


























FU Berlin
Digitale Dissertation

Matti Kiupel :
Prognostic factors for the evaluation of canine malignant 
lymphomas with special consideration of the importance of 
argyrophilic nucleolar organizer regions (AgNORs)
Prognostische Faktoren zur Beurteilung von caninen malignen
Lymphomen unter besonderer Berücksichtigung der Bedeutung von 
argyrophilen Nukleolus organisierenden Regionen (AgNORs)







Michigan State UniversityMichigan State UniversityMichigan State University



Michigan State UniversityMichigan State UniversityMichigan State University



Michigan State UniversityMichigan State UniversityMichigan State University



Michigan State UniversityMichigan State UniversityMichigan State University



Michigan State UniversityMichigan State UniversityMichigan State University



Michigan State UniversityMichigan State UniversityMichigan State University



Diagnostic Center for 
Population and Animal Health

Diagnostic Center for Diagnostic Center for 
Population and Animal HealthPopulation and Animal Health



Diagnostic Molecular Diagnostic Molecular 
PathologyPathology

Dr. med. vet. Dr. med. vet. MattiMatti Kiupel, BS, MS, PhD, DACVPKiupel, BS, MS, PhD, DACVP

Diagnostic Center for Population and Animal HealthDiagnostic Center for Population and Animal Health
College of Veterinary Medicine, Michigan State UniversityCollege of Veterinary Medicine, Michigan State University

4125 Beaumont Road Room 152A, Lansing, MI 48848, USA4125 Beaumont Road Room 152A, Lansing, MI 48848, USA
Tel.: ** 517 432 2670;Tel.: ** 517 432 2670; Fax: ** 517 432 6557;Fax: ** 517 432 6557;

EE--mail: mail: kiupel@dcpah.msu.edukiupel@dcpah.msu.edu



Visualizing a TargetVisualizing a TargetVisualizing a Target
• Fluorescent Antibody Staining 
• Immunohistochemistry
• In-situ Hybdridization
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• Well established, widely used technique
– Primary antibody to detect target
– Either direct or indirect labeling

• Diagnostic tool for fresh/frozen material
• Identification of specific infectious organisms
• Commonly used on cell cultures
• Antigen: protein, glyco- or lipoprotein, 

carbohydrate
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Advantages and Disadvantages of 
Fluorescent Antibody Staining
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• Used on fresh/frozen samples
• Not useful for formalin fixed material
• Fast, relatively cheap
• Easy to detect, highly sensitive
• Signal can be quantitated
• Architecture difficult to evaluate
• Not a good tool for herd surveillance
• Requires expensive specialized equipment
• Fluorescent signals will commonly fade
• Autofluorescence
• Success depends on antibody (mono- vs. 

polyclonal) 
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ImmunohistochemistryImmunohistochemistryImmunohistochemistry

• Well established, widely used technique
– Primary antibody to detect target
– Detection system
– Visualizing reagent

• Antigen: protein, glyco- or lipoprotein, 
carbohydrate

• Diagnostic tool for routine formalin fixed material
– Identification of specific infectious organisms
– Identification of cell types and tumor entities
– Determination of primary site of tumor
– Determination of tumor malignancy
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Choices to Make, Challenges to TakeChoices to Make, Challenges to TakeChoices to Make, Challenges to Take

MaterialMaterial

EpitopeEpitope/Antigen /Antigen 
RetrievalRetrieval

SpecimenSpecimen

CytologicalCytological TissueTissue

Mount on coated slidesMount on coated slides

Smear Smear CytospinCytospin CellblockCellblock Fresh       Fixed (Transport)Fresh       Fixed (Transport)

Fixation    Frozen SectionFixation    Frozen Section
DecalcificationDecalcification

Fixation   Fixation                                      FixatioFixation   Fixation                                      Fixation    n    PostfixationPostfixation

NN YY
BufferBufferEnzymeEnzyme

Pepsin Pepsin FicinFicin PronasePronase
ProteinaseProteinase K K TrypsinTrypsin

Citrate EDTA Others
pH 4  6  7 9

CombinationCombinationVan Van HeckeHecke, 2002, 2002
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• Fixation, Processing, Microtomy
• IHC Methodologies
• Quality of Primary Antibody
• Microscopic Interpretation
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• Effects
– Diffusion of antigens
– Degradation of antigens
– Increased background
– Loss of morphologic features
– Not all antigens respond the same 

• Solution
– Take samples quickly
– Fix samples adequately (ratio tissue/fixative; 

thickness)
– No heat during fixation
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Effects of FixationEffects of FixationEffects of Fixation

• Lack of detection (false negative)
• Reduced detection
• Unexpected detection (cross-reactivity) 
• Increased background (overfixation adds more cross-links)
• Coagulation fixatives less deleterious than NBF 

– Suboptimal morphologic preservation
– Always happens during routine processing!

