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[ 0001] The invention generally relates to nethods, kits and devices for
detecti ngva2plumsisuty of targets in a biological sanpl e PCBABKGROAND:

[ 0002] Anal ysis of a biological sanple to discern its characteristics, and
to get information about various biological targets is in demand both in
bi ol ogy and nedicine. A variety of nethods nmay be enpl oyed for anal yzing
t he biol ogi cal sanpl eDESEdFIONIOF PhURAIATYaQFIINR GEESENCce, absence,
concentration, and/or spatial _distribution of the biological targets. For
exanpl e, detection of protei n@lq)%oﬁﬂgéblwgéﬁssect I ons or cytol ogi cal
preparations may be perfornmed using histochem stry, i mmunohi stochem stry
(I'HC), or imunofl uorescence.

FIELD OF INVENTION

[0001] The invention generally relates to methods, kits and devices for

detecting a plurality of targets in a biological sample.
BACKGROUND

[0002] Analysis of a biological sample to discern its characteristics, and to get
information about various biological targets is in demand both in biology and
medicine. A variety of methods may be employed for analyzing the biological sample
to detect, inter alia, the presence, absence, concentration, and/or spatial distribution of
the biological targets. For example, detection of proteins in histological sections or
cytological  preparations may be  performed using  histochemistry,

immunohistochemistry (IHC), or immunofluorescence.

[0003] However, many of the existing techniques for detecting targets in a
biological sample have limitations in terms of sensitivity, accuracy and/or
multiplexing abilities. Particularly, detection of multiple targets in a single biological
sample is often limited to the detection of only a few targets (about 4 to 5 targets) at a
time. For example, the number of targets that are accurately detectable in a single
tissue sample during an immunofluorescence assay is limited by the sensitivity of
florescence-based detection system to resolve overlapping signals. Hence, additional
biological samples from the source may often be required to get information about all

the relevant targets.

[0004] Analysis of multiple biological samples limits the ability to accurately
determine relative characteristics (e.g., the presence, absence, concentration, and/or
spatial distribution) of a plurality of different targets in the biological sample.
Moreover, in certain instances, a limited amount of sample may only be available for

analysis. Thus, methods, agents, and devices capable of analyzing an individual



[ 0003] However, many of the existing techniques for detecting targets in a
bi ol ogi cal sanple have limtations in terns of sensitivity, accuracy and/or
mul ti pl exWogoni4Bisti es. Particul arly, detection of nultiPplrEPREOMHEISI6 I N a
single biological sanmple is often limted to the detection of only a few
targets (about 4 to 5 targets) at a time. For exanple, the nunber of
targets that are accurately detectable in a single tissue sanple during an
i mmuno f | tiolgsed sarplass dytettsa plurdlityedf Hiffetdne tasgns ir theibiologital sample are
fl orescence- based detection systemto resolve overl apping signals. Hence,
addi t i onalessee ogi cal sanmples fromthe source may often be required to get
I nformati on about all the relevant targets. [0004] Analysis of multiple
bi ol ogi cagrspPPIETRIPFIOR the ability to accurately determ ne relative
characteristics (e.g., the presence, absence, concentration, and/or spatial
distribution) of a plurality of different targets in the biological sanple.
Moreover, in certain instances, a limted anmount of sanple may only be
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[ 0005] Thetargitivirting probeketoeiinrigplarafityus &hidey-bolind pob&, sovalentlyhitatiogg cal
sanpl e
P at least one of the target-bound probes to the biological sample, and observing a first

set of signals from a first set of the plurality of target-bound probes. The methods

further comprise the steps of modifying the observed signals followed by generating a

second set of signals from a second set of the plurality of target-bound probes, and

observing the second set of signals.

[0006] Additional examples of the methods for detecting a plurality of targets
in a biological sample generally comprise the steps of contacting the biological
sample with a plurality of target-binding probes to form a plurality of target-bound
probes, covalently attaching at least one of the target-bound probes to the biological
sample, generating a first set of signals from a first set of the plurality of target-bound
probes, and observing the first set of signals. The methods further comprise the steps
of modifying the observed signals, generating a second set of signals from a second

set of the plurality of target-bound probes, and observing the second set of signals.

[0007] Other examples of the methods for detecting a plurality of targets in a
biological sample comprise the steps of contacting the biological sample with a
plurality of target-binding probes to form a plurality of target-bound probes,
covalently attaching at least one of the target-bound probes to the biological sample,
contacting the target-bound probes with a first set signal-generating probes that are
capable of binding a first set of the plurality of target-bound probes, and are capable
of generating a first set of signals, and detecting the first set of the plurality of targets
via observing the first set of signals. The method further comprises the steps of

modifying the observed first set of signals. The contacting steps, the detecting step,



generally conprise the steps of contacting the biological sanple with a
plurality of target-binding probes to forma plurality of target-bound
probes, cwoabanuBig4attaching at | east one of the target Poodmrdopnedses to t he
bi ol ogi cal sanple, and observing a first set of signals froma first set of
the plurality of target-bound probes. The nethods further conprise the
steps of nodifying the observed signals foll owed by generating a second set
of si gnal snd denmadEgiagneps afay dfe idpeatpd uiadiple tineds tisuigeatsubsignentpsedlogs, and
observing the second set of signals. [0006] Addjtional exanples of .the

met hods f BiEN¥ecaeR ARG PLObES tﬂiﬂt@w sgpselysjettofithe plumlty ahfassats ydivirie
generally J ol t i i i kth a

pl ural i tyﬂf(;e1Eé @%ﬂggtkgﬁnﬁ?%ﬁ 6%6%2%{1%8‘%%9% ggb%})%rog:b?%% Slt?dgr eetq::\1 t ound
probes, cofitkehirhtyaiftagtt-togndipréteasindanecaphblchd gtaargiie Houbsdqyenoiees to t he
bi ol ogi cal .sanpl e, generating a first set of signals froma first set of
the pluraPf¥$14% target - bound probes, and observing the first set of
signals. The nmethods further conprise the steps of nodifying the observed
signals, generating a second set of signals froma second set of the

pl ural i ty[ogosy ar get Thoung far @agsion afid MheRrVoMGulhe: Secant S6lldficsi gnal s.

[ 0007] O her exanples of the nethods for detecting a plurality of targets in
a bi ol ogi saPpls gepdrally eempiiscea phisaliy opdarget-inding Protss vhaew; wcbditeatr sanmpl e
with a pl it . t - bi ndi.ng. pr it .

tar get - bob ha g ' BHAT; NG BAARGE ohfof BLTLAe BB debotihnss, | pouna
probes t ocifablchifahadityiad thearptricdcimibitinng ltdseotataget-bhnlimpdppbobas W th a
first set signal -generating. probes that are capable of hinding a first set
of the pl lfasiqnept dic ply @wf&a@ﬁagﬁfi%@gsﬁbeéﬁﬂﬁgﬁi@r @&aﬁlﬁwg cgps§akERdeing a

first set _a@efr%é'og'&?‘é fol RN HRLE Kchad if (R Vfiéiﬁi%f of@L tRhett N€ plurality of
targets via Observing the first set of signals. The nethod further
conprises the steps of nodifying the observed first set of signals. The
contacting steps, the detecting step, and the nodifying step nmay be
repeat ed tHA0P] pl e tFh@dﬂugﬁdgr%ﬁ@mbgéﬁa@hﬂﬂ§§pfﬁﬁg@$ghhhﬂ@@ﬁ@isﬁﬂMQ probes
to detect &t l‘lpseo uer?ste Séaa{[m % hh hcﬁinplsurst%l ! tayreg fenrt %{sgets%ﬂ ngge'h(lai N 1;[0%8
subsequentse Yot°"s gna -gé%era I'n robes '&F cap Bi°e &t |ndﬁ%g a
subsequentroséetinkihg kterp) dndal dignal 0éteéthggttedound probes, and are capabl e of
generating a subsequent set of signals. [0008] The kits for detection of a

lurality of multiple targets in a biological
P Y DRAWINGS J J
[0010] These and other features, aspects, and advantages of the present
invention will become better understood when the following detailed description is
read with reference to the accompanying drawings in which like characters represent

like parts throughout the drawings, wherein:

[0011] FIG. 1 is a flow diagram illustrating an embodiment of the invention.
[0012] FIG. 2 is a flow diagram illustrating an embodiment of the invention.
[0013] FIG. 3 shows cross-linking of cyanine-dye labeled, DNA oligomers

(Cy3-T20-SFAD or Cy3-T20-SDAD) to streptavidin-coated plates.

[0014] FIG. 4 shows interaction of cyanine-dye labeled, DNA oligomers
(Cy3-T20-NH2 or Cy3-T20-SANPAH) to cells.



sanpl e generally conprise a plurality of target-binding probes, wherein
each target-binding probe is capable of generating a signal, and at |east
one chemweal2ougasts4t hat i s capabl e of nodi fyi ng the genecatErdoisiogisaé from
at | east one target-binding probe. At |east one of the plurality of
target-binding probes is further capable of cross-linking to a target or to
a nolecule that is located in the vicinity of the target. [0009] The devices
for detecfooas] O}‘ ahﬁlcgtlr al dépictofintagegshowing ﬁlulél_i}ﬂé)&@i dettctidanpt eohgngr aLI y
conpri se a_sanp andl ing system  a reagent djspensing system a probe
cross-1i nmwﬁygwﬁn% PEOYSS diy & [tisgHSt WP ORY §%ﬁfémoww¥1ﬂ@9f POYED] These

and Otherﬁﬁﬁ%kﬁ%g%e?ﬂﬁﬂ CdcSoctiBR @ %g%%m%g&fgmgg&the present invention wll
under I'I'owi n

f
beconme better tood when the etailed description is read
with reference to the acconpanying drawi ngs in which like characters
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sequential detection of target-bound probes.

[0017] FIG. 7 is a block diagram, schematically illustrating an exemplary

device according to one embodiment of the invention.

[0018] FIG. 8 is a block diagram, schematically illustrating an exemplary

histopathology system according to one embodiment of the invention.
DETAILED DESCRIPTION

[0019] To more clearly and concisely describe, and point out the subject
matter of the claimed invention, the following definitions are provided for specific
terms, which are used in the following description and the appended claims.
Throughout the specification, exemplification of specific terms should be considered

as non-limiting examples.

[0020] The singular forms “a”, “an” and “the” include plural referents unless
the context clearly dictates otherwise. Approximating language, as used herein
throughout the specification and claims, may be applied to modify any quantitative
representation that could permissibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value modified by a term such as
“about” is not to be limited to the precise value specified. In some instances, the
approximating language may correspond to the precision of an instrument for
measuring the value. Similarly, “free” may be used in combination with a term, and
may include an insubstantial number, or trace amounts while still being considered
free of the modified term. Where necessary, ranges have been supplied, and those

ranges are inclusive of all sub-ranges there between.



[0013] FIG 3 shows cross-1linking of cyani ne-dye | abel ed, DNA ol igoners
(Cy3-T20- SFAD or Cy3-T20-SDAD) to streptavidin-coated plates. [0014]FIG 4
shows i ntwpaeoti/@sisaf cyani ne-dye | abel ed, DNA ol i goner s PCOEP20IR063NH2 Or
Cy3-T20- SANPAH) to cells. WD 2011/048184PCT/ EP2010/ 065876 [0015]FI G 5
depicts i mages showi ng nmulti pl exed detection of poly(A) nRNA and U6 snRNA
probes in a tissue sanple by sinultaneous addition of probes foll owed by
sequent i af00det ect i oMhefermrgiologhalisgmpledbasused herein, refers to a sample of

biological origin, or a sample derived from the sample of biological origin.
Biological sample may be an in vivo sample or an in vitro sample. Biological sample
may be of prokaryotic origin or eukaryotic origin. For example, the biological sample
may be originated from a biological subject such as a bacterium, a fungus, a
protozoan, an insect, a fish, a bird, a reptile, a mammal (e.g., mouse, rat, cow, dog,

donkey, guinea pig, or rabbit), or a primate (e.g., chimpanzee, or human).

[0022] Biological sample may be obtained or derived from a biological
subject by a variety of methods. For example, a biological sample may include
tissues or cells isolated from mammals (e.g., humans), sections of a biological sample
(e.g., sectional portion of an organ or tissue), or extracts from a biological sample
(e.g., an antigen extracted from a body fluid such as blood, blood plasma, serum, or
urine). Non-limiting examples of the biological sample include, cells, cell fragments,
tissues, tissue sections, organs, or body fluids. The biological sample may be
immobilized on a solid support such as in blots or arrays. For example, the biological
sample may be immobilized on a membrane, a paper, a glass slide, a microtiter plate,

or an ELISA plate.

[0023] The term “nucleic acid” is meant to include any deoxyribonucleic acid
(DNA), ribonucleic acid (RNA) (e.g., a chromosomal, a mitochondrial, a viral, or a
bacterial nucleic acid), or their analogues. The term “nucleic acid” encompasses
either strand or both strands of a double stranded nucleic acid molecule. The nucleic

acid may be a natural nucleic acid or a synthetic nucleic acid.

[0024] The term “target,” as used herein, generally refers to a component
(e.g., a biological molecule such as a protein or a nucleic acid, a part of a biological
molecule such as an epitope, or a biological structure) of a biological sample that may
be detected or analyzed when present in the biological sample. The target may be any
substance for which there exists a naturally occurring target-binding moiety (e.g., an
antibody to a target antigen), or for which a target-binding moiety may be prepared
(e.g., a synthetic small molecule binder such as a ligand for a target receptor). Non-

limiting examples of suitable targets include peptides, proteins, oligonucleotides,



[0016] FIG 6 shows multipl exed detection of b-actin and U6 probes in a
ti ssue sanple by sinmultaneous addition of probes followed by cross-Iinking,
and sequewOi2al1/idetsect i on of target-bound probes. [0017] PCEEPZ01086376] ock
di agram schematically illustrating an exenpl ary device according to one
enbodi nent of the invention. [0018]FIG 8 is a block diagram schematically
illustrating an exenpl ary hi stopat hol ogy system accordi ng to one enbodi nent
of the i nuesiticaridsDERAIDER HERSR)PHLOMLIcOLIRE To.gioea@is| @adulgyrspniihidonci sel y
descri be, .and point out the subj %%t i i

ligands, receptors, antibodies, affibodies, antigens, aptamers, haptens, hormones,

enzymes, enzyme substrates, or combinations thereof.

[0025] The term “plurality of targets,” or “plurality of different targets” as
used herein, refers to two or more different targets. For example, a plurality of targets
in a biological may refer to a plurality of antigens in the biological sample, wherein
the plurality of antigens comprise at least two different types of antigens (e.g., a
mixture of antigen A and antigen B). In general, the plurality of targets comprises at
least two sets of different targets; each set of different targets comprising at least one
target. The two sets of different targets may comprise same type of biomarkers (e.g.,
two sets of different antigens; a first set of antigen A, and a second set of antigen B)
or it may comprise different types of biomarkers (e.g., a first set of RNA, and a
second set of DNA). Each set of different targets may often comprise more than one

target.

[0026] The term “target-binding probe,” as used herein, refers to a moiety that
is capable of specifically binding to a target. The target-binding probe may be used to
detect or analyze a target when the target is present in the biological sample. The
target-binding probe comprises at least one target-binding moiety. The target-binding
moiety may be a naturally occurring specific binder of the target, a moiety that is
derived from the naturally occurring specific binder, or a synthetic moiety that
specifically binds to the target. For example, a target-binding probe to detect a target
antigen may be derived from an antibody that is specific to the target antigen. The
target-binding probe may further comprise a signal-generating moiety, a masked
signal-generating moiety, a cross-linking moiety, or an independently detectable
moiety associated (either covalently or non-covalently) with the target-binding
moiety. Often, the target-binding probes bind the target via molecular recognition of
discrete chemical moieties of the target or structural components of the target (e.g.,
via molecular recognition of a specific three-dimensional structure of a protein).
Suitable examples of target-binding probes include, but are not limited to, a DNA, a
RNA, a locked nucleic acid (LNA), a peptide nucleic acid (PNA), a modified

oligonucleotide (e.g., oligonucleotide with a modified base, a modified sugar moiety,



matter of the clainmed invention, the follow ng definitions are provided for
specific terns, which are used in the follow ng description and the
appended wbhannm48iBar oughout the specification, exenplifipcatEpeonoobtssgpeci fic
terns should be considered as non-limting exanples. [0020] The singul ar
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2011/ 048184PCT/ EP2010/ 8/65876 [0021] The term "bi ol ogi cal sanple," as used

herei n, re&fasrig the partaeipelecyes. bil'be ailecalesgpighave weoghitdehpites didier ood from

t he sanpl f biological .origi i Q) .ogi cal e.an | i yo sanpl e
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eukar yot i gar®ier ghleclfey. evalsqllg, rdcbgnitionggi ealilt SamelcetroBytidéntetacgpnmat ed
froma biological subject such as a bacterium  a ‘fu%us, a protozoan, an
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antigen interaction, enzyme-substrate interaction, complementary nucleic acid
sequence hybridization, ligand-receptor interaction, and the like. Target-binding

probes are selected in such a way that they bind specifically to their respective targets.

[0028] The terms “signal generator,” or ‘“signal-generating moiety” as used
herein, refers to a molecule that provides or generates a detectable signal. The signal
generator may provide a detectable signal inherently, without requiring any prior
chemical or structural modification for generating the detectable signal (e.g.,
fluorescence signal from a fluorophore), or may generate a detectable signal via
interaction with another suitable moiety (e.g., signal generation by an enzyme via
enzyme-substrate reaction). The detectable signal may include an optical signal, an
electrical signal, an acoustic signal, or a radioactive signal. The detectable signal may
be observed using one or more detection techniques such as spectrometry,
spectroscopy, or visual inspection. Examples of suitable signal generators include,
but are not limited to, a chromophore, a fluorophore, a Raman-active tag, a

radioactive label, an enzyme, or a combination thereof.

[0029] The term “masked signal-generating moiety,” as used herein, refers to
a precursor signal generator (pro-signal generator), wherein the detectable signal of
the signal generator is masked. The masking may modify at least one of the signal

characteristics. Masking may result in complete/partial removal of signal, a shift in



subject by a variety of nethods. For exanple, a biological sanple may
include tissues or cells isolated frommammal s (e.g., humans), sections of
a bi ol ogiweal2osiznmpise (e.g., sectional portion of an or gaRCOMEPRIISHGIEY¢ Or
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di fferent "types kers and a second set
of DNA). Each set of dlfferent targets may often conprise nore than one
target. [0031] The term “correlating”, as used herein, refers to comparing or

analyzing in any way the performance and/or results to establish a mutual or

reciprocal relationship between the events that are being correlated.

[0032] The term “in situ,” refers to an event occurring in the original or native
location. For example, in situ may refer to an event occurring in an intact organ or
tissue, or in a representative segment of an organ or tissue. In situ analysis of targets
often provides contextual information that may be lost when the target is removed
from its site of origin. In situ analysis of targets may be performed on cells, tissues,
or tissue sections derived from a variety of sources, including an organism, an organ,
a tissue, or a cell culture. Accordingly, in situ analysis of targets in a cell or a tissue

describes analysis of target-bound probe located within the whole cell or the tissue



[ 0026] The term "target-binding probe,"” as used herein, refers to a noiety
that is capable of specifically binding to a target. The target-binding
probe maywbeougmsisto detect or anal yze a target when theCTaP&ED/06387@r esent
in the biological sanple. The target-binding probe conprises at |east one
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Oten, th get - bindi ng pr.obes bind the target,yvia nolecul ar.recognition
of ' ai sor ofWZham call Mgt FUBeaig heTas gicts o dtsBri A BBRe R o of ¢ he
target (en@nitoNh@tH¥Dsigedl] 3K si@GPGRdNT b AerAf genERBE nfayChd BbRAdi sk onal
structure of a protein). Suitable exanpl es of target-binding probes

i ncl ude, Betectimesyytpm [of rint idpeing, SystaDNA Fog qmmplea odbskiag hgignal Goachd (LNA),

a peptide cl-ei i R ified.oli ide(e.g.

o1 Fgonuct SRS Spffednm B rea B0y i By RIRNE GERL S0 Bpd smmple,

nodi fi ed phosatuat of M a@ttgdtionasysesnit obakly imagin@Ryitbadysed rdepemidtupoa thept i de,
an affi body, a hapten, a ligand, or an aptaner. lOOZ?]The‘Iern1"s ecific
bi ndi ng, " nafreRfdhc pigpdithat is gersrated by tthesigpd Gepsrator e Noynimiting cpmplse of two
di fferent r I f.ar I

subst ant 1 31 Ty LngmeGRE L e (IR bE R @ obhctes 2 ROMRELFS|Efon

Cener al | ysgipeesdnaacd YESR) aydiemdianchaege ndupled uktise f(CAMD)s pwsedrt i (¢.giofoecul ar
recognition.sites in the rtner | ecul es.. The nol ecul es may. have

recogni ti BHIQTAIRRESY; f“Fne‘?Pt@F‘n SKEPR Eu8 LAEEalo impging, AUPTCSCRACE | B Hat gi ve
rise to SQﬁﬁb&ﬂCiﬁﬁgﬁgﬂ'%hoﬂﬂaﬁﬁ&ﬁe@y&&%,F%DIﬂ@&&ﬂﬁ%kﬁDhE&U%§§mnth?CU|ar
recognition nmay result via electrostatic interaction, hydrogen bondi ng,
hydr ophobfrleniihtreinesstitosysteoy, aa eneyibé Watecoon efstanmt ar ztomioigce egressopy Exanpl es
for specié&@wginqing interac%ioqi.include bK%T?Qe nogrlin%ted to

ant i body- SHSIERY &r 3R, IR LTSI, {45 ELPR Ko Apihent ar y
nucl ei ¢ agiffh-12@ FRENSBtdMY, R ladbZd irt@ial deflo@Re (TER L RHfstim.i ObSdrdidkiOfgnaand t he
|i ke. Target-binding probes are selected in such a way that they bind
speci f i cablsy inctndep sispalrobsgrsatianel aigngbt s. [ 0028] The terns "si gnal
generator," or "signal-generating noiety" as used herein, refers to a

nol ecul e provi r -S| L1 T L
generatorhggﬁ]provi eéégéggggﬁg%%gég@8%§%§ﬁ%ﬁ§%§g??%?ﬁ&?%ﬁgg?%?%gg#ring any
prior cheptogabstior applicatony alichhagdj foiuc atot oiimfted tgeraslgtd dgtettien, dékest abl e
signal (e.qg.,.fluorescence signal froma fluorophore), or may generate a
det ect abl €°1S¢tipRal 435355 ntBYHOLINEN WRHNHh ot RERIAHE afiEasi é%?fg%té?ng. :

si gnal geﬁg{o%&rﬁilgtrpy apto@l:{@ﬂig&y,vi ﬁnﬁﬂﬁ&dﬁ%ﬁﬁ%‘ﬁrg |t ritSurdoB R chOMstry T N&r

detect abl e signal nmay include an optical si an electrical "signal, an

acoust i ¢ shgnadflucsescenaca dFaractampde, shgmadthodshmayl ét gettatulalysisphidl innthy be
observed ﬁs'ng ne Er Tor e detegtio te hnigues sych as spectronetry,
spect rosc B@? PSRRIy (ERREOR P heIsf) Y MBFUOHIPEEISECSi gnal gener at or s
include, but are not limted to, a chronophore, a fluorophore, a
Raman- act {00851 a9, aTheahdiasdsi Mgy bakedd tcABeteRtzy PRiral®y of taoobiinat Jigglet her eof
[ 0029] The term "masked signal -generating noiety," as used herein, refers to
biological sample. The detection of the plurality of targets may comprise identifying
the presence, absence, location and/or amount of the plurality of targets. The methods
may use a single detection channel for detecting the plurality of targets. In some

embodiments, the methods may be used for in vitro analysis of biological samples. In



a precursor signal generator (pro-signal generator), wherein the detectable
signal of the signal generator is nmasked. The nmasking may nodify at | east
one of thwobgraBiseharacteristics. Masking may result i RCTmPpéieessparti al
renoval of signal, a shift in signal peak, a reduction in signal intensity,
or a shift in signal frequency. The nasked signal-generating noiety may be
converted to a signal generator upon unmasking. For exanple, a

t ar get - bi sgha@gnihodlecnigvihagnahodskad s gseal fogeineviad i anglysidi eff Biotaycatonpri se
an antibody (a target-binding noiety) coupled with a quenched fl uorophore
(a maskedS¥RJAal - gener ating noi ety). A donor-acceptor fluorophore pair
(e.g., a fluorophore-quencher pair) may be used as the nasked

si gnal - genmaf | N9 MPhetethGisNBRBRAdELURMOPN O ral WNEF BirBett NE th WRLeScence
of the donor 1s quenched via a resonance energy transfer to the acceptor.

Modi f yi ngbiolegidil saaplce Detategrthe targets am thcasoepbiologiaat saneptovady dfo bhe
acceptor may, be used to u k the don fl uorophore, . and, the .fl yorescence
rom the BUHdP ISR ReR A ToRsEr Pau bap ol HE Ao okt et ¢

det ect abl gmefidStaye uscsl MSBRALARRChpplIcEi®TsSwh&ed MY Mndoat omwlc%@ceﬁiet ected
either by a direct assay or by an indirect assay. To be detected by the

di rect assayble iy bhaeapleblgept byalpes. cxtvelsire thepsaatoysagide mist berpracessea si gnal
generator (i ot ul i de/ er det e I i . en
independeg ﬁ?ﬁﬁgFé% 5%%% ﬁ%f%%%: gg%%ﬁéP%%%% J‘é&agﬁﬁgég%ﬁﬁﬁﬁﬁé%gﬁgr by

i tsel f or foshdetettingC diff@tmts tagemskedhsisgmal sgapler ahabithgmddvedry chémidiry ect
assays need to be enployed to detect the independently detectabl e noiety.

For exanpFeUirements nide peakysst Py retatipler pesss nol iy ynathgdst Heralte weltbdbed by
associ at | fhbedM Adleid c%h@éh?%gg‘ﬁ%%g%ﬁ RHHTAS ‘?ﬁa&el{%;ca ¥b1L BF H@:éé‘dnggm?]yg ?ei .

si gnal -generating noiety. e term "cor tfng”, as us
refers toliomapannbgr of tagetk }dueng limitaions wayedohvang ewtdapparec egadisl/ dorresul t s
to establish g nmut ual or.ref%ﬁrocal %elaaionship betﬁfen Hpe vent s t hat
are bei nge%aéqg &| 1§t g gPnventiona orescent-based detection ‘assay, the number of targets
that may be simultancously detected may be limited to about four because more than
four fluorescent signals may not be resolvable based on their excitation and emission
wavelength properties. The methods of the invention may help overcome this
limitation, and enable the detection of multiple targets (e.g., greater than the four
targets). The method may be used to detect a plurality of targets that may help in
comparing different types of cells or tissues, comparing different developmental

stages, detecting the presence of a disease or abnormality, or determining the type of a

disease or abnormality.

