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Overview and Objectives

 Describe the mechanisms of Immunohistochemistry 

(IHC) and other similar methods of tissue staining 

used in Anatomic Pathology

 Outline the procedure for validating IHC antibodies 

for diagnostic and clinical use

 Discuss the significance of the role of antibodies in 

the diagnosis and treatment of cancer and other 

types of neoplastic and autoimmune diseases

 Provide background information about the newest 

advances in digital imaging relating to IHC and 

other types of fluorescent staining procedures
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Immunohistochemistry = IHC

 The process of staining tissues using antibodies which 

are specific to antigens present within tissue sections

 The reagent antibodies bind to the tissue antigens and 

various detection methods are then utilized for 

microscopic visualization of the bound antibodies

 The antigen-antibody binding mechanism is very strong 

and much more specific than using dyes or pigments to 

stain tissue sections

 This specificity allows for classification of neoplastic 

cell collections, metastatic solid tumors, hematopoeitic

cell lineages, and extracellular structures such as 

cytokeratins, secreted proteins and microbial pathogens



Typical IHC - Brown = Positive 

Stain Signal www.oraclebio.com



IHC ≠ Special Stains

 Special Stains are also called cytochemical stains

 Special Stains use combinations of dyes, pigments, 

acids, bases, and metallic chemicals to stain cells and 

other tissue structures, no antibodies are used

 Special Stains are not as specific as IHC staining, so they 

have more limited clinical utility and are usually used as 

confirmatory tools rather than classification methods

 Special Stains are inexpensive compared to the cost of 

IHC antibodies and detection reagents, and are easier to 

perform on a routine basis, however the clinical and 

diagnostic utility of special stains can vary widely



Ringed Sideroblasts Stained With 

Prussian Blue 
www.askhematologist.com/category/miscellaneous-red-cell-abnormalities

 There is no antibody 

specific to iron

 Iron is a metallic element 

with several different 

oxidation states possible

 Prussian blue stain is useful 

for visualizing and 

enumerating sideroblasts to 

aid in the diagnosis and 

classification of MDS -

Myelodysplastic Syndromes, 

formerly refractory anemia 

and sideroblastic anemia



Mucin-producing Adenocarcinoma 

Stained With Mucicarmine
https://commons.wikimedia.org/wiki/(4419654915).jpg

 Mucin is secreted by normal 

goblet cells in the colon, as 

well as by certain types of 

adenocarcinoma cells in 

the colon, pancreas, lung, 

breast, ovary, and other 

tissues

 Mucicarmine is used for 

classification of mucin-

secreting tumors, but not 

for determination of 

neoplastic origin due to the 

lack of specificity



Congo Red Stain in Lung Amyloidosis
http://pathlabmed.typepad.com/surgical_pathology_and_la/2010/

05/digital-case-challenge-pleuropulmonary-amyloidosis.html

 Used for the identification 

and localization of amyloid 

deposits, positive cases 

display apple-green 

birefringence under 

polarized light, 8μm 

sections are required

 After amyloidosis is 

confirmed, antibodies 

specific to Amyloid A, 

Amyloid P, β-Amyloid, or 

Transthyretin are used for 

classification, 4μm sections 

are used for IHC staining



Periodic Acid Schiff Stain Positive 

For Glycogen in Normal Liver 
library.med.utah.edu/WebPath/HISTHTML/NORMAL/NORM107.html



Periodic Acid Schiff Stain Positive 

For Neutral Mucins in Colon
Dr. Phil Bryant https://tissuesampling.weebly.com/

uploads/1/4/5/9/14590486/01-carbohydrates-and-mucins.pdf



Periodic Acid Schiff Stain Positive 

For Tissue Basement Membranes 
www.kidneypathology.com/English_version/Glomeruli_histology.html



Periodic Acid Schiff Stain Positive 

For Fungal Cell Walls (Candida) 
Meira, E., et al. J Oral Maxillary Path. 2017 v.21 Is.3 p.351-355



Periodic Acid Schiff Stain Normal 

Bone Marrow and ALL Cells
www.hemato-images.eu and www.haematology.org



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation

6. Polymer with Enzyme Conjugate Incubation

7. Chromogen with Substrate Incubation

8. Counterstain, Dehydration, Coverslipping



Immunology Review

 Antibodies (Immunoglobulins) are produced in response 

to antigenic (immunogenic) stimulation and are capable 

of specific interaction with the provoking immunogen

 The structural unit of an antibody is represented by the 

letter “Y” and are composed of the following domains:

