WO 2011/ 025442PCT/ SE2010/ 050902 METHOD AND APPARATUS FOR ANTI GEN
RETRI EVAL PROCESS BACKGROUND [ 0001] Diagnostic cell imagi ng uses nethods
wher eby n@wbeoil@sspr oduced by cells or tissues can be spegiskb@alososo2

| ocalized to those cells or tissues. This provides a researcher with
S5information as to the sites of production or activity of those given

nol ecul es. For METEHOPesNDI APP ARAMUSASFORMNTIGEN RETRIEVA LI PROCESSpat hol ogy,
a procedure known as i munohi stochem stry (IHC) is routinely utilized. In

| HC an ant.|  a specific antigen is applied to a fixed tissue sanple
t hat re@é&ﬁ@fgé@nom specific nolecule as a first step. This antibody is
then detected with the use of a secondary antibody that has been chemcally
coupl ed00d t N DAL REEY EB infg i} R8s HethBAS FBEREY FIdIREIOPIAHRSE! by EdIB or kifgidbat i on
w th a chronogeni c substrate such as di-am nobenzidine (DAB), a col ored
deposi tcandeppediicdly lacalizpdtosihose asils phssyes cHdapipvales pegyrchéravithas bound to
t he pri.ar ntib at the specific site the protein of.interest. This
or ocbaut Rty Bty HonatPraBBetoashb ¥ oblokhth BB BseR o Mok e

pat hol ogyallzatisn angtotaiyin MBItRcipatholtgyl £ pR2EdITe AV anBRtnohl bR ryThe
nature of tissue processing requires that the sanples be "fixed"” prior to
enbeddi AHCO) i toutingly phlizedd InldE snsvtbedniona sersific #tieeniscmpliedtos Bericesses ssue
section ' [ i: B i ' : in

or oser vai bl eCogrles A TRURASHAIRL BRICHIE 3 4 SoR TR Tpol Bl i

cr oss- | witk theguselor 6 Beqonésgravgbodynaatdek bednachehead lyroesplod whtheantanggie,. such as

For mal dehyde preserves or fjxes tissye or cells predom ngntly by

cr o¥k- | FHRTHYPHPIREAG At s ePPBoPY 4 PRTBMBER U BRIrHiF St rdingineyy

ni 11 ogefln 3 HIHDABPL bR ol ptr@leH@Qt e sidBr thb 'séU&ﬁS'c?ry aﬁﬁlﬁ‘od?'rtﬁ&qﬁé‘ of
tissue fixation however, frequently nmasks antigens on spécific proteins for
whi ch detuadtte te prsnate sitilabslyert flerspdéifigmiosef the arvdeipod griassti Thipprqeodes is

Typi cal | ocedures are tim zed .for. detection .of individual .target
oD eca e RlRGRRHLR RGP bR ib Lo G R s 0 e e
manner fedardh@vileh@ehd on of additional targets nol ecules. Wth advances

25in the ability to detect nmultiple antigens in a single sanple, there
needs to be a uniformtissue processing that is conpatible with the

det Ect | [OR0AF Thamatirs|o tiprus theggessinBrRApreIEgthe ppdss be [fopd3 priphtogniedding
aspect, . t | QN i de - f ' I [ f

For mal ciary i AL P BE AL £rELIRR B kL SRS KRR ARy (e

f or mal dighygiestaiiniegl Diripithispacaebs proteias 3fprésstvednbingearforrmili¢igdakrestolant i on at
a temerature of greater Lhan 90 nGh pians! S f%u Re L3RS, i

Formaldehyde preserves or fixes tissue or cells predominantly by cross-linking primary amine
20  groups in proteins with other nearby nitrogen atoms in protein or DNA through a -CH2- linkage.

The process of tissue fixation however, frequently masks antigens on specific proteins for which

detection is desirable for diagnostic and prognostic purposes. Typically procedures are

optimized for detection of individual target molecules, and when needed, serial sections are

processed in a different manner for the detection of additional targets molecules. With advances
25  in the ability to detect multiple antigens in a single sample, there needs to be a uniform tissue

processing that is compatible with the detection of multiple proteins.
BRIEF DESCRIPTION

[0003] In a first aspect, the invention provides a method of antigen retrieval of a formaldehyde-
fixed tissue sample comprising the step of incubating the formaldehyde-fixed tissue sample in a

30  first antigen retrieval solution at a temperature of greater than 90 ° C, transferring the tissue



sanple to a second antigen retrieval solution, and incubating the tissue
sanple in the second antigen retrieval solution at a tenperature of greater
t han 90C.wpQoD4psdsd a second aspect, the invention provirdeseaoikiosoodnr
retrieving antigens in a fornal dehyde-fixed ti ssue sanple, conprising, a
first antigen retrieval solution that retrieves at |east a portion 5of

unr et r i eviede @t sogembaritigeh h&rimﬂmcbletioraradd mcaba:tmgdhatisdugempletim thesatorslol ut i on
t hat retrleves at | east sone of anot orti f unretrieved antigens in
the sanfit@en [HBOS] SQHIOP #ii PRIPEa ke pt grﬁﬁerﬁ biy G on provides a sanple
handl i ng device for carrying out the an antigen retrieval nethod conprising

a sanpl ®obangl d RoRPRPY&E! BRInRNiER Qideﬁ‘h%ﬂ%ﬁﬂeﬁﬂ:vﬁt%?ﬂ%&&% aXBfmAdSlydaal
det ection subsystenl 0 DRAW NGS [ 0006] These and ot her features, aspects,

and advfémdatgs@@e @fmﬂlm eompesiagta firsy antideometneval splabomthabesitieves anldast spoddmhen

the ol | tailed .description e

e oo i laE AT ER G PR Srded St el BB Bl Ry Pfipyes o

t hr oughieet sbine ol iihdt@drtiohdfAREAliElc@antigdrs i tHeampient at i ve sanpl e handl i ng
device for contacting a fornmal dehyde fixed tissue sanple with an antigen

retrieval solutions. [0008] FIG 2 is a nonochromatic m crograph (at 20X or

63X magh¥PPP Ll & p gHyd %Sﬁ%% the Hé’ﬁﬂ'fa%ﬁf(ﬁ"%dﬁ%l? ARARC handeleriss f%ft@&'ym&%&tﬁé@
o oh ooy el O AR FOES: sample haBHAE Lyl o BAGHR BB DT LS o

step prﬂmeﬁMmazmdaaunmldMthnsahakwsls FI SH of Br CA tunor. [0010]F|G. 4 1is
a bar chart of quantitative analysis results conparing a nmanual two-step

ant% gen retrieval nmethod to autonated mnet hods. [0011] FIG 5 shows
chromatic m crographs (at 20X magnification) of the bleaching effect on

antige ing on sanple prepared by either the manual two-step
antigezDgggfﬁigg 25 method or one of two autonated antigen retrieval

processes. WD 2011/ 025442PCT/ SE2010/ 050902
[0006] 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.

15 [0007] FIG. 1 is a representative sample handling device for contacting a formaldehyde fixed

tissue sample with an antigen retrieval solutions.

[0008]  FIG. 2 is a monochromatic micrograph (at 20X or 63X magnification) showing

enhanced staining using a two-step procedure compared to a one step procedure.

[0009]  FIG. 3 shows monochromatic micrographs (at 20X magnification) showing enhanced

20  staining using a two step procedure in a multiplex analysis FISH of BrCA tumor.

[0010]  FIG. 4 is a bar chart of quantitative analysis results comparing a manual two-step

antigen retrieval method to automated methods.

[0011]  FIG. 5 shows monochromatic micrographs (at 20X magnification) of the bleaching
effect on antigen-S6 staining on sample prepared by either the manual two-step antigen retrieval

25  method or one of two automated antigen retrieval processes.



[ 0012] DETAI LED DESCRI PTI ON [ 0013] To nore clearly and concisely describe
and point out the subject matter of the clained invention, the follow ng
defini ti ome 2ari@2povi ded for specific terns that are usedtisp2dibssdoot | owi ng
description and the cl ai ns appended hereto. 5 DEFIN TIONS [ 0014] " Ant i body"
refers to an i mmunogl obulin that specifically binds to and is thereby

def i ned08$2cOEpAENEDIRESCRIXTAON parti cul ar spatial and pol ar organi zation
of anot her nol ecule. The anti body nay be nonocl onal or polyclonal and may

be prepar by .t echni ques that ar | 1. known .in e art such a

i PPToh o S BSIEER ang gp1edielt Setie Ser B Rut e BhkroTs Gy ohghe

10pr epaghingkdGRtnkiBHAHS 16 iAEdERlitiors e prodidd T8 dpB&itit RGms igat SRCESBH Bfithe
protein inonoclonal , or by cloning and expressing nucl eoti de sequences or

mut agenforedingedesé¢remimntand tlavflainsapiperyedthetatast for the amino aci d sequences
required for specific binding of natural antibodies. Antibodies may include

ac I .ﬂﬂa gl obulin or fragnent thereof, which i nmunogl obulins
inc?ﬂgéﬁFﬁghvar$§us cl asses and isotypes, such as IgA, 1gD, IgE 194,

lg&a, 1g&b and 1gG3, 1gM 15 Functional antibody fragnments nmay incl ude
porti on@0od] an ‘aititoddyrefap abdreinafiunopl @buiin nigat bpariticagy dindsitoruhdais tedrEbyni ty to
full-length antibody (for exanple, Fab,. Fv and F (ab'). 2, or Fab'). In

addi t 1 GIFTNSYGH R/AR EETIBE Vit partighlgr WE@% UFLIHFRRB G BERIPTHROISFUlE hei 1
fragmenti. fR%o8E iy 8d rﬂ&h%%ﬁméﬂfb‘?Fp%ﬁlfc!&{aﬁaxﬁﬂnbfﬂélpl%g%\?% gg %ﬁbﬁgﬁ?éé b e Rl 2

particular nolecule is substantially mal ntalned. Igen" refers

to a submvanoeht irasuamesy ilimdizatiomnt 2 bed yndrollatiobofiserd (patyrbmil), dnltyi gens may

nor i depasenar s Ot e LB AT B Dbt b ofefebdidr v a

bact er i @bnihpbee &gﬁ@@mg_&fh@%ﬁa@@u@ﬁ&k BERSItdoPRi 4D rNEROUBRLE cONRL Af RhQFOMS) |
aut ol ogous and idiotypic or allogenic éhonnlogous) ant%gens. Anti gens may
al so bethe ampro agpé sdquireccanquired sorgpegifie Sadingcd fimptural raptibewed. sAntihedichinggycase,
25t hey are cal | ed, t unor-s if.ic antiqge T, and, in,general, result
Zoomy, Bfias RebGRics R SRR SR Rk S atb B lo BN Beruat 8%

ant i gengar{oliAdB)scs whd BBtypes sidlesdaAeTbIY o U0, R dasIo@nbh andpes, ie8l.| s.
Antigen_al so includes CD antigens, which refers any of a nunber  of

cel 12 sufynstiansapitbady figmcatssney wylude prewops e ampbodn cirmblsseidepming Wpdingui sh

cell i . . r e i atiified b
Cpeci {1 ASHARR A ER6TLERTRAL BlinUR P cx il 1B KEhRe PR RCol FEAE b O Y
di f f er esdditédn, eggregadd, OIYieH2 Sl ARGk 20 10 MDHOEO0RUI [ O B ciHirSiticnanday Gt SH'

refer to flyorescent. in situ h.brjdiﬁgtiqp and chroma en ¢ i sit%
used where appropriate so long as binding affinity for a particular molecule 1s substantially

maintained.

