MULTI-MODALITY CONTRAST AND BRIGHTFIELD CONTEXT RENDERING FOR ENHANCED
PATHOLOGY%@%%I\%ATION AND MULTI-ANALYTE DETECTION IN TISSUE 5 CROSS

REFERENCE D APPLICATIONS  This application claim& S BEREt Y U.S.

Provisional Application No. 61,250,809 filed on October 12, 2009, and U.S. Provisional Application No.
61/278,936 filed on October 13, 2009, which applications are incorporated by reference herein in their
entirety. 10FIELD  The disclosure pertains to methods of providing contrast in tissue sections fo
pathology determination. BACKGROUND Microscopic clinical examination of conventional histological
stained tissue sections 15can be used to evaluate tissue structures and morphological patterns of
diagnostic significance. Skilled physicians can view such histological stained tissue sections for

diagnosis, and to deSt§Alddd VATVt FANRBALKT 1R® EdtrEXTTESPUCRIFEE BFovided by such images
using classical stainssXsmiENG FURIEMN 5P phySO TBEDIRManaffoos to interpreting

anatomical and morphologicgg'ﬁmggg{pﬁ@@wﬁé@%dfmmgﬁ}@d not on 20trying to translate

how the staining procedure reveals features relevant to her medical training and experience.
Additionaftissue imaging techniques are being developed that promise to enhance the correlative
diagnostic information obtaR&lis REFBRENGEITRARBhA/BIBRPDIOAS GNsterial and archived tissue

specimens. For examplgflleresssnsemisiarcerRyscanbeHsed it Ladsiegionpfspecialized
molecular magkers, %‘Eo“*;%e%i%ﬁé‘%%dtlﬁ?i&“? %ﬁgg@igslhvn ek heda 'lé r%%%%%%é%' and anatomical
ied with hem i C H % a

context information found in tisslié stained w oxylin"and eosin nd viewed using
brightfield mid,%g@g%which applications are incorporated by reference herein in their entirety.

10 FIELD

The disclosure pertains to methods of providing confrast in tissue sections for

pathology determination.

BACKGROUND
Microscopic clinical examination of conventional histological stained tissue sections

15 can be used to evaluate tissue structures and morphological patlerns of diagnostic

significance. Skilled physicians can view such histological stained tissue sections for

dingnosis, and to design and evaluate treatments. The contrast of structures provided by such

images using classical stains is familiar, and permits the physician to devote her efforts to

interpreting anatomical and morphological tissue section features and anomalies, and not on
20 trying to translate how the staining procedure reveals features relevant to her medical training

and experience.

Additional tissue imaging techniques are being developed that promise to enhance the
correlative diagnostic information obtainable by the physician on valuable biopsy material
and archived tissue specimens. For example, fluorescence microscopy caun be used for

25 detection of specialized molecular markers, but fluorescence based images typically lack the
familiar structural and anatomical context information found in tissue stained with
hematoxylin and eosin (H&E) and viewed using brightfieid microscopy.

While fluorescence based images provide useful molecular information for



While fluorescence based images provide useful molecular information for confirming and
characterizing disease states, conventional histological stained sections remain necessary for
pathology detdVhiLYUR%Eh tissue. Typically, serial tissue sections throuﬁ??ﬁlgf?é‘gﬁﬂéﬁ'must be
prepared and evaluated. Commonly, the serial sections include a conventional H&E stained section
and specially stained section(s) for diagnostic molecular 5 markers. Comparing serial sections not
only increases the cost and time necessary for an evaluation, it may be difficult or impossible to
correlate features found in one section with features found in the other. Serial sections can be lost or
destroyed in the staining process pipeline as well. 10SUMMARY  The technology described herein
provides methedarang apparaitsitha disesmultisrotahtontrashbiorprnauselcanialimentary contrast

components %%&%EE&QSQQ‘i’oﬁj%;’%Bl@%g@d&eﬂlﬁﬁ%ﬂﬂ%rnr&%}@'i%%aﬁ’@}@‘%&?[ﬂsﬁ[%i{&%rénd experience for

pathology analysis Such complimentary contrast modes may be Streamed to display to permit

navigation of fSSH § SRS FASHEe RERGCLITY Brlitlds CrmiRghiiRatish! sPrEsHE ¥ idhs can contain
one or more probesitand Hidrpardoattirmoleoeialorahdmigines dfriditapesic @olerontrast of tissue

structure is provided thahsande:compamkle dafhe centrastpioduead with aanvemtional color
absorbing histological stains, such as hemato Iip and eosin staipD Q reinafter."H&Eh”). The images
’ e

Y Cuif Ori1 RS 006 correlate Teatares 11 one secy WIL .
produced by one or more of the disclosed methods can also include features J0revealed using

additional markEFEEL YIS Breeherhiit sicEontrasPriotasderypiedin he sivaiagipistdifferentially
labeled featurgipdiietweeelidifferent tissue sections becomes unnecessary. The images are presented
in digitally rendered color brightfield context to provide an image appearance that is comparable to that
produced in conventional histological slides that have been stained to reveal the same structural
features.'95In some disclosed examples of MO8 contrast, contrast is derived from the refractive
index properties and'ftuerestentdabdiddgofit psuedspocially préparedufohanarkerliof specific
molecules. ThasaexamplesAatkeBsiaiedhacomplinenRcombisationohiansmitted-light dark:field
refraction contrast irpe?eg/iglngtﬂwghsgmlulg%rgeo%a (izpccei:glgncte I}gfhtaf uorescence irénaging of nuclear
counterstain, and the mterrod’aﬁon 0 muﬁ%piexe&’ molecular p%bag%?’rség()rr%%ponding correlative
images are olStAMRBRIS e SiftiRdeOn N Rif prared s igplay to permit navigation of tissue

15 structure, focusing, and changes of magnification. Tissue sections can contain one or more
probes targeting particular molecules or cheristries of interest. Color contrast of tissue
structure is provided that can be comparable to the contrast prodaced with conventionat
color absorbing histological stains such as hematoxylin and eosin stain (hereinafter “H&E™).
The images produced by one or more of the disclosed methods can also include features

20 revealed using additional markers and optical or chemical contrast modes. Typically,
correlation of differentially labeled features between different tissue sections becomies
unnecessary. The images are presented in digitaily rendesred color brightfield context to
provide an image appearance that is comparable to that produced in conventional histological
slides that have been stained to reveal the same structural features.

25 In some disclosed examples of multi-modal contrast, contrast is derived from the
refractive index properties and fluorescent labeling of tissue specially prepared for markers of
specific molecules. These examples demonstrate the complimentary combination of
transmuitted-fight darkfield refraction contrast imaging, with simultaneous incident light
fiuorescence imaging of nuclear counterstain, and the interrogation of multiplexed molecular

30 probes. Corresponding correlative images are obtained either simultaneously (in parailel) or



sequentially (in serial). In some examples, illumination wavelengths and detection wavelengths used to
create contrast on unstained or stained tissue may be tightly controlled to promote unambiguous
segmentation wRd ({H/B‘?%g\%nt interference with multiplexed probes. Moleléﬁ?é@ﬁﬂé%ﬁésﬁ?obe
localizations for protein antigens, niRNA expression, or genetic 5rearrangements in DNA can be
overlaid on the specimen structure. This contrast is associated with changes in refractive index due to
tissue structure as preserved and resolved through the use of specific histological processing. In
typical examples, disclosed methods provide image contrast based on refractive index variations in
tissue moieties in combination with fluorescent counterstains to provide color pathological context for
molecule-spesidienli@nyuit plexpdipsohe sz i filesiindludefennglinsfixade@araffin embedded tissues
and frozen tisgHe. Refiagive.IPARY SARKASH sesfaa}asd%ffgtm«agdqgﬁﬁ;lxair%%ﬁ% &HagilGPr scattering

properties of tissue and probe moieties, or from amplitude of a phase-shiit, or a rate of change of a
phase-shift gradienit, ‘8% SRR RSB L B i HSBE N I GRsE et Stained specimen to
a 15stimulus Bé&derbeipsstéd ohsrodizeatifiuoie seuricenityctreriRiS fesprstistain genstcproducing a
corresponding-HHaescance PRAgas hhe SHneSResHReiSsalsaexpaseditaaibigh NA circumferential
dark field ilumjnatign, and g.qerrespending darkfield mage representing changes oy refractive index
and light scattering moieties Is pro uced. In some examples, the fidorescence stlmuflus beam
exposure andBFrEEARR oot rereAiti A aIRgirhaReTssstale el re:polstedipisasitditaneously, and the
complementapyoiidagesarenohidined in pasatiel iddeothernexampies: thedluoresodhassinage and the

dark field refragio,ceOIASLIMAYE: AR REUCEd S SHial ARG ABPALAUS-R660FdING to examples
comprise a multl-mlod I ogjtlca%sgst?m,c rglgured_tg,prgdUQ%f,a trabn_smltted dark-field illumination field
and an indide Rt BB R HUGHIBREHEE SR ARATE OpticArERem o ieds 4t BR3fs are configured
to produce 25t phefoshipivdentemyatraybsdhineddincbity domitinedrfoheonalitivezanalysis a refractive
contrast imaggriaaed aniprepel tesohthadpreparadiissue. arflperesasncs image of a nuclear
counterstain, gnd a (Hlyr%%ggg_s%{“@gg@sgent images representing various molecular markers that can be
segmented by emission wavelengt At least one image capture device is coupled to receive the dark
field and fluorescent@isGaged L MAEEHoERtEh? R BHREU a1 30FERBY P And process the dark
field imagé andmbe{fhronestendadmadies and produseate Sombiadtimageproduc@gmputer readable
storage medi cRIBANISE: SROMMIRLSXEEUIARICIRs GRS Tt eGRIVING iIMRgepassociated with
multiple modes pgﬁontg%faa]%%o%a&‘edwitth common eportié)nsdof a srfe.cimer] section prepared for
pathological EXAMIMATOR. And overaying the dBle PRE s B CEMPA%Etd BIEEtEE a combined image.
In some exansplgestifadtiiaie peseesdbgtissensistipureitesisosdeecd pseuto=cooiebight field rendering
of the combingebimage: basedserathexipcatdad reliaction cankrast darkhielehimags maddluorescent
mages. 3he loisacausimaRanddie darsdeideiacionmagsais indideplygolored. combined

and inverted to produce a combined color image In an apparent brlghi%f}erfgcontext with contrast
relevant to cofiVaRSHAS Seamiycshuerr e Broratisi rgeeiomeamat e ghdeidd physician
interpretation srslap phednpatiperraf acticing ontrasplen agepfhserastientdviicheiesl spumterstain, and

specific fluoresp@piRIPER IR MAIRAFS SRS AHANNVHERMRINE T RRIP8HGEAc0mbined-color
recorded image in bri Qgggiltdur(%nodggm?.sltg some examples, the color rgatlg)grln(g is based on quantitative
measures of human perception of pre érred cofor for b‘}g)ﬁ Hclﬁ(%f:]eycgle fmination associated with at least
one colorabsEPBiAY HsRiBecEr starsheadarrebisnd Samrhnstilshsaraasarapies, a color lookup
table is appliegddiesa flugrascensepinpages whergipihe colel MAPRIGEG S associateewith at least one
contrasting colgisRRaRMDIN.Nsialaeal stall el a5 REMAen, Sl i spg examples, color

lookup tables are applied to the dark-field refraction image and the tfluorescence counterstain image so

as to produce $h ik BYE HERAKG TR yEHE o SR ks Sblrsteaaimtr e oiBTABRaR B hue, inverted
value and invertedisatur duibriigdmgdhedeio thatnegeoud ter edkir jdealdematdigdiniand eosin staining. In

other examplesciienpesinan.imagediontically isniepater-lariuethan RAGing Wsibgdnass
spectrometry to provide molecular mapping.
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An aspect provides a method, comprising: generating at least one first image and at least one second
image of a specimen, wherein the generated first and second images comprise complementary
contrasting image parameters; and producing the contrasting images for observation; wherein the
methogl,fugther comprises obtaining the at least one first image and the at least one second image by
subjecting the specimen 1o a first stimulus beam and a second stimulus beam, respectively. An
aspect provides AR ShriSaiAY B PR 14 RIS oS R PLE RS GHIRD oy SR omHGH As RS M oduce a first
imageinhgspeoined; wildreuigdonddanaging systenwcarfigutkddmpraducaoassecogdmage of the
specimen WhRiEiRdne: sk andisacanthimages.aic. complemeniane magen.anf whergn he first
image system is a refractive dark field optical system configured to p?oduce the first Image as a
refractitR sk FBI MG ENd the second imaging system is a fluorescence optical system configured

to produce the seeenddmage as ailiereraenee imagficured ApasestPHaMIdesAblaasienrRIgOMputer
readable siorags mecia somprising comevter-grecutable insirictions for; reqelving & fist mage and a
complemenflfry second image associate with €Emmon portion of a SPEcimen section: and €0mbining
the firétardcseicordamdgesionprodgeézeombihedirhdigt whevdon thegirsteimdiyelzaiy tubosdcond
image.arg adarkdieldsefiactign saurtrashimang apdaiflleresCcencs, image, {8aReiVeex: wihn aspect
provides an |r2§ge rocessor, comprising; image inputs configured to receive at least a first image and

a complafaeH; O FREG SB18% | COREN $4B1&" MARR S rIHAS ThesRie st asbRbsi e olor
looku pritatyhefaion mageembinks canfigoredtoaprioess dtleastonedéthedirstimagamingdhiéc
comPIMARLRAY 536000 {11209:RARS AN IC.ALIRASLORG:£0I 0, QKR IADIE AN RIOBUC R Bugen

pseudo-color image, and to combine the pseudo-color image with one of the first image an

secondPAEaGSEHER TS TivagR somfsEritdbfigireaItBNREdURE PRigRATERITE e Ased on
the combinedemagen of prthesd ankhotbephiaatlupesdaneaspestsabiiediscasaditeghnelagware
descrihed below with reference to the accompanying drawings. BRIEF DESCRIPTION OF THE
DRAV\%JFRFCT.%E)éIlg Y]vlsiéfé.glﬁssgaé esr%%tﬁ:s |a§ R’:Sllrlrl]pso‘%l 121{' re%ré@évrﬁag&?\% A |$1e§’ §y§?(le°r¥1 %%%Brtg’v%aewé both
refractippliedradigeiedisidimnecfndrssoche sdhesaapiringgis sissociaf{Gr higtdsehematiotbigole diagram
of a methndhedBraceseingandiANRINIRG rerardeditlatfield and flunrescent staipbasesdmages.

FIG. 3is agche]?agtic @#ocir d%a?%ram of a reﬁée e%tative method for groducing a specimen image from
uliptETSHISS BT CORTE AR RSEE GHoCSoN S MR A HEEH RPAOIOdy HoREAHiatbN with

hemaﬁuwgﬁrhaﬁdge@shﬁétl_ k&bi)astainingied WG cdiplsiznepyesentdtive ioonventidnalMEstained image
of a NUMARBROSIAMASE EH Bkt encouftGedR 15:8 MUAURIS MHOHR CONN ashimAs, Qb numan Rrastate

section based on a combination of a dark field refraction image and a fluorescence counterstain image
rendefBEF R BHEARAUCROh B RFcPareg e SuE hosmagiB e Ry RIS RSO RRIpRING S Botrast

(refractiMgregntrast and fluorescence) images recorded with a monochrome CCD with sequential

exposures ta ing interference filters to select either the blue DAPL fluorescence wavelengths
pargptr Kk ik ot it et e it R
pseuds<EBloiMEagY slsriEg by apishie difo acotinvéried sulorchoslupiaeshles i semiderstoino the

imagesefKlESintf3Ransaddingghednve ied 6alatimagRses fJr Kes@Riisa REsUF0Roligd bright
field ren %gjn of the i age tt tcﬂrrets onfdstto the i a&ﬁe oLFItG. 5C after.inversion of the mapped
color space.cgﬁﬁ]ée.sbo IR BR St S(’:oﬁlf:e%isrérﬁ%%erﬁ%f LEB BSSAGIBEANY AR BE fi¥antum

specimen to a first stimulus beam and a second stimulus beam, respectively.

An aspect provides an imaging apparatus, comprising: a first imaging system configured to
produce a first image of a specimen; and a second imaging system configured to produce a second image
of the specimen, wherein the first and second images are complementary images, and wherein the first
image system is a refractive dark field optical system configured to produce the first image as a refractive
dark ficld image and the second imaging system is a fluorescence optical system configured to produce

the second image as a fluorescence image.



dot fluorescent probes with peak emission wavelengths of 565 nm and 655 run from a DAPI
counter-stained fortnalin-fixed, paraffin embedded sample also imaged for refractive contrast. FIG. 7
contains other example images of multimode imaging for brightfield context 25display. Dark field

refractive conlsagtmaass:and RAPLILAsHRRREIMALRSALRREL eoHpiRtaiAnAdiensiegstions were

obtained, overlaid, and rendered as color bright field images as shown in FIG. 7 (1a-3a).
Proteiistmme ifmisHeipe bedrtlobTedith 31 GOTELeRE LSS HUErRM IS AVIHY! F8AR Missions
at 565 6actos {GRRE ariigettianthid bonthioreKie fiantige ouer arapplietiiodie bARItouhtesgtained
tonsil sections to.30produce.corresponding immunag- e fluarescence ba i he probe
mage s o e S oo SR IRRS T s
(1c-3d)sEpVisERdiiitlsiges of FIG. 7 (la-3a) and FIG. 7(1b-3b) after being combined.  FIGS. 8A-8B
are additionakfeRpRseMativg nages Hruvbich Ssated: hrghtfiialdhistelgicaliinages are.ghtained,
and flltﬁlorescentﬁaobe images combine using altel{n tivE =l Ehods.tF_IGf 8A E an additi\ﬁ gverlay to
a mult i GBEss S Ao BRI REGB LS Ot ProBedwith B8 it aid 655 nim emission
wavelengtivdfrowkep iRl eoimegrstainddeformalinrék edpesefiat denbedded bpduimomeFBd 8R is a
subtraglive gyeray whichpsepdocalonpbeimages Brasubl agird. ropdhe facsioule HEFT.

rendered image. FIG. 9 illustrates an example of the CEEL,*a*b* color space used to map preferential

10colSPERAAEEHRAIRRIS 1S QIO FEHAEHBHE S £8E AP D) ASF SRR St HE HERE I BFG Rfield for
patholiag yntteteronibakon. con g8 1d Prad10B: At iftais calderefgdctive dn dex-cahinastang DAPI
fluorescence.contrast | es, I ] FIGS, 1.0C- *a*b* ns lgr.eosin-
converted anrglﬁséin%t}o%%%%%%r\%}gﬁg% %ﬁ%segl%%é %% t%%%n%g%%ﬁ%ﬁ%sﬁeggﬁ%‘%%g respectively.
FIG. 1B e iR aerimagatnestaiiedsby combining the converted images of FIGS. 10C-10D. HG. 11
is a schematic diagram of an optical system that simultaneously produces

_ BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is schematic diagram of a representative imaging system that provides both refraction-

contrast dark field and fluorescence-based images.

da



side-by-side refraction dark field images and fluorescence-based images using a single CCD camera.

