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The disclosure pertains to methods of providing contrast 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 patterns of diagnostic

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

diagnosis, 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 can 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&FE) and viewed using brightfield microscopy.

While fluorescence based images provide useful molecular information for



Wil e fluorescence based i mages provide useful nolecular information for
confirm ng and characterizing di sease states, conventional histol ogical
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20 revealed using additional markers and optical or chemical contrast modes. Typically,

correlation of differentially labeled features between different 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.

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
transmitted-light darkfield refraction contrast imaging, with simultaneous incident light
fluorescence imaging of nuclear counterstain, and the interrogation of multiplexed molecular

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

S0



Mol ecul e-specific probe | ocalizations for protein antigens, nmRNA
expression, or genetic 5Srearrangenents in DNA can be overlaid on the
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provi de i mage contrast based on refractive index variations in tissue
noieties in conmbination with fluorescent counterstains to provide col or
pat hol ogi cal context for nol ecul e-specific 10nmulti pl exed probes. Exanpl es
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25  multiple complimentary images that can be combined for correlative analysis: a refractive
contrast image based on properties of the prepared tissue, a fluorescence image of a nuclear
counterstain, and a plurality of fluorescent images representing various molecular markers
that can be segmented by emission wavelength. At least one image capture device is coupled

to receive the dark field and fluorescence images and an image processor is configured to

30  record and process the dark field image and the fluorescence images and produce a combined
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at least one color-absorbing histological stain such as an eosin stain. In still further examples,
a color lookup table is applied to a fluorescence image, wherein the color mapping is
associated with at least one contrasting color-absorbing histological stain such as a
hematoxylin stain. In some examples, color lookup tables are applied to the dark-field

20 refraction image and the fluorescence counterstain image so as to produce an image having
inverted contrast associated with complimentary color hue, inverted value and inverted
saturation compared to that encountered in ideal hematoxylin and eosin staining. In other
examples, the specimen imaged optically is prepared for further imaging using mass
spectrometry to provide molecular mapping.

25 These and other features and aspects of the disclosed technology are described

below with reference to the accompanying drawings.

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.



10in brightfield context. FIGS. 5A-5B are dual-illumnation nmultiple

node contrast (refractive contrast and fluorescence) inages recorded with a

nonochr ore0CED/04s80M sequent i al exposures taken using i nPETfUISRENOE18ET | t ers

to select either the blue DAPI fluorescence wavel engths (FIG 5A) or the

| onger wavel ength transmtted dark field wavel engths (FIG 5B). 15FIG 5C

is a pseudo-col or inmage obtained by application of inverted col or | ookup-

tabl es for pseudo-color to the inages of FIGS. 5A-5B and addi ng the

i nverted col or inmages. FIG 5D is a pseudo-colored, bright field

rendering of the inmage that corresponds to the image of FIG 5C after

i nversion of the mapped color space. 20FIG 6 is a bri %htfl el d cont ext

rendering i ma§t-Bys BvFMaNS Mgk %%?W?%%F]Bﬁl?gdﬂffpraﬁé%‘% ¢8MPINgor escent

probes  wirdddrRaAkrkeBEHIdTMoNaNRI RNFHASI Ghage6S nNm and 655 nm from a DAPI

counter-stained formalin-fixed, paraffin enbedded sanple also imaged for
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i magi ng fRkcihkd 19[{!1%;& [r8hdnAGRE %Hes&ﬁgbl§ﬂlsta\ylth LRt f:ér?és?orfdﬁ;grt@ﬁfal ¥gd PNt rast

i mages and DAPI uorescence images of DAPI counterstained tonsil sections

wer e bt dathetpgy detemiipdtign vathdemanydmedd gesie dIGK) wrinigait fiel d i mages as shown

in FIG 7 (larRfl 06 QbRlBi@REChHchibdITHRY B RRGHld RHhE L froldie

fl uorescence using quantum dots having peak em ssions at nm for CD20

anti gen andiog55 nmfor Ki 67 anti gen) vvere applied to the DAPI

counter st al ”eg LLm%ﬁgaﬁé @ﬁée cogtr%s HP?h&M SSRAOMAGh pIHG0; Probe

fl uorescence ase I mage ges Were Coverlaid in contrasti ng

pseudo- cabmbmamrecmf aa;ladc fgﬂ@efr)tctm uslhgwemd iaflubte@endt dotifteBta)n infapGrenderédlc- 3c)

sho t he |G 7 (la-3a) and FIG 7(1b-3b) after being conbined.
mlO8A—”éE“m}g§é% CPtefl ‘onal representative inmages in which sinulated

br| ghtfield hrsiQlagiREat didrabesinaiod nobtigle nede candstf(letractias cemtasqunabe | mages
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mul ti - mode PEEHE. BREGHECFed Mt hrage §f“ﬁ§8®>&“ prEHRLY WRRE55“Am and 655
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preferent tla‘ta)-lles for pseudo-color to the images of FIGS. 5A-5B 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. 5C after inversion 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 display. Dark field refractive contrast images and DAPI fluorescence images of DAPI

counterstained tonsil sections were obtained, overlaid, and rendered as color bright field
images as shown in FIG. 7 (1a-3a). Protein-specific immuno-probes (localized in
fluorescence using quantum 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 produce corresponding immuno-probe fluorescence based images. The probe images were
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10col or characteristics for H& to refraction contrast and DAPI
fluorescence to render in brightfield for pathol ogy determ nation.

FI GS. 10AVOQB11AMe80gr ayscal e refracti ve i ndex contrast aRdTDARI10/05186T escence
contrast inmages, respectively. FIGS. 10C 10D are Cl EL*a*b* pseudo-col or

eosi n-converted and hemat oxyl i n-converted i nages based on the inages of

FI GS. 10A-10B, 15 respectively. FIG 10E is a nerged i naged obtai ned by
conbi ning the converted i nages of FIGS. 10C-10D. FIG 11 is a schematic

di agram of an optical systemthat sinultaneously produces side-by-side
refraction dark field images and fl uorescence-based i nages using a single
CCD canera. 20FIG 12 contains a side-by-side refractive index (dark field)
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i magi Ag t MgodsCAltiriEs s apgd@ineducsey oy mstmnde pewdebrightdislddmagigessngand ti ssue
aut of | uor gBEEAGHK.s (RIERS nm and 655 nmlehiion WA ARAT S b TPIF ot fRUSE ki dney
tissue speci nens prepareglafnor mMass spectroscopi c | nmagi ng %y éep05|t| on of
an ioni zi fegmata fiied paratfingfibgddedspenven. dipedB s dxubieacdamerlpefrddtti ve i ndex

" " . : i i als, ; _ FI G
contras @sﬁg%géoﬁ(%r%gob\énl&%ﬁs ?11%: sﬁf)t?a?teﬁﬁ}oéﬂ the $dc¥] ?ntﬂt@}%cﬁ ?engé%gcﬁllir%g% t for the

16 is a s iagra ustrating a coﬁpu ing environ
appar at us andrFifethidsrade sceiabptt di ereeCTRL* EbGcoldT spase @wedrid happrefervndd | mage

o i 19, 5L, 1S PSR BT by DL BABIEL 12, o
for ri bosoghtfidRNAr papaltgcdte@minadashed bl ack arrow), the other for HER2
FIGS. 10A-10B are grayscale refractive index contrast and DAPI fluorescence
contrast images, respectively. FIGS. 10C-10D are CIEL*a*b* pseudo-color eosin-
converted and hematoxylin-converted images based on the images of FIGS. 10A-10B,
15 respectively. FIG. 10E is a merged imaged obtained by combining the converted images of
FIGS. 10C-10D.
FIG. 11 is a schematic diagram of an optical system 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 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.
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 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 ionizing matrix. Autofluorescence appears blue

30 and refractive index contrast associated with ionizing matrix crystals is apparent.
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MRNA expression (black color, solid black arrows). FIG 18 is a
representative i mge of a prostate cancer imged using dual -nbde contrast
and presewmbDedit/ogesori ghtfi el d context at 20x magni fi cati @aTfusR0ASISST 0Qy
determ nation. Prom nent nucleoli and anonmal ous growth patterns
characteristic of 10prostate cancer are evident. FIG 19 is a portion
of the sane region imaged at 40x magnification using the sane sinultaneous
dual - nrode net hod of combining refraction contrast with fluorescent nuclear
counterstain and rendering in brightfield context. 15DETAI LED DESCRI PTI ON
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below For qxangle erraEions descri bed sequentially may in 30sone cases
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nmet hods. These terns are high-level abstractions of the actual operations
that 5are performed. The actual operations that correspond to these terns

wi |l ¢ary dependi ng on the partpErAR/ED DESE@PTRONON and are readily
di scerni bl e by one of ordinary skill in the art. Theori es of

operation, scientgdipshiprplicitisneadgd imthe glaias therringrbs fmp “gestr| d dis

pr esent edn il @hd i1 foBheh A0S ehd QnicREcIARR A @b So R wIFEL RAGS o1yt Bk &orm.
di scl osure have been provided for the purposes of better undérstandi ng and

are not i Ackderednaaps sempiises{’i ng i n scope. The appar at us

The systems, 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 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 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,



10 and nethods in the appended clains are not limted to those apparatus
and net hods which function in the nmanner described by such theories of

oper at i orwoI2atwogagect i on Mul ti pl e nodes of conpli nment ar y PCOAISE@S05138Ner at | on
in tissue can permt 15visualization of anatom cal and norphol ogi cal tissue
context, presented in a brightfield context famliar to the trained

physi cian, along with |ocalizations of probes for specific nolecules or
variations in tissue chem stry. Miltinodal contrast nay |everage a
plurality of light-tissue and probe detection interactions so |long as the
information provided is conplenentary. Tissue prepared for pathol ogi cal
exam nation has constitutive optical 20activity and the optical qualities

pr oduced UWAtchsd fighiey may nejrsBevs s VAESH WS Gpvhinh e diselgssdrsptities Mgy

contrast agy@dgatanBTaNVBERed AIRInRBELIM With ARELAR AR HLIBAANEphARLS UNENt at i on.
| rage contrast for non-fluorescent structures can be provided through

conponent’sldgonght thegescaptionsopptimpyisesradlifenpeduesy’ apd eyayigedo describe

part'CU'Qﬁuﬁk§%&?m&£@ﬂ@ﬁ@&&ﬂ&nﬁ%ﬁﬁﬂ@nﬁH&hmﬁﬁmﬁéﬁ%fﬂﬁaaHﬁanﬁﬁﬁm%&@'Ding
protocols on formalin fixed paraffin enbedded as wel frozen tissue.

Thi s énharcresfonpad i agealioperaonmiiat prsredpgidialbeye tpratsoyil earyakipend@gder ed in
artificigle &Eﬁcg b Iﬁéﬁh&té{f&%ﬁ@% [réa9113\/ S 151%% %Hgoﬁlir&ﬁéxggﬂah 11§%1'élelﬁ.t ures such

as the extracel mat ri X .nuc nbr ane
V|sual|zat|onTh@p@bbﬂmtnﬂsnac@nmmaﬂnmmkﬂnagﬂ@séw@ﬁmnh&wuaﬁgm@mmhmpﬁtterns

and " PROLAON (SORGACHSK! Sl Ol FRHIRLAERBINIRILI0S, bO bR R

Mul tiple no optica activity or emc es I n prepared

ti ssue c@nqb933®b6ﬁmnmkmﬂmwngaadmaHMOmHmnabamamanQiamdﬁdl@h¢ahhwusonverted
into brigh e contrast for zation i S i ferred to

her ei @ 3 561§eh883 ”‘bti{? % eyl arehot l%%ag%éhr? S a“d D Sl es ar e
of pathohﬁmummh1$¢gmmﬁrmamm&damdu@ﬁhabesusgﬂmhynphyS|C|ans in tissue
screening and in the diagnosis of pre-cancer and cancer di sease states, as
wel | as for other diagnostic purposes, and in the evaluation of treatnent
ef f ecti van@sguctibbph an 5Sunstai ned or specially stained tissue section, such

nmor phol ogi cal _structures and anatom cal context can be practically

i nvi si bl e und&HEGEPEs b aRMRIERANFARS OnFAT BERFEAION dhSTHS CBRGENE | onal
transmi t tedalaGht ofhhehtchi Slith@phdiddiar BSEEAMRXIBEBG 4R a HERRBLIIMENt ar y

mul tiple nDdaI|t¥

context familiar to the trained physician, along with localizations of probes for specific
molecules or variations in tissue chemistry. Multimodal contrast may leverage a plurality of
light-tissue and probe detection interactions so long as the information provided is
complementary. Tissue prepared for pathological examination has constitutive optical

20 activity and the optical qualities produced by a particular protocol can be optimized to
produce useful contrast qualities when combined with appropriate imaging instrumentation.

Image 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

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
matrix, nucleoli and cell membranes. Such visualization capabilities are used to diagnose
anomalous growth patterns and morphology characteristic of pathological conditions in
tissue. Multiple 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
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i magi ng nmet hods can produce nedically relevant structural information and
present this information in a readily interpretable fornmat w thout the use
of converwpandlo4bgoght absorbing 10stain. Quantitative vRCTAS2¢10/051387
measured and recorded based using one or nore sets of conputer-executable

i nstructions provided by one or nore conputer readable storage nedia.

Mor phol ogi cal netrics can be | everaged to correl ate such norphol ogi cal
characteristics to the nolecular information contained in the sanme tissue;
this approach may help in ongoing efforts to stratify disease condition and
prognosis as well as nonitor treatment efficacy. 15Digital nulti-nodality

i mges of tlssue sections can be captured sinultaneously and rendered using
di sti nct iWrEalEgligr and is refergddp hrsiteas r psepderighbliddmonent s” and streanmed or

ot herw se st oRggte@htaf@! in}@ELHrt@Fes @XaTpRRbILOaIRMnFicRRE R 861 Rtus@ byot her
clinician in near real-tine. Such nmethods facilitate high conplexity

ti ssue- bXEBUCIISAY HYBEE tEenidevay Birhedipenenid opriertice] sdeiBeT AigeashsiaEe ran

medi cal  tf i 0k} IRPHiaSRES ]%&&Ys@s Whd B EORMERG I ReatteRt BlcO@chdk. BIA NS. 20
Mol ecul ar data, including that fron1|nnunohlstochenlstry DNA

hybri &i z almt'@ned quilybraﬂrml Hatue sgrtiph.shesmopbelpgipn stnm&aew%n@@l@@@lr ometry
and ot her,, and
Foport ed PaB Ay o miaty Al AL e Ao R ol FRLE SFEHRR

practi ci m@nmttw1ghg bughtficlther Bucagspénes dgseativn d Edmblemenitary neNténagedadity

mul ti-no t L, ths for
prOV|d|ng]’%}lé%#éf%metli];grgl‘g(*ﬁgglsotd[l éﬁ%ﬁaﬂﬁyh%éﬁgggégggﬁknhl%ﬂ?%ﬂg%%ﬁﬁ%ﬁge and DNA
countersnmbnmmmsuwekhhasnmnﬂ@dﬂéﬁxmpemﬂbunhﬂmwkép@némummHchththgnos|s
and elpal u%m Q:QJ Ttgt?ve Vaﬁlrrpcan be n? ra(s)ﬁfj}”f(::{| andqccolflc%%%asaed%glnbl néjl (grl n(l)or}e (s)fts dtar k-field
refraction and FIE0FeScEntd Toheas thede conplln%n? Cont st nodes
are di gi tcampitererdestédinksicignsypedddal hymd oﬁmbmrcoh@hieeﬁadierel s\tﬁ‘dgefnﬁfmlm

physi ci a ref erences. o Ssi ca i stol ogi.cal taln 30qual it.ies.

Bleh & coMPRATHERSCRS briedroregomirapier it pusbutul et i e ot ha
obt ai ned nhdkcsaﬁmf@ﬁlaﬁ@@dﬂ&dleu $h g sh@sSue; allis §psdach 0@y Bap im@igbds such as
the hemat gxylin and eosin (H&E) stain can be provided. Such_inmages can be

used to &59@?@6“W€§ﬂ§ﬁ§e6?“?%¥%?€§F%P%%SWO?WH%FmHBWé@@WEPt§ﬁ§F¥3|s usi ng

| um ngscankital hludPMBSARNM magsL@litsfleisB@ionOEandR YR MSnRNDRESs1Y Ad BRI N,

lipid or carbohydrate antigens, nRNA or DNA, probes for charge propertles
or 5for USMAEPIRHIGHS SOlemdicoBRBRERiany faagre coiRonRRlp pRdiganed oteakise

i1 um natgan &QQINe?e%ltfoﬁ&Qﬁﬂﬁu&%(Wﬂ)dtﬁdl@gilst RES@EMIGRMNR RML HE1-GARt Sadhual
information of tissue sections in manner consistent w th common

stai n/ comrmﬂmdgfaallﬁat@:blﬁbP@ramlﬁ)swlswénsqdrﬂlwﬁv@ﬁﬂ@@lﬂﬁmenﬁ agd P84l cal et hods.
For convegpj.ff gﬁlg Iph 51%191?1!3&5 %ﬁﬂg%ﬁd P&RABncE Rath c@ﬁx%g%r{aﬁﬁét% {1 RiRpeci men to

obt ai n i mage ereferre reitn as stinmulus beanms. I n some exanples,
st i mAOus Meeaviar date, ingudied det feain tromprabestnsherfibtno A8 bylywlizapop RNk nor e
portions a i t hs.
G her st e BB Rins SN R o R\l o Bt b SCBbE R R
mavelengnmhwﬂmﬂudmeswnmwgamhngﬂw&mqmﬂyusrbeamﬁmmaﬁmaHEDMqubasmdodn ot her
types of %%E“n N 01gsistv\ell i ncluding in other wavel ength ranges and
char ged ﬁ PR or acoustic beans.

