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Background

Spatial biology has transformed our understanding of the tumor microenvironment (TME) by enabling the study of tissue composition
and intercellular interactions at a single-cell level while preserving spatial context [1-3]. Hyperplex immunofluorescence (IF)
techniques allow the simultaneous detection of multiple protein biomarkers, enabling immune cell profiling in the TME [4]. Similarly,
RNA in situ hybridization (ISH) techniques have enabled the detection of RNA biomarkers, such as soluble factors with high
sensitivity and specificity [5]. Combining the detection of key RNA and protein targets can provide valuable insights into unique
infiltrating immune cell populations and their activation states.

Methods

In this study, we propose a novel approach that combines RNAscope™ and sequential immunofluorescence (seqlF™)
protocols for the detection of RNA and protein targets on the same slide. The integrated multiomics protocol is automated on
the COMET™ platform, an advanced platform for tissue staining that uses precise temperature control and automation capabilities,
ensuring reproducibility and efficiency in the workflow (Figure 1). To achieve high-quality same-slide detection, an optimized target
retrieval and a protease-free tissue pre-treatment were developed.

By combining RNAscope™ HiPlex assay with seqlF™ we could sequentially detect multiple RNAs and proteins in the same
tissue sections, preserving the spatial relationship between different molecular species.

Results

We developed an integrated protocol for the co-detection of RNA and protein targets, with three cycles of RNA detection (four
fluorescent channels per cycle), enabling in total a 12-plex RNA panel detection (Figure 2), followed by 10 consecutive cycles of
seqlF™ (with two protein markers detected per cycle), up to a 20-plex protein panel (Figure 3). We included antibodies to detect
infiltration of T cells, B cells, macrophages, and other immune cells in combination with RNA probes for key biomarkers such as
cytokines and granzymes. The automated process on COMET™ seamlessly synchronized all protocol steps, including imaging, and
allowed multiomics analysis without any user intervention.

By combining RNA and protein detection, we gained extensive insights into the TME molecular landscape. In details, we showed
that an in-depth analysis of tumor-infiltrating immune cell populations can be carried out, allowing for example the identification
of multiple subclasses of cytokine-secreting CD3* T-cell ymphocytes and CD56* Natural Killer cells expressing GZMB, together with
a characterization of tumor cells and their secretome (e.g. /L6* cancer cells in lung cancer) (Figure 4). Multiomics analyses like this
one allow to uncover also co-expression patterns and relationships between RNAs and proteins within individual cells, as shown in
Figure 5.

— COMET™ - automated platform for multiomics approach
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COMET™ is an automated platform providing a slide-in, data-out workflow for spatial biology analysis on up to 4 tissues simultaneously.
Lunaphore FFeX™ technology allows fast and uniform delivery of reagents to a closed staining chamber enabling high-quality results
within minutes instead of hours. (2 Schematic of the new automated workflow combining RNAscope™ and seqlF™.
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— RNAscope™ HiPlex automation on COMET™ for RNA marker detection
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Overview of human FFPE
microarray (TMA) used for this multiomics
study, with DAPI signal (white). From left
to right, top to bottom, the following cores
are present: colon cancer, liver cancer,
lung cancer, breast cancer, head and neck
cancer, melanoma, bladder cancer, cervical
cancer, tonsil. Scale bar: 1 mm. 12-plex
RNA detection by RNAscope™ HiPlex on
COMET™, preceding seqlF™ on the same
human FFPE TMA slide. Images are derived
from the tonsil core of the TMA. Probe tails T1 to T12 were used to detect the RNA panel in 3 consecutive cycles,
using 4 fluorescent channels in each (from left to right: FITC, TRITC, Cy5, Cy7). Scale bar: 20 pm. Example of
detection of RNAscope™ results using QuPath for quantification of dot counts per cell. DAPI (blue) and GZMK
(white) in human FFPE tonsil. Scale bar: 20 pm. Composite images of RNA detection in human FFPE breast and
lung cancer. Scale bar: 20 um. Background subtracted and brightness adjusted for visualization purposes.
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— Detection of protein targets by seqlF™ following RNAscope™ HiPlex

20-plex protein staining and detection by seqlF™ on COMET™ fol-
lowing the automated RNAscope™ HiPlex protocol, on the same slide
of human FFPE tonsil tissue displayed in Figure 2A. Scale bar: 50 pm.

Composite images of a multiplex analysis on human FFPE lung and
breast cancer, displayed at different zoom levels. Scale bars: see
images. Negative control subtracted and brightness adjusted for visu-
alization purposes.
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Combined RNA and protein detection enables analysis of infiltrating immune cell populations
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Multiple examples of immune cell populations identified in different tissue types as a result of the multiomics approach auto-
mated on COMET™. The indicated RNA and Protein targets are displayed in the selected cores of the TMA. Scale bar: 20 pm. Back-
ground subtracted and brightness adjusted for visualization purposes.

— Co-expression patterns of RNA and protein targets at single cell level

Co-expression studies of specific RNA molecules and the proteins they code for at single-cell level. All images derived from
human tonsil TMA core. Scale bar: 20 pm. Background subtracted and brightness adjusted for visualization purposes.

Conclusions

Our results demonstrate the successful implementation of the combined RNAscope™ and seqlF™ protocols on the COMET™ platform.
Preserving spatial context and intercellular relationships, this approach offers a more holistic understanding of the TME molecular
landscape and the complex cellular interactions exhibited by different cell populations.

Multiomics analysis on the same slide will allow a better comprehension of the interplay between transcriptomics and proteomics
information, opening new perspectives for personalized medicine and the discovery of novel therapeutic targets.
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