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Immunohistochemistry – A simple technique ?

External Quality Assurance program

Staining quality varies greatly between different laboratories depending on the individual selection of 
methods and the technical expertise

CD117 / GIST



The Analytic phase - definition:

Begins with dewax of the cut slides of the slides and is completed with the coverslipping of the stained slides.

Unlike the pre-analytic factors, analytic factors (excentric to the tissue block) can be modified and controlled within 
the immunohistology laboratory.



89 markers assessed during the period  2003-2015  and several markers have been assessed several times Seven runs for HER2 ISH

More than 30000 slides assessed

Major problems are related to:

 The choice of antigen retrieval method

 The choice of primary antibody (Concentrate or RTU)

a) Calibration of the antibody dilutions
b) Stainer platform dependent

 The choice of detection system

83 % of insufficient results 



The discrepancy between different studies using the same 
primary antibody for smoothelin in the bladder  is 
properly caused by different technical aspects

Distinguishing urinary bladder muscularis propria (MP) from 
muscularis mucosae (MM) is crucial in bladder cancer staging.

Negative

Intermediate

Positive

In conclusion, smoothelin IHC is strongly dependent on the chosen epitope retrieval method, and smoothelin
staining did not discriminate reliably between MP and MM with any of the tested pretreatment protocols.



Proteolysis HIER / Ci pH 6 HIER / TE pH 9No

Adenocarcinoma

(stomach)

Effect of different antigen retrieval procedures

CK19 clone b170

Prostate

Non-HIER procedures HIER procedures



Epitope Retrieval

Antigen retrieval procedures for formalin fixed tissue:

 Heat  Induced Epitope Retrieval (HIER)

 Tissue digestion using proteolytic enzymes

 Combined pre-treatment (HIER with proteolytic digestion) 

The purpose of antigen retrieval is to unmask antigen epitopes and recover immuno-reactivity



Shi et al. demonstrated that : 

A) Enzyme pre-digestion of tissue could be omitted.

B) Incubation time with primary antibodies could be reduced, or dilutions of primary antibodies could be 
increased.

C) Staining could be achieved on long-term formalin fixed that failed to stain with conventional methods.

D) Certain antibodies which where typically  unreactive with formalin-fixed tissue gave excellent staining.



The mechanism of HIER ?

Several hypothesis in regard of the mechanism of HIER has been proposed, but the 
mechanism of action  of HIER is not completely understood.

Heating  tissue sections in  an appropriate  buffer may unmask epitopes by :

 Hydrolysis of methylene cross-links formed by  formalin fixation

 Extraction of diffusible blocking proteins

 Precipitation of proteins

 Rehydration of the tissue section allowing better penetration of the antibody

 Removal of tissue-bound calcium ions by chelating substances

 Other mechanism´s ?

Reviewed by Ramos-Vara JA: Vet Pathol 42:405-426, 2005 



Results from this study suggested that:

The main mechanism of heat-induced antigen retrieval is disruption of the cross-links 
formed by formalin fixation  (confirming earlier hypothesis to this subject)

pH of the antigen retrieval buffer is an essential factor for a proper refolding of epitopes 
favoring better reactions with respective antibodies

High pH antigen retrieval buffers seems to be more efficient (Table 1)



Demonstrated that:

9 of 11 markers tested, showed increased staining intensity in unfixed frozen tissue (rat uterus)  after  HIER treatment



The unfixed frozen sections, which did not show immunostaining 
with nine antibodies, were clearly stained after heating the sections

These results indicate that other mechanisms of breaking formalin-
induced cross-linkages may be present. 

The authors propose that: 

One of the other mechanisms for heat-induced AR is that 
accessibility to the target epitopes of antigenic proteins is limited by 
natural steric barriers even in the fresh state caused by the antigenic 
protein itself.



HIER buffers used by NordiQC participants

In house Dako Roche
Ventana

Leica
Microsystems

Biocare Thermo S
LAB Vision

Low pH buffers

Citrate buffer
pH 6 / pH6.7

TRS Low 
pH 6.1

CC2 
pH 6

BERS-1
pH 6

Diva Decloaker 
pH 6.2

High pH buffer

EDTA/EGTA
pH 8

TRS High
pH 9 

CC1 
pH 8.5

BERS-2
pH 9

Borg Decloaker
pH 9.5

HIER buffer H
pH 9

Tris-EDTA/EGTA 
pH 9

TRS High (3-in-1)
pH 9

Tris-HCL
pH 9

TRS ~ Target Retrieval Solution ~ Autostainer (Link/Classic) / Omnis

CC ~ Cell Conditioning ~ Benchmark (XT/Ultra)

BERS ~ Bond Epitope  Retrieval Solution ~ Bond (Max/III)

Decloaker` s ~ IntelliPATH

HIER High H ~  Autostainer  ( 480S-2D/720-2D)

App. 80-90 % of all pretreatment protocols

Restrictions:

The instrumentation / platforms dictates the choice of 
HIER buffers

For some antigens, the HIER buffers dictate`s the 
choice of primary Ab



Efficient HIER depends on:

 pH of the HIER buffer
 Temperature
 Time
 Elementary nature of the HIER buffer (e.g. Citrate; TRIS; EDTA; TE)

Less sensitive to routinely fixed tissue (formalin)  compared to enzymatic pre-treatment

> 95% of all commonly used antibodies require HIER



Shi SR et al. J Histochem Cytochem 1995 

43:193-201

A: CD20 (clone L26)

B: Ki-67 (clone MIB1)

C: MSA (clone HMB45)

HIER buffer - Influence of pH 

Demonstrated that the performance of monoclonal antibodies were highly influenced by pH of the Antigen Retrieval 

buffer (AR). 

Also, the results indicate the advantage of using an AR solution of higher pH value (8-9).



HIER CD79 (1:300)
(JCB117)

BCL-6 (1:100)
(LN22)

CD163 (1:200)
(MRQ-26)

MUM-1 (1:400)
(MUM1p)

CD23 (1:50)
(1B12)

TRS / High pH 9 +++(+) +++ +++ ++++ +++(+)

TRS / Low pH 6.1 ++ (+) - ++(+) ++(+)

Tonsillar tissue fixed in 10% formalin (48h).

Staining Intensity graded from  no reaction (-)  to highest intensity  (++++)

HIER buffer - Influence of pH

Alkaline buffer (TRS pH 9) versus Acidic based buffer ( TRS pH 6.1) / HIER  (20 min at 97°C)

HIER CD79 (1:50)
(JCB117)

BCL-6 (1:25)
(LN22)

CD163 (1:25)
(MRQ-26)

MUM-1 (1:50)
(MUM1p)

CD23 (1:25)
(1B12)

TRS / Low pH 6.1 +++(+) ++ +(+) ++++ +++



Tonsillar tissue fixed in 10% formalin (48h).

HIER buffer - Influence of pH

Alkaline buffer (TRS pH 9) versus Acidic based buffer ( TRS pH 6.1) / HIER  (20 min at 97°C)

HIER in TRS pH 6.1

HIER in TRS pH 9

MUM-1, MUM1p (1:400)CD79, JCB117 (1:300)



Tonsillar tissue fixed in 10% formalin (48h).

HIER buffer- Influence of pH and concentration of the primary Ab

Alkaline buffer (TRS pH 9) versus Citric based buffer ( TRS pH 6.1) / HIER  (20 min at 97°C)

HIER in TRS pH 9 

CD79, JCB117 (1:300)

HIER in TRS pH 6.1 

CD79, JCB117 (1:50)

1:300



HIER in TRS pH 6.1

HIER in TRS pH 9

CD163, MRQ-26 (1:200)BCL-6, LN22 (1:100)

Tonsillar tissue fixed in 10% formalin (48h).

FN

HIER buffer - Influence of pH

Alkaline buffer (TRS pH 9) versus Acidic based buffer ( TRS pH 6.1) / HIER  (20 min at 97°C)



Tonsillar tissue fixed in 10% formalin (48h).