[0037] The methods further provides means of increasing mutiplexity of the
detection of the targets by using target-binding probes having activatable labels (e.g.,
signal generators) that can be activated for imaging in conjunction with target-binding
probes having labels that are already imageable. This allows for simultaneous use of
two or more target-binding/detecting agents, one of which is directly detectable while
the others can only be detected after activation, allowing reuse of same detection
channel for detection. The methods describe use of activatable labels along side
active labels that may be activated after the already active labels have been imaged. It
is also possible to employ multiple activatable labels each activatable under same

conditions if the labels are detected in different detection channels or under different
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[0032] The term™"in situ,” refers to an event occurring in the original or
native |location. For exanple, in situ may refer to an event occurring in an
i ntact oryearoowo4gisgsue, or in a representative segnent eCTAP2Q0H6337Or
tissue. In situ analysis of targets often provides contextual information
that may be | ost when the target is renoved fromits site of origin. In
situ analysis of targets nay be perforned on cells, tissues, or tissue

sect i ons darditicad if thesu@e datetdryclahnsldsine@sippr detedtio mgleéhlkemd}gﬁﬂdg%mble an

or gan, i ssue, or_ a cel] | ture. Accordingly, in sit anal ysSi s
targets i Lﬁbal way be geaxed P@éaﬁgoraégé? thségmaﬁgmy%iesacwat%@?}&e Botstaats obe

| ocat ed V"h&ﬁ% %‘Rﬂagnmolhe C§a|n]'d 1% b tgroﬁlﬁge SRS 'V%b:{rﬁ'ufu‘tll&ﬁrf&%erbo“”d

probe renain Int e cel rane nay y intact or
partial ydesutlhestmmﬁnoﬁseoﬁmnﬁlcfymgmgmahte detecs imultiaspegdicsmoeaulththatmmeg, t he

met hods be e d to anal zet in situin. eI.I or tissue

Sarpl es { RLPTRFE T QUG onRaegen s | MAGITC [GosS) THEM GaHPn gk iR
signal " rgffRkt tl&efkeafeﬁﬁplﬁ&au&m{a§%efse@ kighltaREoulBNI ARSthaIrhiR sf @ral . A
signal froma signal generator may be observed using a detection system or

an i magi ngvsytsareny sigogl emahﬁwlonomsmmulmlgleaeéufgﬁaat wyiegnraulply| bheledl sanpl e
may be pref.ornme turin t he b| ol ogi cal sanple. The nature
of the def %qniufi% @%ﬁt"é%l«? %%n(?%al ﬁ%péb'ﬁegﬁ% ed depends upon the nature

of the signal that is generated by the signal generator. Non-limting

exanpl es plo3det ect i Ohé bloagicyd sayples indinds, bubyrcht ligacbdtto, Blosérpigsnea, si gnal
i ncl ude an el ectron Spi n resonance (ESA system a charge coupl ed device

(CCD) syst@Hing gliya, cqrehrak ypinadiflst aysasy!, fluidh Bpk. kyawhssputim S(eaﬂe@ uriggpt j cal
| magi ng, EﬂoHP &FCENGE elMY 0GiratC ARt seLeTHE MY sk@Nr&hESb Eséﬁlmst em a

phot ogr aphi msystem a chemTum nescent systenj ah enzyne detéction
system aor @temmlmnhtyr tractyi tamos congyn,( AfiMcubyrst el allta@mnnsngudnunnﬂhe ng

m croscop TN{. det ecti on syste a}near.lnfra-redfle?és S
total int 1B0UP SEE B V("ﬁ%??)ce@%/g? b POSHELEE - FYISPH 9T léF%ro i EI udes
vi sual obggiatal @ﬂnﬂfe Rayd&d8tah -a B3¢ A AMEd F5 oG Ry &&ﬁpr%tahﬁgfennﬁy be

used in anal ytical, diagnostic, or prognostic appllcatlons such as, but not
limted tﬁxedaraasltgm@d dnetaem‘ﬁt@atedcj;ame@seTlcbeblebtglo@marmlserwefumbm lnolrmdng,

treatment nonit rin di sease predict t ochem st.r cyt stry,
rmunocheRT By | Hinh: SESTrERESt ploRieu By Ao by St R Regari e,
the met hOQI&l‘tﬁ@thsbSr PRy hkes: UbiaEh YnaySRdtUhathrdlly Rkefrhi®bd Svigf tHal s eHitstry,

i mmunohi st ochemi str i mmunof ['uor escence. [0035] The net hods may be used

t o det ect ngivslforral Ti:? b@ﬂogl%l gengleinpyzbesinglyized as is, i.c., without harvest and/or

isolation of the target of interest, or may be subjected to harvesting and/or isolation of

targets prior to analysis.

[0039] The biological sample may comprise a whole cell. The cell may be a
primary cell, a cultured cell, or a cell line. The biological sample may comprise stem
cells (e.g., adult stem cells, or embryonic stem cells), dedifferentiated somatic cells,
reprogrammed cells, or induced pluripotent cells. The stem cell may be totipotent,

pluripotent, or multipotent.

[0040] The biological sample may comprise a tissue sample. The tissue
sample comprises a collection of similar cells (not necessarily identical cells, but cells
from the same origin) obtained from a biological subject that may have a similar
function. For example, human tissues include, but are not limited to, epithelial tissues

(e.g., surface of skin, airways, reproductive tract, or the inner lining of the digestive
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bi ol ogi cal sanmple. The detection of the plurality of targets may conprise
identifying the presence, absence, |ocation and/or anount of the plurality
of targetwo20hi4sthods may use a single detection chanmell/Hreo10@eiseet i ng
the plurality of targets. In sone enbodi nents, the nethods may be used for
in vitro analysis of biological sanples. In some enbodi nents, the nethods
may be used for in vivo analysis of biological sanples. [0036] The net hods
enabl e detread,i connedtiva pdsueal(e.ky Wdod atgelss bofie,t hie cadiiageRi mbedd ciatuesanpl e.
Detecting the targets in the s bi ol ogi cal sanple may al so be used to

det er mi neCayatal AT SmEosh FesEish Qﬁ"@ﬁl 1%%? ,aﬂr&@a? @%Sﬁ@imrov%@ ¢igfuc anpl e.
The et hogs, a6 I3RhHM nbRe@RRLYihicREd PR ald QRDHIMAGS Be Bblajdtlirngmount of
biologicaﬁ§%énp}é may be gVa?F%%?e #6? agaﬁysis?ﬁbr m%e?e ?Le sanggsanple
must be procemssedgésatiom(ptenplad cadalsle@aent ichesanegdet adbjdcvrfrahardresh nay be
enployed multiple times.for detectin ifferent targe in the. sane sanple,
enebl T ng PebBiSeEH Sy e o Emared Pl s yue G, BB et o The
net hods ape RUAP Hsialf gl Reldded agnes WMHAr GinthiGRNVRA, | ?é}%bn&ﬁtﬁlﬁﬁj @R nethods
may be capable of detecting only a |limted nunber of targets due to

| i mitati omgerptitial @at)vi ng over |l appi ng signals. For exanple, in a
conventional fluorescent-based detection assay, the nunber of targets that
may be si neous ct | [, t€ hout f.ou cause nore

t han fourﬁ#kﬁgrescegﬁeggéﬁéﬁgg#gg%xggZbgﬂéé@g éﬁ%?§8%5§€%; %Pﬁhﬁﬁwg

exci t at i opectiogl), ot &gl dtheBval £ngntal PERPEE ki, @tissudcti®i bDelsdomfbréd’g ok nvent i on
may hel p overcone this limtation, and enable the detection of nultiple

targets (Brogtate) freaflispased fissucHs-& salontadepeansginonile Heg Hewe maSHideMa¥ed t o

H
detect a r.al f. t : i i i, types of
cells or F%%gﬁg%%%goﬁﬁgﬁ%ﬁéggf%@%&égﬁlﬁ%%% J%%Bﬁ?gpggiggég?’%ﬁ%ﬁ@{?ng t he
presence Q@ BbSETBEMObr RAOD MR fotabouOr5 F&irembiert, BBatidue3 P Mouds di sease
or abnornality. [0037] The nmet hods further provides neans of increasing
mut i pl exi Mycremetchie ddiewncosectpn thetisse gamlebyayidienigkerap@subieeied ig probes
having actiYQlahl & R0el8u (8o e o} aIRALLASNELAN ridoh ki fAR ARG, gPL  vat ed
for inagi fig 1N conj unct i-on Wt R targe -%lnﬁing prolgs Vi ng Tabels that

are al r eagipldciRg skl eln Jthscrabddim@ntsOmuiipidibdcabaOoBa tissie GhmbWomey beor e
target - bi ndi ng/ detecti ng agents, one of which is directly detectable while
the ot her anadyvddaldetasa phirralétyenf tarectsr  Hea fivvae SeRpleanmos hepvidadsie B sanme

detectionﬁﬁﬁﬁﬁgﬁhma@ﬁmgggﬁg%gﬁg;%%%gﬁggéﬁqgﬁngg§%éibe use of activatable

| abel s al ong side active la be activated after the already
active | abel s have been inmaged. It is also possible to employ nultiple
act i vat ab[@4Rabel s &msdmacmbudingntse metoer ofsdaterting radpltiradifgs of fargdie il abel s are

detected |n di.fferent detection channels or under different conditions if
Che Sams BBIHSY SHBlsafar s SeeB Rb e et R DFREGS dgs S Rdbban o

| abel may & tdafanaplcOfHirsb af R1IRY o BhrgeNBindAFErbbd¥Es tidtiIARLJUBL ARLE | abel
is activated using appropriate |i'nker and protective group chém stries. The

i nvent i ontd the bidegickd sampleds forat hplisalivy obrardet-boimdprobgmatt least dee efcthe mul ti pl e

specific | ecul es that nay be present at, different concentratio Mul tiple
nove! of CalEeuEE s Ratieh ccr b BRAT crkecd i IhE Mg BERaT Mkt Phe vy b
used si mupliaepustaygctdRahbicdctt@ad WRektiallys ddtaceing itntatget-So@itBprobes.
anplification in a nultiplexed fornat u5|n& mul tiply | abel ed

p

ol i gonucl 8¢ icaareef gsl perbeds @aycomprise dictsiepp of yoripsting: the sample with a
plurality of target-binding probes to form a plurality of target-bound probes,

covalently attaching at least one of the target-bound probes to the biological sample,
observing a first set of signals from a first set of the plurality of target-bound probes,
modifying the observed signals, generating a second set of signals from a second set

of the plurality of target-bound probes, and observing the second set of signals.
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[ 0038] The biol ogical sanples include, but are not Ilimted to, blood,

pl asma, serum saliva, cerebral spinal fluid, pleural fluid, mlk, |ynph,
sput um swoenil/o48isne, stool, tear, saliva, needl e aspir C&/EPeXINA5I3¢
section of the skin, respiratory, intestinal, or genitourinary tract,

tumor, organ, cell culture, cell culture constituent, tissue sanple, tissue
section, whole cell, cell constituent, cytospin, or cell snear. The

bi ol ogi ca[0slap! e NMlEjie exdtisdd penedallyotdraprives ahe htldj)ﬁof applyingndphmeatitg @ffpri se a

frozen, a fixed, a taln or a pre-trea npl e. The biol ogi cal sanple
may furt hgwlti%ﬁm@ guﬂa&% b taéhep'?lé@w ﬁ%@ Coaﬁlﬁn& %

buffers, fdXabic@She %ét'b%hé prévdk &@k&twlsﬁ,glcgr s 'delf@ctmgfa il g@ not

naturally I nterm xed e sanple Inits native form The b|olog|ca
sanpl e mathelpdurahgyl ofz@getasn the, biological sampltmlnbt olifsarwmga fiamtdétarf mgnalsaﬁ‘om)n of the

target of er est e subj ec vestl and/ or. ol ati on of
tMQMSpmerqﬁ%%&@ﬁygmﬁﬁﬂ%l %ﬁ% &W& a whol e
cel | . ThedgglilngMaYscBEnd sB bIBRY phihlity af G &tw ﬁdﬂﬁeinblog&ral afmpld (an ne. The
bi ol ogi cal sanple nmay conprise stem cells g., adult stemcells, or

enbr yoni cgeteeatinged |sgc)ondd9@d|of fsegnelst fremettic ssomndl et od | fluralivyept trggadsmnd cel | s,

or mi t1 porenne FEoorHE! b7 ebPe T Gyt insreB%e et atpl ¢

The ti ssugtep JMRhAi RN e DbSEVEE SlchANfreh Be Fedcdd ebk shd pRtaligegssarily
identical cells, but cells fromthe sanme origin) obtained froma biol ogica

subj ect tﬁégetﬁﬁf hacandzset phignals) flabevedoby deteftingentipdesct pfithaRlwalgy 9és

i ncl ude, e t i i of skin,
i rvays, PLESERoblILE BhAL: TRELBOR blinoll FRY St e Rpen S B 2% )
connect|vanhsasu&sm(ﬁﬁgnh bﬁﬂbane@séhﬁtommaphnﬂﬁyoﬁﬁﬁgﬁgg@ﬁcmﬂnﬁ@#e

tissues (vis nDo h muscl es, .skel et al scle, or cardiac nuscle),
or nerve ff §li Zhe( 1ty B%&F%Pts &t Hisi bipl Oa@ﬁb%npqu Ingygmmegmbadhimgynts. e ti ssue
sanpl e ”aytepﬁar%t%%ﬁ’éa@a%'d{ h 6@ tiARY td 'd@f%ct' d’boﬂ?%@&iffé?exﬁ RESTAL. ah:)cl@g 3f

devel opnment” of the biological subject, froma fresh or a preserv (e.qg.,
fixed or fargten)horfgstrsct bf sigssls and pher at‘tmqlt@hbw of bigyath m@mathbtewdrths or

bodily fluid cerebral s mioti.c fluid, per ton
Frut @) or Sink bPsd e Toroeen SoBeer ey 260 iioheShy cBe B0 o i de

of a ti SSHRY®E al fliprdddédt sighal 4rkS¥d8ond set may be an absorption signal). The ﬁrst set
of signal and the subsequent set of signals may use a single detection channel or may

employ multiple detection channels.

[0044] In some embodiments, the plurality of targets in the biological sample
comprises at least two sets of different targets; each set of different targets comprising
at least one target. The two sets of different targets may comprise same type of
biomarkers (e.g., two sets of different antigens, a first set of antigen A and a second
set of antigen B) or it may comprise different types of biomarkers (e.g., a first set of
antigen A and a second set of DNA). In some embodiments the plurality of targets
may comprise multiple sets of different targets. The target may be present on the
surface of the biological sample (e.g., on the surface of histological sections, DNA
microarrays, protein microarrays, cells in suspension, cytology smears, or solid
supports (such as gels, blots, glass slides, beads, or ELISA plates), or may be buried
inside (e.g., RNA or DNA targets in a cell for in situ detection). The targets may be

characteristic of a particular cell type (e.g., differentiated versus un-differentiated
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section), derived either froma nornmal tissue (e.g., a tissue section of
colon, breast, or prostate) or a diseased tissue (e.g. colon

adenocar cwoanH)048iBhe ti ssue section may have a thi cknes®CirEPa00ARTPE6 Of
about 1 mcroneter (i.in to about 100 !lna, or about 1 ilmto about 50 Rm
or about 2 ilmto about 25 m croneters, or about 3 ilmto about 5

m cronmeters. The sanme section of tissue sanple nmay be taken and subjected

t o anal ysktenmt @llidebespaticulaedbiadevsd melicul 0bndiiidif. efeidbld @rged Bcktle,cout

nor phol ogi cal | evel gr at a polecular level. In some enbodi nents, nultiple
sections 8f &of iwifed stopPertifsy MECtERa yigantdedidedciuglels weksi (§eof
targets. | : DRBY) Lded, i 0 f I m cro
array (e. g%%bg?%&%g%?@ ggue m ??olﬂgo(rﬂ\églgﬁ ad[ld(t)kogg]qjlkp? %%‘}?%Cé'ﬂ%fgﬁﬁgﬁfs,

met hod of ledeteatsuggrsy lipidsr Aandy, rofeptas.gatibodins, affibhodiasgamt agens appherg onpri ses
sequential detection of the plurality of targets in.the biol ogl.cal sanple.
Frsc o By MgS Qe er Dt g pr oBbEeRS S chiotuhenurSOhaded to t he
bi ol ogi cal sanmple to forma plurality of target-bound probes. At |east one
of the ta (HﬁﬂS? boundTRé GR&BodsSmb @R el ab eddtdcy adplAtiRedf tderréBa htgkogi cal
sanple. The plurality of targets is then detected sequentially by detecting
t he tar getnchislig byt ebreBot necd to,npypanastic taracte horompac rayhaEBape eePtohe st eps

of contact, th NPl i th ural it ta - bi ndj obes to form
o o urar % D EpREIREoHt, o BLME R, o (OUIScatle! DRRLIRER 0 ]

t he tar getisdaotigdetpra@Rastcr of HiffRrditialiog(CR) tasrey becorbiagtions migeréoff INgt set  of
signals froma first set_of the plurality of tar?et-bound probes, nodi fying
the obser UBHing gramales geh dargets niichidse copfiorade pOIEREn A ENPrm Hatieond set

ot anal s g st Pb TR bR E R B T S e B SSRGS
Carget < bi hdin probes 1 o Lhe BUoLodl fal . SATRLE. . coyalent Iy at tachi ng a

| eaar oneeBiicHHE AT GESh b T ShauERMERePb R GEREH sanpl e, det esti ng a
first set of the plurality of targets in the biological sanple by observing

a first sgjoqef si gnwoﬁ-lfnﬁiﬁﬂ'% tREmplcs 6t tusr tREuchhige! hdyinefudt Bl@@drRers
nodi fyi ng the observed first set of signals, and detecting a second set of

t he pl ur abudhyesdrcasteageqrdigmarkpes (bgoEhgiPRaHesa it &5-0via Yethe (A .ngAa second

set of si l.s fromithe second set .of plurality of, t s and. erving
the secontbd 5o an gy BRERT et Momtnl tea Y k8 AP I ERIE g e
step of mygithieabt 0A105), g bseigBarkégnak., NSENCGERYE SEERAD ISEIIMIF3, t he
plurality of t i second set of signals) followed by detecting a

argets & .e., s
third set T8 pm&g%ﬁ’ﬁ .iR3r4fPadaplgains CytokeréngiOp CHERTEQATaA h |06 SCTHR above

nmet hod st 2: /AN oT= N4 v i (3788 t f fifth,
and an nt %ﬂ@el@o#)’ ?Wgagﬁeﬁatrng%i ty %ﬂ#( gltsgre'g'éts§ 'to ét(:a ie)g/?’}rlgzs’toqgstl\gjﬂ’%gf t he
pl ural i t yliodr caaceg®isndrkers egbAdPpgi cal sanple. In sonme enbodi ments, the

steps are repeated about 100 times to detect about 100 different sets

(i.e., n=100) of targets. The first set of signals and the subsequent set
of 5 gna Wtk o | “BERSe hmeliiest phehpRicg i phago ik R Al or ¢ hey
may be of |igikh &f @REyhHRESr e sUeh af EdlSdioSEiraRael tndutdtpesisieRhoignal and
second set may be an absorption signal). The first set ofp signal and the

subsequenprosent AdPag-ral asidpljospbatass. shoghancd bormenicgagwWitangaer hormensy enpl oy
,[Tglr Ejlef lsei ﬁe%%ﬁtﬁ% Eq?g?tggx%glglﬁllc:@gﬁ%t?\g%ﬂ Ingt Rited %on,bl(l)ucrlxilaqlea'{osrion}chgoﬁldgtqoaplililt y of
(HCG), adrenocorticotropic hormone, carcinoembryonic antigen (CEA), prostate-
specific antigen (PSA), estrogen receptor, progesterone receptor, androgen receptor,
gC1q-R/p33 complement receptor, IL-2 receptor, p75 neurotrophin receptor, PTH

receptor, thyroid hormone receptor, or insulin receptor.
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conprises at least two sets of different targets; each set of different
targets conprising at | east one target. The two sets of different targets
may conprweeosiaeistype of biomarkers (e.g., two sets of PdirfEPesiensssaant i gens,
a first set of antigen A and a second set of antigen B) or it nmay conprise
different types of biomarkers (e.g., a first set of antigen A and a second
set of DNA). In sone enbodinents the plurality of targets nmay conprise

mul tiple §EUg]of di Bﬁﬁtﬁméxa&@ﬂ@edfsymﬁhmdttagg@&nayﬁyclbee piuese ot mitede
surface of the biol oq}cal sanp on . the surface of histol ogical
¢ pla%

sect i ons, ONAPA-E8H Yé%%rypﬁmotaimﬁ‘ h‘?’&tﬂt%’rsmayg cleltpget nbcdiss

cytol ogy Eﬂﬁﬁ{ UBRPS ides,
beads, ELI §/§yt8%§?§ %@lérﬁ i E)rﬁy%%‘rdﬁe ?ngﬁif (r?%l&%arﬁ%ga%fﬁec[}mﬂt argets
in a cel I gfanpyma ESlHILAwktsethm@en Hha tlasgHt (O Meantipen, dhlah addssrll $D0¢ of a

articul ar ceII |ffer ntiated versus un-differentiated stem
P oy Sl o By Sy Bt hSros B At R T oG ki A et o
include, BhuA6BoRAn ) iMhed 1&uhﬁqptﬂnﬁﬁﬁoglemhﬁw1mppu 1&@3@145&561% pbees,

nucleic acids (e.g., deoxyrlbonuclelc acids (DNA), nucl ei ¢ aci ds
(RNA)) polighktaclstiar laobda (lghg chalneéxmmcme/lwgaﬁ@ )antlgfrrplrd@:rophagart@tget

receptors antlbodl i bodi es en apt aners, , hapte i ds,

nor mones. IS ERopRids 80, FSinutht BRI RaRR LTS rkNER o 57 tpisbhs] The
met hods WEéCrél@ryU&ﬂQ)cS& piletceetin@bpbry rraJeutamlg»én @téfter @OVItigryediBantigeg! udi ng,
but are not limted to, prognostic targets, hornone or hornone receptor
targets, reyaﬁmiﬁbﬂ@\fla%)gtéﬂgmalt Qﬂ%ynltql@éldél trags fpeass, oramicusierd B cald seedtat ed

targets, neural tissue targets, or cluster of differentiation (CD) targets,

or conbi ”gédgrggfet he‘Tﬁ«? St ggsé,uiegmggﬁgmggfth@é 10 d@HGeYShid x%%”‘g hg

centromer in-F tin, involucrin, Iam C {(XB 10),

LAP- 70, migoproteinapegroppacie [h(B]ﬁm}dx(RpﬁrR}lt@mism)mm%%(melyﬂ Ewik Y AR ot ei n,
ran, cathepsi.n D, Ps2.protein, Her2- P5 S100, elthellal
ant | gen ( ERRTOTTFsSagisled RIS PBRECT) o/ Ad 287 (O AR GJRBH- FRSCE ngAgﬁ npl es of

tunor ti sgyfol ARt N GhH8&)bich nin SAICQ] Br lipdpREERI
bi omar kergu( 0. gS% e({Tq‘]bﬁ,ldllﬂerzg &Aclté@%dg%m 27. Qu@t’%n @%Fp %\I -J) or

Ki-67), coplthea@lt aiembameanttgeonaplt&@ihsl-l(e@tgi antGEeA, eb)ﬂl@tag smdnﬁumadyg@m e
th 25 ke CYFRA 21-1,
upa, - Toneh ot dinered T R S o BT wyEURctbh o B eGP an ' A

or Serum Ill@hld,crﬁ% hurREPSEIRTE AGNLEMARGETRIKAFS nictalbprotEnbses Heéian AUPMVB,
hk2, or PSMA), or l|iver cancer biomarkers (e.g., AFP) [0047] Sui t abl e

exanpl es 8FlaspBgnotree t SAYERAS).maynaseibElinie, msiallogiendimt  microphthalmia
transcription factor (MITF), Muc-1 core glycoprotein. Muc-1 glycoprotein, Muc-2

glycoprotein, Muc-5AC glycoprotein, Muc-6 glycoprotein, myeloperoxidase, Myf-3
(Rhabdomyosarcoma target), Myf-4 (Rhabdomyosarcoma target), MyoDI
(Rhabdomyosarcoma target), myoglobin, nm23 protein, placental alkaline
phosphatase, prealbumin, prostate specific antigen, prostatic acid phosphatase,
prostatic inhibin peptide, PTEN, renal cell carcinoma target, small intestinal mucinous
antigen, tetranectin, thyroid transcription factor-1, tissue inhibitor of matrix
metalloproteinase 1, tissue inhibitor of matrix metalloproteinase 2, tyrosinase,

tyrosinase-related protein-1, villin, or von Willebrand factor.

