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interactions. Mre specifically, the invention rel ates
to techniques that indicate the presence of a fusion
protein and/or interacting proteins at the single cel

| evel . 5The diagnosis and cl assification of

mal i gnancies is frequently based on the detection of
specific protein nolecules or sets of protein

nol ecul es, as well as the detection of oncogenetic
aberrations, mainly at the DNA | evel or RNA |evel [1].
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Classification of malignancies is particularly based on cell lineage and
differentiation characteristics and the presence of specific chromosome
aberrations. Many of these chromosome aberrations result in fusion genes, i.e.
aberrantly coupled genes with the upstream part of one gene coupled to the
downstream part of the other gene and vice versa [2-5]. These fusion genes are
transcribed into fusion gene transcripts and translated into fusion proteins
(Figure 1), which are assumed to play an important role in the oncogenic
process. So far, more than hundred different types of fusion genes have been
described in leukemias, lymphomas, and solid tumors. Exemplary fusion

proteins are listed in Table 1.



Consequently, the reliable detection of these
tunor-specific fusion proteins at the single cel
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and cl assification of cancer patients as well as for
nmoni toring of the disappearance of the malignant cells
during treatnent as neasure of the effectiveness of
the 5 applied therapy protocolg TABLE 1. Exanpl es
of fusion proteins in malignancies, which may be 10
detected via the FRET-technol ogy using the nucl eotide
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stromal t (7;17) (pl5; ql11) el AZI | - SUZ12

TABLE 1. Examples of fusion proteins in malignancies3, which may be
detected via the FRET-technology using the nucleotide linker system for
close and stable juxtapositioning of differentially labeled antibodies

Malignancy Chromosome aberration Fusion protein
Chronic myeloid leukemia  t(9;22)(q34;q11) BCR-ABL
Lymphoma t(2;5)(p23;935) NPM-ALK
Prostate cancer t(21;21)(q22.3;q22.2) TMPRSS2-ERG
Ewing sarcoma t(11;22)(q24;q12) EWSRI1-FLI1
Papillary renal cell t(X;1)(pl11;923) PRCC-TFE3
carcinoma

Follicular thyroid t(2;3)(q13;p25) PAX8-PPARG
carcinoma

Fibromyxoid soft tissue
sarcoma

Endometrial stromal
carcinoma

Soft tissue
chondrosarcoma
Desmoplastic small round
cell tumor

Poorly differentiated
carcinoma affecting
midline structures

t(7;16)(q33;p11)
t(7;17)(pl5;qll)
t(9;22)(¢q31;q12)
t(11;22)(p13;q12)

t(15;19)(q14;p13)

FUS-CREB3L2

JAZF1-SUZ12

EWSR1-NR4A3

EWSR1-WT1

BRD4-NUT

Initially, scientists tried to raise fusion-protein specific antibodies by

making antibodies against the fusion epitopes of the fusion proteins. This

approach has rarely been successful and if specific antibodies were obtained,

they generally were not applicable in fluorescence microscopy or flow

cytometry [6-8]. For example, the ER-FP1 antibody against the BCR-ABL p190
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19) (ql4; p13) BRIM NUT carci noma affecting mdline
structures 15Initially, scientists tried to raise
fusion-protein specific antibodi es by naking

ant i bodi es agai nst the fusion gpitopes of the fusion
proteins. This approach has rarely been successful and
if specific antibodi es were obtained, they general
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nicely in Western bIottlng, but was not successful in
m croscopi ¢ studi.es, on human BCR- ABL positive

| eukeniDgsPite thgse ipidia w@olﬁlﬁés@efsﬁWtdemcth% fafign proteins has
SAREHhE %ogsqﬁl%%é ok %pﬁéé%l'oﬁrﬂ)f g %’&éHn'?g? aﬁ'ﬁﬁody against one part of

the fusion protein and a labeled detection antibody against the other part of
the protein. In such systems, the catching antibody is bound to a solid layer,
such as a dipstick, an ELISA plate, or beads that can be analyzed by flow
cytometry [9]. Although elegant and easy to perform, these systems use cell
lysates and consequently do not allow detection of intracellular fusion proteins
at the single cell level.

A close interaction between two different membrane-bound and/or
intracellular proteins, or the presence of fusion proteins can be investigated by
use of antibodies that are conjugated with or linked to fluorochromes that are
suited for fluorescence resonance energy transfer (FRET). FRET technology is
based on the juxtapositioning of two different fluorochromes (with different
excitation wavelengths) of which one fluorochrome produces emission light
that excites the other fluorochrome (Figure 2). If the emission light of the
second fluorochrome can be detected by flow cytometry, this allows easy, high-
speed analysis of protein networks and detection of fusion proteins at the
single cell level. Using e.g. confocal laser scanning microscopy, it becomes
possible to evaluate the precise subcellular position of the interacting protein
and fusion proteins.

Approximate colocalization of two FRET fluorochrome-conjugated
antibodies is not sufficient for the required light-energy transfer. True
colocalization of the detected proteins is needed so that close juxtapositioning
of the fluorochromes linked to two different antibodies occurs (generally < 80
A, but preferably < 50 A, most preferably < 10 A), which is essential for

efficient light-energy transfer.
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the protein. In such systens, the catching antibody is
bound to a solid |ayer, such as a dipstick, an ELISA
pl ate, or beads that can be anal yzed by flow cytonetry
[9]. Although el egant and easysto perform these
systens use cell 10 |ysates and consequently do not
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about 80-100 Angstrom of each other. Wereas the

probes and net hods of W20041042398 and W20041042404
can generally yield satisfactory results, the present

i nventors sought to further ingprove the concept. In
particular, it is 20 a goal of the present invention

to increase the sensitivity of FRET-based nethods for
dexeclidmigedatsiegroppoted hsidgng substamece té mpdprtotaeidfis. enhance
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shown FRET energy transfer efficiency is inversely proportional to the sixth
power of the distance between the donor dye and the acceptor dye. The very

small size of the oligonucleotide reactive groups and bridging substance of the
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for the 25 bridgi ng substance (Nucleotide C to bind
to the reactive groups of both the first and second

probe. This interaction will reduce and stabilize the
di stance between the two probegbound dyes such that a
FRET signal can be detect ed. FRET ener gy

transfer efficiency is inversely proportional to the
siolighnpdeetidolinkdresydiest andesclvetdberein hdodenoerdylesantbximity
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a nitrogenous base (A, G, T, or Cin DNA; A, G, U, or C in RNA), a charged
phosphate moiety, and a sugar moiety (deoxyribose in DNA and ribose in

RNA).
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Sui tabl e I engths for the probe-bound ol igonucl eoti des
(i.e. the reactive groups) include those consisting of

at least 8 nucleic acid residues, preferably 10-18
nucl ei ¢ acids or anal ogs. The {tengths of the

ol i gonucl eoti de reactive groups on the respective

probes may be different or the sanme. In one 5
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synt hesi zed. It has been used in certain areas of
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diagnostic assays and antisense therapies. Since the backbone of PNA contains
no charged phosphate groups, the binding between PNA/DNA strands is
stronger than between DNA/DNA strands due to the lack of electrostatic
repulsion. Early experiments with homopyrimidine strands (strands consisting
of only one repeated pyrimidine base) have shown that the Tm ("melting"
temperature) of a 6-base thymine PNA/adenine DNA double helix was 31°C in
comparison to an equivalent 6-base DNA/DNA duplex that denatures at a
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specificity in binding to conplenentary DNAs, with a
PNA/ DNA base m smatch being nore 5 destabilizing than
a simlar msmatch in a DNA/ DNA dupl ex. This binding
strength and specificity also @pplies to PNA/ RNA

dupl exes. PNAs are not easily recognized by either
nucl eases or proteases, making themresistant to
erfeyper doye basatth@m 10NMixad baat Ed s maldcelowee tenanngeics of
p unchar ged,..nat ure makes
eS8 ree MDAkt ekt EPE Ml oh ey 10
furt herPNArpngmﬁextshﬂw shoat gat@rspebigicly @8 ®itdihgvent i on
whi ch i nvol ves_det ectl on of a fusion protein_ in intact