20HG. 12 co%%ﬁlﬂﬁﬂgfby-side refractive index (dark field) image (A)Mgzgfg@l@age (B) of the
same tissue section acquired and displayed simultaneously. FIG. 13 contains a two color brightfield

rendering overlay image (with pseudo-color and image inversion) based on the side-by-side images of
FIG. 12. Note this image is rotated with respect to the FIG. 12 image. FIGS. 14A-14B are images of
cryosectioned mouse kidney tissue specimens prepared for deposition of mass spectroscopic imaging
tags. Contrast is produced by refraction at tissue edges and tissue autofluorescence (blue). FIGS.
15A-15B are images of mouse kidney tissue specimens prepared for mass spectroscopic imaging by
deposition of an iordiking invatrikmalinbitgbresrancbappedrs, bloeSdanddrefrdetive index contrast

associated withdenizing malixcystaleissapPakentmages. FIG. 16 is a schematic diagram illustrating a
computing environwtif.or thﬁe%FEcaﬂ%tc s.and mgthods describe%@)aroirn.rFlG. 17 is a multiple mode

. . .J1sasc diagram of a representative me ducing a
image providing cellular and nuclear context in brlgﬁt?lefdnren ering for alu-3 xenograft probed for

MRNA in situByHRERZEGEN ORI GHFoRREESs BrfeTeISHBES eRRASRINEC TIPS E B dtatgsgHad black arrow),
the other for HERR M RINApre Ssibne(biackicoled esalidistaickianiowvs).  FIG. 18 is a representative
image of a prostatergangcel; Magaduing.dHakRE & £anEARE and.PreseRigd in.Lrghtfield context at

20x magnification for pathology determination. Prominent nucleoli and anomalous growth patterns
characteristic’6f"f8prostate cancer are evident.  FIG. 19 is a portion of the same region imaged at
40x magnification uSkigthie sapliérkimedtareoiss itz Srvoliemarieserotesimbisdgrefraction contrast

with fluorescertugalearcounierisiaisranshiendesing imarigbtiieldcartax LaETAbdED

DESCR |f6T I Olybxightﬁeld context.

FIGS. 5A-5B are dual-illuminatior multiple mode contrast (refractive contrast and
floorescence) images recorded with a monochrome CCD with sequential exposures taken
using interference filters to select either the blue DAPI fluorescence wavelengths (FIG. 5A)
or the longer wavelength transmitted dark field wavelengths (FIG. 5B).

15 FiG. 5C is a pseudo-color image obtained by application of inverted color lookup-
tables for pseudo-color to the images of FIGS. 5A-3B and adding the inverted color
images.

FIG. 5D is a pseudo-colored, bright field rendering of the image that corresponds to
the image of FIG. 3C after invesrsion of the mapped color space,

20 FIG. 6 is a brightfield context rendering image by overlaying localizations of quantum
dot fluorescent probes with peak emission wavelengths of 565 nm and 655 nm from a DAPI
counter-stained formalin-fixed, paraffin embedded sample also imaged for refractive
contrast.

FIG. 7 contains other example images of multimode imaging for brightfield context

25 dispiay. Dark field refractive contrast images and DAPI fluorescence images of DAPI
counterstained tonsil sections were obtained, overlatd, and rendered as color bright field
images as shown in FIG. 7 (1a-3a). Protein-specific immuno-probes (localized i
fluorescence using guantum dots having peak emissions at 565 nm for CD20 antigen and
655 nm for Ki67 antigen) were applied to the DAPI counterstained tonsil sections to

30 preduce corresponding immuno-probe fluorescence based images. The probe images were
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As used in this application and in the claims, the singular forms "a,” "an," and "the" include the plural

forms unless W]S gon %§ 0(%Iearly dictates otherwise. Additionally, the terrp é}%%%i%%giggans
"comprises." The sys?ems, apparatus, and methods described herein should not bé construed as

20limiting in any way. Instead, the present disclosure is directed toward all novel and non- obvious
features and aspects of the various disclosed embodiments, alone and in various combinations and
sub-combinations with one another. The disclosed systems, methods, and apparatus are not limited to
any specific aspect or feature or combinations thereof, nor do the disclosed systems, methods, and
apparatus require that any one or more specific advantages 25 be present or problems be solved.
Although the epetationscofrscmeehdthediscloseddpethpdsiarende sErilyedtidta. pdficular, sequential

order for convanigatRreSaRIAIR i shouldibeynderstoaddnes thisunanpsrpidescription

encompasses reangpgeien |nigss.a parlicular ardering is reduiied by, spegifie fanguage st forth
below. For example, operations escrived Eequen |ai'Iy may in 30 some cas 'be rearranged or

performed conttitleith) iMerestep dordhadhkucrsipplieityaethecaftiehstiBgliragitay not show the
various ways iambich the sliselasedisystemay mathorspadihbappatatihs aniRe-tsatkin conjunction with

other Syﬂemsqﬁb‘%‘it}%%’vﬁ{ﬂ%WE%&%%S’%%@E%%H%%%&?%&%H9’1‘)&95‘&‘89&[%%%&%&5 terms like

"produce” and "provide" to describe the disclosed methods. These terms are high-level abstractions of

the actual opeldTBHR that BardharsidaPFHE hctdG ShBatbretvarea e 8pBligho these terms will
vary dependingodctheparticulandmplemertatibicantedrespadiikBisoderablmdgy. one of ordinary skill in
theart.  Theoriegiof PpriatiehassientlicpHOCiplesoFf Ahestheateticabgsseriptians presented
herein iniﬁefergﬁgre o the adgg%gwgﬁor mFthods of t?gﬁ%i%}\%lﬁe have been Bro.nided for the purposes

characteris {0 refraction con uorescence o render o .
of better understanding and are not intended to (f)etflmltlng In scope. The apparatus 10 and methods in

the appended&igitfisafe bt datB RBEE-apparatus and methods which function in the manner
described by such thiestigsofiBpes atigacan kocuttiandMuliiplemmadesro fioomplitentary contrast

generation in li5ghe &@%&&%@e&@ﬂ?%@ﬁi&@ pipnatemicahand.morphelogigal tissue context,

presented in a brightfield ext familiar to the trained physician, along with localizations of probes for
specific mole&OREE 6 ?féfjrfgﬁﬁf?ﬂh“ﬁ%?ﬁgt&ﬁ&ﬂ%%ﬁ?sﬁﬂlﬂfifﬁ%ﬁ‘&lg%?ﬁ%%gﬁrﬁ%“fg@erage a plurality of
light-tissti@ anekpratyelddiBction interactio isago!lonygras theombouratioroprovid adaiss of
FIGS. 10C-10D.
FIG. 11 is a schematic diagram of an optical systemn that simultaneously produces
side-by-side refraction dark field images and fluorescence-based images using a single
CCD camera.
20 FIG. 12 contains a side-by-side refractive index (dark field) image (A) and a DAPI
image {B) of the same tissuc section acquired and displayed simultaneously.
FIG. 13 contains a two color brighifield rendering overlay imnage (with pseude-color
and image inversion) based on the side-by-side images of FI(3. 12. Note this image is rotated
with respect to the FIG. 12 image.
25 FIGS. 14A-14B are images of cryosectioned mouse kidney tissue specimens
prepared for deposition of mass spectroscopic imaging tags. Contrast is produced by
refraction at tigssue edges and tissue autofluorescence (blue).
FIGS. 15A-15B are images of mouse kidney tissue specimens prepared for mass
spectroscopic imaging by deposition of an ionizing matrix. Autofluorescence appears blue

30 and refractive index contrast associated with tonizing matrix crystals is apparent.



complementary. Tissue prepared for pathological examination has constitutive optical 20activity and

the optical quwg% %9%%?9(1 by a particular protocol can be optimized ﬁgc%géjzléﬁﬁ s %;ul contrast
gualities when combinad with appropriate imaging instrumentation. nmage contrast for

non-fluorescent structures can be provided through components of optical activity engineered into, or
preserved in, a particular tissue preparation scheme such as used in automated staining protocols on
formalin fixed paraffin embedded as well as 25frozen tissue. This enhanced optical activity may be
digitally recorded and rendered in artificial bright field contrast to visualize and highlight structures
such as the extracellular matrix, nucleoli and cell membranes. Such visualization capabilities are used
to diagnose anomaldis lgrowthhpatterdigzzandiinerpiiglegyrghéngeteiistinaf fpathological conditions in

tissue. Multiplggnedes:f aplical fLastivitygr chemical properties in prepared tissue can be
30recorded, in seri%grjg pa and digitally convert age contrast for

rallel ita into_bright field im
visualization, and is referred %”k?é‘%%?ﬁ“%%’%‘ﬁééﬁr g%ﬁaﬂ%aféﬁrdéngng%aerﬁ%g}étn ative imaged structures
are of patholo§refislrmeaireianmd aan perogaly BobphirsieBNS in tedudrskresninigshd in the diagnosis
of pre-caricer artcancatdiseasal HStesyasculell asHarsdthiendiagnestic:plrpases, and in the
evaluation of traaine s efeaivEnesR R AR muisiaingd or specially stained tissue section, such

morphological structures and anatomical context can be practically invisible under single-mode

contrast methods st &% b RISHESHA RS RIS TG CBIGhRRI sFifa raktstite detection.
Complimentargontuaitiphe preociadityni mabingddreatiavds Eampeodogsemiedishiiipgelevant structural

information ang:presaRtthisdnfacm atianing reasiiniesristallefomatwithout the use of
conventi%ml light e b%?nrg:irnﬂgc%gi &t&in. Quantitative values can be measured and recorded based using
one or more sets of computer-executable instructions provided by one or more computer readable
storage media. Morpfolbgicariieh Risieapsaqsiopiaged oo irematboatieh s Pastsgical characteristics
to the moleculamirfarnation: cedtairecdrthensamme tissuenthissappraativraaynhelgda ongoing efforts to

stratify disease GonRALQN ANdRIINATISATWeEl g8 monitor treatment efficacy. 15Digital multi-modality
images of tissue sections can be captured simultaneously and rendered
15 DETAILED DESCRIPTION

As used in this application and in the claims, the singular forms “a,” “an.” and “the”
include the plural forms unless the context clearly dictates otherwise. Additionally, the term
“includes” means “comprises.”

The sysiems, apparatus, and methods described herein should not be construed as

20 limiting in any way. Instead, the present disclosure is directed toward all novel and non-
obvious features and aspects of the various disclosed embodiments, alone and in various
combinations and sub-combinations with one another, The disclosed systems, methods, and
apparatus are not limited {0 any specific aspect or feature or combinations thereof, nor do the
disclosed systems, methods, and apparatus require that any one or more specific advantages

25 be present or problems be solved.

Although the operations of some of the disclosed methods are described in a
particular, sequential order for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering is required
by specific language set forth below. For example, operations described sequentially may in

30 some cases be rearranged or performed concurrently. Moreover, for the sake of simplicity,



using distinctive colors for complimentary feature components and streamed or otherwise stored or
delivered for &% @A?%iog}”by a pathologist or other clinician in near real-time. Such methods facilitate
high complexity tiSsue-based diagnostics development and permit |ever§5?f4856?1‘§ys‘?%%§ﬁ medical
training and experience with conventional histological stains. 20 Molecular data, including that from
immunohistochemistry, DNA hybridization, mRNA hybridization probes, lect ns, and mass
spectrometry and other analyses can be integrated for individual tissue sections, and reported rapidly
in a format that is familiar and pertinent to the practicing pathologist. The examples provided herein
leverage a multi-modality imaging strategy utilizing 25 dual-illumination paths for providing images with
complementaty: eonfrastinfgroteinosthuettreyaind BAicohnietstdinasiwalkas, matedule-specific
markers for mgdigaldiagnasis andevalualen Wie SXampisaniRachnclidas.a combination of
dark-field refr%%ggn a}ﬁd ILu%rescence contrast; thqse‘?%mpliorgen,t,% contrast modes are digitally
rendered using Speaianzed Color tabiss Harva oM physiEan Bréfl dhRadof L I5E4I% histological
stain 30qualitfés dpdisred st edeompinistiohraitith-Eokb rsuntiast i tisseeabepepliessshwiilar to that
obtained in samplessiaingddsing elassicalhistolegicnl methedsisucin agthephemataxylin and eosin
(HB2E) stain can BRRIRRd,SHED AGLS ANRUSRAIBAGKRIARdRAAR ol [igtest for further

molecular analysis using luminescent, fluorescent, scattering, or absorbing probes for protein, lipid or
carbohydrate antigé’F?§?’FﬁT—8(IWﬁ?tlﬁNi{‘,“ﬁ‘Fg’ﬁé’?‘FB‘P]éﬁﬁg‘éhﬁ?g‘ﬁ@ﬁ?é%I B s RStoRhBIg AR thass
spectrometry {8 Jic THieromgltmiedabaemtrastditwiindtion dehtras tsshemepexaimplified herein can
provide contexiyakintarimatiapaeklissHe SAGHORS i MAINREONYISIe R WIthEORINAN,
stain/coupterstain g@gﬁ?igaéligns used in conventignal histological rm?thodg. F(g_?;r gont\ll,ei?ience, optical
radiation Deans that are direclad 10 a Specimen to obtain Imagas are Tefe e s nersh as stimulus
beams. In soffEERaH Pleslastiiresse A Arderosefadw@aitd-produce fluorescence in one or more
portions of the specimen, and may or may not be at visible wavelengths. Other stimulus beams include
illumination beams that are at visible wavelengths for direct viewing. Stimulus beams can also be
based on other types of radiation as well, including in other wavelength ranges and charged patrticle

beams or acoustic BEHRY A SHiTEPEREATRNEO SR EHERIHE BistF SHPaFatls have been applied to
fluorescéence ssitizdiyb ntization (RS Mrwgvehistootremistpe (@) inardighRLA in situ hybridization
FISH probes, GDat baiecIHE Brobo et QDo e A (o) oo pore speitealy

probes, ODot labeled [HC probes and ¢ beled mMRNA-ISH probes were specifically
detected on ti%%geéubessiﬂrgvﬁﬁ[fﬁ “mo 5“85? %%%arﬁ”% Egnli)é?fgpcsoélﬁ%i’é%dﬁglﬁt efd ezgir\gé%@’e#ng for
visualization dEprobEdsRhREAtSHECHAHNFIEISSadoanEihielrasinsividehtext. In typical examples,
a dark field refragtion:sentrastinagera copatetsiainedrimage bhtainednmityaifhaorescent nuclear

stain, andone oL Mare AERES.mAged g@ﬁﬁgeﬂwqe N RRILAFIEEHN AR £gmbined. These and

other examples are described below. 25 Representative Imaging Systems A representative
example of a B E HEAGING LRl T T TS TR R PRI PRI LSEERER M hulus light source
102 is situated to dédiiver canitis (tuscbdnred@8 sfopgrerran be provided through components of

optical activity engineered into, or preserved in, a particular tissue preparation scheme such

as used in automated staining protocols on formalin fixed paraffin embedded as well as

25  frozen tissue. This enhanced optical activity may be digitally recorded and rendered in

artificial bright field contrast to visualize and highlight structures such as the extracellular

matix, nucleoli and cell membranes. Such visualization capabilities are used to diagnose

anomalous growth patterns and morphology characteristic of pathological conditions in

tissue. Muitiple modes of optical or activity or chemical properties in prepared tissue can be

30 recorded, in serial or in parallel, and digitally converted into bright field image contrast for



axis 105 to a wavelength dependent beamsplitter (dichroic) 104. The light source 102 is typically a
light emitting %%d%&&{[))s%,?metal halide or other arc lamp, but other incoher;ent or 30coherent light
sources such as [asers can be used. As shown in FIG. 1, the dichroic 184 TEHEERE stimulus beam
103 to an objective lens 106 which in turn directs the stimulus beam 103 to a specimen 108. In typical -
examples, the specimen 108 is selectively labeled with one or more fluorophores that produce
fluorescence in response to the stimulus beam 103. A portion of the fluorescence is collected by the
objective lens 106 and directed along 5an axis 113 through the dichroic 104 to an optional beam
splitter 110. The beam splitter 110 directs a portion of the fluorescence to a camera 112 so that a
specimen imagedamibe retondedevieweedn or ‘Gualyzedeht felddmputer system 130. Another portion of
the fluorescence is gliggciadhio-an LYeRieas&Ldlorditspliigwingiof s sagipendHp based on the
fluorescence light. In addition, a shutter 13(;%&% other bfeam modulator can_ be Qrovided to 10

r

substantially Brevent t ne“é%‘fr_%%] ﬁ?ﬁ%ﬁ?ﬁi T R e G TR SPESINER B8 SPiHeiuorescence
source can be&'gbritfeledefvinatatcompuiter agdnahs T3DBopTANGIENsY thatenesstimulus beam is
produceds Wawelengths:piclightstasrd danthecstimukishemingan bensaleciad asgenpvenient. Typically

the stimulus hegm.baludsaamtly eRtsaliAtiaoN Al waNRlERaIz oL 2 psleng(h range that is

suitable for generating fluorescence light in 15fluorescent dyes or Iuorog. ores assoclated with any

selective marKBTEaIEd B e inets 1y ceriatelemytiratge etsipinedtiftius beam is
between aboun80Q: 550winsdburshortecrddrlymgeranaretengthdocanityeandpasent thin addition to the

fluorescence iRaEING SHSIEMNH [QEBRINE. CORNASIHNRGINGSYSIEMHSIAY & &qgg&%ﬁ?tial oblique dark
field iIIun]I'HwatiSon is(t%]rovided. In the egamglae of FIG. 1 r%g&hesg&rcumferential oblique field illumination

. in. VE Vaiues can be Ied ary .i'CC HUSIRE ONe Or 1
117 is selected 20

antitag é} bﬁ setsof . .. .

at n the absence o re?rlactlve index differences or scattering moieties in the
specimen, ligRtTRBCHEES Hotis diERcHies CT T ehPi g IRosy giereyeishdebiclsiqagnerdnly refractive
index transitioisrappeanl Byutising differeaisnagoificat eriphjeptiMedensesavithstesame numerical

aperture (accepiaNee ARGIG)QN By 5Ig:A:3SEaPdaly. MAgAKIcAton, lang, i1e,same illumination

optimizations for 25refraction imaging can be used at multiple optical magnifications. There are

multiple straté{idE 8 e Etrag By srPratridior brsdratterint B etififination field. Such
refractivé indéXxaehtrdstivrages ey efdrsedstothercim bscidarkdfielatimagdsad sulistdge condenser

system 116 issityaiess9.a3i dsliehanobliguedield isminatianstdate theispesimen 108 at
substantially trge gamf%lloca%?n as that. Ithmlnattggskg% the %tlmlIUUS beam 30103. Th@ualubstage

_ at.illumina : .. 3010
condenser system 116 can direc “8 Suitab &igh oo SUCh as A FEfy rel-tme. <

methods facilitate high complexity tissue-based diagnostics development and permit
leveraging physician medical training and experience with conventional histological siains.
20 Molecular data, including that from immunohistochemistry, DNA hybridizatdon, mRNA
hybridization probes, lectins, and mass spectrometry and other analyses can be integrated for
individual tssue sections, and reported rapidly in a format that #s {familiar and pertinent to the
practicing pathologist.
The examples provided herein leverage a multi-modality imaging strategy otilizing
25  dualillumination paths for providing images with complementary contrast of protein
structure, and DNA counterstain, as well as molecule-specific markers for medical diagnosis
and evalnation. The example approach includes a combination of dark-field refraction and
fluorescence contrast; these complimentary contrast modes are digitally rendered using
specialized color tables detived from physician preferences of classical histological stain

30 qualities. With such a combination, multi-color contrast in tissue samples similar to that

L.



tungsten halogen lamp, an arc lamp, or other light source and one or more lenses, mirrors, filters,
polarizing elements, phase plates, prisms, annuli or apertures that can produce a suitable beam. In the
example of Flgpf?%ﬁ%“% 0I—llque field illumination 117 is produced by a calr’gﬁj’ﬁys/zgf?@algsﬂnulus, but in
other examples, different approaches to field illumination or 5point scanning, line scanning, edge
illumination, or other strategies designed to produce refraction contrast can be provided. In the
example of FIG. 1, so-called "dark field" illumination is provided in which only portions of the field
illumination that are scattered or redirected by the specimen 108 are collected by the numerical
aperture of the objective lens 106 and reach the camera 112 or the eyepiece 114. The camera 112
and the eyepiggaiitd hasedOsituate dssg dsteddtnmhgidn aghaktiehspaementdQdbased on the
redirected pogionsipk e dansrmittes ight sSTypisalls dhedassmitedf ypination,system 117 can be
shuttered or its |If%g£ source eaqglvateq as desired so that fluorescence-based images can be
acquired or viewed AASPERAEATYSF B2 SR ERY MR A H R Sk ARBR RS cope system 130
of FIG. 1 thusfipyetritic.riéue rd atibphotreisasiivran mkatfes Mhthviewidootarspetipaensivased on
15fluoreseenas; idapknfieleks efactiarsoniostnerdhotheithorsimuianeaussonseguantially. Using
transmitied ciiumiaieryial poligus iminglion sueas/lystaledn KR, Jgpntrast can be produced
based on interfaces and transitions between specimen portlon,sshavmg.dlf?(iarent refractive indices.
Typically, the COFtENSEFSPSIBRT 146/ MENFRE LT ENATIOR 18 Breapysorephstt gzt (and can be
added to a conwéndionat condanserpndiediainarittesd20hghtipatit of esgompoundtamcroscope
equipped with.&, frrRamilteddightSoucent iz Way nsitieiuesihatsglactand scatter light have
appreciable confrast in inaaccibq? without the use of aéi%ght ab§81rrb|n .color stain. The transmitted
illumination wsacv%fgngotﬁr%éln e %5%8?%&%%@%%%& ,%nrsé)xar%s e, a near BYilteFor other filters or
combinations it fttélrgselaar dpnetirallbagesubithyare sedie plopagtcakdaobiaived with transmitted
contrast collegigsialaAbignges wavelengih indhesamedal.acquisitianwithebefasilnmination sources

active simultangansiv, Th IRAGION G5I9Iminatian s genaiall selesiaddg.provide a suitable visual

image for recording, and Is in a wavelength range of between about 400 nm and 900 nm, but different
spectral regioffSWithifAhis range can be used if desired. In other examples, reflected dark field
illuminatith is usedlnswiichahgcebliquedthersinatppasng Hae: 3o bpetitive lengaredwsituated on the same

side of the spggiM@Rdization (FISH), immunohistochemistry (THC), and mRNA in situ hybridization
(mRNA-ISH} applications in formalin-fixed paraffin-embedded tissues. Quantum dot
{QDot)-1abeled FISH probes, QDot labeled THC probes and QDot labeled mRNA-ISH probes
were specifically detected on tissue using multi-modal contrast and digital psendo-brightfield
20 rendering for visualization of probe localizations within the tissue anatomical structure
context. In typical examples, a dark field refraction contrast image, a counter-stained image
obtained with a fluorescent nuclear stain, and one or more probes imaged using fluorescent

QDot detection are combined. These and other examples are described below.

