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Abstract

The mechanisms of cancer are discussed by analyzing the characteristics of the functional state and biological behavior of the
abnormal nuclear cells. The abnormal nuclear cells with abnormal nuclear structure and function are a kind of sick cell or
functional defect cells having existed in human body for a long time. The abnormal nuclear cells are resulted from the nuclear
damage caused by the radiation, viruses and various carcinogenic compounds. Some of genes in human body are expressed,
some are not expressed for life. The expressional genes are functional genes, the genes never expressed for life in human body are
dormant genes or sealed genes. The nuclear damages destroy cell state of differentiation, affect gene expressional regulation and
change gene expressional profiling, resulting in loss of expression of the functional genes and reactivation of the sealed genes;
which finally leads to cancer, aging and other chronic refractory diseases. The cancer is not resulted from the genetic mutations or
chromosomal aberrations, but rather the reactivation of genes involved in proliferation due to the nuclear damage. The biological
characteristics of the cancer cells, such as the shedding and metastasis, immune tolerance, uncontrolled, loss of contact inhibition
function and so on, all originate from the nuclear aberrant cells. The nuclear damage can trigger the genes that drive mitosis,
leading to cancer. Thus, re-sealing the several genes that trigger the proliferation may completely prevent or cure cancers.
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1. Introduction

The cancer is one of the major diseases that threaten human
health and safety. In 2020, 4.57 million new cancer patients
were diagnosed in China, accounting for 23.7% of the global
total; and 3 million cancer deaths, accounting for 30% of the
global total. In 2022, 4.82 million new cancer patients and
3.21 million cancer deaths were recorded in China, ranking
first in the world in both numbers [1]. In the 2024, there will
be 2 million new cancer patients and 610,000 cancer deaths in

the United States [2]. Another report, there are an estimated
3,246,625 and 2,510,597 new cancer cases and 1,699,066 and
640,038 cancer deaths in China and the US in 2024, respec-
tively [3]. According to the International Agency for research
on cancer, there were about 19.3 million new cases of cancer
and 10 million cancer deaths worldwide in 2020. Today, the
causes and pathogenesis of cancers are not completely clear,
and it is usually thought that it is caused by gene mutation and
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chromosomal aberrations [4-6]. Later studies showed that,
nuclear skeletons, ribosomes [7], histones, transcription fac-
tors [8, 9], small RNAs [10, 11], related enzymes [12-14],
DNA methylation [15-18], and nuclear membrane abnormal-
ities all contribute to the carcinogenesis and progression of
cancer. Thus, all the molecular abnormalities in the nucleus,
that is, the whole nucleus damage may be carcinogenic. Pre-
sumably, cancers are probably caused by the regulatory ab-

2. Discussion

normality of gene expression resulted from the nuclear dam-
age [19, 20]. Today, the mechanisms of cancer are discussed
through analyses of the functional status, biological behavior,
and gene expression profiling of abnormal nuclear cells; and
the relevant studies are also reviewed; some new insights are
put forward which may be contribute to cancer prevention and
research.

2.1. The Cancers Are Probably Caused by the Nuclear Damage

BeEasons

Figure 1. The abnormal nuclear cells.

It is customary to use genes to explain the whole body and
all diseases, but in many cases there is nothing wrong with the
genes themselves (the gene structure), just not opened (gene
switch abnormalities) [21, 22]. The gene structural abnor-
mality is mostly caused by the gene mutation and chromo-
somal aberration, and the abnormal gene expression is mainly
caused by the nuclear damage [23]. According to the two-hit
theory, a cancer is caused by two gene mutations [24]. How-
ever, the probability of having more than two related muta-
tions in the same cell in a row is very low, so the chance of
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cancer caused by the gene mutation is not much. The chro-
mosomal aberrations are known to cause cancer mainly in
retinoblastoma and Philadelphia chromosome leukemia [25,
26]; and most other studies have only described an association
of cancer with the chromosomal aberration, but not a
cause-and-effect relationship. Recent studies have suggested
that cancers are caused by various molecules in the nucleus,
such as the nuclear skeletons, ribosomes [7], histones, tran-
scription factors [8, 9], RNA polymerase, DNA methylation
abnormalities [15-18] and so on.
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Figure 2. The model for the nuclear anomalies.