 2 heavy chains - (γ, μ, α, δ, ε)

 2 light chains - (κ, λ)

 A constant region - binding C1q to initiate the 

complement cascade and regulating cytotropic 

reactions with macrophages, monocytes, and B-cells

 A variable region - antigen (epitope) binding site

 A hinge region and covalent disulfide bonds



Serum Protein Electrophoresis 

Source: www.labpedia.net



Types of Immunoglobulins

 IgG – γ heavy chains – 75% of total – 4 subclasses 

identified - can be passively acquired in newborns by 

crossing the placenta and during ingestion of colostrum

 IgM – μ heavy chains – 10% of total – exists as a pentamer

with a J (joining) chain – often first to appear after 

primary antigenic stimulus – can not cross the placenta

 IgA – α heavy chains – up to 15% of total – exists in a 

circulating (serum) form and a secretory (dimer) form

 IgD – δ heavy chains – <0.5% of total – exists on the cell 

membranes of immature B-cells in association with IgM

 IgE – ε heavy chains – <0.1% of total – binds to allergens 

and triggers histamine release from Mast Cells



Subclasses of IgG

 IgG1 – 65% of total IgG – produced in antibody responses 

to soluble protein antigens and membrane proteins 

 IgG2 – 25% of total IgG – produced in antibody responses 

to bacterial capsular polysaccharide antigens 

 IgG3 – 6% of total IgG – acts as a pro-inflammatory 

antibody and an inducer of effector functions

 IgG4 – 4% of total IgG – there are many IgG4-related 

diseases involving many organ systems characterized by 

tissue infiltration of IgG4-secreting plasma cells

 Source: Vidarsson, G. et al. Frontiers in Immunology. 

2014; 5: 520  

www.ncbi.nlm.nih.gov/pmc/articles/PMC4202688/



Immunoglobulin Structure
Source: www.usbio.net/antibodies



IgG1 – Gray Heavy Chains, Red Light Chains
https://www.visual-science.com/projects/antibody-

immunoglobulin-G/illustration/



IHC Schematic Representation

From: www.genecopoeia.com



DAKO Autostainer Universal Slide 

IHC Stainer



Leica BOND-MAX IHC/ISH 

Autostainer



Ventana Discovery Ultra IHC/ISH 

Autostainer for Research Use



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation

6. Polymer with Enzyme Conjugate Incubation

7. Chromogen with Substrate Incubation

8. Counterstain, Dehydration, Coverslipping



1. Peroxidase Blocking
• Done to prevent any endogenous 

peroxidase from causing non-

specific background staining

• RBCs and neutrophils have strong 

levels of endogenous peroxidase 

which will give slides a “dirty” 

appearance if not neutralized 

• Sometimes referred to as 

“quenching” the RBC peroxidase 

• 3% H2O2 is added to the slides at 

any point before incubation of the 

polymer with enzyme conjugate

• Most convenient when used as the 

last step in the automated depar

line (before final water rinse and 

subsequent pretreatment)



Negative Control Kidney Section 

No H2O2 Block - rndsystems.com



Negative Control Kidney Section 

With H2O2 Block - rndsystems.com



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation

6. Polymer with Enzyme Conjugate Incubation

7. Chromogen with Substrate Incubation

8. Counterstain, Dehydration, Coverslipping



2. Pretreatment

 Also referred to as Epitope or Antigen Retrieval

 Formalin fixation creates covalent cross-linked 

bonds in the proteins of the tissue; pretreatment 

restores the natural structure of the proteins and 

“unmasks” the epitopes from the tissue that have 

been “hidden” by the process of formalin fixation

 Causes a stronger positive signal with enhanced 

specificity using weaker 1° antibody dilutions

 2 commonly used methods:

 Heat-Induced Epitope Retrieval (HIER)

 Enzyme-Induced Epitope Retrieval (EIER)



2. Pretreatment
 HIER buffers commonly used:

 pH6 - Sodium Citrate

 pH8 – Ethylene Diamine Tetraacetic Acid (EDTA)

 pH9 – Tris + EDTA

 pH10 – Tris alone [Tris(hydroxymethyl)aminomethane]

