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Abstract

The damage of genetic toxicity generally refers to the damage to human genetic material, chromatin or DNA. The genotoxic
damage biomarkers such as the gene mutations (GM), chromosomal aberrations (CA), micronucleus (MN), nuclear abnormalities
(NAM), and the abnormal DNA methylation are also the results and manifestations of the genotoxic damage (GTD). The
genotoxic damage is essentially the cell nuclear damage, which includes not only the chromatin or DNA damage but also the
damage to other molecules. The mild DNA damage involving only a few bases and affecting only one gene is called gene
mutation. The severe DNA damage involving large fragments or entire chromosomes and affecting multiple genes is called
chromosomal aberration. The chromatin or DNA damage mainly affects the gene structure, while other molecular damage mainly
affects the gene switching (gene expression and regulation). Traditionally, the genotoxic damage only refers to the abnormal
gene structure, while the epigenetics only refers to the abnormality of gene expression and regulation caused by the abnormal
DNA methylation. Therefore, both classical genetics and epigenetics are not comprehensive and perfect enough. The nuclear
damage (ND) affects not only morphology and structure of cell nucleus but also the function. The nuclear abnormalities usually
refer to the abnormalities in the morphology and structure of nuclei. The micronucleus is both a chromosomal fragment and a
nuclear abnormality. The abnormal nuclear functions mainly include the abnormalities in replication and transcription, disruption
of differentiation status, alteration of profiles of gene expression, and the dysfunction of DNA transcription-protein synthesis.
The nuclear damage can affect the functional state and biological behavior of cells, leading to reduced cell function, easy
shedding, uncontrollability, immune tolerance, and susceptibility to carcinogenesis or metaplasia. Aging, cancer, hypertension,
diabetes, Alzheimer's disease, degenerative diseases, autoimmune diseases and so on, are probably caused by the nuclear damage,
and belong to the diseases of nuclear dysfunction. The current biomedicine originates from the cytotoxic damage (essentially
non-nuclear damage), and the diseases discussed are inflammatory allergic diseases. Since the genotoxic damage has not been
grasped from the perspective of the entire cell nucleus, it is impossible to provide a reasonable explanation for the above-
mentioned chronic and refractory diseases. The current biomedicine belongs to “the static medicine (SM)", whose theoretical
basis is "the molecular-organism™, ignoring the cell as a cornerstone or link. It is necessary to establish a "dynamic medicine
(DM)" model or concept based on "the molecular-cell-organism" as the theoretical foundation.
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1. Introduction

The genetic toxicity damage is closely related to the human
daily production and life activities. People may contact with
the nitrosamines, benzo [a] pyrene, benzene through smoking,
daily diet, inhalation of polluted air [1, 2]; may also be ex-
posed to ionizing radiation during radiotherapy and uranium
mining processes [3-5]. The occupational population is more
likely to be exposed to various occupational disease hazards,
and therefore is more prone to genetic toxicity damage. The
genetic toxicity damage may trigger cancer, and it is also as-
sociated with various diseases such as aging, hypertension,
atherosclerosis, diabetes, Alzheimer's disease, and degenera-
tive disorders [6-10]. The genetic toxicity damage poses a
constant threat to the human survival and health, so it is nec-
essary to conduct in-depth research and discussion on it. The
following provides an analysis and review of the concept of
genetic toxicity damage and related research progress, hoping
to contribute to the understanding of the mechanisms of the
genetic toxicity damage and the prevention and treatment of
related diseases, and to promote the development of occupa-
tional health and human health.

2. The Common Biomarkers of
Genotoxic Damage

Traditionally, the genotoxic damage generally refers to the
damage to the human genetic material, namely chromatin or
DNA. The markers of the genotoxic damage include not only
the gene mutations and chromosomal aberrations, but also the
micronuclei, nuclear abnormalities and DNA methylation ab-
normalities. These biological markers (BM) themselves are
also the results and manifestations of the genotoxic damage.

2.1. Gene Mutation

The genetic mutation refers to the alteration of the base
composition or sequence of genes. The genetic mutations ini-
tially refer to the changes in the coding sequence of proteins,
and later encompass the changes in the entire DNA sequence
of the chromosome group [11]. The genetic mutations are
classified into the base substitution mutations and the
frameshift mutations based on the mode of mutation. The for-
mer is also known as a point mutation, which refers to the sit-
uation where one base in the DNA molecule is replaced by
another base; the latter refers to the situation where one or sev-
eral bases are inserted or deleted in the DNA molecule, result-
ing in a disorder in the coding sequence [12].

