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Immunohistochemistry ςA simple technique ? 

Technical aspects of immunohistochemistry & pitfalls - Analytical phase

External Quality Assurance programs

Staining quality varies significantly between different laboratories 
depending on the individual selection of methods



The analytic phase :

Begins with dewax of the cut slides 
and is completed with the 
coverslippingof the stained slides.

Unlike the pre-analytic factors, 
analytic parameters can easily be 
modified and controlled within the 
immunohistologicallaboratory.

Technical aspects of immunohistochemistry & pitfalls - Analytical phase

The total test paradigm:
Key elements in the IHC  procedure



ÁtǳǊǇƻǎŜ  ŀƴŘκƻǊ άŦƛǘ-for-ǇǳǊǇƻǎŜέ  όŀǎǎŀȅ ǾŀƭƛŘŀǘŜŘ ŦƻǊ ƛƴǘŜƴŘŜŘ ǳǎŜύ

ÁIƻǿ ǘƻ ŜǎǘŀōƭƛǎƘ  άōŜǎǘ ǇǊŀŎǘƛŎŜ ǇǊƻǘƻŎƻƭέ ƻŦ ǘƘŜ LI/ ǘŜǎǘ  ό/ŀƭƛōǊŀǘƛƻƴ ƻŦ ǘƘŜ LI/ ŀǎǎŀȅ  ǿƛǘƘ ŦƻŎǳǎ ŎƭƻƴŜΣ 
antigen retrieval, titer & detection system)

- Is the  IHC test reproducible/robust (pre-analytic conditions)

- Evaluation of the analytical sensitivity and specificity

Á Identification of most robust controls providing information that the established level of detection is 
obtained in each test performed in daily practice. 

Optimization of the IHC assay ςissues to  be addressed

Technical aspects of IHC and pitfalls ςAnalytical phase

Tissue materials are essential for all these processes (calibration, validation  and controls) 



Immunohistochemistry: Calibration  of a biomarker/antibody depend on the type of  marker and purpose 
of the test

IHC-type 1 markers (Diagnostic) 

Often calibrated to produced appropriate level of sensitivity and specificity (positive versus negative)

IHC-type 2 markers (Disease screening, predictive treatment & prognosis)

Predictive markers: The assays are calibrated to provide information of which patients will or will not benefit from a 
specific treatment (HER-2, PD-[м ΧΧΦύ
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Melan A (MLA)/MART-1

Malignant melanoma

Steroid producing tumors 
(e.g., Granulosa cell tumor 
of the ovary)

Optimal results (NQC)

mAbA103
mAbBS52
mAbM2-7C10
rmAb EP43
ΧΧ

Optimal results (NQC)

mAbA103

IHC-Type 1 marker
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Purpose and Intended use 

mAbclone A103, cross-react with an unknown protein in steroid hormone producing cells and tumours. 



Melan A clone A103 (Run 56)

Melanoma/melanocyte assessment:  62% Sufficient/ 20% Optimal

Optimal results: Efficient HIER (alkaline buffer), high conc. of the primary Ab 
(app. 1:10-50) and a sensitive detection system (3-step)

Melanoma/melanocyte + steroid hormone assessment):  Suff. 29%

Sufficient steroid hormone related A103 (cross)reaction can be very difficult to 
obtain on e.g., the Ventana BenchMarkand DakoOmnis platforms.

Purpose and Intended use 

Melan A (MLA) / MART-1: 

263 participants ~ 92% used clone A103 as single reagent (no cocktails)



Melan A/MART-1   (Run 60)

MLA, A103 (melanoma/melanocyte assessment): 87%  Sufficient / 18% Optimal.

Optimal results: Efficient HIER (alkaline buffer), high conc. of the primary Ab 
(app. 1:10-50) and a sensitive detection system (3-step).

Performance of MLA clone A103 is sensitive to the chosen platform e.g., Omnis 
or Benchmark.

Purpose and Intended use 

Melan A (MLA) / MART-1: 
273 participants ~ 88% used clone A103 as single reagent (no cocktails)

Is MLA , A103 the best primary Ab for detection of melanomas ?



Melanoma (Sentinel node)

MLA, A103 1:25 
AutoStainer

MLA, A103 1:25 
Omnis

MART1, EP43 1:30 
Omnis

Melan A /MART1

Melanoma (Lymph node)

Adrenal gland
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TRS High pH/Flex+ protocols



PRAME clone EPR20330 (BiocareMedical)

Purpose ?

