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Epithelial tissue response to pathological effects in various age 
groups. Participation of morphofunctional zones and Src-kinase in 
this process 

The response of  human organism t issues to var ious 
pathological effects depends to a large extent on the presence 
of the total amount of key protein in the organism - Src-
kinase and the ratio of its active part to inactive. With a sharp 
preponderance of an inactive portion of this protein over the 
active, the proliferative activity of cells is suppressed, and with 
a significant preponderance of the active part, proliferation is 
inadequately increased. The amount of this protein is embedded 
in embryogenesis and individually in each person. In the age 
aspect, a decrease in the Src-kinase content in the human 
organism is observed. The epithelial tissue of two age groups: 
20-40 and 75 years and older responds most acutely to 
pathological effects, including the entering of viruses, since in 
20-40 years the number of Src-kinase is the  greatest in relation 
to other age groups, and in 75 years and older - the least, which 
causes a decrease in the reactivity of organism  tissues or, 
conversely, hyperactivity. 
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Introduction 

At each age, there are features of the response 

of organism tissues to the effect of certain patho-

logical factors. This is largely due to the different 

proliferative activity of the cells in the age aspect, 

which in turn determines the immune status of 

the organism inherent to concrete age. 

Proliferation of epithelial cells is determined by 

the activity of cambial cells that function in mor-

phofunctional zones. With age under normal 

conditions, proliferation of cambial epithelial 

cells decreases. Adverse environmental condi-

tions or the action of toxic agents alter the prolif-

erative activity of all epithelial cells, and at differ-

ent ages in different ways. Therefore, such a 

change in epithelial tissue in pathological condi-

tions occurring against the background of a cer-

tain hormonal status of a person indicates that 

the central nervous system is included in the reg-

ulation of the proliferative activity of cambial cells 

and the organism's response to adverse envi-

ronmental conditions. In turn, the central mech-

anisms regulate these processes mainly with the 

help of a key protein – Src-kinase, which obvi-

ously determines the proliferative activity of cam-

bial cells and the reactivity of organism’s tissues. 

1. Functioning of peripheral morphofunc-

tional zones with aging in norm 

Cambial cells function in the epithelial layer in 

specific structures - morphofunctional zones 

consisting of two subunits, in each of which 12 

cambial cells are located. At first, cambial cells 

of the first subunit proliferate, as a result of which 

12 pairs of mother and daughter cells are 

formed, which generate an electric field due to a 

potential difference between these cells. Indeed, 

cambial cells have a vertical axis of division, 

which causes the mother cell to be in close prox-

imity to the basal membrane, and the daughter 

cell to be above it. The action of growth factors, 

such as transforming growth factor β, located in 

the basal membrane and having spastic proper-

ties, prevents the spreading of the mother cell, 

which increases the negative charge of the chro-

matin of the mother cell relative to the daughter. 

Hence, the redistribution of superficial charges 

between the two cells and the emergence of an 

electric field occur [1, 2]. The daughter cells are 

stretched by the forces of the electric field, gen-

erated by the division of the 12 cambial cells, 

and certain chromosome loci are untwisted, al-

lowing transcription of these sites, i.e. the cells 

are prepared for differentiation. After functioning 

of the first subunit, the second subunit begins to 

work in a similar way. It should be noted that if 

the number of cambial cells in one of the subu-

nits drops to 6 cells, then the electric field excited 

by these cells becomes insufficient to stretch the 

daughter cells, i.e., there is no differentiation [3]. 

Daughter cells, undergoing differentiation and 

further division, form oval cells, which then re-

plenish the reserve cell depot necessary for the 

regeneration of the epithelial layer. Previously, 

on a large experimental and clinical material, we 

showed that reserve cells make up the largest 

share in the population - 30%. The cells of this 

depot, when proliferative processes increase, 

are transformed into transitional and then elon-

gated cells, 5% of which directly enter into mito-

sis. As a result, round cells are obtained, gradu-

ally maturing to the final cells to be eliminated [4, 

5]. 

Thus, in the epithelial layer there are two flows 

of proliferating cells, the 1st stream - these are 

cambial cells and their earliest descendants 

(daughter, oval cells, the latter of which ulti-

mately form reserve cells); The 2nd stream is the 

reserve cells and their derivatives: transitional 

and elongated, maturing in consequence into 

round and final cells. Cambial cells, compared to 

other cells, have a very short mitotic cycle, so 

their number in the population is judged by the 

content of daughter cells obtained during their di-

vision [6, 7]. 

With aging, in norm a decrease in the prolifera-

tive activity of epithelial cells is observed. How-

ever, in each age group: 20-40 years old, 41-59, 

60-74 and 75 years and older, there are their 

own features. 