2.2. Chromosomal Aberration

The chromosomal aberration generally refers to the abnor-
malities in chromosome structure and number. The chromo-
somal structural abnormalities mainly include deletions, du-
plications, translocations, inversions, bivalents chromosomes,
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circular chromosomes, isochromosomes and so on [11]. The
chromosomal fragments, micronuclei, and rings without cen-
tromeres are all results of chromosome breaks. They are often
lost during cell division, thereby causing chromosome dele-
tions. Today, the disorders in DNA sequences such as the mi-
cro-deletions and micro-duplications are becoming increas-
ingly frequent. The chromosomal number abnormalities
mainly include the euploidy and aneuploidy [13]. The chro-
mosomal aberrations are also frequently used in cancer risk
assessment. The chromosomal aberrations, especially those
involving double centromeric chromosomes, have a strong
dose-effect relationship with the radiation. Therefore, they are
often used as biological dosimeters for estimating radiation
exposure doses [14].

2.3. Micronucleus

A micronucleus is a chromosomal fragment or an entire
chromosome that fails to enter the nuclei of daughter cells dur-
ing division, and it is the result and manifestation of chromo-
somal aberration. Micro-nuclei are also commonly used in
cancer risk assessment and estimation of radiation exposure
doses [15].

2.4. Nuclear Abnormality

Nuclear abnormalities are usually regarded as the chromo-
somal aberrations. The nuclear abnormalities generally re-
ferred to the nuclear bud and nuclear fragmentation. Later, it
was discovered that there were various forms of nuclear ab-
normalities, such as the nuclear connection, multinucleation,
nuclear deformity, nuclear atrophy, nuclear disintegration, nu-
clear dissolution and so on [16]. Therefore, the nuclear abnor-
malities should be understood as the various abnormalities in
the morphology and structure of the cell nucleus, including all
the abnormal nuclear forms mentioned above and being used
for disease diagnosis [17].

2.5. DNA Methylation

Abnormal DNA methylation can alter the genetic traits or
biological phenotypes, but it does not change the DNA base
sequence (that is, does not alter the genetic material). There-
fore, it is called an epigenetic change [18, 19]. And the classi-
cal genetic alterations generally refer only to the changes in
DNA sequence. The DNA methylation mainly alters the ge-
netic traits by influencing regulation of gene expression. Ac-
tually, the nuclear scaffolds, transcription factors, RNA poly-
merase and non-coding RNAs as well as the histone’s modifi-
cations such as the methylation, acetylation, phosphorylation
and ubiquitination also affect the gene expression and regula-
tion; all these factors may alter genetic traits, affect biological
phenotypes and lead to epigenetic changes [20-23]. It can be
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seen that the genetic alterations should include both classical
genetic alterations and epigenetic alterations. The classical ge-
netic alterations are caused by the abnormal gene structure
(changes in the DNA sequence), while the epigenetic altera-
tions are mainly due to the abnormal gene expression and reg-
ulation.

3. The Causes of Genotoxic Damage

The causes of the genetic mutations, chromosomal aberra-
tions, micronuclei, nuclear abnormalities, and DNA methyla-
tion abnormalities are largely the same or similar. They are
mainly caused by the radiation, viruses, and various carcino-
genic compounds, and are also influenced by the genetics,
lifestyle, personal habits and preferences [24-26]. Smoking
and exposure to radiation may all cause genetic mutations
and/or chromosomal aberrations, and at the same time, they
can also increase the micronucleus rate and the rate of nuclear
abnormalities. Because virus can integrate into the human
DNA, it can directly cause genetic mutations and/or chromo-
somal aberrations.

4. Analysis of the Mechanisms of the
Genotoxic Damage

4.1. The Comparisons of the Chromosomal
Damage with Non-chromosomal Damage

The cell nucleus constitutes an organic whole, and various
molecules within the cell nucleus may be damaged. The chro-
matin or DNA damage (CD) mainly affects the structure and
function of genes, while other molecular damages mainly in-
fluence the gene expression and regulation. For cells capable
of division, it may also affect the replication and division [27].
The chromatin or DNA damage can only be repaired by the
DNA damage system, but not replaced; while other molecular
damages cannot be repaired and can only be supplemented or
replaced through re-synthesis. Among other molecules apart
from DNA, the proteins as the material basis of life activities
are the main component and core. Because the metabolism of
carbohydrates, lipids and other small molecules all depend on
the enzymes (proteins), as long as the functions of proteins are
normal, these molecules will generally be replenished or re-
placed. Among other molecules, the synthesis of proteins is
also the most complex and the most vulnerable to damage. Es-
pecially in the process of gene expression and regulation, it is
highly susceptible to the influence of damage to the cell nu-
cleus. Genes are indeed important, but other molecules, espe-
cially the various regulatory proteins, are equally significant
[28]. Although DNA contains genetic information, interpret-
ing this information requires regulatory proteins other than
DNA, such as the transcriptional factors, RNA polymerase,
and the chemical modifications of DNA and histones. The cel-
lular nuclear damage directly affects the gene expression and
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regulation. However, most studies do not pay sufficient atten-
tion to this issue, instead focusing on repetitive research on
chromatin or DNA damage.