[0050] Non-limiting examples of cell cycle-associated targets include,
apoptosis protease activating factor-1, bcl-w, bcl-x, bromodeoxyuridine, cdk-
activating kinase (CAK), cellular apoptosis susceptibility protein (CAS), caspase 2,
caspase 8, CPP32 (caspase-3), CPP32 (caspase-3), cyclin dependent kinases, cyclin
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limted to, enzymatic targets such as gal actosyl transferase |l, neuron
speci fic enol ase, proton ATPase-2, or acid phosphatase. Hornone,

hor none- re&QubatG48134 or hor none-receptor targets nay i nclPOREP20ON6387€ not
limted to, human chorionic gonadotropin (HCG, adrenocorticotropic

hor none, carci noenbryonic antigen (CEA), prostate-specific antigen (PSA),
estrogen receptor, progesterone receptor, androgen receptor, gC 1 g-R p33
conpl emrent, tedem Qreyclil b2, ¢yetie 2o byclm'/]53 m@vulﬁroEerhan m&ma&gment%ﬁbh
receptor, thyr oi d hornpne receptor, i.nsulin recepto

2011/ 048 1@6&%1@%&2@@%@@87@%@4%3@&%@ dgath rompan @¥0t¢19n5%.haartdar gets
may i ncl ugg,_ 1blﬁ>ogse Rl 'nﬁh{gﬁﬂ)ntic%o 'Hﬁﬁﬁeéapc%btemmlgﬁgéh%g%pha- 1

-antit rypsin t ar get cl-2 - ocyte antigen
(myel oi d pextget(MSHENR pélyy@ RR-Rilbeae gpolymegat.emblifer8inggeedinaycher Botigdnd cl ass |

(R ant | BEAPIHERaRY halRTF B RHCCHot o7 PRSI (BBl COBITA S il obul i n

D, Immnow peRuhehsEl, tbmmmﬁ&h&bﬂlal aMopkRBPRarabd BNbipahaiMepdidRR@ade @ht
chain, | arrbda i ght chain, | yrrphocyt el |P|I stocyte antpl gen, nmacrophage target,

mur am dasketgl ysozyne), p80 anapl astic | ynphoma ki nase, plasma cell target,
secretory | eukocyte protease inhibitor, T cell antigen receptor (JOVI 1), T

cel | ant gaRaf ecept 91 (IR il JeLain) pRBIHCkeRt! filed [ENshgrase Of

uncl uster cell targe tThssue T ar ge ncl ude, but

are not | cstatih, h@ha&ﬁtpﬂﬁaxi&lealpm OfrRicItin, angzllcn@pwcatset pro&mBﬁ&am{ngAP%
protein), CAl19-9 (sialyl |ew sa), CAS0 (carcinoma associated mici

anti gen), catndm, elaﬂ}a}elaaﬁ%%ﬁﬁé%rasarﬁ%@ﬁljy aU@AQ@ld(“Ea@Weéés@éPé@e%llarlmm n
antigen), ﬁﬁﬁfl CF}E' rpﬁ'? er é?h&{%lgtre' ﬂ%cép%’ro (})’Qfl tb%kl@ cp]r%t’el Fﬂe}\yéegllo% pMenbr ane

antigen, epi t ant 1 gen, ‘epi th ic’antig gr oss
cystic di @&aﬁeedelpwr(dgpiﬁﬁ()trmumblzaxoﬂmemagenamumfﬂmmthS&mmbh@éi@mdfmrlé@uI in,

h | k fat bul VAGE- [
ot al | opr EPeRHEELTHHON IR, "HEIPAABRATE APejete: CHIEAS) eSO e Frohpor

met al | ot hi, AR, hicdin&! %Wlaﬁ‘)lhﬁb RedehRR$RLRP ?étﬁﬂlef‘lﬁ‘%r@felr( %ﬁ@: rod®di®, §_core
gl ycoprotein. Mic-1 glycoprotein, Mic-2 ycoprotein AC glycoprotein,

Muc- 6 gl yd¢oprpoeim, sm@lnupeSNAPdé%eﬁywsmsl( Rbfailldopiw@marf@onﬁr}mm@en) W -4

(Rhabdonypsar coma abdorryosar coma target), nyoglobin, nnm23
pr ot ei n, B}'%i%ﬂflsael% li)lyﬁiéé\%' BSpHAPHEUIN. 5 oa) bumi n, prostate specific
antigen, prostatic acid phosphatase, prostatic inhi bi n peptide, PTEN, renal

cell carcioosop tar gsmtatﬁéra;lalmpmt i@l diffeehfigivh tafgtetsqaaudé uk arawti n,
thyroid transcription factor- tissue inhibitor of mat

net al | opr Biékcfhave €D1pi LY. ﬁ’ﬁ& Bi t{dP 1 Clder |§<D%etca?34§’ﬁ?»ot@3r%?§@nz

5 sep i s (Pl e pre ot gt e oo et
CDl11b, CDl11¢, CDw12, CD13, CDI14, CD15, CD15s, CD16a, CD16b, CDw17,
CD18, CD19, CD20, CD21, CD22, CD23, CD24, CD25, CD26, CD27, CD28, CD29,
CD30, CD31, CD32, CD33, CD34, CD35, CD36, CD37, CD38, CD39, CD40, CD41,
CD42a, CD42b, CD42c, CD42d, CD43, CD44, CD44R, CD45, CD46, CD47, CDA48,
CD49a, CD49b, CD49c¢, CD49d, CD49¢, CD49f, CD50, CD51, CD52, CD53, CD54,
CDS55, CD56, CD57, CD58, CD59, CDw60, CD61, CD62E, CD62L, CD62P, CD63,
CD64, CD65, CD65s, CD66a, CD66b, CD66¢c, CD66d, CD66¢, CD66f, CD68, CD69,
CD70, CD71, CD72, CD73, CD74, CDw75, CDw76, CD77, CD79a, CD79b, CD&0,
CDg81, CDg2, CD83, CDg84, CDg5, CD86, CD87, CDgE, CD&9, CD90, CDIl,
CDw92, CDw93, CD9%4, CD95, CD96, CD97, CD98, CD99, CD100, CD101, CD102,
CDI103, CD104, CD105, CD106, CD107a, CD107b, CDw108, CD109, CD114,

CD115, CD116, CD117, CDw119, CD120a, CD120b, CD121a, CDw121b, CD122,
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apoptosis protease activating factor-1, bcl-w, bcl-x, bronodeoxyuridine,
cdk- activating kinase (CAK), cellular apoptosis susceptibility protein
(CAS), cawpast/@siseaaspase 8, CPP32 (caspase-3), CPP32 (casmEx3@o®y387€yclin
dependent ki nases, cyclin A cyclin Bl, cyclin D1, cyclin D2, cyclin D3,
cyclin E, cyclin G DNA fragnentation factor (N-term nus), Fas (CD95),
Fas-associ ated death domain protein, Fas |ligand, Fen-1, |IPO 38, Ml1-1,

m ni chr omgeaae, @Bilm ePwe s, [Tt X, ICD 127 SEI’H'BM?}SaJ@DaA'IQSIQr(dDESm (([MSHQ[),, pol y
( ADP- Ri bos? msr ase, praoliferating cell nuclear_anti % ‘g rotein,

13§ a0s. (ﬁh

p27 prot el 9, C@ﬁ%p@"&l% (@@Y}fiw 9%%8@?&1%? nCD
topoi sonergse ) . ROIE s, L@PPAG OB 8% € CD g al

t opoi sonerase 11 Dbeta. I?0051 The neural fissue target’s may inc de but are
not |imtE&€dwie), aliPhal, BCO§2t 410153, @D pia- Chties.n€D 5o, alPphey, s¢Puss=i n,

actiy tr aEner ek PR o £ 5Bt L i ER BT P ¥ieredons, g1 al

fibrillary acidic protein, glutanate receptor 2, myelin basic protein,

ner ve gr Orvtdfssj act or Th@Empmy of GBI in myrogﬁha@hwr@ istRE@Rld bynesilefin ament 68
|

neurofil anent 160 neurof 1 | anent 200 kD, neuron specific enol ase,
m cot i ni caabsality ofprabeethasessepeblapphiadingiheisrgots (éara@teblpd@a orqbse) yiacept or

bet a2,  PeLBNS bR L EL" FR0SIAATUT oy BOOLRIGRE! D SELOVORLL

hydr oxyl as&s oﬂprob& Gthietdi eac{hQJéB&T Pabé ablyecaxacills cﬁfﬁlﬂdtmttl(ﬁy different
differentiation targets include, but are not I|mted to, CDla CD1b, CDic,
cD1d, cpiéomamptharsstellhe taresidipding Grobecmng hawad tociha targess byceomtactng

N e e e e
CD26, CD2PriotlChd8e¢ssinpad, th€hidlygi€D3dAmplEDa2y bEDRireCD34,, abZm, re€id3dsl) t&D37,
CDi5,  CDABIsk R ireeRte Gk a herohie CLHGE buIN o b WN T S CDB0)
CD51, CD5gind obBoun&1es Ine % h%%ctlcgpégthe%%t @‘ggod’ch% by CD62E,

CDe2L, CD62P, 3, CDo64, CD65 CD66a, CD66D, CD66d, * CD66e,
CD66f CDG@,GC‘[CI]BGQR CDZY; -bogDy mr0@D72Th€D§’@et @deg QID\]WS ma3DW7 6maxCivr, CD79a,

CD79b, CD80, (D81, . 2, CD83, 4, 5, 0, 7, CD88, CD89, ,CD90,
o1 CoEIPES b sicRbgncans WS gs-badan RO CEFOL
CD102, %%at@ﬂ%det@ﬂ%ﬁ%f Kbt nfal R ZRhictEAL By Bbs Q8igneDhkER, th€D114,

CD115, CDl16, CD117, CDwi119, CD120a, CD120b, CD121a, 21b CD122,
51gnal generator When a target blndlng probe does not cornprlse a signal generator a

signal-generating moiety that binds specifically to the target-bound probes may be

associated with the target-bound probe to enable the detection of the targets.

[0054] In some embodiments, the target-binding probe comprises a unit
derived from a target-binding moiety and an independently detectable moiety. The
independently detectable moiety may be a signal generator such as a fluorophore,
chromophore, a Raman tag, a Surface Enhanced Raman Spectroscopy (SERS) tag, a
Surface Enhanced Resonance Raman Spectroscopy (SERRS) tag, or a radioisotope.
In some embodiments, the independently detectable moiety comprises a moiety that
may be detected using an indirect assay. For example, the independently detectable
moiety may be a unique nucleic acid sequence, a hapten, an enzyme, or a combination
thereof. In some embodiments, the independently detectable moicty comprises a
masked signal-generating moicty. Examples of a masked signal-generating moiety

includes, but are not limited to, a masked fluorophore, a masked chromophore, a
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CD123, CD124, CDwi25, CD126, CD127, CDwl28a, CDwl128b, CD130, CDw131, CD132,
CD134, CD135, CDw136, CDwl37, CD138, CD139, CD140a, CD140b, CD141, CD142,
CD143, CDYO4o11@@eB45, CD146, CD147, CD148, CDw149, CDwlPBOT/BERUBD¢SSCD152,
CD153, CD154, CD155, CD156, CD157, CD158a, CD158b, CD161, CD162, CD163,
CD164, CDl165, CD166, or TCR-zeta. [0053] The plurality of targets in a

bi ol ogi cal sanple is detected by enploying a plurality of probes that are
capabl e omablteddR@gan ey, taamgsicd SERS gat,-bimadksdgSPRRBeE), o & candbatagieh - bi ndi ng
noiety. The plurality of target-binding probes conprises pultiple sets of
probes, wHEF& nAdHRTed g‘ﬂm@ﬂ’h%d%’ SREUPTEE AtOPQERGFERIOr URHOPRRIR PRIT SR &R | v

di 1 erent ql6RMAAAERifGHir). Hfuch B@iefiudbb Otk £ ARASG & DAAA of By he
targets by conteacﬁong ém ag&’ba;lglguentlyui cu ag:bi'%’géﬂ'%é e ta@get-ga?rold?%g pr obes
wi th the biolmgiccabicsgnpt e.poRritpsempitoeehsiroghon (¢.fe PidahoGipeagiiosai?pl e may
be required (e..0., antigen retrieval) to.make the targets accessible for
Che. b ndi AEORY g RO g P a e PIRERYE b P AT O R R 0Bk |
bound to {Rh&dhRl@&deciddsl-detifethlRmifinabhalasget may be achieved by
detecting the target-bound probé. The target-binding probes may or nay not

conprise a signal generator. \Wen the target-binding probe conprises a

si gnal geH¥bat or, t Hslcpendently defeeble meoietymyst baetiached tcth éareet-bydisgser vi ng
a signal from tv'{hlecosv'ageﬂ% &aelﬁgege%%{ oy HISR ek .&%tv‘vﬁo“?'ar&gﬂ&{ GerQgS not
conprise a sﬁﬁna genera?or, Si gn?’al -génerati ng noi euty at b nds

speci fi caby yittdcdhnidnethraughed Hibias mebipwpbesorrayyalit assactict @d. élédirokfadic
target-bound probe to enable the detection of the targets. [0054]In sone
enbodi mentiéeragtion, vai et Werlsdnisgrcppepdpelsamale aycractipnss hylpgspebpditgm a

tar get - bi giungy fhalon Adedt | AEREOIHol RS AL ARG MRURLY detdlble

i ndependent 'y detectable noi'ety may be a signal generator uc% as a

f 1 uor ophomejetyg hs attaghkedrte, tha tRgotabindiag, maicSurihac elchndtdd tiaklerRaisavable

Spectrosc (SERS) tag, Sur f ace Enhanced Re ance Raman Spectr oscopy
(SERRS) t BRer gpaae %ﬂ%%@%ﬁ&ﬁe OISR BOTE S ek Srrhand) 4G TN FATRIERE | y
det ect abl . ZObE bYidGASR us RS 1Rk MitioR e dTEOND 61 ﬁﬁ_t&ﬁﬁg‘éj ot TbPrisda ! ndi rect
assay. For exanple, the |nd%pendently detectabl e nmoi ety may be a uni que
nucl ei ¢ abindingeppire(rce, cemplapicetary awcleinzgids, oondethioguithi-biatin gair), ehiebf | n
sonme enbodi mintds, t.hte in&iepen nt@a.tdet ectabl e noiety conprises a nmasked

si gnal - gel%Y RGO pider syikahls edifons" e sked si gnal - generating noi ety

i ncludes, but are not limted to, a masked fluorophore, a nasked

chromopho[@®sep nmasked sagasmbodtnerds, ths kegeSERGnE agrob@ compked SERRS-tag, or
a conbination thereof. A nasked f] uorophore may nprise a donor-acceptor

. ast , co )
f 1 uor ophoP@dpg tpoicy; g crossilinsingsmeicty. ppdahidsacisisnily detgetable mediely- fHiotior ophor e
(e.g., qu et al: or I i .
pol arity- g%ﬁ?@??’i 1'j\% t%lgl%%lélgglﬁgrpé&%eefdg.a? gr o?iagﬁgo%?%rxé%?g%ey T feglons, a
di net hyl afirsteagiphcbabesiag aRalligamclétidalthittio ydmpledicnmeinyd dd taora@®NAial ene,
or Laurdan; 6-dodecanoyl-2-di nethyl am nonaphthal ene). [0055] 1 ndependently
det ect abl @;%&h%wg?{%n%%g UYL h S rY! Ijﬁgma@&&ﬂ-smgr%a o Oﬁﬂ?lé‘?tifije\/lgﬁ-’coval ent
bondi ng ( gt ﬂﬂﬁépelﬁ%{elglylr &&Ekct%IE AABENGL M (DAY thdt Map@ed%l%%nt@iy By a

attachment through a’linker noiety) or non-coval ent interaction (e.g.,
el ect r ost hbiledioligemadtotidn probar(i.den sighal senicrat@n,aadiaothjrd dégoh eentppshg
i nteractions,. hydrogen.bandi ng, oy .a conbinatjon .t her eof | n sone
enbod ments OLEREIRUED ARUBAE §OUeIUTRE AR RorRE] i Sbilaghee Y OTERE
target - bi fdithGeMBin8iy pYdR 8 aGhSBMARIAL I516¢6@Id in CheAvmil & fkicnkekt RRW. conpri se
a cl eavabl e coval ent bond (e.g., S S bondL that may be cl eaved (e.g., by

(%

oxi dat i onThegrsedipkingjroisiyomey tatattaghedrte dbe pligenuctsetigtHine gyl regioeonpri se
a bi ndi ng i i C | r cl.ei ids, t hi oavi.dip-biotin
011 B8 i TR TN YL L PP SR M B

exposing the target-binding probe to a suitable initiating agent (e.g., light or a

chemical agent). The target-binding moiety, the cross-linking moiety and the

independently detectable moiety may be positioned in the target-binding probe in any

order. For example, in some embodiments, the target-binding moiety may be directly
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[ 0056] I n sone enbodi nents, the target-binding probe conprises a target-

bi ndi ng noiety, a cross-linking noiety, and an independently detectable

noi ety. PWO 20Kkizapise, the target-binding probe for a RNAPCAMEPRA1006387€0NPri se
three regions, a first region conprising an oligonucleotide that is
conplenentary to the target RNA (i.e., the target-binding noiety), a second
regi on conprising an oligonucleotide (i.e., the independently detectable
noi gt y,(_ aattiched adgyth }tﬁbactrosmlimd@@) ﬁl@fép% a{&ﬂhﬁ {iiﬂi%ep‘emie@tly dbetteblcahdiggnuel eot i de
probe (i.e., a signal generator), and a third regi on conprising an

ol i gonuc| 8BET e thgyfasgctbyuling linm@rwaw%r: étr90,t1wﬁtaeheq @qg%@ﬁff'gn]&flg
cross-1inkjng.t t < 'ﬂyﬁg1 b 0; I : I din the
vicinity E%O@%egﬁ%rtgéetgﬁ EI%QSI\S&E T eg%cgté)@s ﬁa?n n?rtllg%ngfleﬁtlﬁcﬂg? tggﬁea({ 1? g?ﬁgd to the
ol i gonucl edtpahdenthy d¢tectstiie mbictggiloanather exahiphk ¢lre tanicebindirBhmortyossy | i nki ng

of the ta t - bi ndi n ro s be initiated by exposing the ta t-bindin
o obe t o BOSirhp el 1036 Tadently BBt Gl YafiSh 2ol e anRebiAiinc) " rhe
t ar get - bi pete&igb1FRicRéty nlloatyhﬁ t6rh O3 SirkbthKatRGhEPloahy cRBd1iAN R hddependent |y

detectabl e noiety may bé positioned’in the target-binding probe in any

order. For exanple, in sone enbodi nents, the target-binding noiety may be
directly HO5dthed t dhesaracttipand poahss imavkbhgdetagspe cyhendiracHe or nedissetrient | y
det ect abl Lety. t he xanpl e r - hi ndi ni be

i rect ry. SpIRREYn B RhREDE B REnachlG b BEABL AR, S TRLGb MR o ety
may in tugie bdeptndetty Wetatthible adictyo ptdiedds nddpeaidblet diynalqeect @abbpticadi ety. I n
anot her exampl e, the target-bindlgg nnLety may. be directly attached to the
i ndependefiEn3l et BEoABTE Tiabk By itsghl ardiesct Agfepiondasitprd mietkecempPEcthoi et v
may in tu I t - L1 okl L o ] The
target-bogﬂgggﬁgﬁégﬁﬁg%nggcgggggké Oggfﬁg%pg?ﬂ%%?#%qggagﬁﬁﬁggg%gggﬁepending
on t he naftsal€ agiridr sénah dapestobantdpy mae tbe atcadddetondwitet yhe fagget-bramppobe when t he
i ndependent | y det ect.ahl e _noi et rovi des a detectable signal (e.g., an
optical sighiEget SRy B eruml8: ghen o jrdcpeidpey 1S BR maktl on

et hod ey deic G QYethoel atley BE hhBgRENARALL mb@@a,ﬁg(}rﬁ%bﬁeﬂfa{fﬁyclaees not

provi de a detectable signal by itSelf, prior sig ener at’i on step may

be neededatid sdptcaet, anfh¢ha byhgitizabonwdmples byeay( thauibe eletectgdtbyatbiseming thor

exanpl e, mheq he iqqgﬁendently detectable noiety is a nucleic acid
sequence,SgPaﬁ%§nH§ fYbri di zed with a | abel ed, conpl enentary nucleic acid
sequence, and the hybridization conplex may then be detected by observing
the signal fromthe |label. [0058]In some enbodi ments, the plurality of
targets i [005BE bi ol bgscead erabogihenissthdglwealigch fhyrgsisiinticabioigicabpphpleat i on of
target-bi ndi ng probes, followed by sequential detection of the target-bound
probes. THe dpiceiedl by yS“@fﬂt%%Pb%ta@Pg‘éﬁ?BPi ebdarget-piggwg piRbesefadlogrdgbyf er ent
targets, Bl dERERSGE thTrarBl L it Brothcd GRE LD IreHEcRomBAS HNE
target. Tﬁ%ﬁbEUraI%t§ o?ﬁtar%gt-%oun§(%fbbes ?onpr'se a?m?egs? tmélsets of
di f f er ent leastriget sdoondifforanb ¢ pgeteachersiat caoh seli 6ff different taagge totnpused apr obes
conprising at least o target - bound probe. |n one exanpl e, the nethod
conpr | ses RO AR of Ve G ALY Hg PO G ELS SRS HiEnt SRR a1 ty of
target - bi gt RAre&EULE ptees @R ket @ difire Rt tafdl-B&ImdDAURE RhpPRMg A | east
one of the target-bound probes is then covalentlg attached to the

bi ol ogi calcastaens! ‘@rge’ﬂbeulp{) orodki th ofc effanfpde.cthe neethed edmprgegahe sspn@pr obes

is then detected in.a sequentijal .manner...In general,.the different sets of
tar get - botnasrsib Dok ATl ARy Pik ik SRR uirfrofts [kl °F1 o0
a first sglurdity DroBREboBY HOLENS AtVIeght fonensfatht i tigkt-B&lindoprob&ieispihgrial i ty of
target-bound probes. This first set of signals may conprise signals that
are i ndi seovintlysapehedste dha biglogicet pranple.od he phiyalitypf diffgsentsetsfdasts t hat
are disti ' - t S} f [ ences or
fype of P Piothds MR BeRg R b A e er AR el LR ST
ngi f ihed ta%garsbiongd ﬁfb&)e@fgﬁetsﬁ@?}@ﬁgmﬁﬂetﬁﬁdd byé F@baPa@mﬁajuA;eﬁrst,wﬁm @cg,of f
eaching (e.g., photo ching or chem ca eaching). A second set o
signal s nal§nilnaRYRS Qpesias o ¢ Pesiset Otflég%ﬂl&”é’éifo Warg%%ob%w&ﬂ%ﬁ-ymﬁ
target-bo r f AV : I l.s. The
ot hod oy Y Or Ber e e SR A R AR ST T
(i.e., the second set of signals), generating a third set of signals from
the plurality of target-bound probes foll owed by observing the third set of
signals. The steps of "nodifying the ¢Dserved signals", and "generating
fol |l owed by observing" a subsequent set of signals may be repeated nultiple
times with a fourth, a fifth and an nth set of the plurality of
target-bound probes to observe a fourth, fifth, and an nth set of signals.
Potentially an infinite nunber of targets (i.e., here, the integer val ue of
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[0059] If nultiple sets of target-bound probes produce nutually

di stingui shable signals that can be resolved (e.g., on the basis of

spectral woRbhawesses or type of signals) from one anot hecT/Eph@omneisnod may
be nodified to sequentially detect batches of multiple sets of target-bound
probes. For exanple, a sequential detection of target-bound probes that
generate fluorescent signals may be perforned by detecting a first batch of
4 sets of tidiyfrhey embpitiar getalddundrpdistinsidablg. frotyeatis ioﬁg:r andthe Masin RE
detection) at a time if fluorescence fromeach of the 4 sets of djfferent
target - boﬁﬁfatrblr%}ﬁfs%enp%s MyBE Qhbisals (Tin Aervan signal arothea @@%ﬁ%ﬂls e om t he

first batgh,af nthySkt ﬁloﬁigieg'ggg 1%%1?}; 8f gRt 51%9411' %ﬂﬁ?ﬁg@%&r@%ﬁ&vﬁd the

observed sighal s“are no oW ng t atch of 4’ sets of
di fferent bleaclgeg (ebg)upicbttp)bbbdsngmyCM1ckﬂtbd¥mlchmgbyAg;ea&1desbt ofgsignajabhyg from

t he secon tch and obser vi th erat naI
Horer - of thepi Hpoadraram R Bt s bR AR Powd BB hlbuel g At a
tine in egghpRatinh tﬁ@&%&&&s&r&fts{g%a@amﬁlﬂmwd ﬁfaytmﬁhéi%m@ tHehteph ofs used

to observe the signals, to resolve the S|dg)na s of each set from one
anot her . Thdifgingria¢ gbwa\sﬁdtsgnaéss(@bvatm gepndsnt @d cignals hexeneiaieng o third set

{1 uor escent TehghIPTEhs huGRBLEC ke S yEry e P Ty MR BISHE T

| ocal i zat k@nof Kighdle bk @@b@&if sﬁdmfymg( €hed obsesve@dngikndlsQranay t@pkasiny and
signal fromnucleus). The steps may be repeated till all the different

tar get - boﬁq%@wﬁi&m@bsa?vén&ew@mﬂ%ﬂnr yetoelt senaby may dogopeated B IRy HBWS nent s,
f | h
atter confagt, 'faﬁgﬁ kheﬁf‘t %@@&ﬂ*g{l og%egélﬁaﬁfy X‘f&%e[ B8y dﬁ%{@%ﬁ&d §lbs 99 e, the

bi ol ogi cal sanp I ncub eri o 'S Su |C|ent for
speci fi ¢ Bunidi ﬁghpfmd Jitﬁntfl aetgeft sigriandi P@emiadlyes inbnitd @uhdeget argelh@e.,

i ncubati o % erform%d at roomtenperature for, a tine f gn of about 5
m nut es t BTAb aent%erwahl@so ngpayganaTtPRY QB B ehaydisrseateisia| Ik €etsefer on

temperat ube A RSNk HBhR D ih@%éa%@n%?@@&gvewsﬁ Al tom Qb

functi onal structural characteristics ) mel t1 ng ténperature
(Tm of aneaatlssagy)mmiodtfyladiethprobb@yed)ﬁlgnhe tCaregcatmbremiitrhg obsobed sigeas The

t ar get - bi ndl i et be baun e target via non-coval ent
ot or act | Bk B4 et g e oo | THE pbiof Glort Rt Bt L SERYSr act i on,
van der Val el thée L@E4d 0y c@UrégQAtﬁnGh l%@'c@ BlafitiR8 bha sﬁs The ydEQORRY bondi ng.
The met hod may, optionally, rrE]@m © further steps renovi ng any

gnay

t ar get - bi ﬁn‘thfrg Cpm@b&% stehatof reeyr @bbuvied sigoals He ﬂlar@éﬁtcslon Réntboal of
any un- bou ma h| eyed washi ng the biological sanple with a
sui tabl e Bu H‘le}"o F‘ éﬁ%‘fﬁeblﬁ WA Satn§/p %f target-bi nding probes may conprise
one or nore target-binding probes that are capable of covalently binding to
t he bi ol ogi cal sanple. In sone exanples, all of the plurality of

t ar get - bi fli58Y pr ob&s majtifhe capabdfe mfgem-db‘ﬁalhcbntpk(}bebi natodget omutually

bi ol ogi cal i

saml e,  The al ent. att of the target-bindin robes to
t he bi ol o@}SEagﬁghéhlﬁwég Ylsfecaﬂlgﬁeﬁ V@A;E { O ﬁfgeewscfrfgwrs%tr% dﬂéﬁﬁrr Pe that
is |ocategd; k@gt&esl%ﬁa@g)%ém R dnldghet %e%aho@%ﬁs}r@é h%dlﬁehetopéeuﬁéﬂtfaﬂy of

target - bi ndi probes are contacted wth the biological sanple and
I ncubat eddetGtt tchcheofphuitiplei sofs of taraetgmundipneiong furobespld, rssseqgett&l bound t o

