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CUP

Primary Panel (CK, S100, VIM, CD45)

Secondary Panels (CKs, CDX2, TTF1, SOX10.....)
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IHC assays to be used in diagnostics;

Best practice antibodies/clones www.nordiqc.org
Best practice positive and negative tissue controls
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IHC – Protocols and controls for UPT I

1’ panel Recommendable
clones (conc.)

Less successful
clones (conc.)

RTU ”plug and play” 
giving optimal result

CK-PAN
mAb AE1/AE3
mAb AE1/AE3/5D3
mAb BS5

mAb C-11
mAb KL1*
mAb Lu-5 
mAb MNF116
mAb ”Oscar”

Dako: mAb AE1/AE3
VMS: mAb AE1/AE3/PCK26

CD45 mAb 2B11+PD7/26
mAb X1699

Dako: mAb 2B11+PD7/26
Leica: mAb X1699

S100(B) pAbs (e.g. Z0311) mAb 15E2E2
mAb 4C7 ……….

VIM
mAb V9
mAb 3B4
rmAb SP20

Dako: mAb V9
VMS: mAb V9

* Discontinued
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1’ panel Positive tissue 
control HE*

Positive tissue 
control LE**

Negative tissue control 
NE***

CK-PAN

Liver: Epithelial cells
of bile ducts

Tonsil: Squamous
epithelial cells

Liver: Hepatocytes

Tonsil: Squamous
epithelial cells

Liver: Stroma

Tonsil: Lymphocytes

CD45 Tonsil: T- and B-cells Liver:  Kupffer cells
Tonsil: Epithelial cells

Liver: Hepatocytes

S100(B) Appendix: Nerves Tonsil: Germinal centre 
dendritic cells# Appendix: Epithelial cells

VIM Appendix: Endothelial
cells

Appendix:                
Intra-epithelial T-cells Appendix: Epithelial cells

# pAb reacting with S100 A1, most likely

* HE = High expression
** LE  = Low expression
*** NE = No expression
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“Ideal” daily on-slide control for the 
majority of routine markers:

Appendix
Liver
Pancreas
Tonsil

Each slide stained and evaluated has essential
information of the obtained sensitivity and specificity

In contrast only using 1 external tissue run control, no 
information is available for the single slide evaluated

123/03
CD3

IHC – The Technical Test Approach



CK HMW types
AE1/AE3: 1, 4, 5, 10, 14

AE1/AE3 Liver – Opt. AE1/AE3 Tonsil – Opt.

IHC – Protocols and controls for UPT I
CK LMW types
AE1/AE3: 7, 8, 19 

A strong, distinct cytoplasmic staining 
reaction of all bile ductal epithelial cells and
at least a moderate cytoplasmic staining
reaction withmembrane accentuation of the
vast majority of hepatocytes. 

A strong, distinct cytoplasmic staining 
reaction of virtually all squamous epithelial
cells throughout all cell layers. 

ICAPCs ICAPCs
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Too weak or false 
negative result is most 
commonly observed in 
the insufficient results.   
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Clone/Retrieval/Titre/Control

Too many choices
Misleading datasheets
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IHC – Protocols and controls for UPT I

Proteolysis HIER +Proteolysis

RCC
AE1/AE3/PCK26 

Clone/Retrieval/Titre/Control
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IHC – Protocols and controls for UPT I

Too many choices
Misleading data sheets
Wrong control material used

AE1/AE3 : Optimal results only obtained by HIER in NordiQC runs

Dako: RTU – HIER Conc: Proteolysis or HIER
Leica: RTU – Proteolysis Conc: HIER
Thermo: Conc: HIER Quanto – Proteolysis UltraVision
…………
AE1/AE3/PCK26: Optimal results mainly obtained by HIER+protelysis in NordiQC runs

VMS: RTU - Proteolysis Till 2015
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S100 App – Opt.

IHC – Protocols and controls for UPT I

S100 Ton 24h – Opt.

A strong, distinct nuclear and cytoplasmic
staining reaction of the macrophages in
lamina propria, the Schwann cells of the
peripheral nerve fibres and the ganglionic
satellite cells in the muscularis propria and
submucosa in the appendix. The epithelial
cells and muscle cells should be negative.