The examples provided herein leverage a multi-modality imaging strategy utilizing

25  dual-illumination paths for providing images with complementary contrast of protein
structure, and DNA counterstain, as well as molecule-specific markers for medical diagnosis
and evaluation. The example approach includes a combination of dark-field refraction and
fluorescence contrast; these complimentary contrast modes are digitally rendered using
specialized color tables derived from physician preferences of classical histological stain

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



151 n sone exanples, such nethods and apparatus have been applied to
fluorescence in situ hybridization (FISH), inmunohistochemstry (IHC), and
NRNA i n sworohydassgodi zati on (nMRNA- | SH) applications in f@CEaIS2eL0f0588T

par af fi n-enbedded tissues. Quantum dot (QDot)-I| abel ed FI SH probes, QDot

| abel ed 1 HC probes and QDot | abel ed nRNA-1SH probes were specifically
detected on tissue using nulti-nodal contrast and digital
pseudo-brightfield 20rendering for visualization of probe |ocalizations
within the tissue anatom cal structure context. In typical exanples, a dark
field refraction contrast image, a counter-stained i nage obtained with a
fluorescent nuclear stain, and one or nore praobes imged using fluorescent

QDot  det QR1NSH Myamples siainad poinerlasicaldyiziolngiral medipdpiich s the SeraeRiingad bel ow.

25 Repr esgdh alik ¥ Psihifeg R rSUSE Mch imagedvah BPLEIGN U iop e BHXRPlRer 2
sui tabl e |nag|ng system 100 is illustrated in FIG 1. A fluorescence

st i mul us for fyRber seplgcplar amplysis gsiag uppesgent.dlugesssapb scagedny, pighsebiBe RMPEO3 al ong
an axis %%r&t&nallﬂ/i@&eéamgnﬂa@%H@%&‘H§ MRS BIFPRIA, Ho%és f()idbrfa %&aenﬂe%r The

light source 102 is typical ht emitting di ode nmetal halide or
ot her Sar dorigaging Kass S@@Cﬁ@merrn éIMfér ¢ H@}tlnswekﬂ@éﬁr@h tlluml@ﬁpn g@mas,téghegm h as

| asers C%Eeﬁ%ﬂéﬁ%‘é‘mﬁﬁn BN chifledi %nf&mah&‘? V\xﬁtl& {IH sg&tfon}%a Erﬁfel ects the

stinmul us 103 to an objectlve ens furn directs the
sti mul us chesastant @8h commos pleigicreHcrt 08, comhm@ywsclaftd 1exarnvghtwal hittelogipdci men 108

I's sel eCt{ﬁe\ﬁ%dX #&Q‘S}l\%ﬂleﬂéé th%ﬁleragl ti egmg lepe[rg ?g%'ie%z %.Q[?QCII}?angpgt?]ﬁle

fl uorescence i'n response t eam tion o
fIuorescmmmgsa&r@bhk@&ﬂe@ubyshhmh@bp@mxﬂwsmh@msm@@§s&mﬂhﬂtwamﬂ&m al ong 5an
aX|s]513 t i chroic an optio beam s tter 110. The

hr r.op I
peam Spi erars S s BhFRdE ot ok Rk B s EBRE R bl 115 5o
t hat a spechame msibrtm\gazeteagthheomelcmmmﬂ Jbeaheineldde DomanabryZzacs @at are@onput er
system 130.,  Anot rtion of fl yorescence, i cted to an .eyepi ece
LA S T At N S T s e L MR e et
| n addi t ir@natioa as Wl tiedludigin@thed tvagilen Godand¥e ditl @Hafded paticlo®cdnisayti ded to

103ubstantiaLIé8prevent the stimulus beam 103 from reachi ng the speci nen
108, or th¥SHf Y3MEscence source can be controlled (via the conputer system

130 o manual hwonfe@x&lh%tas B@hShdciBdk WSl Hpanivk faRrHReVEHUed VaUBIeRGEOS of | i ght
used for the stinulus beam can be selected as convenient. Typically the

sti mul us SBeBYRTidHaNQEES Iy omynohiplashamistay (THEY aad MEN At SHRDEIENGHAR or in a

wavel engt(mRN@nﬁs@{)tapatcaﬁ&ls wfotnﬁsa RfifRpa SEMLL AL fdHQr eReaiteof | ght in
15f | uorescent dyes or uorgﬁﬁpres associated with any sel ective markers

appl i ed t(@DPHéa@}?écﬁI%ﬁmbW hlabeled/ BIepighes alnéﬁ&%labdﬁd RN ESThPIOBeS beam i s
bet ween ghou eé’iﬁ%ﬂl§%@te@t@81 oPHésuéE&Qﬁr%ﬁﬁltl%odaP&ﬁ%st\éﬁY&flﬁﬁ%Eéﬁﬁo ‘Bﬁ%ﬁﬁ&d“sed

I n addition | uorescence | gl ng system a refractive contrast
i magi2ig sywicers fos vimgpligdtioowhpwbe lchlaatiols wWidirethe tsske fiagdneicdlstreptirpat i on i s

provi ded 'coﬁt@xt.t E‘r?tyﬁ?é@l@glﬁplgsf, a%hr%fieild 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
fluorescence stimulus light source 102 is situated to deliver a stimulus beam 103 along an
axis 105 to a wavelength dependent beamsplitter (dichroic) 104. The light source 102 is
typically a light emitting diode (ILED), metal halide or other arc lamp, but other incoherent or

30  coherent light sources such as lasers can be used. As shown in FIG. 1, the dichroic 104
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20t he circunferential oblique field illumnation 117 is selected so that in
t he absence of refractive index differences or scattering noieties in the
speci nen,wpi2gtito4680ax does not reach the CCD canera 112 @cTiuseolepsrssece 114,
and only refractive index transitions appear. By using different

magni fi cati on objective |l enses with the sane nunerical aperture (acceptance
angle) or by using a secondary magnification lens, the sanme illum nation
optim zations for 25refraction i maging can be used at nultiple optical
magni fi cations. There are nultiple strategies to create contrast based on
refraction or scattering of the illumnation field. Such refractive index
contrast inmages are referred to herein as "dark field" inmages. A substage
condenser’ ef?ﬁ tlesrtippps bgang il o3 lorag pbisglivedensd Of ahichdp tuahdigists; t]éﬁ%mf‘ih@l d

i1 um natoef 1840 d Pedifién 5082 ah APRalO8mples SHDPLaRch abd ¥ stib@ive@mdeleacat i on as
that illum nated by the stinmulus beam 30103. The substage condenser system
116 can diithewe opmeisi fugEIPBotes At Predige Haoresserre i reapPnEED the Highisthspmhal ogen

l'anp, an 185 CAlRARN oPlhe AubBREcché Al boROM 6§ 1R1YjLMR 1805 10BAEI diRIRAAIonpT T OF'S,
filters, polarizing el enents, phase plates, prisns, annuli or apertures

that @an apeyddtdthgrushihealithecip &etto apapticnel keraympliterdf 0. FIi beam spieer dbP i que

I)it ﬁ'e‘rj | 'd'ﬂ@é[tgg?&g?? %itﬁe héor@src&%?@ﬁcmeraﬁl@?sgﬁﬁdp‘ﬂ}aﬁlecﬁﬁ&%ﬂ Wipys, but in

exanp rent approaches to um nati1on or 5point
scanni ng,redorded, Wewminpragalyewigpe a cothpuipsastéron 30.oAnghdigprton phthe dllvessadasi gned t o

produce gse&l%gl% itfalﬂle%&%{elaﬁh GBS i REQY Bﬂﬁgs%&%elhﬁ@%ﬁ&‘séﬂ% ﬁ]]eOf FIG 1,

so-calle um nation | s”provide IC y portions of
t he fi el dlubfebagneenigghi.olm atitgon, arsbutgc 432 @ratebr beanr mdilulgot @d bbyraviied speci men 108

are I 1 ected. t he merical, aperture of .the objecti | ens 106 and reach
the cBmeod Eu e Ra BB RGBT Y Btk 58 B B epi oce 114 ar e
10si t uat ethosceas: doorct oambeatonirsiied €viathetchmpspegsimn 3008 mhasdid) wnhdthe

redirected rtions of the transmtted |ight. Typicall the transmtted
L um nacMBHS pebimrseeda V HERH vidlebtesey rene Bgfte " ashEe vat od as
desired socédaticdt] TgpicagaRELmlASEdah MRAYREs pranarl§ ope@liali@dorodt Vi ewed

i ndependently of the transmtted jl| |l um natjon. The exanple m croscope

syst em 136VefFngser ina pRyRengitngedhat Scyaplt fop gensratiap Sepmshngenigge® and

Vi eWm 189 Gluors@REGIIBNIRAS A BssdGhbdRIR 80 LR &R vedAdrkert hlidd fahé action
contrast, or both, either sinmultaneously or sequentially. Using transmtted

ci rcunf erBittel Tobicrigudyelensth fingat fophe straplug Bean) is eitvieeh @gul OB |

contrast paamoR& RigducedRasgd Abeluiiger f aces and transitions between
speci men portions having different refractive indices. Typically, the

condenser sysieidiipg 9 the flygresceass IMAZING eisiem 8 rgdfachye pprsbpraginsyyfne (and
Con 2 g SORNEIR 0B, AT MTRRLI L B! AR BRA Lo pat
way, 26t r ules eircemfar¢ainl ehdifipciaeld divehisadian il €7 is|s¢lgiied sodbat imppprlschetsife contrast in
| mages V“r&ﬁi’é%%e fnﬁ& Mﬁgref?cfes or scattering moieties in the specimen, light flux does not reach

the CCD camera 112 or the eyepiece 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 magnifications. There are multiple

strategies to create contrast based on refraction or scattering of the illumination field. Such

refractive index contrast images are referred to 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 illuminated 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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a light absorbing color stain. The transmtted illum nation wavel ength can
be spectrally filtered with, for exanple, a near IRfilter or other filters
or conbi MeDI20nIg46807f i | ters so that spectral inages of flPaBASITIeN5185T obes
can be obtained with transmtted contrast collected at a 25l onger

wavel ength in the same data acquisition with both illum nation sources
active sinultaneously. The refraction field illumnation is generally
selected to provide a suitable visual imge for recording, and is in a
wavel engt h range of between about 400 nm and 900 nm but different spectral
regions within this range can be used if desired. In other exanples,
reflected dark field illumnation is used in which the oblique illumnation
and the é@&%?%E@PgﬁlWBh§n&Fém§PﬂﬁQﬂﬁﬂh%ﬁS@ﬁ%”@ﬂﬁﬁa@PﬁgegP“Fwﬁﬂgﬁécinen.

The speciffiRR, pidcifd @drkbnkdYBi8e F1aRs PRisQaahIest aPdtudrdssRlibad ffo@ueRA segnenting
fluorescence with one or nore filters, shuttering or tenporally nodul ating
or ot her wis¥logekilngerranis phlCus heehaus Aeld dimmietiopgil & Predyecd by a

f1 uor escenranRased atdiR ot BToRE QREAEDET e Wint Lhpfoasils t@RLIE iIfunliffibn brned to
the fluorescence wavel ength and the refraction contrast Sfiltered to a

di f f ePentPoihsaneingtline pepnpag. cdpedlamgiafipn g pthengipeRiendesienedingeeduiean be

separ at ede 0. EdBhGhn B 1 ieRShade bPrdl if RraNta RARLAQPS Of the sane
sensor oreregOrdéﬁﬁsedbéﬁ$?§P?§. %ﬁe un@ﬁntégjcbntrpﬁuﬁﬁon of dark field

i |1 um natillgningtepntihprofiidedmegiudnady perigrs of theifipiigdamingtiontheierasaigaed @an be
reduced . .y, £ 1t ekl i i r el d

[P ee0 (ARBEANY Bl sechndrt fAconllibe S éﬁ{‘&%glt %e%“ts}gﬁ%%g FpFan ke on,
t he dar k 10b ehdireachdhd &nbesot Bseéircgepiomgdd. thncdnera/i 8wed tleepepiatdlly aor

si mul t.anequsl y. The.canmera 112.is ically a monochronme charge
coupl'dd aautebocemgori At LEASPL B s )b Gt o IR RE HE T o)
caner a t hadghitted heght. TyrRgely SiBe soxstisadd huraiBaiinagiteian 1 iednt Hephytiengl €GP ( EMCCD)

and intensified (1 ), Sensor.s be used. .Wavelength filters,

G Sper's: JBherogs e s R i e B R TR RO uabl e
150pt i calvisyesidbendamntl @taranopiiiee alunamdiot! €6d éxampRimic@kcopetRds13man be
used to modify the optical radiation reaching the CCD and/or the eyepiece

so as to PrEaUdBUTIHENSTCHEIRIB OF TRESHA NG ABhEEHNS At PRECTHAFESIOR t he

sel eqtsed MR¥ERARY UK TRAIGEFactibh cGRAR, 6ARAS citler HATRSEBAILOM @GehiiNg. t he camera
112 can be spectrally resolved in a ﬁlurallty of wavel ength bins, and a

cor r espondi ngUping fransniifiedgircpmipsingialebligee flpmyiadonnehrridmirid inhki-si s.

Spectral codfhsaliby ploduledbal@ oR il PlciBthdMahdltichsBteah fe¥inkh pBRSAY Pt i ve or
reflective filters, a prism or a diffraction grating that are inserted

i nto t he hpappdidferonhisiraqtiye insiceenExpicalieribe ednidgnsersyyiemrlap incle andngwugan be
achi eved ygi,g %Pkggﬁtg E&@&Bﬁ e beHaBRALS! YyenRbnaPOIALRED YiFHE Pfaﬁsﬁﬁéteds yst ems

under the contr e conputer system 130 or inserted manually. Wile
i mged caightyaty dasruedundsniomecope wonipped withragenghitteh Bght nedrcearlp dyswa, pi ct ure

el ement s %&Hﬁ’ﬁh%ﬁae@%&f’s%&@e&%g}ﬁté?% n%re%ia%?%ght}[a%ginlifn?%é witht chdUsERET LY

(either from 11 uorescence or o es of contrast
a light absorbing color stain. The transmitted 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 suitable

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 situated on the same side of the specimen.
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illumnation), inmages can be recorded in other formats and conpl ex data
structures if desired. For convenience in this description, an inage refers
to a 2-Dwappivgess’ data in a structured array as vi ewe®Cihyusa010/05¥85Ti an

t hrough a m croscope or other view ng apparatus and a recorded i mage refers
to data val ues stored, processed and/or displayed based on an i nage 30
received by a CCD or other imge sensor. As noted above, a plurality
of spectral images can be obtained based on fluorescence and transmtted
illum nation or both. Spectroscopic information at each pixel of an inmage
can be gathered and the resulting data analyzed with spectral

i mage- proceSS|ng software. A series of images can be derived that represent
intensities afiNgiAcsigieaderkigildmaagtandehiined pyitsd aopglpiremaning and

conti nuomb%s&ﬁ&&&ﬁ@&{e%r%ﬂﬁe gy sﬁ)f@hh@&ﬁ@lmﬁ\érhﬂfy ﬁBdlﬁzﬂﬁh@é? bhedWifgram
designed for handllng§such data. In sone exanples, quantitative information

from nul tiqskiee thegpspg @ﬁ%msﬂlgmresexamalﬂwhedb{oreé@ﬁnc‘%:b%?ql e sl i ti es can be

eVa'UateQméhﬁHhMﬁ@%&ﬁ%hMﬂeThﬁah&ﬁﬁ@ﬂ&ﬁ&é&ke%%Zd&ﬁﬂPQHMH@Qﬁ%QK%Q@mﬁ@ﬁpUter
system 130 that includes a keyboard, 152, a processing unit 154, and a

di spl ay 18grediima didineenexaivisngs, rangaethese diffrent wagelengdi rangsn san laﬂsséparﬁtnfbm
devi ces %#?é?erﬁ@eds&x ShifeCb$ o T %@m g%fuoﬂé G thd zah{&%eﬁsﬁp%ﬁ%&rde%%g%@g@%@e " or €

addi ti onal output devices suc printers or displays are The
processi rige ynvantddepntrippiieedildgrk fredd Uldesnagiomioghoilvaeseswo magegr omrges 0r nor e

conput er I y %%ﬂ random
access ng%%sg%?ﬁﬁ&§%%g&% g@@# %%H%E??gﬁ%gal“’i&*%ﬁ%ﬂﬂg&“% sk or digita
vi deo d|smanMKmﬁmRBQQMnﬁmxmmgeeHgn@mamﬂmsmhmuhemmexmmheahkéemﬁmﬁstructlons

for ]%cor ation transnl S|on anal @ qceSS|ng of images or inage
UOTCSCEeNncee 1ma €S VIFWéd S€ ara fy or Slmu an Ouizl)
dat a. ypica np g er 'sy 8¢ 0O is coupled to one or

nor e ot her colTbu&Meresylsztletmlcml}aa ﬁlomdlﬁﬁheafhal\gh b@ipﬂﬁl&lemeé (/@(EII!) @onnection, and
in some exang es, is % @» gﬁQSSnet ALt h |na roce si ng
oper ati off§™8 ﬁ‘e?)%ryd%‘?‘i 88618 “%"P’h fa L@@ Fr}me}g ?FéS‘é anpl es,

i mage datadelérdnMRgeslyia €0y @MeSCP fardtin@nsptiddr@l tIy C0f) seROP Wilay g udld. syst ems
that can be situated in a conmmon | ocation or distributed on a network.