The radiation generally interacts with water molecules to
produce reactive oxygen species (ROS), free radicals (FR),
and then with the chromosomal DNA, finally resulting
chromosomal aberration. The carcinogenic compounds usu-
ally cannot interact with the chromosomal DNA because of
difficult entering the cell nucleus. Thus, the gene mutation and
chromosomal aberration are indirectly caused by the radiation
and carcinogenic compounds, both are resulted from the nu-
clear damage [27, 28]. In addition, the nucleus has a strong
repair system of DNA damage, a system of maintaining
structure and active of chromatin, and a strong scavenging
system of free radical and reactive oxygen species; therefore,
as long as the nuclear function is normal, the gene mutation
and chromosomal aberration do not generally occur [14, 28,
29]. Thus, the gene mutation and chromosomal aberration are
only a result or manifestation of the nuclear damage, and the
high rates of gene mutation and chromosomal aberration in
cancer patients are probably only a concomitant phenomenon.

Thus, cancers are probably not resulted from the gene
mutation or chromosomal aberration, but rather the gene

expression and regulatory disorders caused by the nuclear
damage [20, 30]. Any molecular damage in the nucleus may
be carcinogenic because the nucleus is an organic whole [8,
12, 17]. The cancer cells are derived from the abnormal nu-
clear cells (ANC), which refer to a cell with an abnormal
nuclear in morphology, structure and function, a kind of
morbid cells or functionally defective cells that exist in hu-
mans for a long time [24, 31, 32]. The abnormal nuclear cells
as a result of nuclear damage are caused by the radiation,
viruses and various carcinogenic compounds through molec-
ular adhesions, breaks, and chemical modifications [33-36]
(Figure 1). There are currently two model explanations for the
nuclear anomalies (Figure 2) [37].

2.2. The Molecular Mechanisms of Cancer
Induced by the Nuclear Damage

2.2.1. The Nuclear Damage Affects Gene Expression
and Regulation

Some of human genes are expressed and some are not. The
expressed genes usually play a role or perform a function in
the human body and are therefore called functional genes
(FG). There are three types of functional genes, respectively,
the genes associated with cell survival (survival genes, SVG),
the genes associated with cell role-playing (role genes, RG),
and the support genes (helper genes, HG) [38]. Survival genes
are mainly the housekeeping genes related to the cell metab-
olism and energy production, such as glycolysis, tricarboxylic
acid cycle, oxidative phosphorylation enzyme genes, tran-
scription factor genes and so on [39, 40]. Role genes play a
role in the human body and are also biomarkers of cells. For
example, the hemoglobin gene is a role gene of red blood cells,
and the insulin gene is a role gene of islet cells, the troponin
gene is a role gene of cardiac muscle cells, and so on. Helper
genes play supporting or assisting roles in the human body,
such as signaling molecule genes, receptor protein genes,
adhesion molecule genes, vector channel protein genes,
chaperone protein genes, and so on [41] (Figure 3).

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
phosphonylation, 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. The functional genes.

Some of human genes express all the time, some never
express for a life, and some express intermittently. The gene
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being not expressed throughout life is generally referred to as
a dormant gene (DG), which seems to be sealed, so is also
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called a sealed gene (SG). The intermittently expressing genes
can be expressed by the way of phases, periodically, pulsatile,
signal-dependent, clock-or time-dependent, or specifically
[42, 43]. The gene expressed intermittently is also a func-
tional gene when it opens, a standby gene when it blocked.
The standby genes can be switched on and off at any time
under the neuroendocrine control. Therefore, the human genes
are in three states: open/express, standby/blocked and seal.
The sealed gene will be permanently closed and for life no
longer expressed. A standby gene in state of close is only
temporary and can be opened again when the body needs [44,
45]. The genes in the open state are expressed genes, domi-
nant genes, functional genes, and the genes in the sealed state

. exXpressing continuously: the functional genes, the dominant genes,
the open genes (the euchromatin/active 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} -

are sealed genes, dormant genes, and recessive genes. The
functional genes are located in the euchromatin region, the
continuously expressed genes are located in the active chro-
matin region; and the never expressed genes (the sealed genes)
are located in the constitutive or structural heterochromatin
regions, and are probably caused by the developmental gene
silencing; the discontinuously expressed genes are mostly
located in facultative heterochromatin regions [46]. This kind
of gene expression rule and characteristic are formed by the
differentiation, the cell nucleus damage can affect the differ-
entiation state, namely affects the gene expression and regu-
lation, and eventually leads to dysfunction of DNA transcrip-
tion-protein synthesis (Figure 4).

} expressed gene

J- oper

L close
unexpressed gene

l
f

(the constitutive heterochromatin)

Figure 4. The gene expressional state.

