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IHC Staining PatternIHC Staining PatternIHC Staining Pattern

• Knowledge of Ag location is essential
• Ag location compatible with biologic activity of Ag
• Some procedures (i.e. fixation, Ag retrieval) modify  

location (detection) of antigens 
• Cytoplasmic (diffuse, paranuclear, perinuclear)
• Nuclear (diffuse, nucleolus)
• Plasma membrane (smooth, intermittent)
• Interstitial
• Mixed (nuclear/cytoplasmic, cytoplasmic/membrane)

•• Knowledge of Ag location is essentialKnowledge of Ag location is essential
•• Ag location compatible with biologic activity of AgAg location compatible with biologic activity of Ag
•• Some procedures (i.e. fixation, Ag retrieval) modify  Some procedures (i.e. fixation, Ag retrieval) modify  

location (detection) of antigens location (detection) of antigens 
•• CytoplasmicCytoplasmic (diffuse, paranuclear, perinuclear)(diffuse, paranuclear, perinuclear)
•• Nuclear (diffuse, nucleolus)Nuclear (diffuse, nucleolus)
•• Plasma membrane (smooth, intermittent)Plasma membrane (smooth, intermittent)
•• InterstitialInterstitial
•• Mixed (nuclear/Mixed (nuclear/cytoplasmiccytoplasmic, , cytoplasmiccytoplasmic/membrane)/membrane)



Advantages and Disadvantages of IHCAdvantages and Disadvantages of IHCAdvantages and Disadvantages of IHC

• Routinely available, relatively inexpensive 
• Rapid (48 hours), automated systems
• Can study antigens: protein levels and activities 

differ from those of RNA
• Connects visualized target with microscopic lesion
• Mainly used on fixed tissues:

– Free of infectious agents so no human health risk
– Good cell morphology preservation
– Anchored antigens (no displacement like unfixed)

• Standardization is very difficult (antigen retrieval)
• Difficult to quantitate
• Must have well-trained pathologists and lab 

personnel (standardization & interpretation)
• Success depends on antibody (mono- vs. polyclonal)

•• Routinely available, relatively inexpensive Routinely available, relatively inexpensive 
•• Rapid (48 hours), automated systemsRapid (48 hours), automated systems
•• Can study antigens: protein levels and activities Can study antigens: protein levels and activities 

differ from those of RNAdiffer from those of RNA
•• Connects visualized target with microscopic lesionConnects visualized target with microscopic lesion
•• Mainly used on fixed tissues:Mainly used on fixed tissues:

–– Free of infectious agents so no human health riskFree of infectious agents so no human health risk
–– Good cell morphology preservationGood cell morphology preservation
–– Anchored antigens (no displacement like unfixed)Anchored antigens (no displacement like unfixed)

•• Standardization is very difficult (antigen retrieval)Standardization is very difficult (antigen retrieval)
•• Difficult to Difficult to quantitatequantitate
•• Must have wellMust have well--trained pathologists and lab trained pathologists and lab 

personnel (standardization & interpretation)personnel (standardization & interpretation)
•• Success depends on antibody (monoSuccess depends on antibody (mono-- vs. polyclonal)vs. polyclonal)



In-situ HybridizationInIn--situ Hybridizationsitu Hybridization

West Nile VirusWest Nile VirusWest Nile Virus



In-situ HybridizationInIn--situ Hybridizationsitu Hybridization
• Detects nucleic acids (DNA, RNA, mRNA)

– Gene amplification, deletion, chromosome translocation, aneuploidy
• Visualize gene expression patterns
• Can provide spatial and temporal information on understanding gene 

function
• Sensitivity depends on detection system

– Radioactive labeling (semiquantitative)
• [35S]-uridine triphosphatase
• Less-accurate cellular localization

– Biotin labeled probes – decreased sensitivity, background
– Digoxigenin labeled probes

• Higher sensitivity with increased probe conc./time
• Reduce non-specific binding with 1000mM dithiothreitol
• Probes:

– Purified DNA (labeled with nick translation or random priming)
• Lower sensitivity, strands bind to each other

– Oligoprobes through DNA synthesis, lower labeling efficiency
– Riboprobes through genetic cloning, RNA probes
– Selection of sense vs. antisense
– Use HPLC purification of labeled probes