25  Representative Imaging Systems
A representative example of a suitable imaging system 100 is illustrated in FIG. 1. A
Tluorescence stimulus light source 102 is simated to deliver a stimules beam 103 along an
axis 103 to a wavelength dependent beamsplitter (dichroic) 104. The light source 102 is
typically a Jight emitting diode (1L.ED), metal halide or other arc lamp, but other incoherent or

30 coherent jight sources such as lasers can be used. As shown in FIG. 1, the dichroic 104
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The specimen dark field image can be obtained by itself through segmenting fluorescence with one or
more filters, shuttzeorli1 946%;[emporally modulating or otherwise blocking tl%%?s%@%_{g m. In some
examples, the fluBrescence-based image can be obtained with a suitable |{ter uned to the
fluorescence wavelength and the refraction contrast 5filtered to a different wavelength range; these
different wavelength ranges can be separated to different sensors, directed to different portions of the
same sensor or recorded sequentially. The unwanted contribution of dark field illumination to the
fluorescence image or images, or vice versa, can be reduced by spectrally filtering, but shuttering
either the dark field illumination field or the fluorescence light path is possible. In addition, the dark field
and 10 fluoresgensehimaigesstambiViewechseparate iomsirhuttame dosly the stindueamera 112 is
typically a mopeghieme: chaigeCcoupiadrv et eDhotcomplananiakumetaknxide semiconductor
(CMOS) camerg thouah olfer image sehisore such,es slectron muliplying GGD(EMCCD) and
intensified Cé‘ﬁ%(f’é Tgléensué)rrgpma%/s e hsed. a\feﬁengcfh ﬂrﬁéjrs,‘dlsper‘swe eTements, phase plates,
prisms, polariZifg/ererients tefagrsctsspticdicesystalscair otrice Bpficarafeeefdcdoptical methods
can be used ta medify thewgpticalitadiationseaching:the G GD@ndior the leyapieeersotas to produce
one or more arespENAING MANASRAMMALS inagss ik heselepied waelengihanges. In some cases,

fluorescence reaching the camera 112 can be spectrally resolved in a plurality of wavelength bins, and
a correspond P PR Y G FSrELEE AL IMBYES SHEINEY UIHIRRISS g%%gﬁ?reﬁf?%ﬁalysis can be
performed with @riadatinn efabserigter dirvefiective dilter speaiprisiis dpsaddifftaction grating that are
inserted into the Rathafithe fluarascancaueenerallynspectialsasalion wanbraachieved using

interfero etri(s:&bgtiglﬁg{&llyg\fg;{t gbsarpiive oplical ?gﬁf’nt?e@?c ynder the control of the computer system 130
or inserted mantally: While images can be recorded as orte, twb, or three dimensional arrays of
picture elemeftsresigiaraimae sssbrratedps Withhs respiad Rt Fberersty) @ithérfrom fluorescence

or other que;s@mm&msiimdﬂminm@@m)lgimaageglcmmrna.e@:ﬁdﬁdﬂme@ﬂnarnfmmmand .complex dgta
structures if desired. For GoRYeMSACSIN HUSARSGHRNIRN AN BHR FAIRISIA & 2-13 mapping of data in

a structured array as viewed by a clinician through. a microscope or other wewing, apparatus and a
d

recorded imag@ eTeres 8T dnta o ailraL i PHis LRSS R NS g MR EE BESEHGR an image 30
received By af@&Bcor dikernfhageiserserociated Aginmedlatiovaeagipiumaiiiyd of Spectral images can be

obtained baseg-.andliorgseance-puditransitiask illumination arlethnSpactassapiginformation at

each pixel of an iﬁpa e can be gat erﬁg an%the 5esulting data analyzed with spectral
. Ui SHoT OF :0nge dAVEICNZHLS. Can be used. . . . .
image-processing software. A series of images can be derived that represent intensities at different

wavelengths that aré SKisetririediRPErgnes HirRUE Te RCHASIE ST RATHE HBYRRSEERPWith an analysis
program desigriegdenhaneiingslich: dataiidi Shme exaimpltesdgudntitativeniidoimigtion from multiple

20 the circumferential oblique field illumination 117 is selected so that in the absence of
refractive index differences or scattering moieties in the specimen, light flux does not reach
the CCD camera 112 or the evepiece 114, and only refractive index transitions appear. By
using different magnification objective lenses with the same numerical aperture (acceptance
angle) or by using a secondary magnification lens, the same illumination optimizations for

25 refraction imaging can be used at multiple optical magnificattons. There are multiple
strategies Lo create contrast based on refraction or scattering of the illumination field. Such
refractive index contrast images are referred o herein as “dark field” images. A substage
condenser system 116 is situated so as to deliver an oblique field illumination 117 to the
specimen 108 at substantially the same location as that illominated by the stimulus beam

30 103, The substage condenser system 116 can direct a suitable light source such as an LED,
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fluorescent signals and/or optical contrast modalities can be evaluated simultaneously. The image
sensor 112 is coupled to the computer system 130 that includes a keyb , cessing unit
154, and a dis‘BPa@gi%Oéf’ﬁWsome examples, one or more 10 additional u%%é%qpr%%%@%é@%%s such as
joysticks, mice, or digitizing tablets, and one or more additional output devices such as printers or
displays are provided. The processing unit 154 typically includes a microprocessor and one or more
computer readable storage media such as read only memory (ROM), random access memory (RAM),
a hard disk, a floppy disk, a compact disk or digital video disc for storage of image data and computer
executable 15instructions for recordation, transmission, analysis, and processing of images or image
data. In typicahexamipieg::thenpom putempystetrlddiis oo piddito@neelarererdtiosr computer systems
via a wired Orﬂkﬁlsgﬁ&?mv&éﬁ&&g9@&@9&@!}%&@9@@%@5@9&@&,dﬁ&@ﬁlp,ls'(ﬂ;é@athe Internet-IAlthough
image processing operatigns can be conducted at a sin mputer system, jn some examples,
image data or‘;‘ili’ﬁ%ﬁ’eggagi’e?ﬁ%%eexsagﬁé)éﬂ & ﬁgmr:ﬁﬁé g‘ﬁ%%%%uﬁ%ﬁ%%‘%@?ﬁ?ﬁgﬁ% Can be situated in a
common locatisp8lydistfiberelds o rabisremplesi difissie prostibater Sied A beiesivvenient, other
computing deyiggsshicheasndesking, eer puiers wotksirtiicas: fanadhnld compualers, netbook

computers, orANSLASAGES GANDGNRRE AT ITAYE SRR AnC.RIeeealth iy some examples, mage

data can be processed and specimen evaluations can be Prowded without a display, and evaluations

communicatedVHHES RENGACEBRTR BHE R UBY B AN & LEHB S8 SPHHEEY, or delivered as a
text or multimedizmeébsdgengsimgnd Gedttphdnsed bivieriumdreampagivg dyBtaniet® isnone example of a
s?itﬁblebi _magingi w&%% dHa %‘m% %@%ﬁﬂ@éye@ié@é'ﬁ@ﬂ%@é%%d%&}%@?ﬁ% p@rh]tafotisgd instead

of the objective len short pass filter can be instead of the lang pass filter y
rearrang(i:((a?ner‘lS ucjﬁufgéo *ﬂ?c())?’éasaé}engécs“t%rtﬁﬁ 3%%%6&2(28&%?5(%0#31}%%%%%6% giplf Sé]né\ ‘eyepiece 114. In
some exampl&assitid dbaniep gl afcapapiated idymevitadtoraitheranbagenretsidtion or image
viewing. Additignabiinoss-erprsneaan hanispohiodold theeopticak axes-asqmay dve convenient.

ifferent strategies (plaiimedRlantiastLeing.ANAse MrskanAlask.ceOlARL, Rofignnan contrast,

oblique illumination contrast, Rheinberg contrast, interference contrast schemes, Sadaptive optics,
laser scanning? titte! B RGUEHEGHBHISIA fREGME TG gd Strictgdd specimen based on

15 fluorescence, dark field refraction contrast, or both, either simultancously or sequentially.
Using transmitied circumflerential oblique illamination such as illustrated in FIG. 1,

contrast can be produced based on interfaces and transitions between specimen portions
having different refractive indices. Typically, the condenser system 116 inciudes an annulus
118 of an appropriate size (and can be added to a conventional condenser) in the transmitted

20 light path of a compound microscope equipped with a transmitted light source. In this way,
structures that refract and scatter light have appreciable contrast in irmnages without the use of
a lght absorbing coior stain. The ransmitted illumination wavelength can be spectrally
filtered with, for example, a near IR filter or other filters or combinations of filters so that
spectral images of fluorescent probes can be obtained with transmitted contrast collected at a

25  longer wavelength in the same data acquisition with both illumination sources active
simultaneously. The refraction field illumination is generally selected to provide a svitable
visual image for recording, and is in a wavelength range of between about 400 nm and
900 nm, but different spectral regions within this range can be used if desired. In other
examples, reflected dark field illumination is used in which the oblique illumination and the

30  objective lens are sitnated on the same side of the specimen.
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illumination, photoswitchable probes, polarization and anisotropy, 2nd harmonic imaging, two-photon
excitation andv&tﬂ?h%g%t(%gies may be employed. Specimen positioningP r/%\é\é%{%ﬂi%sr%gt shown for
convenient illustration, and in many examples, binocular viewing with dual eyepieces can be provided,
and suitable filters and beamsplitters can be provided so that 10different image outputs receive an
image light flux associated with only one of multiple contrast modalities, polarization states or
wavelength bandwidths. Additional filters (reflective or absorptive) can be provided, typically to reduce
the magnitude of any stimulus light that reaches the camera 112 or the eyepiece 114, or to control
relative light intensity or spectral content for viewing or recording. 15Another representative imaging
system is illustratedihe #6indch.da §hdwmmin ¢dGhebbiagnabmiédchinmapeclighttfhgx 1102 that includes a
refraction mogulated fluxklORArandaiRARhuerescenss-medulated: vy 1B corresponding to dark

field and DAPA;QH{?,%%EJ%C’E%% eglalop O%jneg%is éLO ! {9%%@@%%- perfure 1104 to a collimating lens
i105. The collimated, combine [ilgrht XS incident to a dichrolc ml“rrorrﬂgﬁéat?'na reflects a portion 200f
the modulate @A TR ERAPT R GNGIHEEFRBOTETODA i thleceiRaiple srEiEr £ imirrors 1108A

andto a therﬂﬁkﬁmothaﬁw&ﬁe&e@i&l@ﬁm&mﬁ&@%ﬂwa&gﬂe&g& kamsel&ﬂ@af@neiv_es the DAPI
modulated ﬂumgléf%ﬁp&s@dﬁ@ame&f@%gg&m H{%@Q&I&%@n}&%%c%k%&gé\;)ﬁ{ﬁhef image sensor]
u

112. The dichroic mirror 1106 transmits the longer wavelength refraction m beam 1102B to a

filter 11078 seRSCIH S 1&EE DY HA BT GBI E LR B e WSSt SAB PR ullis beam. A mirror
1108B directs'tiveverradulate dhascPrORB tgIthidteng. bt bBuitdrinheitrmbeadaarfelield image on a portion

1112B of the GieinddehdicThe G&GR1bdAISICAVRIA: IR RiERMRAWIRE QK Othek R1egessiNg device that can

store imwe data from the CCD 1112 indﬁnemO{ and Frgvide Emage data to a monitor 1118 or other
. uorescence images can be viewed s ately or sipnulfaneous
display. ark fiela-and 1

ith such an imaging system, uorescefice images 30can be obtained
simultaneously and'dfspraged Sidiesmirdie Berachaipntiage srupipidhyispiit tRtetwo images, color
mapped and oweplaict iteandealdimenannthemavMos IkiBrakhengonfiguratioeadokslGenl 1 is illustrative

only, and Spegg'@M%ﬂleﬁﬁﬁgr@@@?ﬁm@ﬁﬂaﬁy%a%%%%dﬂb&ﬂtgs@&%@ﬁ% fenggated and used in
r,an

image formation in other arrangements and using more, fewe different components. The images

can be side by B&ERETHEE EET TR B B otRSRA B PIE ORI TEE TET9 S0 2% combined 2-color
overlay imSbrigintlialdrreinid erd dtbovexticad decdispiagre s dh eamionitol @ B iTAGshown in FIG. 11,

multiple fluxes(darkafigld AR are divestes rameaninitial gplicalaxis, it in other examples, one
flux can be transmittead alon]%t\gxe in'&tial axis a th]e oD, 1]112t§ituatedIaqcordj‘ng!y. The dark field and
193 4@ ie ected waveien 285, 5 ass

. COITCSDOIER. Orguc Unages 11 L ANES, in SOIME CASEs;
DA Pl images can'be ptgo%lluce with difterent enses that can be %rrangela to produce a common

magnification B EiftEkeTTt Fphitccisms L axdanisiaridrsemiridaaniseliyitd i €Bmponents can be
provided so thhéatsmoleculandetéctipnridibelidhdrothecdissges cbatiastanmagekigipdes are provided to

and imaggd inARe O MRMR&HRS RIPOHRRs PR RINe.CGR 1 e Auctd 128, or
diffraction grating that are inserted into the path of the fluorescence. Generally, spectral
resolution can be achieved using interferometric, dispersive, or absorptive optical systems
under the control of the computer system 130 or inserted manually, While images can be
recorded as one, two, or three dimensional arrays of picture elements with values associated

25  with a received light flux intensity {either from fluorescence or other modes of contrasting

illumination), images can be recorded in other formats and complex data structures if desired.
For convenience in this description, an image refers to a 2-) mapping of data in a stractured
array as viewed by a clinician through a microscope or other viewing apparatus and a
recorded image refers to data values stored, processed and/or displayed based on an image

30 received by a CCD or other image sensor.
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15 Color Lookup Tables and Image Inversion The system of FIG. 1 permits multi-modality viewing and

acquisition of wggg&/@&ggd on either fluorescence or dark field illumination, or both sir[;lultaneously.
The acquired images can be manipulated to present specimen features YE%&%W?S?‘FSConteXt using a

representative method illustrated in FIG. 2. In a step 202, a dark field refraction 20 image is recorded,
typically as a monochromatic image, and in a step 204, one or more fluorescence-based images are
recorded. The number of such fluorescence-based images can depend on numbers and types of
fluorescent markers or dyes that are applied to the specimen. These images can use different
wavelength bands corresponding to emission wavelengths of the fluorescent markers. In some
examples, the differentwaubiengthilyaing si2baamn! heaguerapp o neybrafpirgetntea combination

thereof. In the,sieR 2Rk INGANRADOsGHIUERCERcE ARsGdimanessanls ahiaiged corresponding

to fluorescence from %orr(?s ondin f!uorgrfhores. A‘glggg%mates ectral segmentation of the

PR L S BB AL U EHEE PREEPIRAGR LR &af reveal different

fluorescence fightecah
specimen featgresotypicaspebpdangehbhermanessperific 80 prdberagswoidteeiwithative fluorescent
detection snarkefironically AENARMHISILIORQL R INAGRS (RIlhel 35 B as nigyacguisag:or after all or some
have been acquited) el Mals selenTaRIoRkp abls LTSk canbe applisd g he intensity
values of monochrome Images in a step 206 to pro _ucg pseudo-color ren erednf]mgges and these
rendered imadBSCET R IR Er PP UC St o8 e st 3obe r g rREIRIR " Sintensity or saturation
of the acquired oveflaidnnageisrinasteaiedistepcdifuter produddtamimegéhaving the appearance of

colored structk@%@ﬂd@1@ﬁi,g%£@@;1aghﬁttympﬁm&9§§i%,omwggg-;q@%bH—Bwels of

monochr%nei ages, are assigned RO coloriqgenslté/vaues,bas% on reX-scaIe ixel intensity
. additional user mput devices such as Q}’SF,C S, MICE, OF A1ethizin ta E‘,t% (%0 C%TGmOT .
values and vice versa. Such inversions may-also invert color coordinates to produce complimentary

color mappinggdinesenveisives tolyerareiy mdpslarge pixalisdtchisityogeitiesuntdpfaller pixel
intensity valuesifay examplemitranbnageads whighpixebipiensifias-araseprasentadavith 8 intensity
values (3-bit depi, INGRTINVRUSS, SARDELE0ARREH ARSPLRIE 18015 Pdigal Re-Massed O
compact disk or digital video disc for storage of image data and computer executable
15 instructions for recordation, transmission, analysis, and processing of images or image data.
In typical examples, the computer system 100 is coupled to one or more other computer
systemns via a wired or wireless network connection, and in some examples, is coupled to the
Internet. Although image processing operations can be conducted at a single computer
system, in some examples, image data or images are processed at a plurality of computing
20 systems that can be situated in a common location or distributed on a network. While laptop
computers can be convenient, other computing devices such as desk top computers,
workstations, handheld computers, netbook computers, or other devices can be used for
image capture and processing. In some examples, image data can be processed and specimen
evaluations can be provided without a display, and evaluations communicated via the
25 network connection (by email for exampile}, sent to a printer, or delivered as a text or
multimedia message using a cell phone netwaork.
The imaging system 100 is one example of a suitable imaging sysiem. In other
examples, a reflective or catadioptric objective can be used instead of the objective lens 106,
a short pass filter can be used instead of the long pass filter 104 by rearrangement of the

30 fluorescence stimulus source 102 and the camera 112 and eyepiece 114. In some examples,
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1615 44n nn6n Table1Image Inversioith 3 Bit Values 15Such a mapping scheme can be

extended to o'%%r bit de &ps (e.g. 8-bit, 10-bit, 12-bit, 16-bit

10

15

20

2011/04 PCT/USZ010/051857

only a camera or an eyepiece is provided for etther image recordation or image viewing,
Additional mirrors or prisms can be used to fold the optical axes as may be convenient.
Different strategies for multimodal conirast using phase masks, phase contrast, Rotierman
contrast, obligue illumination contrast, Rheinberg contrast, interference contrast schemes,
adaptive optics, laser scanning, time or frequency domain lifetime imaging, structured
illumination, photoswitchable probes, polarization and anisotropy, 2" harmonic imaging,
two-photon excitation and other strategies may be employed. Specimen positioning hardware
is not shown for convenient illustration, and in many examples, binocular viewing with dual
eyepieces can be provided, and suitable filters and beamsplitters can be provided so that
different image cutputs receive an image light flux associated with only one of multiple
contrast modalities, polarization states or wavelength bandwidths. Additional filters
(reflective or absorptive} can be provided, typically to reduce the magnitude of any stimulus
light that reaches the camera 112 or the eyepiece 114, or to control relative light intensity or
spectral content for viewing or recording.