20 [0015] “Antigen” refers to a substance that may bind an antibody or antibody fragment.
Antigens may be endogenous whereby they are generated within the cell as a result of normal or
abnormal cell metabolism, or because of viral or intracellular bacterial infections. Endogenous
antigens include xenogenic (heterologous), autologous and idiotypic or allogenic (homologous)
antigens. Antigens may also be tumor-specific antigens or presented by tumor cells. In this case,

25  they are called tumor-specific antigens (TSAs) and, in general, result from a tumor-specific
mutation. Antigens may also be tumor-associated antigens (TAAs), which are presented by
tumor cells and normal cells. Antigen also includes CD antigens, which refers any of a number
of cell-surface markers expressed by leukocytes and can be used to distinguish cell lineages or
developmental stages. Such markers can be identified by specific monoclonal antibodies and are

30  numbered by their cluster of differentiation.



hybridi zati on respectfully. FISH is a cytogenetic technique used to detect
and | ocalize the presence or absence of specific DNA sequences on

chr onosonge 2011/BbB2sequences at transcription sites as welrlSEa®oiosoot her
parts of the cell. FISH uses fluorescent probes that bind to 5 only those
parts of the chrompsonme w th which they show a high degree of sequence
sim | arfopy6] Cl SHSH'I aws (d8HEetfeoto fhforgpea imnipl hfbirtktation and biromagatiein situ

t | b t t
ol S 15,1, S TR AL oL 18 S STl ey ot o
ti ssuespc{A0d &l adsBREEISp&ifid DEA §é%1fu€ﬁo%s bR cRINRILMBOSRRASRFudRRE A O

detect a specific protein in 10 a sanple. |Imunostainging includes both
| nunoclyatsoaptem Su:tais aswaelil a$ meptberdpaitpoiithiicstl. ddREmiseaflustsient prgbes that bind to

chem stalnln refers to a hpi ue that uses
it b T Brrtsof bbb gl wHRT ey b P i el st Sl Ny
det er m OBSH g RIQAGE 0P berfelinfifltatldS RBRMAS0so MR ltra@XadRio8s ahd BRsmefori@ncer .
| mmunohi st ochem cal (1 HC) staining refers to the staini ng and | ocal i zation
of ant i jERker juping |09@w@tlg@aiten@ﬁ§atwem@n& yedasthg brisghitiéeld nEeresqope @h dernzdin-
speci fi e S n-.anti body interactions that are visualized
by a naf’f(d 8%5% ?@gghﬁgr%guesreact ed enzyne substrates, radioactive
el enent or coll oi daI gold. [0018]"Probe" refers to an agent having a binder

and a | [@0eY] subhmasosaisinghadfergemen atithiodgsbasud recthydren ddtett 8 aperifepodimant s,

t he binder and_the |ahel (si naI nerator or the enzyne) are enbodied in a
sinffl e %?ﬁ@lﬁ?/ IpupRstHnFag g1 Pﬁtgémmqn@FW%Ch%ucé‘?ﬁ%ﬁn&ﬁﬂ capabl e of

reacti m&l&&h\@tmeﬁﬁca@%ﬁﬁﬁgt e %é;lawgﬁam@r (aG@:) %th#go refS b AR AN Hat 9€N

binding to an antib . The binder “an e attached directly
(e.qg., uﬂeaalaﬂjddwsrvdﬁdemgmﬂlt@em;cm thncdtsp@hmtrmd' berﬂanfMedm dudemninothe

i ndirectl | i nke C ncIu cl ea S|te and
2ppl | ePEBIEREr el g??pfoé cXHTE co e € e ISP e L SO BB o,
the bi ndesrs &dle gﬁa&mﬁ% | 10841 B.aBePOneideh Nin dsSey B RMYithd 8 c(f@a‘t&led a primry
anti body capabl e of binding a target and an 25 enzyme or a signal

genkr at éntibpdige hespeséisaprizeniy tbnwglb@m;gecaipEM@ ipferdsitinas gt am eflswhmérby a
are soptptEReb AalhlRES F5-da0nf iR Hen SETE AT pBEo G IPRYTE

step or nultiple steps. The term"fluorescent probe"” refers to an agent
havi ng [@Obi%]nder “Pobpt etert @ @ zigeuohaa&ﬁgembmaémﬂla lgenesuah as a sighflfhérsiog oal
generator" refers to a pol.ecul e capabl e of I‘OVI ding a detectable si

30usi ngAbHEYBE- %?(@nﬂ@m@a@m@ﬂwtt@e Rdguend the ! a@el (Swé(@gqns%m th%%zﬁmieg@ﬁr Y,

Spect I 05f0RNed g?é’@ﬁtlt ”%@%‘%éd l?éi‘él %d%@%f‘ers%aarﬂ}{)l%éulé’t ﬁbf&%f%&ﬂ%e

signal may 1nc e an optic S|gna el ectrical sign

r adé®acwithrer &q'sgnaﬂmg ‘Enhtambthsr m(blesulg,rsabh gsaareamtgem bindng tude aotieodyr Thobadaf a
WO 2011/ 02 4 PCT/S 2010% 5?8 chr ormphﬁ a fl uorlgl hor e, (ﬁama -active
tag, ord% el slamw paftaghe Ydegr &8 & wssceww op gg}cgrﬁoaatﬁ B Mspe, t he

si gnal GRAGH af REiréAl, e thilongieh 1R, Qﬁwﬁﬁﬁa%ﬂﬁ&luh@a%leﬁba@glsﬁe%' atpmlé@tog a
target binding protéin with a fluorescent bel) in some enbodi nents.

Al t er nathi \tdefmy« sampls ihiasdhgle stewl hlwétemagnebm@edtmeatsoﬁhe pindebendiths dabst ercent i ti es

(e.g., b SE& 1tnocﬁsc?rtg ter?t&t?es s g %ph%l%%lr e?nq

1bog§1 capa(gYe of binding a target and an

25  enzyme or a signal generator-labeled secondary antibody capable of binding the primary
antibody). When the binder and the label (signal generator or the enzyme) are separate entities
they may be applied to a tissue sample in a single step or multiple steps. The term “fluorescent

probe” refers to an agent having a binder coupled to a fluorescent signal generator.

[0019] “Signal generator” refers to a molecule capable of providing a detectable signal
30  using one or more detection techniques (e.g., spectrometry, calorimetry, spectroscopy, or visual
inspection). Suitable examples of a detectable signal may include an optical signal, and

electrical signal, or a radioactive signal. Examples of signal generators include one or more of a

4



5agai nst that particular receptor protein) that associate with each other
before or upon introduction to the sanple. [0020]"Fl uorophore" or

"Fl uor esowot20siigpab generator" refers to a chemcal conmpowsg2owhbs®h when
excited by exposure to a particular wavelength of light, emts light at a
di fferent wavel ength. Fl uorophores may be described in terns of their

em ssi othrpmophdre,a fhworSghoirgra. Ranilh-4atiee mgl buoraplaotieslabélorAsesxaaphlimveEysith FI TC,
and Oregon Green) may be characterized by their em ssion at wavel engt hs
gener al fegardro fh?é;r% Pgnab gencyo tﬁsﬁ 1B be pReseryt i1y P9 gl GEL @fgora

exanpl e, R¥ BRdRe ProtOvitRE HubREEAMRLEY i RPHATh ASHimERY. R@teﬁﬁﬁ(z%%tg% bzfdr by

their emssion at wavel engths generally 1n the range of 590 t
nanonet @xdshe Egaatgecrsrawf nfalyberdowhate ergtition ¢¢.gole redsptor aratcimend hilabietedehntibody

4-acetam do-4' -isothi ocyanatostilhene-2.. 2" disul fonic,acid, 15acridi ne,
e 1 ac TRAST (et PGV TR0 g L -G D Sishobier 63 or dpoh

am noet ipitbd@on @9 8RNLABlene- | - sul foni c acid (EDANS), 4-am no- N[ 3-

vi nyl sul f onyl ) phenyl ] napht hal i m de-3,5 di sul fonate (Lucifer Yellow VS),

N-(4-ani | i no- 1napht hyl ) mal ei m de, anthranilamde, Brilliant Yellow,
coumar i 902@bunarilyrepiidre ae1 \Fdeoresgentzsigngbgencraerh yelissuaarchamicaheomemiidar i n

120), 7-am.ne-tr.if: 0 0, I 51). 0Sj:-ne.
a5 o e SR UHAABL I, EPEbHRGUR, QMBI RS bl (AR AP Fren
sul f onephNdialgdi. NFl&oph@py magdk ldesckibBe th) terms of their emission profile, or “color.”

7-di et hyl am no- 3- (4' -] sot hi gcyanat ophenyl) 4- t hyl coumarin, -, i
4, 419 g Pesh Flugeaphnies bi9r Ryare Svp %@pﬁea@g ﬁ)?f@%?inﬁﬁ?@ﬁ%’ Decehgracterizgd by their
di i sot hj ' - 1o el i '

S [ ai et Tl o] A R aaa g LB rbREloR 7 eie4p nangmgtersy Red luorpphores (r
eosi n, denplaleweRedf Cehsind tamoietlgdrhedanme) may b obaractaizd berthitihemshioe at

25derivatiyes .of erythrosine su t hr osi ne and eryt hrosin
oot h onbaleaR sy e fgd S Sl o S BR e Py e bk SFhofes
5- car boxyfuis Hue aaion litfit¥ho, 45ac%éhnﬁd&ihCﬂbm&&aﬂa@czétiwbe%e-yz,li'dﬁﬁifaﬁ)c fabidor escei n

(DTAF), 2'7'-dinmethoxy-4'5"-dichloro-6-carboxyfl uorescein (JOE
f | ubr estsidine, de¢rivotimeced agridmgtanil eeydinatsethicyd@yts, S2(-TC ( XRI TCO) ;

fl uor escam erivative (fluorescent tion wth am nes); |Rl44;
| R1445: S RRpAEKIFEE b R R L NS PR | (T erone. ortho
cr esol pyihiighl€d iyl )phérdyl phptitbdimide-3pRdisdlesan (Luoger Yol SRed(4-Bnilino-1-

phycoerythrin; o-phthal dialdehyde derivative (fluorescent upon reaction

wi th anfapegyDmaeisids. anaragdamidss Bulignsyelovascopprenecoupyriaderisitvghate and

SuceL L B SLR U S RA EAE P BRSO bl

20120 026514 2Railéstis? @ 104d2n68dho-2-phenylindole (DAPI), 5',5”-dibromopyrogallol-
sulfonephthalein (Bromopyrogallol Red), 7-diethylamino-3-(4'-isothiocyanatophenyl)4-
methylcoumarin, -, 4,4’-diisothiocyanatodihydro-stilbene-2,2'-disulfonic acid, 4, 4'-
diisothiocyanatostilbene-2,2'-disulfonic acid, 5-[dimethylamino]naphthalene-1-sulfonyl chloride
(DNS, dansyl chloride), cosin, derivatives of eosin such as cosin isothiocyanate, erythrosine,

25  derivatives of erythrosine such as erythrosine B and erythrosin isothiocyanate; ethidium;
fluorescein and derivatives such as 5-carboxyfluorescein (FAM), 5-(4,6-dichlorotriazin-2-yl)
aminofluorescein (DTAF), 2'7'-dimethoxy-4'5'-dichloro-6-carboxyfluorescein (JOE),
fluorescein, fluorescein isothiocyanate (FITC), QFITC (XRITC); fluorescamine derivative
(fluorescent upon reaction with amines); IR144; IR1446; Malachite Green isothiocyanate; 4-

30  methylumbelliferone; ortho cresolphthalein; nitrotyrosine; pararosaniline; Phenol Red, B-
phycoerythrin; o-phthaldialdehyde derivative (fluorescent upon reaction with amines); pyrene

and derivatives such as pyrene, pyrene butyrate and succinimidyl 1-pyrene butyrate; Reactive

Red 4 (Cibacron .RTM. Brilliant Red 3B-A), rhodamine and derivatives such as 6-carboxy-X-

5



rhodam ne (ROX), 6-carboxyrhodam ne (R6G, |issam ne rhodam ne B sul f onyl
chl ori de, rhodam ne (Rhod), rhodam ne B, rhodam ne 123, rhodam ne X

i sot hi ocywoabey/o2s4bf or hodani ne B, sul forhodanmi ne 101 anecssebmogkosshl ori de
derivative of sulforhodam ne 101 (Texas Red);

