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Multiplex staining techniques (IHC)

Multiplex staining can be defined as the detection of two or more antigenic epitopes 
on one slide

Compared to single color IHC, the main advantage of multiplex IHC is two-fold:

First, it allows for the analysis of multiple parameters simultaneously on a single slide and  significantly decreases 
the amount of tissue required for assessment.

Second, perhaps more importantly, investigating the spatial relationship between multiple cells  in cancerous tissue

e.g., understanding of the complexity of the tumor microenvironment has led to advances in therapies 
for patients with cancer (Immunotherapy).



wŜǉǳƛǊŜƳŜƴǘǎ όάŘƻǳōƭŜκƳǳƭǘƛǇƭŜȄ-ǎǘŀƛƴƛƴƎ ǘŜŎƘƴƛǉǳŜǎέύ Υ

Ç Two (or more) visualization systems  showing no cross-reactivity

Ç Two (or more) chromogens showing high color contrast and allowing mixed colors at sites of co-localization

Expression in different 
cell types

Co - expression Co - localization 
(mixed color)

Multiplex staining techniques (IHC)



Immuno-enzymatic techniques (chromogenic)

Immuno-fluorescence techniques

Multiplex techniques (IHC)

P16-Ki67

P16-Ki67

Cervix / dysplasia

Basic procedures:

Ç Cocktails  single staining technique  (e.g., PAN-CK, AE1/AE3; PIN )

Ç Sequential  double-staining technique

Ç Simultaneous double-staining technique

Advanced procedures

Ç Sequential & erasing staining technique (SIMPLE)

Ç Multiplex  staining technique (Chromogenic and Fluorescent)



Challenges or considerations performing multiplex staining techniques:

Which staining technique (double/multiplex) should I use ?

Pre - treatment  - do the antigens of interest require the same antigen retrieval procedure ? 

Do primary Abs  come in the correct  format   - important using simultaneous labelling techniques  ?
Are primary Abs made in different  host (e.g., mouse, rabbit) ~ If not 
Are primary Abs of different Immunoglobulin type ( e.g., IgG, IgM)  or  subclass (e.g., IgG1, IgG2) ~ If not 
Is  one of primary Abs available as a conjugate ( e.g FITC, biotin )
Do the primary Abs have the right specificity and sensitivity

Do the detection systems of choice have the required specificity and sensitivity  (e.g.  Interspecies cross reactivity) ?
Are secondary Abs commercially  available (app. conjugate) - matching choice of the primary Abs (important using  
simultaneous techniques)
Interspecies cross reactivity between primary Abs and secondary Abs (detection system)  ï pre - absorbed ?
Interspecies cross reactivity between secondary Abs ( secondary Abs made in different host`s)  ï pre - absorbed ?

Which chromogens / fluorochroms should I use  - depending on:
Type of conjugate ( e.g.,  HRP, AP, Fluorochrom )
Color compatibility and allowing mixed color of chromogens (spectral differentiation)  at sites of co - localization
Equipment (bright field versus fluorescence microscopy)

How can I inactivate  the first set of antibody reagents  - important using sequential labelling techniques ?
Elution of immuno - reagents (Abs) / Heat inactivation
Take advantage of that DAB, DAB based, or metallic deposit  can shelter /block   for  following immunoreagents
How can I control the efficiency of the  inactivating protocol

Controls
iCAPCs - compare individual staining results of the multi labelling technique with optimal single staining procedure  (routine)

http://www.editors4you.com.au/wp-content/uploads/2013/11/commonly-confused-word-pairs.jpg


NO

Immuno - enzymatic DAB based sequential or 
simultaneous technique

Are antigens of interest located in the same 
cellular compartment (e.g., the cytoplasm) ?

Double/multiplex immunofluorescence technique (simultaneous technique)

Double/multiplex immuno - enzymatic technique (simultaneous technique / sequential technique)

A reversed applications of the primary antibodies (sequential technique)

SIMPLE technique ( Sequential I mmunoperoxidase Labelling and Erasing Method )

YES

Multiplex staining techniques (IHC)



DAB reaction product of the first set of immunoreagentscreate a barrier that 
is impermeable for the second set of immunoreagents~ no cross reactivity

SternbergerLA, Joseph SA. J HistochemCytochem27:1424, 1979 

ValnesK and BrandtzaegP . J HistochemCytochem1982; 30(6) 518-524.

