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Epithelial cells in breast tissue have long been considered genetically stable, with genetic
alterations generally viewed as hallmarks of precancerous lesions or tumor growth. Two
new studies published in Nature and Nature Genetics pose a compelling question: may rare
genomically aberrant cells exist within healthy breast tissue? These innovative discoveries
not only contest the conventional understanding of breast cancer onset but also pave the
way for enhanced early detection and preventive strategies.

A recent study by Lin Y. et al. (1), published in Nature, employed single-cell DNA
sequencing to examine breast tissue from healthy women and presented the initial evidence of
rare aneuploid epithelial cells in normal breast tissue. The research encompassed 83,206
epithelial cells derived from the breast tissue of 49 healthy women, indicating that each woman’s
breast tissue harbored infrequent aneuploid epithelial cells (with a median of 3.19%), and this
percentage markedly escalated with age. The genomic variation patterns of these aneuploid cells,
including increases on chromosome 1q and losses on chromosomes 10q, 16q, and 22q, closely
paralleled the genomic hallmarks of invasive breast cancer, suggesting a potential relationship to
carcinogenesis. Subsequent spatial mapping research revealed that these cells were primarily
situated in the luminal epithelial cells of the breast ducts and lobules, with no presence in the
basal myoepithelial cells. Reinforcing these findings, a study by Williams, M.J. et al. published on
the same day analyzed 49,238 epithelial cells from 28 women, revealing extensive copy number
alterations (2). Crucially, their results showed similarities to the Lin paper, including the
ubiquitous nature of CNAs across samples, their near-exclusive presence in luminal epithelial
cells, and the frequent involvement of chromosomes 1q and 16q. This independent replication
strongly underscores the robustness of these findings. The study highlighted two particularly
significant findings. First, in BRCA1/BRCA2 mutation carriers, copy number alterations
(CNAs) accumulated to a greater extent than in non-carriers, and these changes were
observed even before the loss of heterozygosity (LOH) of the wild-type allele was detectable.
Second, across all donor backgrounds, CNA-carrying cells displayed strikingly similar patterns
of chromosomal alterations. However, allelic imbalance analyses revealed that these similar
outcomes often arose from distinct and independent mutational events.This latter observation
provides strong evidence for convergent evolution, suggesting that under selective pressures, a
mosaic of aneuploid cells can persist discreetly in normal tissue. These clones may then undergo
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clonal proliferation under specific conditions, potentially serving as the
progenitors from which cancer later develops. The findings indicate
that even healthy breast tissue contains a concealed reservoir of genetic
aberrations, offering new scientific insights for the early identification
and prevention of breast cancer.

These findings reconstitute the genetic stability of “normal” tissues
and contest conventional concepts of cancer progression (3-6). Both
investigations indicate that genomic aberrant cells are present in
healthy breast tissue, which may progressively develop into cancers
by clonal expansion and independent mutational occurrences. This
study suggests a novel paradigm of tumorigenesis: cancer may arise
from latent aneuploid cells within normal tissue that, under specific
conditions, undergo carcinogenic transformation and ultimately
progress to manifest tumors. This revelation possesses considerable
clinical and public health ramifications. It indicates the necessity to
reevaluate early cancer screening and prevention methodologies,
emphasizing the identification and targeting of genetic aberrant cells
in healthy tissues (7, 8). Moreover, the carcinogenic potential of these
cells and their interaction with the microenvironment offer new
insights for formulating tailored intervention techniques. This
research possesses tremendous potential for cancer diagnoses. The
advancement of sensitive detection tools for aneuploid cells may enable
early tumor identification and customized therapies, hence enhancing
patient prognosis dramatically.

While these investigations indicate a possible novel route for breast
cancer progression, they possess certain limitations that inform the
direction of future research. The limited sample size, predominantly
comprising participants from European and American populations,
results in insufficient representation of many ethnicities, genetic
backgrounds, and environmental factors, thereby restricting the
generalizability of current findings. Moreover, most existing data
derive from cross-sectional studies, which are incapable of
elucidating the temporal evolutionary pathways of aneuploid cells or
clarifying the precise mechanism of transition from normal cells to
cancer cells. To address this, greater temporal resolution of the
evolution of putatively precancerous CNA-altered clones is needed,
building upon recent work that has begun to probe these evolutionary
histories (9), in order to understand the selective pressures that drive
progression. Additionally, although many studies focus on identifying
genetic alterations, experimental validation of the in vivo functionality
of aneuploid cells remains sparse; their specific carcinogenic potential
and mechanisms require further exploration. Another notable gap is
the paucity of research on interactions between aneuploid cells and the
breast microenvironment, particularly concerning how these cells may
gain survival advantages and contribute to tumor initiation and
progression. To address these limitations, future research should
advance in several critical areas. First, large-scale, ethnically diverse
longitudinal cohort studies are essential to elucidate the prevalence
patterns of aneuploid cells across populations and assess their causal
associations with breast cancer. Functional validation is also crucial; in
vitro experiments and animal models are needed to determine whether
these cells demonstrate increased proliferative and invasive capacities,
as well as to examine their signaling pathway activity within the tumor
microenvironment. Furthermore, the influence of the breast tissue
microenvironment—including the role of immune cells in the selective
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proliferation and carcinogenic potential of aneuploid cells—warrants
understanding investigation. The application of novel technologies,
such as single-cell sequencing, liquid biopsy, and the examination of
milk and other breast secretions (10, 11), offers promise for translating
fundamental research into clinical practice, enabling accurate early
detection and timely intervention for high-risk individuals (12, 13).
Finally, continuing to expand similar research frameworks to the
normal tissues of other organs may reveal how common of a
phenomenon genetically aberrant cells are and elucidate their roles
in the genesis of other cancer types (14, 15).

In summary, these two investigations have discovered rare
aneuploid epithelial cells in normal breast tissue, contesting
conventional theories of cancer formation and reshaping our
comprehension of genetic stability in “normal” tissues. The copy
number variations present in these cells resemble those found in
invasive breast cancer, indicating they may signify initial stages of
carcinogenesis, despite the lack of histological abnormalities. This line
of study bears substantial implications not only for understanding the
beginnings of breast cancer but also for creating new routes for early
detection, risk assessment, and preventive therapies.
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