OPEN a ACCESS Freely available online

Epigenetics Research: Open Access

Opinion Article

Epigenetic Memory in Stem Cells and its Impact on Therapeutic Outcomes

Haruto Sato”

Department of Stem Cell Research, University of Tokyo, Tokyo, Japan

DESCRIPTION

Stem cells, with their unique ability to differentiate into various
cell types and regenerate tissues, hold tremendous potential for
therapeutic applications. However, their remarkable plasticity is
not solely determined by their genetic code. Increasing evidence
suggests that epigenetic memory-the heritable changes in gene
expression that do not involve changes to the underlying
Deoxyribonucleic Acid (DNA) sequence-plays a significant role
in determining stem cell fate, behaviour and therapeutic efficacy.
Epigenetic memory allows stem cells to "remember" previous
environmental cues or differentiation signals, influencing their
responses to future stimuli. Understanding how epigenetic
memory in stem cells affects their therapeutic outcomes is
important for developing safer and more effective stem cell-based
therapies.

Epigenetic memory in stem cells

Stem cells have remarkable plasticity, allowing them to switch
between different states of differentiation. However, they also
"remember" past experiences through epigenetic modifications,
which influence their future behaviour, including how they
respond to differentiation cues and regenerate tissues after
injury.

Maintenance of stemness: In pluripotent stem cells, epigenetic
memory  helps their  undifferentiated
Modifications as if histone acetylation and DNA methylation
regulate key genes, keeping stem cells primed to differentiate

maintain state.

into various cell types. Disrupting these marks can lead to loss of
pluripotency or premature differentiation.

Differentiation memory: When stem cells are exposed to
differentiation signals, they "remember" these cues through
lasting epigenetic changes. In adult stem cells, DNA methylation
patterns at lineage-specific genes guide differentiation into
specific cell types, such as neurons or muscle cells, ensuring
proper tissue formation and effective regenerative therapy.

Transgenerational epigenetic Some

memories can be passed to the progeny of stem cells, known as

memory: epigenetic

transgenerational epigenetic inheritance. This means that stem

cells exposed to certain environments, like inflammation, may
"remember" these signals, influencing the behaviour of their
descendants. In therapies, this can have both beneficial and
harmful effects, potentially altering future responses to
treatments.

Impact of epigenetic memory on stem cell therapies

Understanding how epigenetic memory influences stem cell
behaviour is key to improving stem cell-based treatments.
Epigenetic memory affects
responses and long-term stability of transplanted stem cells.

tissue regeneration, immune

Tissue regeneration: Epigenetic memory plays a role in
regenerating damaged tissues. For instance, Mesenchymal Stem
Cells (MSCs) retain memory of their differentiation potential,
aiding in tissue repair like cartilage or bone regeneration.
However, improper epigenetic memory can lead to incomplete or
incorrect tissue regeneration.

Immune rejection: In allogeneic stem cell transplantation, stem
cells from a donor may be recognized as foreign by the recipient’s
immune system. Epigenetic memory influences how stem cells
that
inflammatory signals could face immune rejection, but creating
patientspecific induced Pluripotent Stem Cells (iPSCs) may help
overcome this issue by reducing immune response.

interact with immune cells. Stem cells "remember”

Therapeutic efficacy and safety: Epigenetic memory can affect
the longterm safety of stem cell therapies. For example, in
cancer treatments, if stem cells "remember" certain growth
pathways, they may become tumorigenic. Understanding and
controlling these epigenetic memories can minimize risks, such
as tumour formation or unwanted differentiation, improving
therapeutic outcomes.

CONCLUSION

Epigenetic memory plays a critical role in stem cell behaviour,
influencing their ability to maintain pluripotency, differentiate
into specific lineages, and respond to environmental cues. This
ability to "remember" past experiences through epigenetic marks
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has significant implications for stem cell-based therapies. By
manipulating memory,
researchers can improve therapeutic outcomes by enhancing

understanding  and epigenetic

tissue regeneration, preventing immune rejection and ensuring
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the longterm safety and efficacy of stem cell treatments. As our
knowledge of epigenetics deepens, epigenetic modulation may
become a powerful tool for advancing regenerative medicine and
personalized therapies.
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