 Rehydrated slides are incubated in one or more heated 

buffer solutions for a specific length of time

 Buffers are usually heated at or close to boiling 

temperature, sometimes using added pressure

 Vegetable steamers, microwave pressure cookers, or 

specific proprietary equipment can be used

 Cooldown is necessary before 1° antibody addition 



Black and Decker Vegetable Steamer



Nordic Ware Pressure Cooker



Thermo Scientific Lab Vision 

Pretreatment Module



Biocare Decloaking Chamber



2. Pretreatment

 EIER enzymes commonly used:

 Trypsin – pancreatic enzyme that hydrolyzes proteins

 Pepsin – stomach enzyme that digests proteins

 Pronase – Streptomyces secretion that digests proteins

 Protease – mixture of enzymes that hydrolyzes proteins

 Enzymes must be gently heated to 37°C for an 

optimal biological reaction rate of catalysis

 A combination of HIER and EIER can be used to 

optimize signal strength of some antibodies; 

complete cooling and rinsing of the slides must be 

performed to prevent denaturing of the enzymes due 

to improper temperature or pH



Estrogen Receptor (ER) Stain 

Using Different Pretreatments



Same Source As Previous Image



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation

6. Polymer with Enzyme Conjugate Incubation

7. Chromogen with Substrate Incubation

8. Counterstain, Dehydration, Coverslipping



3. Protein Blocking
 Pretreated, cooled, and rinsed slides are loaded onto a 

programmed autostainer and the run is started

 After initial buffer rinses, the first reagent added to 

each slide is the protein blocker which blocks all 

epitopes on the tissue to prevent non-specific binding of 

the 1° antibody

 Blockers commonly used:

 Bovine Serum Albumin (BSA)

 Milk Casein

 Normal Serum

 If normal serum is used, it must be from the same 

species as the 2° antibody to prevent the 1° antibody 

from binding to the blocker instead of the tissue



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation

6. Polymer with Enzyme Conjugate Incubation

7. Chromogen with Substrate Incubation

8. Counterstain, Dehydration, Coverslipping



4. Primary Antibody Incubation
 In lieu of blocking step 3 above, 1° antibodies can be 

diluted in a diluent containing a blocking agent

 A dilution and diluent for each 1° antibody is 

determined by its individual validation protocol

 The 1° antibody dilution is dropped onto each slide and 

incubated for a specific time period

 If the 1° antibody has a fluorescent conjugate, then the 

entire procedure must take place in the absence of light

 The 1° antibody is usually the most expensive 

component of each IHC stain run, care must be taken to 

ensure correct dilution pipetting to avoid unnecessary 

waste and re-runs



4. Primary Antibody Dilution 

Equation Examples



4. Primary Antibody Dilution 

Equation Examples



4. Primary Antibody Dilution 

Equation Examples



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation

6. Polymer with Enzyme Conjugate Incubation

7. Chromogen with Substrate Incubation

8. Counterstain, Dehydration, Coverslipping



5. Secondary Antibody Incubation

 The 2° antibody binds to the 1° antibody and therefore 

must be a different species from the 1° antibody

 For example: if the 1° antibody is a mouse clone, then 

the 2° antibody is usually a rabbit anti-mouse clone

 In some kits (Thermo Fisher UltraVision Quanto System), 

the 2° antibody acts as a “bridging” antibody between 

the 1° antibody and the polymer detection system

 In 1-step kits (Dako EnVision System), the 2° antibody is 

a peroxidase-conjugated polymer, which is simpler and 

quicker than multiple reagent kits, but can give lower 

signal intensity and “dirty” non-specific binding



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation

5. Secondary Antibody Incubation
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8. Counterstain, Dehydration, Coverslipping



6. Polymer with Enzyme 

Conjugate Incubation
 In multi-step kits, the polymer usually contains a 

dextran backbone conjugated to a synthetic polymer 

which binds to the 2° antibody as well as to itself

 The synthetic polymer has an enzyme bound to it, 

either horseradish peroxidase (HRP) or alkaline 

phosphatase (AP), depending on the type of kit used

 The polymer molecules bind together (polymerization) 

causing multiple enzyme attachments to be bound to a 

single antibody, resulting in stronger stain intensity due 

to an amplification of the positive staining patterns

 Non-polymer detection kits tend to give weaker positive 

staining and need a more concentrated 1° antibody titer



Conventional IHC Procedure

1. Peroxidase Blocking

2. Pretreatment

3. Protein Blocking

4. Primary Antibody Incubation
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7. Chromogen with Substrate 

Preparation and Incubation
 A substrate that is able to be catalyzed by the enzyme 