cérmplempntaxe DN tith g BTN A fanei Bl eBaiddRsh 81088 i ng
Ofde@%lﬂtlzﬁllg thh églmhhf( ﬁuéﬁagcﬁ 18%}@2\/5?\1 A dupeg drids binding

reactive group oligonucleotide, optionally in
c orrbyingslh rod spidificisy blsb dgbhes tl P@éleNA&htplet@scBNﬁssare mgt

i c, aspect ., .th )
0 1eaBay EesoRA ety iimek By BRE S lpRe BRRE i Bagn posipat to
UNinz§me Qe AT Itha PN AsOar@ A04d ¢tgbRevel hgaay @)H—Eﬂiﬂg@E‘Fmally, their
conS|st|ng of 20-25, like 21, PNA units., In yet

antgc érg@marwkes eresiaRithEmedl wHtpereb E%}“r?ﬁrq%%, which may
f
nUCFﬁII c aghg)ecth 0g t%‘la ; C@%res'e%ﬂv%nﬁog? %Lh h%%?veg detection

ana tains a
metf yfueioe drpicigen inFhétscells i bigerd opketd ai BN A’ ohgmdumleoude

fo ti - trictg.t I | t of the.
Skt A AL e A TSR S e N R e e T
blcﬁ%‘éhhéle(ﬁt@dd%bh@ﬂall}ﬂﬁﬂ&ﬁ?ﬁmhﬁﬁo@Wiﬁﬂé;@ﬁd@%@dli@oﬁaﬂb@ﬁide
ormance and exceptional biological stabilit

\Mqo;nsu@@na RE189-30 JWA Bypits. Bep sbeciBk psnest tha ppke- %frvtnd FHA
g!&ggﬁ&?c%é lo¥éh W%I%M%f %B%%Nﬂ%@% @ﬂﬂﬁ&ﬁ@ﬁﬁry 5 LW Riging

erent conbi nations of ty
oligonucleotide consisting of 20-25, hke 21 PNA units.

In yet another embodiment, the oligonucleotide comprises Locked
Nucleic Acids (LNA™). LNA is a novel type of nucleic acid analog that contains
a 2’-0, 4-C methylene bridge. This bridge—locked in 3’-endo conformation—
restricts the flexibility of the ribofuranose ring and locks the structure into a
rigid bicyclic formation, conferring enhanced hybridization performance and
exceptional biological stability.

As will be understood by a person skilled in the art, for the reactive
groups and bridging substance various different combinations of types of
nucleic acid oligomers (e.g. DNA, RNA, LNA, PNA) can be used. The specific,
high affinity interaction between reactive group and bridging substance can be
effected through either homoduplex (e.g. DNA/DNA, PNA/PNA) or
heteroduplex (e.g. DNA/PNA) formation. In one embodiment, a probe set of the
invention comprises at least a first and a second probe, each probe provided

with a distinct oligonucleotide as reactive group, wherein said nucleic acid



25 nucleic acid oligonmers (e.g. DNA, RNA, LNA, PNA)
can be used. The specific, high affinity interaction
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ef fected through either honodupl ex (e.g. DNA/ DNA,

PNA/ PNA) or heteroduplex (e.g. DNA/PNA) formation. In

one enbodi nent, a probe set of the invention conprises

at least a first and a second ¢robe, each probe

provided 30 with a distinct oligonucleotide as

reactive group, wherein said nucleic acid 9 oligomer

i wligoneoxya dbonudionotiededebligoner (NDNA) Thaged3NADNACtive groups

react,iv roups ¢ be .cl ustered.b i fferent types of

or e SRR BB e R R RS nisa T R5S  DNA
or(hambBipleRedies PAUP(IRXJrobtpdg) MAdSiubsuBM@ace. Alternatively, the
Alternatively, the reactive groups, conprise_an ]
0XPRFIBENTIONBD £ BRI 18R AT SR AP PRI Otigkise U (BEAG which can be

I §C0H: ZRCh ANH IR R RN (RN dulp9am dy ﬂil\%)(hé%rda%lexl)

(het erodupl ex) bridging substance. I't is also possible

t drudgeng shiortadeep [els ddet peseiblatduscdghogoduplsk dntveccanabridging

th ti of t. | fir b

ot Br R PET BEERC efREis b sl BE aRRE Sff Prraguptex
| ersweseaihifriabeubstahceXadph€at RAODRcAd BrdbeOVb@ehmple,
with a PNA reactive group and probe B with a DNA or 10
RNKOPRAGE PYeigebpth HBNA mastips gropaidepisbe fevig a DNA or

cl RNA%Q&i‘%YgI%u ,'\{;%ftﬁgg"g @(%@%Hﬁséf%ﬁgg clustered IR%_ R®NA bridging

extent or degre npl ementarity between t
brautbgiamge.ol i gonucl eoti de and either one of the

ol i gonygcl eoti de reactive groups .can ry, ong. as

"t orn O SR o ERE Eo BB uaB Ry Bnenghe pRNGHE
erdigdhi@Bétidd Hed 6itAér drfe SARPLBIBNI@EItid rehet®ve groups can vary,
base-pairin Lwyetmeen a reactive group and a bridgi ng

s 59PRS a@lfcﬁa sefos pspe@fic epd gtahile hinding. Inrappemaigdymgnt, there
| , i-ve C i - i r . i L.
e oLl ERRREa [ B iR BRI T BB brideing
t hebbianst operobstrehrudtat diase 51 pyeferahlyt atvleasti T tprishaitive nucleic

ol i gpnucl eoti de reactive grou f t.he secon robe in

O RS AT B HOT i B Cad e roup of
Pr@ et dﬁro%@ 1EH&Y @Yec&Iy@?éﬁEﬁe Rhase Wlighei MeR M d REctive %_roup of
attached dyes. This is inportant to ensure that a FRE
sithaapcandutrpbe &F prsler §o pusit spl seepciatiieef the probes angl pgmature

e S I :
SanRehr T ahyel PP R WISk AREE SOPETIRCE M e

f ienstirotiagenfiB E€cigrdé trdactilaces grxoayposad ghrebesecond
sequence t hat ia.conple néar tg at |l east .part_.of a
second 12806 BBRIRT RO e 9 ek of DuRgrotmP T Lt shguence
fithat iaReh86eRth§ 86 HENGSE BAR oFaRBERbBEhRY 1Atk @88dtive group
one nucleic acid or anal og. For exanple, they are

s @@e@smné segupnse ghat]_i.s rompleyhentaryto &t least part 5f a second

nuo(il ﬁl‘l&clg?%%(gezfeac 1?@ qu'ﬁlg)?’w ferﬁlih?fhle ir&ra%{c? srercSﬁid selzq?uence are
anotner enpodil nent, conplenentary sequences” are
spapachtby bpae laist e audpicneidct gisalogshdusampis,ehey atd ypaced
1-2 SPH|| am_no residues like 30 glycin residu?s.. 10
by afew e.g. 1-10 such as 2, 3, 4, or 5 nuclei€ acids. A spacing of 1-3 is
preferred. In another embodiment, the complementary sequences are spaced
by one or more amino acids residues, preferably 1-2 small amino residues like

glycine residues.