•• Detects nucleic acids (DNA, RNA, mRNA)Detects nucleic acids (DNA, RNA, mRNA)
–– Gene amplification, deletion, chromosome translocation, Gene amplification, deletion, chromosome translocation, aneuploidyaneuploidy

•• Visualize gene expression patternsVisualize gene expression patterns
•• Can provide spatial and temporal information on understanding geCan provide spatial and temporal information on understanding gene ne 

functionfunction
•• Sensitivity depends on detection systemSensitivity depends on detection system

–– Radioactive labeling (Radioactive labeling (semiquantitativesemiquantitative))
•• [[3535S]S]--uridine uridine triphosphatasetriphosphatase
•• LessLess--accurate cellular localizationaccurate cellular localization

–– Biotin labeled probes Biotin labeled probes –– decreased sensitivity, backgrounddecreased sensitivity, background
–– DigoxigeninDigoxigenin labeled probeslabeled probes

•• Higher sensitivity with increased probe conc./timeHigher sensitivity with increased probe conc./time
•• Reduce nonReduce non--specific binding with 1000mM specific binding with 1000mM dithiothreitoldithiothreitol
•• Probes:Probes:

–– Purified DNA (labeled with nick translation or random priming)Purified DNA (labeled with nick translation or random priming)
•• Lower sensitivity, strands bind to each otherLower sensitivity, strands bind to each other

–– OligoprobesOligoprobes through DNA synthesis, lower labeling efficiencythrough DNA synthesis, lower labeling efficiency
–– RiboprobesRiboprobes through genetic cloning, RNA probesthrough genetic cloning, RNA probes
–– Selection of sense vs. Selection of sense vs. antisenseantisense
–– Use HPLC purification of labeled probesUse HPLC purification of labeled probes



In-situ HybridizationInIn--situ Hybridizationsitu Hybridization



Criteria to Determining the 
Type of Probe

Criteria to Determining the Criteria to Determining the 
Type of ProbeType of Probe

++++++++++++++++++++StabilityStability

ProbesProbes
Criteria of Criteria of 

ChoiceChoice

++++++++++++++++++++ManipulationManipulation

++++++++++++++++EfficiencyEfficiency

++++++++++++++++++Specific Specific 
activityactivity

++++++++++++++ControlsControls

++++++++++++++++++++StorageStorage

++++++++++++++++AvailabilityAvailability

RNARNAOligonucleotideOligonucleotideSingle Single 
Stranded DNAStranded DNA

Double Double 
Stranded DNAStranded DNA



In-situ HybridizationInIn--situ Hybridizationsitu Hybridization
• Fixation (preventing detachment)
• Pretreatment (Permeabilization, Deproteinization,

Acetylation, Dehydration)
• Denaturation (breaking the double strand)
• Hybridization
• Post-hybridization stringency washes
• Detection system

•• Fixation (preventing detachment)Fixation (preventing detachment)
•• Pretreatment (Pretreatment (PermeabilizationPermeabilization, , DeproteinizationDeproteinization,,

AcetylationAcetylation, Dehydration), Dehydration)
•• DenaturationDenaturation (breaking the double strand)(breaking the double strand)
•• HybridizationHybridization
•• PostPost--hybridization stringency washeshybridization stringency washes
•• Detection systemDetection system

Porcine CircovirusPorcine Porcine CircovirusCircovirus
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Advantages and Disadvantages of ISHAdvantages and Disadvantages of ISHAdvantages and Disadvantages of ISH

• Independent of antibody, unnecessary to have 
target/antigen available

• Highly sensitive and specific (target sequence!!!)
• Connects visualized target with microscopic lesion 
• RNA easily degrades in tissues
• Fixation protects RNA, but cross-linking masks target
• Labor intensive, slow, difficult to automate
• Standardization is very difficult (antigen retrieval)
• Can be quantitated, except radioactive probes
• Does not detect post-translational changes
• Protein overexpression can be related to cell 

proliferation (different pathways with same result)
• Must have well-trained pathologists and lab personnel 

(standardization & interpretation)

•• Independent of antibody, unnecessary to have Independent of antibody, unnecessary to have 
target/antigen availabletarget/antigen available