(HRP or AP) is added to the bound polymer

 The enzyme attached to the polymer catalyzes a 

chemical reaction which converts the substrate into a 

colored end-product (chromogen)

 HRP turns diamino benzidine (DAB) brown and amino 

ethylcarbazole (AEC) red (Immunoperoxidase staining)

 AP is used to create chromogens of many various colors

 DAB kits are most commonly used, AEC kits are usually 

used with melanoma markers for definitive red staining 

on tissues that contain endogenous brown pigment



Anti-Insulin With DAB Chromogen

(Brown) Pancreas With Insulinoma
Tomita, T. Islets. 2011 Nov 1;3(6):344-351



Anti-Cytokeratin 15 With DAB in 

Skin-Right; Negative Control-Left
https://www.thermofisher.com/antibody/product/Cytokeratin-

15-Antibody-clone-LHK15-Monoclonal/MA5-11344



Anti-Surfactant D in Normal Lung
http://www.sinobiological.com/SFTPD-SP-D-SFTP4-Antibody-g-

17186.html#img-1



Anti-Toxoplasma gondii in Liver
https://parasitesandvectors.biomedcentral.com/articles/10.118

6/1756-3305-6-135



Anti-Helocobacter pylori in a 

Stomach Crypt in MALT Lymphoma 
https://www.novusbio.com/common-name/helicobacter-pylori 



B-cells In Normal Tonsil Stained 

With CD20 www.enquirebio.com



T-cells in Normal Tonsil Stained 

With CD3 www.dbiosys.com



Macrophages in Normal Tonsil 

Stained With CD68 www.mybiosource.com



MART-1 With Red AEC Chromogen

in Skin With Melanoma www.biosb.com



From www.ihcworld.com



StayBlack HRP Chromogen in 

Tonsil – HMW Cytokeratin abcam.com



StayYellow HRP Chromogen in 

Tonsil – HMW Cytokeratin abcam.com



StayRed AP Chromogen in Tonsil 

HMW Cytokeratin abcam.com



StayGreen AP Chromogen in Tonsil 

HMW Cytokeratin abcam.com



StayBlue AP Chromogen in Tonsil 

CD20 abcam.com
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8. Counterstain, Dehydration, 

Coverslipping

 A weak hematoxylin counterstain is usually used to give 

the background nuclei a light blue contrast on the 

negative staining tissue elements, but nuclear-fast red 

or light green SF can also be used if the colors are easily 

distinguished from the chromogen being used

 Slides stained with DAB (brown) can be dehydrated and 

coverslipped on an automated H+E stain line

 Slides stained with AEC (red) must be hand coverslipped

with aqueous mounting media because the red 

chromogen will dissolve in alcohol solutions; 

additionally, the hematoxylin or other counterstain 

being used must also contain no alcohol



IHC Schematic Representation

From: www.genecopoeia.com



IHC Schematic Representation

From: www.novusbio.com
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Avidin-Biotin IHC Detection

 Instead of a polymer-conjugated enzyme, the HRP or AP 

enzyme is conjugated to a single streptavidin molecule 

isolated from Streptomyces avidinii

 For the protein blocking step, endogenous avidin is 

blocked using eggs and endogenous biotin is blocked 

using whole milk to prevent non-specific staining

 The 1° antibody is added to the tissue, then a species-

specific biotinylated 2° antibody is bound to the 1°

 The biotin conjugate has a very strong affinity for the 

avidin-enzyme conjugate, but no amplification occurs

 Has been replaced by polymer detection systems due to 

the amplification of positive signal polymers create



ThermoFisher CK18 in Colon CA 

Using Avidin-Biotin Assay



Origene CK18 in Colon CA Using 

Polymer Detection Assay



Avidin-Biotin IHC Schematic

From: www.genecopoeia.com



Double-Labeled IHC Staining

 One tissue slide is stained using two different antibodies

 The two 1° antibodies must be from two different 

species to prevent cross reactivity with the 2°

antibodies and the two different enzyme-conjugated 

polymer reagents which create the two different colors

 The 1° and 2° antibodies can either be used as cocktails 

in one IHC stain procedure with two chromogens, or two 

complete IHC stain procedures can be performed on the 

single slide which takes twice as long, but is sometimes 

necessary due to differing procedural requirements 

 Two different chromogens are most often used to 

differentiate positive signals



Biocare Medical 

L26 (CD20) + 

CD3 Multiplex 

Cocktail 

• Normal Tonsil 

Section

• CD20 B-cell 

membranes stain 

red mainly in the 

germinal center

• CD3 T-cell 

membranes stain 

brown in the inter-

follicular spaces



Triple-Labeled IHC Staining

 One tissue slide is stained using three different 

antibodies, a common example is the PIN-4 cocktail

 PIN-4 is used to stain prostate biopsies to detect 

prostatic adenocarcinoma and high-grade Prostatic 

Intraepithelial Neoplasia (PIN)

