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Abstract

In recent years, the gene mutation hypothesis related to tumor for-
mation has been deeply studied, and some scholars have put forward 
some new views on the basis of the original theory. The view that tu-
mor formation begins with the genetic material variation of somatic 
cells has been confirmed and universally recognized by the academic 
community. But what is the relationship between macroscopic chro-
mosomal aberrations and microscopic gene mutations in the process 
of tumor formation? Does the two interact synergistically to promote 
tumor formation, or does it require only one of them to complete 
tumor transformation, or does it require other cofactors to work to-
gether? Based on the progress of tumor research in recent years, the 
author of this article focuses on the two stages of tumor formation: 
somatic mutagenesis stage and tumor promotion stage, and discusses 
the related factors that affect somatic cell mitosis, the process of aneu-
ploidy formation, and the transformation of tumor microenvironment 
by tumor promoting factors. Among them, Telomere Repeat Sequence 
Binding Protein 2 (TRF2) plays a very key role in the process of tumor 
formation: it is not only an important protein that leads to the imbal-
ance of somatic mitosis and the continuous instability of chromosome, 
but also an important factor to maintain the relative stability of chro-
mosome of immortalized tumor cells and promote the mitosis of tu-
mor cells; At the same time, it has a major impact on the stability of 
tumor suppressor genes or oncogenes. In addition, it is a cellular envi-
ronmental tumor-promoting factor that regulates tumor cell microen-
vironment and promotes tissue colonization and rapid proliferation of 
tumor-initiating cells. The expression level of TRF2 in different periods 
of cells caters to the needs of different periods of tumor formation, 
determines the direction of tumor formation and development, and is 
an important direction for in-depth research on tumor prevention and 
clinical treatment in the future.

Keywords: TRF2; Tumor formation; Tumor mutagenesis; Environ-
mental promoting effect.

Zhengyi Wang1*; Liang Zhou2; Xiaoying Wu3

1GCP center, Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital, Chengdu city, Sichuan province, China. 
Institute of Laboratory Animals of Sichuan Academy of Medical Sciences and Sichuan Provincial People’s Hospital, CHENGDU, 
SICHUAN, CN. Yinglong Community, Zhonghe Street, High-tech Zone, Chengdu City, Sichuan Province, China. 
2Institute of Laboratory Animals of Sichuan Academy of Medical Sciences and Sichuan Provincial People’s Hospital, CHENGDU, 
SICHUAN, CN.Yinglong Community, Zhonghe Street, High-tech Zone, Chengdu City, Sichuan Province, China. 
3Ministry of education and training, CHENGDU second people’s hospital, chengdu city, Sichuan province, China.



www.jcimcr.org			       									         Page 2

Citation: Wang Z, Zhou L, Wu X. Studies on the mutagenic and tumor-promoting effects of TRF2 protein in the mechanism of 
tumor formation. J Clin Images Med Case Rep. 2023; 4(6): 2459.

Introduction

The study of tumor formation mechanism has always been 
the core problem of modern medicine trying to break through 
[1]. The current view is that the root cause of tumor formation is 
genetic mutation [2-4]. Most research has focused on oncogenic 
susceptibility to genetic mutations and their treatment options. 
In terms of cladistics, human tumors can be divided into three 
types: hereditary familial tumor syndrome (monogenic inheri-
tance), polygenic tumor genetic susceptibility and local tumor 
cell genetic changes (acquired). It has long been believed that 
tumor-driven genes play a decisive role in the development of 
cancer. However, recent studies have found a large number of 
somatic genetic mutations in a number of normal adult tissues, 
including skin, esophagus, colon, liver, lung, and endometrium, 
suggesting that DNA mutations are common in healthy people 
[5-12]. The mutated cells that did not cause a disease response 
also included mutations in certain tumor-driving genes. For ex-
ample, 30% to 80% of cells in normal esophageal tissue of the 
elderly contain mutations in the oncogenic driver gene NOTCH1 
[13,6]. However, the mutated cells did not form tumor tissue 
and remained in healthy people for a long time. Rodent carci-
nogenicity test studies have shown that the main risk factor for 
cancer in mice is not persistent strong carcinogenic mutations 
in somatic genes [14,15]. Such cells carrying strong oncogene 
mutations can persist in healthy individuals for long periods of 
time without tumor transformation. Tumor can only be induced 
under the action of environmental tumor promoting mediators 
(tumor promoters), that is, there are some more direct tumor 
promoting factors in the process of tumor formation [14,15]. 
Based on the above facts, it is proved that the simple muta-
tion of cancer driver gene or tumor suppressor gene does not 
determine the formation of tumor structure, so there should 
be some more direct induction component in the body for the 
transformation and development of human tumors, and what 
factors play a decisive role?

Some questions about the mutation hypothesis in cancer 
genes

It has been shown that the formation of human tumors 
is closely related to abnormal hereditary material in cells 
[11,16,17]. There are many hypotheses about the hereditary 
mechanism of tumor formation, such as chromosome imbal-
ance hypothesis [18], double mutation hypothesis [19], trans-
formed gene hypothesis [20], on cogene hypothesis [21,22], 
etc. Based on the observation that the mutation load of tumor 
cells exceeds that of normal aging tissue cells, some scholars 
believe that although there are many mutations in healthy indi-
viduals, the reason why malignant progression is relatively rare 
may be that the number of mutations or combinations of muta-
tions is below the minimum threshold level required for com-
plete transformation of the tumor [8,13]. However, this view 
does not account for the fact that tumor tissue is not generated 
in mice under long-term induction of strong on cogenic mu-
tations that lead to cancer driver gene mutations beyond the 
threshold [23,24]. Conversely, treatment of these mutant cells 
with environmental tumor promoters (which no longer induce 
the accumulation of gene mutations) induces tumor formation 
in a short time [23,24]. These mutated cells resemble dormant 
tumor cells in the human body and require appropriate envi-
ronmental changes to ensure tumor formation [25,26]. There-

fore, it is speculated that on cogene mutations are only a factor 
or initial step in tumor formation, and there must be another 
tumor rate-limiting mechanism that plays a decisive role in reg-
ulation. The controllability of this rate-limiting mechanism will 
determine the prognosis of tumor development. It is generally 
believed that the regulation of the internal and external micro-
environment of mutant cells plays a key role in the rate-limiting 
mechanism of tumor progression.

In conclusion, during the transformation from normal cells to 
tumor cells, mutations of tumor driver genes with a high thresh-
old may lead to the formation of mutant cells (cancer cells), but 
cannot lead to the occurrence of malignant tumors. Research 
on the rate-limiting mechanism of malignant tumor formation 
seems to have more clinical value. This rate-limiting mechanism 
is closely related to the changes in the peripheral microenviron-
ment of mutant cells, and the changes in the levels of some pro-
teins in mutant cells may be the initiating factors of the changes 
in the peripheral microenvironment. The study of these protein 
molecules is more conducive to the inhibition of local coloniza-
tion of mutant cells and the prevention of tumor occurrence.