•• Highly sensitive and specific (target sequence!!!)Highly sensitive and specific (target sequence!!!)
•• Connects visualized target with microscopic lesion Connects visualized target with microscopic lesion 
•• RNA easily degrades in tissuesRNA easily degrades in tissues
•• Fixation protects RNA, but crossFixation protects RNA, but cross--linking masks targetlinking masks target
•• Labor intensive, slow, difficult to automateLabor intensive, slow, difficult to automate
•• Standardization is very difficult (antigen retrieval)Standardization is very difficult (antigen retrieval)
•• Can be Can be quantitatedquantitated, except radioactive probes, except radioactive probes
•• Does not detect postDoes not detect post--translational changestranslational changes
•• Protein Protein overexpressionoverexpression can be related to cell can be related to cell 

proliferation (different pathways with same result)proliferation (different pathways with same result)
•• Must have wellMust have well--trained pathologists and lab personnel trained pathologists and lab personnel 

(standardization & interpretation)(standardization & interpretation)



FISH versus CISHFISH versus CISHFISH versus CISH
• FISH:

– Requires expensive specialized equipment
– Fluorescent signals will commonly fade
– Results are normally recorded with camera, time consuming 

and expensive
– Direct detection, thereby faster
– Easily used with many color systems
– Autofluorescence

• CISH:
– Can be interpreted on regular microscope
– Lower ratio of signal to background staining
– HPLC purified probes with sensitive detection system have 

overcome most of these problems
– Restricted to 1-2 colors
– Combines target detection with morphology
– Can screen a section on low magnification
– Permanent labeling and can be archived

•• FISH:FISH:
–– Requires expensive specialized equipmentRequires expensive specialized equipment
–– Fluorescent signals will commonly fadeFluorescent signals will commonly fade
–– Results are normally recorded with camera, time consuming Results are normally recorded with camera, time consuming 

and expensiveand expensive
–– Direct detection, thereby fasterDirect detection, thereby faster
–– Easily used with many color systemsEasily used with many color systems
–– AutofluorescenceAutofluorescence

•• CISH:CISH:
–– Can be interpreted on regular microscopeCan be interpreted on regular microscope
–– Lower ratio of signal to background stainingLower ratio of signal to background staining
–– HPLC purified probes with sensitive detection system have HPLC purified probes with sensitive detection system have 

overcome most of these problemsovercome most of these problems
–– Restricted to 1Restricted to 1--2 colors2 colors
–– Combines target detection with morphologyCombines target detection with morphology
–– Can screen a section on low magnificationCan screen a section on low magnification
–– Permanent labeling and can be archivedPermanent labeling and can be archived



IHC vs IFA vs ISHIHC IHC vsvs IFA IFA vsvs ISHISH

Porcine CircovirusPorcine Porcine CircovirusCircovirus



IHC vs ISHIHC IHC vsvs ISHISH

Eastern Equine EncephalitisEastern Equine EncephalitisEastern Equine Encephalitis



IHC combined with ISHIHC combined with ISHIHC combined with ISH

Eastern Equine EncephalitisEastern Equine EncephalitisEastern Equine Encephalitis



IHC vs ISHIHC IHC vsvs ISHISH

Feline HerpesvirusFeline Feline HerpesvirusHerpesvirus



IHC vs ISHIHC IHC vsvs ISHISH

MCF – OHV2MCF MCF –– OHV2OHV2



IHC vs IFA vs ISHIHC IHC vsvs IFA IFA vsvs ISHISH

nucleic nucleic 
acidacidnonosequence sequence 

dependentdependenthighhighslowerslowerhighhighFISHFISH

nucleic nucleic 
acidacidyesyessequence sequence 

dependentdependenthighhighslowestslowesthighhighCISHCISH

proteinproteinyesyesantibody antibody 
dependentdependentvariablevariablefastfastlowlowIHCIHC

proteinproteinnonoantibody antibody 
dependentdependentvariablevariablefastestfastestlowlowIFAIFA

TargetTargetMorphologyMorphologySpecificitySpecificitySensitivitySensitivitySpeedSpeedCostCost



PCR and In-situ PCRPCR and InPCR and In--situ PCRsitu PCR





~ 450 bp~ 450 bp

1              2             31              2             3

Negative Bat

Combining ToolsCombining ToolsCombining Tools





Combining ToolsCombining ToolsCombining Tools



Combining ToolsCombining ToolsCombining Tools



Are you stressed?Are you stressed?