Metallic deposits ( e.g.,  EnzMET) has the same ability

Inactivation step  or blocking procedures not needed 
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Sequential procedure (Immuno-enzymatic/HRP+AP): 

Pre-treatment  (Antigen Retrieval)

First primary Ab
Detection with Quanto/Flex+/HRP
Visualization with DAB or  Deep Space Black (DAB based)

Second primary Ab (same or different host, Ig-type or subclass)
Detection with HiDef/ Histo-AP  
Visualization with Warp Red (Fuchin-Red)

Counterstain, dehydration and mounting.

1.Set of Immuno-reagents
Deep Space Black

DAB/Ni ?

2. Set of Immuno-reagents
Warp Red

Fast Red / Fuchin-Red



Optimizing sequential double immuno-staining protocol

Either DAB based  (shielding properties) or with blocking procedures between reaction  series A & B

Working up a double-immune staining protocol for  routine purpose:

Å!ƴǘƛōƻŘȅ ! όŘƛƭǳǘƛƻƴ ǎŜǊƛŜǎύ Ҧ 5ŜǘŜŎǘƛƻƴ ! Ҧ ChromogenA
Å!ƴǘƛōƻŘȅ . όŘƛƭǳǘƛƻƴ ǎŜǊƛŜǎύ Ҧ 5ŜǘŜŎǘƛƻƴ . Ҧ ChromogenB

Å!ƴǘƛōƻŘȅ ! Ҧ 5ŜǘŜŎǘƛƻƴ ! Ҧ ChromogenA
ÅDiluentҦ 5ŜǘŜŎǘƛƻƴ . Ҧ ChromogenB

ÅDiluentҦ 5ŜǘŜŎǘƛƻƴ ! Ҧ ChromogenA
Å!ƴǘƛōƻŘȅ . Ҧ 5ŜǘŜŎǘƛƻƴ . Ҧ ChromogenB

Å!ƴǘƛōƻŘȅ ! Ҧ 5ŜǘŜŎǘƛƻƴ ! Ҧ /ƘǊƻƳƻƎŜƴ !
Å!ƴǘƛōƻŘȅ . Ҧ 5ŜǘŜŎǘƛƻƴ . Ҧ ChromogenB

Control 1 (only reaction for A should be observed /  no co-localized signals)

Optimized double staining protocol 

Control 2 (only reaction for B should be observed / no co-localized signals)

Calibrate titre (both primary antibody A & B) according to iCAPCs



End-result including controls:  Optimizing the protocol

CDX2 (EP25) + CK7 (OV-TL 12/30)

Pancreas

CK7, OV-TL12/30 (second seq.)

Ref: mAb1:200/ Flex+ 
DAB

mAb1:50/ HiDef-AP
Warp Red (WR)

CDX2, EP25 (first seq.)

Ref: rmAb1:200/ Flex+ 
DAB

rmAb1:50/ Quanto-HRP
Deep Space Black (DSB)



Typical end-result including controls:  Optimizing the protocol

Optimal dilutions of CDX2 (EP25 1:50) and CK7 (OV-TL 12/30 1:50) 

Sequential staining : Quanto-HRP/ DSB followed by HiDef-AP/WR

Control 1: Omission of CK7
CDX2 pos

Control 2: Omission of CDX2
CK7 pos

Double Staining:CDX2+CK7

Note : Efficient sheltering capacity  of  Deep Space Black

No mixed colors or double colors within controls and in the 
double staining for CDX2+CK7 (Intercalating ducts of the 
pancreas  are positive for both markers)

Pancreas



P40, BC28 (1:25) + Napsin, IP64 (1:100) (Mab+Mab) TTF1, SPT24 (1:25) + CK5, XM26 (1:100) (Mab+Mab)

Lung : Squamouscell carcinoma

Double staining using sequential technique  (Immuno-enzymatic)