Molecular mechanisms underlying the aneuploidy hypoth-
esis in tumor formation

A large number of studies have found that the chromosomes 
of solid tumor cells are all aneuploid [27-29].  This particular 
change in cell chromosomal structure seems to be the only way 
ultimately to form tumor tissue [27-31]. Based on these facts, 
some scholars have proposed the hypothesis of aneuploidy in 
tumorigenesis [32,33].  Exposure to carcinogenic factors, such 
as physical or chemical, can lead to cell chromosome damage 
and deformation, and may lead to aneuploidy. Aneuploidy may 
result in abnormal expression of mitoid-related genes, abnor-
mal spindle protein ratio, and even abnormal centriole number 
[34,35]. Unbalanced spindles can lead to random loss or acqui-
sition of certain chromosomes [33]. During each cell division, 
these aneuploidy chromosomes are randomly grouped and 
asymmetrically distributed into descendant cells [33].  This vi-
cious cycle promotes the aneuploidy itself to catalyze the karyo-
type change and evolution of cells, ultimately leading to the 
karyotype of tumor cells [33]. The hypothesis holds that the oc-
currence of tumor is the result of aneuploid autocatalysis and is 
not directly related to gene mutation. However, the hypothesis 
does not well explain the rate-limiting mechanism of dormant 
tumor cells, and it is still insufficient to explain the development 
and outcome of tumor cells in human body and guide clinical 
tumor treatment.

According to the aneuploid theory of tumor formation, 
various chromosomal aneuploid aberrations are potentially 
carcinogenic, such as ionizing radiation, ultraviolet radiation, 
chemical substances, etc. TRF2 often plays a very important 
role in these induction mechanisms. For example:  Replicative 
senescence is associated with severe telomere shortening and 
decreased TRF2, or catastrophic telomere removal due to TRF2 
dysfunction, and abnormal DNA removal induced by various 
heterochromatin replication disorders associated with TRF2 
[36-38].  Among these factors, TRF2 localization in the DNA 
repeat structure is lost, thus removing the protection of telo-
mere and heterochromatin sequences. Exposed telomere ends 
or heterochromatin broken ends are identified by cells as DNA 
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Double-Strand Breaks (DSB), which activate the cell cycle regu-
lator protein-ATM (Ataxia telangiectasia mutant kinase), block 
cell cycle progression, and induce DNA Damage Repair (DDR) 
cascades [39].  In the subsequent process, on the one hand, if 
DSB foci cannot connect with other chromosomal ends (or DNA 
broken ends) in time, the cell cycle continues to be blocked, and 
the related proteins in the cascade reaction can induce and start 
the apoptosis process to remove the functional defective cells 
and avoid cell mutation. At this time, if the suppressive protein 
genes related to apoptosis are mutated (such as ATM,TP53, 
etc.), cells can bypass the prevention and control mechanism 
of apoptosis and make defective cells enter the mitosis cycle, 
resulting in Chromosome Instability (CIN) during division and 
abnormal amplification of the mutant cells. On the other hand, 
if DSB foci can connect with other chromosomal ends (DNA 
broken ends) in time, DSB foci can be repaired abnormally, 
and ATM-related cascade proteins can be eliminated, releas-
ing cell cycle arrest and entering mitotic crisis [40-42].  Some 
studies have found that during the crisis, loss of TRF2 can lead 
to cessation of mitosis, and most cells die due to detachment 
from the cell cycle, thus preventing malignant transformation 
[40,41,43]. However, individual cells can maintain a continuous 
chromosome recombination or Breaking-Fusion-Bridge (BFB) 
cycle and continue mitosis, resulting in extremely unstable chro-
mosomes, amplification of a large number of aneuploid cells, 
and self-catalytic karyotype mutation (or evolution), resulting 
in tumor karyotypes [44]. Due to aneuploid recombination, the 
frequency of some growth-related genes changes, and cells can 
acquire abnormal abilities after the expression of certain genes 
[45]. For example, increasing the expression level of hTERT gene 
can activate the long-term survival mechanism of cells.  The 
telomere is lengthened by telomerase, which ensures the loca-
tion of TRF2 in repeat sequence and maintains telomere and 
heterochromatin structure.  It can prevent the malignant cycle 
of chromosome abnormal cells from recombination, improve 
the chromosome instability of mutant cells, and maintain their 
survival ability. The mutated cells can survive permanently and 
eventually form tumor-initiating cells [44,45]. This process may 
be related to the action mechanism of various exogenous tera-
togenic factors at cellular and molecular levels. TRF2 maintains 
the structural and functional state of heterochromatin such as 
telomeres and plays an important role in maintaining chromo-
some stability [46]. Many factors contribute to abnormal chang-
es in the level or function of TRF2 in the nucleus, and too high 
or too low TRF2 levels can damage chromosomes, lead to insta-
bility, and induce cellular tumor transformation [47-50]. In fact, 
clinical studies have found that older adults associated with 
TRF2 abnormalities or chromosomal aberrations such as Bloom 
syndrome and Werner syndrome are closely associated with a 
high incidence of tumors [51,52]. In conclusion, TRF2 may be a 
key protein in the formation of aneuploid cells, and its abnor-
mal function is closely related to tumorigenesis.

The aneuploidy hypothesis seems to offer a plausible ex-
planation for tumor cell evolution in many ways. However, the 
transformation from somatic cells to primary tumor cells does 
not imply the formation of tumor bodies. For example, Circu-
lating tumor cells in asymptomatic patients - Circulating Tumor 
Cells (CTC) -- are dormant in the circulating system in most cases 
because there is no suitable peripheral transplant environment. 
They do not easily colonize and form tumors.  They require 
awakening by environmental tumor promoter [53-55].  Simi-
larly, progression from tumor initiating cells to tumors requires 
appropriate environmental tumor promoters and sufficient 

