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IHC – Biomarker controls

What is an IHC control for diagnostic IHC ?

What is recommended and best practice ?

What are the pitfalls for the use of controls for IHC ?

How are IHC controls used by laboratories and   
.EQA programmes ? 
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Reagent and tissue controls are necessary for the  
validation of immunohistochemical staining results. 

Without their use, interpretation of staining would
be haphazard and the results of doubtful value. 
More specifically, controls determine if the staining
protocols were followed correctly, whether day-to-
day and worker-to-worker variations have occurred, 
and that reagents remain in good working order. 

IHC – Biomarker controls
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IHC – Biomarker controls

Appropriate tissue fixation and processing

Appropriate and efficient epitope retrieval

Appropriate choice of antibody/clone

Robust, specific & sensitive detection system

Appropriate choice of control material

The basal fundament for a technical

optimal IHC performance:

IHC – Biomarker controls
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”Whether there is an internal positive 
control cell or structure present on
the test (patient) slide and 
descriptive documentation regarding
the intensity and proportion of 
internal control cells or structures
that were immunoreactive”.

IHC – Biomarker controls
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IHC – Biomarker controls IHC – Biomarker controls

Appropriate choice of control material

1. Control material to evaluate the performance of the biomarker in the range 
of laboratory tissue processing procedures

2. Control material to evaluate the diagnostic use of the biomarker
(sensitivity / specificity)

3. Control material to evaluate the consistency of the biomarker assay -
day to day

4. Control material evaluate the performance of the biomarker -

laboratory to laboratory

IHC – Biomarker controls

Appropriate choice of control material
1. Control material to evaluate the performance of the biomarker in the 

range of laboratory tissue processing procedures

IHC – Biomarker controls

-- fixed and processed as patient material

similar fixation conditions (type, duration)

similar tissue processing (decalcification)

similar tissue processing (dehydration, etc)

Decalcification
Preparation Pre-

analyticTissue
Type, Dimension,
Laser resection,
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Fixation
Time, Type, Volume

Section
Thickness
Storage
Drying

P

The IHC           
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6 -
48h

8 -
72h

IHC – Biomarker controls IHC – Biomarker controls

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) 
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IHC – Biomarker controls

1+1+1+1+Tumour 4
0000Tumour 5

3+3+3+3+Tumour 2
0000Tumour 3

3+3+3+3+Tumour 6
0000Tumour 7
0000Tumour 8
0000Tumour 9

1+1+1+1+Tumour 1

168 h. NBF48 h. NBF24 h. NBF4 h. NBFInternal
IHC validation

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

4 h

48 h

24 h

168 h

Breast carcinoma 3+, HER-2 PATHWAY, rmAb 4B5
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IHC – Biomarker controls

4 h

48 h

24 h

168 h

Breast carcinoma 1+, HER-2 PATHWAY, rmAb 4B5 16

IHC – Biomarker controls
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1+1+1+1+Tumour 4

0000Tumour 5

3+3+3+3+Tumour 2 3+

0000Tumour 3

3+3+3+3+Tumour 6 3+

0000Tumour 7

0000Tumour 8

0000Tumour 9

1+1+1+1+Tumour 1

168 h. NBF48 h. NBF24 h. NBF4 h. NBF
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IHC 
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++++Tumour 4

++++Tumour 5

----Tumour 2

++++Tumour 3

++++Tumour 6+

----Tumour 7

++++Tumour 8

++++Tumour 9

++++Tumour 1

168 h. NBF48 h. NBF24 h. NBF4 h. NBF
Internal
IHC 
validation

++++Tumour 4

++++Tumour 5

++++Tumour 2 

++++Tumour 3

++++Tumour 6  

++++Tumour 7

++++Tumour 8

++++Tumour 9

++++Tumour 1

168 h. NBF48 h. NBF24 h. NBF4 h. NBF
Internal
IHC 
validation

HER2 ER

PR ECAD

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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IHC – Biomarker controls

FNFN--Tumour 4
----Tumour 5

++++Tumour 2 Amp

FNFN-(?)Tumour 3  

++++Tumour 6 Amp

FN--FNTumour 7
FN---Tumour 8 poly.

FN---Tumour 9 poly.

FN---Tumour 1

168 h. NBF48 h. NBF24 h. NBF4 h. NBFInternal
SISH validation

HER-2 ISH: 9/36 cores could not be assessed..!

