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Analysis of functional properties of natural Killer cells displayed in reactions of natural
cytotoxicity and noncytotoxic regulatory intercellular interactions suggests that this
population of lymphocytes is involved in endogenous biological retranslation. In the
immune system, retranslation is the production of regulatory immunoactive cytokines by
a cell, cellular complex, or functional complex. The substances produced are identical
to those affecting these structures. Various forms of endogenous biological retranslation
in humans and higher animals, as well as its phylogenetic and ontogenetic manifestations
(on the basis of noncytotoxic regulatory interactions of natural killer cells with cells of
lymphoid or nonlymphoid nature) during evolution of the complex of immunobiological
surveillance are considered. The axiomatic basis of retranslation realized through the
system of natural cytotoxicity was established. Prospects for application of the metho-
dology of endogenous biological retranslation to experimental and clinical studies of

functioning of natural killer cells are considered.
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The system of natural cytotoxicity (NCT) functions
as a universal mechanism controlling proliferation
and differentiation of cells in humans and higher
animals [16,52,58,72]. In evolution, this system is
considered to be the most ancient factor of im-
munobiological surveillance [38,43,57]. The factors
mentioned above account for the increasing interest
in this cellular phenomenon [43,50,58,59,66,76,
80,113].

The resistance to viral infections and tumor
growth [55,58,80,113], as well as the efficiency of
processes of tissues rejection and regeneration [86,
92,112] and elimination of functionally aged cell
forms [12], are thought to be related to the level of
activity of natural killer (NK) cells.
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NK cells produce a wide range of immuno-
active cytokines [25,42,67,78,84,85,95]; interact with
lymphoid and nonlymphoid cells [28,29,34,35,64,
81,90,105}; and exert direct cytotoxic effect on T
and B lymphocytes, several subpopulations of bone
marrow cells, adherent peritoneal cells, and trans-
formed fibroblasts [50,56,68,91]. NK cells compose
an important element of regulation of hematopoie-
sis, lymphopoiesis, and immunogenesis [40,54,56,
64,100].

Blockade of maturation of NCT effectors, de-
fects of lymphocytic enzyme systems responsible for
programming and realization of several stages of the
Iytic cycle, and changes in the regulatory effects of
neuroendocrine factors result in the development of
immune deficiency of NK cells. This is accom-
panied by violation of functional interrefations in
the immune system, activation of autoaggression
mechanisms, and formation of total immune defi-
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ciency [17,18,37,44,46,73,88, 89,108,116,117]. Patho-
genesis of immune dysfunction developed during the
chronic fatigue syndrome is considered to be closely
related to inefficient realization of the cytotoxic
potential of NK cells directed against virus-infected
target cells [26,32,113].

In spite of long-standing studies of NCT [17,56,
58,59,66,76,113], medicine has no immunothera-
peutic drugs displaying selective prolonged activity
toward NK cells. Experimental and clinical ap-
proaches capable of restoring not only cytotoxicity
of several effector cells but also contact and distant
interrelations in the NCT system (which were lost
in immune deficiency) enabling normal immuno-
biological surveillance of this system under physio-
logical conditions have not been designed [18,39,48,
60,61,101,102].

This is probably due to the fact that intrinsic
regulatory mechanisms of the system (including
autocrine regulation of NK cells) determining and
maintaining a certain level of cell functioning under
physiological conditions and realization of specific
activity (without direct relationship to induced im-
munogenesis) remain unknown. In this aspect, cyto-
toxic and regulatory interactions mediated by NK
cells received little attention in previous studies.
There are nearly no data on the mechanisms re-
sponsible for the dynamic regulatory equilibrium in
the complex of immunobiological surveillance. The
extent to which NK cells function autonomously in
immune reactions remains unclear. The ability of
the NCT system for endogenous compensation and
its differentiation and activation potentials could be
inferred only the indirect methods.