Whi | e | apt b5 cagflicer USReah deavIHPeRflos. eFiBY PEBHADS FlRGCHEW RS such as

desk 150p opREP L QRIS anV\&h&Sipatdl @tbeledddEHNE]] the@RAPEHNDE Ssed 8 iR ? teonput ers, or
ot her devices can be used for |nagg capture and processing. In sone

exanpl es OPiigrhfdiagan aghire e CHPRNELE BY expriecs ey RPFPEGIGLr s can be

provi ded Wit BOkHinPmGAR RloAMiic BGcEMANLURTLRAS 2 CAMPYf AL € th JhR chfig 25net wor k
connection (by email for exanple), sent to a printer, or delivered as a

text or rYPERIvBY radknsdlymest Hg can etnectpiiy resohed ooy Muratftyef wregdensd syst em
100 is O%ﬁls?ﬁﬂ%ﬁeﬁgn(ﬂngﬂhfaﬂw& TuBRYRG 1§M§és%malﬂeﬁ f&taﬁﬁgfsm. Spectral

20  analysis can be performed with a plurality of absorptive or reflective filters, a prism, or a
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-D mapping of data in a structured
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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exanples, a reflective or catadioptric objective can be used instead of the
obj ective lens 106, a short pass filter can be used instead of the | ong
pass fil two 2004046807r ear r angenent of the 30 fl uorescencePETius010OSSOUr ce 102
and the canera 112 and eyepi ece 114. In some exanples, only a canera or an
eyepiece is provided for either image recordation or inmge view ng.
Additional mrrors or prisns can be used to fold the optical axes as may be
convenient. Different strategies for nmultinodal contrast using phase nasks,
phase contrast, Rotterman contrast, oblique illumnation contrast,

Rhei nberg contrast, interference contrast schenes, 5adaptive optics, |aser
scanning, tinme or frequency domain lifetine ina%jng, struct ured

illum nation, AﬁﬁBtF%WVF%W]éW&f seal “BE'ﬂeéFi”k‘éﬁ‘? &ﬁneéhli’aseéﬁi“%jb‘?}?eéfﬁ??e 2nd

har moni ¢ ahdragisiedtiM@nRRRINQR bEXC ShatioQBpRAfoRANBH aSdabiRpiREI B 8n e bE

enpl oyed. Speci nmen positioning hardware i s not shown for convenient

i 11 ust r attbbe gaaard aad fedpsuingdatraaalyzsd g ppegtral insge-REPCHisR sefiuare-edepi eces
can be prayisdefdna tdchnteiab @Rlihd: bdpt&ER i ANHiRE ARIPLL f RN Sle GRN (RE 2RY OVi ded so
that 10different i mage outputs receive an image |ight flux associated with
onl y @ne cisttroni¢ally ghécangnequakytselagiabde pnd thean evplypigd wrhan aralwisairegiadr wavel engt h
bandw dt : Ity L i : IV rovi ded,
R e S e e S R T LA S T e
caner a 1IRogscentragralsapil/eceptitdl4ontgyst modadiving ¢ao|be cedletédsemiliaghdusiynt ensity or

spectral cont . Vi ew r ' tative imaging
systemis ill ﬁg(% ?Ilgaf%é(sile nl‘sﬁrwll?%(%&lil? g%ghg%%tﬁ%gé%%?ﬁtﬁﬁg&%%g i ned i mage
i ght fl kxybbaR13haprdcessingdeis 134, med a display o 6ndd sbrad ecmplesyont 20BRdreand a DAPI

quoH%spggggoy?dulated flux 1102B .o%{e%%ondin k field and DAP

Ao
| agdd | Sulp B P PRRy e ROy FRECHGOTAN BBy i 5a PR

col | i mat iaagjtibeansutpdi@bvicdkhacicslprinteas @djspagsrint pedided gliie prbcexsihgudinisddent to a
di chroic nir@pr 06 t hat refleq%ﬁ a Portion 20 of %ge nDdulﬁﬁfd | ight flux
(the DAPIVRYGUHYISIHE® # INOPTIGEAT f QURET BRETPMBUSE CRTaE!e OrjeciBedf %Rr s 1108A
and t o a af rdall 8hly hkbhOfy tHEW), paRiberaetdst mbhyryt(RAN)IL h&d BARIa idpppaBBaence. A

| ens 1110 receives the DAPI nodul ated f|l ux and forns a specinen i mage on a
first porfPPBitdith opdigial yidegfiselor opgr of ipdge dala prdompyisr exerale chr oi ¢ i rror

1106 1t5r ansirutifont RS récORBASN, WaNLiQRGL halyis! AatprQBssidi lifiRdobaan 428 to a
filter 1107B selected to reject 25 DAPI fluorescence and the associ ated

DAPI sti fubRiabiaamplen thg qomprter 9988 Hi0rigequpled hRoned (oke fBECTFOMRUEN 028 to t he

l'ens 111Quidheha f 9B oPwHALK nbiwekidedniBESn,ARd oh PRtk ARp1ddl L2BuPibd thge CCD
1112. The CCD 1112 is coupled to a conputer or other processing device that

can st or dneglgellthareh iagpPIopRssIGOPTAIPRS £4n hywaedugled aaisipglocingeidrnage data to
:n(r:lm]?: Lg;s%%%%,ﬁré gér{lﬁ%xgglgleg,' iﬁl%éatyata Wilrng'gé lzlfe*br@c%s%m ;ﬂgraﬁﬂff%tf %%plﬁﬁg k field
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 example), sent to a printer, or delivered as a text or
multimedia message using a cell phone network.
The imaging system 100 is one example of a suitable imaging system. 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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30can be obtai ned simultaneously and displ ayed side-by-side as a raw i nage
or rapidly split into two inmages, col or nmapped and overlaid in near

real -ti meworrotigesooni t or 1118. The configuration of FI GPCTAUS2&L0/065188Bt rati ve
only, and specinen nodul ated refraction and fluorescence |ight fluxes can
be separated and used in inmage formation in other arrangenents and using
nore, fewer, and different conponents. The inmages can be side by 5side on
the CCD 1112 or processed by the conputer 1114 so that a conbi ned 2-col or
overlay in brightfield-rendered context can be displayed on the nonitor
1118. As shown in FIG 11, nmultiple fluxes (dark field and DAPI) are
diverted froman initial optical axis, but in other exanples, one flux can

be t r ans fPPtAINSTAGH G0 E¥RRISCR ISETQided i preitheimpgrareeqrgalipn Pb INager \Yiehang.

accor di ngldditiohRenigtdfskor blighdeaamd ulddid fd1de pL Gk 8 RhPslCAdendnih di fferent
10 I enses that can be arranged to produce a conmon magnification or

. ng ]
di f f er entPiHegRisHREies oA BLIUANRYRE GoaHa vTing phapsmaskp.ghesesanFe KROUYAEN ot her

conmponent.gyERRN oPRuB iR RS0 SntLARhIMEE W ndhst dateRELhQoh@Redchand, ot her
ti ssue contrast inage light fluxes are provided to and inmaged in one or

nmor e ECDRd#tiveEPLc dpssT geRnHNg itigtglos fregmngy daymin hifptimpimagnacsirustur¢bokup Tabl es
and I maged AKRIR O TBRCRYRIEMBelpofiliRoh JRELT ot iBfiahidhgyi ewi ng and
acqui sition o%‘ihéggga gse%[bneéf?ﬁértP%Sorescengggbra'ar @#%%ﬁﬁ’

i |1 um nattwemhotor eiggatpnsindoihensiatgss yay Phemploged. Sedcinpmpessionzng hoalware

mani pul at r ot .fe [ [ a

Fepr osent ot B ALERERveRREH M ik "Rl th fin) RpROTIRELEPOLGHL HEM T, )
refracti epef2@es cange prayidedcmd deichblet filiprscatl byangspligersroandepromdetlise thanage, and i n
a step 204y 0ne, o JBre LLugrescensehased. Lipges arg, (eeorded,, The nunber
of such f1UOFeSCEICEPHASEd TARGER c'an déphd'“on Munber ¥ and t¥pes of

f | uor escenttravamé@iiscs) polalyasod hists @rveavalppdth 8ghdivadthh A &lpeabinfdrers These 1 mages

can use different wavel ength bands correspondi ng to em ssi.on wavel engt hs of
The 1 uorsuEEhE Sha RS U P ghadas SRk B R her PR a0 B banas
25can be 1@uEhitdgRhdGhe Ai@RrOMElor 8RREGece ANl 4, a1 GOfRIrbat oW idhemeakity drn t he

step 204, the one or nore fluorescence based i mages can be obtai ned
cor r esporiBiHa! ©8' IGbYE¥ R REEPH i cor r espondi ng f1 uor ophores. Appropri at e

spectizal  segnpRb@éd BpteRhtatiREinfak 40k PHGE RGRuk @D in @N 1 heaygRdntioFRbE ai n
mul tiple fluorescence based |nages that can reveal djifferent specinen

f eat ur es,Ht3ginebinedymageishtilyt 1 1oR apclgect rirecisoprogplated dn i @etdni th t he
f1 uor esceniapiet@ediAle MBAHAEA 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 is incident to a dichroic mirror 1106 that reflects a portion

20 of the modulated light flux (the DAPI modulated flux 1102A in the example of FIG. 11) to
mirrors 1108A and to a filter 1107A that preferentially transmits DAPI fluorescence. A
lens 1110 receives the DAPI modulated flux and forms a specimen image on a first portion
1112A of a CCD or other image sensorl112. The dichroic mirror 1106 transmits the
longer wavelength refraction modulated beam 1102B to a filter 1107B selected to reject

25  DAPI fluorescence and the associated DAPI stimulus beam. A mirror 1108B directs the
modulated flux 1102B to the lens 1110 which forms a dark field image on a portion 1112B
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 such an imaging system, dark field and fluorescence images

30  can be obtained simultaneously and displayed side-by-side as a raw image or rapidly split
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Upon acquisition of the imges (either as each is acquired or after all or
sone have been acquired), one or nore color map | ookup tables (LUTs) can be
appl i ed twotbha/d4pg0ensi ty val ues of nonochrone i nages i nPATAIS@OASBST O
produce pseudo-col or rendered i mages and these rendered i mages can be
overlaid in a step 208. One or nore or all of the hue, 5intensity or
saturation of the acquired overlaid inage is inverted in a step 210 to
produce an i mage having the appearance of colored structure on a bright
field. In a typical application of a pseudo-color LUT, pixels of nonochrone
I mages are assigned RGB color intensity val ues based on grey-scal e pixel

I ntensity val ues and vice versa. Such inversions may al so invert color

coor di nate FAesy Gl RaRRse pREMeERg i Bjagrealiunp PhEe MynHeigd 1BndBs sion 10

gener al | Yo@RsaoA OPRIAR T X & illhda8NSdly, aN@LPdEitach troliRel @dtralide®ndi Nt ensi ty
val ues. For exanple, in an image in which pixel intensities are represented

with 8 i Aluersssepse ekt less cavLipsisepaapd #nd usphindmage ipryasion 850thein be re- mapped as
shown in aﬁ%@eﬁleﬂts afed ﬁ@ﬂgﬂ%reﬁ%ﬁv%ﬁ’rﬁﬁgff&egt c@)mgor%né. '?Fhéllrﬁagés An be side by

5 side on the CCD 1112 or processed by the computer 1114 so that a combined 2-color

overlay in brightfield-rendered context can be displayed on the monitor 1118. As shown in
FIG. 11, multiple fluxes (dark field and DAPI) are diverted from an initial optical axis, but
in other examples, one flux can be transmitted along the initial axis and the CCD 1112
situated accordingly. The dark field and DAPI images can be produced with different

10 lenses that can be arranged to produce a common magnification or different magnifications.
Additional filters, light sources, and other components can be provided so that molecular
detection label and other tissue contrast image light fluxes are provided to and imaged in

one or more CCDs or portions of a single CCD 1112A, 1112B.

15  Color Lookup Tables and Image Inversion

The system of FIG. 1 permits multi-modality viewing and acquisition of images
based on either fluorescence or dark field illumination, or both simultaneously. The
acquired images can be manipulated to present specimen features in a common context
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 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 multiple fluorescence based
images that can reveal different specimen features, typically dependent on the specific

30  probe associated with the fluorescent detection marker.
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26170 Table 1. Image Inversion wth 3 Bit Val ues 15Such a mappi ng
schene can be extended to other bit depths (e.g. 8-bit, 10-bit, 12-bit,
16-bit arwoavtiedsdo’and can be applied to different conp®a®Aise010A51$57 hue,
saturation, value) of a given col or space. In the step 210, inage
val ues that woul d appear dark are inverted so as to appear |ight, and inmage
val ues that woul d appear light are inverted so as to appear dark. The step
20 210 can be referred to as producing a pseudo bright field inage.

The order of inmage inversions and pseudo-col or LUTs can be varied as
needed. Specific color LUTs can be selected so that, for exanple, a dark

field image appears in color contrast simlar to histolaogical stains. In
this strat egy UPPh&dPiga ohtha dragss eihers iy iyaconiseky after sleysame be same

st ruct ur @gerd Rqaifed), RO 6r RORUEULE FhapddoRuPtabIRNM & Nitsh OAe appiRidio HRIAGRAYr € such
as conventional H&E staining. Inmages can be overlaid in a step 208 with or
wi t hout c8iueT OfregRergme Bragsoimd 208 dnprontesecud-cp iRy endirghimagemight fiel d
appear anggR.se Additd Andks GRLOLVAFBRIGY sicfBOSSOROM @S bi NG rdhd fiRr ent structures
can be applied to theé conbined inmage (typically overlaid with the conbined
i magep i nntgnsgy epsaprgionphhe@pgriicA everBithignage vdesgedin anigpe: 10 anroducstanr ed

and/ or di i r - [ies omtted,
duplicatg§%&%%€%§P£E¢ﬂ§& P%a§%%¥ ermg&rerzﬁ?%%%%%&cgﬁégﬁ?%ﬁ@@gmgﬁl I n many
pract i calof epsngd-eglor LU T.qarelhd nemeelnmomgammgss aro assigned B8 colpe indeisity i ng of
specific ti ruct . ! ' v [ - DS | gal stains
Rl 1 e WSO HE- R BEEEA s af R il 308 i SHAL BB 69

anal yt i cahveardlodi@gdiosts to pseltitd sqvguplioentary color mappings. Image inversion

10 generally maps large pixel intensity values to smaller pixel intensity values. For example,
in an image in which pixel intensities are represented with 8 intensity values (3-bit depth),

intensity values can be re-mapped as shown in Table 1.

Original Re-Mapped
0 7
1 6
2 5
3 4
4 3
5 2
6 1
7 0

Table 1. Image Inversion with 3 Bit Values

15 Such a mapping scheme can be extended to other bit depths (e.g. 8-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

20 210 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
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10physician while still permtting correlation with additional specific
markers to reveal additional information. This sinmulation also permts the
el i m nat WO 20f1/d4689Mt absor bi ng stains, so that staini ngPdDAS2010105i88T er f er e
wi th application of other markers or the evaluation of image features
reveal ed by these markers. For exanple, refraction contrast can be used to
reveal extracellular and nenbrane proteins while a nucleus specific
fluorescent dye such 15as DAPI can be used to reveal details of nuclear
chromatin distribution. Thus, the refracti on/ DAPI conbi nati on can be used,
wi th appropriate inmage processing, to reveal specinen features in a manner

anal ogous to _that_ achieved with eosin e05|noph|I|c or protein-specific)
and henaﬂ@%?@Fﬁ“FH&%ﬁ€WE“5E?&L%ES@ﬁw%% e3P i) e%@@ﬁﬁ§€‘¥ﬁé§@‘Wﬁﬁ§es are
ObtalHEd\@@mEMQkﬁﬁﬁﬁ1§§RﬁbBﬁﬂmUbh@o&%%kMhﬁ%mﬁ%mgﬁﬁgu%@ma@&m&%@éStEFEd
spatially and 20 |nc?uded in a disp Iﬁg i mge for conveni ent anal ysis.
Opt i m zed\ddBioa#! criep BIRPRSS 1Bages sent{ppting @ﬁe@tﬁmctwﬁ tAntbe japRlisd 4o MEspl ayed as
preferre@o&%n@&hﬁ@@h@ﬂ%ﬂkﬂn@ﬁﬁ&w&ﬁﬂ%ﬁ%n&ﬁé&ﬂﬁ%éoﬁﬁaﬁ&%ﬁﬁeﬁﬁe&ﬂmﬁﬁﬁ,ConteXt
of medical training and experience. Such color mappings can be conveniently
descr Pbedngypriopespesfigagheaa be stoged@ndon disiayed ar pster dldo Ongpadere ¢ithrse  col or
spaces Suh 8512 oMkClupt O br AR AlnSRAGRderndek Eord @il 2 col or
space, CIE 1976 25 L*U* HSV, " HSI, HSV, HSB RGB col or or CMYK
col or val ues, IromafFANAGNE e«aamW\lSEme@:@ﬂV@mtageeﬁ lesinpdtic éﬂegolobeg oised.