HIER buffer - Influence of pH

Alkaline buffer (TRS pH 9) versus Acidic based buffer ( TRS pH 6.1) / HIER  (20 min at 97°C)

HIER in TRS pH 9 

CD163, MRQ-26 (1:200)

HIER in TRS pH 6.1 

CD163, MRQ-26 (1:25)

1:200

For 95% of the epitopes, HIER in buffers at  pH 8-9 is preferable to pH6  



Taylor  CR et al : Applied Immunohistochemistry 1996; 4(3) : 144-166  - Temperature and time are inversely related :

Similar strong intensity of staining could be generated by the following heating conditions:

100°C for 20 min = 90°C for 30 min = 80°C for 50 min = 70°C for 10 h  

HIER - Influence of time and temperature

Balaton AJ et al : Applied Immunohistochemistry 1996; 4(4) : 259 - 263

Optimal staining intensity could be generated by the following heating conditions:

MWO at 100°C for 20 min = Pressure cooker at 120°C for 3 min

Leong  AS-Y et al : Applied Immunohistochemistry 2002; 10(3) : 263-268

Demonstrated that  superheating  at 120°C  (MWs under pressure 1.9 bar) produced the best overall results (42 markers) 
with exception of antibodies to cytokeratin clones Cam 5.2,  A1E/3 and 34BE12 (compared to conventional  heating in a 
pressure cooker  or  MWO at 98°C)



HIER
High pH

80°C
5 min

80°C
10 min

80°C
20 min

80°C
40 min

80°C
80 min

97°C
5 min

97°C
10 min

97°C
20 min

97°C
40 min

97°C
80min

80°C
16h

CD79
(JCB117)

+ + ++ +++ +++(+) +(+) +++ +++(+) ++++ ++++ ++++

BCL-6, 
(LN22)

- - - + ++(+) - + +++ ++++ ++++ ++++

CD163
(MRQ-26)

- (+) + +(+) ++(+) + ++ +++ ++++ ++++ +++(+)

MUM-1
(MUM1p)

- - (+) +(+) +++ (+) ++ ++++ ++++ ++++ ++++

CD23
(1B12)

- - - +(+) +++ (+) ++ +++(+) ++++ ++++ + ?

Tonsillar tissue fixed in 10% formalin (48h).

HIER - Influence of time and temperature

Alkaline buffer ( TRS / High pH 9)  at variable temperature and time

Staining Intensity graded from  no reaction (-)  to highest intensity  (++++)



HIER  at 80°C

10 min

Tonsillar tissue fixed in 10% formalin (48h).

HIER - Influence of time and temperature

Alkaline buffer ( TRS / High pH 9)  at variable temperature and time

CD79, JCB117 (1:300)

80 min20 min

HIER  at 97°C



HIER  at 80°C

10 min

Tonsillar tissue fixed in 10% formalin (48h).

HIER - Influence of time and temperature

Alkaline buffer ( TRS / High pH 9)  at variable temperature and time

CD163, MRQ-26 (1:200)

80 min20 min

HIER  at 97°C



Primary Ab HIER solution 97°C
5 min

97°C
10 min

97°C
20 min

97°C
40 min

97°C
80min

80°C
16h

CD79 (1:300)
(JCB117)

TRS / Low pH pH 6.1 + +(+) ++ +++ +++ +++

CD79 (1:300)
(JCB117)

TRS /High pH pH 9 +(+) +++ +++(+) ++++ ++++ ++++

MUM-1 (1:400)
(MUM1p)

TRS / Low pH pH 6.1 - + ++(+) +++ +++ +++

MUM-1 (1:400)
(MUM1p)

TRS /High pH pH 9 (+) ++ ++++ ++++ ++++ ++++

BCL-6 (1:100)
(LN22)

TRS / Low pH pH 6.1 - - (+) + + +(+)

BCL-6 (1:100)
(LN22)

TRS /High pH pH 9 - + +++ ++++ ++++ ++++

CD163 (1:200)
(MRQ-26)

TRS / Low pH pH 6.1 - - - - (+) (+)

CD163 (1:200)
(MRQ-26)

TRS /High pH pH 9 (+) ++ +++ ++++ ++++ +++(+)

CD23 (1:50)
(1B12)

TRS / Low pH pH 6.1 (+) +(+) ++(+) ++++ +++ (+) ++ ?

CD23 (1:50)
(1B12)

TRS /High pH pH 9 (+) ++ +++(+) ++++ ++++ + ?

Tonsillar tissue fixed in 10% formalin (48 h).

HIER - Influence of time
Alkaline buffer (pH 9) versus standard Citric based buffer (pH 6)

Staining Intensity graded from  no reaction (-)  to highest intensity  (++++)



Tonsillar tissue fixed in 10% formalin (48h).

40 min at 97°C

HIER - Influence of pH and time

Alkaline buffer (TRS pH 9) versus Citric based buffer ( TRS pH 6.1) / HIER

CD23, 1B12 (1:50)

HIER in TRS pH 6.1

HIER in TRS pH 9

16 h at 80°C 16 h at 70°C



Shi SR et al. : Applied Immunohistochemistry 2002 Dec;10(4):368-73.

A modified reduced-temperature antigen retrieval protocol effective for use 
with a polyclonal antibody to cyclooxygenase-2 (PG 27).

Polyclonal antibody to cyclooxygenase-2 (PG-27)  failed to give a positive staining result after 
orthodox antigen retrieval.

For this particular antibody, a boiling condition yields a negative result

Heating tissue /cell specimens at a reduced temperature (90 degrees C as opposed to 100 degrees 
C) provided superior immunostaining for cyclooxygenase-2



Boenisch T : Applied Immunohistochemistry 2005; 13(3) : 283-286

Effect of Heat-Induced Antigen Retrieval Following Inconsistent Formalin Fixation

Consistent optimal staining of 26 of the 30 antigens was achieved despite the variable 
length of fixation (up to 8 days of fixation).

121°C/ 5`



Prolonging the HIER time ?

Tonsil

NBF 15 days

Tonsil

NBF 15 days

An extension of the HIER time may be required to obtain optimal results for tissue section “over fixed” in 
formalin

Efficient HIER may depend on the chosen  source of heat method (e.g. Pressure cooker versus MWO)

HIER 20`

MWO / TE pH 9 / 100°C

HIER 60`

MWO / TE pH 9 / 100°C

Ki67,SP6 Ki67,SP6

Influence of fixation time (10% formalin)



Normally:  Efficient HIER time  ~ 20-40 min at 97-99°C

Tonsil / NBF 
168h

Tonsil / NBF 6h

Tonsil / NBF 24h

HIER / TRS pH 9/ 10 min HIER/ TRS pH 9/  40 minHIER  / TRS pH 9/ 20 min

MUM-1, MUM1p / HIER in Alkaline buffer ( TRS / High pH 9)  at 97°C



Epitope Retrieval

Epitope retrieval procedures for formalin fixed tissue:

 Heat  Induced Epitope Retrieval (HIER)

 Tissue digestion using proteolytic enzymes

 Combined pre-treatment (HIER with proteolytic digestion)  

The purpose of antigen retrieval is to unmask antigen epitopes and recover immuno-reactivity



Enzymatic digestion is used to overcome the effects of covalent cross-links 
that are formed in tissues during formalin fixation.

Proteolytic enzymes cleave more or less specific amino acid sequences 
within peptide chains. 

→  Improves penetration of reagents into the tissue structures and restore the 
immunodominant conformation of epitopes of interest. 

Enzymatic digestion

Markers requiring enzymatic pretreatment :

FVIII (poly), LMV CK (CAM 5.2), PAN CK (MNF116), EGFR (various), TCR (8A3)………….. 
Extracellulare matrix proteins (COLL-III (poly), Laminin (poly) and COLL-IV (CIV-22) …......



”Optimal” enzymatic digestion depends on:

Enzyme type

Concentration

Time

Temperature

Fixation type & time

Tissue type

Short time formalin fixation = gentle proteolysis
Long time formalin fixation = prolonged proteolysis

Most common Enzymes

Proteinase K
Pronase XIV

Pronase XXIV
Pepsin
Trypsin Difficult to control and to standardizes

≤ 2% of all commonly used antibodies require enzymatic (or no) pre-treatment

Enzymatic pre-treatment



AE1

Ethanol fixed tissue: 

Even short periods of digestion resulted in 
disintegration of architectural and cytologic detail 
and in reduced immunostaining

Formalin fixed tissue:

The increased immunoreactivity of keratins varied 
with the tissue type and the duration of proteolysis 
(Trypsin 0.1%, Pronase XIV 0.1% & Pepsin 0.4%), as 
shown for trypsin in Table 1.

For any given tissue, longer digestion was 
necessary as the duration of fixation was increased. 

Excessive digestion manifested itself as a reduction 
rather than an enhancement of the strength of the 
immunoreaction.



Enzymatic digestion (Influence of digestion time)

EP-CAM, clone MOC-31, dilution 1:20 

PK (2,5min) /RT

PK (20min) /RTPK (10min) /RT

PK (5min) /RT

Adenocarcinoma (Prostate)  fixed in  10% Formalin / 24h

Proteinase K / RTU (Dako, S3020)



Enzymatic digestion (Influence of enzyme type  and digestion time)

EP-CAM, clone MOC-31, dilution 1:20

Adenocarcinoma (Breast)  fixed in  10% Formalin / 24h

Proteinase K / RTU (Dako, S3020)

Digestion time 5 min.

37°C

Digestion time 20 min.

