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Introduction
The self-organization and self-renewal of tissues require a 

specialized cell system to regulate cell growth. 

The problem of regulating cell division and cell growth is 
undoubtedly one of the most fundamental problems of both theory 
and practice of contemporary biology and medicine. Modern theories 
of aging suggest a close relationship of aging and the processes of 
growth and development, also consider the age-related decrease in 
cellular self-renewal of tissues due to their decreased growth potential 
to play the most important role during the development of the aging 
process.1–9

Highly organized multicellular organisms contain a huge number 
of dividing cells of various tissues and organs which grow and renew 
themselves at different rates. Thus, the very existence of multicellular 
organisms is associated with reliable systems of coordination and 
mutual concordance between the processes of cell division and tissue 
growth; however, at present our knowledge of them is insufficient. 
The regulation processes in complicated developing systems are now 
being considered using an adequate theoretical apparatus–theories of 
self-organization which are elaborated, for instance, in the context of 
synergetics and cybernetics.4,10–17

“Hypercycle” is one of the most important concepts in this field; it 
is defined as “a concept of intrinsic self-organization that determines 
the integration and coordinated evolution of a system of functionally 
related self-replicating units”.18

The hypercycle theory is based on the evident inevitability of 
the generation during evolution of higher order regulatory relations 
between self-replicating units and systems of lower order (e.g., between 
cells or cell populations), which form a new unified super system of 
a higher level. Such interrelations in many cases can be modeled 
using simple and descriptive schemes, formulas, and diagrams. This 
modeling is of help in finding out the significant moments of the 
general and particular essence when specific physiological processes 
are studied. Let us consider some general concepts of this kind. Cell 
growth can be formally presented as the movement of cells from the 

rest phase (G) into the proliferation phase(S), and then, as a result of 
cell growth and cell division, the two new G cells appeared: G –S–2G.

Most generally, cell division can be modeled as an increase in the 
number of a certain type of cell (e.g., G) and without other influences, 
this results only in an infinite increase in the number of cells according 
to the following law: dG/dt=k G (i.e., change in the number of cells is 
proportional to their number at am moment in time).

Since under real conditions an infinite increase in cell growth 
would very rapidly cause death in a real multicellular organism, a 
process must exist the limit of the number of cells and is dependent 
on it, which is known as negative feedback: dG/dt=k1G/(k2G+const). 

It is these speculations that gave rise to the concept of the chalone 
system of self-regulation, which works for one cell population. 
Cell population growth is limited, and the growing cells inhibit the 
entrance of the rest of the cells into the growth phase:

   

       

                         

Further considerations can be reduced to similar processes of self-
organization, but for several different cell populations. In this case, 
each cell population, which has its own chalone system, is considered 
to be a separate elementary system, and a self-organization process 
will take place between them according to the same laws (formulas); 
however, now “G” should designate a definite cell population of the 
organism (e.g., hepatocytes or skin cells, etc.– Ga). 

In the formula for the growth of cell numbers, dG is now 
proportional to the number of cells in the population having a 
stimulating effect and is inversely proportional to the number of cells 
with an inhibiting effect. The particular appearance of the formulas 
can differ somewhat, but all of them have been shown by numerical 
analysis to give virtually the same results, which are presented in a 
general form. The minimum number of cell populations, which form a 
“cellular hypercycle” (we shall call this super system by this name) is 
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Abstract

A theoretic modeling of the specific features of self-regulation of an organism’s 
cell growth has shown that specialized cell populations should exist to carry out 
intercellular regulation of the growth of various types somatic tissues. Based on the 
data of immunology and cell biology, it is suggested that such a system should be 
represented by specialized T-lymphoid cells. The age-related decrease in the function 
of such regulatory cells may be the main mechanism of aging of the organism’s self-
renewing somatic tissues and may determine an age-related decrease in the growth 
potential of tissues of an aged organism.
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equal to three: two populations stimulate each other (Ga and Gh) and 
one of them inhibits the growth of the others (Gi): 

 

                      

 This cellular hypercycle is described by its features as follows: 
self-renewal, self-regulation, self-recovery (which is the same for the 
present consideration).