FIG 3 1L AL RS Be b AP EIEM AlinFn REAENI0R LT SREGHTRR, IR Ng { hat
permts i errogat|on of “specl men teatures s&d on re rac%lve i ndex

cont r ast camchsOAREesf ISudr amukancreprOVMesaa fatogpr 30y tical agddyagfmal: ectiingtfensi ty nmap

i mag efract n.contr. in.30 specinen i.s record ally using a
ronochr o e B Ky f SRR o B RS PaC R Spd FEPRERE A BAE S B by clare
I nt ensi t yddrepnal ﬁﬁgﬁlaﬁfﬁn thﬁs ﬁmelatmmﬂsd pz:nhemhé diexdinatii df@éightadbeurbibp | t ers are
used in acquiri t hese .i ma es are recorded as

ot ens t gugh b s Bk R RGPS ot g LR R R i BT

monochr ome ikdgPfeahitePre Sdaia bg Meese hbkekeFoashinyR, ﬂeﬁ@@i@n@@ﬂfa”st&ﬁh bt GRGE i S
processed and mapped to color to have an appearance_bSsimlar to that

pr oduced RV QHEEICF\H‘E?H 1287 MEBSERHPIOGIISIHAIE A THARYESPPI G hHU e dy ¢ 460

i 11 unisnatak oAP1 EQSiNiséd @irdicAticta P bERlcldr irQHMGREsHFRGE. TRARLhast in protein
noieties in the extracellular matrix and in nepbranes. In sonme exanpl es,

t he st ep rdostieRABEcingtign catPestsed: A apprapiiHe Braes BEPCEsTigdC faslan

appear anGged hiaf fehtired S LHafRr flalddbsd t@ﬂmﬂﬂﬁle@@& M{Ee&hﬁ(fegsﬁ&ﬁbﬁﬁé §ror eosin
staining as quantified and translated to CIE *b* col or space. 10 These

pr ef er r edr@QPGPeCHi snkhamaayagedcriacder Do\ épeglrfléhd%%ﬁuse Iheps i@agess or an
I ndi vi du%!Tf dﬂtduged%%ﬁh safi@'s é‘cﬂﬂéﬁeﬁfg?&%ﬁes 5f'&§ch! dzﬁ%réggé&?é&épg&sug 59&“ the step

306 is referred to as a c nverte I mage. For proc ng on eosin
st ai 9, supdileil raydisplayed ilhegerferf conyangent anadysise Opiimized noler meppingrageke  Such

convert ed,\; E@gg@ﬁ pgﬁgt i%%g[%i cfriJe}?agecﬁé zp%f‘é}f&fjbj JBRGRs o] 1%9@1’ ?e%ﬁfg'gtﬁ%@ Gg. or both.

15In a step rded I nage i S processe uce an i mage
associ at edensttiithagortppebmadicd treserrntergpribamratosdhydolor nappiogptandn under white

light tr %Qr? mnfe%tgybdﬁscrlbem wri]t%tré el%'ncepfg a%ﬁqg%a B%ng* C(;[l(r)]rl s%acematger e be produced
based on I'ndivi group
spaces such as a Hunter 1948 L,a,b color space, an CIE 1931 XYZ color space, CIE 1976
25  L*u*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 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-
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subj ective preferences, or matched using quantitative spectral color

measur enment and mapping to digital color space. The resulting i nage of the

step 308 wanohe4ssierred to as a 20 converted i nage as WRETIUS2@10/081857

hemat oxyl i n-converted i mage. The converted inmages are typically

produced using one or nore color maps or specialized | ookup tables (LUTs).

The i nages are generally pseudo-col ored and inverted so that the converted

image is a conplinmentary color, inmage with inverted saturation, hue and/or

val ue. A conbined inage is produced by nerging the conplinentary inmages in

a 25step 312, for exanple by addition, and displayed or otherw se anal yzed

in a step 314. The method of FIG 3 is illustrated with human prostate

speci nen quﬁﬁéﬁgcesl??é%gngr%SO@PG%?nsi%,&laEG‘E?‘gelﬂfG%. SPAYREL G BGCQWéd-gWé‘}lécal e

refracti velof AMdrk a8 tus@Nf aldBingfoHOSRREE NEB L UM ifnaSds atd PRARGd & BRAREY I vel y.

FI GS. 10C- 10D are eosin-converted and hematoxyl i nconverted i mages based on

t he i magedlugt foFpmagray ph pixelyms gliaéé‘ﬁ(lf‘clﬂaﬁ%slgy.aIFIPIGCh@GlEqCé)-dn?}Gt%@B@ed i mage
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converted i mage of FIG 10C and the hematoxylin converted inage of FIG 10D

ar e pPoduydetr bythaimarduged Widheasin calag ebserptioyynegh svhiteright tiapspeired on.

Physi i amfielRheRblitbaftlQlpi SRR QinhEBLAY |d Ro@AdufGRL Th Bl ai ned

tissues have been obtai ned to e close mat ch t'he pseudo-col or mappi ng

of the rekraelilyemitrmgel amnBDmes. looomt exapdsnthe step BTco de gogreafedr r ed i mage

appear an . i 1,S,.] S N E . Referring to
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904, and paterbiceaiir so@DGainiGk Bs utaatificd ad orokilaiat @CIRd&atteépoks emced as

| ocat,i,ons,on a color.sphere 910. Typically. color .arcs 912 .914 are

assi glé?edsfthSSerPé?f‘F%%‘fﬁ‘\lPé |aH?j‘é%£‘9[’Eg’ﬁ%ergae§ er@%é‘ﬁoﬁll’é)rfnglﬂ%‘aﬁ%)or %%Hfdt‘fl\‘gﬁ‘lal
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convenient to select the color _arcs 912, 914 to. produce contrast simlar to

absor pt i SHTGTETHTES [TigRec By e et B P e i br BB B &y pect i vel y.

Col or mappiifgoBanicdignapéD \Suechbnbyricds S gRicighadithbr digoaedimatesedaraed on

nmeasured intensities (L*-values). The color arc 912 corresponds to a

| ongi t uditM3$eS4¥°8n the col or sphere 910 that is at an angle of about 30

degregs from {hesed3@Xihs DA EecoRI@ImaeGs Hdds&lid FHRARAR ihedssodfated

| ongi tudi nal arc on the col or sphere 910 that is at an angle of about 60

degr ees fYrANtARRCAIFHCHIepegnbling Repatgyylig absaiptipd wpdagvhals light transigdlpd esent at i ve

coor di natigfiangRs Akheled RFAAUER i}k &h 8k Erl‘ohh&ﬁ b&RA LA &Rl vidiR %ﬁﬁﬁ&@ﬁt ed tissue
p

types are summarized in Table 2 bel ow E Lab* Ranges Cyt asm c Features
Nucl eus Febieqiive grefirensgse or matched using quantitative spectral color measurement and

mapping to digital color space. The resulting image of the step 308 can be referred 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 (I.UTs). The images are generally pseudo-colored and inverted
so that the converted image is a complimentary color, image 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. 10E is a

30  merged image obtained by combining the converted images of FIGS. 10C-10D. The eosin-
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a* range b* range a* range b* range Colon +12 to +24 -5 to +5 +15 to +30 -4
to -16 Liver +30 to +50 -4 to -16 +38 to +52 -15 to -27 Tabl e
2. ClE L*wolwi1iRdesoer r ed Coor di nate Ranges for Sel ect ed PCIABe&0A818PUL I ng
Environnent 20FI G 16 and the follow ng di scussion provide a brief, general
description of a suitable conputing environnent for the software (e.g.
conputer prograns) configured to performthe nethods described herein.
These net hods can be inplenented in computer-executabl e instructions

organi zed in program nodul es. The program nodul es include the routines,
prograns, objects, conponents, and data structures that performthe

converted image of FIG. 10C and the hematoxylin converted image of FIG. 10D are
produced by application of a color LUT and image inversion.
Physician-preferential color spaces for hematoxylin and eosin stained tissues have
been obtained to more closely match the pseudo-color mapping of the refractive image and
5 DAPI 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 fluorescence contrast (hematoxylin-analogue),
10 respectively. It is convenient to select the color arcs 912, 914 to produce contrast similar to
absorption of white light by hematoxylin and eosin in tissue, respectively. Color mapping
can be provided by assigning a*,b* coordinates based on measured intensities (I.*-values).
The color arc 912 corresponds to a longitudinal arc on the color sphere 910 that is at an
angle of about 30 degrees from the -b-axis. The color arc 914 corresponds to a
15 longitudinal arc 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 coordinate ranges that produce H&E

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

20

CIE Lab* Cytoplasmic Peatures Nucleus Features
Ranges

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

Table 2. CIE L*a*b* Preferred Coordinate Ranges for Selected Tissues

Computing Environment

FIG. 16 and the following discussion provide a brief, 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

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
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25t asks and inplenent the data types for inplenmenting the techniques

descri bed above. Wile Fig. 16 shows a typical configuration of a desktop
conput er ,wohe1t/od¢sdmt i on nay be inplenmented i n ot her coRPUIUSLOISPSISEM
configurations, including nultiprocessor systens, m croprocessor-based or
programmabl e consuner el ectronics, mniconputers, nainframe conputers, and
the like. The invention may al so be used in distributed conputing

envi ronnments where tasks are perfornmed in parallel by processing devices to
5enhance performance. For exanple, tasks related to neasuring
characteristics of candidate anomalies can be perforned sinultaneously on
mul tiple conputers, multiple processors in a S|ngle conputer, or both. In a
dlstrlbuﬂ%ﬂ*@éﬁﬁ@??ﬁ&j@ﬁWF?BWH@W?Sy%@B@?@M&ﬁﬁﬂﬂﬂ5@“9@?“&@Wm5€§Péd in both

| ocal  andyd@hD hicrbfiRLOr-ShRH 3Y Frod@MINGBR- coldifhef APRINRE, IMEbAPuEROWN in Fig.
16 is SU|tabIe for inplenenting the 10t echnol ogi es descri bed herein and

i ncl udes iHEHsTCBPLEEEd thg Kk dhp inysriiogimay alsgite vishin disgigipdt em nmenory

1622, an Qoﬁﬁﬁﬁ%teﬁ%(pﬁh%ntjs Qe rel (Rl afe%ﬁ()l%%ﬁ REFdrRIcY B8y bl%klt%mﬁ% 8488 gpponent s,
|nclud|ng the system nmenory 1622 to the roceSS|ng unit 1621. The system
&1

bus may comgIes Beéfoawlcef Fereoxanple, taskp edaterd loppaswing gharegtersties@d| udi ng a nmenory
bus or W%Eﬁ?cﬁ&até?ﬁl%h{aﬂés h be %&%&@Q&Eﬂd egﬁgfsonarﬂglt ﬁle c ﬁlhte@l{ﬁmki@hng a bus

architecture system nmenory I nclu read nly menory (ROVM) 1624 and
randon1a¢m®s$0nemmmy9éRmnwnm6®5m&AIn@@%@ﬂ@ﬁﬂk@m@wg@@mwx@®®n(e g., BICGS) can

be stor e:%(r__) r%?abﬁ@{h%%% PR CS ‘i’é}flﬁ'bﬁ& 15 AFaRAS G | ?{‘fobgagra%eoéev%ggnﬁ erring

i nf or mat etween ef enen € persona nmputer such as
during start- UrpecoTlhmltqnemeaiomomﬁlgt éﬂns]sﬁ%ledamnfglﬂmdnéng thacl ude one or nore

other co r hStora vices 163 u as_a hard 20di sk drive, a
r ermv b| gﬂm& 1es tS(H‘l e I@Ln\;’:lg? 1ncg1%fﬁrsaa CnOéT%pu?el‘ 623)kw h-a\Pl‘OCGSSHlé un%t or ead f rom
or mmlte15@1asyﬁaﬁmabbgzHuskmdamgaaﬂbmpnneahudms&md&nyeumesgmmnﬂor r eadi ng

Ch- i t t th ti ia. The hard
i ok a1 Bt pie e iy S ot e PR B S atebe doeneat od to

t he syst emibisusli@dcddypride hif i séhiesH ryghed vfebub BhebfraGacludng@goebiybudi sk drive
interface, and an optical drive interface, respectively, or_25connected in

some ot h&f MeHQR; itrollermperighsryldus. gpdia {958 s yyase PusadiC s utlBs - r eadabl e

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 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 to 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
files), 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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medi a provi de nonvol atile storage of data, data structures,
conput er - execut abl e i nstructions (including program code such as dynam c

i nk |ibraoi2es/@sd7execut able files), and the |ike for PRE/USRII9ONES7
conput er 1620. Although the description of conputer-readabl e nedia above
refers to a hard disk, a renovable magnetic disk, and a 30CD, it can al so

i nclude other types of nedia that are readable by a conputer, such as
magneti c cassettes, flash nmenory cards, digital video disks, and the |iKke.
A nunber of program nodul es nmay be stored in the drives and RAM 1625,

i ncludi ng an operating system one or nore application prograns, other
program nodul es and program data. A user may enter comrands and i nformation
i nto the MREPEHCLATallescihP treBIOM g9 digitd uiglyo ghks. 67d Wsfike.i nput devi ces 1640
such as a keyhapnfbest prodefth Roiigs AGY bERored HlHe ASved aNPRASE 1626 her i nput

devi ces may include a mcrophone, joystick, gane pad, satellite dish,
scanner, myfﬁuctlmﬂeam IPREUNIHESEL GRFPTERNe PDlIRYIN PRIt StharRIOFRMen connected to
the processiugarbberkB2thiat N QUORaPeRE AR dnd iftb&ltidf fied i@t 1s coupled to
the system bus, but may be connected by other interfaces, such as a

par al Pel pgtspral CQ@I@}H@@%@WQ“%E@%‘PM@@T? inpeEtevicso IA0chgabiatkefroaesk gidt ,  Caner a
Li nk or I I i S r i ces 1645 such
a5 mon A Bl e Y a0 ¢ he

syst em busystié 3aw¢ padaspt¢lhte drshascannes oe the dike. alleiss pldapyhes owur dtvices aror  vi deo
adapter. £ 0 . I & . r pi.cal i ncl ude
ot her pef%% gggh&%ﬁ@ﬁ%?m%ev?%%@h%ﬁ%%ﬂ%ﬁ%@%&?kgﬁgﬁggéﬁggggggF%ﬂ%%% printers.
150ne or trthesysomhusbaabdydre comenied by othsr ih@H8cearsect aspi padllelpapt; ovi ded such as
wi rel.ess connections i nections (for anpl e, .Et hernet. connections)
abhetingdti R T AT A R e R RS P AT

conmmuni cauSBySOmairwarr& output dadddstlicdfsucalat i oiegitorton ethpetysostalisptagnput er 1620

includes a variety of input devices, t.put. devi ces, nmenory and storage, in
some. exarfprEesaBRoRrCRidhe BERIINHES UF 8 il a Do FARBIEI y for access
via a netcamfdler holide@xdifiée In JIIAEDHSS 6@ nhdiRee pelsdnal @bipitdedpiaslydi scussed
above can be forwarded via such a network to a renote term nal or

processi nf e othepPrineig] Gy gevies §10 sR9V6w, sudhd sPeakeérd Bitieessi ng by a

clinigi an. Dabae st @6REBmERRiCRRON@IRICEoRS 69®ht typldafy pRVRIBDAch@onput er 1620
can be configured to record data in nennré,E%focess data according to the
5

net hods dVE&SHEBECHIERR Mired AANIEFUOBE 49T ¢8I PHeleoarsgtiony & B thet| ocal

noni t or. ukp;y&s\éﬁm,coﬁlp%ﬁla‘zg@gﬂ&daﬁﬁu&@& B&a P&hhiEREnPYerdlbkS @1 ent processi ng
units at different [ocations as may be convenient. The above conputer

syst em i @d@rienabaenghticdglerponad campwsiaivpl) Bclutipra Yagiehrid inpyi dyicenRuipat

I npl ementgdcddmembhy36d Vel iy s@he Jalfles CHN SAMBES AR enE HeillGley @ W de
variety of 35b?0a§ﬁés ofgdé¥Fe6%§%g§§%d analyf?ng da?g'rglatg to
procé¥si mgnotider adetsaviag 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 to record data in
memory, process data according to the methods disclosed herein and display the
25  processed data on a local monitor. 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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30possi bl e. For exanple, the data can be collected, characteristics
nmeasured, colored, and processed to provide brightfield-context inages for
storage awo02di1gpbsey on di fferent conputer systens as appCOArSR@EV®5185H
addition, various software aspects can be inplenented in hardware, and vice
versa. 5 Tissue Analysis and Ti ssue Processing Optim zation

Hi st ol ogi cal protocol is intended to preserve tissue structure and enhance
contrast between structures of interest for mcroscopic exam nation. In
order to acconplish this, many approaches are in use and have been used
historically. Tissue fixation can involve a variety of chemstries,
exanpl es include but are not limted to such as formalin, Bouin's

10fi xat i \Pé‘?ce%“FqH%?Yldegli’rt&héf}eéﬂ‘%%‘ﬁ%’é‘}agﬁsr@6?5?@%%?%51’&5( ondilisrefhaves, heat,
acetone, bhhBulbSEs@hs afdpifoprideK & 1dARI0R O bl ORBwaklekRic@eAt Be heavy nmetal s and
many ot her cross-linking agents or preservatives. These different

cheni st r il@glepged pdefiWidednd Yeprdig out details, preserve cell and tissue
structures, assist in labeling and antigen retrieval and other such efforts
to enhance contrast in single node inmaging for pathol ogy. The material used
t o i nbi | thissne Anakysis andFiseup Priocessing Spdinpzaiionde support to structures for

m crot oy andyhdibAdh BRI iflits EHLELBULES kR BPeah. ERRLARKET | Sti Cs.
The subsequent protessing, stalining and nmounting strategies all contribute
t 0 opti cdktvanastolsbmised intgbrt faatieoppicesafipation e prdodalac¢ommdisingus, Wt h t hi s
in mnd, aﬂlg%éiéacﬁése KL Wha%’b%%ﬂs%ﬂ ﬁﬁoﬂ?&h@ ?ﬂ&%"ﬂxbﬁéﬁ LfIRAIRY jpar amet ers
and sel ec ppropriate 1 nmagi ng nodalities specific to particular fixation,
enbeddi ngari@Q of dleelisitniy, @achple® inatude utaonidit {imded tocochrfbymalis géouiig s

hi st gpat hol ogy.. Thi s, can.he .done using. archived tissue prepared through

i 11 ePend B el AR o IR SN T AP BRUSEY cnpance

i mage quatids, vlkaliiesolutivey, sec@pis, haoly mdtalo pid i digr tioSSlikkifgy @pak at | on

protocol to imaging nodalities is.also bein ursued, .Inmpge quality is a
Dnergy. Beveant Bt Beient it ha% win R gL o dRame s