Another representative imaging system is illustrated in FIG. 11. As shown in FIG.
11, a combined image light flux 1102 that includes a refraction modulated flux 1102A and
a DAPI fluorescence modulated flux 1102B corresponding to dark field and DAPI images
is directed along an axis 1103 through an aperture 1104 to a collimating lens 1105. The
collimated, combined light flux s incident to a dichroic mirror 1106 that refiects a portion
of the modulated Light flux (the DAPI modulated flux 1102A in the example of FIG. 11) to
mirrors 1 108A and to a filter 1107 A that preferentially transmits DAPT {luorescence. A
lens 1110 receives the DAPI moduiated flux and forms a specimen image on a first portion
1112A of a CCD or other image sensort 112, The dichroic mirror 1146 transmits the
longer wavelength refraction modulated beam 1102B to a filter 1107B selected to reject
DAPI flucrescence and the associated DAPI stimulus beam. A mirror 11088 directs the
modulated flux 1102B to the lens 1110 which forms a dark field image on a portion 11128
of the CCD 1112. The CCD 1112 is coupled to a computer or other processing device that
can store image data from the CCD 1112 in memory, and provide image data to a monitor
1118 or other display. With sach an imaging system, dark field and fluorescence images

can he obtained simultanecusly and displayed side-by-side as a raw image or rapidly split
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and others) and can be applied to different components (e.g. hue, saturation, value) of a given color
space. In the step 210, image values that would appear dark are inverted so as to appear light,
and image vaIWé)sz?ﬁ%{&%uld appear light are inverted so as to appear d‘é?i{""ﬁﬁ‘&%?éﬁﬁo 210 can be
referred to as producing a pseudo bright field image. The order of image inversions and pseudo-color
LUTs can be varied as needed. Specific color LUTs can be selected so that, for example, a dark field
image appears in color contrast similar to histological stains. In this strategy, the image modes are
carefully chosen to reveal the same structures to an image produced with a conventional stain
procedure such as conventional lI&E staining. Images can be overlaid in a step 208 with or without
color mappindnfenconirast, conpepenitsno biriersio it rightdfieldappgaiance. Additional color
mapped images,¢apitAs el iaTelstictuas sanhearplisdindac sambingd image (ypicall

overlaid with the combined imag %aé.n a ste 2. The combined 5 and processed image can be stored
and/or display&8THa"Stis? IO HE B 948 eSFﬂ‘?é’§‘“edé‘Eé’B§g8§?f‘Bfél%‘Hfh?8}ﬂ’r duplicated, or performed in
another orderafrmgrecosnveénisatmore, finwpamyd drdotcalcexamples!lit candbeadeankageous to simulate

the coloring ofigpegific tispue SterpiuasPRdLcahpith conventionabhisielogier)stains in multimode

contrast |mages IS chs &yogdorowdegx cf%'@ ili iar (Flna}zgytlc&g(le %@%LQHQF‘AQ dgc f,ettlng for a 10physician
while still permlttln corrélfatlon wit itional specific rkers 10 reveal additional information. This

simulation alst'petrmirglting QHﬁ%ﬁfﬁ%ﬁf‘é‘F ﬁb‘h?éﬁgéfﬁfﬁ‘dﬂéfélﬁ%ms‘é Tt SEAfFEF8I08S not interfere with
application of inttiesr mankers arethe: evataatiomofiinage tfeatwﬂsmmimmbthﬂge markers. For

example, refragtion; Gongk ﬁ%}fa’ﬂhQﬁaH%gdthﬁ%ﬁﬁ %g rémgmm%m,@roteins while a
nucleus s&emﬁc qu%rescent such 15as DAN can be used to redv al details of nuclear chromatin
distribution. THOE Y FaAH aﬁ PSR b SIEH R AR ELER CWKeEBhPEEPEtE fSige processing, to

reveal specimégrifiéxmifdiin ighhsmmes. ambidgoemurstbas ercHiepedidoithodbsimfeodimophilic, or

protein-specifi)arsh heeraioxdin (aucleis-acichar R sspacifiorBesadsadhesedmages are obtained
on the same s(J%eumen Pf%featu es of ach C%Belﬁgg§tﬁ spatially and 90 included in a displayed

I more’ 8.0 ]%SIrUOHS Ol a 511t }
image for convenient analysis timized color mappings can be utilized that permit images displayed

as preferred by clinicians to best reveal features of interest in the context of medical training and
experience. SUakrdolokupdjaplagmdanadge laoasmniently described with reference to a CIE 1976 Ltatb*

color space, other calELRRACESRYCH B As HMMHERHMME JiBiR CAPL-SRRGEN BFifelies1931 XYZ color
space, CM 1976

based on either fluorescence or dark field illumination, or both simultancously. The
acquired images can be manipulated to present specimen features in a common context
using a representative method illustrated in F1G. 2. 1n a step 202, a dark field refraction

20 bmage is recorded, typically as a monochromatic image, and in a step 204, one or more
fluorescence-based images are recorded. The number of such fluorescence-based images
can depend on pumbers and types of fluorescent markers or dyes that are applied to the
specimen. These images can use different wavelength bands corresponding to emission
wavelengths of the fluorescent markers. In some examples, the different wavelength bands

25 can be overlapping, non-overlapping, or a combination thereof.

In the step 204, the one or more fluorescence based images can be obtained
corresponding to fluorescence from corresponding fluorophores. Appropriate spectral
segmentation of the fluorescence light can be used to obtain mutltiple fluaorescence bhased
images that can reveal different specimen features, typically dependent on the specific

30 probe associated with the floorescent detection marker,
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25 L*u*v*, HSV, HSI, HSV, HSB color, or ROB color or CMYK color values, or PANTONE or
MUNSELL col%ro SZ%alll%gﬁg%n also be used.  FIG. 3 illustrates a represent%tive rr(w)etshg)g 300 of
specimen imaging A permits interrogation of specimen features based bH TeHTALIVE index contrast
and DAPI fluorescence. In a step 302, a gray scale intensity map image of refraction contrast in 30
specimen is recorded, typically using a monochrome CCD camera. In a step 304, a DAPI-
fluorescence-based gray scale intensity map image of the specimen is recorded. While color filters are
used in acquiring both of these images, the images are recorded as intensity values for an any of
pixels as gray scale images on a monochrome CCD. in a step 306, the refractive index contrast image
is processed and méppesdastaiopihhiavecarappearanceabgiinidan téthat produdedewith eosin color
absorption ungler whiteigBhianssitad: Humination-Eosin sianing Aypisalyur adees image contrast
in protein moieges in the extracellular matrix Smédi in rréembrande_s. In some %xamglesd the step 306 can
be configured 30 that TR proCE S i e T Ag S AL AN AP PERPEHEE RS R BEEL o ilician subjective
preferences félegusinsedimngs osebrantfied andttradidiated o CIE kb tbolwe.space. 10 These
preferred golansmispscasvacidingett eithaton ai1gouRet cliRictans esasindividuakelnician. For

convenience, ima@ érgg.,gn ies

; é‘ﬂ%‘&%ﬁ%@%}E&%%&%&%&%‘énfa%ﬁ%‘%% Ip % & GonMeRad Jmgae. For
processing based on eodsin stains, such images can be re grreﬁ toas e S|n1ggn\(erted images. Such
converted im&GBSEEPBEEIHHER AP SPTRTEGES, gt AR d Tt ER B PB4 a step 308, the

DAPI recordegrivmnalpacis proeessedpiecprodvice alrdmad ei@ssoviatechwitbrawmapgearance resembling
hematoxylin aRsqrption-uhderuhire-light tansmitiesylnination.Annoled.abeye, this image can be

produceq éaased on individual or group subjective preferences, or matche usinﬂ quantitative spectral
color measuréMent and mapping to digital coior space. T he restiing image of the tep 308 can be
referred to asia@OREAVe g Ry ET e Rrorcartre ity fnconive redetd Mdjelerth). The converted
images are typieally progicaechufing@Re OEeRechisE maps or specialized lookup tables (LUTS). The
image_s are ger_1er§1IIy pseudo-colc_)re ,%ﬁ'lgil?'é‘z’iﬁ'"t“ %@M@S@éh c_onve_rted im_age isa complimentz_ary
color, image with inverted saturation, tiue @rnd/orjvatue;. A combined image is produced by merging the
complimentary images in a 25step 312, 765 éxample by addition, and displayed or otherwise analyzed
in a step 314. The method of FIG. 3 i2llustrgted with human prostate specimen images shown in
FIGS. 10A-10E. FIGS. 10A-10B are graystale refracti¢e contrast and DAPI fluorescence contrast
images, respectively. FIGS. 10C-10D are ®osin-¢onvetted and hematoxylinconverted images based

on the images of FIGS. 10A-10B, re pm‘tgmly FIG 1f~';ﬂ: is-a

7 0
Table 1. Emage Inversion with 3 Bit Values

15 Such a mapping scheme can be extended to other bit depths {(e.g. §-bit, 10-bit, 12-bit, 16-bit
and others) and can be applied to different components {e.g. hue, saturation, value) of a
given color space.

in the step 210, image values that would appear dark are inverted so as to appear
light, and image values that would appear light are inverted so as to appear dark. The step

26 210 can be referred to as producing a pseudo bright field image.

The order of image inversions and pseudo-color LUTSs can be varied as needed.
Specific color L.UTS can be selected so that, for example, a dark field image appears in
color contrast similar to histological stains. In this strategy, the image modes are carefully

chosen to reveal the same structures to an image produced with a conventional stain
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30 merged image obtained by combining the converted images of FIGS. 10C-10D. The eosin-
converted image of FIG. |OC and the hematoxylin converted image of FIG. 10D are produced by
application of‘g%é?é%/?_ﬁ?7and image inversion. Physician-preferentiaf85f8§2§b%%5é >for hematoxylin
and eosin stained tissues have been obtained to more closely match the pseudo-color mapping of the
refractive image and 5DAP1 counterstain to produce a preferred image appearance. Such a color
mapping is illustrated in FIG. 9. Referring to FIG. 9, a CIE L*a*b* color space 900 includes an a*- axis
902, a b*-axis 904, and an L*-axis 906. CIE L*a*b* coordinates are represented as locations on a color
sphere 910. Typically, color arcs 912, 914 are assigned to refractive index contrast (eosin-analogue)
and DAPI flugressencedontrastctiemaicyinzanal tgue}, cidbe spettively. sitpedrientent to select the

c_olor arcs 917,944 Q15" Q%%%%&ék@ﬂ%n&@@ﬁﬁ@&% Q%B&E@i@ﬂ%&%ﬁ&@mox}/“” and eosin in
tissue, respectively. Co{ll?r_magfhn%%can be Vprowdeéi %assglrrﬁung a;,}br* cloordlnates based on
measured intésﬁlgifé%ﬁ(ﬁ AT FHESE 18P KHeet S e EERa< 18 X 1BRYIEUAMAI arc on the color
sphere 910 thratigizt anagn Gieiof kivoeiBdvdédre earfrons ihagh axisemhE cdhscam®i9dy corresponds to
a 15 longitudinal @eecendhaacolan spheke Jldthabisat an angie of@heytHR degeees from the -b-axis.

Other arcs casr}e €. EQO%%L\’%’&'(!EJ 3{%5{&8?&”%}}9{[%6%%595 atreoggngfes thag roduge H&E stain-like

pe: I more rRzem nr. . .
contrast for selected tissue types are summarized in Table 2 below. CIE Lab* i Ranges Cytoplasmic

Features Nucleus PBEtHFeRTE, ST 4PIany e bR ANGR 8P HY & R B eloigA 1+ 12 to +24 -5 to +5

specific tissue structures produced with conventional histological stains in multimode
contrast images. Such simulation provides a familiar analytical and diagnostic setting for a
10 physician while still permitting correlation with additional specific markers to reveal
additional information. This simulation also permits the elimination of light absorbing
stains, so that staining does not interfere with application of other markers or the evaluation
of image features revealed by these markers. For example, refraction contrast can be used
to reveal extracellular and membrane proteins while a nucleus specific fluorescent dye such
15 as DAPI can be used to reveal details of nuclear chromatin diséribution. Thus, the
refraction/DATI combination can be used, with appropriate image processing, to reveal
specimen features in a manner analogous to that achieved with eosin (eosinophilic, or
protein-specific) and hematoxylin (nocleic acid or DNA-specific). Because these images
are obtained on the same specimen, the features of each can be registered spatially and
20 included in a displayed image for convenient analysis. Optimized color mappings can be
utilized that permit images displayed as preferred by clinicians to best reveal features of
interest in the context of medical training and experience. Such color mappings can be
conveniently described with reference to a CIE 1976 L*a*b* color space, other color
spaces such as a Hunter 1948 L,a.b color space, an CIE 1931 XYZ color space, CIE 1976
25 L*a*v*, HSV, HSI, HSV, HSB color, or RGB color or CMYK color values, or PANTONE
or MUNSELL color scales can also be used.
FiG. 3 illustrates a representative method 300 of specimen imaging that permits
interrogation of specimen features based on refractive index contrast and DAPI
fluorescence. In astep 302, a gray scale intensity map image of refraction contrast in

30 specimen is recorded, typically using a monochrome CCD camera. In a step 304, a DAPI-
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+15 1030 -4 to -16 1 Liver+3010 +50 -4 to -16 +38 to +52 -15 to -27 Table 2. CIE L*a*b*
Preferred Coordina e Ranges for Selected Tissues Computing Environment 20FIG. 16 and the
following discuws%?gﬁlﬂi%%ﬁe a brief, general description of a suitable comﬂﬁ@gﬁwﬁment for the
software (e.g., computer programs) configured to perform the methods described herein. These
methods can be implemented in computer-executable instructions organized in program modules. The
program modules include the routines, programs, objects, components, and data structures that
perform the 25 tasks and implement the data types for implementing the techniques described above.
While Fig. 16 shows a typical configuration of a desktop computer, the invention may be implemented
in other compliter sysiemneopfigurationsadnciugingapaultiprapessor Sysieds, migioprocessor-based or

programmable, cORFUMEL QleCHARIGRiHIHAIEAMRHIGES MAITANIE GRMRIRIS,ARd:RE like. The

invention may also be used in distributed computing environments where tasks are performed in

parallel by pro@EeSiRG HaTREE RE BERHERCE S ErM AR RS BELEHSIE: (1d°Pei¥ied to measuring
characteristicthofcfatididatexamomaliss wsdhiveedenhatbsichi tatve suwlye on ammaltiples computers,

multiple psocessonsding siogle-cmpLiar.elobathn-a distripuied somputingsenvironment, program
modules may;pe located n ool 10 ang F S mRle MeMON, B0 898 ASVICS S ies in e

extracellular matrix and in membranes. 1n some examples, the step 306 can be configured

so that the processed image has an appearance that is based on clinician subjective

preferences for eosin staining as quantified and translated to CIE L¥*a*b* color space.

i0  These preferred color maps can be based either on a group of clinicians or an individnal
clinician. For convenience, the image resulting from the step 306 is referred to as a
converted image. For processing based on eosin stains, such images can be referred to as
eosin-converted images. Such converted images can be either displayed images, recorded
images, or both.

15 In a step 308, the DAPI recorded image is processed to produce an image associated
with an appearance resembling hematoxylin absorption under white light transmifted
illumination. As noted above, this image can be produced based on individual or group
subjective preferences, or matched using guantitative spectral color measurement and
mapping to digital color space. The resulting image of the step 308 can be referved to as a

20 converted image as well, or a hematoxylin-converted image.

The converted images are typically produced using one or more color maps or
specialized lookup tables (LUTs). The images are generally pseudo-colored and inverted
so that the converted image is a complimentary color, inmage with inverted saturation, hue
and/or value. A combined image is produced by merging the complimentary images in a

25  step 312, for example by addition, and displayed or otherwise analyzed in a step 314

The method of FIG. 3 is illustrated with human prostate specimen images shown in
FIGS. 10A-10E. FIGS. 10A-10B are grayscale refractive contrast and DAPI fluorescence
contrast images, respectively. FIGS. 10C-10D are eosin-converted and hematoxylin-
converted images based on the images of FIGS. 10A-10B, respectively. FIG. 10Eisa

30 merged image obtained by combining the converted images of FIGS. 10C-10D. The eosin-
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The computer system shown in Fig. 16 is suitable for implementing the 10technologies described
herein and includes a computer 1620, with a processing unit 1621, a system memaory 1622, and a
system bus 1653 MAPHE- connects various system components, includi]ﬁ(@”(ﬂ%”gf} ?ﬁ7memory 1622
to the processing unit 1621. The system bus may comprise any of several types of bus structures
including a memory bus or memory controller, a peripheral bus, and a local bus using a bus
architecture. The 15 system memory includes read only memory (ROM) 1624 and random access
memory (RAM) 1625. A nonvolatile system 1626 (e.g., BIOS) can be stored in ROM 1624 and
contains the basic routines for transferring information between elements within the personal computer
1620, such as:ahyring stagt-ufFIThe)persahataamapteche2@camfuthBGincde one or more other
computer readafie storags;davices, 1630 suehasaard 2disk drive, a removable memory

(thumb-drive), a magnetic disk drive, e.g., to read from or write to a removable disk, and an optical disk
drive, e.g., for readiﬁysécﬁﬁfﬁ%ﬁ)ftﬁ’igsﬁ?i b e IEM P IR G SRS eSS a. The hard disk
drive, magnetibeelisitgiricbloanuesitiell gl thdwecedmnchlergomacteldtortireciystengdard 1623 by a hard
disk driveintenfage .aunaagneticsisk-duye-interiace. and.anepical deverintgrace, respectively, or
2oconnected I, oM ofhet lasplol,Lisifives Bd Mielassogiated fompyiet,fgadable media
provide nonvo1atﬂe storage of ata data structures, computer-efecuta [e"instructions (including
program code it ad Byrdhiieditid BlarisdsdHa Stbitablemetyashdaretikafdithe personal
computer 162McAlthoughdiie gescriptiorafctimpulterte&tablie nmedidcabibveerefeirs to a hard disk, a

removable magRgticdiak. @Ml 23060, M LBR AIERIRCHEE Sthel PSsfmedia thel are readable by a
computeg such as Jmna r}e,tlc cass,etttets, fllastrtlhmegnogy cq[)dg ‘g'gltaj video dIS‘|:(§, and the like. A
number oF prof AR Bod IS IS SE QST NG AREAvES and RARIPTESSOMERHNG=R operating
system, one othitarécapplibitibenprp Geaaisdithad progiaswrothahestiavie $rogranrriaga. A user may
enter commangs sy sdntRapakioninio:He dopersanaleanspules ke Mtareugh enenermore input
devices 1640 sycl. a5 A ayRoRId. ol poNNARNGE. SYEN. 552 Mouse yQiher jpput devices may

include a microphone, joystick, game pad, satellite dish, scanner, or the e. Thése and other input
devices are off BHCHIRBEELRE IR VB ds St it T 4O 8R4 Bért interface that is coupled

15 longitudinal are on the color sphere 910 that is at an angle of about 60 degrees from the —-b-
axis. Other arcs can be used as well. Representative coordinale ranges that produce II&E

stain-like contrast for selected tissue types are summarized in Table 2 below,

CIE Lab* Cytoplasmic Features Nucleus Features
Ranges

Tissue a* range b* range a”* range b* range
Colon +12 to +24 -5 t0 43 +15 o +30 -4 to-16
Liver +30 to +50 -4t0-16 +38 1o +52 -15 to -27

Table 2. CIE L*a*b* Preferred Coordinate Ranges for Selected Tissues
Computing Environment
20 FIG. 16 and the following discussion pravide a hrief, general description of a
suitable computing environment for the software (e.g., computer programs) configured
to perform the methods described herein. These methods can be implemented in
computet-executable instructions organized in program modules. The program modules
include the routines, programs, objects, components, and data structures that perform the
25 tasks and implement the data types for implementing the techniques described above.