• Options:
– 3.5-18 hours in 10% NBF > 70% alcohol 
– Other fixative (PreferTM), Prolonged washing
– Soaking in conc. ammonia + chloral hydrate
– Use alcoholic formalin for 1 h on fatty tissues
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Effects of Fixation and Processing on Morphology 
and Immunohistochemical Staining
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Mechanism of Antigen RetrievalMechanism of Antigen RetrievalMechanism of Antigen Retrieval

• Not clear at this time
• Loosening or breaking of cross-linkages
• Protein denaturation (some antigens are lost after AR)
• Multiple pathways: breaking of cross-linkage, extraction 

of diffusible blocking proteins, precipitation of proteins, 
rehydration of tissue (better penetration of antibody and 
increased accessibility to antigen)

• Mobilization of last traces of paraffin by microwave 
energy, allowing antibody to better penetrate tissue

• hydrolysis of Schiff bases 
• Removal of cage-like calcium complexes bound during 

formalin fixation (calcium chelation).
• Heat induced reversal of various chemical modifications 

of protein structure caused by formalin fixation
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•• Mobilization of last traces of paraffin by microwave Mobilization of last traces of paraffin by microwave 
energy, allowing antibody to better penetrate tissueenergy, allowing antibody to better penetrate tissue

•• hydrolysis of Schiff bases hydrolysis of Schiff bases 
•• Removal of cageRemoval of cage--like calcium complexes bound during like calcium complexes bound during 
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•• Heat induced reversal of various chemical modifications Heat induced reversal of various chemical modifications 

of protein structure caused by formalin fixationof protein structure caused by formalin fixation



Protein +FormalinProtein +Formalin Chemical ModificationChemical Modification
of Protein Confirmationof Protein Confirmation

((CrosslinkingCrosslinking))
AR: AR: Heat Heat 
in Waterin Water

HydrolysisHydrolysis

ReRe--ModificationModification
(Restoration of Ag)(Restoration of Ag)

Strong Intensity of IHCStrong Intensity of IHC

ARAR--IHCIHC

AbAb +    Ag+    Ag

Negative with IHCNegative with IHC AbAb +      Ag+      Ag



High-Temperature Heating MethodHighHigh--Temperature Heating MethodTemperature Heating Method

The heating source is not significant to
outcome, but a matter of convenience.

• vegetable steamer, microwave, pressure 
cooker 

• microwave is faster, but more strenuous 
on tissue and requires more attention, 
calibration can be difficult
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The relationship between temperature and 
time is inverse.

• the higher the temperature, the shorter the 
time need to achieve beneficial results

• temperature below 80C are not significantly 
beneficial

• a temperature of 100C is optimal
• example: 100C x 20 min

90C x 30 min
80C x 50 min
70C x 10 hours
achieved similar results  
(Roth et al. 2000)
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Influence of Temperature on 
Antigen Retrieval

Influence of Temperature on Influence of Temperature on 
Antigen RetrievalAntigen Retrieval

no heat 20 min heat 40 min heatno heat no heat 20 min heat20 min heat 40 min heat40 min heat
Cytokeratin AE1/AE3 staining in the lungCytokeratinCytokeratin AE1/AE3 staining in the lungAE1/AE3 staining in the lung



The retrieval solution pH is important.
• some antibodies stain well regardless of retrieval 

solution pH
• others exhibit diminished staining at neutral pH, but 

strong staining at very acidic or very alkaline pH
• high pH buffer appear especially useful for nuclear 

antigens
• example: acetate buffer pH 1.0-2.0

glycin buffer pH 3.6
citrate buffer pH 6.0-7.0
Tris-HCl buffer pH 8.0-9.0
(Speranza et al. 2001)

The retrieval solution pH is important.The retrieval solution pH is important.
•• some antibodies stain well regardless of retrieval some antibodies stain well regardless of retrieval 

solution pHsolution pH
•• others exhibit diminished staining at neutral pH, but others exhibit diminished staining at neutral pH, but 

strong staining at very acidic or very alkaline pHstrong staining at very acidic or very alkaline pH
•• high pH buffer appear especially useful for nuclear high pH buffer appear especially useful for nuclear 

antigensantigens
•• example: acetate buffer pH 1.0example: acetate buffer pH 1.0--2.02.0

glycinglycin buffer pH 3.6buffer pH 3.6
citrate buffer pH 6.0citrate buffer pH 6.0--7.07.0
TrisTris--HClHCl buffer pH 8.0buffer pH 8.0--9.09.0
((SperanzaSperanza et al. 2001)et al. 2001)
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The significance of retrieval solution 
composition is unclear.