I nst r unenh@tissQd struttihds askdallabeIBGindAnGdehattaenal hrakeger bivhsefioftt @ account . Thus
the tissue as well as nethods of preservation and preparation are

consi der &8M06° HAURH 1} Engdf mPfsinggine ey Pagiolaghe M c Rl HY HYStemd Many

critigal cpiysiigad arﬁl@oﬁﬂ@ﬁbﬁ&ﬁ{ toStr8RSre Ao nlidvOhYadd ifrahissuy RIsocessi ng for
hIStOpathO|Q%§. The,pr|n0|F e phases of autonmated tISSUE(PrOCESSIng
c

r epr esentcOMERY AR ghagacierisidie Th SOeXEFHGTPPBIR HEning atd BOIHASECt | nage

qual ity. grRleQEABI cohRibRRSTS optRYBIMAIRRRdI ch&td@stil MO hlGintRgahhiihes t hat
produce conplinmentary information, the optical and chem cal qualities of

ti ssue prYdiciedsiipgind. sydics g uRdREW HD'QRPIREC Mydd-niodaliy refeifg BAragsY ol | ed. The

R L L e
advaries libelinghandquaaninling canflitionntonzsanlawrdd §arisstpathaloty e ezl be done
using archived tissue prepared through different conventional means and adjusting imaging
parameters to enhance image quality.
The inverse approach of optimizing tissue preparation protocol to imaging
modalities is also being pursued. Image quality is a synergy 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
to 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 particular imaging modalities that produce
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5 resol ution between conplinentary imaging nodalities. In the context of

t he exanpl es outlined herein, the nmethods of tissue preparation such as
protei n cwosstli4pdorng by formalin fixation, enbeddi ng | RCPAISad10I0F1857
deparaffin steps, preservation of nuclear chromatin, counterstaining,

speci fic nol ecul ar probes, nounting agent and gl ass used for tissue
preparation are all taken to contribute to the nmultiple nodes of imaging.
The nmul tiple 10nodes of imagi ng used in exanples involve refractive
contrast qualities and fluorescent signal and/or nol ecul ar mass resol ution.
Representati ve Probes Pseudo-col or brightfield-rendered i nages based on

mul ti-nodality contrast can be 15conbined with additional detection schenes
that use “QRpligerary i‘ﬁﬂ‘é‘?a“@’é (s ticd ndheheruierd 9“@6‘%0frt’éfﬂeé)§%9ﬁfs§’cgi’ ]\?‘Belﬁllgobes have
been desghd BRdatilUhust Recatlifify @ae6i1die AR 8@ Yutbma@bqliphiddi 86 t 0 t hese
exanpl es. Sone probes that are configured to specifically bind to one or
nor e t ar getRized Piofcals dspecalizerbstaiBinp prdicangisiangyp sgagemngndchemiseics aer r ogat ed
based OPu&%ﬂ@b&%ﬁt&@Eﬁéﬁﬂad%ﬂQe§ﬁQﬁh%ﬁh@QﬂX&hﬁ@hm@%Q&%ﬁﬁkﬁ&n&&ﬁh as |ight
absorption, em ssion, fluorescence 20lifetinme, chem | um nescence,

el ect Ponirgsoktian between copiptimentatydprrgiag medalitigs t larthesqontest of ghoexe®wics chabi | i ty,
it er m ¢ ihe Phir] BImehAN QAELL Pl LEF B SIGERGS0:OinkAPBY rdFRTfy

Conj ugat es conprising signal generating noieties, such as” conjugates of
speci f i cibama aigbeddingtin paaffinddephrgiial stagamersatvitng afvbdetdrekrongam be used f or
detectin £ . I I [ cal I .Jhe
signa|-ggR@$§'Hﬁg&ﬁﬁgé?gﬁmﬁgﬁﬁfﬁﬁﬁgéﬁ&F@hg%%%}%@f%%§E%8$§3F§%|e si gnal that
i ndi cat eprdphatipr gs eh cétawdooribhie cathe onligfie mhdestoimgeeing. Bhanpligde of si gnal -
generating noieties inglude .way of. exanpl nd. with limtation:
anoyriDs. MEEFbGLREEs bR GeR iRt A BRI ab LS
phosphat aaal sglivcoskcdxi mas exsolpgal. act osi dase, P-gl ucur oni dase or

P-l act amase. When the signal -generating noiety includes an enzyne, a
chromageni ¢ conpound, 30 fluorogenic conpound, or |um nogenic conmpound can

be used tRepgeamaaieP@beet ectable signal. Particul ar exanpl es of
chronogeni ¢ cgnpounds i ncl ude di - am nobenzi di ne ( DAB

ni t r ophenyl ph8%‘?&3?'80l?rpw}ﬁb)ﬁ,el‘*'ﬁg?er‘?de‘&ag‘ﬁrtﬁmlIB?]BTW)@I’WI%‘-’%%%‘&HQ?e (BCI P),

ni trasbl uembtd AR kidimnaNBIoctioBlehEh&NBTat uﬁ@%oﬁ@ﬂ%na@en@‘aﬁﬂﬂ&em&% bl ue,
tetranetg%lben2|d|ne 2,2'-a2|no-d|43-etg% benzot hi azol i ne

e (TNVB) [ . . ne,
sul phonat¥eme RaFayiaivs refies hvsitasmsscriped upihs disgheaddschngogyis ary limited
ni t r opheny e &aQplkaCsARYSNQ Hat re CARGed 19 g@b@i@m@&ﬂﬂom BEmbEPD) |
5- br ono4- chl or o- 3-i ndol yl - 3- gal act opyranosi de (X-Gal),
met hy| unis&Rets pldpiprestmambey mlw@slé@waaﬁldgat@@ paviregggated based on numerous

o2 PR AR SIRSE Nl A0 g Befacc 1
| odorlt r Btewagishilum (0TS, chermadRINTBicsa hangatBERERBEuM Vi ol ef
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
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, B-glucuronidase or B-lactamase.
When the signal-generating moiety includes an enzyme, a chromagenic compound,

30  fluorogenic compound, or luminogenic compound can be used to generate a detectable signal.

-4 -



100ne type of detectable conjugate is a coval ent conjugate of an anti body
and a fluorophore. Directing photons toward the conjugate that are of a
wavel engtwoabsiguged by the fl uorophore stinul ates fl uor @TAsC@OR®E? can be
detected and used to qualitate, quantitate and/or |ocate the antibody. Sone
exanpl es descri bed herein are based on sem conductor nanocrystals (al so
referred to as quantum dots or QDots). Quantum dot bioconjugates are
15characteri zed by quantumyi el ds conparable to the brightest traditional
dyes avail able. Additionally, these quantum dot-based fl uorophores absorb
10-1000 times nore light than traditional dyes. Quantumdots typically are
stabl e fl uorophores, often are resistant tq photo bl eachin and have a

wi de rané)ém(’ifﬂab%@?n&)}fﬁ Pf)ﬁ{f‘”ﬂ%ﬁ?@mlC@W@?Wdéﬁ’dluﬁﬁﬁ‘r%’{)\‘/ﬂ@?ﬁ%‘gin&ﬁDgBéé'f rum Quantum
dot s havinfighpRyighePal (p &IPS Bis0Rd MhahGhiRsih&di1 GhosphMe BEP) ik sHLONS at
particul ar EOWave-I engths, can be sel ected such that plural different

quant um d%taéolnmi%ﬂpg{i%w&i fatt sgde AP utns shdPlue hetragethathessidiag (IMR). be used
to i dent ¥y  phinags Giyidedr &b diat GRbRmaENIAIRION T4 amidihe 4QuRRIMpAEAt S 1S
narrow and synmetric,” which nmeans overlap wth other colors is mnimzed,

r esul i ng+CA) mienkany it Bedlachpaershide (OBPad joabentlergdinmge (ORDeRabipaps and

att enuat 9 ;g0 ﬁﬁcfd)l)hl Bége{r]r%cg@ry}a%o fiﬁe E)ﬁ%af%,frﬁ%%%{i&éﬁ%ﬁn%g-ﬁ @%Qa&%ﬁe{&sﬁ@ n be

used si nul t aneous ical and 2 i on~spectra can be

vari ed acdor-grlhg-titrpheaylgi-Rezabin@pyranaside &PNRo fpomia-#-chlowt3-tidelypdr-tl-cl es,

whi ch al | ' I ' di - ot-SW t hout
subst ant igg%gﬁrsoglgg ?r(g?lﬁ%ia/% fg‘i“glﬁ %S%Iﬁﬁggl%%{b? S%EC)‘L’ F%Esﬁﬁ,ggcfsogﬁ%%@%%ﬁﬂg%e@ﬁpa are
broad, whwtcholiakiese aid tpossliloh eioflad. excite all quantum dot col or variants

si mul t.aneousl y, usin single excitation wavel engt t hereby. m ni m zi ng

R IR R B TR A R b S TN

exhi bi t s fEb@phdepPirdeing padteat tb@mid cheatodju@iit iiaaire pf opevdldngt abu@bddbyquant um
confi nement nt um dot s have, foh‘"’r exalérg)(% e, aee(g1 cgnstr cted of.

sem cond(e BIPTRIPESH g icp ugrescence dhat G Wedekisied A4 g I SRH @l 1448  Cand from
crystal | iah@sr IoEHIOWD aititdd fI0$ @l xamplee adke eidthaxih) are Bised ofsendédn@tigtorof quant um
dots having various surface chem stries and fluorescence 5characteristics

are conm@feeaisias @Faralerido s BRPPIAAST S G100 RYsH R dghPiodeniyeHes afeR ( see,
for examhgactdlizod bfPgb®iim Norls cEmshtbldB e KighB2aR@iRNA KebAR1bRS, each of

whi ch patents is incorporated by reference herei n&. A quantum dot can be
coupl ed t¥ldgioniiheihaty dranemylosasedthedophores abtosh Yol Obrtimamarelight thapt er
bi ndi ng tQkiBeal 9 JuanthMRloBUANE M HOkabFAMuRSH hIRE @R Fre RSB R PhofT

exanpl e, its fluorescence characteéristics, absorption characteristics,
exci t at i Gieagioehandlave pivgdq Bazeq er¢ilgbon waprtcagthjapd parFRy emission SREFIWEN. nany

exanpl es (@, G 'Esarﬁt«ingggﬂ%ﬁaﬁ%ﬂgs&’&i c‘fﬁrg&t@rim&,tshﬂ%ggqgl(lijssf\oﬁpﬁt[ﬁ)%itculiafmgi ng with
mul ti pl exed probes can be used, i1ncluding tags based on quantum dots such
as dedcr ivpeclabby.ean bagiecdnhigbatathriloliidreraghangrmrdgls hayprecnlvishditfeygniar e al so
highly uggfidlon clI&SGisHO %ﬁ ok G&ba (ORR S %Dg.l?al dfife %g%?sn T AU G i (heSPECT T C
bi ndi ng to one or nore chemstries or ecul es interest; and
subsequenpinrud ddle ¢t redrowsing gy mmetric xwlagsingine dvdriag evithddso rqois gnmingnizedit i on

resulting in minimal bleed through into adjacent detection channels and attenuated crosstalk,

in spite of the fact that many more colors can be used simultaneously. 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 quantum dots without

substantial spectral overlap. In 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 autofluorescence. A quantum dot is a nanoscale

30  particle that exhibits size-dependent electronic and optical properties due to quantum
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(MALDI) nmass spectronetry or other mass spectronetry techni ques. One or
nore nmass tags can be applied to a speci nen such as a tissue section that
is to be woabuauesd7or has been eval uated using refracti PETIUSAER/OSBAT r ast
and/ or fluorescence as descri bed above. In one exanple, |igands or

anti bodies are selected for binding to a target nolecule and are secured to
20gol d nanoparticles or other nanoparticles. Ligands or antibodies that are
present on the nanoparticle bind to the target protein. After binding to
the target, the small nol ecules on a nanoparticle can be subsequently

anal yzed by | aser desorption ionization time-of-flight mass spectronetry
(LD -TOF M5). U. S. Patent 7,202,472 discl oses representative nanopartlcles
havi ng anPrgsarEs Q}’éﬁtﬂﬂné@tstlﬁ‘é‘? e xpigpl es??é‘(’:msgu%"rdrﬂflsﬁﬁw?l%ﬁuétof &P‘ﬁ@i‘ S

Ml tipl e @patyihfen $@hiRend 2 LEIEHSDnl Protlirgst@Ys BYovR QY hidieb@acRbmespondi ng
specific antlbodles or ligands that are bound to respective nanoparticles,
wher ei n tPiE¥aLiey each nanoparticle provides a different mass signature. In
sone eX&”D'eSAwBH&&%F&EﬁMﬁp<§sHR§%\kﬁ&msﬁHﬁk%ﬁaﬁ@&k@BﬂMﬁ%mﬁ&%&:aS descri bed
in US Patent Appl." Pub. 2009/0088332 can be used. In other exanples, such
di scl dsedhirpcleIStuoOr@UBEORity apilpble Fem;Igvigegas| (edparyion, Keesae. fiiised. &1, t he
mass nodi i ﬁﬂ%ﬁ R s nodifier
is detecte;éé 1?&§gﬁh§%Y§§%§ghgg@§§é§9as ?§g4gs%%%?%(ﬁ%mﬁﬁg%%§§%i which is

i ncor por atcporrsedeiyretsyencelica¢ianc é, qukitposioheandncayed tatibiglingpeeetyi ¢ bi ndi ng
ol i gos ar i t par abl e
by MALDI . aggég%%ggk aﬁﬁgﬁggfhﬂgP S%tgg%ﬁ%gidhggﬁ%ﬁb &gﬁgﬁ%(ggm%?nages of
fornalin%huﬁem:mpammﬂminsﬁmbﬁddedchnamukm@Ld&hpnmsduaweﬁ@ﬁmonsu@wepared
accorgln%h&%ugg %E e(mpglﬂq%ntens (Tucson, AZ) protocols were obtained.
In exanpl €8 in EFED QOCeRCHliFYNG > 13, 20, and 21, tissue sections were
render ed fronWﬂﬁbsmmyeﬂmqm¥(ﬁldnpmngaﬁseﬂmﬁ@ma&hmﬂmeﬁﬂﬂnoemﬁnm@@mg 10

hybri di t. FIS t t al t t d
O ot o = e R et P T B e PRGN S RS ST Sl o

(DAPI) . Gbete, algst @aitib@Bd &R tndAR mids YicasHEREae aBM hidRly Rkl Cddsewoidallan
ultraviolet stipulus beamin a wavel ength range of 370 +/- 20 nm Such a

stimul us BEEHESs Cifedq costigyredior grecidic rl?tﬂd’c%ﬁ%{%’éf‘sorr‘?ﬂﬂr? Ftﬂﬂﬂé%“%%%ln%oé‘?ci%ﬁ of

UV- absor Rif igeréGin@ Qlibs€RM M yedcBdcRid iSing Walixassi APlasc Jed0Biton ashizkben| ti pl exed
Dot probes. Refractive index contrast in the exanple contrast scheme is

bright adgMiMdi) magapseuppgiy OB ARAES SISHHOHEPAHANGHY IGRIOT BRETPYP HgS st ai ns

andt t huts cREFMgpieBloMUbt AEPHSH Y £WsBTscBish thR GOl D RGa10fed bris BRRENCE
contras
evaluated using refractive index contrast and/or fluorescence as described above. In one

example, ligands or antibodies are selected for binding to a target molecule and are secured to
20 gold nanoparticles 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 analyzed by laser desorption ionization time-of-flight mass
spectrometry (LDI-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 typically each nanoparticle provides a different mass
signature. In some examples, photocleavable mass tag-labeled antibodies such as described
in US 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 using an

30  enzyme, and the released mass modifier is detected. In other examples such as disclosed in
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Direct view ng of such specinmens using a mcroscope system such as that of
FIG 1 was found to be useful for direct visualization using |ong pass (410
nm filtewe 20ngedored 20directly in m croscope eyepi ecePCTNR00OSISET i ng

vi ewed i mages contai ned nuclei that appeared blue anong gol d/sil ver

hi st ol ogi cal structure. Additional color (for exanple, yellow or red) for
direct view ng can be induced using one or nore wavelength filters in the
transmtted |ight path. The contrast provided by either illum nation
(fluorescence or transmtted dark field) can be conveniently shuttered to
enable imaging with a single 25contrast mnmethod i ndependent of the other.

