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[ Abstract ] Background and purpose: Colorectal cancer peritoneal metastasis (CRC-PM) represents one of the lethal metastatic
patterns of colorectal cancer and is frequently characterized by malignant ascites, diffuse peritoneal seeding, and poor
responsiveness to systemic therapy. A major barrier to mechanistic and translational research in CRC-PM is the lack of reproducible,
expandable in vitro models that faithfully capture patient's tumour biology. Patient-derived organoid (PDO) can be maintained long-
term in three dimension (3D) culture while preserving tumour-associated phenotypes and genomic features; however, PDO
establishment and rigorous characterization specifically for CRC-PM remain limited. Here, we aimed to establish stably expandable
CRC-PM PDO derived from metastatic lesions and ascites, generate matched two dimension (2D) tumour cell lines, and evaluate
their biological concordance with the corresponding tumour specimens across histomorphology, protein expression, and genomic
profiles. Methods: Clinical specimens were obtained from patients with CRC-PM. Peritoneal metastatic lesions and ascites were
processed by stepwise dissociation to establish 3D PDO cultures and matched PDO-derived 2D tumour cell lines. Organoid
morphology was monitored longitudinally by bright-field microscopy. PDO was recovered and processed into cell blocks for H-E
staining to assess epithelial/glandular architecture. Immunohistochemistry (IHC) was performed to compare pathological features
between PDO and matched primary tumours; IHC signals were assessed using integrated optical density (IOD) for descriptive semi-
quantification. Whole-exome sequencing (WES) was conducted on primary tumour tissues, PDO, and matched 2D cell lines to
delineate somatic mutational landscapes and mutation-type compositions. Results: We successfully established CRC-PM PDO
derived from both peritoneal metastatic lesions and ascites, which could be stably expanded and serially passaged, and generated the
corresponding PDO-derived 2D tumour cell lines through repeated subculture. Both organoid models formed typical cystic and/or
compact spheroid 3D structures. H-E staining of PDO cell blocks demonstrated epithelial, gland-like histological features. IHC
analysis showed that PDO closely recapitulated the histomorphology and the expression patterns of key tumour markers (including
CK20, E-cadherin, pan-cytokeratin and 3-catenin) and Ki-67 proliferation index observed in the matched primary tumours, with no
apparent differences in overall staining intensity across these markers. WES further confirmed a high degree of concordance in
recurrently mutated genes (such as 77N and FAT2) and in mutation-type composition among PDO, matched 2D cell lines, and
corresponding primary tumour tissues. Conclusion: We established and validated paired CRC-PM PDO derived from peritoneal
metastatic lesions and ascites, together with matched PDO-derived tumour cell lines. These models largely preserve the key
pathological and genomic features of the corresponding primary tumours and provide a reproducible experimental platform for
mechanistic studies and personalised drug testing in CRC-PM.
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Fig.1 Establishment and morphological characterization of CRC-PM organoids

A: Contrast-enhanced CT image demonstrating the primary colorectal tumor lesion. B: Gross appearance of the surgically resected colorectal tumor
specimen. C: H-E staining of the primary tumor tissue, showing typical histopathological features of colorectal adenocarcinoma (x200). D: Bright-
field images of patient-derived colorectal cancer organoids cultured in Matrigel across multiple passages, demonstrating stable 3D growth

morphology (x10).
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Fig.2 Immunohistochemical characterization of CRC-PM organoids

Immunohistochemical staining was performed to compare phenotypic features between primary colorectal tumor tissues and corresponding
organoids. Representative images show the expression of colorectal cancer-related markers, including CK20, E-cadherin, Pan-CK and (-catenin and

Ki-67 proliferation index in primary tumor tissues and organoid samples (x200).
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Fig.3 Establishment of 2D cell lines derived from colorectal cancer organoids

Colorectal cancer organoids were dissociated and cultured under 2D conditions to establish organoid-derived cell lines. Bright-field images show
morphological changes and growth characteristics of cell lines derived from solid tumor organoids and ascites organoids at different passages (x10).
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Fig. 4 Comparative analysis of mutation profile consistency among primary tumors, organoids, and 2D cell lines of CRC-PM

A: Mutation waterfall plot of primary tumor, organoids and derived 2D cell lines; B: Correlation heatmap showing genetic similarity among samples.
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Fig.5 Analysis of mutation types and mutational burden characteristics in CRC-PM organoids

A: Distribution of functional categories of somatic mutations. B: Classification of mutation types, including single nucleotide polymorphism (SNP),
insertions (INS) and deletions (DEL). C: Base substitution patterns of single nucleotide variants. D: Distribution of tumor mutational burden across
samples, with the dashed line indicating the median value. E: Summary of mutation counts across different functional categories. F: Top 10 most

frequently mutated genes identified in colorectal cancer organoid samples.
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