Thus, in persons aged 20 to 40 years and 41-59 

years, high mitotic activity in epithelial tissue is 

observed, as evidenced by changes in the activ-

ity of cells of the 1st and 2nd streams [8]. There 

is an active transition of cells of the 2nd stream: 
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reserve into elongated. At the same time, the 

number of reserve cells decreases from 30 to 

11.6-11.9%, and the proportion of elongated 

cells that directly enter into mitosis increases 

from 16 to 22.6%. The number of daughter cells 

of the 1st stream decreases from 10 to 7.7% due 

to their conversion into oval. The number of the 

latter increases from 10 to 15.7%. This indicates 

that two subunits of the morphofunctional zone 

work in these age groups according to the norm, 

in turn. 

In people aged 60 to 74 years, the proportion of 

reserve cells of the 2nd stream decreases more 

than in the first two age groups (up to 10.3%). At 

the same time, the number of elongated cells 

into which reserve cells pass is slightly reduced 

compared to the previous two groups and 

amounts to 21.7%. Therefore, there is no faster 

conversion of reserve cells into elongated ones, 

but a decrease in the proliferative activity of 

these cells, as well as their precursors - cambial 

ones. Indeed, the number of daughter cells that 

are a criterion for cambial cell abundance in this 

age group is reduced to 7%, while in 20-40 and 

41-59 years it is 7.7%. Then the daughter cells 

are gradually transformed into oval cells, the pro-

portion of which, as in the other two groups, is 

15.6%. This indicates that at the age of 60-74 

years, compensator mechanisms are still able to 

ensure the normal alternating function of two 

subunits of the morphofunctional zone and 

thereby carry out physiological regeneration of 

the layer at a sufficiently high level. 

A completely different pattern is observed in per-

sons of 75 years and older. The number of re-

serve cells of the 2nd stream remains quite high 

(11.5%), and the number of elongated cells is re-

duced compared to the previous three groups 

and is 20.7%. Thus, there is a significant slow-

down in the entry of cells into mitosis, which can 

cause cell deficiency in the epithelial layer and 

its disruption. In order to compensate the insuffi-

cient number of cells in the morphofunctional 

zone, another subunit is included in the work 

along with the first. This is evidenced by an in-

crease in the level of oval cells of the 1st stream 

to 17.4% (in other age groups - about 15%). Due 

to the inclusion of the second subunit, the total 

number of daughter cells also begins to increase 

to 8.2%. In fact, the number of daughter and 

cambial cells in one subunit of the morphofunc-

tional zone decreases dramatically in this age 

group. 

If in the group of persons 20-40 and 41-59 years 

old the number of cambial cells is 12 in one sub-

unit, then in people aged 60-74 years their num-

ber decreases by 1.1 times, which is about 11 

cells. In people 75 years and older, the number 

of cambial cells increases 1.2 times compared to 

the previous group due to the inclusion of an-

other subunit and amounts to about 14 cells per 

two subunits of the morphofunctional zone or 7 

cells per subunit. 

Thus, in the population of epithelial tissue, the 

number of cambial cells remains stable up to 59 

years - 12 cells in one subunit. At 60, the first 

decrease in the number of cambial cells in the 

morphofunctional zone occurs and up to 74 

years remains unchanged - 11 cells. At 75 years 

and older, there is an avalanche-like drop in the 

number of cambial cells to 7 in one subunit of the 

morphofunctional zone, which approaches the 

threshold value of 6 cells when there is no differ-

entiation. 

Physiological regeneration of epithelium due to 

cambial cells in the age groups 20-40 and 41-59 

years remains high; in persons aged 60-74, it be-

gins to decline, but remains sufficient to ensure 

the alternating function of the two subunits of the 

zone; in persons 75 years and older, the prolifer-

ative activity of epithelial cells slows down signif-

icantly, so the two subunits of the zone work sim-

ultaneously to ensure the regeneration of the ep-

ithelial layer 

2. Peripheral epithelial morphofunctional 

zones in chronic alcohol intoxication in age 

aspect 

It is known that in the conditions of pathology, 

the mechanisms of regulation of vital processes 

in the norm, compensatory and adaptive reac-

tions are more fully disclosed, since both these 

processes (pathology and norm) develop on the 

same material basis. 

2.1. Functioning of epithelium with high pro- 
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liferative potentials in intoxication. Epithe-

lium in 20-40 and 75 years and older is the 

most labile to intoxication 

A study of morphofunctional zones of the basal 

layer of the epidermis in conditions of chronic al-

cohol intoxication showed that two age groups: 

20-40 and 75 years and older most strongly re-

spond to the effects of pathological agents com-

pared to other groups. 

So, in people 20-40 years with toxic exposure, 

there is an intensive transition of epithelial cells 

of 2nd stream: reserve into elongated and prep-

aration for mitosis, while the number of reserve 

cells decreases to 8.9% (in control 11.6%), and 

the number of elongated cells increases com-

pared to normal skin to 26.3% (normally 22.5%). 

At the same time, the number of daughter cells 

of the 1st stream obtained by division of cambial 

cells decreases to 6.9% (in control 7.7%). There-

fore, in this age group, under conditions of pa-

thology, regeneration processes are intensified 

against the background of cell death of the epi-

thelial growth layer [9]. 

