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Abstract 

The hallmarks of cancer are determined by cancer-associated gene expression 
pattern that is determined by cancer-associated chromatin configuration 
(CACC). Using non-carcinogenic genotoxic drugs (NCGDs) to alter CACC 
could change cancer-associated gene expression pattern, which in turn, might 
cause disappearance of some or whole hallmarks of cancer and as a result, 
cancer cells could be killed by either apoptosis or immune destruction. 
Therefore, cancer could be prevented and treated by administration of 
NCGDs that can alter CACC in cancer cells. 
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1. Introduction 

Thirty-five years ago, we published a paper in which we first proposed that 
3-dimensional (3D) genome architecture, or chromatin configuration, might be 
linked to gene activities and determine gene expression pattern in each cell type, 
and that abnormalities of chromatin configuration might cause cancer [1]. 
Growing evidence has strongly supported our hypothesis [2] [3] [4]. In our pa-
per, we also first proposed that to beat cancer, more efforts should be made to 
turn cancer cell’s abnormal chromatin configuration to normal. Once cancer 
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cell’s aberrant chromatin configuration becomes normal, the cellular features of 
cancer cells will disappear, which indicates a new field that diseases could be 
treated via alteration of 3D genome architectures in related cell types. Recently, 
we published a paper in which we proposed that cancer-associated 3D genome 
architecture could be defined as cancer-associated chromatin configuration 
(CACC), and using less-toxic drugs to alter CACC could make cancer cells be-
come less harmful [5]. Interestingly, around two months after our paper was 
published, Russian scientists reported that curaxins can alter cancer cell’s ge-
nome architecture, which leads to suppression of many oncogenes [6].  

Since the outbreak of the COVID-19 pandemic, repurposing old drugs to fight 
SARS-CoV-2 which causes COVID-19 has become a hot research topic. Unlike 
mainstream’s virus-killing strategy, we proposed that non-carcinogenic geno-
toxic drugs (NCGDs) could be used to reduce target cell’s susceptibility to 
SARS-CoV-2 and to modulate immune cell’s response to SARS-CoV-2 infec-
tions through altering 3D genome architectures in target cells and immune cells. 
We also emphasized that altering 3D genome structures by NCGDs could be a 
cure-all strategy for preventing and treating all viral infections and many other 
diseases that are linked to aberrant 3D genome structures in related cells. Since 
cancer remains a leading cause of death worldwide, in this paper, we would like 
to explore in depth the effects of altering 3D genome architecture in carcinoge-
nesis and de-cancerization so that a good strategy for preventing and treating 
cancer could be figured out.  

2. Linkage of Alteration of 3D Genome Architecture to both  
Carcinogenesis and De-Cancerization 

Based on our hypothesis, chromatin configuration, i.e., 3D genome architecture, 
determines cell type and different cell types contain different chromatin confi-
gurations [1]. Therefore, it is reasonable to assume that normal cell becoming 
cancer cell, i.e., carcinogenesis and cancer cell becoming normal or less harmful 
cell, i.e., de-cancerization, are undoubtedly associated with alterations of chro-
matin configurations. The driving force for these alterations is genotoxic agents 
that can alter chromatin configuration through various approaches, such as 
DNA damage, gene mutations, non-coding DNA mutations, non-DNA-damage 
intercalation, and epigenetic changes, such as DNA methylation landscape 
change etc. The detailed description of carcinogenesis and de-cancerization is 
presented as follows. 

Cancer initiation is due to lone-term exposure to carcinogenic genotoxic 
agents that can abnormalize normal cell’s chromatin configuration. During this 
process, most cells with aberrant chromatin configurations will die because the 
aberrant chromatin configurations are usually fatal. Only a small number of cells 
with CACC will survive and these cells will eventually develop into clinically de-
tectable cancer. This process could be named as genotoxic agent-induced carci-
nogenesis (Figure 1(a)). Cancer cell is characterized by uncontrollable growth,  
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Figure 1. The schematic diagram shows how genotoxic agents cause and cure cancer 
through altering genome architectures. (a) Genotoxic agent-induced carcinogenesis; (b) 
Genotoxic agent-induced de-cancerization. 
 
metastasis, avoiding apoptosis and immune destruction etc., which are named as 
the hallmarks of cancer [7]. It is due to these hallmarks that cancer causes death. 

Recently, we proposed that NCGDs could be used to prevent and treat cancer 
because genotoxic agents could alter CACC and thus, might alter cancer cell’s 
gene expression pattern [8] [9]. Theoretically, if cancer cell’s CACC is altered by 
NCGDs, cancer cell’s gene expression pattern will be altered, which could make 
cancer cells become less-harmful cancer cells. We assume that once cancer cells 
become less-harmful cancer cells, some cancer hallmarks, such as spreading, 
avoiding apoptosis and immune destruction etc., might become less effective or 
completely disappear. It is also possible that NCGDs might alter 3D genome ar-
chitectures in immune cells, which could make immune cells regain ability to kill 
cancer cells. The overall results are that cancer cells could be killed either by 
apoptosis or by immune destruction. This process could be named as genotoxic 
agent-induced de-cancerization (Figure 1(b)). Besides, differentiation therapy 
using all-trans-retinoic acid (ATRA) can cause cancer cells to turn into normal 
cells [10]. Since ATRA is a drug with genotoxic properties [11], we assume that 
the mechanism of differentiation therapy is to induce cancer cells into normal 
cells via alteration of CACC by NCGDs. Although genotoxic agents could be di-
vided into two groups: carcinogenic genotoxic agents that cause cancer and 
NCGDs that might cure cancer, there is no clear line between them, for example, 
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arsenic trioxide is a carcinogenic genotoxic agent, but when being properly used, 
it could function as one of NCGDs to treat cancer [12]. 

