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INTRODUCTION Results

Hepatocellular carcinoma (HCC) is a highly heterogeneous malignancy, requiring spatially resolved multi-omic " . " " . " " . " =g " "

approaches fo advance therapeutic strategies. Spatial franscriptomics using the Xanium platform enablos high Sequential Xenium—IMC workflow preserves protein detection Integrated single-section spatial multi-omics resolves post-transcriptional regulation of [3-catenin

throughput mapping of hundreds to thousands of RNA targets within intact tissue architecture. While transcript-level B-catenin protein heatmap CTNNB1 transcript heatmap

insights provide critical context for understanding gene expression patterns, integrating proteomic data adds a # __Post-Xenium IMC IMC ® __Post-Xenium IMC IMC Figure 2. Sequential A e . T T T Figure 3. Integrated single-

Xenium-IMC workflow
preserves protein
detection in CRLM

complementary layer that enables direct validation of biomarker expression. Spatial proteomic technologies, such as
Imaging Mass Cytometry™ (IMC ™), complement transcriptomics by providing high-dimensional protein expression
data at subcellular resolution. IMC technology leverages metal-tagged antibodies and laser ablation to

section spatial multi-omics
resolves post-transcriptional
regulation of B-catenin and

simultaneously quantify over 40 protein markers with five orders of magnitude linear dynamic range, surpassing
traditional immunohistochemistry and immunofluorescence. Here, we demonstrate the feasibility and biological
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insights gained from applying IMC technology to same tissue sections previously processed with Xenium, integrating

transcriptomic and proteomic data through computational coregistration. sections of a CRLM ROI
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Methods and materials

Colorectal liver metastasis (CRLM) samples from three patients (plus matched adjacent normal liver from one) were
processed as FFPE 5 ym sections under ethics approval. For Xenium In Situ, sections were deparaffinized,
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identifies CD20+ B cell aggregates
adjacent to K8/18+ tumor
epithelium and proliferating (Ki-67+)
lymphocytes within the TLS. (A))

technology shows spatial co-localization of
CD68+ macrophages with PD-L1 protein
expression near the TLS; (A”) coregistered
Xenium—-IMC workflow visualizes PD-L1

Spatial
ﬁgt?gm&;asss Higher-magnification inset protein with CD274 transcripts. (B—-B’) IMC
Cytometry highlights B cell cluster architecture technology identifies CD11c+ dendritic cells
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Figure 1. Overview of the integrated spatial multi-omic imaging workflow, panels designed across transcript

and protein modalities, and the data analysis workflow. A, Overview of the experimental data generational
workflow. FFPE sections from resected tumor specimens were mounted onto Xenium In Situ slides and processed
using the 10x Genomics Xenium In Situ hybridization workflow, followed by transcript detection on the Xenium
Analyzer. Upon completion of the transcriptomic imaging, the tissue sections underwent antigen retrieval and IMC
antibody staining followed by protein co-detection with the Hyperion XTi Imaging System. B, Overview of the data
analysis approaches as cross-platform DNA identification (DAPI and Cell-ID™) enables data coregistration, joint
transcript and protein visualization, and quantitative data analysis.

CONCLUSIONS

Our study describes an integrated spatial multi-omic workflow that sequentially combines Xenium In Situ spatial
transcriptomics with IMC spatial proteomics on the Hyperion XTi Imaging System. We demonstrate that:

» Protein epitopes and signal integrity are preserved after Xenium’s cyclical chemistry, enabling reliable downstream

IMC protein detection with maintained morphology and antigenicity

» Profiling RNA and protein on the same section eliminates the ambiguity of aligning adjacent sections and
strengthens single-cell biological inference about state and function

« The approach enables high-fidelity integration so RNA programs can be directly compared with functional protein
readouts, including subcellular localization

« This is demonstrated by resolving RNA—protein discordance critical to biology and biomarkers
« [B-catenin localization linked to EMT programs

Krt 8/18 CD20

CD45R0O

and nuclear Ki-67 localization. (A”)
Coregistered Xenium—-IMC data
localize chemokine transcripts
CXCL9, CXCL10 and CXCL13 to
the periphery of B cell aggregates.
(B) IMC technology delineates
spatial distributions of CD4+ T cells,
CD8+ cytotoxic T cells and
CD45R0O+ memory T cells within
the same TLS. (B’) Whole-structure
view demonstrates coordinated T
and B cell compartmentalization.
(B”) Integrated data identify GZMK+
CD8 T cells and detect co-inhibitory
transcripts LAG-3 and TIGIT within
the TLS. (C) IMC technology shows
distinct CD4 T cell clusters within
the TLS and at the tumor interface.
(C’) FoxP3+ regulatory T cells are
localized within the niche. (C”)
Coregistered transcript/protein
maps confirm FoxP3 with CTLA-4
and TNFRSF9 expression in
regulatory T cells.

Scale bar = 200 um

expressing TIM-3; (B”) coregistered data
confirm TIM-3 protein with HAVCR2
transcripts. (C—C’) IMC technology shows
vimentin-rich stromal/immune regions with
focal IDO protein expression; (C”) coregistered
data demonstrate concordant IDO protein with
IDO1 transcripts. (D—F) Single-cell protein and
transcript heat maps for PD-L1/CD274, TIM-
3/HAVCR2 and IDO/IDO1 highlight broader
protein detectability relative to transcripts,
most pronounced for PD-L1/CD274.
Integrating RNA and protein on the same
tissue section highlights platform-specific
detection limits and reveals cases in which
transcripts underestimate protein abundance
(for example, PD-L1).

This supports multi-omic profiling to more
accurately define immunoregulatory myeloid
niches for therapeutic stratification.
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