In patients 75 years and older with chronic intox-

ication, as well as in young people, there is an 

increase in the cells proliferative activity. This is 

evidenced by a decrease in the number of re-

serve cells to 10.4% compared to healthy skin 

(11.5%), and in parallel with this, an increase in 

the proportion of elongated cells to 24.9% (in 

control 20.7%). Interestingly, the number of 

daughter cells of the 1st stream decreases to 

7.2% (in normal skin - 8.2%), and the number of 

oval cells decreases from 17.4% to 13.9%. This 

indicates that the two subunits of the morpho-

functional zone in this age group work in turn in 

the conditions of intensification of proliferation, 

ensuring the regeneration of the epithelium. At 

the same time, the number of daughter cells re-

mains lower than at the ages of 41-59 and 60-74 

years old, i.e., a drop in the cells number of the 

growth layer is observed. 

In two other age groups: 40-59 and 60-74 years 

old, the cells of the growth layer are not exposed 

to such effects as at 20-40 and 75 years old and 

older. The number of daughter cells approaches 

the norm - 7.8-7.9%. At the age of 40-59 years, 

there is a fairly high mitotic activity of cells under 

conditions of intoxication. This is evidenced by a 

decrease in the number of reserve cells to 8.2% 

(normally 11.9%) due to their more intensive 

transition into elongated ones - 24.9% (normally 

22.6%). 

In the group of patients from 60 to 74 years old, 

the number of reserve cells with toxic exposure 

decreases to 7.1% compared to the control 

(10.3%), as they actively move into elongated 

cells, the proportion of which increases to 25.4% 

(in the control 21.7%), which practically corre-

sponds to that at 41-59 years. The number of 

oval cells is high 15.3% (in control 15.7%), there-

fore, the two subunits of the zone function in 

turn, and the compensatory mechanisms are 

able to maintain the desired number of cells of 

the epithelial layer. 

Thus, by comparing the change in the quantita-

tive values of the cell populations of the epithe-

lium in the age aspect in norm and with pro-

longed toxic effects, the following conclusion can 

be drawn. In epithelial tissue with high prolifera-

tive capabilities in all age groups, during chronic 

alcohol intoxication, regenerative processes are 

enhanced and compensatory mechanisms con-

tinue to operate to regulate the number of cells 

sufficient for the functioning of the epithelial 

layer. However, in only two age groups 20-40 

and 75 years and older, the death of growth layer 

cells occurs, in the other two groups 41-59 years 

and 60-74 years, the number of these cells re-

mains at the same level. 

2.2. Endothelial cells with low reparative ca-

pabilities in pathology conditions. Corneal 

endothelium of 20-40 and 75 years and older 

is most vulnerable to toxic exposure 

Interestingly, a similar response to prolonged in-

toxication was found by us in tissue with low re-

pair capabilities - the endothelium of eye cornea 
[10]. The corneal endothelium of two age groups 

(20-40 and 75 years and older), like the epider-

mis, reacts most vigorously to pathological ef-

fects, and at 41-59 years and 60-75 years - more 

calmly. 

In chronic alcohol intoxication, patients of 20-40 

years old experience the largest reduction in 
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endothelial cell density compared to control and 

other age groups due to their mass death. If at 

41-75 years the endothelial cell density during 

chronic intoxication decreases by 6.4-8%, then 

at 20-40 years - by 10%, which leads to an in-

crease in the area of average cell, because there 

is no mitotic activity in the adult endothelium. 

Therefore, the compensatory mechanisms of the 

organism under conditions of intoxication and 

cell death try to maintain the functional activity of 

the endothelium by connecting large cells to a 

number of average cells. The latter perform the 

main functions in the corneal endothelium and 

are the most active. 

Studies have shown that two age groups (20-40 

and 75 years and older) have the largest in-

crease in a number of average cells due to large 

cells both compared to control and other age 

groups [11]. In 20-40 years, this parameter in-

creases to 10 classes (in control 7), in 75 years 

and older to 16 classes (in control 8). As a result, 

the number of average cells under conditions of 

pathology increases to 64.76% in 20-40 years 

(61% in control), and to 71.18% in 75 years and 

older (49% in control). At the same time, in the 

age group 41-59 years, a number of average 

cells increases by only 1 class, and in 60-75 

years there is no increase. 

Large diploid cells are functionally less resistant 

than average cells. At the first stage, they can 

perform a compensatory function, but ultimately 

die faster, which leads to destabilization of the 

endothelial layer under conditions of pathology 

[12]. An increase in the number of average cells 

due to the large in corneal endothelium of per-

sons 20-40 and 75 years and older by 3 and 8 

classes, respectively, indicates more significant 

destructive processes in the endothelium of old 

people compared to young. 

Thus, comparing the two varieties of epithelium 

(epidermis - dynamic population and human cor-

neal endothelium - stationary population), it 

should be said that they are equally included in 

the response to chronic alcohol intoxication. At 

the same time, the corneal endothelium, like the 

skin epidermis of patients aged 20-40 and 75 

years and older, most acutely respond to the 

effects of adverse factors. However, in old age, 

compared to young people, there is an acceler-

ation of destructive processes. 