Interferon (IFN)-o, IFN-y, and interleukin (IL)-
2 belong to immunoactive cytokines produced by
NK cells stimulated by exogenous inductors or fac-
tors of homeostatic regulation [25,42,67,115]. These
cytokines are the most important mediators con-
trolling differentiation of NCT effectors and realiza-
tion of their cytotoxic potential [23,79,93,103,111].
This confirms the existence of mechanisms of auto-
crine regulation of NK cells and suggests the in-
volvement of NCT system in processes of endo-
genous biological retranslation (EBR). These pro-
cesses probably provide the basis for noncytotoxic
interactions of NK cells with lymphoid and non-
lymphoid cells. Specific features of functional or-
ganization of NCT system enabling it to function
as an endogenous biological retranslator that per-
ceives and produces identical molecular signals, as
well as the mechanisms controlling EBR through the
NCT system, remain unknown. Their elucidation
would noticeably expand our understanding of com-
mon principles of immunoregulation in the body.
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These principles are important for analysis of the
pathogenesis and prognosis of diseascs associated
with development of the NK deficiency. Morcover,
studies of specific features of functional organization
of the NCT system would provide new possibilitics
for screening the agents and methods of sclective
immunocorrection (first and foremost, restoration of
regulatory interrelations of the NCT system, which
are important for maintaining the immune homeo-
stasis).

EBR in Cellular Systems

There is a large body of postulates and data derived
from experimental and theoretical studies which
describes particularities and main principles of im-
munogenesis in higher animals and humans. EBR
is rather the sole property of immunocompetent
cells that received little attention and has no definitce
meaning. However, this property acquires a specific
biological significance once analyzed in detail. This
phenomenon is important not only for fundamental
science; it also plays a considerable role in clabo-
rating problems of immunoregulation and immuno-
correction under experimental conditions and in
clinical practice.

The ability of several effector cells to generate
molecular signals (to produce immune mediators
and regulatory factors) identical to those affecting
the producer cell is well known. This property is
typical of the most phylogenetically ancient non-
specific effectors involved in the immunc responsc
(monocytes/macrophages) and clonally selected T
and B lymphocytes constituting the main components
of specific reactions to antigenic stimulation.

IL-1a, IL-18, IL-3, IL-6, IL-8, IL-10, macro-
phage and granulocyte-macrophage colony-stimula-
ting factors, tumor-necrosis factor-o, and 1L-1 re-
ceptor antagonist belong to immunoactive com-
pounds perceived and produced by the cells of the
monocyte and macrophage types [3,45]. T lympho-
cytes differ in their abilities to respond to (and
produce) IL-2 and IFN-y. The intensity of the
effector stage of the immune reaction is associated
with activities of these agents [4,22]. Tumor-nccrosis
factors of the o and P types, 1L-6, and IL-9 also
belong to regulators perceived and produced by these
cells. B lymphocytes respond to (and produce) tumor-
necrosis factor-o, IL-2, IL-6, and IL-10 [4,11].

The same molecular signal occurs at the input
and output of the cell, cellular complex, or func-
tional complex independently of temporal para-
meters, dynamics of reaction, and microenviron-
mental conditions providing perception of 2 me-
diator and initiation of molecular mechanisms of its
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synthesis and secretion. This process is EBR of the
mediator, which affects the cell, cellular complex,
or functional complex.

The majority of recent data do not describe or
analyze (in the context of EBR) intercellular inter-
actions forming a branched network of cytokine
regulation of the immune response. Special studies
thus far were not performed. The functional pro-
perties of monocytes and macrophages mentioned
above are commonly considered in the context of
autocrine regulation of cellular activity. This suggests
a primary role of spontaneous or induced (to a
greater extent) generation of the molecular signal,
rather than the primary role of its perception [3].
Corresponding characteristics of T and B lympho-
cytes are evaluated with respect to the paracrine
control of immunogenesis under forced effects [4,11]
or to regulation of maturation of immunocompetent
cells [21,22]. Therefore, system contains an acceptor
cell, which is different from a producer cell. The
primacy of functions is also attributed to mediator
production.

In contrast, the EBR theory establishes the
primacy of reception of a molecular signal (in the
methodological aspect and not in aspects of general
biology and evolution). This theory assumes that the
same effector functions as the acceptor and the
producer of immunoactive compounds. In this case,
the effector itself (autocrine regulation) or the cell
of a different nature (paracrine regulation) can play
a role of the target cell of regulatory effects. The
directionality of effects depends on the dynamics of
the process and actual microenvironmental con-
ditions (e. g., the distance of intercellular inter-
actions and possibility for the mediator to enter the
circulation system).