4.2. The Comparisons of Abnormal Gene
Structure with Abnormal Gene Switches

Genetic abnormalities can be categorized into two types:
abnormal gene structure (AGST) and abnormal gene switches
(AGSW). The genetic structural abnormalities refer to the ab-
normalities in the DNA sequence of genes, mainly caused by
the gene mutations and/or chromosomal aberrations; while the
genetic switch abnormalities refer to the abnormalities in gene
expression and regulation, mainly caused by the epigenetic
factors or abnormal regulatory proteins [29]. Abnormal gene
structure, by altering the DNA sequence of genes, changes the
structure and function of proteins, thereby causing diseases.
The abnormalities in gene expression and regulation can affect
the activation and deactivation of genes, causing genes that
should be expressed to be not expressed, and genes that should
not be expressed to be expressed instead, ultimately, affecting
human health [30]. Unfortunately, the majority of studies only
focus on the abnormalities of gene structures, while ignoring
or overlooking the abnormalities of gene switches (Figures 1-
3).

4.3. The Essence of the Genotoxic Damage Is
the Nuclear Damage

Traditionally, the genetic toxicity damage has generally
only referred to the abnormalities of gene structure; while the
epigenetics has merely focused on the abnormalities of DNA
methylation leading to abnormal gene expression and regula-
tion; both are not comprehensive or complete enough. In fact,
the genetic toxicity damage should encompass the entire dam-
age to the cell nucleus, including both chromatin or DNA
damage, as well as other molecular damage [31, 32]. Only that
the chromatin or DNA damage can lead to gene mutations
and/or chromosomal aberrations, mainly affecting the struc-
ture of genes; while other molecular damages mainly affect
gene expression and regulation (affecting the function of gene
switches). Therefore, the genetic toxicity damage refers to
damage to the cell nucleus, and conversely, damage to the cell
nucleus is just the genetic toxicity damage. The classical ge-
netics only concerned the abnormalities of gene structures, but
failed to pay attention to the abnormalities of gene switches,
that is, it ignored or overlooked abnormal gene expression and
regulation [33, 34]. However, the epigenetics did not notice
any abnormalities in the gene structure. Although it observed
abnormalities in gene expression regulation (abnormal gene
switches), it did only take notice of abnormalities of DNA
methylation, and most of the factors that affect gene expres-
sion regulation were overlooked [35, 36]. And the genetic mu-
tations, chromosomal aberrations, micronuclei, nuclear abnor-
malities, and epigenetic changes are all merely the results and


http://www.sciencepg.com/journal/ejpm

European Journal of Preventive Medicine

http://www.sciencepg.com/journal/ejpm

manifestations of damage to the cell nucleus or genetic tox-
icity damage (Figure 1).

Figure 1. Abnormal nuclear cells resulted from the nuclear damage.

4.4, Both Gene Mutations and Chromosomal
Aberrations Are Resulted from the Damage
of Cellular Nucleus

The chances of radiation and various carcinogenic com-
pounds directly interacting with chromatin or DNA are rela-
tively rare. Instead, they usually first interact with water mol-
ecules to generate reactive oxygen and free radicals, which
then damage the chromatin or DNA and induce gene muta-
tions and chromosomal aberrations [5, 37, 38]. In addition, the
cell nucleus has a powerful free radical clearance system, a
DNA damage repair system, and a chromatin structure activity
maintenance system. As long as the cell nucleus functions nor-
mally, the gene mutations and chromosomal aberrations are
generally not likely to occur [7, 39]. Therefore, the gene mu-
tations and chromosomal aberrations are essentially the results
and manifestations of damage to the cell nucleus. The chro-
matin or DNA damage, if it only affects the linear structure of
DNA, involves only a few bases, and affects only one gene, is
a gene mutation; if it affects the structure and number of chro-
mosomes, involves large segments or multiple fragments or
even the entire chromatin, and affects multiple genes, it is a
chromosomal aberration [40, 41]. Micro-nuclei are the result
and manifestation of chromosomal aberrations (Figure 1).