37°C

Pepsin / (Dako, S3002)Pronase XIV / 0.05%



Enzymatic digestion (Influence of temperature and digestion time)

EP-CAM, clone MOC-31, dilution 1:20 

Adenocarcinoma (Breast)  fixed in  10% Formalin / 48h

Digestion temperature

24°C

Digestion temperature

37°C

Pepsin / (Dako, S3002)

2.5 min

Pepsin / (Dako, S3002)

10  min

Pepsin / (Dako, S3002)

40  min



Enzymatic digestion (Influence of  fixation time and “optimal digestion”)

EP-CAM, clone MOC-31, dilution 1:20 

Adenocarcinoma (Breast)  fixed in  10% Formalin  at variable times (24, 48 and 120 h)

Pepsin / (Dako, S3002)

Digestion time 10 min.

37°C

HIER , Low pH (S1700)

20 min / 97°C

NBF 24 h NBF 48 h NBF 120h



TRS Low pH 6.1 (Dako, S1699/S1700)

Diva Decloaker pH 6.2   (Biocare, DV2004 )

For certain markers these modified low pH HIER buffers are performing  better than:

- Enzymatic digestion 

- HIER in either an standard low (acidic) or high (alkaline) pH buffer`s

Markers  requiring the TRS Low  pH 6.1 (Dako) or Diva Decloaker pH 6.2 (Biocare) :

EP-CAM (clone EP-4 or MOC-31 or “VU-1D9”); GP200 (clone SPM 314 or 66.4.C2); CD21 clone 1F8; 
CD61 clone Y2/51; NGFR clone MRQ-21; Desmoglein-3 clone BC11 and a few more

Mandatory for : CD7 clone CBC 3.7; CD30 clone ConD6/B5; CD5 clone Leu1

EP-CAM ~ Enzymatic digestion EP-CAM ~ HIER / TRS low pH 6.1 (S1700)

Adenocarcinoma of the lung  / NBF 48 h



HIER buffer, TRS pH 6.1 (Dako S 1700)

CD30 clone ConD6/B5

Tonsil

Hodgkin lymphoma

Embryonal carcinoma

HIER buffer, Low pH (LabVision TA-999-DHBL)



Modified HIER buffers (low pH)  with high impact on the final result

TRS  pH 6.1 (Dako S1700)

PT / 99° / 20 min

Diva Decloaker (Biocare)

PT / 99° / 20 min

TRS  pH 9 (Dako)

PT / 99° / 20 min

Hodgkin Lymphoma

CD30,  ConD6/D5

1:50

Skin

Desmoglein-3,  BC11

1:25

Small cell carcinoma

EP-CAM,  MOC-31

1:20



Be critical about what you read !!!!!



CD163, MRQ-26

Diva, pH 6.2 (Biocare)

Tonsillar tissue fixed in 10% formalin (24h).

HIER

Diva Decloaker verus Alkaline buffer`s (MWO/ 20 min/99°C)

High pH 9 (Dako)

BCL-6, LN22

EDTA pH 8 (NCL)



Automated platforms:  The challenge

For certain Automated stainer systems (e.g. Ventana Benchmark or BOND) 
it is advisable to improve immunostainings for makers requiring modified 
low pH buffers by:

Performing HIER off board (e.g. MWO)  with TRS  pH 6.1 (S1699/S1700) or Diva 
Decloaker

Or search for primary antibodies by clones :

That work with standard HIER  retrieval buffers (e.g. TE pH9)



Ci pH 6

MWO / 20 min

EDTA pH 8

MWO / 20 min

TE pH 9

MWO / 20 min

TRS  pH 6.1

MWO / 20 min

CD30

Clone 

ConD6/B5

CD30

Clone 

Ber-H2

Hodgkin Lymphoma

Important questions: Which antibody - Which antigen retrieval procedure – To which platform
D

ako
 (S1

6
9

9
/S1

7
0

0
)



CD21 (substitution)

TRS, High pH TRS, Low pH

CD21, Clone 1F8

CD21, Clone  2G9



Optimal results with HIER in High pH buffers e.g. CC1 (Ventana) 
(with or without gentle enzymatic digestion  performed after 
HIER)

Optimal results with HIER in mod. Low pH buffers (Dako)

No optimal results with HIER in High pH buffer CC1 (Ventana)

BS14 could be an alternative to Ber-EP4 on platforms 
excluded  from the use of modified low pH buffers e.g. 
Diva pH 6.2 (Biocare) or TRS pH6.1 (Dako)



EPCAM, BS14  (1:500) / TRS pH 9.0

EPCAM, MOC31  (1:25) / TRS pH 6.1

Kidney Hepar Breast tumor

Omnis

EPCAM, BS14 (Nordic Biosite)  is a better alternative than 
EPCAM  MOC31 or Ber-EP4 for  automated platforms not 
offering the possibility to use  mod. low pH buffers. 



Epitope Retrieval

Epitope retrieval procedures for formalin fixed tissue:

 Heat  Induced Epitope Retrieval (HIER)

 Tissue digestion using proteolytic enzymes

 Combined pre-treatment (HIER with proteolytic digestion)  

The purpose of antigen retrieval is to unmask antigen epitopes and recover immuno-reactivity



Combined  HIER with proteolytic digestion

 Infrequently used today 

 Controlled proteolytic digestion can be performed before or after HIER

Merz H et al. J.Pathol. 1993 Jul;170(3):257-64.

Used a combination of protease digestion and microwave treatment  (Urea) to improve the staining of surface and cytoplasmic 
immunoglobulin heavy and light chains

Frost AR et al. Appl Immunohistichem Mol Morphol. 2000 Sep;8(3):236-43.

Demonstrated that  better results could be achieved with antibodies to Ki67/MIB 1 and ER in breast carcinomas using a 
combination of mild microwave heating (10mM citrate buffer at 80°C (2h) following trypsin treatment compared to normal 
retrieval procedures. 

Also,  tissue loss (breast samples) was minimized using the combined  protocol (HIER at low temperature + Trypsin digestion)



Applying an combined pre-treatment techniques  require careful calibration of  all 
parameters  involved both in the  HIER  and proteolytic digestion process.  

These parameters includes as for HIER or enzymatic digestion alone:

 Type of tissue  and fixation conditions

 Type of HIER Buffer  (pH , HIER time and temperature)

 Type of proteolytic enzyme (specificity,  concentration, digestion time and temperature)

In general, an even more gentle approach compared to  the “normal” Antigen Retrieval procedures must be  
performed.

Combined  HIER with proteolytic digestion



The procedures (Autostainer & Omnis):

A) HIER in Low pH (Dako ~ TRS pH 6.1 /S1700 or S1699), PT module , 97°C /20 min.
Pepsin solution (RTU/Zytovision cat. no. ES-0001-50), RT/5 min. 

B) Pepsin solution (RTU/Zytovision cat. no. ES-0001-50), RT/ 8 min. 
HIER in High pH  (Dako ~ TRS pH 9 (3-1)), PT module , 97°C /20 min.

C) Proteinase K solution (RTU/Dako cat. no. S3020), dil. 1:15/TBS, RT/ 3 min. 
HIER in High pH (Dako ~ TRS pH 9 (3-1)), PT module , 97°C /20 min.

D) HIER in Low pH (Dako ~ TRS pH 6.1 /S1700 or S1699),  97°C /20 min.
Cytology Pepsin solution (RTU/Zytovision cat. no. ES-0002-50), 32°/12 min. (Omnis)

E) HIER in pH (Dako ~ TRS pH 9 ) , 97°C /24 min.
Cytology Pepsin solution (RTU/Zytovision cat. no. ES-0002-50), 32°/3min. (Omnis)

Markers  benefitting from combined pre-treatment (Naestved)

Extracellulare matrix proteins  such as COLL-3 (polyclonal) , COLL-4 clone CIV-22, Tenascin clone T2H5, LAM5 (γ) clone D4B5, 

WT1 clone 6H-F5 , WT1 clone EP122, PAX8 clone ZR1, PMS2 clone EP51 and  ????

Combined  pre-treatment (HIER with Enzymatic digestion) / Naestved LAB



WT1 clone 6H-F2 
(RUN43)

HIER in CC1
(Ventana, Benchmark Ultra)

HIER in CC1 + Protease 3 
(Ventana, Benchmark Ultra)



WT1 clone 6H-F2
HIER High pH 20`/97°C followed by diluted RTU Proteinase K (Dako, S3020) 3` RT

PK 1:10

PK 1:80PK 1:40

PK 1:20

Kidney

Data & method kindly provided by Ole Nielsen, Dept. of Pathology, Odense, Denmark



WT-1 clone 6H-F2
HIER High pH 20`/97°C

WT-1 clone 6H-F2
Pepsin 8`+ HIER High pH 20`/97°C

Ovarian Serous Carcinoma Ovarium/Peritoneum
Metastasis (Hepatocellular carc.)

