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• CDX2 GI

• CEA 

• Cadherin 17

• SMAD4

• PAX8 Fem. Gen.

• CA125

• WT1

• Arginase Liver

• Glypican 3

• Glutamin synthease

• Hepatocellular antigen

• MLH1 GI + Fem. Gen

• MSH2 

• MSH6

• PMS2
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Recommendable
clones (conc.)*

Less successful
clones (conc.)

RTU ”plug and play”** 
giving optimal result

CEA
mAb II-7
mAb CEA31
mAb COL1

mAb 12-140-10
mAb PARLAM4
mAb TF3H8-1

Leica: mAb II-7
VMS: mAb CEA31

CDX2 mAb DAK-CDX2
rmAb EPR2764Y

mAb AMT28
mAb CDX2-88

Dako: mAb DAK-CDX2
VMS: rmAb EPR2764Y

CAD17 rmAb SP183***

SMAD4 mAb BC8
rmAb EP618Y***

* Potential to provide optimal result by a laboratory developed test (LDT)
** Using the protocol settings as recommended by the vendor – incubation, retrieval, detection kit.
*** Aalborg University Hospital data
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Positive tissue
control HE*

Positive tissue
control LE**

Negative tissue
control NE***

CEA
Appendix:
Brushborder of 
columnar epith. cells

Appendix:
Cytoplasm. compartm. 
of col. epith. cells.

Liver: 
Hepatocytes

CDX2
Appendix:
Columnar epithelial
cells

Pancreas: 
Epith. cells of 
intercalating ducts

Liver: 
Hepatocytes

CAD17
Appendix:
Columnar epithelial
cells

Pancreas:
Scatered col. epith. 
cells of large ducts

Liver: 
Hepatocytes

SMAD4

Tonsil:
Dispersed squam. 
epith. cells + plasma 
cells

Tonsil:
Lymphocytes

Tumour:
Neoplasia with loss of 
SMAD4 

* HE = High expression
** LE  = Low expression
*** NE = No expression
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CEA reaction pattern

Appendix / Colon
A strong accentuation of the 
brushborder / glycocalyx of the 
luminal epithelial cells.

An at least weak to moderate 
and distinct cytoplasmic staining 
reaction of the vast majority of 
epithelial cells. 

No staining reaction.

No staining of bile canaliculi, 
leucocytes and Kupffer cells (NCA, 
BGP) 

Appendix / Colon Liver

ICAPCs
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COL-1 & CEA31

Optimal on all 
platforms

II-7 less 
successful 
especially on 
VMS and Omnis

Clone !

HIER
Titre
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CDX2 reaction pattern

Appendix / Colon
A strong nuclear staining 
reaction of virtually all epithelial 
cells. A weak to moderate 
cytoplasmic staining reaction can 
be expected.

An at least weak to moderate 
and distinct nuclear staining 
reaction of the vast majority of 
epithelial cells of intercalating 
ducts.

No staining reaction. Few 
lymphocytes may show a faint 
nuclear staining reaction.

Pancreas Tonsil

ICAPCs
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AMT28 and 
CDX2-88 lower 
pass rate – used 
by a significantly 
lower proportion 
– 3% in this run 
vs 70% in run 27 
2009.

DAK-CDX2 & 
EPR2764Y 

RTU superior

Control tissue !
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Dako conc. and RTU format of mAb clone DAK-CDX2 will show an inferior pass-rate
on a VMS platform

Frequently Dako RTU format was applied on VMS…..!

< use of mAb clones CDX2-88 and AMT28
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• Inappropriate RTU settings

• use of modified protocol settings of otherwise successful RTU product

Dilution of RTU format, use of RTU format ”out of system” !!!!
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Cadherin 17 reaction pattern

Appendix / Colon Pancreas Liver
A moderate to strong 
membranous staining of virtually 
all columnar epithelial cells –
both  luminal and crypt base.
.

A weak to moderate 
membranous staining of 
dispersed columnar epithelial 
cells of large ducts and exocrine 
acini.

No staining reaction should be 
seen.

ICAPCs ICAPCs
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Colon adenocarcinomas
Cadherin 17,  rmAb SP183                                      CDX2, rmAb EPR2764Y
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SMAD4 reaction pattern

Pancreas
A moderate to strong nuclear 
staining reaction of the majority 
of all cells. A weak to moderate 
cytoplasmic staining reaction can 
be expected.

A moderate to strong nuclear 
staining reaction of the majority 
of all cells. A weak to moderate 
cytoplasmic staining reaction can 
be expected.

No nuclear staining reaction in 
neoplastic cells. Stromal cells 
serving as internal positive 
control.