time to transform the Tumor Cell Peripheral Microenvironment 
(TME). So that the tumor can survive, get rid of the pressure 
of being eliminated, and provide guarantee for its rapid repro-
duction and invasion. The tumor immunosurveillance hypoth-
esis explains the non-inherited determinants of tumorigenesis 
[56]. The incidence of tumor diseases is much higher in people 
with weakened immune systems such as chronic wasting dis-
eases, AIDS, organ transplantation or aging [57,58]. It has been 
proved that the human immune system can recognize and de-
stroy the initiating cells of neoplasm, indicating the existence of 
specific immune antigens in neoplasm cells. The ability of the 
body’s immune system to recognize these antigens supports 
the hypothesis of immune surveillance [56].  Immunosurveil-
lance is an essential part of the cancer immunoediting process 
[59-62]. Under the action of immune pressure, immune editing 
has the dual role of preventing host cancer and evading tumor 
immunity [63].  Compared with normal cells, the presence of 
tumor-specific antigen proteins indicated that tumor cells did 
synthesize a variety of new tumor-specific proteins due to some 
gene mutations.  It has been proved that the mutation load 
of tumor cells determines the prognosis of immunotherapy 
[64,65]. Since the classical aneuploid hypothesis of tumorigen-
esis does not provide a clear explanation of the role of gene 
mutations in tumorigenesis, changes in gene frequency (am-
plification or deletion) caused by chromosome recombination 
alone cannot explain the molecular mechanism of the origin 
of multiple specific tumor proteins.  Based on the aneuploidy 
hypothesis and recent studies on telomere related proteins in 
tumor cells, we speculate that the heterochromatin localiza-
tion and functional status of TRF2 protein play a decisive role 
in the transformation of normal cells into tumor cells. First, the 
local localization of TRF2 decreased or dysfunction, resulting in 
chromosome damage. Under the action of DNA damage repair 
mechanism, the surviving cells can undergo chromosome end-
to-end fusion, increase the number of centromeres or abnor-
mal spindle structure.  Driven by cyclins, mitosis is disordered 
or delayed, while irregular or random chromosome division oc-
curs. The BFB cycle repeats itself over and over again, leading to 
massive DNA damage and recombinant mutations. The surviv-
ing cells underwent a telomere crisis, and large-scale recombi-
nation mutations occurred in DNA at the same time as the an-
euploid structure was formed. Survival cells activate telomere 
elongation mechanisms during chromosome recombination, 
such as increased telomerase expression or telomere homolo-
gous recombination, to produce extended telomere repeats at 
the ends of mutant cells. As TRF2 relocates and plays a protec-
tive role in repeated sequences, the surviving cells gradually re-
store basic telomere function, the end-to-end fusion cycle ter-
minates, and the mutant cells enter a relatively stable division 
cycle. Due to early large-scale recombination, the surviving cells 
at this time are not normal cells but aneuploid cells with a large 
number of mutated genes or specific tumor proteins. Here we 
only speculate about the possible relationship between tumor 
aneuploid modification and gene mutation, and the actual situ-
ation needs further study.

In conclusion, the formation of initial tumor cells may be 
a synergistic process of simultaneous pathological changes of 
gene mutation and chromosome mutation (aneuploid). First of 
all, CIN caused by physical, chemical and other extracellular in-
ducements, or directly due to gene mutations of endogenous 
important proteins that can induce CIN, can lead to the genera-
tion of initial tumor cells. Secondly, large - scale gene mutations 
will occur in the process of chromosomal aberration modifica-
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tion due to CIN. CIN is aggravated by mutations in genes that af-
fect cell proliferation, DNA repair, and proteins in telomeres or 
heterochromatin regions of chromosomes [66]. Thus, the forma-
tion of tumor-initiating cells is a combination of microscopic ge-
netic mutations and macroscopic chromosomal aberrations. It 
can be caused by changes in gene function, such as HRAS, MYC, 
TP53, TRF2, Rb1, CHEK2 and other cancer-related genes (includ-
ing gene mutations, frequency changes, epigenetics, biochemi-
cal pathways and adjacent network signal transduction effects) 
[67-72].  These changes in gene function affect homeostasis 
of a range of key cellular functions. Examples include the mi-
totic cycle, heterochromatin function, or chromosome stability 
[73]. It can also directly cause chromosomal damage by physi-
cal and chemical factors of external environmental conditions, 
especially heterochromatin dysfunction, but ultimately cannot 
avoid the fate of tumor cell gene mutation and chromosome 
aneuploidy (Figure 1).

Relationship between tumor-forming mechanism and TRF2 
in telomere Shelterin complex

Shelterin protein complex is an essential component for 
the maintenance of intact telomere structure. In all mammals, 
Telomere Consists Of A Highly Conserved Hemeric (TTAGGG) 
tandem repeat DNA sequence and a telomere binding protein, 
which in turn consists of a Shelterin complex, accessory factors, 
and telomerase.  The human Shelterin complex consists of six 
core proteins:  Telomeric Rest-Binding Factors 1 and 2 (TRF1, 
TRF2), TERF1-Interacting Protein 2 (TIN2), Repressor Activator 
Protein 1 (RAP1),  Protection of telomeres 1(POT1) and Telo-
mere-binding protein pot1-branched protein 1(TPP1).  TRF2 is 
an important polypeptide in telomere Shelterin complex. The 
gene is located on chromosome 16Q22.1 with a length of 30 
Kb and is widely expressed in human body.  TRF2 protein in 
shelterin complex is a telomere protective protein, which plays 
an important role in maintaining the normal function of telo-
meres. For example, TRF2 folds human telomeres into loops to 
prevent unwanted DDR, blocks ATM signals and NHEJ (Non-Ho-
mologous End Junctions), promotes telomere replication, and 
is a key regulator of telomere integrity. Tumorigenesis is related 
to chromosome instability, and the incomplete structure and 
function of telomere is an important factor causing chromo-
some instability. Based on the decisive role of TRF2 in telomere 
structure and function, the relationship between TRF2 and dif-
ferent stages of tumor genesis is discussed below

The role of TRF2 in the transformation of somatic cells into 
tumor cells

The transformation of a somatic cell into a tumor cell in-
volves unstable changes in previously stable hereditary mate-
rial in the nucleus. It is an early stage of cancer transformation, 
culminating in the formation of tumor-initiating cells with stem-
cell characteristics, and is therefore known as the tumor muta-
tion stage or tumor initiation stage [74]. The transformation of 
somatic cells into tumor cells has solved the problem of tumor 
origin [75-77].  In the stage of tumor mutagenesis, induced by 
a variety of nucleic acid sensitive events inside and outside the 
body, such as replicative senescence, cell fusion events, ioniz-
ing radiation or chemical mutagenesis, can directly lead to the 
continuous accumulation of chromosome aberrations and gene 
mutations in normal cells [78-81].  At this stage, TRF2 protein 
has two opposite effects, which is of great significance for the 
formation and outcome of tumor-initiating cells.

Under physiological conditions, TRF2 can inhibit the trans-
formation of somatic cells into tumor cells

The transformation of tumor cells results from chromosome 
instability. Stable chromosomes must have complete telomere 
functional structure, and its maintenance depends on two as-
pects: a. Dependent on the activity of telomerase or Alternative 
Lengthening Of Telomere (ALT), which compensates for replica-
tion erosion; b. Depending on its own special chromatin orga-
nization, it protects the ends of chromosomes from abnormal 
signals and repair.  Chromatin mediated telomere protection 
involves several pathways regulated by proteins that directly or 
indirectly bind telomere DNA, such as the Shelter in complex 
[82,83]. TRF2 is a very important telomere protective protein in 
the Shelter in complex, which plays an important role in main-
taining normal telomeres, stabilizing chromosomes and pre-
venting transformation into tumor cells in the following three 
aspects.