• high heat using distilled water alone will 
achieve improved IHC staining 

• first solutions contained toxic salts such 
as zinc or lead, however there is no 
advantage over simple buffer solutions and 
such salts should therefore be avoided!

• many laboratories have developed their 
own buffer
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Proteolytic Enzyme Antigen RetrievalProteolyticProteolytic Enzyme Antigen RetrievalEnzyme Antigen Retrieval

Their mechanism of action is not well 
known, but it is believed that they digest 
the tissue to some degree allowing 
antibodies to recognize antigenic sites.

• Types: trypsin, proteinase K, pepsin, 
pronase E, ficin

• Combinations of heat and protein digestion
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Heat Retrieval and 
Protein Digestion
Heat Retrieval and Heat Retrieval and 
Protein DigestionProtein Digestion

no retrieval     proteinase K trypsinno retrieval     no retrieval     proteinaseproteinase KK trypsintrypsin
Lysozyme staining in the lymph nodeLysozymeLysozyme staining in the lymph nodestaining in the lymph node



Test Battery Approach for
Antigen Retrieval
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Super high, 120C Slide 1 Slide 2 Slide 3 
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Low, 90C for 20 min Slide 7 Slide 8 Slide 9 
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Test Battery Approach for
Antigen Retrieval (our laboratory)
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 100C for 20 min no heat retrieval 

Low pH retrieval buffer Slide 1 Slide 5 

Regular retrieval buffer Slide 2   

EDTA, pH 10 Slide 3   

Proteinase K  Slide 4  
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Test Battery Approach for Antigen Retrieval (S-100)Test Battery Approach for Antigen Retrieval (STest Battery Approach for Antigen Retrieval (S--100)100)
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Polyclonal vs MonoclonalPolyclonal Polyclonal vsvs MonoclonalMonoclonal
Characteristic Polyclonal Ab Monoclonal Ab

Origin Multiple species Mostly mouse (rabbit)

Affinity Diverse (high and low) Same affinity

Sensitivity High Low to moderate

Specificity Low to high High

Irrelevant Ig content High (10 mg/ml) Supernatant: none

Ascites: 0.5-1.0 mg/ml

Fixation requirements Broad Strict

Fixation effects Multiple Single

Fixation tolerance High Low

Homogeneity Batch variation No batch variation

Cost Moderate High
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Rabbit Monoclonal Antibodies vs. 
Mouse Monoclonals

Rabbit Monoclonal Antibodies vs. Rabbit Monoclonal Antibodies vs. 
Mouse MonoclonalsMouse Monoclonals

• Higher affinity
• Recognize a greater variety of epitopes that are not 

immunogenic in mice
• Many small compounds or peptides elicit good 

immune response only in rabbits
• Lack of background staining in mouse or rat tissues 
• Less need for antigen retrieval
• Fewer monoclonal antibodies available
• Limited experience in canine and feline tissues
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Sensitivity: Detection MethodsSensitivity: Detection MethodsSensitivity: Detection Methods

• Rule but not dogma: The more complex 
the IHC method, the more sensitive

• Establish the limit of detection (sensitivity) 
you need

• More sensitivity may produce more background
• Many good commercial kits available
• Special kits for mouse tissues or double 

immunostaining
• Brown, red, blue, etc. colors of the reaction: 

your choice
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Which system should I choose?Which system should I choose?Which system should I choose?

• Money available 
(including service 
agreement!)

• Case load
• Types of antigens to 

detect
– Amount of 

antigen
– Number of tests 

available
• Flexibility 
• Technical support
• Technician’s 

experience
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Detection SystemsDetection SystemsDetection Systems

• Nonavidin-biotin immunoenzyme methods (1st generation)
– One-, two-, or three-step methods
– Moderately sensitive
– Low background staining 

• Avidin-biotin systems
– High sensitivity
– EAB background likely

• Nonavidin-biotin system (2nd generation)
– Two-step procedures
– Similar or more sensitive than avidin-biotin methods
– Faster than avidin-biotin methods
– Lower background

•• NonavidinNonavidin--biotin biotin immunoenzymeimmunoenzyme methods (1methods (1stst generation)generation)
–– OneOne--, two, two--, or three, or three--step methodsstep methods
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•• AvidinAvidin--biotin systemsbiotin systems
–– High sensitivityHigh sensitivity
–– EAB background likelyEAB background likely