Fit-for-purpose (validated for intended use)



tw!a9Υ tǳǊǇƻǎŜ ŀƴŘ άŦƛǘ-for-ǇǳǊǇƻǎŜέ

Best practice protocol
J Cutan Pathol. 2021 Jul;48(7):856-862

Purpose: Discriminate malignant from benign melanocytic lesions



PRAME: Ready 
for accreditation 



ÁtǳǊǇƻǎŜ  ŀƴŘκƻǊ άŦƛǘ-for-ǇǳǊǇƻǎŜέ  ό ŀǎǎŀȅ ǾŀƭƛŘŀǘŜŘ ŦƻǊ ƛƴǘŜƴŘŜŘ ǳǎŜύ

ÁIƻǿ ǘƻ ŜǎǘŀōƭƛǎƘ  άōŜǎǘ ǇǊŀŎǘƛŎŜ ǇǊƻǘƻŎƻƭέ ƻŦ ǘƘŜ LI/ ǘŜǎǘ  ό/ŀƭƛōǊŀǘƛƻƴ ƻŦ ǘƘŜ LI/ ŀǎǎŀȅ  ǿƛǘƘ ŦƻŎǳǎ ŎƭƻƴŜΣ 
antigen retrieval, titer & detection system)

- Is the  IHC test reproducible/robust (pre-analytic conditions)

- Evaluation of the analytical sensitivity and specificity

Á Identification of most robust controls providing information that the established level of detection is 
obtained in each test performed in daily practice. 

Optimization of the IHC assay ςissues to  be addressed

Technical aspects of IHC and pitfalls ςAnalytical phase

Tissue materials are essential for all these processes (calibration, validation  and controls) 



Calcitonin optimization (data sheets ?)

Can we use the recommendations provided by the manufactures spec sheets?

Roche/ Ventana/ Cell Marque

Optimizing an assay can be confusing

(Vendor recommendations)



Calcitonin, SP17 (1:800), Omnis, Flex+

Calcitonin: Vendor recommendations  - spec sheets ?

Thyroid medullary carcinoma

Spring B recommendation :
No pretreatment

Ventanarecommendation:
HIER in alkaline buffer

Technical aspects of immunohistochemistry & pitfalls - Analytical phase



TRS Low (Dako) 
MWO 20`

R-Universal buffer 
(Aptum)
MWO 20` 

CD30, ConD6/D5  (1:50) EP-CAM, MOC-31 (1:50)

Hodgkin Lymphoma Uterus / Endometrium

Be critical ςDo your own tests



¦ǎŜ ŀ ά¢Ŝǎǘ .ŀǘǘŜǊȅ !ǇǇǊƻŀŎƘέ ό¢.!ύ όƛƴǾƻƭǾŜǎ ŘƛŦŦŜǊŜƴǘ ǇǊŜ-treatment regimes and dilution ranges)

Test more than one antibody clone against an antigen of interest before implementation  for routine 
purpose

Test with robust, specific & sensitive detection system

Test/validate  on normal and tumor tissue material with broad spectrum of antigen densities 
(specificity/sensitivity)

Compare results with external quality assurance programs, literature or colleagues 

No antibody should be acquired without the basic knowledge of its performance characteristics and expected expression pattern

HadiYazijiand Todd Barry ςAdvAnatPatholǒVol. 13, Number 5, September 2006

Optimizing IHC test (IHC-type 1 markers /conc. formats) - parameters to consider
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Antibody Performance Testing (ñTest Battery approachò) 

 Dil. 1   Dil.2   Dil.3

A None   None   None
B Enzyme (1) 5 min.  Enzyme (1) 5 min.  Enzyme (1) 5 min. 
C HIER  TRS Low pH 6.1  (30`)  HIER  TRS Low pH 6.1  (30`)  HIER  TRS Low pH 6.1  (30`)
D HIER  TRS High pH 9.0  (24`)  HIER  TRS High pH 9.0 (24`)  HIER  TRS High pH 9.0 (24`)

 
E TRS Low  (20`) + Pep (12`) Ṭ  TRS Low  (20`) + Pep (12`)  TRS Low  (20`) + Pep (12`) 
F HIER  TRS High pH 9.0  (30`)  HIER  TRS High pH 9.0  (30`)  HIER  TRS High pH 9.0  (30`) 

 

Identify the protocol that discriminate between the desired (specific) positive staining and any unwanted (non-specific) background staining

¢ƘŜ άǘŜǎǘ ōŀǘǘŜǊȅ ŀǇǇǊƻŀŎƘέ ǎƘƻǳƭŘ ōŜ ǘŀƛƭƻǊŜŘ ǘƻ ǘƘŜ  ƛƴŘƛǾƛŘǳŀƭ LI/ ƛƴǎǘǊǳƳŜƴǘǎ ƻǊ Ƴŀƴǳŀƭ ǎŜǘ-ups