Proteolysis (Pepsin solution, RTU/Zytovision cat. no. ES-0001-50) followed by HIER

Improves sensitivity & signal to noise ratio



PAX8, ZR1 (1:50 RR /Omnis)

Pep © ~ Cytology Pepsin Solution (ZytoVision cat. no. ES-0002/50) / 3 min at 32°C 

HIER (TRS pH9) / 24 min HIER (TRS pH9)  / 24min + Pep ©

Clear Cell Carcinoma (Kidney )

Kidney



HIER/ Low pH + Pepsin  5 min

(RTU/ZytoVision)

Collagen III (pAb 1:1000/ LSBio)

Tonsil

Pepsin 30min

(Dako  S3002)

Hepar

Reticulin staining



Collagen III (pAb 1:1000)

Immunohistochemical versus Reticulin Staining

Reticulin – Gordon & Sweet HIER / Low pH + Pepsin 5`

Pepsin 30min



HIER / Low pH

TRS pH 6.1 (S1700)

HIER / High pH

TRS pH 9 (Dako S2375)

Hepar

Tonsil

Collagen III  (pAb 1:1000/ LSBio)

HIER / Low pH + Pepsin  5`

(RTU/ZytoVision)

Combined  pre-treatment (HIER with Enzymatic digestion)



Excessive retrieval:

 Proteolytic pretreatment - over digestion ( not calibrated to the fixation time in NBF)

 HIER  using too high temperature for too long time (especially in alkaline retrieval buffers)

 Antigen Retrieval using standard HIER procedures on fragile tissue/cell material (cloth`s and BM cloth`s)

Proteolytic pre-treatment

Mact Cell Tryptase

Optimal Excessive

HIER

Ki-67

Excessive retrieval procedures



Bone marrow cloth`s and cell cloth´s from cytology

Morphology and IHC reactions dependent on:

 Specimen preparation ( bone marrow aspiration technique, anticoagulants, fixation delay……) ?

 Fixation procedure  (fixative, concentration, volume, time & temperature) ?

 Sectioning & drying conditions ?

 HIER Buffer (Chemical composition & pH) ?

 HIER temperature ?

 HIER time or time in the buffer ?

 Preheat temperature (PT module/Dako or LabVision) of the HIER buffer ?

 Unknown factors impacting the morphology of the cloth`s ? 

Fragile tissue specimens requiring  gentle antigen retrieval procedures ?



CD20 clone L26

Bone Marrow Coagulum (fixed for 24h in 10% formaldehyde)

Omnis, CD20 RTU
TRS (3-1) / 30 min at 97°C

BOND, CD20
BERS-2 / 20 min at 100 °C

x200 x200

HIER settings: Standard recommendations given by the manufacturer`s  



BOND OMNIS TRS (3-1) pH 9/ 30 min OMNIS TRS (3-1) pH 9/ 20 min

OMNIS TRS pH 9/ 10 min OMNIS TRS pH 9/ 20 min OMNIS TRS pH 9/ 30 min

CD20 clone L26

Bone Marrow Coagulum (fixed for 24h in 10% formaldehyde)

Note: IHC reactivity but also morphological structures of the nuclei`s 



BOND, BERS-2 / 20 min at 100 °C OMNIS TRS (3-1) pH 9/ 30 min at 97 °C

OMNIS TRS pH 9/ 10 min at 97 °C OMNIS TRS pH 9/ 20 min at 97 °C

Glycophorin A clone JC159

Bone Marrow Coagulum (fixed for 24h in 10%  formaldehyde)



Excessive antigen retrieval related to the PT-module (Dako)

Influence of pre-heat temperature (65°C versus 85°C)

P/E 65ºC

P/E 85ºC

PT, High pH (3-1), 95ºC / 30 min PT, High  pH (3-1) 95ºC, / 20 min

MWO/TE

Bone Marrow 

NBF 96h 

CD138



High pH (Dako)

Recommended settings:

65ºC

High pH (LabVision)

Recommended settings:

85ºC

Epitope Retrieval, PT-Link, High pH buffer´s at 97ºC / 20 min.

Bone marrow aspirate / Coagulum

CD5 clone  SP19 CD34 clone QBEND-10

Influence of pre-heat temperature (65ºC versus 85ºC) (same field)



TRS (3-1) High pH,  24` at 97°C

TRS (3-1) High pH, PT 65 C,  20` at 97°C TRS (3-1) High pH, PT 85 C,  20` at 97°C

TRS High pH,  24` at 97°C 

TRS (3-1) High pH,  15` at 97°C TRS (3-1) Low pH,  30` at 97 °C

CD138, B-A38 1:1000

Autostainer

Omnis

Omnis

TRS High pH > TRS  (3-1) High pH

PT 85C > PT 65 C

Reduced HIER time or TRS (3-1) Low pH > 

All other parameters tested

Bone Marrow cloth fixed for 72 h in 10% NBF 



TRS (3-1) High pH 9 (Dako),  24`, Omnis HIER buffer H (Thermo S./ LabVision),  24`, Omnis

Chemical composition of the HIER buffer

EDTA based ?
10x 100x

Bone Marrow cloth fixed for 72 h in 10% formalinCD138, B-A38



“Morphology of 
granulocytes”

“Crisp 
immunoreactivity”

TRS (3-1) High pH 9 (Dako),  24`, Omnis HIER buffer H (Thermo S./ LabVision),  24`, Omnis

CD138, B-A38



Coffee Break

Questions ?



89 markers assessed during the period  2003-2015  and several markers have been assessed several times Seven runs for HER2 ISH

More than 30000 slides assessed

Major problems are related to:

 The choice of antigen retrieval method

 The choice of primary antibody (Concentrate or RTU)

a) Calibration of the antibody dilutions
b) Stainer platform dependent

 The choice of detection system

83 % of insufficient results 



Analytic specificity:

Ability of a test to detect substance (antigen) without interference from 
cross-reacting substances 

- No false positive results

Analytic sensitivity:

Ability of a test to detect very small amounts of a substance (antigen)

- No false negative results

Antibody-Antigen reaction

How to optimize of a new marker ? 



Use a “Test battery approach”

Test  on normal and tumor tissue material with broad spectrum of antigen densities 
(specificity/sensitivity)

 Validate on own processed tissue material on a chosen platform (manual/automated).

 Optimal - Include tissue that has been fixed in NBF between 6-168h.

 Optimal - Include tissue that has been decalcified corresponding to your normal procedure

Test >  one clone against antigen of interest before implementation

Test with robust, specific & sensitive detection system

Compare results with external quality assurance programs, literature or colleagues 

No antibody should be acquired without the basic knowledge of its performance characteristics and expected expression pattern

Hadi Yaziji and Todd Barry – Adv Anat Pathol ● Vol13, Number 5, September 2006

A simple approach to implement a new marker 
Concentrated primary antibody (Class I - non predictive markers)



Antibody Performance Testing 

Test Battery (Næstved / Autostainer)

Dil. 1 Dil.2 Dil.3

A None None None
B Enzyme 3 & 10 min. Enzyme 3 & 10 min . Enzyme 3 & 10 min. 
C HIER  TRS Low pH 6.1* HIER  TRS Low pH 6.1 HIER  TRS Low pH 6.1
D HIER  TRS High pH 9.0 * HIER  TRS High pH 9.0 HIER  TRS High pH 9.0

E TRS Low * + Pep 4 & 8 min TRS Low + Pep 4& 8 min TRS Low +Pep 4 & 8min
F Pep  6 & 10 min +  TRS High * Pep  6 & 10 min +  TRS  High Pep  6 & 10 min +  TRS High
G HIER  EDTA pH8 * HIER  EDTA pH8 HIER  EDTA pH8

HIER time 20 min at 97 °C

Flex+ DAB, Dako Autostainer

Protocol A:       0,5 %

Protocol B:       2,0 %

Protocol C:       4,0 %

Protocol D:     91,5 %

Protocol E-F:    1,5 %

Protocol G:       0,5 %

Identify the protocol that discriminate between the desired (specific) positive 

staining and any unwanted (non-specific) background staining



Protocol set-up: Evaluated  analytic sensitivity  and specificity

Identification of the best practice protocol (clone, titer, retrieval etc.)

SOX10, BS7; HIER High pH 24`; 1:350 RR; Flex+Mouse linker

Normal tissue including fixation and decalcification controls

Inspired and TMA modified after the Aalborg procedure,  
Søren Nielsen, Aalborg, DK

 

TMA 
Normal Tissue 

 

 
 

 

 

Brain 
 

 

 

Tonsil 
6h 

 

 

 

 

Liver 

 

 

Tonsil 
96-168h 

 

 

Colon 
24-72h 

 

 

Skin 

 

 

Colon 
6h 

 

 

Colon 
96-168 

 

 

Breast 

 

 

Pancreas 

 

 

Salivary Gl. 

