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IHC - Protocols and controls for Breast tumours

Breast panel:

• GCDFP-15

• Mammaglobin

• Gata 3

• Smooth MHCM

• ASMA

• (p63)

• E-cadherin

• p120

• ER

• PR

• HER-2

• Is it primary breast ? 

• Is it invasive ?

• Is it lobular or ductal ?

• Which teraphy ?
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HER-2 ISH

2000 2002 2004 2006 2008 2010 2012 2014 2016 

App. 600-700 laboratories in total

> 70 countries
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Focus:
Appropriate technical quality; signal-to-noise, morphology etc

Appropriate analytical sensitivity and specificity – indicated by
concordance of ER status in the included tumours to reference   
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Uterine cervix

Breast carc. high Breast carc. low Breast carc. negative

Tonsil
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Estrogen receptor;

Pass rate influenced by participation

2003     2005     2007    2009    2011     2013     2015  2016

New participants ”Old” participants

Run B10, 2004 57% (n=61) 71% (n=134)

Run B15, 2010 70% (n=54) 86% (n=208)

Run B19, 2015 51% (n=86) 73% (n=259)
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Estrogen receptor;

Pass rate influenced by protocol
harmonization

2003

B8

2013

B15

Titre range / average titre 1:10-1.000 / 1:125 1:10-400 / 1:90

HIER by in-house buffer 88% 6%

HIER by high pH 70% 94%

Polymer/multimer kit 56% 93%

Fully automated system 6% 59%
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HIER alk. pH
2- & 3-step kits
Carefully calib.

Uterine cervix;
all epithelial cells
Tonsil; scattered T-cells
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Estrogen receptor; 

85% Weak / False negative 10% False positive 5% Impaired morphology, etc

Suf.

Ins.

Too low titre (EP1, SP1 conc.)             
Insufficient HIER,
Clone 1D5

Clone 6F11 by HIER at high
pH, 3-step pol.              
(not observed on VMS)

Clone 1D5 at high titre, 
Biotin-based kits,
HIER in pressure cooker



Breast panel: Estrogen Receptor

Basic protocol settings for an optimal staining result (NQC)

IHC - Protocols and controls for Breast tumours

Retrieval Titre Detection RTU Detection

mAb 1D5 HIER High 1:25-50 2- & 3-step Dako 2- & 3-step

mAb 6F11* HIER Ci, High 1:50-200 2- & 3-step Leica 3-step

rmAb EP1 HIER High 1:25–30 2- & 3-step Dako 2- & 3-step

rmAb SP1 HIER High 1:30-100 2- & 3-step Ventana 2- & 3-step 

* Efficient  HIER, high conc., 3-step pol. &  low stringent washing can give aberrant nuclear staining
Not seen on Ventana stainer, rarely on Autostainer and most commonly on Bond stainer.  

Use uterine cervix and 

tonsil to verify level of 

sensitivity and specificity;
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Focus:
Appropriate technical quality; signal-to-noise, morphology etc

Appropriate analytical sensitivity and specificity – indicated by
concordance of PR status in the included tumours to reference   
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Uterine cervix

Breast carc. high Breast carc. low Breast carc. negative

TonsilCan vary….
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2004  2006  2007 2008 2010 2011 2012 2014 2015 
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HIER alk. pH
2- & 3-step kits
Carefully calib.

Uterine cervix –
all columnar epith. cells, 
and majority of basal 
squam. epith. cells (can
be neg. in some pts).
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Progesterone receptor; 

75% Weak / False negative 20% False positive 5% Impaired morphology, etc

Suf.

Ins.

Too low titre (16, PgR636)             
Insufficient HIER

Clone SP2 and 1E2.
1E2 mainly by off-label
protocol (ext. sensitivity)

Clone 1A6,
Biotin-based kits,
HIER in pressure cooker

Tonsil



Breast panel: Progesterone Receptor

Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls for Breast tumours

Retrieval Titre Detection RTU Detection

mAb 16 HIER High 1:75-800 2- & 3-step Leica 3-step

mAb PGR636* HIER (High) 1:100-800 2- & 3-step Dako 3-step

mAb PGR1294 HIER (High) 1:250–5.000 2- & 3-step Dako 2-step

rmAb 1E2** HIER High - - Ventana 2-step 

* mAb clone PGR636 has shown to be less successful on Ventana BenchMark Ultra

** rmAb clone 1E2, RTU might provide aberrant false pos. result by 3-step protocols ,
reduced HIER and prolonged Ab incubation time compared to Ventana guidelines