N, N, N, N -tetranet hyl-6-carboxyrhodam ne (TAVRA); tetranethyl Rhodam ne,

t et r anethbgdmbe liRO&G)) Hrearbsoirhodyian REG), TiR¥ai@)¢ rhodoink 8/suifonybddbiide, aci d and

| at hani de ,chel erivatjves, quantumdots, ¢ i.nes, pyreli dyes, and
squar ai %@é@mm@ﬁ?ﬁﬁ%@@ne?ﬁefﬂ& e ﬁﬁe RS BHoR (- 0h o S IRIOUHHBTENS hat
may be gefeehRda iR oRraa ’0iody? chiBEidl HS$Heive 8MlIRrhdRfile ST RRYRAS; any

substance for which there exists a naturally occurring specific binder
(e.g., MNAAN-bdeyethybi6-dadroxywtiodhmaesAMR Ag; thirandeshylthodomins; epamethyl 10

.q, |1 .nol. I ' ) .apt o I i nd
bi nd 1 oS RPGEPTERTBUGH (BRE! o "helE it e b LR oaN chshlfle dePfene
target @kmﬁnﬁb&ﬁﬁgﬁhﬁ@ﬂ%&ﬂﬂ@hl@%ﬁyﬁﬁ%g@haﬁ@ﬂponent of the target (e.g., 3D
structures resulting frompeptide folding). The target may include one or

nmore of natural or nodified peptides, proteins (e.g., antibodies,

af fi bodi0831] or “Eapgdntafery to hgcpripeneid o3 tissie gamplsdhsinnay keodqteséed winga,  RNA,
or apt : . i j , B nes,
enzyme Boka in BELVSERENAT 495 rBoltun SEEH MBu o THPRRRh de bRl U BN
enbodi nerRusingtspegft dinday(elglcinumeibpd i @i fios whichripkeific batietimay ba psaparsd

enbodi nents, targets y i nclude bot roteins and nucleic acids. [0022] The
i nvEht i Grg-iavnaligaeleeyls bindsent & %m%ﬁler?e MLEECHb RN BIqr Ry P IR oo dEch BEPYEiab e

i nanal yid Gahore WO chfical HoiRIQIPARL thieARP] thFRLAiRRRsiS1E BrfGuAP &S dhent

detection, histochemstry, 20 I munostaining, I|Inmunohistochemstry,
i mrunocyfitbe taegdt $¢.gy 3Drstriuptoras ofdultorgelser peptidel foldimgye Taatadetmeat imclutiheneret hods

di scl osed herein may be rti.cularly applicable in_.imunohi sto chem st.r
CnaC T e el b as Ao n R e AP aRe ) BUISE fod
i s descfdidqd g, HoWhusRo@dds] DRNUE RIEL L drAPtadRid) Y fslySacomariaad RA. 0géieRlorsagme) Ng

is processed prior to protein detection for biomarker 25 assessnent. I'n one
enmbBdi nemids, cnmeneseenrythecohpratese Sgandsweceptarp, Jptigensdern kaptdnatInjssmgppl i cabl e to

mul tiple protei.n antjgens. nﬁ%na .provide.for high |level of antige

et 11 evanSoqTREE Pars TG He ARG o kg S 1B oms FRCeima Ry e me

of cli ningRbé Yothghreé@mPting anqtiescids.0024] I n some enbodi nents, a tissue sanple

i ncludes tissue sections from healthy or di seased tissues (e.g.,

ti ssue sections_fromcolon, breast tissue, prostate). A tissue sanple nmay
[0022] The invention includes embodiments that relate generally to methods applicable in
analytical, diagnostic, or prognostic applications such as analyte detection, histochemistry,

20  immunostaining, immunohistochemistry, immunocytochemistry or immunofluorescence. In

some embodiments, the methods disclosed herein may be particularly applicable in

immunohistochemistry and immunocytochemistry.

[0023] In accordance with one embodiment, a method is described in which a tissue section
derived from pathological sampling is processed prior to protein detection for biomarker

25  assessment. In one embodiment, the method comprises a two-step procedure that is applicable to
multiple protein antigens and may provide for high level of antigen retrieval. In certain

embodiments, this allows for multiplexing diagnosis of clinically relevant samples.

[0024] In some embodiments, a tissue sample includes tissue sections from healthy or
diseased tissues (e.g., tissue sections from colon, breast tissue, prostate). A tissue sample may

30  include a single part or piece of a tissue section, for example, a thin slice of tissue or cells cut



30include a single part or piece of a tissue section, for exanple, a thin
slice of tissue or cells cut WO 2011/025442PCT/ SE2010/ 050902 from a ti ssue
section. wo omesapbodi nents, the sanme section of tissuecsarpliensmy2 be

anal yzed at bot h norphol ogi cal and nol ecul ar | evels. [0025]1n sone

enbodi nents, the tissue sanple may be first fixed and then dehydrated

t hr oughfreun aatsssendictign. Skrsoe® cnibodimahgltiss sanef settionad fatsendhngidmdd &d andlyied
paraffin_or other 5sectioni nmedi a so that the tissue sanple may be

sect i onddoth morphologica ﬂQHPQEQQH%@HQﬁent, a tissue sanple may be sectioned
and subsequently fixed. In sone enbodinents, the tissue sanple may be

enbedde@oand PrNRcARSMbbdInRAfME RsucEXAPR! B8y B fiRahi’éd Al hbalicHyayatke used
i nclude, but are not limted to, Paraplast, Broloid, and Ti ssuécan. Once

t he ti sthrmgbanpbenimgsmesddadcohp veindidingitdbandegmlpddedwith paradiibyr ethed cr ot one

intq sectj.ons. The thickness of the 10.section ry . based on the type
of 1 sctsigRe mdiorthe e ERur I mhs R Rfeihel, e R RE SRRl S,

pref er regud bingo sy teRe@ichadged QfbséquemipBeed. InWond eitydindéds, #xotksué | ve

m crons. [0026] Once sectioned, the sections nay be attached to slides using

adhesi vegpleEsoaybr embedded|and procasred iy Bayatfay Exsiplasef paifiimihat may be upad ed t o,
ane. t. T | . . e h
i ane mgﬁhé ! arelql?)lt %éﬁllge Yo 'PAfplast] tBﬁHfBRE hﬁﬁgguefg%egggﬁ% !tlgsdessgl!ﬁgﬁegs as the

enbeddi ng nateria i Ssue sect1 ons’ may inize

r enydr a¢miokddad,whd eimpld hey b Ssutpnsé by b ofisrommye neo stepemsafThe tHidedss dfahe

exanpl e, hy using organic agents (.such as, xylenes or gradually descending
ser s GFUISIBROYRY baffegow ¢ prsmé?suéﬁa andETt-sIn GeHansearhediTpRIv e seqtioay

tissue gayphe xfeﬁ%d@qaa{egymtapraﬁ%ém frSnSYBRAL rhidrdRs @@%og@ﬁ% hpwohor its

anal ysis,” transfer and novenent during the preparation and | nmaging
processes. The tissue sanple may be i mobilized on the solid support by
physi cal002¢] ad$bhcpséaionchyhacseadmsmabbnatachedmtslides usorg dshegverhi bxanipbayof

t her eof solid support i ncl ude | ymeric, a gl or metallic
mcer et eftfieS BRBRT L5 pb Fote @ WL PR M Jpoci ¢ er
pl gt e, @nbeRfentd if pArhfln is dsddeStthStmb&idity Shicelel, tHR tEAYEechidrdsinayhd a t est
t ube.

15  deparaffinized and rehydrated in water. The tissue sections may be deparaffinized, for example,

by using organic agents (such as, xylenes or gradually descending series of alcohols).

[0027] In other embodiments, the formaldehyde fixed tissue sample may be adhered to a
solid support in order to allow for its analysis, transfer and movement during the preparation and
imaging processes. The tissue sample may be immobilized on the solid support by physical

20 adsorption, by covalent bond formation, or by combinations thereof. A solid support may
include a polymeric, a glass, or a metallic material. Examples of solid supports include a

membrane, a microtiter plate, a bead, a filter, a test strip, a slide, a cover slip, and a test tube.

[0028] In one embodiment a method is described in which a formaldehyde fixed tissue
sample is contacted with a first antigen retrieval solution and heated to a temperature of greater
25  than 90°C for a period of greater than 10 minutes, more preferable for a period of approximately
20 minutes. Heating may occur using a pressure cooker, autoclave, water bath, hot plate,
microwave, or steam heater, to provide uniform heating to the tissue sample immersed in the
antigen retrieval solution. The tissue sample is then transferred without additional treatment to
a second antigen retrieval solution that was pre-heated to a temperature of greater than 90°C, for
30  asimilar period of time. Pre-heating may occur using a pressure cooker, autoclave, water bath,

hot plate, microwave, steam heat or a combination thereof and can be performed at the time of

7



[0028] In one enbodi nent a nethod is described in which a fornmal dehyde
fixed tissue sanple is contacted with a first antigen retrieval solution
and heat eglot2011@2500per at ure of greater 25 than 90C for acpsec@dosfonr eat er
than 10 m nutes, nore preferable for a period of approximately 20 m nutes.
Heating may occur using a pressure cooker, autoclave, water bath, hot

pl at e, Idacngum\first oitigei saievabstlation. tRyeferably the inmibhtdsmofiteatamyge tiothesecdndssue
sanple imersed in the antigen retrLevaI sol uti(gg. . The tiss e.stgnBIe is
then t rHEFRFIREY SR IHEU OSLYER &t PBRAIPEH CRIETEFR: 2B DY IaBEksing Y8R Pkt ri eval

sol uti ofyithat MRSmBY preitReLd Pinfgbenperature of greater than 90C, for 30a
simlar period of tine. Pre-heating may occur using a pressure cooker,

aut ocl ave, water bath, hot plate, m crowave, steam heat or a conbination

t her eof [08R%9] calm dye epdhoflomensdhefirst hetigenretriofal swdtion is a buffer solution having a pH
2011/ 025442 / SE2010L 050902 heat i the first antigen retrieval solution.
Pr ef'er aB11E" Lo T hEdar FBR 28t ind s AieBeen Eitle Bl ! e B

sol uti oike® GGEESsoRlticAtUFBS NAkInGiPPESS tHeGran@ ¢f shyhtlyiEdiSit®Ac@Rll yIn &ertafhe hot
solution. This may prevent tissue damage. LC‘CS)OZ ]1.n one enbodi nent, the

first atimpegementsthoufier magicampeise Fibrigagd,oissigp] dikyBogmaiioprpate. BrfiGagidnge
bet ween,:. . s . Thefl.r st i - r i Ut be a
cormont Senebborpio R RE Sl AP G B R ELD AR BaHY S TGP, ©
aci di ¢ inorpheliii¢)athandsolfeit taid noreduwmehina ivins thdnefblit dther erayodimois, thebefifér i C
acid, potassium di hydrogen phosphate, horjc acid, diethyl barbituric acjd,
pi pEY azfHHEIon ey B & PN stynmias a@&ﬂéé@? Sﬁvtm WP%%PHiog agpepgimately 6.0

2- ( Nmor phel b pa k& sll fonic acid, or a conbinations thereof In other
enbodi nments, the ]E%f er 10 solution may be a citric acid sodi um phosphate

buffer solution having a pH of approximately 6.0 at el evated tenperatures.
[ 0030] ViIOORO} heWathpgh¢ epptlicatiorodf tvetthe fiyearftiges retaemal s@ntioremay estdd hydioljtze on

may act to.hydrolyze. crosslink bonds, which.my .have forned between the

(o a1 SOSHAR G Edy Eichatis by ot S RO e 346 st P et Bast s ome
por t i onfigftiohhahaneid8nn bilchdd Sorhia ppridn RE tHAGnk G inehe damIe HEA3 ktiBvane

enbodi nent, the second antigen retrieval solution is a buffer solution

havi ng an al kaline pHin the range of about 7.5 to about 11. The second
ant 1genl0Patk i edapngembedigsntyiie sseond anbigerbratyevigkedutiyis abulfer spdytion haying: o
mai nt ai ' | I [ r : i ' :

bt fer. SofEpl 1 B hBRkgK ofu B 11%pP0AT 1 1B SEOATHLRTAAHE IR R o By, o
2- ( N- mobgphadrmmonlgtiledesfiidrfsohition asd @ radiARS) pH in a slightly alkaline range. In certain

N, N- bi s( 2- hyd t | yci Bi_ci ,. N= 20, .