Do you feel stuck?Do you feel stuck?



Relax!Relax!



Have confidence!Have confidence!



You can always call me!You can always call me!
517 432 2670517 432 2670



How else can we 
go after a Target?
How else can we How else can we 
go after a Target?go after a Target?



Laser Capture MicroscopyLaser Capture MicroscopyLaser Capture Microscopy



Laser Capture MicroscopyLaser Capture MicroscopyLaser Capture Microscopy

• Powerful imaging tool that weds 
imaging to molecular methods and 
utilizes shared pathology 
informatics networks (SPIN)

•• Powerful imaging tool that weds Powerful imaging tool that weds 
imaging to molecular methods and imaging to molecular methods and 
utilizes shared pathology utilizes shared pathology 
informatics networks (SPIN)informatics networks (SPIN)



Laser Capture MicroscopyLaser Capture MicroscopyLaser Capture Microscopy

Fixation 
and slide 
preparation 
are the key

Fixation Fixation 
and slide and slide 
preparation preparation 
are the keyare the key



RNA – Isolation from TissueRNA RNA –– Isolation from TissueIsolation from Tissue

On approach is to change from a fixation
model to a frozen section process ….. 
On approach is to change from a fixationOn approach is to change from a fixation
model to a frozen section process ….. model to a frozen section process ….. 

Vacuum 
systems with 
UV-sensitive 
tape transfer 
systems are 
an option

Vacuum Vacuum 
systems with systems with 
UVUV--sensitive sensitive 
tape transfer tape transfer 
systems are systems are 
an optionan option



Laser Capture MicroscopyLaser Capture MicroscopyLaser Capture Microscopy

Pulmonary FibrosisPulmonary Fibrosis

Epithelium     Smooth Muscle



Genes Associated with the 
Progression of Canine Cancer

Genes Associated with the Genes Associated with the 
Progression of Canine CancerProgression of Canine Cancer

• 60mer long cDNA microarray
• 851 genes associated with

– Cancer, Inflammation, Stem cells, 
Osteogenesis

• Internal controls
– Positive: 

• 5 housekeeping 
genes

– Negative:
• Empty
• Nonsense, 

scrambled

•• 60mer long 60mer long cDNAcDNA microarraymicroarray
•• 851 genes associated with851 genes associated with

–– Cancer, Inflammation, Stem cells, Cancer, Inflammation, Stem cells, 
OsteogenesisOsteogenesis

•• Internal controlsInternal controls
–– Positive: Positive: 

•• 5 housekeeping 5 housekeeping 
genesgenes

–– Negative:Negative:
•• EmptyEmpty
•• Nonsense, Nonsense, 

scrambledscrambled



It is our hope … and not only ours It is our hope … and not only ours 
… but of the science community  … but of the science community  
and the public as well … that we and the public as well … that we 
can develop individualized can develop individualized 
diagnostic, prognostic and diagnostic, prognostic and 
therapeutic procedures.therapeutic procedures.

GlevecGlevec
Her2neuHer2neu
P450 P450 –– RocheRoche

cyp2d6cyp2d6
“poor metabolizer”“poor metabolizer”
“extensive metabolizer”“extensive metabolizer”

What have the following What have the following 
done to boost done to boost 

awareness and hope?  awareness and hope?  



New Paradigm for AnalysisNew Paradigm for AnalysisNew Paradigm for Analysis

Fresh Frozen Tissues - OCT Embedded tissueFresh Frozen Tissues Fresh Frozen Tissues -- OCT Embedded tissueOCT Embedded tissue

ProteinProteinProtein

DNADNADNA

RNARNARNA

Whole tissueWhole tissueWhole tissue

LCMDLCMDLCMD

Whole tissueWhole tissueWhole tissue

LCMDLCMDLCMD

Whole tissueWhole tissueWhole tissue

LCMDLCMDLCMD

HistopathologyHistopathologyHistopathology

ImmunohistochemistryImmunohistochemistryImmunohistochemistry

In-situ hybridizationInIn--situ hybridizationsitu hybridization

Oligo-ArrayOligoOligo--ArrayArray



Anatomical Pathology: Past and Present
Mast Cell Tumor Prognosis

Anatomical Pathology: Past and PresentAnatomical Pathology: Past and Present
Mast Cell Tumor PrognosisMast Cell Tumor Prognosis

Histopathology isHistopathology is
qualitative and excellentqualitative and excellent
at assigning a case to at assigning a case to 
a “class” .  But it doesa “class” .  But it does
not indicate the appropriate not indicate the appropriate 
treatment with a great deal treatment with a great deal 
of assurance or indicateof assurance or indicate
an “individual” prognosis.an “individual” prognosis.