ⅰ. TRF2 constructs and maintains the loop structure at the 
end of chromo somes, hides the telomere tails and stabilizes 
chromosomes. The TRF2 dimer wraps about 90 bp of DNA 
through several lysine and arginine residues located around its 
TRFH domain, forming a DNA topology and mediating the for-
mation of loop structure [84-85]. It causes the repeated double-
stranded DNA in the telomere to form a noose telomere loop 
(T-loop), and the 3’ end of the single strand in the telomere 
can be inserted into the Double-Stranded DNA (ds DNA) of the 
telomere (the 3’ protrusion is paired with the C-rich strand), 
replacing the g-rich strand in the double strand to form a dis-
placement loop, also known as the D-loop. The loop structure 
of the telomere concealed the end of the chromosome and did 
not produce the DSB senter-like MRN complex, which interacts 
with the end of the DNA, thus preventing MRN-dependent ATM 
activation, eliminating the damage repair of the DSB at the end 
of the double-stranded DNA and keeping the telomere DNA 
stable, thus avoiding DDR or end-to-end fusion [86,84].

ⅱ. TRF2 can inhibit direct telomere DDR production and 
abnormal repair. In addition to inhibiting DDR by maintaining 
the telomere loop structure, TRF2 also regulates the activity 
of ATM cascade downstream proteins through its “Inhibitory 
DDR Response Domain” (IDDR). At γ-H2AX-labeled telomeres, 
TRF2 blocks the recruitment and inhibition of E3 ubiquitin ligase 
RNF168 in a dependent manner of deubiquitination enzyme 
BRCC3 and ubiquitin ligase UBR5 through the “IDDR motif” in its 
hinge domain. At the level of RNF168, the DNA damage signal-
ing cascade is cut off and 53BP1 localization is prevented, thus 
preventing end-to-end chromosome fusion [87]. TRF2 is also a 
major inhibitor of the three basic modes of Telomere End-To-
End Fusion (C-NHEJ, A-NHEJ, and HDR). It inhibits the repair of 
DNA abnormalities and reduces cell variation through negative 
regulation of Ku protein and inhibition of PARP1 activation [88-
89].

ⅲ. TRF2 is an important protein to maintain the physiologi-
cal length of telomeres. Telomere length is closely related to 
chromosome stability, and TRF2 is a key participant in telomere 
protection and telomere length maintenance, both prevent-
ing severe shortening caused by catastrophic telomere loop 
cutting and being a negative regulator of telomere length [90]
[91]. On the one hand, TRF2 prevents telomeres from becom-
ing too short. TRF2 prevents catastrophic cleavage of telomeres 
through the interaction between its N-terminal basic domain 
and the ionase-related protein SLX4 and other different endo-
nuclease types involved in the dissociation activities (e.g. GEN1, 
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MUS81, etc.). At the same time, various types of enzymatic ac-
tivity were examined through basic domains to promote precise 
repair of the stasis forks that occur during telomere replication. 
SLX4 is also recruited by the TRF2 homo-dimer domain.  SLX4 
is also a structure-specific DNA repair nuclease scaffold, which 
can attract the holliday-linked processing enzyme SLX1 and 
other nucleases to telomeres, prevent telomere damage, elon-
gation and brittleness, and play a variety of roles in regulat-
ing telomere homeostatic [92]. On the other hand, TRF2 can 
promote telomere shortening by XPF-ERCC1 enzyme [93]. The 
TRF2-mediated Heregulin β2 (HRGβ2) growth factor of the He-
regulin protein family is also a negative regulator of telomere 
length [94-95]. TRF2 can also regulate the expression of hTRET, 
the rate-limiting catalytic protein component of telomerase, to 
maintain telomere at appropriate lengths through “Telomere 
position effect -- over long distances (TPE-OLD)” effect [96]. 
Thus, the presence of TRF2 ensures the normal length of telo-
meres and is an important protein to prevent somatic aging and 
mutation.

Under pathological conditions, TRF2 can promote the 
transformation of somatic cells into tumor cells and stabilize 
the mutant cells

When under the influence of senescence or external mu-
tagenic factors, the chroma of somatic cells is unstable. Some 
observations have found dynamic changes in intracellular TRF2 
content and distribution (increasing or decreasing in different 
regions of different transformed cells), or changes or no chang-
es in TRF2 mRNA transcription levels [87,88]. TRF2 is redis-
tributed in the nucleus, usually with reduced distribution and 
loss of function in the telomere region. Telomere without the 
above-mentioned protective effect of TRF2 will activate ATM 
and ATR kinases, induce DDR cascade reaction, and cause cell 
proliferation cycle arrest, apoptosis or abnormal damage repair. 
Under the promotion of cyclin by TRF2, some cells bypassing 
the apoptosis pathway enter the mitotic crisis stage, passing 
through the BFB cycle, leading to irregular chromosome recom-
bination, catalyzing the evolution of karyo type, and forming a 
large number of aneuploid progeny cells [97-101]. Some studies 
have found that knockout of TRF2 protein in cells can lead to 
mitotic arrest and cell death during cell crisis, thus preventing 
the occurrence of tumor diseases. This strongly suggests that 
TRF2 plays an indispensable role in promoting tumor forma-
tion [102,103]. The telomeres of recombinant chromosomes 
in progenitor cells still lack the protective effect of TRF2, and 
aneuploid tumor karyotypes are formed through repeated crisis 
cycles, large-scale fusion and recombination. Until the telomere 
production mechanism at the end of the chromosome of the 
recombinant cell is activated (e.g. Due to gene on chromosome 
fracture fragments after repeatedly superposition of restruc-
turing, frequency of hTERT gene expression was promoted) or 
telomere repeat sequences at the end of the chromosome re-
placement, at this point, the chromosomes have enough length 
of telomere repeat sequences, some TRF2 specificity to com-
bine again to repeat sequences, play the function of telomere 
protection, the telomere structure was maintained after cell re-
combination, thus blocking the BFB crisis cycle, enabling tumor 
karyotype cells to survive after chromosome recombination, 
and eventually forming initial tumor cells. However, unlike nor-
mal cells, the telomere function of TRF2 in the initial tumor cells 
was always at a low level, which may be related to the ability of 
KIP protein to regulate the binding of TRF2 to telomere [104].