EREE TN, N E AR O i S S
by detecting a first batch of 4 sets of different target-bound probes (e.g., by using a 4-
channel detection) at a time if fluorescence from each of the 4 sets of different target-
bound probes is resolvable from one another. Once signals from the first batch of 4
sets of different target-bound probes are observed, the observed signals are modified.
Following this, a second batch of 4 sets of different target-bound probes may be
detected by generating signals from the second batch and observing the generated

signals. In general, the number of sets of different target-bound probes that can be
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like) to generate the plurality of target-bound probes. Under suitable
conditions, one ore nore of the plurality of target-bound probes may then
be coval emOl29110msysited to the target itself or to a nol eealrEPed1ancisse | ocat ed
inthe vicinity of the target. In sone cases, all of the plurality of
target - bound probes may be coval ently coupl ed/cross-linked to the

bi ol ogi cal sanple. The coval ent attachnent of the target-binding probes to
t he tar getictocted ot Atimdliecadhedatdhatepesdslomah eghability betheidelioe twhiokh idusedt ar get
may be achi eved by direct coupling.(e.g.., cross-linking of proteins or

nucl ei ¢ atd PEFVE rtﬁ/w&n . 1t9 FReelve ths dgnply of egoh sqjifiomyong arthess ThasiEnals nker

moi €1y). WG REICANR!HM CAlH BHRIROL «f SoRSVLAIRE Yicded UlplcRhisiad ety

i nker Ieng?hg ar% se?ecte sucﬁlthat tagy areIn |§#i{?Caﬁt ?%@g.f about 5
A t o aboutlu&GpApf vigeds ¢ogp nedsdent $ipml dndenoastise sifgna) raluodp didiferael |

Thus, evep if the .target-bi.ndin robes are getting cross-li.nk to a

ol ccul o Ptz 08 5 hT Bip PHCH BTG (s y 2ot (G PGS T PORAIeTBN of e
bound prohgc18RY. LS hﬁ?'UeYreP&%edS @lTeal Pehet fidfer@t tdrBQ-ERMAYIrobelhae coval ent
coupling may conprise a covalent link that is irreversible (e.g., a CGC
bond), a buwmentidlytdeiestedeversible (e.g., formation of an S-S bond) or a bond
that is cleavable (e.g., coupling via a cleavable |inker). The coval ent
coupling may be achi eved by photo cross-linking or by chem cal

cross- | i nki via a 1.d r i - f 0 i The
coval ent tdodég] i ng O'Fh ?‘ﬁ‘ﬁ’%?g@ﬁ% Ellshgilj[ér)fgw%}atgggg ?&oehtt(‘?l f‘?gPtB {ah(rabnfétlgljrargés ‘ﬁgﬁlp to
retain theecdigiogicalrsample, theehidlapgel simpliid ey pe idcabaid rtahrems phseighent nmet hods
steps for detecting the pluralit f targets. The term signature_peans that
al t hough PHECIRF §t ShRgY I e e ey tieShedbguBRbenimiBuEEs s 10F o
presence i&uﬁﬁ%nﬁﬁ&@\%@ ?é}?d}n}%ﬁ ak P feithel QM fB{‘@tineesﬁgﬂi‘BFaMut 5Rinutes

t ar get - bound probe, chinitially selectively bou to the target and was
cr 0ss- | i nkeabdun 1plhacs, oCatvéi(efulr abbttathhmnt Tafe inbidatian gebpdatndi ang the obe t o
the target. is particularly relevant when the targets rmay be susceptible to
various af®st 8Pahaf @P@D%@pngen%@dpmlaﬁﬂ%@nsrfgnélrm&@wér3@4/% siHefuEl gnal
modi fi cat (R, ok @XaEPR felti G61S (YOS SUBGERIdBLE frbed dinee cal
agent that n%?lggwugéngoﬁ]ﬁ%ﬁ?%eﬁng tgggd%serveg&gﬁgﬁap.p%ofgmhi e

det ect i ngtaagqpibindahg prypbofusali. f Tler @rget-Rivingamgetsmby bolbeend inthesargntavis from a
plurality of RNA-bound probes, there exists.a. si%%lit .0of destroying a
B Lbsequen eV AT AR BT B L i i Ret T REE oG BHE SRy ¢ ne
observed gipngl WiMNNiderhbtic, BREIEAipode $REABGERELr HydR¥en tiRheRkS- THowever ,
if the RNA-binding probes are cross-linked to the target RNA or to a

mol ecul e mgthodemay.c ppiianallpf comepriscafigdicr RgRS BV etlgmofvinghanyRMALetabindingi s
destroyed i n subsequent, mani pul ations, it resence. in the s | e can be
o erraa. Piogey IHETHY SRR BRA] R Biker pReBR P e kBl 8 T ey o ger
RNA or bougacHi®vet e Waishingghsbiblogasapsaiple WithGhsuitablt bafftly sel ectively bound
to the RNA target and was cross-linkeé)in place. In fact, in sone exanple
it mght be beneficial to destroy all the cellular RNA by treating the

bi ol ogi cal . s le with RNAse opce the target-bound probes are cross-1inked
to a biol L%ﬁ " camihe PBBo0 e fl‘_slélgrl?rﬁbeén’cm_%a i APt MRiE may be
used to r %F’%éf%i@d?ﬁ{% ﬁ%@yﬂﬁt Sércggémé’bﬁ%dlgsnﬂg%@&ﬁng fo 1%id18£188tsaRipdi N9

probes are Cross-lT1hked to the biological sanple.” This procedure | ncreases
t he si gnaln semaeksepleat dlbohhd pluddit e of itangetabipiling girolbop mby Rb&apaigefs in a

bi ol ogi cal s | e.. [.0062] The first set of_signals fromthe first set of the

ol ur a4y COPEIR JipdiBpind o BalEha e iRy B et IR EPeth e e

i ndi r ect | gind\¥eftoBesttb HRCbioRBSAY sdniple Hlyodeeda thd@rdek itsdif €¥ia @fmbReulp! ural ity

of target-binding £robes (i.e., the set of probes that bind to the first
edte

set of t hthapisup n b vicamgeekthe gargets mGeoherafly rtbe phuelityfof targefehindivgnd
probes) c rises ni,t_.deri f.rom ar get - bi_pdi noj et d an
depehdentPy: e el e lEkE ok dRutpl i Shetld A b e e 20 Bl

noi ety i Sta@gqaidn@propeOtic pitg baindioske wakdt iSpigRahl yeradtak (i.d indm-, the

i ndependently detectable noiety conprises a signal generatqr). [0063]In
some enboff dnterapiions; sugh ag aydiggen honing. by HudsigWptls beisrapbgnscoidhf se a
target-binding noiety (e.g., antibodies, nucleic acids, aptaners,

af fi bodi es, or haptens) that is |labeled with a signal generator (e.g., a
fl uorophore, a chronophore, a radioi sotope, an enzyne, or a Raman active
nmoi ety). The signal generator produceglan observable signal that can be
detected or visualized directly. For exanple, when the first set of target
bi ndi ng probes consists of probes having a fluorophore attached to a
target-binding noiety, upon binding to the targets, the target-bound probes
may be detected by observing a fluorescence signal fromthe fluorophore.
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when a first set of target-binding probes do not provide an observabl e
signal by itself |In sone enbodinents, this nmay be achi eved by associ ati ng
a signal -weneriausrsg noi ety with the first set of target Poomrdoipneises. For
exanple, the first set of target binding probes may conprise un-| abel ed
primary probes (e.g., primary antibodies), which nay be used to bind a
first set of targets (e.g., antigens) in a biological sanple. Labeled,
secondar ylipg)abesndreteghe pluadiel edrargadonddpyobant Ubdel @sthbleryndicohd)encused to
tag the target-bound pri.mary probes. The tagqg%%btargﬁi-bound rimry

probes ma§ HROTHE NHINEEDERS BREChPYEATRRFS %) C FPFHATIHSOVRIBR IS
secondar ygﬁ’%&%@lf b actgof%ﬁelﬂ?éﬁ'fkdlogﬁe& Renp fvicﬁmgy?fgﬁ?ﬁ?ge)u I, ;Qﬁned@atsfs‘?t ion of

the tagged primary probe nay then be correlate e presence of the
first set albbf ther getadity of tanget-boohdgiobad mearvplevalemdly cagieddsassylsnkedto be

effectively used.tpo ingrease the sensitivit f detection since the primary
ot obe. may e RgisebsmR Slveear-Seunumyt oF Dseb-Chouls SnbRyoeihanc ng
the signalaytQ-op@d §endl&lulOthal RA8RLAS hehe PRAERK\IMEL ﬁ?‘et fokdyHe 28leved ppi gnal s
fromthe first set of target bound probes, éither direcfly or indirectly,

t he obser deert sogplaigs(car ecropsdinkingdf @Bhigmalor muelicfci asats) onviareylinket medkéy a change
in at |least one si.gnal .characteri.sticy,For, exanple, the signal .nmodification
my 1 ot uties B PRSI Ay o et oS LTttt Y B ol - s
shift in siagnahkdeakietyd lifkangs:thdarcaRBAAtsutl € €RSYare QhisigiE Bt 16 gl he

si gnal (signal ggstruction . The nodification of the observed signal helps

avoi di ng avat|Sappiongbast 59 ghavhen cemmpaesdytooths etigesiansgphp divlogisplgerdl s t o be

observed) [ Gt:] e g e t.r hound

or obes. 1 S0GRR e RERAARN, BiqrRt HRCEUEHN o8t Rl b b ReBR A 0F

phot o- bl kaeted mgtheoriciatneof haltarbtteeHocagipn of tertwhd grdbe ngay, bahelcallpns f or
quenchi ng fl uorescence or sequestering (e.g., by using chelators) nay be
used to mHYi¥¥can tgi‘)ts‘éfitb%(ﬁarg?tgn I CQVﬁieggﬁ@pélﬁsdmym@}S% el bRk agent s
appl i ed t g rRdikvedite QASEL ved b%h@palbon§%4tqm&e&!f1ﬁ@t&%', AER0bS opgRT Ul to
nmodi fy the observed signal include, but are not Ilimted to, agents that

modi fy pHS{®ebgnd) @ca dendrhdbas ekpyabheicd.eophipleng, vielaedtraphi liglsy). ofhdi zi ng

sgert . UGG, 2AEN! 5y 2GRS MALl e Lher ol For SxatBley 8,30 o0 i

cyani ne (@nfing viaYadh Qfer @h2midY 8r a thiocther bond formation. The covalent coupling of
the target-binding probe to the target may help to retain the signature of the targets
while performing the subsequent methods steps for detecting the plurality of targets.
The term signature means that although the target may be destroyed in subsequent
manipulations, its presence in the sample can be inferred from the presence of the
target-bound probe, which initially selectively bound to the target and was cross-
linked in place. Covalent attachment of the target-binding probe to the target is
particularly relevant when the targets may be susceptible to various agents that are
being used for the signal generation and signal modification. For example, RNA
targets may be susceptible to a chemical agent that may be used for modifying the
observed signal. So, while detecting a plurality of different RNA targets by observing
signals from a plurality of RNA-bound probes, there exists a possibility of destroying
a subsequent set of RNA targets while generating a signal or modifying the observed
signal from a first and/or a second set of RNA targets. However, if the RNA-binding
probes are cross-linked to the target RNA or to a molecule in the vicinity of the target

RNA, even if the RNA target is destroyed in subsequent manipulations, its presence
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WO 2011/ 048184PCT/ EP2010/ 065876 [ 0067] After observing and subsequently
nodi fying the first set of signals fromthe first set of the target-bound
probes, sworrali®48r8@am a second and a subsequent set of tacyaP2m006587@r obes
may be observed. The second and subsequent sets of the target-bound probes
are detected via indirect assays since the second and subsequent sets of
target - bi ndi ng probes are selected such that they do not produce an

obser vagl ;31 i gabpld craalnelfeeunﬁdmed fﬁﬁnltlac fplfeis@rce ﬁ'f Mo@?@ﬁdﬂgﬁ deﬁlgexslﬁcﬁmdits f
requi red for generating the sjgnals fromthe secon n ubsequent sets o
targets bBWriaEst BhesOr gwngi tRetyC B logienl syrmplehyViHsh aeilg% W}Céwely bound

si gnal - gepefaiRNg te{Fgégt%‘thﬁ W cM@@ 1%% 10e. %Hl?éc‘%%%ﬁle%%rﬁﬂf%flt ﬁli’g’hg% bound

probes, and observ e sig e signal -generatihg noiety.
[0068]In bmmﬁcahbmdmmﬂntaﬂthh@eﬂd@ﬂﬁ@%@ddrHubsegﬂeh@okgksleanhrgEh-

bi ndi ng p S conpr.is nit derived from get-b i ng, noi ety and an
ndependo RO 8L b Rty (PRHEY art TS InHabpEnde NP LT BERLD o

noi ety do&fréRler, thodUGEn@RAt QRSIERY RBh&tiSHhIRAY bQYusb& $@lrém&%r arX@dBduBd t he

i ndependent |y detectabl e noiety may conprise a unlgge nucl ei'c acid

sequence, taagdﬁ-dqmdemg prabee m&ghnetarg@t bmdmnﬂmoh@t wrgrerodyeimked tTiike b@ﬂwa—l bound

b tI t I t
(oo a Ty 1o ERee Ao B b yRRREuP s faPur JRepd Shllie, "2 =
t ar get - boynRINGI @RRtaibIgogichiapinglt. as an i ndependent |y detectable noi ety

may be detected by binding a |abeled, anti-hapten to the target-bound probe
(via hapten- antl-ha ten interaction and_t hen observing a signal fromthe

| abel . [OU¥SE] n somdhefisartalstesalsdiam ﬁ]erﬁrﬁttsgh%f@g PHpplity @A t3resi-Foune oned by
sequenti al, el 6GLJ @B @Jse&%&%{heptcﬁx%gw d ngﬁ'éct 1y @/ﬁeﬁ’%e%nfef}yg&ﬁk two

sets of targets. "However, the S’ may d Iterative et ect
nore than empkoysd:tthe ﬁfstisetrcg“ehSplumlttjnef smage-tndhgpgrobad (isarhé eet(oé pgohes a sane

ti ssue se The_u limt e nunbe of t ets ts of

di fferent ﬁ%g@éﬁg fhe; st S 06 Bl et e o orm dhsoflish S o i HopBe o
b'0|09'03bn%éﬁﬂb%1 &QauﬁEQhHOafﬁ@nﬁ$@ﬁ%éﬂﬁ%ﬁﬂ%ﬁﬂuﬁ?%n&hﬂﬁﬁk &ﬁﬁﬁﬂﬁt'on and
signal nodification. Harsher nethods nmay aff the integrity of
b|o|og|caﬂdsqﬁwbenmntﬁ Mh@fﬂEﬂh@dméﬂEpémabedﬁ@p@h@edmaﬁyoupqub& oiff mes.

Ctops. mhy PRETREd e P REREPbery ™ SVaktUtSa arpE Bl bt o 10
Lo 100 Seb&mﬁﬁﬁ%@@ﬂ%&f oncktdrhiout conprom sing the integrity of the
i ol ogi cal sanple 011/048184PCT/EP2010/065876

[0063] In some embodiments, the first set of target-binding probes may
comprise a target-binding moiety (e.g., antibodies, nucleic acids, aptamers, affibodies,
or haptens) that is labeled with a signal generator (e.g., a fluorophore, a chromophore,
a radioisotope, an enzyme, or a Raman active moiety). The signal generator produces
an observable signal that can be detected or visualized directly. For example, when
the first set of target binding probes consists of probes having a fluorophore attached
to a target-binding moiety, upon binding to the targets, the target-bound probes may
be detected by observing a fluorescence signal from the fluorophore. The signal
generator may produce an observable signal either inherently (e.g., a fluorogenic
signal generator) or by interaction with a suitable substrate (e.g., an enzyme-substrate

reaction for an enzymatic signal generator).

[0064] Indirect detection of the first set of target-bound probes is employed

when a first set of target-binding probes do not provide an observable signal by itself.
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[ 0070] The observed signals may be correlated to the detection of the
plurality of targets. In sonme enbodi nents, at |east one of the observing or
correl at iwQ 20t1@@s1saay be performed usi ng conput er - ai ded PeEaP201006387€| at i on
may be perforned manually (e.g., visual correlation), sem -automated (e.g.,
using a correlation algorithmw th sonme user intervention), or may be
conpletely automated (e.g., using a correlating algorithmin a conputer
rrergdgbl e Irew;/\rﬁe Mhbodﬁrn@ﬁlﬁﬁhisfﬂ(id};mo\,hlewgd b;auisgalamégjsalgnﬂggeamaﬁg h?ﬁt)ty | ][1
enbodi nent s ere the signal (s), are observe nd stored in the rmo

di gi t al in‘é{f&éb%)ﬁrstéetn%a@et SpyKlrahen 9 rsexalfnp best of tarest HBIBBNduct ed.

| mages (e ﬂ)rbes ?ﬁag'néérﬁﬁ)rg{eoﬁﬂ Ia@@leaﬁ{)gﬁ?bﬂﬂ%sg@s% gﬁﬁl )al?t%d@g{ RORLRY! cal

st ai ns) y be over usi ng co al de osition to obtain
conpl et e ma&darermfteldotrm biedn firdt opolobdgirgets (argd/ artigeay) riel abiodopicatfsempit i on) of
the biolo |c sa Ie 71] The served signals irst econd or
h SubsequEH b SBRIEGHAPS Grkoy BheIRharronSBET Loy iy (B i I?/zed to
obtain a Va%rt'h@%fg&fbduﬂﬂ %@i@a&y 9fbtfe§gqthelt£§gea hﬁré& Bbegt pRasSAHBbE mh

rs

exanpl e, a presence or absence of a set of signal( éﬁ may |nd| cate t he
presence b¢ thebglerpsteddty Qhﬁervmgrasﬁlg@%tfrqm thealﬂ@fé@ct §§00(nda1ryabb sdivhighrade ng t o

S | ar by POEHES g BTy BhOSY e ERCASETRY of D fedulr ey RS Rl Phai ca o
the presepgeclaed abarRNGeseate bhte TROMHoSRIgR inlthE BRUEIal eRpRDI1adieéct bi ndi ng

to the second set of target-binding probes) in the biological sa Ie For
uses wher 8SEYH fay| e cHegibrely mesd b 1aaiedsy ABel sgBitytya opldgrestipn pingg t

target - b' seg' @J]E)B%)ﬁﬁy e N RUSSANGS A s&%ﬁ@%r&{es uBge{qtgbrEt Ahanligpal for a

particul a tar - bi'nding prob e presence or
absence othesimabapnsisd ngot arget (s) in the biol ogical sanple. [0072]1n sone
enbodi nents, an intensity value of a signal (for exanple, fluorescence

i nt ensi ty erved nme or.rel at

b d b d h
of target qﬂ%gi/heeblogi fabpl&*ngl%%ﬁﬁL’%st SR AOYERASEP R Bres efttaﬁtggteht%ﬁﬂ? Tof i

target ang.dphe &tmadlre'cmf SiddnesBY the FRLSEM NGRIUSINShoefidddr &fiboi
standards. In sone enbodinents, intensity values of the first and second

si gnal s nupdfEatiemsay eocladeda clomge impteldat one hlgnaleé]p@ctqrwfec t Borgeamphpunt s. By
corrparingthet si.gnal intensiti t he rmunsof t he f.irst
Carber antheryenl Feslihfan ol RRbh Tedbast [Futlith SRR & NabY sbspect to
a control }ighBya shiFOinkeorAs pEIK alcna«ﬂge inirBidnait fequehey, @r Mthéving ehd Ag@gt s are
anal yzed using a pluralit of t et - bi ndi ng probes, relative amunts of

di f f er ent (fghefedostrigiionhe dihel @gﬂ whtiemed| thenasapeeddsiceplnibalps wypidkeasur i ng

and, cor oL LS ARy LSS o3, T OhAOR s Aamapeiglathe

control s am&tﬁ)nrﬁiyul%qwﬁﬁ dets afthe target-bound probes.

[0066] Any signal modification methods such as bleaching (e.g., photo-
bleaching, or chemical bleaching), quenching (e.g., metal ions for quenching
fluorescence), or sequestering (e.g., by using chelators) may be used to modify an
observed signal. In some embodiments, a chemical agent is applied to modify the
observed signal. Suitable chemical agents useful to modify the observed signal
include, but are not limited to, agents that modify pH (e.g., acids or bases),
nucleophiles, electrophiles, oxidizing agents, reducing agents, or a combination
thereof. For example, a 3% H,0, in 200 mM NaHCOs at basic pH may be used to
modify the fluorescence of a cyanine (e.g., Cy3 or Cy5) dye.
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by observing a presence or absence of a signal in the biological sanples in
relation to the control sanple (i.e., biological sanple of interest versus
a controlwp2epeasfsiuc i nformati on regardi ng the bi ol ogi caCTaERa@bcIsay be
obt ai ned. For exanple, by conparing a diseased tissue sanple versus a
normal tissue sanple, information regarding the targets present/absent only
in the diseased tissue sanple may be obtained. Simlarly by conparing
signal inf®s3jti es Bélewebseriing Bﬂr’rmbEequenﬂlﬁtrmcE@ingaﬂﬂ fitst Iserasf sighglscontrol ,

i nformati rdin he differenti expr ion of targets in the sanple
of intere 9“11'%9%6 g?éhﬁé%rgetrmd]nrﬂaeé ai%%e@. Wg(? %de poubefvst of t he
signal, Oge o?ltg%btvﬁouhgﬁﬂegﬁ?pﬁ fylw%r\% eSS dssu'bE‘?qruQﬁt Riobagi cal

sanpl e may be served, for e usi ng nor phol ogi cal " stal ns or
conpar t metirgdt-betiad pmbeél’ hie demzcaastdl ua igfirechassgysginale ttrayedoad @od rsebﬁqmﬂltt 0 a

| ocati on of the n the bi cal sanpl e rovi formgtion
egar i ng e Friabiging trobtara sl o S RraRar o Paiufi s BREVERS o6 cal
sanpl e. haltigRsthy. vabue ffortsigad ggmén@nsie@ i %q]@ ba)rforogeﬂebﬁmgl @eal may
be correla?ed to obtain information regar di ng i zati on and

concent r asigoals dfondlilfef secemt amchs@@t:@enhsqthef mrmt@@pmai p@bﬁfpl dhispoay éganpl e,
certain tar ative to.the

ol oue | BSeR pT R R AR E e T P B b o R RO B bySeb 8t e

amount s ofargat@ah® proBYs, Ad @bgewlﬂgdletgygxﬁpffpﬁlrth@gghﬂ%@he@ﬂn@ﬁﬁldt@t ensity
values of two or nore signals. [0075]1n some embodinents, the biol ogical

sanpl e naY be observed (e.qg. maged) prior to contacting the sanple with a
pluralityl®08farget Ibﬁﬁ’él’ien@nb‘?%’é‘é%tst shopecond 3k subraeTHh Seisgaf d@ra@t

backgr oun T QI

subtractegnﬁh%n?hhe 5|gﬁHF§ %Hgg}egﬁ&gﬁon1tﬁit%E?%%@h u%g%%¥gﬁés ?e.g.
first, seonpgndamdy detemhletramg@t whotend ther mdesondbefyodecctalsle eimenyng)e‘s he
el LRI AR AR S M e TR AT
si gnal nogdjsfdi¢ahd 0B BpER éQmRFk%hﬁkmﬂﬁgﬁmﬁhh&ﬁerQgﬁbﬁthnQﬂx1ﬁ@56ﬂ93|

si gnal S|gna£ure Tg; H%OI%ngg fanpl (@y be oﬁ;;r%gd Efggr egcg si gna
nodi f i cat Frembigategn thdreolr es rgsi-bmald  piappatmee yngecys edstygd by
characterize the si gﬁ' nodi ficat.ion eff|§®e§ﬁg ée.%f @ﬁlegghiqﬁ

ef fi ci enc§PORi e SIRIE e LG AA? o §i% i £ ROFBAC Lo pestrfegdy deieriatc of

si gnal ”Dﬂioﬁd_trﬁatffdi’nex%ﬁ@[ﬁ S takgdi®ohd ipRsbabiadviiN a agcAr ast SPRTpErteatIPT
incubatlogteﬁ_ﬁ>re5|g$al §)@gnal ii ngtgﬁe nﬁéﬁ%LBO gﬁl;%eq ég gorqgllze t he
observed d¢tgeiabls moighn mapdecistaete AT @ [sgg-hapiga tpge @HP-Slgnal
signature S t - r.o

e got - botAu ARSI ASE s LM GRS AB8 (RS Sint CILRL RBEYED

det ecti onlabtl.t he targets. [0076]In sone enbodi ments, a plurality of targets
in a biological sanple may be detected by using a plurallty of

target-b rob mhere n.all th |.ur I ty of ar et ndi n r obes
maygbe dlef(g) Pby T aMFeEt a@}%&? tﬁﬁap z @i@aﬁw@p 1%%@%&5‘%@11 qur. ses
the steps @%ﬁ%h%&ﬁ&%ﬁ%&&% 1 phé etus@a td deih 1, 8508br Bk AAL.Ng

probes to forma plurality “of targ boun probes, generating a rst set
of si gnal Hofvewen, thefretbodssmay bé usddettqnatwe&t fotdetast ntoaie et -thhousnd of takes,

observing.t fir et f si.gnal s, nodi t he. ohserved sign

Gener at | i BesuisrtioBRieabrardiIgGEs  voh WXLE ST cd T AP PHeTBIAR 1y of

t ar get - boundb@ HReSetsqRe Skts BE difhecrs @408W) &8t cfld B dPRLERd oRBA deginde! ati ng

t he observed signals to fhe detection of the plurality of targets. The

met hod magn thertypeeef @@Wﬁﬁah@mnﬁu@[demdQﬁthmhﬁmyﬁifﬁglw(héf@@@élrgﬁééfagpgnal s and
t d

gener 2t ooy R RL, 1R THUBOR Beb RS AR e Ui ppufi L o

gener at edsdnfiple dncd 09 rrhé’thoc&ﬁtépsﬂzirb re@hteafa @dugwad falmé@h eHéws@et bybdonedting pr obes
in the above-described net hods are not capabl e of producing a signal by

i tsel f Hefdtbleomrild tlps haistyeronpitinas. ihe pres Stﬁp%%lmdu&eé f?étlY%{Y dets, a
prior si QH@thct%el eqltu{n%@r %ff)tg%e{ss(a geq’d'tS ?90 Q§§ of t?irg%'tsg r\@ﬂtﬁ‘ouft E@rﬁblto%smg

target - bo probes are
the integrity of the biological sample.
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[0077] 1 n sonme enbodi nents, the signals are observed by inmaging the

bi ol ogi cal sanple. The biological sanple may be inaged prior to contacting
t he sanplwowntin4gtse plurality of target-binding probes ®CTEPR@0/06387¢ he
generation of first set of signals fromthe first set of the plurality of
target-bound probes to obtain a background signal signature. In sone
enbodi nents, the nethod may conprise signal -processing steps. For exanple,

t he backgfIoyl si gn@he sbgmaddwigaimayiaple sarbdlatad teettle HewotidrheS the ghuadiiy obser ved
i n subsequent signal observing steps. The sjgnal - processing, steps nay be
per f or rredogl"aif%ﬁts-t & sgpe GEPPAFINHe agfﬁa?teq’%?t?fo ¢ SPSYHBESB OFFRENE SERAI s t 0

t he det ect | yeal i 1 [O gb@g' s, a
pIuraIityhggn%ﬁ%fg?gmgbﬁﬂﬂgé%gg@%rﬁg§g§%§ﬁgfegﬁgﬁbgﬂﬁ?ﬂél%io o%?%g sanpl e.
The pl ur ahiahyalbf (e olisiatcawildiondrsget-autvematecid mgr, iusmgat corelsibn tlgorigan s (a
first set agd a second SEtEﬁég di fferent targgts. The plurality. of targets
may conpr ME8, YT WEL SNGFVCRRRL A gBFY, 0% 8MPBHEY of VPRI alet P18 2a set  of

DNA t ar ge_&&ramgaal?&qthﬁﬂ‘ inPAND iR @at &dabld AR B BN oBot wREoRfan} ar get s
may conprise a mxture of at l'east two different targets (e.g., a mxture
of two typsss igervEnign)a Imimbediments wheoe thgpegnalis) aRinobseoyedaandissared @ thé  DNA

targets apd targets). 0079%VM n.cont act W th | ural it f
t ar get - bi odffnrl%# %glg%ggl,ag s)f, IL:P@pu 8?1%8? anaﬂysm 0?%116 1rnage(§) Rlay b3 conducted.
Images (e.g., signals from the target-binding probe(s) and morphological stains) may
be overlaid using computer-aided superimposition to obtain complete information

(e.g., topological and/or correlation information) of the biological sample.