3. Function of peripheral zones is controlled 

by the central zone using Src-kinase 

The features of proliferative activity of morpho-

functional zone cells during aging and the differ-

ent reactivity of epithelial tissue in age groups 

under pathology conditions can be explained 

from the perspective of the key protein of mor-

phofunctional zones – Src-kinase. 

Importantly, our control studies do not show a 

gradual decrease in the number of cambial cells 

and their proliferative activity, but a sharp de-

crease in these parameters after 75 years during 

advanced hypoestrogenemia. Therefore, human 

hormonal status has the greatest effect on cam-

bial cell proliferative activity. 

Among the main structures responsible for hor-

monal regulation, the hypothalamus with its hy-

pophysiotropic region can be distinguished, 

which is a central morphofunctional zone that 

controls peripheral morphofunctional zones us-

ing the key Src-kinase protein [13]. 

Consequently, Src-kinase plays a crucial role in 

the functioning of cells of both central and pe-

ripheral morphofunctional zones. 

3.1. Value of active and inactive Src-kinase in 

morphofunctional zones operation 

On the periphery, Src-kinase expression occurs 

during the stretching of the daughter cell by the 

electric field excited by 12 pairs of mother and 

daughter cells. Previously, the cortex of the epi-

thelial daughter cell should be relaxed due to 

stromal growth factors, such as fibroblasts 

growth factor, which abundantly activate Src ki-

nase [14]. 

In central structures, the individual amount of 

Src-kinase is embedded in embryogenesis [15]. 

In its inactive form, this protein promotes micro-

tubule formation by connecting tubulin dimers 

through its SH2 domain [16]. In addition, Src ki-

nase potentiates the formation of intermediate 

microfilaments, which together with microtu-

bules stretch the cell nucleus, promoting cell dif-

ferentiation. 

The direction of cell differentiation and prolifera- 
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tion depends on the ratio of active to inactive 

form of Src-kinase [9]. So, with the predominance 

of inactive Src-kinase over the active, an epithe-

liocyte is formed, since the stretching of the 

daughter cell in the electric field and the unwind-

ing of chromosomes occurs closer to the telo-

meres. If the active form of Src-kinase increases 

moderately, then this will lead to an increase in 

the mitotic activity of cells, because active Src-

kinase stimulates the most important transduc-

tion pathways and transcription factors leading 

to an increase in the proliferative activity of cells 
[17]. The remaining sufficient amount of inactive 

Src-kinase is involved in the formation of micro-

tubules and division spindle. This provides high 

mitotic activity of epithelial cells. 

On the contrary, if the active form of this protein 

prevails over the inactive one, then the chromo-

some loci stretch closer to the centromere, caus-

ing the formation of a fibroblast-like cell.  

Thus, the participation of Src-kinase in the per-

formance of the most important functions of cells 

requires a high content of this protein in morpho-

functional zones. 

4. Src-kinase in nerve signaling and hormone 

synthesis. High Src kinase content in 20-40 

years 

Expression of inactive Src-kinase in the hypo-

thalamus in childhood and young adulthood is 

high, as follows from brain development from the 

ectoderm, which has an initially high content of 

this protein [13]. Under the influence of the chorda 

in the neural plate, only a transient increase in 

the active Src kinase occurs, which leads to the 

predominance of inactive Src-kinase over its ac-

tive form in neuroepithelium. Therefore, the un-

winding and transcription of chromosomes here 

will occur, as in epithelial tissue, closer to telo-

meres. As a result, neurotransmitters produced 

by nerve cells also increase the percentage of 

inactive Src kinase in their surrounding tissues. 

It should be noted that the non-receptor Src-ki-

nase is activated not only by the corresponding 

ligands, but also by various kinds of oxidants, 

i.e., it is a redox-sensitive molecule [18, 19, 20]. In 

this regard, it is involved in the transmission of a 

nerve impulse in the brain [21]. Thus, under the 

influence of light, photoreceptors and retinal mel-

anopsin cells are excited, which leads to a de-

crease in their proportion of inactive Src-kinase 

and an increase in active. It in turn causes in-

crease in an exocytosis in a synapse due to re-

duction of rigidity of a cellular membrane as the 

active Src-kinase phosphorylates protein of 

p190 RhoGAP which in turn inactivates RhoA 

participating in construction the actin of microfil-

aments and a cell cortex. In addition, the synthe-

sis of neurotransmitters by these cells is reduced 

due to the displacement of the nucleus stretch 

closer to the centromere. As a result, the propor-

tion of inactive Src-kinase will decrease in the 

regulatory chain, making it possible to transmit a 

signal to the regulatory centers of the hypothala-

mus and pituitary, in which the synthesis of the 

corresponding releasing factors and hormones, 

which then affect the target organs, begins. In 

the latter, hormones begin to be produced, the 

action of which is aimed at increasing the pro-

portion of inactive Src-kinase in the surrounding 

tissues, as well as in the hypothalamus and pitu-

itary. This leads to increased neurotransmitter 

synthesis and difficulty in exocytosis in these 

structures, which blocks further hormone pro-

duction. Such blocking signals are essentially in-

hibitory signals. These include glucocorticoids 

produced by the adrenal glands under the action 

of adrenocorticotropic hormone (ACTH) [22]. 