 Uses three different antibodies:

 AMACR (p504s) Alpha Methyl Acyl Coenzyme A 

Racemase – stains prostate tumor neoplasia

 34βE12 High-Molecular Weight Cytokeratin – stains 

normal prostate tissue keratin (structural)

 p63 – stains normal prostate basal cell layer



PIN-4 Cocktail
• High-grade prostate 

adenocarcinoma 

section

• AMACR – cytoplasmic 

red prostate 

carcinoma

• 34βE12 – cytoplasmic 

brown normal 

cytokeratin

• p63 – nuclear brown 

basal layer

• 34βE12 and p63 are 

mouse monoclonal, 

AMACR (p504s) is 

rabbit polyclonal

• Image taken from: 

Webpathology.com



Abcam.com

TripleStain IHC 

Kit – Colon CA
• Brown = Rabbit anti-

CEA (Carcinoembryonic

Antigen)

• Red = Mouse anti-

Smooth Muscle Actin

• Green = Mouse anti-

PCNA (Proliferating Cell 

Nuclear Antigen)

• Proprietary Blocking 

Reagents prevent 

species cross-reactivity

• Entire stain procedure 

takes 6 hours to 

complete



Multiplex IHC Staining Using 

Multiple Fluorescent Markers 

 Usually stained as multiple DIF procedures using primary 

antibodies from different species all conjugated with 

different fluorochomes (similar to flow cytometry)

 Aqueous mounting media is used which can contain 

DAPI, a nuclear dye which strongly binds to DNA

 DAPI = di-amidino-phenyl-indole, excitation wavelength 

= 358 nm (UV), emission wavelength = 461 nm (blue)

 UV light filters and imaging software are used to gather 

the fluorochromes on a single tissue section and create 

separate images for visualization of separate antibody 

detections and analysis of the individual positive signals



Colon CA: CK18 = Red Cytoplasmic, 

DAPI = Blue Nuclear www.thermofisher.com



HeLa Cells: c-Myc = Green Nuclear,

α-Tubulin = Red Cytoplasmic,

DAPI = Blue Nuclear www.abcam.com



ER = blue, PR = green, Her2 = red, 

Ki-67 (MIB) = magenta www.cellidx.com



Invasive Ductal Breast CA: 4-plex



ThermoFisher Chart for Fluorochrome

Combination Compatibility



Visible Light Spectrum Tool for 

Selecting Fluorophores



Leica Aperio IF Cellular Analysis



Leica Aperio IF Area Analysis



Leica Aperio IF Pos. Pixel Count



Antibody Validation Procedure

1. Clone Selection

2. Tissue Selection

3. Titer Selection

4. Diluent Selection

5. Pretreatment Selection

6. Detection Kit Selection

7. Procedure Repetition

8. Pathologist Review and Signoff



1. Clone Selection

 Antibodies are generated by injecting a host animal 

(usually a mouse or a rabbit) with a foreign antigen 

which provokes an immune response which yields a 

variety of antibodies against many different epitopes

 Polyclonal antibodies are a combination of 

immunoglobulin molecules against a specific antigen, 

each one binding to a different epitope on that antigen 

giving a non-selective “range” of positivity

 For monoclonal antibodies, single antibody-producing  

B-cells from the host are fused with cultured myeloma 

cells from a different animal creating hybridoma cells, 

which are either grown in culture (supernate) or 

implanted back into the gut of the host animal (ascites)



1. Clone Selection

 Monoclonal antibodies prepared as culture supernates

are more pure than ascites preparations due to 

contamination of the ascites fluid with the naturally-

occurring fluid immunoglobulins which usually causes 

non-specific background antibody binding signals

 Each monoclonal antibody clone binds to only one 

epitope on the surface of the antigen giving a very 

specific positive stain signal

 As such, different antibody clones for a particular 

antigen can give different positive stain patterns and 

intensities, with the performance of certain clones 

being preferred over others for certain clinical utilities



1. Clone Selection

 ER clones: SP1 (Thermo Scientific), EP1 (Sigma 

Aldrich), 1D5 (Dako), 6F11 (Leica, Ventana)

