non- coval emtigreveai ceet aild bispeslidcyd.e. ARoraéxampres sifi des cparediw th
am noproplyl sil ane are used, for non-coval ent  a sorptl n of prot

Epoxysi | ane™ J§(Q:%ate SRS e are"ra gtl\%e vﬁh?%lrle&mr?el Sar gelsnf)ﬁepacys%leﬁe and
hydroxyl's aisphtdned dehyderceat egeshodes afee heanbuve 1O wiHilrH yshne and
argi nine where pH 7-10 drives Schiff's base reaction. A skilled person wll
know hol? t 02 5EtettY ther kg ghts BeRPPngOSai 8RBl E For USE IR EoIith &L BRSwi t h

the sel ected, srtacemiarial. and hest sthe alflaity del. Moroyeshel e 15

The resulting coated surface I's put into contact wth m crovesicles
appl ying a ¢avahantiyowrt onenfdavaleonpy i S)llngl Sy damilcirroviesy cpestnSal,d

fl d b fluid that ti bl h |
ommat L or'e Teditulad fhe BhublafoBRbben st e LA RO LRIEY, el Raido

intact, whixhhdeadspbhaheat |easd phasphgl iRidsusedaih npkhes mebheds1ef the
pr esent invention are present wwthin the mcrovesicles. Preferably said

fluid cBnprisesdpt s inceing ¢@l eurechedrant L phos phate@hbrf er edlsari fe
(PBS), pho %@é@nt fﬁ{eeqnl o‘?{%% Ut (2ohydroxyethyb)y 1= 25,itn

pi per azi neet hanesul foni ¢ aci
said affinity linker. Examples of affinity linkers and their

binding partners are; Streptavidin or avidin and biotin; an
antibody and antigen; a ligand and receptor, lectin and
25 saccharide, protein A and/or protein G-immunoglobulin
constant region, and Tag peptide sequence and Tag antibody.
The terms affinity linker and binding partner refer to their
function. Therefore, depending on how the above mentioned
affinity linker-binding partner combinations are used, the
30 terms are exchangeable. For example a biotin can be an
affinity linker if it is bound to the surface or it can be a

binding partner when it is bound to the microvesicle. Any



Alamnar flowis a flow reginme characterized by high nomentum di ffusion,

| ow monent um convection, pressure and velocity independent fromtine. Said
| am nar fwowoiig98®ochar acteri zed by a Reynol ds nunber ofPCir&p201tiioar®32000 and
hi gher than 0. Preferably, lamnar flows with a Reynol ds val ue between 0O
and 1000, nore preferably between 0 and 500 WO

2011/ 098509PCT/ EP2011/ 051936 -27- and mpgt preferably between 0 and 100. A
skilled person will know how to achieve a | am nar flow. Any nethod capable

of appl yi ngnachbai € i e | aidvari oW tie1eal & ceated rsuef ase sanubedused.
Preferred is a lamnar flowwhich is linear in 5 one direction. Preferred
is a |lam ndfetnewst Fat obtd nPrest thie ont aébkarea:© contEAtad mBuaAdCE] ow

speed to th&fﬁé‘ft&%@@%& Yo Obnthgfhuidic,de ECSurE%%hgﬁa%ﬁ{eeﬁé?grbs a
| am nar fl ow throug nel conprising a unctlonalze wal |l .
Preferably,of n’eehcacfﬂmlms/edLMnﬂ mt beiatédnipkysbar wild rb@r@lvbesi cbes is
specific. dvanta of a gpecH‘ll aff1|:nl|)£¥ %s t@gt EI ndi ng o gndesi red
noleculé% O§e§ ?? E@ correc me o sulta or e type © sur ace
material and affinity linker of choice. Methods to bind an
affinity linker to a surface are known to a skilled person.
Methods to bind antibodies to metal or silicon surface are
well known in the art. Preferred methods are described in
10 Bioelectrochemistry Volume 66, Issues 1-2, April 2005, Pages
111-115 . Methods to bind antibodies to glass surface are
also known and described in J Colloid Interface Sci. 2002
Aug 1;252(1):50-6 . In a particular embodiment the affinity
linkers are selected from the group consisting of antibody
15 species, proteins, aptamers, surfaces selectively
restricting microvesicles from passage, and surfaces with
selective adhesion to microvesicles; wherein the proteins
are particularly selected from the list comprising lectin,
or other sugar binding compounds; and wherein the lectin is

20 particularly selected from the group comprising GNA, NPA,

Concanavalin A, or cyanovirin.

In a more particular embodiment, said laminar flow 1is
applied using microfluidics. The term microfluidics refers
25 to devices, systems, and methods for the manipulation of
fluid flows with characteristic length scales in the
micrometer range up to 1 millimeter (see for a more complete
overview: Manz, A. and Becker. H. (Eds.), Microsystem
Technology in Chemistry and Life Sciences, Springer-Verlag
30 Berlin Heidelberg New York, ISBN 3-540-65555-7 ). An
advantage is that microfluidic systems ©possess the

capability to execute operations more guickly than



is reduced. Preferred nethods are nethods in which an 15 affinity linker is
bound coval ently or non-covalently to the surface. An affinity linker is a
nol ecul e wbhabi®ssmapabl e to coval ently or non-coval ent | yChiErdotio5®@36i ndi ng
partner, resulting in a conplex between said affinity |linker and said

bi ndi ng partner. Said binding partner can be a nol ecul e 20 capabl e of
binding to a mcrovesicle or it can be_m.nol ecul e present on the

m crovesicle that can directly interact with said affinity |Iinker. Exanples

of affinitycdhnkersomnd, t heidrdddediing BELBRES anei B r epiravinding ofwawi din
and biotin; an antibody and antigen; a ligand and receptor, lectin and 25
sacchari de, S bt @ mPOEme? or f prlotel v & i amdinbgro®B®t i n constant region, and
Tag peptide sequence and Tag anti body. The terns affinity |linker and

bi nding partner refer to their function. Therefore, depending on how the
above nentibmed particular embodiment of the present invention said

5 laminar flow 1s created wusing a microfluidic chip.
Preferably said microfluidic chip comprises at least one
microfluidic channel with an inlet and an outlet, wherein
said at least one microfluidic channel has at least one gap
at a surface of said microfluidic chip enabling contact

10 between said at least one channel and a surface. An
advantage of said microfluidic chip is that it enables
direct contact between a fluid in said microfluidic channel
and a surface. Preferably said inlet and/or said outlet are
positioned at a different surface of said microfluidic chip

15 than the surface comprising said gap in said microfluidic
channel. An advantage thereof is that this enables clamping
between said microfluidic chip and said surface, while
maintaining access to said inlet and/or outlet. In a
preferred embodiment, holes are provided in said

200 microfluidic chip, enabling screws or other means to attach
a surface to said microfluidic chip. An advantage thereof is
that a surface can be attached to said microfluidic chip to
achieve a contact which prevents leakage of a fluid from
said microfluidic channel. An advantage of using a

25 microfluidic channel is that the geometry of the channel
enables a controllable inducement of a laminar flow.
Preferably, said channel has a height which is less than 1
mm. An advantage thereof is that the surface to volume ratio
of said fluid over said coated surface is optimized. In

30 another preferred embodiment, the channel height above the
coated area is less than the channel height in other parts

of the microfluidic device. An advantage thereof is that the



affinity |linker-binding partner conbinations are used, the 30 terns are
exchangeabl e. For exanple a biotin can be an affinity linker if it is bound
to the suwbaor/w8500t can be a binding partner when it i #Chorne1os198he

m crovesicle. Any WD 2011/ 098509PCT/ EP2011/ 051936 -28- nethod to bind an
affinity linker to a surface can be used. Methods to bind an affinity
linker to a coated surface differ depengjng on the material of surface and
the nature of the affinity linker. A skilled person will be able to 5

sel ect the gerfeet vBthodundi table beorsthe typeqobvsurtacecnnteni akeand
affinity linker of choice. Methods to bind an affinity linker to a surface
are known t®Sa GKiITEtEPer SGH- 1 Qetods 218 Bichd santilbydi 8 rp8Ihet allose

silicon sur I o] j h Pr.ef er ods -ar e descri bed
h 10 Bi ool et Shon Gt P Vol i 50 ToSURE oo ot i 13005 Pagts L1 115
. Met hods tadbamidagatibockesS 10 Qlasscisiv frecierhar é salopa ikadwioand 1déser i bed
inJ Colloid Interface Sci.. 2002 Aug 1;252 :50-6 . In a_particul ar

enbodi ment  tHETAT 14 r‘(ijﬁ?qsilﬁléfePg Bf%g%re%{%%‘l??%ﬁ e gt U EGTIs et g of
antibody 15 $PeCheS1ePEOtBLAST ARt ARBr SdvaHrfgeesnsebget i¥ekyareshiizcting
m crovesi cl es from passage, and surfaces wth sel ective adhesion to

m crovesi cl essulher ein at Heliprittlei penbeet pareicwlardaiSeteeted Bromprthe |i st

compri sing eeL ns .0, LNl sugar, biinding comaundsy, and wheg ej,0,ihe, ! ectin
is 20 partlcu}arly sel'ected Trom the group “conpri si Ng “GNA, A,
Concanaval i tlo;a©t &yadovs rémal ldar acimm espadt ccatad enbdataentea sai d

| am nar flow is applied using mcrofluidics. The termmcroflujdics éefers
an

25 to dBVi cesSTeysters, Sand MetHAds fot" tae nahfpulat itsireren 100

10000 square micrometer. In a preferred embodiment, said
minimal contact area is less than 1 sguare millimeter. An
advantage thereof is that this limits the surface area
inspection time and increases the concentration of collected
15 wvesicles per surface area. More preferably, said minimal
contact area i1s between 1 square micrometer and 0.1 square

millimeter.