While Fig. 16 shows a typical configuration of a desktop computer, the invention



to the system bus, but may be connected by other interfaces, such as a parallel port, 10game port,
Ethernet, IEEE 1394, Gigabit Ethernet, Camera Link or a universal serial bus USBe?. One or more
output deviceé@ﬁé@ﬁ%%as a monitor or other type of display device isPIEG¥SHREERD to the system
bus 1623 via an interface, such as a display controller or video adapter. In addition to the monitor,
personal computers typically include other peripheral output devices (not shown), such as speakers
and printers. 150ne or more communication connections 1650 are typically provided such as wireless
connections, wired connections (for example, Ethernet connections) so that that the personal
computer 1620 can communicate via a communications network. In addition, although the personal
computer 1620:=nsiucieseemadietyiaf kpuidevees, @ofguideridespdiremonyparesgtorage, in some
examples sorag.f these GRMRGNERL A GleraledwO.samately.farAccsstvaR B work. For example,

processed imag_e data obtained as discussed above can be forwarded via such a network to a remote
terminal or prORSYEIRE SRERT 8 dEpIES, EVARTENER HHFRGRRES8EEESHE by a clinician. Data
storage can beremoeeasroveltnFdgseisdnak corfputé isPold dn yecenmiglarédstt record data in

memory, procasseafaraseaicingote thepmethadsidisclosedRaseinanddisplay the 25processed data
on a local monitar, However these functions.can be %%rg%rmﬁg paycglgfe[gsr!_tl processing units at

. 1date anomalids can be perfotire gu 8 €
different locations as may be convenient. = The abové computer system is provided merely as an

example. ThePlEHHBIoY S 8% B P REPREh R AT RINE SR Po BRI Shfigurations. Further, a
wide variety ofrepproachés forydellecting einchasalynihgndatanselateddagrizeessing image data is

30possible. For examplexihed3iacanhs calecied chaireterisicsmaaskied, colored, and
processe}% to Prﬁvi(fle,bri(gehtfiglg%contexg i,m?l%es for storaggzsm | dis Iag on different computer systems
at IR & MIrRB

, CIANCIORIES. (eSCTIDG CITCHL eS8 & CO ter 'O : . .
as appropriate. I addition, various Sofware aspects’can et i R4rdware, and vice versa.

5 Tissue Anali&is andFissaadPydees iy Optimizuation? hat liswioidal protoesias intended to preserve
tissue structureanaQRNANGE GaRtrasi-hahvaen struciurepeidaterast fapmicrescopic examination. In

order to accomplish,{his, M3 APBIBENES A1S0 Yse.andhave et sed isorically. Tissue fixation

can involve a variety o tries,"examples’include but are not limited to such as fonnalin, Bouin's

10fixative, etHEImgR tSPARIShYFE RIKBITes 80 At} TR RYS 2B etbie, the use of acids,
alkaline sélutionspdeterge nispdreasy mbtalsand(Rizny16tHendcrossdinkiang agents or preservatives.

These differenk ghETHSHIOSBRAGRAE SR EREEGIO PENGION] ARAIS RIERFYRIG8Y4 and
contains the basic routines for transferring information between elements within the
personal computer 1620, such as during start-up. The personal computer 1620 can
further include one or more other computer readable storage devices 1630 such as a hard

20 disk drive, a removable memory (thumb-drive), a magnetic disk drive, e.g., to read from
or write to a removable disk, and an optical disk drive, e.g., for reading a CD-ROM disk
or to read from or write o other optical media. The hard disk drive, magnetic disk drive,
and optical disk drive can be connected to the system bus 1623 by a hard disk drive
interface, a magnetic disk drive interface, and an optical drive interface, respectively, or

25 connected in some other fashion. . The drives and their associated computer-readable
media provide nonvolatile storage of data, data structures, computer-executable
instructions (including program code such as dynamic link libraries and executable
fites), and the like for the personal computer 1620. Although the description of
computer-readable media above refers to a hard disk, a removable magnetic disk, and a

30 CD, it can also include other types of media that are readable by a computer, such as
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and tissue structures, assist in labeling and antigen retrieval and other such efforts to enhance
contrast in single mode imaging for pathology. The material used to infiltrate and 15 embed tissue and

provide suppo Q3% Ves for microtomy and ultramicrotomy also corﬁﬁﬁﬂ{%@lt%(’g’ﬁﬁgal

characteristics. The subsequent processing, staining and mounting strategies all contribute to optical
and chemical characteristics for multimodal imaging. With this in mind, studies are underway to
optimize multi-modality imaging parameters and select appropriate imaging modalities specific to
particular fixation, embedding, 20 labeling and mounting conditions commonly used for histopathology.
This can be done using archived tissue prepared through different conventional means and adjusting
imaging paramete¢scteenhantahmagequalityiifheinvedsesapanbaikeof optimizing tissue preparation

protocol to imaging Moglalitigs s ASPHRAING BRISHEH-IMAYR SHA.IPSYBIgy between tissue

preparation, 2,5Iabe|ing}%9ents, and imaging instrumentation; multi-modal imaging strategy takes this
ISS

into account. TRUE B8 S WM L L IRTE 2081 HELdIATOH ARG BrePaFation are considered to be
parts of the optickilesrrhemsical datraginges poteshieMamnparticadl ptigsieadaint dlkemical steps are involved
in tissue processing terbistopathalogy Jbedrinciplapbasas efautamated tissyerprocessing represent
many paramelers, ) e pracessing ipelipg iat 3impach Imade guality, n, grder to best leverage
particular imaging modalities t at produce com ﬂmegntar Iry1format|on, the optical and chemical
qualities of tisENE Proea%difty ,S%éﬁﬁﬁhaﬁ&‘}‘ﬁédﬁfﬁ?d*ﬁué‘ﬁé wdrhEnireg i efeEdThe use of
automated eqefipmremieard togtepizessippotacvie farsphcisdize gdaetairiigand cengistency of reagents

and chemistri%@r%g@gqgg @@Mt&ig@ﬁ%tﬁ%ﬁ@pg@éﬂ&é@gﬂy@igyﬁgglg@gg@st and
structural}/ghemlcal Sr __,solutlonﬂg%%ggf%cogn_%l_mentar imaging modalltleéf. In the context of the
e S Sué I

examples outfAedRser&in The m 151RE GBS h A AR Al A8TrEEEISER8 linking by fonnalin
fixation, embeddihy (Prpearaffin colepalatfies $6dpsipresanpatiorroitmictearichspimatin, counterstaining,
specific molecilateps ahesoimauatingagentand giassusepdoidissur prepanation are all taken to

contribute 1o the [BHINRIS eaR.of 'magind KN TuliRletomees, aliagingyised in examples
involve refractive contrast qualities and fluorescent si nal and/or mblecular mass resolution.
Representatiﬁé%lﬁ’%@?éﬁﬁﬁ‘l@&%ﬁﬁﬂﬁ‘ﬁmﬁEi‘b‘-?‘éi‘?ﬂgr%’&qﬁﬁé@ﬁ%‘eﬁ%\%‘}é‘d’%‘ﬁeﬁ%ulti-modality contrast can
be 15combined witlhadditionadcietesitains chemesnthiat tise yattolssighad gemesation methods. Some
representative, prpkes RaveoResndesarlRachRrk he-disclarsd.technelogy is aetdipited
the personal compuier 1620 can communicate via a communications network. In
addition, aithough the personal computer 1620 includes a variety of input devices, output
devices, memory and storage, in some examples some of these components are located
20 remotely for access via a network. For example, processed image data obtained as
discussed above can be forwarded via such a network to a remote terminal or processing
system for display, evaluation, and further processing by a clinician. Data storage can
be remote as well. The personal computer 1620 can be configured o record data in
memory, process data according to the methods disclosed herein and display the
25  processed data on a local momtor. However, these functions can be performed by
different processing units at different locations as may be convenient.
The above computer system is provided merely as an example. The technologies
can be implemented in a wide variety of other configurations. Further, a wide variety of
approaches for collecting and analyzing data related to processing image data is

30 possible. For example, the data can be collected, characteristics measured, colored, and
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to these examples. Some probes that are configured to specifically bind to one or more targets of
interest can be couyi)led to_a label that can be interrogated based on numerous optical and
chemical-phygﬁ:%ﬁ%rlé%g%%s such as light absorption, emission, fluorescpﬂégsiﬁﬁf%?ﬁ%,
chemiluminescence, electronic characteristics, chemical characteristics, photoswitchability, intermittent
blinking, radioactivity, birefringence or label mass.  Conjugates comprising signal generating
moieties, such as conjugates of specific-binding moieties and signal-generating moieties, can be used
for detecting specific target molecules in biological samples. The signal-generating portion is utilized to
provide a 25detectable signal that indicates the presence/and or location of the target. Examples of
signal- generatingssdietpes itciugdesiby-vwayotexanipleiange withtiiidinotdticmerenzymes, such as
horseradish pgraxidasesalikaling Rnskhalass, acichpRiesehalasealucase.oxidase, etgalactosidase,
13-g|ucuronidas% or fl-lactamase. When the signal-generating moiety includes an enzyme, a
chmmagenic CORPSUNG; %ﬁ”ﬁ%ﬁ%ﬁé‘z%ﬁ?ﬁound, or luminogenic compound can be used to
generate a detectable signal. Particular examples of chromogenic compounds include
di-aminobenzigirg. (BABis4maionb eRyRIRsIRakadRR), fast red, bromochloroindolyl phosphate
(BC1P), nitro blue tefrazoli IBT), BC1P/NBT, fast red, AP Orange. AP blue, tetramethylbenzidine
(TME), 2.2"azino B e oranaphinol 5

(4-CN), nitrop N8 B gt SR SR RS G ISRy R B S e ppis) this.
5-bromo4-chlorosBaimdelytTSegalactag ranbsioes¢X hal)cae thjdumivellife ik flaDrgatactopyranoside
(MU-Gal), p-nitprphenylsaild-calactony abralds (ENR) 1R Qdrehigtadiindelyls fi -Dglucuronide
(X-Gluc),ig-a ino-9-ethyl ca I?a_%%l6 AEC), fuchsin .iodonltroteta(a%gllum QNT , tetrafzollum blue and
tetrazolium 108HE type of detectabie Conjubate s a tavaient nfigats sl andiitiSody and a
fluorophore. DirgstiteipliotdionbWartithie bonjugards tidiuay ofher wavdiekigtrabsorbed by the
fluorophore stirastateissiuorescaneedhatcambadeteeiad and Msgdlcigualitates-quantitate and/or

locate the antjgedy, Some xemBles, a3Rroer Nalein are. heser a0 semigppdygtor nanocrystals (aiso

referred to as quantum dots or QDots). Quantum dot bioconjugates are 1 characterized by quantum
yields compafﬁ‘BFé“?oCEﬁE“B‘r’t@ﬁ'fé‘ft it S 8 BAER A P | SR eaprdiatans [t AAtum dot-based
fluorophdfes alxdethisk@: 100GtHies: ppored gt than draditional dydslu@uiantuny dibts typically are stable

fluorophores, Qfignate resisianhipRbrirbleaching, RRd.RrRVE:R Wik FaRgeRf Sxgitation, wave-length
and narrow emission a%jgcttrr%n}é uantym ‘goé[s haa\fir}%garygu‘l, emission alc,ha}racteristics, such as
emissions at particUiar 20 wave-lengths, Cai Be Seleetad Such AT PIHATHIRaREE: quantum dots
having plural HiffefehierssisilisharEistics SR sdtneddisntifpeiiararaiferent targets. Emission
from the quantametiotapsrataiae Wnanak Sysaimedsigeahich faeans: ovarlap.wikiatier colors is minimized,

resulting 4p m&Qém!;Qlﬁ%ﬂa@g%m%%m&ﬁ,d%&%% %&@%&?‘%@é&%%‘%&%@ crosstalk, in spite

of the fact that many more colors can be used simultaneously. Symmetrical an

using afchived tissue prepared through different conventional means and adjusting tmaging
parameters to enhance image quality.
The inverse approach of optimizing tissue preparation protocol to imaging
modalities is also being pursued. Image quality is a sypergy between tissue preparation,
25  labeling agents, and imaging instrumentation; multi-modal imaging strategy takes this into
account. Thus the tissue as well as methods of preservation and preparation are considered
t0 be parts of the optical or chemical imaging system. Many critical physical and chemical
steps are involved in tissue processing for histopathology. The principle phases of
automated tissue processing represent many parameters in the processing pipeline that

30 impact image quality. In order to best leverage particolar imaging modalities that produce
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25 tunable emission spectra can be varied according to the size and material composition of the
particles, which allows flexible and close spacing of different quantum dots without substantial spectral
overlap. In adgiﬁc}ﬁ?t'ﬁ‘éﬁ?og\bsorption spectra are broad, which makes it 65%%@%0&%% all quantum
dot color variants simultaneously using a single excitation wavelength, thereby minimizing sample
autofluorescence. A quantum dot is a nanoscale 30particle that exhibits size-dependent electronic and
optical properties due to quantum confinement. Quantum dots have, for example, been constructed of
semiconductor materials (e.g., cadmium selenide and lead sulfide) and from crystallites (grown via
molecular beam epitaxy), etc. A variety of quantum dots having various surface chemistries and
fluorescence behgtachemstitsrare@ommmeaicinily availabl guiitnes kivitsoganceSamoratiorn, Eugene, OR
(see, for example, iS5, PAlek Nosk 845,864, 6H82596.a060.6493Rnea6h of which patents is

incorporated by reference herein). A quantum dot can be coupled to a bindin ,m,oiet)é selected for a
target of interS KR PBIRATR IO PAF SR8 BUGTNTIIcAGt CARERS %?%8?8’3‘5‘5%%%1 on, for example,
its fluorescenee¢aracteristidsaaadonpion divaradts i tos exaiatioertdcharaeleristics or fluorescence
lifetime. 5 Whilsuianexampiasieteontiasiroesisisendicikedadnutiimedalgantrast imaging with
multiplexed profigs,qan he ised: neliding.tags, based.an ayspim dofssud as dgserived above, tags
configured for iImaging mass spectrometry are also |gT1 y Useful. These so-called 'mass tags" can be
configured forSHEEFEOBIR GG GHE o HRIGHEE HERRi SEFSE Hiomui BtalfascsBriRerest; and
subsequently wetectadching) neprifatnixiassistechasendesprptionndpizatiend ((MAdl2l) mass spectrometry or

qther mass SQS‘?&HQH&%M%Q@QE&%Q%@% Mﬁlﬂfﬁsﬁ%&@&%ﬁ% _amiﬁq;&g@ specimen such as a
tissue section thgxt is to be evaluated or has been ?valuated using.r rac(glve index contrast and/or

re
fluoresceiice S8 GRELHBEHHBEVE THERE SRAMp IS TigARGE™ ?%ﬂ&%é%‘ﬁ?é% ar&’5&f&%ed for binding to a
target molecuierhehgires welcartnesBgoitianoparticles or other nanoparticles. Ligands or antibodies
that are present on the nanoparticle bind to the target protein. After binding to the target, the small
molecules ona nano atryclog qileﬂrsl be subsequently analyzed by laser desorption ionization time-of-flight
mass spectromé)try ('#f)f-’f‘ I F@é U.S. Patent 7,202,472 discloses representative nanoparticles
having antibodies chbipfecrtife i i spradiid Bidm G5 arg Bt ot sfistyfdtan be 25detected
in this way bycpndidingitbarkéspandingispedificcadtidadiesions|ijanisthatiaredould to respective

nanoparticlestm%@L@s&xaml%&@&&G@%@Qé&&&l&@,wi@@%@ﬂiﬁ@E@aamj_%ssj&ﬁﬁw@- In some
examples, phot%cleavablg mass ta -Iabgled antihodies such sajgescrlbe in US Patent Appl. Pub.

2009/008833%¢ ' i O 505/6185627, a probe is

Aise e, I B Ex A6 LR GI8 8L
coupled to a sy piduifist cordnaagdedioditibrlidid enveednipsingpiah BBeepyJrerwfd the released mass
modifier is detgatatncathafexampiassuehasdisciReetddbption, emission, fluorescence
20 Hfetime, chemiluminescence, electronic characteristics, chemical characteristics,
photoswitchability, intermittent blinking, radiocactivity, birefringence or label mass.
Conjugates comprising signal generating moieties, such as conjugates of specific-
binding moieties and signal-generating moieties, can be used for detecting specific target
molecules in biological samples. The signal-generating portion is utilized to provide a
25 detectable signal that indicates the presence/and or location of the target. Examples of signal-
generating moieties include, by way of example and without limitation: enzymes, such as
horseradish peroxidase, alkaline phosphatase, acid phosphatase, glucose oxidase, -
galactosidase, -glucuronidase or f-lactamase.
When the signal-generating motety incledes an enzyme, a chromagenic compound,

30 fluorogenic compound, or luminogenic compound can be used to generate a detectable signal.
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WO 00/68434 which is incorporated herein by reference, liposorne encapsulating specific binding
oligos are provided, each having specific distinguishing masses separable by MALDI. 5
Representativ‘é’%%?ﬁ[ﬁ@g?m some additional examples, images of fonngﬂfﬁ/ﬁa’d?lﬁﬂﬁfﬁn embedded
histological tissue sections prepared according to Ventana Medical Systems (Tucson, AZ) protocols
were obtained. In examples in FIGURES 4,5,6,10,12,13, 20, and 21, tissue sections were rendered
from pmstatectomy and processed for fluorescence in-situ 10 hybridization (FISH) with semiconductor
nanocrystal quantum dot (QDot) and counterstained with the fluorescent stain
4'.6-diamidino-2-phenylindole (DAPI). QDot detection and DAPI fluorescence can be produced with an
ultraviolet stinruttisiheamiiflea o aveinngin ange.eds3dduté-d2omimbarichasimuils beam is well suited

for simultaneqys ultilex £xciain QLN BRARNID AUSIPAKSAHIIERRAIS SYENAS DAPI as well as

15multiplexed QDot probes. Refractive index contrast in the example contrast scheme is bright against

a dark field aft HSEE O HRpBHE O Tight SOy &tid Bfd e Behsmtdiamiiiheous viewing and
recording of fidresvedice-ebntrerstthiazdbirectphiewi g/ df Such-spesidiens-ddimgrepimicroscope system
such as that Qi IiG; hiwasdaupdio:pewselu:iar diraetyvispalizationMsiRgdeng Rasm(A10 nm) filters

installed 20dir in,microscope eyepieces. esulting viewed es contained nuclei that
ppeared biuc S O s e R S e A o ot rech for
direct viewing ¥Ah'/B8 ipdiie@bennd oté ormyieresidadaiBhgthrimers iome tidaltn gt light path. The
contrast proviglechipyigitileGiluinationy(HtigrestenterdCiranamiliectiatke fietoieaaNde, conveniently
shuttered to gpable;imaging.with.a.singleLocontrast method independent of the other. Light source
intensities (stimulus beam, dark field illumination field) can be controlled so as to balance the contrast

for direct'fvo-color VEUERS SLEHCEFHS SO o+ ST Quness ohith W&k dafdized integration time. A
representativéleombiree dderkef el i(ine lovaefrdbtivefluoristancézcontiasttimbgdéd shown in FIG. 4B in
2-color overlayamappightfield.rapierng-aiengaith sndinageaf asseliuspetion3Qiefkthe same
specimen proguged witha sonventional HEE 310 (G ndlk L8089 2 onductor
nanocrystals {(also referred to as quantum dots or QDots). Quantum dot bioconjugates are
15  characterized by guantum yields comparable to the brightest traditional dyves available.
Additionally, these guantum dot-based fluorophores absorb 10-1004 times more light than
. traditional dyes. Quantum dots typically are stable fluorophores, often are resistant to photo
bleaching, and have a wide range of excitation, wave-length and narrow enlission spectrum.
Quantum dots having particular emission characteristics, such as emissions at particular
20 wave-lengths, can be selected such that plural different quantum dots having plural different
emission characteristics can be vsed to identify plural different targets. Emission from the
guantum dots is narrow and symmetric, which means overlap with other colors is minimized,
resulting in minimal bleed through into adjacent detection channels and attenuated crosstalk,
in spite of the fact that many more colors can be used simulianeously. Symmetrical and
25  tunable emission spectra can be varied according to the size and material composition of the
particles, which allows flexible and close spacing of different quanium dots without
substantial spectral overlap. I[n addition, their absorption spectra are broad, which makes it
possible to excite all quantum dot color variants simultaneously using a single excitation

wavelength, thereby minimizing sample autofiuorescence. A quanturn dot is a nanoscale

30 particle that exhibits size-dependent electronic and optical properties due to quantum

-8 .