These data indicate that EBR processes (whose
essence remains unknown) can proceed in the com-
plex of intercellular exchange responsible for re-
alization of the immune response of certain level in
higher animals and humans. The problem of EBR
processes remains unsolved probably because of
particularities of immunogenesis that make detecting
EBR in the immune system difficult. Numerous
interrelations between intensively functioning cellu-
lar elements of the system and a high heterogeneity
of the subpopulation of immunocompetent cells (at
the known plasticity of immune processes) make
physical recording of signal translation (its genera-
tion, transition, and reception) nearly impossible.

Thus, analysis of EBR in the immune system
can be performed only by indirect means. In turn,
this requires elaboration and use of principally new
conceptual approaches to regulatory interactions.
These approaches must not be limited by the algo-
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rithm of the notion of “regulation”. This notion
assumes determination of three parameters recorded:
the initial level of realization of certain ccliular
function, the intensity of the regulatory signal (and
the fact of its action), and the changed level of
realization of the same function in the same cell.
The use of the EBR methodology in immunology,
immunobiology, and general biology would signifi-
cantly change fundamental prerequisites for any
analysis. Our studies of this problem indicate that it
is not necessary for EBR to affect considerably the
parameters of lymphocyte functions registered by tra-
ditional methods of analysis. However, EBR processes
may be responsible for the establishment of particular
limitations in the systems of intercellular exchange
contributing to a more efficient performance of the
function of signal translation by the cell [19].

Therefore, further refinement of knowledge pro-
moting the understanding of evolutionary principles
of immune processes and their role in the system
of regulatory intercellular interactions responsible
for reactions of surveillance and control is associated
with widening of the methodological basis for fun-
damental and applied studies in the fields of im-
munoregulation and immunocorrection. This goal
may be reached by applying phenomenology and
methodology of EBR to the analysis of particula-
rities and main principles of functioning of the
immune system. In the immune system, EBR is
considered to be a realization of capabilities of an
effector lymphocyte, other immunocompetent cell,
or cellular complex for reception and production of
identical immunoactive compounds.

Forms of EBR in Humans
and Higher Animals

The interrelations showed in Fig. 1 allowed us to
describe the possible forms of EBR realized by a
single effector cell (7), cellular complex (2), or
functional complex (3 and 4). In the latter case, the
assignment of experimental or clinical situation to
EBR processes does not depend on the nature of
additional compounds involved in realization or
regulation of the activity of the complex. Formation
of the same molecular signal at the cell input and
output (substance B) is the only important factor.

Such an analysis shows that translational pro-
perties of cells of the immune system have long
been known (as applied to certain cellular func-
tions). Moreover, these properties form the basis of
methods for the synthesis of particular immuno-
active compounds that are widely used in clinical
practice. However, the translational naturc of the
process remains to be established.
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Fig. 1. Possible forms of endogenous biological retranslation in celluar
systems.

Here, we mean a well-known and widely used
in extended biotechnological industrial processes
phenomenon of priming of IFN production, activa-
tion of IFN genesis by preliminary treatment of
producer cells with IFN preparations [65,77,99].
The priming properties of IFN-y and IFN-a were
observed in the system of IFN-y production. In
spite of this fact, it is important to note that optimal
priming doses of IFN-y were considerably lower
than such doses of IFN-a [7]. These data indicate
that EBR processes are physiologically regulated by
the state of immunoreactivity, which is characterized
by considerably lower inducing parameters than
forced immunogenesis. The requirement for the in-
ductor of IFN (Fig. 2) allowed us to assign priming
of mediator production to the variant 4 (Fig. 1).

The reaction of NCT may be assigned to the
same form of EBR. During this reaction, production
of 1FN (which is also pronounced at pretreatment
of cffector lymphocytes with [FN {19]) is recorded
|14,20]. The target cell undergoing cytolysis me-
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diated by NK cells plays a role of the IFN inductor
(Fig. 3).

Both in the case of obtaining a priming cffect
and in the NCT reaction, the dynamics of the pro-
cess [1,6] and the titer of the mediator produced
[14,20] are such that (with a high probability) the
translated regulatory factor is not used in the com-
plex of autocrine regulation only. It reaches various
cellular forms (other than producer cell), c. g.,
target cells of the lytic effect, effector lymphocytes,
and numerous auxiliary cellular elements responsiblec -
for NCT reactions and IFN production [19].

Therefore, the distance of intercellular inter-
actions realized via translated mediators becomes an
important characteristic allowing us to differentiate
EBR processes and realization of the potential of
autocrine regulation. It determines the distribution
of these processes beyond the immune system, be-
cause any biological system whose effectors can
produce compounds identical to affecting com-
pounds and reaching target cells differed from the
producer effectors may be involved in EBR pro-
cesses.

