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CELL-CELL COMMUNICATION PREDICTS AGING, SENESCENCE AND DEATH:
AN INTEGRATED, PREDICTIVE EVOLUTIONARY APPROACH

John S. Torday

Evolutionary Medicine, Harbor-UCLA, Torrance, CA, USA

None of the extant theories of aging have proven to be effective in advancing our knowledge of senescence or mortality. In con-
trast to the gene-centric focus on evolution, the mechanism of cell-cell interactions as the driving force for evolution as the logic
of biology is proposed. Since the distribution of bioenergy over the course of the life cycle is skewed towards the reproductive
phase, bioenergy flags in the post-reproductive stage of life, causing failure of cell-cell signaling, loss of homeostatic control,
senescence and death. In the interim, the phenotype acts as the ‘agent’ for epigenetic inheritance, obtaining ‘marks’that inform
the organism of changes in the environment. Such marks are inherited by the offspring, providing it with foreknowledge of the
environment to come. The organism appears to ‘return’to the unicellular state over the course of the life cycle, but in reality
meiosis is the mechanism of epigenetic inheritance, the adult phenotype being the means for transmitting the epigenetic marks
obtained from the environment back to the organism. Biomed Rev 2019; 30:15-21
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INTRODUCTION

and other mechanistic theories of aging, but was similarly

Over the course of the last thirty years, Medawar’s mutation
accumulation theory (1), Williams’s antagonistic pleiotropy
theory (2), and Kirkwood’s disposable soma theory of aging
(3) have formed the bases for evolutionary study of the genetic
mechanisms of aging. However, none of these theories have
proven to be consistently useful in predicting senescence or
aging. Kirkwood (4) had more recently tried to reconcile
the disposable soma and oxidative stress theories of aging

unsuccessful.

Like so much of biology, any deeper understanding of aging
has failed due to the dogmatic focus on genes as the be-all and
end-all causal agents for evolution (5). Instead, it is argued that
since cell-cell communication is the mechanistic driving force
behind development and evolution as the ‘logic of biology’ (6),
failure of cell-cell communication would predictably account
for aging. In that vein, a novel process of aging is proposed.

Received 30 October 2019, revised 12 November 2019, accepted 14 November 2019.
Correspondence to: John S. Torday, Professor of Pediatrics, Obstetrics and Gynecology, Evolutionary Medicine, Harbor-