As 1s known to the skilled artisan, the aforementioned
20 channels may further comprise a filter which allows
particles smaller than a microvesicle to pass through. In
this method, microvesicles are collected on the surface of
said filter, a change of flow direction is then applied to
re-suspend said microvesicles. This method further comprises
25 a step of resuspending said microvesicles in a fluid before
allowing said fluid comprising said microvesicles to contact
said coated surface. Accordingly, in an even further
embodiment the microfluidic chip as used herein comprises a
pumping system. Any system suitable of pumping fluid inside
30 a microfluidic circuit can be used. Examples are described
in PHYSICS AND APPLICATIONS OF MICROFLUIDICS IN BIOLOGY

David J. Beebe, Glennys A. Mensing, Glenn M. Walker Annual



fluid flows with characteristic length scales in the mcronmeter range up to
1 mllimeter (see for a nore conplete overview Manz, A and Becker. H.
(Eds.), Mvonosywss®m Technol ogy in Chemistry and Life SciPem®EP3011/051936
Springer-Verlag 30 Berlin Heidel berg New York, |SBN 3-540-65555-7 ). An
advantage is that mcrofluidic systens possess the capability to execute
operations nore quickly than WO 2011/ 098509PCT/ EP2011/ 051936 - 29-
conventional, nacroscopic systens, while consum ng much small er anounts of
chem cal s apely fdwidls pilomeaiiRant ek accenhedi negtis of2dde, present, bayeption
said 5 lamnar flowis created using a mcrofluidic chip. Preferably said
m crof | ui di €5t pb conprises at | east one microfluidic channel with an inlet
and an outlet, wherein said at |east one mcrofluidic channel has at | east
one gap at a surface of said mcrofluidic chip enabling contact 10 between
sai d at | easheones ohammst r@hid ad surdraiges iAn tady artchgelsoo fsahd piresehkui di ¢
chip is that it epables direct conjgsact, between_a fluid jn said mcrofluidic
channel ‘and" 2’ SUurtdee. IBFEFErER y°Sald SEAVES LanGFPor BAi heo&fc?réef grend

posi tioned aha@idlffenantqsd f ace o apaibdenber ofl i i a1chi pnls Lhapythe
surface conprising said gap in said mcrofluidic channel. An advant age

t her eof is T¢@tuiemMenepablesnel @AMy heraveste st aoepof$uirdi euehiptand
sai d surfac ile i ntai.ni a tQ said_inlet r.outlet n a
preferred eﬁ%%%?érr%nt{,@hgiag}sﬁa@% p%%\%ﬁ%é:& i'n s%aﬁ’%zo %%Q%E‘Fﬁgdi c?% |h]|5
enabl i ng scsemstoringher dieans ibesabtathcaosdasiatestor said preceatkubdi ¢
chip. An advantage thereof is that a surface can be attached to said

mi crof | U diI_EO%Wlbl?%_ AehieveSartdntact hi &Hsb@%v@hFéoV%ER%%SoFaa PEui d
fromsaid merofhudic ahannaho AR rfadvagt agecoh MSINE® in the method.

Preferred methods of imaging comprise fluorescence
microscopy, including internal reflection fluorescence
microscopy, electron microscopy (EM), confocal microscopy,
15 light scattering or surface plasmon microscopy, Raman
spectroscopy, ellipsometry/reflectometry, infrared
spectroscopy oOr atomic force microscopy (AFM) , or

combinations thereof.

20
This invention will be better understood by reference to the
Experimental Details that follow, but those skilled in the
art will readily appreciate that these are only illustrative
of the invention as described more fully in the claims that
25 follow thereafter. Additionally, throughout this

application, wvarious publications are cited. The disclosure
of these publications is hereby incorporated by reference
into this application to describe more fully the state of the
art to which this invention pertains.

30



25 mcrofluidic channel is that the geonetry of the channel enables a
controll abl e i nducenent of a lamnar flow. Preferably, said channel has a
hei ght whwoloiigomss than 1 nm An advantage thereof i sPChaP24hes986face to
volume ratio of said fluid over said coated surface is optimzed. In 30
anot her preferred enbodi nent, the channel height above the coated area is

| ess than the channel height in other parts of the mcrofluidic device. An
advant age thereof is that the WD 2011/098509PCT/ EP2011/051936 -30- surface
to volune retierofssaid fluid over the coated area is optimzed, while

mai ntaining a fTow through. Mre preferably, said channel height is |ess
than 0.5 mm An advantage thereof is that this height is optimal for fluids
5 havi ng a ¥ scasiqt pl ef. er ai h - a w of
Ceoe than 1 Hm R SAVRT ags e cof o thatthia rabUFFS TR 2 mEr A

cont act ar eamlofdsment €oat d suchaceowhhehpesson sbhintdetl $ai dhél aird. in
Preferably, said nmnjnmal contact area is smaller than said coated surface
area. 10 Pr%*%?%b? ,CRSFY P¥HTEFScontact area is between 100 and 10000
square mcroneter. In a preferred enbodi nent, said mninmal contact area is
|l ess than 1 square mllineter. An advantage thereof is that this limts the
surface are@xamphecl| obet pa¥oahiPPaeneasesinhpreshatat canren e6e1lésl Lect ed
15 vesi cl es, Dero SUELACE: B ein JRLECRT FLOLD! ¥e f8hO-ThOLUREAEQR! BGLeQrea IS
bet ween 1 square m cronefer and -1 square mTlineter. 'S kKnown 10 the
skill ed artashds drte dalcricarsead leweds20f ghelyiet sa tmya ted tiarty anfidisSEna
filter which allows particles smaller than a mcrovesicle to pass through.
In this!%etFRRCSHi €Fbvesicles are collected on the surface of said filter

a change of flow direction is then applied to re-suspend said

m crovesi cles. This nethod further conprises 25 a step of resuspending said
m crovesi cI| MATERIALS | ANR MRTEORS al | owi ng said fluid conprising said

m crovesi cl gs;3o0.contact_said coated surface. Accordingly, in an even
further enﬂ%%%%é%?fgﬁﬁen?%@df¥?ﬁ§#%p%%ip as used herein conprises a punping
system Any systemcsei fiadl @09t 7 puspl agwéldi dotashde 80om fher ahkuidibs
circuit can be used. Exanples are described in PHYSICS AND APPLI CATI ONS OF
M CROFLUI DI B8 ¢ BT OHOGY BaFcd 1P B¥epessePenhys - ACNETs RS e EART /A

Wl ker Annugl WO 2011/ 0983Q9RCHL ER2011(,021936ith a 5 & C0,/95 & air

atmosphere in RPMI 1640 medium, supplemented with 10 % FCS
(Invitrogen, Carlsbad, CA). Cell 1lines were tested for
authentication by checking morphology and karyotyping.
20 Soraphen A (soraphen), which was purified from the
mycobacterium Sorangium cellulosum, was kindly provided by
Drs. Klaus Gerth and Rolf Jansen (Helmholtz-Zentrum fir
Infektionsforschung, Braunschweig, Germany) (Bedorf et al.,
1993; Gerth et al., 1994).
25
2-'%Cc-acetate Incorporation Assay and TLC Analysis
LNCaP cells were treated with soraphen or wvehicle
(ethanol) for 24 hours. The last 4 hours, 2-“c-labeled
acetate (57 mCi/mmol; 2 uCi/dish; Amersham International,
30 Aylesbury, UK) was added to the culture medium. Lipids were
extracted according to a modified Bligh-Dyer method as

previously described (De Schrijver et al., 2003). To



-31- Review of Bionedical Engineering, August 2002, Vol. 4, Pages 261-286 .
When using mcrofluidic chips in the nethods of the present 5 invention,
det ect i orwof20n/swvesi cl es nmay be done using i magi ng t e®OmiERREI/051B6
advantage of this is that this allows neasurenents of one or nore
parameters conprising but not limted to particle geonetry, shape,
roughness, light scattering or dinensiofs of mcrovesicles or the presence
of 10 nol ecul es on the surface of or inside mcrovesicles can be

det er m ned. aAyy @t hed afnddmaing ican be used-ardihe drethod. dPreteened
met hods of imaging conprise fluorescence m croscopy, including internal
refl ection HIBPO@ eS¢eneesm dloscopyLY el ectronPRTEPSECEpP(EMLC cohPoeal

m Croscoloy,we1 %Qésé&a{éeé' 1909 héi‘ﬂléclﬁgicpé@%%@ﬂ %Qrgﬁgﬁwflgé‘g%n.

spect roscopy, er onetry/ref ect metry, rnfrared spectroscopy or atomc
force mcr oSM@bg@AFM,wnacmrma,n&ummaﬂl@er eaf, 20 dhhesi dundgntdear ikl be
better understoodj? %jreferenc (51 Experinental Details that follow but
those sKkill &€ iPCrheI Wt Gk IF r’ea%l § appreci ate that these are only
illustrative of the invention as described nore fully in the clainms that 25
follow thereafter. Additionally, throughout this application, various
publicati or@lramec@h"éussqmesm@hm%@%re of these publications is hereby

i ncorporated byt f re 0 ri y the
state of the ar lgo?lwhlggﬁp E%g%ﬁgﬁ?@#%?ﬁ acgjenﬁ's%l%‘%%%s B%d”}%@cﬂ%l;
2011/ 098509RCTh P20 1051 936G« 3Rt aEXANPEESH patients who had undergone
10 a radical retropubic prostatectomy for localized prostatic
carcinoma. The normal and tumor tissues were identified by

histological analysis of areas adjacent to the tissue that

was used for lipid and western blotting analysis.

15 Quantification of Total Cellular Phospholipids,
Triglycerides and Cholesterol

Quantification of phospholipids, triglycerides and

cholesterol was performed on Bligh-Dyer lipid extracts (De

Schrijver et al., 2003) using previously described methods

20 (Van Veldhoven and Bell, 1988; Van Veldhoven et al., 1998;

Van Veldhoven et al., 1997), with minor modifications.

Analysis of Intact Phospholipid Species by ESI-MS/MS
To prepare lipid extracts for ESI-MS/MS analysis, the
25 tissue or cells were homogenized in 1.6 ml of 0.1 N
HC1l:CH30H 1:1 (v/v). CHCls (0.8 ml) and 200 pg/ml of the
anti-oxidant 2, 6-di-tert-butyl-4-methylphenocl (Sigma) were
added (Milne et al., 20006). After addition of the lipid
standards, the organic fractions were collected by
30 centrifugation at 200 g for 5 min. Samples were evaporated
and reconstituted in CH3OH:CHC1l3:NH.OH (90:10:1.25, v/v/v)

and the 1lipids were analyzed by electrospray ionization



The follow ng exanples illustrate the invention.Q her enbodi ments wi ||
occur to the person skilled in the art in 5 |ight of these exanples.

