/
oo Resmurch
0... Publishing

Open Journal of Biophysics, 2020, 10, 175-190
https://www.scirp.org/journal/ojbiphy

ISSN Online: 2164-5396

ISSN Print: 2164-5388

Cancer Uses the Common Morphogenesis
Source of the Host

Aleksey N. Shoutko

Laboratory for Improvement of the Treatment Methods, Granov’s Russian Research Center for Radiology and Surgical

Technologies, St. Petersburg, Russia

Email: info@rrcrst.ru, shoutko@inbox.ru

How to cite this paper: Shoutko, A.N.
(2020) Cancer Uses the Common Mor-
phogenesis Source of the Host. Open Jour-
nal of Biophysics, 10, 175-190.

https://doi.org/10.4236/0jbiphy.2020.104013

Received: September 2, 2020
Accepted: September 27, 2020
Published: September 30, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Trophic properties of hematopoietic stem cells can influence the malignant
growth alternatively to immune control. The annual growth of the body mass
by age in adult populations of welfare countries used as the most common
criterion of metabolic and proliferative tissue activity, and these data com-
pared with death’ rate for malignant and somatic diseases in different
age-groups of the same countries. The rate of physiologic involution of dif-
ferent cell populations in the lymphoid lineage by age also involved in corre-
lations between the above parameters. A decrease in death rate for cancer and
increase it’s for non-malignant diseases found in 60+ populations, which have
the lowest physiological temp of renewal of lymphocytes number and mass of
the body. The lack of both the thymus gland volume and proliferative activity
of naive lymphocytes reduces physiological body mass renewal as well as the
cancer death rate but enhances somatic death rate, opposing to anticancer
immunity at large. A protumor character of the lymphopoietic system’s rela-
tion with malignancy seems more realistic than defending one.
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1. Introduction

Though cancer-immune model has reached 12 types of immune cells, 13 types of

cytokines, and 107 interaction links nowadays, the complexity of the model con-

siders underestimated yet [1] [2], partly because the practical input of immu-

no-oncology is scanty. As for autonomous cancer immunotherapy, endless at-

tempts at the clinical level remain just promising until now [3]. During the long
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dominated story of the doctrine of immune defense against cancer, it has been
ignoring numerous pro-tumor phenomena or finds additional arguments for
immune defense inconsistency via sophisticated ad-hocs. The suppressor-helper
cell antagonism, regulatory cells, immunoediting, an escape a tumor by deceiv-
ing of immunity, the assumption that cytotoxic chemotherapeutic agents, as well
as radiotherapy, are stimulators of the anticancer immune system and on belong
to them [4].

One of the main obscure phenomena is a reduce in the prevalence, incidence,
and mortality rates of cancer at an advanced age [5] [6] when the risk of frailty
and disability begins to increase rapidly [7], and the immunity at 60+ age cannot
be more effective than at youngers [8]. A decrease in fat-free mass and an in-
crease in percent body fat with the aging of healthy subjects [9] also are asso-
ciated with alterations in lymphoid tissue architecture and detrimental effect on
immunity [10]. Nevertheless, the average world cancer prevalence increases
from 27.6% among 15 - 49 olds to 41.7% among 50 - 69 olds but declines to
23.8% among 70+ olds, covering a period 1990-2017 [11]. Thus, an association
of advanced age with preventable chronic conditions, avoidable exposures, and
modifiable health habits that are causally associated with cancer, are the only
vague arguments for an age-related weakening of cancer activity [6].

The increasing risk of cancer at the start of the adult age and then decreasing
it slightly up to death [5] [6] has never been discussing as a result of the parallel
natural tissue renewal in the growing and aging organism. However, bone mar-
row has a unique capability to proliferate and differentiate into unspecified li-
neage of all types of cells of the body and its transplantation has increased health
span and life-span and showed great potential towards the recovery from
age-related diseases. With advancing age, bone marrow and stem cells are ineffi-
cient to maintain the homeostasis for the delivery of new cells, because of altera-
tions in bone marrow [12].

The changes in mean body weight (BW) are the simplest and most reliable
parameter of the current metabolic energy’ state of an integrative renewing tis-
sue in organism [13] [14] In the review, we compared together with the body
weight, the cancer death rate, the death rate for non-malignant diseases, and
lymphopoiesis by age and sex for human populations of countries with well so-
cio-economy conditions, using complete and modern databases to provide most
general conclusions for starting. We chose for investigating the open statistics
for UK and US since the income’ range between these countries is typical for
Canada, Australia, Iceland Germany, Netherland, Denmark, Finland, France,
and Ireland, according to data in [11].

The average physiological body weight, death’ rates for all malignant and all
non-malignant somatic diseases were extracted from an openly accessible na-
tional database of US, UK, and Germany by age as starting sources for further
analysis, together with chosen published date for age-dependency of physiologi-
cal lymphopoiesis in human. The basal method of analysis of generated curves

was their exponential approximation inside age periods under statistical control
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of maximal validity by Excel program. Each part of the curve described by the
exponential equation: S = Ae", where Sis the current value, ¢is elapsed time in
years, A is the initial value at # = 0, and A is the constant exponential rate of
changes per year for the given period It (1) can be positive (+) or negative (). It
was suitable for comparing periods because A-value is independent of value A
and is constant throughout of whole period. The maximal coefficient of deter-
mination R used for the goodness of fitting of the function to the data. The

p-value for R+ mR calculated according to the equation for Student’s t-test [15]:

t=R? x(nﬁz)x(lﬁRz) (1)

2. Natural Tissue Growth and Lymphopoiesis

Phisiological body wight [16] [17], probability of survival [18], and basic meta-
bolic rate (BMR) [19] present by age and sex in Figure 1.