UCLA, Torrance, CA 20052, USA
Tel.: 310-433-6329; Email: jtorday@ucla.edu



16

Torday

WHY WE AGE

Life began as negative entropy within the cell (7), and the
positive entropy in the surrounding environment. Entropy is
the amount of energy unavailable for work within the cell (8).
That condition defies the Second Law of Thermodynamics.
Ordinarily, entropy would increase if not for the bioenergy
produced by chemiosmosis (9), controlled by homeostasis, or
The First Principles of Physiology (10). Unicellular organisms
dominated life on Earth for approximately 3.5 billion years
prior to the advent of multicellular organisms about 500 million
years ago (11). Multicellularity may have begun in reaction
to pseudomulticellular traits of bacteria such as biofilm and
Quorum Sensing. In response, eukaryotes, organisms with
true nuclei, responded by cooperating metabolically, driven
by rising levels of atmospheric oxygen (12).
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Figure 1. Bimodal life cycle and aging. Cell-cell signaling
through growth factors and their cognate receptors medi-
ates embryonic growth and differentiation, culminating in
homeostasis (arrow points to the point at which homeostasis
is reached; terminal addition is not relevant here, but is ad-
dressed in the text). That process reaches its peak during the
fertile reproductive phase of life, hormones optimizing physi-
ology to ensure reproductive success. Once the reproductive
vears are complete, the otherwise optimal bioenergetic state
of the organism begins to break down since the amount of bio-
energy is finite. This is what we describe as the Aging Process.
And given that it is predicated on Terminal Addition, there is
a resulting “programmed’ sequence for the loss of cellular
signaling for homeostasis, beginning with the most recently
acquired traits - consciousness (dementia), thyroid function,
and pulmonary function - all developing from the foregut,
being the most common afflictions of aging.
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We now know that oxygen in the atmosphere did not
increase gradually from zero to 21%, but instead fluctuated
between 15 and 35% over the course of the Phanerozoic era
(13). Much has been made about the cyclic increases in oxy-
gen, which fueled giantism among animal life (14); but other
than our work (12) no one has addressed the accompanying
decreases in oxygen, which would have caused hypoxia, the
most physiologically potent agonist known. That phenomenon
has been exploited to explain the evolution of warm-blooded
organisms, namely mammals and birds. Moreover, it was be-
ing warm-blooded that fostered bipedalism (15), freeing the
forelimbs to fly, in the case of birds, or making tools in the case
of Man, perhaps fostering speech in order to express one’s self
with hands ‘full’. Those specialized traits are significant from
an evolutionary perspective because both birds and mammals
are deuterostomes, developing from the anus to the mouth.
When that process is considered in light of Terminal Addition
(16), the phenomenon by which the most recent module in a
series of evolutionary changes literally appears at the end of
the sequence. This occurs because intercellular ligand-receptor
interactions mediated by intracellular ‘second messengers’ de-
termine growth and differentiation of morphogenesis. Adding
anew trait to a sequence of cell-cell signaling pathways at the
end is a more sensible approach to evolutionary development
than interpolating any of them within that series, undermining
pre-existing adaptations. The cellular-molecular modulariza-
tion of this process, when viewed as Terminal Addition, can
thereby be seen as underpinning the developmental, phylo-
genetic and regenerative successes of evolution. Moreover,
this perspective is consistent with the proximate nature of
cell-cell interactions when growth factors are produced by
the mesoderm, while their receptors reside on endodermal and
ectodermal cells, thus governing the direction and magnitude
of their communication. This perspective brings new light to
human evolution and hypothetically bears on our understand-
ing of aging (see below).

As described in Evolutionary Biology, Cell-Cell Commu-
nication and Complex Disease (12), the life cycle is bimodal
(Fig. 1), cell-cell signaling through growth factors and their
cognate receptors mediating embryonic growth and differen-
tiation, culminating in homeostasis as the balance between
said growth factors and their receptors (12). That process
reaches its peak during the fertile reproductive phase of life,
hormones optimizing physiology to ensure reproductive
success (17). Once the reproductive years are complete, the
otherwise optimal bioenergetic state of the organism begins to
break down since the amount of bioenergy over the course of
the life cycle is finite. This is what we describe as the Aging
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Process. And given that it is predicated on Terminal Addition,
there is a resulting “programmed” sequence for the loss of
cellular signaling for homeostasis, beginning with the most
recently acquired traits - consciousness (dementia), thyroid
function, and pulmonary function - all developing from the
foregut, being the most common afflictions of aging (18). This
step-wise retrograde dissolution of physiology is commonly
referred to as ‘healthy aging’, whereas various diseases that
can either undermine and/or accelerate the innate aging process
are referred to as disease-based aging.

DYING AND THE MICROBIOME

Ultimately, we succumb to the aging process, and if we are
buried in the ground, we decay, but our microbiome goes back
to the soil, into the aquafer, assimilated by plants, eaten by
animals, offering the opportunity to ‘recycle’ ourselves, as is
thought in Eastern religions. The idea that our microbiome
continues forward as part of a planetary cycle after death has
been demonstrated, and is referred to as the necrobiome (19),
or our bacterial ‘footprint’. For this very reason, it behooves us
to do our utmost to maintain our somatic health as the vehicle
for our microbiome.