4.5. There Are Different of Genotoxic Effects in
Different Cells

For non-dividing cells such as brain cells, cardiac muscle
cells and skeletal muscle cells, since they do not undergo di-
vision and proliferation, naturally no daughter cells are pro-
duced. Furthermore, since its DNA does not replicate, any
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damage to its chromatin or DNA will not be passed on to the
daughter cells, and thus will not cause genetic toxicity effects;
therefore, referring to such non-dividing cells as having ge-
netic toxicity damage might not be appropriate. For cells that
can divide, such as hematopoietic stem cells in the bone mar-
row, dermal cells, intestinal mucosal epithelial cells, and re-
productive cells, after DNA replication and cell division, the
chromatin or DNA damage will be passed on to the daughter
cells, resulting in cytogenetic toxic effects. Among them,
damage to the nuclear structure of germ cells can also affect
the individual offspring, resulting in genetic toxic effects in
organisms [42]. However, the genetic toxicity effects of male
and female reproductive cells are different. Since the female
eggs remain in the second meiotic division stage during the
early stages of the embryo, their chromosomes are in a sealed
state for 12 to 100 years. Therefore, the egg DNA is less likely
to undergo gene mutations or chromosomal aberrations, and
is also less likely to be erased or altered. Male reproductive
cells continuously divide to produce sperm, so their DNA is
prone to genetic mutations and/or chromosomal aberrations,
and is also easily rewritten or altered [11]. This suggests that
the experiences and physical change information of human be-
ings in their conquest of nature may have been mainly en-
coded into the offspring’s genome through male sperm. This
implies that the human evolution was probably achieved
mainly through males. This does not mean that women are un-
important; rather, they are even more important because the
stability of the human genome is mainly achieved through
women. This is in line with the principles of evolution and
genetics. Women release only one egg each month, and it re-
quires meticulous care and cannot afford any mistakes. While
a single sperm is sufficient for fertilization, men produce hun-
dreds of millions of sperm every day. Why do they expend so
much energy to produce such a large number of sperm? Be-
cause during the process of encoding biological information
into sperm DNA, the human body produces a large number of
abnormal or defective sperm. Most of these defective sperm
are eliminated in the competition of fertilization. Only a suf-
ficient number of sperm can ensure reproductive success and
record the information of human physical changes into the ge-
netic code of the offspring, in order to ensure the health of the
offspring and promote human evolution. It can be seen that the
genetic toxicity effects and outcomes vary depending on the
type of cells and the gender of the individuals. When studying
or discussing genetic toxicity damage, it is necessary to dis-
tinguish whether the cells are dividing, whether they are re-
productive cells, and whether they are male or female.

4.6. The Role Gene and Its Corresponding
Protein Are the Most Fundamental
Biological Markers of Human Body

Every cell in the human body contains a complete set of
genes, but each cell selectively expresses only a few of these
genes while the majority remain inactive. The expressed genes
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are all closely related to the functions of cells or the human
body and are indispensable. They generally play a certain role
or undertake a certain function within the body, and thus are
called functional genes (dominant genes, FG/DG) [16]. The
functional genes mainly include genes related to the survival
of the cell itself (survival genes, SG), genes related to the func-
tional role of the cell (role genes, RG), and genes that provide
support and assistance (auxiliary genes, AG). The survival
genes, such as genes related to enzymes like glycolysis, oxi-
dative phosphorylation, and the tricarboxylic acid cycle, as
well as the transcriptional factor genes and so on [43, 44]. The
role genes such as hemoglobin and insulin are respectively the
role genes of the red blood cells and pancreatic islet cells. The

. expressing continuously: the functional genes, the dominant genes,
the open genes (the euchromatinfactive chromatin)

genes

never expressing again: the dormant genes, the recessive genes,
the silent genes, the inactivated genes

expressing intermittently: the standby genes (the facultative heterochromatin) l

auxiliary genes are rather complex, including carrier channel
protein genes, signaling molecule genes, adhesion molecule
genes and so on [36, 45]. The survival genes and auxiliary
genes are roughly the same or similar in all cells, while the
role genes vary greatly in different cells. Therefore, the role
genes and their encoding proteins serve as the fundamental
markers that distinguish different cells, and they are the pri-
mary biological markers for cells or the human body. Other
biomarkers are generally derived or generated from that. In-
sufficient understanding or disregard of this fact may be one
of the flaws of the existing biomedical theories [46, 47] (Fig-
ures 2, 3).

} expressed gene
J oper

close
}, unexpressed gene

(the constitutive heterochromatin}

Figure 2. Genes can be classified into three categories based on their expression states.

role genes: cell marker genes that involved in cell role playing and
functional commitment (such as insulin gene, hemoglobin gene)

functional
genes

survival genes: genes related to cell survival (such as the oxidative
phosphorylation, the Krebs cycle related housekeeping genes)

auxiliary genes: genes that assist or support cells role and function
(such as receptors, signal, adhesion molecules related genes)

Figure 3. Functional genes can be classified into three types based on their functions.