After speed growth of the young’s body (left ascendant line on Figure 1) with
highest exponential growth rate A = 0.114 for young males and 0.107 per year for
young females [20] [21], the growth first slows down (A, = 0.0045, 0.0046,
0.0028, 0.0026) and then it changes to loss (4, = =0.005, =0.006, =0.008, =0.005).
The dynamic of mean BW by age, similar to that on Figure 1, we calculated for
the Germany population too, using data extracted from [20]. The rise and de-
cline of mean BW exponential rate (1) were 0.0035 and —0.005 for adult males,

and 0.0032 and —0.004 per year for adult females (not shown).
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Figure 1. Mean BW (kg, dotted lines), survival (%, solid lines), and basal metabolic rate
(BMR, kj/min x 10, solid lines) by age and sex. Absciss: age, years; Ordinate: survival, %;
body weight, kg; basic metabolic rate BMR, kj/min x 10; Circles-survival for England and
Walils population. Squares-mean BW: big—for the US, small—for UK. Triangles—BMR
for 139 French and Italian volunteers. Black symbols-male, white-female. Equations for
BMR are in solid boxes, equations for BW are in dotted boxes. Equations y= Ae, where
yare BMR or BW. A is yat the start of the age-periods (period 1: from 16 - 19 to 55 - 59
years old; p2: from 55 - 59 to 80 - 85 years old). A is an exponential rate, per year. x is age,
year. Probability p < 0.05, <0.01, and <0.001 marks with asterisks *, **, and ***corres-
pondently.
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The highest exponential growth rate for young males and females, according
0 [20] [21], correspond to speed body weight growth from =2 kg to 73 - 60 kg.

This speed growth of the young accompanies by speed waist of a thymus size
and basal metabolism after their short overshoot to 2 - 4 years age [22]. The de-
cline of thymus size is titled lymphoid type of postnatal growth of the organs of
human body because only lymphoid tissue reveals involution during adoles-
cence. This unique lymphoid tissue involution and concomitant fast increasing
in wight of the fat-free body during adolescence might be considered as result of
lymphopoietic resource’ consumption for growth of the other tissues. The high-
est basal metabolism and the highest rate of its followed spending A = —0.016
and —0.023 for boys and girls [23] confirm such opportunity. In oppose, the cells
of the adult body reproduce themselves for a while as necessary to substitute the
defective or dying cells during 17 - 55/60 years and then stop gradually growing
and dividing in 60+ old in parallel with basal metabolism’ decline with 1 =
=0.003 per year for males and females, that is much slower than in a growing
young’s [23].

The described regularities are compared with age-dependent lymphopoiesis.
The human longevity depends on lymphopoietic system injury, according to
classic radiobiologic term—hematopoietic syndrome [24] [25] [26] [27]. Figure
2 shows a natural age-dependence of the main lymphopoietic features for cell

immunity of healthy people both combined sexes.
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Figure 2. Exponential decline of humans lymphopoiesis parameters (y) by natural age
(x), according to the equation: y = Ae™™. Data for curves 1 - 6 extracted from [28]. Data for
size of solid thymic glands both types: with 250% (curve 7) and 290% of active parenchyma
(curve 8) extracted from [29]. Data for syTREC molecules number per naive T cell extracted
from [30]. Data for CD34 + HSC per 1 ml of BM extracted from [31] and [32].
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Figure 2 confirms a pillar of biology “Hayflick limit”. According it a germ,
stem, somatic, and cancer cells have individual replicative and reparative limits
[33] [34]. Rates of declining per year, =4, for total lymphocytes (1-Lph), total T-
lymphocytes (2-CD3+), and total CD4+ lymphocytes (3-CD4+) are lowest and
not significant (black symbols in Figure 2). They cannot represent longevity di-
rectly. Significant declining rates =14 (white symbols) increase as a range: =0.009
for total CD4 negative (curve 4, p = 0.015), =0.02 for CD4+ naive (curve 5, p =
0.011), =0.026 for CD4+ Treg (curve 6, p = 0.03), =0.039 for CD34+ hemato-
poietic stem cells (HSC, curve 10, p = 0.005), =0.069 for thymus volume with fat
<50% (curve 7, p = 0.004), =0.094 for thymus volume with fat < 10% (p = 0.006)
and —0.121 for number of sjTREC molecules in naive T cells (curve 9, p = 0.008).

Figure 2 shows the most specific influence of the naive lymphocytes in BM
and thymus (curves 7 and 8) and molecular witness of their proliferation-circu-
larized DNA elements (sjTREC) [35]—on age. These cells originate in BM, mi-
grate in blood and thymus during intensive growth of the body mass up to 17 -
18 age. Comparison of Figure 1 and Figure 2 identifies young lymphoid descen-
dant of HSC as the most responsible cells for natural viability. During the period
from 18 to 60 age, the thymus has involuted completely, providing slow BW
growth 10 - 12 kg only at the lowest exponential growth rates A = 0.0026 - 0.0046
per year (Figure 1). The final period of life 60+ accompanied with scanty gener-
ation of TdT+ lymphoid stem cells in BM only [36]. This deficit accompanies by
loss of the BW (with negative 1) and accelerated loss of survival with A = 0.1
(males) and —0.06 (females) in comparing with =0.0001 and —0.0008 before 60+
age. More than 90% death of the population aged 60+ (Figure 1) associate with a
deficit of T reg cells as well, as HSC and naive lymphoid cells (Figure 2), and the
association points on their universal property to promote the regeneration of
different tissue.

That function of lymphoid cells is defined earlier as morphogenic/trophic/
feeding property. It associates partly with the marker of lymphoid stem
cells-terminal deoxynucleotidyl transferase (TdT). This Na-dependent enzyme,
in extracellular media, polymerizes free deoxynucleotides into oligonucleotides.
The TdT appears in the media by apoptosis of young lymphocytes and facilitates
the DNA reparation/regeneration’ processes by nonsense-DNA fragments, pro-
duced by the enzyme. They re-utilize by target cells via pinocytosis much easy
than single deoxynucleotides charged negatively [37] [38] [39]. Later the TdT
enzyme discussed as one of three markers for the lymphoblasts, namely CD34
and CD133 markers [40], and as a component of proliferation in different tis-
sues [41] [42]. The TREC and TdT enzyme both marks newly generated thymo-
cytes in the cortex of the thymus gland [43], and part of these cells have a CD31
marker [43] that is typical for angiogenic properties [45]. Their deficit reduced
angiogenesis and suggested as a probable reason for tumorigenesis inhibition by
age [5]. This suggestion is in concordance with higher survival patients with
lower presence of vascular endothelial growth factor (VEGF) in a growing tumor

of early stages T1-2 [46]. The young lymphoid descendants may be committed
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(aimed) also toward injured tissues needed for reparation [47] [48]. The speci-
ficity of lymphopoietic lineage of feeding elements (curves 7, 8, and 9) accen-
tuates by their speeder decline in comparison with the multilineage ancestor
CD34+ HSC (curve 10). Thus, the strong suppression in the progenitor pool of
lymphocytes and a moderate decrease in a bulk cells number discredit the re-
modeling matured CD4+ and CD4- cells as an only reason the weakening of
tumorigenesis in advanced age supposed by [5]. The small size cells with surface
markers CD133+, CD34+ have a real stem nature and a lymphocyte-like appea-
ranceas well as their descendants. The presence of more young, smallest em-
bryonic-like stem cells (VSELs) in adult tissues and their morphogenic proper-
ties is a substantial challenge also to the dominated dogma of cellular immune

defense from cancer [49].