 

 

Tonsil 
24-72h 

 

 

Prostate 
 

 

 

Kidney 

 

 

Adrenal Gl. 

 

 

Placenta 

 

 

Skeletal 
Muscle 

 

 

 

Cervix 

 

 

Testis 

 

 

Colon/Tonsil 
24h decalc. 

EDTA 

LE

Decalc

Fixation HE HE

Establishing robustness of the IHC assay / pre-analytic parameter`s ?

SOX10, BS7;  Robust to  both  fixation time in NBF and de-calcification

Identification of robust controls 

SOX10, BS7; High, low & non-expressors ?



 

TMA 
Malignant Melanomas 

 

 
 

 

 

Melanoma 
11 

 

 

 

Melanoma 
10 

 

 

 

Melanoma 
1 

 

 

 

 

Melanoma 
3 

 

 

Melanoma 
2 

 

 

Melanoma 
5 

 

 

Melanoma 
7 

 

 

Melanoma 
6 

 

 

Melanoma 
4 

 

 

Melanoma 
8 

 

 

Melanoma 
9 

 

 

Melanoma 
12 

 

 

Kidney 

 

TMA 
Mixed tumors 

 

 

 

Mamma 
Ductal 

carcinoma 

 

Mamma 
Lobular 

carcinoma 

 

 

Mamma 
Ductal 

carcinoma 

 

 

Colon 
Adeno 

carcinoma 

Mantle 
Cell 

Lymph. 

Liver 

Lung 
Adeno 

carcinoma 

 

 

Lung 
Adeno 

carcinoma 

 

 

Lung 
Squam.  

carcinoma 

 

 

Colon 
Adeno 

carcinoma 

Kidney 
Clear cell 

carcinoma 

Kidney 
Clear cell 

carcinoma 

Thyroid 
Follicular 

carcinoma 

Thyroid 
Medullar 

carcinoma 

Ovary 
Serous 

carcinoma 

Ovary 
Serous 

carcinoma 

Ovary 
Clear cell 

carcinoma 

Ovary 
Endom. 

carcinoma 

Ovary 
Endom. 

carcinoma 

Uterus 
Carc. 

Sarcoma 

Tonsil 
Testis 

Seminoma 
Testis 

Seminoma 

Prostate 
Adeno 

carcinoma 

Prostate 
Adeno 

carcinoma 

Colon 
Carcinoid 

Lymph n. 
Melanoma 

Lymph n. 
Melanoma 

Skin 
Melanoma 

Pancreas 
Adeno 

carcinoma 

Bladder 
Uroth. cell 
carcinoma 

Bladder 
Uroth. cell 
carcinoma 

Colon 
GIST 

Uterus 
Leiomyo 
sacrcoma 

Testis 
Lipo 

Sarcoma 

Hodgkin L. 
Classic 

Hodgkin L. 
Mixed 

Diffuse L. 
B Cell 

lymphoma 

Diffuse L. 
B Cell 

lymphoma 

CLL 
Follicular 

B Cell 
lymph. 

Pheriph. 
T Cell 

lymph. 

Large C. 
Anaplastic 

T Cell 
lymph. 

Recommendations / Guidelines for 
material included - non-predictive 
markers (  not for markers as ER, HER2,..)

 CAP:  10 pos & 10 neg (including 
high & low expressors).

 CLSI: 20  cases (pos & neg)

 Ad-Hoc:  10 strongly pos, 10  low  to 
moderate pos & 5 negative cases

Inspired and TMA modified after the Aalborg procedure,
Søren Nielsen, Aalborg, DK

Diagnostic potential

SOX10 Analytical validation

Use your common sense ?



SOX10
SOX10, BS7:

15/15 Melanomas were positive

37/37 other neoplasm`s were negative



Polyclonal Monoclonal

Heterogeneous population of 
antibodies reacting with different epitopes 
of an antigen

Homogenous population of a specific 
antibody reacting with one epitope of an 
antigen

Not Epitope Specific Epitope Specific

Increased likelihood for cross-reactivity
with similar antigens

Low cross-reactivity

Increased likelihood for background noise Low background noise

Lot Variability Identical lots

Many host species options
- Normally Rabbit  antibodies

Few host species options
- Normally Mouse or Rabbit

Immunohistochemistry : Key differences between Polyclonal and Monoclonal Antibodies

Antibodies bind to antigen through the variable regions of the 
antibody. 

The strength of the binding of an antibody to a specific epitope is 
called affinity.

High affinity antibodies will bind larger amounts of antigen in a given 
period of time, and can be used at higher dilutions.

Is monoclonal primary Abs always better to use ?



pAb A430 not available (discontinued)

CGA

Shifting from Dako`s old  
polyclonal Ab A430 
(discontinued by the 
manufacturer)  to the 
monoclonal DAK-A3 is  not a 
good decision

mAb LK2H10

mAb´s LK2H10 + PHE5



Adrenal Gl.

Sweat Gl.

Poly versus monoclonal antibody ?

CR, poly (18-0211) 1:200 CR, DAK-Calret1 1:15 CR, CAL6  1:15 RR

HIER High pH, Flex+ Rabbit HIER High pH, Flex+ Mouse HIER High pH, Flex+ Mouse

(+) (?) (+)

Fat and eccrine epithelia cells ?

Omnis:



Antibody-Antigen reaction

Parameters affecting antibody-antigen reactions in tissue:

Antibody choice – Sensitivity/Specificity
Antibody Titer
Antibody performance related to the chosen automated platform
Antibody diluents

Incubation time
Incubation temperature
Sensitive to endogenous peroxidase blocking

Storage of concentrated  primary antibodies
Storage of diluted primary antibodies



Anaplastic lymphoma kinase (ALK)

Anaplastic large cell lymphoma (ALCL) (ALK-NPM rearrangement)

Anything wrong ?

Antibody-Antigen reaction – Antibody choice / Sensitivity

D5F3 (1:200) ALK1 (1:10)

HIER in high pH buffer, Flex+



Antibody-Antigen reaction – Antibody choice / Sensitivity

ALCL

Appendix

ALK, D5F3 (1:200) ALK, ALK1 (1:10)

Clone ALK1 provide low sensitivity

iCAPS : Ganglion and peripheral nerve cells ?

HIER in high pH buffer, Flex+



Cases visualized with OptiView were evaluated using both the four-tiered system and also a binary system 
from Ventana which classifies strong granular cytoplasmic staining in any percentage of tumour cells as a 
positive result, and the absence of strong granular cytoplasmic staining as a negative result.

+ AMP



Lung tumors 

Low amount of fused 
protein = require high 
sensitive antibody for 
detection

MCC

ALK,D5F3 = 94% pos

ALK,5A4 = 88% pos

ALK, ALK1 = 13% pos



ALK, D5F3 (1:200) ALK, 5A4 (1:50) ALK, ALK1 (1:10)

Adenocarcinoma

Lung

ALK-EML4

Merkel cell carcinoma

Skin

Antibody-Antigen reaction – Antibody choice / Sensitivity

Clone ALK1 provide low sensitivity

HIER in high pH buffer, Flex+



35 protocols were based on ALK1: Only 
one protocol (3%)  were assessed as 
sufficent, none were optimal

Don`t use clone 
ALK1  to detect ALK 
rearranged lung 
adenocarcinomas 

D5F3, 5A4, OTI1A4



Sox-10, polyclonal
1:125

Sox-10, BC 34
1:40

Melanoma 1
High expressor

Melanoma 2
Low  expressor

Melanoma 3
Low expressor

Is it to possible to increase the concentration of the primary Ab Sox-10, polyclonal ?

High pH / Flex+/Autostainer

Antibody-Antigen reaction – Antibody choice / Sensitivity



Sox-10, BC34 (Biocare) 1:40Sox-10, polyclonal (Cell Marque) 1:125

Note: Proportion of positive normal melanocytes is higher with SOX-10, BC34 and no background staining 
is observe in contrary to the polyclonal Ab from Cell Marque ~ increased concentration of the polyclonal 
AB (CM) will cause poor to signal noise ratio

High pH / Flex+/Autostainer

Antibody-Antigen reaction – Antibody choice / Sensitivity



PSA, 35H9

1:50

PSA , Poly (Dako) 
1:40000

PSA , Poly (Dako) 
1:5000

Prostate Adenocarc. Salivary Gl. Carcinoid / Appendix

Antibody-Antigen reaction – Antibody choice / Specificity

High pH / Super Sensitive/ Biogenex i6000

FP FP

Run 40: 61 Labs used pAb A0562 (Dako) 



ARG1 clone  SP156

Different vendors and specificity ?

Tonsil Hepatocellular carc. Bladder carc.

