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IHC project coordinator at Institute of Pathology, Aalborg, 
Denmark & Scheme manager NordiQC – till 11.2017.

 > 70.000 IHC slides annually 
 BenchMark Ultra, Ventana
 Autostainer Link 48, Dako
 Omnis, Dako
 Bond III, Leica

 IHC cooperation partners
 Biocare
 Cell Marque
 Dako / Agilent
 Leica
 Thermo Fisher 
 Ventana / Roche
 + Ad hoc projects/partners

IHC – The Technical Test Approach
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1. Focus on the main IHC technical challenges

2. How to optimize IHC assays

3. How to set-up and use controls to calibrate, 
verify and validate IHC assays 

Agenda:

IHC – The Technical Test Approach
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No formula I without basics – Tyres

No IHC without high quality tissue
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The Power of IHC – e.g. Breast Pathology

Hyperplasia or In-situ
CK5, CK14, Heavy chain myosin, p63

Lobular or ductal lesion
E-cadherin, p120

Predictive - Prognostic
ER, PR, HER2, Ki67

Intrinsic subtype
PAM50 – ER, PR, HER2, Ki67, CK5

In-situ or invasive
CK5, CK14, Heavy chain myosin, p63



Class I / Type I IHC tests: Interpreted in the context of histo- or 
cytomorphologic and clinical data. Results interpreted and used
by pathologists. E.g. CD45, TTF1, SOX10, CDX2, p40 etc

Class III /Type II IHC tests: Stand-alone tests being interpreted 
(largely) to provide predictive and prognostic information. 
Results interpreted by pathologists and used by clinicians to 
give tailored treatment. E.g. ER, HER2, ALK, PD-L1 etc . 

IHC – The Technical Test Approach
Original nomenclature and grouping of IHC tests:

Am J Clin Pathol 2010;133:354-365



Decalcification
Preparation Pre-

analytic

Analytic

Post-
analytic

Tissue
Type, Dimension,
Laser resection,
De-differentiation

Fixation
Time, Type, Volume

Section
Thickness
Storage
Drying Visualization

Sensitivity, Specificity

Primary antibody
Clone, Dilution     
Buffer, Time, Temp

Development
Sensitivity,
Localization

Interpretation
Localization
Positive/Negative - cut-off level

Quantification
Reporting

Controlment

Pre-treatment

With 3 choices for 5 
variables in each phase = > 

4 million protocols….

Manual
Stainer

IHC – The Technical Test Approach
… The biomarker protocol trap – Caution: not for faint-hearted lab personel !!!!! 
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 Appropriate tissue fixation and processing

 Appropriate and efficient epitope retrieval

 Appropriate choice & titre of antibody/clone

 Robust, specific & sensitive detection system

 Appropriate choice of control material

The basal fundament for a technical
optimal IHC performance:

IHC – The Technical Test Approach

9



 Appropriate tissue fixation and processing
– Problem 1: Delayed fixation – Cold ischemic time 
– Problem 2: Too short fixation in NBF
– Problem 3: Other fixatives than NBF
– Too long fixation in NBF is not a problem !!!

IHC – The Technical Test Approach

 Appropriate tissue fixation and processing

– Problem 1: Agressive decalcification 
– Problem 2: Deviation from SOP – e.g. section baking 

False negative or false positive
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The vast majority of 
publications indicate
inferior IHC/ISH 
performance in tissue
subjected to delayed
fixation.

But 

To what degree ?
What is acceptable ?
What is best practice ?

11



IHC – The Technical Test Approach

12

Time matters……
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13H-score: intensity (0-3) x proportion (%)

4°C

20°C/RT
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14H-score: intensity (0-3) x proportion (%)

20°C/RT

Time and temp. matters……
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Cold ischemic time 1-2 hours:

Phospho-HSP27 Increased

Phospho-AKT Reduced

Phospho-ER Stable

Message; Consistency in tissue handling and transportation… if possible…

Central for precision testing for precision medicine
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VS 4C - 1h VS 4C - 20h

VS 4C - 92h VS RT - 92h

VS 4C - 1h VS 4C - 44h

VS RT - 44h VS RT - 92h

Concl.: Cooling preserved specimens, whereas vacuum sealing added no effect

(IHC and molecular assays)
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Pre-analytical
variable

Published
guidelines

ASCO/CAP - CLSI

Litterature based
guidelines*

Fixation delay 1 hour < 12 hours (3-4 hours)

Transportation temp. No data 4°C better than RT

Vacuum sealing No data No data

* Engel and. Moore (2011) Effects of Preanalytical Variables on the Detection of Proteins 
by Immunohistochemistry in Formalin-Fixed, Paraffin-Embedded Tissue.
Archives of Pathology & Laboratory Medicine: May 2011, Vol. 135, No. 5, pp. 537-543. 
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Guidelines to;

Tissue handling 
IHC / ISM methods
Interpretation
QA
..... 