[0071] The observed signals (e.g., first, second, or a subsequent set of signals
and/or their combinations) may be analyzed to obtain a variety of information
regarding the biological sample. For example, a presence or absence of a first set of
signal(s) may indicate the presence or absence of the first set of target(s) (capable of
binding to the first set of target-binding probes) in the biological sample. Similarly,
the presence or absence of a second set signal(s) may indicate the presence or absence
of the second set of target(s) (capable of binding to the second set of target-binding
probes) in the biological sample. For uses where multiple targets may be analyzed
using a plurality of target-binding probes, the presence or absence of a particular
signal for a particular set of the target-binding probes may indicate the presence or

absence of corresponding target(s) in the biological sample.

[0072] In some embodiments, an intensity value of a signal (for example,
fluorescence intensity) may be observed, measured, and may be correlated to the
amount of target in the biological sample. A correlation between the amount of target
and the signal intensity may be determined using calibration standards. In some
embodiments, intensity values of the first and second signals may be measured and
correlated to the respective target amounts. By comparing the two signal intensities,
the relative amounts of the first target and the second target (with respect to each
other or with respect to a control) may also be ascertained. Similarly, where multiple

targets are analyzed using a plurality of target-binding probes, relative amounts of
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targets bind to a first set of probes, wherein the first set of probes are
capabl e of generating a first set of signals under a first set of

condi ti ors0 2pavo4ep8anpl e, RNA targets in a biol ogi cal sarprEPaEY/ 06876
contacted with a plurality of probes conprising a first set of RNA-binding
probes (which bind a first set of RNA targets) to generate a first set of
RNA t arget -bound probes. This entire first set of RNA-bound probes may be
capgbl e oﬂif@eaﬁertatg'etﬁghﬁtﬁd b?aﬁo@ﬁtl @fpsd gmsl be Ld’echemh?:df by sheassetingfand
conditions. The nmethod may further canprise steps removi ng .any

t ar get - bi AYTFIRIH B’Se‘ggfte??&{ ingensitifst ofpgiads fion Ree a‘? et Ruplitn Pf tyefener at i ng
signal s fBQ@%ﬁﬁogé@rget-bound probes. In sone enbodi nents, one or nore of
the target-bo probes nay be covalently attached to the biol ogical sanple
via coval ent coupling to the targets itself or to a nolecule or a structure
that is | fWaBed i n trheomé cinhpdipncofs, pineot mogetantioh sauplh mayshawesdsand, he

| t. t - bi ndi bes that. t .bound to.the t t

be per or ReADHFYIDE Pt firear f stnhy br bRy oL BekR i BRekBT o he

bi ol ogi cathesadidtot-sahp® {ild.S bio%%sa@fsaﬁg& BF nalicR@t RERRES BRWrdIE spedlfie! ei C
ope

acid (e.g., DNA RNA LNA or ) Fr conprising a target-binding noiety
and an i nedpamdient legardmgetheabiplogiel sempicraey dheappteieds hEox axaerlehbrdi ng

probe may . e ri.si gue that is ¢ ary to at
| east onecgég?ataf%“?wé oﬁg%geed tgggr{}g%e%aw %@%ﬁeancng fﬂnE he %%ln}pg%pisneﬁﬁ{o;'}l argets)
and a uni gigardsageneagtioapressnyathieni odgpandentdiseagtdt €gfue kampla@madynter ect

assay. The DNA probes may be incubated with the biological sanple under
sui t abl e AYBICd Aevlardy by fennapRg strl mtenskies fetvesa thasempls efumtsrestent f or
sel ective, hyhriLgi J ofink & il - O niary
argot R baqqonen: HheR ik F Rk AN BEAHERGH Suh O T AR

cr oss- | i nkiengmpheofhntorasdinze tle 8MAinpdobe to the target RNA sequence or to a
nol ecul e/ structure that is located in the vicinity of the target RNA

sequence. target - bound probe may be .detected by anal yzi ng the unique
sequence. [é—Bgrﬁ] exarrp_ﬁ%_?or]%\e ?%E%‘ﬁ@ﬁnﬁu%lb EO%BF e§é%]ﬂgr%éeal?%‘fegl.o,gatﬂ%,°¥RNA, PNA
or LNA) hayé 88 nt#é fsigahBNh tﬁ@%i&éﬁi@al%@ﬂ%l@ﬁﬁ?t&rdb%@e&h&rlé@hl%%, ggdgence nay
be used to tag the target-bound probe. The tagging may be perforned by

i ncubat i ngorwlagienl stiivabr samparemeitelhsteine | Hiselogetionconficesigitl angy heacl ei ¢
aci d sequence under hybridi.zat]on, condit.ipns for time.period that is

auf 11 ot anfoT g L8hJRDOh AR Sk TR GkBRal, Sl PR gBh, o o
limted tegartomRphation dfl plaaEher @ffcroanepastt i€ ties bioRyian saaplcy eAfiDI et i es,
SERS active noieties or SERRS active noieties, and the |ike. The

t ar get - bolinspy opkic pfyhe pighalpaddeloseianHef thy sighalemoy By correlyted torpbdiaing) t he
signal fr . : I | ei l.d s

anal yzed g{/%%l%gﬁobggghgén a?osééph%%gﬁl ﬁ@(‘ftu%&elgeslﬁ%hg? %qngﬁ%?%égﬁ?{%?g glirPotggdur es
(e.g., hybiidahicl ngmpicd h Bornaaaps, tdetthim cogqs irsiyn e acxpagsgel morbdan thé

[ ndependentlg det ect abl e noi eties %e. ? nucl ei ¢ aci.d seqazui(ginces ,. and
gener at | n§aPRIPAAUF dh WECHCSt Ak VIaEEE#hdeRtarPatien desudinrg b es).

[ 0080] Anoffagtiz-e%aMmRldCaRbudtd &f ’Yﬁu‘éﬁ%dmfd?rbed%tﬁﬁkﬁ% @oﬁbéﬁr@én!otc){ti&{ ah@rgets in
a biological sanple, conprises the steps of; contactinhg the sanple with a
pl ural i t yintdnsitmvglets bf tmadi argngreelgeslst o form a plurality of target-bound
probes, covalently attaching at |east one of the target-bound probes to the

bi ol ogi ca l e, contacting,the, t t~bound prpobes with a first set of
o onat - geMSPRT g pfonuBE ehipaiiges hOBISH HraRhERs teidhefvil i€k *Che

pl ural i tyimfgctippaet tdeststRpoBesampROwAR @ slapdip) 6f efrp@aniediag ipfthed thi rst set
of signals, detecting the first set of the plurality of targets via

obser vi ngobtR@ mfergtatigpiregrrdigp dragkerounsh gighgli vignatwe. obbe bed@rqundstignpdt of
signals, @& [ t - rati ' i fvi.ng
observed glgg%t{éﬁ%g&% F?Ig%l{,t%%%el%lﬁig@ﬁl}g% it E%gso g%ésfg%iugglgqgéet% arg#}%sol%ggﬁé-@gegner ating
pr obes to(eggt ﬁcgt,l @ec&ﬂcﬂ}saiﬂlétgrl}th Sz&%etdfogﬁ@@rcﬁﬂgﬂ) Béﬂot@/c@feli;}t&fg}ﬂfgsobs&vehen‘i cal f
agent may be applied to nodify the served signals. The. subsequent set o
si gnal - geMgpals it éhepg?}s@sona%taa%sab 18S snetipc Hlaﬁgt{]lgl‘%ru%)é%llftﬁé fte skpPs &f t he
plurality : : 3 r.ab,i :
subsequen t0 9%5\%1@%19%;?18 g)g :ﬂgl Qélhﬁ&g ?#gﬁgﬂ%e%%tsor?g ?}s{?@@l ?Ihogfl%%ggg Sr?regytB %gwarllé peat ed
10 times, 25 tinmes, 50 times, or 100 times to detects 10 sets of targets,
25 sets of targets, 50 sets of targets, or 100 sets of targets. [0081] The
plurality of targets may conprise a DRIA, a RNA, a protein, or a conbination
thereof. In sone enbodinents, the plurality of targets conprises a
plurality of different RNAs. Non-limting exanples of target RNAs that

coul d be detected include, a ribosomal RNA (rRNA), a nmessenger RNA (nRNA),
a transfer RNA (tRNA), a small interfering RNA (si RNA), a transfer

o o ') o,y . p=R 1A o



bi ol ogi cal sanpl es may be enployed to detect nmultiple batches of the
plurality of targets, wherein each batch of the plurality of targets

conpri seswoubti/g@ads4set s of plurality of targets. For ex&opiEP2018/0p3806 al ity
of nucleic acids (nmultiple sets of different nucleic acids) and a plurality
of proteins (nmultiple sets of different proteins) in a biological sanple
may constitute the two batches of the plurality of targets. First, the

pl ural i tyimdbrnmutiohatgardiap ddy (residual sighal sighstuef Thd b@lepidal Radpkei map@deds such
as a first, set of DNA and secqnd. set of RNA) .in the biol ogical sanple may
be det ect 8bpehrdsafisnicpeheigh ra@%ﬁ%tm B#P-ofl he dpydial sigRal HELPISHBYY P8I | oved
by sequential:.d i - >t e
pIuraIityh%? %rg%%%%gﬁ?éﬁéF&ﬁﬁg?%ggﬁgﬂg%Ehgggﬁ?ééngb?@%%ﬁ%%g?g?%w%ﬁand a
second sefinofunprtbt signaBjnodHicatitve stehsupte n§ ohomed of Bignalemadiicetioraagdnty, al i ty of

| ei i d- hi ndi e, - bi ndi b d - bi ndi
brobes) iy Bpreh “POF HenB gL Heu S o RO S VAT of
target nuglaQids@bé dsRPHNHobPREShd Bbdehvelt si%v?atls GonPNssBeusng tﬁg&%ﬁn@nd a

second set 0of RNA-bound probes). The signal(s) fromthe first set DNA-bound
probes maprobhen The refeduat seedal igndtere byy @ sebiracksk Ggmothe abs¢rmel] sigoalsassay

dependi ng.on if the DNA-bound probes.generates. a .signal by.itself, or not).
The obser JSH BibgRnERgEP R, BefRarirch P ialal B et of o
second setctedtionl gidd GrdektOm the plurality of RNA-bound probes (The signals
need to be generated fromthe second set of target-bound probes since the
target - bi ndi ng probes that hybridize to the second set of nucleic acids are

sel ected ch. that they do nof produce a defectable signal by itself). The
gener at edf®73ha|_s f PO HE PRATSBI P BFebbee! HEEP Y RérP pREEBSSMPIMance t he
det ect i onpplitieaki b 1@&@@9ﬁﬁ&£ﬂ§0§éﬁ%ﬁ9ﬁn ﬁ%E&Qﬁkﬂﬁﬁ%ﬂQﬁé?m@ﬂﬁyB?rfOr”Ed,
the method nay be Used to detect the plurality of nultiple sets of

prot ei ns. tapgamrbalding pofbes angetbe bietatitaig bpriohiesct hstysar dn capaddaepdd, the ndi ng to

the target protein A and B (e.q. nt i.bod and anti body. B be

appl 1 o odrorBesty TR ehat of SnissiRto et BT « RS ebe e oo
(first S_egrd%s B Rl laphlraMiyd flar@bt Rftind Proled Peh&Gting 8 FRY sBYofRRMAMEd Si gnal s
fromantibody A The observed signals may then be nodified. Signals from
ant i body B firbfatet 0§ thyoplutlity op tayget-tpuBd drebashebscyane thet Bt s¢tod] ogwads, by

observing_t engrated signals. The.observed signals then b
el nt ool PRIRS GRS e iR D SV BT s MR T Rm s e odost | g

[ 0083] OneophdTpluealdy dth@rdeebbadi ptodes oMyriier Biey Eonedemanualnal, a8d My be
aut omat ed and performed using autonmated systens. In sone enbodi nents, al

t he met hoeorelglge Hheyobservsdr ignahetp tha defeeifnophthedriyadite of tayastye4ilha sone
enbodi nmen i r : i |ty .0 el:s..|

bi ol ogi oal s fIFY, AERECLOARHEE S el | B Rl o sk BRI AL, oq
The devi cgerepatingi Sesy sctsdnjynelshandpicnimsysite mthiad, raefogaht ardi spehsitng syst em
a probe cross-|j.nking system and a signal detection sysfem The dgvice may
be oper abl¥ Iﬁwala@t%@frgfﬁmdmra Gy §epOipIngethe ePRFTifE t‘ﬁ{dgtal?%rh_e ard Banpl e
using a nmelhad;GOmpr i qgrg%hﬁinﬁfn%pﬁro%s: inC B Aol b AGsdrded BhQh@B! &2l nczanpl e
with a plurality of target-binding probes to forma plurality of

t ar get - booapdbler abpeduong ironglal pyatscHc Hilengeavndeeths ttangaebiofling pgolpdswaral i ty  of
target bindi obes to the biological sanple via oval ent .bon

obser vi ng P pdhe tiggers,p rujogignel $sAgn AICPas agdc PP TRl AP of

t ar get - boynghtHoaRE probBPEL foybdrged he observed signals, generating a second
set of signals froma second set of the plurality of target-bound probes,
and observing the second set of signals. The sanple handling system may

conprise a platformfor holding the sanple (e.g., _ a mcroscope stage for
hol di ng t HO7] ssue Eecpmsncubpdaypentsq e pignats riy obpssted ibyg magin® ubdut ti ng

one or ”Dfn%lcfgﬁ@ag% It OTBQ%ioiégﬁééltesar?@@ AL gmggéag{%ﬁ&gtosx géﬁlngg%ﬂ%f urt her

conpri se an Ihcubation system be~use ntrol t ation
par amet er sanjde grith the pipealay of eyggrbéskng plobesidtreprianpthe deacrdtiomgf Sxssicem may be
configured_. as flow cel ., with_ integrated sanple hol di pl atform

i nt egr at e SR PO eatishiet AF (BwPara Gy rag%:t%gﬁaé oGt l9gPRpEga

i ncubation system The reagent dispensing system nay conprise one or nore
reagent reservoirs capable of holding one or nore reagents, and neans of

di spensing the reagents to a sanple |ocated at the sanple handling system
The reagents may be dispensed to the 8&nple via pipetting into a port on
the slide holder or via punping through a tube connecting the slide hol der
and reagent dispensing system The signal detection system may conprise a

| ight source (e.g., a mcroscope |ight source) and a signal capturing
system For exanple, the signal detection systemnmay be a m croscope having



intervention) or a sem -automated, wherein at | east one of the sanple
handl i ng system the probe cross-linking system the reagent dispensing
system owotha/eBgnal detection system are operabl e w t ROUEPR@ONEISOE
intervention. The device may conprise a central processing unit, a nenory,
a controller unit, and/or a display device. The display device may be used
to display the observed signal (e.g., imges of the biological sanple). The
contr ol | ebadkgiduntiegighg Gapabte 0f somomambgineitg Wict metbod! magtcoaipeisof t he
central processing unit, the sanple handling system the reagent dispensing
system t HENHIIRESHPYCNSi nkPhgXayice e dlackgaing gigap! qienads o?ysP&t em The
conmmuni cat, y. e j I - i.cation.
The. cont 1ol ar an e o Ba o arSple T Faseatn: Mardl LIRrATY TN

i nstruct i sigsal{pro@ssng atepemidyhbg perffrinied @ml toy bnduting theagoredarionmfctati on, t he
pre-determ ned set of instruction , my be adjusted depending on the feedback
from any ghwpﬁgS&@ﬁ@ﬁﬁﬂ“ﬁ%ﬁﬁgggPﬁﬁméﬁﬁ?ﬁyfﬁ%mggﬁple handl i ng system the
reagent di spensing system the probe cross-linking system or the signal
detection system [0086] The sanple handling system may conprise a platform
for hol di p@78he bi olipgomal erbi@stdments, Theplptatity OFf MuFRYc REidStaagdtomadyy ber it may
be noved fromone | ocation to another for transporting the biological

sanpl e. THEcstedgethe binlegerspmglos yEcamibi(y plenusidela¢ie tipep dHyCoqPISeast one
reagent s ' C i 8l | e r - hi ndi.ng t be
bioIogicaﬁéggﬁgpgfggggl%&ggﬁﬁég2%%%B?£§§%%?d%%%ggﬁgle%‘s?%?§ﬁ¥%§§oge used

t o di spensegas maggentprisal twbi s cfdDNAI tardeds, avplsets aff RINA odrgttar @ed sdviofidi ng
probes on_to the biological sanmple for contacting the biological sanple
with the PN{&TRety a8 & sat QAR ATl plotsee cnRodigifatse s RS HERTSMaY he
reagent dbGRGRR Nehisifl @f‘&t%é(stl?%oqﬁﬁgreﬁptaﬁj%&sofeﬂ%ea Wikt ObE NERGROLF
solutions (either sinultaneously or sequentiallV), each solution conprising
at | east OMAtaangdre oif hdd hypepoORBA, FhemeagerftDNA speatsiand RNA taegatsiay al so
be used to di spense a washing solution that nmay be used to renove any
target-binding probes that are not bound to the target, a bl ocking solution
for bl ockj he bi gl,0gi ca e fromnaon-s i.-fi.c_hi ndi ng r .ot-her
reagents {089 may oo REERlesRE YT phEMLY 87 sIBS i otk dnrag e Bl or

si gnal detaggdti Bfhd fona FBsTEsce P PebbEeNtvicreinhther fx8geittofdhrsPaNEL N@pshistofm nay be
used di spense a reagent solution conprising a chem cal_agent for nodifying
t he obser Se¥raingn fiEst isg obsigaals ypdergy fest set phemmtionss diss sampld MM s, a kit
for detect] | ' [ -bi @l 0gi eis

pr ovi ded. e f £bicRlce Yarie Bl U ¥chudoRaAEhT 5 i) o pPitel BomBARe et
per f or m t héirafsereRaYiAbamndag prebhodshicpbimkdagadt cogER NAr tardeoy) tegarpltea t he kit

may conpri.se a pl lity of target-hindin r obes, d buffers for washing
the un- boﬁlf?aS?t&%gRﬁiﬁgﬁ?rﬁ%ﬁ#@nsrpa@@é; bfi\*weenw?q P%w@é#@%-@eu PRPEEABi ndi ng

probe, whjg Qaﬁa%l&@pgg{&atﬁfg 0en&r at bPGighalR 1 B0A! o FG 48 FRBABEENO! The . . |
cross-linking to a target or to a nolecule that is located in the vicinity

of the tamgétod mndfuathehemmpat segeof renoapebing tafzerdiligipnepes hiet genet at ed

signal. Ip one anple, the kit conprises.a fluorescent-| abel ed

© et - bi RetGo ThomRecuaig o oo R s BEERRSMSLRIOIN fsoms capabi o
of cCross- kinBkdiREntsOohd18r MR OhE M rgSEBTRING prévRd nfuyChiesdvaRhtidaaihegapabl e of
destroying the florescence fromthe fluorescent label. The kit may al so

cont ai n r Beduelpsicelhwmpiayiarevelsausqupting by theHargetsgtsslior ik iampeleade of an. The
kit may further [ . instruckiQn nyal , .detailing the c onents
oresent | Aigedie ClesRgs s ATARYSE ¢RPerdBl Bsne BiPhosse Read el et hoo
steps usi mgy tahect-GAHEXQNEILS hhese mbt boundhe tikd targdtOR8B bt PcOdEn®XBiGRIte, t he
kit for detection of a Plurality of multiple targets in
covalently attaching the target-bound probes to the biological sample. The first set of
RNA-binding probes may be a nucleic acid (e.g., DNA, RNA, LNA or PNA) probe,
comprising a target-binding moiety and an independently detectable moiety. For

example, the target-binding probe may be a DNA probe comprising a sequence that is
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a biological sanple conprises a plurality of target-binding probes, wherein
each target-binding probe is capable of generating a signal, and at |east
one of thwotarigastshi ndi ng probe is capabl e of cross-I|i neCmEPR@0i06387¢ ar get
or to a nolecule that is located in the vicinity of the target; and at

| east one chem cal agent, capable of nodifying the generated signal from at
| east one target-binding probe. The plurality of target-binding probes may
conpri se adtmpleashtatywd @dést ohe porfibe o iiic fasteg BN kétpicng: (mi dleelrst katofar e
capabl e of bi ndln twp different targets. For exanple, the kit nay conprise

a first skregy %ﬂr @élﬂll%ﬁenﬁﬂﬁawsrteﬁe@ar bt indepsaentiyafigtoeted pyanyigdirect
Cowpartnes!ésg# %me g?n@ be @bs : K§liB t@ﬁﬁﬁg&a} ghn%glg R4G! sy and a

second set t ar get - |ng probe at speci s to a disease
mar ker (ehgmdlmtmarcoedltlbn&)ﬁmrakene) periad thetnie sefficoahi rﬁmstek:ptlmhay‘tmdmhenchem cal

agent mm rmdl ener at ed si fromall, the
P et o AR INA stk Seistabs o6 TherEmdnGila RS RN el TharaSiepd ¢ o
i ncl ude myalirphecrcRaprgak s@@ed'fto‘%ﬁsq{nkﬁtgdﬂ%}‘?rﬂﬂdf‘zaﬁmﬁgB?dbe%@ﬁ‘é atgd from

each target-binding probe in the kit 0089] The methods facilitate accurate

and rel i aBNe\ afmlely@ @r tofa alollﬁculreéﬁtnut:gare( élag Is pa:ttsfém thel \rlylmtmf ha @rgad nber ) of
targets ( i seas ers% fro

i 0
dot sct tonfor sedielfer Tg HskSt g odSha %y TRcrudir] B8 efSvete RERAfye | o
di agnost i gequtMe! aRgUixafpldh 1I6QENASIIEE aalnpdeq@@icb @8%.,IDNRi RN@gYNRGri N
medi ci ne. For exanple, the nethods for anal yzing a cell or a tissue sanpl e

from a patiénthayig ssﬁi%?mﬁw@acwoaa@%@fg@m@@tpgfhe(lén@ue segBeTICe B heyussét ients
who have g, Pa%f frle 11 {b&'ﬁrﬁde hﬁY aggﬁng €t fomid Ry {ncﬁﬁﬁtf’ﬁg xin, or
I g we t| [o e ap an

are respond 0 a par or orga ransp ) and
prognost i b@lldgycad esafple twath dentabélyedpabinpn:h&nvdﬂp mickid iakidl sequénddem&ie@p a
particul a ease, spond well to partlc l.ar therapeuti

accept | ng{%li’“ Z%@Ptcpme}rla@s F@élﬁletnealﬁgrslpaému ISP 25U 6 90 13021;2

speci fiedtgt NELY SRa 1@91"1189' %Fﬁ% Sax‘ée%{ | Rged Mol NG EXBPRIES fﬁfo nger cially

avai lable fromco n chem’cal suppliers. Sone’ abbrevi ations u |nthe
exanpl es s&wprsiclcay eR%mapaacted: amnétwlsj GERS "aagve mmbﬂmsgpar&ERR&gactlve

: . att :
Zant ogr anoidii. o R GHE g ket 00 5 B0 o 08P B Bl per
mllili te(e g i glngﬁthé mgﬁkh%’fom Hell%el rT‘h@ ﬁlﬁﬂﬂ'e"i‘l'hcle q?z%d sRuEATh Y also DI " :

nanom)l es; | I ol es; pi conol es; ": mlliseconds;
"nmin. " nbm@nélyzed hy"lneraésaya atf' mcludéeﬁgg@é a@mléicatson poBedyes gl is a
flow di ag[ly?bmdslg’nqg n@v&thcal nz}/nolplalltlléiset rcaol%n'pplgmgghe aréeh%%msb Pt I1ndependently
detectable moieties (e.g., nucleic acid sequences), and generating a signal from each

of the independently detectable moieties).