4.7. The Nuclear Damage Results in Cellular
Nuclear Abnormalities in the Morphology,
Structure and Function

After the damage to the cell nucleus, its morphology, struc-
ture and function will all become abnormal; the abnormality
of morphology and structure is called nuclear abnormality,
and nuclear abnormality can have various forms. A micronu-
cleus is essentially a kind of nuclear abnormality. Tradition-
ally, the nuclear abnormalities are a descriptive or morpholog-
ical concept, generally not involving nuclear functions; in fact,
the nuclear damage can also lead to nuclear functional abnor-
malities [48]. The abnormalities of nuclear function in divid-
ing cells and non-dividing cells are different. The main func-
tions of the cell nucleus are to replicate, transcribe and synthe-
size ribosomes, and both transcription and ribosome synthesis
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aim to produce proteins. Therefore, for non-dividing cells, the
nuclear damage mainly causes dysfunction in the process of
DNA transcription and protein synthesis. However, for divid-
ing cells, nuclear damage also affects cell division and DNA
replication. The synthesis and degradation of proteins are al-
ways in a state of dynamic equilibrium. While performing
their functions, proteins will continuously undergo denatura-
tion and aging. Therefore, the human body needs to constantly
synthesize new proteins for supplementation or replacement
[49]. The cellular nuclear damage and dysfunction in DNA
transcription-protein synthesis processes prevent the timely
replenishment or replacement of degenerated proteins. As a
result, various functions of the cells decline; for proliferating
cells, it also affects cell division. Eventually, it leads to the
decline of cellular and tissue organ functions, human aging,
and triggers of various chronic and refractory diseases [50, 51]
(Figure 1).
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4.8. The Cellular Functional State and
Biological Behavior Are Changed by the
Nuclear Damage

The cellular nuclear damage can affect the expression of
functional genes, ultimately influencing the functional state,
biological behavior and characteristics of the cells. For in-
stance, defects in the expression of genes of carrier channel
receptor and other protein can affect the absorption and
transport of cells, as well as the resting potential, osmotic pres-
sure and signal transduction of cells [52, 53]. Disorder in the
expression of adhesion molecule genes will affect the cell ad-
hesion connections, leading to cell detachment and migration.
Disorder in the expression of signal molecule genes can affect
cell communication and interaction, leading to poor responses
in neuroendocrine regulation and even resulting in deaf and
mute cells that are not under the control of the body [54]. The
abnormal nuclear cells (ANC) do not express foreign proteins

or antigens, and therefore are not recognized or eliminated by
the immune system of the body. Some human genes are con-
tinuously expressed, some are intermittently expressed, and
some never express at all throughout one's lifetime. The genes
that never express at all are called sealed genes, dormant genes
or recessive genes. For instance, the hemoglobin gene isarole
gene (a functional gene) in red blood cells, but it acts as a
sealed gene in brain cells and pancreatic cells. The genes re-
lated to cell division and proliferation are not expressed in
most cells, remaining in a dormant state (i.e., sealed genes),
and are considered as the basic biomarkers of tumors [55]. The
cellular nuclear damage may cause the reactivation of sealed
genes. If genes related to cell division and proliferation are
reactivated, it can lead to the development of cancer or meta-
plasia. Therefore, the biological behaviors of abnormal nu-
clear cells mainly manifest as: functional decline, easy detach-
ment, immune tolerance, uncontrolled growth, easy carcino-
genesis or metaplasia, and loss of contact inhibition function
and so on [56] (Figure 4).

The altered differentiation status

The defective J
nuclear function l

The defects

The nuclear in cell function

abnormal cells

characteristics

The cell biological J
and behavior l

The aging degenerative proteins
that cannot be repaired and replaced

The reduced functional activity —»
Prone to shedding ]

The Immune tolerance

The dysregulation of gene expression
The gene mutation and or chromosome aberration

- The dysregulation of DNA transcription-protein synthesis

Inability to express functional genes
Reopening of dormant genes
Reduced functional activity
Decreased adhesion ability

Poor response to neuroendocrine regulation

— The autoimmune diseases

Aging,Hypertension, Atherosclerosis,
Diabetes,Alzheimer's Disease,

= Cancer

. Becoming deaf-mute cells

{Uncontrolled)

Figure 4. Biological characteristics and behavior of the abnormal nuclear cells.

4.9. The Cellular State of Differentiation Is
Disrupted by the Nuclear Damage

All cells in the human body are essentially differentiated
cells. The process from the fertilized egg to mature somatic
cells is called differentiation. The differentiation is actually
the process of modifying cells and altering the gene expressive
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profile which is the process of silencing the irrelevant genes
and opening functional genes. The cell modification, changes
in gene expression profiles, and the formation of tissues, or-
gans and embryos are all achieved simultaneously as a whole,
among which the change in gene expression profiles serves as
the prerequisite and foundation [57]. Which genes are ex-
pressed by each cell, how they are expressed, when they are
expressed, who regulates them, and how they are regulated -
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all of these have already been determined or pre-ordained dur-
ing the process of differentiation. This means that the expres-
sion state of genes or the gene expression profile is already
determined during differentiation and is irreversible; it also
implies that the regulation of gene expression has been sim-
plified and optimized, and being patterned, programmed and
automated. In fact, all the various functional activities of hu-
man cells are carried out and completed on the basis of differ-
entiation, so cells must maintain a differentiated state [58].
The so-called maintaining the differentiated state means en-
suring that functional genes are expressed promptly and that