Exanpl e IwoDe11mos9| i pogenesis in prostate cancer cell sPCI/ERec005E@B€d W t h
i ncreased | evel s of nono-unsaturated fatty aci ds and decreased | evel s of
pol yunsaturated fatty acids in 10 cancer cells. MATERI ALS AND METHODS Cel |
Culture and Treatnments LNCaP and COS-7 _gglls were obtained fromthe
Anerican 15 Type Culture Coll ection (Manassas, VA). Cells were cultured at

37 Cin a hym@éhigdd ngadat-omad h @ s %0099 nYmahkbat angpherepbne RPM
1640 nedi um supplenented with 10 % FCS (I nvitrogen, Carlsbad, CA). Cell
lines were t&a¢2H fiorm althent NeaEi oPP Byt EpRekehg (BT Phol G@pEangysten;

kar yot ypi ng Ql’gﬁfk or, ) iC i

nycobact erlziﬂ?%or angi u ﬂ%HI(SEI gg%%%’}mgé\é’gl ng Cﬁlpi\ig}%i%%%g hb‘%”%aﬁgﬁg Gerth
and Rol f Jaxmesxe@f(cHe}(ndmol szuZeat r(an‘wtlun [anoelctllemmfsor schrmg sﬁsamswhmel g,
Germany) (Bedorf e 1993; Ger t al 4C- gcet

, 1994
| ncor porat i O 2853 éﬂdt?ECMENaI es or qu"l’;rN_C%l gcaetrjr%nm% ett'fédt Ha\]mth

soraphen orgyehigle (eithanelr £Qprédshausrs. rdhe daslgd Launs.v2+b4Enkabel ed
acetate (57 nC/mmol; 2 pC/dish; Arersham International, 30 Ayl esbury, UK)

was added t@orﬁh@obuwwbem@wme@t@dd@e%kiseOéxmaé@h@d acEordi Agsevca

588'3; ' eﬁoB' Loh- Pt pethod &y previoushy dedehied e SeNd ) VEL: ehedl -

software (Clifton Watt, Stanford University, USA).
10
RESULTS

To study the impact of tumor-associated de novo lipogenesis
on cellular lipid composition, we treated LNCaP prostate

15 cancer cells, which have high lipogenic activity, with
soraphen A, a known inhibitor of fatty acid synthesis
(Beckers et al., 2007). Inhibition of fatty acid synthesis,
and as such de novo lipogenesis was confirmed by 2-'*C-
acetate incorporation (figure 1A).

20 Subsequently, total cellular lipid extracts were
subjected to electrospray ionization tandem mass
spectrometry (ESI-MS/MS) in order to analyze all of the
major intact phospholipids species. As shown in figure 1B,
there were dramatic changes in the individual

25 phosphatidylcholine (PC) species. Soraphen treatment
substantially decreased the PC species with one degree of
unsaturation up to four-fold. Since PC species with two
unsaturations can represent molecules with two mono-
unsaturated chains, as well as molecules with one saturated

30 and one double-unsaturated chain, soraphen treatment had an
ambiguous or minor net effect on these species. Overall,

the level of PC species with more unsaturations (>three) was



WO 2011/ 098509PCT/ EP2011/ 051936 -33- anal yze the incorporation of
2-14C-acetate into different lipid classes, TLC analysis was perforned and
the i pi dsoweri@9ssoposed to a Phosphorl mager screen for quampéliioatysen

(Mol ecul ar Dynami cs, Sunnyvale, CA), as previously described 5(De Schrijver
et al., 2003). dinical Tissue Specinens Fresh, snap-frozen prostate
cancer tissues and matchi ng normal sanpiges were obtained from patients who
had undergone 10 a radical retropubic prostatectony for |ocalized prostatic

carci noma. Ther&gsdal uandot W tHfsSWes afeardidentd:f i ege byp@wégl. ogheal

anal ysis of areas adjacent to the tissue that was used for

west ern bl ok} flg BeEdyds sPoBuTRRRETE T QR | @Pet ok AF CePP uﬂawﬁg

id and
§6h6h?ﬁids,

Triglycerides, <§%%n%%9%e§§§rf4hlblteclQ??@k? JP%% 9R OBﬁg@BéﬁrgﬁgBégﬁic

triglycerides ol esterol was per orne Ilgh

xtracts

(De Schrijverostatad. Ca@@@B)C®ElnglmEEVd@U5|WOﬂe$h®W®Bd met hods 20( Van

Vel dhoven and Bell, 1988; Van eIdhoven et al., 1998; Van Vel
1997), with m not°nBdFFreaty CIANRS st PP adt BRI BIvol 7

hoven et al .,

i 4¢8p&Li es by

ESI - M5/ M5 Tee prgpase hispi b exddaets f of c ESEnMBIVE analysi ssutdeion of

phospholipids in vivo, prostate tumor specimens and normal

matching control tissues were analyzed for overexpression of

fatty acid synthase (FASN) by western blot analysis,

and the

10 phospholipid profiles were recorded. Three out of the five

matched samples (tumor versus control) showed a substantial

overexpression of FASN in tumor tissue (Figure 2A7).

Analysis of the phospholipid composition by ESI-MS/MS

demonstrated a dramatically different profile for PC in the

15 lipogenic tumors, as compared to the non-lipogenic tumors

(figure 2B). Tumors having low levels of FASN expression

(patients 4 and 5) had an overall increase in

20

25

30

polyunsaturated species and a reduction in mono-unsaturated
species, as compared to matching normal tissue. However,
the tumors with increased FASN expression (patients 1, 2 and
3) showed the reverse: there was a consistent increase in
mono-unsaturated acyl chains and a decrease in
polyunsaturated species in tumor tissue, as compared to
matching normal tissue (Figure 2B). These data support our
findings with the lipogenesis inhibitor soraphen and provide
in vivo evidence that tumor-associated lipogenesis increases

the saturation of phospholipids in human tumors.

Conclusion
In conclusion these data indicate that de novo
lipogenesis in cancer cells provides cells with saturated

and mono-unsaturated acyl chains, which replenishes the



25 tissue or cells were honmogenized in 1.6 m of 0.1 N HC1l:CH3OH 1:1 (v/v).
CHC13 (0.8 m) and 200 pg/nml of the anti-oxi dant

2, 6- di -t ewO-2butopssod- net hyl phenol (Sigma) were added (M Po@/EPR01AI05193R006) .
After addition of the |ipid standards, the organic fractions were collected
by 30 centrifugation at 200 g for 5 mn. Sanples were evaporated and
reconstituted in CH3OH CHC13: NHAOH (90:34): 1. 25, v/v/v) and the |ipids were
anal yzed by el ectrospray ionization W 2011/098509PCT/ EP2011/ 051936 - 34-

t andem masscSPes ty DI tahd ESle Maioh <ot 2 bkl duguadedpeh ¢ hheakskon trap
mass spectronmeter (4000 QTRAP system Applied Biosystens, Foster City, CA)
equi pped wi ERE a FOBBELESNaR6RIEW | OF siACE MW on® Bi 0BEPEREES}PITRe

syst em was af of i ndivi dual
species. Da %Pﬁgé@%gl 2’%@%@ %gl\%ﬁ?%&% ggy %H%/e ﬂt)@(;Pt he control sanples
(untreated cells or natched normal tissue) and were presented as heat maps
using the Heatmap Buil der software (Cifton Watt, Stanford University,

USA) . 10 RESULTS To study the inpact of tunor-associated de novo

|'i pogenesi SE:Qéln%Eé' gl aMdaliad iSRS | b Ohovee 1tikRRyeifé diNCaih pp@ége&eeﬁ
cancer cellS have high |ipogenic activity, with soraphen A a known
i nhi bitor wamgstycaénla gﬁﬁemtﬁ sy Betirbe sparagpterso@psogigtiast t t@naof

fatty acid h genesi s was confirmed by
2-14C—acetarﬁ")'(Pé £@¢%%?%£9 ?ﬁg%%?%gf§%¥8%%§%%sequentIy, total cellular
lipid extracts were subjected to el ectrospray ionization tandem nass
spectronetr%%é_SI-NB/NB in order to analyze all of the nmjor intact
phospho(ﬁpl 3%£%¥%SAN RS i n figure 1B, there were dramati c changes
in the indiydfilat,2bupbospdatidytrdets ne (PC) species. Soraphen treatment
substantially decreased the PC species with one degree of unsaturation up
to four-fold. SinEecPExspecied with two unsaturations can represent
nol ecul es with two nono-unsaturated chains, as well as nolecules with one
sat ur at ed

Analysis of Intact Phospholipid Species by ESI-MS/MS

15 See example 1. For the palmitic acid —rescue
experiments, palmitic acid (Sigma, St. Louis, MO) was
complexed to fatty acid-free bovine serum albumin (BSA)
(Invitrogen, Carlsbad, CA), as previously described
(Brusselmans et al., 2005).

20
Lipid Peroxidation Product Assay

Equal amounts of cells were scraped in ice-cold PBS,
kept on ice for 15 min, and then sonicated (10 bursts).
After centrifugation at 3,000 g for 10 min, the supernatants

25 were analyzed using a lipid peroxidation assay kit (Oxford
Biomedical Research, Oxford, MI) that quantifies the amount
of malondialdehydes and 4-hydroxyalkenals, which are

generated from fatty acid peroxide decomposition.