2.2.2. The Nuclear Damage Disrupts the
Differentiation and Changes the Gene
Expression Profiling

The process from a fertilized egg to an adult cell is called
differentiation. The essence of differentiation is the process of
modifying and establishing to cells, and reorganizing to
gene’s expressional profiling, which is also the process of
blocking or sealing the unrelated genes (blocking standby
genes, sealing dormant genes) and open or saving the function
genes [47-49]. The goal of differentiation is to make cells into
function cells or role cells in order to play a role or perform a
function in human body. These cells are unipotent or spe-
cialized cells which usually express only a few genes (only
functional genes), namely most genes being not expressed.
The differentiation not only forms organs and embryos [50],
but also remakes cells, alters gene expressional profiling, and
especially makes gene expression regulation in a way of pat-
terns, programs, switches, and streamlines.

These three changes are achieved simultaneously, of which
the change of gene expressional profiling is the foundation
and premise [51-53]. The cell differentiation state must be
maintained unchanged because the various functional activi-
ties of human body are all carried out and completed on the
basis of differentiated cells. Without differentiation, there
would be no human and multicellular organisms, and disrup-
tion of the differentiation state would also affect various
function and states of cells and organisms [54]. The so-called
maintenance of differentiation state is also to maintain the
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gene expression state or the gene expressional profiling un-
changed. The so-called disruption of the differentiation state
also means that the gene expressional state or gene expres-
sional profiling has changed, that is, the functional genes
cannot be expressed, the dormant genes restart, the standby
genes express disorderly. In a word, the expressed genes
cannot be expressed, the genes that should not be expressed
start to express.

The nuclear damages affect or disrupt the state of cell dif-
ferentiation, change the gene expression or gene expressional
profiling. The main mechanisms by which the nuclear damage
affects gene expression are the inhibition of RNA polymerase,
epigenetic alterations, nuclear skeleton damage, abnormal
transcription factors, nuclear envelope defects, changes in the
chromatin structure and activity, and so on [8, 15, 55, 56].
Some genes or molecular checkpoints may only activate the
proliferation genes, such as the tumor suppressor gene P53,
C-Myc, bcl-2, LAPTM4B, NPM1, FAM83B genes, and so on.

2.2.3. The Nuclear Damage Changes the Cell
Function and Biological Behavior

When the nucleus is damaged, the cell differentiation state
is destroyed and the gene expression profiling is changed, as a
result the functional genes cannot be expressed and the
dormant genes are reactivated. The functional genes include
the survival genes, role genes and helper genes. Failure to
express survival genes affects cell survival, and failure to
express role genes affects cell role functions [23]. Accessory
genes include adhesion molecule genes, signal molecule
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genes, and so on. Failure to express the adhesion molecule
genes will affect cell adhesion junctions, resulting in cell
detachment and wandering. Failure to express the signaling
genes can affect cellular information exchange, resulting in
poor cell response to environmental signals and neuroendo-
crine regulation, and even become deaf-mute cells [52, 53].
The abnormal nuclear cells do not express foreign proteins, so
they are not cleared by the autoimmune system and show
immune tolerance. The human cells as differentiated cells do
not divide and proliferate because the genes related to division
and proliferation are usually sealed. The carcinogenesis is the
process of embryogenesis caused by the nuclear damage.
Once the genes related to mitotic proliferation are reactivated,

the cells will continuously divide and proliferate and lose
contact inhibition, thus transforming into cancer cells. The
abnormal nuclear cells have poor functional activity and
change in biological behavior [38]. The biological behavior
and characteristics of the abnormal nuclear cells are as fol-
lows: easy shedding, migration, uncontrolled, immune toler-
ance, loss of contact inhibition, easy carcinogenesis or meta-
plasia. The cancer cells are probably originated from the ab-
normal nuclear cells, the so-called characteristics of cancer
cells are derived from the abnormal nuclear cells. Therefore,
the abnormal nuclear cells have long been used as biomarkers
for cancer diagnosis (Figure 5, Table 1).

The altered differentiation status

The defective
nuclear function

—_———

The defects

The nuclear in cell function

abnormal cells

The cell biological
characteristics
and behavior

The aging degenerative proteins
that cannot be repaired and replaced

The reduced functional activity —
Prone to shedding l

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 5. The cell biological characteristics and behavior of the abnormal nuclear cells.

Table 1. Comparison between the normal cells and the abnormal nuclear cells.

Items

Morphology and structure of nucleus

Nuclear function (replication, transcription, ribosome synthesis)
Gene mutation

Chromosome aberration

Gene expression regulation

Cell differentiation state

75

Normal cells Abnormal nuclear cells
normal abnormal

normal abnormal

no or yes yes

no yes

normal abnormal

normal unstable or disrupted
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Items

Functional genes
Seal genes (dormant gene)

DNA transcription-protein synthesis function

In fact, it is not the cancer cells that gain the ability to pro-
liferate, invade, and escape the immune system. Instead, due
to the nuclear damage the human cells lose the ability to ad-
here (easily shed and migrate), lose the ability to respond to
signals and neuroendocrine regulation (out of control), lose
the ability to seal the genes involved in proliferation, eventu-
ally become cancer cells [23]. The abnormal nuclear cells are
probably the carcinoma in situ or precancerous lesions. The
diagnosis of cancer relies on a histiocytographic diagnosis,
mainly to observe whether the morphological structure of the
nucleus is abnormal, that is, whether it is an abnormal nuclear
cell [31, 32, 57, 58].