[0080] Another example of the method for detecting a plurality of targets in a
biological sample, comprises the steps of; contacting the sample with a plurality of
target-binding probes to form a plurality of target-bound probes, covalently attaching
at least one of the target-bound probes to the biological sample, contacting the target-
bound probes with a first set of signal-generating probes that are capable of binding a
first set of the plurality of target-bound probes, and are capable of generating a first
set of signals, detecting the first set of the plurality of targets via observing the first
set of signals, modifying the observed first set of signals, and repeating the steps of
generating signals and modifying observed signals multiple times using a subsequent

set of signal-generating probes to detect a subsequent set of the plurality of targets. A
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accordance with one enbodi nent of the invention. Figure illustrates the
detection of two sets of different of targets by sinultaneous application
of two sewe 20fl/msxsget - bi ndi ng probes foll owed by sequenPCaRlEPA@EMcISTON Of
each set of the target-bound probes. The nethod conprises the steps of
applying a plurality of different target-binding probes to a biol ogical
sanple (12). The plurality of target-binding probes conprises nultiple sets
gf Ei ar get etéblémdhlrtxgemrﬁb;iebe gmpligd to tnathfsettesotolt:rvea@@eglsgimdisttlgg@manbea)oft hat may
e detecte sequent| a . Upon cont act.i ng ol y incubation

pl ural i tySIB’Pa lrgengfatinsPFPeh 3o ranskls Qfehiadigg intibeeuehieSshiof thy P]tu{/al’éff’ odi f f er ent
t argets. t 0. Pr, Nty

att achod) ot RGNpPEtss: o e ABRe By BA i 3B 3F SEREENE Pt he

t ar get - bosorde pmbbmmem theestdzpsoinm;g be atpestdplletimay Aetirmby, Slgimesher t1a0 get

(i.e., the pr s are cross-linked to the target orthrou nol ecul e
that i's 1 BeBt o0t RRSOReTiegsol whuo et 56 sde SF ucroed lofefRsTor the
probe to @arggegrby protein). Once the plurality of target- b| ndi ng probes is
bound to the plurality of different targets (e.g., two sets of targets),
the plurality of targets nmay be sequentially detected by detecting the
plurality of target-bound probes sequentially. 1f the first set of the
plural it y[®R1t ar get Tho ohaalgy o dargets mpyi @eaprise ¢ BNAL adedr aterteingphnal (s)
fromthe e r t i tional
si gnal ge?téertﬂ]gall .L‘%“%l E@Otfo Hg?ymaomngg)g?ﬁéﬁ? tm%edw Pts'tg réétg%oﬁ@}(m%u?al ity of
t ar get - bopluehlipy olﬁebffdoetsRN@ts erh-hmlanbﬁdmlbiys of sapt, RNAdlthatOGSIﬁlﬂd dteps of
signal generation ]gday be required. e enbodi nent, this |s ach%eved by

associ at | AgCHCdiRFHICS: gdioramisl RNG (rﬁTe\Mfo)r ARCss@teeh RN £mBN a i tFaps

target - DORREy Qﬁ@b&f 4 18kt 1IQ?feﬁh%Q@hAn@ifRNﬁl?n %nﬁjels%e\é é&r RINA henfirst
set of the plurality of target-bound probes ( Once the signal(s) from
the firstRdA), efpivhenteractoet RbldufpiRN:AObeSlonscotdb@eRNéd a(egglatormRszagl ng),

t he obser df e nove 2 ved nal
my be- mobras 2 MR Bk ehelat SR SaR TR el abEs b R REREN Dt agont
Once the pbgaevedNsy, on@UT RNA  heidoymt, §€h Mfcrd FILMARNIY,. pIrP'@@mbS

nodi fied, a signal |szgenerat ed froma second set of pluralit

t ar get - boambmbmbestl(e ralitphed t@@@esrlatdetﬁc@dgmltu rré@hetrh@hoctﬁern@béemm to
detect the secon of target - bound

Schennt | oGP SE Pefe M ThRRRERRE SRS R IhrsrRih et o by
enbodi nentngﬁﬁ“hiaglnlgr@\feagde@trRNAtdﬁtgﬁeﬁtsa pI urality of (e.g., 1st set, ri
set, and nth set, integer value of "n" may range from1l to 100) different
targets. The met hod corrpri ses the steps of applying a plurality of

di fferent t et b| robes to the |oI0|caI ample (32). Th
pluralityl ar get %56151085 ocddsy ‘i)rs@,@ e Ibl}l%‘?“sye?étabéets in the
target - bi Bfétd’ggca@fs% I%s (rﬁ :nge eiln%lloy%ﬁtto cfe'tec?%ultq?@%afbthgs 3€lhe ?l'iﬁfa%gﬁrofval ue of

“n" may range from t hat” may be detected sequentially. Once the

pl ural it ytapgets, awg@ﬁmbtawdlbvgclppﬁbm plusallspurfdtatgets hempiises ahultipleobetsliof f er ent
targets, t{te I lity of dlffer 9 y be sequ afl detfected by
det sct | ngP DR Ty g e el o Ry e L BT rPpPleLiish o

contact | nglffet@lt hu@thfagicfd@) asBAPluRalfto |o|f%¥&éin§){/mhl'ﬂt§lébs%¥sl SHifftRet plotbimhi ty of

t ar get - bi ndi ng probes ets bound to the plurality of different targets. The
t ar get - bi Hod big O;gti(@ eagn Wawwenstbeteéhw@ batehes @f (he njurahtycﬂ/fatarenw ¥igbupl ed)
sed to cuamualhTaps R R eh et bR S B Rk E BB EY, ™ P
sanmpl e. Fof Dawarﬁbtiea séd@ﬁdtsat’ gembt)wm (g btbaigecamymble m@y&ieectﬁtécyed:wpl ed to

t he bi ol ogi cal sanple via an am ond, an _ester bond, a disulfide bond a

car bon- caPBBrapewg apRliation ef farg- blrtetmg peobes fodlowsd by seayansialylsiscaion of o

t arget-bo ( : e si gnal
goner at or pey toane prRrE T HE RSB BT PR o PGk D B

gener at i ofirss tsetpsf proBin AHawevesecond sdthd ffrotesit B3 ehayofheh e pdrforakd.t 3Foof

t ar get - bound probe oes ot em t. g .si.gnal S |t|onal eps of
signal ge F:ohP Eﬁl‘%éﬁtda}%?ﬁ @r@t%éa?n@ﬁ/*bnﬂd% POLSE ARG ed by
associ ating a signal generator to the first set of the plurality of
target - bound probes (38). The signal may then be observed fromthe first
set of the plurality of target-bound probes (40) by inmagi ng the biol ogical
sanple. Once the signal (s) fromthe fBtst set of the target-bound probes is
observed by inmaging, the observed signal is nodified (42). A second set of
signal (s) is then generated froma second set of plurality of target-bound
probes (44). The second set of signal may be or may not be the same as the
first set of signal S. The second set of 5| gnal (s) |s then observed by

o o o o - .



crude m xture was purified on NAP-10 columm (CE Heal thcare, USA) using

prot ocol provided by the colum supplier. [0094] Sul fo-SFAD is a

het er obi fwiocbiloasais4cr oss-1i nker that contains an am ne PEAFPRMO/065876

sul f o- N- hydr oxysucci ni m de (NHS) ester, and a photoactivabl e

tetrafl urophenyl azide at opposite ends of a disulfide spacer arm having a
|l ength of 14.6 A NHS ester reacts efficiently with primary am no groups in
FH 7-9 buRﬁr;)@( smtimfg}‘prbmsa ﬁﬁdﬂfﬂ #ppliod dftltmomdlogi&lesan@i@fxs&dnt @ plivality gifit
300-370 n per uorop enyl azide forns extre y reactive nitrene
group t hataredmurlgsactd-hopng paekes\a fiEss seieH ] Wﬁr@@%%pg)gﬁagnd(@qq?niﬁeté? dd to

unsat ur at Rel £ jf Qﬁ{]br‘éﬁ@s Nghe I@ﬁalﬁgg 8?&'% ?ﬁgtyset PRA- S@ﬁdﬁﬁﬁﬁéﬁn%@ﬁ by and

nonspeci fical | erts in GH greater iclenc
non- fIuordﬂaﬂed(@ﬂwfbﬁﬂudﬁsmyEXANRUEdﬁmnp@@sﬁkﬁhﬁﬁngossfﬂmﬂNﬁAlmmddf|ed,

cyani ne dye-| abel ed, SDAD. Si zed

o 1ows. RobeS Fiersst BERTHY JSTEPqthnT b OayToFstaneY (i BRyTCLT o

ol i goner ﬁqmeu%ynge&&t&ﬁmadéeesn&w& sidiats 4 &nhﬁ@%l&aiuwfmﬂ B¥hao
nodi fied |inker at the -end and | abeled with a Cy3TM dye at the 5 -end,

obt ai ned pobaefJicadignals m@r.hto e agheried oA theeshoms] s3gioé sargeidmund pral@X PBS
(Phosphat e._buf.fered all S, di e th 80 i er and 10 ilL of 1 M
Nariooh) Nagees Ty i-Sglghraf gl biteEfichle: e bpang nsb 8L ShesRlitaelh 450

equi val entggctef sl th@t&'h@ﬁtiﬂlﬂ& @ddude (a[d%teétab&zsl@ﬁlmug@n@mfﬂorh@tgbﬁ'éﬁtea, 3 -

di t hi opropi onate (Sul fo-SDAD, obtained commercially from ThernoFi sher

Sci ent i fi signgle. from (the BAAbowad paehss dmayTieennbs @lsasidit iQisewiks dstsctiprd at
t f T NAP- 10
ot um: ( Bty 86 ifliidte, f Wt Hiieid IGATENER J HEHGEE O Hloartla B TEEL0

[ 0096] Sul fieedS0Adtécs tie pliitploif furltplc aoal ofcpro&msl | Pkedlity bétargardiading an

am ne reactive sul fo-N-hydroxysucci nimde (NHS) e and hot oacti vabl e
di azi ri nePiSFethpt aic apHds Pt Ringingdo bie targst gmt?lnd‘ea%@%é@.g é‘PHng’vAﬁ@ga Iengt h

but o7 s 15" ot D Erabt SN0 Eaniro By PSR B ok B T
| ong- wavedéfected (st 5(e$Bﬁpﬂ)'f@ns)m)1a a direct or indirect assay by observing signals from

antibody A. The observed signals may then be modified. Signals from antibody B

that is bound to protein B are then generated, followed by observing the generated

signals. The observed signals may then be correlated to the detection of sets of

protein A and sets of protein B.

[0083] One or more of the method steps may be performed manually, or may
be automated and performed using automated systems. In some embodiments, all the

method steps may be performed using automated systems.

[0084] In some embodiments, a device for detection of a plurality of targets in
a biological sample that employs the methods of the invention is provided. The
device comprises a sample handling system, a reagent dispensing system, a probe
cross-linking system, and a signal detection system. The device may be operable to
detect the plurality of targets in the biological sample using a method comprising the
steps of: contacting the biological sample with a plurality of target-binding probes to
form a plurality of target-bound probes, optionally attaching at least one of the

plurality of target binding probes to the biological sample via a covalent bond,
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Creates reactive carbene internmedi ates. Such internediates can form
coval ent bonds through addition reactions with any am no acid side-chain or
pepti de baokbormesmtt di st ances correspondi ng to the spacecTaPRI0AGRFTIOS.
EXAMPLE 3. [0097] The cross-linker nodified, cyanine dye-| abel ed, DNA
ol i gonmer, Cy3- T20- SANPAH was synt hesized as follows. A 10 ilL (31.9 nnol)
solution of Cy3- T20-NH2 (a thym di ne oligoner conprising 20 thym di ne
Iun Lt IS éhabbsﬁi%vm@bﬂrﬁdg’s/\bﬁ digrﬁamshﬂﬂinrwfumg slétfolgelﬁb plhgﬂh@r o%rgemlofmd- ?ﬂ@ﬁesﬁlnd

abeled with a Cy3TM dye at the 5'-en obt ai ne com‘rerma y from

| nt egr at e@omngéhﬁﬂbﬂ%@ dgnalssaynarafingoaseopay Y SEalsTHm P Pl 84 i ne)

was di | ut 0 ﬂélaslém f (pH
8.4). To 18 ﬁth\séﬂ,ﬂhgfag% dnfi\gl%ra%gﬁte)%s aﬁggli)%sf ?%dnbbsgklé%/&Jl val ent’s) %ﬂa}qg "

N- sul f osusanple rhiadylings sysdcm anayd oorBprisw arpdmﬁnfnyfmmaidl)lg hbx amoplee(c.g., a

Sul f o- SANPAH, obt ai ne rcial. I rom The Fi sher Scientj.fic |nc., |L,
Uoh, ) Cnee Mg b Sty BOIG T Bn e (e P bt dnmutng Gpd T o 105
hours. Thgupliide dﬂexéruﬁﬁrev%ﬁ% g 'td° t@dsmlwﬁm&a l&maﬁﬁg ssieaint hgare, USA)
usi ng protocol provided by the colum supplier. épO% Sul T o- SANPAH i s wat er

sol ubl e, huther sbimpuse il ombammswetmrth@trmw tbh used pacentral thﬁll@ﬂg:tahon)f 18.2
A. The Sul f 0- SANPAH crtorsnsel #nkl n n]é%e %}%@ ﬁ grle—éS ester t reacts
with prinB?Y 5 he%®and Brﬁ“{r?oB a2| PAnE SYBBE &4 8t|ve at
320- 350 npanfipsAPAEa flowl @élﬂ%ﬁhﬁn@grras@-shmpﬂelmmﬁg PRl aR@Sate@ partpr ot ei n

was i nvestigated by
for reagent inflow and outflow, and/or integrated incubation system. The reagent

dispensing system may comprise one or more reagent reservoirs capable of holding
one or more reagents, and means of dispensing the reagents to a sample located at the
sample handling system. The reagents may be dispensed to the sample via pipetting
into a port on the slide holder or via pumping through a tube connecting the slide
holder and reagent dispensing system. The signal detection system may comprise a
light source (e.g., a microscope light source) and a signal capturing system. For
example, the signal detection system may be a microscope having a light source and a
camera (e.g., a CCD camera) for digital capturing of the image of the biological
sample. The probe cross-linking system may include a light source, which may be
controlled to emit a light of specified wavelength for a specified time period. When
signal detection system comprises a light source, the probe cross-linking system may
be configured to use the same light source. In some embodiments, the probe cross-

linking system may be configured to a part of the signal detection system.

[0085] The device may be a fully automated (i.c., without any operator
intervention) or a semi-automated, wherein at least one of the sample handling
system, the probe cross-linking system, the reagent dispensing system, or the signal
detection system are operable without operator intervention. The device may
comprise a central processing unit, a memory, a controller unit, and/or a display
device. The display device may be used to display the observed signal (e.g., images
of the biological sample). The controller unit may be capable of communicating with

at least one of the central processing unit, the sample handling system, the reagent
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contacting cyani ne-dye | abel ed, DNA oligonmers (Cy3-T20-SFAD or Cy3-T20-
SDAD) having cross-linking functionalities with streptavidin. Cy3-T20- SFAD
and Cy3- \O0-28DASBUf fer fromeach other only in their cPOTEPRINIGIBF6
functionalities. The cyani ne-dye | abel ed, DNA oligomer having no
cross-linking functionality, Cy3-T20- NH2 served as control. The reaction
was performed in triplicates, with two sets of experinents for each

ol i gonmer (ispensingt ¥yatedgt the @hrolichtiess-ligkihg/sostepoerde signsl éaedionesgstehon,

Cy3- 1 abel eg oligoners (100 4/well, 1 i,IMor 0.1 ilM were added.to
streptavi dhe compmuBat) 1[n§3’ Pﬁa&“ﬁW&Pm@m‘iﬂ“&Pe&(W&WF‘y E?rﬁ@u{“ﬁﬁ"g% bi nd| ng
capaci ty) TR e&ﬁﬁouepgﬁl@ e}s%[ecasﬁ{rg y ﬂ‘e- A REL PRSI uPohE mla bhe,

USA.). One set (for eac | oner P cate was exposed to WV Ilght
for 20 m m@baM)thlnleoerhp:loymgt twio-ony @anmumﬂmagorrethe pm-detearpiiedatee ®f was
kept in the dark. After the reaction, ﬁ)es |erea ts were.renoved, and

wel |'s wer ESUHSHIRMRY 1B $4UBRS GRPICRE oppBCuleriacheiem Hienof & EttEhed with
100 uL I'xp J%%gssu@%r\;but BR AhplORdntifhg By, tlﬁ‘@?ea@@tﬁ%s%@nﬁng-r S8, Rh@pRbE eader
(Excitation wavel ength was 544 nm and em ssi on wavel ength was 595 nm). Each
set was petobohinkidg wstémtashelsighad detgctiarosysent.r at i on of each ol i gomrer (1 uM
and 0.1 uM, and relative fluorescence counts were conpared. [0100]FIG 3
shows the nmean fluorescence count for each set at two different

concentra of d Lficant
cross-1i nqur%gfof tﬁgﬁa%‘gqlgméﬁ% S(Bllgiégome % avi ﬁpﬁglgﬁ{gg@posure to
WV | i ght. bidletdld ahmple3- TRO p BHBEN wasy be&mmhammmmysbes epivay ifehinn onsen 1 uM
of Cy3- T20- SFAD was  used for the exper L concent .ation of 0.1
UM was us&gatien %%%herﬁg tfﬁzﬁ)%%t%%wbg&@ SEPRK eoreég?né ISRFYNE.  When

conduct edgidierh RByARI kel %’msfg)éﬂslt at {436t &8 8adnt E'(lﬂhp&l & mSndl 0l AR Was
reduced conS| dergb l'y. Contr ol 1 goner dg Cy3- T20- SDA d| d not show

SI gnl fi catrgadibifdeng peds tbehd‘/\b@ﬂngﬁl smpkeedFamkamm pos evgsEnpsessingEXAVPLE
0101]Th§ cr ossy I|n robes with cells was [

st.ud b
D cubat S Ao et R Do o s e DR (R
Cy3- T20- N5R d{ngostbb&l Gn)toW'hE ml&%ﬂ:aﬂ safp R 52 ComANRAHKE DedIbEles sampRZi AR

functional group that maé reac and thus cross-1ink the probes) with the
cel | ul ar prediletanty, offiaeget-bmding] prpb@beln soyB-crE®dippnts,dbe scagont disnensing any

cross-|| nk' ngn fn‘fa@"ﬁe‘ Ssggltlo td'ls%ense multiple reagent solutions (either simultaneously or

sequentially), each solution comprising at least one target-binding probe. The reagent
dispensing system may also be used to dispense a washing solution that may be used
to remove any target-binding probes that are not bound to the target, a blocking
solution for blocking the biological sample from non-specific binding, or other
reagents that may be necessary for probe cross-linking, washing, and/or signal
detection. In some embodiments, the reagent dispensing system may be used
dispense a reagent solution comprising a chemical agent for modifying the observed

signals for a set of targets.

[0087] In some embodiments, a kit for detecting a plurality of multiple targets
in a biological sample is provided. The kit may comprise one or more reagents that
may be needed to perform the aforementioned methods, packaged together. For
example, the kit may comprise a plurality of target-binding probes, and buffers for

washing the un-bound target-binding probes. The kit may comprise a target-binding
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[0102] The reaction was perfornmed with two sets for each oligonmer at 25 nM
concentration. The LNCap (androgen-sensitive human prostate adenocarci noma
cell s) pewbebiiglsdses (obtained commercially from Cell Sipgmaip2ong/odzseeinol ogy
Inc., MA, USA.) were de-waxed and antigens were retrieved on the Ventana
aut ost ai ner enpl oyi ng Ventana Di scovery system s protocol for dewaxing and
two-step nedium antigen retrieval protocol. Slides were washed with
det er gent pfobBc@hichviatcapat(¢ bF igeratiipda xXnEBimd Gnephble ey creqclinkigaat hon, 300
uL of oligomer solution was placed on each slide, and slides were incubated
in dark fB¥eqtpr t@ﬁen@gqculef%?t léie?ﬁteff iy By ifingaofhp suget: @63 Bvehemyit (a
transillu éﬁ@tc‘a@blé ?fmé@ifﬁhg'tﬁ Mld & Iféfl.hﬁ{on%eetxa&lﬁai%[ t&%@c&ﬁ%ﬁ%ﬁ‘?r) Was
left int dark. After the reaction, excess reagents were renoved, and
sl i des wefleonss=he thbelict harg2t-BiBEng prolkl(ernd. na flibessini-thbsledenabddy) tthetris was hed
with I x PBS and stained with DAPI (1 ug/nL, 2.86uM for 5 mn. Slides were
then. r omoGRCIY i BRPRTSES (R (B Dol S A VeCEmesH apelt HEPTF Rged.
| magi Ng WastR9MzOMEBRLMSlcREE 485 $hd MRERECHS i1 OYPhEXROSEY @158l cohfaiffs .
[0103] FIG 4 Shows the nean fluorescence count for each set. Slides
i ncubat edraagertis Gyd-MTRA0 bsaNRAtdd g éhe Crgst-lighing shasmed. alld henay fudreescent
count corrRa'ecll to th(; rest. aThi sdgl.ﬁ:ar l[% i ndi cattes thz%t.ntthe iﬁllil(gomer,
Cy3- T20- SARPRA e PRALTFIRER Watl’_h RIS TSROV EX postt e =0 t"SPafns were
observed prtedon@r calfhg U@ MRS EdctRsryWaEBod SRPY Bindihcdoagionents bicdes ihn 1X
PBS, and the slides were incubated with 0.5X SSC at 40C overnight. After
washi ng wiherkitt X PBS (ON wash), slides were nmounted and i maged on Ziess. Cy3
exposure time was kept at 20 nms. FIG 4 shows the nean fl uorescence count
for each set. FIG 4 clearly shows that only the slide wth cross-Iinker
conj ugat eghRkj gomer gl SERPRUGR iPfok gLty abmﬁl%ngp@ﬂnémgmhr}ets in _
Quantitative analysis confirns this. EXAMPLE 6. [ 0104] Mul ti pl exed detecti on
of pol y( Ar idihdicalnsarjfic scoRiphispy eb@srality af ttargstieindimppprebevasvipesificranked by
si mul t anepus ,addj.ti on, of. target-binding probes fqllowed b yenti al
det ect i on WRTHI PREE o cHrBe Lo bile Guatenal anfias foiRC ot B HRATM nrua
in situ hyhdind @abd AapaIber c&é-ﬁﬂiﬁ?)t%’ﬁts &%%%ﬂg&@'a%bhécﬂmwtﬂﬁéc%@m

ed m

Exi gon, USA) and 5'-di goxygeni n-1| abe ' LNATM det ecti on probe, U6
hsa/ mu/ r Hoth¢ cenmer eff e targaband siderst ponelRriier ngenismpableroé mpgielyirfaghe

d [ | I dth : b iyely. l'id
cont i i ngcich SRt BouR & P Mo iR asGe Thes RAFRY b Sidino ce

(commrer ci aindihgolrbBdsnagl torapri ANRESCOwAISAY of aﬁ&reﬁﬁteﬁg&ﬂﬁﬁﬁd% protdeeliz@asi ng
amounts of ethanol for 15 mnutes. The tissue sanple was then washed in 1X
PBS, 0.3 gcTepatdpofibindipg two different targets. For example, the kit may comprise a first

set of target-binding probes that specifically binds to compartmental biomarkers (e.g.,
biomarkers present in the nucleus) and a second set of target-binding probes that
specifically binds to a disecase marker (e.g., a cancer biomarker). In some
embodiments, one single chemical agent may be used to modify the generated
signal(s) from all the target-binding probes. However, it may also be possible for the
kit to include multiple chemical agents for modifying the signal generated from each

target-binding probe in the kit.

[0089] The methods facilitate accurate and reliable analysis of a plurality
(e.g., potentially infinite number) of targets (e.g., disease markers) from the same
biologically sample. The detection of a plurality of targets may find applications in
analytic, diagnostic, therapeutic, or prognostic applications in biology and in

medicine. For example, the methods for analyzing a cell or a tissue sample from a
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in 1IX PBS (wvt/wt %, followed by 1X PBS. The tissue sanple was then
dehydrated for 10 m nutes each in 50% 70% 95% and 100% et hanol (v/v % in
wat er), awo 20m#048i88-dried for 20 m nutes. A sol ution comCaIEPRIG/O0EXSTY T(25) Vn
and U6 hsa/nmmu/rno (25 nM in hybridization buffer (50% Formam de, 2xSSC,
50Qug/ mL yeast tRNA, 0.1% Tween-20) was applied. The probes were heated in
a tenperature block at 95 C for 10 m nutes, briefly centrifuged, and

appl i ed t patidne rhiys deecmplopte.didimstiallsa@d. e tovadeitife npatiousr atlowhdvia a cover
gl ass, and seal ed. The slide was then incubated for 12 h af 37 in a

humi di f i eaa@ﬁ‘gﬁb@’?e.aS@é}WV&WF??geXWﬁdi QiR tOHB. 91 8 [RSPQRHRE welldR 2washed
in 2xSSC : ) . 0. ﬁ?g, 1 ; : : : m nut es
at 67 C F%%(C)S %g&??%écuée} Oggdnp e SP%%R%&&H? e %\%tmlctaﬂg)??(gpggs(,ﬁggﬁ%%i’a%%[& [S)at ed

wi t h Cy3- whahed bkklg ta éptchopi adparti¢ul aicdkisase, Iraspond matiso algéAjculan tiBYe88Ac PBS
(Wt/wm% for 30 minutes at roomtenperature, and inmaged on a Zei ss

m croscop8r?&?%Sptiﬂﬁ?ffaiﬂwl%&ﬁ%@.t%@an ' (sanple 1) shows a strong signal
in Cy3 channel indicating the detection of poly(A) nRNA Follow ng the

det ecti ongsxfaNaPl.F§A) NRNA, the slide was treated with basic 3% H202 in 200
mM NaHCO3 (chem cal bl eaching solution) for 15 mi nutes. The slide was
rinsed in | x PBS, once again treated with 3% H202 in 200 nM NaHCO3 for 20
m nut es, f&bwed bi/ntash&pasifiaf etherpsoppmredipys descgibedas thenewmphsgae i n al |

channel s. - gqﬁ : i Of ' - i@aﬁ | eached
upon tr eat %ﬁerc\?\%lﬁ t Léﬁ(e:ﬁ\})eorrﬁ§ ?gﬁ%ﬁﬁ‘@%ﬁ?% S%%tﬁﬁ' 0%09{%3?165?{\%{10 heeé)l i des
wer e i ncubathedxahplbs Rieodaatcsphadedl ae dolduvis: < higdoxillignms; anf’t hodgranikoche,
USA) to detect the U6 transcript. The s|ide was observed by imaging using

13

Cy3 filterPEubdisogrppg, "Bt SampEany. spbustPIPonFesi gsatogiamsey 3tchannel

(Rhodami ne. . CSCRRCE Vel ﬂ %h. : ) < RAi. ' he
detecti onﬁ%ﬁt‘rht%hén ' ﬁrl lgﬂr:lge%ér?%} . hé%ﬁé%%%ﬁ?ﬁﬁﬂgﬁél llé@ﬁ U%ﬁh n%g? 1%‘n"ru/ rno
probe was ‘et aimietbohdlart oM anplcemelen “ambet daReémbies;s UensANphdllwagessubj ect ed
to the chem cal bleaching. EXAMPLE 7. WD 2011/048184PCT/ EP2010/ 065876

[ 0106] Cr oSO nipinomedesi finesd; neilisacands) dbven. @dmBnut@y 35~ dtuirss - ankA- A

degree Celsius.