The discovery of translational principles of the
priming phenomenon of IFN production and NCT
reaction required a certain conceptual theory. In
contrast, authors of studies conducted at the end of
the 1980s and at the beginning of the 1990s camec
to the description of EBR processes in cellular
systems.

Human recombinant (r) IL-1a and IL-1p were
shown to increase (in a dose-dependent man-
ner) the levels of IL-1p mRNA in endothelial cells
in vitro and rlL-la in nonadherent mononuclear
cells (IL-1lo. mRNA and IL-18 mRNA). They sti-
mulated the production of IL-1 in vifro. In doing
so, rIL-1a induce the synthesis of IL-1$ in human
mononuclear cells [41,110]. Human riL-1x ad-
ministered to rabbits induces the production of their
own IL-1 [41]. However, the finding of the ability
of functional complexes involved in IL-1 production
to reproduce the affecting factor did not become a
logical result of experimental studies.

During adaptation of the body to physical load,
neutrophils can operate as protease vectors by acting
on the sites of tissue remodeling and localizing
tissue processes of regeneration. These data did not
lead to formulation of certain concepts and analysis
of translational principles of the phenomenon [97].
In this case, however, a certain type of transport of
biologically active compounds (rather than trans-
lation of signal inducing or regulating cellular ac-
tivity) should be considered and discussed.

In the mid-1990s, biological retranslation be-
came a conceptual problem as applied to particula-
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ritics of intcrspecies relations in an ecosystein me-
diated by inductors of genetic diversification of
prokaryotes. Prokaryotes perceive “an integrated
signal, which is considered to be dangerous for
reproduction of generation and/or realization of the
program of the productive phase of the life cycle”
and generate a universal response, molecules “sti-
mulating the process of genetic diversification and
selection of mutant forms of these and other micro-
organisms” [8]. Intensive studies of compounds
sitnilar in composition and functions to exometa-
bolites of cyanobacteria [8,36,74,75] allowed the re-
vealing of several specific features of general trans-
lation important for the understanding of orga-
nization of endogenous translating systems. This
concerns a rational confinement of the specialized
cellular activity, which probably contributes to micro-
environmental conditions beneficial for translation
of immunoactive mediators.

The data discussed above show that the EBR
theory results from a logical extension of original
studies suggesting the possibility for the correspon-
ding processes in cellular systems. However, the
translational essence of the processes was not con-
sidered in the context of EBR {7,41,65,77,99,110].
In several studies, these principles were not believed
to have a translational nature [97] or to be realized
endogenously [8]. Thus, the evidence for the pos-
sibility for reproduction of signals of affecting cyto-
kines in cellular systems did not lead to methodo-
logical concepts of EBR. This idea remains un-
studied theoretically and unproved experimentally.
It is not used for elaborating the functional purposes
and resolving practical problems of immunoregula-
tion and immunocorrection.

Here, we generalized for the first time the data
on systemic analysis of EBR and the role of transla-
tional processes in the establishment and main-
tenance of physiological level of intercellular ex-
change in the immune system of the body. This is
an attempt to ‘call attention to a new methodology
contributing to the understanding of the origin of
controlling immunological reactions, their relation to
noncytotoxic regulatory phenomena, and their role in
the general system of cellular interactions forming
the dynamic immunoregulatory equilibrium [19].

EBR Realized Through the NCT System
in the Evolution of the Complex
of Immunobiological Surveillance

EBR presumably provides intercellular interactions
in the network of cytokine regulation of physio-
logical immunogenesis. It is not occasionally that its
development is directly related to evolution of the
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Fig. 2. Priming of production of interferon (IFN) in the context of
endogenous biological retransiation.

complex of immunobiological surveillance. In addi-
tion to strong cytotoxic, antitumor, and antiviral
properties, population of NK cells performs im-
portant regulatory functions in processes of hemato-
poiesis, lymphopoiesis, and immunogenesis. Some
of these processes are not mediated by cytotoxic
effects on target cells {33,40,68,105].

Evolution of the complex of immunaobiological
surveillance was accompanied by the appearance of
highly specialized cellular forms and multifold cx-
tending the range of contact and distant inteructions
of NK cells with effectors of various origins. In
higher animals and humans, it provided the forma-
tion of functional system having cytotoxic and re-
gulatory properties. These properties allow perfor-
ming surveillance functions and EBR under con-
ditions identical to microenvironmental conditions
and to effects of factors of exogenous induction and
endogenous destabilization.