Protocol A:       0.0 %

Protocol B:       2.0 %

Protocol C:     10.0 %

Protocol D:     84.0 %

Protocol E:       1.0 %

Protocol F:       3.0 %

ṮCombined pre-treatment using  Cytology Pepsin solution (Zytovision, #ES-0002-50)

Technical aspects of immunohistochemistry & pitfalls - Analytical phase

Omnis

Routine purpose : App 220 markers

Omnis + Autostainerplatforms 



Protocol set-up:  Evaluate  analytic sensitivity  and specificity

Identification of the best practice protocol: Test Battery Approach (clone, titer, retrieval etc.)

SOX10, BS7 (dil. range 1:50-800): HIER High pH 24`/ 1:350 (after re-test) / EnvFlex+

Normal tissue including fixation and decalcification controls
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Establishing robustness of the IHC assay / pre-analytic parameter̀s ?

 SOX10, BS7;  Robust to  both  fixation time in NBF and decalcification

Identification of robust controls 

SOX10, BS7; IHC Critical Assay performance Controls (high, low and non exp.)
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SOX10 Diagnostic potential 
Analytical validation

Other SOX10+ tumours: Schwannoma´ǎΣ ƴŜǳǊƻŦƛōǊƻƳŀȫǎΣ ƳȅƻŜǇƛǘƘŜƭƛŀƭ ŎŀǊŎƛƴƻƳŀǎΣ ǘǊƛǇƭŜ ƴŜƎŀǘƛǾŜ ōǊŜŀǎǘ ŎŀƴŎŜǊΧΧΧΧΧΧΧΧΦΦΚ



Courtesy by Søren Nielsen, Aalborg, DK (slide modified)



Analytical Validation - Evaluation of sensitivity and specificity

How many tissue samples are needed 
for the analytical validation process ?

Goldstein NS et al : Appl Immunohistochem Mol Morphol 2007 Mar; 15 : 124-133

25 tissue samples (Non-predictive markers/ IHC-type I:  10 high, 10 low and 5  non-expressors)

Fitzgibbons PL et al : Arch Pathol Lab Med 2014;138:1432-1443

20 tissue samples (Non-predictive markers/IHC-type I: 10 positive and 10 negative cases 
including high & low expressors)

40 tissue  samples (predictive markers/IHC-type 2:  20 positive and  20 negative cases

The technical test approach ςAnalytical phase



Article sequence (part 1-4) published in Appl ImmunohistochemMod Morphol (2017) systematically describing/defining all aspects of 
the IHC test - what is required for a full technical validation and implementation  of a new test.

Full technical validation



79 % of insufficient results are  related 
to the choice/use of:

- Epitope retrieval procedure
- Primary Ab (including stainerplatform)
- Detection system 

Courtesy of Birgit Truumees et al (NordiQC): Poster presented at the annual USCAP meeting 2024

NordiQC External Quality Assurance program

App. 20-30% of all results are 
evaluated as insufficient

False positive and/or negative results



Antigen retrieval procedures for formalin fixed tissue:

Ç Heat  Induced Epitope Retrieval (HIER)

Tissue digestion using proteolytic enzymes

Combined pre-treatment (HIER with proteolytic digestion) 

The purpose of antigen retrieval is to unmask antigenic determinants 
(epitopes) and recover immuno-reactivity

Technical aspects of immunohistochemistry & pitfalls - Analytical phase



Shi et al. demonstrated that : 

Á Enzyme pre-digestion of tissue could be omitted.

Á Incubation time with primary antibodies could be reduced, or dilutions of primary antibodies could be 
increased.

Á Staining could be achieved on long-term formalin fixed tissue that failed to stain with conventional 
methods.

Á Antibodies which where typically  unreactive  with formalin-fixed tissue gave excellent staining.

Technical aspects of immunohistochemistry & pitfalls - Analytical phase

HIER



The mechanism of HIER is not completely understood, and several hypothesizes has 
been proposed:

Heating  tissue sections in  an appropriate  buffer may unmask epitopes by :

Ç Hydrolysis/disruption of methylene cross-links formed by  formalin fixation

Ç Extraction of diffusible blocking proteins

Ç Precipitation/denaturation of proteins

Ç Rehydration of the tissue section allowing better penetration of the antibody

Ç Removal of tissue-bound calcium ions by chelating substances

Ç Other mechanisḿs ?