Most of the abnormal nuclear cells undergo apoptosis or are
cleared by the phagocytosis, only a few of them become
cancerous. It is very important to differentiate the cancer cells
from the abnormal nuclear cells. It will bring great pain and
economic loss for the patients to misdiagnose nuclear ab-
normality as canceration, and it will delay the treatment if the

carcinogens,
radiation, virus

4

genic mutation

Normal cells Abnormal nuclear cells

normal expression abnormal expression

not expressed (in a sealed state) start to express

normal abnormal

canceration is misdiagnosed as simple nuclear abnormality.
The nucleus abnormality can influence the regulation of gene
expression through DNA methylation and epigenetics [59, 60],
so the nuclear damage and abnormal gene expression are
probably the link between heredity and environment.

Thus, the cancers are essentially caused by the nuclear
damage, differentiation collapse, which is a nuclear dysfunc-
tion disease. These diseases are not caused by the mutations in
a particular gene, but by the gene expression profiling changes,
namely the functional genes cannot be expressed and the
sealed genes restart [23]. The disorders of expression of only
functional genes do not normally cause cancer, but lead to
chronic and refractory diseases such as ageing, Alzheimer’s
disease, degenerative disease, and autoimmune diseases. If
the sealed gene is opened on this basis, it can lead to cancer or
metaplasia. The mitotic proliferation genes as one of the
sealed genes once restarted will cause cancer (Figure 6).

over 2 hits

&9

i

dormant genes .
—» cancer, metaplasia

survived chromosomal are turned back on
aberration @ hypertension
normal cell nuclear abnormality functional genes atherosclerosis
| cannot be expressed diabetes
karyorrhexis \ alzheimer's disease
auntoimmune disease
gbnormal nuclear mummify v . 80
nuclear cell hair loss
gray hair
died karyolysis nuclear vestige agmg
pyknosis
condensed
chromatin

Figure 6. The chronic intractable diseases probably derived from the nuclear damage.
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2.3. To Reseal the Several Genes Triggering
Proliferation May Cure Cancers

Cancer treatment mainly includes chemotherapy, radio-
therapy and surgery. The side effects of chemotherapy and
radiotherapy are serious, and the operation is often missed the
chance because of diagnosis late [61-63]. The biotherapies
and immunotherapies are still being explored, and although
there are individual clinical applications, they are either less
than the ideal or have to be abandoned due to the toxic side
effects [64-67]. Although the biotherapies (monoclonal anti-
body drugs) and immunotherapy are mostly targeted therapies,
the targets of the therapies are mainly oncogenes, tumor sup-
pressor genes and some enzymes [68, 69]. The oncogenes and
tumor suppressor genes are mainly regulatory protein genes
related to cell survival, such as cyclin, apoptosis-related pro-
teins, receptor proteins, signaling molecules, and so on [21,
70]. In fact, these genes or proteins are the result of cancer, not
the cause of carcinogenesis. Therefore, the monoclonal anti-
body and immunotherapy mentioned above are probably not
effective in clinical treatment or have too many toxic and side
effects.

The cancer cells are derived from the abnormal nuclear
cells, and the biological characteristics of cancer cells are
derived from the abnormal nuclear cells. The abnormal nu-
clear cells cannot express the functional genes because of the
destruction of differentiation state and the change of gene
expression profiling caused by the nuclear damage. Once the
genes involved in proliferation as one of the sealed genes are
opened, the cell will be transformed into cancer cells. Thus,
the cancer is resulted from the nuclear damage leading to the
reactivation of genes related to proliferation.

3. Conclusion

The cancer cells are derived from the abnormal nuclear
cells, and the biological characteristics of cancer cells, such
as the shedding and metastasis, immune tolerance, uncon-
trolled, loss of contact inhibition function and so on, all
originate from the abnormal nuclear cells. Re-sealing the
several genes that trigger the proliferation may completely
prevent or cure cancers. It is still unclear how the sealed
genes are restarted during the occurrence of cancer. The
specific molecular mechanisms of expressional disorders of
the functional genes also need further research and explora-
tion.
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DNA  Deoxyribonucleic Acid
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SG Sealed Genes

FR Free Radicals
RG Role Genes
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