Spring Bioscience (1:25)

Cell Marque (1:50)

HIER High pH 24`; Flex+ Rabbit linker

FP

In collaboration with Ole Nielsen, Department of Pathology, Odense



ARG1 clone  SP156

Different vendors and specificity ?

ARG1, SP156 Cell M 1:50

HIER High pH 24`; Flex+ Rabbit linker

Bladder Carcinoma

Hepatocellular carcinoma

ARG1, SP156 Cell M 1:100 ARG1, SP156 Spring B.  1:25

? ?

?

In collaboration with Ole Nielsen, Department of Pathology, Odense



Which antibody ?

Pax-8 / CM / Dil 1:2000 / Clone MRQ-50 - Mab

Pax-8 / BC / Dil 1:150/  Clone  BC12 - Mab

Renal Cell Carcinoma (Hn) Thyroid Carcinoma (Pa) Ovary Carcinoma (Se)



Material and Methods:

115 neuroendocrine tumors (NET`s) of various organs

Four PAX8 antibodies (Proteintech polyclonal , MRQ50, PAX8R1 & BC12)

Demonstrated that: 

- NET`s  from a large variety of organs were immuno-reactive to the two less specific antibodies 
cross-reacting with other PAX proteins (Proteintech & MRQ50)

- All NET`s were immuno-negative to the two monoclonal antibodies specific  to the less conserved 
C-terminal proportion of PAX8 (PAX8R1 & BC12).

Appl Immunohistochem Mol Morphol . Ahead of print,  Post Author Corrections: February 21, 2015 



Pax8, MRQ-50

Pax8, ZR1

Papillary carcinoma (Thyroid) Pancreas Carcinoid (Appendix) SCLC (Lung)

Pax8, MRQ-50 most likely  raised against the N-terminal part of  the PAX8 protein (cross-reacts with other PAX proteins)

Pax8, ZR1 raised against the C-terminal part of  the PAX8 protein ( no cross-reacting with other PAX proteins)

Pax-8, MRQ-50 most likely cross-reacts with Pax-6 in NET`s

Antibody-Antigen reaction – Antibody choice / Specificity

Question: Should we use primary antibodies that cross react with other proteins in the 
same family ? Would we accept cross-reactivity in the  family of CD`s  and CK`s  - e.g. 
CD20 to CD3 or CK5 to CK8 ?



Question: 

Should we use primary antibodies that cross react with other proteins in the same family ?

Would we accept cross-reactivity in the  family of CD`s  and CK`s  - e.g. CD20 to CD3 or CK5 to 
CK8 ?

Cross react with other Pax proteins in the family e.g. PAX5



Pax-8, BC12

Pax-8, MRQ-50

Tonsil Merkel cell carcinoma

Pax-5 / MCC

Antibody-Antigen reaction – Antibody choice / Specificity

Cross reactivity to Pax-5 

No cross reactivity to Pax-5 

Moretti L et al : Mod Pathol. 2012; 25 : 231-236

Demonstrated that an N-terminal PAX-8 polycl. antibody cross-react with N-terminal region of PAX-5 and is responsible for reports of PAX-8 positivity in malignant lymphomas.

Also, PAX8 mRNA levels were not detected in any of the B-cell lymphoma cell lines studied. These results indicate that benign and malignant B-cells do not express PAX8.



Antibody-Antigen reaction - Antibody Titer & Dilutions

Titer is the highest dilution of the primary antibody resulting in strong 
specific staining with the least amount of background

NordiQC assessments (LAB`s using inapp. titer causing insufficient results)

- Primary antibody used in too low concentration / FN (95%)
- Primary antibody used in too high concentration / FP (5%)

The question is  - how should I calibrate antibody concentration and 
determinate correct titer  ?

Tissue is the key element



Estrogen Receptor (ER), NQC Run B21 Optimal Good Borderl. Poor Suff

Total protocols assessed 343 210 96 26 11 -

Proportion 61 % 28 % 8% 3% 89%

The most frequent causes of insufficient staining reactions were: 

- Insufficient HIER  (too short efficient HIER time)

- Less successful primary Ab

- Too low concentration of the primary Ab.

* All  Ab clones and protocol settings

Correct control tissue for ER ?

 Cervix (Normal tissue – high and non-expressors)

 Breast tumor´s x3 ( non-, low and medium/high expressors)

 Tonsil (Normal tissue – low  and non-expressors)

Antibody-Antigen reaction - Antibody Titer & Dilutions



ER clone 6F11 / 1:100 ER clone 6F11 / 1:400ER clone 6F11 / 1:200

Cervix

Tonsil

Breast tumor

Staining indicators are  extremely important - helping us to calibrate the IHC  assay correctly

Antibody-Antigen reaction - Antibody Titer & Dilutions

High pH 20`, Flex+Mouse



ER, SP1/ 1:200

Antibody-Antigen reaction - Antibody Titer & Dilutions

ER, SP1/ 1:400 ER, SP1/ 1:800 ER, SP1/ 1:1600

Reduced intensity and proportion of cells expected to be stained
High pH 24`, Flex+Rabbit



PD-L1, CAL10 / 1:50

Antibody-Antigen reaction - Antibody Titer & Dilutions

Reduced intensity and proportion of cells expected to be stained

PD-L1, CAL10 / 1:200 PD-L1, CAL10 / 1:800

High pH 24`, Flex+Rabbit

Placenta (HE)

Tonsil (LE)

Hodgkin Lymphoma



ARG1 clone  EP261

HIER High pH 24`; Flex+ Rabbit linker

Hepatocellular carcinoma Appendix

ARG1, EP261 1:800

Liver

ARG1, EP261 1:50

In collaboration with Ole Nielsen, Department of Pathology, Odense



PSA, 35H9 1:50

Prostate Hyperplasia
High expressor

Prostate Adenocarc. 

Prostate Adenocarc.
Low expressor

PSA, 35H9 1:800PSA, 35H9 1:200

Antibody-Antigen reaction - Antibody Titer & Dilutions

HIER High pH 20`, Flex+
All other tissue components or neoplasms except prostate and prostate neoplasm tested were negative



Implementing a new platform has been a challenge (Næ)

ALK clone D5F3 or 5A4
HCL, clone DBA44
GATA3, clone L50-823
MART-1/Melan A, clone 103
PAX 8, clone BC12
SMAD4, clone  B8
WT1, clone WT49
MMR
ASMA, 1A4
Calreticulin (mut specific Ab)

………………….

Changing the primary Ab

Changing Ab-Ag reaction microenvironment (Diluent)

Antibody-Antigen reaction – Sensitive to the chosen automated platform

Low affinity primary antibodies 



Courtesy Søren Nielsen

Omnis ?

EP204

BS66

DAK-Pax5

★

★ Cocktail with LN22 

“                     “



Adrenal Gland

Melanoma
Lymph Node

Melan A, A103 1:25 / Omnis

HIER High pH 24`,  Flex+

Melan A, A103 1:25 / Autostainer

Antibody-Antigen reaction – Sensitive to the chosen automated platform

HIER High pH 20`,  Flex+



Melan A (MLA) / MART-1: 
200 participants ~ 95% used clone A103

Question: Is MLA , A103 the best primary Ab ? 

Antibody-Antigen reaction – Sensitive to the chosen automated platform



Melanoma

Sentinel node

Melanoma

Lymph node

Adrenal Gland

MLA, A103 1:25 / AutoStainer MLA, A103 1:25 / Omnis MART1, EP43 1:30 / Omnis

Antibody-Antigen reaction – Sensitive to the chosen automated platform



Antibody-Antigen reaction – Sensitive to the chosen automated platform

Autostainer

PAX8, BC12 1:50

Omnis

PAX8, BC12 1:50

Omnis

PAX8, ZR1 1:50 RR

HIER High pH 20`, Flex+ (10+20) HIER High pH 48`, Flex+ (10+20)

Kidney: Clear cell carcinoma



Antibody-Antigen reaction – Sensitive to the chosen automated platform

Autostainer Omnis Omnis

HIER High pH 20`, Flex+ (10+20) HIER High pH 24`, Flex+ (10+20)

SMAD4, B8 1:400

Pancreatic Adenocarcinoma

SMAD4, B8 1:400 SMAD4, EP168Y 1:2000 RR





100% correlation between CALR mut (Sanger 
sequencing) and IHC (CAL2)

CALR mut specific Ab, CAL2 is raised against a 
C-neoterminus of the CALreticulin protein 
caused by all know fused CALreticulin mut 
(somatic  deletions or insertion of exon9, 
chr19).