Use uterine cervix and 

tonsil to verify level of 

sensitivity and specificity;
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Focus:
Appropriate technical quality; signal-to-noise, morphology etc

Appropriate analytical sensitivity and specificity – indicated by
concordance to FISH status and IHC level established by
reference data in all the included tumours.
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Material processed

according to ASCO/CAP
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10-20% HER2+ 

found in 2+ cat.
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IHC - Protocols and controls for Breast tumours

App 90 % of insuff. results are FN and seen both by FDA / CE-IVD kits and 
laboratory developed assays. 

FP results have virtually only been seen by laboratory developed assays.
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Typical causes for insufficient results in the NordiQC HER2 IHC breast module:

FDA / CE-IVD HER2 IHC kits:

PATHWAY®, Ventana:
Too short HIER (<24M) and/or too short incubation of primary Ab (<12M)

HercepTest™, Dako:
Too short HIER (<40M) and/or too short incubation of primary & secondary Ab (<30M)

Oracle™, Leica:
No single or combination of causes have been identified

Laboratory developed assays: 

Inappropriate titre of primary Ab, less successful primary Ab, insufficient HIER, etc…..



IHC - Protocols and controls for Breast tumours

Control material for HER2 IHC: performace control / consistency

Histology:

3+ tumour

2+ tumour

Cell lines:

3+

2+

Applicable

for DIA &

ref data 

comparing

run-to-run
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Control material for HER2 IHC: performace control / consistency

Histocyte cell lines HER2: Horizon cell lines HER2 

Pathway Oracle   Herceptest Pathway Oracle   HercepTest

0,87

0,30

0,85

0,34

0,66

0,15

0,99

0,13

0,99

0,15

0,99

0,24
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IHC - Protocols and controls for Breast tumours

ISH: 2.5-2.8

ISH: 2.5-

2.8

ISH: 1.3-1.7

Increased need for

additional ISH
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IHC - Protocols and controls for Breast tumours
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IHC - Protocols and controls for Breast tumours

5% didn’t return slides 

for BRISH due to 

technical errors. 
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IHC - Protocols and controls for Breast tumours

Technically optimal results in the NordiQC HER2 ISH breast module:

INFORM™ HER2 Dual ISH, Ventana ZytoDot® 2C, ZytoVision

HER2 black – chr17 red HER2 green – chr17 red

U

A
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Typical causes for insufficient results in the NordiQC HER2 ISH breast module:

FDA / CE-IVD HER2 BRISH (CISH/DDISH/etc) kits:

INFORM™ HER2 Dual ISH, Ventana:
Excessive proteolysis (>16M), HIER in CC1.

DuoCISH™ pharmDx™, Dako:
Insufficient proteolysis,  inappropriate handling of chromogen. 

ZytoDot® 2C, ZytoVision:
Excessive proteolysis.

In 90% of insufficient results, no single or combination of causes could be identified
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IHC - Protocols and controls for Breast tumours

Technically insufficient results in the NordiQC HER2 ISH breast module:

INFORM™ HER2 Dual ISH, Ventana

HER2 black – chr17 red

U

Excessive protelysis

Neg areas >25% Silver precip.

U
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90% of ins. 

results used

approriate

protocol. 
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What is faint ? Visible at 40X ?

What is weak ? Visible at 10X ?

Up to 20-40% HER2 IHC tests are reflexed to ISH 

due to expanded criteria for 2+ (internal data) 
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From a technical point of 
view, it might be critical to 
change from a robust and 
relatively simple IHC assay
to a less robust and complex
test and simultanously more 
expensive test……  
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HER2 Gene-Protein-Assay (Roche): HER2 IHC + DDISH – no EQA data yet.
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Slightly higher concordance regarding interpretation for FISH 
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Conclusions:

1. Pass rates for ER, PR and HER2 IHC are improved. 

Robust clones, high quality IHC systems.    

2. CE-IVD labelled RTU assays / systems have shown

superior performance compared to laboratory developed

assays.  

