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Metastasis, the leading cause of cancer-related deaths, is governed by
multiple steps, which are not well understood. Using cell culture and mouse
models, as well as patient-derived tumor tissues and tumor cells circulating
in the blood (Circulating Tumor Cells/CTCs), the Maheswaran laboratory
has uncovered novel tumor cell characteristics that promote metastasis

in breast cancer patients. Our findings show that cancer cells exist in
multiple cellular states, each state exhibiting different characteristics.

As such, each breast cancer patient harbors a mixture of tumor cells

with different functional properties. We intend to define the functional

and molecular properties of different subclasses of tumor cells and their
contribution to metastasis, tumor evolution and drug sensitivity using
appropriate experimental models and patient-derived samples. These
findings will provide insight into the contribution of heterogeneous cancer
cell populations to metastasis and their significance as biomarkers and

therapeutic targets.

Mechanisms of Breast Cancer
Metastasis

The research in my laboratory is focused

on defining the molecular mechanisms

that drive breast cancer progression and
metastasis. Cancer, initially confined to the
primary site, eventually spreads to distal
sites, including lung, liver, bone and brain,

by invading into the bloodstream. Upon
reaching these distal sites, the tumor cells
continue to grow and evolve well after
removal of the primary tumor resulting in
overt metastasis and disease recurrence,
the leading causes of cancer-related deaths.
Using cell culture and mouse models, patient
derived tissues, and circulating tumor

cells (CTCs) enriched from the blood of
women with breast cancer, we characterize
the contribution of oncogenic-and tumor-
microenvironment-derived signals to cellular
states including: epithelial to mesenchymal
plasticity, senescence, and how these
aspects of tumor heterogeneity influence
cancer progression and therapeutic
responses.
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Naturally occurring senescence
induced by microenvironmental
factors

Senescence is associated with the secretion
of bioactive molecules - the senescence-
associated secretory phenotype (SASP).
SASP, which is context dependent,

remodels the cellular microenvironment

and contributes to many age-related
diseases. Senolytic compounds, that
eliminate senescent cells, alleviate these
age-related conditions in preclinical models
and in clinical trials; thus, senescence is a
druggable cell state. TGFB, prevalent in the
hypoxic tumor microenvironment, induces
senescence in cancers, rendering it a
physiological tumor cell state. In an immune-
competent mouse lung cancer model,
suppressing TGFR signaling, specifically in
the tumor cells, ablated senescent cells in
tumors and mitigated immune suppressive
immune infiltration. In a therapeutic setting,
non-small cell lung cancers with high TGFR3/
hypoxia-signaling and increased senescence
- exhibit poor progression-free survival upon
receiving immune checkpoint inhibitors



shGFP escape shSETD1A escape

Confocal images of cells stained with tubulin (green) and DAPI (magenta) show that SETD1A-
KD cells escaping senescence harbor chromosome segregation defects visualized as
micronuclei (circled). The scale bar represents 50 um.

(ICI). We are now exploring whether
microenvironmental hypoxia-TGFR-induced
physiological senescence and SASP are
exploited by tumors to mount an innate re-
sistance to ICls, and how we can exploit this
phenotype to improve ICl responses.
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