IHC – The Technical Test Approach

19



IHC – The Technical Test Approach

20



 For more than 70 years NBF has 
shown to have a bizarre effect

 Formaldehyde is one of the fastest 
solutions regrading tissue penetration 
but one of the slowest regarding 
fixation 

IHC – The Technical Test Approach 

Phase I Penetration Fast

Phase II Binding Moderate

Phase III Cross-linking Slow
21



Formaldehyde fixation
How long will it take to fix?

How fast does Formalin penetrate in tissue....???

IHC – The Technical Test Approach 

3 cm
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Formaldehyde fixation
How long will it take to fix?

Penetration time at K = 3.6 (Baker’s coeeficient)

1 hour = 3.6 mm
4 hours = 7.2 mm (1.8 mm/hr)
16 hours = 14.4 mm (0.9 mm/hr)
64 hours = 28.8 mm (0.45 mm/hr)
256 hours = 57.6 mm (0.225 mm/hr)

(to double the depth takes 4x the time)

( d = K x √t )

IHC – The Technical Test Approach 

3 cm

1 h

16 h
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CD10 – 56C6

3 cm lymphnode not grossed

3 cm

1 h

16 h
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Poor tissue
handling
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Poor tissue
handling
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Alcohol fix

NBF fix
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100 % binding of formaldehyde after 16-24 hours at 25°C

50 % binding of formaldehyde after 100 min. at 25°C

room temp.

37˚C

Helander, KG. Kinetic studies of formaldehyde binding in tissue.
Biotechnique and Histochemistry. 1994; 69, 177 -179 

4 x 4 x 4 mm liver tissue
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Formaldehyde is a cross
linking protein fixing agent,
reacting ” clock-wise” - the
longer the more effective !

<16 - 24 h

>16 - 24 h
Methylene glycol + free aldehyde = NBF

IHC – The Technical Test Approach 
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 To secure fixation and stabilization the 
fixation time is critical and not just the 
penetration time !!!

 16 - 24 h minimum for a 1 mm biopsy
 16 - 24 h minimum for a 4 mm specimen

Penetration-time + Binding-time =>
Reaction/fixation-time

IHC – The Technical Test Approach 
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6 -
72h

8 -
72h

IHC – The Technical Test Approach
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Minimum formalin fixation time for consistent estrogen receptor immunohistochemical staining of invasive breast carcinoma. 

Goldstein NS, Ferkowicz M, Odish E, Mani A, Hastah F

Am J Clin Pathol. 2003 Jul;120(1):86-92

“ The minimum formalin fixation time for
reliable immunohistochemical ER results is 
6 to 8 hours in our laboratory, regardless 
of the type or size of specimen
(core biopsy or resection)”.  (mAb clone 1D5)

IHC – The Technical Test Approach
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Only tumours with a high ER expression…… to be validated in a larger study > 100 pts. 
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(Am J Surg Pathol 2014;38:1071–1078)

CNB: mean average 91% pos. cells
Res.: mean average 88% pos. cells.

CNB: mean average 44% pos. cells
Res.: mean average 58% pos. cells.

CNB: 45 min. in NBF
Res.: 8-72 h. in NBF

Caution: Primarily only ER/PR high expressing tumour
Each biomarker/antibody must be evaluated!!!
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Colon: MSH2, mAb clone G219-1129               (same for MSH6, clone EP49)

Pathos – 3h NBF, 6h prog. Pathos – 24h NBF, 6h prog.

Pathos – 3h NBF, 6h prog. Pathos – 24h NBF, 6h prog.

Colon: MLH1, mAb clone ES05                        (same for PMS2, clone EP51)



IHC – The Technical Test Approach
Colon: S100, polyclonal

Pathos – 3h NBF, 6h prog. Pathos – 24h NBF, 6h prog.

Pathos – 48h NBF, 6h prog. Pathos – 168h NBF, 6h prog. 37
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Tonsil: S100, polyclonal

Pathos – 3h NBF, 2h prog. Pathos – 24h NBF, 2h prog.

Pathos – 48h NBF, 2h prog. Pathos – 168h NBF, 2h prog.