Tonsil Tumour with loss

ICAPCs
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SMAD4 reaction pattern

Pancreas; reaction affected by autolysis / delayed fixation
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SMAD4 staining: mAb BC8, HIER TE pH 9, FLEX+
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SMAD4 reaction pattern

Pancreas
A moderate to strong nuclear 
staining reaction of the majority 
of all cells. A weak to moderate 
cytoplasmic staining reaction can 
be expected.

A moderate to strong nuclear 
staining reaction of the majority 
of all cells. A weak to moderate 
cytoplasmic staining reaction can 
be expected.

No nuclear staining reaction in 
neoplastic cells. Stromal cells 
serving as internal positive 
control.

Tonsil Tumour with loss

ICAPCs



UPT II: CDX2
Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls – GYN, GI, Liver

Retrieval Titre Detection RTU Detection

mAb
DAK-CDX2* HIER high pH 1:10-30 3-step Dako 2- & 3-step

rmAb
EPR2764Y HIER high pH 1:50-100 3-step Ventana 2- & 3-step 

* Inferior performance on VMS stainer platform

Retrieval Titre Detection RTU Detection

mAb
II-7* HIER high pH 1:25-200 3-step Dako, Leica 3-step

mAb
CEA31 HIER high pH 1:100-400 2- & 3-step Ventana 2- & 3-step

mAb
COL-1 HIER high pH 1:100-500 2- & 3-step

UPT II: CEA
Basic protocol settings for an optimal staining result (NQC)



UPT II: SMAD4
Basic protocol settings for an optimal staining result (Internal data)

IHC – Protocols and controls – GYN, GI, Liver

Retrieval Titre Detection RTU Detection

mAb BC8* HIER high 1:200-400 3-step - -

rmAb EP618Y HIER high 1:800-1.500 3-step - -

* Inferior performance on Dako OMNIS and VMS stainer platform

Retrieval Titre Detection RTU Detection

rmAb
SP183 HIER high pH 1:50-100 3-step - -

UPT II: Cadherin 17
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Recommendable
clones (conc.)

Less successful
clones (conc.)

RTU ”plug and play” giving
optimal result

PAX8

mAb BC12*
mAb ILQ-50
mAb MRQ-50*, **
rmAb ZR-1**
rmAb EP298
(rmAb EP331)
pAb 10336-1-AP  

pAb 363

CA125 mAb M11
rmAb OV185:2 Dako: mAb M11

WT1 mAb 6F-H2
mAb WT49

Dako: mAb 6F-H2
Leica: mAb WT49

* Inferior performance on VMS & Leica stainer platforms
** Inferior performance on Dako Omnis stainer platform
** Lot-to-lot variations



IHC – Protocols and controls – GYN, GI, Liver

Positive tissue
control HE

Positive tissue
control LE

Negative tissue control
NE

PAX8

Fallopian tube: 
Secretory epithelial
cells.

Kidney: Epithelial
cells of collecting
ducts and lining
Bowman capsules.

Fallopian tube: Ciliated
epithelial cells.

Kidney: Epithelial cells
of proximale tubules.

Appendix: Epithelial cells

CA125
Fallopian tube:
Brushborder of 
columnar epith. cells. 

Fallopian tube:
Brushborder of 
columnar epith. cells. 

Appendix: 
Columnar epithelial cells

WT1
Fallopian tube:
Columnar epithelial
cells

Kidney:
Parietal epithelial cells
and podocytes

Tonsil: 
Lymphocytes, 
endothelial cells (nuclei)
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PAX8 reaction pattern

Fal. tube
A strong nuclear staining 
reaction of virtually all secretory
epithelial cells. A weak to 
moderate nusclear staining 
reaction of the majority of 
ciliated cells.

An at least weak but distinct 
nuclear staining of the majority 
of epithelial cells of proximal 
tubules. Moderate to strong 
nuclear staining of epithelial cells 
of distale tubules and Bowman.

No staining reaction of epithelial
cells. 

Kidney Appendix / Colon

ICAPCs ICAPCs
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Choose clone
depending on
platform…

Use 3-step 
system

http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOCW_PWQ78cCFYoHLAodbnsDRQ&url=http://www.colgate.com/en/us/oc/oral-health/conditions/tooth-sensitivity/video/Understanding-Tooth-Sensitivity&psig=AFQjCNGYY_Al3DWvxN7UOD4OLNWjBvkZSA&ust=1442065969112664
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOCW_PWQ78cCFYoHLAodbnsDRQ&url=http://www.colgate.com/en/us/oc/oral-health/conditions/tooth-sensitivity/video/Understanding-Tooth-Sensitivity&psig=AFQjCNGYY_Al3DWvxN7UOD4OLNWjBvkZSA&ust=1442065969112664