Li ght source intensities (stimulus beam dark field illumnnation field) can
be cont r o¥ P &8/ 6§63 Gxhiclyis rpomeeated heeein Bhiefesgice fipps s @etpseigkinecprdlic

vi sual i zagdaeiy hgod BE Prodided eBh 1ehy s R B SRAMOHishd ﬁla@essste%ﬁﬂﬂégy zed
integration tine. A representative conbined dark field (i.e.,

refracti V3 Pluorescence contrast image is shown in FIG 4B in 2-col or
overlay and brightfield rendering along with an inage of a serial section
30 of the sane specinen produced with a conventional H&E stain (FIG 4A).
The i Amgdepfeseptiye Emmplehased on both a col or LUT and i mage inversion. The
type of data yjsibl.gqi: nztngt i i o LOR: ( B) can be used
in the di agnolslli sz)h%fag%#lgﬁl g%i 1| hﬁaggsgolf%@ﬁ#glf&%g%ﬁqg% égﬂb?%clle%) and anomal ous
growt h paistaegisal psses sationsrprgparsdtaatcadipg tocemtanE MsdRe! SyBle@s ZTYcspm A) manner
simlar t t ! V, i I i J . 4A), but also
S5interr oé)g?t{)a%%f%ér}g %%Plggﬁﬁgreg%%%gﬁﬁl%ca F§z%t% f%ﬁgljals@ \%Zlafuﬂﬁgrs Sfab{((%\ver, t he

addi t i onakctioeatenc esmndesd Clomgsogpatanimmentd proreksed Far fluarescenatinappar ent wi t h DAPI
fluorescence..al.on us, such conbi ned i es and essi ng thereof can
be- vt oo PR Fs LV an s RIS TR S OGBSI S < he care

i nf or mat icomntastaimedwah thedluates@hadtain Bas didmidirmge phenbliidodd (BAPY). eplobtaddi t i onal

information. . 10ln t e exanpl es, dual -contras refraction-dark field and
1 uor eecahiior g Sl RGeS FIv 5 bs Pidiat SabaR dhat i HOSONaERP Sre. God it h
sequent i afavelRAS tiheSoft KN A0Sinh) SucAt 8fiheIe B&e & wellShigedtior sabeatosi t her bl ue
DAPI fl uorescence wavel er\1}gt hs or | onger wavel ength refracti on contrast

li ght f 1 BRIUPPEXCEAIPOT F Vot HedrelcitagucHaim g pAPP A bV estence, and FIG

SB i g5 mMRANGASAMED I pREBEs. aliratinedn®k cbifkaa ihRapRchatike Wherttak kfi el d
illumnation. 15 Additional inages based on conbi nations of the imges of

FI GS. 5A-bsiBhtgaingRalifk fighd mdeises medemnd pp lightgbsqriingstyjapidothedPEMits mage

obt ai ned Ry IQM&N L XY dhll FecORMRIITRORsdRRASARf. FI GS. 5A-5B and applying a
pseudo- col or mappi ng based on contrasting col or | ookup tables &LUTS). FI G

5D is an i magPirdaicvdes eleygomdamens YSHE & HEREcpr SEa@ siaatheer Hivler si on of
and col ory,g %Lﬁﬁ t(]E Fée%rs!emﬂﬁ dftber Kistatizafon umg B (Qi(% Eﬁﬁﬁ&tégé%l%dbe referred

to as a "bright d 20 rendering” of t ge o
20  directly in microscope eyepieces. The resulting viewed images contained nuclei that

appeared blue among gold/silver histological structure. Additional color (for example,
yellow or red) for direct viewing can be induced using one or more wavelength filters in the
transmitted light 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. Light 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 (i.e., 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&E stain (FIG. 4A). The image of
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As di scussed above with reference to FIG 2, nultiple fluorescence inmages
can be obtained and conbi ned. The ability to |localize and render DNA
sequence WPe0i1fi4680pr obes usi ng a pseudo bright field nmerlddSaas/ 0588t ed
using the 3'5 ERG break-apart probe in the context of an ERG gene
break-apart FI SH assay on DAPI counterstained prostate tissue 25prepared
according to the steps outlined in FIG 18. The ability to apply
pseudo- col or | ookup tables to the probe intensity levels and overlay in an
additive color schenme prior to inversion was found to generate sufficient
contrast to identify at |east two fluorescent probes simultaneously with
the refractive contrast and DAPl caounterstained i mage rendered in

pseudo- brilgntl isdrtsd cadgiidrrofoal-Udcadiapge ipyrssiy 1dedesf dya vishédni¥at i ons at
565 nm angsfiagy QMW FRD UB) B8 JseMnahdWBRinosit 81 fedaianPiepitdind processed
to produce an image shown in FIG 6 along with refractive contrast and

f 1 uor esc @R <Pilﬁ>ean9Am>m@Wrﬁr%Wt§tpaﬁt%ns mssesHBRiPsialy et (IHSe ' o2l G 6,
such acqyj §hfah@RSinRGF 19 that BF i RbAVRlihal BREQEIRM ARG HiSRIIWuPhisdual - probe
FI SH | ocal i zations (see arrows directed to green and red areas

cor r eSponglemepated fprapleculas eeibe Xeeplizgtiansas WsH5 Murgoapic the38dikipnal feasipsct i vel y) .
In this [N i1 ~ I o-col or,
pseudo- b%l geatS p%é}lglpﬂ{tggcﬁ?délétg@\%gi %ph%%(%%é&iéféﬁo?&gg%ng?%lgré% hﬂl‘i'l 3S§Hg| mage

f eat ur es csinhintdimages aridgsesessbigahered cwi bhuse v nehagnosiakndHgBingmajangcapan be

vi ewed, 4| i it I . chror . r s reveal ed
oy oot 5o s Mo} A Gl A R ot Bl oA O RR TP B8 RARISTRILS et 1 0
H&E st ai ndditipmhgdsmagod [ ittle or no retraining is needed to permt
clinicians to, confortahly . eyal uate eci s.hased.on 10t hese i nmages.

i arddtner exHHBrS SRl QBN AR TR L Rt et B8 e gen
and QD655mhgs wtrebrécardddi vgieng maicBroaR il (10 dvithGeddRlial e opdties eken useg t onsi |

ti ssue secti.ons to produce . es hown in FI 7. The generalized

br ocess: MRS TTERI R vinseue: PALLBET Ry v donets e iadr e 0Bt fion ar e
out I i ned réffackbizontdst libarfloxf iFed.d A e hhagbi@ome MRGe ssild BRI DAREsckiddomascence
based i mages were obtai ned, over|aid, and rendered as pseudo- col or
pseudo- bGP SiadpeRorhfaye dnage oblmh of rpqtign contpagiw/dask el {pginglifhe

f | uorigs c eiiRioRAS e ds MG Sn WENBINARIMAbNAE ih Qs SATLSPS QBB adledheh iPRGaNd
overlaid togﬁt her as a fluorescence i rrlgjge in contrasting colors as shown in

FIG 7 (D6-3b)GasCdnbRisudncatpramagey obfpimdby overdaypiedhbemprchiomedmagss of mages

for the QR3OS ARME 2 PGPRi SR & 146 Based OF b RFaSchol V1 IRRM APMs ' ed,
respectivel }ﬂ{ﬁ Theai rraggysug{)?&gl é 7(f2{%§a gsr?d FI G a? flb-Bb) w@?e c%rrbi ned
e

to produdkUthe HGedtis ap imgge thargeeasperde FaBgimagg € (h §Ctaler igyagien of and

| ocal i zat i t : N ey er
exampl g P ot LEBUSH Pt 6% I RERBLEIC, BhRn B¢ Merdfido sy prghtfdd
bri giof i etndegenitoddte.impge@f I8A 3¢ an additive overlay of a pseudo-bright

field image wiyi Gis&%géﬁféhgaro%s\gﬁmefe%ngg?o FIFRE RS PloRER AR JpRS Probes on

t he DAPI counterstal
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 to 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 DAPI counterstained image rendered in
pseudo-brightfield. Sequential acquisitions of QDot probe localizations at 565 nm and 655

30 nm were obtained from a DAPI stained sample and processed to produce an image shown in
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speci men used in obtaining the inages of FIG 7. FIG 8B is a subtractive
overlay in which probe image col or maps are subtracted fromthe pseudo H&E
i mge. SweOnracti4es®7overl ay nay nore cl osely approxi nat e PCRAe&1006t84T ned
with |ight absorbing stains, and be advantageous in contrast generation and
mul ti pl exed i mage overlay. 30l n another exanple, nRNA-specific |ISH probes
(@605 for 18s ribosomal RNA and QD625 for HER2 nmRNA) were applied to DAP
counterstai ned Calu-3 xenograft tissue sections to produce inmages as shown
in FIG 19. The generalized processing steps used for tissue processing and
contrast optim zation are outlined in FIG 18. Dark field refraction inmages
and DAPI f]| uorescence based |na%es wer e obtained, overlaid, and 5rendered

as pseudot’€opafons daidgraskygentrest apdiiliqresgence gkthe RV Catéeritifo e shdice based

i mges Wefn@nhOibcd OFHG fkuBachlifi AR e et lﬁfgﬂltfféilu RAGrAE AR M§dayt yemkiber with
the brightfield context rendering. As shown in FIG 19, the probe

| ocal i zat Pebe Flivldestlipaions (see fwa@shrﬁﬁad OB 4pfl BescaneEspRWingde Bber ed i n

cyan (bl agkaBhiaWhe 5963(1111?&1@0(}55 QY F‘e@%bcﬁbélﬂ“ﬁﬂ thid @SPBRMRiMenstRE afel Nal | Mage
of FIG 19 thereby reveals the pro | ocal i zations on tissue 10structure

cont eXt . overlaidpptoghqrpieuda-erle. med@bbrr@t Belil pdegictey, indexA2 41| coptrashigigfighg met hod
was 1t est egh lsiide ?e'atukg%ﬂmﬁg tobtﬁgs%%{ai&eh %m%bmehﬁénai H&‘EQ%ns%‘dﬁ bipededn FIG

11 to separate DAPlI enission wavel engths from |l onger wavel ength refraction
contrast anep witlvidslgionalheoleutar warpelosmgst larcpgpoenenteseatsid bb/r@D@)pa&ts sanme field

of view s e&@%ﬁhﬁ?%a%@e %fﬁhﬂﬁ%’ i RORENNONE: | é?t%%@ Magesd c{‘l%ﬂé‘ f}econdar y

beansplitter per s simultaneous I nmage ach|S| ion o annel s
and st r eam ryainmgas wodgiLid erndi Giplcaaps asconddrtabfysevaluneapicngens beerddnng of rapid
tinme aps&1 eguences limted only by the required integration time and
readout tine offthe camera. FIG 12 contains a side- by-side refractive

i ndex (dark f iredndhet eragple( proteancpeaifliDARhundEge:s (@P56F fok kD26 antpehiassue

of di sti nalChmbBraTgPHEBRNaL et D SR B ERERC R YT 1 pl e mode

i mages pepmilics iRORY eNieh idPRL. 7C ahé MhepllizaN@cdeadihgzeehs ueakupisksabl es to the
i ndividual grey-scale intensity images for _a DAPl counterstain, the

transni t t RRCCHER% A opigest ﬂ%ﬁ%‘zat‘%&red)ﬂéh“ﬁ? i [ OHE Dellagischig (i8S A net hod

whi ch smapgdtihepl feRSEenbd KRkd inli@N6éit bRGint® oWH i ahdreRiFRBRFEQdNd t he
bri ghtest pixels to full saturation of a 25gi ven hue was tested in the

cont ext ol Fd¥EHISITIRRI It ingeesesoRy inr%e%(laﬁﬁi simgerveici tlperesengfer i ng of

the transgitd gthodakdie bb&inth foMBAR prR PR RAUIBEHid Dedif@ks 41 M at various
magni fications and snapshot |mages may be recorded at will. FIG 13

cont ai ns Buarggeense vgedly eqnrAsting\RPIor 498 ddbof (i) |/hmj@wmnn/8¥%i on) based
on the sigpRy;, ﬁle%?oﬂefi@cgﬁ&u% rhzfjéucf]ol‘a‘le $ihs&inl @@55 & Ve &hé&ed Wi th

respect to t he” |nage i mages can oduce and overlaid
rapi &y, eeerad intdrepy aad py eppriiety. oFhe'impges 'of E8F. gt labia) ghltlflﬁeV(db@bbvm ng of

were combined to produce the images final images thereby revealing the probe
localizations on tissue structure context FIG. 7(1¢-3c).
Further examples illustrate two methods for overlaying probe localization on

brightfield context. FIG. 8A is an additive overlay of a pseudo-bright field image with

25 fluorescent probe images using QD565 and QD655 probes on the DAPI counterstained
specimen used in obtaining the images of FIG. 7. FIG. 8B 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 multiplexed image overlay.

30 In another example, mRNA-specific ISH probes (QD605 for 18s ribosomal RNA
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tissue structure and counterstain. This approach can be extended to live
probe overlay using nmultiple sensors or by dividing light into nmultiple
wavel engtwotkzandae$oar proj ection on different areas of aPSITASRE0HEISSDr oOr
conmbi nations of multiple sensors with nultiple wavel engths projected on one
or nore sensors. Dark field refraction and fl uorescence 5i nages may
alternatively be recorded using sequential detection filters, sequenti al
illum nation, by using a spectral imaging device as described in Malik et.
al . 1996, Hoyt et. al. 2002, both of which are incorporated herein by
reference, or by using a single shot Bayer-mask col or canera. Wil e optical
based contrast using refractive index, fluorescence, or other nethods

10(FI G 230 QIAg2oar 18@%%1 MRNAREraRplisd odpePlopunteniingg Celud xepogialy F1 G 11,
speci mens;Qyad @B podddiBadadys §RWndh BE;. e, @ﬁ@g@éﬁﬁzefd%ocfe%[ﬂghﬁfps anal ysi s
using nmass tags in nass spectronetry. In a representative exanmple, uncoated
and mat r i %ee¢ fAtiede pEgswingjagth esntpstoptimiatpy swe pytinedrin H1G &liSn fPagk litldndar d mass
spect r omefefctoRRGhRY aRf BAPEBhoredbich 8o GRAVAL GERIBlheWaR AL, dded but it was
possi ble to image gross section norphol ogy and tissue presence based on

ref r adt i viendBeduagascudpicplor pisadasbraght fiplddmages dygwwanad Hyorgserce thseg

aut of | uor G3GENGE. HRLARI for LAHMRAREERERNIRH EGhNAY BRUAG A IHPRALR

Repr esentative sections are | ustrate efracti on at bare
ti ssue edgagxtwodaingt We sieges HGO. Epihe arobbldcglvatiommahgkd figetha 0P aod escence

IS associ | [ $S Lk se I ' ' illustrating
conbi ned §§§%§@?Q#a%%f%%?%a%ﬁ%ﬁ%ﬁ%%%i?ﬁggégég}ﬁﬁﬁéﬁh§%ggnﬁg n@y tissues

af t er depwspetii@ihy. GFhedimal ionpz dMiJG2 0heaitebx refvens tha gsbs frealizatomstonyissubat ri X
crysH%Is &g@&@; %I!oma and aut of | uorescence appears blue. These inmages
show that *'dark” $1"é’d and f1 uorescence i mges can be obtained, even after

appl i cati on offotl&@onsani zidag raw@intaging, Aeldolibt dixging DhesiodSgis a3teDarkikg fin el d
refractive index coptrast. and fluqresc e. have bee ed. si mul t aneously
251 n some HECE PHLSEIS I LY b gt MGG LR SPrlEDAR HSHR ¢ - mogal 1ty
contrast wiveleh§E4£018 aHRtESaveleatheerattibicontrfidt URT @5RENhe MCHBAlen@BUNT er St ai n.
This approach 1s useful in the use of,nult%glexed nol ecul e speci fic probes
for |HC, 9ersprenifyt ctadpe gl phviepgidedarsileop gainglsmeneehre®rd (4 ssue

sectiign, dMor.PULROS SecOhdatleb@MRpINRE p@Mit®EinRahlohOdiag@hcqGRMEh bi Qb cofRd may
al so be used to imge tissues prﬁgared for imagi ng mass, spectronetry. This
nul ti- nodameisynd siapnag © dCRBRBCHEP BB Vel ardiraning weprdiae pt goiddigne

conpl i ment Ak ¥e@bhddG likiied oftPBY 8% tredutEPmiBEAOR il afd FBMREmABAC RSt O
routine histol ogical brightfield
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.

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 to the individual grey-scale intensity images for a 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  given 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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stai n/counterstain conbinati ons such as H&E. The structures visible through
refractive index contrast include protein noieties, and such inmages perm:t
vi sual i zavpaen11gkes9rr uct ural 5anonal i es and growt h patt ePAS/USR01KOSISS7

pat hol ogi cal significance; including structures such as nucleoli,
extracellular matrix, and cell and nucl ear nenbranes. Under fl uorescence
illum nation alone such structures are not apparent. Particular structures
visual i zed using refractive index/fluorescence contrast provide a context
for observation of nolecul ar probe signals on the sane tissue section and
wi Il aid physicians in the screening of tissues and 10di agnosi s of
pre-cancer and cancer disease states. Dark field refractive i ndex contrast
is parti ct{fP‘EerIUVCtH”seéPﬂu Foyniereiaiat Thip éPI&%aﬁPG%Ib'PF ‘ii‘rteé‘g?cht@éwﬁ PTOBﬁPVqﬂé&PﬂP%S

agai nst  amglaplk védsels &r 8@ vRIARSi AP tUSBtiple S c1BRIOB AN Er PEoRIcASH onl NUS
refraction contrast is conpatible for direct conbination with nultiplexed

f | uor escehitfergptiafaap A PrpEsstOBeRRYpatioptel NYHPIE s¢nseP WeEmRB Pltar ker s on
transpar effvelchsfidifroReel bRBR: RERAL&LLYSH RREEHALLA 8l fidoPab&L | xat i on,
enbeddi ng and Staining 15protocols. This nmethod does not interfere with

pr obe Scheamiagesmyaydtegaayely beaesaidedismg seqyatyiahdejeaion hillgisaayentali ve spectra

i magi ng ~ Ay’ Ly 4 I for
R e A SR

em ssi on,alt3082.jHothurfivwihadhi coninperpdre@d heraim Hyaefuwad:, i brdsingriesongdd shof Bayehe

context o | mage data acquisition of multiplexed probes.
Refractid%?%gﬁﬁiég%ﬂ%onbined with fluorescence also 20permts imaging

ti ssue cont exWhiladppat bsbdgingadt usingtefracivetinder siarapdnct,ios sthesméethedsnded f or

i maging ectronetry. . The caonbi con net.hods ef raction
contrig: THRG 27 REE LS Y mierysopl $oERSRI DRG GRPLIGNY. TR DR HhE T ept eces
Si mul t anewihsd wayl dan aBObeé psparadyfoe Olrtitr anklyksik DERHMAS, tadgshemassept@ometpgl dat a
can be recorded and/ or giﬁgla%gd directl din a Eireaning fashi on for

25r eal - t TP BUEBUYS SAYP EOHTBHT EHE "WEHEMHT PRED PR SIS o8 &P i nter est .
The use @fing hRldhd:ad@QsS pEatohetrMaNRlR18bBcAC JutlSdricb@ilerfinayvalBOQSEd BT caner a
provi des .a conveni ent neans to, apply specialized color | ookup tables to the
st r eani ndt WsdYsehlg fodmags @R seqpion g lqey and Hesug arepenes aserd ?Ibﬁeﬁé‘é‘tVF on i mage
and asf | QiR ITRMNcOUL iRRE cERY iR Sdetticind MRIRoreltc AR Lalk@Peneé Cl EL* a*b*

| ookup tabl es corresponding to known col or val ues preferred by 30physici ans
in the cdpieeian opricad apbsyEeiP-aReRTFSSBBEversygioss Ffﬁrﬂﬂ”r?@?te‘g Brlile & tFfdrapins¥nt at i on
of tissug,RtisUeleds& chRel A€ e%’e@-ﬁ; AppbABriPRY B R huofRER L chQUS iR saesar ef ul

ti ssue processing, nulti-nodal contrast acquisition and inmage data

processi ngthahhtisrontsete Fi(nflocapiring inagesillugratipg cqmipedgiiieh can be deri ved

from convRpf atRbre QRN % ¥Ls Jf 1R RO RidRey((H&RY ARl PSHidhIf S¥RNBARL | ONS.