Other useful combinations: P40 + CK5and/or TTF-1+NapsinA



PIN [ cocktail P63 (4A4) + P504s (13H4) ]  (Mab+Rab) PIN [ P40 (BC28) +P504s (13H4) ]/ Sequential staining (Mab+Rab)

Prostate: Adenocarcinoma

Double staining using sequential technique  (Immuno-enzymatic)

Other useful combinations: : P63 + P504s and/or CK5 (HMw CK) +P504s



Ki67 , SP6  (1:100) + Melan A, A103 (1:100) (Rab+Mab)

Melanoma (Lymph node)

Double staining using sequential technique  (Immuno-enzymatic)

Other useful combinations: Sox-10+ MLAand/or Sox-10 + S100



PDL1+ MNDA PDL1+ TTF1

RefPDL1+ MNDA control (tonsil)

Omnis: HIER Low pH 40` 

PD-L1, 22C3 (1:20) /Flex+ 40-10-40

1. MNDA, 253A  (1:80) / Histo-AP 30-10-20       

2. TTF1, SPT24  (1:200) / Histo-AP 30-10-20

Macrophages 

Tumour cells 

Lung adenocarcinoma



HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

Sequential procedure (Immuno-enzymatic/2xHRP): 

Pre-treatment  (Antigen Retrieval)

First primary Ab
Detection with Flex+/HRP (Dako)
Visualization with DAB (Dako).

Second primary Ab (same or different host, Ig-type or subclass)
Detection with Flex+/HRP (Dako)  
Visualization with Magenta (Dako)

Counterstain, dehydration and mounting.

1.Set of Immuno-reagents
Flex+
DAB

2. Set of Immuno-reagents
Flex+

Magenta

Omnis

Detection and visualization reagents (Omnis/Dako)

HRP Magenta Chromogen
Double staining protocol based on 2x Flex with or without linker.

Blocking procedure (H2SO4) after first set of immuno-reagents (elution)
Additional peroxidase block (H2O2)



Ki67 (MIB-1, RTU) and MART1 (EP43, 1:30 RR)
HIER High pH (Omnis)

Flex+ (DAB)
Histo-AP (PR)
(incl. Linker)

Flex+ (DAB)
Flex+ (MAG)

Skin Melanoma Melanoma



Ki67 (MIB-1, RTU) and P16 (MXB007, 1:1000)
HIER High pH (Omnis)

Flex+ (DAB)
Flex+ (MAG)

Tonsil Uterine Cervix  (SCC)



The order of  primary antibodies

In general:

Ç Nuclear markers before cytoplasmicor membranous markers

Ç Membranous markers before cytoplasmic

- If a non-DAB based chromogen is applied and an antibody is difficult to elute (block for unwanted reactions) ςapply this antibody in the last sequence

Double staining using sequential technique  (Immuno-enzymatic)

A reversed applications of the primary antibodies may un-ravel  that :

DAB  deposit shields for the second antigen of interest  - first and second antigen are in close proximity with each 
other (false negative result) 

Co-localized signal is present due to expression of the two antigens of interest in the same cellular compartment



CD34 (QBEND 10) + SM-Actin (1A4) 

CD34 + SM-Actin SM-Actin + CD34

Note: No co-localization of either endothelium or smooth muscles (arrows)

Double staining using sequential technique  (Immuno-enzymatic)

Melanoma



Double Immuno-staining ςreversal stainings
CD34 (QBEND 10) + CD146 (EPR3208) 

CD34 + CD146

CD146 + CD34

The brown deposit (DAB) from the first set of immuno-
reagents  hinder  the second set of immuno-reagents (the red 
subsequent staining ςcompare the two images).

The order of  primary antibodies

9ƴŘƻǘƘŜƭƛŀ ŎŜƭƭǎ ŀǊŜ άŘƻǳōƭŜ ōǊƻǿƴ ǇƻǎƛǘƛǾŜέ κŎƻ-localization 

Non of the combinations are useful ?