IHC – Protocols and controls – GYN, GI, Liver

Dako AS48:

EP298,    
ZR-1, BC12, 
MRQ-50 or 
Prot. Tech 

VMS, Dako
OMNIS:

EP298, ZR1 
or 
Prot.Tech
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Tonsil stained for PAX8 =

Same pattern as for PAX5
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PAX8

C-term
PAX8

N-term

mAb clone BC12 (C-term.)
rmAb clone EP298 (C-term)

mAb clone MRQ-50 (N-term.)
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PAX8 antibodies towards N-terminal (most likely..):

mAb clone MRQ-50 (Roche/Cell Marque)

pAb 10336-1-AP (Protein Tech group)

pAb A363 (Cell Marque)

pAb CP 379 (Biocare)

PAX8 antibodies towards C-terminal (most likely..):

mAb clone BC12 (Biocare)

mAb clone PAX8R1 (Abcam)

rmAb clone ZR1 (Zeta)

rmAb EP298 (Epitomics/Cell Marque)
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PAX8 antibodies towards N-terminal (most likely..):

Fallopian tube – secretory & ciliated cells

Kidney – epithelial cells lining the proximal tubules

Thyroid – epithelial cells lining the follicles

Tonsil – B-lymphocytes

Pancreas – neuroendocrine cells

PAX8 antibodies towards C-terminal (most likely..):

Fallopian tube – secretory & ciliated cells

Kidney – epithelial cells lining the proximal tubules

Thyroid – epithelial cells lining the follicles



PAX8
Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls – GYN, GI, Liver

Retrieval Titre Detection RTU Detection

mAb
MRQ-50* HIER High 1:25-200 3-step Ventana 3-step (OP)

mAb
BC12* HIER High 1:20-30 3-step - -

rmAb
EP298 HIER High 1:50-150 3-step - -

rmAb
ZR-1 HIER High** 1:25-800 3-step - -

pAb
10336-1-AP HIER High 1:100-800 3-step - -

* Inferior performance on VMS & Dako Omnis stainer platform ** VMS: P3 4 min + HIER CC1 32M
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WT1 reaction pattern (mAb 6F-H2, HIER)

Fal. tube
A moderate to strong nuclear 
staining reaction of virtually all 
epithelial (and stromal ) cells.     
A weak to moderate cytoplasmic
staining in many cells will be 
seen.

A moderate to strong nuclear 
staining reaction in parietal 
epithelial cells and podocytes of 
the Bowman capsule.....

No nuclear staining reaction of 
lymphocytes, endothelial cells etc. 

Kidney Tonsil

ICAPCs ICAPCs

Fallopian tube
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WT1 reaction pattern (mAb WT49 and 6F-H2, HIER+proteolysis)

Fal. tube
A moderate to strong nuclear 
staining reaction of virtually all 
epithelial (and stromal ) cells.

A moderate to strong nuclear 
staining reaction in parietal 
epithelial cells and podocytes of 
the Bowman capsule.

No nuclear staining reaction of 
lymphocytes, endothelial cells etc. 

Kidney Tonsil

ICAPCs ICAPCs

Fallopian tube
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Optimal but 
challening to read

Optimal and 
easy to read

Insufficient:
- Too low titre
- Short incubation time
- (WT49 on VMS)
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WT49 – HIER ER2, 3-step polymer
1:10 – 25 min. 1:25 – 15 min.
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6F-H2 – RTU, 3-step multimer

HIER + Proteolysis HIER



UPT III: WT1
Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls – GYN, GI, Liver

Retrieval Titre Detection RTU Detection

mAb
6F-H2 HIER high pH 1:30-400 2- & 3-step Dako 2- & 3-step

mAb
6F-H2

HIER high pH 
+ proteolysis* 1:200-250 3-step Ventana 3-step (OP)

mAb
WT1 HIER high pH 1:10-25 3-step Leica 3-step

* e.g. VMS: HIER in CC1 32 min + P3 for 4-8 min.
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Recommendable
clones (conc.)*

Less successful
clones (conc.)

RTU ”plug and play”** 
giving optimal result

MLH1
mAb ES05
mAb G168-15
mAb GM011

mAb G168-728 Dako: mAb ES05
Leica: mAb ES05

MSH2 mAb FE11
mAb G219-1129 mAb 25D12 Dako: mAb FE11

VMS: G219-1129 

MSH6 rmAb EP49
rmAb EPR3945 mAb 44 Dako: rmAb EP49

PMS2
mAb 16-4
rmAb EP51
rmAb EPR3947

Dako: rmAb EP51
VMS: rmAb EPR3947

* Potential to provide optimal result by a laboratory developed test (LDT)
** Using the protocol settings as recommended by the vendor – incubation, retrieval, detection kit.