J

Cell - Non-DNA damage -

damage -

- Ribosome synthesis disorder

1 Non-nucleus damage —» Inflammatory allergic diseases

1 Dysfunction of gene expression and regulation )

dormant genes remain in a sealed state at all times. The cellu-
lar nuclear damage can disrupt the differentiation state, alter
the gene expression profile or gene expression status, resulting
in the inability of functional genes to be expressed, the activa-
tion of dormant genes, and the situation where genes being
needed fail to be expressed while genes that should not be ex-
pressed are expressed. The failure of functional genes to ex-
press will affect the functional state and biological behavior
of cells, and the activation of dormant genes can lead to cancer
(Figures 4, 5).

- DNA damage — Gene mutation/chromosomal aberration — Abnormality of genes and their encoded proteins

- Nucleus damage < - DNA replication and cell division disorder
l Disruption of cell differentiation state — Functional gene expression disorder&Sealing genes reactivation

DNA transcription-protein synthesis disorder
' '

Nuclear function disorder diseases
(Differentiation callapse and deterioration diseases)

Figure 5. The nuclear damage is different from the non-nuclear damage.

4.10. The Stem Cells Are Difficult to Be Used to
Recreate Human Organs

The humans have confused cell division with cell differen-
tiation. Some human cells divide, some do not, some divide
along with differentiation, and some only divide without dif-
ferentiation. For instance, the dermal cells, intestinal mucosal
epithelial cells, and mesenchymal stem cells, only divide but
do not differentiate. They essentially do not belong to the stem
cells (SC) but are part of the life cycle, similar to the single-
celled organisms. The embryonic stem cells and bone marrow
hematopoietic stem cells both divide and differentiate. Alt-
hough they possess the characteristics of stem cells, they all
differentiate towards specific targets, and require specific
molecules for regulation. The humans cannot change their dif-
ferentiation targets and directions, and it is even more impos-
sible for them to differentiate according to human wishes. The
differentiation is actually the process of modifying cells and
altering the gene expression profile, which is the process of
silencing irrelevant genes and expressing functional genes.
After differentiation, the gene expression profile generally re-
mains unchanged, namely maintaining the differentiated state.
The disruption of the differentiation state may lead to aging
and trigger complex diseases, such as cancer, degenerative
diseases, Alzheimer's disease, autoimmune diseases, diabetes,
hypertension, atherosclerosis and so on. It is impossible for
humans to use stem cells to differentiate and recreate human
organs, unless humans master the regulation of gene expres-
sion. The so-called stem cell therapy in clinical practice
mostly utilizes the paracrine effects of stem cells rather than
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their differentiation functions [59]. In Japan, mesenchymal
stem cells have been also renamed as mesenchymal matrix
cells. The so-called stem cells currently used in clinical appli-
cations are essentially the abnormal nuclear cells, which is in-
duced under the influence of drugs or chemical reagents by
the damage to the cell nucleus, disruption of the differentiation
state and changes in the gene expression profile. During DNA
replication, it cannot serve as a template for transcription, and
during transcription, it cannot act as a template for replication;
therefore, replication and transcription are contradictory. Due
to the contradiction of replication and transcription, if termi-
nally differentiated cells such as brain cells and cardiac mus-
cle cells divide, it will lead to the disintegration of these tis-
sues and organs into cell homogenates. The human body will
disintegrate, and multicellular organisms including us humans
will become extinct.

Human body repair includes native repair and alternative
repair. The native repair is also known as self-renewal, which
includes molecular renewal and cellular renewal. The molec-
ular renewal mainly involves the synthesis of new identical
molecules to replace the abnormal ones. For instance, the new
proteins are synthesized to replace the aged and denatured
identical protein molecules. The terminal differentiated cells
such as brain cells, cardiac muscle cells, and skeletal muscle
cells mainly undergo repair through molecular renewal. The
cell renewal mainly involves replacing aged cells with new
cells of the same type, such as blood cells, epidermal cells, and
intestinal mucosal epithelial cells. The alternative repair
mainly refers to the process of repairing using another type of
cell, that is, replacing the original cells with a different kind
of cell. The alternative repair in human body mainly involves
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the use of mesenchymal stem cells (fibroblasts, glial cells,
type Il lung cells) for repair, namely scar repair; it can be ap-
plied to the repair of most tissues and organs, but it probably
leads to a decrease in organ function. The organs such as brain,
heart, muscles, eyes, lungs and kidneys mainly undergo repair
through the molecular renewal. After damage, they are mainly
repaired through scar tissue and this affects the functions of
the organs. These types of organs cannot be repaired through
cell renewal; otherwise, it would damage the structure of the
tissues and organs, leading to their disintegration. However,
the organs such as the skin, blood cells and intestinal mucosa,
do not need to undergo molecular renewal for repair, because
these types of cells die shortly after completing their tasks. It
is impossible for humans to repair tissues and organs through
stem cell differentiation unless humans master the regulation
of gene expression. Because the stem cells cannot differentiate
as humans expect and desire, and humans currently cannot
control the direction and path of stem cell differentiation. The
stem cell is probably a false proposition, and the research cur-
rent in regenerative medicine might be futile.