[0091] FIG. 1 is a flow diagram schematically illustrating the method steps in
accordance with one embodiment of the invention. Figure illustrates the detection of
two sets of different of targets by simultancous application of two sets of target-
binding probes followed by sequential detection of each set of the target-bound
probes. The method comprises the steps of applying a plurality of different target-
binding probes to a biological sample (12). The plurality of target-binding probes
comprises multiple sets of target-binding probes (e.g., two sets of target-binding
probes) that may be detected sequentially. Upon contacting followed by incubation,
the plurality of target-binding probes gets bound to the plurality of different targets.
The target-binding probes are then cross-linked (covalently attached) to the biological
sample (14). The covalent attachment of the target-bound probes to the biological
sample may be through the target (i.c., the probes are cross-linked to the target) or
through a molecule that is located in the vicinity of the target (e.g., cross-linking of
the probe to a nearby protein). Once the plurality of target-binding probes is bound to
the plurality of different targets (e.g., two sets of targets), the plurality of targets may
be sequentially detected by detecting the plurality of target-bound probes sequentially.
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SANPAH (illustrated in structure 1; star sign (*) after a nucleotid
I ndi cates that the nucleotide is a | ocked nucleic acid (LNA) nucleotide) is

synt hesi 2&0 2a61/(48184 OWS .

e synbol

Structure 1 (SEQ ID NO. 1) [ GCOEP201A063sEs (14. 13

nnol e) solution of 5 -Cy3-b-actin-LNA-ArM ol i gonucl eotide in 5X PBS was
mxed with 70 pL water and 10 pL of 1 M NaHCG3/ Na2CO3 (pH 8.4) buffer. A 20
nmv sol uti on of Sul f o- SANPAH ( Ther noFi scher Scientific Inc., IL, USA ) was
prepar ed Dythdifgstodeviofighe phigulioy o warberSANRARrotes 2ddnpiscsnatsinal @énedatpd, (50

equi val ent s)
with stirpBh

f this solution was added to the oligonucl eotid

stored ingthg %'eﬁ tiGe 5@%%%05.0 Hohave, i %"5 I dt GBE $ AR PRSIRG :bff%r %OQLH?

colum (GE"Hea

mat eri al

t hcare, usi ng manufacturer’s protocol. nk co

sol ution
%J?s) Aoy the 3134 BENEHOG FRY PF 9§S§THeG Wég%}&rrﬁc,lu”flﬂ% apy ﬁ@e@w@l s

PD- 10
ored

padec dbdsantt echif & nighalaleyt iteaif, bjld@ndalveepsariaignab dedzyatidiliGay b n peak
; T Y :
,Cn Oa ;r S rs}gonnﬁqd equir%:(ﬁ]D 'ﬂh’ (?e})(e!pﬁlrm @d C}zmt ] Etp [Ilgsr I its %chig\;l'e byaa{]sgocl{a?[gl?gdal Jiér?aq gglllelrgtgp ‘yoctﬁlg

first set of the plurality of target-bound probes (18). The signal may then be observed
from the first set of the plurality of target-bound probes (20). Once the signal(s) from
the first set of the target-bound probes is observed (e.g., by imaging), the observed
signal is modified (e.g., removed) (22). The observed signal may be modified by
incubating the biological sample with a chemical agent. Once the observed signal
from the first set of target-bound probe is modified, a signal is generated from a
second set of plurality of target-bound probes (24). The generated signal may then be
observed to detect the second set of target-bound probe (26).

[0092] FIG. 2 schematically illustrates the method steps in accordance with
one embodiment of the invention to detect a plurality of (e.g., 1% set, 2™ set, and n™
set, integer value of “n” may range from 1 to 100) different targets. The method
comprises the steps of applying a plurality of different target-binding probes to the
biological sample (32). The plurality of target-binding probes comprises multiple sets
of target-binding probes (e.g., 1¥ set, 2™ set, and n™ set, integer value of “n” may
range from 1 to 100) that may be detected sequentially. Once the plurality of target-
binding probes is bound to the plurality of different targets, the plurality of different
targets may be sequentially detected by detecting the plurality of target-bound probes
sequentially. Upon contacting the biological sample followed by incubation, the
plurality of target-binding probes gets bound to the plurality of different targets. The
target-binding probes may then be cross-linked (e.g., covalently coupled) to the
biological sample (34). Any of the covalent coupling methods may be used to
covalently attach the target-binding probe to the biological sample. For example, the
target-binding probe may be covalently coupled to the biological sample via an amide
bond, an ester bond, a disulfide bond, a carbon-carbon bond, and the like. If the first
set of the plurality of target-bound probes comprises a signal generator, signal(s) from

the signal generator may be observed without requiring any additional signal
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[0108] Cross-1inker nodified, biotin |abeled 5 -Biotin-U6-LNA- AVt SANPAH
(illustrated in structure 2; star sign (*) after a nucleotide synbol

i ndi cat eswohat/i4B4nucl eotide is a | ocked nucleic acid PCREP2mObI0E | de) is
synt hesi zed as follows. Structure 2 (SEQI1 D NO 2) [0109] A 20 tL
(22.04 nnol e) solution of 5'-Biotin-U6-LNA-ATM

generation steps (40). However, if the first set of the plurality of target-bound probes
does not emit a signal by itself, additional steps of signal generation may be required.
In one embodiment, this is achieved by associating a signal generator to the first set of
the plurality of target-bound probes (38). The signal may then be observed from the
first set of the plurality of target-bound probes (40) by imaging the biological sample.
Once the signal(s) from the first set of the target-bound probes is observed by
imaging, the observed signal is modified (42). A second set of signal(s) is then
generated from a second set of plurality of target-bound probes (44). The second set
of signal may be or may not be the same as the first set of signals. The second set of
signal(s) is then observed by imaging the biological sample (46). Once observed, this
second set of signal(s) is modified (e.g., destroyed by applying a chemical agent or
photo bleached) (47). The method steps of signal generation, modification, and
observation may be repeated multiple times to generate signal from a subsequent set
of target-bound probes, and image the subsequent set of target-bound probes (48).
The observed signals may then be correlated to the detection of the plurality of targets
in the biological sample (49). The correlation step may be performed either
immediately after observing each set of signal(s) from each set of target-bound probes
or it may be performed after observing all the signal(s) from all the target-bound

probes.
EXAMPLE 1.

[0093] The cross-linker modified, cyanine dye-labeled, DNA oligomer, Cy3-
T20-SFAD was synthesized as follows. A 10 uL (31.9 nmoles) solution of Cy3-T20-
NH2 (a thymidine oligomer comprising 20 thymidine units that is labeled with an
amino modified linker at the 3’-end and labeled with a Cy3™ dye at the 5-end,
obtained commercially from Integrated DNA technologies, USA) in 10X PBS
(Phosphate buffered saline) was diluted with 80 puL water and 10 pL of 1M
NaHCO3/Na,COs buffer (pH 8.4). To this, a 10 mM DMSO solution (20 equivalents)
of sulfosuccinimidyl-[pentafluoroazidobenzamido] ethyl-1,3-dithiopropionate (Sulfo-
SFAD, obtained commercially from ThermoFisher Scientific Inc., IL, USA.) was

added. The mixed solution was stirred at room temperature for about 1-2 hours. The
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ol i gonucl eotide in 5X PBS was m xed with 70 tL water and 10 tL of 1 M
NaHCO3/ Na2CO3 (pH 8.4) buffer. A 20 nM sol uti on of sul fo- SANPAH (from

Ther noFi swhen11@asmsatific Inc. 1L, USA. ) was prepared byPdirgpedvionss7€ ng of
sul foSANPAH in 203 tL water. 55.1 tL (50 equivalents) of this solution was
added to the oligonucleotide solution with stirring. After 2 hours of
stirring in the dark, mxture was stored in the refrigerator for 12 h.

Puri fi cat tde westupewhopurfitdosn RBP10 ecimimiGESH ¢udthomBUi84AY usieg potgrodt ocol .
The colorless material was collected (in fraction 1) and was anal yzed by
HPLC. Onl rayifed padhe cRlumBseRilived, and that corresponded to the desired
product. EXAMPLE 9. [0110] Mul ti pl exed detection of b-Actin and U6 probes in

a tissue grygpl e WasspRs RPN Nt ShH-APRA URosRARkEl @ QhtdiORCSnine
5' - Cy3- b-acti n- LNA- Amvt SANPAH and 5' - Bi ot i n- U6- LNA- Anivt SANPAH, fol | owed by

cross- | i nkdapgveof stlie-Nohpdbresysuasidintilei r(NSEjuensteal ahdt eat i pimtaastifvallEows. A

lid i Qi h g il ti .dex d i n_hjst.ochqi MRESCO,
UsA) . and SHOHPLOH) dride al oprovtecrda sl A sBlorEcer et HaVSE “areet Pt on
X-100 (0. 38wiA RBE) ci@ireddds ifRIEhAS withRirhhi§Suand@foupbeanpMeshedtl 4 X PBS. A
sol ution containing 5 -Cy3-b-actin- LNA- Amii SANPAH and

5' - Bi ot i nfausL4 $gblpgmidsApmaH Whesbeposabtod iV disbh§3 003 7Ryise) perslaetopheilf f er

(2X SSC/ 50% i.de/.5% dextran_ sul f at l.i ed.. Th ro wer e
cross-lin Zel%é \%6@”% gm?fir%eg )e% o?le%%¥erlﬁerﬁl%%us uagé%gléﬁ%%@&t Fgcatﬁlsei‘{%ﬁfsjorlrli'nat or at
room t enpiydbidrebondk i(d4$) verdd th hasmtivasidedrion chXinkBihe gdrflidrearynitien®API , and
i maged on a Zei ss m croscope _usi ng %%?; QﬁS & DAPlI cubes. FIG 6 shows a
strong si el deeklnpreporpesifcaainseiiniel-H handsavith greata sifiesesycthaps

b-actin pLob@.ESIER At aAgesEXPect ed, no signal other than a weak sanple
aut of | uorescence was present in Cy5 channel. Follow ng observation of

b-actin probe, slide was treated with basic 3% H202 in 200 mM NaHCO3 for 20
m nut es. EXAMPLHE.was rinsed in PBS, and was once again treated with 3%
H202 in 200 mM NaHCO3 for 20 m nutes, followed by rinsing with PBS. | mages

were then rded ip all channel he 1mages sh e bl eaching of nost
&5 st oraldBEPen"s, mhefinss FlERTRARned G ah BG4 RBRE LS S 2GR0t
endogenoug2 gD h W 8§ EBBGEPds foN6REP 1@ ulbl @ashihsl) sblufigh by Cytles! i des
were incubated with Cy5-1abeled streptavidin to detect U6 probe (via

det ect i onNéf2 (ehthywédinb ligdmbi cempipsing €6 thywisenSunii tei s WheledlAvitnivh SANPAH

robes). The sli S .observed, by, i ing., | i shawed styrong signal
P0ye o mpatist B A ST T ERACST G M el dd pASbet M SHEa ned i n
the sanpl gy@Med @rh@brcld g 8o IR YRR S E‘N@%%oﬁd%ié&, b('J@A‘Y hh oo yeBS- _

[0111]FIG 7 is a block diagramof a device (50) Tor detecting a plurality

of differ &tosplatgdusicied sulinepvagi dilted anpl 0agk owatengnd ollomé. efilod nent of
the inventj he devjce c rises S | e nd] j ng system (62), a

r eagent dwég‘&%&?gcgl}st"éfgﬁr( w é-g)-l i gﬂt ﬁggu?cgoa(‘@M ,a%lﬁ?%’saso?}lé‘ﬁél(zglet ection
system (6Q); lig S as,_ X i nki system as
wel | as ag(%l%“é%?[ﬁss)our ?g fgblrdﬁ?ﬁlecgglly%ﬁtgf dzzt Qé’?'l g%ﬁeslgé@g%aarhe GW’P%% at ed
devi ce ( 5QihibproplvantcqSuiis-SHeSD soltanplit@nmeilyhfaoh AtheamefE shmr Wcandfia
processor _(54), ontroller_unit (58),. and a display device (56). In the
figure, an@ov{;" U?_éi- c\&%Sédéeﬁn%ﬁ hetonliP RS Salaafiffefpﬂ@éa@aeraW%gvé ldepi ct

mut ual - conTHNEC aFOtuld AtSurcAsh SlRt@braNAPM itk REESHOMNLARAUSA)

comuni cati on [i nks.
using protocol provided by the column supplier.

[0096] Sulfo-SDAD is a heterobifunctional cross-linker that contains an amine
reactive sulfo-N-hydroxysuccinimide (NHS) ester, and a photoactivable diazirine
moiety at opposite ends of a disulfide spacer arm having a length of 13.5 A. NHS
ester reacts efficiently with primary amino groups in pH 7-9 buffers to form a stable

amide bond. Photoactivation of diazirine with long-wave UV light (330-370 nm)
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[0112] The controller unit is capable of communicating with at |east one of
the conmputer (52), the sanple handling system (62), the reagent dispensing
syst em (oAP,20t@8iseght source (66), or the signal detecPCOrEPIYISEIBTE 60) .
The conmuni cati on may be a one-way commruni cation, or a two-way

communi cation. The sanple handling system (62), the |light source (66), the
reagent di spensing system (64) and the signal detection system (60) may be
cont r ol | edrchiys tréueticoObirbold tcrmbdiates 5 Buch idtebhcdiaaey ¢aml fosmgoahlshtsandecol s f or
detection of rru[h(%il pl e targets, Moreover, the signal detection system (60)

i s coupl etreesh 1%%fqaeil¢r§rwvhsa)ny wew%y ESAMART RRPGAS DrekhoRe Gt t he

si gnal s. gﬂﬁng&%h@ SHin q eﬁ £ various functions, such as for
initial justnent of sa |ngs tem(62) | i ght source(66) and

so forth. In general, control I er (58) conmands operation of the device to
execut e t BKASVIBpE 3of the nethod for detecting multiple targets and to
process acquired data. Controller (58) may also include signal processing

FRRURAAIY Rl s S Lol S R ke e
routines @zersmmmwatsh@n%gﬁw s ,fom@k SA fonnLr(slb%ﬂ.&ﬂ)EBmu@@mt@ﬁt (52)

typically is coupled to, or incorporates the controller (58). The data
col | ect edTBQ—N%(asthgmailn@@Mmqr@nmsv@ng120(thi@r)ldmymbethat srisbaled wdheo t he

conput er r uent pce wetion either directly
or througaml en@S}fab‘f*ﬁ% %%%)5 %%&Faw% %Pé fiﬁ%lﬁglég (P
communi capBraiied NeonMBRRILY HBI%{[ h‘ft@ %OWQ%MH@%SS@S’APM t hex comput er
(52) or data to be procedsed by the conmputer (52). it should be understood

t hat any {Rhpeplofte romffored sadmk) guasediluted swith e¥0a plavgécraamlin) gf. datldM i ght be
utilized ch. an_ex | ar tem 50, .Moregver, the nenory.may_phe

| ocat ed a%%{{?;z) (I}&lag)é g‘r% {/B/I'II ngﬁhdglrf)eﬁtﬂst edc Qrda%r?ﬂgeouéuﬁqu&é‘? r{égwor k
accessi bl EquTRIDE %/)e”@ﬂ'ﬁtsuflfgﬁ c%{n%}@6 CIARI) &%ﬁh&@la‘iﬁ%ﬁ{*ﬁcﬁ{aﬁoa@“d/ or

routines menting the net [0114]FIG "8 I's a I agram an
exenpl ar y(Sulﬁ;mS)@NPM)L ogiytaided | comnfctOiplly oﬁrmdeifbﬂ‘moﬁ@har @cimaific t neof ILdi f f er ent

targets i bi ol ogj ¢al_ sanpl The histo tholo devi ce conprises a
sanpl e hah§h: hﬁa%?g’ngerbéﬁ}lx?fgw lyfgpnavay SRR PR ¢ ata%f%”?t%és (88), a
reagent dirgPQRARIcNGiNSI ®M (APied 8n INAPI0SQHIGE h‘ErH%ﬁl@l?cﬁré 'Iﬂ’é% gsih4) . and
a signal detection systemconprising a mcr oscope (82) and caner a

(80). Thepuxadot proveded oythherlumosppilse a conputer (72) havi ng a central
processing unit (74) and a nenory, a controller unit (78), and a displ ay

devi ce (7@098 he Cogulf SlA?\fPAjlqlls water soluble, heterobifunctional cross-linker with a
spacer arm length of 18.2 A. The Sulfo-SANPAH cross-linking reagent contains an
NHS ester that reacts with primary amines and a nitrophenylazide group that is photo

reactive at 320-350 nm.

EXAMPLE 4.

[0099] The cross-linking of DNA probes to a protein was investigated by
contacting cyanine-dye labeled, DNA oligomers (Cy3-T20-SFAD or Cy3-T20-
SDAD) having cross-linking functionalities with streptavidin. Cy3-T20-SFAD and
Cy3-T20-SDAD differ from each other only in their cross linking functionalities. The
cyanine-dye labeled, DNA oligomer having no cross-linking functionality, Cy3-T20-
NH2 served as control. The reaction was performed in triplicates, with two sets of
experiments for each oligomer (i.e., two sets of three wells/oligomer). For each

reaction, Cy3-labeled oligomers (100 uL/well, 1 uM or 0.1 uM) were added to
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may be capabl e of conmmunicating with at | east one of the central processing
unit, the sanple handling system the reagent dispensing system the probe
cross-|i mkDrglizpsstsem or the signal detection system TRETEPROMMOGISAE I ON may
be a one-way communi cation, or a two-way comruni cation. [0115] The conputer
(72) may al so be adapted to control features such as reagent dispensing,
probe cross-linking and signal detection that nay be enabl ed by the

cont r ol | estrdptBjidinfeoatcerdiBria, a hlierodapldte (REacZ)Bimdy hé biadihggapadty) o

recei ve commands and ot her paranmeters from an operator via an operator

wor kst at i BRteerfttaig mmemqkyhf??@ TtEi?HP%Fdﬁheﬁ S@&aﬁ Bl WSt OReyhé6RFd and
other | npUkchdfbRs if AFSIiARRNRLs of¥bsOPRIBUAToHTRY JNARGRY, SR by Ldhe system
70 via the i nput devices. Thus, the operator may observe a reconstructed

i mage/ dat &ooradit blegonskat & trellievtast whaoke¢pgtanshis tderk. ( Aer theoreattive, caogut er

72), initiate imging, and so forth. [0116] T 1spl a 6 upled to the
per ator  ERKS: HETORTBR B gl Yoot BE 4 £ 1S Bultto 1Eeibatime
det ect ed_igabiey Oied 0188 LNCLEPHSTAREho AUALORRI Was o oh SORRSAT UCt o0

i mges may al so be printed by a printer (not shown), which may be coupl ed
to t he opph#t adewoibkstt@tonomaveldngtidivaplSdy nhy 2)d amdsstomewpvalerigdr wamypoal so be

connected t e conputer .(72), either.directly or .via.th er at
Cor RSt a1 B, FEh SHav BTGl it P e ontopRuan B kit SRRNR &l ur o

ar chi vi ng, angh £OMMEY, G fePRRc IHBF8BRNck boOHER BfpARiyed that the operator
wor kst at i gn m(g(ﬂt Mbe’cour?l e@eto a rélrcmtoe system such as hi stopat hol ogy

departnent information system hospital information system or to an
i nt ernal @HO08kt er naFlGet stomks,ths meth duowesdvacs cant dirfdaeh sgitat tvoz diffeoans  nay

gain access to the rec [ : ] ul.d .be further noted
Phat ¢ he. comptrainy P b ebSERT Rt AR ES P midth: Sooss AT ot her
out put deviogeankingiof ihdray 3 I TeLSeD IIRBHRF to QfretRE8inabpoR UWxPOSE: GOt er
moni tors and associ at ed processing Ccircul t ry. One (‘)I" nore oper at or

wor kst at i bgkt. itedA%bef Cyd110rSFARked drosstlinged yesteaptavadin odicp Ut Vg (st em

ar amet er view ng i s, and so forth. In general, di S, printers,
wor kst at i iﬁ%—,ﬁmwgﬁ HiaapT H@\ﬁxes%mgwppwgaa&p@%ﬁﬁa@%ﬁ@mzﬂﬁ%{e | ocal
to the deyige, OPCyﬂg?g?%ﬁfﬁ%ecr&rsgmk%@% @&g%}&ﬁg?qfsgﬁrx@ﬁg%f)ﬁ&&%rtﬁ Wi thin

an institution or a In an entire ocatl on, Finkedto
t he si gnalarief@atrbbn tixy stem mlkangnd O30S AIDf wgu radilced nestnamlekedly. such as

the Inter %%Elfrolaol}/glolﬁ'{elfl%hd %;3\-/”%0%88%1)\/\8&%0?rshtovrx]zesiénliggdnt differences between

UV exposed and unexposed samples.
EXAMPLE 5.

[0101] The cross-linking of DNA probes with cells was studied by incubating
cyanine-dye labeled, DNA oligomers (Cy3-T20-SANPAH, or Cy3-T20-NH2
(Control)) with cells. Cy3-T20-SANPAH includes an azide functional group that may
react (and thus cross-link the probes) with the cellular proteins. The control probe,

Cy3-T20-NH2, does not contain any cross-linking functionalities.

[0102] The reaction was performed with two sets for each oligomer at 25 nM
concentration. The LNCap (androgen-sensitive human prostate adenocarcinoma
cells) pellet slides (obtained commercially from Cell Signaling Technology Inc., MA,
USA.) were de-waxed and antigens were retrieved on the Ventana autostainer

employing Ventana Discovery system’s protocol for dewaxing and two-step medium
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[0118] The foregoi ng exanpl es and enbodi nents are illustrative of sone
features of the invention rather than limting on the invention described
herei n. TWeyorressel ect ed enbodi ments or exanpl es from aCwaErediolocssas al |
possi bl e enbodi ments or exanples. The invention may be enbodied in other
specific forns wi thout departing fromthe spirit or essenti al
characteristics thereof It is, therefore, to be understood that the
appended aitgdciare@iceali prowodie dSlides casterwaghdd wirti deteegdnit Qﬁt&eandaterham@ws t hat
fall within the true Sgl rit of the present i nventi on.

2011/ 0481 8%PE¥/ S (rse beEe7ectirmausn. 100k digoser ﬂétlfé‘& PAyPECY GRal ity of
00 P LA AL S FATRELALRS, g g AT SERAFALIT A
pl urali tye}qfosédalt(gﬁv bxghﬂ(h ﬁﬁﬁﬁi&t&mnator) for 40 minutes, while other set (for each

oligomer) was left in the dark. After the reaction, excess reagents were removed, and

slides were washed with 1X PBS for 10 min. The slides were further washed with 1X

PBS and stained with DAPI (1 pg/mL, 2.86uM) for 5 min. Slides were then removed

from DAPI solution, mounted using Vectashield, and imaged. Imaging was

performed using Zeiss imager using Cy3 exposure of 20 ms.

[0103] FIG. 4 shows the mean fluorescence count for each set. Slides
incubated with Cy3-T20-SANPAH under UV light showed a higher fluorescent count
compared to the rest. This clearly indicates that the oligomer, Cy3-T20-SANPAH
cross-linked with cells upon UV exposure. Faint stains were observed in other sets.
Coverslips were removed by placing slides in 1X PBS, and the slides were incubated
with 0.5X SSC at 40°C overnight. After washing with 1X PBS (ON wash), slides
were mounted and imaged on Ziess. Cy3 exposure time was kept at 20 ms. FIG. 4
shows the mean fluorescence count for each set. FIG. 4 clearly shows that only the
slide with cross-linker conjugated oligomer and exposure to light exhibits good

signals. Quantitative analysis confirms this.
EXAMPLE 6.

[0104] Multiplexed detection of poly(A) mRNA and U6 snRNA probes in a
tissue sample was performed by simultaneous addition of target-binding probes
followed by sequential detection of target-bound probes as follows. 5'-biotin-labeled
LNA™ mRNA in situ hybridization probe, PolyT(25)Vn (commercially obtained
from Exiqon, USA) and 5’-digoxygenin-labeled miRCURY LNA™ detection probe,
U6 hsa/mmu/rno (commercially obtained from Exiqon, USA) were used for detecting
total poly(A) mRNA and the U6 snRNA probes respectively. A slide containing
human colon cancer tissue sample was de-waxed in histochoice (commercially
obtained from AMRESCO, USA), and re-hydrated in decreasing amounts of ethanol
for 15 minutes. The tissue sample was then washed in 1X PBS, 0.3 % Triton X-100
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(b) covalently attaching at |east one of the target-bound probes to the

bi ol ogi cal sanpl e; (c) observing a first set of signals froma first
set of thwopbureBisty of target-bound probes; (d) poodirRytiofoessrére
observed signal s; (e) generating a second set of signals froma
second set of the plurality of target-bound probes; and ()

observing the second set of signals. 2. The nethod of claim1, further
conpri si nip IEPEE (wigvst@pbligedd bp 1&f PBSUIThHE piseictsanPée whd thea dehydrated a
thitd a REUOTRMEAdesh midtooBloof arghaDes Ghmb (HBenduvarrora e, -
further conpLiksiHo26 AWihkeat A He CARSRMEPolyT(25)Vn and U6 hsa/mmu/rmo
(25 nM) in hybridization buffer (50% Formamide, 2xSSC, 500ug/ml yeast tRNA,
0.1% Tween-20) was applied. The probes were heated in a temperature block at 95
°C for 10 minutes, briefly centrifuged, and applied to the tissue sample. Tissue
sample was then covered with a cover glass, and sealed. The slide was then incubated
for 12 h at 37 °C in a humidified chamber. Following hybridization, the tissue sample
was washed in 2xSSC for 5 minutes, 0.5X SSC for 5 minutes, and 0.5XSSC for 10

minutes at 67 °C.