Subsequent trends in the evolution of this hypercycle are clear: first, 
an increase in the number cell populations; second, specialization: 

A.	 Indirection of special functions (the formation of the e.g., li-
ver, kidneys, and skin: Ga, Gb....Gn): 

B.	 In direction of cell growth regulation by isolation of stimula-
ting (Gh) and inhibiting (Gi) populations of regulatory cells 
into a special system (let us call it a “system of cellular regu-
lation of proliferation (SRP)”.

In terms of immunology and theories of “regulatory nets,” this can 
be presented as a positive selectiol specific clones, e.g., lymphocytes, 
during idiotoip-organ interactions. In its final form, the SRP should 
also take into account the appearance the evolution of the deep 
rest phase (Go) for the cells functional organs and tissues, because 
tissue function is of great importance for the organism as a whole; 
however, the appearance of such a phase only complicate the function 
of regulatory cells of the CRP-system. It should be emphasized that 
such a system as a whole is stable and possesses properties of self-
formation, self-recovery, and conversion into the stable state under 
any disturbance – external influence.

T-lymphocytes as regulators of somatic cell growth

The main issue from the above is: what cells are crucial for 
the regulation of somatic cell growth in contemporary humans 
and mammals? Both theoretical concepts and experimental data 
clearly indicate that the main role in these processes belongs to 
T-lymphocytes-regulators (helpers and suppressors), namely, to their 
nearest precursors (presumably, nonspecific CRP) and to T-cells, 
which participate in the “syngenic mixed lymphocyte culture” 
(sMLC), and react to own cells of organism, unlike immune cells, 
which react to “alien (for the specific CRP).

In fact, based on the requirements, which are theoretical 
consequences of the above-mentioned scheme, it is evident that the 
suggested specific features of CRP coincide with the properties of 
regulatory lymphocyte populations (mainly T-lymphocytes). It must 
be:

A.	Movable (recirculating) in the organs;

B.	 Must have receptors “to one’s own” and recognize their “own”;

C.	 Possess its own proliferation;

D.	CRP cells should be involved in regulation of the proliferation 

of any type in cells of the organism, including lymphocytes-e-
ffectors in the immune response, etc.

On the other hand, there are data indicating that it is exactly 
lymphocytes that play a major part in the regulation of cell growth, 
not only of immune cells but of any type of cells in the organism. 
These works are so important that they were awarded an author’s 
certificate of discovery in the USSR, and die most important work 
in this field has been done by Russian scientists. The importance of 
lymphocytes for regeneration processes has long been known, even 
before the formation of modern immunology,19,20 as a stimulating 
effect of immunotropic funds on regeneration processes.21 

The greatest attention both here and abroad was paid to studies 
concerned with the lymphocyte transfer of “regeneration information”: 
lymphocytes taken from animals with regenerating tissue of any type 
and transferred to intact syngenic animals were found to induce 
mytoses and cell growth of the appropriate type of tissue.22–25 The 
transfer of the hyperplastic reaction by lymphocytes is possible for 
any tissue and any process, e.g., isoproterenol-induced hypertrophy of 
the salivary gland of rodents, functional heart hyperplasia etc.3,23,26,27

The regulation of fibroblast proliferation by T-lymphocytes, 
including the release of fibroblast-specific lymphokines, is well known. 
It was shown also that signs of bone tissue growth – osteopetrosis, are 
corrected by transfer of lymphocytes from healthy animals; moreover, 
parathyroid hormone, which is specific for osteoclasts, produces the 
effect through T-lymphocytes, which have receptors to this hormone 
unlike the osteoclasts.28,29 General growth inhibition, e.g., dwarfism in 
mice, can be prevented by the transfer of lymphocytes from healthy 
animals; and T-lymphocytes have receptors to the growth hormone 
and their number increases in the period of the animals’ growth.30

There is a known paradox of “nude” mice, which contradicts the 
theory of tumor supervision (tumor supervision was thought to be 
the main evolutionary factor in lymphoid system development): the 
incidence of spontaneous and induced tumors in thymus-free mice is 
decreased rather than increased. Moreover, the transfer of lymphocytes 
from normal mice restored the usual incidence of tumors in them. The 
decreased regeneration and tissue renewal (the dystrophy syndrome) 
in these animals cannot be explained only by decreased immunity and 
bacterial infection. T-lymphocytes appear in these mice with time. 
Thus, the role of the thymus is played by ordinary tissues, which also 
stimulate the proliferation and maturation of T-cells.31,32