An at least weak but distinct nuclear and 
cytoplasmic staining reaction of the follicular
dendritic cells in the germinal centres
(most likely due to reaction to S100A and 
thus mainly seen for pAbs to S100). 

ICAPCs
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IHC – Protocols and controls for UPT I
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82% sufficient

If using pAb Z0311 a titre
of 1:1.000-4.000 & HIER:

97% sufficient               
61% optimal

Prot. / omission:

75% sufficient.             
8% optimal.

Typically false negative, too weak and/or impaired morphology
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IHC – Protocols and controls for UPT I

Proteolysis
can provide
impaired
morphology
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IHC – Protocols and controls for UPT I
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HIER

Ab 
Conc. 

Control
tissue
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ICAPCs
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CKs Recommendable
clones (conc.)

Less successful
clones (conc.)

RTU ”plug and play” 
giving optimal result

CK-Low

mAb 5D3 (8,18)
mAb B22.1+B23.1(8,18)
mAb C51 (18)
mAb DC10 (18)
mAb TS1 (8)
rmAb EP17 (8)
rmAb EP17/30 (8,18,19)

mAb 35BH11 
mAb CAM5.2 

Dako: mAb DC10
Dako: rmAb EP17/EP30 
Leica: mAb 5D3
VMS: mAb B22.1+B23.1

CK-High

mAb XM26 (5)
mAb LL002 (14)
rmAb EP1601Y (5)
rmAb SP27 (5)
rmAb SP54 (14)

mAb D5/16B4 (5/6)

mAb 34BE12 VMS: rmAb SP27



IHC – Protocols and controls for UPT I

CKs Positive tissue
control HE

Positive tissue control
LE

Negative tissue
control NE

CK-Low

Liver: Epithelial cells
of bile ducts

Appendix: Epithelial
cells

Liver: Hepatocytes

Tonsil: Fibroblastic
reticulum cells

Tonsil: Lymphocytes

Appendix: Smooth
muscle cells

CK-High
Tonsil: Basal 
squamous epithelial 
cells

Tonsil: Intermediate 
squamous epithelial 
cells

Appendix: Epithelial
cells
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CK-LMW reaction pattern

Appendix Liver Tonsil
A moderate to strong distinct 
cytoplasmic staining reaction in 
virtually all columnar epithelial 
cells.

An at least weak to moderate 
distinct cytoplasmic staining 
reaction of the vast majority of 
the hepatocytes (membrane 
accentuation).

Scattered epithelial cells and 
fibroblastic reticulum cells can 
show a weak to moderate 
staining. No reaction in the vast 
majority of lymphocytes.

ICAPCs
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Optimal

Poor

Clone !

Retrieval !

Concentration !



• Use of Abs giving a low sensitivity

• Inappropriate epitope retrieval 

• Misleading data-sheets  

IHC – Protocols and controls for UPT I



• Use of Abs giving a low sensitivity
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• Misleading data-sheets
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mAb clone 5D3
Less successful on 
VMS

VMS (and all..):
rmAb EP17
rmAb EP17/EP30
mAb DC10
mAb B22.1 + B23.1
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CK-HMW reaction pattern

Appendix Liver Tonsil
No staining should be seen. No staining should be seen. Virtually all squamous epithelial 

cells must show a moderate to 
strong cytoplasmic staining 
reaction.

ICAPCs
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NordiQC 2012-2013

mAb clone 34BE12 
gives an aberrant
staining with an 
unidentified CK-LMW 
subtype complicating
the use as a reliable
marker for CK-HMW

mAb clone XM26
or D5/16B4

Conc & RTU

Alternatively:
CK5: rmAb EP1601Y 
& SP27

CK14: rmAb SP53 & 
mAb LL002
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34BE12

FP
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Clone

HIER buffer

Detection kit

High pH + 3-step

XM26 or  SP27…
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mAb XM26 rmAb SP27
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mAb XM26 rmAb SP27Lung squam cell carcs. 
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mAb XM26 rmAb SP27Lung adenocarc. 