Estrogens produced by the sexual glands, unlike 

glucocorticoids, have an excitatory effect on tis-

sues and central mechanisms. Indeed, estro-

gens activate Src-kinase by reducing its inactive 

proportion by G proteins that bind to its catalytic 

domain. The amount of active Src-kinase in-

creases as estrogens accumulate, which im-

prove exocytosis and, therefore, the amplitude 

and frequency of gonadotropin release in the sex 

center of the hypothalamus. As a result, follicle-

stimulating hormone (FSH) synthesis is acti-

vated by the pituitary, which in turn affects the 

sexual glands, contributing to the aromatization 

of androgens. Subsequently, with increased ex-

posure, target cells cease to respond to this 

stimulus, i.e., a refractory period occurs. This 

leads to a drop in androgen aromatization, a 
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decrease in the portion of estrogens and a de-

crease in their effect on the sex center of the hy-

pothalamus. As a result, gonadotropin pulsation 

is reduced, which leads to the production of lute-

inizing hormone (LH) by the pituitary gland [22].  

Thus, starting from the puberty, the effects of es-

trogens, unlike glucocorticoids, are aimed at 

constantly reducing the portion of inactive Src-

kinase in tissues of various organs, including the 

brain. However, in healthy people aged 20-40 

years, these changes are still insignificant. 

4.1. Decreased portion of inactive Src in the 

brain leads to hyperestrogenemia in people 

41-59 

Due to the fact that over time the percentage of 

inactive Src-kinase in the brain decreases and 

the active part increases, there is a shift in the 

stretching of the nuclear material of the nerve 

cell closer to the centromere, which causes a de-

crease in the synthesis of neurotransmitters and 

an increase in the excitatory signal in the brain 
[21, 22]. Due to this, the incoming signal very 

quickly increases the portion of active Src-kinase 

in monoaminergic neurons, which increases ex-

ocytosis in these cells and the release of the me-

diator. Further, the enhanced signal is transmit-

ted to the peptidergic neurons of the hypothala-

mus and then to the pituitary, where the part of 

active Src-kinase increases sharply, which leads 

to an increase in FSH synthesis. Ovaries begin 

to synthesize estrogens very actively, so the in-

tensity of the follicular phase increases with age, 

which shortens its duration. As a result, the pro-

portion of inactive Src-kinase in the brain falls 

and especially in the hypothalamus, in which 

there are many receptors to estrogens. All these 

processes lead to the development of a period of 

hyperestrogenemia with increased FSH synthe-

sis. At first, the amount of FSH prevails over LH, 

but as a result, the level of LH also increases due 

to the fact that exocytosis is increased in cells 

during signal transmission, then tissue insensi-

tivity to this stimulus appears, which ultimately 

leads to reduced impulse and increased LH syn-

thesis. 

In peripheral morphofunctional zones, as well as 

in central zone, due to hyperestrogenemia, an 

increase in the active portion of Src-kinase in re-

lation to inactive ones occurs. This increases the 

influence of the stroma on epithelial tissue, since 

the expression of active Src-kinase is especially 

enhanced in fibroblasts having many receptors 

to Src. As a result of the increased influence of 

the stroma, epithelial cells without obstacles are 

stretched by the forces of the electric field and 

differentiated. The proliferative activity of epithe-

lial cells under normal conditions at the age of 

41-59 years is quite high, so the number of cam-

bial cells remains stable - 12 cells in one subunit 

of the morphofunctional zone. 

With the progression of hyperestrogenemia and 

the increase in the portion of active Src- kinase 

in the brain and peripheral epithelium, cells 

begin to stretch closer to the centromere, which 

causes the formation of fibroblast-like cells. 

Therefore, during the period of developed hy-

perestrogenemia, the epithelial tissue of paren-

chymal organs, including brain neurons, begins 

to be gradually replaced by connective tissue. 

4.2. A further decrease of inactive Src in the 

brain leads to the development of moderate 

hypoestrogenemia in people 60-74 years and 

deep hypoestrogenemia in 75 years and 

older      

The continued decrease in the portion of inactive 

Src-kinase and neurotransmitters to a critical 

level in the brain and especially the central mor-

phofunctional zone leads to the fact that the re-

sulting high excitability of the cells of the sexual 

center of the hypothalamus and pituitary gland 

leads to a constant and massive release of FSH 

and LH into the blood. Target cells of the sexual 

glands with such exposure become insensitive 

to this stimulus, so they stop producing estro-

gens in response to FSH. As a result, the period 

of hyperestrogenemia is replaced by hypoestro-

genemia. 

