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Background 

Cancer immunotherapy research has 
increasingly leveraged knowledge about the 
tumor microenvironment for the development 
of novel therapeutics and targets. Advancing 
our current understanding of the tumor 
microenvironment will involve continued 
characterization of the interactions that occur 
among immune cells and cancer cells that 
reside within the tumor and its periphery. 
Fluorescent multiplex immunohistochemistry 
(fIHC) assays are uniquely suited to 
characterizing and quantifying these complex 
interactions in situ. Here we describe a robust, 
fully-automated 7-color fIHC method that 
would significantly shorten the Opal™ 
procedure from days to overnight. We coupled 
this automated staining procedure with a 
multispectral imaging system for simultaneous 
detection of up to 6 tissue biomarkers plus 
nuclear counterstain, providing the ability to 
visualize interactions between specific immune 
and cancer cells within the context of the 
tumor microenvironment.         c  

 

Table 1. Automated Opal  multi-color fIHC procedure. 

Fig 1. Opal  Detection. Opal amplification of IHC 

experiment using primary antibody, Opal HRP polymer 

and Opal fluorophores followed by antibody stripping. 

Formalin-fixed paraffin-embedded samples of 
normal tonsil and primary tumors were 
immunostained using Opal reagent kits on a 
fully automated BOND RX IHC & ISH stainer, 
imaged with a Vectra® 3.0 automated 
imaging system, and analyzed with inForm® 
software.                                          c 
 

Method 

• Deparaffinization Step 1 

• Antigen Retrieval Step 2 

• Blocking Step 3 

• Primary Ab Incubation Step 4 

• Opal HRP Polymer Incubation Step 5 

• Opal Fluorophore Incubation Step 6 

• Antibody Stripping Step 7 

• Counterstain for DAPI Step 8 

• Mount for Fluorescence 
Microscopy Step 9 

Repeat until all targets  

are detected, using a 

different Opal 

fluorophore for each 

target 

1 

2 

Results 

Epitope stability after multiple rounds of 

stripping during automated Opal staining. 

Fig 2. Tissue exposed to 1, 3 and 6 rounds of stripping, 

followed by 1st Ab –Opal 520 staining. Average staining 

intensity was measured with inForm software.  

Opal fluorophore stability after multiple 

rounds of stripping during automated staining. 

 

Fig 3. Tissue has been stained with Opal 520, 540, 570, 

620, 650 or 690, then followed by 1, 3 or 6 rounds of 

stripping. Average staining intensity was measured with 

inForm software.  

Complete stripping between multiplex 

staining steps using automated Opal staining. 

Fig 4. Paraformaldehyde fixed, paraffin embedded human 

tonsil tissue section was stained with CD3-Opal 520, 

followed by antibody stripping, then labeling with Opal HRP 

polymer and Opal 570 to detect unstripped antibody. a1,b1, 

CD3-Opal 520 on human tonsil section. a2, Opal 570 

channel from the same slide as a1 demonstrating incomplete 

stripping with an inefficient stripping method; b2, Opal 570 

channel from the same slide as b1 showing complete 

stripping of antibodies using the automated Opal procedure. 

a1 b1 

a2 b2 

CD3 

Opal 520 

CD3 

Opal 520 

No 1st Ab 

Opal 570 

No 1st Ab 

Opal 570 

3 

Reproducibility data from 6-plex staining 

on Human Breast Cancer TMA  

CD4 

CD8 

CD20 

DAPI PanCK CD68 FoxP3 

Multiplex staining of  Tumor-infiltrating lymphocytes (TILs) in human breast cancer sample 

Fig 5. Human breast cancer tissue was stained with CD4,  CD8, CD20, FoxP3, CD68 and PanCK using Opal 7-color Automation 

Kit BOND RX automated IHC & ISH stainer. Image was captured using  Vectra 3.0 automated quantitative pathology imaging 

system and image analysis was performed using inForm software. 
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TMA Section #1 

CK phenotype count 

R² = 0.6291 
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TMA Section #1 

CD68 phenotype count 

R² = 0.6968 
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TMA Section #1 

Foxp3 phenotype count 

R² = 0.9522 
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TMA Section #1 

PDL1 intensity in CD68 
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Fig 6. Preliminary data of automated Opal 6-plex staining on 

human breast cancer tissue microarray(TMA). To evaluate the 

reproducibility of automated Opal procedure, serial breast cancer 

TMA slides have been stained with PD-1, PD-L1, FoxP3, PanCK, 

CD68 and CD8 using Opal 7-color Automation Kit on BOND RX 

automated IHC & ISH stainer. a,b, representative TMA cores from 

section #1; c, d, e, Quantitative analysis of phenotype counts from 

two TMA slides; f, PDL1 staining intensity within CD68 positive 

cells from two TMA slides. 

Conclusion 

We developed a novel fully-automated Opal 7-
color fIHC staining assay for BOND RX. The 
described approach transforms the traditional 
multi-day protocol to a high throughput 
solution that can be run overnight.  We 
observed minimal degradation of fluorescence 
signal and epitope availability during 
automated staining, complete inactivation 
between staining steps, and minimal cross-
talk in multiplex staining of breast cancer 
tissue. This fully-automated staining assay is 
a robust method to increase the throughput of 
multiplex tissue staining while substantially 
reducing hands-on time. 
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Fig 7. Whole slide scan image of 6-plex staining on human 

breast  cancer TMA . 

BOND RX is for Research Use Only. Not For Use In Diagnostic Procedures. 
LEICA and the Leica Logo are registered trademarks of Leica Microsystems IR GmbH.  
BOND is a trademark of Leica Biosystems Melbourne Pty Ltd. 
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