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Abstract: The aspiration to extend human life has transitioned from philosophical speculation to scientific inquiry
with the emergence of stem cell biology and regenerative medicine. Stem cells possess the dual capacity for self-
renewal and differentiation, enabling continuous cellular regeneration and tissue repair. These characteristics suggest
that stem-cell-based interventions may significantly extend human lifespan and potentially approach biological
immortality. However, aging is a complex systemic process involving genetic damage, telomere shortening, and
declining regenerative capacity, which currently limit the effectiveness of regenerative medicine. This paper examines
the biological foundations of stem cells, analyzes natural examples of biological immortality found in certain
organisms, and proposes a theoretical framework linking biological longevity with social systems that protect life.
The study introduces five theoretical propositions explaining how regenerative biology and social institutions interact
in the preservation of human life. It argues that immortality should be understood not as a single biological outcome
but as a multidimensional process involving both biological regeneration and societal structures that prevent avoidable
deaths. By integrating advances in stem cell science with sociological systems such as universal basic income and
universal healthcare, modern societies may move toward what can be termed sociological immortality, a condition
in which deaths caused by preventable social conditions are eliminated.
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1. Introduction 1. Biological immortality, arising from
Human civilizations have long sought methods to regenerative biological processes.

extend life and overcome mortality. Historically, 2. Sociological immortality, arising from
attempts to achieve immortality have been expressed institutional ~ systems  that  eliminate
through religion, mythology, and philosophical preventable deaths.

speculation. In the modern era, however, advances in The integration of these two dimensions provides a
biology and medicine have transformed the study of broader understanding of how human life may be
longevity into a scientific discipline. preserved and extended.

Among the most significant discoveries in this field is

the identification and characterization of stem cells, 2. Biological Characteristics of Stem Cells

which possess unique biological properties that enable Stem cells are undifferentiated cells capable of both
tissue regeneration. Stem cells maintain the body’s self-renewal and differentiation. These two properties
capacity to replace damaged cells and sustain organ allow stem cells to maintain tissue integrity and repair
function throughout life. damage throughout an organism’s life.

Despite these regenerative mechanisms, aging 2.1 Self-Renewal

continues to occur because the regenerative capacity Self-renewal allows stem cells to divide repeatedly
of tissues gradually declines. Understanding the while preserving their undifferentiated state. This
biological limitations of regeneration is therefore property ensures that stem cell populations can sustain
essential for evaluating whether human lifespan can be themselves over time.

substantially extended. 2.2 Differentiation

At the same time, many human deaths are not caused Stem cells can also differentiate into specialized cells
by unavoidable biological aging but by social that perform specific biological functions. Through
conditions, including poverty, inadequate healthcare, this process, stem cells contribute to the formation and
malnutrition, and violence. These deaths are repair of tissues.

preventable through institutional reforms and social 2.3 Types of Stem Cells

policies. Three major categories of stem cells are commonly
This paper therefore explores immortality from two recognized.

complementary perspectives:
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Embryonic Stem Cells (ESCs) possess pluripotency
and can generate nearly all cell types in the body.
Adult Stem Cells exist within specific tissues such as
bone marrow and the intestine and contribute to
routine tissue maintenance.

Induced Pluripotent Stem Cells (iPSCs) are adult
cells that have been genetically reprogrammed to
return to a pluripotent state.

Hydra

The development of induced pluripotent stem cells
represents a major breakthrough because it allows
pluripotent cells to be generated without using
embryos.

3. Natural Examples of Biological Immortality
Although humans experience aging, some organisms
demonstrate remarkable regenerative abilities that
approach biological immortality.

22


http://www.sciencepub.net/stem

http://www.sciencepub.net/stem @ Stem Cell 2026;17(2)

Hydra

Tentacle «= Mouth

‘ ,/ /L Epidermis

— [

Cnidocyte
Teslis =
- QOvary
Gastrovascular «——
cavity
A N Bud
s 50

(pedal disc) =

-

23


http://www.sciencepub.net/stem

http://www.sciencepub.net/stem @ Stem Cell 2026;17(2)

4

Hydra are small freshwater animals capable of continuous regeneration. Their bodies contain a high proportion of
stem cells that continuously divide and replace aging cells. Under stable environmental conditions, hydra populations

exhibit no measurable aging.

Turritopsis dohrnii (Immortal Jellyfish)
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The jellyfish species Turritopsis dohrnii has attracted scientific attention because it can revert from its adult form back
to its juvenile stage through a process called transdifferentiation. This biological reversal effectively resets its life

cycle.
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Planarian Flatworms
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Planarian flatworms possess a large population of pluripotent stem cells known as neoblasts. These cells allow the

organism to regenerate entire body structures, even from small tissue fragments.
These organisms demonstrate that biological systems can maintain indefinite regenerative potential under certain
conditions.

4. Mechanisms of Aging in Humans

Human aging occurs because regenerative systems gradually become less effective.
Major mechanisms include:
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accumulation of DNA damage
telomere shortening
decline of stem cell activity
cellular senescence
e systemic metabolic changes
These processes limit the ability of tissues to maintain continuous renewal.

5. Theoretical Propositions

To conceptualize the relationship between regenerative biology and social systems, this paper proposes five theoretical
propositions.

P1: Regenerative Capacity Principle

The lifespan of a biological organism is positively correlated with its capacity for continuous cellular regeneration.
P2: Stem Cell Maintenance Principle

Organisms that maintain stable populations of functional stem cells exhibit slower biological aging.

P3: Systemic Constraint Principle

Biological immortality requires coordinated maintenance across multiple physiological systems rather than isolated
cellular regeneration.

P4: Institutional Life-Preservation Principle

Human survival is influenced not only by biological mechanisms but also by institutional structures that determine
access to resources necessary for life.

P5: Sociobiological Integration Principle

The maximum achievable lifespan in human societies is determined by the combined effects of biological regeneration
and social systems that prevent avoidable mortality.

6. Conceptual Model: Biological and Sociological Immortality

The relationship between biological and sociological immortality can be represented as an integrated model.
Level 1: Cellular Level

Stem cells maintain cellular renewal and tissue repair.

Level 2: Organism Level

Regenerative processes sustain the health and function of organs.

Level 3: Social Level

Institutions such as healthcare systems, economic security, and public safety prevent avoidable deaths.
When these three levels function together, the probability of premature death decreases substantially.

7. Policy Implications
Modern societies can enhance life preservation by combining biological innovation with social policy.
Examples include:
o universal healthcare systems
e universal basic income
e nutrition and housing security
e safe social environments
Such policies reduce deaths caused by poverty, lack of medical access, and social instability.

8. Future Directions in Longevity Research
Future research may combine multiple scientific approaches:
o stem cell therapy
cellular reprogramming
e telomerase activation
e organ regeneration
e gene editing technologies
The integration of these fields may significantly extend human lifespan.

9. Conclusion
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Stem cell research has revealed the remarkable regenerative potential of living systems and offers promising pathways
toward extending human lifespan. However, biological regeneration alone cannot fully eliminate mortality. Human
survival is shaped not only by biological processes but also by social institutions that influence access to essential
resources.

Understanding immortality therefore requires an integrated perspective that includes both biological science and
sociological systems. By advancing regenerative medicine while simultaneously strengthening social structures that
protect life, societies may move closer to a condition in which preventable deaths are minimized and human longevity
is significantly extended.
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