El r |2 S g L‘Z'%%%Efé%%% %ﬁ%{gﬁpé%g)gz&;%q%:pﬁr %(j 9f2 trls.(hydll{rooxymethyl)maethylamlne (TRIS)
- - yr_ ¢ - 8 mll_. y li'gg _ .. _

{[tri s(’h?ggox%%lhyﬁtﬁn%{éﬁélfo%gﬁi no?glfha)heéuﬁ)%%%:hgdam dgy?q%%) ?e(grlcnée)’N

condyi natris@rydtdxgmetiyl)niethydglytine ( Treerho dit-Reimtdroxtylethyb lfpiparazudetitanosul oy doal a

TRI S- HC i H of i mtely 10 at. el. t t :
{0032 AL, 2B R e bR D pORL Fntdste i S 2SS ob R ab R Melieh™

retri eviabred! Mtan8theMBMbERmRAL tHeCufttd EQLNEEEMEY 88 & IMRIK-HPONslFfer 'ﬁmiﬁ%‘%a PFRyothave
fornmed between the foralin and antigen during sanple fixation. e portion

of the anproxgeatchel hef dlevataddomperplgirest | east sonme of anot her portion of
unretrieved antigens in the sanple.

[0032] As with the first antigen retrieval solution, the second antigen retrieval solution may
25  act to hydrolyze crosslink bonds, which may have formed between the fomalin and antigen
during sample fixation. The portion of the antigen being retrieved is at least some of another

portion of unretrieved antigens in the sample.

[0033] It should be appreciated that in other embodiments, the first antigen retrieval solution
may be a buffer solution in the range of about 7.5 to about 11 and the second antigen retrieval

30  solution may be a buffer solution in the range of about 5 to about 7.



[0033] It should be appreciated that in other enbodinents, the first antigen
retrieval solution may be a buffer solution in the range of about 7.5
t o about W 2angh2sdae second antigen retrieval 30 sol uti orcrsy2de/0sobuf f er
solution in the range of about 5 to about 7. WD

2011/ 025442PCT/ SE2010/ 050902 [ 0034] The antigen retrieved by exposure to the
first aiwd3slecortcantigqeantricetd bevglosseltotheofinst analyscbmdmmrigers tesig@pat sddlitdors o

i mmunostaipning to allow far both anpal ytical_ and functional .nor.phol ogy
st udi es™ay Reriee %lgmt% @ﬁ@ﬁﬂ@@?élﬁ&%oiahﬂ’dr%ﬁ?% 8t @ﬂﬁag i fqnpt_aé)nai tai ni ng
and i MuBORKIRGREMIE Ambhidslaifh@idti s bhthGRihHoRisRIRGHARMHE) LRy SNt

may i nclude 5increased Intensity of positive staining and decrease
backgr cmdurstcgionhengical[ (D0Cbithininge rlh aemaie gimbddimentssmpadveerent mey appldecat i on of

the second ant.igen retrieval, K sol ution, imunostaining.of the sanple may

oot - RS RO DTG g S et CARRGroHRY ORISRt ed wi th the 1 ssue
section for a sufficient period of time and under conditions suitable for

bi ndi ng[00Bs51 he 1h akiedieembadiadyafted tHduphbBaticBesT.thelWoostEirk fpeh ediritwil bodsonTay
be used: direct or indirect. In a 10direct detection, a si%nal
gener at GrOYngsEiEEE pf thasapplemeayrsgyr- (an gutibody seluph 63 &-4 Bk )epayphq samtagted
antibo ‘ L L ‘ : . ) . y
pe. vi sudlth SRt 1SR R Aueich BRANDY AP b ubdiF SRR TR o Lo
det ect i tha Jabaledwuncibodu@ahe antpreh Mo dutdtibn ehethrly ng bensudbatied: ovihdiraan In a

ti and th | abel ed d ti bod bind to th I e
Sl AR S TR I O AR A
may r eaz%ib%é%% Point i &Nt B aﬂp@ iR ﬁlétts@ueo{)a!nfmé,xwﬁa{ BOBY vishAized

enbodi nment s ere the secondary anti body nay be ‘conjugated to an enzymatic
| abel , withdut dimtige Ancbaaly iftetastion ehi an igdibstt deteetiomayn becangapttdtppinmrp entdsdy

i [ i ti t . ti o di ts tw . t
foury. phis Jreabruuat O dinaBdiare R apsr ey B comt Bed ks th t he
tissue safRlyQntibhd2abed .aptifibadnata & tubss {NeR1 GRBARSY 8l nhdyarcact

corresponding@labe]ed secondary anti'bodies. In sone 20 enbodi nents, other
met Hodswithliffsecnd gpitenes @nftieg pramegiyaantiboda o embetinganchwhere threscoemdags adibiodpel ed

terti t ti body, . [,0036] | nbodi nent.s, after .th
oot | oertieobs FPLE e AR 2R e SREE PRSI MudirRs Wye8ed o <o
per f or Mofgrendd€$6e4lization 6f thel aftydvhi dh Z@hé embodEhShs tAb o AMREREesEfduf) Situ

hybri di zation (Cl SH). 25[0037]A signal fromthe signal generator in the
probe niyMpY spbediescdabekidfy ualageledmpp ke sguiacied with ghenta%suﬁ wngrle.t Helabeledct i on

syst em jsed ey, deRend WReRHRG AL LG PbndilE 18RIk S i85 Fed!SdomEne
S iR i el et

det ection sy may 1 nclude an electron sp resonance ection

Systeem crabaiiacge, ahtrphabodianayclee rijilbycdifer eighalanhsycsinen ueh gs thefuse of a

radioisoéo . a fluorescent d&%ection system an el ectrical detection
14

pes) .
systenlb/dﬁﬁ@?&ﬁ?&bﬂ?%m@?%ﬁmﬂé tion system a 30 chenil uni nescent
detection system an enzyne detection system an atom c force m croscopy

( AFLVD d E@ﬁ} | Offn §AE BALEN theRts IFRAME ABt iRV AIGrBd &GS, IRERRYack S Mbedgt ect i on
system (0]
Y applied to the sample to perform fluorescent in situ hybridization (FISH) or chromagenic in situ

hybridization (CISH).

25  [0037] A signal from the signal generator in the probe may be detected using a detection
system. The nature of the detection system used may depend upon the nature of the signal
generators used. The detection system may include an electron spin resonance (ESR) detection
system, a charge coupled device (CCD) detection system (e.g., for radioisotopes), a fluorescent
detection system, an electrical detection system, a photographic film detection system, a

30  chemiluminescent detection system, an enzyme detection system, an atomic force microscopy

(AFM) detection system and a scanning tunneling microscopy (STM) detection system (both



WO 2011/ 025442PCT/ SE2010/ 050902 used for exanple in the detection of

m cr obeads), an optical detection system a near field detection system or
a total iwbeonalssefl ection (TIR) detection system [0038irQreo10/050%01 € of

t he af orenenti oned techni ques nay be used to observe one or nore
characteristics of a first signal froma first signal generator. In sone
enbodi meat for sagpld inFhad@esioh o ndcgbeddsan ebtced dbtectsongyyadend, emadrn farid si gnal
frequency, or signal shift may be determned using one or nore of the

af or emeHtT YRRV hﬂﬁhﬁgéV“WH%§8ﬁg”@ﬁﬂiﬂ{H§ﬁ¥§9n§ﬁ$“%r nor e af or enenti oned
characteristics of the signal may be observed, neasured, and recorded. In

sone enfpegdsTeNiGhe o? nfdrd BAthc GE3I8MBARINcARChh GRSy Be fi4ddab OBV EoNe more
fl uorescence maveleﬂ%%h or fluorescent intensity nay be determ ned using a

f | uor esderasterigbeseata font siged éiom 2 firss sigpal iPnemtvodi netons, enaboslimgends, sremypl be

o aral _glsnoiar e bR BB RS Teasn St vl Shh el F B edsue
sanpl e. udifp St nesrd od tH¥RiibementiciedN@dhniduesn henk @itRldirgengoat of mdey be
anal yzed wthin the tissue saqﬁle, obviating the need for separate

ar r ay- bafgementiprqd sherrctoyistiesral the sigenl meay berabsead meeasurgdaad regosded. dnsemag,
bi of ooy earodfBbur FERT bl Eial HATMAEY AR BRCL AR RER NGB &2, e,

but i s fiedredcent ihedsityombl bSActamainedhssng pdabdbressvrte Yetedtiphrsiystematin 0dime
m croarrays. [0039]1n so enbodi nents, observing a signal . i ncl ude
captdr i %g%@F%@eSl@?al mﬁlﬁ@i@é%ef gtha is, %Q}ﬁ%ﬁ Y q?éwgf Xlae%liycffoa%cope

connect i i i t o e i
o o B LA AR AN AR AT ACRE PIAE T R

si gnal gebslimtos,  sgeh fras) the sigoalogehere)r nmybdrmabzed tvetiinathd tisdue sempleal (such

as, flugrescence signhal) obtain be. observed and recorded in.the form
R (el et A el S TR TRt S R S T R A
may be Eiﬁ@iﬁ?}tﬁ@ stofl iy beicphiatcRll FBNAhORAGT ah@USteétbd aRh L B8Rt the b{&ﬁ%i@dle bound
in the sanple using the appropriate fluorescence filters. [0040 chem cal

agett maynpbe Mghodebritee scperatips ofidicsempl may schuldi Buf is it lisnitpddd ELIDA gade 25
enbodi nent s ﬁhgg%l Eq%&fh&g%ion may i ncl ude one or nore of a change in

si gnal CARPRECEFILR; YOG ANSTO8 ™Y decrease in intensity of signal, a
shift in the signal peak, a change in the resonant frequency, or cleavage
(renmovallop3ef t e seh@B@abodiarekadBervigsabiphdl gndyninslu@d dpturgipgmanaimage of the

tissue sample. In some embodiments, a microscope connected to an imaging device may be
used as a detection system, in accordance with the methods disclosed herein. In some

20  embodiments, a signal generator (such as, fluorophore) may be excited and the signal (such as,
fluorescence signal) obtained may be observed and recorded in the form of a digital signal (for
example, a digitized image). The same procedure may be repeated for different signal

generators (if present) that are bound in the sample using the appropriate fluorescence filters.

[0040] A chemical agent may be applied to the tissue sample to modify the signal. In some
25  embodiments, signal modification may include one or more of a change in signal characteristic,
for example, a decrease in intensity of signal, a shift in the signal peak, a change in the resonant

frequency, or cleavage (removal) of the signal generator resulting in signal removal.