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

application of the ionizing matrix.

Additional Discussion
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 also be used to image tissues prepared for imaging mass spectrometry. This multi-
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Such i mages can al so be conmbined with probe based i nage data associ at ed
with intranuclear, 5 cytoplasm c and extracellular genetic, nRNA expression
and prot evo2amnti4e8em mar kers and ot her specific probes oRCHIUSRINIOSESST
unst ai ned human tissue. By use of suitable color mappings and i nmage

i nversions, image data may be presented and di splayed to a trained
pathologist in a famliar manner, and optically active or chemcally

resol vabl e data fromthe sanme field of view, such as nmass spectral data,
may be overlaid onto this famliar context. 10 Concl usion As descri bed
above, multiple nodality contrast can be preserved, enhanced and reveal ed
in cells and tissue. These contrast el enments can be conbi ned and rendered
to produd@xhﬁﬁ§@§“§fﬁﬁﬁé? ¥6w9h6§%ﬂﬁﬁ%ﬁU€@H“%F%ﬁ“ﬁh@@ﬁ@ﬁ@?ﬁ“ﬁ%%orb|ng

stai ns viewes iHRA8sicheh h aRaRdr hhashonbidBulde®itolbditaBlifatidign. Ml ti nodal
contrast images make use of various optical and chem cal characteristics

i ncor por atBYCYRtesRIn epkingtioppingh asPé&d: dihg steyrtppoddbls thiguehTeigactishnt r ast ed
conponent;§j&alnkRt RELECHLEE Mot @RIMERLE iR sRRiE e 28ldick &rlYurkiSi NY

engi neered col or schenmes based on cl assical contrast nethods historically
used Po rasgealicsiafé gt Ohkroain natholagical enilagaaceh instudigerigureysuch her eby
provi di ng.tGhENRBERLRIFRMEE bn? QA Al A A BXCTHRRE fuordinb eSUl LI ng
structural contéxt can use pat hol ogy determ nation and also to
provi de cOwnestionf enersudlt stpt@scedremol gpatear Farngulhemctads vipliaed osing hi s
approach W se be
d|ff|cquQ%%%#%gﬁggﬂ%$&£?g£o @f H#g%% %%%%ﬁgﬁgﬁ%%§EU&hﬁﬂwﬂg%é?hﬂﬁéntrast
derived fsigalsmoafticaamk viesui ﬂ@@mn ambhwill airbpleysicens 1anr®M9béM$ﬂ®|and| nmages are
ﬁlgLrErb!Sl{ag_d C}lar%lg fu%g C?!lnr(!a %8 Cal’étall' (lils eas?élltflt;]sgg%lgk ﬁ%ﬁl/é@? agtéVr? 11’81 ex COl’l {a%tolg\éeﬂtsgﬁﬂﬁl | n
pathologmmn&maﬂpmaﬂannﬂmtméa@h@whpﬁ&ﬁﬂssﬁgﬁmmm&magmnaddhﬂymﬂdamuﬁhs

mul ti-nodal i ge % g amed to nonitor E &Sﬁnit Ihve naV|gat|on
of hi st ol WyFEale %"é)rsr%r %Sta“ﬁ ?‘h*éf/”‘é%&é{%F‘%@*Etl%?oénpﬁfl 168t CRBRIBNE i s
subsequentitymeliplekaetthordstdhe Bl u@Urates ueabi lsadlizans odtangeneirkés BINA probes
(FISH), sites of nmRNA expressiaon (nRNA-1SH), and 30 i mrunohi st ochem cal

(1 HO)  pr oF@SParEE UIsPS ¥gUQl PIYRares 4iiae tRegialiged distueil GAdon. jAIPYAng 3R FaInwgnt r ast

may alsso p&eebld. oTHRYAbMad 8ocd ek iR ek vaHYRoIRRALH QM oRBRALERMA Jith NMBSS
spectronetr Al though refractive contrast is a convenient exanple,

ot her metd9sthied wathgyprtissive spestryldmpeingraffplotprofes oljy resgicange Gaflfugunatiopdal i ti es

that may \bﬁveuﬁgg £8rQe RIAGUES AT WIRNERIYhANE RUKRL noﬁlwbeveﬁﬂsspﬁ conbi ned
to provide use tissue structural context conbined wth
the illumination methods can be used simultaneously in the context of spectral image data

acquisition of multiplexed probes. Refraction-contrast combined with fluorescence also
20  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 a monochrome camera provides a convenient
means to apply specialized color lookup tables to the streaming grey-scale intensity images
for the dark field refraction image and a fluorescent nuclear counterstain image. The
application 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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5nol ecul ar information for pathol ogy determnation. Table 4 [ists principle
phases of automated tissue preparation used for nol ecul ar | abeling of

i mmunocytworemni@edo; DNA and nRNA probes on tissue. The @#€Taisk&oofisshese

st andar di zed phases inpact optical and chem cal qualities that permt

mul ti pl e node i magi ng for pathol ogy determ nation. Table 3. |nmaging
Modalities Pertinent to Generating Conplinentary Contrast in Tissue for

Pat hol ogy Determ nation Mddality Tissue Contrast Factor Brightfield

m croscopy Use of absorbance and scattering properties of tissue or

chem cal / nol ecul ar nmarkers Darkfield (refraction) m croscopy Use of
Refractive I ndex and scattering properties of tissue or chem cal/nol ecul ar

mar ker s CHMTIRRNE PREVENFIYSFREC EAkea 9g5then SEE] (g BiPesHiah A MRS c opy)

Use of waygtengtisities Mdisfled ddi0pBeEaRE angiba& iAfbrhidnBe®r iddad WMt escent
nmol ecul es Mul ti phot on non-%l near fluorescence intensi t%{ m croscopy Use of
l.i'rS

wavel engtchn pedssived gom copicadenahireanagqryis psheopi (Hegkg staimahlipresedetent

mol ecul ey fokhods RRQALOBe BRTARRE Wi pohOSReFififbt @la IRb@ked Wit IHR@hucRaE | ect ance
Fl uor escence croscopy (TIRFM Use of excitation |light at numeri cal

aper t ar e c¥ipleemicigd eecdiularigenstic.anigNe cxpressiadné pevamayigemmakarrand hat
excites fohiéﬁépfeh&figﬁonP&@&H&%eﬁﬁétMn& e is b OB %é&sh@abﬁ%}&over slip

i nterface nescence | magi ng em cal 1 nescence of chem cal
mar ker omappwguamddmegn isvergions, image data may be presented and displayed to a trained

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 contrast 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 various
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 structures 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 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 those
25  obtained with conventional H&E staining. These multi-modal data images have been shown
to be useful 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 localizations
of genetic DNA probes (FISH), sites of mRNA expression (mMRNA-ISH), and

30  immunohistochemical (IHC) probes localized on the same tissue sections. Multi-modal
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Resonant Energy Transfer Imaging Non-emtting (dark) transfer of excited
state fromone fluorescent nol ecule (donor) to another (acceptor) in close
proxi m t ywaxei@s80on Rati o | magi ng I magi ng the Rati o of PCIOse@s08186T

em ssion intensities at different excitation wavel engths Em ssion Ratio

| maging I maging the Ratio of different fluorescence em ssion intensities at
single excitation wavel ength Pol ari zation M croscopy | magi ng Contr ast
produced by polarizing optical activity of tissue or probe Birefringence
Pol ari zati on M croscopy | magi ng Contrast produced by birefringent
activities of anisotropic crystals in the specinmen Table 3. Imaging
Modalities Pertinent to Generating Conplinmentary Contrast in Tissue for
Pat hol ogyOTEPERH Hst ysehOMyHEPE th pR HYFRe woHes REPated (T dhasEFRIEF ¥R ®nce

Li fetime | magianfoub8Hoeicald donlres &l MRdvdniagERehpRX6intafe BB bR duldhiad hdres of
fluorescent nol ecul es N ,
well. Table 3 below lists contrast modalities that may be used to produce complimentary
information that can be combined to provide useful tissue structural context combined with
5 molecular information for pathology determination. Table 4 lists principle phases of
automated tissue preparation used for molecular labeling 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 Use of absorbance and scattering properties of tissue or
chemical/molecular markers

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

mMicroscopy or chemical/molecular markers

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

Intensity (fluorescence map fluorescent molecules

microscopy)

Multiphoton non-linear Use of wavelength resolved fluorescence emission to image

fluorescence intensity map fluorescent molecules with 2-photon absorption cross

microscopy section

Total Internal Reflectance Use of excitation light at numerical aperture exceeding 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 luminescence 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 Imaging Imaging the Ratio of fluorescence 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 Imaging Contrast produced by birefringent activities of

Microscopy anisotropic crystals in the specimen
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Interference Contrast Rate of change of phase shift due to changes in
refractive index in prepared tissue Phase Contrast Anplitude of phase shift
due to changesl/i4m8orefractive index in prepared tissue HRCEROISREI0CGEISET at i on
Frequency doubling or tripling of excitation source by nol ecul ar

organi zation in tissue or the use of specialized probes |Imagi ng Raman
Spectroscopy Chem cal spectral map imaging in which inelastic scattering
depends on vi brational and rotational nolecular states of constitutive

nol ecul es or markers I nmaging FTIR Spectroscopy Chem cal spectral map

i magi ng i n which absorbance of organic chem cal bonds in markers or
constitutive molecules provides informtion 0 S ition
| magi ng | Mas Sallp écImaging¥pdaitiesPertinentio sqngrating S omplignentary o eni cal
conposi tlion is determ ned GissueforBathology Delermywation operti es of constiftutive
nol ecul es_or markers Polarization Anisotropy lmaging | maging degree /of
preservation of Medadity zati on state or deglissuedfondeasbFagtorzat i on from
em tt ed,| Hyosssenice Leeling Inpagfnige ¢ TepdrallyiresoBied ohapsng excitfdotavalefeiimest dfon Qpt i cal
Reconstructi on (PALM STORM |Heorgfcerpmotiesltst chabl e markers or stochastic
bl i nki ng InterfaedceGonmest st r uct ur Bate géctangd dfypharseblifii due 2o fHanges éseéagise cont ext
Structurled Il um nati on Reconsindecinipoapatedeigiung Use of patterned
i |1 um natphase Qoariesol ve det ai | Ampedesighaye sufedheitdctangds ibfe@aanndeleg ont ext
in prepared tissue

Harmonic Generation Frequency doubling or tripling of excitation source by
molecular organization in tissue or the use of specialized
probes

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 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 degree of preservation of polarization state or

Imaging degree of depolarization from emitted, transmitted or
reflected light

Stochastic Photoactivation Use of photoswitchable markers or stochastic blinking to

Optical Reconstruction (PALM, | determine structure, generally used in a fluorescence

STORM) context

Structured [llumination Use of patterned illumination to resolve details, generally

Reconstruction Imaging used in a fluorescence context

Stimulated Emission Depletion | Use of optical masking to permit de-excitation of

Microscopy fluorescent molecules to enhance resolution

4Pi Microscopy Use of interference between multiple excitation beams to
enhance resolution in generation of fluorescence signal

Optical Coherence Use of broad-band frequency light in an interferometric

Tomography tomography method that identifies scattering and reflective
interfaces through a volume on a microscopic scale

Near Field Scanning Optical Use of a physical nano-scale optical probe to limit

Microscopy 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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Stinmul ated Em ssion Depletion Mcroscopy Use of optical masking to permt
de-excitation of fluorescent nolecules to enhance resolution 4Pi M croscopy
Use of i nwernbar@swe bet ween multiple excitation beans t@CEAsaMO®5188B0! uti on
in generation of fluorescence signal Optical Coherence Tonography Use of
broad- band frequency light in an interferonetric tonography nethod that

i dentifies scattering and reflective interfaces through a volune on a

m croscopi c scale Near Field Scanning Optical Mcroscopy Use of a physical
nano-scal e optical probe to limt excitation by neans of evanescent waves
froma sub resol utlon aperture scanned in cl ose pI‘OXI mty to the sanple

surface om ¢ Force M croscop 0 3 obe to scan
t opogr af h| cTahled, hhmgz%g M&Heilt@p & élftrlwnhprf‘e&qetat Hhineesltw %@ragtaﬁpl e
surface| Table 3. |magi ngTikeredpr Pathelope Petepmination Gener ati ng Conpl i ment ary
Contrastlin Tissue for Pathology Determination Mdality Tissue Contrast
Fact or Scanni ng Medadity on M cr bscopy Use oTissmesGontrastiFadterct r on beam tlo i mage
sur f ace |tSepugreaptyroamicivetops u| Hee efarskamsd Yedtowbedne odivkge sefa¢eon | i mi t| of
| i ght. topography and molecular markers below the diffraction
limit of light.
Transmission Electron Use of transmitted electron beam to image tissue
Microscopy ultrastructure and molecular markers below the diffraction
limit of light
Table 4. Principle Phases of Automated Tissue Preparation
Immunohistochemistry DNA Fluorescence In-Situ | mRNA Fluorescence In-
(IHC) 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 DNA 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-specific Phase: Removal of non- Phase: Removal of non-

background labeling specific background specific background

labeling labeling

5. Detection Phase: 5. Detection Phase: 5. 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

quality and preservation quality and preservation quality and preservation
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Transm ssion El ectron Mcroscopy Use of transmtted el ectron beamto imge
tissue ultrastructure and nol ecul ar markers below the diffraction limt of
| i ght Talwbeot/o4e807nci pl e Phases of Automated Ti ssue Pr @parsRe10/051857

| mmunohi stochem stry (I HC) DNA Fl uorescence In-Situ Hybridization (FISH)
MRNA Fl uorescence InSitu Hybridization (nRNA-1SH) 1. Pre-Anal ytical Phase:
Ti ssue Conservation 1. Pre-Analytical Phase: Tissue Conservation 1.

Pre- Anal yti cal Phase: Tissue Conservation 2. Antigen Retrieval 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 Bi nding Phase: Target
Antigen identification with antibody probes 3. Hybridization Phase: Target
DNA i dentifi Cgﬁmgﬁuqﬁopﬂtr@p\mo%llgﬁseglagnostlc 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
5 or more modalities provide contextual information pertaining to tissue-level structure,

anatomy or morphology. Typically, images associated with the two or more modalities of
contextual context are rendered in a manner consistent with medical training and familiar to
medical professionals (e.g. pseudo-H&E). Such images (prior to, during, or after rendering)
can be recorded simultaneously or serially, and streamed to render on display to permit live

10 visualization of the tissue for navigation. In some examples, two or more independent
illumination paths are used. In other examples, transmitted darkfield refraction contrast
images are acquired or processed simultaneously with incident light fluorescence contrast.
In some applications, darkfield refraction contrast is segmented by restricting wavelength of
light used. In other examples, incident light fluorescence contrast is used simultaneously

15  with transmitted 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 contrast components are rendered to provide a
histological-stain brightfield 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 components can be colorized and

30  streamed. Inverted eosin color maps and inverted hematoxylin color maps can be provided,
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3. Hybridization Phase: Target DNA identification with DNA probes 4. Post
Bi ndi ng Phase: Renoval of non-specific background | abeling 4. Post

Hybri di zawpaniRdese: Renoval of non- specific backgroun@#Ciraisedogisd? Post
Hybridi zati on Phase: Renoval of non-specific background | abeling 5.