So what 
do we 
propose ?

So what So what 
do we do we 
propose ?propose ?



L        M          N       NC

L= 100bp Ladder

N= Normal

M= Mutation

NC= Negative  
Control

Anatomical Pathology: Past and Present
Mast Cell Tumor Prognosis

Anatomical Pathology: Past and PresentAnatomical Pathology: Past and Present
Mast Cell Tumor PrognosisMast Cell Tumor Prognosis



Anatomical Pathology: Past and Present
Feline Lymphoma Diagnosis

Anatomical Pathology: Past and PresentAnatomical Pathology: Past and Present
Feline Lymphoma DiagnosisFeline Lymphoma Diagnosis

Inflammatory bowel disease Inflammatory bowel disease 
and intestinal lymphoma and intestinal lymphoma 
(most are T(most are T--cell) commonly cell) commonly 
present morphological present morphological 
identical, especially in identical, especially in 
absence of absence of muscularismuscularis
involvement or involvement or endoscopicendoscopic
biopsies that don’t allow for biopsies that don’t allow for 
more detailed evaluationmore detailed evaluation

So what do we So what do we 
propose ?propose ?



Anatomical Pathology: Past and Present
Feline Lymphoma Diagnosis

Anatomical Pathology: Past and PresentAnatomical Pathology: Past and Present
Feline Lymphoma DiagnosisFeline Lymphoma Diagnosis

Feline TCRG V-N-J alignment CDR3 region
5’ primer 3’ primerPCR

3’ V segment J segmentN region



How do We 
Quantitate
Reactions?

How do We How do We 
QuantitateQuantitate
Reactions?Reactions?



Tissue Mirco-ArraysTissue Tissue MircoMirco--ArraysArrays

• Tissue microarray
work station

• Stainless needles 
cores in mobile arm

• Digital precision 
devise

• 0.6 mm core 
samples

•• Tissue Tissue microarraymicroarray
work stationwork station

•• Stainless needles Stainless needles 
cores in mobile armcores in mobile arm

•• Digital precision Digital precision 
devisedevise

•• 0.6 mm core 0.6 mm core 
samplessamples



Tissue Mirco-ArraysTissue Tissue MircoMirco--ArraysArrays
0.6 mm

1.5 mm

0.6 mm0.6 mm1.5 mm1.5 mm



Tissue Array Technology: Paraffin or FrozenTissue Array Technology: Paraffin or FrozenTissue Array Technology: Paraffin or Frozen



Quantitative ELISA-like IHC (QUELI)Quantitative ELISAQuantitative ELISA--like IHC (QUELI)like IHC (QUELI)



Confocal MicroscopyConfocalConfocal MicroscopyMicroscopy

•• Used to increase Used to increase micrographmicrograph contrastcontrast and/or to and/or to 
reconstructreconstruct threethree--dimensional images dimensional images 

•• Uses point illumination and a spatial pinhole to eliminate Uses point illumination and a spatial pinhole to eliminate 
outout--ofof--focus light or focus light or flareflares in specimens that are thicker s in specimens that are thicker 
than the than the focal planefocal plane

•• Only the light within the focal plane can be detectedOnly the light within the focal plane can be detected
•• 2D or 3D imaging requires scanning over a regular raster 2D or 3D imaging requires scanning over a regular raster 
•• Three types of Three types of confocalconfocal microscopes: microscopes: 

•• ConfocalConfocal laser scanning microscopelaser scanning microscope
•• SpinningSpinning--disk (disk (NipkowNipkow diskdisk) ) confocalconfocal microscopemicroscope
•• Programmable Array Microscopes (PAM)Programmable Array Microscopes (PAM)



Confocal Laser Scanning MicroscopyConfocalConfocal Laser Scanning MicroscopyLaser Scanning Microscopy