[0105] The tissue sample then washed with 1X PBS, and incubated with Cy3-
labeled streptavidin (Jackson Immunolabs, USA) in 3% BSA PBS (wt/wt%) for 30
minutes at room temperature, and imaged on a Zeiss microscope using Cy3 filter
cubes. FIG. 5 (sample 1) shows a strong signal in Cy3 channel indicating the
detection of poly(A) mRNA. Following the detection of poly(A) mRNA, the slide
was treated with basic 3% H,0; in 200 mM NaHCO; (chemical bleaching solution)
for 15 minutes. The slide was rinsed in 1X PBS, once again treated with 3% H,0, in
200 mM NaHCOs for 20 minutes, followed by rinsing with 1X PBS. The slide was
then imaged in all channels. FIG. 5 (sample 2) shows that the most of Cy3 signal was
bleached upon treatment with the chemical bleaching solution. Finally, the slides
were incubated with Rhodamine-labeled anti-digoxigenin antibody (Roche, USA) to
detect the U6 transcript. The slide was observed by imaging using Cy3 filter cubes.
FIG. 5 (sample 3) shows a strong signal in Cy3 channel (Rhodamine fluorescence
overlap with Cy3 fluorescence) indicating the detection of U6 snRNA transcript. The
digoxygenin labeled U6. hsa/mmu/rno probe was retained in the sample even after the

tissue sample was subjected to the chemical bleaching.

EXAMPLE 7.
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signals to the detection of the plurality of targets. 4. The nmethod of claim
1, wherein all of the plurality of target-bound probes are covalently
at t ached wo 20hi4bisal ogi cal sanple. 5. The net hod of cl ai mCT/EPaIe&isne t he
target-bound probe is covalently attached to the biological sanple via the
target itself or via a nolecule that is located in the vicinity of the
target. 6. The nethod of claim 1, wherein the target-binding probe conprises
a unit defonoeyl fromCeossaiget niditéd)geyaninet Jabard SNCyNBependeAmdet ect abl e
noi ety.

Y SANPAH (illustrated in structure 1; star sign (*) after a nucleotide symbol indicates

that the nucleotide is a locked nucleic acid (LNA) nucleotide) is synthesized as

follows.

=

Z:-Z

H
5-Cy3-C T CTATTGTAGAAGGTGTGBGTGC CA -3 A Wﬁ
o R
o” "o

Structure 1 (SEQ ID NO. 1)

[0107] A 20 pL (14.13 nmole) solution of 5'-Cy3-b-actin-LNA-AmM
oligonucleotide in 5X PBS was mixed with 70 uL water and 10 uL of 1 M
NaHCO3/Na,CO; (pH 8.4) buffer. A 20 mM solution of Sulfo-SANPAH
(ThermoFischer Scientific Inc., IL, USA.) was prepared by dissolving 2 mg of sulfo-
SANPAH in 203 pL water. 35.3 uL (50 equivalents) of this solution was added to the
oligonucleotide solution with stirring. After 2 hours of stirring in the dark, the
mixture was stored in the refrigerator for 12 h. Purification was performed on PD-10
column (GE Healthcare, USA) using manufacturer’s protocol. Pink colored material
was collected (in fraction 1) and was analyzed by HPLC. Main peak corresponded to

the product (purity ~91%) and unmodified oligonucleotide was the main impurity.
EXAMPLE &:

[0108] Cross-linker modified, biotin labeled 5'-Biotin-U6-LNA-AmM-
SANPAH (illustrated in structure 2; star sign (*) after a nucleotide symbol indicates
that the nucleotide is a locked nucleic acid (LNA) nucleotide) is synthesized as

follows.

44



WO 2011/ 048184PCT/ EP2010/ 065876 7. The nethod of claim6, wherein
the i ndependently detectable noiety of the first set of the plurality of

t ar get - bowodoprabmss conpri ses a signal - generating noi et PCT/EP2010/06876 The
met hod of claim 7, wherein the signal-generating noiety conprises a

fl uorophore, a chronophore, a Raman tag, a SERS tag, or a conbi nation

t her eof 9. The nethod of claim®6, wherein the target binding noiety
is coupled to the independentl|ly deBSecétatel 2(SBY) EDW@i2) a cl eavabl e |inker.
10. The method of claim®6, wherein the independently detectable noiety
conprises a unique nucleic acid sequence, a hapten, an enzyne, or a

conbi nation ther eof 11. The nethod of claim®6, wherein they

i ndependently detectable noiety conprises a nmasked signal-generat&ng

noi ety. 12. The method of claim 11, wherein the masked
signal -generating noiety conprises a masked fl uorophore, a
chronophore, a masked Raman tag, a nmasked SERS tﬁg, or a co

.
N

thereof.  5-Bictn-CIBC CRAETTIRECRBTLAGOCTITARM 32, ~wher € e~el gmalg ar e
generated fromthe plurality of target-bound prob by unna%k[ag t he masked
si gnal generating noiety. 0”0

[0109] A 20 uL (22.04 nmole) solution of 5'-Biotin-U6-LNA-AmM

oligonucleotide in 5X PBS was mixed with 70 uL water and 10 uL of 1 M
NaHCO3/Na,COs; (pH 8.4) buffer. A 20 mM solution of sulfo-SANPAH (from
ThermoFischer Scientific Inc. IL, USA.) was prepared by dissolving 2 mg of sulfo-
SANPAH in 203 pL water. 55.1 uL (50 equivalents) of this solution was added to the
oligonucleotide solution with stirring. After 2 hours of stirring in the dark, mixture
was stored in the refrigerator for 12 h. Purification was performed on PD-10 column
using manufacturer’s protocol. The colorless material was collected (in fraction 1)
and was analyzed by HPLC. Only one peak was observed, and that corresponded to
the desired product.

EXAMPLE 9.

[0110] Multiplexed detection of b-Actin and U6 probes in a tissue sample was
performed by simultancous addition of probes, 5'-Cy3-b-actin-LNA-AmM-SANPAH
and 5'-Biotin-U6-LNA-AmM-SANPAH, followed by cross-linking of the probes, and
their sequential detection as follows. A slide containing human tonsil tissue was de-
waxed in histochoice (AMRESCO, USA), and then re-hydrated in decreasing
amounts of ethanol and triton X-100 (0.3% in PBS) for 15 minutes. The tissue was
then washed in 1X PBS. A solution containing 5'-Cy3-b-actin-LNA-AmM-SANPAH
and 5'-Biotin-U6-LNA-AmM-SANPAH probes (25 nM each) in hybridization buffer
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14. The method of claim1l, wherein the signals are generated fromthe
plurality of target-bound probes by associating a signal-generating noiety
wi t h eachwof2otingstsar get - bound probe. 15. The et irat/EPRO10I0658MAS 1,
further conprising steps, after the contacting step, for renoving any
target-binding probes that are not bound to the targets. WO

2011/ 048184PCT/ EP2010/ 065876 16. The method of claim 1, further
conpri si NRX 1I88QV50Y- tihrendniiot/6Yi @ﬁdtrag&ﬁ?hte) Wals @b}bl&idln Bhebpﬂﬁbw wmdcl rlsir,sgnal f
signature prior to contacting the biological sanple with a plurality o

t ar get - bi HEfSHy Wtho bl tissue for™ 497 mitgs r%@t%@%lf%cﬁramlqml%r@. fOQMhe

det ect | onlpclfrePlsiiad bk (Al 1RG08%S | KOTRL <BA%d JRRDANT ik igoRpESenCe.

absence tion anount ura 'ty of targets. The
net hod of adkens mldroscwtpememlg Gy3e Cpb & BIARIyubds. tFEGgétsbowsa stedrectigthl fvwasm t he
eotide, a nucl

ot o e GbGHoHeCYA Starult B Sn die, bile p bt i BEhDa As
conbi nat i gghchar 89fignal other #an aTa@ammgQ agfofﬁlb@séenée \Wﬂeﬁr@éeﬁt theypl urality
of targets consi st essentlally of a plurality of bonuclei ¢ aci ds

20. The nehanodl. oFolddvaing obserwhiganeph btagtin pirelrcalslidy W@ﬁ tregregewish dosis 3%
essenti al LIyOZ n 260 %Mrﬁaﬂéé Por 28 rn%u%tleg SThe slide was rinsed in PBS, and was once

again treated with 3% H,0, in 200 mM NaHCO; for 20 minutes, followed by rinsing
with PBS. Images were then recorded in all channels. The images showed the
bleaching of most Cy3 signal (step 2). Some residual signals were observed, may be
due to endogenous autofluorescence or incomplete bleaching. Finally, the slides were
incubated with Cy5-labeled streptavidin to detect U6 probe (via detection of the U6-
bound biotinylated probe 5'-Biotin-U6-LNA-AmM-SANPAH probes). The slide was
observed by imaging. Imaging showed a strong signal in Cy5 channel (step 3)
indicating that biotinylated probe was retained in the sample even after the sample

was subjected to a bleaching cycle.

[0111] FIG. 7 is a block diagram of a device (50) for detecting a plurality of
different targets in a biological sample according to one embodiment of the invention.
The device comprises a sample handling system (62), a reagent dispensing system
(64), a light source (66), and a signal detection system (60). The light source may act
as a probe cross-linking system as well as a light source for the signal detection
system. The illustrated device (50) further comprises a computer (52) having a
memory and a processor (54), a controller unit (58), and a display device (56). In the
figure, arrows indicate communication links, double-headed arrows depict mutual

communication links, and dotted arrows indicates optional communication links.

[0112] The controller unit is capable of communicating with at least one of the
computer (52), the sample handling system (62), the reagent dispensing system (64),

the light source (66), or the signal detection system (60). The communication may be
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21. A nethod of detecting a plurality of targets in a biological sanple,
conpri si ng: (a) contacting the biological sanple with a plurality of
target - biwoizog/@@ssbes to forma plurality of target-bouRrdTmPoIess5876

(b) covalently attaching at |east one of the target-bound probes to the

bi ol ogi cal sanpl e; (c) generating a first set of signals froma
first set of the plurality of target-bound probes; (d) observing the
first setadfneswvgnabmmunication, ¢ieh tewhy icomniunécacibs.er Vied ssinpirahsidling (f)

generating a second set of signals froma second set of the plurality of
t ar get - bottF™H K@ﬁeféx@ lxghg source ?66%(%? TERESET JispRpsingesysisELd) ded thersighadnal s.

detection system (60) may be controlled by the controller unit (58), which control
signals/protocols for detection of multiple targets. Moreover, the signal detection
system (60) is coupled to the controller (58), which may command acquisition of the
signals. The controller 58 may also execute various functions, such as for initial
adjustment of sample handling system (62), light source (66), and so forth. In
general, controller (58) commands operation of the device to execute the steps of the
method for detecting multiple targets and to process acquired data. Controller (58)
may also include signal processing circuitry, typically based upon a general purpose
or application-specific digital computer, associated memory circuitry for storing

programs and routines executed by the computer, and so forth.

[0113] The computer (52) typically is coupled to, or incorporates the
controller (58). The data collected by the signal detection system (60) may be
transmitted to the computer (52) for subsequent processing and reconstruction either
directly or through the controller (58). The computer (52) may include or
communicate with a memory that can store data processed by the computer (52) or
data to be processed by the computer (52). It should be understood that any type of
memory configured to store a large amount of data might be utilized by such an
exemplary system 50. Moreover, the memory may be located at the device or may
include remote components, such as network accessible memory media, for storing

data, processing parameters, and/or routines for implementing the methods.

[0114] FIG. 8 is a block diagram an exemplary histopathology device (70) for
detecting a plurality of different targets in a biological sample. The histopathology
device comprises a sample handling system (84) having a slide holder (86) and a stage
(88), a reagent dispensing system (90), a light source for cross-linking (94), and a
signal detection system comprising a microscope (82) and a CCD camera (80). The
device may further comprise a computer (72) having a central processing unit (74)

and a memory, a controller unit (78), and a display device (76). The controller unit
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WO 2011/ 048184PCT/ EP2010/ 065876 22. The nmethod of claim 21, further
conprising repeating steps (e) to (g) with a third, a fourth, and an nth
set of thwopbureBisty of target-bound probes to observe &crhire@p/oessieurt h,
and an nth set of signals. 23. The nethod of claim 22, wherein

I nteger value of n ranges from5 to 100. 24. The nethod of claim 21,
further conprising correlating the observed signals to the detection of the
pl uralitymal teabpellsof communic@ing Whie atiehdiodle of thel @htruldtocdssing heit, thonpri si ng
I magi ng the biol ogjical sanple to obtain a background signal signature prior
to gener aﬁmﬁet%ﬁw& Syste®; thy reaggRbdispensing systo, th%@fﬁ?@[ Pr@as-gma% 25,

further c%g%ngsg glesty.-gﬁgla& @t {}t@te%cl@ﬂfeog@gmﬁhg%n %&agnﬁé Wr nd a0 t he

signals o ved in the subsequent signa serving steps prior to the
corr el at i pgmsiejeation, or a tw@mwaykometunochtioh. detecting a plurality of targets
I n a biological sanple, conprising: (a) contacting the sanple with a

plurality of target-binding probes to forma plurality of target-bound

probes; [0115] The computer (72) may also be adapted to control features such as

reagent dispensing, probe cross-linking and signal detection that may be enabled by
the controller (78). Furthermore, the computer (72) may be configured to receive
commands and other parameters from an operator via an operator workstation (not
shown), which is typically equipped with a keyboard and other input devices (not
shown). An operator may thereby control the system 70 via the input devices. Thus,
the operator may observe a reconstructed image/data or other data relevant to the

system (70) from the computer (72), initiate imaging, and so forth.

[0116] The display (76) coupled to the operator workstation or computer (72)
may be utilized to observe the detected signals or reconstructed images. Additionally,
the reconstructed images may also be printed by a printer (not shown), which may be
coupled to the operator workstation. The display (72) and the printer may also be
connected to the computer (72), either directly or via the operator workstation. The
operator workstation may also be coupled to a picture archiving and communications
system. It should be noted that the operator workstation might be coupled to a remote
system, such as histopathology department information system, hospital information
system, or to an internal or external network, so that others at different locations may

gain access to the reconstructed image.

[0117] It should be further noted that the computer (72) and operator
workstation might be coupled to other output devices, which may include standard or
special purpose computer monitors and associated processing circuitry. One or more
operator workstations may be further linked in the system for outputting system
parameters, viewing images, and so forth. In general, displays, printers, workstations,

and similar devices supplied within the device may be local to the device, or may be
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(b) covalently attaching at |east one of the target-bound probes to the
bi ol ogi cal sanpl e; (c) contacting the plurality of target-bound
probes wiwba11fi48st set si gnal -generati ng probes that aPeTERp@DI0ESSS
binding a first set of the plurality of target-bound probes, and are
capabl e of generating a first set of signals; (d) detecting the
first set of the plurality of targets via observing the first set of

si gnal s; remote frofe)hendaglicky surl dshedscolbseys whinfdnr ®btitadén of hsdpgaklos;in and
(f) repeating steps (c) to (e), nultiple tinmes using a subsequent set of
si gnal - geR¥HEY; ?ﬂgf%bﬁ‘rréad‘é%at% ﬁ@lff‘éicto thespigad ((AREFALI08 SIS VReOH AF &9y of

target s, whRIgkbId AwSHRSSRHS N IhetRlonth, SANAIASASLALAGRIOAES are capabl e

of binding a subsequent set of the p Ity of target-bound probes, and
are capabl e of generating a subsequent set of signals. 28. The
met hod of [MI1&] m 27, Thh dpeigninghexaotpder sell cmbpdimenest asf ilkisgatalesof somodi fi ed

by appl yi a chem cal ent. . .29. The .nethod of claim?27, . further
oo P e O AR ther i i G on PR Pyt dBise DR kgt bound
to the pl pealeldeded WmBoRAIBELS 0P EXBHiplELHEAN ARLIHIE I8l SRLIBRE criiididems obes
with the first set of signal-generating probes. 30. The net hod of

cl ai m 29, of gxemples.c ot ilRyCALOR trapys bE cembashesl iith @thdsesperifist fosms without

si gnal - ge L i N r ghes.. t hat . . he. f i.rst t- of . t

o oral i oy DGR R iy 84l ShaBOichnbft, b BLoRRE B¢ e
pl uralityusderitosd ehiad.the appended claims are intended to cover all modifications and

changes that fall within the true spirit of the present invention.
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31. The nethod of claim27, wherein all of the plurality of target-bound
probes are covalently coupled to the target itself or to a nolecule that is
| ocat ed iwotzha/o48t84nity of the target. 32. The meChm®2@i/063836 m 27,
wherein the steps (c) to (f) are repeated up to 100 times. 33. The
met hod of claim 27, wherein the plurality of targets is selected fromthe
group consisting of a deoxyribonucleic acid, a ribonucleic acid, a protein,

and a contbiiddaMSon t her eof 34. The nethod of claim 27, wherein the
plurality of targets consist essentially of a plurality of ribonucleic
acids. WO 2011/048184PCT/ EP2010/ 065876 35. A kit for detection of a

plurality of ltiple targets, in a biological. sanple, conpr.ising: a
Dl ural ity of tirget Apmiitong pidiBule { ARl S AR Pa g PRI g Bkobe | s
capabl e ogmggﬁgﬁ@ting a signal and at |east one of the target-binding probe
is capable of cross-linking to a target or to a nolecule that is located in
the vicinity ofa)tdestactangythe; bialadical sample with a plurality of target-binding probes

to form a plurality of target-bound probes;

(b) covalently attaching at least one of the target-bound probes to the
biological sample;

(c) observing a first set of signals from a first set of the plurality of target-
bound probes;

(d) modifying the observed signals;

(e) generating a second set of signals from a second set of the plurality of
target-bound probes; and

(f) observing the second set of signals.

2. The method of claim 1, further comprising repeating steps (d) to (f)
multiple times with a third, a fourth, and an n™ set of the plurality of target-bound

probes to observe a third, a fourth, and an n™ set of signals.

3. The method of claim 1, further comprising correlating the observed

signals to the detection of the plurality of targets.

4. The method of claim 1, wherein all of the plurality of target-bound

probes are covalently attached to the biological sample.
5. The method of claim 1, wherein the target-bound probe is covalently
attached to the biological sample via the target itself or via a molecule that is located

in the vicinity of the target.

6. The method of claim 1, wherein the target-binding probe comprises a

unit derived from a target-binding moiety and an independently detectable moiety.
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at | east one chem cal agent, capable of nodifying the generated signal

from

at | east one target-binding probe. 36. A device for detection of a
pl uralitywof2otiaugstts in a biol ogi cal sanple, conprisingPCa/EPamploesshandl i ng
system a reagent dispensing system a probe cross-linking system and a

si gnal

detection system

reagent di spensing system di spenses at | east one reagent sol ution

conpri sing at [east Taaendtlasdget elbinhd] nfeeirotie. independent38detddieblel enviictg of

37. The device of claim 36, wherein the

claim 36, wherein at | east qne gf t he sagpl e handling system the reagent

di spensi ngf Bgshrshictohdhg, plagaity o

dargetrhoun

system i sane%'abl e W thout an operator intervention.

8. The method of claim 7, wherein the signal-generating moiety
comprises a fluorophore, a chromophore, a Raman tag, a SERS tag, or a combination

thereof.

9. The method of claim 6, wherein the target binding moiety is coupled to

the independently detectable moiety via a cleavable linker.

10.  The method of claim 6, wherein the independently detectable moiety
comprises a unique nucleic acid sequence, a hapten, an enzyme, or a combination

thereof.

11.  The method of claim 6, wherein the independently detectable moiety

comprises a masked signal-generating moiety.

12. The method of claim 11, wherein the masked signal-generating moiety
comprises a masked fluorophore, a masked chromophore, a masked Raman tag, a

masked SERS tag, or a combination thereof.

13.  The method of claim 12, wherein the signals are generated from the

plurality of target-bound probes by unmasking the masked signal generating moiety.
14.  The method of claim 1, wherein the signals are generated from the
plurality of target-bound probes by associating a signal-generating moiety with each

of the target-bound probe.

15.  The method of claim 1, further comprising steps, after the contacting

step, for removing any target-binding probes that are not bound to the targets.
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39. The device of claim36, wherein the device is operable to detect the
plurality of targets in the biological sanple using a nmethod conprising the
st eps of :w02011/048(84) contacti ng t he bi ol ogi cal sanpl e wpPCh/ER2@o0s3876 ty of
target-binding probes to forma plurality of target-bound probes;

(b) observing a first set of signals froma first set of the plurality of

t ar get - bound probes; (c) nodifying the observed signals;

(d) generatinglé sethodn&kréd of diignad) Surtied rompsisid@ningdis cfc biodogidalr al ity
of target-bound prohes; _ and i e) observing the second set of signals.
40. The de¥eRledp M @@qumﬂeilgpaﬁ [ReESTGBYE JElof go FPerabre ﬂ%eo%@&gé%l t he

sample with a plurality of target-binding probes.

17.  The method of claim 1, wherein the detection of the plurality of targets
comprises identifying the presence, absence, location, or amount of the plurality of

targets.

18.  The method of claim 1, wherein the plurality of targets is selected from
the group consisting of an oligonucleotide, a nucleic acid, a peptide, a protein, a

hormone, a receptor, a polysaccharide, a lipid, and a combination thereof.

19. The method of claim 1, wherein the plurality of targets consist

essentially of a plurality of ribonucleic acids.

20. The method of claim 1, wherein the plurality of targets consist

essentially of a plurality of proteins.

21. A method of detecting a plurality of targets in a biological sample,
comprising:

(a) contacting the biological sample with a plurality of target-binding probes
to form a plurality of target-bound probes;

(b) covalently attaching at least one of the target-bound probes to the
biological sample;

(c) generating a first set of signals from a first set of the plurality of target-
bound probes;

(d) observing the first set of signals;

(e) modifying the observed signals;

(f) generating a second set of signals from a second set of the plurality of
target-bound probes; and

(g) observing the second set of signals.
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plurality of targets in the biological sanple using a nethod conprising the
steps of: (a) contacting the biological sanple with a plurality of
target - biwoizog/@@ssbes to forma plurality of target-bouRrdTmPoIess5876

(b) covalently attaching at |east one of the target bound probe to the

bi ol ogi cal sanpl e; (c) observing a first set of signals froma first
set of the plurality of target-bound probes; (d) nodifying the
observed signabk3; The meti{) ofgemear 21, fagher eg@itthgsebecaingsitgrakpto fepm a
ggggPSi ?]SEth ];'1 té&@%ﬁé@l e{nfg%/anghd%‘rgcgfgﬁé pl?l?alfi?g oP tra?gbe?-%’oul?dngrobes to observe a

third, a fourth, and an nth set of signals.

23.  The method of claim 22, wherein integer value of n ranges from 5 to

100.

24.  The method of claim 21, further comprising correlating the observed

signals to the detection of the plurality of targets.

25.  The method of claim 21, further comprising imaging the biological
sample to obtain a background signal signature prior to generating the first set of

signals.

26.  The method claim 25, further comprising subtracting the background
signal signature from the signals observed in the subsequent signal observing steps

prior to the correlating step.

27. A method of detecting a plurality of targets in a biological sample,
comprising:

(a) contacting the sample with a plurality of target-binding probes to form a
plurality of target-bound probes;

(b) covalently attaching at least one of the target-bound probes to the
biological sample;

(c) contacting the plurality of target-bound probes with a first set signal-
generating probes that are capable of binding a first set of the plurality of target-bound
probes, and are capable of generating a first set of signals;

(d) detecting the first set of the plurality of targets via observing the first set of
signals;

(¢) modifying the observed first set of signals; and
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(f) repeating steps (c) to (¢) multiple times using a subsequent set of signal-
generating probes to detect a subsequent set of the plurality of targets, wherein the
subsequent set of signal-generating probes are capable of binding a subsequent set of
the plurality of target-bound probes, and are capable of generating a subsequent set of

signals.

28.  The method of claim 27, wherein the observed first set of signals is

modified by applying a chemical agent.

29.  The method of claim 27, further comprising steps for removing the
target-binding probes that are not bound to the plurality of targets prior to contacting

the target-bound probes with the first set of signal-generating probes.

30.  The method of claim 29, further comprising steps for removing the
first set of signal-generating probes that are not bound to the first set of the plurality

of target-bound probes, prior to detecting the first set of the plurality of targets.

31.  The method of claim 27, wherein all of the plurality of target-bound
probes are covalently coupled to the target itself or to a molecule that is located in the

vicinity of the target.

32.  The method of claim 27, wherein the steps (c) to (f) are repeated up to
100 times.

33.  The method of claim 27, wherein the plurality of targets is selected
from the group consisting of a deoxyribonucleic acid, a ribonucleic acid, a protein,

and a combination thereof.

34.  The method of claim 27, wherein the plurality of targets consist

essentially of a plurality of ribonucleic acids.
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35. A kit for detection of a plurality of multiple targets in a biological
sample, comprising:

a plurality of target-binding probes, wherein each target-binding probe is
capable of generating a signal and at least one of the target-binding probe is capable
of cross-linking to a target or to a molecule that is located in the vicinity of the target;
and

at least one chemical agent, capable of modifying the generated signal from at

least one target-binding probe.

36. A device for detection of a plurality of targets in a biological sample,
comprising:

a sample handling system;

a reagent dispensing system;

a probe cross-linking system; and

a signal detection system.

37.  The device of claim 36, wherein the reagent dispensing system

dispenses at least one reagent solution comprising at least one target-binding probe.

38.  The device of claim 36, wherein at least one of the sample handling
system, the reagent dispensing system, the probe cross-linking system, or the signal

detection system is operable without an operator intervention.

39.  The device of claim 36, wherein the device is operable to detect the
plurality of targets in the biological sample using a method comprising the steps of:

(a) contacting the biological sample with a plurality of target-binding probes
to form a plurality of target-bound probes;

(b) observing a first set of signals from a first set of the plurality of target-
bound probes;

(c) modifying the observed signals;
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(d) generating a second set of signals from a second set of the plurality of
target-bound probes; and

() observing the second set of signals.

40.  The device of claim 36, wherein the device is operable to detect the
plurality of targets in the biological sample using a method comprising the steps of:

(a) contacting the biological sample with a plurality of target-binding probes
to form a plurality of target-bound probes;

(b) covalently attaching at least one of the target bound probe to the biological
sample;

(c) observing a first set of signals from a first set of the plurality of target-
bound probes;

(d) modifying the observed signals;

(e) generating a second set of signals from a second set of the plurality of
target-bound probes; and

(f) observing the second set of signals.
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