Lung TMA

Lung ad carc

Lung squam

Lung large cell
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mAb XM26 rmAb SP27TMA Neoplasia
Gastic ad. carc. 
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CKs Positive tissue
control HE

Positive tissue
control LE

Negative tissue control
NE

CK 7

Pancreas: Epithelial
cells of large ducts

Tonsil: Squamous
epithelial cells

Pancreas: Epithelial
cells of intercalating
ducts

Appendix: Endothelial
cells

Appendix: Vast majority
of epithelial cells

Tonsil: Lymphocytes

CK 19
Appendix: Virtually all 
epithelial cells.

Tonsil / Esophagus:  
Basal squamous
epithelial cells

Tonsil: Lymphocytes

Appendix: Endothelial
cells

CK 20
Appendix: Luminal
epithelial cells

Appendix: Epithelial
cells, basal crypts

Tonsil: Squamous
epithelial cells
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CKs Recommendable
clones (conc.)

Less successful
clones (conc.)

RTU ”plug and play” 
giving optimal result

CK 7
mAb OV-TL 12/30
mAb RN7
rmAb SP52

Dako: mAb OV-TL 12/30
Leica: mAb RN7
VMS:  mAb SP52

CK 19
mAb A53-B/A2.26
mAb B170
mAb BA17

mAb Rck108 VMS: mAb A53-B/A2.26

CK 20

mAb BS101
mAb Ks20.8
rmAb E19-1
rmAb SP33

mAb PW31 
Dako: mAb Ks20.8
Leica: mAb Ks20.8
VMS:  rmAb SP33
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CK7 reaction pattern

Pancreas Appendix Tonsil
A strong cytoplasmic staining in 
virtually all epithelial cells of the 
large pancreatic ducts & weak to 
moderate cytoplasmic staining in 
cells of intercalating ducts. 

No staining should be seen. 
Endothelial cells can be 
demonstrated. 

Scattered squamous epithelial 
cells can show a weak to strong 
cytoplasmic staining reaction.

ICAPCs

ICAPCs
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CK20 reaction pattern

Appendix Tonsil Liver
A strong, distinct cytoplasmic
staining reaction of all the surface 
epithelial cells and at least a weak 
to moderate staining reaction in 
most crypt cells.

No staining should be seen. No staining should be seen.
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1
T-Cell

10
B-Cell

3
Hodgkin

Relative frequency of lymphoid malignancies

15 markers
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B-cells Recommendable
clones (conc.)

Less successful
clones (conc.)

RTU ”plug and play” 
giving optimal result

CD19 mAb LE-CD19
mAb BT51E

mAb LE-CD19....... Dako: mAb LE-CD19
Leica: mAb BT51E

CD20
mAb L26
mAb 7D1
rmAb EP7

pAbs
Dako: mAb L26
Leica: mAb L26 
Ventana: mAb L26

CD79a mAb JCB117*
rmAb SP18

mAb HM57
mAb 11D10
mAb 11E3

Dako: mAb JCB117
VMS: rmAb SP18

BSAP

mAb 1EW
mAb 24*
mAb DAK-Pax5
rmAb SP34

Dako: mAb DAK-Pax5
Leica: mAb 1EW
VMS: mAb SP34

* Inferior on VMS BenchMark
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B-cells Positive tissue
control HE

Positive tissue
control LE

Negative tissue control
NE

CD19
Tonsil: Mantle zone, 
germinal centre & 
interfollicular B-cells

Appendix: Plasma cells Appendix: Epithelial 
cells, muscle cells etc

CD20
Tonsil: Mantle zone, 
germinal centre & 
interfollicular B-cells

------- None--------- Appendix: Epithelial 
cells, muscle cells etc

CD79a
Tonsil: Mantle zone, 
& interfollicular B-
cells

Tonsil: Germinal centre 
B-cells

Appendix: Epithelial 
cells, muscle cells etc

BSAP
Tonsil: Mantle zone, 
germinal centre & 
interfollicular B-cells

Hodgkin classical:                
Reed-Sternberg cells

Appendix: Epithelial 
cells, muscle cells etc
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CD19 CD20 CD79a PAX5

Tonsil

Appendix
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CD19 and CD20 can both be reduced or increased in lymphomas compared to normal stage
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Reactive Lymph node

