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Dissecting Early-Stage Tumor Microenvironment with Niche-Labeling
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Abstract  Tumor represents a malignant ecosystem, composed not only of transformed cancer cells but also
of stromal cells, including fibroblasts, endothelial cells, pericytes, tissue-resident cells, and various immune cells.

These stromal cells, which constitute the TME (tumor microenvironment), play critical roles in tumor initiation,
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progression, metastasis, and therapeutic resistance, rather than merely acting as bystanders. Most preclinical and
clinical studies on the TME focus on overt tumors, where malignant biopsies are dissected for immunostaining or
single-cell multi-omics profiling. However, the TME at late stages becomes exceedingly complex, rendering many
therapeutic strategies ineffective. Therefore, it is imperative to investigate the interactions between cancer cells
and tumor stroma at much earlier stages, ideally from tumor initiation or cancer cell micro-clusters. Fluorescently
labeling or biochemically tagging stromal cells that are in proximity to or interact with cancer cells during tumor
progression presents promising approaches for studying the evolution of aggressive tumor ecosystems and holds
the potential to identify novel therapeutic targets for emerging TME. This review provides an overview of various
niche-labeling techniques for studying tumor microenvironment, discusses how these systems have been applied to

identify novel tumor-stroma interactions, and offers insights into combining these tools with autochthonous tumor

models.
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Table 1 Comparison of four approaches for detecting interactions between neighboring cells

Jiik 1 ) 47 P i Fric RS 1) (3= S 30k
Method Physical interaction Duration of labeling Signal-to-noise References
PIC-seq Required Not applicable Unstable [8-9]
sLP-mCherry Not required 1-2 days Low [10-11]
SrtA-based Required Cell-dependent Medium [12-13]
syn-Notch Required 1 day to lifetime High [14-15]
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A: carefully calibrated tissue disassociation and fluorescent sorting of cell clusters with two distinct cell-surface markers to enrich putatively interacting
cells. B: cancer cells are genetically engineered to express a cell membrane-permeable red fluorescent protein (sLP-mCherry), which is subsequently
taken up by neighboring cells for niche-labeling. C: cells expressing SrtA can ligate the substrate containing biotinylated LPETG motif to the mem-
branes of neighboring cells, which can be detected using fluorescently labeled streptavidin. D: the syn-Notch niche-labeling system serves to amplify
signal. Upon ligand binding, the syn-Notch receptor undergoes self-cleavage, allowing the intracellular domain to translocate to the nucleus, where it
functions as a transcriptional activator to drive the expression of the reporter gene.
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Fig.1 The principles of four approaches for detecting interactions between neighboring cells
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The system consists of three components: the Cre recombinase, which is driven by a tissue or cell-specific promoter; the Cre-inducible activation of an

oncogene (e.g., KRas mutation) or repression of a tumor suppressor gene (e.g., P53 deletion); and distinct niche-labeling elements.
E2 SMAREIRIE SR & MEEBIEE S R IR IR T S SRR (L

Fig.2 Dissecting the evolution of TME through the integration of niche-labeling and autochthonous tumor models
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