Breast carcinomas, Dual SISH CCrb ext, P3. 8 m 18

IHC – Biomarker controls

4 h

48 h

24 h

168 h

Breast carcinoma, 1+ Dual SISH CCrb ext, P3. 8 m
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IHC – Biomarker controls

- fixed and processed as patient material

similar fixation conditions (type, duration)

similar tissue processing (decalcification)

similar tissue processing (dehydration, etc) 
20

IHC – Biomarker controls

IHC – Biomarker controls

Prostate – Ki67, rmAb clone 30.9

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

IHC – Biomarker controls

Prostate – PIN cocktail – p504s/CK5/p63

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

23

IHC – Biomarker controls

24

Results: The immunohistochemical reaction for HER2 
was similar in molecular- and formalin-fixed samples to 
that of formalin-fixed counterparts after elimination of
antigen retrieval step for the HercepTest
(Spearman Rank R = 0.84, p < 0.05).

UM

NBF

IHC – Biomarker controls
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Conclusions:

Appropriate tissue processing of control material

Validation of biomarker in the range of laboratory processing conditions

Fixative 

Fixation duration

Decalcification reagents and duration

Tissue processor

Same assay results 

If assay is dependant on processing conditions, alternative assay

protocol parametres must be identified and tissue blocks must be traceable

IHC – Biomarker controls

Appropriate choice of control material
2. Control material to evaluate the diagnostic use of the 

biomarker (sensitivity / specificity)

IHC – Biomarker controls

–– optimizing the IHC assayoptimizing the IHC assay
clone, titre, HIER, detection, etcclone, titre, HIER, detection, etc

–– evaluation of specificityevaluation of specificity
True negative versus false positiveTrue negative versus false positive

–– evaluation of sensitivity evaluation of sensitivity 
True positive versus false negativeTrue positive versus false negative

–– identification of routine control materialidentification of routine control material
Low, high and non antigen expressorLow, high and non antigen expressor

Optimally test > 1 clone / Ab before implementation

Use instructions from vendor as guideline (class 1 
reagents)

Compare with observations from CiQC, NordiQC,        
UK-NEQAS, litterature and colleages

Validate on own processed material with own IHC 
platform 

IHC – Biomarker controls

1:25 / 100 (mo/po) 1:100 / 400 1:400 / 2000

A None None None
B Enzyme 1, 8 min    Enzyme 1, 8 min Enzyme 1, 8 min
C HIER ER 2 pH 9.0 HIER ER 2 pH 9.0 HIER ER 2 pH 9.0 
D  HIER ER 1 pH 6.0 HIER ER 1 pH 6.0 HIER ER 1 pH 6.0

(E) ER 1 + Enzyme 1, 4 min ER 1 + Enzyme 1, 4 min ER 1 + Enzyme 1, 4 min
(F) Enzyme 1, 4 min + ER 1 Enzyme 1, 4 min + ER 1 Enzyme 1, 4 min + ER 1 

Same detection system - sensitive, specific, universal (Refine)
Only variable in the laboratory is then the pre-treatment !

Test specimens with different levels of the antigen (none, low, medium, high)
Optimally compare more clones before implementation 

IHC – Biomarker controls

Ton 6h Ton 24h Ton 72h Ton 168h

Liver 6h Liver 24h Liver 72h Pancreas

Placenta Lung Prostate Breast

Skin Brain

MB Ab test 1

IHC – Biomarker controls

Tongue Ton 24h +
decalc.

Appendix Appendix Thyroid
Tumor 1 Tumor 2 Tumor 3 Tumor 4

Tumor 5 Tumor 6 Tumor 7 Tumor 8

Tumor 9 Tumor 10 Tumor 11 Tumor 11

Tumor 12 Tumor 13 MB Ab test 2

IHC – Biomarker controls
TMA Neoplasia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Liver 

Mamma 
ductal 
carc. 

Mamma 
ductal 
carc. 

Mamma 
Lobular 
carc. 

Lung 
adeno 
carc. 

Lung 
adeno 
carc. 

Lung 
squam. 
carc. 

Colon 
adeno 
carc. 

Colon 
adeno 
carc. 

Kidney 
clear c 
carc. 

Kidney 
clear c  
carc. 

 

Thyroid. 
follic. 
carc. 

Thyroid. 
Medul. 
carc. 

Ovary. 
Serous I 

carc. 

Ovary. 
Serous I 

carc. 

Ovary. 
Clear 
carc. 

Ovary. 
Endom. 
carc. 