5. The Nuclear Damage Is Different from
the Non-nuclear Damage

The cellular nucleus damage is mainly caused by the radia-
tion, viruses, and various carcinogenic compounds, while the
non-nuclear damage (NND) is mainly caused by infections,
poisoning, and allergies. The cellular nucleus damage is
mainly of chronic type, usually without inflammatory mani-
festations; the non-cellular nucleus damage is mainly of acute
or subacute type, often accompanied by inflammatory allergic
reactions. The cellular nucleus damage probably main causes
various chronic and refractory diseases, while the non-cellular
nucleus damage probably main cause inflammatory and aller-
gic diseases. The traditional cytotoxic damage is mainly non-
nuclear damage. The theoretical basis of current biomedical
theories is based on the non-nuclear damage, and the diseases
discussed are mainly inflammatory and allergic diseases [60,
61]. Although the genetic effects resulting from gene muta-
tions and/or chromosomal aberrations were noted, the mecha-
nism of the genetic toxicity damage was not explored on an
overall cellular level. Therefore, the causes and mechanisms
of these chronic and refractory diseases have not been com-
prehensively and systematically understood. The human dis-
eases include nuclear dysfunction disorders mainly caused by
damage to the cell nucleus, as well as inflammatory and aller-
gic diseases mainly caused by non-nuclear damage. The fac-
tors causing nuclear damage are mainly genotoxic damage.
While non-genotoxic factors may also directly or indirectly
affect the function of the nuclear, they generally do not pro-
duce genotoxic effects [62, 63]. It is not denied that in many
cases, the two factors often coexist, interweave with each
other, and jointly influence the progression and outcome of
the disease. The cell nucleus, endoplasmic reticulum, Golgi
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apparatus and so on, all participate in protein synthesis.
Among them, gene expression and regulation are the core and
key steps. Therefore, damage to the cell nucleus is of para-
mount importance. As long as the function of the cell nucleus
is normal, the damage to other cellular organelles can gener-
ally be repaired or replenished. The cellular damage is pre-
cisely the link between genetics and the environment, repre-
senting the interaction between these two factors. The so-
called polygenic diseases are not actually caused by multiple
genes; rather, they are the result of cell nuclear damage lead-
ing to disorders in gene expression regulation (Figures 4, 5).

6. Analysis of the Pathogenicity of the
Genotoxicity

A large number of reports suggest that gene mutations
and/or chromosomal aberrations are the main causes of cancer
[64]. Numerous reports have shown that the incidences of mi-
cronuclei, nuclear abnormalities, and DNA methylation ab-
normalities among cancer patients have significantly in-
creased [65]. There are also reports suggesting that chronic
and refractory diseases such as aging, hypertension, athero-
sclerosis, diabetes, Alzheimer's disease, degenerative diseases,
and autoimmune diseases are also related to the aforemen-
tioned genetic toxic damage [66-69]. In fact, a gene represents
only a single peptide chain or a protein. Therefore, the gene
mutations typically affect only one gene or protein, mainly
causing single-gene diseases such as hemophilia and thalasse-
mia [70, 71]. Some genes are expressed while others are not.
The genes that are expressed are the functional genes, while
the non-expressed genes are mainly the genes sealed (the
dormant genes). The gene mutations that are sealed off gener-
ally do not cause diseases. Due to the different functions of
various genes, the pathogenicity of functional genes and the
degree of their pathogenicity also vary. The gene mutations of
enzyme protein mainly affect metabolic or biochemical reac-
tions. The structural gene mutations can influence the mor-
phology and compartmentalization of cells, while the role
gene mutations can affect the role-playing of cells. The chro-
mosomal aberrations, due to involving a large number of
genes and proteins, often cause chromosomal diseases and
birth defects, and may also lead to miscarriage and stillbirth
[72, 73]. Epigenetic alterations mainly refer to abnormal reg-
ulation of gene expression, which may lead to disorders in the
expression of a series of genes or alterations in their levels.
Among them, the inability of functional genes to express will
affect the functional state and biological behavior of cells,
causing aging and triggering various chronic and refractory
diseases; while dormant genes reactivating can cause cancer
(Figures 4-6).