Thus, during the period of moderate hypoestro-

genemia in people aged 60 to 74 years, due to a 

further decrease in the reserve of inactive Src ki-

nase in the brain, there is a decrease in the num-

ber of estrogens in the blood. This leads, in con-

trast to hyperestrogenemia, to a decrease in ac-

tive Src kinase in peripheral organ cells and, 
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therefore, to a decrease in cell proliferative ac-

tivity. In addition, epithelial cell spasm is in-

creased due to the activation of protein RhoA, 

which complicates the mitotic activity of these 

cells. It is at the age of 60, when the hormonal 

activity of the organizm decreases, the first drop 

in the number of cambial cells occurs to 11 in 

one subunit of the morphofunctional zone. 

As hypoestrogenemia progresses in persons of 

75 years and older, not only the proliferative ac-

tivity of epithelial cells deteriorates, but also their 

differentiation due to the weak influence of the 

stroma, which does not provide relaxation of the 

cortex of epithelial cells and their stretching in 

the electric field. As studies have shown, the 

number of cambial cells in one subunit of the 

morphofunctional zone in this age group imme-

diately drops to 7, which is close to the limit when 

cell differentiation does not occur. Therefore, this 

age group is most vulnerable to the occurrence 

of malignant tumors [23]. 

Thus, normally in people of 20 to 59 years old, 

rather high proliferative activity of epithelial cells 

is maintained in morphofunctional zones. From 

60 to 74 years old during moderate hypoestro-

genemia, cell proliferation decreases slightly. 

From the age of 75, with deep hypoestro-

genemia, the mitotic activity of epithelial cells 

drops sharply, the number of cambial cells ap-

proaches to critical level, in which cell differenti-

ation is absent, which promotes the develop-

ment of a malignant tumor. This is due to the de-

pletion of inactive Src kinase resources in the 

brain, embedded in embryogenesis. 

5. Increased epithelium proliferation during 

intoxication in different age groups is asso-

ciated with the total content of Src and its en-

hanced active part. Features in 20-40 and 75 

years and older 

In order to explain the reactivity of organism tis-

sues in a particular age group under the influ-

ence of chronic alcohol intoxication, it is neces-

sary to take into account, as in the norm, the hor-

monal background on which adverse factors oc-

cur. In fact, with prolonged alcohol intoxication, 

hypoestrogenemia develops to one degree or 

another in all age groups. 

One of the main actions of alcohol, which it has 

on the central and peripheral morphofunctional 

zones, is the strengthening of peroxidation pro-

cesses, which leads to the development of oxi-

dative stress [24]. This leads to an increase in the 

part of active Src-kinase in patients of all ages 

and a greater than normal depletion of inactive 

Src-kinase stores in the brain and peripheral tis-

sues. However, the amount of inactive Src-ki-

nase, as well as the norm, will remain the largest 

in 20-40 and the smallest in 75 years and older. 

As shown above, in control, a large amount of 

inactive Src-kinase suppresses not only hor-

mone production, but also proliferative pro-

cesses, because the portion of active Src-kinase 

involved in the activation of various transcription 

factors decreases, and epithelial cell spasm is 

also increased due to the development of a 

strong actin layer under the plasma membrane 

of the cell. 

In 20-40 years, with chronic alcohol intoxication, 

compared with the norm, the resource of inactive 

Src-kinase in the organism and its deterrent ef-

fect on proliferative processes are reduced, so 

proliferation will occur more actively than in 

norm. Increased proliferation of cells leads to de-

stabilization of the epithelial layer, accelerated 

cell exfoliation, reduced content of cambial ele-

ments. 

At 75 years and older, the content of inactive 

Src-kinase is the lowest of all age groups, as a 

result of which its restraining effect on prolifera-

tion will be very weak. Therefore, increasing the 

proportion of active Src-kinase in chronic intoxi-

cation conditions significantly increases the pro-

liferative activity of cells at this age. However, 

escalated proliferation will occur against the 

background of destructive processes, because 

sufficient quantity of inactive Src-kinase involved 

in the construction of the cell cytoskeleton is nec-

essary to perform the mitosis.  

Age groups 41-59 and 60-74 years old occupy 

an intermediate position between the above two 

groups according the proliferative activity. 

Thus, the response of human epithelial tissues 

to chronic alcohol intoxication is manifested in 

the enhancement of proliferative processes in all 
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age groups, but especially intensively in the two 

extreme groups - 20-40 and 75 years and older. 

This is primarily due to the degree of decrease 

in the total amount of Src-kinase in the organism 

(at 20-40 years - the smallest decrease of all age 

groups, at 75 years and older - the largest) and 

an increase in the active share of Src-kinase in 

relation to inactive. 

6. The decrease in epithelium proliferation in 

adverse conditions - winter season, is due to 

the increase of inactive Src. Features in 20-

40 and 75 years and older 

It is interesting to trace the reactivity of human 

epithelial tissue in other adverse circumstances. 