S100 = Soluble in 100 % alcohol

38
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13 hours versus 79 hours in 10% NBF  (the week-end dilemma…..)

101 breast carcinomas:

99 % Concordance between short fixation and long fixation for ER (SP1)

95 % Concordance between short fixation and long fixation for PR (1E2)

98 % Concordance between short fixation and long fixation for HER2 (A0485) 

39
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Internal
IHC validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 1+ 1+ 1+ 1+
Tumour 2 3+ 3+ 3+ 3+
Tumour 3 0 0 0 0
Tumour 4 1+ 1+ 1+ 1+
Tumour 5 0 0 0 0
Tumour 6 3+ 3+ 3+ 3+
Tumour 7 0 0 0 0
Tumour 8 0 0 0 0
Tumour 9 0 0 0 0

Breast carcinomas, HER-2 PATHWAY, rmAb 4B5
(CC1 Mild, Ab inc. 20 min. 36°C, UltraView DAB)



IHC – The Technical Test Approach

4 h

48 h

24 h

168 h

Breast carcinoma 3+, HER-2 PATHWAY, rmAb 4B5
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4 h

48 h

24 h

168 h

Breast carcinoma 1+, HER-2 PATHWAY, rmAb 4B5
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Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 + + + +
Tumour 2 - - - -
Tumour 3 + + + +
Tumour 4 + + + +
Tumour 5 + + + +
Tumour 6 + + + +
Tumour 7 - - - -
Tumour 8 + + + +
Tumour 9 + + + +

Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 1+ 1+ 1+ 1+
Tumour 2 3+ 3+ 3+ 3+ 3+
Tumour 3 0 0 0 0
Tumour 4 1+ 1+ 1+ 1+
Tumour 5 0 0 0 0
Tumour 6 3+ 3+ 3+ 3+ 3+
Tumour 7 0 0 0 0
Tumour 8 0 0 0 0
Tumour 9 0 0 0 0

Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 + + + +
Tumour 2 - - - -
Tumour 3 + + + +
Tumour 4 + + + +
Tumour 5 + + + +
Tumour 6+ + + + +
Tumour 7 - - - -
Tumour 8 + + + +
Tumour 9 + + + +

Internal
IHC 
validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 + + + +

Tumour 2 + + + +
Tumour 3 + + + +
Tumour 4 + + + +
Tumour 5 + + + +
Tumour 6  + + + +
Tumour 7 + + + +
Tumour 8 + + + +
Tumour 9 + + + +

HER2

rmAb

4B5

ER

rmAb

SP1

PR

rmAb

1E2

ECAD

mAb

NCH-36

Conclusion: IHC biomarkers not affected by NBF fixation time and patient 
material and control material can be fixed from 4 - 168h in 10% NBF …. but
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Internal
SISH validation

4 h. NBF 24 h. NBF 48 h. NBF 168 h. NBF

Tumour 1 - - - FN
Tumour 2 Amp + + + +
Tumour 3  (?) - FN FN
Tumour 4 - - FN FN
Tumour 5 - - - -
Tumour 6 Amp + + + +
Tumour 7 - - - FN
Tumour 8 poly. - - - FN
Tumour 9 poly. - - - FN

HER-2 ISH: 8/36 cores could not be assessed..!

Breast carcinomas, Dual SISH CCrb ext, P3. 8 m
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4 h

48 h

24 h

168 h

Breast carcinoma, 1+ Dual SISH CCrb ext, P3. 8 m



1. Use present standard times(s) as reference

2. Evaluate all biomarkers on material with the 
full diagnostic range of expression levels

3. Evaluate all different methods applied as 
diagnostic tools – IHC / ISH / view-RNA etc

Impact / Change of fixation time:

IHC – The Technical Test Approach
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Alternatives to Formalin
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Fixative with focus on

Morphology
Molecular biology
IHC
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In conclusion, tissue fixed with the 
PAXgene Tissue System is 
morphologically comparable to 
formalin-fixed tissue but yields RNA
which performs as well as RNA from 
fresh frozen tissue in RT PCR assays.
For RNA from PFPE tissue, reverse 
transcription was not inhibited, and 
RNA purified from PFPE samples 
performed similarly to RNA isolated 
fromfresh frozen tissue regardless of 
amplicon length.
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Pre-analytical
variable

Published
guidelines

ASCO/CAP - CLSI

Litterature based
guidelines*

Fixative 10 % NBF** 10 % NBF

Fixation time 8 – 72 hours

Fixative – tissue ratio 1:10 1:1 – 1:20

MW assisted fixation Pre-fixation 6 hours Pre-fixation 0 – 24 h.