Although the formation mechanism of initial tumor cells has 
been gradually understood, there is currently no effective re-
versal and recovery measures for chromosome recombination 
or gene mutation in clinical treatment strategies, and clinical 
intervention in the formation stage of tumor cells is still difficult 
to achieve [105]. Since this process involves changes in the con-
tent and distribution of the key protein TRF2 in cells, with the 
improvement of the research technology and functional under-
standing of telomere TRF2 protein, it seems possible to analyze 
the changes of TRF2 in cells to gain insight into the process that 
drives cell mutation transformation. And may provide strategies 
for early intervention targeting “tumour initiating cells”. It has 
been found that TRF2 levels are regulated in a cycle-dependent 
manner: during the interphase of cell division, TRF2 levels are 
low and appear to be limited to telomeres [99]. However, TRF2 
levels increase in the S phase in a manner dependent on tran-
scriptional regulation, and are up regulated with cycle changes. 
This is associated not only with increased levels of TRF2, but also 
with extra-telomere localization of TRF2, which is concentrated 
around chromosomes in mitotic cells, suggesting that TRF2 may 
have other important extra-telomere functions [99]. During the 
generation of tumor-initiating cells, the content of TRF2 in cells 
will also change or be redistributed: Generally, when cells are 
affected by mutagenesis factors such as radiation, the overall 
level of TRF2 will be up regulated, which may be because TRF2 
recruits proteins to telomere and chromosome sequences to 
promote DNA repair. When cells are damaged and DDR repair 
occurs, telomere TRF2 levels are usually down-regulated to en-
sure terminal fusion when chromosomal end-to-end fusion oc-
curs. Before the tumor-initiation cells acquired immortalization 
ability, the intracellular TRF2 level did not change significantly, 
but the TRF2 level at the end of chromosomes remained low, 
and the telomere lost the protection of TRF2, which enabled 
the BFB cycle to continue. After immortalization, intracellular 
TRF2 level may increase significantly (although TRF2 mRNA lev-
el does not change, the mechanism remains to be elucidated), 
which may be related to the accumulation of TRF2 in cells due 
to the reduction of TRF2 degradation protease action. Elevated 
TRF2 is dispersed in the nucleus, not only in the telomere re-
gion but also in other non-telomere regions, further suggesting 
that not all TRF2 is associated with telomeres in these cells and 
also regulates other functions of tumor-initiating cells [99-101]. 
The scattered distribution of TRF2 may be evidence of interac-
tions between various proteins in the cell and TRF2 at differ-
ent targets, which may regulate various signal transduction and 
protein generation in the cell, and reshape the intracellular or 
extracellular microenvironment of tumor-initiating cells to pre-
pare for cell survival and amplification. However, there was sig-
nificant heterogeneity in the changes of TRF2 in different types 
of tumor cells, and the level of TRF2 decreased significantly in 
some tumor cells [47,106,107]. The mechanism of its occur-
rence may be related to the functional status of intracellular 
acting proteins and degrading enzymes, which needs to be fur-
ther studied. This also poses a challenge for the promotion of 
the strategy. 

In conclusion, the presence of telomere TRF2 plays an impor-
tant role in the survival and cell cycle maintenance of tumor-ini-
tiating cells. Since TRF2 knockout can terminate the process of 
somatic transformation into tumor-initiating cells and eliminate 
the process of somatic mutation, it seems possible to achieve 
the goal of completely preventing or eliminating tumor-initiat-
ing cell transformation by controlling the level of TRF2 in cells 
at different stages. Analysis, detection or alteration of the func-
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tion and content of TRF2 in cells can provide promising research 
ideas for the early prevention and treatment of tumor-initiating 
cells [108,109].

The tumor-promoting stage (the second stage) and the 
environmental tumor-promoting factor effect of TRF2

The formation of tumor bodies often requires the transfor-
mation and construction of intracellular and extracellular mi-
croenvironments suitable for the growth of tumor initiation 
cells with the assistance of environmental tumor promoters, 
so that tumor initiation cells can colonize, grow and prolifer-
ate, and gradually form tumor bodies and produce pathological 
consequences [110-112]. These environmental tumor promot-
ers usually do not cause revariation of the genetic material of 
the cell. The intracellular and extracellular microenvironment 
suitable for the survival of tumor-initiating cells is a plastic and 
multi-factor affected microecology, which is the product of 
long-term transformation. Although at this stage will not cause 
mass destructive to the tumor cell genes and chromosomes, 
but in epigenetics, transcriptome, tumor signaling pathways 
(including the activation of proto-oncogenes or inhibition of 
tumor suppressor genes), endocrine, immune regulation, and 
tumor angiogenesis and so on many aspects, internal and ex-
ternal microenvironment of cell is still in constant change [113-
116]. This stage belongs to the tumor promotion stage, and its 
influencing factors are called tumor environmental promotion 
factors in this paper. For example, the classic cancer promoter 
TPA affects the transcription of specific genes in tumor-initiating 
cells by regulating cell protein kinase C, AP-1 and other cellular 
proteins, and induces the expression of c-fos and c-myc genes 
that are positively correlated with tumorgenesis. At the same 
time, the expression of Rb and α1-I3 genes negatively corre-
lated with tumorigenesis was decreased. The ability to increase 
the frequency of gene amplification is more conducive to tumor 
formation and development [117-119].

Tumor formation is the process of proliferation, differentia-
tion and infiltration of tumor-initiating cells. After the formation 
of initial cells with tumor karyotype, they are generally in a dor-
mant state, long time latent in the body, they need appropriate 
environmental stimulation to promote their rapid development. 
The interaction between tumor-initiating cells and the microen-
vironment determines whether tumor-initiating cells continue 
to proliferate [120-122]. A number of studies have found that in 
a suitable microenvironment for tumor cell growth, the activa-
tion of various pro-tumor signaling pathways in tumor cells, the 
suppression of local immune function in tumor microenviron-
ment and the rapid generation of tumor blood vessels are the 
three essential factors determining tumor formation and rapid 
development [123-125]. In addition to the telomere function 
related to somatic mutagenesis mentioned above, TRF2 protein 
in tumor-initiation cells plays an important role in the modifica-
tion of the microenvironment conducive to tumor development 
among other functions besides telomere function of TRF2. The 
mechanism is closely related to the above three essential fac-
tors affecting tumor development in the microenvironment. 
Therefore, TRF2 also has obvious characteristics of environmen-
tal tumor-promoting factors.

Intracellular tumor-related signal transduction can induce 
up-regulation of TRF2 level and enhance the survival ability of 
tumor cells.

The transduction of tumor-related signals maintains and pro-
motes the growth, development, proliferation, differentiation 

and environmental response of tumor cells, which is an indis-
pensable element for the survival of tumor cells. Studies have 
found that Wnt/β-catenin, RAS/RAF/MEK/ERK, IKK/NF-ĸB and 
other tumor-related signal transduction pathway activation, 
leading to significantly higher intracellular TRF2 level [126-128].