MMR
Basic protocol settings for an optimal staining result (NQC)
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NordiQC

IHC test: Fit for purpose –
All IHC tests both laboratory developed assays and RTU systems
must be calibrated for the diagnostic use

E.g. IHC assays for mismatch repair proteins (MMR) 
Purpose Diagnostic utility Tool Application

Disease screening of 
patients with Lynch 
syndrome

Diagnostic relevant 

IHC results have been
shown to have high
concordance to 
mutation analysis

Diagnostic validity

IHC panel for 4 MMR 
proteins;
MLH1, MSH2, MSH6
& PMS2

Technically possible

Identification of a 
reliable IHC protocol
and interpretation 
guidelines for the 
pathologist

Diagnostic possible



NordiQC

Interpretation based on internal tissue control.
Negative IHC result in neoplastic cells must be confirmed
by  identification of stromal cells being positive ! 

MMR General patttern



NordiQC



NordiQC



NordiQC

Clone

Titre

RTU > In-house



NordiQC



NordiQC



NordiQC

Choice of clone……..



NordiQC

MSH6 ”issues”:

mAb clone 44 used
Difficult to calibrate

EP49
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Positive tissue
control HE*

Positive tissue
control LE**

Negative tissue
control NE***

HEPA
Liver:
Hepatocytes

Appendix:
Scattered epithelial 
cells

Tonsil: 
Lymphocytes,...

Arginase
Liver:
Hepatocytes

.............. Tonsil: 
Lymphocytes,...

Glyp 3
Placenta:
Trophoblasts

Appendix:
Nerves

Liver: 
Hepatocytes

* HE = High expression
** LE  = Low expression
*** NE = No expression
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Recommendable
clones (conc.)*

Less successful
clones (conc.)

RTU ”plug and play”** 
giving optimal result

HEPA mAb OCH1E5 Dako: mAb OCH1E5
VMS: mAb OCH1E5

Arginase rmAb SP156***

Glyp 3 mAb 1G12 VMS: mAb OCH1E5

* Potential to provide optimal result by a laboratory developed test (LDT)
** Using the protocol settings as recommended by the vendor – incubation, retrieval, detection kit.
*** Aalborg University Hospital data
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Positive tissue
control HE*

Positive tissue
control LE**

Negative tissue
control NE***

HEPA
Liver:
Hepatocytes

Appendix:
Scattered epithelial 
cells

Tonsil: 
Lymphocytes,...

Arginase
Liver:
Hepatocytes

.............. Tonsil: 
Lymphocytes,...

Glyp 3
Placenta:
Trophoblasts

Appendix:
Nerves

Liver: 
Hepatocytes

* HE = High expression
** LE  = Low expression
*** NE = No expression
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HEPA reaction pattern

A moderate to strong granular cytoplasmic
staining reaction in virtually all hepatocytes
(mitochodria)
No-go for biotin based detection systems.

No staining reaction of lymhocytes, stromal cells, 
muscle cells and vast majority of epithelial cells.

Liver Appendix / Colon

ICAPCs
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+ HIER

+ Non-biotin system

RTU superior
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ASAP....

As Strong
As Possible

Neg tissue control
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Arginase reaction pattern

A moderate to strong nuclear and cytoplasmic
staining reaction in virtually all hepatocytes).

No staining reaction. 

Liver Appendix / Colon

ICAPCs

Tonsil



Hepatocelluar carcinoma & undifferentiated carcinoma

IHC – Protocols and controls – GYN, GI, Liver

Arginase HEPA
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Glypican 3 reaction pattern

Placenta
An at least moderate 
predominantly cytoplasmic
staining reaction of the vast 
majority of throphoblastic cells. 
Weak reaction in stromal and 
endothelial cells. 

An at least weak but distinct 
cytoplasmic staining reaction of 
peripheral  nerves.

No staining reaction. 

Appendix / Colon Liver

ICAPCs ICAPCs



UPT II: HEPA
Basic protocol settings for an optimal staining result (NQC)

IHC – Protocols and controls – GYN, GI, Liver

Retrieval Titre Detection RTU Detection

mAb
OCH1E5* HIER 1:30-1.200 2- & 3-step Dako

Ventana
2- & 3-step
2- & 3- step

* Less successful performance on Bond stainer

Retrieval Titre Detection RTU Detection

mAb
1G12 HIER 1:20-200 2- & 3-step Ventana 2- & 3-step

rmAb
SP156 HIER TE 1:25-50 3-step - -

UPT II: Glypican 3 & Arginase*
NordiQC data and In-house pre-liminary data*
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