However, it is also possible that the sequence
conplenentary to at |east part of an oligonucleotide

w0 2@e06ed group of a first probe is flanked diPEDNL3008/050737
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wi t hout spacing, by the sequence conplenentary to at

| east part of an oligonucleotide reactive group of a
second probe. It is preferred that both 5 term ni of

t he bridging oligonucl eotide gpe designed to

participate in the binding to the oligonucleotide

reactive groups, such that there are no single

st r andébbwevenat sradsd possible thgtrthgddgtérea compdementary to at least
oliggnycle tide sequences shouldfbg gglegted sq? (%haél

t FT 3 & ROl OLLF dSEE TS R A R AGdgRRE 0L MRt ey,

s agfitenepadingt be tieesdquieAcciipleslantdie th us i@t paet ciam

is to be detected. Thus, when designing any of the

s éYigeRudeotiderrargre groawtaf & segonheravgy Bis pspferred that both
copph§ITRPER bfiﬁgi‘?ﬂgtoﬁﬁggﬂlgg?&%e(&s%neﬁ lﬂ%mﬁ%e in the
and/ or RNA sequences should be mnimzed or even

c dnipdliegeb yhavbgaedldonide rdastivtegrprey enth tmvtethtedare no single
blgggkgg“ r scgwenging of the oligonucleotides. 15In

orfe" d'feft'">a first probe is provided, e.g. via a

I'i nker Inwhiiftion, (easlidone cRbety s€ducaesdsH £0d b88elected such that
consi sting of the sequence 5 -CGA TTC TAT G 3' and a ]
sdbenarppre@oserangtipe Buthyenfloganeys nydeptideseguengeg of the cell in
SerR P RRRA G R RUR L AGRE LT Sy ROTRELERER g the
achegneage ogsd Yorysectising toerbiveationncomtlbmantaritgtgyinlg endogenous

ol i gopucl eot| 2Q ¢ i sing or .consisti.ng of .the

0 b oRt B8 Dt aide RN sbestieds QG bR e eg g Sven
ThemHételyesh R@ISAbrakt to HRWMEVEEn MAKRH M &kEnd Babcat/Bfging of the
present invention can be practiced using any set of
sedigenedeotidns. i t DNA, RNA, PNA or any conbi nation

t hereo LGl - binding: st .

and bi A7 RG ELBARRAR, b P Eonb € Pk i s SLBER it o
andattine grespetipoveclprtoleesnsREinA oftthesguancd adbeAi'BI'C TAT G-3

capabl e of ,specifi.cally.binding,to.a hioglogical 30 .
R Ferde PR EE budatid & L d1soif aniieRay i inerire eroup
Falligemh 160 thd \ebnigifhg ke sddueheastT@TACETTaRNA- 2. BREQRE of

probe to a nolecule of interest via the binding .
darabes is advantagevesly veepin eoniagtipn vy baidging oligonucleotide
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AGA ATC G-3'. The skilled person will however understand that the present
invention can be practiced using any set of sequences, be it DNA, RNA, PNA or
any combination thereof, that allows for sufficient binding strength and

binding specificity between the bridging substance and the respective probes.

A molecular probe is capable of specifically binding to a biological

molecule of interest via its so-called binding domain. Following binding of at



organi zati on of juxtaposed probes after the probe is
bound to a nolecule of 5 interest. In one enbodi nent,
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fusion protein, nore preferably an oncogenic fusion
protein. Particularly preferred is a set of a first
and a second nol ecul ar probe wherein each probe is
capabl e of recognizing and binding to a binding site
(epitope) positioned at opposite sides of the fusion
region of said fusion protein. O course, when using
1de@t9eﬁrsmfangira<ﬂ@esn%mbeitn agagclecple o entiorestl yid thegbinding
different e

e PEHES KRB R SRR B Sufted b HaBETToRE% o o0

r effigonudbotadd tsictite proipaiciains avalldblé fenaedulefht oipespatial
shoul d not interact with each other in either an

i rrgruization pk ugtanosedPrtbep a8tT dhe Breabqus Bovnd & plepule of
OQK%@QH&' n bﬁ‘é @ﬁlfbgm?néﬂtt bR rn@(h@mﬁé ijhﬁgrespi at ﬁlro%&tn preferably a
probes within a set of probes are 15 therefore capable
offubliondirpigin,ondicf irefezably sesgengérat fysiowpritaie Pacticulgrly

epi Pr o t hat ., t he ob s r.ecogni ze, bi ndi n .
b ERRS R Aphel it A GBS AR SRt A probe i
otdaghbletoi@edbRh ikl A6ld Bthdhg tde bﬁmbgsltte QepAtdpdspé¥itioned at
protein or. to interacting nmolecules could, in theor
giPRositesdepoltherfyfiopragionof spidiiieion rrpinyecourse, when using
| s \Yj
AR g g AR5 LU 0 L LSRR A Bt o
orig&rrbata(mgo apiddpestee thy €s and N-bhernmipdUbide ef tlsuBisidnagion of a

t likelihao f..ener transfer.js .dr natlc

erlfstbagoters: Said RSl ERld Sor PR LT Bbiche otper in
dicagreshiiatdl br ERAPHLIRENGr Bashedn BécaREO BES w&ﬁ@@ bENiB@s]y O
the invention. In a preferred enbodi nent, the kit 25

adatarfean él‘[ltlprP@lég Riffaengpiohes sathing ss¢ phpobgs are
S

¢ dRSFARES RN BERIA SPAHERGS, bRt Ty ST RTRONAL oitopes.
ofotoh}:eieﬂlthst tl;@rmtobes ﬁmdgmhe bindisg sweplepitepésarmyitiio aadmall

Iest ar n otide.of the secpnd probe

HoBabt eothti. She Memn et GEud wibS B Ry S or to
qqﬁfﬂrhéﬂl@hio%u(@‘s daald, e @lor ¢, ebil S ris€ @ enéx%%ﬂ kedfs€er between the
cells, via the 30 detection of tunor- speciftic fusion

prdyeai Howewrt by he wlnsgerimgeofgiaipmesed reactze grqups by a bridging
provi

TG, O S Bttt b bl PR BC ol R Lo bt the
eflilatihiové nbasref tidmfappdradatieriesntanead.nent

protocol. A further aspect relates to a nethod using a

set of probes for detecting 5 the presence of a fusion

pr ot ei Mh@fprbdtn@i@ednitde 1R MRt RAGEAH SN oI 18E BhiBBrikiRg a set of
the diagnosis and / or classification of a disease as
wairpbessadgerfdipg to ﬂmmﬁgnfam Iafa preferredembadingitathe kit

?Ir 2121?1:%0611%187 &N aprlils%% %n 011 c}g%ttl(hé/ ﬁrqg%ég%ﬁggt?nge which has a
prseduendeghat By @h&)l@lﬁbn’aﬁy ﬁ)dﬁ dt hegst paitthud thawkgdinueleotide reactive

gf)ggg{lj]:)] Btﬁ%ofgxi%g%? Cbglagglﬁi gvgl Psrc%gleplgmmterrl]taﬁg to at least part of the

oligonucleotide of the second probe. For example, such a kit may be used for

monitoring and quantification of malignant cells, e.g. leukemic cells, via the

detection of tumor-specific fusion protein-positive cells. The diagnostic test kit



10 group to forma conjugate between said probe and
said reactive group and purifying said conjugate. The
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probe directly or indirectly, for instance via spacer

or linker noiety. Also, the FRET dye can be attached

to the probe directly or indirectly, e.g. via the
reactive group. In a preferredoenbodi nent, a probe
conprises at | east one 15 oligonucl eotide reactive

group, which reactive group is provided with a FRET
dyroyislee heiegn i3 ByefuTrhtath@I timomiidiagopsid@s merdcas durigg eng after

Tt B S B e B B0 PER ke o Fs G ene

pquoﬁmbp or after its conjugation to a probe. 20In a
preferred enbodi ment of the invention, a probe
conpri ddurthex @spept rglatesstoss meflepd using a set of probes for detecting

d “he %lré&(ﬁ@éj Gt %%él&? pfé%@ﬂnmh?é}a@ﬂtl% HﬂgfeqﬁaceGﬁIanolecules in the

ant I body capa recogni zing a birnding sit
p oBagnammezhdit oxopposiitadiopi desliefast e Wa]lsaisohefpmg doringfand after

ei.n or t di, st teractin
A R R R S
ant I bodyscppidedas a&n&ﬁﬁ&%ﬁpmﬂablng@%mbe @6t &2ording to the
nonoclonal) or a synthetic antibody or a_bindin

f ARYORIAD SRS IBA SPNACERG CoEh @fﬂbetvviéb éfl@hg%wetgsd%reactwe
F df
Siagga % E@ nfa §(l> %@cer ﬁgﬁef é%l p:irlé’%;%ml:sala rgé&%défo{lﬂ and

|n Fv or exanp
c mlmiyirrg daud canupatet Eha réecBive @momoldgnwcteetidv mwyFlREéFctached

aniptH By Sttt P OB AR TRy R i e Pr BERe milety

em@@ﬂl’@mtRE'ﬂ d$@BRA Be dRtatBe CONMRGIE6E Wrb&i]st WOindirectly, e.g. via
anti bodi es, one agai nst domain A and the ot her agai nst