PHENOTYPE AS AGENT

The idea that we are vessels for our microbiome and the eukary-
otic cell-type is consistent with the concept of the Phenotype as
Agent (20). Based on Lamarckian epigenetic inheritance, instead
of thinking conventionally of our phenotype as the totality of
our biologic traits, it is our means of actively engaging with the
environment and collecting what are called epigenetic ‘marks’.
Such marks are internalized by the organism and assimilated by
the DNA of the egg and sperm through the addition of various
chemical groups such as methylation, modifying its activity.
During meiosis, such adducts are sorted for adaptive or maladap-
tive traits, and the adaptive marks are subsequently integrated
into the offspring during the process of reproduction. The epige-
netically inherited traits pre-tune the offspring to changes in the
environment in order to adapt efficiently, providing a selection
advantage for survival. Of course the final step is recognized
as conventional Darwinian mate selection.

THE RED QUEEN RUNNING IN PLACE, AND THE SINGULARITY

Did you ever wonder why organisms return to their unicel-
lular state during their life cycle? Because we are reasoning
after the fact, seeing life from its ends instead of its means, we
have misconstrued the sequence of events, much like thinking
that the Earth as the center of the Solar System; once it was
realized that the Sun was the center, many phenomena, like
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the cyclicity of Haley’s Comet, returning every 75 years, were
now predictable (21).

Similarly, by superimposing the mechanism of embryo-
logic development on phylogeny, the process of evolution
has also been deconvoluted (12). Based on that approach,
complex physiologic traits have been traced back to their
origin in the unicellular state (6) based on evolution as serial
pre-adaptations, or exaptations (22). Given that principle, the
question arises as to why the unicell itself evolved. Given the
unity of the cell, the prequel would have been the putative
Singularity that existed prior to the Big Bang (23), suggesting
that the process of evolution is in service to the unicellular state
as the point source of life (24), maintained and sustained by
evolution (12), perpetually referencing the Singularity as the
point source of the Cosmos.

To recap, with that perspective in mind, aging is the bioener-
getic ‘price’ we pay for optimalizing reproduction, meiosis be-
ing the mechanism for endogenizing the epigenetic marks that
inform the offspring of existential threats in the ever-changing
environment (25). Overlaid by the reproductive strategy, honed
by positive selection for reproductive success, the bioenerget-
ics of the life cycle tend to shift towards the beginning of life
when bioenergy is most abundant (17). Consequently, there is
a shortage of bioenergy towards the post-reproductive stage,
or end of life, since bioenergy is finite (26). Hence death.

EPIGENETIC INHERITANCE AND AGING

There is now emerging evidence that all organisms are able to
inherit epigenetic marks from their environments, from unicel-
lular (27) to multicellular (28). And it should be borne in mind
that only ~ 3-5% of human genetic diseases are Mendelian,
leaving the other 95-97% to be of unknown origin- it is highly
likely that they are epigenetic in nature. A priori, effective
interaction with the environment optimizes the likelihood of
keeping abreast of changes, given the ever-changing nature of
the environment. As a result of bipedalism and its impact on
evolution, birds and humans are able to occupy environments
far more diverse than those of quadrupeds.

NICHE CONSTRUCTION AS PHYSIOLOGY

The key to understanding the aging process is in the intimate
relationship between life, matter and the Cosmos. Perhaps no-
where better is that interrelationship seen than in the generation
of ecosystems founded on the endogenization of factors in the
environment, or Endosymbiosis Theory (29). The endogeniza-
tion of existential threats such as heavy metals, ions, gases and
bacteria, and their compartmentalization constitute endosym-
biosis. In combination with Niche Construction Theory- that
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organisms modify their immediate environments like beavers
building dams, or humans building homes, villages, towns,
cities, nations, and finally Gaia, or Earth Mother- the cell as
the first Niche Construction (30) forms a unified holistic sys-
tem, cell physiology in sync with Quantum Mechanics (23),
explaining how and why physics is the basis for life. But it
must be seen emanating from the same Singularity/Big Bang
diachronically, across space-time, not synchronically as a one-
to-one relationship. That is to say, life ‘transcends’ space-time
by circumventing the Laws of Nature using negative entropy
(8), but only transiently, passing genetic and epigenetic in-
formation on to its progeny in order to perpetuate itself in
adaptation to an ever-changing environment.