So, the winter season, when acute respiratory 

diseases erupt, is also a kind of stressful situa-

tion for the functioning of the human organism. 

In winter, Src-kinase activity decreases. Indeed, 

Src-kinase is a redox-sensitive molecule that ac-

tively responds to light, including short wave-

length rays: UV, blue light [20]. Therefore, at dif-

ferent times of the year and day, the expression 

of the active part of this protein in the human or-

ganism will vary. So, in summer, the proportion 

of the active form of Src- kinase in all age groups 

increases sharply due to the high solstice and 

the large angle of incidence of rays, which en-

hances the illumination of the earth. In winter, 

the activity of this protein decreases due to lower 

illumination, because the sun at this time of year 

is low above the horizon. 

In people 20-40 and 75 years and older, com-

pared to other age groups, there is the greatest 

instability of the organism in winter. 

So, at the age of 20-40 years old at this time of 

year, the proportion of inactive Src-kinase in-

creases even more, which inhibits the prolifera-

tive activity of all cells in the organism. At the 

same time, the immune status of the organism 

decreases, as the proliferation of cambial cells of 

bone marrow tissue, built according to the type 

of morphofunctional zones, is slowed down [25]. 

People 75 years and older have deep hypoes-

trogenemia, which is characterized by a general 

low content of inactive Src-kinase and at the 

same time very low expression of its active por-

tion, which causes low proliferative activity of 

cells. A further increase in the proportion of inac-

tive Src-kinase relative to its active portion in 

winter even more impairs tissue proliferative ac-

tivity and organism resistance in this category of 

persons. 

Age groups 41-59 and 60-75 are intermediate, 

although the latter group is less stable than the 

previous one. So, at 41-59 years old, there is a 

partial weakening of hyperestrogenemia, which 

improves the proliferative activity of cells and im-

mune status. At 60-74 years of age with moder-

ate hypoestrogenemia and the beginning of a 

decrease in the total level of Src-kinase, some 

increase in the content of inactive Src-kinase will 

lead to a moderate decrease in the proliferative 

activity of cells. 

Thus, two age groups 20-40 and 75 years and 

older are most responsive to environmental con-

ditions in the winter season. This response is de-

termined primarily by the initial amount of inac-

tive Src-kinase in the organism and its increase 

in relation to the active part, which enhances its 

deterrent effect on cell proliferation and the im-

mune status of the organism. 

In order to moderately increase the active Src-

kinase in the human organism of all age groups 

and, therefore, improve immunity, it is very im-

portant to lead an active lifestyle in winter and, if 

possible, be outdoors more. 

7. Src-kinase is a key protein targeted by vi-

ruses in winter 

As shown above, one of the factors changing the 

ratio of active to inactive Src-kinase in the hu-

man organism is the different illumination asso-

ciated with the rotation of the earth around its 

axis and the sun. Therefore, the content of this 

protein in the human organism is closely related 

to the function of the solar system and deter-

mines in many ways the strategy of the organism 

in certain living conditions, being one of the key 

proteins. 

So, in winter, with reduced illumination, favora-

ble conditions are created for the introduction of 

respiratory viruses, as the proliferative activity 

and immune status of a person decreases. 

Along with this, compensatory mechanisms in 

the cell increase the thickness of the actin layer 
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under the cell membrane, which is a barrier to 

the penetration of pathological agents. This is 

due to the fact that the prevalence of the inactive 

Src-kinase portion in the cell promotes the nu-

cleation of actin from a new fixed point and the 

formation of a network of actin filaments, rather 

than long strands of stress fibers [26]. In this re-

gard, the main actions of the virus are aimed at 

transforming the most part of the Src-kinase into 

the active form. 

Initially, virus adsorption occurs on the cell mem-

brane by interaction of a viral protein with cell re-

ceptors, which triggers receptor-induced expres-

sion of a cascade of proteins, including Cdc42, 

RhoA, Rac – small G proteins and Src-kinase. 

As a result, the actin layer under the plasma 

membrane rearranges, with the formation of 

membrane folds, filopodia, which contribute to 

the capture of the viral particle, while forming 

strands of stress fibers, which together with mi-

crotubules and motor proteins cause the move-

ment of formed endosomes deep into the cell [27, 

28]. Further, as the endosome moves towards the 

lysosomes, the pH of the endosome content de-

creases due to proton pump proteins located in 

their membranes and injecting hydrogen ions. [29, 

30, 31]. In addition, the viral matrix protein forming 

the ion channels further reduces the pH of the 

internal content of the virion [29, 30, 31, 32]. The 

acidic environment plays a huge role in separat-

ing the virus from cellular receptors and pro-

motes the fusion of the virus with the endosome. 

At the same time, due to the acidic content, Src-

kinase located on the membranes of endosomes 

is activated, which leads to thinning of their actin 

layer, therefore, the fusion of late endosomes 

with lysosomes is facilitated. Further, the virus is 

stripped from its remaining viral envelopes due 

to hydrolytic enzymes of lysosomes activated in 

an acidic medium. In this case, the virus enters 

into the cytoplasm of the cell. 