Det ecti on Phase: Addition of contract- generating visualization markers 5.
Det ecti on Phase: Addition of contrast- generating visualization markers 5.
Det ecti on 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 Detectlon Phase: Final tuning of optical quality and preservation
Usi ng suchd e@pipeddmagss dispfaypdia a Raighdisld<opieXtinet hods i ncl ude provi di ng two or

nore nodal i ti ggafly R@RIdk@SFroteQodaBatiidhesndthe REI BaPs cBH RONRAkiienr €l evance in
ti ssue, wherein the two or nore nodalities of contrast provide

conpl i e ritragtyrasieheicld Gopeext, anbpraRe Pemizatigngcanths assiened 6plopdPRViRaal i ti es

ions and'c i bri¥htfiel exXt i i
provi de %%BE%@aHﬁalt A RBhit AN PELH @tdtrd hgh?bﬁ%&% 1 eYrﬁ‘i if HELHES,
anat ony or Eho ogy. Typically, inmages associated wt % he two or nore
nodal |5t i gglopfoo IRt uazprsw@mae&@peakfr@nrpma@rl@dcanrbeaomfmr?érto ewnslegt ent with
medi cal @iighe kel oh PatMBb £ REALES PhARAL Spf i1 fha REGHGO- HEE)
Such |nagest?%%%%raggfqgtrﬁngf) ?% fa%r(rien er|n can' be recor@ gp
S|nultane@usbyxbnpsemh@hhymnaﬂdamﬂﬁ@amﬁmnﬂonm@nﬂ@mxowﬂdmsbphymkb permt
live 10vi ﬁgﬂ%éﬁkéggnl\ﬂ]ﬁtl tl{'c?ptltchﬁﬁ 1f{09tr10n'§@§/ﬂ S @@Itltl L}h@ sglgggar qurp les, two or
nor e |ndepe ion pa s are use er exanp
transnltUedwdanﬂmmmwdonsmng&wmdnmhomKhHmMg¢qHQBSCaIBammmunneﬂd@r processed
bl 1'0at ARl o b o LRSS F ek by estri cting
mavelength ofTh¢ghWedsﬂdmnhnMth@mmgkaamhaﬁahhmand&nbr&mg&ﬁmﬁIuorescence
cont r ast LS used S|nultan% i;X
explanation, and are not to be taken as limiting the scope of the technology. We claim all

that is encompassed by the appended claims.
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15with transmtted darkfield contrast. In sonme exanpl es,

conpl enentary contrast inmages are provided for direct viewwng in two or
nor e col owpzed/@esvponent s t hr ough eyepi eces or are dire®CedSeaoAsssspl ay.
In sone cases, it is convenient to acquire two or nore conplinentary
contrast components in single acquisition and to sinultaneously record
conplinentary conponents of nultiple 20illum nation paths in single
spectral acquisition. In sone exanples, conplinmentary conponents are
recorded by sinultaneously wavel ength segnenting and splitting the opti cal
pat h. In other exanples, conplinmentary contrast conponents are
rendered to provide a histological-stain brightfield context, typically
based on col & K¥Ps generated from 25physician preference of

| i ght-absorbing stain slides. In sone exanples, eosin-like color maps are
used for refractlve i magi ng of eosinophilic protein noieties. Typically,
eosin col or haps af&cH9p! O8WrsiNg| | owed by i mage i nversion. Additionally,
hemat oxyl i n- gh&ﬁu&QhQ%mﬂﬁﬁfﬁ&%n&k%ﬁ&@ﬁﬁ%ﬂ&%s@ﬁPhuh%% f@ggQEnQPG%&k&.aC'd
nmoi eti es can be used, followed by inmage inversion hese and ot her

conpl éneritcagopereG firshand Eenddmags SoBArsCIFeNpE SRR YenEF NS IagE r eamed.

| nverted Eﬁﬁk r&gﬁ r maps and inverted hematoxylin color maps can be
prOV|ded c¢onbi ned i nages displayed in a brightfield context.
Spatially regpémmnﬂhepnmb@mgmm&msﬁamb@wgnamd chemi cal maps can be overlaid
on structural brightfield context, and probe |ocalizations can be assigned
colors for viewi ng probe |ocalizations and chem cal nmaps on structural
brightfield EontexTheﬂmﬂmm(ﬁghhndmmhhﬁesmpﬁamtanhmgHupnkabkmsﬁmtnversions
and SlBeCI rrenlnp egr?c{t% q AaS[ One. SecOn On Ie N sgtc)iectln Qhe Vé:cqeen tO e#ll‘st sbmul rmge
appearance bAs€d *Sn pdiﬁ ogls? pre%% % SPEa ftiea 3 chenica
tissue sect|mmnpmapaaamd@mnmn@hmmohsmmaﬂﬂbe conflgured |n accordance with
mul ti pl e node inmaging strategy. Miultiple optical magnifications can be used

with the same darkfield refraction illumnation settings, and nul ti noda
i mage contrast canrTiantiberbitc@ifPOWhdéiein e fHtirane bdebad inkQEd 8Xtorhfiedibsequent
MALDI - TOF mass spectronetri c i magi ng The above di scl osure and the

exanpl es conP&i¥Ed OMBIES agfe for conveni ent expl anation, and are not to
be taken as limting the scope of the technology. W claimall that is

enconpassed by t he _appended cl ai ns.
The method of claim 2 or 3 wherein the first and second stimulus beams are

applied to the specimen simultaneously, and the associated contrasting complementary

images are obtained simultaneously.

20 5. The method of any one of claims 1-4, further comprising displaying the first

and second images side-by-side.
6. The method of claim 2, further comprising displaying the combined image.

25 7. The method of claim 2, further comprising recording the first and second

contrasting images as corresponding recorded images.
8. The method of any one of claims 2-7, wherein the specimen is fluorescently

stained and the first beam is selected to produce fluorescence by the fluorescent stain so

30 that the first image is a fluorescence image of the specimen, and further wherein the
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W claim 1. A nmethod, conprising: generating at |east one first

i mge and at | east one second i nage of a specinen, wherein 5 the generated
first andweeeondesomages conpri se conpl enentary contrast iPAE/USPEYM51857
paranmeters; and producing the contrasting i mages for observation. 2. The
met hod of claim1, further conprising obtaining the at |east one first

10i mage and the at | east one second i mage by subjecting the specinen to a
first stinmulus beam and a second stimulus beam respectively. 3. The

met hod of claim2, wherein the first and second i nages are conbined to
produce a conbined inmage. 15 4. The nmethod of claim2 or 3, wherein the
first and second stinulus beans are applied to the specinen sinultaneously,
and the asso%?@%@ﬁnwﬁﬁﬁ?%gPVW@m@dﬁﬁPéHEWPQ}V”Pﬂﬁﬁ%@“ﬁﬁémé%?éﬁH@@“Ne

si mul t aneoushyk fid@emddee met hod of any one of clainms 1-4, further conprising
di splaying the first and second i mages si de-by-side. 6. The nethod of claim
2, further conprising displaying the conbined i mage. 257. The net hod of

claim2, furgher Oﬁﬂﬁﬁ&Q&ﬂgckﬁﬁ%fﬁhﬁ&w%ﬁ@ﬁ&%%ﬁ%mﬁ&%ﬂ%ﬁﬁ%ﬂgu%@@ﬁﬁééting
i mges as correspondi ng recorded i mages. 8. The nethod of any one of clains

2-7, wher ei nandibe whactivadprkifigldimgee essoaptpoyding recorded imgges. ned and the first
beamis selected to produce fluorescence by the fluorescent stain so 30t hat
the first image is a fluorescence i mage of the specinen, and further
wher ei n t he econdIstinetiddid cheah fushepphpadng:o t he speci men so that the

second | rmgeaﬂp%yil?g d ?Jlér%ﬁatpﬁﬁ% t(gﬁl'é %ec%}d%h galjk rﬂ%glelmage to produce a pseudo-color
dark field image; and

10 combining the pseudo-color dark field recorded image and the recorded fluorescence

image to produce a combined recorded image.

11. The method of claim 10, wherein the color mapping is based on a color lookup
table associated with at least one absorptive stain.
15

12. The method of claim 11, wherein the stain is an eosin stain.

13. The method of claim 10, further comprising applying a color lookup table to
the fluorescence image, wherein the color lookup table is associated with at least one

20 absorptive stain.

14. The method of claim 13, wherein the fluorescence is based on DAPI
fluorescence, and the color lookup table associated with the fluorescence image is based
on a hematoxylin stain.

25
15. The method of claim 10, further comprising producing a pseudo-brightfield

recorded image based on the combined recording image.

16. The method of claim 15, further comprising applying color lookup tables to

30 the refractive dark field image and the fluorescence image so as to produce an image

- 40 -



9. The nethod of claim8, further conprising recording the fluorescence

i mge 5and the refractive dark field i mage as correspondi ng recorded

i mges. MO 220h@4pUhod of claim9, further conprising: PCT/Uspplogsrs§7 a col or
mappi ng to the recorded dark field imge to produce a pseudo-col or dark
field i mage; and 10conbi ni ng the pseudo-col or dark field recorded i nrage and
the recorded fluorescence i mage to produce a conbi ned recorded i mage. 11.
The net hod of claim 10, wherein the col or mapping is based on a col or

| ookup tabl e associated with at | east one absorptive stain. 15 12. The

met hod of claim11l, wherein the stain is an eosin stain. 13. The

met hod of claim 10, further canprising applying a color |ookup table to the
f I uor escenceldViRgdBagsEnarast AsspHycd Bt PCPHERITB 2pd st S@ni8gsoci ated with at

| east one 20absorptive stain. 14. The nethod of claim 13, wherein the
fluorescence i s based on DAPI fluorescence, and the color | ookup table
associ at ed wth t hBefmeiepdedf chkie e ﬁuﬁhaéom@ﬂﬁa&weﬁﬁn%a FaPePeiPPGORICst ai n. 25

15. The net hpd .0fr @b gldtinddd, further conprising producing a
pseudo- brlghtfleld recorded i mage based on the conbined recording i mage.

16. TRe nethod of claim 15, further conprising applying color |ookup tables

to 30the refyjactivg 4 égtEQBQ, the fluorescence imge so as to
produce an image hggﬂ%%@f 5éucont %gﬁgassociated wi th hemat oxylin and

eosi n st ai ni ngfirstimagitgesystemigonfigufeddd aiodne@, a firstritagy ofeoppaiingi;agd gener ati ng a
mass spectr 0589& fa i nﬁ%g& s%ter}l Q(?nf?gg%ﬁltgﬁladuce a second image of the specimen,
wherein the first and second images are complementary images.
10
19. The imaging apparatus of claim 18, wherein the first image system is a
refractive dark field optical system configured to produce a the first image as a refractive
dark field image and the second imaging system is a fluorescence optical system configured
to produce the second image as a fluorescence image.
15
20. The imaging apparatus of claim 18, further comprising at least one image
capture device coupled to receive the first and second images, and an image processor

configured to record the first and second images.

20 21. The imaging apparatus of claim 20, wherein the image processor is configured

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

22. The imaging apparatus of claim 21, wherein the image processor is configured
to apply a color lookup table to at least one of the first and second recorded images to
25  produce the combined image based on a pseudo-colored rendering of at least one of the first

and second recorded images.
23. The imaging apparatus of claim 22, further comprising rendering the

combined image as a pseudo-brightfield image.

30
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18. An inmmgi ng apparatus, conprising: a first imaging systemconfigured to

produce a first imge of a specinen; and a second i nmagi ng system
conf i gur edoe11pesdace a second i nmage of the speci nen, wWRETAISR0WI081857 r st and
second i mages are conpl enentary i nmages. 19. The i magi ng apparat us of

claim 18, wherein the first image systemis a refractive dark field optical
system configured to produce a the first image as a refractive dark field

i mge and the second inmaging systemis a fluorescence optical system
configured to produce the second inage as a fluorescence i nage. 20. The

i magi ng apparatus of claim18, further conprising at |east one inage
capture device coupled to receive the first and second i mages, and an i mage
processor cofit-i gur S 1SN ARRAERUESHAE CRfR &8 WAREFILIBE SARCIPRREGEST1S2021. The

i magi Ny RPRAILRLIUS pRces iR (R i2RagdMISEEInh g 16JKBY BIbRI Q&R RRAWilhSnconf i gured to
produce a conbi ned i mage based on the first and second i nages.. 22. The
i magi ng &pparaingad g¥preqess the erondimge Pived peclprdgekup taheassesialqdswidbnf i gured to
apply a GaleRhiok@RKWRN tiHekn e c@&bih&ﬁ%{agt@ﬂ%a&g oh & drbdesded @R ageCONd recorded

i mages to 25 produce the conbined i nage based on a pseudo-col ored rendering
of at Sl egswondpvages the first and second recorded inmages. 23. The

i magi ng apparatus of claim22, further conprising rendering the conbi ned

i mge as a pseudo-brightfield i nage. 30 WD 2011/ 046807PCT/ US2010/ 051857

24. The imaging apparinegisg efpacdteiancBn 2Wvéeaiimtht freagevagierepleviceissor i s

confi gur . r ; L | . : I kup table
associatggmkﬁpﬁlg%ﬁgggﬁﬁ%g%éégEﬁﬁgﬁggeggggg?%q?%ggg %8%%&%%§ge based on

col or |l ookup table associated with a hematoxylin stain, wherein the
conbi.ned i mage i s hased .on the process first and 5secaond i mages. 25.
The iiagi ng. Spar al horap e b S S RETE el bR B TRESR £ evt ce i s

conf i gur ednfigurddac evarRy titiedirbti and econdigegannd pidiacste onabihgEgagas si de by side
i mges. 1026. The i nmagi ng apparatus of claim 21, wherein the i mage processor
is configured to overlay the first and second i mages to produce the

conbi ned i mage. The imaging apparatus of claim 26, further comprising a display

configured to receive and display the combined image.

15
28. At least one computer readable storage media comprising computer-
executable instructions for:
receiving a first image and a complementary second image associated with
common portion of a specimen section; and
20 combining the first and second images to produce a combined image.

29. The at least one computer readable storage media of claim 28, further
comprising computer-executable instructions for producing a pseudo-color image based
on at least one of the first image and the second image, wherein the combined image is

25  based on the at least one pseudo-color image.

30. The at least one computer readable storage media of claim 29, further
comprising computer executable instructions for inverting the combined image to
produce a brightfield rendered image.

30
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27. The imagi ng apparatus of claim 26, further conprising a display
configured to receive and display the conbi ned i mage. 15 28. At | east
one conpuwenorigddiBl e st orage nedi a conpri sing conput er PEXASCIQIFE857
instructions for: receiving a first imge and a conpl enentary second
i mge associated with common portion of a specinen section; and 20conbi ni ng
the first and second images to produce a conbi ned i mage. 29. The at

| east one conputer readable storage nedia of claim28, further conprising
conput er - execut abl e i nstructions for producing a pseudo-col or i mage based
on at |east one of the first inmage and the second i mage, wherein the

conbi ned inage is 25based on the at | east one pseudo-col or i nmage. 30.
The at | east-bne dgﬁﬁﬁﬁﬁﬂ‘w%ﬁﬂﬂﬂWgrgﬂé?%ﬂﬁmﬁ%H?Qand@Péﬁhﬁ?@m'further

conpri si REMPAIRILEREpuRX 8£b @RIk EnstrB&ohd o k@BiSink ArmdsOMREddsBEpid Mg ombi ned
image to produce a brightfield rendered i mage. 30 WO

2011/ 04689 theCTMUS? FRE/EHEeYipn, and incdydingrthe mass peAREcopitdMagigificer r eadabl e
storage mEAlbRe@fmdbai m 28, further conprising conputer executable
instructions for receiving a nass spectroscopic i mage of the common
speci Aen section, and including the nass spectroscoplc imge in the

conbi ned | migfrcl S The at Je3&-on gﬁnp?ﬂtterr&% le g@ﬂl@&%?éné/ o&@@ﬁ&&&s“ orage media

of any one o ai s 28-31, elnt I mage e second i mage
are a daPR-3li whaeindferfistiinage andmlnersasctndumgjearemdarh fitldudfrasg cesmeraitnage,

respectlv t: onput er readabl e storage nedi a of
8’(gmég%%o%g%P&nn?ggigae%?ggprocessed based on a col or | ookup

table aSSOCIated with an eosin stain and the second i mge is processed

based .on col | ooku associ at nma tain, wherein
t he qgnblnedgénaggh?§n(%§§ eaﬂmyng%ﬁgggggg.e s %8‘él&? %m‘m‘nages 15

34. An | malgefiprioagsis procesanfusedomgeolor lookup table assocnated with an eosin stain
and the second image is processed based on color lookup table associated with a
hematoxylin stain, wherein the combined image is based on the processed first and
second images.

15
34. An image processor, comprising:
image inputs configured to receive at least a first image and a complementary second
image;
a color lookup table input configured to receive at least one color lookup table;
20 an image combiner configured to process at least one of the first image and the
complementary second image based on the at least one color lookup table and produce a
pseudo-color image, and to combine the pseudo-color image with one of the first image and

the second image.

25 35. The image processor of claim 34, wherein the image combiner is configured to

produce a brightfield rendering based on the combined image.
36. The image processor of claim 35, wherein the color lookup table input is

configured to receive a first color lookup table associated with an absorptive stain and a

30  second color lookup table associated with a fluorescent stain, and the image combiner is
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i mage inputs configured to receive at least a first inmage and a

conpl enentary second i nage; a color |ookup table input configured to
recei ve awolzens4es9me col or | ookup table; 20an i mage compCmAS2@0/05is§ured to
process at |east one of the first image and the conpl enentary second i nmage
based on the at |east one col or | ookup table and produce a pseudo-col or

i mge, and to conbi ne the pseudo-color inage with one of the first imge
and the second i nage. 2535. The i mage processor of claim 34, wherein the

i mge conbiner is configured to produce a brightfield rendering based on

t he conbi ned i mage. 36. The i nage processor of claim35, wherein the color

| ookup table input is _ configured to receive_ a first color | ookup table
associ at ARGV (g Rroses dredirphiad sqeandingses besesload o et #9850 6aRUp t abl e

associ at @shkp td1ed, rbdpd@iveRC At witkdh the c8MPint PRI IR NRbedssea conf i gur ed
to process the first and second i mages based on the first and second col or

| ookup t abjtesd secerdigregisvel y, and wherein the conbined i mage i s based on the
processed first and second i mages. 537. The i nage processor of claim 36,

wherein the absorptive stain is an eosin stain and the fluorescent stain is
a hemat oxyl i $/-st aj Hhe image processor of claim 36, wherein the absorptive stain is an eosin

stain and the fluorescent stain is a hematoxylin stain.
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