:ifh@ 6ﬁ%ﬁtwegr9‘ﬁp drfauByeSHTrpt @m@pﬁlm@tdém@he GOMEPIBTEE §6 hast one

ar &E @1@ fe%@‘flf’ée gfo?l& e %gh%/(le gﬂ;’ﬁ{ﬂsﬁ ré?gtﬁecil/ \éVlth a FRET
g r@@p@sea/\F ich3B). FJRE'IblrgonodedydB endtian gmtdpennay\/lbb kRoapleRdTrectly or

acc to n donain Ais jn cl ose, proxi

R Bty e b I a ST hubaniy bR Ras L iR Y FRIF ave
pfp'ﬂc&l t8 0P afiel eEWbBjuchhien tha piiBEé bodi es becone
sufficiently close together ('juxtaposed') which

al  ows the donor/acceptor pair to induce a detectable

FRET f I
term' lrlrg %g??fég&gseﬁ%%%e%lg Lgtl}quv&{t?ghe nt r\%ﬁggﬁxéomﬁr?s%s a set

nmadak dashgwd dee shgmnmﬂewrd@mnmt@hamﬁbdaﬁ%%T edstesntshady

that 10 there is an . ingrease in the probability of .
erféPgYierf Jeroprringa Siting sR6 PPoiGoneH BF Helsig siqda of the fusion
engLiy: drhansihoprefdih 61 Qﬂgﬁétm-cmﬁt%%hhg mAEAas, %agt p@Mteins in a
refers to both the di stance between t dyes as

agroein h@lmplweAmt\aélmnt&qdatqomms%d@pawntgntahépoly or
Sﬁg%nq% onaﬁ am Z nthgtilc Ignﬁio (gram LD nltlﬁ"ltl ﬂ%g%@)gt ful&lonayy

t fee{up\falﬁ’&r tﬂheﬁe(tl CBlIChOIS;Sa Faiv', Bale ragyng]reamﬁeFv fragment, a diabody
(a single chain Fv dimer) and the like. For example, a chimeric fusion protein
A-B can be detected via FRET using a set of dye-conjugated probes, e.g. an
anti-A antibody and an anti-B antibody. In a preferred embodiment, a sample

is contacted with two antibodies, one against domain A and the other against



15 to occur is that donor and acceptor nol ecul es nust
be in close proximty, typically 10-100 A. In a

wpe@beéioed enbodi ment, a reactive group all owsPCT/NL2008/050737
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j uxtaposing said dyes within a distance of 50 A of

each other, nore preferably within 20 A of each ot her

but nost preferably within a distance of 10 A of each
other. 20In the present contexts, the term'dye" refers

to a substituent which, in concert with another dye,

can be used for energy transfer analysis, such as FRET
areinyeah 3 ofsiuseom pohed tablotest tiRERsecas wal AyB hagedpimtein in

the interaction b en .d r, and. agecept or dyes. that .
e br OB E BRI Ry BB GRa FRER P LR RvE R vt
USEERATS®hoodypaobes other ®ith AFRETagtemoe doé. Gualiyovln domain
dyes is_a fluorochrone. However, a nonfl uorescent

act SpdHloseay oREEY Hedepaaip s PRE Pethaederkef thy same protein
g%@@%%l@gﬂ@fm%%ﬁ{bom%q{e@&ﬁ@ @ﬁﬁici&ﬁl}s&b% toQ@@h%? t('jlﬂigaposed')

nonitoring a decrease I n doror uor escence as
a wloink edjowndbe dbn¢nbccaptos phirdneddpreabégtectablf FBRTHbtorescence
as.sensitive as detecting in increase in acceptor
fl?ﬁﬂ%Scence. Thus, in a preferred enbodi nent, at

| east TnehSPrdskupéseantidtcrabebadierabes' @fes4s adnbioty
detect a fusion_protein, as_ is 14 exenplified in the

devhich efode serdudetinn thesnatnl exzasrzaiia il dyes such that
f ltﬂ@feoﬁ_rynoi §Ea]§5 th E}%)ﬁl%bﬁb‘i'lﬂf?‘g% gnécrg? a%g%:f%ﬁb%ca}% and/or an

conventional flow cytonmetry and in uor escel n
| abetesse g gnerBy tmmdf@)efGaebox Fhe spaBskaiganizbtionrefdrs to both

car boxyfl uorescein, 6-(fluorescein)-5-Gand . .

e et b SRRt 8 st Rd Meigiagfis prigntation

| bk laEnaRRE epatiilexaihidefidM e sHiglstass HhEXRAbIIUARg the
488TM or Al exal | uaor. 594TM Céanl ne dyes such as Cy2

oypatigl ereamyzptiop s dgemlne of the primaosdiitpasifor energy transfer

R'tB *&X&Hﬁ% %E%{; (ié;ﬂlor %\lll\l}elﬁ%p%o%&e ﬁ%ﬁ&glé@ ' m{[%??esin%qgse%}gximity,

Princesto _as S conj ugat es
R-tphicabed 9+ 0 A. Bna preferyed @pbodimdey aseRaiveagrdupatioess

of. the phycobjliproteins.. O her es pf [nterest are
R bR e eIy P pEgferably
pal#hine2PR of ch@bther BXt ISt Fﬁ&féx%fbw WRhiPA dtance of 10 A of each
donor/ acceptor pairs suitable for energy transfer

detbeti on by flow cytometry can be found in Szoll osi

et al 18 t}?%%&%&é@?on‘%&&b H&?t%z'r?zﬁ %lyg’f rgflzf’éocrb%c%lg)%ggl%nt which, in

conpri se S yes useé e-cl assi cal
Cc aopckyatneth aadthor dpd, enn dd usod s aheoghtiameter h@alylsis, auch as

prPel-f{ﬁ'E‘ ra%glyes{rst.) %%inrlrgr?ttldne ra%k())sg, I‘al!lﬁT is usually based on the interaction
between donor and acceptor dyes that are both fluorescent. In one
embodiment, the invention uses a set of probes wherein at least one of said
dyes is a fluorochrome. However, a nonfluorescent acceptor may also be used
and FRET is detected by quenching of donor fluorescence. As said, detecting
FRET by monitoring a decrease in donor fluorescence as a consequence of
juxtapositioned probes is often not as sensitive as detecting in increase in
acceptor fluorescence. Thus, in a preferred embodiment, at least two

fluorescently labeled probes are used to detect a fusion protein, as is



15 provided with a set of dyes that are used in
Li ght Cycl er technol ogy, such as fluorescein in
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provi ded herein is a nmethod for detecting the presence

of a fusion protein in a cell using a set of at |east

a first and a second nol ecul ar probe, each probe 20
capabl e of recognizing a bindijng site (via its binding
domai n) positioned at opposite sides of the fusion

region of said fusion protein, each probe further
prexgingdidiediin hha debpalcdides@iptigaifgatydes efqgefaned Hdroghromes

ener tran r., at ob an

o i Sl SR hCror Bhal R By RIS RARRE RO B EREY il Buae

] UkicpasimBbsRi 6.gas-(hebh6)-cdrbosiflnescesi, @- se6ondbptydhrescein,
such that there 25 is an increased |ikelihood of

erfeffiprescaind Pelang &) aghoxaanide Byrnoicaiprpdifhigrescein
prlQ%h?dC?QnﬁesgteXQFhRfrﬁ’b%s RERWE @ll&galﬁu Tﬁ or Alexc?Fluor

conprising a cell, contdcting said sanple sal
priskes cyauier dyes itk am@yﬁ hay3, &I%oﬁ?yjhmitamaﬂmsgbsiahded
pr obes on i d fu ot.ei n, renov unpgqund
DGRy dnafieei R e RSB Sber it T A Hgeeston Red
] Utya@Das Eérﬁﬁ?é}tfes SERDHICORSEhh ankRES. @yzs SeTetH R&1 Ak
30 presence of said fusion roteln I n one
enboabeisf the ppyebainretaino P ided dyps of 1ﬁfﬁﬁré51t aHgrivgheum dot
oI r b [ to

