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Characterization of TILs in colon carcinoma
MACSima™ Imaging System

Background
Tumor-infiltrating leukocytes (TILs) are known to play crucial 
roles in tumor growth, cancer progression, and response 
to therapy¹. Several studies have documented that the 
presence of activated and proliferating T cells within primary 
colorectal tumors is associated with improved survival². 
Traditionally, the immunophenotyping of TILs in solid tumors 
has relied on resolving single cells by flow cytometry and 
immunohistochemical methods¹. Currently, flow-based 
methods can record >30 channels per cell but lack the spatial 
information to distinguish infiltrated from non-infiltrated 
leukocytes. In contrast, immunofluorescence techniques 
provide spatial information but are typically limited to  
4–6 channels³.

Miltenyi Biotec’s multiparameter imaging cell screen (MICS) 
technology (fig. 1) was developed in order to circumvent such 
limitations. MICS technology is based on an iterative cyclic 
staining process. This process is composed of three steps 
that are conducted in the MACSima™ Imaging System in a 
fully automated manner: to begin, the sample is stained with 
multiple fluorochrome-conjugated antibodies, produced and 
validated by Miltenyi Biotec; this is followed by acquisition 
and subsequent processing of an image with a widefield 
microscope; to complete the cycle, the fluorescence signal is 
erased. This cycle is repeated automatically for as many times 
as needed, allowing the staining of hundreds of markers on 
a single sample. The MACSima Imaging System can analyze 
all kinds of fixed samples, ranging from tissue sections to 
adherent and suspension cells.

Methods
Sample preparation
Fresh biopsies of colon carcinoma  were “snap frozen” in 
freezing medium and sectioned with the Cryostat. The samples 
were fixed in 100% cold acetone, stained with DAPI, and 
analyzed with the MACSima Imaging System.

MACSima workflow
The antibody panel was defined and the antibody working 
solutions for the stainings prepared in 96-well deep well plates. 
The prepared sample and antibody plates were loaded in the 
instrument and regions of interest (ROIs) were selected. The 
experiment was started and the MACSima Imaging System 
performed the entire process in an automated manner. Once 
a cycle is completed, the corresponding images were directly 
processed and saved in the common TIF format, giving the user 
the option for on-the-fly data analysis while the experiment is 
still running.

Figure 1: Schematic of the MICS principle. The MACSima Imaging 
Systems performs the three steps of the MICS technology in a fully 
automated manner: 1) The sample is stained, 2) imaged, and 3) the 
signal erased. After a cycle is completed, the process automatically 
continues with the next cycle, enabling the analysis of hundreds of 
markers on a single sample. 
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Results
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Figure 2: Colon carcinoma. Upper panel: Composite with four markers 
plus nuclear stain (DAPI – blue; CD45 – yellow; EPCAM – green; 
CD90 – red; CD31 – magenta). Lower panel: single-stain images of 
the 75 markers (green) analyzed with the MACSima™ Imaging System 
counterstained with DAPI (blue). Scale bars: 100 µm.
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Figure 3: Identification of different cell populations in the colon 
carcinoma sample. Scale bar: 100 µm.

In this experiment, the MACSima Imaging System acquired 
images of 75 different markers on a colon carcinoma section 
(fig. 2). The data were analyzed using our analysis software  
Qi Tissue. Integrated cell segmentation was performed to 
define the nuclei of each cell, as well as the cell contours. After 
the location and boundaries of each cell were defined, the 
cell-specific intensity profile of each marker could be extracted. 

Based on the intensity profile of the cells, several distinct cell 
populations could be identified. Using this information, it was 
possible to identify the populations that could infiltrate the 
tumor region (fig.3).

The identification of different cell populations in combination 
with the spatial information showed that some leukocytes 
were able to enter the tumor area. To further distinguish the 
infiltrating from the non-infiltrating cell population, we took  
a closer look at their respective expression profiles (fig. 4). 
Based on our results, seven markers were selected for further 
analysis after comparing the markers that were differentially 
expressed in infiltrating vs. non-infiltrating leukocytes.



Conclusions
•  The MACSima™ Imaging System enables the fully  

automated analysis of an unlimited number of markers  
on a single sample.

•  With the analysis of 75 markers in this specific study it is 
possible to clearly identify different cell populations and 
even subpopulations.

•  The option to go back to the acquired immunofluorescence 
images opens the possibility to further define 
subpopulations based on the expression pattern and  
spatial distribution.

•   Subpopulations selected based on their spatial  
distribution can subsequentially be immunoprofiled  
using the same data.

•  Samples remain unharmed by the analysis with the  
MACSima Imaging System and can be further analyzed  
for downstream applications.
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Figure 5: TIL characterization with different markers shown in red. 
Tumor cells are displayed in green and nuclei are displayed in blue. 
Some marker names not disclosed because this data is part of an 
ongoing research project. Scale bar: 20 µm.
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Figure 4: Expression profiles of infiltrating (upper panel) and non-
infiltrating (lower panel) leukocytes. Marker names not disclosed 
because this data is part of an ongoing research project.

The chosen markers as well as additional T-cell markers were 
visualized in a close-up of the tumor region (fig. 5). We could 
observe that most TILs were CD8+ T cells, and that Marker1, 
Marker3, and Marker4 were most promising targets for further 
analysis in the characterization of TILs in this colon carcinoma 
sample.

NB: Please note that all microscopy images have been 
compressed for web format and therefore do not reflect 
the resolution obtained by the instrument.
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