FIG. 4B is based on both a color LUT and image inversion. The type of data visible in the unstained
tissue section @%‘114?8%8%9” be used in the diagnosis of prostatic intraepi&hg{l}i&!&gggl&;ia (PIN) and
anomalous growtﬁ pa &8s present in prostate cancer (FIG 20, FIG 21)'in a manner Similar to that of
the conventional H&E stained image (FIG. 4A), but also 5interrogated for molecular probe localizations
as well. Moreover, the additional features, such as prominent nucleoli, are not apparent with DAPI
fluorescence alone. Thus, such combined images and processing thereof can be useful in diagnosis
and treatment, and can not only supply the same information as conventional stain based images, but
also yield additional information. 10In these examples, dual-contrast (refraction-dark field and
fluorescence, xespestive Primagdasiere fecanded,with eomonoehrbme GG withasegliential exposures
taken using intefferense.fllgrsdo.aeleqt cither hveRARLHHAIESFANF & WaYEIaRaihs,or longer
wavelength refraction contrast light flux. FIG. 5A is a monochrome image using DAN fluorescence,
and FIG. 5B i€PAThén6ehrome image obtained of refraction contrast w/ darkfield illumination. 15
Additional images basgésricombinaitisdtanainvagesco FMSisBias 8R! rersisenth in FIGS. 5C-5D. FIG.
5C is a pseudgrcalefiiniage aaknedioweuanaying therspenoshenia mages ok ke $r5A-5B and
applying a pseycalel MARPIOR Rased anakasting gnlcokn (ARIGS (L le). FICG. SD is an

image that corresponds to the image ¢ . er inversion of and co Qﬁng of the image of FIG. 5C.
The image of PREPSHELN FEFINETEG R ad S BHGHHER Zoret i ¥ith@Ege of FIG. 5C.  As
discussed abetiecisdtfvrefergsncanteBHGA Rerimadti ecflbrorest ehe euimag elsican todasitained and

combined. The.QBility e docalizeana-rendet BN sedUense shscificRreRes uUsingapseudo bright field
method was telsted u.g,gincg the 3'5' ER ﬁbirj.eak-apart probe in the context of an ERG gene break-apart

FISH assay on DABT Eounters ﬁ?ﬁcglaeprgs?g’t‘e tissue 25prepared according to the steps outlined in FIG.

18. The ability to apPh'pEeEye RS IORUEFEIIES RPMEDrOD Bl TRty Jenrs iz verlay in an
additive color sthemeppiiar ioiaversiensnsniodng tegeseraiesifici eok cantiasédtoiidentify at least

o fuoresce roRgs SmanERUSIL MO LSRRG OIS A AR euDIGrpigined mage

rendered in pseudo-brightfield. Sequential acquisitionsof QDot probe localizations at 565 nm and 655
30nm were obtBideErdit S SRBFEifE dPecfivdiadiitd ProcddBeg Wepruati BAi4ge shown in FIG.
6 along With refiactive sontiasyantdyflserescengevafithesBaPlsg dpterstaimoikstishown in the insert to

FIG. 6, such asguisitionsneermithrightfiaid-rendering.apddishliay.of dualprebedsisHgocalizations (see
arrows directed t%%repn and red areas corresgl(f):r&]e((jci_ncgl tégaFrpb% Iociliza ions at 565 nm and 655 nm,

. an Be. Hed fO a specimen such as a fig 15 10 be evainated or has hee .
respectlvely).‘int iSh ase, the’ pr(%e INtensIties are Hoverald onto the pseuao-coﬁor, pseudo-bright

field refractive TAHBRADAT TEBHTAS IPRR R ITH AR FFdgETears s Ssinit 4t thoSePBbtained with
conventional H&bpsigipsGan heividwet: @lengi withiadditionalrpaolesula:s ehramesasaedearrangements

revealed?_lay %@B%Qﬁ@&?écles or other nanoparticles. Ligands or antibodies that are present on the

nanoparticle bind to the target protein. After binding to the target, the small molecules on a
nanoparticle can be subsequently anaiyzed by laser desorption ionization time-of-fiight mass
spectrometry (LDEI-TOF MS), U.S. Patent 7,202,472 discloses representative nanoparticles
having antibodies coupled thereto for specific binding to a target. Multiple analytes can be

25  detected in this way by providing corresponding specific antibodies or ligands that are bound
to respective nanoparticles, wherein {ypically each nanoparticle provides a different mass
signature. In some examples, photocleavable mass tag-labeled antibodies such as described
in 1S Patent Appl. Pub. 2009/0088332 can be used. In other examples, such disclosed in US
2002/0150927, a probe is coupled to a mass modifier, the mass modifier is cleaved vsing an

30  enzyme, and the released mass modifier is detected. In other examples such as disclosed in
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The overall appearance is familiar to those accustomed to H8zE stained images, and little or no
retraining is needed to permit clinicians to comfortably evaluate specim Othese images.
In another exévrf?pzl{g,l%)}?o%%egin-specific immuno probes (QD565 for CD20 %&Eégegr%%z%ﬁ% 655 for Ki67
antigen) were applied to DAPI counterstained tonsil tissue sections to produce images as shown in
FIG. 7. The generalized processing steps used for tissue processing and contrast optimization are
outlined in HG. 18. Dark field refraction images 15and DAPI fluorescence based images were
obtained, overlaid, and rendered as pseudo- color pseudo-bright field images as shown in Ha 7
(la-3a). Immuno-probe fluorescence based images were obtained for each probe detection and
overlaid togetiér Higs et fitoredce hoerinrage ierdohirabtigc bfossrasestrpwirim 4@G:iffc(1b-31)). As shown
in FIG. 7(1b-3)idhe;psehe drralization images fokdheRirirandLRERANehes were pseudo-
20colored in g nd red, respectively. The images of FIG. 7(1a-3a) and FIG. 7(1b-3b) were
combined to produce the images final images thereby revealing the probe localizations on tissue
structure context FIG. 7(1c-3c). Further examples illustrate two methods for overlaying probe
localization orépighifisidapniapied|G. 8A is an additive overlay of a pseudo-bright field image with

25fluorescent probe imagesHsing EQQI%QQ %gé@g?%%ﬁ;gg%’%mgﬁgb&gu nterstained specimen

used in obtaining the images of FIG. 7. FIG. is a subtractive overlay in which probe image color
maps are subiRIEF R e LRITERS SRR SRR B ST THEYW8ré Bosely approximate
images obtairedopithvightasetbingrstaivs iaidiBrladvanidgeous it sehttagtsgeneration and
mbultiplexed ir@@ﬂ@nﬂ\(@f&%nd%@@fﬁﬁ%hﬁ[aﬁ&@fﬁ@ﬁd B?&Ni&zgfﬂeﬁiﬁﬁe!,%dﬂcm@bﬁﬁ (QDC?05 Ifor 18s f
ribosomal.RNA and OD625 for IIER2 mRNA) were applied to DAPI counterstained Calu-3 xenograft
tissue sgcbtiowl@}t)g%%%ﬁ e ?Ingévéle&é Sggugﬁno\lfl\%olznnﬁgﬁgyi@Eqﬁ%uglegr?éQl‘.szoé%rbgrocessing steps used for
tissue processHB A ES Mt stdptiisation aretolififécr-Piesy iglop ARt fiblddeftaction images and
DAPI fluorescencednased Aviafjes-weate abiaineciueverdidp and bsendeiedsasapseudo-color

pseudo-bright fieldlimages.as shownand fupresasnes Hased impgssius's.Qhtaingd for each probe
detection and combined together with the brightfield context renderlngg As shown in FIG. 19, the probe

localization infAJEXFOFHRITE 08 2R OIS BISBRLHEIL sedig febidred iftyan (black arrow) and
black (gr&en ambinskeddSpactiviely . RtfadinalnidnagaotBiChelgahprelyprevedisthe probe localizations
on tissue bright against a dark field and does not depend on light absorbing stains and thus permils

stmultanecus viewing and recording of fluorescence contrast.
Direct viewing of such specimens using a microscope system such as that of FIG. 1

was found to be useful for direct visualization using long pass (4160 nm) filters instalied

20 directly in microscope eyepieces. The resulting viewed images contained nuclei that
appeared blue among gold/silver histological structure. Additional color (for example,
vellow or red} for direct viewing can be induced using one or more wavelength filters in the
transmitted Iight path. The contrast provided by either illumination (fluorescence or
transmitted dark field) can be conveniently shuttered to enable imaging with a single

25  contrast method independent of the other. lLight source intensities (stimulus beam, dark
field illumination field} can be controlled so as to balance the contrast for direct two-color
visualization or recording on a single sensor with a standardized integration time. A
representative combined dark field (ie., refractive)/fluorescence contrast image is shown in
FIG. 4B in 2-color overlay and brightfield rendering along with an image of a serial section

30 of the same specimen produced with a conventional H&FE stain (FIG. 4A). 'The image of
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10structure context. To demonstrate video rate imaging, a 2-color imaging method was tested
using an |magwg a}msgglltter similar to that outlined in FIG. 11 to separaé%[%é@l} {()esrlnslssmn
wavelengths from ?onger wavelength refraction contrast and project the R WAVE(ER ?% components of
the exact same field of view side-by-side on a single monochrome CCD 15sensor. Using a secondary
beamsplitter permits simultaneous image acquisition of two color channels and streaming to a
computer display as well as streaming recording of rapid time lapse sequences limited only by the
required integration time and readout time of the camera. FIG. 12 contains a side-by-side refractive
index (dark field) image (A) and a DAPI image (B) of the same tissue section acquired simultaneously.
70The use of Aerdchipmeé dntetisityobapilifencf idigtnctavave [ Fngtipbeintis usad: to theoduce
C0mIO|ementa[Ms%ﬂ&@%@%@@o%ﬁ%ﬁ}ﬁ%@?%u@&ﬂﬁ%@%%@'tﬁ%ﬂ@!h@é ﬁﬁ%ﬂ%@%@ lookup tables to
the individual Qe:p)/ %ﬁ% nte SI images f%: a PAPI coutnterstaln the tr i tt}g%% rk field image,

and one or more pro ocafiZat 51ﬁé)u REthB Y W glgﬁqen Pt fﬁqa%\?\%’% rﬁ i s to white in RGB
space and theénsyigtesepilal gl %ﬁt%ﬂiaﬁé@?jﬂé@@g%?ﬂm@%@ﬁéﬁé@‘ihﬁm context of

acquisition of stegaminyimagesial pissaliemativasenderingoalthe ttansmitaridankdield image can be
navigated in r?&htamp%%ﬁ’%['ﬁ%}é%ﬁaﬁ@ﬁ&?%&r&%‘%%ﬂ%%&%&eﬁ% & regprded at will. FIG. 13

contains a two color overlay (with pseudo-color and image inversion ‘oh the side- by-side

images of FICfWE*WB?é%@ﬂﬂ@@%W?%&%&W&W?@%@é‘@t%%iﬁ:ﬁ@ ‘Yt?“i‘?ﬁ'ﬁg%“ﬂ %tich images can be

30produced ard eNergidyrapidlye pérmitiopacperoeptidnioh el colgehhghtfielitMiewing of tissue

structure and %H%E%@iﬂnatﬁbﬁs approach can be extended to live probe overlay using multiple

Sensors of by d|V|d|ﬂ1 ght into mudtlﬁle waveﬁl{%pggtrll b%arg% 1‘p ectlon on dlfferen rvf}weas of a single
en

~ORITast OTe3CCnNCe, 168
sensor or comblnatlons O 'E p?é Sensors w e wave S pI’Oje& 8 on 0 e or more

sensors. Darkifiedes F’éﬁ‘@%@ﬁ@’ﬁ%ﬁé‘ﬁl%ﬁ‘é@é@ﬁ%@ @Wa‘g@k*?ﬁavl%iémam%ﬁ@ régdrded using
sequential detegtioRfilais;seqeentiahdd vrmimatimmubeusingwaspegirabimaging devigemas described in

Malik et, al. 1990, HOY 1,24, R0R bt o VIEDRLENRIRRIAISH, oA PIBRYEIgIE g Or by using 2

single shot BaP¥er mask color camera.
(. 5B is a monochrome image obtained of refraction contrast w/ darkfield illamination.

15  Additional images based on combinpations of the images of FIGS. 3A-5B are shown in FIGS.
5C-5D. FIG. 5C is a pseudo-color image obtained by overiaying the monochrome hnages of
FIGS. 3A-5B and applying a psendo-color mapping based on contrasting color lookup tables
(LUTs). FIG. 5D is an image that corresponds to the image of FIG. 3C after inversion of and
coloring of the image of FI(G. 5C. The image of FIG. 5D can be referred to as a “bright field

20 rendering” of the image of FIG. 5C.

As discussed above with reference to FIG. 2, multiple fluorescence images can be
obtained and combined. The ability to localize and render DNA sequence specific probes
using a pseudo bright field method was tested using the 3'5' ERG break-apart probe in the
context of an ERG gene break-apart FISH assay on DAPI counterstained prostate tissue

25 prepared according to the steps outlined in FIG. 18, The ability to apply pseudo-color

lookup tables Lo the probe intensity levels and overlay in an additive color scheme prior to
inversion was found to generate sufficient contrast to identify at least two fluorescent probes
simultaneously with the refractive contrast and DAPT counterstained image rendered in
psendo-brightfield. Sequential acquisitions of QDot probe localizations at 565 nm and 655

30 nm were obtained from a DAP! stained sample and processed to produce an image shown in
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While optical based contrast using refractive index, fluorescence, or other methods 10 (FIG. 22) can
be used in th i% SCORS sy;temg of FIG. 1 and_ FIG. 11, specimens e}l/,%ll%g%j]é%gm%vyay can also
be prepared for turther analysis using mass tags in mass spectrometry. In a representative example,
uncoated and matrix-coated mouse kidney tissues were prepared using a standard mass spectrometry
imaging protocol. Nuclear counterstain was not used but it was possible to image gross section
morphology and tissue presence based on refractive 15index differences at tissue edges and by
detecting autofluorescence using a fluorescence detection optical subsystem. Representative sections
are illustrated in FIG. 14. Refraction at bare tissue edges causes the edges to appear bright, and blue
autofluorescenite. is &sgovidtetanity thettissue wethfia: dShedhtBinsurtvades ilhisbating combined dark

field/autofluoresggnee-image ssofihadmaisenlcidngyrtissurs aftes-gepastign.otanienizing 20 matrix for
mass spectrometry.. rix crystals appear yellow, and autofluorescence appears blue. These images
chow that dart FE T s e B e B R RS S e ronizing

matrix. AdditioRiBiserissith aRFiele Teframive e odBi st BhRrRsoPEsEERtEhave been used
simultanepusly2bin sam exdisalosed examnmplesigh sl docprodudadnyage’s withamittizanodality contrast in

tissue sampleggraingad Wil A HAfeSEeR- UARALCOMISHARN BB RRRMAGHS Hsekyl in the use of

multiplexed molecule specific probes for IHC, FISH, and mRNA-ISH, with QDot detection, on the same
tissue section AU LR 81 Bt HHIRGTB S Pat AT TR TEHEER? BhE I 4o be used to image
tissues prepar&eb forirh apirganta sstapdietio theseycqhieeiio Hadodality issatrasnddéHeme has been

demonstrated {9 pravide icamplimaatay Sleial cantexs informaligncimadmanagh analogous to
routine higtologlit%glﬂgriégptﬁeld stain/counterstain combinations such as H&E. The structures visible
through refractive index contrast include protein moieties, and such images permit visualization of
structural 5anomali@saPHEY IR o BIREIPSRSFiRA AR paBESISY [eaP SidRifidttbdiastItding structures
such as nucledli)@gttac&bi lanipaat rixrengled lcdhiPh velearsmen bral essdd sdesflueorescence

illumination aI(ﬁgﬁ@g%&%W&ﬁl%%I@an@g@g%hf@gt{gw@s@ﬁg%%gt;g@dm%ed using refractive

index/fluorescence contrast provide a context for observation of molecular probe signals on the same

9 . .
tissue section BREFEARY PHYSEDATIAHNB BR RS b s dte Y BRI OIS H L E S bre-cancer and
cancer dieasendtated Derkefieidheefrbotiges mclexdomtdastidaph riduadiycdsefubidcethat the approach

provides brightfeapses againsta samksfielshandisoes natuse lightabsehingosiainse Thus refraction

contrast is compable for degt somplpatign i Multipexed duoresgeaf emiting probes used for

localization of cancer markers on transparent tissue sections prega ed using specialized tissue
fixation embeHB‘fFfﬁ‘%’r‘fﬁ iéreggfﬁ m(jontrasting colors as shown in FIG, 7 (I1b-3b). As shown in FIG.

7(1b-3b}, the probe localization images for the QD565 and QDG5S probes were pseudo-
20 colored in green and red, respectively. The images of FIG. 7(1a-3a) and F1G. 7(1b-3b)
were combined to produce the images final images thereby revealing the probe
localizations on tissue structure contexi FIG. 7(1c-3¢}h
Further exampies illustrate two methods for overlaying probe localization on
brightfield context. FIG. 8A is an additive overlay of & pseudo-bright field image with
25 fluorescent probe images using QID5365 and QD655 probes on the DAPI counterstained
specimen used in obtaining the images of FIG. 7. FIG. &B is a subtractive overlay in
which probe image color maps are subtracted from the pseudo H&E image. Subtractive
overlay may more closely approximate images obtained with light absorbing stains, and be
advantageous in contrast generation and multipiexed image overlay.