 Her2/neu clones: 4B5 (Ventana), SP3 (Fisher 

Scientific), CB11 (Cell Marque), UMAB36 (OriGene)

 CD20 clones: L26 (Abcam), 2H7 (EMD millipore), 

4B4 (LS Bio), UMAB39 (Origene), FMC7 (Thermo 

Scientific)

 Bcl-2 clones: 124 (Abcam), 100/D5 (Abcam), E17 

(Abcam), 3F11 mouse (BD Biosciences)



Polyclonal Antibodies

Advantages

 Derived from a variety of 

species

 Preparation of conjugates 

does not affect the 

performance of either the 

antibody or the conjugate

 Stronger stain signal than 

monoclonal antibodies due 

to binding with multiple 

epitopes

 More cost-effective than 

monoclonal antibodies

Disadvantages

 Greater possibility for non-

specific binding and false-

positive staining

 Specificity varies from 

batch to batch

 Unreliable for marking cell 

surface antigens and 

classifying cells in 

leukocyte disorders

 Require purification 

techniques such as column 

adsorption



Monoclonal Antibodies

Advantages

 Usually derived from mice 

and rabbits

 High degree of specificity 

for a single epitope with 

minimal non-specific 

binding

 Unlimited supply of 

antibody is possible with 

hybridoma supernate preps

 Useful for detecting low 

levels of tumor antigen

Disadvantages

 Specific single-epitope 

staining can give a weaker 

positive signal than 

polyclonal antibodies with 

a greater possibility for 

false-negatives

 Conjugation can cause a 

loss of activity of the 

antibody, the enzyme label, 

or both

 More expensive than 

polyclonal antibodies



2. Tissue Selection
 For initial validation testing, a minimum of 20 positive 

and 20 negative cases must be tested for an FDA-
approved assay, or 40 positive and 40 negative cases 
must be tested for a laboratory-developed test (LDT)

 For comparison of two different methods or antibody 
clones, >90% concordance between the methods must 
be achieved (regs. ANP.22750, ANP.22976, ANP.22978)

 For predictive markers such as ER, PR, and Her2/neu, 
concordance is not necessary as long as the laboratory 
participates in CAP proficiency testing surveys

 When the laboratory director determines that fewer 
than the minimum number of test cases are required for 
validation, the rationale for that decision must be 
documented [Reference – www.cap.org]



2. Tissue Selection



2. Tissue Selection



2. Tissue Selection



3. Titer Selection

 The optimal antigen : antibody ratio will give the most 

specific positive stain pattern and intensity, the ideal 

being a crisp stain pattern without any background 

“dirtiness” [optimal signal : noise ratio]

 A titer that is too weak will give weak-to-negative 

staining, a titer that is too strong will give non-specific 

background staining or no staining due to prozone effect

 The material data sheet reagent insert will usually give 

a measurement of the antibody protein concentration, 

as well as recommendations for optimal working titers, 

pretreatments, and positive tissue control selection



4. Diluent Selection

 Some antibody manufacturers recommend using only 

their proprietary diluent, others state that the antibody 

must be diluted using only deionized water, phosphate 

buffered saline, bovine serum albumin, etc.

 Commercially available “background reducing” diluents 

that contain various blocking agents can be tested 

individually for results comparison

 Some antibodies are sold as “ready-to-use” pre-diluted 

solutions, they can be used undiluted (“neat”, 1:1) or 

titers such as 1:2, 1:5, or 1:10 can be tested

 Some antibodies are sold as full kits that include 

diluents, pretreatment solutions, and detection kits



5. Pretreatment Selection

 In the initial testing stages, all available pretreatment 

solution buffers and methods should be tested with each 

primary antibody titer

 The reagent insert usually gives a recommended 

pretreatment procedure, but a different pH solution can 

give a more favorable stain pattern than expected

 Different pretreatment solutions and/or methods can 

cause positive staining in unexpected tissue types and 

cellular compartments

 Optimal specificity and sensitivity is always the desired 

outcome  



5. Pretreatment Selection



6. Detection Kit Selection

 A polymer detection kit is the most common and 

versatile kit to use for detection of mouse and rabbit 

primary antibodies

 For primary antibodies from uncommon species (rat, 

goat, pig, horse, guinea pig), the only option may be to 

purchase a biotinylated secondary antibody to be used 

with an avidin-biotin detection kit

 Other proprietary detection kits are widely available 

from manufacturers to aid in the detection of antibodies 

that do not react well with the common methods above



7. Procedure Repetition

 The College of American Pathologists (CAP) requires 

documentation of multiple technologists performing an 

optimized validation procedure on multiple days who all 

achieve comparable results (a minimum of 3 different 

technologists on 3 different days)