[0041] In some embodiments, a chemical agent may be in the form of a solution and the
tissue sample may be contacted with the chemical agent solution for a predetermined amount of
30 time. The concentration of the chemical agent solution and the contact time may be dependent

on the type of signal modification desired. In some embodiments, the contacting conditions for

10



[0041] I n sone enbodi nents, a chem cal agent nmay be in the formof a
solution and the tissue sanple nmay be contacted wth the chem cal agent

sol uti on wonoa/psadet er mi ned anount of 30 tine. The coneemtseadiooseof t he
chem cal agent solution and the contact tinme nay be dependent on the type
of signal nodification desired. In some enbodi nents, the contacting

condi t i thashéroical AN hO BARPGTh 8E2 G0 0E0 02 tarpe, thh@ksveabmpemid may be
sel ected such that the binder, the target, the tissue sanple, and binding
bet weenP'PHiBE BFHEER ﬂaenhtani?%mgéheg%fgemy _ﬁa&b Steedp sgme Fﬁggﬁwgn@nﬁpdi ment s,
a chem &éﬁi@ﬂ%@ént%%{r AN Y&k iR odah SertARBIn RO S AL a%;&ﬁ rhdiendt REEdGRd
agent may not affecf the target/%l nder binding or the binder integrity.
Thus bytaygayboflerekadipg er the boidedertegray. Thied bydeano bexpnipia rybisder naydyclode a
prinmary anti body/ secondary conpi nation. A cheni cal ent. according.to the
et Hoder e gL BB T G DR Sep Pty b e amer P e tiged
pri mar ythanddtkeid iselos&d h&&hm%zuﬂlp@ﬁyétsmﬂ%mggyn@ﬂbh aﬁ@mecp}mr?@hﬁmyrmy
essentially remain unaffected. In sone enbodinents, a binder {such as, a
pri mar yprangysathodysegendery yntihedy sonhingdenmas cscatialypempincgniicaiadi bnyonmy
remai n boun the target in the ti e.s le after ntacting the sanple
10w ¢ h iRk i 8Rh AT Gk RS FIR S P e SRR AL AT BEPS Boune
to the gonilgedtionh niafeecrhhia Daend it eargdttie theaiBiAGhiphgaftdreonasitgethekitplthe
chenmi cal . agent and the binder integrity may remain essentially unaffected

(f ob0 exWithfle, chamicehpgmbdlp some spodsneds. a-indgr Mpydemat hoang fo @%ﬁ%réeﬁ i thhe

presenc 1 . . I { i . t may
e L S e R e L PP
sone eneadimentsiallpuhififgial @rogetnplaray atxébode et red stiistamtighy datatirppr elgteof

t he probe and reprobing the sanple. . Strippin eperally refers to_any

met hod, mgh%ﬂrea@cg L @ fimies rASC R klb‘?thfrnﬁi% i ihe ghemifal e g atkeat ed
appl i cahiRBbLRler BndiR b%ﬁ&%kﬂ/ﬂ%a‘i%ﬂ{&étgﬂnﬁge@ her substance, such as but not
limted to water, saline, buffered saline,” or ethanol, so as to provide a
medi um f or di ssoci ation, dispersal, and renoval of the probe fromthe

san@ e. [00A2) onén someabeldimentssmuliiple fapgets may bedecqied theueheseppeg afithough

the use of light to fluorescent.ly. bleach,the reporter, or signal geperator,
t her obyP 87 o rebfha e RUREEGhnbind SRRy Bt BPRRLE R L HER IS These
pr ocessgaitedy, iemegp@ahest Mighing@yatpeaeldyapphcaiohiofenditiabéllg&oRitidRion9theof
the sanme sanple. [0043]1n sone enbodi nents, a characteristic of the signal
may be BHsBRSLe A but pSdingitad; tagvaps, sabiac dupisras saling ox chreek wads tageqitide »

det erm . fectiven f j i i e, a

col or  ragABRTOPLAEERBEESRr O, SIReRb AT uEIRN A AEr iRl AR 1o

col ar naybdkmais.aniltipfettergeappdy addt@itcdathrdull ticheeiof fikhtatg €hibrestantlgridador r
exampl e, fluorescence intensity froma fl|uorescent signal generator may be
obser vel® BOSFEOHSH 8@4%@0%11%6@%@10&%8@@5%1% SRRCTERT O IETISE AR A8F Vg
with tl oﬁgeﬂ&@?r&gﬁ% rna#r e $PE 8 TLRLLBEN S0 achidRGHERDR Oﬂr@biﬁ%%ﬁhe same
intensity 30 by predetefm ned anount nmay be referred to as Signal

modi fi canipde. | n some enbodi nents, nodification of the signal may refer to
a decrease in the signal intensity by an amount in a range of greater than

about 5 rcent. In_s enbodi,nent s, ..nodi.fication of the sjgnhal . refer
Fo0nt aoDoBEE O M somB BB aRMRrS E st L Hciaiat By Rt e S SLhT colBinks

t hags aboybarBfleREICEMemitdl agWP 1@ B3R5 APET ISR AL ASBRA rssifcation. For
enbodi ments, nodification of the signal may refer to a decrease in the

si gnal $xampis iproplasynayrbeabsenied befors apphesionfof ghrecherrical gant apdthe BT prwydent .
[0044] %sgrg@tere%%%% fhe ERELLISERG. SRTR R RYmBR, HOOLASHEM Wby RofECONd

pr obe usi
a fluorescent signal generator may be observed before contacting with the chemical agent and

after contacting with the chemical agent. In some embodiments, a decrease in signal intensity
30 by apredetermined amount may be referred to as signal modification. In some embodiments,

modification of the signal may refer to a decrease in the signal intensity by an amount in a range

of greater than about 50 percent. In some embodiments, modification of the signal may refer to

a decrease in the signal intensity by an amount in a range of greater than about 60 percent. In
11



one or nore procedures described herein above for the first probe. The
second probe nmay be 5 capable of binding to target different fromthe

t arget bowodohyo2sdae first probe. In enbodi nents where arppiisEadioioyoef probes
may be contacted with the tissue sanple in the first probe contact step,

t he second probe nmay be capable of binding a target different fromthe

t ar get ssobembdaymeite rhodifitatpnaliehessegnal hyseoftetoent@diasent the signliisenetysianpl e
may be contacted with ﬁs Iurg{aigtég?of probes in the second probe contact

step. 18 FOOHS ChEANSF OhBicatey HPORst$8Hs descri bed herei nabove may be
used to observe one or nore characteristics of a subsequent (e.g., second,

third, @og4) Siighsthe EmBHAiARCHR @sﬁeg;ﬁﬁlbl&ﬁé‘bef)@éd}fta&&f VRE Htsedo'ﬂdfpﬁ%e using
subsequent probe). In some embodi ments, signal intensity, signa

wavel engtetor radrg mmcedlarcedfrsonbedshegﬂa Iabcbxreefqu énd"yst [opbss i Yreadecerd froberepy e

Che 1 r S B BraR o e MRl BrrBhe R R CRGTBRAICRS R FET PP B8 prbinells *°
si gnal ) whét alphﬁdht@ﬁ))f pBsbek efagrbéefdntaete& Rethf e ﬂm& s@mplicGh t! first ©08¢ cdritt

exanple, a digitized image). In sone enbodi ments, observing a subsequent
si gnal sy the %OH%@PD%I@&E évﬁtcaquﬁﬁgofﬁn@pg R daet dvigrentafom e erast housd i lthe
[ 0046] I £ uent
(o 9. i@l S AEAPHREL Soadtibfis FARLEES oy eI BRL R Milh ARG M e
adm ni sprvobds ianhayolxepiobpeaited sP. nul tiple tinmes. In sone enbodlnents

after observing a second signal fron1the second probe, the tissue sanple
may_ be t he si gnal m t he second

act with a chem cal d| f
pr oe. Rt her ﬁmeé)r mpre ﬂFtFﬁloﬁrfBﬁtBO%%‘i}fs Segdiciubere mer e o Qatre QLR e,
wher ei NmbRehhRiclcsidsATe sTBY¥q Q@ht‘%@gaﬁ’éc%n@fthi?ﬁ@éﬁﬁ ol FRNIE ke Bhl tehgnt from
the first and the second probes kew se, a signal fromthe third probe

may be gﬁnsemre(gres@it Inomduw:qa@n Ipradw).i rsoofe emtﬂmdlmalts tggemtensity, stmiaf y t he

si gnal . cgnt acting,.. and obser vi be repeated
L or at VaYger e B LBF ey S ol s S SR RR  r
addi ti omate df&h@ﬁb&rﬁéﬁtlﬁﬁ&b/ﬂeéiml 8. B&Rilarth m firSf QEiRtd QBscaettsighal @bt ety of
targets using a variety of es and/ or gnal enerators [0047] I n sone

enbbdi nexsiple, 4 fherqse@lCéﬁlgm @b@lﬁ@éynadéoecr@m afarm efiredigital signak@orpl e i n

30 a se I r n e
sanpl Z 8%& ér%ré11 odllmrré%)t' ?R a]!nsggllbgg ot el Bt%g&g%? Q‘?’%S\éﬁ g;lgnéﬂ}&@i ?SZ
pr obes inpluddeageting arpyptieel imrgbaﬁtl&dlsmdﬁampm 2011/ 025442PCT/ SE2010/ 050902

[0046] In some embodiments, after contacting the sample with a subsequent (e.g., second,
third, etc.) probe, agent modification and subsequent probe administration may be repeated

20 multiple times. In some embodiments, after observing a second signal from the second probe,
the tissue sample may be contacted with a chemical agent to modify the signal from the second
probe. Furthermore, a third probe may be contacted with the tissue sample, wherein the third
probe may be capable of binding a target different from the first and the second probes.
Likewise, a signal from the third probe may be observed followed by application of chemical

25  agent to modify the signal. The contacting, binding, and observing steps may be repeated
iteratively multiple times using an nth probe capable of binding to additional targets to provide
the user with information about a variety of targets using a variety of probes and/or signal

generators.

[0047] In some embodiments, a series of probes may be contacted with the tissue sample in
30  asequential manner to obtained a multiplexed analysis of the tissue sample. In some

embodiments, a series of probe sets (including about 4 probes in one set) may be contacted with
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the tissue sanple in a sequential manner to obtain a multiplexed anal ysis
of the tissue sanple. Miltiplexed analysis generally refers to anal ysis of
mul ti pl e wergat®sia» a tissue sanpl e using the sane det epCirGR20M05B0L SM
[0048] I n certain enbodinents a kit useful for carrying out the nethods of
antigen retrieval 5 described above is provided. The kit may conprise one
or nor ethotistussamplei igascqehtialaviaines @l eitainasnulfinlexéd inatwys dltbotifsue tdmeyple.

conprise instryction for e. .[0049] ] n. same enbodi nents,. a kit will include
one or Nul@TeH iafl?lasﬁager}eé%@efﬁfe[f$ Wﬂaﬁkﬁﬁﬁgﬂ%‘ilﬂ? fyech ! Hltsue spRle upgg the
exanpl ey ldHcsQRBn aiRRgliggnts, the kit may include a signal generator such
as a chronophore, a fluorophore, a Ranman-active tag, or a radioactive

| abel . The 10 kit may al so include reagents, which may inprove detection or
anpl i f y[00A] si dma¢rteas cibedimchied kabwesul ifercdanrdinggut thetmetbodd dfrentigen tegicval

pol ymer ase .enzyne, . ot her, fer. netal .cations and.salts. [0050]/n

Dot aataer oGl Tofifed wbistiP me BB i O B b RERIM g devi ce
10 is des@ionbedhé Rit negi@ciuithig @nipkealsdatyaeit uxed tissue sanple 15 with

t he aforenmentioned antigen retrieval and other washing and staining

sol utions. The sanple handling device may be 15 conprised of a sanple
handl i nl§042%bsy dr semoembedimanisenliémiill ichysispar 9 moih iy spgentiocert ai n

enbodi ”1‘83?‘11,[ os{aﬂﬁn%%%ﬂ Gy, rseQalinggfel,emhdsg)Hﬁl ShiaRheflS tRC kit 9{%@%@?&%55 R0

I n one e e iments, the sa I ng device may i ncor porat ed
as a coggqormttsuch assnclanmbyphorcal flawuploee R Imasacive aag, omatalibdetightabblr hghput

systemthat is capaple of staining and i ing formal.dehyde- fixed tissue
sanfl e ihimgn g jad Ut TERRF Y MRICh W@FO&%’% 8 of ﬁ@Pllg’atgéél.gn%‘(fS chwspds
such, i {hoQ8 e @R LT L1NtRG 8 Yl At ARY ok UstBerdb T RID hR 1 3Bl dsngd ssRsy st em
for positioning and nmoving the fornal dehyde-fixed tissue sanple for

anal ysis and a reagent dispensing subsystemto contact the sanple with at
| east olf#@5Qf alf pecordaane Wifeene empbpdivent, s bhavibm F1&. 4 econplaimidgendeaes i eval

sol utiof, ..and_an . i-nmunoest ai ni-n nt. The saml e handling. system nay
vl el REf R C e REh L KRR Mo ST A 1 L RN o e

to the gitigtn rdfead in RPN Eshitd e dSEIBhg soldone TR aaplethndiifhdéeagan be
usi ng one device, and noved and affixed to a stage for imaging, the

movientorgiseh ef & sapplc handimecuhwstsm Abind 2 reagend dirgensing Subsystare 80 Jorcattes
into am - Vi L3 IR h iJFagl ng
field. ?ﬁ%@giiﬁg%ggg é%%ﬁ%@hg?g%m?%c 4 éﬁg&gégnahﬁﬁé?%g%?owﬂgﬁbsysten1(not
shown) ¢mbakptnts.ehé sagds haddlinhelcsizoplay Hehinaupdratcias atcampomgt pf acaméyticihe
i mge .be captured using.various 30 illumnation sqQurces. In certain
enbodi g@%{f@, suglh @%@@@gﬁmﬁémﬁw SpFp 1Bt tespre R A RS EHgeEcapabl e
of capt gt AdcRARK- HkaNEERE Ll n iyt iBeR RfhiheasaRheiRlgNar i ous
20 [0051] As such, in one embodiment, the system may include a sample handling subsystem
for positioning and moving the formaldehyde-fixed tissue sample for analysis and a reagent
dispensing subsystem to contact the sample with at least one of a first antigen retrieval solution,
a second antigen retrieval solution, and an immunostaining reagent. The sample handling system
may involve multiple components and allow movement of the sample from one area to the next.
25  For example, the sample may be contacted with reagents using one device, and moved and
affixed to a stage for imaging, the movement of the stage being controllable. The stage may be

incorporated into a microscope and capable of moving the sample through an imaging field.

