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Abstract: The pursuit of extended human lifespan has moved from philosophical speculation to a scientific
challenge involving regenerative biology, aging research, and social systems. Stem cells possess the capacity for
self-renewal and differentiation, enabling continuous tissue regeneration and maintenance of organismal integrity.
However, aging arises from complex biological processes including genomic instability, telomere attrition,
mitochondrial dysfunction, and stem cell exhaustion. These processes collectively limit regenerative capacity and
contribute to age-related mortality. This paper proposes an integrated framework that combines biological
regeneration with social systems designed to prevent avoidable deaths. Drawing on comparative biological
examples—including hydra, planarian flatworms, and the jellyfish Turritopsis dohrnii—the study explores
mechanisms of negligible senescence and biological rejuvenation observed in nature. Hydra populations, for
example, show no measurable increase in mortality with age, suggesting potential biological immortality linked to
continuous stem cell renewal. The paper introduces a mathematical longevity model describing lifespan as a
function of regenerative capacity and social survival conditions. Five theoretical propositions are proposed to
explain the interaction between biological and sociological mechanisms of life preservation. The analysis suggests
that long-term human survival depends on the combined development of regenerative medicine and institutional
systems that reduce socially produced mortality. This integrated perspective provides a conceptual pathway toward
what may be termed sociobiological longevity, in which biological and social systems jointly extend the human
lifespan.
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1. Introduction e Planarian flatworms possess pluripotent

Human mortality has traditionally been
considered an unavoidable biological outcome. Yet
modern science increasingly demonstrates that many
aspects of aging are not fixed but arise from
identifiable biological processes. The concept of
aging as a set of biological mechanisms was
formalized through the “hallmarks of aging,” which
include genomic instability, telomere attrition,
mitochondrial dysfunction, cellular senescence, and
stem cell exhaustion.

Among these factors, stem cell exhaustion is
particularly significant because stem cells are
responsible for tissue regeneration throughout life. As
stem cell populations decline, tissues gradually lose
their capacity to repair damage.

However, not all organisms experience
aging in the same way. Some species appear to
exhibit negligible senescence or even biological
immortality. For example:

e Hydra exhibit constant mortality rates and
reproductive capacity over time.

e The jellyfish Turritopsis dohrnii can reverse
its life cycle and return to an earlier
developmental stage.

stem cells enabling extensive regeneration.

These organisms suggest that biological aging may
be modifiable.
At the same time, many human deaths occur not from
biological aging but from social factors such as
poverty, inadequate healthcare, and violence.
Therefore, a complete theory of longevity must
include both biological and social dimensions.
This paper proposes an integrated theoretical
framework linking:

e regenerative biology

e longevity science

e social life-preservation systems.

2. Literature Review

2.1 Stem Cells and Regenerative Biology

Stem cells are undifferentiated cells capable of both
self-renewal and differentiation. Their ability to
replace damaged tissue makes them central to
regenerative medicine.

Research has demonstrated that stem cell exhaustion
is a major contributor to aging, as aging stem cells
accumulate DNA damage and experience declining
regenerative capacity.
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Technologies such as induced pluripotent stem cells
have opened new possibilities for regenerative
therapies and tissue engineering.

2.2 Biological Models of Negligible Senescence
Several organisms provide valuable models for
studying longevity.

Hydra

Hydra are freshwater cnidarians whose stem cells
divide continuously, enabling indefinite regeneration.
Experiments have shown no detectable increase in
mortality or decline in reproduction over several
years.

Immortal Jellyfish (Turritopsis dohrnii)

This species can revert from adult medusa form to
juvenile polyp stage, effectively restarting its life
cycle.

Planarian Flatworms

Planarians possess pluripotent stem cells called
neoblasts capable of regenerating entire organisms
from small tissue fragments.

These organisms demonstrate that long-term
biological regeneration is possible under certain
evolutionary conditions.

2.3 Aging as a Systemic Process

Aging involves multiple interconnected biological
mechanisms. The widely accepted “hallmarks of
aging” framework identifies several key processes
including genomic instability, telomere shortening,
mitochondrial dysfunction, and stem cell exhaustion.
These mechanisms interact in complex networks,
making aging a systemic rather than single-cause
phenomenon.

3. Theoretical Propositions

This study proposes five propositions that integrate
biological and social longevity mechanisms.

P1 Regenerative Capacity Principle

The lifespan of an organism increases as the
efficiency of its cellular regeneration increases.

P2 Stem Cell Stability Principle

Long-lived organisms maintain stable populations of
functional stem cells.

P3 Systemic Longevity Principle

Biological  immortality  requires  coordinated
maintenance across cellular, tissue, and systemic
levels.

P4 Institutional Survival Principle

Human survival is strongly influenced by
institutional systems that determine access to
healthcare, nutrition, housing, and safety.

P5 Sociobiological Integration Principle

Maximum achievable human longevity results from
the combined optimization of biological regeneration
and social life-preservation systems.

4. Mathematical Longevity Model
A simplified model of human longevity can be
expressed as:
L=f(R,S)L =f(R, S)L=Ff(R,S)
Where:
e L =expected lifespan
e R =hiological regenerative capacity
e S =social survival conditions
Regenerative capacity can be further defined as:

R=(SCxCR)-ADR = (SC \times CR) -
ADR=(SCxCR)-AD
Where:
e  SC =stem cell availability
e CR =cellular repair efficiency
e AD =accumulated biological damage
Social survival conditions can be modeled as:

S=H+E+PS = H + E + PS=H+E+P
Where:
e H = healthcare accessibility
e E =economic security
e P =public safety

Combining these:

L=0(SCxCR-AD)+B(H+E+P)L = \alpha (SC \times
CR - AD) + \peta (H + E +
P)L=0(SCxCR—-AD)+p(H+E+P)

This model suggests that lifespan increases when
regenerative capacity improves and social mortality
factors decline.

5. Sociological Immortality
Many deaths in modern societies are preventable.
Examples include deaths caused by:

e poverty

e lack of medical care

e  malnutrition

e unsafe environments
Social policies such as universal healthcare and
universal basic income may reduce these forms of
mortality.
Thus sociological immortality refers to a condition
in which deaths caused by preventable social
conditions are eliminated.

6. Future Research Directions
Future longevity research may combine multiple
technologies:
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stem cell rejuvenation
gene editing (CRISPR)
telomerase activation
organ regeneration

e Al-assisted medical diagnostics
Simultaneously, social institutions must evolve to
ensure  equitable access to life-preserving
technologies.

7. Conclusion

Stem cell biology provides powerful insights into the
regenerative potential of living systems and offers
promising avenues for extending human lifespan.
However, biological mechanisms alone cannot
eliminate mortality. Many human deaths arise from
social conditions that can be addressed through
institutional reforms.

This paper proposes an integrated framework in
which biological regeneration and sociological
systems jointly determine longevity outcomes. By
advancing regenerative medicine while strengthening
social life-preservation institutions, societies may

significantly extend human lifespan and reduce
preventable mortality.
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