30 In another example, mRNA-specific ISH probes (QD605 for 18s ribosomal RNA

T



15protocols. This method does not interfere with probe chemistry or quantitation when combined with

quantitative spectral.imading of QDot probes. By restricting the ”'Umina%}}ﬁ@éﬁ&%@%@ for
the illu

refraction-contrast to a wavelength that is red-shifted from probe emission, mination methods
can be used simultaneously in the context of spectral image data acquisition of multiplexed probes.
Refraction-contrast combined with fluorescence also 20permits imaging tissue context and
pathological state on transparent tissues intended for imaging mass spectrometry.  The combined
contrast methods (refraction contrast and fluorescence) may be visualized directly through the
eyepieces simultaneously in contrasting color. Furthermore, the 2-color image data can be recorded
and/or displayew RseflyorrERiraBMin g tzstivirdde DR abitees wintg (labmtieorwethient snapshot
recording of figldgeabintareshradoe: usgef simelianaausmuliisuaxelengthracauisition on a monochrome
camera providgaASANEISRLMEANG (5,3RPYEREURIZRA RO DAHP (NIgR R:Jge streaming
grey-scale intensity images for the dark field refraction Image and a fliorescent nuclear counterstain

image. The appifadimrigees bt fyskisicee Coresybramg s kASWAS SRS values preferred by
30physicians imtirecd entestdofcprripselde-issuditipendesrthetoefinedihe:presemation of tissue structure

to the practicing RRysician.1kes RASHReL calell IRRUSRIEEEISIAG WINY Hié@‘?&%*i&@ ntrast acquisition
and image datalﬁrotces ing c n&rovide' of ?htion gj‘rpil_, .tcg.that whjc%h ¢a tIJ)e c;lserl{\{ed from
conventional FEMAtoy T and eosh (HEE) stamel iaste SaRHD A [Oh ThBG 8L &R also be
combined witH3ee1agetepragedetirad soeisreblanktimm and blekr sBepteptasmic and extracellular
genetic, MRNAgxpressiomafthprolel ofatgenimarkereanthoihne specififoprohas@n otherwise
unstaineghhumap tissue, By use of suitable color mappings and image inversions, image data may be
presented and displayed to a trained pathologist in a familiar manner, and optically active or

chemically resolvabl€ REHEH YHECSAMEHEM Srarel, ‘B aRshad T SIettrsHatE may be overlaid
onto this familimrgontextsHPIE omelasiothat oute:desdibétiabgperiaidtibterimsodality contrast can be

preserved, enfangedipnebrevsaleddnerls anddissuahiiess sopliart glemerisgan be combined and

rendered to produce ima]g S similar to S\{\g’th wavelerllgth bsorb't&%stains viewed under
: .

. component he EXact same 1t hﬁ gfe v&amdl'ﬁfg—%d- on a sipgle Aonochrome
15transmitted Wlﬁ?te ﬁng%? umination. K/fu tlmod“éfConf/ras Images make use Or various

15 sensor. Using a secondary beamsplitter permits simultancous image acquisition of two color
channels and streaming to a computer display as well as streaming recording of rapid time
lapse sequences limited only by the required integration time and readout time of the camera.
FIG. 12 contains a side-by-side refractive index (dark field) image (A) and a DAPL image (B)
of the same tissue section zcquired simultaneously.

20 The use of monochrome intensity capture of distinct wavelength bands used to
produce complementary multiple mode images permits convenient application of specialized
lookup tables (o the individual grey-scale intensity images for 2 DAPI counterstain, the
transmitted dark field image, and one or more probe localizations. A method which maps the
lowest pixel intensities to white in RGB space and the brightest pixels to full saturation of a

25  pgiven hue was tested in the context of acquisition of streaming images. This alternative
rendering of the transmitted dark field image can be navigated in real time at various
magnifications and snapshot images may be recorded at will. FIG. 13 contains a two color
overlay (with pseudo-color and image inversion} based on the side-by-side images of FIG.
12, (Note this image is rotated with respect to the FIG. 12 image.) Such images can be

30 produced and overlaid rapidly, permitting a perception of ‘live’ color brightfield viewing of
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optical and chemical characteristics incorporated into tissue through specialized processing. The
contrasted components can be effectively segmented and presented digi usin englneered color
schemes baséd’on ¢lak&al contrast methods historically used to revea % éx 5 ARdtomical
structures and histochemistry, thereby providing relevance to medical 20training and experience. The
resulting structural context can be used for pathology determination and also to provide context for
multiplexed molecular and chemical markers. This approach provides important correlative information
that may otherwise be difficult or impossible to obtain. In some examples, dark-field contrast derived
from refractive index and fluorescent DAPI counterstain images are combined to produce images
similar to thosex26 shiainecdvithncomientibinappi&eh staiminglcidd selivuittmodalagattngmages have

been shown tq,be HSESULID RRNRIRGY.INiel Bis RlrmOl R ds e RRGUANS M Addition, such

multi-modal |ma}?e data can be streamed to monitor to ermlt live navi atlon (P)f histological samples. In

other exampléd T ST I BB A SR T S CBRRR Rt EBTHBIR ST With TSISLHIEr localizations of genetic
DNA probes (WB%?@WWA@%D@SFéﬁﬁ?mmﬁ-fslﬂ){eﬁﬁd@mﬁﬂ\feﬁmmchemlcal (IHC)
probes logalizeshan ihe sameitigsue sestiansilY i-modabcontastmayrisaiused to evaluate and

map tissue seqfi%ngﬁ I r%gnf%rsmqj?,ag SP! CFtr m? Y, descxﬁ:@ﬁ?nuﬁhiﬁgef{aa?“ﬂé%&%f‘t ast is a convenient
ble

example, other met re stitable as W 3 below lists contrast modalities that may be used
to produce coﬁlr;ﬂ%eF‘I?éﬂ)()flWf&?ﬁ?é‘ilﬁﬁofﬁ‘éfﬁ‘égﬁeﬁénéb’ﬁ?fﬁﬁébetﬁr praviaeuisefsriddt Structural context
combined withnaskhotégutancamformation for pathology determination. Table 4 lists principle phases of

automated tissue pW@ﬁ%%&@ formelerld A AReling.Qf immuRAGY RehRmicRbdINA and iINRNA
probes o tlss %'gd%e alls E nttLes,e standardlzed 5e$ n%%q t ptlcal and chiamlgal gualities that
0 n. Ta

permit multiple Mode fMmaging for pathology dt Se“?%lna i0 mAaging Modalities Pertinent to

Generating Cérﬁmlmﬂﬁé}r%@bﬁﬂfmﬁ fwésﬁ@#@nqﬂaammggn%t@wmwwmw Tissue Contrast
Factor 1 Brightfigidsaierescopyklsaohabsorbante-and seatiering prepesties: pfdissde or

chemical/molg&%al m%ﬁgrxﬁass spectrometry imaging protocol. Nuclear counterstain was not used but

it was possible tc image gross section morphology and tissue presence based on refractive

15 index differences at tissue edges and by detecting autofluorescence using a fluorescence
detection optical subsystem. Representative sections are illustrated in FIG. 14. Refraction at
bare tissue edges causes the edges to appear bright, and blue autofluorescence is associated
with the tissue itself. FIG. 15 contains images illustrating combined dark
field/autofinorescence images of the mouse kidney tissues after deposition of an ionizing

20 matrix for mass spectrometry. Matrix crystals appear yellow, and autofluorescence appears
blue. These images show that dark field and fluorescence images can be obtained, even after

appiication of the ionizing matrix.

Additional Discession
Dark field refractive index contrast and fluorescence have been used simultaneously
25  in some disclosed examples so as to produce images with multi-modality contrast in tissue
samples stained with a fluorescent nuclear counterstain, This approach is useful in the use
of multiplexed molecule specific probes for IHC, FISH, and mRNA-ISH, with QDot
detection, on the same tissue section, for purpose of determination of pathological condition,

and may alse be used to image tissues prepared for imaging mass spectrometry. This multi-
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Darkfield (refraction) microscopy Use of Refractive Index and scattering properties of tissue or

chemlcaI/mol%&ylz%ﬁ ngﬁ)grs Contlnuous_nge flulorescence Intensity (fliwl g{%nﬁgl&u’cr.oscopy) Use
of wavelength resolved fluorescence emission to image map fluorescent molecules Multiphoton

non-linear fluorescence intensity microscopy Use of wavelength resolved fluorescence emission to
image map fluorescent molecules with 2-photon absorption cross section Total Internal Reflectance
Fluorescence Microscopy Use of excitation light at numerical aperture exceeding the critical angle to
create evanescent wave that excites fluorescent molecules only in near proximity to the coverslip
interface (TIREM) Chemilurninescence Imaging Chemical luminescence of chemical marker or tissue
chemistry Resorality Erergysdransier HemadimgrMordmittingy dank)itransfertofeneited state from one

fluorescent mglggule.{danash ip ARKASLARCERRIBNLINAdsCRERXINBIYERGitation Ratio Imaging Imaging

the Ratio offlygfesence, ISR MeRSH SR AL RIS elalan Wavglengihy, Emission Rati

index contrast include protein moieties, and such images permit visualization of structural
5 anomalies and growth patterns of known pathological significance; including structures such

as nucleoli, extracellular matrix, and cell and nuclear membranes. Under fluorescence
illumination alone such structures are not apparent. Particular structures visualized using
refractive index/fluorescence contrast provide a context for observation of molecular probe
signals on the same tissue section and will aid physicians in the screening of tissues and

10 diagnosis of pre-cancer and cancer disease states. Dark field refractive index contrast is
particularly useful in that the approach provides bright features against a dark-field and does
not use light absorbing stains. Thus refraction contrast is corupatible for direct combination
with multiplexed fluorescent emitting probes used for localization of cancer markers on
transparent tissue sections prepared using specialized tissue fixation, embedding and staining

15 protocols. This method does not interfere with probe chemistry or quantitation when
combined with quantitative spectral imaging of QDot probes. By restricting the illumination
wavelength for refraction-contrast (o a wavelength that is red-shifted from probe emission,
the illumination methods can be used simultaneously in the context of spectral image data
acquisition of muitiplexed probes. Refraction-contrast combined with fluorescence also

23 permits imaging tissue context and pathological state on transparent tissues intended for
imaging mass spectrometry.

The combined contrast methods (refraction contrast and fluorescence) may be
visualized directly through the eyepieces simultaneously in contrasting color. Furthermore,
the 2-color image data can be recorded and/or displayed directly in a streaming fashion for

25  real-time output and convenient snapshot recording of fields of interest. The use of
simultaneous multi-wavelength acquisition on a2 monochrome camera provides a convenient
means o apply speciatized color lockup tables to the streaming grey-scale intensity images
for the dark field refraction image and a fluorescent nuclear counterstain image. The
appHcation of CIEL*a*b* lookup tables corresponding to known color values preferred by

30  physicians in the context of particular tissue types further refines the presentation of tissue
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Imaging the Ratio of different fluorescence emission intensities at single excitation wavelength
Polarization M 6%§f19€9‘¥8“:}1aging Contrast produced by polarizing opticalL J%Xizté’; of tissue or probe

Birefringence Polarization Microscopy Imaging Contrast produced by bire rlngen?/glsc Wities of

=isotropic crystals in the specimen Table 3. Imaging Modalities Pertinent to Generating
Complimentary Contrast in Tissue for Pathology Determination Modality Tissue Contrast Factor 1
Fluorescence Lifetime Imaging ? Temporally resolved imaging excited state lifetimes of fluorescent
molecules Interference Contrast Rate of change of phase shift due to changes in refractive index in
prepared tissue Phase Contrast Amplitude of phase shift due to changes in refractive index in
prepared tissgevkenrnohipGelagpionician. Taken together, careful tissue processing, multi-modal

conirast acquisiiion and image data processing can provide information similar to that which
can be derived from conventional hematoxylin and eosin (H&E) stained tissue sections.
Such images can also be combined with probe based image data associated with intranuclear,
5 cytoplasmic and extracellular genetic, mRNA expression and protein antigen markers and
other specific probes on otherwise unstained human tissue. By use of suitable color
mappings and image inversions, image data may be presented and displayed {0 & irained
pathologist in a familiar manner, and optically active or chemically resolvable data from the
same field of view, such as mass spectral data, may be overlaid onto this familiar context.
10
Conclusion
As described above, multiple modality conirast can be preserved, enhanced and
revealed in cells and tissue. These contrast elements can be combined and rendered to
produce images similar to those produced with wavelength absorbing stains viewed under
15  transmitted white light illumination. Multimodal contrast images make use of varions
optical and chemical characteristics incorporated into tissue through specialized processing.
The contrasted components can be effectively segmented and presented digitally using
engineered color schemes based on classical contrast methods historically used to reveal the
same anatomical stractures and histochemistry, thereby providing relevance to medical
20 training and experience. The resulting structural context can be used for pathology
determination and also to provide context for multiplexed molecular and chemical markers.
This approach provides important correlative inforiation that may otherwise be difficuli or
impossible to obtain. In some examples, dark-field contrast derived from refractive index
and fluorescent DAPI counterstain images are combined to produce images similar to those
25  obtained with conventional H&E staining. These mulii-modal data images have been shown
o be uselul in pathology interpretation of the tissue sections. In addition, such multi-modal
image data can be streamed to monitor to permit live navigation of histological samples. In
other examples this structural context is subsequently combined with molecular Jocalizations
of genetic DNA probes (FISH), sites of mRNA expression (mRNA-ISH), and

30 immunohisiochemical (IHC) probes localized on the same tissue sections. Multi-modal
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Frequency doubling or tripling of excitation source by molecular organization in tissue or the use of

specialized pr‘%%ﬁl!m&g@g Raman Spectroscopy Chemical spectral m%%gg%%g&gyhich inelastic
scattering depends on vibrational and rotational molecular states of constitutive molecules or markers

Imaging FTIR Spectroscopy Chemical spectral map imaging in which absorbance of organic chemical
bonds in markers or constitutive molecules provides information about sample composition Imaging
Mass Spectroscopy Chemical spectral map imaging in which chemical composition is determined
using mass and charge properties of constitutive molecules or markers Polarization Anisotropy
Imaging Imaging degree of preservation of polarization state or degree of depolarization from emitted,
transmitted ordeifhsctad HghtSioehedtiveRhbisadivertisHiopicalRe amutrustorrRAL:M, STORM) Use
of photoswitchable maskgissoratachasta Rlinkingdendatenminensiructuses gensallyused in a
fluorescence eaptex Siratured.Uymination Recansiiyaion maging, lse, ol pafigmed ilumination to
resolve details, generally used in a fluorescence context Stimulated Emission Depletion Microscopy
Use of opticalMiEBkiAt et fet it GRoBREaRrsH G HeBSSUE TR Ora LR e B e Pesolution 4Pi
Microscopy Useeoiilintefferancefbhgivwednydultipliaexeitdtcn beamsidgniamseiesolution in generation
of f|UOreSCGnggﬁ}gﬂ@LQQ@iﬁngQQ@F@@@%J&M@B@Mmg of immunocytochemical, DNA and

mRNA probes on tissue. The details of these standardized phases impact optical and

chemical qualities that permit multiple mode imaging for pathology determination.

Table 3. Imaging Modalities Pertinent to Generating Complimentary Contrast in
Tissue for Pathology Determination
Modality Tissue Contrast Factor

Brightfield microscopy tse of absorbance and scattering properties of tissue or
chemical/maolecular markers

Darikfieid (refraction) Use of Refractive Index and scattering properties of tissue

MHCTOSCOpY or chemical/molecular markers

Continuous Wave Fluorescence | Use of wavelength resolved flucrescence emission to image

Intensity (fluorescence map fiuorescent molecules

HHCIOSCOpY)

Muitiphoton non-linear Use of wavelength resolved flucrescence emission 1¢ image

flucrescence intensity map fluorescent molecules with 2-photon absorption cross

IMICTOSCOPY section

Total Internal Reflectance Use of excitation light at numerical aperture excecding the

Fluorescence Microscopy critical angle to create evanescent wave that excites

{TIRFM) fluorescent molecules only in near proximity to the
coverslip interface

Chemiluminescence Imaging Chemical lnminescence of chemical marker or tissue
chemistry

Resonant Energy Transfer Non-emitting (dark) transfer of excited state from one

Imaging fluorescent molecule (donor) to another {acceptor) in close
proximity

Excitation Ratio Tmaging Imaging the Ratio of {luorescence emission intensities at
different excitation wavelengths

Emission Ratio Imaging Imaging the Ratio of different fluorescence emission
intensities at single excitation wavelength

Polarization Microscopy Imaging Contrast produced by polarizing optical activity of
tissue or probe

Birefringence Polarization Tmmaging Contrast produced by birefringent activities of

Microscopy anisotropic crystals in the specimen
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Use of broad-band frequency light in an interferometric tomography method that identifies scattering
ar)'d reflective%ezga%% Bprqugh a volume on a microscopic §cgle N_ear. g&gﬂé@&&%@%@% Optical
Microscopy 1 Use of a pghysmal nano-scale optical probe to limit excitation by means of evanescent
waves from a sub-resolution aperture scanned in close proximity to the sample surface Atomic Force
Microscopy Use of a nano-scale physical probe to scan topographic, mechanical and electromagnetic
properties at the sample surface Table 3. Imaging Modalities Pertinent to Generating Complimentary
Contrast in Tissue for Pathology Determination Modality Tissue Contrast Factor Scanning Electron
Microscopy Use of a scanned electron beam to image surface topography and molecular markers
below the diffracliabidinitafdighM ddaliizn FesiomEie Crumdidigrbsoplindise of minshiitted ielectron beam
to image tissue ultrastructure and midte fleiristalesssdspninpdcdiffraction limit of light Table 4.
Principle Ph ti

of - Automatad Ticcua

ASeS JT 7\ LB N tCU TTOOUU
Modality

ra
T

Tissue Contrast Factor

Fluorescence Lifetime Imaging

Temporally resolved imaging excited state lifetimes of
fluorescent molecules

Interference Contrast

Rate of change of phase shift due o changes in refractive
index in prepared tissue

Phase Contrast

Amplimade of phase shift due to changes in refractive index
in prepared tissue

Harmonic Generation

Frequency doubling or tripling of excitation source by
molecular organization in tissue or the use of specialized
prabes

Imaging Raman Spectroscopy

Chemical spectral map imaging in which inelastic
scattering depends on vibrational and rotational molecular
states of constitutive molecules or markers

Imaging FTIR Spectroscopy

Chentical spectral map imaging in which absorbance of
organic chemical bonds in markers or constitutive
molecules provides information about sample composition

Imaging Mass Speclroscopy

Chemtical spectral map imaging in which chemical
composition is determined using mass and charge properties
of constitetive molecules or markers

Polarization Anisotropy
Imaging

Imaging degree of preservation of polarization state or
degree of depolarization from emitted, transmitted or
reflected light

Stochastic Photoactivation
Optical Reconstruction (PALM,
STORM)

Use of photoswitchable markers or stochastic blinking to
determine structure, generally used in a fluorescence
context

Structured Mumination
Reconstruction Imaging

Use of patterned illumination to resolve details, generally
used in a fluorescence context

Stimulated Emission Depletion
Microscopy

Use of optical masking to permit de-excitation of
fluorescent molecules to enhance resolation

4Pt Microscopy

Use of interference between mutltiple excitation beams to
enhance resolution in generation of fluorescence signal

Optical Coherence
Tomography

Use of broad-band frequency light in an interferometric
tormography method that identifies scattering and reflective
interfaces through a volume on a microscopic scale

Near Field Scanning Optical
Microscopy

Use of a physical nano-scale optical probe to limit
excitation by means of evanescent waves from a sub-
resolution aperture scanned in close proximity to the
sample surface

Atomic Force Microscopy

Use of a nano-scale physical probe to scan topographic,
mechanical and electromagnetic properties at the sample
surface
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Immunohistochemistry (IHC) DNA Fluorescence In-Situ Hybridization (FISH) mRNA Fluorescence
InSitu Hybridizati -ISI) 1. Pre-Analytical Phase: Tissue Conseryation 1. Pre-Analytical Phase:
Tissue Conseﬁgor%( .%%—Analytical Phase: Tissue Conservation 2. Ar%?gbe%rg Reffieval Phase:
Assurance of Target Antigen accessibility 2. Pre-Hybridization Phase: Assurance of Target DNA
accessibility 2. Pre-Hybridization Phase: Assurance of Target DNA accessibility 3. Antibody Binding
Phase: Target Antigen identification with antibody probes 3. Hybridization Phase: Target DNA
identification with DNA probes 3. Hybridization Phase: Target DNA identification with DNA probes 4.