Let us suppose that EBR processes realized
through the system of NCT (as well as NCT rcac-
tions) evolve phylogenetically from (or provide the
basis for) noncytotoxic regulatory interactions of
NK cells with cells of lymphoid and nonlymphoid
nature. In this case, EBR may be attributed to
primary (the most ancient) forms of intercellufar
exchange. Evolutionary analysis {9,15,43] shows that
unicellular organisms have already actual requirc-
ments for arrangement of mechanisms that can
provide transmission of the biological signal. Indced,
distinction is made possible by a contact with the
object. The reaction (change in metabolism) pro-
ceeds after identification that assumes (in its turn)
translation of information of surface receptors into
the cell nucleus. In the cell nucleus, a correlation
is made between perceived characteristics of the
affecting object with the genetic program decter-
mining construction of own structures. Membranc
structures must already display the potency to re-
produce (in an encoded form) the characteristics of
the affecting object performing the function of bio-
logical retranslation during transmission of informa-
tion from the external medium to the nucleus. EBR
can be assumed to develop in unicellular organisms
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Fig. 3. Reaction of natural cytotoxicity in the context of endogenous
biological retranslation. IFN (interferon), NK cell (natural killer celt).

{ Protozoa) on the basis of distinction of genetically
(antigenically) identical material. During the evolu-
tionary process, EBR becomes more complex ap-
pearing in specialized forms and developing highly
differentiated mechanisms. In further phylogenesis,
EBR is transformed from the function of surface re-
ceptors to the function of individual ceilular popula-
tions and cellular systems. ,

The NCT system has a key role in providing
reactions of immunobiological surveillance in multi-
cellular organisms and can be assigned as a variant
of functional complexes that obtain several charac-
teristics of endogenous retranslators during develop-
ment of multicellularity. This forms the basis for
involvement of NCT effectors into realization of
EBR processes at the level of a highly organized
biological object.

Phylogenetically, NK cells are more ancient
than T and B lymphocytes [15,94]. Therefore, NK
cells came into being earlier than specialized humo-
ral regulatory factors of immunogenesis [43] and
antibodies [9,38] during evolution. The NK activity
in relation to allogeneic target cells mediated by
primary immunocytes, hematocytes, and evolutional
precursors of lymphocytes, celomocytes, is identical
to that of mammals. It was found in vifro in tuni-
cates [43,70], insects [43], crustaceans [43,98], mol-
lusks [114], annelid worms (including sipunculids),
roundworms, and flatworms [38,43,107]. Thus, the
NK activity is retrospectively found in nearly co-
clenterates appeared at early stages of development
of multicellularity. Before the appearance of spe-
cialized T lymphocytes, the functions of providing
immunological memory are probably passed pre-
cisely to these cells that are designated as “living
fossils” [51]. Expression of LFA-1 on the membrane
of NK cells in humans is comparable only to that
of T cells of memory, and exceeds markedly the
number of such complexes on the surface of resting
lymphocytes [87].
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In embryogenesis that is generally similar to
phylogenesis of higher animals, immunocompetent
NK cells develop earlier than T lymphocytes, and
probably participate in the regulation of hemato-
poiesis to the appearance of T lymphocytes [76].
Analysis of particularities of immune reactions in
perinatal ontogenesis allowed us to assume that
regulatory functions of NCT effectors are primarily
(prenatally and in newborns) performed by syn-
thesized (or translated) immunoactive cytokines
(and not by cytotoxicity itself) that control processes
of proliferation and differentiation of cells in a
rapidly developing body. NK cells do not realize
their cytotoxic potential up to the birth. Lympho-
cytes isolated from the umbilical cord blood are
characterized by low NK activity (compared with
cells of adult donors) [82,83,104] and lower capa-
cities for the formation of effector-target conjugates
and production of cytotoxic factor of NK cells and
IFN-y [83]. Cytotoxic activity of NK cells in new-
borns can be only slightly increased in vitro [104].
Therefore, its realization is inhibited. This con-
tributes to immunoregulatory intercellular inter-
actions under noncytotoxic translational regimen.