The potential regulatory region downstream of the transcrip-
tion start site of human TRF2 gene (TERF2) contains six TCF-LEF 
transcription factor binding sites (named Reg region). Tumor 
cell membrane receptors are stimulated by Wnt protein, and 
β-catenin nuclear translocation binds to TCF-LEF transcription 
factor, which specifically induces the activation of natural Reg 
region and increases the expression of TERF2. If the expression 
of β-Catenin Gene (Ctnnb1) is inhibited and β-catenin signal 
transduction is absent, TRF2 protein will decrease accordingly 
and Telomere Dysfunction Induced Foci (TIF) in Telomere region 
can be triggered. This was accompanied by a decrease in cell 
viability and an increase in the percentage of cells expressing 
β -galactosidase, a marker of cell senescence [129]. The Serine 
323 (S323) residue of TRF2 is embedded with the consensus 
PXSP phosphorylation motif in MAPKs in different cell types, in-
cluding normal and cancer cells. Erk1/2 and TRF2 interact in the 
cytoplasm, and the S323 residue of TRF2 can be phosphorylat-
ed by ERk1/2, increasing the half-life and stability of TRF2, par-
ticipating in telomere protection, and promoting tumor growth 
by maintaining TRF2 levels [130].

Therefore, various tumor signal transduction pathways ulti-
mately promote the expression of TRF2 gene or improve the sta-
bility of TRF2 protein, which is conducive to the accumulation of 
TRF2 in cells. Although the distribution level of TRF2 is different 
in different stages of tumor cells, and even decreased in the telo-
mere region, TRF2 is an important protein molecule that tumor 
cells rely on for survival and cannot be replaced. Through cell 
signal transduction pathway, TRF2 establishes communication 
relationship with extracellular microenvironment. By sensing 
changes in external signals, TRF2 can enhance the environmen-
tal adaptability of tumor cells by adjusting epigenetic or protein 
interaction; On the other hand, it can regulate the expression of 
proteins and RNA to modify the peripheral microenvironment 
of tumors by autocrine or paracrine. Thus, TRF2 plays an impor-
tant role as a non-telomere tumor-promoting factor [126-128]. 
The increase of the overall level of TRF2 in cells can also cooper-
ate with cell cycle regulatory proteins to promote the mitosis 
of tumor cells, reduce the cell death caused by mitosis arrest, 
and produce the tolerance of tumor treatments, such as radio-
therapy and chemotherapy. It has important synergistic effect 
on improving tumor cell viability [126,127,128]. Mechanically, 
the increase of TRF2 level can promote the binding of TRF2 to 
telomere or Interstitial Telomere DNA Sequence (ITS), protect 
related structures from various proteases or cytotoxic drugs, 
and make them more stable. The survival adaptability of tumor 
initiation cells was greatly improved. In this way, it is beneficial 
for tumor cells to colonize in the body tissue and play the role of 
external microenvironment modification. Overall, maintenance 
of TRF2 function is a prerequisite for significant transformation 
of the internal and external microenvironment of tumor cells 
and lays the foundation for accelerated cell expansion [131-
133].

TRF2 promotes tumor angiogenesis and provides nutrition 
for rapid tumor expansion

Angiogenesis is an important manifestation of malignant 
tumor progression. Some studies have found that TRF2 is ex-
pressed in blood vessels in various tissues of human body [134-
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Table 1: Effect of TRF2 silencing on expression levels of angiogenic and inflammatory genes in CAL33 
cells, CAL27cells and CAL33 tumor xenografts.

CAL33 CAL27

Genes shC sh1 sh2 shC sh1 sh2

CELLS 36B4 100 100 100 100 100 100

m-RPLP0 100 100 100 100 100 100

GADPH 100 100 100 100 100 100

TERF2 100 70(*) 40(***) 100 62(*) 32(***)

CXCL1 100 326(***) 307(***) 100 129 80

CXCL7 100 110 131 100 199(*) 379(***)

CXCL8 100 357(***) 197(***) 100 212(*) 142(*)

CXCL9 100 235(**) 334(***) 100 293(*) 355(**)

CXCL10 100 162(*) 479(***) 100 217(**) 267(**)

IL6 100 400(***) 697(***) 100 289(***) 100

PDGF-BB 100 122(*) 150(***) 100 130 93

RANTES 100 270(***) 310(***) 100 97 86

VEGF 100 85 68(***) 100 109 82

TUMORS 36B4 100 100 100

TERF2 100 91(*) 51(***)

CXCL1 100 276(***) 302(**)

CXCL7 100 124 125

CXCL8 100 96 119

CXCL10 100 179(*) 1261(*)

IL6 100 139 193

RANTES 100 518(***) 1325(**)

VEGF 100 48(*) 57(**)

The percentage expression of the different genes evaluated by qPCR is shown. For the measured genes, the 
reference values [100] correspond to the content of a given gene in shC cells. The statistically significant dif-
ferences are shown (ANOVAtest). *p<0.05: **p<0.01: ***p<0.001