30 CD36-binding Assay
LNCaP cells were cultured in the presence or absence of

soraphen and/or palmitic acid for 72 hr. The cells were



30 and one doubl e-unsaturated chain, soraphen treatnent had an anbi guous or
m nor net effect on these species. Overall, the |l evel of PC species with
nore unsaworat/s®9 (>t hree) was WO 2011/ 098509PCT/ EP201 PCOEPIBG/051336
increased up to eight-fold, depending on the species. The shift towards

pol yunsaturation could al so be detected when |ipogenesis was inhibited in
22Rv1 cells, another |ipogenic prostateycancer cell line (data not shown).
5To assess whet her the |ipogenic phenotype of cancer cells is also

associ at ed mphsad tacHessedosatyr abironoofiphosphohspivdseci Rrvb¥onipeast ate
tunor specinmens and normal matching control tissues were anal yzed for

over expr essth oogdd yiddi dedyntRas&cCFABN) Oy westtéih (%6t dnal y$hs, and
the 10 phosPQ@%igﬁdLﬁ&QE'E%ﬁﬁ@er@d&§§9rp@q- J@%??%ﬁHée @eﬂ@f%gﬂg cpBLched

sanpl es (tunor versus control) sho a substanti over expressi on of FASN
in tunor tisseée @FingurEel2Ar Ahalcysi-§ ofellhe, phbsphohiepied conpasdidi on by
ESI - M5/ M5 deponstr at ed dramatically different profile for PCin . the 15

i pogent’s (EMETS, Gt Sonped At HeHOITH5ohe HECT: uftor SCCFT GUFESSBY.
Turors havi agnh & owidevebspob) FASN texpressicofn (et £idsody apd-6) r hagdran

overall increase in polyunsaturated species and a reduction in
mono- unsat U@t kd (HPEdi esinasy cmnvariedd obwattehi Agorde malUndvsxife.tHoRéver ,

20 the tumgs, wiip |ncgeased) FASN expnession (patients, by 2 ang

o f‘ A
the reverse: therée was a consistént T ncrease in nnno-unsé%urate acy
chai ns and rpPeQnefsen ifopdl yunsat arated Fpecireexterisurer whisdsue, aie
conpared to matching normal tissue (Figure 2B). These data support our 25

findi ng¥ wi tHItHEST i 'Hobenkested idiH BiteieSor dpienh [ARd SHF6VCGe SEAGVE T

evi dence t hate t wmn-BS39G.at gdel iippgenesi-s LAcrgases theat vhathonopf
phosphol i pids in human tunors. Concl usion 30In conclusion these data
i ndi cate t hatfdeanovoSin pogedestd) in cancer cells provides cells with

saturated and nono-unsaturated acyl chains, which replenishes the

Determination of Flip-flop Rate and Doxorubicin Accumulation

15 To measure the flip-flop rate of doxorubicin, cells
were treated with soraphen or vehicle for 72 hr. During the
last 24 hr of treatment, 10 M of NBD-
phosphatidylethanolamine (NBD-PE; Invitrogen) was added.
Verapamil was added at a concentration of 100 uM 1 hr prior

20 to harvesting the cells by trypsinization. The doxorubicin
flip-flop rate across the plasma membrane was measured as
the reduction in fluorescence of NBD due to quenching of
NBD-PE by doxorubicin (Regev et al., 2005) (See Supplemental
Methods for details).

25 To visualize the intracellular doxorubicin
accumulation, doxorubicin was added at a final concentration
of 10 uM. After 30 min, the cells were analyzed using a
fluorescence microscope (515 nm longpass emission filter)
and the LIDA software (Leica Microsystems GmbH) .

30 To measure doxorubicin accumulation fluorimetrically,
cells were exposed to 10 pM of doxorubicin for 30 min,

washed in PBS, lysed in 0.3 M HC1l in 50 % ethanol (v:v), and



WO 2011/ 098509PCT/ EP2011/ 051936 -36- cells wi th nmenbrane conponents and
simul taneously increases the relative degree of saturation of

phosphol iwoas11/q98d09i cul arly that of Phosphati dyl chol i ne PCPEP20153/0E9a6pl e 2:
Modul ati on of de novo |ipogenesis in prostate cancer cells affects nmultiple
parameters associated to a nore aggressive |ipogenic phenotype 10 MATERI ALS
AND METHODS Cel | Culture and Treat ment sySee exanple 1 Analysis of Intact
Phosphol i pi d Species by ESI-MS/ M5 15 See exanple 1. For the palmtic acid

rescue expegdfent sugpadl it igoacig ((8rgma, Stn. Loutise MIuoras comd exed to
fatty acid-free bovine serumal bumn (BSA) (Invitrogen, Carlsbad, CA), as
previ ousl y deserilbeel( Bras Jiareeta talan, SX905Rt 120 pRged ePatbxPdat Pon

Product ASSQ%O?D%SanEQHﬁgsgggu9£§mﬁf ?%%l? (10 %%ﬁagﬁg %?tﬁﬁglggkgdeS

kept on ice m n t hen soni ur st

centri f ugatmedi atwdy ©08ugp fenedOedi i th hea supeinadands 25 were anal yzed
using a I|p| d peroxidation assay kit (Oxford Bionedi cal Research, Oxford,
M) t hat guantifies the anount of nal ondi al dehydes and 4- hydroxyal kenal s,
which are geael apesehrogadptty acid peroxide deconposition. 30 CD36-bi nd| ng

Assay
At the indicated time after exposure to soraphen

and/or other compounds, the adherent and floating cells were
collected by trypsinization and centrifugation and both cell
10 populations were combined. The viable and dead cells were
counted using the trypan blue dye exclusion assay, as

previously described (De Schrijver et al., 2003).

Statistical Analysis

15 The results were analyzed by one-way ANOVA using a
Tukey post hoc test. P-values <0.05 were considered to be
statistically significant. All data presented represent

means = SE, as indicated in the figure legends.
20 RESULTS

Modulation of De novo Fatty Acid Synthesis in Cancer Cells
Affects the Susceptibility of Cellular Membranes to Lipid
Peroxidation
25
Saturated and polyunsaturated acyl chains dramatically
differ in terms of their structural and physiochemical
properties. One of the key differences is their
susceptibility to peroxidation. In this process, free
30 radicals extract electrons from lipids in cellular
membranes, which leads to the formation of oxidized lipid

species. These 1lipid species have important biological



LNCaP cells were cultured in the presence or absence of soraphen and/or
palmtic acid for 72 hr. The cells were WO 2011/ 098509PCT/ EP2011/ 051936
exposed twOHRO2EBIOpPM) for 30 min. Cells were trypsini ret/Exea1loaiyes ed wit h
Cell Tracker Dye Orange CVRA (C34551). The | abeled LNCaP cells (1.5 x 105)
wer e subsequently | ayered over a nonol ayer of COS-7 cells, which were
cultured on 5 glass coverslips and trangfected with a CD36-encodi ng
construct (pCD36) or the corresponding enpty vector (pEFBOS) (both kindly

provided byficdhoffeandnhyersitymofeNeveagthee Austrahha)erCekhstweee
co-cultured in 1 mM of RPM nmediumfor 1 hr at 37 C. After extensive
washi ng, th%rcl@u%‘éﬂituré%c%dé@émﬁi xed2 apddi rhgedydThe f I(MBRescente signal of

the Cel I Tracker, §1 ?vll/% p&haﬁder{‘gbn@%%%eﬂ%%ﬁﬁ% %%EW@& rg§%@)d‘]ose’

Det er mi hat | 0 xor ubi ci n “"Accurul at
rreasure t heat | hpghl d)pveabe ®fe1¢hax1@|eurb|amd1 Heehdistawer e20 0 @at Bdbwnbdhiisbr aphen
or vehicle for 72 hr. Duri the 4 hr of treat dﬁ]se) 10 pM of
NBDphosphat #8y1 &t-Haiot i r]rg%( NBDSI5 rleIl ‘'t r 8§end wasng & VefSpahi'f was

added at a &wﬁggr@ﬁ@tmrb@éwé&{) RMBl Db RId0h 2Bt @ yhanvesthng gheugel I's by
trypsini zation he doxorubicin flip-fl og rate across the plasma nenbrane
2]

was neasur edrascihel¢ebutty ohciativeorescraceabiraBeddaeyt ocgaenehiphg of

NBD'PE by §§¥95|§%%% u%%h 1hﬁt % B?g %?éa%? g. S%%R&? @) t%hrw%ggggﬁgfor

details). alizet |ntrace oxorummacu
doxor ubi ci ntiwas addetaatona bifnalke cencemataty o iof s’LjZ)nMegﬁctst etn36am:ar t he
cells were anal yzed using a fluorescence m croscope (515 nm | ongpass

em ssioff fifeety arff el DAL t Wi (Cei c&MEEGsysEEMETEEH) . 3B%0

measur e doxgk Lbi ¢k N @ELLy! At on il uer hH’eEIEéC;é’flds)bhc?lelﬂl%é’\%rfec%@g%g to 10
pM of doxorubicin for 30 mn,” washed in PBS, 1Tysed in 0.3 MHCL in 50 %

et hanol (v: mmbamsm@masmmm@mmxm ©038this metabolic
pathway affected the susceptibility of cancer cells to

radical-induced lipid peroxidation. INCaP cells were
15 treated with soraphen for 3 days and then exposed to H;0;.
The products of lipid peroxidation were colorimetrically
measured. Soraphen treatment significantly increased the
levels of lipid peroxidation products (Figure 3), which was
consistent with the shift towards phospholipid
20 polyunsaturation observed with soraphen treatment.
Treatment with exogenous H:;0,, which produces higher levels
of free radicals, induced a further increase in peroxidation
products, indicating that soraphen mediated a sensitization
effect. Interestingly, partial replenishment of saturated
25 acyl chains by supplementation of the medium with exogenous
palmitic acid largely reversed these changes, supporting the
idea that enhanced lipogenesis renders cancer cells less
susceptible to lipid peroxidation by limiting the degree of
phospholipid polyunsaturation.
30



centrifuged at 700 g for 5 m n. The fluorescence of doxorubicin was neasured
at an excitation wavelength of 490 nm and an em ssion wavel ength of 580 nm
VWher e i ndwoavadsivedi a were suppl enmented with pal mtic &cirdr2&1@81986 Deat h
Assay At the indicated tine after exposure to soraphen and/or other
conmpounds, the adherent and floating cells were collected by trypsinization
and centrifugation and both cell 10 popy.ations were conbi ned. The viable
and dead cells were counted using the trypan blue dye exclusion assay, as

previously peseibveedrd Bey Sakid) Vefniiesis , A2€83ts ArBE-Siddidthabysis
15The results were anal yzed by one-way ANOVA using a Tukey post hoc test.
P-val ues <OR®SOGR}BiewRf dearee¥ LCoElStatistically significant. dat a