[0052] The system may also include a signal detection subsystem (not shown) to capture
images of the sample through the staining process. The image may be captured using various
30  illumination sources. In certain embodiments, the image capture may be part of an imaging

microscope capable of capturing and transferring a  digital image of the sample at various
13



13 WO 2011/ 025442PCT/ SE2010/ 050902 magni fications. In still another

enbodi nent the autonmated system may include a conputer-readabl e nedi umt hat
may i ncl wsteoimas4qect i ons for the automated techni que fecTisheoiansdysi s of
the stained formal dehyde- fixed tissue sanple. [0053]1n other enbodi nents,
t he sanpl e handling device may be capabl e of cycling 5through nultiple

st eps ohagtificg®ns.r bt stilleanather Ebodiematethe autoageidsystemnmagy ingludandostputeppi ng of
the fluor ent probe. Staiping may al sq involve | oper oxi dase | abel i ng.
In one ¥ Wﬁwp%tﬁafdp%waﬂﬂggmafmwa%?%i?%%@ﬂ%fﬁgiwaﬁg? R Tty ot

3- am nog, @@l e AEAE HREGssudBnpRe used fol lowed by renmoval of the AEC
precipitate, optional "further 1 nactivation of the peroxidase with a mld

peroxide treatnent and repeated staining In other enbodinents, the
f | uor esl®@h] pr dbethengmbedim@ntss thi pareplc hhndingtdeaice meayi wadapelle af exshing a heat

treatmept or a nbj nat jon. t here of [ 0054] The sanpl.ing handl i hg.devi ce may
bt ot 2 SUERTRIEE o Al Rl AR et T ABHE R P s PR, o
di spl acgigdcef probie Seaiipg ehagitbotibvalhe ihMun@REigselabelihd. iTpbee BMbEEARNI 4h One
ti ssue sector or cell sanple. EXPERI MENTAL 15 Met hods [ 0055] Vari abl es
t hat af #leeholsplableingraidasesubsirate. 3-aminen?-cthiyicarbazale 4AEED) raet bowscdfollayeed
sensi tiyl . e anal v [ desi . i ( DOE)
appr oach s ML e R AT SrAOmE R P S O BeBliR G TR L
sequencgerotitagestment hdaepgatadethiniapNin athZedrsodehtsrbe fluditssencprobe apg bat 20X
or 63x magnifjcatjon, Quantification of the inmages was done 20 using G\U

| madfe NHFPRSY tiough a shergicakirqaanmy a bet {rgaimenton & cAMRIN#HPIAbeT e pi xel
intensity per area after subtracting background pixel intensity from

non- st ajops4 ar s -sarﬁﬂl%?%dﬁh@‘@évi&é%@ﬂ% htoMARdGaEIE thhAthe tasplt ReclavRLRge of
10 images of the sanme tissue. [0056] The followng materials were used for
t he st uebeur mumtantoamioiiza ldisplassmentvd shef sapypleaandapiast i rodppsgefoesltialednankelsuded

sanpl es. f or  br east rostate, lung, colon, placenta, salivar
Al in one tissué sector or cell sample. 9 P y

EXPERIMENTAL
15  Methods

[0055]  Variables that affect the signal to noise ration, which is a reflection of the sensitivity
of the system, were analyzed using a design of experiment (DOE) approach. Variables included
temperature, exposure time, pH, and washing sequence. Images were acquired using a Zeiss
Axilmager Z1 microscope at 20x or 63x magnification. Quantification of the images was done

20 using GNU Image Manipulation Program (GIMP) software calculating average pixel intensity
per area after subtracting background pixel intensity from non-stained areas. Average pixel

intensity was calculated as the average of 10 images of the same tissue.

[0056] The following materials were used for the study: human archival tissue was from a
variety of sources and included samples for breast, prostate, lung, colon, placenta, salivary
25  gland, lymph node, brain, and skin. All samples were from tissue archives. The specifics for
fixation used are unknown and are presumed to have followed standard pathology practice.
Antibodies for AR were obtained from Lab Vision Corporation (part of Thermo Fisher
Scientific) and were conjugated in house with Cy3 and Cy5 fluorochromes using standard
procedures. Citrate based antigen retrieval solution was obtained from Vector Laboratories and

30  diluted 1:20 with a final pH value of 6.0. A Tris based buffer consisted of 10mM Tris
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25 gl and, |ynph node, brain, and skin. Al sanples were fromtissue
archives. The specifics for fixation used are unknown and are presuned to
have fol Iwoediishandard pat hol ogy practice. Antibodi es fecTAR20v08090Dt ai ned
fromLab Vision Corporation (part of Therno Fisher Scientific) and were
conjugated in house with Cy3 and Cy5 fluorochrones using standard

pr ocedufteghydbkymatteylpasi@admatihhgen r ehM BLAT'A s@lthytl ¢rediawdsctetbtaastive deidy,onto
Vect or |abor ries and 30 diluted 1:20 with . a final pH.yalue of 6.0. A
Tris ba Sl ?p@:lwéasﬁgwfl@ar o o 4 gl U%‘Bﬁ&ﬁé@‘ﬁf&%@@/ %@%_@2
(tris( hq@}saéa/m@; Lok @ThRHYELABRdard hdmIMERKE chEtd W LRSH AIHERLAL Laamatl ¢
acid), 1% Tween-20 (pol yoxyet hyl enesorbitan nono |aureate) to give a pH

val ue ofov&r(forde nfinges and mehlly nmmeosaded 10x st ock sol ution). A standard
hone pressure cooker was used for heating, set on H power, for 20 m nutes

et ontoady o bR By AR RE PR e abEoal BB B SR e M ng

t he waxatfasemfériehsamnd eenseid OB wiiktfford the ehpth@tten witBamidechdgRMearihf wWas
found that baking the sanples was not required, but was used through out as

a st andigcat. pt ses fevad thaybseng e wambisesasgor eequied byt veesseddhionel aeiisa seri es
of al coiq%day}gglgﬁé of decreasing 10 concentration (100, 95, 70, 50%

typi cally), ¢h'For 2x 10 nminute washes, and then brought to saline
conditions in PBS solution for 10 m nutes. The sanples were then

pr emeabl00zed wWilidsaanpbesi vedre tiroagtroestedithroRElSa saidsaif mlcobo 10w 8%esTof deoreading 00

foll owed by a retrieyal_ process. 059] The, retrieval process, i ncl uded

pl ol ngeaREnELRR( 0" }5317&? 30Ggpvien ,9&10}-_ & Hmae W@ﬁ&l 0@3)“% a
Pr essur & 1ia0ekRfiticts iPBSAWRY BN o 1 PRRTUEST ML 8hip RO Wt bR BrenfihbliZg vaftfa Of
15t he heat cycle, the sanples were placed into a preheated solution B

(ci t r at i dicatnanh ingPB$ portainggHbAockt1tom Xrb¥) follp whd by aaddievdl prnadessheat . The
sanpl es were not transferred to a cold PBS solution in between the two hot

solutio nor.exposed t o additional heat in the sec .sol,uti on. ter the
Samp! eattopl e EERBRSUPeRP Bt Pl e ol R SPRBT i Ehnill

20 m nuiBShwech?®) FraPlessira\edoker daRebW Ve PESpxdemaiched (y miut@l Atah@sd of

addi ti onal processing step 20such as bl ocki ng or. peroxi dase treatnent (for

endbyendadegereii Basemplgareraniasedryto rmoBoicd srbition FcastergiutionerH Ghier go

! ””“”O'I‘E'e%ﬁe%‘:%hl%fr Wl ta?di{ibﬁﬁ 5@'@9 s&h femgao'ot%hggﬁ%@% FhigpBson.

sanpl es may be cleared of signal and re-probe 1or “addi t1 onal anti gens.

[ 0061] Adhetionah ibesvegn tisd et welutopy acespestdus iadditiandDihsatdr dieys(ccdnd¥blution.

Aut ost aIAPtgrrthg \s/aenrlllgng 1% the second solution had come to room temperature (approximately 20
minutes), the samples were rinsed in PBS extensively prior to any additional processing step

20 such as blocking or peroxidase treatment (for endogenous peroxidase inactivation).

[0060] The samples may then undergo immuno-detection. After a first round of immuno-

detection detection, samples may be cleared of signal and re-probed for additional antigens.

[0061]  Alternatively, slides were processed using a Discovery® XT Autostainer (Ventana

Medical Systems, Inc.). using a program setting similar to the manual process conditions. After
25  bar-coding samples and preparing reagents, slides are loaded in to the autostainer and processed

as follows: samples were heated and dewaxed by rinsing in an EZ-prep reagent (wax removal

solution for Ventana Discovery XT). Antigen retrieval was performed using CC1 and CC2 (two

solutions for antigen retrieval supplied by Ventana for use on the Discovery XT autostainer),

Tris and Citric acid based solutions, respectively. For the purpose of comparison to the manual
30 two-step method, short and intermediate time antigen retrievals were conducted which were

referenced as mild and standard in the Discovery XT Autostainer program. It should be noted
15



Medi cal Systens, Inc.). using a programsetting simlar to the manual
process conditions. After 25bar-coding sanples and preparing reagents,

sl i des arwol0ongdaskn to the autostainer and processed agchskbawssoosanpl es
were heated and dewaxed by rinsing in an EZ-prep reagent (wax renoval
solution for Ventana Discovery XT). Antigen retrieval was perforned using
CCl andth@Gh futovoatsd kytérms) sisfuersampics gerrinset beteweah tisutpiol anederbyetrident e, & or

use on the Piscovery XT autostainer), Tris and Ctric acid based sql|ytions,
r espectlfv&lffereﬁ%ﬁbem%enpta? pusRalgroEs %%Pil"%e&nh%m%@w ROt s OIS _
met hod, wshokdn @fed MbRIMGdHSidd M tﬁr&&@seﬂ%rth@m-aﬁwaﬁua%@lﬁ&&.ed whi ch
were referenced as mld and standard in the D Scovery Aut ost ai ner
program It should be noted WO 2011/ 025442PCT/ SE2010/ 050902 t hat on

aut omat Resuliy snepbservatiogsie sanpl es are rinsed between the two antigen
retrieval steps, a key difference between the manual process described here
and t he d pr - S re.t i al | Q si de
ol ool ot es Lc B R e e TR P R A H AL RET U8 hREE, Tone 5
[0062] piostatesBsiaf scatiordneisagieinlly estepédfor aidly 19 dYhik oo méghEet vanclafseRid 1

human archival prostate tissue sections was initial l@%) sel ected for
anal ysi @¢ lagkjof dgtsaigbls atanahpipducced awa taniag tsglongdn theabs@gice QEeRItPShI e si gnal

pr oduc Eﬂlgn{lgti AbR).1 § iﬁgpﬁot BE bARERNGLarftizef Rhi@8En ,fa{{Pa%&ﬂ“ﬁris(TQf?&
shown) . I ng -t co n buffers for anti gen Uniaski ng, citrate or Tris,
and tr etatating tlicheangdsptbe20 morut@0in i presser® donka spriesg of modaakantesdigi wang of

noderate intensjty s 10 produced usin .fluorescent dye. The citrate
unntski HGIWSHIPTS OEWafnt\ﬂéng'Hlfscéﬁ‘j‘tF EB‘?%Q%‘F& OGRS a&%&g&ﬂ@ﬂﬁ%@f&%ﬁ f or
det ect | QRdnIfBsQYprdtotd! fof H¥teOortSHA R 8¢ 8aric YT ABo FQN AV bl QR WGk iEnd €St ed
including Gtrate alone (set 1), Tris alone (set 2), Tris then Ctrate (set