Facts are known of cases where lymphocytes stimulate and inhibit 
tumor growth, and these effects are not reduced to the typical “killer” 
or other purely immune phenomena.33–35 A decrease in cell renewal 
(physiological regeneration) during aging is preceded by degeneration 
of the thymus, which is a source of T-lymphocytes; were proposed the 
immune theory of aging; symptoms of ageing can be transferred to 
syngeneic transfer of lymphocytes from old mice.36–39 

The “graft-versus-host” reaction leading to the inactivation of the 
host’s own lymphocytes are accompanied by typical “nonimmune” 
symptoms a decrease in the induced regeneration, tissue degeneration, 
etc. The system of T-cell-regulators is much more complex than the 
systems of T-and B-effectors of immunity, and moreover, T-cells of 
the immune system recognize a foreign antigen (“not its own”) in а 
complex with “its own”–with antigens of the major histocompatibility 
complex.

The science of immunology presents thorough studies and detailed 
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descriptions of the so-called “syngenic mixed lymphocyte culture” 
(sMLC), when T-cells, mainly of the T-helper and T-suppressor type, 
show a vigorous proliferation in response to the organism’s own cells, 
including nonimmune ones. These are “surplus” cells in classical 
immunology and they can be removed by antisera without changes in 
the ordinary immune reactions.2,40–42 However, the context of sMLC, 
attention should be paid the data on the appearance or increase in 
the number of receptors on the nonimmune cells of various tissue 
including tumors during their preparation for cell division, because 
these receptors provoke the react of T-cells.

Therefore, we have suggested that the function о regulation of 
cell growth of “one’s own” cells is phylogenetically more ancient and 
more important, then immunity itself. T- and B-effectors of immunity 
are phylogenetically younger. In this case, the immune system is part 
of more general and complex system of cell growth regulation – the 
SRP.

Proceeding from the data discussed above, cell general conclusions 
can be made. 

1.	 A special system regulating somatic tissue growth must exist 
on the intercellular level, which originated, developed, and be-
came complicated very early during evolution. 

2.	 The CRP which include certain populations of T-lymphocytes 
(for contemporary mammals) are units of this system.

3.	 Other types of cells can also form units of this system, and this 
permits us from following its development during evolution 
(first and foremost, these are macrophages and large granular 
lymphocytes). 

4.	 This system mediates many regulatory influences of hierarchi-
cally higher systems (e.g., hormonal influences). 

5.	 The functions of this system are distinctly described and mo-
deled. 

6.	 During evolution, it necessary to regulate cell growth in the 
multicellular organism and not supervise tumors that caused 
a generation of the complicated T-lymphoid system, which is 
considered in immunology to be a regulatory system only for 
immunocytes. 

7.	 CRPs can be isolated and studied, their activity can be influen-
ced, and they can be used to obtain specific and nonspecific 
regulatory factors, which affect various physiological and pa-
thological processes.

8.	 The SRP is a special system separate from the immune system 
of the organism and responsible for more general and important 
tasks than the immune system. The immune system can be con-
sidered to be a specialized part of the SRP-system.

A new immune-regulatory theory of aging

With regard to significance of the decreased cell growth potential 
of somatic tissues in the aging process of the multicellular organisms, 
a new immune theory of aging has been developed, which emphasizes 
the important role of age-related deficiency of the lymphocyte-
dependent regulation of somatic tissue growth during aging. Age-
related deficiency of lymphocyte-dependent regulation of somatic 
tissue growth is a crucial mechanism of aging in multicellular 
organisms.3,10

After the appearance of the immune theory of formulated aging 
by F. Bernett, functions of the immune system during aging were 
comprehensively studied and their definite relation to the aging 
process was shown:age-related progressive atrophy of the thymus and 
lymphoid tissue as a whole, a decrease in expected lifetime with a 
decrease in the number of circulating T-lymphocytes, the similarity of 
senile changes and the consequences of early thymectomy and other 
immunodeficiencies, immune disorders, and damaged expression of 
histocompatibility antigens in progeria, etc.