Hemangioma



Double immunofluorescence staining of vascular structures

CD34 + CD146

CD34/CD146 combination

Expression of CD146 in endothelium  and co-localization with 
CD34 (yellow arrow)

Endothelium without expression of CD146 (green arrow)

Yellow reaction product = co-localized antigens

Hemangioma



Problems ? 

The DAB deposit may cause problems 
as it may block for the next set of 
immuno-reagents - arrows.

Tumor cells  with infiltrative growth 
pattern  (buddings)  show expression 
of CK 8/18 due to downregulation of 
CDX2 ςarrowheads.

CDX-2 ( DAK-CDX2) + CK 8/18 (5D3)

Colon Adenocarcinoma



CDX-2 CK 8/18

CDX-2 (EP25) + CK 8/18 (5D3)

Double Staining-IF (simultaneous technique)

Colon Adenocarcinoma Note expression of CK 8/18 in all tumor cells



Questions to be answered:

Will the combination provide the information that is needed ? 

Will the combination work from a technical point of view ?

Co-localization in CLL  ? The DAB deposit  (CD23) shields for demonstration of the second antigen of 
interest (CD5)

Be critical selecting antibody pair combinations:



Sequential procedure ( Three markers/2xHRP+AP): 

Pre-treatment (Antigen Retrieval)

First primary Ab  (20 min).
Detection with Quanto/HRP (10+10 min).
Visualization with EnZMet(5 min).

Second primary Ab (same or different host, Ig-type or subclass) (20 min).
Detection with Quanto/HRP (10+10 min).
Visualization with  DAB (7min).

Third primary Ab (same or different host, Ig-type or subclass) (20 min).
Detection with Hi-Def /AP  (10+10 min).
Visualization with Warp Red (Fuchin-Red)  (7min).

Counterstain, dehydration and mounting.

EnzMet(silver) and DAB  deposit (after 1. and 2. set of immuno-reagens) shields for un-wanted reactivity  with the 
following primary antibodies and/or detection reagents.

Multiplex staining using sequential technique (Immuno-enzymatic)

HRP

HRP

HRP

HRP

HRP

HRP

AP

AP

AP

AP

AP

AP

HRP

HRP

HRP

HRP

HRP

HRP

1.Set of Immuno-reagents

EnzMet

3. Set of Immuno-reagents
Warp Red

Fast Red / Fuchin-Red

2.Set of Immuno-reagents

DAB



FoxP3, 236/E7 + CD8, C8/144B + CD4, EPR6855 ( Mab x2 + Rab)

Tonsil

FoxP3 (black nuclear staining) 

CD8 (brown membraneous/cytoplasmic staining, arrow)

CD4 (red membraneous/cytoplasmic staining, arrow-head)

Multiplex staining using sequential technique (Immuno-enzymatic)

Adenocarcinoma colon:

D2-40 (black lymph-endotheliale staining)

CDX-2 (brown nuclear staining of the tumor cells)

CD34 (red membraneous endotheliale staining)

Podo, D2-40 + CDX-2, DAK-CDX2 + CD34, QBEND10 (Mab x3) 



CD8 clone C8/144B (1:100)
OmniMapanti Ms-HRP/DAB

CD3 clone Poly (Dako, 1:25)
OmniMapanti Rb-HRP/Purple

Neutralization (Discovery Inhibitor)

PAN-CK clone BS5 (1:200)
Omnimapanti Ms-HRP/Yellow

Multiplex staining using sequential technique (chromogenic)

Ventana Discovery



Multiplex: Melanoma project

Combinations and color contrast

SOX10/CD146/CD3

HIER High pH (90°C/60min)

Flex+/MACH2-DS2

ά5!.-ōŀǎŜŘ ŎƘǊƻƳƻƎŜƴ ƛƴ ǘƘŜ ŦƛǊǎǘ ǎŜǉǳŜƴŎŜέ

CD3 (DAB)/SOX10 (DSB)/CD146 (LPR) CD3 (DAB)/SOX10 (MAG)/CD146 (FB)

SOX10 (DSB)/CD3 (MAG)/CD146 (FB) CD146 (DAB)/SOX10 (MAG)/CD3 (FB) CD146 (DSB)/SOX10 (MAG)/CD3 (FB)