3), andwdicttestedeintludmgTrifrate (adome (g 1), Alrls adaredistti2onErisvwber Citede édt Hnawd | des i n

triplicate xcept .t control...sanpl e ere.ten sl.ides were, stained to
bot ool Gl FREERS G0 A bRl VhesF Bol kiR nribicife, S5 B onFilonss
used t h@nipddy Whert @ shBeantichaed tolcbaved dpasaaicantdsarmtht h donkey
anti-rabbit Cy3 secondary antibody. Al data acquisition used equal

exposure times and i mages were collected i mediately after staining As

sholin iWOf}lG 2A firsfechiginfxpprimene bied the bab YedpAK @ﬁb@d}b@#@%ﬁh&ﬁé@m to
st ai ni ng.: : e it at NN F 2 1S a
ronochr i S0t MISAEPCRSLEDula Sl ANE RqBlithh SoPtdifeoxdtlfiy i
20 usi ngpdantages wtrepopeoaktaumediatbQ06e] staingeneAalkhowoin BI&ch tbetwmbtep biadtes, a
two fold or, nore increase in staini.n in:fgnsit was observed for AR with a

Yy
t wo- st efOMdeh 8 §1ERY 3R SR Ment nttdipne dopRevhepicpapareddq SRR CE GO e at ed

sol uti ofoMeE1GON]s" bt dicaldags bi 8 %ta'itﬁfé% ?ﬁ@vﬂﬂg BnfaAt& sthihfi® dﬂfthéﬁght

m nutes. The first heated step was done un pressure in a househol
pr e¥s ur eignoker sttpprogbdure.he experi nental 25slides. After 25 minutes, slides
fromsets 1 and 2 were put into a new jar of preheated sol ution

[0064] In general, for each set of slides, a two fold or more increase in staining intensity was
observed for AR with a two-step method compared to a control sample. Time of exposure to a
heated solution was controlled with all slides receiving a total time of 50 minutes. The first
heated step was done under pressure in a houschold pressure cooker for all the experimental

25  slides. After 25 minutes, slides from sets 1 and 2 were put into a new jar of preheated solution
(same solution as in the first step heated in separate jars while the first step is underway) and
allowed to cool in the pressure cooker (not under pressure) for an additional 25 minutes. Slides
were then washed in PBS and stained overnight at 4°C with the primary antibody. For slides
from sets 3 and 4, the solutions were changed to the respective conditions, as described above,

30  during the latter 25 minutes of treatment and processed in parallel with the other sets.
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(sane solution as in the first step heated in separate jars while the first
step is underway) and allowed to cool in the pressure cooker (not under
pressur e)wbaniansaddi ti onal 25 minutes. Slides were thercwassbadosoPBS and
stai ned overnight at 4C with the primary anti body. For slides fromsets 3
and 4, the solutions were changed to the respective conditions, as

descri b@doabovesvedlgumungtidnlenltiat tver-st2d procaditre sveaf alia eattddntonapdrmprtaiessed
in parallel with the other sets. WO 2011/ 025442PCT/ SE2010/ 05090

[ 0065] S¥§Sr@enRnich theiwo splufiges W%%?ﬂﬁg‘%&%e@aﬁw iorouly <X fikraes | o
one perutalik re SERNIEFBB aid] ThoMHoRRydshBed MRt BN LESthWBESG Wr&skedi d not
influence the results. No differences in results were dbserved if the

aci di c sw$auti on was used first, followed by the basic, or vice versa.

5[ 0066] O her pernutations in the method proved to be detrinental to the

pr ocess; se~lncl uded re-pressuri zi ng the.sanple fqgr. t.he seco heat i ng
Der 1 oa. 18R veQiEh BT uiof T FE BEIE PPl B A e Qe IR SR80 o of
t hese cihangesrd@sstutigilgitie Qnthl@fRihCscb@sBha@ting pssdie ahd GBHIALISPBSIe and wer e
t hus avoi ded. [Q067]After testing on primary anti bodies to AR and detection

with selbiversy e finttiapd srcend stepeyBothiof drose ghangey iggelfcddn ARramaticdes afdisgier e

t est ed. é&QBéﬁﬁmﬂﬁaV%§§IM§5%ﬁ &Pnd using the direct conjugates whereby
enhance% stai ni ng was o%serve I'n testing of a wi de sanpling of other

commercially avail abl e anti bodi es. The process has also resulted in
enhanced067hai nAfigr tastinggnapritar entibddiesan’eR endadetegputad eviihespithrepitibodes,,

whi ch are_qften unstable and.prone to degradation in retrieyal. processes.
15] Hbssé?r%ﬁge%%@aw@d A al&ﬁ@&l@é S fFicRd %FB_ gL Wa?ﬁiafque i8R SN as
pr ot ei NegnRlaik '\ﬂﬁrébﬁl%ﬁheﬁﬁgg_sﬁalnz%" ERadWIRES QN fcB8Ty J8f Wide\s@hp iR HasiBehave

been showh to enhance protein raction and recovery. The procedure nay
al so hasenmersially avaisbic adabodice Thecqroceds basedto rosulfed onmefaRECd $teismgsisag aa

source of proteins for, proteom.c analysis. . [ 006 I n ot her enpodi nent,
The | nvRiIRGAT it B T FRe R icpraro prt, by AR Bra SRS

anal ysi gograidibe &l teitieviiitbec&adgpl € undergoing FISH or Cl SH analysis will be
exposed to a heat pre-treatnent step prior to DNA denaturation and probe

hybri di zati on. I n accordance with one enbodi nent the two-step procedure nmay
be BubstoPpdk edThispracadurp sy ahyode appledrvother applisationsueh py protdusektigied t o

prepar eﬁ&ﬁ%m%esm% gnt?%e%l(?étbite{?al %dp%géi;rha% l.%_el]pasﬂ ¥ % ?nhaﬁée\%)rogéif hows

monochromati ¢ m crograp X an magni ficatiron) s ng enhanced
st ai ni nektuasiicgakbreeovonn Bhicejroprdnceniay elso have wmslinh igbecaphirShiianalisgsit®mnof Br CA

tunor u in%:v?{lous antibodi?s. Met hod Conpari son
om FFPE tissues as a source of proteins tor proteomic analysis.

[0069]  In another embodiment, the invention may be used on FFPE samples prior to FISH or
20 CISH analysis. Typically, FFPE sample undergoing FISH or CISH analysis will be exposed to a
heat pre-treatment step prior to DNA denaturation and probe hybridization. In accordance with
one embodiment the two-step procedure may be substituted for the heat pre-treatment step or
other procedures used to prepare the tissue sample prior to FISH or CISH analysis. FIG. 3 shows
monochromatic micrographs (at 20X and 63X magnification) showing enhanced staining using

25  atwo step procedure in a multiplex FISH analysis of BrCA tumor using various antibodies.
Method Comparison

[0070]  An automated process was also evaluated using the Discovery XT Autostainer. There
were differences in process conditions between the autostainer and the manual two-step process

related to the operation of the instrument. For instance, the autostainer used heat and detergent
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[0070] An automated process was al so eval uated using the D scovery XT

Aut ostai ner. There were differences in process conditions between the

aut ost ai ngo 2angh2sd¥e nanual two-step process rel ated to trhe/sepaoasioon of the
instrunent. For instance, the autostai ner used heat and detergent WO

2011/ 025442PCT/ SE2010/ 050902 to dewax sanples, while the manual process
used t hte dvonax saxples,Hivldteahd oiaaedl ravaxs wed alid mg-toerdeintocldioa T or)k. cl§0mg 1]
Formal i n-fi xed, paraffin-enbedded (FFPE) LNCaP cells (Anerican Type Culture
Col | ect ieR%M SOQkar yl and) were stained for S6, phospho-S6 ser235/236, or
phospho- S6 5ser 240/ 244 after the cells were prepared by manual two-step
ant| gen[olt)?%g[l_' eVl R Il DRGa B BabeRBcPYFEMD) INCAP &11sTRIESn WHHQulilie.

Di scovery autostai ner. Wiile anti %;n retrieval was acconplished using a

manual Gellestipo (ATEE, Maodesd  walt sthioced hodi, phosphotideci?ad/ 230, eradoertior$® si gnal

remgval / ifi,catign and restaini In t cases..a reductjon i.n staining
Fooul & sl Plad i B AP Bt AT Pl SERER BT REMSH BRe B P B
For S6 & G@ihmehemk0s8s KinSihaiDikddged 0X T attebfaRr alhid artipsh r@rievdl aupd of

signal nodification using the automated net hods. In all cases manual two

st ep neddgse@Ppyhsdiugingg maBlabeisautqypeed pipsessodifistensescricra wbrgesd insReuehtiAlual t wo
step nef. . It vt talnir i

phos pho‘%lgr%1 ? { %%%%I/F@g%tllﬁg 3‘3‘? 1?6? {eaﬁlél%\eﬁg %Ors\g@%%f gs rdgk tqelcg] |ﬁnS Tta%?é:‘g relf,ultsv\ﬁf"lrloglh is
a graphi or 5 eghglaendifitdtion sadfps asigy i dut@hatve syatsmh. oir $6 aaopaldte hst bstainaat er
epitope stability provide y the ual two-step 15antigen retrieval

met Hbd Comisaradar ust QRIOR %ﬁ%@%mﬁggn@é%%gsm&ﬁ@ iR msﬁlﬁe@- Inleqigest i es
are shoyn, ey alydkh ﬁ&tﬁda‘;‘péﬁétﬁg%hh@ges@{nfeg%at% ALEDERR: T ﬁr}es#ﬁﬁé HEJ Gep

prepared by three diffe waxl ng and antigen retrieval and
subj ectmdthbd aBp showahldssssensitiniths whén kthmaghiithgr plefsphe cpigipeg st ai ned.
Quantitative analysis indicated the manual two-step nethod best preserved

th ti - Dt f t it .t . pr.ot ei ded.
i 11 or BT 1y et RR e TR 88 b iy Vst A CEPLTRBRONALAAY epi t ope
ef f ect, quatitaki08 SndfsiPEhiring tHhiBates ep’ﬂ_o?_@ s@bM pioRridet By the mahiL Bvéls
nmonochromati c m crographs (at 20X magnification) of the bleaching effect on
ant 1genasigee sraval mythodecompaied to twip autpmgtodiregasesr Bra dvetagr it Héensitss eigo

¢ t ) ; ' . . ' g
e BRI EAE e LR B AS T SIOAEh A LDy Ug e o

t her eof dewbténgf anlegdpagreaidhodinomol saml sibjcbed ed Of B ahd SheunBnrsibitaciedg befoad |
respects as illustrative rather than |imting on the invention described
her ei n. berhbstaingh eQuantitpfaye) anglyis inscated thy paanupldvesttaympthod Rest REgsengedec! ai ns

rat her than, byidlend ft@?é%idﬁg AE36L bBtdiPRsp G Al FerGRRANY &5 bicAdH: M thi n
t he rrear#ﬂ gn'an1 r angeg 0 eunva enf%y OT? tlr)'ue cTiali rreér ar egtier eﬁ?éq\?ﬁ% ended
t o be emby ackcitd hpredominantly epitope effect, not loss of protein. This is also shown in FIG. 5,
which are monochromatic micrographs (at 20X magnification) of the bleaching effect on
antigen-S6 comparing the manual two-step antigen retrieval method to two automated

Proccessces.