Post Binding Phase: Removal of non-specific background labeling 4. Post Hybridization Phase:

Removal of hon-BybéciidrisabkehdedatitiedBditigent to Generating Complimentary Contrast in
Tissue for Pathology Determination
Modality Tissue Contrast Facter
Scanning Electron Microscopy | Use of a scanned clectron beam to image surface
topography and molecular markers below the diffraction
limit of Tight.
Transmission Electron Ulse of transmitted electron beam to image tissue
Microscopy ultrastructare and molecular markers below the diffraction
limit of light
Table 4. Principle Phases of Automated Tissue Preparation
Immunehistochemistry DNA Fluorescence In-Situ | mRNA Fiuorescence In-
(IHC3 Hybridization (FISH) Situ Hybridization
(mRNA-ISH)
1. Pre-Analytical Phase: | 1. Pre-Analytical Phase: 1. Pre-Analytical Phase:
Tissue Conservation Tissue Conservation Tissue Conservation
2. Antigen Retrieval 2. Pre-Hybridization 2. Pre-Hybridization
Phase: Assurance of Phase: Assurance of Target | Phase: Assurance of
Target Antigen DNA accessibility Target DINA accessibility
accessibility
3. Antibody Binding 3. Hybridization Phase: 3. Hybridization Phase:
Phase: Target Antigen Target DNA identification Target DNA identification
identification with with DNA probes with DNA probes
antibody probes
4. Post Binding Phase: 4. Post Hybridization 4, Post Hybridization
Removal of non-gpecific Phase; Removal of non- Phase: Removal of non-
background labeling specific background specific background
lzbeling labeling
5. Detection Phase: 5, Detection Phase: 3. Detection Phase:
Addition of contract- Addition of contrast- Addition of contrast-
generating visualization generating visualization generating visualization
markers markers markers
6. Post Detection Phase: | 6. Post Detection Phase: 6. Post Detection Phase:
Final tuning of optical Final tuning of optical Final tuning of optical
guality and preservation guality and preservation quality and preservation




4, Post Hybridization Phase: Removal of non-specific background labeling S. Detection Phase:

Addition of COWB%E_'{E?&@M”Q visualization markers S. Detection Pha%%,lﬁggj,q’%sg{sgontrast-

generating visualization markers S. Detection Phase: Addition of contrast-generating visualization
markers 6. Post Detection Phase: Final tuning of optical quality and preservation 6. Post Detection
Phase: Final tuning of optical quality and preservation 6. Post Detection Phase: Final tuning of optical
guality and preservation Using such contrast modalities, diagnostic methods include providing two
or more modalities of contrast to features of medical diagnostic relevance in tissue, wherein the two or
more modalities of contrast provide complimentary correlative information, and the two 50r more
modalities provide contextual information pertaining to tissue-level structure, anatomy or morphology.
Typically, images aSs@&iatddwwttrstmediigcoriagieinsu ke ddrdonteidial toMtakt are rendered in a
manner consistentiivithr medicab taintag andiferiliantaimerdieatprofessionatsi(eéigivpseudo-H&E). Such
images (prior {0, during, Ql-2fiel FEAdS R caR e LraRr def simulirpaaisl. A1 @etially, and streamed

to render on display to permit live 10visualization of the tissue for navqga}tion. In some examples, two
or more iﬁdeﬁéH@é%?ﬂiﬁ%ﬁ&ﬁ%’hdﬁﬁ?ﬂ@%@ BB RAS SRR 5N ERIHEY darkfield refraction
contrast imagestare ecyuiradosy pfopiesbe drsipAtspvéidsijinith it amedighédlivoreScence contrast. In
some applicatighs:arkfield sefraction santstissagmentadnby e stishpgnvavelength of light used. In
other exampleg, ingidentght fluareseance sontast issed simuliangoyslyd i ansmited
darkfield contrast. * In some examples, complementary contrast |m§ges are prpv‘lc?ed for direct
viewing in twEBrHREre & TSP Eih O Rt ALY RERTE Hideukr op iR N BRedd ¥ display. In some
cases, itis conivetiientiofabgtse: fnmorigaonre complimenidry contrastcorperients in single acquisition

and to simultanepusivl sErd-complimantary.compenanimal auinle.LQuumination paths in single
spectral acquisition. In some examples, complimentar, comgonenta are recorded by simultaneously

wavelength sEGHREHHY BHE S RBRE e Bt BEH ™ A G A PEEc oMY

fhé hetxamp €s, comp?trhentary contrast
components dreqaneaisdiogp fetitddrdiistot giowiastiirednrpad bdessistagtvaypieutly Based on color
maps generate@{tam in other examples, incident light fluorescence contrast is used simultaneously
15 with transmitled darkfield contrast.
In some examples, complementary contrast images are provided for direct viewing in
two or more colorized components through eyepieces or are directed to a display. In some
cases, it is convenient to acquire two or more complimentary contrast components in single
acquisition and to simultaneously record complimentary components of multiple
20 illumination paths in single spectral acquisition. In some examples, complimentary
components are recorded by simultaneously wavelength segmenting and splitting the optical
path.
In other examples, complimentary conirast components are rendered to provide a
histological-stain brighifield context, typically based on color maps generated from
25 physician preference of light-absorbing stain slides. In some examples, eosin-like color
maps are used for refractive imaging of eosinophilic protein moieties. Typically, eosin color
maps are applied, followed by image inversion. Additionally, hematoxylin-like color map
for fluorescence DAPI imaging of nucleic acid moieties can be used, followed by image
inversion. These and other complementary contrast cormnponents can be colorized and

30  swreamed. Inverted eosin color maps and inverted hematoxylin color maps can be provided,
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25physician preference of light-absorbing stain slides. In some examples, eosin-like color maps are
used for refr_aq{}ig%uiln&g%’ég of eos_inophilic protein mqiet_ies. Typically, eopséq /g%g}rﬁmsaigss are qppligd,
followed by imagé inversion. Additionally, hematoxylin-like color map for fluorescence DAPI imaging of
nucleic acid moieties can be used, followed by image inversion. These and other complementary
contrast components can be colorized and 30 streamed. Inverted eosin color maps and inverted
hematoxylin color maps can be provided, and combined images displayed in a brightfield context.
Spatially registered probe localizations and chemical maps can be overlaid on structural brightfield
context, and probe localizations can be assigned colors for viewing probe localizations and chemical

maps on struetyratisrightiisigec dimpbxtdlimagiiztfietdanties, Scolor lookup tables, inversions, and
specimen preparatigp.¢afy Reicorliguigdiaiprevided selarigd.imagerRpPeaianse based on pathologist

preferences. Igh cﬁin? Ilsogf]E}%?é g(}rlllge }ghaengica{leti%ga? siecgioarrl1 re garl%t(;%gl gr%occgjs,gan be configured in

accordance with mu tlpﬂ ‘mode imaging %]ﬁategy.zﬁhﬂ?ip(i‘e opﬁ‘c‘1 magnlflsca}fi‘(’)ln‘glc%n be used with the

same darkfielBrpefraetioAitnitin stioHcsetngen A it brabdsldaage-corerstealiliiésused to provide

10 structwal conkaxtifay usubasaq:usr@hMﬁli@LemEmmi&pemm@tﬁi@}magmidc aThe above

disclosure angef&?eﬁﬁﬁ‘%gﬂs?em&%@&g gD %9&&95%?.”%%9&%&!8%%'8{& AAgafe not to be taken
of the'te

as limiting the scope of the technology. We claim all that is encompassed by the appended claims.
We claim: I.A H&HEH CaRpHiNgProcof e PAtitg P 6ra st ik ga'dbla Etdeast one second
image of a spevigrersiBindye dintifie e retadifirsvand second wtabesiwediprisdicomplementary
contrasting iMage RATANELHRLSH 86hes, and multimodal image contrast can be used to provide

10 structural context for subsequent MALDI-TOF mass spectrometric imaging

The above disclosure and the exarnples contained therein are for convenient
explanation, and are not to be taken as Himiting the scope of the technology. We claim all

that is encompassed by the appended claims.
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producing the contrasting images for observation; wherein the method further comprises obtaining
the at least one first image and the at least one second image by subjecting the specimen to a first
stimulus beam and 10a second stimulus beam, respectively. 2. The method of claim 1, wherein the first
and second images are combined to produce a combined image. 153.The method of claim 1 or 2,
wherein the first 8ficdgoond stimulus beams are applied to the specimen simultaneously, and the
associated contrasting complementary images are obtained simultaneously. 4. The method of any
one of claims 1-3, further comprising displaying 20the first and second images side-by-side. 5. The
method of claim 1, furthecoethridingrdispimgng the combined image. 256.The method of claim 1,

further comprisin el i rasting. | r i corded
%&%&ﬁgg‘& g firsla0d sRcRd £PR ﬁéémwé%ﬁiﬁg%u%fg%i%ained “nd the

images. 7.The m any one of claims 1-6, wherein the specimen is

first be&m isvbetstglagardisdelfisicret sers bpabes 30fuyiescempstaiansy Yeaninesfing image is a
fIuorescenc%%g%ea%gt%épgg&men, and further wherein the second stimulus beam is applied to the
specimen so that the second image is a refractive dark field image. 8. The method of claim 7,
further comprisinpredoentirifaiseritastascamgesnigeb spidateniefractive dark field image as

corresponding re&'ﬂ%@@ﬂ {MAAES10d further comprises obtaining the at least one first image and
the at least one second image by subjecting the specimen to a first stimulus beam and

10  asecond stimulus beam, respectively.

2. The method of claim 1, wherein the first and second 1mages are

combined to produce a combined image.

15 3. The method of claim 1 or 2, wherein the first and second stimulus
beams are applied to the specimen simultaneously, and the associated contrasting

complementary images are obtained simultaneously.

4. The method of any one of claims 1-3, further comprising displaying
20 the first and second images side-by-side.

5. The method of claim 1, further comprising displaying the combined
image.
25 6. The method of claim 1, further comprising recording the first and

second contrasting images as corresponding recorded images.

7. The method of any one of claims 1-6, wherein the specimen is
fluorescently stained and the first beam is selected to produce fluorescence by the
30  fluorescent stain so that the first image is a fluorescence image of the specimen, and
further wherein the second stimulus beam is applied to the specimen so that the

second image is a refractive dark field image.
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9. The method of claim 8, further comprising: 5applying a color mapping to the recorded dark field
image to produce a pseudo- color dark field image; and combining the pseudo-color dark field
recorded image and the recorded fluorescence image to produce a combined recorded image.
1010.The method of claim 9, wherein the color mapping is based on a color lookup table associated
with at least onefabsorptiVestagthothof kiaimethbutbectamplising eseidingdhndlndecsgeessin stain.

1512.The method gh laim 2, JTber &OmRIsing ARPYRSA SRIBIIONHR IR jadhe fuorescence

image, wherein the color lookup table is associated with at least'one absorptive stain.  13. The
method of claim 12, wherein the fluorescence is based on DAPI 20fluorescence, and the color lookup

table associatedgvith thefIH(g){qut%gqﬁ mﬁg%i%m&%&ﬁﬁﬁ% \atoxylin stain. 14, The method of

claim 9, further comprising producing a pseudobrightfield recor ed image based on the combined
recordifg image 2PBlying & cTles wrathiod tf Slaiecanio darkr Ed iz doappiisg eofsuiokup tables to
the refract|vc%g§rcgﬂge1@ﬂg§g@pg@e fluoresc_:encg Image so as to produce an image having image
contrast associated with hematoxylin and eosin staining. 3016.The method of claim 1, further

comprising genesatiigranm Bspspaderestuplatiiine srandodpadaremdiiensdmeging apparatus,

ComprsINg giyorescence image to produce a combined recorded image.

10 10. The method of claim 9, wherein the color mapping is based on a color

lookup table associated with at least one absorptive stain.
11. The method of claim 10, wherein the stain is an eosin stain.

15 12. The method of claim 9, further comprising applying a color lookup
table to the fluorescence image, wherein the color lookup table is associated with at

least one absorptive stain.

13. The method of claim 12, wherein the fluorescence is based on DAPI
20 fluorescence, and the color lookup table associated with the fluorescence image is

based on a hematoxylin stain.

14, The method of claim 9, further comprising producing a pseudo-

brightfield recorded image based on the combined recording image.

25
I5. The method of claim 14, further comprising applying color lookup
tables to the refractive dark field image and the fluorescence image so as to produce
an image having image confrast associated with hematoxylin and eosin staining.
30 16. The method of claim 1, further comprising generating a mass

spectroscopic image of the specimen.

17. An imaging apparatus, comprising:
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40 a first imaging system configured to produce a first image of a specimen; and a second imaging
system configured to produce a second image of the specimen, wherein the first and second images
are complementary images, and wherein the first image system is a refractive dark field optical system
configured to 5 produce the first image as a refractive dark field image and the second imaging system
is a fluorescence apiishivpsiamseoiehiyarad gorpidd peedine sdevhihingsgd aspediosrasoehce image.
18. The imaging appagaiis halpim Medhher compaanaaideast one dimagg apture device
coupled to receive the first and seécond images, and an image processor configured to record the first
and secondsheriges, whegeil Hecifirating sqspadaine gsh cletivot®) ovhentiry tieagamgedrocessor is
configured g gredue #cpARed MAOR baseA.andRe IALANG,eaPAdidAdS R qured 1o 20: The
imaging apparatus of claim 197 wherein the image processor is‘configured to apply a color lookup table
to at leBst aredfcthidfifssahdagscordrediectved wkageld impgodaddhheccondbimediiraage based on a
pseudo-colared keRdering: AlcehleashRap.lile IakanteReaEREASAYRR e &1 The Imaging
apparatus of claim 20, further comprising rendering the combined image as a psetido-brightfield
image. 28uTtescenegintrg@pparatus of claim 21, wherein the image processor 25 is configured to
process the first image based on a color lookup table associated with an eosin stain and to process
the second image based on color lookup table associated with a hematoxylin stain, wherein the
combined imageli® based b ithegiscessedfiref elinsééofdtmaguspgeRs. FHedsharing apparatus of
claim 46, WheGI i ERee CARUAARY SR RU TP AP IR g ShiMRAR 3R the second
image as side by side images.

processor configured to record the first and second images.

19. The imaging apparatus of claim 18, wherein the image processor is

configured to produce a combined image based on the first and second images.

15
20. The imaging apparatus of claim 19, wherein the image processor is
configured to apply a color lookup table to at least one of the first and second
recorded images to produce the combined image based on a pseudo-colored rendering
of at least one of the first and second recorded images.
20

21. The imaging apparatus of claim 20, further comprising rendering the

combined image as a pseudo-brightfield image.

22. The imaging apparatus of claim 21, wherein the image processor

25  is configured to process the first image based on a color lookup table assoctated

with an eosin stain and to process the second image based on color lookup table
associated with a hematoxylin stain, wherein the combined image is based on the

processed first and second images.
30 23. The imaging apparatus of claim 18, wherein the image capture

device is configured to receive the first image and the second image as side by

side images.
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24. The imaging apparatus of claim 19, wherein the image processor is configured to overlay the first
and second images to produce the combined image 25. The imaging apparatus of claim 24,
further comprising a display configured to receive and display the combined image. 26. At least
one computer readable storage media comprising computer-executable instructions for: receiving
a first image 4nd a cBHiptaFieERFLBESheldifage Wedsdie dNHan EOFRIFRSHSSORIEH ST 2 Syelvhen
sectiongdingd achbiniddgrihg:firstpanticabendnhiagemiggproduce a combined image; wherein the
first image and the second image are a dark field refraction contrast image and a fluorescence image,
respectively. 27. The at least one computer readable storage media of claim 26, further,
comprising computer e XBesi TR IHEHS HoHE Th A br SHtEN P B SR - LoPsPi Fa s Bas & T8RP aF least
one ofkdelfipstithagerdmtdnaszcond image, wherein the combined image is based on the at least one
pseudo-color image 28. The at least one computer readable storage media of claim 27, further
comprising computer executable instructions for.inverting the combined image to produce a brightfield
rondered bl g K he it ISR B or TEE I S ST oF EE Fa r e
compifsinigeegihititer executable instructions for receiving a mass spectroscopic image of the common
specimen seglioRiandrinegingiiirarasslsReatescopia inageitdhacombines imagerion o30. The at

least Qne computer _reaggable storage media of claim 26, wherein the first image is processed based on

S 1o, : : : ) ) .
a color'160 up ta .Fe associated with an eosin stain and the second image is processed based on color
lookup combining the first and second images to produce a combined image;

wherein the first image and the sécond image are a dark field refraction contrast image and a

fluorescence image, respectively.

27. The at least one computer readabie storage media of claim 26, further comprising
computer-executable instructions for producing a psendo-color image based on at least one of the first
image and the second image, wherein the combined image is based on the at least one pseudo-color

image.

28. The at least one computer readable storage media of claim 27, further comprising
computer executable instructions for inverting the combined image to produce a brightfieid rendered

image.

29, The at least one computer readable storage media of claim 26, further comprising
computer executable instructions for receiving a mass spectroscopic image of the common specimen

section, and including the mass spectroscopic image in the combined image.
30. The at least one computer readable storage media of claim 26, wherein the first image is

processed based on a color lookup table assoctated with an cosin stain and the second image is processed

based on color lookup
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table associated with a hematoxylin stain, wherein the combined image is based on the processed first
and second images. 31. An image processor, comprising: image inputs configured to receive at
least a first image and a complementary secondimage; a color lookup table input configured to receive

at leastane colrOQKHR IRNIBoxy1in A MRS SAMPINRES RN REQGESS AL IRaslane L ie first

image and the complementary sécond image based on the at least one color lookup table and produce
a psedsRbiBr#age, and to combine the pseudo-color image with one of the first image and the
second image, wherein the image combiner is configured to produce a brightfield rendering based on
the combine%jmag%i a?,ez.rTQeesi(gpa e pracessor of claim 31, wherein the color lookup table input is
configured to receive a nirst Golor ookup able associated with an absorptive stain and a second color
lookup table BBagscizted withsarfidorescrn dtkes afetieagnapé combleaseigoomfiendddagsprocess the

fir:st and ;ec;y@@ﬁ%%bgﬁg%@ﬁtﬁ&%ﬁﬁ%@@ff&@@g Ig@!’%&%&ﬁ? I@Jﬂ@té@%p;chely, and wherein
the combined Image Is sed on e ocesse Irst and sec | ageS. . e Image processor
of claim 32. GRS (1 BED BUS TR B 5B LB e T EFe e, U e TP R oy i

stain. second image based on the at least one color lockup table and produce a pseudo-color image, and to
combine the pseudo-color image with one of the first image and the second image, wherein the image

combiner is configured to produce a brightfield rendering based on the combined image.

32 The image processor of claim 31, wherein the color lookup table input is configured to
receive a first color lookup table associated with an absorptive stain and a second color lookup table
associated with a fluorescent stain, and the image combiner is configured to process the first and second
images based on the first and second color lookup tables, respectively, and wherein the combined image

is based on the processed first and second images.

33, The image processor of claim 32, wherein the absorptive stain is an eosin stain and the

fluorescent stain is a hematoxylin stain.
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