Spontaneous remission of cancer (SRC) is a very rare phenomenon [13], the 
mechanism of which is unknown. From our point of view [8], SRC could be 
linked to long-term exposure to some unknown genotoxic agents, which could 
be non-anticancer medicine with genotoxic side effects, or might be contained in 
foods, drinks, health supplements and environment. The unknown genotoxic 
agents could coincidentally alter CACC in the SRC patient’s cancer type and 3D 
genome architectures in immune cells. We speculate that fever, viral infection, 
trauma and other pathological factors could synergistically enhance genotoxic 
agent’s effects in alteration of genome architectures in both cancer cells and 
immune cells and thus, might trigger quick de-cancerization (Figure 1(b)). 

Taken together, cancer is caused by genotoxic agents and might be cured by 
genotoxic agents, which agrees with a wise Chinese saying that the person who 
tied the bell on tiger’s neck is the person who is capable of taking it off. 

3. Repurposing Old Drugs with Genotoxic Side Effects as  
NCGDs for Cancer Prevention and Treatment 

NCGDs are new conceptual drugs that could be used to treat cancer and many 
other diseases [9]. The mechanism by which NCGDs exert their actions is 
changing gene expression pattern through altering 3D genome architectures in 
related cell types including cancer-cell types. One single of NCGDs usually can 
alter genome architectures in many cell types and thus could be used for treating 
a wide spectrum of diseases, the phenomenon of which could be named as “the 
cure-all properties” of NCGDs. 

Currently, no NCGDs that are designed to alter 3D genome architecture are 
available in clinical practice. However, it is possible to repurpose some old drugs 
as NCGDs. The guiding principles for picking out NCGDs from old drugs are: 
first, the old drugs must be safe, and will not cause cancer in humans when be-
ing properly used; second, the old drugs must have genotoxic side effects that are 
proved by genotoxicity testing [14]. We speculate that drugs with genotoxic side 
effects might be able to alter 3D genome architectures in many cell types includ-
ing normal cell types and cancer-cell types. To test this speculation, related ex-
periments and clinical trials should be done. Based on these guiding principles, 
many old drugs with genotoxic side effects but without causing cancer in hu-
mans after long-term use could be picked out from nearly all drug classes, which 
could be repurposed as NCGDs for preventing and treating cancer. Interestingly, 
many such drugs have been proved to have more or less anticancer effects, such 
as vitamin C [15], aspirin [16], paracetamol [17], chloroquine [18], metformin 
[19], curcumin [20] and berberine [21] etc. The mechanisms by which these 
drugs exert their anticancer actions are various according to mainstream views, 
but we think that possessing genotoxic side effects is a common feature of these 
drugs, which might directly or indirectly alter CACC in related cancer types. 
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Collectively, repurposing old drugs with genotoxic side effects as NCGDs for 
preventing and treating cancer is possible and worthy of systematic investiga-
tions. Since cancer usually grows undetected for about 10 years in humans, it is 
better to periodically take a long course of treatment with NCGDs once every 3 
to 5 years, which could kill existing small number of cancer cells and thus, pre-
vent cancer formation.  

4. Conclusions 

Carcinogens cause gene mutations and accumulated gene mutations cause nor-
mal cells to turn into cancer cells, which has long been common knowledge 
about carcinogenesis. Based on this knowledge, it is impossible to prevent cancer 
by administration of drugs because no drugs can be used to prevent or correct 
gene mutations in cancer cells.  

Thirty-five years ago, we proposed a hypothesis that carcinogenesis might be-
linked to abnormalities of 3D genome architecture and as such, treating cancer 
should focus on alteration of cancer’s abnormal 3D genome architecture [1], 
which opens up a new perspective in cancer management. Based on our hypo-
thesis, gene mutations will not directly cause cancer. Normal cells becoming 
cancer cells is a cell type change, which is directly linked to alteration of 3D ge-
nome architecture. Therefore, to prevent and treat cancer, we can ignore gene 
mutations, and just pay attention to alteration of cancer-associated genome ar-
chitecture or CACC. Genotoxic drugs are only drugs that can be used to alter 
CACC, which is why we proposed that NCGDs could be used for the prevention 
and treatment of cancer. Since no NCGDs are available currently, repurposing 
some old drugs with genotoxic side effects as NCGDs for these purposes is poss-
ible. 

The advent of antibiotics is one of the greatest advances in therapeutic medi-
cine. Thanks to antibiotics, the number of deaths from bacterial infections has 
dramatically reduced. However, there are many diseases that are not caused by 
bacteria but by abnormalities of gene expression patterns in related cell types, 
such as aging-associated diseases. To treat these abnormal gene expression pat-
tern-associated diseases, manipulating gene expression patterns through altering 
3D genome architectures in related cell types by NCGDs might be a promising 
strategy. 
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