* Engel and. Moore (2011) Effects of Preanalytical Variables on the Detection of Proteins 
by Immunohistochemistry in Formalin-Fixed, Paraffin-Embedded Tissue.
Archives of Pathology & Laboratory Medicine: May 2011, Vol. 135, No. 5, pp. 537-543. 

** 10 % Neutral buffered formalin = 4 % Neutral buffered formaldehyde
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Impact on IHC



Decalcification - Results: Courtesy Ole Nielsen 

Re
fe

re
nc

e/
N

o 
de

ca
lc

ifi
ca

tio
n:

 +
+

+

Buffet formic acid (BFA): (4M formic acid + 0.5M Na-formiat)

24 hrs  4% NBF fixation prior to decalcification. 193 different antibodies on TMA’s

IHC – The Technical Test Approach
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CD279 (PD-1), mAb clone NAT105
IHC – The Technical Test Approach

No decalcification Formic acid 16 hours 10% EDTA 96 hours
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CD105, mAb clone SN6h
IHC – The Technical Test Approach

No decalcification Formic acid 16 hours 10% EDTA 96 hours
57



CD105, mAb clone 4G11
IHC – The Technical Test Approach

No decalcification Formic acid 16 hours 10% EDTA 96 hours
58
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Strong acid: Mild acid: Calcium chelate:

10% HCL (Decal™) 10% Formic acid 5 - 10% EDTA

Fast (1-2h) Intermediate (6-24h) Slow (24-96h)

IHC+ IHC++* IHC+++

DNA(+) DNA+/++ DNA++

* e.g. CD79a, clone JCB117 reduced, Elastase, clone NP57 extracted
59
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Prostate – Ki67, rmAb clone 30.9

10 % NBF 24h → 24h 10 % form. acid          10 % NBF + 10 % form. acid 24h
60



1. AZF (or 10 % NBF)
2. 10% formic acid + 5% NBF

IHC – The Technical Test Approach



• 3 - 4 um sections mounted on Superfrost +, TOMO or Dako FLEX slides
RTU systems based on 4 um sections
Level adequate for morphology, signal-to-noise and interpretation   

• 1 to 2 hours at 60°C
Alternatively night over at 37 °C followed by 1 hour at 60°C

• Having problems with attachment of sections

Try change of slides (TOMO and Dako Flex superior)
Verify formalin fixation time is adequate –

Too short time and long alcohol time hardens tissue
Verify quality of reagents for tissue processing
Verify section thickness
Optimize HIER....

IHC – The Technical Test Approach
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HER-2; FDA approved kit 
1-2 μm            3-4 μm             6-7 μm 

IHC – The Technical Test Approach



60°C 1h. HER-2: 3+ 80°C 16h. HER-2: 1+

IHC – The Technical Test Approach

64

60°C 1h. 
Ref. score

60°C 16 h. 80°C 16 h. 95°C 1.5 h.

3+ 3+     15/15 3+       1/3 3+      4/25
2+ 2+     10/22 2+       0/5 2+       4/34



1 - 2 weeks at room-temp.

Otherwise -20 / -80°C

Baking just before use.

Coating with paraffin is not 
confirmed to be beneficial

Paraffin Section Storage and Immunohistochemistry: Effects of Time, Temperature, 
Fixation, and Retrieval Protocol with Emphasis on p53 Protein and MIB1 Antigen 

Wester, Kenneth Ph.D.; Wahlund, Eva B.L.T.; Sundström, Christer M.D., Ph.D.; 
Ranefall, Petter Ph.D.; Bengtsson, Ewert Ph.D.; Russell, Pamela J. Ph.D.; Ow, Kim T. 
M. Sc.; Malmström, Per-Uno M.D., Ph.D.; Busch, Christer M.D., Ph.D.  

AIMM :Volume 8(1), March 2000, pp 61-70

IHC – The Technical Test Approach
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• Time to Fixation; 1 hour – optimally at temp controlled conditions at 4C

• Use 10% Neutral Buffered Fomalin (same as 4% formaldehyde)

• Time in Fixation (10% NBF); 8-72 hours

• Gentle decalcification must be performed on appropriate fixed material

• 3-4 um sections applied on slides with high quality adhesiveness

• Store slides at maximum 1 week at room temp before IHC   

General settings for tissue processing for IHC
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Questions ...???
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