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Spatial transcriptomic analysis of primary
and metastatic pancreatic cancers highlights
tumor microenvironmental heterogeneity
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Although the spatial, cellular and molecular landscapes of resected
pancreatic ductal adenocarcinoma (PDAC) are well documented, the charac-
teristics of its metastatic ecology remain elusive. By applying spatially
resolved transcriptomics to matched primary and metastatic PDAC samples,
we discovered a conserved continuum of fibrotic, metabolicand immuno-
suppressive spatial ecotypes across anatomical regions. We observed

spatial tumor microenvironment heterogeneity spanning beyond that
previously appreciated in PDAC. Through comparative analysis, we show
that the spatial ecotypes exhibit distinct enrichment between primary

and metastatic sites, implying adaptability to the local environment for
survival and progression. The invasive border ecotype exhibits both
pro-tumorigenic and anti-tumorigenic cell-type enrichment, suggesting a
potentialimmunotherapy target. The ecotype heterogeneity across patients
emphasizes the need to map individual patient landscapes to develop
personalized treatment strategies. Collectively, our findings provide critical
insights into metastatic PDAC biology and serve as a valuable resource for
future therapeutic exploration and molecular investigations.

PDAC is an inherently aggressive disease. Only about 15% of patients
present with resectable tumors atdiagnosis; the majority are diagnosed
with either locally advanced or metastatic disease. Approximately 50%
of patients have metastatic disease at diagnosis, with over 80% of these
metastases occurring in the liver'”. Surgery remains the sole cura-
tive approach for PDAC treatment. When locally advanced or distant
metastases areidentified, radical surgical therapyis not the standard of
care’. Therefore, obtaining matched primary and metastaticsamples,

especially large tissue sections for spatial transcriptomics (ST), is a
major challenge. Consequently, most genomic analyses are based
on early-stage disease, which represents a minority of the real-world
patient population®’. Recent bulk RNA sequencing of primary
and metastatic PDAC revealed epithelial-mesenchymal transition
(EMT) downregulation, increased M2 macrophages and comple-
ment activation in liver metastases'’. However, bulk transcriptomic
approaches provide average gene expression, overlooking distinct
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Antibodies

Antibodies used Anti-CD4 (clone 4B12, Dako IR082, ready-to-use)
Anti-CD8 (clone C8/144B, Dako GAG623, ready-to-use)
Anti-CD68 (clone KP1, Dako GABOY, ready-to-use)
Anti-CD163 (clone 1006, Leica NCL-L-CD 163, diluted 1:100)
Usage details:
CD4, CD8, and CD68 antibodies were used at their ready-to-use (RTU) concentrations as supplied by the manufacturer.
The CD163 antibody was diluted 1:100 using Dako antibody diluent (Agilent Technologies).

Validation All antibodies are commercially available and have been validated by the manufacturers for immunohistochemistry applications in
human tissues.
We performed additional validation steps:
Positive controls: Known positive tissue samples were used to confirm specific staining patterns for each antibody.
Negative controls: Primary antibodies were omitted and replaced with non-immune serum to check for non-specific staining.
The diluted CD163 antibody was validated for use in the Dako Omnis system by comparing staining patterns with manufacturer-
recommended protocols.
Staining patterns were consistent with expected cellular localization and distribution for each marker.
Lot-to-lot consistency was ensured by using the same lat of antibodies throughout the study when possible.
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