Figure 1: Schematic diagram of the transformation process of somatic cells into tumor cells. TRF2 at the chromosome end of normal somatic 
cells is affected by sensitive events and loses the protective function of telomeres (I), leading to loss of telomeres and severe shortening (II); 
the unprotected chromosome ends are recognized as DNA double-strand breaks, which can initiate DDR. Some cells are unable to repair the 
broken ends, leading to long-term cell cycle arrest and apoptosis, which is cleared by the body. The other part of the cell chromosomes is 
fused with other chromosomes to repair the broken ends. End-to-end fusion is more likely to occur at the ends of homologous chromosomes 
after S-phase replication (III, IV). Under the promotion of the cell cycle by TRF2, these chromosomal fusion cells enter the mitotic cycle. Due 
to terminal fusion, a terminal bridge structure appears during mitosis, resulting in mitotic delay, and some cells may die due to mitotic ar-
rest. Other cells have abnormal chromosomal divisions, and the chromosomes are distributed asymmetrically in the progeny cells. At the 
same time, it may affect the structural integrity of genes and cause gene mutations (V, VI). The offspring also lost the telomere protection 
ability of TRF2, leading to the periodic and continuous development of end-to-end fusion, that is, BFB. A large number of genetic mutations 
or aneuploidy structural cells are produced. Until the chromosome end telomere extension mechanism is finally activated, the telomere DNA 
repeat sequence is formed, and the terminal protection function is restored after TRF2 is located, making the chromosomes of the mutant 
cells relatively stable. So far, the transformation from somatic cells to tumor cells has been completed (VII). OG, oncogenic, TSG, tumor sup-
pressorgenes. 
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Figure 2: Tumor formation and TRF2’s tumor-inducing and environmental tumor-promoting effects. Body aging or physical and chemical dam-
age can cause genetic trait damage. a. Replicative senescence leads to severe shortening of telomeres, and TRF2 loses telomere positioning 
[1]. Telomere function is damaged and DDR is produced. Some cells die due to the mechanism of senescence and apoptosis, which prevents 
cell mutation (II); a small number of cells bypass apoptosis due to cycle checkpoint obstacles, undergo telomere terminal fusion, and enter 
the crisis of mitosis (III). The BFB cycle causes a large number of chromosomes to recombine, and also changes the frequency of Oncogenic 
(OG) or Tumor Suppressor Genes (TSG) expression in the chromosomes. Most cells die due to mitotic arrest and prevent tumor formation 
(IV). Under the protection and promotion of TRF2, a small number of cells broke through the delay of mitosis. At the same time, abnormal 
gene expression accelerated cell mutation and formed a vicious circle (V). b. Physical and chemical factors cause different chromosomes (A or 
B), different gene loci (qx or qy) in the cell to be damaged and broken (①②), chromosomes recombine, and aberrations (③) are caused. 
The aberrant aneuploid genes are disproportionately Abnormal expression affects the stability of mitosis. Driven by the cell cycle of TRF2, 
more chromosomal aberrations are produced during mitosis (④), and uneven chromosomes are randomly or non-randomly allocated to 
progeny cells, resulting in a periodic recombination cycle (⑤). Such cells can also enter the BFB cycle due to replicative senescence, acceler-
ate chromosome and gene recombination, continue to evolve the karyo type until the tumor karyo type is formed, and activate the telomere 
formation mechanism (such as telomerase or replacement mechanism). Under the protection of telomere positioning, chromosomes are 
stabilized and tumor-initiating cells in a dormant state are formed, waiting for the awakening of tumor promoting factors. c. The activation of 
a variety of tumor signal transduction pathways in dormant tumor cells can promote the expression of TRF2 and ensure its intracellular stabil-
ity. TRF2 levels rise in tumor cells. By modifying the glycocalyx structure and surrounding environment on the outer membrane of dormant 
cells, TRF2 exhibits a significant environmental tumor-promoting factor effect. By recruiting immunosuppressive cells, dormant cells have 
immune escape function; through regulation of endothelial cytokines, new blood vessels are formed, and the tumor microenvironment is 
changed in many ways, so that dormant cells have abnormal proliferation function, and finally form tumor tissue structure.

136]. It is the transcriptional target of Wilms tumor suppressor 
WT1 and is critical for endothelial cell proliferation, migration, 
and tubular formation [137]. TRF2 gene knockdown can prevent 
vascular tissue formation and promote local fibrosis, inflamma-
tion and tumor necrosis. Sh RNA down regulation of TRF2 can 
disarrange the vascular network of tumor, and disperse endo-
thelial cells and pericytes, showing the characteristics of fibrosis 
bands. Inflammation and extra vasation of red blood cells were 
also observed around tumor vessels after TRF2 knockout, indi-
cating acute inflammation and vascular network disorder. Its 
mechanism of action is: TRF2 binds to and trans-activates the 
gene promoter of tumor endothelial angiogenic factor, Platelet 
Derived Growth Factor Receptor β (PDGFRβ), which increases 
PDGFRβ on tumor endothelial cell membrane, facilitating the 
formation of tumor vascular network and promoting tumor 
growth. This effect is independent of telomere function of TRF2 
[137,138]. TRF2 also significantly affects VEGF-A levels in the 
secretory bodies of tumor cells, with a high positive correlation 
between TRF2 and VEGF-A promoting endothelial cell differen-
tiation and angiogenesis [139,140]. This is due to the fact that 
TRF2 promotes the expression of sulf2 through binding to the 
distal regulatory element of the gene. Sulf2, a gene encoding 
endoglucosamine 6-sulfatase, is known to remove sulfates from 

the 6-O site of Heparan Sulfate (HS) [141] and affect tumor se-
cretors [141]. By this mechanism, TRF2 attenuates the ability of 
Heparan Sulfate Proteoglycan (HSPG) to bind and isolate signal-
ing molecules containing the heparin binding domain, including 
the angiogenic factor VEGF-A, making it more easily secreted 
into the Tumor Micro Environment (TME). This has a profound 
effect on tumor vascularization [140]. The promoting effect 
of TRF2 on tumor angiogenesis improves the poor living con-
ditions in tumor microenvironment to a certain extent, and is 
more conducive to the crazy proliferation of tumor cells, result-
ing in the rapid enlargement of tumor body and serious clinical 
pathological response. In conclusion, clinical intervention of in-
tracellular TRF2 level may be a promising tumor therapy.

TRF2 inhibits inflammation and immune cell function in 
TME

In human malignant diseases, elevated TRF2 levels have a 
significant effect on tumor cell growth factor secretion [109]. In 
oral squamous cell carcinoma CAL33 and its metastases, knock-
down TRF2 induced the expression of CXCL1, CXCL8, CXCL9, 
CXCL10, Interleukin-6 (IL6), PDGF-BB and RANTES, while de-
creased VEGF expression (109,142). As shown in Table 1, refer-
ences were cited [109].
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Cytokine expression Changes caused by TRF2 inhibition are 
thought to be associated with senescence related secretory 
phenotypes [143]. Beneficial to the elimination of senescent 
or diseased cells [143]. IL6, IL8/CXCL8, RANTES/CCL5 and GRO/
CXCL1 are pro-inflammatory factors that cause local immune 
activation and inflammation [144-147]. The high expression of 
TRF2 in tumor cells can reduce the function of immune cells and 
regulatory factors in tumor TME, and help tumor cells evade 
immune surveillance. This is a very key step in the formation 
of human tumor body and plays an important role in the pro-
cess of tumor expansion. In addition, molecular mechanism 
studies have shown that TRF2 can promote the expression of 
HSPG gene, which plays a very important role in the forma-
tion of exopolysaccharide calyx. TRF2, as a general remodeling 
agent of calyx structure, forms a microgradient structure that 
facilitates the recruitment of bone Marrow Derived Inhibitory 
Cells (MDSC) [148]. MDSC plays an important role in tumor 
angiogenesis, tumor cell survival, tumor metastasis, and pre-
metastasis microenvironment formation [149]. The main im-
munosuppressive factors of MDSC include Indoleamine 2, 3-Di-
oxygenase (IDO), Arginase1 (ARG1), Reactive oxygen species 
(ROS), Interleukin-10, Tumor growth factor -β, Inducible Nitric 
Oxide Synthase (iNOS), COX-2, Nitric Oxide (NO), etc. [150]. At 
the same time, MDSC can also recruit regulatory T cells (Tregs) 
into the tumor microenvironment and inhibit the function of 
effector T cells (Teff) by secreting inhibitory factors such as Il-
10, Il-35 and Transforming Growth Factor -β (TGF-β) [151-153]. 
The accumulation of MDSC in TME inhibits the recruitment and 
activation of Natural Killer Cells (NK), and also blocks the im-
mune killing function of CD8+ T cells. In this microenvironment, 
the body loses the ability of immune surveillance and clear-
ance, promoting the revival of dormant tumor-initiating cells 
and accelerating the proliferation of tumor cells [142,148,154]. 
Immune Checkpoint Blockers (ICBs) have been widely used in 
clinical cancer treatment, and have achieved remarkable clini-
cal therapeutic effects, but at the same time, unwanted drug 
resistance has been generated. The mechanisms of drug re-
sistance include checkpoint replacement mechanism, antigen 
presentation disorder, intracellular and extracellular metabolic 
disorder, abnormal tumor signaling pathway, immunosuppres-
sion of tumor microenvironment, transcriptome and epigenetic 
influence, etc. [155]. The immunosuppressive effect of TRF2 sig-
nificantly affected the therapeutic effect of ICB [156]. Abnormal 
TRF2 may be an important factor of ICB drug resistance, and 
reasonable regulation of TRF2 level can provide a new idea for 
the selection of clinical treatment in the future.