P e R b B g R BB HBRARE
Pnnﬂurmam@na)npiamm/aw:elplnoxrmmm fditablefie eneagyt traesfgr defection by

V\/Ldoéﬂtheoretlcalqléq g% %? gg%g &gbggﬁwgd@pﬁﬁnaUOnsof

SUhsh8¢HiBmes compm%@)ﬂtmset(ﬁ’@s LBVEN {HRT1 AR geﬁ?de% E@{Jﬁgfﬁes
for detecting a fusion protein at the single cel

| el rafigirad tofs dusdrones b élb@sora@a:mdoﬁm@o metlheprobes are
! e I
'1%‘4‘8{91 OSP&{HI:% %ég‘c g{ﬂ%‘s ity %g Lgsle in ?;Hgkﬂ'd}%ﬁf ?ec%n*aio% 0€h as
r eﬂnc@asc@fn ﬁ]a:to(ﬂnlflﬁsﬂlﬁrlﬂ w@ﬂﬂLeRldmcﬁM bhé&.(dRedd05™y. domai n
of the probe i.e. one probe is directed against a
protein fragnment conprising the N-term nal fragnent of

a Al'é§ b%@é@ﬁ@ﬂe{h i3 e Bib Pl ﬁ@te@ﬁﬁg ehé prdeh&ebeftusion protein
against a protein fragnent conprising the Ctermna

f nagnehltusohg b iset sizatdedsisi orst pndtagienon infolesiudar rpaom giaph probe
conprises.any ki nd r ot ei nace ubst ance

¢ OPRRHR L EPbPhi  Rin R bR NARTE T ARG B

f upipoesit@eides oftHelfG5i0A rg€ida of eMArfus®es PRiMaath @frolﬂﬂelrther

or nore _genes conbined with another gene or a
derPyidgd tHEr adye WReresi i Brestieppthrng By cnresy 'fé"é‘BFfFr Gt least

a o%%rﬁ%ﬂpéﬁf%detdrx@{%ﬁ'a%ccﬁfgoﬁﬁcle tné(@fe%{cﬁ(}e %fo&eél%»{uﬂg to' n

a preferred enbodi nent od provided I's used
dehedilate juataossygewid at:lefaa‘sflmt apdoingd secoRd fpta@i}eoemch that there

504 RN A0 0 EPAOISIRNEH, GERGER 86 RS Fafpine

PrRbeidiss 4 Betd Jrob@) 6L Bad I CInngisle coRdising Hecllebrtictiflg said
usi ng _a method according to_the invention i ncl ude but

3@%@ Withsaid grekestsiss conditigns fhptpalsmeluxtaposing safgh pyobes
or S SAeRleifP Bk 6, LASAREUR] PaRIY LARGRE 13 ity bound

hqwebmanddBMﬁMagwmaapaﬁmoﬂbfendmmdxmﬁdméﬁﬂ?ﬁh)@mﬂrnnnethe

oncogeni c.f usion grotelns ;
presence of said fusioh protéin



- oncogeni c fusion proteins occurring in severa
| eukem as and solid tunors - T-cell receptor or B-cel

WO 2ep6r09 proteins formed by fusions of gene SBEOINNh288/050737
16 - Detection of association of specific T-cel
receptor chains (e.g. a V82* with a V/7/9+ chain); -
I nvestigation of protein conplexes: Are all conponents
of a protein conplex present?idow cl ose are the
conponents |inked? 5- Investigation of gene regul ation
by transcription conplexes (e.g. the AlVIL1/ CBElI3 core
bi ndi ndn pactmbodmaerdcaippolicors reongeéwitht matre flsangone
critical, regul ator of nornal,. hematopqi esi.s): - .
Y st R Rle Bro bt PR TR ARER iR e wieh more than
pProdfediridggnaphigtesce( revidingntprbe aFith drozatleqi ond feattifre group
i nduces transcription of Wit-target genes); 10- ]
DeYélctheayetisplly irense- thdikstihpe g pleah ingRpretinh detkeqrpindd probe

5 fQﬁuﬂ@Mﬁﬁi&%%h%&%nQ& proteins involved in

transcription or translation; - Evaluation of
cell-cell interactions via antibodies directed agai nst

di fferent [I. types invol ved in the .interaction .

) oeas St e i R Rt Fdutdhol I PR f BARL pPotein at
adyariagesell RiveBRhi 60k Oofl JFobéSEdd6r BLE td ENSIin@BElion, each
smears: application in parallel to other o

i YO RAbY: gHe tet %\ﬂomoﬁ@& st RBYIHARPGAt WRAgite sides of a

10 S %E'bhsrle?lla lof Eéiﬁ"ﬁlsﬁﬁt 62 0ic0fh  ME G rﬁoﬁlael oht ﬁobe l.e. one
DNA]Ieve ?fu3|on gené? and at the protein i{eve]%3
(frrshbors grateal ajain@0a protein fragment comprising the N-terminal
fragment of a fusion protein, and an other probe is directed against a protein
fragment comprising the C-terminal fragment of the same fusion protein. A
fusion protein comprises any kind of proteinaceous substance which is formed
15  after transcription and translation of a fusion gene. A fusion gene comprises
one part of one or more genes combined with another gene or a part derived
thereof. A fusion protein may be the result of a chromosomal translocation,
inversion or deletion. In a preferred embodiment, a method provided is used to
detect a tumor-specific fusion protein. A fusion protein may be an
20  endogenously expressed protein or it may be the result of genetic engineering.
Fusion proteins in malignancies which can readily be detected using a method
according to the invention include but are not limited to those listed in Table 1.
Many different applications could be envisaged using the proposed
oligonucleotide-based FRET method disclosed herein, for example:
25 - Detection of natural and oncogenic fusion proteins :
- oncogenic fusion proteins occurring in several leukemias and
solid tumors
- T-cell receptor or B-cell receptor proteins formed by fusions of

gene segments



It is of great relevance to note that the present
nmet hod does not require disruption of the cel

WO ni0en67i00y, e.g. the preparation of a cell | ysSEMENL2008/050737

10

15

20

25

30

detect the presence of an intracellular fusion protein
or nol ecul ar conpl ex. Preservation of the norphol ogy
integrity of a cell permts analysis at the single 25
cell level, for exanple by flqw cytonetry or
fluorescence m croscopy. Detection of a FRET signal by
flow cytonmetry offers the abl|lt%‘t0 performrapid,

mul t i paPatestionet aﬁﬁlc}eél@ dfspepBeilfied! Hepetitor chains ot Va2t
in a heterogepequ opul ation. The mai n advant age of
flom10yt§hﬁgﬁg ﬁ it directly gives quantitative
data an dn\te@ﬁ@atlbn bSpMREiy doafplekes! A8UAN 8018 dIRS of a protein
obtained in a few 30hours). 17 The et hod

pr ovi deemplexreseste St clpgpaistthe somppaciss dexedt i on of

a fusio t

qingi e e R Bl e g e the
t r eat ed Mbl/&83RPoconbbaidinafgeermeabidripgmni compdéx, tthat is a critical

mat eri al nd a eservation of. t he norphol ogy. The
preferF%ﬂl?V%éfﬁB aj @ﬂB%@p%wﬁﬁfch fixes and preserves

the nor phwlspightigh of AdtB@tiohYof @ arsbApfich by ipabteibdrh¥ledi(c.g.
of the proteins within the cell as well as enables the

nost ebiidngpf Beeignee tof ciph BiseceetrgnsgmtidroefylVnt-target genes);
enetra
DC at chi ?.]jg (%‘t]to 6%tgﬂla%)¥\?ﬁb%18éro%égh@lgg 1 \Aﬁeraﬁtmns for