Corpus 
Uteri 

Endom. 
carc. 

Cerxix 
Uteri 
adeno 
carc. 

Testis 
Semin. 

Testis 
Semin. 

Tonsil Prostate
adeno 
carc. 

Prostate 
adeno 
carc. 

Intest 
Carcinoid 

Melanom Melanom Pancr. 
adeno 
carc. 

Pancr. 
adeno 
carc. 

Uroth. 
carc. 

Uroth. 
carc. 

Hodgkin 
Classic 

Mantle 
cell 

lymph. 

Hodgkin 
mixed 

Diffuse 
large B 
lymph. 

Diffuse 
large B 
lymph. 

Follik. 
lymph 

B-CLL T-cell 
lymph. 
perip. 

T-cell 
lymph. 
Anapl. 

GIST Leio 
myo 

sarcoma 

Rhabdo
myo 

sarcoma 
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MB Ab test 1

IHC – Biomarker controls

Liver 6h

Liver 72h

Anti-CD45 test:

32CD4 rmAb clone SP35 protocol 1 
T-cells

Tonsil x 200

CD4 rmAb clone SP35 protocol 2 
T-cells + macrophages

Tonsil x 200

IHC – Biomarker controls

33

T-ALL x 200 T-ALL x 200

IHC – Biomarker controls

CD4 rmAb clone SP35 protocol 1 
T-cells

CD4 rmAb clone SP35 protocol 2 
T-cells + macrophages

34Ref: rmAb EPR2764Y CM 1:25
32M/CC1S/UV+AMP

rmAb SP54 1:100
16M/CC1M/UV

IHC – Biomarker controls
CDX2 test 

35Ref: rmAb EPR2764Y CM 1:25
32M/CC1S/UV+AMP

rmAb SP54 1:100
16M/CC1M/UV

IHC – Biomarker controls
CDX2 test 

36Ref: rmAb EPR2764Y CM 1:25
32M/CC1S/UV+AMP

rmAb SP54 1:100
16M/CC1M/UV

IHC – Biomarker controls
CDX2 test 
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37Ref: rmAb EPR2764Y CM 1:25
32M/CC1S/UV+AMP

rmAb SP54 1:100
16M/CC1M/UV

IHC – Biomarker controls
CDX2 test 

38Ref: rmAb EPR2764Y CM 1:25
32M/CC1S/UV+AMP

rmAb SP54 1:100
16M/CC1M/UV

IHC – Biomarker controls
CDX2 test 
Angiosarcoma

Low antigen expressors

Critical Stain Quality Indicators (CSQI)

– essential to evaluate consistency

– essential to evaluate sensitivity

– normal tissue (easy to compare)

90 % of insufficient staining results in EQA 
are related to a too low sensitivity

IHC – Biomarker controls

40

The NordiQC focus areas

Central protocol elements for an optimal staining
Antibody selected
Antibody dilution range / Ready-To-Use
Epitope retrieval
IHC detection system & stainer platforms

Recommendable control and identification of
critical quality stain indicators

IHC – Biomarker controls

41

Identification of relevant tissue & 
construction of QC material

Multi-tissue blocks with cells/structures
with different levels of antigen expression
& reflecting the diagnostic application

Includes both normal and clinical relevant tissue  - 10% NBF.

IHC – Biomarker controls
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CGA

CSQI:

Periph.   
nerves

IHC – Biomarker controls
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CGA

CSQI:

Periph.   
nerves

IHC – Biomarker controls
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Low antigen expressors

Critical Staining Quality Indicators (CSQI)

CGA = peripheral nerves

Run 31, NordiQC CGA – 42/170 laboratories failed (25%)

12/36 used pancreas as control (High expressor)

12/36 used carcinoid as control (High expressor)

5/36 used tumour as control (?? expressor)

5/36 used appendix as control (High and low expressor)

2/36 used Multi block as control (High and low expressor)

24/36 = 66% of the laboratories failing the CGA assessment used control 
with only high antigen expression 

IHC – Biomarker controls
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Low antigen expressors

Critical Staining Quality Indicators (CSQI)

CGA = peripheral nerves

Run 31, NordiQC CGA – 128/170 laboratories passed (75%)

7/108 used pancreas as control (High expressor)

14/108 used carcinoid as control (High expressor)

3/108 used tumour as control (?? expressor)

27/108 used appendix as control (High and low expressor)

58/108 used Multi block as control (High and low expressor)

85/108 = 79% of the laboratories passing the CGA assessment used
control with low antigen expression 

IHC – Biomarker controls
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IHC – Biomarker controls

Biocare

BioGenex

Cell Marque

Epitomics

Leica

NeoMarkers

Roche

47

IHC – Biomarker controls

Which tissue

Which cells

How shall they be stained:

48

CD23

CSQI:

Activated
B-cells in 
mantle z.