Al |
presented represen - indi ¢ in 4t figure le d
RESULTS Modul ati%ﬁi% %ﬁ%@%ﬁ%@l@cﬁﬁ g/%nlt uelﬁr}gnﬁelﬁn“g’%gﬁlggr 4% F%O)@f ects
t he Suscepttdidrideraf aCebhtibamabMenheanesatge Lilpdtd PRerawd datiidanedbacyl
Saturated and pol yunsaturated acyl chains. dramatically differ, in terns of
Chel 1 s uctit SRS and BHS: GEifont LBR et 1 Pobtotng ofclithenkBy Ul PPeFences
is their susseptihd|ityotonPepoxhdaty08outnehhi sophosessneteeend?d radicals
extract electrons fromlipids in cellular nmenbranes, which |eads to the

formati on ofuxidizeds| ¢pileoepees esat Thesere¢rpidispeti ésohade i(Hpsebant

bi ol ogi cal 2008) . Exposed <cell surface oxidized phospholipids,

particularly the oxidized PC species, may be recognized by
10 the scavenger receptor CD36. This receptor is expressed for
instance on innate immune cells that are involved in the
surveillance of host tissues and in the clearance of
damaged, senescent or apoptotic cells. Since we determined
that inhibition of de novo lipogenesis in cancer cells
15 increased the degree of polyunsaturation of phospholipids
and their susceptibility to peroxidation, we examined
whether modulation of lipogenesis affected the recognition
of cancer cells by CD36-positive cells. LNCaP cells either
cultured in the presence or absence of soraphen, were
20 overlaid onto COS cells that had been transfected with a
CD36-expression construct (pCD36) or an empty vector (pEF-
BOS) (Thorne et al., 1997). After extensive washing, the
bound LNCaP cells were counted. As demonstrated in Figure
47, soraphen treatment followed by a brief exposure to Hy0;
25 substantially increased the number of CD36-bound LNCaP
cells. Addition of exogenous palmitic acid counteracted
these effects. These findings suggest that tumor-associated
lipogenesis limits the exposure of oxidized polyunsaturated
species on the cell surface by enhancing the degree of
30 saturation of membrane phospholipids, particularly that of
PC. This response may minimize the recognition of tumor

cells by CD36-positive cells and may potentially facilitate



WO 2011/ 098509PCT/ EP2011/ 051936 -39- functions and nmay ultimtely degrade
into smaller reactive products including nmal ondi al dehydes (MDA) and 4-
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(Dei ni nger and Hernetter, 2008; Rabinovich 5 and Ripatti, 1991; Schnei der
et al., 2008). As the hydrogens in between double bonds in nethylene (CH2)
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t hat soraphe | ated-a ktizati f.f ect terestingl partial,
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W t h exogenbushpat it t iedatdedmbacgel y 200%er Jacthdt hesea chang@s? ; smppor etng t he
i dea that enhanced |ipaogenesis renders cancer cells | ess susceptible to
li pi d pEr oxidat i o by ITHtIHEIHE dégiced 16 erbdpréPrp 8opbt ¢insat Gfat i on.
WD 2011/ 098509RGT) ER20LL051936 rr40+ cDer ROV Fat t ¥, AC) d, Syatbesi s Af fect s
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in cellul artoepbradagsvar etkrewnindugrdercgd la dsarifor nethenadtchangd¥CeRat
forces oxidiz acyl 5.chains _to.protrude fromthe interior of the
hydrophobicc%gg%r%%%ei% o %er%%}%?a%ﬁu%%ué“%ﬁ%ngﬁﬁénFe&EeggthéybESn
function aspeadogenaust patdrersw raetegninbir@adl i;ganese { Hed ethe i2008).t nEXposed
cell surface oxidi zed phospholipids, particularly the oxidized PC species,
may be F%co@%$§%%s%thoﬁfﬁe s%%v@ﬁ@@ﬁsFééEBQOPYCGGQHNWhi%lQ%céEﬁéﬁlpg
expressed foF; 4nst ange, Onr}ogat ecrapUe,ceb! Sobhiat bechng! ugdobaokle
surveillance of host tissues and in the clearance of danmaged, senescent or
apoptotic ceklsit8tncecwe.det edmtreestthatyliyahi bittdron Wie denmdvan| i pegenesi s
I h cancer C§$églemented.with a mixture of saturated and polyunsaturated

fatty acids, the rescue effect was much less pronounced.

20 Overall, these data support the idea that increased
lipogenesis protects cancer cells from oxidative stress-
induced cell death by changing the extent of saturation of

cellular membranes.

25 Tumor-associated Fatty Acid Synthesis Affects the Uptake and
Response to Common Chemotherapeutics

In addition to its effect on 1lipid peroxidation,

modulation of membrane lipid composition is known to have a

major impact on the mobility of membrane components

30 (Rabinovich and Ripatti, 1991; Stillwell and Wassall, 2003).

Transversal mobility of membrane components, also referred

to as flip-flop, occurs at a low rate unless it is
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wer e counteracted by exogenous palmtic acid. Interestinagly, whe e
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Monitoring of NBD quenching indicated that soraphen induced

20 a six-fold increase in the flip-flop rate of doxorubicin
(Figure b5A). These effects were not caused by indirect
effects of P-glycoprotein which pumps hydrophobic molecules
such as doxorubicin out of the cell, since similar results
were obtained 1in the ©presence of the P-glycoprotein

25 inhibitor verapamil (Figure 5A). The increased flip-flop
rate was accompanied by a significant increase in the
intracellular accumulation of doxorubicin, as assessed by
fluorescence microscopy and fluorimetric analysis of
cellular extracts (Figure 5B). Addition of exogenous

30 palmitic acid counteracted the effects of soraphen (Figure
5B). Soraphen treatment markedly sensitized LNCaP cells to

the cytotoxic effects of doxorubicin, which was consistent



30 (Rabinovich and Ripatti, 1991; Stillwell and Wassall, 2003).

Transversal nobility of nmenbrane conponents, also referred to as flip-flop,
occurs atwea2boves@be unless it is WO 2011/ 098509PCT/ EPPOTHPO&H103B36 4C-
facilitated by specific transporters. However, for certain exogenous
conpounds i ncludi ng commonly used chenot herapeutics, such as doxorubi cin,
passive flip-flop is a major nmechanismgf entry into the cells (Regev et
al., 5 2005). Since treatnent of cells wi th exogenous pol yunsaturated fatty

aci ds is knpwah tendrionmies ddie uphaka 0f i doxar ubikeiripibavi €8 ebraphenl999),
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quenchi ng O?GKED%FIaGQr Steficé™niléhIrgec Eﬁ}tt i%reats%%?cqnéﬁritonwalg
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transl ocates to the inner |eaflet, further quenching of NBD is observed

(Regev et afell2008pcribArtoringg liﬁtENBDfqGéﬂiéh|df@ﬁkhd¢@aﬁﬁﬁrt>hama§©&aphen
i nduced 20 a,si x- ﬂ(ﬁléjrﬂ&cé ecaseffe W%Sf IS| %@t tea%f ggégrtggl SI n (Figure
cf by gt ef-

5A). These e fects we cause In ects o ycoprotein
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si nce si mlar results were obtained in the presence of the P- choprotel n

25 i nhi Bi t orverapanids (§4 dur'e BAL: TREOTHELEASE G OFPPBER dFOrdretiad’

acconpani _ed2@y1aa§1|0gn1@.§Ent diper ease d nidhebntr aceld U't@lranac_@u”u' apbon of
doxorubi cin, as assessed by fluorescence mcroscopy and fluorinetric

anal ysi s ofcemblingaroext naetls (R gurtee 5Byan@ddi £i oreme@xt@getnouéll 301M

pal mtic acid cougteract Epa effecﬁts of sor phen ure 5B gbaghen
ize

treat nent narPkedry sehsi 1N R 9% St hE eyt otg RrE9aptatt

doxor ubi ci ng w1 ch \r@s3)corr$ﬂa9daenhotV\Qk2&ariL)/ 098508¢CT] &P2QF1/ 8239360143-
with the increased accumul ati on of doxorubicin in soraphen-

15 palmitic acid counteracted these effects and largely rescued
the cells from death (Figure 5C). Similar results were
obtained with the prostate cancer cell line 22Rv1l (data not
shown) . Collectively, these data indicate that de novo
lipogenesis in cancer cells affects the uptake of

20 chemotherapeutics and modulates the response of cancer cells

to these agents.

DISCUSSION
In summary, the findings from examples 1 and 2
25 demonstrate that cancer cells become more autonomous in
terms of their lipid supply and simultaneously shift their
lipid composition towards increased saturation by activating
de novo lipogenesis. Furthermore, said tumor-associated
lipogenesis confers a significant advantage to cancer cells,
30 as it helps them to survive both carcinogenic- and
therapeutic-mediated insults. Therefore, phospholipid

profiling makes it possible to identify lipogenic, more



treated cells and their increased susceptibility to cell death. LNCaP cells
grown under standard culture conditions were fairly resistant to
doxor ubi cwo-20ndys®d cell death (8 %5 cell death at 4 pRCT(EP2@QU0E195C) ,

pretreatnment with soraphen,

cells,

ef fect was synergistic,

but
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increased the rate of cell death to approximtely 50% This potent

as assessed usifpg the Conbination Index (Cl) nethod
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strongly synergiespleo{pldsTukaDi@}. (data not shown). Addition of
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the cells fromdeath (Figure 5C). Simlar results were obtained with the
prostate cancer cell line 22Rvl (data not shown). Collectively, these data
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patients making use of PC, P PS and PI profiles

Tissue collection

Prostate tumor tissues and matching normal samples were
obtained from 14 patients who had undergone a radical
retropubic prostatectomy for localized prostatic carcinoma
Prostate tissue specimens were taken using a 6 or 8mm
diameter punch biopsy instrument. Samples were snap-frozen
in liquid nitrogen and stored at -80°C for lipid, protein
and RNA extractions. Normal and tumor tissues were
identified by histological analysis of areas adjacent to the
tissue that were embedded in Tissue-Tek OCT (Miles Inc,
Westhaven, CT.) Serial sections were processed for
hematoxylin and eosin staining. The cancer samples were
evaluated for their Gleason scores and the percentage of

cancer they contain was estimated.