essent Iua}dsylg@ﬂ’id)ry oberoagipb iebl ol mﬁhfelﬁistcrtphﬁnmrﬁﬁﬁmlﬁl@f
a fusio otein_or 10 interacting protejns at t
cel | subrARRtER of felk cglkirptergrdions vig ﬁ%tﬂb‘?dé%ﬁ’ﬂﬂfe% RBRYnst
al | 0W5 dﬁ?érbﬂ@cé?lf typEP SRR 1ﬁ%hb SafRahtRh&id FRRALs. 1 N a
m xture of cells via i munophenotypic characteristics.
Cbnsequently, the nethod provided herein pern1ts

ecti ul at i on,of
| :#Ibeemsacqg cﬁ%cﬁ%s %o}}er%équl s seveﬁl adv%aggl g)re é)B?lcatl?rf {1 fBssue
adicatitrageolisméafs: det ecting | ow frequencies of 15
fusion-positive cells like in the case of detection of
mini maPPPREtHRAR Rirallelde ot RO URe Ngtoshemicpe ptainings

treat mesthbirfkio8 AN 3hli0figRAl Frsq@tcr@%&ttm%féf%%gé%&e&sents at
In preferred enbodi nent, the nmethod provided incl udes

mIPNAgava thtsem gd@)vaoghaomm pyoteim leddrifusign predeih).or
isolate single cells to detect the presence of a
fusion protein at the single cell level. Al that is
I gl sfadehOrel@ramct t€ ho@ tthae tROp Rt O e fHodVd @€ Ghot Becuire

fIOM/c¥tonetry facilit n?ortantlyl the procedure
c ahspwtioarof shareall Iniegrais P e thapspardioed aselblpaisningetect

W th? p?é&'n@ bYar Eﬂthréc%llular fusmWrgtetuli] ef nﬁ)l&ﬁ'ﬂﬂrc%%plex

erent u3|on genes and fusion proteins have been
ddﬁtesemyetion of thar moushdogpesteafrityafieee!l pasmstaiaghalitsireat the single
rovi ded al.l o to discrinmnate between
el Y SRR Pl b R Th OGS PEh 18 Rs0qiS; Dytection
PrataRERidl2e b$ mw &t6@btryl oEfeed theldmntetd watdrin rat]dM)
anti bodi es recogni zing two di fferent domai ns of

f ustSirapppeBihacalisie 8 §@ecaﬁ<bla)ék‘gd@wll§tna@meﬁ@ws?neous

population. The main advantage of flow cytometry is that it directly gives
quantitative data and that it is very rapid (results can be obtained in a few

hours).



bi nding to the domains on the normal proteins that are
derived fromthe normal genes instead of the fusion
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normal proteins reaches a detectable expression |evel
in a target cell 30 popul ation, as defined by cel
surface and / or intracellular markers. 18
Furt hernore, the normal proteijpas and the fusion
protein often differ in their intracellular expression
pattern, frequently resulting in a different
subcel Thkeancthod arpvided bntheTMieseIitripVe’mE@rt fldaws detection of a
ql nol den’gea ogmtg]?a% 1I Al (I)lonul ﬂ% n fl Y § 48
rial Brsterhs HREIREPPIE 2 b TR g dTi5hi‘t PRBRe
I e:vsﬁipmshmg pacll cenl béltreaSed?Qj Actodshrbal a pedth @Okéahn of the
probes sufficient for a FRET S|gnal will be rare in
ndhigriat apig preservAfien gf the womtholpqy. The preferypbtugaimeps is one
p erlYl'cH ?g(eg QH@ &)&@S%?Vé%rt%\é'lﬁi&%goﬁ) g&%ﬁH{tg%ﬁW the 'cQﬂ’uI@r matrix
wher eby "sai d sanple i's optionalTy "subject
f |amitofdhe @ntoiepsrmhm thezatliasrwelhas amgdiles ﬂwnoﬁrqjﬁclsat degree
ri.mar %F 4 S_obt |ned froma biol ogica
ﬁﬁF%‘3f§ ﬁp %36§e8gFa dfpl e can be a body fl uid
Sanpl e UmMieUdt 8garkpleedcatsBingidetbdtiohe anibel metHddWwhich can
cerebrospinal fluid (CSF), saliva. It may al so be a
t jessendiad Bingitle be tapgll tméﬁﬁsgfe%ré"esw@ @ﬁmf@ﬂ% wEPteEeer a
C qh£&5%§ gi‘(lteiw@'a@ tﬂh 1 Blérc%qil lggz?t@?{% ﬁ%gén’c method
for exanp tunor cells o talne from ynph node
biadjosws. gafngt df enheatef calls@mplage pegsenbnpa nsstiereofic¢lir ad

cell froman 15 establis aborat cel

o s BRSO o SRR e RO ey e o T ehmehp L il herein
0 et CH et é @TBNANNHFHRE fHoPhla$ioMIof @sal BuGAt aslld fea AIBE ba@dkround
Type Culture Collection (ATCC, ww. ntcc.or_g for an

orﬂfinlf?ém@hfeélsogyﬁsdﬁ eppRSl %ﬁi‘fﬁ*n@ﬂq(’@é tf‘i’rdf‘?t%(?fmg low frequencies of
MfﬁEl%ﬁ p%) iv%r@éllg'ﬁﬂ gﬁl‘cﬂle %e oli‘ﬁ@%&é%%mlﬁ%l%@dﬁap&lsease

for an niine Cata e net
s UMRib) éumn)g dEhﬁet tmhﬁn@mtdse mz:ﬂuaﬁoﬂ@f Hﬁaﬁﬂdtﬂgﬁffﬁ@meness In

| et S Rainiae 158 T Dol Ak e HeCH cs T EABPEL DRI o

defeghetrPtSIRMEIPARI PEF VRRIC @ﬁfg@@@ém&etdepéc@ttﬁé fesence of a
and/ or endogenous nol ecules in a cell. For analysing a

sé’ﬁpllog nEoiehR a&thmsmglgwﬁéﬁ\seildhﬂ shatcig|rpguired forgracticing the

DL B e g ABRLE A SRhEta 3 M ocecure can
nakmﬁnahdando@ﬂnmﬁﬁbmhbmasbp@eﬁmnﬂeuwnhumdnnwmskﬂb
suffic cce of a nolecule of .interest. t
a prob ofore i 93@1@# @N forprdniisiign genge paf dugan BEjfGing have
f aeln rd%scrfﬂ&rd NSRS @y JrRenédrX AL kYR, USEthethd¥ELB¥IRAtallows
of fixation and the type and properties of the

mob e*wlménmﬁtér beteieentthe Procgntoef nranaberetains aul supbeyrent
a f§l910£lp)§' oY §t T Sr{n ceﬁrle%l.dﬂ%/oggtlcally, two antibodies recognizing

two different domains of a fusion protein can cause a background staining by

binding to the domains on the normal proteins that are derived from the
normal genes instead of the fusion gene. However, in certain cases only one of
the two normal proteins reaches a detectable expression level in a target cell

population, as defined by cell surface and / or intracellular markers.



19 For the detection of in primary cells, it is
especi al |l y advant ageous to use an additional marker to
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of inportant biological applications in infectious
di seases, MRD detection and nonitoring, and gene
therapy typically require the analysis and isol ation
of 5 rare cells (e.g. haenopoijgti c stemn progenitor
cells) froma | arge "background" of other cells. In

one enbodi nent of the invention, the nmethod includes .
stBinhemnere sdrepl cenfad preteidseast therfesioslprotean offem Kéfer in their

li.ke a Il surface rker. or _an_intracel.l ul mar ke

g P lar eRiesdeT eaRFrRdptusP s neaiPgn & Aot dthgettutar
cdbdBizatiopr Tlsis ighplion tiactdoii@idaital Gidralicatidrt 6f the two different
conpound capabl e of selectively 10 binding to said

etk Brl prefersgs apdkelidooipdtrgnifcaahleyel dapatiiailas
d'c%ﬁﬁ‘i(ie)ﬁtglajg&%o@fn%rbx?b@ UAHES AL dP'ﬁET’%igcﬁﬂltxﬁ_ﬁlb% rare in
conmpound conprises a Iuorescentlyalabelled ant 1 body
omaaniail nelingf thisgueent af alhct i onal | y equi val ent t hereto.