CELL-CELL SIGNALING AS THE BASIS
FOR EVOLUTION: INSIGHT TO AGING

By superimposing developmental mechanisms of cell-cell
signaling for structure and function on phylogeny, a novel
understanding of evolution, beginning with its origin in the
Singularity/Big Bang has emerged (6; 12; 23). Evolution is a
series of pre-adaptations or exaptations (22); tracing the cell-
cell signaling mechanisms for form and function backwards
culminates in the unicellular state (6). When the question as to
what preceded the cell arises, the Singularity prior to the Big
Bang (31) seems the logical answer based on evolution as serial
preadaptations. That perspective has given rise to the idea that
aging is a consequence of the First Principles of Physiology
(10) - negentropy, chemiosmosis, homeostasis - in combina-
tion with positive selection for reproductive success. That is
to say, given that there is a finite amount of bioenergy over a
life time (26), which is skewed towards the beginning of the
life cycle to optimize reproductive success (17), bioenergy will
run down post-reproductive stage. Loss of bioenergy results
in failure to maintain cell-cell signaling for homeostasis, or
what we think of conventionally as aging. That perspective
would suggest that there is a ‘logic’ to the aging process that
is overshadowed by the cumulative effects of disease. It would
behoove us to separate out the natural mechanism of aging in
order to better understand it.

EXPERIMENTAL EVIDENCE FOR AGING AS LOSS
OF CELL-CELL SIGNALING

The hypothesis expressed in this article is that aging, senes-
cence and death are due to the retrogressive failure of evolved
cell-cell communications. For the sake of focus and efficiency,
experimental evidence will be restricted to the three hormone
receptors known to have duplicated during the water-land
transition, namely the Parathyroid Hormone-related Protein
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Receptor (PTHrPR), Glucocorticoid Receptor (GR), and Beta
Adrenergic Receptor (Beta AR) (6).

There is experimental evidence for declines in PTHrPR
levels in the aging rat duodenum (32), and lung (33). In bone,
there are several studies showing decline in the response of
bone to both endogenous (34; 35) and a waning response of
bone to exogenous PTHrP (36; 37). Moreover, there is evi-
dence of loss of bioactivity of PTHrP in regulating calcium
activity in rat aortic smooth muscle (38).

Similarly, there is relatively extensive evidence for a de-
cline in GR levels with aging (39 - 41). And as for the Beta
Adrenergic Receptor, its levels also decline with age (42; 43).

These data are consistent with the effects of drugs like
PPARgamma agonists, statins and rapmycin, all of which
extend the lives of laboratory mice. The data for the effects
on cell-cell signaling are limited.

MALE-FEMALE DIFFERENCE AS PROOF OF PRINCIPLE
FOR AGING AS LOSS OF CELL-CELL SIGNALING

The premise of this article is that senescence and aging mir-
ror development. Given that there is a relatively extensive
literature on the role of androgens and Transforming Growth
Factor B in inhibiting development, and inferential data regard-
ing the role of these in aging and senescence, the following is
the proposed predicted role of androgens and Transforming
Growth Factor .

Men age and die earlier than women. And in birds, the op-
posite is the case. Many years of study of this phenomenon led
to the realization that it is the homogametic sex that lives longer
(44). That is to say that in mammals the female is homogametic
(XX), whereas in birds the male is homogametic (ZZ). The
standard explanation for the sex difference in longevity is that
the Y or W chromosome, which determines the heterogametic
sex lacks the balancing effect of genes on the X or Z chromo-
some, such that deleterious traits on the Y or W chromosome
can cause premature senescence and demise. Moreover, it is
the production of testosterone that inhibits development and
accelerates senescence due to the stimulation of TGFf, which
antagonizes growth factor-receptor signaling.