IHC – Biomarker controls
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CDX2

CSQI:

Pancreatic
duct ep. 
cells

IHC – Biomarker controls
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MB K1 APPENDIX TONSIL PANCREAS HEPAR
ASMA
Alfa-smooth muscle 
actin
(Cytopl)

Smooth muscle cells in 
vessels and in muscle 
layers. Myofibroblasts 
lining the epithelial 
surface

Smooth muscle cells in 
vessels

Smooth muscle cells in 
vessels

Smooth muscle cells in 
the liver sinusoids 

B-CATENIN
Beta-catenin
(Membrane)

Membranes of columnar 
epithelial cells. 
Endothelial and follicular 
denritic cells

Membranes of 
squamous epithelial 
cells

Membranes of acinar 
epithelial cells (ducts) 
and endocrine cells

Hepatocytes - weak 
membranous 

BCL2
Bcl2-oncoprotein
(Cytopl)

 A weak to moderate 
staining in the epithelial 
cells in the basal crypts

All peripheral lympho-
cytes incl T-cells in 
germinal centres - 
Germinal center  B-cells 
are negative.

Weak reaction of 
epithelial cells.

Weak reaction of  the 
epithelial cells in bile 
ducts.

BCL6
Bcl6-protein
(Nuclear)

Germinal center B-cells Germinal center B-cells 
and basal squamous 
cells ? ?

CD2
(Membrane)

All T-cells -              
Scattered intraepithelal 
T-cells

All T-cells - Scattered T-
cells in germinal centres

T-cells T-cells

CD3
(Membrane)

All T-cells -              
Scattered intraepithelal 
T-cells

All T-cells - Scattered T-
cells in germinal centres

T-cells T-cells

CD4
(Membrane)

60 - 80 % of T-cells 60 - 80 % of T-cells and 
Germinal center 
macrophages

T-cells Kupfercells and sinusoid 
endothelial cells

CD5
(Membrane)

All T-cells -              
Scattered intraepithelal 
T-cells

All T-cells - Scattered B-
cells in the mantle zone 
must show a weak 
membranous staining 

T-cells T-cells

CSQI

Critical

Stain

Quality

Indicator

IHC – Biomarker controls

Low antigen expressors

Critical Staining Quality Indicators (CSQI)

– essential to evaluate consistency

– essential to evaluate sensitivity

qualitative IHC biomarkers (CD markers etc)

quantitative IHC biomarkers (ER, HER-2..)

IHC – Biomarker controls

5252

IHC – Biomarker controls

CK7

Ampl. 3+ Ampl. 2+ Unampl. 2+ Unampl. 0

O
ptim

al

Ampl. 3+ Ampl. 1+ Unampl. 1+ Unampl. 0

P
oor

5353

IHC – Biomarker controls

CK7

Ampl. 3+ Ampl. 2+ Unampl. 2+ Unampl. 0

O
ptim

al

Ampl. 3+ Ampl. 2+ Unampl. 3+ Unampl. 1

P
oor

5454

IHC – Biomarker controls

Average of 140 laboratories
in 4 HER2 IHC assessments

On TMA’s in 4’ run:

100% concordance 0/1

41% concordance 2+

91% concordance 3+
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IHC – Biomarker controls

IHC is a challenge, technical complex but not mission 
impossible and rests on 5 legs
Use proper controls
Use a robust and specific detection system
Use efficient HIER
Use Ab clones, optimal for the IHC platform
Harmonize and standardize tissue processing

Begin at the beginning,' the King said
gravely, and go on till you come to  
the end: then stop.'

Alice in Wonderland

For IHC: begin at the end, tune in 
your protocol: then stop.

IHC – Biomarker controls

IHC is a challenge, technical complex but not mission 
impossible and rests on 5 legs
Use proper controls
– Normal tissue
– Defined staining criteria
– Non-, low and high antigen expressor
– Recommended by both Vendors and EQA programmes

Begin at the beginning,' the King said
gravely, and go on till you come to  
the end: then stop.'

Alice in Wonderland

For IHC: begin at the end, tune in 
your protocol: then stop.