At the same time, processes of formation of the
circulating pool of activated effectors of NCT (to
the moment of birth) reach the providing level
which corresponds to that in adults [53]. It sustains
the basal activity of NK cells, which depends on in-
ductive effects of environmental microbial factors
during further evolution [2], and is retained uader
conditions of operative exclusion of regulatory cffects
of thymic hormones and microenvironment [50].

Irrespective of plasticity of this lymphocyte
population, the NCT system is characterized by
particular parameters of functioning which arc suffi-
ciently strongly specified. This indicates the exist-
ence of potent mechanisms of its internal regulation
and a certain isolation from other populations of
immunocompetent cells. Generation of cytotoxically
active NK cells expressing the NK [.1 marker in
cell culture of mouse bone marrow proceeds without
signals of exogenous cytokines [106]. The number
of mature effectors of NCT varies slightly in the
human peripheral blood [27,49,58]. The activity of
NK cells in the bone marrow does not change with
age [69].

Phylo- and ontogenetic manifestations of rc-
lative autonomy of NK cells in the reactions of im-
mune surveillance and contro} presented here con-
firm a particular role of this population of lympho-
cytes in providing regulatory noncytotoxic inter-
cellular interactions.

Realization of EBR through the NCT system
seems to be more biologically preferable thap trans-
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lational processes performed by subpopulations of
antigen-specific T and B lymphocytes and mono-
cytes/macrophages. The possibilities for transmission
of regulatory signal by cells involved in the forced
immune response strongly depend on microenviron-
mental conditions and inductive component of im-
mune reaction. Effectors of NCT display no high
density of specific recognizing structures. They are
not involved in antigen presentation (manifestation
of a primary potency for biological retranslation
during the specific immune response). These ef-
fectors express only the postulated NK receptor on
the membrane [50] or realize the specialized activity
in the absence of such a receptor [5]. Thus, NCT
effectors is the least specific (in relation to their
effects) population of lymphocytes. The level of its
diversity is “relatively low and cannot be compared
to clonal diversity of specific T cells” [15]. Effectors
of NCT and the cells of monocyte/macrophage type
are closely related in their origin [66,79]. The mode
of operation of NK cells which are involved to a
considerably lower extent (or nearly uninvolveéd) in
the formation of the specific response is close to
physiological mode. Thus, NK cells have genetically
determined potency for realization of EBR processes
that are not associated with forced immunogenesis.

Functioning of NK Cells under Conditions
of IFN Translation

IFN plays a key role in the regulation of the inten-
sity of maturation of NK cells from the bone mar-
row precursors, activation of cytolysis mediated by
NK cells, control of recognizing and binding of
target cells by effectors of NCT, and recycling of
lympho-cytes {19,93,103]. This fact and the potency
of NK cells for rapid production of IFN [25,67,
115] determine the possibility of considering the
interrelations between NCT and IFN systems in the
context of formation of unified morphofunctional
complex of establishing and maintaining immuno-
regulatory equilibrium.

Indeed, physiological IFN response provides a
certain level of IFN-dependent enzymes in mono-
nuclear cells and in the plasma of healthy donors
[30]. This indicates a permanent induction of IFN
maintaining its constant background production in
cellular microenvironment. The basal level of NCT
is a likely manifestation (or consequence) of physio-
logical IFN response. This level results from IFN-
induced continuous differentiation of pre-NK cells
to active forms that can bind and potently lyse the
target cells [30,31}. Immunoactive IFNs are not
found in the plasina under physiological conditions
{30,31]. Nevertheless, they are found in all organs
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and tissues except for the central ncrvous system
and the adrenal gland cortex and medulla |71].

Functionally active NK cells are also abundant
practically in all peripheral compartments of the
immune system. They realize particular functions in
the lymphoid structures of the mucous membranes
of the bronchi [24], stomach [10], and intestine |47,
62], in the palatine tonsils [109], mesenteric lymph
nodes [47], and skin (NK-like AsGM1* cells [96]),
controlling the growth of trophoblast in the com-
position of the decidual membrane in vivo (CD356*
large granular lymphocytes [13]). NK cells are the
major producers of IFN in the body. NK cells
supply tissues and biological fluids with thesc mec-
diators [25,67,115] and form (under conditions of
physiological IFN response) polyfunctional nctwork
of intercellular exchange with an evolutionary de-
termined potency for realization of EBR processes.
The rational intensity of this network functioning is
due to constant translation of IFN.