3.Is the Age-Dependent Exhaustion of an Immunity
Protumor or Anti-Tumor?

Figure 3 compares how a deficit of feeding cells influence the mortality rate
from cancer and somatic diseases in 60+ populations. Data for Figure 3 ex-
tracted from United States Cancer Statistics 1999-2015 [50], UK Cancer Statis-
tics 2015-2017 [51], United States National Center of Health Statistics 1999-2015
[52] and Dataset Deaths registered in England and Wales 2009-2018 [53].
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Figure 3. Rate of death (per 10° persons) for cancer and non-cancer diseases in the pop-
ulation of UK (A) and white population of US (B) by age and sex. Ordinate: rate of death
perl0°persons. Abscissa: age, year; Rhombuses-non-malignant diseases. Circles-cancer;
Black symbols-male and white symbols-females. Dotted lines correspond to equations y =
Ae™, where y is a rate of death per 10°, A-exponential rate, per year; x-age, year; A-the
value of y at the start of each of two age-periods: the first from 16 - 19 to 62 - 65 and the
second from 65 to 80 - 85 years old. The equations for the 16 - 65 period are in the left
vertical columns, and these for period 65+ are in the right vertical columns. Each vertical
range of equations corresponds to positions of the dotted line.
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The changes in rates of death from cancer and non-cancer diseases are oppo-
site in the same period of age for adults 55 - 62 years and more. They reflect a
deficit of protumor activity of lymphopoiesis due to its physiological weakening
rather than the popular of enhancing antitumor immunity expected traditional-
ly. The increasing the death rate A of all diseases from 0.062 - 0.080 to 0.086 -
0.125 per year after 60 age contradicts any enhance of immunity but agrees with
the weakening of trophic function unmatured lymphoid cells toward both ma-
lignant and physiological tissue renewal. The concomitant reduction of the can-
cer death rate A from 0.11 to 0.051 - 0.071 per year in 60 + populations proofs
the trophic dependence of cancer activity from lymphopoietic function.

In view of this, we investigated more carefully whether the features of lym-
phopoiesis decline monotonously by age in adults, or accelerate the negative rate
at some critical age point, like a body mass growth. The original data Figure 2,
being transformed by sex, showed the bright age period 40 - 60 years, where the
loss of lymphopoiesis accelerates nine times for females and three times for
males, on average (Figure 4).

The fifth time’s speed of declining of a loss CD34+ cells number per mkl of
blood found in people both sexes, namely A was —0/003 per year before 50 age,
and later up to 80 age A = =0.014 per year correspondently [54]. The similar in-
crease in the rate of loss for HSC’ subpopulations CD34+/CD133+, CD34+/CXCR4+,
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Figure 4. Two Exponential rates of lymphopoiesis exhaustion by age and sex. Whyte
symbols-female; Black symbols-males. Size of solid thymic glands, %: with >50% of active
parenchyma—triangles; with 290% of active parenchyma—rhombuses. The number of
sjTREC molecules per naive T cell-circles. Letters T, R, and C in the equations mean tri-
angles, rhombuses, and circles. Equations in the left column—for dotted lines; right col-
umn—for solid lines.
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and CD34+/CD133+/CXCR4+ with age registered later [55]. Simultaneously, a
percentage of death from heart and cerebrovascular diseases among all non-cancer
increases fifth times from 40 to 60 age, whereas the average percentage from 20
to 40 age did not change [56]. A six-seven times reduction of the average per-
centage of VSEL (very small embryonic-like) CD133+ stem cells in epicardium
and endocardium of the heart was in people 40 - 60 age vs. 20 - 40 age. Trans-
plantation of these cells after acute and chronic myocardial infarction demon-
strated their therapeutic potential [57]. It was consistent with last world statistic.
For example, in 2017 the cancer was a course of death for 1.05, 3.96 and 4.43
million of people in age groups 15 - 49, 50 - 69 and 70+, whereas the 2.36, 8.08
and 17.42 million died from non-malignant pathologies, including cardiovascu-
lar, respiratory, kidney digestive, diarrheal diseases, and lower respiratory infec-
tions [58]. A deficit of common morphogenic resource presented by angiogenic
HSC and young lymphocytes seems to be the most logical reason for six-time
reduction of world cancer death together with slight-in one and sixth tenths
time-enhance of non-cancer death after 69 age. Relative excessive risks of cancer
incidence and cancer mortality for a cohort of Russian Chernobyl emergency
workers with mean age 33.9 years, at entry into the zone of recovery operations
increased to 51 years old but to 59 years old mortality has lowered though the
incidence continued to rise [59]. Thus, the best available justification for the
sharp turn of curves in Figure 3 is an abrupt deficit of lymphatic lineage of he-
matopoiesis between 40 - 60 age.

4. Discussion

Figure 5 summarizes the presented data.