Porcine CircovirusPorcine Porcine CircovirusCircovirus

Confocal Laser Scanning MicroscopyConfocalConfocal Laser Scanning MicroscopyLaser Scanning Microscopy



Image AnalysisImage AnalysisImage Analysis



Image AnalysisImage AnalysisImage Analysis



Image AnalysisImage AnalysisImage Analysis



Image AnalysisImage AnalysisImage Analysis



Analysis of Cell ProliferationAnalysis of Cell ProliferationAnalysis of Cell Proliferation

The intermediate stepThe intermediate stepMM

GG22

SS

GG11

GG00

GG11

KiKi--6767

PCNAPCNA

increasingincreasing

BrdUBrdU

Mitotic IndexMitotic Index



Analysis of Cell ProliferationAnalysis of Cell ProliferationAnalysis of Cell Proliferation



Quantification and Spatial Recognition  Quantification and Spatial Recognition  Quantification and Spatial Recognition  

Units are “Lymphocytes per 100 pixels”Units are “Lymphocytes per 100 pixels”



Nuance Multispectral ImagingNuance Multispectral ImagingNuance Multispectral Imaging

STEP 1: RGB image STEP 2: Image CubeSTEP 1: RGB image STEP 1: RGB image STEP 2: Image CubeSTEP 2: Image Cube

Shown is the traditional image of IHC / DAB (step 1) and hematoxylin counter-
stain with the spectral separation of the DAB from hematoxylin in step 2. 
Shown is the traditional image of IHC / DAB (step 1) and hematoxShown is the traditional image of IHC / DAB (step 1) and hematoxylin counterylin counter--
stain with the spectral separation of the DAB from hematoxylin istain with the spectral separation of the DAB from hematoxylin in step 2. n step 2. 



STEP 3: TIFF representation of STEP 4: Pseudo-fluorescent
the image cube image of the cube

Brown has been changed to red by pseudo-color selection for ease of 
visualization and a pseudo fluorescent image created to facilitate quantification.

STEP 3: TIFF representation of STEP 3: TIFF representation of STEP 4: PseudoSTEP 4: Pseudo--fluorescentfluorescent
the image cubethe image cube image of the cubeimage of the cube

Brown has been changed to red by pseudoBrown has been changed to red by pseudo--color selection for ease of color selection for ease of 
visualization and a pseudo fluorescent image created to facilitavisualization and a pseudo fluorescent image created to facilitate quantification.te quantification.

STEP 5: Quantification:
From the Pseudo-fluorescent image, the following may be quantified: 

-Number of cells
-Intensity per cell
-Intensity per number of cells
-Intensity per unit area

STEP 5: Quantification:STEP 5: Quantification:
From the PseudoFrom the Pseudo--fluorescent image, the following may be quantified: fluorescent image, the following may be quantified: 

--Number of cellsNumber of cells
--Intensity per cellIntensity per cell
--Intensity per number of cellsIntensity per number of cells
--Intensity per unit areaIntensity per unit area



MMR in Bladder CancerMMR in Bladder CancerMMR in Bladder Cancer



Microvessel DensityMicrovesselMicrovessel DensityDensity



Pathology the Future: NeedsPathology the Future: NeedsPathology the Future: Needs
• Species specific monoclonal 

antibodies for diagnosis 
• Oligo- and riboprobes directed 

against therapeutic and 
prognostic targets

• Tissue-array slides for controls
• Diagnostic oligo arrays 

specific for disease conditions 
as well as species and organ 
systems

• New instrumentation for 
molecular imaging

• Trained pathologists 
• Trained technicians
• Collaborating scientists
• Informed clients and public

•• Species specific monoclonal Species specific monoclonal 
antibodies for diagnosis antibodies for diagnosis 

•• OligoOligo-- and and riboprobesriboprobes directed directed 
against therapeutic and against therapeutic and 
prognostic targetsprognostic targets

•• TissueTissue--array slides for controlsarray slides for controls
•• Diagnostic Diagnostic oligooligo arrays arrays 

specific for disease conditions specific for disease conditions 
as well as species and organ as well as species and organ 
systemssystems

•• New instrumentation for New instrumentation for 
molecular imagingmolecular imaging

•• Trained pathologists Trained pathologists 
•• Trained techniciansTrained technicians
•• Collaborating scientistsCollaborating scientists
•• Informed clients and publicInformed clients and public
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