Al so, cQ und capabl e of. sel ectively binding to a
e v ut TRETERBEY PraARAEe Gudtie B Sampl ieithuliof a cenl
US{RgreBy B¥i@-sa@iijl&l gad 18 tbrnselg GERcY td Bagest addpéenhbilzation. A
fluorescently | abelled secondary anti body). A cellul ar
neekEe BRyFongaisempriRiany colf thaftis abeined ép%@ biological sample.

) . o L Sh.
SRR TS R BREL p PO RSP IREE A, 3 ' i,
mibone meaxybweedrklsrospimat fleek(CSN)i sajivee [1 may lalsoddesptissue sample,
c rises perneabilized and . or fixed cells.. A
Rl ST BPRATE R anvBaC s vReeah Bk ErEREn B o
( CRltuadd baathry GBI MRf kesispREuai@ @Bk bb&ihd BEEmNDIyeesl 86de
of anong ot hers haenopoietic cells that are
ditsensyg %pzs,%wer%ats@mﬁ%ﬁ SAYOIPMPTEI 3 BIEed. cell from an

[ C C

B S D
gdims, maliclcent beolBateld fsomfaohhmbert eff sodecedrsiuth as ¢tedé Aserican
pl.as l1s d .bone- marrow cells. For exanple
S ARt GellogronlRRels wuHu Fa ey an eRENC Satilg) o the
CloRsrnfd 0011&8b3, of MR Ebor 428 3m s @RI @NAultid(DSMZ; www.dsmz.de

Monocl onal anti bodi es directed agai nst a | arge nunber
offohapanlicpeatatocdr Ehe methd piovidedds snitableadetagt the presence of
S | er . . Bi henc Id :

o B g BB RO R R DG o ATHORL OB o ot
avihd abtledt gratidad és disb @natthlleconjetgatidradtions detween

f1 uor ochrone of.choi?e e.g. CD1O PE qr CD19-FITC, 20
wHicetmboaghpr s/ Brddpgsnag s pdeedes B prdlti ce a

nmet hod according to the invention.

For analysing a sample comprising a suspension of cells, it is preferred
that the sample is treated so as to obtain a preservation of the morphology of
the material and permeabilisation in order to ensure sufficient accessibility of
a molecule of interest to a probe. The type of treatment will depend on several
factors, for instance on the fixative used, the extent of fixation and the type
and properties of the molecule of interest. Fixation may be carried out with a

fixative such as formaldehyde.



In a preferred enbodi nent, a nethod is provided to
identify and/ or isolate rare single cells using

worzdopogaoanet er flow cytonetry/cell sorting 5 PCT/NL2008/050737
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techni ques and to further characterize these cells by

t he presence or absence of a fusion protein of

interest or by the identification of interacting

nol ecul es. Such a nethod is pawticularly suited for
application to a nunber of inportant problens in

I mmune system devel opnent, infectious di seases, cancer

and geffer tiedetpytionyiyi mnynfpﬂboﬁiseﬂsmaﬂhhn@aanesbustouse

" St R N aRalheR S aDBbe oty e B BaptbBRS Tetiblyia Jhumber o
t dnfploatachd bibl pgieglegipliestionk rideictivos dekhas, MRBH@BJctlon and
cell popul ation. The choice of dye should preferablyl
bUROHEI RS Andgeps (theragy dvaicalh seqidrgthemalyis apd itplagion of

d%?e EéHs ('e'é"ﬂﬁ@xﬂbﬁ&l@ﬁé’ Q’éeﬁgpf&bﬁf’cgf LR ot b M oE R Ackground”

dyes. For exanpl e e set according to
| i ethdrarlle.dm de &mbmhmedt V;E tthie iamattiver, thy eethod mcludes

oLt b SHDRVLS P YDREL, 0RLG VLR IUORHENOLIRL Suarker o

aGauinatebNu e ih e s USRS e @ftapg&e;@nqg@puﬁmal Wwishina BefRire of
marrow, or CDl, CD4 and CDS to define subsets of

t W}}ﬁéwggsm@rcomgmgrﬁéld syppPlepith atcgn}m)@ﬁti|cp1yable of selectively
lﬁﬂ%ﬁ%q]g Wh 2Py TP 9%9&@}%9%b(ﬁ%n§ﬂp%cllﬂg cgfng)ohﬂd 18
he detfaile n, t

escri pti e invention provid
rmﬁi‘mrdlyvthg@'d withaBudresce® dgt e!kSulta]blefcompound comprlses a
1 on.. pr. otein.i a.ver

o A @SS Ently HndidRiPaiBar oF prindad e Bt T g Natent

e%ﬁleic@b | Ago ef é&ﬁﬁddﬂ@%ﬁb@of@@ﬁ@ﬁﬁel&%ﬂlﬁg Bb a céBular marker
Fi gure Iegends Figure 1. Schematic di agram of a fusion

geRB hegksrothiply com be Hetegissh yangn (dyeicopigatesk segepdary reagent

t
F 0 g A PBOURSLA BBl o BRHPLn GEQS).h s ISy fidfcer comprises
t raajyslhad eflintndc@llatarforBnémbrare- l;nnntdeﬂnarkermhﬂéh gam be ised to

Sehemetl6, o SAram ol NE. RISl PLg o LterSSCece
aSodes Gy 2dlls Yitads AGRSRIRE pd¥Reabilized and / or fixed cells. A
cellular marker can be a cluster of differentiation (CD) antigen. CD markers
are cell surface molecules of among others haemopoietic cells that are
distinguishable with monoclonal antibodies. Haemopoietic cells comprise
thymocytes, dendritic cells, Langerhans' cells, neutrophils, eosinophils,
germinal centre B cells, follicular dendritic cells, plasma cells and bone-
marrow cells. For example, suitable cellular markers comprise CD1, CD3,
CD4, CD8, CD10, CD19, CD20, CD33, CD34 and CD117. Monoclonal
antibodies directed against a large number of human CD markers can be
obtained from various suppliers, such as BD Biosciences or Ancell Immunology
Research Products, Bayport, USA. Often, antibodies are available that are
directly conjugated with a fluorochrome of choice e.g. CD10-PE or CD19-FITC,



A. The acceptor dye Y will not be excitated by the
em ssion light of the donor dye X, if the distance
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between 5 the donor and acceptor dye is sufficiently
small (< 80 Angstrom but preferably < 50 Angstrom,

the em ssion light of the donor dye X will excitate

the acceptor dye Y. Figure 3. 9fchematic di agram

depi cting the use of oligonucleotides (e.g. 10

DNA/ PNA) nol ecules to closely and stably link two
anwhiobhds elsviowien Hyefehrcadthobed @sadtes nptlwdcdcosmling to the
prigxi q;i.gry of each other because they are bound to both
paltHiet¥" of a fusion protein A-B, bridging substance

ol i gonle hgeticdedemmdtiishnt, s petiddyis pestedredidanyifyt &nd/ or
both ol i gonucl eotide A and B, will reduce and ]
stiapptq age eHelurdisaiidne Bettipamniqier oW oy faretsy RelbASing
ar’cgc%iqa&dalﬁi deroRel cBh rishelE ARt Wﬂfé%reééncy&? absence of
donor and acceptor fluorochrones are cdnjugated

dia ®eidnyprotein lné iretntdsb od Py phoireatifiBatidinef tomectiagdnolecules.

accept or f.l uorochr.o ar njugated to the )

o SR D e b S AP B ATRTy 3Gl 1L AT ERgh P b tesof djgportant
I §a6blc4R: igrigpsnaswtahtdebiogmieat lilfcabtié BRAYsR! @RSy and gene
via a linker noiety. 20 Figure 4. shows the results of

t Heexanyo L sRaHE P i e StB@IN A e¢lbsaprle Withe& nighe set, cells are

r lqgﬁéIE&' &itH QH%SQJBé&gﬂo%%aﬁpHgfg-goxﬁ}lgét%acatdti‘b%dg LOHRding to

ol 1 gonucl eot | , nation reactive group
ol stggodardl protddaess i addr B) defineco tdyigatatdlbporoeflatdorafitheBhoice of

and bridgj ng.oljgonucl eotide.C. The arrow indicates

© e phet L b B BHE e by Sa et g g o BN three

C afyiel evEIRt At MoHdndgipige ol hadifivalteehé BRED dy@l FeetinhSle, a

see the Exanple below 22 The follow ng . )

ol TRYSR peplsotat deeordisrsetodPa imenitioagaacegiogiged with another dye

St'ﬁ‘}"%&% ' ihé V6 AHR S Rk HSifY
.t .g.