0.005 -0.005 -0.,01

Figure 5. The relation of the bodyweight changes, the changes of malignant/non-malignant
death rates, and the changes of lymphopoietic resources in adults by age. Abscissa: aver-
age exponential rate A of the body mass during its evolution (left) and involution (right),
per year. (Source: Figure 1). Ordinate: Average exponential rates A of the death rate for
malignant (triangles, source Figure 3), non-malignant diseases (circles, source Figure 3),
and A of an aggregate cumulative overall index of lymphopoietic resource (ILR, squares,
source-Figure 2). ILR = average A for the thymus sizes and sjTREC molecules.
Bars-standard errors. Asterix: *p < 0.05, **p < 0.01, and ***p < 0.001. Asterix in box-
es—for p inside a parameter, without boxes—for p between parameters. All points are the
average for white males and females according to US and UK national statistics.
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Data in Figure 5 show the reduction of cancer mortality (triangles) in parallel
with natural decreasing both tissue growth (abscissa) and lymphopoietic activity
(squares) in the host’s body by age of adults. Oppositely, non-malignant somatic
mortality increases simultaneously in population. Thus, the lymphopoiesis pre-
vents the non-malignant pathology but provides both cancer and physiologic
morphogenesis. Data argued the identity of the feeding influence of lympho-
poiesis on malignant growths and the physiological renewing of somatic tissues
of the host without the need to involve immunity for an explanation. This vision
agreeable with the perception of cancer development like a developing embryo.
To recognize the immune defense paradigm insufficient would be quite logical if
malignancy were a tissue used all growth resources of a host organism, as a tis-
sue of fetus and childish teen body do during maximal reproductive potency of
the thymic gland [60]. This proposal does not compromise the leading role of
lymphopoiesis in providing all regenerative and cell’ renewal processes in tissues
with any genesis. Commonly, the morphogenic function of HSC has been widely
discussing applying to somatic non-malignant tissues [48] [57] [61], but rare to
malignant tissues growth [24] [47] [62] [63] [64] because of domination of im-
mune defense dogma. Even simple bone marrow transplantation has increased
health span and life-span, recovering from some age-related diseases, confirming
the ability hematopoietic stem cells to support not immunity only but the dif-
ferent tissue renewal also. At the same time, the recurrent malignancy and sec-
ondary cancers consider as a leading cause of the late mortality after curative
treatment with hematopoietic cell transplantation [65]. The irradiated dogs with
normal hematopoiesis in comparison with those who had weakened function
lived longer and generated more cancers or benign tumors during the first
two-thirds of life. But dogs with limited hematopoietic function shoved relatively
much more hematoblastoses during the same time [66]. The decrease in the rate
of cancer death after 60 natural age (Figure 3) would be unexplainable if the ac-
tivation of cancer after BM transplantation were due to the weakening of im-
mune defense, as it is usually explained. Thus, our analysis shows/points on the
dependence of both non-malignant and malignant tissues growth from the
morphogenic function of young lymphocytes during the senescence of the host.
Then, the generally harmful exhaustion of lymphopoiesis might be considered
an anticarcinogen in the elderly. All kinds of systemic cytotoxic therapy of can-
cer have been doing the same by decades. The permitted -moderate-level of in-
duced lymphopenia during cancer treatment 0.8 - 0.5 x 10°/L [67] is comparable
with that typical for acute radiation sickness grade 2 after exposure with doses 2
- 4 Sv, which is not guaranteed the fair prognosis even for healthy people [27]
[68]. Moreover, basing on this similarity, we grounded the competition of cancer
and host tissues for the trophic resource of lymphopoiesis, limited naturally. On
this modern base, we proposed earlier new principles of competitive cancer
therapy with conventional cytotoxic agents, explanation of cancer cachexia, and

the matter of coming resistance of cancer to cytotoxic treatment [69].
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5. Conclusion

Thus, a protumor character of the lymphopoietic system’s relation with malig-
nancy seems more realistic than defending one. We did not find reasons for
supporting the stimulation of anticancer immunity by any cytotoxic treatment,
including long time metronomic therapy with low doses of anticancer drugs, as
argued by Calabrese EJ and followers [70]. Analysis of the phenomenon of radi-
ation hormesis showed that it does not disprove a linear hypothesis, being a re-
sult of redirection of morphogenic potency of the host from cancer tissue’
growth to reparation/regeneration of the multitude of sub-lethal injures in
non-malignant tissues of the body [71]. Giving low doses of cytotoxic chemo-
therapy may act that indirect way, simulating direct inactivation of cancer cells
due to insufficiency of tumor endothelial net renewal [72]. We support the actu-
ality of the changing paradigm of tumor response to different kinds of cytotoxic
agent also [72] [73]. With this review, we try to initiate the discussion, should
the immune doctrine in oncology continue to elongate an endless range of new
mechanisms at cellular and molecular levels, or attempt to re-evaluate and sub-
due them to general physiological phenomena at the level of the whole organism
of the host.

Acknowledgements

The work was supported by the Ministry of Healthcare, RF.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-
per.

References

[1] Wenbo, L. and Wang, J. (2017) Uncovering the Underlying Mechanism of Cancer
Tumorigenesis and Development under an Immune Microenvironment from Glob-
al Quantification of the Landscape. Journal of the Royal Society Interface, 14, Ar-
ticle ID: 20170105. https://doi.org/10.1098/rsif.2017.0105

[2] Yuen, G.J., Demissie, E. and Pillai, S. (2016) B Lymphocytes and Cancer: A
Love-Hate Relationship. Trends in Cancer, 2, 747-757.
https://doi.org/10.1016/j.trecan.2016.10.010

[3] Kaufman, H.L., Atkins, M.B., Subedi, P., Wu, J., Chambers, J., Mattingly II, T.].,
Campbell, ].D., Allen, J., Ferris, A.E., Schilsky, R.L., Danielson, D., Lichtenfeld, J.L.,
House, L. and Selig, W.K.D. (2019) The Promise of Immuno-Oncology: Implica-

tions for Defining the Value of Cancer Treatment. Journal for ImmunoTherapy of
Cancer, 7, 129. https://doi.org/10.1186/s40425-019-0594-0

[4] Galluzzi, L., Zitvogel, L. and Kroemer, G. (2016) Immunological Mechanisms un-
derneath the Efficacy of Cancer Therapy. Cancer Immunology Research, 4, 895-902.
https://doi.org/10.1158/2326-6066.CIR-16-0197

[5] Harding, C., Pompei, F. and Wilson, R. (2012) Peak and Decline in Cancer Inci-
dence, Mortality, and Prevalence at Old Ages. Cancer; 118, 1371-1386.
https://doi.org/10.1002/cncr.26376

DOI: 10.4236/0jbiphy.2020.104013

184 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1098/rsif.2017.0105
https://doi.org/10.1016/j.trecan.2016.10.010
https://doi.org/10.1186/s40425-019-0594-0
https://doi.org/10.1158/2326-6066.CIR-16-0197
https://doi.org/10.1002/cncr.26376

A. N. Shoutko

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

White, M.C., Holman, D.M., Boehm, J.E., Peipins, L.A., Grossman, M. and Henley,
S.J. (2014) Age and Cancer Risk. American Journal of Preventive Medicine, 46,
§7-S15. https://doi.org/10.1016/j.amepre.2013.10.029

Olshansky, S.J. (2018) From Lifespan to Healthspan. JAMA. The Journal of the
American Medical Association, 320, 1323-1324.
https://doi.org/10.1001/jama.2018.12621

Simon, A.K., Hollander, G.A. and McMichae, A. (2015) Evolution of the Immune
System in Humans from Infancy to Old Age. Proceedings of the Royal Society B:
Biological Sciences, 282, Article ID: 20143085.
https://doi.org/10.1098/rspb.2014.3085