As people age, the number of abnormal nuclear cells in-
creases while the number of normal cells decreases. Most cells
of the elderly have transformed into abnormal nuclear cells.
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As a result, the functions of tissues and organs decline, even-
tually leading to human aging and the development of various
chronic and intractable diseases. These diseases may not be
caused by genetic mutations or chromosomal aberrations, but
rather by damage to the cell nucleus, disruption of differenti-
ation state, dysfunction of gene expression and regulation, as
well as disorders in DNA transcription-protein synthesis pro-
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cesses [74-76]. Genetic mutations and chromosomal aberra-
tions are merely the consequences and manifestations of nu-
clear damage, and they are accompanying phenomena of the
aforementioned diseases. These diseases all fall under the cat-
egory of degeneration or deficiencies in the function of the cell
nucleus (diseases of nuclear function failure, or collapse of
state of differentiation) (Figures 4-6).
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Figure 6. The chronic intractable diseases are probably derived from the nuclear damage.

7. The Current Situation

Due to the insufficient understanding of genetic toxicity
damage, the existing biomedical theories and research may
have deficiencies or flaws. For instance: Confusing single-
celled organisms' cells with multi-cellular organisms' cells
(differentiated cells), confusing cell survival with cell division
and proliferation, and confusing the death of single-celled or-
ganisms with the life, aging and death of multi-cellular organ-
isms [77, 78]; Only chromatin or DNA was observed, but the
cell nucleus as a whole was not noticed; only genes were con-
cerned, but gene expression regulation was not paid attention;
only abnormal gene structures (abnormal DNA gene se-
quences) were concerned, but abnormal gene switches were
not discussed [79, 80]. Only focuses on genetic abnormalities
while neglecting differentiation abnormalities; only concen-
trates on static and isolated molecules while ignoring dynamic
molecular interactions and molecular networks. We only
know that differentiation gives rise to tissues, organs and em-
bryos, but we don't know that it also remodels cells, alters ge-
netic profiles of expression, and changes regulatory patterns
of gene expression. Only knows those inflammatory allergic
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diseases characterized by cell toxicity damage (non-nuclear
damage), but do not knows the diseases of nuclear dysfunction
or disorders induced mainly by nuclear damage [81-83]. It is
not genes that control life; rather, it is the natural structure and
molecular properties of nucleic acids that control life and the
biological world, including us humans. It is nucleic acids
working together with proteins that create life, build the or-
ganisms, and shape us humans. Most of the current biomedical
research data or knowledge come from cultured cells in vitro.
These cells have long transformed into single-cell biological
cells (with altered gene expression profiles). Therefore, using
such cells to explain human differentiated cells is clearly un-
scientific and even incorrect. Cancer may not be caused by
genetic mutations or chromosomal aberrations. The most pop-
ular telomerase theory and cell division limit theory regarding
aging might be incorrect, and the theoretical hypotheses re-
garding other chronic and refractory diseases may also have
flaws [84]. There are also significant deficiencies in the clini-
cal treatment of chronic and refractory diseases. What is par-
ticularly worrying is that for the treatment of these complex
diseases, long-term or even lifelong medication is often re-
quired. The fundamental reason is that the majority of drugs
do not act on pathological cells (cells with abnormal nuclei),
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but instead alleviate symptoms by interfering with the func-
tions or metabolism of normal cells, disrupting the homeosta-
sis or balance of the cell or organism. This is actually only a
symptomatic treatment, which not only has poor efficacy but
may also harm health and shorten lifespan.

8. The Expectation

The current medical system is a "static medicine" that relies
on the "gene/molecule-biological body" as its basis, com-
pletely ignoring the cell which is the cornerstone and link. It
is urgent today to establish a "dynamic medicine" model or
concept based on the theoretical foundation of "gene/molecule
- cell - organism". The static medicine attempts to directly ex-
plain the entire human body and all diseases using individual
genes or molecules. This is equivalent to extracting a single
gene/molecule, in an attempt to explain the constantly dy-
namic and interacting networks of cells. Therefore, it is very
difficult to provide a reasonable explanation for the aforemen-
tioned chronic and refractory diseases. The "dynamic medi-
cine" model explains cells at the molecular level, and then
uses cells as the foundation to explain the human body and
diseases; it takes nuclear damage and gene expression regula-
tion as the entry points, starting from analyzing the functional
state and biological behaviors of abnormal nuclear cells to ex-
plain diseases and aging; thus, it can better reveal the causes
and mechanisms of the aforementioned complex diseases. A
systematic analysis and review of genetic toxicity damage are
conducted, aiming to enhance people's understanding and at-
tention, providing theoretical support for the prevention and
treatment of occupational injuries and related complex dis-
eases, and also offering new ideas and methods for occupa-
tional health research.
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