Let us suppose that the highly differentiated
effectors of NCT (activated NK cells) circulate in
the state committed to IFN production. These ef-
fectors can become unblocked (i. e., induced by
target cells displaying regulating or lIytic effects in
the microenvironment) and exhibit the ability for
synchronized production of the mediator. Only pait
of the cells translate constantly in a local and time-
limited manner. However, this part of effectors
(taking into account the abundance of NK cells in
peripheral parts of the immune system described
above) is sufficient for the induction of translational
field of IFN that provides physiological basis for
functioning of cytokine immunoregulatory network.
Autocrine and paracrine components of interceliular
exchange involving NK cells can be realized under
conditions of translational field. In this case, it
should be admitted that the signals translated by
NCT effectors are transmitted to acceptors differing
from NK cells in their nature. This occurs not only
during the contact with target cells and forced
priming but also under other conditions. During
maturation, activated NK cells acquire the potential
sufficient for realization of cytotoxic and noncyto-
toxic regulatory effects. A high level of coopera-
tiveness of cellular reactions in morphofunctional
complex of regulation and control operating under
the regimen of the interaction between NCT and
IFN systems reflects (in this respect) natural cvolu-
tional prerequisite to performing EBR processes.
This prerequisite is confirmed by the general scheme
of organization and principles of realization of ccl-
lular activity.

Thus, structural scheme of EBR realized through
the NCT system can be described by analogy with
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functional organization of the IFN system as fol-
lows: translated (affecting and generated) molecular
signal (cytokine), its receptor on the NK cell, ef-
fector of NCT itself, and target cell.

Study of NK Cells Function under EBR
Regimen

The data mentioned above show the biological im-
portance of endogenous translational processes in
humans and higher animals. Methodology of EBR
assuming the use of principally new approaches to
analysis of intercellular interactions in the immune
system requires experimental investigations and clini-
cal testing. Study of this problem, its detail analysis,
and elaboration of conceptual principles associated
with EBR are important. The methodology of EBR
is consistent with postulates and principles of gene-
ral biology and immunology. This methodology is
promising not only for theoretical biology but also
for solving practical problems of immunoregulation
and immunocorrection.

Let us consider the results of several clinical
studies performed during [FN therapy. Treatment
of patients with disseminated sclerosis with rIFN-a,
increased the activity of NK cells only for a week.
Cytotoxicity decreased below initial levels and was
then restored after the end of therapy [60]. IFN-a
used for therapy of patients with numerous warts
induced the background for the cell response to
IFN in vitro by increasing the activity of effectors.
This was observed only during the first five weeks.
The sensitivity was then lost [61]. The use of human
leukocytic IFN for therapy of patients with mela-
noma stimulated NK cells during the first week of
treatment. The initial level of cytotoxicity was then
restored [48]. rIFN-o therapy of patients with lung
cancer decreased the NK activity of lymphocytes
after 2-4 weeks of treatment [63]. In patients with
disseminated cancer of the large intestine, a short-
term increase in NCT was followed by inhibition of
effector functions registered during further treatment
with IFN for three months [102]. Repeated in-
jections of human rIFN-o and mouse rIFN-y to
mice decreased NK activity in all organs of animals
[101].

In the context of immunopharmacology, the
transitory and reversible nature of IFN effect men-
tioned above must be considered as the development
of hyporeactivity typical of the immune deficiency
diseases. In the context of EBR, by contrast, these
facts must be interpreted as restoration of normal
translational abilities of the system realized under
conditions of certain restriction of the specialized
activity. In the former case, the principles of therapy
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of patients indicate that it is nccessary to discon-
tinue this preparation and start immunostimulators
of other nature. In the latter case, the principles of
therapy suggest that it is nccessary to continuc
supporting therapy with IFN. Moreover, the po-
tency of IFN preparations used in clinical practice
for treatment of viral infections, oncological dis-
eases, and immune deficiency disorders is well-
known.

Detailed analysis of the problem is nccessary to
consider EBR as an equivalent to the expericnce of
long-standing experimental and clinical studics, and
as the theory that can cause revision of the algo-
rithms of evaluating patients’ condition and the
potency of immunotherapy. However, EBR is woith
noticing because this theory can contribute to the
proper choice of immunocorrection under con-
ditions considered as ambiguous (using standard
criteria).