Reviewed by Ramos-VaraJA: Vet Pathol42:405-426, 2005 
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Demonstrated that: unfixed frozen sections, which did not show immunostaining 
with nine antibodies, were clearly stained after heating the sections

These results indicate that other mechanisms than breaking formalin-
induced cross-linkages may be present. 

The authors proposed that : the accessibility to some target epitopes of antigenic 
proteins is limited by natural steric barriers even in the fresh state (frozen 
sections) caused by the antigenic protein itself



In house Agilent Dako
AS/Omnis

Roche Ventana
Benchmark

Leica Biosystems
Bond

Biocare Thermo S
LAB Vision

Low pH buffers

Citric based buffers
pH 6-6.7

TRS Low (3-in-1) 
pH 6.1

CC2 
pH 6

BERS-1
pH 6

Diva Decloaker 
pH 6.2

High pH buffer

EDTA/EGTA based 
buffers pH 8-9

TRS High (3-in-1)
pH 9

CC1 
pH 8.5

BERS-2
pH 9

Borg Decloaker
pH 9.5

HIER buffer H
pH 9

TRS High 
pH 9

App. 95 % of all pretreatment protocols

Challenges: 

The platform often dictates the choice of HIER buffers

HIER buffers used by the vast majority of  NordiQCparticipants

Technical aspects of immunohistochemistry & pitfalls - Analytical phase



Ç pH of the HIER buffer

Ç Temperature

Ç Time

Ç Chemicals/components of the HIER buffer (e.g., Citrate; TRIS; EDTA; TRIS-EDTA)

Less sensitive to routinely fixed tissue (formalin)  compared to enzymatic pre-treatment

> 95% of all commonly used antibodies require HIER

Efficient HIER depends on several parameters:
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Shi SR et al. J Histochem Cytochem 1995 43:193-201

A: CD20 (clone L26)

B: Ki-67 (clone MIB1)

C: MSA (clone HMB45)

Efficient HIER - Influence of pH value 

Demonstrated that the performance of monoclonal antibodies were highly influenced by pH of the 
Antigen Retrieval buffer (AR). 

Also, the results indicate the advantage of using an AR solution of higher pH value (8-9).
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Tonsillar tissue fixed in 10%  NBF (48h).

Efficient HIER - Influence of pH

HIER in TRS pH 6.1
(20 min at 97°C)

HIER in TRS pH 9
(20 min at 97°C)

MUM-1, MUM1p (1:400)CD79, JCB117 (1:300)

Autostainer: Flex+ as the detection system
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HIER in TRS pH 9 

CD79, JCB117 (1:300)

HIER in TRS pH 6.1 

CD79, JCB117 (1:50)

1:300

Efficient HIER - Influence of pH

Tonsillar tissue fixed in 10%  NBF (48h).
Flex+ as detection system
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HIER in TRS pH 9 

CD163, MRQ-26 (1:200)/Flex+

HIER in TRS pH 6.1 

CD163, MRQ-26 (1:25)/Flex+

1:200

For  app. 85-90% of the epitopes, HIER in buffers at  pH 8-9 is preferable to pH6  

Efficient HIER - Influence of pH
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Ready To Use products:  Recommendations to  antigen retrieval provided by the manufactures ?

Technical aspects of immunohistochemistry & pitfalls - Analytical phase

17% (1/6)
BERS1 (citrate-based HIER buffer)

83% (5/6)
BERS2 (alkaline based HIER buffer)

CK7 Run 62



Taylor  CR et al : Applied Immunohistochemistry 1996; 4(3) : 144-166  - Temperature and time are inversely related:

Similar strong intensity of staining could be generated by the following heating conditions:

100°C for 20 min = 90°C for 30 min = 80°C for 50 min = 70°C for 10 h  

Balaton AJ et al : Applied Immunohistochemistry 1996; 4(4) : 259 - 263

Optimal staining intensity could be generated by the following heating conditions:

Pressure cooker at 120°C for 3 min = MWO at 100°C for 20 min 

Efficient HIER - Influence of time and temperature
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10 min

CD163, MRQ-26 (1:200)

80 min20 min

Tonsillar tissue fixed in 10% formalin (48h).

HIER buffer - Influence of time and temperature

HIER  at 80°C
TRS pH 9, Flex+

HIER  at 97°C
TRS pH 9, Flex+
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CD45/LCA
(2B11+PD7/26)

TRS pH9 (97°C/24 )̀

Efficient HIER - Influence of time and temperature

SOX10
(BS7)

Technical aspects of immunohistochemistry & pitfalls - Analytical phase

TRS pH9 (90°C/60 )̀TRS pH 9 (90°C/30`)TRS pH 9 (80°C/60`)

Liver

Melanoma