3. HER2 BRISH (DDISH/SISH/CISH) results have not 

been improved.
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Breast panel:

• GCDFP-15

• Mammaglobin

• Gata 3

• Smooth MHCM

• ASMA

• (p63)

• E-cadherin

• p120

• ER

• PR

• HER-2

• Is it primary breast ? 

• Is it invasive ?

• Is it lobular or ductal ?

• Which teraphy ?
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GCDFP15 / Mammaglobin reaction pattern

Breast Skin Tonsil
A moderate to strong, distinct 
cytoplasmic staining reaction in 
scattered ductal epithelial cells 
and in apocrine metaplastic cells.

A moderate to strong, distinct 
cytoplasmic staining reaction of 
the majority of the epithelial cells 
of the eccrine sweat glands

No staining reaction should be 
seen.
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Carc. 4 Carc. 4

”Antigen diffusion”

IHC – Protocols and controls for Breast tumours

GCDFP15 / Mammaglobin reaction pattern
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Local diffusion
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Carc. 1 - Mammaglobin Carc. 2 - Mammaglobin

IHC – Protocols and controls for Breast tumours

GCDFP15 / Mammaglobin reaction pattern
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Carc. 3 - Mammaglobin Carc. 3 - GCDFP15

”Tandem application”

IHC – Protocols and controls for Breast tumours

GCDFP15 / Mammaglobin reaction pattern
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Ins.:

Omission of 
HIER 

and/or

too low conc.

RTU > Conc.

(difficult to 
calibrate… 
what is best
control…)
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IHC – Protocols and controls for Breast tumours

Ins.:

Too low/high conc.

HIER and calibration 
mandatory for optimal 
results



Breast panel: GCDFP15 & Mammaglobin

Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls for Breast tumours

Retrieval Titre Detection RTU Detection

mAb 23A3 HIER High 1:10 - 75 3-step Dako 2- & 3-step

mAb D6 HIER High 1:4 - 100 3-step - -

rmAb EP1582Y HIER High 1:500-1.000 3-step Ventana 2- & 3-step

mAb 304-105 HIER High 1:50 - 400 2- & 3-step Dako 2-step

mAb 31A5 HIER High - - Ventana 2-step

rmAb clone EP1582Y can show positive 
staining reaction in smooth muscle cells
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GATA3 reaction pattern

Tonsil Kidney App.

An at least weak nuclear staining 
reaction of the majority of T-cells 
in the T-zones in the tonsil. 

An at least moderate, distinct 
nuclear staining reaction of 
virtually all epithelial cells in 
collecting ducts and podocytes in 
glomeruli in the kidney. 

No staining reaction in epithelial 
cells should be seen.

ICAPCs



Breast panel: GATA3

Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls for Breast tumours

Retrieval Titre Detection RTU Detection

mAb L50-8023 HIER TE 1:70-500 2- & 3-step Ventana 2- & 3-step

GATA3:

Highly sensitive for 

Breast carcinomas (&

Urothelial carcinoma). 

But also seen in other

neoplasias

Lobular carc. Urothelial carc. Leiomyosarcoma
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Breast panel:

• GCDFP-15

• Mammaglobin

• Gata 3

• Smooth MHCM

• ASMA

• (p63)

• E-cadherin

• p120

• ER

• PR

• HER-2

• Is it primary breast ? 

• Is it invasive ?

• Is it lobular or ductal ?

• Which teraphy ?
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SMH reaction pattern

Tonsil Appendix Breast
A weak to moderate, distinct 
cytoplasmic staining reaction in 
the follicular dendritic network of 
germinal centres. No staining 
should be seen in epithelial cells.

A moderate to strong, distinct 
cytoplasmic staining reaction of 
all smooth muscle cells in 
muscularis propria and vessels. 
No staining in epithelium.

A moderate to strong 
cytoplasmic staining reaction 
must be seen in myoepithelium.
No staining reaction should be 
seen in luminal epithelial cells.

ICAPCs
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mAb clone               
SMMS-1

HIER in alk. pH

HIER in alk. pH 
+ proteolysis

Insufficient 
HIER provided 
a too low 
sensitivity 
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p63 / SMH p63 / SMH

IHC – Protocols and controls for Breast tumours



Breast panel: SMH

Basic protocol settings for an optimal staining result (NQC)
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Retrieval Titre Detection RTU Detection

mAb SMMS1 HIER High 1:200-1.500 2 & 3-step Ventana 3-step

rmAb EPR5336 HIER High 1:50 - 100 3-step - -
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ASMA reaction pattern

Liver Appendix Tonsil
A moderate to strong, distinct 
cytoplasmic staining of the 
majority of the perisinusoidal
cells in the liver. No staining 
should be seen in hepatocytes.