Calreticulin mut. specific Ab, Clone CAL2 (1:30 RR)

JAK2 mut.    
(neg. control)

Omnis: HIER/HIGH pH 24` , Flex+ Mouse (10+20`)

Autostainer:  HIER/HIGH pH 20` , Flex+ Mouse (10+20`)

Autostainer

Omnis

Calreticulin mutated JAK2 mutated

Antibody-Antigen reaction – Sensitive to the chosen automated platform



WT1, EP122 (1:100) Autostainer

Antibody-Antigen reaction – Sensitive to the chosen automated platform

FP  Nucleoli staining ?

WT1, EP122 (1:100) Omnis

HIER/HIGH pH 24` , Flex+ Mouse (10+20`)HIER/HIGH pH 20` , Flex+ Mouse (10+20`)

Kidney



Antibody-Antigen reaction

Parameters affecting antibody-antigen reactions in tissue:

Antibody choice – specificity/sensitivity
Antibody Titer
Antibody performance related to the chosen automated platform

Antibody diluents

Incubation time
Incubation temperature
Sensitive to endogenous peroxidase blocking

Storage of concentrated  primary antibodies
Storage of diluted primary antibodies



Antibody diluents

Commercial antibody diluents are buffered solutions 

 often based on TRIS-HCL buffers at neutral pH (7.0-7.6)
 often contains detergent, NaCl and stabilizers
 may contain protein-based background reducing agents 

- BSA
- Serum proteins
- Caseins

Protein blockers act by occupying the non-specific tissue binding 
sites  (protein adsorbance ) minimizing unwanted non-specific 
reaction with the primary antibody of interest.

Antibody diluent formulations can significantly alter stability and 
binding properties of antibodies affecting both epitope specificity 
and non-specific interactions

Antibodies are attracted initially through electrostatic interactions, 
and subsequently through weak forces

 Hydrogen bonds
 Hydrophobic interactions
 Van der Waals forces

Antibody-Antigen reaction – Antibody Diluents



Demonstrated that pH of the Ab-diluent had a high impact on the 
IHC result  and  that addition of NaCL (ionic strength) to the diluent 
negates most of the sensitivity gained through Antigen Retrieval 
(Table 3). 

Antibody-Antigen reaction – Antibody Diluents



Antibody Diluents Description Cat. No.

DaVinci Green pH 7.3, Phosphate-based universal diluent PD900 H, L, M

Renoir Red pH 6.2, Tris-based solution PD904 H, L, M

Van Gogh Yellow pH 6.0, Phosphate based solution PD902 H, L, M

Monet Blue pH 7.9, Tris-based solution PD901 H, L, M

VP Monet Blue For Ventana® Systems VPD901 H, L

HPV Diluent For HPV Broad Spectrum PD906 L

Background Sniper For Antibodies that produce nonspecific background ?

Renaissance Background 
Reducing

For antibodies that produce nonspecific background PD905 H, L

Standard Diluent pH 7.3 (Dako, K8006)

Antibody-Antigen reaction – Antibody Diluents



PAX8, Clone ZR1 (Omnis)

PK (2` at RT/ off-board) + HIER (Dako, S2367 pH9)  (30` at 97°C)

Flex+ Rabbit (10+20`) 

PAX8, ZR1 1:50

Dako Dil. pH7.3

PAX8, ZR1 1:50

Renoir R pH 6.2

4x Clear Cell Carcinomas  (Kidney )

PK ~  Proteinase K Solution RTU (Dako cat.no.S3020) diluted 1:10 in TBS pH7.6 / 2 min at RT

PAX8, BC12  (challenging on the Omnis) 

Autostainer +
Omnis -



ALK, 1A4 (Origene)

ALK, 1A4 1:300 / Dako Dil. pH 7.3 ALK, 1A4 1:1200 / Renoir R pH 6.2 ALK, 1A4 1:1200 / Dako Dil. pH7.3

MCC

App.

Omnis: HIER/HIGH pH 24` at 97°C, Flex+ Mouse (10+20`) 

ALK, 5A4 or D5F3 (challenging  on the Omnis) 

Autostainer +
Omnis -



TdT, Clone SEN28

TdT, SEN28 1:50    
Dako dil. pH 7.3

Thymus Tonsil

TdT, SEN28 1:50    
Renoir Red pH 6.2

Omnis: HIER/HIGH pH 24`, Flex+ Mouse (10+20`) 

Antibody-Antigen reaction – Antibody Diluents



TdT, Clone EP266

TdT, EP266
Dako dil. pH 7.3

Thymus

TdT, EP266
Renoir Red pH 6.2

Omnis: HIER/HIGH  pH 24`, Flex+ Rabbit (10+20`) 

1:50 1:200

1:50 1:200

Antibody-Antigen reaction – Antibody Diluents



Immunodeficient patients
Kaposi's sarcoma, Castleman's disease, Primary effusion lymphoma …...
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HHV8, clone 13B10

HHV8, 13B10 / 1:100  Renoir Red pH 6.2 HHV8, 13B10 / 1:100  Dako dil pH 7.3

Case 1

Case 2

Renoir Red is not always the best antibody diluent
Remember to use a “antibody diluent test battery”



Kidney

HIER TRS pH9 (24` /97°C) + Pep © (3`) 

WT1,EP122 1:25
Renoir Red (Biocare)

WT1,EP122 1:25 
Background Sniper (Biocare)

The choice of antibody diluent has a high 
impact on unwanted / unspecific 
background staining

Antibody-Antigen reaction – Antibody Diluents



Omnis (Department of Pathology, Naestved, Denmark)

Markers benefitting from dilution in  Renoir Red pH 6.2 (improving signal): 

ALK (1A4), CR (CAL6), CD4 (EP204), CD5 (SP19), CMYC (EP121), GATA3 (L20-823), GPC3 (1G12), IMP3 (69.1), MLH1 
(ES05 & GM011), MSH2 (G219-1129), MSH6 (EP49), NKX 3.1 (poly), SALL4 (6E3), PAX8 (ZR1), PMS2 (EP51), SOX10 
(EP268), SOX11 (C1 & MRQ58), TdT (SEN28 & EP266),  UP-II (BC21), WT1 (WT49) and ……….

Markers that don`t  benefit  from dilution in  Renoir Red pH 6.2: 

BCL2 (124), BCL6 (LN22 & PG-B6p & GI191E/A3), CR (DAK-Calret1), CD163 (MRQ26), CD21 (2G9), CD5 (4C7), ER 
(SP1), HHV8 (13B10), Mammaglobin (304-1A5), MUC5AC (CLH2), MUC6 (CLH5), and ……….

Markers benefitting from dilution in Background sniper (reduces background):

Spirochete (poly), BORR (poly), WT1 (EP122), ASMA (BS66) and ……….

Antibody-Antigen reaction – Antibody Diluents



Ventana Benchmark Ultra

The “full effect” of the antibody diluents 
may depend on the chosen platform

Courtesy Ole Nielsen, Dept. of Pathology, OUH, Denmark



89 markers assessed during the period  2003-2015  and several markers have been assessed several times Seven runs for HER2 ISH

More than 30000 slides assessed

Major problems are related to:

 The choice of antigen retrieval method

 The choice of primary antibody (Concentrate or RTU)

a) Calibration of the antibody dilutions
b) Stainer platform dependent

 The choice of detection system

83 % of insufficient results 



Polymer / multimer based systems 

Advance
Envision
Envision Flex
Envision Flex+
Bond Refine
Power Vision
Power Vision +
Super picture
Impress
UltraVision One
UltraVision LP
MACH 2
MACH 3
MACH 4
UltraView
UltraView + Amp
Optiview
Optiview + Amp
Quanto
Hi Def
BrightVision
ZytoChem
ZytoChem plus
…………………

Biotin based systems 

I-View
EpiPrecision
Vectors Elite ABC
Histostain+
…………………

Considerations related to the choice of detection system:

 Sensitivity
 Specificity
 Enzyme conjugate
 Blocking of endogenous activity
 Turn around time (TAT)
 Automatic platform (open or closed system)
 Price



Vendor Detection System

2- Step

Detection System

3-step

Amplifier Cat.no

Dako
EnVision

EnVision +/Flex
Envision Flex+ Anti -Ms/Rb

K4001
K8000 /10 (K5007)

K8002/12

Ventana

UltraView
UltraView + Amp

OptiView
Optiview + Amp 

Anti -Ms/Rabbit
Anti-Hapten

Anti-Hapten + TSA

760-500
760-500 + 760-080

760-700
760-700 + 760-099

Leica Bond Refine
(PowerVision)

Anti-Ms (Rb?) DS9800 (HRP); DS9390 (AP)

Biocare
MACH 2

MACH 3
MACH 4

Ms/Rb probe
Ms probe (Rb?)

M2U522; MHRP520; RHRP520
M3M530; M3R531

M4U534

LAB Vision/TS
UltaVision One

Quanto ?
TL-125-HLJ

TL-125-QHD /QHL 

Immunologic
BrightVision

(PowerVision)
BrightVision+ Anti-Ms/Rat (Rb ?)