CD20 mAb L26 same protocol

CLL - BM
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CD20 IHC assay

CLL needed to
Validate accuracy

Tonsil ASAP

APP neg control   
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Suff. (clone L26)

HIER (preferable in 
alkaline buffers)

1:75-1:2.000

All detection systems

Insuff. (clone L26)

Omission of HIER

Too low conc. of  
primary Ab

RTU’s superior to LDT’s
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mAb clone LE-CD19 Dako most consistent

HIER in alk. pH

3-step polymer

mAb clone LE-CD19  (Serotec, Biocare …)

False positive 
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False Positive (T-cells)
Serotec / Biocare

Too weak

mAb clone BT51E applied by 
protocol settings with too low 
sensitivity
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86%

21%

Optimal (clone JCB117)

HIER (preferable alkaline buffer)

1:25-1:600

3 step detection systems

Optimal (clone SP18)

HIER  (CC1)

1:300-1:500

3-step systems 

Insufficient results

Too short inefficient HIER

Too low conc. of  primary Ab

Less successful primary Abs

RTU’s superior to LDT’s
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Problem:

Too low sensitivity;

1. Low concentration of 
primary Ab

2. Detection system
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Problem:

Less successful Ab

mAb 11E3
or
mAb HM57



IHC – Protocols and controls for Lymphomas

60

HIER in high pH

3-step detection

24 + 1EW inferior 
on VMS

RTU’s superior to LDT’s
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Optimal

rmAb SP34 , OV (3-step multimer )

Insufficient

DAK-PAX5:  (too low titre), UV (2-step multimer )

Hodgkin Lymph., classical type NS

DLBCL
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Courtesy: Steve Hamilton-Dutoit
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B-cells Recommendable
clones (conc.)

Less successful
clones (conc.)

RTU ”plug and play” 
giving optimal result

CD5 mAb 4C7
rmAb SP19

mAb CD5/54/F6
rmAb EP77

Dako: mAb 4C7
Leica: mAb 4C7
VMS: mAb SP19

CD23
mAb 1B12
mAb DAK-CD23
rmAb SP23

mAb MHM26
Dako: mAb DAK-CD23
Leica: mAb 1B12 
Ventana: mAb SP23

CyD1 rmAb SP4
rmAb EP12

mAb DCS6
mAb P2D11F11

Dako: rmAb EP12
VMS: rmAb SP4



IHC – Protocols and controls for Lymphomas

B-cells Positive tissue
control HE

Positive tissue
control LE

Negative tissue control
NE

CD5 Tonsil: T-cells Tonsil: Mantle zone B-
ells

Appendix: Epithelial 
cells, muscle cells etc

CD23 Tonsil: Follicular 
dendritic network

Tonsil: Mantle zone B-
ells

Appendix: Epithelial 
cells, muscle cells etc

CyD1 Tonsil: Squamous 
epithelial cells

Tonsil: Germinal centre 
macrophages / 
endothelial cells 

Tonsil: Mantle zone B-
cells

CD5 CD23 CyD1
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IHC – CD5

HIER in high pH

3-step detection

Titre of primary Ab

RTU’s superior to LDT’s



IHC – CD5



IHC – CD23

HIER in high pH – 1B12 & SP23

HIER in low pH – DAK-CD23

3-step detection

Titre of primary Ab

RTU’s superior to LDT’s



IHC – CD23



IHC – Cyclin D1
Ab use Run 9

2003
Run 47
2015

SP4 / 
EP12

5%
(3/57)

98%
(251/257)

DCS6 / 
P2D11F11

86%
(49/57)

2%
(5/257
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Overall for haematololymphoid markers

Use primary Abs with the highest optimal score rates 

NordiQC assessments

Perform a careful calibration / validation of LDTs and verification of RTUs  

Use appropriate iCAPCs – right tissues / right staining pattern

Use efficient HIER in alkaline buffers (a few exceptions require low pH)

Proteolysis virtually a no-go

Use a sensitive  and specific polymer/multimer based detection system  

3-step systems are preferable



IHC – Protocols and controls for Lymphomas

The fast lane.......

Hands-out will be supportive.... 
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