Let us now turn to possibilities for study of the
phenomenon and mechanisms providing EBR in
cellular systems. It should be noted that instru-
mental difficulties associated with registration of
translation of a regulatory signal may be probably
obviated by a detailed comparative functional ana-
lysis of several elements of immunity involved (to a
various extent) in EBR processes. This analysis would
be promising because EBR recording can be only
performed in the presence of cells (target cells)
perceiving the translated signal in the experimental
system (additionally to the presence of cffcctors).
Therefore, functional complexes must be the basis
for studies. In this case, cellular and humoral factors
and mechanism that realize, regulate, and affect
endogenous translational processes in humans and
higher animals (and not a population of lymphoid
cells involved in the reactions as an endogcnous
biological retranslator) will be the objects of these
studies.

The logic of the studies assumes analysis of
EBR processes at a certain level of tolerance. Phy-
siological immunogenesis forms constantly rencwing
pool of circulating effector cells in the body. Pre-
cursors undergo continuous differentiation and cnter
consecutively various phases of maturation. These
processes are not synchronized. In the present state,
this is characterized (rather conventionally) only in
model systems. Continuous differentiation of pre-
cursors recruit the circulation with heterogcneous
(according to the maturation degree) cellular po-
pulation. In this case, cell perceiving mediator re-
gulatory signal can undergo further maturation or
differential transformation into a specialized cffector
{over a short period of time). Because of activation
of genes repressed in precursor and responsible for
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the synthesis of a specific immunoactive compound,
functional potential of the effector will be realized
by generation of the “perceived” molecular signal.
In this case, the cell perceiving the cytokine and the
cell producing regulatory factor identical to this
cytokine differ in the degrees of maturation. There-
fore, these cells are not the same effector.

Now, these intercellular interrelations cannot be
considered as an equivalent of EBR processes. The
schemes shown in Fig. 1 are simplified, and varia-
tions of organization of translating complexes are
hypothetical. They establish the functioning (under
EBR regimen) of cellular effectors, which differen-
tiation characteristics do not change in the reaction
(from the beginning of action of immunoactive
compound to production of its analogue). In future
studies, the possibility of performing EBR during the
passage of the effector cell through various phases
of maturation must be either substantiated or com-
pletely excluded. For the time being, the constancy
of translational functional complexes and certain
invariability of their cellular composition (according
to biological maturity) can be assumed.

It is important to understand that the develop-
ment of immune response is associated with the
presence of a considerable inductive constituent
synchronizing functions of the cellular populations
involved. Generalized activation of cells directed to
realization of specialized potential, forming the pool
of affecting effector cellular forms (over a short
period of time), mobilizing helper cells, and ini-
tiating endogenous reinforcing mechanisms appears
in the forefront. It seems likely that the processes
that are not directly related to forced immuno-
genesis, provide intercellular interactions under phy-
siological regimen and maintain immunoregulatory
equilibrium in the complex of natural intercellular
exchange (including EBR processes) must be de-
layed under these conditions. Therefore, extended
immune response may be considered as process
inhibiting physiological translation of regulatory
signals of cytokines.

Thus, the EBR problem involves study of bio-
logical principles underlying the functioning of ef-
fector lymphocytes which combine the realization of
cytotoxic and translational potentials. This suggests
estimation (in the body) of the relationship between
the mechanisms controlling realization of dif-feren-
tiated and genetically determined function by the
cell and involvement of the cell into regulatory
interactions considered in the context of EBR. It is
necessary to reveal mechanisms of internal regula-
tion of the NCT system responsible for translation
of biological signals by this system under physio-
logical regimen. The extent to which NK cells func-
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tion autonomously in the immune reactions must be
evaluated.

The problem of EBR should be analyzed in the
context of processes associated with realization of
the immune system ability for soft adaptation and
rational compensation. This raises the question about
the mechanisms of differentiation of signals of endo-
genous and exogenous inductors in peripheral com-
partments. Differentiation determines further sclection
and translation, which is adequate for functional
needs and possibilities, of these signals to target cells.
Analysis of EBR requires without studics of evo-
lutionary determined principles of integration of the
complex of immunobiological surveillance into open
interactions with ecosystems and effects of environ-
mental factors on biological retranslation performed
by endogenous effector cells functioning in the bran-
ched network of cytokine regulation of immuno-
genesis (including the population of NK cells).

I am grateful to Prof. A.Ya. Kul’berg (Mcmber
of Russian Academy of Medical Sciences) and Prof.
A.A. Yarilin for their careful attention to this pro-
blem, helpful remarks, and recommendations.
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