Thus, entering into the human organism by in-

creasing the proportion of active Src-kinase, the 

virus causes profound changes in the host cell in 

order to stop the normal function of the cells and 

carry out its vital activity. First of all, the actions 

of the virus are aimed at destroying the 

cytoskeleton of the host cell, because the cyto-

skeleton plays a major role in maintaining the 

correct architectonics of the cell and the nucleus, 

which contributes to the normal functioning of 

the cell, including differentiation. Indeed, as a 

rule, intermediate microfilaments are connected 

to microtubules and together stretch the nucleus 

of the cell and chromosomes attached to the nu-

clear membrane, which leads to the unwinding 

of certain chromosome loci and their transcrip-

tion [17, 33]. In this case, the cell produces the nor-

mal cellular proteins necessary for its life. 

The virus entry increases the portion of active 

Src-kinase in the cell, which has a low affinity for 

tubulin, which leads to disruption of the assem-

bly of microtubules, which normally promote the 

formation of intermediate microfilaments [34, 35]. 

Due to low polymerization of microtubules, the 

collapse of the intermediate microfilaments oc-

curs; they are detached from the nuclear mem-

brane and collected in the form of dense bunch 

near the nucleus. Interestingly, other research-

ers observed a similar pattern when the SARS-

Cov-2 virus entered into the cell [36]. 

Therefore, in viral intoxication, intermediate mi-

crofilaments cease to perform function, which 

leads to a decrease in the unwinding of chromo-

somes and a stop of transcription factors due to 

a mechanical obstacle [17]. As a result, the tran-

scription processes of normal cell proteins 

cease.  

At this time, viral proteins can ensure the repro-

duction of the virus: transcription of genetic ma-

terial and the most important viral proteins. 

Then, in the mitochondria of the cell there is a 

translation of the viral proteins, and not the host, 

because viral RNA have the identical to cellular 

5’-end. Therefore, the ribosomes of the cell are 

not able to distinguish viral RNA from cellular. 

Further, the virus takes not only mitochondria, 

but also other important cell structures: the en-

doplasmic reticulum and the Golgi complex, 

which provide the assembly of virions and their 

transportation to the plasma membrane. 

It has been shown above that epithelial tissue of 

two age groups 20-40 and 75 years and older is 

most affected by environmental conditions 
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during the winter season. Therefore, in the case 

of viruses, the epithelial response of these two 

groups also has features compared to other 

groups. 

Thus, persons aged 20-40 have the highest por-

tion of inactive Src-kinase compared to other 

age groups. Under conditions of virus infection, 

the active part of Src and, therefore, cell prolifer-

ation are increased, but to a lesser extent than 

at 41-59 years old, which causes a rather low im-

mune response. 

The people of 75 years and older compared to 

the patients of other ages respond most vigor-

ously to the virus entry, because this group has 

the lowest content of inactive Src-kinase, which 

cannot restrain the increase in the proliferative 

activity of human cells in conditions of a signifi-

cant rise in the portion of active Src-kinase. This 

can cause hyperreactivity of the organism due to 

inadequate intensification of proliferative pro-

cesses, lead to an increase in the fibrous tissue 

formation, because stretching of epithelial cells 

will occur closer to centromeres, etc. 

Various factors, including comorbidities (obesity, 

diabetes, cancer, etc.), in which a portion of ac-

tive Src-kinase in the human organism is in-

creased, also promote a more aggressive 

course of viral infection. 

Conclusion 

From all the above, it follows that the response 

of tissues to certain pathological effects depends 

primarily on the presence of the total amount of 

Src-kinase in the human organism, as well as on 

the ratio of its active part to inactive, which de-

termines many processes in the organism, in-

cluding the proliferative activity of tissues, the 

immunological status. With a sharp predomi-

nance of the inactive portion of Src-kinase, cell 

proliferation is suppressed and, conversely, with 

a significant increase in its active part, the prolif-

erative process is enhanced. Each individual has 

its own stock of Src-kinase, laid down in embry-

ogenesis, but in general, with age there is a de-

crease in the amount of this protein. The most 

labile groups in response to pathological agents 

are people aged 20-40 and 75 years and older, 

and the most stable are 41-59 and 60-74 years 

old. In this regard, it is not advisable to combine 

two age groups 60-74 years and 75 years and 

older into a single, so-called 65 + group, be-

cause these age groups (60-74 and 75 years 

and older) have a completely different response 

to the effects of pathological agents and adverse 

meteorological conditions. Due to the fact that 

the key protein Src-kinase to a greater extent de-

termines the strategy of the organism in any 

given situation, the action of pathological agents, 

in particular viruses (including SARS-Cov-2), is 

primarily aimed at this protein. Putting most of 

this protein into an active state, the virus de-

stroys the cell's cytoskeleton, thereby stopping 

normal cellular processes while triggering its 

own. 
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