•• NonavidinNonavidin--biotin system (2biotin system (2ndnd generation)generation)
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–– Similar or more sensitive than avidinSimilar or more sensitive than avidin--biotin methodsbiotin methods
–– Faster than avidinFaster than avidin--biotin methodsbiotin methods
–– Lower backgroundLower background



PAP complex

Bridge antibody

First Antibody
Antigens   

Peroxidase-anti-Peroxidase PeroxidasePeroxidase--antianti--Peroxidase Peroxidase 



Labeled Streptavidin-Biotin MethodLabeled Streptavidin-Biotin Method

Streptavidin Peroxidase

Biotinylated - Ab

First Antibody

Antigens



Dextran
Ig-PO 
Complex

1st Ab

Antigen

Chain Polymer-Conjugated TechnologyChain PolymerChain Polymer--Conjugated TechnologyConjugated Technology



Tyramine-Biotin AmplificationTyramine-Biotin Amplification

BA

Sensitivity = 20-200X LSAB

Tyramine-
biotin

Avidin-
peroxidase

H2O2

H2O2

H2O2

H2O2

New CSA II system 
(Fluorescyl-Tyramine) 

= Less sensitive & 
less background



ChromogenesChromogenesChromogenes

RedRedOrganicOrganicBlueBlueK K ferrocyanideferrocyanideββ--dd--GalactosGalactos..

RedRedOrganicOrganicDark blueDark bluePhenazinePhenazine MSMSGlucose Glucose oxidoxid..

GreenGreenWaterWaterBlueBlue--brownbrownTNBTTNBTIndoxylIndoxyl (BCIP)(BCIP)

Blue, greenBlue, greenWaterWaterRedRedFast Red TRFast Red TR

Red, greenRed, greenWaterWaterBlueBlueFast Blue BBFast Blue BBNaphtholNaphthol ASAS--MXMX

Alkaline P.Alkaline P.

Green, redGreen, redWaterWaterGrayGray--blueblue44--ChloroChloro--11--
naphtholnaphthol

Blue, greenBlue, greenWaterWaterRedRedAECAEC

Green, blueGreen, blueOrganic Organic BrownBrownDABDABPeroxidasePeroxidase
HH22OO22

CounterstainCounterstainMountantMountantColorColorChromogenChromogenEnzyme/SubstrateEnzyme/Substrate



Mouse-to-Mouse IHCMouseMouse--toto--Mouse IHCMouse IHC

• Background due 
to endogenous 
mouse Igs

• Multiple 
commercial kits 
(avidin or 
non-avidin)

• Needs some 
fine tuning

•• Background due Background due 
to endogenous to endogenous 
mouse mouse IgsIgs

•• Multiple Multiple 
commercial kits commercial kits 
(avidin or (avidin or 
nonnon--avidinavidin))

•• Needs some Needs some 
fine tuningfine tuning

++

++

Primary 
antibody
Primary 
antibody

Biotinylated 
Secondary Ab
Biotinylated 

Secondary Ab
Primary + 

Secondary Ab
Primary + 

Secondary Ab

Primary + 
Secondary Ab

Primary + 
Secondary Ab

Normal mouse 
serum Ig

Normal mouse 
serum Ig

slide

Ready!Ready!



Multiple Staining MethodsMultiple Staining MethodsMultiple Staining Methods

Bios Scientific Publisher, Oxford, 1999



• More stringent controls needed
• Dissection of the immune reaction 

(step by step)
• Detection of 2 Ags in same cell compartment →

unreliable
• Difficult when Ag retrieval differs for each antigen
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Multiple Immunostaining 
Troubleshooting
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TroubleshootingTroubleshooting



Double ImmunostainingDouble ImmunostainingDouble Immunostaining

Two mouse monoclonal antibodies of the same Ig class/isotype
The Indirect/Direct Method

Two mouse monoclonal antibodies of the same Ig class/isotypeTwo mouse monoclonal antibodies of the same Ig class/isotype

The Indirect/Direct MethodThe Indirect/Direct Method

Normal 
Mouse 
Serum

Normal 
Mouse 
Serum

FITC

Biotin

Anti-FITC

Alkaline 
phosphatase



Double StainingDouble StainingDouble Staining

Avian Poxvirus and ILTAvian Poxvirus and ILTAvian Poxvirus and ILT



Double StainingDouble StainingDouble Staining

CD31 and ED2CD31 and ED2CD31 and ED2