He, X,, Li, Z.S., Tang, X.H., Zhang, L.J., Wang, L., He, Y.J,, Jin, T.B. and Yuan, D.
(2018) Age- and Sex-Related Differences in Body Composition in Healthy Subjects
Aged 18 to 82 Years. Medicine, 97, e11152.
https://doi.org/10.1097/MD.0000000000011152

Andersen, C.J., Murphy, K.E. and Fernandez, M.L. (2016) Impact of Obesity and
Metabolic Syndrome on Immunity. Advances in Nutrition, 7, 66-75.
https://doi.org/10.3945/an.115.010207

Roser, M., Ritchie and Cancer, H. (2019) Chapter: Prevalence of Cancer by Age. a:
Cancer Survival Rates by Income; b: Cancer Deaths by Income. In: Roser, M. and
Ritchie, H., Eds., Our World in Data. Cancer, Vol. 11.
http://ourworldindata.org>cancer

Ahamad, N. and Rath, P. (2019) Bone Marrow Stem Cells, Aging, and Age-Related
Diseases. In: Rath, P.C., Ed., Models, Molecules and Mechanisms in Biogerontology.
Physiological Abnormalities, Diseases and Interventions, Springer Nature, Berlin,
321-354. https://doi.org/10.1007/978-981-13-3585-3_15

Tontisirin, K. and de Haen, H. (2001) Human Energy Requirements, Report of a
Joint FAO/WHO/Expert Consultation. Rome, 17-24 October 2001, World Health.
FAO FOOD AND NUTRITION TECHNICAL REPORT SERIES, 1. Head Quarters,
Rome, 35-52.

Hall, K.D., Heymsfield, S.B., Kemnitz, J.W., Kleinand, S., Schoeller, D.A. and
Speakman, J.R. (2012) Energy Balance and Its Components: Implications for Body
Weight Regulation. Journal of Clinical Nutrition, 95, 989-994.
https://doi.org/10.3945/ajcn.112.036350

Loveland, J.L. (2013) Mathematical Justification of Introductory Hypothesis Tests
and Development of Reference Materials. All Graduate Plan B and Other Reports.
Utah State University, Logan, 14. https://digitalcommons.usu.edu/gradreports/14

U.S. EPA (Environmental Protection Agency) (2011) Exposure Factors Handbook:
2011 Edition. National Center for Environmental Assessment, Washington, DC;
EPA/600/R-09/052F. Body Weight Studies 8.1-8.52. Available from the National
Technical Information Service, Springfield, VA. http://www.epa.gov/ncea/eth

Héglund, L., Rdisdnen, J., Himaildinen, A-M., Warholm, M., van der Hagen, M.,
Suleiman, A., Kristjansson, V., Nielsen, E. and Kopp, T.I. (2012) Existing Default
Values and Recommendations for Exposure Assessment—A Nordic Exposure
Group Project 2011. Nordic Council of Ministers. TemaNord, No. 505, Vol. 2012
Body Weight. 25-30.

Office for National Statistics (2017) Most Common Age at Death, by So-
cio-Economic Position in England and Wales: A 30 Years Comparison. Reports for
the Variations in Age at Death between 1982 to 1986 and 2007 to 2011 by Sex and
Socio-Economic Position in England and Wales Using the ONS Longitudinal Study

DOI: 10.4236/0jbiphy.2020.104013

185 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1016/j.amepre.2013.10.029
https://doi.org/10.1001/jama.2018.12621
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1097/MD.0000000000011152
https://doi.org/10.3945/an.115.010207
https://doi.org/10.1007/978-981-13-3585-3_15
https://doi.org/10.3945/ajcn.112.036350
https://digitalcommons.usu.edu/gradreports/14
http://www.epa.gov/ncea/efh

A. N. Shoutko

(19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

(LS). Average Age at Death by Sex and National Statistics Socio-Economic Classifi-
cation (NS-SEC) Classes, England and Wales Mean, Median and Modal Age at
Death by Sex and NS-SEC Classes between 1982 to 1986 and 2007 to 2011.

Meunier, N., Beattie, J.H., Ciarapica, D., O’Connor, ].M. and Andriollo-Sanchez, M.
(2005) Basal Metabolic Rate and Thyroid Hormones of Late Middle-Aged and Old-
er Human Subjects: The ZENITH Study. European Journal of Clinical Nutrition,
59, S53-S57. https://doi.org/10.1038/sj.ejcn.1602299

The Information System of the Federal Health Monitoring. Behavioral and Risk
Aspects of Health (2017) Table-Height, and Weight of the Population. Die Bunde-
sregierung, Germany. http://www.gbe-bund.de

WHO (2006) Child Growth Standards. Methods and Development: Length/
Height-for-Age, Weight-for-Age, Weight-for-Length, Weight-for-Height and Body
Mass Index-for-Age. Department of Nutrition for Health and Development.

Yekeler, E., Tambag, A., Tunaci, A., Genchellac, H., Dursun, M., Coksay, G. and
Asunas, G. (2004) Analysis of the Thymus in 151 Healthy Infants from 0 to 2 Years
of Age. Journal of Ultrasound in Medicine, 23, 1321-1326.
https://doi.org/10.7863/jum.2004.23.10.1321

Mitchell, H. (2012) Comparative Nutrition of Man and Domestic Animals. Vol. 1,
Academic Press, Cambridge.

Shoutko, A.N. (2019) Overview of Hematopoietic Stem Cells in Systemic Cancer-
Treatment, Aging, Pregnancy, and Radiation Hormesis. Advances in Molecular
Imaging, 9, 19-42. https://doi.org/10.4236/ami.2019.92003

Schuster, B., Ellmann, A., Mayo, T., Auer, J., Haas, M., Hatch, M., Fietkau, R. and
Distel, L.V. (2018) Rate of Individuals with Clearly Increased Radiosensitivity Rise
with Age Both in Healthy Individuals and in Cancer Patients. BMC Geriatrics, 18,
105. https://doi.org/10.1186/s12877-018-0799-y

Choi, N., Kim, J.H., Chie, E.K., Gim, J. and Kang, H.-C. (2019) A Meta-Analysis of
the Impact of Neutrophil-to-Lymphocyte Ratio on Treatment Outcomes after Radi-
otherapy for Solid Tumors. Medicine, 98, €15369.
https://doi.org/10.1097/MD.0000000000015369

Adalja, A.A. (2011) Hematopoietic Elements of Acute Radiation Sickness. Clini-
cians Biosecurity News: Analysis of Advances and Challenges in Clinical Biosecuri-
ty, John Hopkins Bloomberg School of Public Health, Center for Health Security,
Baltimore, 1-7.