[0073]  The invention may be embodied in other specific forms without departing from the
25  spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects as illustrative rather than limiting on the invention described herein.
The scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning and range of equivalency of the

claims are therefore intended to be embraced therein.
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WO 2011/ 025442PCT/ SE2010/ 050902 Clainms 1. A nethod of antigen retrieval of a
for mal dehyde- fixed tissue sanple conprising the steps of:
i ncubat i ngot2ba/2emmal dehyde-fi xed tissue sanple in a fi pst/sapiigso2
retrieval solution at a 5Stenperature of greater than 90 C, transferring the
formal dehyde-fi xed tissue sanple to a second antigen retrieval solution;
and Chonbati ng the formal dehyde-fixed tissue sanple in the second
antigen retrieval solution at a tenperature of greater than 90C 10 2. The
met hod f cI h rs n nretri vaI sal.uti
compr sbs o Buraaed WS BePtiiag ot Drie v ror BebfetnSsRm B LA abou
7 and tﬁ@mggpond antigen retrieval solution conprises a buffer solution
having a pH range of between about 7.5 and about 11; or the first
antigen retrieval solution conprises a buffer solution having a pH range of
15 between aiewhating shegfesmalgeltdesfixed rigsuctrempbecis idfiratrantigemratieeviel galationslaut i on
co i ses r Q?x;ng a pH range of between about 5 and about
ng% Thtéﬁ%#%@% ﬁé% &%Rﬂb erein the buffer solution having a pH range
betmeen about 5 and about 7 conprises citric acid, potassium di hydrogen
phosphat e, bariséraag the fdined dyhlydbdixbd tiswu sampliedo a second antigen retrieval solution,
pi perazi ne-N, N - bi s(2-ethanesul fonic acid), dinethylarsinic acid, 2-(N 20
nDrpholln@?%thanesulfonlc acid, or a conbination thereof 4. The nethod of
claim3, wherein the buffer solution having a pH range of between about 5
and about 7Ci‘ﬁ%a'tlﬁg%&fohhhlﬁel%@'e%xed%ssu@%m% A9k Qlofd AtPer retﬂ@@d’l §6lﬂt1(t)1he
buf fer solution having a pH range of between about 7.5 and about
| conpr i sest @ tanyErarane ok greatdnyhan B Gyl anine (TRIS) , 2-(N- 25
nDrphollno)ethanesulfonlc acid (TAPS),
N, I S{ 2- hydr oxyet h | B|C|ne) Nt ri s(hydroxymnet hyl ) met hyl gl yci ne
(T??gln%) iﬁﬁﬂﬁ&%%éké n¥? e{ﬁlpera2|neethanesulfon|c acid (HEPES), 2-
{[trls(hydroxynethyl)nethyl]anlnolethanesulfonlc acid (TES), or a
conbi nat i on thbéireahtiy¥d 20{k1410354ba RCHPSERAURD 08I0Hon bavidhe pHetrlvad off cl ai m

5, wherein the buffer solution having a pH range of between about 7.5 and
about | le‘éWﬁ%‘r gboyt> g about 7 and the secondgantlggn retnev%l solution comprises a buffer

solution having a pH range of between about 7.5 and about 11; or

the first antigen retrieval solution comprises a buffer solution having a pH range of
15  between about 7.5 and about 11 and the second antigen retrieval solution comprises a buffer

solution having a pH range of between about 5 and about 7.

3. The method of claim 2, wherein the buffer solution having a pH range between about 5
and about 7 comprises citric acid, potassium dihydrogen phosphate, boric acid, diethyl barbituric
acid, piperazine-N,N'-bis(2-ethanesulfonic acid), dimethylarsinic acid, 2-(N-

20 morpholino)ethanesulfonic acid, or a combination thereof.

4. The method of claim 3, wherein the buffer solution having a pH range of between about

5 and about 7comprises citric acid.

5. The method of claim 2, wherein the buffer solution having a pH range of between about
7.5 and about 11comprises tris(hydroxymethyl)methylamine (TRIS) , 2-(N-

25  morpholino)ethanesulfonic acid (TAPS), N,N-bis(2-hydroxyethyl)glycine(Bicine), N-
tris(hydroxymethyl)methylglycine (Tricine), 4-2-hydroxyethyl-1-piperazineethanesulfonic acid
(HEPES), 2-{[tris(hydroxymethyl)methyl]amino } ethanesulfonic acid (TES), or a combination
thereof.
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7. The nethod according to one or nore of the above clains, wherein the

for mal dehyde-fi xed tissue sanple is enbedded in paraffin. 5 8. The net hod
accor di ngvoeoomesae nore of the above clai ns, wherein tlperfsepamiosi®bhy de-
fixed tissue sanple is a sectional portion of an organ or tissue, body
fluid, a tissue or mcroarray. 9. The nethod according to one or nore of the
above c6ainsThwﬁmﬂmﬂnfthﬁnanh&amnh@bsﬁ@pﬁhmbhMaﬁhgaﬁﬂ{$m%ﬁmﬁMg&menabmheva
solutlo g the econd a&h@gen retrieval solution conprises incubation in
a heatl gh BFm%“ﬁ% of greater than ten minutes. 1010. The net hod
of cIa|n19 wherein the heating device is a pressure cooker, autoclaving,

wat er bath, 1Rt mpihdl ccofdiff V6N Eor rﬁ&r%%@“tﬁ%bb@ Blair¥, wﬁﬁf@i’ﬁ ﬂétfbﬁﬂalaé]ﬁzﬁ@ﬂf
11. The met hod according to one or nore of the above clains, further

conpr i siixay tishes sange sfembedderbingazgdfiiing of anti gens. 1512. The method of
claim11l, wherein the inmunostaining conprises sequenti al i nmmunoper oxi dase

R T S G R S e

cl aims, ‘whereinh or ma ssué sanple under

Cl SH anﬁieyiSt[sSue Qithpld ih.a sBcthdrial petion oF bm BxaN@r esbuk deyds fluid,a tissue or microarray.
f or mal dehyde-fi xed ti ssue sanpl e, conprising a first anti gen
retrieval solution that retrieves at 0%§1 a portion of unretrieved

[

anti gend in hemstipgpecordifgto one or more of theaboym glaupy Meteit e MPAINEHERY i on
that r e\tvfth %%s@énﬁ%g@?étrl&%%lﬁtfm@mttﬁ@ KeddRé tah@é%nQEtn%@él?BﬁhBh @Hﬁpr@e@t I gens

in the sanple. kit as I1n claim11l4, wherein the first antfgen
retr|ewahﬂm@bumlmhaﬂsgabbméﬁ@nammbdmﬁgnmhaﬁmmgmanmmhﬂange bet ween about 5
and about 7 and the second antigen retrieval is a buffer solution having a

pH {AN9fp, of ﬂ?et Mehod 38 alrng v%hearrellcril Reatlngldewce is a pressure cooker, autoclaving,

water bath, hot plate, microwave, steam heating, or combination thereof.

11.  The method according to one or more of the above claims, further comprising the step of

immunostaining of antigens.

15 12.  The method of claim 11, wherein the immunostaining comprises sequential

immunoperoxidase labeling and erasing.

13.  The method according to one or more of the above claims, wherein the formaldehyde-

fixed tissue sample undergoes FISH or CISH analysis.
20

14.  AKkit for retrieving antigens in a formaldehyde-fixed tissue sample, comprising:

a first antigen retrieval solution that retrieves at least a portion of unretrieved antigens in

the sample; and

a second antigen retrieval solution that retrieves at least some of another portion of

25  unretrieved antigens in the sample.

15.  Akit as in claim 14, wherein the first antigen retrieval solution is a buffer solution
having a pH range between about 5 and about 7 and the second antigen retrieval is a buffer
solution having a pH range of between about 7.5 and about11.
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WO 2011/ 025442PCT/ SE2010/ 050902 16. The kit as in claim 14 or 15, wherein

the first antigen retrieval solution conprises citric acid, potassium

di hydr ogewopbogpbate, boric acid, diethyl barbituric acipdy/Sge@ensmbne- N,
-bis (2-ethanesul fonic acid), dinethylarsinic acid,

2- (N-nor phol i no) et hanesul fonic acid, or a conbination thereof 517. The kit

as i n cl@i m Tk lar aslia, cladmelrdesrnl 5t bvheffehrtklb fiasttan g eeicraledsohltion @buiprieds citric

[ itri. ' 18. T i to .one or nore of clajns
(1:2"1139' "k Pl R @@e%%?a Pélﬁﬂ?qé 'b%f? gﬁéfﬁétﬂglohag@%w aCYirpcERTC- N, Wb
tri s hy@draxyegiibmio ABHN YIS sllRicR), 2»%\? nb%ﬂ&h@j&ﬁlah@é?ﬂi%hf&%ﬁﬁ gl honic acid
(TAPS), N, N- bi s(2- hydr'oxyet hiyl ) gl yci ne(Bi ci ne)

N—trls(hydmm%ymﬂhhy¢ﬁnethylegC|ne 10(Tr|C|ne)
4- 2- hydr oxyet hyl - 1- piperazineethanesulfonic acid (HEPES), 2-

tris dr aci d
Lontt narton 1 HarLoym T o & PR MRS PabeR S BFk il orkonRisd dirigen
retrlevaﬁdsolutlon conprises TRIS. 20. The kit according to one or nore of
f claim14-19, further conprising one or nore i munostaining reagent. 15
21. A sanpl e handling device for carrying out the nethod of claim1l
conpr i stthg alkahReCOFHRIA Ay 5 arsy 8t Paininte- & rédiganihericspnehtigen spapbt em
22. They{ i i
capable ) %%gﬁt c?%%glgh% gﬂﬁﬁ%%%%ﬂhh n?32%?56%é§§§B§%QQP?E§%M§%??gen
retri evalid EARS), DIAY- tﬂéﬁk—hyéxmmdhﬂbglyg&e(&@n@t NHew@dlydoalueithghmedydizlgcine
i mrunost ai nhi ng ent The de ice of clal 22, wherein the
r eatfent UdicEls n‘%é'ﬁ‘é{g@é%%@fﬁﬁ’ﬂe?zgﬁﬁ BIFeéu ?mﬁﬁﬁfiﬁflﬁ) ﬁg the sanmple with a
reagentg (Hﬁﬂ&%ﬁm&ﬂﬁﬁh&ﬂ%ﬁﬁﬁha}&hﬁﬁmﬂﬁﬁﬁ?ﬂﬁdTﬂ§%ﬂoﬂ$&nﬁ@ﬂ&ﬁ%¢ﬁ&e8ﬁa'”‘21

22 or wherei'n the” sanple handling device Is capable of running nore
than one cycle of reagent dispensing.

19. = The kit of claim 18, wherein the second antigen retrieval solution comprises TRIS.

20. The kit according to one or more of f claim 14-19, further comprising one or more

immunostaining reagent.

15 21. A sample handling device for carrying out the method of claim11 comprising a sample

handling subsystem and a reagent dispensing subsystem.

22.  The device of claim 21, wherein the reagent dispensing subsystem is capable of
contacting the sample with at least one of the first antigen retrieval solution, the second antigen

20  retrieval solution, and a immunostaining reagent.

23.  The device of claim 21 or 22, wherein the reagent dispensing subsystem is capable of

contacting the sample with a reagent to remove the immunostaining reagent.

25 24, The device of claim 21, 22 or 23, wherein the sample handling device is capable of

running more than one cycle of reagent dispensing.

25.  The device according to one or more of claims 21-24, further comprising a signal

detection subsystem

21



25. The device according to one or nore of clains 21-24, further conprising
a signal detection subsystem WO 2011/ 025442PCT/ SE2010/ 050902 26. The devi ce
of cl ai mRb,20mnesakn one or nore of the sanple handli ngrsuBsy®bess he
reagent dispensing subsystem or the signal detection subsystem are

aut omat ed.

26.  The device of claim 25, wherein one or more of the sample handling subsystem, the

reagent dispensing subsystem, or the signal detection subsystem are automated.
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