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Advances in Mammary Organoid Technology and Their Applications
in Breast Cancer Research
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Abstract Mammary organoids, three-dimensional culture-derived miniature models of breast tissue, have
become essential tools for advancing breast biology and breast cancer research. In recent years, this technology has

evolved from early simple mammosphere cultures to more complex organoid systems with branched structures,
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progressively achieving functional mimicry. Notably, the development of a novel “mini-gland culture system” em-
ploys a dynamic three-dimensional co-culture approach that enables individual mammary stem cells to undergo se-
quential processes including spheroid formation, polarity establishment, symmetry breaking, branching morphogen-
esis, and simulated estrous cycling. This system effectively recapitulates the tree-like branched ductal architecture
of the mammary gland, dynamic hormonal responses, lineage tracing of stem cells, and spatiotemporal regulation
of tumor initiation, offering a high-fidelity platform for mechanistic studies of breast cancer and the development
of personalized therapies. This article systematically reviews the evolution of organoid culture systems, highlights
their key applications in studying breast cancer initiation, the invasion-metastasis cascade, and drug screening, and
explores the technical advantages and future potential of the emerging mini-gland culture system in tumor biol-
ogy research. Although current systems still face limitations such as a simplified microenvironment and challenges
in humanization, organoids are expected to play increasingly significant roles in breast cancer precision medicine

through the integration of multi-omics approaches, organoid-on-a-chip technologies, and artificial intelligence in

the future.
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Table 1 Comparison of the advantages and disadvantages of existing research models of breast cancer
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Model Heterogeneity maintenance ~ Microenvironment simulation Clinical relevance Throughput Ethics/cost
Cell line Low None Low High Low
Animal model Medium Medium High Low High
Organoid model ~ High Medium-high High Medium Low
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Fig.1 A brief history of mammary organoid development (upper panel: mouse mammary organoids; lower panel: human

mammary organoids)
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(SUMBAL et al., 2020) (ZHANG et al., 2017) (WANG et al., 2021) (YUAN et al., 2023)
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FETRSY, PAFFLIRIEES B B, Bk AMatrigel o EL“8 TR YT 20 T-249L0, & TR 5859 7t. 2. FACS/) ik S4B 7 ——
LR ZASRAT 20 M B, ) R A Bl AR G 32 S 0 AR (A R R 40 ) R Lge 5™ T4 M), P HEAT Matrigel = 4EH7 57, i H 1% R 45 e VR 7L
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HIFEIE. 4. FALRIRIR IR RG4S HERAM /0 E . Transwell JEE5 7208 R 5L1-Wnt3 AT FRAI A, FRd ik 225 0 WIkG IR i %, ik
DA U R B A e, T A 5 DR Sl SR AR SUR, HAE T2 ORI RS, JCHOE ) T 2L B S MR R G LA .

A: briefly describe four main strategies for mouse mammary organoid culture. B: schematic illustration of mouse mammary organoid culture methods.

1. Primary mammary fragment culture—mammary organoid fragments are isolated via gradient centrifugation to remove single cells and stromal com-
ponents, then embedded in Matrigel and seeded as “domes” in 24-well plates. This method is suitable for short-term expansion and structural analysis.
2. FACS-sorted single-cell culture—single-cell suspensions are generated by digesting mammary tissues, followed by FACS to isolate specific cell
populations, such as basal cells or Lgr5” stem cells. These sorted cells are subsequently cultured in 3D Matrigel systems, ideal for lineage-specific in-
vestigations. 3. Co-culture system—stromal components, including fibroblasts or endothelial cells, are incorporated into mammary epithelial organoid
cultures to simulate the iz vivo microenvironment and enhance branching morphogenesis. This system is particularly useful for studying cell-cell inter-
action mechanisms. 4. Novel mini-gland mammary organoid system—this approach integrates basal cell sorting, a Transwell co-culture system, and L1-
Wnt3A feeder cells, along with dynamically regulated staged media, to fully recapitulate mammary gland development. The resulting organoids exhibit
morphology and functionality closely resembling native mammary tissue, offering significant potential for studies on mammary development and tumor
initiation mechanisms.
B2 IANRIARLEISRBEF G XARESE TH20,31-32,34-38]1220)
Fig.2 Schematic diagram of existing mouse mammary gland organoid culture systems
(modified from references [20,31-32,34-38])
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