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INTRODUCTION
The tumor microenvironment plays a vital role in cancer        
development. Multiplex immunostainings allow studying the 
interaction of different cell types in the tumor microenvironment 
using a single tissue slide. Though several techniques are available 
to perform high-plex stainings, they require intensive manual 
handling, are highly time consuming or not compatible with tissue 
sections on standard microscope slides.
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Fig. 1 Sequential immunofluorescence. Multiplexed immunophenotyping is performed by 
sequential immunofluorescence. For this the first marker is stained using primary mouse or 
rabbit antibody and corresponding fluorescently labelled secondary antibody. After staining, 
the slide is imaged using a fluorescence microscope. In a subsequent step all antibodies 
are removed using elution buffer. After completing these three steps for the first marker, the 
procedure is repeated for all markers in the multiplex panel.

Rapid immunostainings

Step Time

Mouse/rabbit primary antibody 2-4 min
α-mouse/rabbit IgG AF555/AF647 2 min
DAPI 1 min

Overall staining time including 
washing steps 10-12min
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RESULTS
Elution characterization of antibodies

Fig. 3 Automated multiplex staining and imaging of 24 markers. Human FFPE tonsil tissue 
was sequentially stained and imaged for 24 markers in 5 hours. In each round a cocktail of one 
mouse and rabbit antibody was used  with the corresponding fluorescently labelled secondary 
antibody as well as DAPI. In each image the same ROI with a set of three markers plus DAPI is 
shown. Scale bar overview images 200µm, magnification 50µm.
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Fig. 2 Elution characterization. a) The elution efficiency is characterized by comparing the 
fluorescence intensity after elution with the autofluoresence of the tissue. Showing that no signal 
is remaining and the antibodies are fully eluted. b) To ensure the epitope stability after elution 
treatment, the slide is restained with the same marker after ten and twenty five sequential elution 
cycles. Showing that no change in signal intensity and tissue morphology can be observed.

FOXP3 - DAPIA

CD20 - DAPIB

1st CD20 staining 2nd CD20 staining after 
10 elution cycles

3rd CD20 staining after 
25 elution cycles

10x 15x

Elution Elution
CD20

staining
CD20

staining

Sc
al

e 
ba

r 5
0µ

m

Elution
Low pH and 
detergent

2 min

Staining  with 
2nd Ab

Reference autofluorescence Reference negative control

Sc
al

e 
ba

r 3
0µ

m

A

B

Fig. 4 Comparison of multiplexing to standard IHC. a) Fluorescence images of biomarkers in 
tonsils from microfluidic 10-plex staining and bright-field images of conventional single-plex IHC 
on adjacent slides. Scale bars:100 μm (overview images) and 15 μm (insets). b) Comparison of 
the stained area fraction from microfluidic multiplex IF and conventional single-plex IHC for each 
marker. The correlation coefficient and its p-value are reported in the same graph.

CONCLUSION
With the microscope integrated   
microfluidic system, it is possible 
to perform fast multiplex stainings 
including image acquisition 
without the need to handle the 
tissue slide. Moreover, due to the 
sequential nature of the system it 
would be easily possible to further increase the number of markers in 
the multiplex staining. Standard off the shelf antibodies can be used 
for the whole workflow. We foresee this technique to greatly facilitates 
the execution of high-plex stainings and thereby the discovery of novel 
tumor-microenvironment interactions.
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