Based on the above remodeling relationship between TRF2 
and the survival microenvironment of tumor cells, we can con-
sider the non-telomere function of TRF2 protein as an intracel-
lular environmental tumor-promoting factor. Over expression 
of TERF2 gene or improvement of stability of TRF2 protein 
can rapidly activate changes in the microenvironment around 
tumor-initiating cells, recruit and transform tumor-related cells 
conducive to tumor cell growth, and have synergistic effects 
with various secreted cytokines and chemokines. Inhibit im-
mune function, construct tumor angiogenesis, provide tumor 
cells with necessary nutrients, and finally break the dormancy 
of tumor initiation cells, and initiate tumor proliferation and de-
velopment.

Please refer to Figure 1 for a schematic diagram of tumor for-
mation and the tumor induction and environmental pro-tumor 
effects of TRF2

Discussion

TRF2 protein plays a key role in the process from somatic 
mutation to tumorigenesis. It is a common functional control 
protein in all stages of tumor formation and its function is close-
ly related to tumor formation. High or low abnormal expression 
of TRF2 can lead to telomere protection loss or non-telomere 
dysfunction, which can lead to chromosome instability and 
induce fatal tumor diseases. In fact, TRF2 is not only over ex-
pressed in multiple tumor tissues [157-159], but also decreased 
in other tumor types [160-162], which is characterized by tu-
mor heterogeneity. In terms of the mechanism of tumor cell 
formation, whether TRF2 levels are abnormally elevated or 
decreased in telomeres, severe telomere dysfunction can be 
induced. The over expression of TRF2 leads to the formation 
of overly compact DNA protein complexes, which reduces the 
binding of TRF1 protein, which promotes telomere replication, 
to telomere, thus impeding the advance of telomere replication 
fork, resulting in the stagnation of telomere DNA replication. 
Some telomeres are lost or shortened by end onuclease. The 
breakdown of telomere Ultrafine Anaphase Bridge (UFB) leads 
to random loss of large segments of telomere sequences and 
subtelomere regions, resulting in chromosome instability and 
mutations [162,163]. The reduction or loss of TRF2 destroys 
the T-loop structure and leaves the telomere ends unprotected. 
Due to lack of TRF2 regulation, endonuclease enzymes such as 
SLX4 and GEN1 and MUS81 can lead to catastrophic telomere 
excision and also to chromosome instability [164]. It can be 
seen that in terms of telomere functional integrity, too high or 
too low TRF2 in telomere can lead to chromosome instability 
and induce the generation of tumor-initiating cells at the stage 
of somatic mutation. This may provide an explanation for the 
formation of some heterogenous tumors with high or low TRF2 
expression in clinic. In the stage of tumor formation, as men-
tioned above, TRF2, as an environmental tumor-promoting 
factor outside the telomere, has a tumor-promoting effect due 
to over expression, and is an important factor in promoting tu-
mor development. In some tumors with reduced TRF2 levels, 
changes in the distribution and concentration of TRF2 in differ-
ent parts of the nucleus may be responsible for maintaining and 
enhancing its tumor-promoting effect. In addition, there may 
also be synergistic effects of other endogenous and exogenous 
environmental pro-tumor factors, which need to be further 
studied. Due to the irreversibility of chromosomal aberrations 
and gene mutations, most of the current innovative tumor ther-
apies focus on the regulation of signaling proteins in the tumor-
promoting stage, such as tumor molecular targeting, tumor im-
mune targeting, endocrine therapy, etc. If the function of TRF2 
outside the telomere can be effectively regulated in tumor-ini-
tiating cells, the immunosuppression state and the formation 
of neovascularization in the tumor microenvironment can be 
blocked, so as to prevent local colonization of initiating tumor 
cells and achieve the blocking effect of tumor body formation. 
Combined with the existing clinical tumor treatment methods, 
the transformation of tumor initiation cells was eliminated, and 
the overall survival rate and prognosis of tumor patients were 
improved. Therefore, how to rationally apply new agents to 
control the function of TRF2 in tumor cells has potential signifi-
cance for the development of new ideas for clinical treatment 
of tumor. However, the tumor-specific targeting of TRF2 will still 
face greater challenges. How to get rid of the influence of TRF2 
on normal cells and reduce adverse reactions remains to be fur-
ther studied.
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Conclusion

At present, the theories of tumor formation have their mer-
its. Among them, the aneuploidy theory and gene mutation 
theory explain the transformation process of somatic tumor. 
In recent years, many studies have found that these two theo-
ries do not exist in isolation. Gene mutations and chromosomal 
aberrations in somatic cells complement each other and both 
are indispensable processes leading to the formation of tu-
mor transformed cells. Both can be the primary cause of tu-
mour formation, in which the transformation of somatic cells 
into tumours is caused by chromosomal aberrations or gene 
mutations. When tumor-initiating cells eventually form, there 
must be aneuploidy and a large number of genetic mutations. 
TRF2 protein is involved in all of these processes, so we believe 
that TRF2 is a very important factor in tumor formation. The 
functional status of this protein can affect both chromosome 
and gene stability. Abnormal telomere or non-telomere func-
tion of TRF2 can lead to chromosome instability, abnormal 
gene expression, continuous chromosome aberration and gene 
mutation, and promote the formation of mutated tumor trans-
formed cells. In addition, the extracellular function of TRF2 can 
promote the formation of tumor microenvironment, which is 
conducive to the colonization and proliferation of tumor-initi-
ating cells and tumor body formation. Targeting TRF2 provides 
a new idea for tumor prevention and treatment, and has far-
reaching application value and significance.
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