Botafogo, V., Pérez-Andres, M., Jara-Acevedo, M., Barcena, P., Grigore, G.,
Hernandez-Delgado, A., Damasceno, D., Comans, S., Blanco, E., Romero, A., Arri-
ba-Méndez, S., Gastaca-Abasolo, 1., Pedreira, C.E., van Gaans-van den Brink, J.
A.M,, Corbiere, V., Mascart, M., van Els, C.A.C.M., Barkoff, A.-M., Mayado, A., van
Dongen, J.J.M., Almeida, J. and Orfao, A. (2020) Age Distribution of Multiple
Functionally Relevant Subsets of CD4+ T Cells in Human Blood Using a Standardi-
zedand Validated 14-Color Euro Flow Immune Monitoring Tube. Frontiers in Im-
munology, 11, 166. https://doi.org/10.3389/fimmu.2020.00166

Araki, T., Nishino, M., Gao, W., Dupuis, J., Hunninghake, G.M., Murakami, T.,
Washko, G.R., O’Connor, G.T. and Hatabu, H. (2016) Normal Thymus in Adults:

Appearance on CT and Associations with Age, Sex, BMI and Smoking. European
Radiology, 26, 15-24. https://doi.org/10.1007/s00330-015-3796-y

Pido-Lopez, J., Imami, N. and Aspinall, R. (2001) Age and Gender Affect Thymic
Output: More Recent Thymic Migrants in Females than Males as They Age. Clinical
and Experimental Immunology, 125, 409-413.

DOI: 10.4236/0jbiphy.2020.104013

186 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1038/sj.ejcn.1602299
http://www.gbe-bund.de/
https://doi.org/10.7863/jum.2004.23.10.1321
https://doi.org/10.4236/ami.2019.92003
https://doi.org/10.1186/s12877-018-0799-y
https://doi.org/10.1097/MD.0000000000015369
https://doi.org/10.3389/fimmu.2020.00166
https://doi.org/10.1007/s00330-015-3796-y

A. N. Shoutko

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

https://doi.org/10.1046/j.1365-2249.2001.01640.x

Dedeepiya, V.D., Rao, Y.Y., Jayakrishnan, G.A., Parthiban, J.K.B.C., Baskar, S.,
Manjunath, S.R., Senthilkumar, R. and Abraham, S.J.K. (2012) Index of CD34+
Cells and Mononuclear Cells in the Bone Marrow of Spinal Cord Injury Patients of
Different Age Groups: A Comparative Analysis. Bone Marrow Research, 2012, Ar-
ticle ID: 787414. https://doi.org/10.1155/2012/787414

Schiindeln, M.M., Walde, G., Basu, O., Havers, W. and Kremens, B. (2014) Quanti-
fication of Nucleated Cells, CD34-Positive Cells and CFU-GM Colonies in Single
Bone Marrow Samples and Bone Marrow Harvests Derived from Healthy Children.

Pediatric Hematology and Oncology, 31, 340-348.
https://doi.org/10.3109/08880018.2013.874513

Varela, E. and Blasco, M.A. (2010) Nobel Prize in Physiology or Medicine: Telo-
meres and Telomerase. Oncogene, 29, 1561-1565.
https://doi.org/10.1038/0nc.2010.15

Shay, J.W. and Wright, W.E. (2019) Telomeres and Telomerase: Three Decades of
Progress. Nature Reviews Genetics, 20, 299-309.
https://doi.org/10.1038/s41576-019-0099-1

Serana, F., Chiarini, M., Zanotti, C., Sottini, A., Bertoli, D., Bosio, A., Caimi, L. and
Imberti, L. (2013) Use of V(D) ] Recombination Excision Circles to Identify T- and
B-Cell Defects and to Monitor the Treatment in Primary and Acquired Immunode-
ficiencies. Journal of Translational Medicine, 11, 119.
http://www.translational-medicine.com/content/11/1/119
https://doi.org/10.1186/1479-5876-11-119

Gore, S.D., Kastan, M.B. and Civin, C.I. (1991) Normal Human Bone Marrow Pre-
cursors That Express Termina, Deoxynucleotidyl Transferase Include T-Cell Pre-
cursors and Possible Lymphoid Stem Cells. Blood, 77, 1681-1690.
https://doi.org/10.1182/blood.V77.8.1681.1681

Shoutko, A.N., Shatinina, N.N. and Lubotskaya, L.S. (1979) On the Possible Path-
way of Reutilization of Extracellular DNA Monomers by Irradiated Lymphoid Cells.

In: Recovery and Compensatory Processes in Radiation Injuries, Central Research
X-Ray and Radiological Institute of the Ministry of Health of the USSR, Leningrad,
42-43. On Russian.

Shutko, A.N. and Shatinina, N.N. (1974) Effect of the Degree of Polymerization of
Exogenous DNA on Its Incorporation into Rat Thymocytes in Vitro. Bulletin of
Experimental Biology and Medicine, 77, 53-55. https://doi.org/10.1007/BF00802476

Sutko, A.N., Simbirceva, L.P., Satinina, N.N., Syst, V.F., Lubockaya, L.S. and Eki-
mova, L.P. (1983) Pathogenetische Bedeutung der TDT-positive Lymphozitenbei

der Limphogranulomatatose. Radiobiology in Radiotherapy (Berl), 26, 311-315.

Goczyca, W. (2010) Flow Cytometryin Neoplastic Hematology. Morphologic-Immun-
ophenotyping. Correlations. Second Edition, Informa Healthcare, Colchester, 58-82.