Age-related changes are found in all functions of the immune 
system, especially those of the immune T-system: 

A.	 Atrophy of the thymus, spleen and lymph nodes; 

B.	 A decreased number of peripheral T-cells and increased num-
ber of immature lymphocytes due to delay in their differen-
tiation; 

C.	 A decreased number of T-cell precursors; 

D.	 A pronounced decrease in the production of thymus hormo-
nes associated with the activation of T-suppressor mechanis-
ms and nonspecific T-helpers and T-suppressors to lead to the 
release of autoimmune processes; 

E.	 A decreased variety of lymphocyte antigen decreased pro-
duction of interleukin-2 by T-helpers pronounced decrease 
in lymphocyte activation by organism’s own cells; i.e., a de-
crease in syngeneic lymphocyte culture; 

F.	 Decreased anti-tumor resistance of the organism, etc.

However, attempts to theoretical link two processes: age-related 
increased lymphoid dystrophy all decreased self-renewal of other 
tissues, which is the main mechanism of aging in self-renewing 
tissues have failed.

This age-related decrease in self-renewal of vary tissues is known 
to be accompanied by the development of a generalized G1/S block of 
proliferation: the cells prepared for proliferation is increased, but they 
are not stimulated for proliferation. However, the reason for this block 
is well known in immunology for lymphocyte-effectors of senile 
animals; produced by an imbalance in the functions of T-lymphocyte-
regulators. This is manifested by a reduction of the total number of 
T-regulators and an increased fraction of T-inhibitors. These data, 
along with the known sharply decreased sMLC in senility, correlate 
with above-mentioned concepts of the CRP-system in organism. We 
have proposed a new lymphoid theory aging. Its main statements are 
as follows: 

A.	A decrease in the self-renewal of cells is a leading mechanism 
somatic tissue aging. 

B.	 The decrease of cell growth of somatic tissues during aging is 
determinated by changes in the system of lymphoid regulation 
of somatic cell proliferation.

C.	 The essence of this changes in the SRP in senility is an increa-
se in the fraction of CRP inhibitors and an absolute decrease 
in total number of CRP. 

D.	The disrupted ratio between the stimulating and inhibiting 
types of CRP results in a decreased rate of somatic cell passa-
ge from G1 phase and generation of the G1/S block in tissues 
of aged animals. 
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E.	 The declining proliferative activity somatic tissue cells increa-
ses the “aged” cell fraction and “senile” changes are caused 
by the manifestation normal properties of such cells with a 
prolonged life time, which are in a permanent state of diffe-
rentiation.

F.	 Since there are continuous processes of cell renovation going 
on in tissues, processes of adaptation, hypertrophy etc. take 
place along with aging processes. 

G.	Change in the SRP result from the continued influence of re-
gulators, which limit the growth of the organism after growth 
termination, with the involvement of the hypothalamic pitui-
tary system and thymus.

Thus, the function of T-lymphocytes is suggested decrease sharply 
during aging due to changes in the organism’s regulatory systems. 
We have discovered a variety of experimental evidence and have 
shown that it is possible to reactivate and rapidly (in days and hours) 
regenerate the growth potential of somatic cells under the influence 
of the CRP.2,3,10,33,43,44 Thus, the proposed new immune theory is not 
only of theoretical interest but also makes it possible to use the whole 
potential of immunopharmacology to counteract one of the crucial 
mechanisms of aging: the age-related decrease in cell self-renewal in 
the multicellular organisms, including mammals and humans.

Conclusion
The existence of multicellular organisms requires the presence of 

reliable regulatory systems to coordinate and interrelate processes of 
cell division and tissue growth. The most important level of regulation 
is represented by the system of intercellular regulation of cell growth 
of various types of somatic tissues. The theoretical modeling of 
specific features of self-formation and self-regulation of such a 
system shows that specialized cell populations should exist to provide 
the intercellular regulation of somatic tissue growth. Based on the 
experimental data of immunology and cell biology, we suggest that 
the system includes specialized T-cells of stimulating and inhibiting 
populations which in the “syngeneic mixed lymphocyte culture” react 
to the organism’s own growing cells. The age-related decrease in 
the function of such T-regulating cells may be a crucial mechanism 
of aging of the organism’s self-renewing somatic tissues and may 
determine the age-related decrease in the growth potential of tissues 
of the senile organism.
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