 Positive and Negative staining tissue elements must be 

evaluated for appropriate stain patterns, intensity, and 

overall quality

 This is necessary to ensure technologist competency as 

well as to prove that no chance errors were involved in 

creating the optimized procedure



Validation Documentation Form



8. Pathologist Review and Signoff



2013 CAP-ASCO Guidelines for ER, 

PR, and Her2/neu Testing
 Breast biopsies should be either needle core punches, or 

5mm thick slices of a larger gross specimen

 Cold ischemia time must be <1 hour

 Fixation in 10% NBF must be 6-72 hours with strict time 

documentation on the gross report or ordering req.

 Internal control staining on normal breast ducts is used 

to determine specimen fixation and/or IHC stain quality

 Pathologists score ER and PR as percentages of tumor 

cells displaying positive nuclear staining, reported as 

decile % along with comments describing the stain 

intensity: weak, moderate, strong



2013 CAP-ASCO Guidelines for ER, 

PR, and Her2/neu Testing

 Her2/neu staining is graded based on membranous stain 
intensity: 0 (neg), 1+ (weak), 2+ (equivocal), 3+ (strong)

 Her2/neu is scored as: (Tumor cell intensity) – (Normal 
tissue intensity) = Final score

 Her2/neu FISH testing is performed on all 2+ equiv cases

 The control tissues for every stain run should contain a 
strong 3+ tumor and a weak 1+ carcinoma or normal 
breast tissue along with cultured cell lines chosen by a 
pathologist for assay monitoring of stain intensity

 Treatments: ER/PR+ Tamoxifen (hormone blocker), 
Her2+ Herceptin (trastuzumab) monoclonal antibody; 
chemotherapy is given for triple negative breast CA’s



ER with Variable Stain Intensity 

on Normal Breast Ducts biomol.com



ER with Strong Stain Intensity on 

Breast Carcinoma Cells abcam.com



PR with Strong Stain Intensity but High 

Background Staining Breast CA ptglab.com



Her2 Heterogeneous Positivity on 

a Single Breast CA www.researchgate.net



ISH = In Situ Hybridization
 Used for visualization of a specific DNA or RNA sequence 

to detect normal control genes along with the presence 

of, or abnormal numbers of copies of mutant genes

 Instead of antibodies, probes which consist of 

complementary DNA or RNA sequences to the target 

gene sequence are bound (hybridized) to the nuclei

 For Fluorescence In Situ Hybridization (FISH), the 

probes are tagged with red and green fluorescent dyes

 For Chromogenic In Situ Hybridization (CISH), the 

probes have enzymes embedded within them

 The numbers of abnormal gene signals and normal 

control signals is counted and a ratio is calculated



ISH Procedure
 For optimal hybridization, frozen sections of unfixed 

tissue require permeabilization of the cell membrane 

lipids using detergents such as Triton X-100, FFPE tissues 

do not require this step since the membrane lipids have 

been dissolved by xylene during routine processing

 All tissues require pretreatment before hybridization

 Probe hybridization typically takes place at 37°C with 

overnight incubation in the dark (especially for FISH)

 For CISH, enzymes are incorporated into the probe with 

chromogens used for visualization with light microscopy

 For FISH, the slides are rinsed after incubation and read 

using fluorescent microscopy with imaging software



FISH Method Schematic 

www.abnova.com



Her2 FISH Testing and Scoring

 Per 2013 CAP-ASCO guidelines, all breast cancer tissues 

with a Her2 IHC score of 2+ equivocal must have FISH 

performed for confirmation of the presence or absence 

of genetic overexpression (Her2 amplification)