Gholami, S., Mohammadi, S.M., Akbari, A.M., Abedelahi, A., Alihemmati, A., Fal-
lahi, S. and Charoudeh, H.N. (2017) Terminal Deoxynucleotidyl Transferase (TdT)
Inhibition of Cord Blood Derived B and T Cells Expansion. Advanced Pharmaceut-
ical Bulletin, 7, 215-220. https://doi.org/10.15171/apb.2017.026

Anunobi, R., Boone, B.A., Cheh, N., Loux, T., Lotze, M.T. and Zeh, H.]. (2018)
Extracellular DNA Promotes Colorectal Tumor Cell Survival after Cytotoxic Che-
motherapy. Journal of Surgical Research, 226, 181-191.
https://doi.org/10.1016/j.jss.2018.02.042

Mathur, S.C., Schexneider, K.I. and Hutchison, R.E. (2011) Hematopoiesis. In:

DOI: 10.4236/0jbiphy.2020.104013

187 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1046/j.1365-2249.2001.01640.x
https://doi.org/10.1155/2012/787414
https://doi.org/10.3109/08880018.2013.874513
https://doi.org/10.1038/onc.2010.15
https://doi.org/10.1038/s41576-019-0099-1
http://www.translational-medicine.com/content/11/1/119
https://doi.org/10.1186/1479-5876-11-119
https://doi.org/10.1182/blood.V77.8.1681.1681
https://doi.org/10.1007/BF00802476
https://doi.org/10.15171/apb.2017.026
https://doi.org/10.1016/j.jss.2018.02.042

A. N. Shoutko

[44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

McPherson, R.A. and Pinkus, M.R., Eds., Henry's Clinical Diagnosis and Manage-
ment by Laboratory Methods, 22nd Edition, Elsevier, Sunders, Philadelphia,
536-556. https://doi.org/10.1016/B978-1-4377-0974-2.00031-2

den Braber, 1., Mugwagwa, T., Vrisekoop, N., Westera, L., Mogling, R., de Boer,
A.B., Willems, N., Schrijver, E.H.R,, Spierenburg, G., Gaiser, K., Mul, E., Otto, S.A.,
Ruiter, A.F.C., Ackermans, M.T., Miedema, F., Borghans, J.A.M., de Boer, R.J. and
Tesselaar, K. (2012) Maintenance of Peripheral Naive T Cells Is Sustained by Thy-
mus Output in Mice But Not Humans. /mmunity, 36, 288-297.
https://doi.org/10.1016/j.immuni.2012.02.006

Ross, M.D., Malone, E.M., Simpson, R., Cranston, I., Ingram, L., Wright, G.P,
Chambers, G. and Florida-James, G. (2018) Lower Resting and Exercise-Induced
Circulating Angiogenic Progenitors and Angiogenic T Cells in Older Men. Ameri-
can Journal of Physiology: Heart and Circulatory Physiology, 314, 392-402.
https://doi.org/10.1152/ajpheart.00592.2017

Schliiter, A., Weller, P., Kanaan, O., Nel, I., Heusgen, L., Hoéing, B., Haf8kamp, P.,
Zander, S., Mandapathil, M., Dominas, N., Arnolds, J., Stuck, B.A., Lang, S., Bank-
falvi, A. and Brandauet, S. (2018) CD31 and VEGF Are Prognostic Biomarkers in
Early-Stage, But Not in Late-Stage, Laryngeal Squamous Cell Carcinoma. BMC
Cancer, 18, 272. https://doi.org/10.1186/s12885-018-4180-5

Shoutko, A.N., Gerasimova, O.A. and Mus, V.F. (2020) Lymphopoietic Reproduc-
tive Activity at Lethal Diseases. In: Rehman, U. and Parvini, F., Eds., Prime Arc-
hives in Genetics, Vide Leaf-Digital Book Publishing, Hyderabad, 1.
https://doi.org/10.37247/PAG.1.2020.2

Ratajczak, M.Z., Adamiak, V., Bujko, K., Tara, A., Pensato, V., Kucia, M., Ratajczak,
J. and Ulrich, H. (2020) Innate Immunity Orchestrates the Mobilization and Hom-
ing of Hematopoietic Stem/Progenitor Cells by Engaging. Purinergic Signaling, 16,
153-166. https://doi.org/10.1007/s11302-020-09698-y

Ratajczak, M.Z., Ratajczak, J., Suszynska, M., Miller, D.M., Kucia, M. and Shin,
D.M. (2017) A Novel View of the Adult Stem Cell Compartment from the Perspec-
tive of a Quiescent Population of Very Small Embryonic-Like Stem Cells. Circula-
tion Research, 120, 166-178. https://doi.org/10.1161/CIRCRESAHA.116.309362

National Cancer Institute, SEER Cancer Statistics Review (CSR) 1975-2017 (2020)
Browse the SEER Cancer Statistics Review 1975-2017. Age-Specific U.S. Death
Rates, 2013-2017.

Office for National Statistics. Statistical Bulletin: Cancer Registration Statistics,
England (2015) Cancer Diagnoses and Age-Standardised Incidence Rates for All
Cancer Sites by Age, Sex and Region.

LCWKI. Deaths, Percent of Total Deaths, and Death Rates for the 15 Leading
Causes of Death in 5-Year Age Groups, by Race and Sex: United States, 2015. In:
National Vital Statistics System (2017) Rates for the 15 Leading Causes of Death in
5-Year Age Groups, by Race and Sex: United States, 1999-2015. pp 46-65.
www.cdc.govnchsnvss>mortality>lcwk1

Office for National Statistics (2019) Dataset Deaths Registered in England and
Wales.

Mheid, I.A., Hayek, S.S., Ko, Y.-A., Akbik, F,, Li, Q., Ghasemzadeh, N., Martin, G.S.,
Long, Q., Hammadah, M., Zafari, A.M., Vaccarino, V., Waller, E.K. and Quyyumi,
A.A. (2016) Impact of Cardiovascular Risk Factors. Circulation Research, 119,
801-809. https://doi.org/10.1161/CIRCRESAHA.116.308461

Topel, M.L., Hayek, S.S., Ko, Y.-A,, Sandesara, P.B., Tahhan, A.S., Hesaroieh, I,
Mahar, E., Martin, G.S., Waller, E.K. and Quyyumi, A.A. (2017) Sex Differences in

DOI: 10.4236/0jbiphy.2020.104013

188 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1016/B978-1-4377-0974-2.00031-2
https://doi.org/10.1016/j.immuni.2012.02.006
https://doi.org/10.1152/ajpheart.00592.2017
https://doi.org/10.1186/s12885-018-4180-5
https://doi.org/10.37247/PAG.1.2020.2
https://doi.org/10.1007/s11302-020-09698-y
https://doi.org/10.1161/CIRCRESAHA.116.309362
https://doi.org/10.1161/CIRCRESAHA.116.308461

A. N. Shoutko

[56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

[64]

(65]

[66]

(67]

(68]

[69]

Circulating Progenitor Cells. Journal of the American Heart Association, 6,
€006245. https://doi.org/10.1161/JAHA.117.006245

Zaorsky, N.G., Churilla, T.M., Egleston, B.L., Fisher, S.G., Ridge, ].A., Horwitz, E.M.
and Meyer, J.E. (2017) Causes of Death among Cancer Patients. Annals of Oncolo-
&7, 28, 400-407. https://doi.org/10.1093/annonc/mdw604