Determination of DNA concentration

Determination of the DNA concentration is used to normalize
the amount of standards and running solution added to the
samples used for lipid analysis. Samples were sonicated and
diluted in homogenization buffer (5x10-2M Na2HPO4/NaH2P0O4
buffer pH 7,4; 2M NaCl and 2x 10-3 M EDTA). Herring sperm
DNA (Promega, Madison, WI; 0-5ug DNA/125ul) was used to

create a standard curve by making different dilutions in

16030 Phpephbesipid prodidahgcdld samféeedndédeguptipkesfof 20
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of the BNA concentration is used to normalize

Lipid extraction

Lipid extracts of the samples were made by homogenizing
approximately 40mg of tissue in 800upl PBS with a Dounce
15 homogenizer. An aliquot of 100ul was set aside for DNA
analysis. The remaining 700ul was transferred to a glass
tube with Teflon liner and 900ul 1IN HC1l:CHsOH 1:8 (v/v),
800ul CHCls; and 500ug of the antioxidant 2, 6-di-tert-butyl-
4-methylphenol (BHT) (Sigma, St. Louis, MO) were added. The
20 appropriate lipid standards were added based on the amount
of DNA of the original sample (per mg DNA: 150nmol PC 26:0;
50nmol PC 28:0; 150nmol PC 40:0; 75nmol PE 28:0; 8,6lnmol PI
25:0 and 3nmol PS 28:0). After mixing for bmin in a rotary
shaker and phase separation (high speed centrifugation at
25 17300g, for b5min at 4°C), the lower organic fraction was
collected using a glass Pasteur pipette and evaporated using
a Savant Speedvac spdlllv (Thermo Fisher Scientific,
Waltham, MA). The remaining lipid pellet was stored at -
20°C.
30



t he amount of standards and running solution added to the sanples used for
i pid anal ysis. Sanples were sonicated and diluted in honogeni zati on buffer
(5x10- 2M Wa2hR@esMaH2PO4 30 buffer pH 7,4; 2M NaCl and PXTHEP2@1NFEBTA) .
Herring sperm DNA (Promega, Madison, W; 0-5pg DNA/125pl) was used to
create a standard curve by making different dilutions in WO

2011/ 098509PCT/ EP2011/ 051936 honogeni zajd.on buffer. Next, sanples were

i ncubated for one hour at 37C to inprove lysis. Thereafter, 2pg/ nml Hoechst
33258 reagemisé @pdéoehastrya Jolla, CA) was added. 5 DNA content of the
sanpl es and the herring sperm DNA were neasured using a fluorineter
(Fluostar SLT, BMG Labtech, O fenburg, Germany). Excitation: 355gqm

em ssi on: T ach. |.cu n the
Gat o of |t he. S Siar G a6 =10 LI BG: ext’ aorT o L b 4 okt acr S of rha
sanpl es weren madenbyghemigenion ngCEyepr: cxiCiat BHOH0NY0 0f0t1 s83hie wrivd00pl PBS
wi th a Dounce 15 honogeni zer. An aliquot o was set  aside for

% 00p1l . DNA
anal ysi S, THEPT MBI RNy FE0FTRAS Pransfert €d'd & Td I S5 SWPERPTES | on
liner and 900pl AMHGI GBEH 158/ 11 \Ona)808R1 LHCL2 sand r200pg 19hcthey
antioxidant 2,6-di-tert-butyl- 4-nethyl phenol (BHT) (Sigma, St. Louis, M)
wer e added.eetrospray ionization tandem mass spectrometry (ESI-MS/MS)
on a hybrid quadrupole linear ion trap mass spectrometer
(4000 QTRAP system; Applied Biosystems, Foster City, CA)
10 equipped with an Advion TriVersa robotic nanoflow/ion source

device for automated sample injection. (Advion BRiosciences,

Ithaca, NY). Before measurement, samples were diluted in
running solution. A dilution of 1/30 was wused for
measurement of the phosphatidylcholine (PC),

15 phosphatidylserine (P3) and phosphatidylinositol (PI)
species. For analysis of phosphatidylethanolamine (PE)

species a 1/3 dilution was used.

PL profiles were recorded in positive and negative ion scan
20 mode at a collision energy of 50eV for precursor (prec.)
184, 35eV for neutral loss (nl.) 141, -40eV for nl. 87 and -
55ev  for prec. 241 for PC, PE, PI and PS species
respectively. For quantification of individual species the
system was operated in the MRM mode. Typically, a 3min
25 period of signal averaging was used for each spectrum. Data
were corrected for carbon isotope effects and are expressed
as the percentage of total measurable PL species of the same
PL family. Only the PL species which account for more than
0,1% of the total amount of measured phospholipids of the

30 same family are shown in the graphs.
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profil es wesetersobded isupbsidi ven anrd miegabirvey datacano20 ropaecdtsa
collision energy of 50eV for_precursor (prec.) 184, 35eV for neutral |oss
(nl.) 141, Z%%V fofin: B é‘g@l&gSBeV for prec. 241 for PC, PE, Pl and PS
speci es respectively. For quantification of individual species the system
was operated in the MRM node. Typically, a 3mn 25 period of signal

averagi ng was used for each spectrum Data were corrected for carbon

i sot ope ef fRESBLEHd are expressed as the percentage of total neasurable PL
species of the same PL famly. Only the PL species which account for nore
than 0,1% of the total anobunt of neasured phospholipids of the 30 sane

famly are chevictdridei 8 apPStumor specimens

To study changes in PL profiles in cancer tissue versus
normal tissue and among tumor tissues of individual
patients, approximately 40mg of prostate tumor tissue and
20 adjacent normal prostate tissue from 14 prostate cancer
patients, who had undergone a radical retropubic
prostatectomy for localized ©prostatic carcinoma, was
obtained. All tumor tissues were verified by histological
examination to consist for at least 80 percent of tumor

25 tissue.

Optimization of the phospholipid profiling procedure

To look at intact PL species we used a mass spectrometry-
30 based approach that was developed in house in collaboration
with Prof. R. Derua and Prof. E. Waelkens (Department of
Molecular Cell Biology, K.U.leuven). This procedure was

based on a protocol described by Brigger et al [Brugger, B.,



WO 2011/ 098509PCT/ EP2011/ 051936 -47- Cluster analysis Custering anal ysis
was carried out by using a centroid |inkage clustering algorithmof the
Cluster 3wO2eufws@pe [Ei sen, MB., P.T. Spellmn, P.O BCoO@P201a06198%
Botstein, 5 Cluster analysis and display of genone-w de expression
patterns. Proc Natl Acad Sci U S A 1998. 95(25): p. 14863- 8.1. The
clustering results were visualized usingg.the Java TreeView 1.1.5. software
[ Sal danha, A.J., Java Treevi ew- extensible visualization of mcroarray

dat a. Bi oi nfor mati£sen 102004. 20(ldhsrH. 3246r.8. | wiRESHETS 19nd  w.D.
Characteristics of tunor specinens To study changes in PL profiles in

cancer tisshehyersuguaoF hbd L1 VS sued and! arnd s dls e rena adryrdual
patients, approxlmatgl %#fé%m%f%f RLOST 8 JEHHBLeEéé%SsgPQ Zgoﬁggégggk

normal prostate tisSsue prostate cancer patient er gone
a radical retndpubmnespr epbateotmeny i oProacdlatZedqaadsiat i€ cahci 1G¥A,. was

oo 1o b TEE, TS e S SR gheg 8, memanien t
J. Forrester, and H. Alex Brown, Lipidomics: an analysis of
cellular lipids by ESI-MS. Methods, 2006. 39(2): p. 92-103.]
and was adapted for wuse on an ABI 4000 QTRAP mass
spectrometer equipped with a Triversa robotic nanoflow/ion

10 source device for automated sample injection.

As this protocol was developed for PL analysis of cultured
cells, we adapted it for use on clinical samples. Briefly,
the homogenization procedure was optimized by varying the
15 amount of starting material and by modifying the procedure
(number of strokes) for Dounce homogenization. The MS
procedure was optimized by varying the dilution of the lipid

extracts.

20 Phospholipid profiling of prostate cancer tissues and

matching normal tissues

In order to detect individual classes of phospholipids
directly from total lipid extracts in a shotgun approach,
25 different precursor ion and neutral loss scans were run in a
tandem mass spectrometric (MS/MS) analysis. This approach
enables to focus on specific classes of lipids, reducing the
complexity of the spectra, and eliminates baseline noise.
Four major PL classes were analyzed: PC, PE, PS and PI. PC
30 species were detected in positive ion mode in a precursor
scan for m/z 184, corresponding to the phosphocholine head

group peak after fragmentation in MS/MS mode. PE species



Optim zation of the phospholipid profiling procedure To | ook at intact PL
speci es we used a nmass spectronetry- 30 based approach that was devel oped
i n house Wo 200ld9sdwor ati on with Prof. R Derua and Prof. PET/ERa@i1}081936
(Departnent of Mol ecular Cell Biology, K Uleuven). This procedure was
based on a protocol described by Brugger et al [Brugger, B., WO

2011/ 098509PCT/ EP2011/ 051936 -48- G Erhgn, R Sandhoff, F. T. Wel and, andW D.
Lehmann, Quantitative anal ysis of biological nenbrane |ipids at the | ow

pi conol e | eyete e hanEEIECELHOIPEAYN-OAHZAEHON: & AREEM PBSS SPECLLeARENY.
Proc Natl Acad Sci U S A, 1997. 5 94(6): p. 2339-44.] and MIne et al
[M I ne, i megitovaieddiper rest eron an@ THESROEL1BEoWRS Ll déri-cs©Tan
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and was ad use on an mass spectroneter equi pped
with a Triverda sodoticr nahodT owhid oprd®. sodir cereegvéceitolyaut omat ed sanpl e
i njecti on.