 Tumors are stained with 2 probes: Green = chromosome 

17 centromere (CEP17) + Red = Her2 gene sequence

 The number of red target Her2 signals and green 

positive control CEP17 signals is counted and the   

Her2/CEP17 (red/green) ratio is calculated

 A Her2/CEP17 ratio of ≥2.0 OR an average of ≥6.0 red 

Her2 signals per cell indicates an amplified result, or 

positive for over-expression of the Her2 gene



Chromosome 17 

Schematic

• The probe detecting 

the Her2 genetic 

sequence is tagged 

red

• The probe detecting 

the Chromosome 17 

Centromere is 

tagged green

• This and next image 

www.genemed.com



Her2 CEP17 FISH Cocktail + DAPI



Normal Her2 CEP 17 Expression in 

Breast Tissue www.leicabiosystems.com



Amplified Her2 CEP 17 Expression 

in Breast Tissue www.jpathinformatics.org



Advanced Cell Diagnostics FISH 

Detection Imaging Software



Her2 Chromosome 17 Double CISH 

Method Schematic www.researchgate.net



Her2 Dual ISH DNA Probe Cocktail 
Black = Her2, Red = Chromosome 17 www.roche.com



Digital Pathology – The Future
 Digital Pathology incorporates the acquisition, 

management, sharing and interpretation of pathology 

information – including slides and data – in a digital 

environment.  Digital slides are created when glass 

slides are captured with a scanning device, to provide 

a high-resolution digital image that can be viewed on 

a computer screen or mobile device. 

(www.leicabiosystems.com)

 Healthcare applications include primary diagnosis, 

diagnostic consultation, intraoperative diagnosis, 

medical student and resident training, manual and 

semi-quantitative review of IHC, clinical research, 

diagnostic decision support, peer review, and tumor 

boards. (https://digitalpathologyassociation.org)



Leica Aperio ScanScope AT Turbo 

Digital Slide Scanner



Leica Aperio LV1 IVD

Manually Loading Barcoded Slides



Inspirata Omnyx Dynamyx v2.0.7 

Web-Based Imaging Software
https://globenewswire.com/news-release/2018/09/10/1568292



Digital Pathology Consultation
https://hitconsultant.net/2017/04/13



Quoted From Page 4 of Cross, S., et al. Best Practice 

Recommendations for Implementing Digital Pathology. The 

Royal College of Pathologists, Jan. 2018 www.rcpath.org

 2.1 – Need for Digital Pathology

 Digital Pathology offers a number of potential 

benefits as it enables electronic transfer of slides 

from the laboratory to the pathologist.

 This enables improved workflow in the laboratory, 

allows work to be shared across sites, and allows 

extension and reorganisation of subspecialist 

reporting.

 Digital Pathology also makes it easier to share cases 

between multiple pathologists.

 The ease with which second opinions can be sought 

may help to improve the overall quality of services.

 These factors are potential solutions for local 

shortages of pathologists.



Taken From Helliwell, T. Diagnostic Digital 

Pathology Strategy. The Royal College of 

Pathologists, Aug. 2017 www.rcpath.org

Advantages

 Once digitised, images can 

be viewed anywhere

 Allows workload to be 

distributed evenly across a 

network of laboratories

 Consensus and expert 

opinions are more easily 

accessed; geographically 

distributed 

subspecialisation becomes 

easier

Limitations

 Additional step in the 

laboratory process 

(additional cost and time)

 Additional interfaces with 

laboratory information 

systems

 Image storage and retrieval 

cost and capacity

 Training of pathologists to 

safely use digital 

microscopy



Taken From Helliwell, T. Diagnostic Digital 

Pathology Strategy. The Royal College of 

Pathologists, Aug. 2017 www.rcpath.org

Advantages

 Facilitates flexible working 

from home (releasing space 

in laboratories)

 Facilitates the provision of 

a clear audit trail for work 

performed in pathology

 In principle, images are 

never lost and can be 

retrieved rapidly for 

multidisciplinary team 

meetings and review

Limitations

 Governance and legal issues 

around remote reporting

 Human factors and the 

potential impact on the 

working team

 Limitations of the current 

technology for some 

diagnostic applications: 

cytology, microorganisms, 

polarising microscopy, 

subtle nuclear changes in 

some types of dysplasia



The Future of Digital Pathology in 

Canada
 It is practical?
 Does Canada have the infrastructure to provide for 

the creation of new Digital Pathology departments 

in key locations that can be accessed nationally by 

providers throughout the many different 

Healthcare and Academic Systems?

 Is it economically sustainable?
 Does the initial cost of implementing a Digital 

Pathology network justify the savings in travel 

time, shipping costs, and time to diagnosis?

What are your opinions?
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Any Questions?

Terence.Litavec@gmail.com

Or contact me through the BCSLS 
Board of Directors Page 

www.bcsls.net

Thank You!