El-Helw, M., Chelvarajan, L., Abo-Aly, M., Soliman, M., Milburn, G., Conger, A.L,,
Campbell, K., Ratajczak, M.Z. and Abdel-Latif, A. (2019) Identification of Human
Very Small Embryonic like Stem Cells (VSELS) in Human Heart Tissue among
Young and Old Individuals. Stem Cell Reviews and Reports, 16, 181-185.
https://doi.org/10.1007/s12015-019-09923-1

IHME (2018) Our World in Data. The Oxford Martin Program on Global Devel-
opment. Global Burden of Disease Collaborative Network. Global Burden of Dis-
ease Study. GBD 2017 Results. Institute for Health Metrics and Evaluation (IHME),
Seattle. http://ghdx.healthdata.org/gbd-results-tool

Ivanov, V.K., Karpenko, S.V., Kashcheev, V.V., Lovachev, S.S., Kashcheeva, P.V.,
Shchukina, N.V., Tumanov, K.A., Kochergina, E.V. and Maksioutov, M.A. (2020)
Relationship between Follow-Up Periods and the Low-Dose Ranges with Statisti-
cally Significant Radiation-Induced Risk of All Solid Cancers in the Russian Cohort
of Chernobyl Emergency Workers. Radiation and Environmental Biophysics, 59,
415-421. https://doi.org/10.1007/s00411-020-00850-1

Manzo, G. (2019) Similarities between Embryo Development and Cancer Process
Suggest New Strategies for Research and Therapy of Tumors: A New Point of View.
Frontiers in Cell and Developmental Biology, 7, 20.
https://doi.org/10.3389/fcell.2019.00020

Dulffy, S.S., Keating, B.A. and Moalem-Taylor, G. (2019) Adoptive Transfer of Reg-
ulatory T Cells as a Promising Immunotherapy for the Treatment of Multiple Scle-
rosis. Frontiers in Neuroscience, 13, 1107. https://doi.org/10.3389/fnins.2019.01107

Gardner, V., Madu, C.O. and Lu, Y. (2017) Chapter 19. Anti-VEGF Therapy in
Cancer: A Double-Edged Sword. In: Simionescu, D., Ed., Physiologic and Patholog-
ic Angiogenesis, IntechOpen, London, 1380-1388. https://doi.org/10.5772/66763

Shoutko, A.N. (2019) Immunity or Morphogenesis in Cancer Development and
Treatment Integrative Cancer Science and Therapeutics. Integrative Cancer Science
and Therapeutics, 6, 1-8. https://doi.org/10.15761/ICST.1000317

Shoutko, A.N. and Maystrenko, D.N. (2019) Spontaneous Remission of Cancer and
Wounds Healing. Austin Journal of Surgery, 6, 1226.
http://www.austinpublishinggroup.com

Inamoto, Y. and Lee, S.J. (2017) Late Effects of Blood and Marrow Transplantation.
Haematologica, 102, 614-625. https://doi.org/10.3324/haematol.2016.150250

Shoutko, A.N. and Ekimova, L.P. (2013) Abnormal Tissue Proliferation and Life
Span Variability in Chronically Irradiated Dogs. Radiation and Environmental Bi-
ophysics, 53, 65-72. https://doi.org/10.1007/s00411-013-0504-7

National Cancer Institute (2006) Common Terminology Criteria for Adverse Events
v3.0 (CTCAE).

Shoutko, A.N., Yurkova, L.E., Borodulya, K.S. and Ekimova, L.P. (2015) Lympho-
cytopenia and Cytotoxic Therapy in Patients with Advanced Ovarian Cancer. Can-
cer Research Journal, 3, 47-51. https://doi.org/10.11648/j.crj.20150303.11

Shoutko, A.N., Yurkova, L.E., Borodulya, K.S., Ekimova, L.P. and Matyurin, K.S.
(2017) Competitive Principal of Tumor Control in Radiological Clinic. Radiology
and Diagnostic Imaging, 1, 1-2. https://doi.org/10.15761/RDI.1000107

DOI: 10.4236/0jbiphy.2020.104013

189 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1161/JAHA.117.006245
https://doi.org/10.1093/annonc/mdw604
https://doi.org/10.1007/s12015-019-09923-1
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1007/s00411-020-00850-1
https://doi.org/10.3389/fcell.2019.00020
https://doi.org/10.3389/fnins.2019.01107
https://doi.org/10.5772/66763
https://doi.org/10.15761/ICST.1000317
http://www.austinpublishinggroup.com/
https://doi.org/10.3324/haematol.2016.150250
https://doi.org/10.1007/s00411-013-0504-7
https://doi.org/10.11648/j.crj.20150303.11
https://doi.org/10.15761/RDI.1000107

A. N. Shoutko

(70]

(71]

(72]

(73]

Janiak, M.K., Wincenciak, M., Cheda, A., Nowosielska, E.M. and Calabrese, E.].
(2017) Cancer Immunotherapy: How Low-Level Ionizing Radiation Can Play a Key
Role. Cancer Immunology, Immunotherapy, 66, 819-832.
https://doi.org/10.1007/s00262-017-1993-z

Shoutko, A.N. and Ekimova, L.P. (2017) The Effects of Tissue Regenerative Status
on Hormesis in Dogs Irradiated during Their Lifespan. Open Journal of Biophysics,
7, 101-115. https://doi.org/10.4236/0jbiphy.2017.73009

Kim, J. and Kim, Y. (2019) Tumor Endothelial Cells as a Potential Target of Metro-
nomic Chemotherapy. Archives of Pharmacal Research, 42, 1-13.
https://doi.org/10.1007/s12272-018-01102-z

Hill, R.P. (2017) The Changing Paradigm of Tumor Response to Irradiation. 7he
British Journal of Radiology, 90, Article ID: 20160474.
https://doi.org/10.1259/bjr.20160474

DOI: 10.4236/0jbiphy.2020.104013

190 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.104013
https://doi.org/10.1007/s00262-017-1993-z
https://doi.org/10.4236/ojbiphy.2017.73009
https://doi.org/10.1007/s12272-018-01102-z
https://doi.org/10.1259/bjr.20160474

	Cancer Uses the Common Morphogenesis Source of the Host
	Abstract
	Keywords
	1. Introduction
	2. Natural Tissue Growth and Lymphopoiesis
	3. Is the Age-Dependent Exhaustion of an Immunity Protumor or Anti-Tumor?
	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