Quantification of species was done in multiple reaction

monitoring (MRM) mode, after isotope correction, focusing on

the most abundant PL species.

10 For optimal identification of the degree of unsaturation,
amounts of lipid species were not expressed in absolute
values but rather as the percentage of all measurable
species within one class of phospholipids (e.g. PC). To
avoid errors due to differences in ionization efficiency,

15 differences in the percentages were indicated as a ratio of
values in cancer tissue compared to matching normal tissue.
A log2 scale was used to equalize differences in both
directions (increase and decrease). To avoid errors due to
background noise species accounting for less than 0,1% of

20 the total intensity of all species of one PL family were not

taken into account.

Relative changes in PL species 1in prostate tumor versus
normal prostate tissue from the 14 prostate cancer patients
25 were determined. Marked differences were observed in PL
profiles in 13 out of 14 patients. Interestingly, different
patterns of changes were observed among different patients
(data not shown). Some changes (e.g. an increase in PS 40:8)
were observed in all patients. Most other changes were
30 restricted to specific subsets of patients (e.g. increase in
PE 38:0). To better reveal differences and similarities in

PL profiles among the different patients, cluster analysis



As this protocol was devel oped for PL analysis of cultured cells, we
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and decrease). T4 aVoid errors due to background noi se speci es accounting
for less thancOud@%ofB (Fig. 6B) (patients 1, 2, 8 and 14) contains
15 tumors without a lipogenic profile
Patient 12 showed little change in PL profiles between
tumor and normal tissue and can not be classified within

cluster A or B.

20
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determining the relative expression level of at least 1
mono-unsaturated phospholipid; and at least 1 poly-
unsaturated phospholipid, in tumor sample versus
normal; wherein an increase 1in relative expression
level of said mono-unsaturated phospholipids and a
decrease in relative expression level of said poly-
unsaturated phospholipids is indicative for a more

aggressive lipogenic phenotype.

2. The in vitro method according to claim 1, further
comprising determining the relative expression level of
at least 1 saturated phospholipid; in tumor sample
versus normal; wherein an a decrease in the relative
expression level of said saturated phospholipd, an
increase in relative expression level of said mono-
unsaturated phospholipids and a decrease in relative
expression level of said poly-unsaturated phospholipids

is indicative for a more aggressive lipogenic phenotype

3.An in vitro method for determining the lipogenicity of
a tumor in a subject, said method comprising;
determining the expression level of at least 1 mono-
unsaturated phospholipid; and at least 1 poly-
unsaturated phospholipid, in tumor sample and normal
sample; and wherein an increased ratio of mono-
unsaturated versus poly-unsaturated phospholipids in
tumor sample compared to normal sample is indicative

for a more aggressive lipogenic phenotype.
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phenotype.

5. The in wvitro method according to claim 4, further
comprising determining the lipogenic profile of a tumor
in a patient; wherein a decrease in saturated species,
an increase in species with one or two unsaturations
(in both acyl chains together), and a decrease in PL
species with more than 3 unsaturations is indicative

for a more aggressive lipogenic phenotype.

6. The method according to anyone of claims 1 to b5,
wherein the phospholipids are selected from the group
comprising; glycerophospholipid, phosphatidic acid,
phosphatidylethanolamine, phosphatidylcholine,
phosphatidylserine and phosphoinositides.

7. The method according to anyone of claims 2, 5 and 6;
wherein the saturated phospholipids are the saturated
phosphatidylcholine species, selected from the group
comprising PC30:0, PC32:0, PC34:0, PC36:0, and PC38:0;
and/or the saturated phosphatidylethanolamines,
selected from the group comprising PE36:0 and PE38:0;
and/or the saturated phosphatidylserines selected from

the group comprising PS36:0, PS38:0, PS40:0 and PS42:0;



-56- CLAIMS 1. An in vitro nethod for determning the |ipogenicity of a
tunor in a subject, said nethod conprising; determning the relative

expr essi omolzeunalos®p at | east 1 nono-unsat urated phospholPCpiE®201an0619a¢ | east
1 pol yunsat urated phospholipid, in tunor sanple versus normal; wherein an
increase in relative expression | evel of said nono-unsaturated
phosphol i pi ds and a decrease in rel ati veg_expression |evel of said

pol yunsat ur at ed phospholipids is indicative for a nore aggressive |ipogenic
phenotype. 2. The in vitro nmethod according to claim11, further conprising
determ ni ng the fefladt vehexpressiaard emedspiataddy easds dt @t ur akedcted
phosphol i pid; in_tunor sanple versus nornmal; wherein_ an a decrease in the
rel ative expressfBil| ev@l PR aF A=At ¥t 2 edl phodphbl $H0 ardi REfealde in

rel ati ve expression | evel of said nonounsaturated phospholipids and a
decrease in relative expression | evel of said poly-unsaturated

phosphol i pi ds 8i.sThadicdtivedarrd mmie agyressdiecldpogenite ghehetygpe 3. An

in vitro nethod for determning the |ipogenicit f. a tunor .in a subject,
sai d nmethod conpriSi ng:"d&t éthihi g tH exﬁ?%%ﬁgﬁﬁiﬁﬁiéﬁ of “af Ieagggl
monounsat ur at ed phosphet i @rdshanthat | easf lwpehyussat upat edwphospheli pid,
in tunor sanple and normal sanple; and wherein an increased ratio of

nonounsat ur at ed Yef3ust pety- skl At e HesphASsicded A reindrRes drpre
conpared to nor i s pi-pdi.gat i a-pane -ag ive bj ni c
phenot ype. -57?@§T§€ﬂ?%ﬁ%itFgagégﬁodMggéggbtgggpﬁ?ﬁgg%ﬁ%§1%boggggg?fy of a
tunmor in a subjeet34shi dP@r4 Hod Roirli,sibig6 :det @CIiSnilng PCRE : ki, p8géni ¢
profile of a tunor iﬁ patient; wherein an increase in species with one or
t wo unsaturation%n?i C%%t *acyl chains together), and a decrease in PL
species with nore than 3 unsaturations is indicative for a nore aggressive
| i pogeni c phenotype. 5. The in vitro nmethod according to claimd4, further
conpri si ng detder MainRfFdfe ddqsegemic ter envPacopf aCtaumd? | rFoa SpahpEatn
wherein a decre [ ur I es j [ pecies w.th_one or
t wo unsaturatioﬁ@g izmﬁgéﬁu§%§?u§%§§%s ?%gg?%£$;§9§%d gr%ec?ggsem%thL
speci es w t h norensdanr St e seit o @it 4 onsy 1 sho htheat (@) fBC34: hore aggr essi ve
| i pogeni ¢ phenotype. 6. The nethod according to anyone of claims 1 to 5,
wherein the phospholipids are selected fromthe group conpri sing;

gl ycer ophosphalgi pihe phespbat ixdico A6 to anyone of claims 1 to 7,
phosphati dyl et hanol am ne, phosphati dyl chol i ne, phosphati dyl seri ne and

phosphoi nosi t i deghe 7e1Thehaeivdd ~aesertdivadg oo mame lofeiglsi ase 2pobvand 6

wherein the saturated phospholipi ar.e S rat phosphat i dyl.chol i ne
speci es, sel ect et %?%&#%%égggéagpg%ﬁﬁgyéﬁﬁélb%%%:gF%gC32§%ge€E§g:6?0%C36:0,
and PC38: 0; and/et¢ hesatpr abrepphosphat Pdyb et hanokarkpnesc3gelecbed4tnpm t he
group conprising_PE36: 0 and PE3 the saturate

8: 0; and/or d
phosphat i dyl ser i Hed® sl 48T Fr 6ntHé gFodp : confr 7 i hig H5536: 0, TP38340e,
PS40: 0 and PS42:€;3g8:5, pc38:6, PC38:7, PC40:3, PC40:4, PC40:5, PC40:6,
PC40:7, PC40:8, PC42:3, PC42:4, PC42:5, PC42:6,PC42:7,
PC42:8, PC42:9, PC42:10, ©PC42:11, PC44:3, PC44:4,
PC44:5, PC44:6, PC44:7, ©PCA44:8, DPC44:9, PC44:10,

PC44:11, and PC44:12.

11. The method according to anyone of claims 1 to 7,
wherein the poly-unsaturated phospholipids are poly-
unsaturated phosphatidylcholines (PC), selected from
the group comprising; PC36:3, PC38:3, PC36:4, PC38:4,
PC40:4, PC36:5, PC38:5, PC40:5.