A strong, distinct cytoplasmic
staining of all the smooth muscle 
cells in the muscularis propria, 
lamina muscularis mucosae and 
myofibroblasts lining the crypts. 

A moderate to strong cytoplasmic
staining must be seen in smooth 
muscle cells – e.g. vessels
No staining should be seen in 
lymphocytes and epithelial cells.

ICAPCs
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Protocol for clone depending on IHC stainer
platformmAb clone 1A4 

(Dako*)

Dako

AS48

Leica

Bond III

VMS

Ultra

Titre 1:100-500* / RTU 1:200-500* 1:100-300*

Retrieval HIER TRS High HIER ER 2 None

Detection 2- or 3-step 3-step 3-step

AS Bond Ultra



Breast panel: ASMA – Ventana BenchMark

Basic protocol settings for an optimal staining result (NQC)
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Retrieval Titre Detection RTU Detection

rmAb EP188
P2 4M + 
CC1M

1:200
3-step OP + 
AMP

- -

ASMA:

Left: EP188, 

VMS platform, 

combined retrieval

OptiView + AMP

Right: 1A4

Dako platform

HIER

EnVision FLEX
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Breast panel:

• GCDFP-15

• Mammaglobin

• Gata 3

• Smooth MHCM

• ASMA

• (p63)

• E-cadherin

• p120

• ER

• PR

• HER-2

• Is it primary breast ? 

• Is it invasive ?

• Is it lobular or ductal ?

• Which teraphy ?



IHC – Protocols and controls for Breast tumours

ECAD reaction pattern

Liver Colon Tonsil
An at least weak to moderate 
membranous staining reaction of 
virtually all the hepatocytes.

A moderate to strong, distinct 
membranous staining reaction of 
virtually all the columnar 
epithelial cells in the colon / 
appendix. 
. 

A moderate to strong, distinct 
membranous staining reaction of 
virtually all squamous epithelial 
cells. No staining reaction of the 
vast majority of lymphocytes.

ICAPCs
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mAb clones               
HECD-1 & NCH-38 most 
successful

HIER
2 or 3-step mul/pol. 

mAb clone 36 aberrant 
nuclear staining reaction

rmAb clone EP700y 
inferior signal-to-noise



E-Cadherin

Liver

CSQI: 

Hepatocytes

IHC – Protocols and controls for Breast tumours
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Lobular breast carcinoma
mAb clone HECD-1 or NCH-38 mAb clone 36

Technical ? Biology ?
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mAb 36B5

mAb 36

Clone 36 reacts with cytoplasmic
component
Nuclear localization might occur    
due to B-Cat mutation (has to be 
confirmed and no data on breast 
tumours).
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NCH-38 vs EP700Y

Colon - Kidney
NCH-38 

Colon - Kidney
EP700Y Titre A

Colon – Kidney
EP700Y Titre B
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An at least weak to moderate membranous         
staining reaction of virtually all the hepatocytes.          
A moderate to strong pre-dominantly membranous 
staining reaction must be seen all epithelial cells of   
bile ducts. 

IHC – Protocols and controls for Breast tumours

ICAPCs

p120 Catenin

TonsilLiver

An at least weak to moderate membranous         
staining reaction of germinal centre macrophages and 
the follicular dendritic network.
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p120 Catenin

Ductal carc. Lobular carc.

IHC – Protocols and controls for Breast tumours



Breast panel: E-Cadherin (& p120)

Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls for Breast tumours

E-CAD Retrieval Titre Detection RTU Detection

mAb NCH-38 HIER High 1:25-100 2- & 3-step Dako 2- & 3-step

mAb HECD-1 HIER High 1:200–1.000 2- & 3-step - -

mAb 36B5 HIER High 1:50 2- & 3-step - -

mAb ECH-6 HIER High 1:100 2-step - -

mAb 36 HIER High - - Ventana 2-step*  

p120 Retrieval Titre Detection RTU Detection

mAb MRQ-5 HIER high 1:25-100 2- & 3-step - -

* Short incubation time 8-16 min. and 2-step multimer


