Evaluation of tumor-associated antigen expression with the
MACSima™ Platform enabling high-content imaging
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The MACSima™ Imaging Platform workflow is based on a five-step
process (fig. 1). (1) Experimental planning is conducted first,
including selection of appropriate specimens, which can either be
single-cell or tissue samples. (2) An antibody panel is designed
based on a selection of more than 500 antibody specificities vali-

Primary human ovarian carcinoma samples

MACSima™ Imaging Platform workflow
dated for the MACSima Platform and prepared. (3) Samples are
prepared, including tissue s licing and fixation (FFPE, PFA, or acetone) according to standard protocols. (4) The MACSima Imaging
run is performed, including data acquisition and data processing.
(5) Generated data sets are analyzed and visualized.
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Unsupervised pattern recognition identifies cell clusters within the tumor
and non-tumor cell populations in pancreatic cancer

The pancreatic cancer cells were assigned to tumor or non-tumor
cells. Groups of objects with similar expression profiles were
obtained by k-means clustering (fig. 4, left panel). Clusters were
plotted back to the original image (fig. 4, middle panel).
Finally, clusters were visualized in reduced dimensions tSNE plots
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Reagent preparation
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is expressed by epithelial cells in different healthy human tissues.
This finding stresses the importance of pre-clinical target validation
on healthy tissues to predict on-target/off-tumor toxicity. MUC1 is
shown in red, DAPI in blue, and the indicated markers in green.

(fig. 4, right panel). Thereby we identified subsets of cell clusters
within the tumor and non-tumor populations. Only a few tumor
subsets expressed MUC1. This indicates the heterogeneity of tumor
cells as well as the complex composition of solid non-tumor
tissues.

Skin

Taken together, we established a novel workflow for multipara
meter characterization of tissues employing the MACSima Imaging
Platform. Our work enables the identification of potential tissues
prone to on-target/off-tumor toxicity, to improve pre-clinical eval
uation of TAAs. Notably, the MACSima Imaging Platform allows
for the analysis of hundreds of markers in a single experiment,
paving the way for high-dimensional characterization of cells
within complex solid tissues.

Cytokeratin

MUC1 expression was verified on healthy human tissues, i.e., kidney,
colon, heart, lung, skin, and breast. Multiparameter analysis was
conducted for the co-expression of MUC1 with different lineage
markers, i.e., CD326, CD29, vimentin, CD105, and CD90 (fig. 5). MUC1
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multiple markers in a single experiment. MUC1 is expressed on
epithelial cells in various ovarian cancer samples. Moreover, ovarian
cancer samples show inter- and intratumor heterogeneity. MUC1
is shown in red, DAPI in blue, and the indicated markers in green.

Healthy tissue samples

To overcome these limitations, we performed high-content imaging with the MACSima™ Platform to assess the expression of a

Multiparameter analysis of six patient-derived high-grade serous
ovarian carcinoma samples was performed to assess the coexpression of MUC1 with different lineage markers, i.e. CD326,
Ki67, CD31, CD45, and CD90 (fig. 2). High-content imaging with the
MACSima Platform allowed the analysis of several specimens and

Immune panel

On-target/off-tumor toxicity is mainly based on the expression
of tumor-associated antigens (TAA) in healthy tissues under
physiological conditions. Currently, most prediction methods
for on-target/off-tumor expression are based on bulk mRNA
expression data on healthy tissue. These prediction models,
however, have limitations, mainly due to poor predictability of the
correlation between RNA and protein levels.

known TAA (MUC1) and tissue lineage markers across several highgrade serous ovarian carcinoma, pancreatic ductal adenocarci
noma, and healthy tissues. Next, we performed unbiased cluster
analysis to identify cell types that express TAAs in ovarian and
pancreatic cancers, as well as in healthy tissues. We found that
primarily epithelial cells express MUC1 in different tissues and that
MUC1 expression shows inter- and intratumor heterogeneity.

MUC1/DAPI

Targeted immunotherapy has progressed and clinical benefits for
patients have been achieved in recent years. However, on-target/
off-tumor toxicity is still a potential threat, and thus there is a need
for better pre-clinical assays to improve the safety profile of immunotherapies.
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MUC1 is expressed in the epithelium of healthy human tissues
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Introduction

MUC1 shows epithelial expression as well as inter- and intratumor heterogeneity
in ovarian cancer

Non-tumor cells

tSNE_2

Y

3
Sample preparation

20

500

6

Breast

0

1000

0

1500

Figure 5

-20

2000

4
MACSima Imaging
experiment

0

Figure 2

3

500

			

1000

1500

-40

2000

X

-20

0

		

tSNE_1

20

Conclusion

Tumor cells

In-depth pancreatic tumor characterization reveals epithelial MUC1 expression
and immune infiltration
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Here we report a novel workflow for multiparameter characteriza
tion of solid tissues based on the MACSima Imaging Platform,
which allows:
• High-content imaging of tissue samples
• Pre-clinical analysis of tumor-associated antigen expression
within solid tissues
• Analysis of hundreds of markers in a single experiment.
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Experiment analysis

markers (fig.3). MUC1 expression is limited to epithelial cells in
pancreatic cancer. The pancreatic tumor microenvironment
reveals a strong immune infiltration by B and T cells. MUC1 is
shown in red, DAPI in blue, and the indicated markers in green.
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A pancreatic ductal adenocarcinoma was examined in-depth by
multiparameter analysis. The expression of MUC1 and several
lineage markers was analyzed to identify the MUC1-positive cells.
Additionally, the tumor microenvironment was characterized by
expression analysis of various cell lineage and cell type–specific
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The novel imaging platform paves the way for high-dimensional
characterization of cells within complex solid tissues:
• MUC1 is expressed on epithelial cells in ovarian and pancreatic
cancer as well as healthy tissues.
• MUC1 expression is limited to a subset of tumor cells.
• High-grade serous ovarian carcinoma show a high inter- and
intra-tumor heterogeneity.
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