WO 2011/ 098509PCT/ EP2011/ 051936 -58- and/or the saturated

phosphati dylinositides selected fromthe group conprising P134:0, P136:0
and P138:Wwo&1ifiessopet hod according to anyone of cl ains PCTEPZOMI0EIIE6 N

t henmono- unsat ur at edphosphol i pi dsar et he phosphati dyl cholines (PC) with one
or two nmonounsaturated fatty acyl chains, selected fromthe group
conprising, PC28:1, PC30:1, PC30:2, PC3g.1, PC32:2, PC34:1, PC34:2, PC36:1,
PC36: 2, PC38:1, PC38:2, PC40:1 and PC40:2. 9. The nmethod according to
anyone of clains 1 to 8 wherein the nono-unsaturated phospholipids are the
nmonounsat ur at ec .phmsphakicdypdc ot ¢ swesi {(PCroPGydne 10£ Tdieaimet had taccor di ng
to anyone of clains 1 to 7, wherein the poly-unsaturated phosphollplds are
pol yunsat ur at ed %%%%%ﬁ%tﬁﬁ?1cﬁ@ﬂVné§S€P€$at§éle%@%ﬁpﬁ?%ﬁ?% éﬁﬁhpthe

i sing; PC32;3;.,PC34:2, . o ne C36: 5,
o T Rt e g e s e

PC40: 6, PC40:7, PCA®: 8, PC42:3, PC42:4, PCA2:5, PCA2:6,PCA2:7,
PCA2: 8, PCA2: 9, PCA2: 10, PCA2: 11, PC44: 3, PC44: 4,
PC44:5, PC44: 6, PC44: 7, PC44: 8, PC44: 9, PC44: 10, PC44:11, and PC44:12. 11. The

met hod accordiing tthanyenecaf «dadididgt @o7,amhgiei Bt hel Pohy - unsat urat ed
phosphol i pi ds are pol yunsat urat ed phosphati dyl cholines (PC), selected from
t he group conpr|%¢%€91@céém3 mppggugsapeseted PEnEsRloPOARiY, PE36the

PC38: 5, PCAO:S. Q&é{@?ﬁé@@ﬁgﬁ%@é&/ Q%é?%féﬁ ok o h@wérexﬁ!}ﬂg—

according to anyone aims 1 to 7 wherein the poly-unsaturate
phosphol i pi ds ar@n$&mmxmﬁgdiﬁanmyw&nyﬁjqﬂaxnﬂuﬂsahdaﬂadifm@&.@Eé)g@63§:4 or

PC38:4. 13. The net hod accpr%éggoio any g p% clains 1 to 7 wherein the
nmono- unsat ur at ed” pRISphHoT ¥ pi Fe THS %ﬁ $phat i dyl et hanol ami nes (PE) with
one or two nonounsaturated fatty acyl chains, selected fromthe group

conpri si ng; PE32 1 and PE34: 2.
. The method according to anyone of claims 1 to 7,

wherein the poly-unsaturated phospholipids are poly-
unsaturated phosphatidylethanolamines (PE), selected
from the group comprising; PE36:4, PE38:4 and PE40:4.

15. The method according to anyone of claims 1 to 7
wherein the mono-unsaturated phospholipids are the
phosphatidylserines (PS) with one or two mono-
unsaturated fatty acyl chains, selected from the group

comprising; PS36:2, PS38:2, PS40:2, and PS42:2.

16. The method according to anyone of claims 1 to 7,
wherein the poly-unsaturated phospholipids are poly-
unsaturated phosphatidylserines (PS), selected from the
group comprising; PS38:4, PS40:4, PS38:5, PS40:5 and
P3538:6.

17. The method according to anyone of claims 1 to 7,
wherein the mono-unsaturated phospholipids are the
phosphatidylinositides (PI) with one or two mono-

unsaturated fatty acyl chains, selected from the group



14. The met hod according to anyone of clains 1 to 7, wherein the

pol y-unsat urat ed phospholi pi ds are pol yunsat ur at ed

phosphat ivwgl2etimassanm nes (PE), selected fromthe groupPcCompeéigiony3e PE36: 4,
PE38: 4 and PE40:4. 15. The nethod according to anyone of clainms 1 to 7
wherei n the nono-unsaturated phospholipids are the phosphati dyl serines (PS)
with one or two nonounsaturated fatty aqyl chains, selected fromthe group
conpri sing; PS36:2, PS38:2, PS40:2, and PS42:2. 16. The nethod according to
anyone of clains 1 to 7, wherein the poly-unsaturated phospholipids are

pol yunsat ur at ed @hﬂ@pﬁ@dﬁ@yl3f34f&5 K1P29):1 ,saelesst:ed fPrrom:thepgBeyp and
conprising;, PS38:4, P$S40:4, PS38:5, PS40:5 and PS38:6. 17. The net hod
according to any%%% of-clainms 1 to 7, wherein the nono-unsat urat ed
phosphol i pids are the phosphatldylln05|t|des (Pl') with one or two
nonounsaturated fatty acyl chains, selected fromthe group WO
2011/098509PCIBEPZU¥1/®51@36 66@onﬂﬁnyi3®ngny9h34<if PlL36mg, 1PI38: 1,

Pl 34: 2, PI36:2 aqg Pl 38: he net hod accordln to a one_of clainms 1
to 7, Mwmu1ﬂ%%ﬁyus&gégﬁ%ﬁ%ﬁﬁ%mJl Yihsat ur 8ted”
phosphatl dyl i noshhégesr4 g pk&%}ﬁﬁtﬁdﬂjlﬁmSI:LhﬁcQJSDlXFPIQQWB@l%UﬂQd Pr-36: 4 and
PI38:4. 19. The nmethod according to anyone of clains 1 to 7 wherein the
nono- unsat ur at ed-PRCEPHP | %@Iﬂ%“a?bmfheg%@lﬁ U@t of &t edl-
phosphati dyl chol i nes (PC) PC34:1; and wherein the poly-unsaturated
phosphol i pids are the pon-unsaturated phosphati dyl chol i nes( PC) PC36: 4

and/ or PC38:4.1920.THhemrehhdd accordimy to anywnes obfclaiawnd fo 9, 7
wherein the tunor_is selected fromthe gro i ro state cancer

b enst cancer - TUHGTC D! TS SFBRRCH SO ar RLBL GMTGHEAT LI o1 | g, - 2hE
oesophagus, bi adgefio- @58kt eaYE &Y o0l dhd Panes Bass red)nacand 15kkAg
preferably prostate cancer. 21. The nethod according to anyone of clains 1
to 20 further comﬁlif%wrng theea®alvngneréevrakadi vieh esiphebsy bhs orare the
phosphory. 2t onl aelyvallon ol One 0hoTRLe QLISLBhaREker So bl Bhacia
aggressi ve |ipogeni phen ype, in r sa ver sus nornal wherein
an increase in reh@tovePexpressi on of said one or nore other blonarkers, an
increase in relative expression |level of said nono-unsaturated
phosphol i pi ds, and a decrease in relative expression |evel of said

pol y-unsat urabed phoasphethpids cics rundiycatd Ven§Ofe acPDIE saggr essiyel o, - 61-
wherein the tumor is selected from the group comprising
prostate cancer, breast cancer, lung, colon, stomach,
ovaries, endometrium, liver, oesophagus, bladder, oral
cavity, thyroid, pancreas, retina and skin, preferably

prostate cancer.

21. The method according to anyone of claims 1 to 20
further comprising; measuring the relative expression
or phosphorylation/activation of one or more other
biomarkers for an aggressive lipogenic phenotype, in
tumor sample versus normal; and wherein an increase in
relative expression of said one or more other
biomarkers, an increase in relative expression level of
said mono-unsaturated phospholipids, and a decrease in
relative expression level of said poly-unsaturated

phospholipids is indicative for a more aggressive



| i pogeni ¢ phenotype. 22. The nethod according to claim 21, wherein the one
or nore other biomarkers for an aggressive |ipogenic phenotype are sel ected
f r om FASNVOACGA9S®hoIl | ne ki nase and ACLY. 23. The net ho#Camporidionry3s o
anyone of clainms 1 to 22, wherein the expression |evel of phospholipids is
determ ned via the anal ysis of phospholipids by ESI M5/ M5 or other nass
spectronetry-based nethods including MMDI - TOF and MS-based phosphol i pi ds

i mgi ng. 24. Use of the prognostic or predictive in vitro nethod as cl ai ned
in anyone of clains 1 to 23 for determning the lipogenicity of a tunmor in
a subject. 25. Al kpsgéotcpetidostipg.the in vitro method as clained in
anyone of clains 1 to 23 conprising; the reagents for the ESI - MS/ M5 or

ot her M5-based sanpl e preparati on of phospholipids isolated fromthe sanple

to be anal ysed, 26rhA dihagcrding 1P <] @i1mi%p GOMhkskny aRcaphioyi-dant,
sol vents and standards. 27. A kit according to claim25;conprising a
m crof | ui di ¢ chiperandthccoabedmsukiace for tde iamyoisislsivat i bapopenic

m crovesicles to_.a surface coated wt | ecuyl r..agents.havi an
Tty for - sarRRer beeator chor BT IR ub oRE: ARy Arer st elrar
particles. -62-228.2&. k|t according to claim 25, wherein the nolecules or

agents having an affinity for said mcrovesicles or being capabl e of
bi ndi ng m crovesicular particles; are one or nore of the group conprising

anti body specigs, @ﬁé’tﬁélaﬁodaeg%%ﬁngs%f aces, &l getivelyrestelchbng
m crovesi cl es from passage, and surfaces wth selective adhesion to
m crovesi cl es. 28heeknt @ocoraimged al ailmv28, wier ehnsthelppotiei nssar e

selected fromthe |ist.conprising lectin, .or other s . bindin ounds.
30. A Kit accor diRGETGIETAl Fr 59 Ceher ey e Tedti i L SHT B0t 60t Font he
group conprisinguéNes NBA, ConcanavakisR A s@fctCydnoviyidhadld Ankihods

according to anyone of clains 27 to 30, wherein the mcrofluidic chip
conpri ses a coat &dcsud g ldsl deti gad Ma-BparAsPResRigolipids imaging.

24. Use of the prognostic or predictive in vitro method
as claimed in anyone of claims 1 to 23 for determining

the lipogenicity of a tumor in a subject.

25. A kit for performing the in vitro method as claimed
in anyone of claims 1 to 23 comprising; the reagents
for the ESI - MS/MS or other MS-based sample
preparation of phospholipids isolated from the sample

to be analysed.

26. A kit according to claim 25 comprising an

antioxidant, solvents and standards.

27. A kit according to claim 25; comprising a
microfluidic <chip, and a coated surface for the
immobilization of microvesicles to a surface coated
with molecules or agents having an affinity for said
microvesicles or being capable of binding

microvesicular particles.
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28.

29.

30.

31.
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A kit according to claim 25, wherein the molecules or
agents having an affinity for said microvesicles or
being capable of binding microvesicular particles; are
one or more of the group comprising antibody species,
proteins, aptamers, surfaces selectively restricting
microvesicles from passage, and surfaces with selective

adhesion to microvesicles.

A kit according to claim 28, wherein the proteins are
selected from the 1list comprising lectin, or other

sugar binding compounds.

A kit according to claim 29, wherein the lectin is
selected from the group comprising  GNA, NPA,

Concanavalin A, or cyanovirin

A kit according to anyone of claims 27 to 30, wherein
the microfluidic chip comprises a coated surfaces as

defined in claims 26-29.