WNT SIGNALING IS INDICATIVE OF LOST
HOMEOSTATIC CONTROL

The prototype for this mechanistic view on aging is as a con-
tinuum for the epithelial-mesenchymal interactions between
epithelial and mesenchymal cells during embryogenesis (45).
For example, during normal lung development, epithelial-
mesenchymal interactions generate the 40 different cell types
that form the lung (46), culminating in homeostatic regulation
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for gas exchange (47). However, prematurity (48), mechani-
cal over-distension (49), oxidative injury (50), and infection
(51) can prevent or disrupt the full formation of the alveolus
and homeostatic regulation. Under such circumstances, the
mature regulatory pathway interconnecting the lipofibroblast
and epithelial type II cell fails, and the lipofibroblast defaults
to a myofibroblast, dominated by Wnt/beta Catenin signal-
ing (52). Various agents have been used to experimentally
prevent or treat the lung in order to recover or retain normal
homeostatic control, as measured by the normal production
of lung surfactant, the key molecule for alveolar homeostasis
(53). The PPARgamma agonist Rosiglitazone has been shown
to prevent or treat alveolar dyshomeostasis, inhibiting Wnt/
beta Catenin and up-regulating PTHrP Receptor expression to
re-establish homeostasis as proof of principle (54).

Other tissues and organs like the kidney, liver, bone,
and brain similarly form embryologically based on epithe-
lial-mesenchymal interactions. Injury of the maturational
pathway disrupts homeostatic control, and such agents as
Rosiglitazone, Rapamycin, Statins and anti-inflammatory
agents have been shown to prevent or restore homeostatic
control. And since such properties of physiologic homeostasis
are also disrupted during the process of aging due to loss of
mitochondrial bioenergetics (55), similar reversion to Wnt/
beta Catenin signaling by the connective tissue cells occurs
based on chronic lung disease as a model (56). And as in
the case of the lung alveolus, various growth factor signal-
ing agonists have been shown to either prevent the loss of
homeostatic control or promote it, extending the life span of
mice (57), for example.

DISCUSSION

The subject of aging has been debated for centuries, given the
associated morbid and mortal consequences. To date there has
been much speculation as to how and why we age and die based
on descriptive biology. All such attempts are founded on the
gene-centric view of biology (58), driven by the Darwinian
view that evolution is due to random mutation and Natural
Selection. However, that perspective is becoming more and
more questionable (59), yet there has been nothing to supplant
it in order to fulfill Dobzhansky’s “Nothing in biology makes
sense except in the light of evolution” (60), behooving us to
solve the riddle, or suffer the consequences for all eternity
(with apologies for the hyperbole). And for lack of any other
perspective, we have been reasoning after the fact about evo-
lution based on phylogeny. Yet developmental biology is the
only mechanism known that generates the forms and functions
that constitute Darwin’s ‘endless forms most beautiful” (61).
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Using contemporary embryology, Torday and Rehan (12) have
exploited the Cell-Cell Communication mechanisms of growth
factor-receptor signaling to deconvolute vertebrate evolution in
a series of journal articles and books. Based on that approach,
it has been hypothesized that aging is the natural consequence
of'the loss of bioenergy over the course of the life cycle beyond
the peak reproductive stage (12). As a result, the mechanisms
of cell-cell communication fail, resulting in senescence and
death. See Commentary on pages 23-24.

If confirmed, this view of aging and dying is amenable to
diagnosis and treatment, not so much as a disease, but as an
insight of science as ‘the only way we know what we don’t
know’. And once we have conquered aging, we will no longer
fear it, and be stigmatized by it, instead being enabled to ac-
cept life on its terms as our means of being at one with the
Cosmos (62).
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