DPVM (Anti-Ms)/DPVR (Anti-Rb )
DPVO (Anti-Ms/Rb/Rat)
DPVB ((Anti-Ms/Rb/Rat)

Master Diag. Quanto ? MAD-021881QK

ZytoMed System ZytoChem  Plus 
(PowerVision)

Anti-Ms (Rb?) PolHRP-100

And a few more (Advance, GTVision……..)

Polymer/Multimer detection systems used by NordiQC participants

App. 90%

App. 95% of all  NordiQC participants use a polymer/multimer  based detection systems



Detection systems

Skaland I et al : Appl Immunohistochem Mol Morphol 2010 Jan; 18(1) : 90-6

Demonstrated that there are  significant differences in sensitivity between 5 different polymer 
detection systems.

Also, two of the polymer detection systems showed weak background staining both in negative 
controls and at optimal primary antibody dilution.

Buchwalow I et al : Acta Histochemica 2013 (115) : 587-594

Demonstrated that the AmpliStainTM detection system was more sensitive than EnVision+  - the 
difference in sensitivity was explained by the nature of the polymer backbone:

AmpliStainTM has higher penetration ability compared to EnVision+  due to the SnakeLinkerTM

technology – creating  compact and metaplastic polymer conjugates (flexible/deformable).

Also, the antibody – HRP ratio of AmpliStainTM is  significant higher than EnVision+ , app. 1: 12-24 of 
AmpliStainTM compared to 1:4 for EnVision+ detection system.



CR,  NQC Run 33 Detection system type Sufficient Optimal

mAb DAK-Calret 1* 2-step polymer or multimer. 11/22 (50%) 1/50 (2%)

mAb DAK-Calret 1* 3-step polymer or multimer 14/14 (100%) 9/14 (64%)

* 1:50-1:300, HIER in an alkaline buffer  (pH 9)

Polymer based detection systems - Detection system provide low sensitivity

Pass rate's correlated with the choice of polymer detection system

www.NordiQC.org

* All protocol settings

Pax-8, Run 34 Detection system type Sufficient Optimal

All primary Abs* 2-step polymer or multimer. 6/13(46%) 0/13 (0%)

All primary Abs* 3-step polymer or multimer 16/22(73%) 9/22 (41%)



HQ

HQ

HQ
HQ

HQ

HQ

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP
HRPHRP

Sensitivity

Detection systems  (Ventana/Roche)

iVIEW UltraView

UltraView /Amp

OptiView

Universal Linker
Linker
Enhancer
Post Blocking
Amplifier

Increases sensitivity HQ = 3-HydroxyQuinoxaline ?
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Polymer based detection systems
Performance Testing using incubation times recommended by the vendors

ER  - Endpoint titration (some general remarks  and important issues):

 The 3-step polymer detection systems Quanto and Flex+   - produced  the overall highest intensity. 

 High intensity could also be obtained with  the 3-step polymer detection system MACH4, but only with the  Mab  (ER,6F11).

 The 2-step polymer detection system Flex produced the overall lowest intensity.

 Using  the Rab  (ER, EP1) - the “3-step polymer”  detection system MACH4 provided similar intensity as Flex. 

 “Optimal staining” was highly influenced by the  concentration of the primary Abs and the  nature of detection system.



Polymer based detection systems
Performance Testing using incubation times  recommended by the vendors

ER, EP1 (Rab)

Breast tumor

1:50

1:200

Quanto Flex+ MACH4 Flex

High Intensity Low Intensity

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP



1:50

1:200

Quanto Flex+ MACH4 Flex

High Intensity Low Intensity

Polymer based detection systems
Performance Testing using incubation times  recommended by the vendors

ER, 6F11 (Mab)

Breast tumor

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP
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Polymer based detection systems
Performance Testing using incubation times  recommended by the vendors

CD4 – Endpoint titration (some general remarks  and important issues):

 The 3-step polymer detection systems Quanto and Flex+  - produced  the overall highest intensity.

 Using  the Mab  CD4, 1B12 - Comparable staining intensity could be obtained with all  the 3-step polymer detection systems.

 The 2-step polymer detection systems Flex produced the overall lowest intensity.

 Using  the Rab CD4, EPR6855  - the “3-step polymer” detection system  MACH4 providing similar intensity as Flex.

 Intensity was highly influenced by the nature of primary Ab and  “optimal” staining could only be obtained with the Rab (CD4, EPR6855) used 
in combination with the 3 step – polymer detection systems  Quanto or Flex+.

 Intensity was higher with the Rab (CD4, EPR6855)  at 1:50 with all of the detection systems  tested  compared to  any intensity obtainable 
with  the Mab (CD4, 1B12)  in combination with the use of a  3 step  polymer system (Quanto, Flex+ or MACH4)



EPR6855

1B12

Quanto Flex+ MACH4 Flex

Note: Strong staining of hepatic endothelial cells and kupffer cells  using the Rab (CD4, EPR6855)  in combination with all the 
detection system tested (2-step or 3-step polymer systems) . Intensity is significantly reduced using the Mab (CD4, 1B12).

Polymer based detection systems
Performance Testing using incubation times  recommended by the vendors

CD4, EPR6855 (Rab, 1:50) and 1B12 (Mab, 1:50)

Liver



EPR6855

1B12

Quanto Flex+ MACH4 Flex

Note: Staining of  microglia cells is only obtainable using the Rab (CD4, EP1628Y) and the 3 step polymer detection system s 
Quanto  or Flex+.

Polymer based detection systems
Performance Testing using incubation times  recommended by the vendors

CD4, EPR6855 (Rab, 1:50) and 1B12 (Mab, 1:50)

Brain



UltraVision One
SuperPicture

Envision +/Flex 

PowerVision
Impress

MACH4
PowerVision + (Bond refine)
Super Sensitive

Flex+ 

Quanto
Hi Def

UltraView

UltraView + Amp

OptiView

“OptiView + Amp”

Detection systems
Polymer based detection systems tested in Dept. of Pathology, Naestved, DK

Sensitivity

2-step polymer systems 3-step polymer systems



Biotin based detection systems

Vosse BA  et al : Appl Immunohistochem Mol Morphol 2007 Mar; 15(1) : 103-7

Demonstrated that Avidin - Biotin based detection systems can result in high background staining 
due to endogenous biotin activity

Also, that endogenous biotin activity may be difficult to block

App. 5% of all  NordiQC participants use a biotin based detection systems (iView)

Miller RT: Society for Applied Immunohistochemistry 2001 Annual Meeting,  New York Cornell-
Queens Hospital Medical Center, Flushing, NY. 

TECHNICAL IMMUNOHISTOCHEMISTRY: Achieving Reliability and Reproducibility of Immunostains. 

Since the widespread use of heat induced epitope retrieval (HIER) techniques, endogenous biotin has 
become a much more serious problem that needs to be dealt with whenever avidin-biotin detection 
systems are employed. 

Any laboratory employing HIER techniques should routinely include steps for blocking of endogenous 
biotin in any immunostain that is subjected to HIER



Histostain+ (Zymed) / LSAB

Without blocking of EB

Histostain+ (Zymed) / LSAB

With blocking of EB

Flex+ (Dako) / Polymer system

No need for blocking of EB

Biotin based detection systems - provides low specificity

CD3, PS1 / 1:100

FP

Biotin based detection systems should not be used  -
false positive due to endogenous biotin

Næstved LAB: CD3 staining using a biotin based detection system with and without blocking for E.B. (kidney)

“FP”
(+)(+) +



The basal fundament for a technical optimal performance is :

 Appropriate tissue fixation and processing

 Appropriate and efficient epitop retrieval 

 Remember - 95% of the Abs require HIER and app. 90% prefer  high pH retrieval buffers.

 Also, use efficient HIER temperature and time (app. 100°C for 20 - 40min).

 Appropriate choice of antibody / clone, diluent and dilution

 If possible - compare different clones / Abs against the desired antigen before implementation 

 Calibrate the Ab concentration carefully in relation to Critical Staining Quality Indicators

 Robust, specific & sensitive detection system

 Use of a 3-step multimer/polymer system is preferable to a  2- step multimer/polymer system

 Don`t use biotin-based  detection systems

 Appropriate choice of control material

 Important – include tissue material with low expressors, but also high and non-expressors



Thank you for your attention



HRPHRP

HRPHRP HRPHRP HRP HRP

Biotin based detection system and Endogenous Biotin

False positive



HRPHRP

HRPHRP HRPHRP HRP HRP

1. Ad avidin  or steptavidin solution (interact with endogeneous biotin)

2. Ad biotin solution (saturates free avidin binding sites)

Blocking endogenous biotin (commersial kits)

Biotin based detection system and Endogenous Biotin


