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Research Projects

Various non-coding RNAs (ncRNAs) exist in a cell nucleus
in a cell type, development, differentiation, and disease
specific manner. Many of these interact with chromatin
and play a role in the epigenetic gene regulation, however,
the details remain unclear. Our research goal is to
elucidate the mechanisms by which ncRNAs function when
breast cancer adapts to the therapeutic environment and
recurs. We reveal the fundamental nature of cancer and
develop new diagnostic and therapeutic approaches.

Seventy percent of breast cancers are estrogen
receptor (ER)-positive. Endocrine therapy which inhibits
estrogen is effectively used as a treatment. However,
a major problem is the high frequency of recurrence,
particularly “late recurrence,” which occurs over five years
after surgery. Using a recurrent breast cancer model
system, we have discovered a cluster of ncRNAs called
“ELEANOR” . In ER-positive breast cancer, ELEANOR
is transcribed from a large chromatin region, TAD
(topologically associating domain) that includes the ESR1
gene locus encoding ER. It interacts with chromatin,
activates transcription, and is involved in the 3D
structure of the genome. Through long-range chromatin
interactions, it balances the transcription of ESR7, a gene
for proliferation and the FOXO3, a gene for apoptosis.
Inhibiting ELEANOR RNA induces cancer cell death,
suggesting it may serve as a therapeutic target.

In clinical samples, ELEANOR expression is limited to
ER-positive tumors. Its presence in the primary tumor site
correlates with late recurrence. ELEANOR may be involved
in cancer stem cell and long-term dormancy. Long-term
dormancy is a strategy by which cancer cells suppress
proliferation to evade treatment and immune surveillance
and prolong survival, underpinning the cancer’ s high
adaptability.

Based on these knowledges, we aim to elucidate the
molecular mechanisms of chromatin associating ncRNAs,
starting with ELEANOR. We will clarify how ELEANOR
activates transcription, mediates long-range chromatin
interactions, and contributes to the 3D structure of
the genome and the formation of nuclear architecture.
Furthermore, by elucidating its generality, we aim to
propose ncRNA-based epigenetic mechanisms.

We also aim to develop an image analysis Al technology,
wndchrm, to elucidate the mechanisms underlying the
formation, maintenance, and dynamics of chromatin and
nuclear structures.
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