R QRRNY, SRR he ¥R ALRURO R BRHE LR Aictes, .z
CD10, CD19 and CD20 to accurately define subsets of precursor-B-cells in
bone marrow, or CD1, CD4 and CD8 to define subsets of thymocytes, or CD34
and / or CD117 to identify stem/precursor cell populations. As shown herein in
the detailed description, the invention provides a method which allows the
detection of an intracellular fusion protein in a very small subset of cells, i.e.

detection of MRD, which is essential for evaluating effectiveness of cancer

treatment.

Figure legends

Figure 1. Schematic diagram of a fusion gene consisting of the upstream (5"
part of gene A and the downstream (3") part of gene B. This A-B fusion gene is

transcribed into A-B mRNA and translated into an A-B fusion protein.



Reactive group A igonucl eotide B: Al exa-TGI ACC TTG
A-linker Bridging Aigonucleotide C. TCA DGG TAC A dy

W@ER0pIMND0AGA ATC G 10 10 prol PNA of the diff eP@nNL2008/050737
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ol i gonucl eoti des were mxed in 200 !'IL phosphate

buffer pH 7,2, and their fluorescence was neasured.

The hybri di sation was conplete within 5 m nutes when

PNA ol i gonucl eotide C was added. For results see

Figure 4. 15 Instrunent: Perkin Elmer LS 55 Excitation
wavel engt h: fl uorescein: 485 nm Al exa 546: 546 nm
exlﬁiigmei%ﬂdadamatiS dmpremmifshe prigkiple ¢flwomes@@ce resonance energy

RS BRER vitR o ForkRpma b Jodi dRaBiry f arfoTRR.

t Wﬁﬂiéaccaﬁﬁdﬁ @lly@gEYWﬂhﬂotg@n@Icﬁt@\Se(Dlﬁy thﬁ)ﬁfsSmﬁfhght of the donor
haermt OPOI etic and | ynphoid t| ssues. | ARC Press,

alyg X, 1t the distange betyreepgh @gﬁ J@WPO ng nﬁyﬁéhgﬂ‘lst%&egween
‘] Ahe Slondd ancﬁé@c@ﬂﬁ{rcay%elg SlEf-FICP %y@ﬁﬁ?ky 80 %n%gtrt)ﬂlsﬁlﬂrbreferably

gene transcripts from chronosonme aberrations in acut
| euk@ dingstrom) ddeectisgnn dightiofiheedonpedid E(amlh@me:aseethe acceptor
Recloor‘ﬁt1 of the BIOVED- 1 Concerted Action: investigation

i1i mal residual disease in acute |eukem a.
Leukem a 1999; 13: 1901-28. 3. Mtelman F,
Johansson B, Mertens F, The inpact of translocations
arfiZusg S Scheraptin d1agnamaipitingibeatse of oliggruchofides feer

209/ ﬁNA?ﬁ%le%%lethg closely and stably link two antibodies. When both
antibodies come into close proximity of each other because they are bound to
both partners of a fusion protein A-B, bridging substance oligonucleotide C,
which is partly complementary to both oligonucleotide A and B, will reduce
and stabilize the distance between the two fluorochromes X and Y, and a
FRET signal can be detected. A. The donor and acceptor fluorochromes are
conjugated directly to the antibody probes. B. The donor and acceptor
fluorochromes are conjugated to the oligonucleotide reactive groups. The
oligonucleotide reactive groups are attached to the antibody probes via a linker

moiety.

Figure 4. shows the results of the fluorescence detected in the case of either
reactive group oligonucleotide A, reactive group oligonucleotide B, combination
of reactive group oligonucleotides A and B, or combination of A and B and
bridging oligonucleotide C. The arrow indicates the FRET signal induced by
the addition of complementary bridging oligonucleotide C. For details see the

Example below.
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to claim1, wherein the oligonucleotide reactive group
of said first and second probe are independently
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to anyone of clains 1 to 4 wherein said probe is an

anti body or a binding fragnent functionally equival ent
thereto. 6. A set according to anyone of clains 1 to

5 wherein at | east one of sai gsdyes is a fluorochrone.

7. A set according to claim6 wherein said

fluorochronme is selected fromthe group consisting of
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protein in a cell, using a set of at |Ar844a;hﬂ7 22-09-2009
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said set of probes, - under conditions that allow
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4, A set according to anyone of claims 1 to 3 wherein each of said probes is
provided with a multiplicity of reactive groups.

5. A set according to anyone of claims 1 to 4 wherein said probe is an antibody
or a binding fragment functionally equivalent thereto.

6. A set according to anyone of claims 1 to 5 wherein at least one of said dyes is
a fluorochrome.

7. A set according to claim 6 wherein said fluorochrome is selected from the
group consisting of fluorescein isothiocyanate (FITC), tetramethylrhodamine
isothiocyanate (TRITC), Texas Red (TR), R-phycoerythrin (R-PE), allophycocyanin
(APC), members of the phycobiliproteins, cyanine dyes such as Cy3, Cy5, Cy 6.5 or
Cy7, , Alexa Fluor dyes, fluorescein, LightCycler dyes, such as LCRed640 or
LCRed705, tandem conjugates of these fluorochromes, and quantum dot dyes.
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. - detecting juxtaposition of said probes via FRET to
detect said interacting nol ecul es. 13. A nSaAh®4l4 717 - 22-09-2009
according to claim12, wherein at |east one of said
interacting nolecules is a ot ei naceous substance, a
nucleic acid, a lipid nole e, or a carbohydrate.

14. A method according to any one of clainms 10- 13,
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- detecting juxtaposition of said probes via FRET to determine the presence of said

fusion protein.

11. A method according to claim 10, wherein said fusion protein is a tumor-specific
fusion protein.

12. A method for detecting at least two interacting molecules in a cell using a set
of at least a first and a second molecular probe, each probe comprising a binding
domain capable of specifically binding to a different interacting molecule of interest,
comprising the steps of:

- providing a set of probes according to any one of claims 1-7,

- providing a sample comprising a cell,

- contacting said sample with said set of probes under conditions that aliow
juxtaposing said probes on said interacting molecules

- contacting said probes with a bridging substance comprising an oligonucleotide
sequence capable of binding specifically to at least part of the reactive group of said
first probe and to at least part of the reactive group of said second probe, and
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- detecting juxtaposition of said probes via FRET to detect said interacting molecules.

13. A method according to claim 12, wherein at least one of said interacting
molecules is a proteinaceous substance, a nucleic acid, a lipid molecule, or a
carbohydrate.

14, A method according to any one of claims 10 - 13, wherein said reactive group
and bridging substance comprise a DNA, RNA, LNA or PNA sequence.

15. A method according to anyone of claims 10 to 14, including staining said
sample for at least one cellular marker to define a target cell population comprising
contacting said sample with a compound capable of selectively binding to said cellular
marker, wherein said cellular markeris preferably a cluster of differentiation (CD)
antigen.

16. A method according to anyone of claims 10-15, comprising FRET detection at
the single cell level, preferably using flow cytometry.

17. A diagnostic kit comprising a set of probes according to anyone of claims 1 to
7, preferably in addition comprising a bridging substance comprising an
oligonucleotide sequence capable of binding specifically to at least part of the reactive
group of said first probe and to at least part of the reactive group of said second
probe.

18. Diagnostic kit according to claim 17, wherein said bridging substance is a
DNA, RNA, LNA or PNA sequence, preferably wherein both the oligonucleotide
reactive groups and the bridging substance are LNA or PNA sequences.

19. Use of a probe set according to anyone of claims 1 to 7, a method according
to any one of claims 10 to 16, or a kit according to claim 16 or 17, before, during-and
after treatment of a disease to evaluate the effectiveness of said treatment or to
diagnose and / or classify a disease.
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