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Abstract 
 

Forty years ago, when I was 30-years old, I published a Chinese-language article named as ‘Abnormalities in chromatin fibre configuration and 
malignant tumour formation’. By literature search, this article might be the first one over the world, which proposed that 3D genome structure 
might be closely linked to gene expression, cell differentiation, and tumour formation. The assumption of ‘cancer reversal’, and ‘reversal drugs’ 
were also proposed in this article. To help researchers understand this article, I have used Google Translate to translate the original article into 
English, with a few minor changes. Besides, since this article might occupy a very important position in exploring history of 3D genome 
structure development, it is a must to translate this Chinese article into English. 
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INTRODUCTION 

 
In 1986, I published an article titled as ‘Abnormalities in 
chromatin fibre configuration and malignant tumour 
formation’ [1]. The preparation for this paper began from the 
period when I was pursuing master’s degree (1982 to 1985). 
My master’s project was study of piperaquine resistance in 
rodent malaria parasites, exploring the mechanism of 
cancer formation was my favourite hobby. The inspiration 
for this idea occurred in the master’s degree course of electron 
microscopy. I realised that if we imagined that the nucleus in 
eukaryotic cells could be three-dimensional (3D) ball-like and 
chromatin fibres inside could be 3D reticular structure. This 
distribution of 3D chromatin fibres must be strictly ordered 
and otherwise the protein expression will be affected and might 
cause cancer formation as well. I felt so exciting that hurried to 
write a manuscript of the paper in 1984. I submitted this 
manuscript to ‘Medicine and Philosophy’ journal at the early 
stage of 1985, having waited for about one year until the paper 
was published in February of 1986. The drawback of this paper 
was no list of references, which was because in Chinese-
language books including textbooks at that time didn’t contain 
original references, also, no internet search available. As the 
paper was published in Chinese, it may have been overlooked 
or misunderstood by many international researchers. Till now, 
40 years passed, no articles worldwide have cited it. To help 
researchers understand this article, I have used Google 
Translate to translate the original article into English, with a 
few minor changes. The following is the English translated 
version of this article. 
 
ABNORMALITIES IN CHROMATIN FIBRE CONFIGURATION AND 
MALIGNANT TUMOUR FORMATION 
Gao-De Li, Second Military Medical University 
 
Malignant tumours (cancer) may well be one of the most 
intractable challenges facing modern medicine, a problem  
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requiring the concerted efforts of multiple disciplines to 
resolve. Consequently, when exploring the fundamental nature 
of the disease, it is essential to uphold the principle of ‘letting a 
hundred schools of thought contend’ to broaden our horizons. 
Offering a personal perspective, this article attempts to 
investigate the mechanisms underlying the formation of 
malignant tumours from a novel angle. 
 
 Conceptualization regarding configuration of chromatin 

fibres 
 
In the interphase nucleus, eukaryotic chromosomes exist in a 
dispersed state known as chromatin. When specimens dually 
fixed with glutaraldehyde and osmium tetroxide are examined 
under an electron microscope, small, darkly staining masses, 
often distributed along the inner nuclear membrane can be 
seen scattered within the nucleoplasm; these dense regions are 
termed heterochromatin. The lighter, brighter areas situated 
between regions of heterochromatin correspond to 
euchromatin. The heterochromatin and euchromatin located 
both within and surrounding the nucleolus are collectively 
referred to as nucleolus-associated chromatin. High-resolution 
electron microscopy reveals that this chromatin is composed of 
tightly coiled fibrils of varying thicknesses that are continuous 
with one another. These fibrils are known as chromatin fibres 
and are composed of DNA, histones, and non-histone proteins.  
 
If the cell nucleus envisioned as a large, spherical spaces, then 
chromatin fibres can be viewed as intricate, three-dimensional 
network structures residing within these spaces. Chromatin 
fibres undergo a series of dynamic changes prior to cell 
division, ultimately condensing into chromosomes; following 
division, within the daughter cells, the chromosomes 
decondense, and the fibres revert to the state characteristic of 
the non-dividing cell. It can thus be inferred that the 
arrangement of chromatin fibres within the nucleus is not 
haphazard but rather highly ordered. Such a regular arrangement 
is likely essential to ensure the equal distribution of genetic 
material during each cell division. We collectively refer to the 
three-dimensional form of chromatin fibres as their 



‘configuration,’ designating the configuration observed during 
interphase as the ‘stable-state configuration’ and those in other 
phases as ‘unstable-state configurations.’  
 
Chromatin fibre configurations are objective realities; however, 
there is currently no technology or equipment capable of 
revealing the full configuration of chromatin fibres within the 
nuclei of living cells. We can only infer these configurations by 
observing the distribution of chromatin within the nucleus. For 
instance, observations via light or electron microscopy reveal 
varying chromatin distribution patterns across different nuclei; 
consequently, we can surmise that different cells may possess 
distinct chromatin fibre configurations. Furthermore, it can be 
inferred that cells of the same type at the same stage of the life 
cycle should exhibit essentially identical or similar chromatin 
fibre configurations. Any observed differences are likely 
attributable to factors such as specimen preparation, the 
functional state of the cells, or the angle of observation. 
 
 Chromatin fibre conformation and gene activity 
 
Intracellular genetic material exists in a series of 
interconnected, hierarchical forms: single nucleotides, DNA 
molecules, chromatin fibres, and chromosomes. Genes are 
functional segments within DNA molecules. Given this 
hierarchical and interconnected nature of genetic material, we 
hypothesize that there may be an intrinsic link between 
chromatin fibre conformation and gene activity. Although such 
a perspective and related experimental study have not yet 
appeared in the literature, the possibility of this connection can 
be inferred from existing knowledge. For instance, at the 
molecular level, a chromatin fibre is not a smooth-surfaced 
strand but rather an irregular, cord-like structure composed of 
countless chemical groups, most belonging to DNA molecules 
and the rest to chromatin protein molecules. Their spatial 
arrangement shifts with changes in the chromatin fibre’s 
conformation; for example, regions where the fibre twists or 
folds may bring chemical groups into proximity or cause them 
to interlock, whereas extended regions may result in chemical 
groups being sparsely spaced and isolated from one another. 
Since DNA molecules are embedded within chromatin fibres, 
processes such as gene activation prior to replication and 
nucleotide incorporation during replication are inevitably 
influenced by the surrounding chemical groups. Furthermore, 
because the spatial arrangement of these groups is determined 
by the chromatin fibre’s conformation, it follows that changes in 
that conformation can influence gene activity.  
 
Furthermore, the synchrony between changes in cellular 
function and nuclear chromatin morphology during cell 
differentiation offers a glimpse into the mutual adaptation 
between chromatin fibre configuration and patterns of gene 
activity. For instance, observations of hematopoietic stem cells 
differentiating into various blood cells reveal that as 
differentiation progresses, functional differences between the 
cells widen, accompanied by increasingly distinct differences 
in nuclear chromatin morphology. Early-stage cells in this 
lineage, such as prolymphocytes, promonocytes, and 
promyelocyte exhibit little variation in chromatin morphology 
or function. As they differentiate into the next stage 
(lymphoblasts, monoblasts, and myelocytes), differences in 
chromatin morphology begin to emerge, potentially correlating 
with slight functional variations. By the time they fully 
differentiate and mature into functional blood cells, both their 
functions and nuclear chromatin morphologies have become 

vastly different; examples include lymphocytes secreting 
antibodies (following differentiation into plasmablasts and then 
plasma cells) and monocytes phagocytosing foreign matter or 
entering tissues to become various types of phagocytes. 
Differences in cellular function reflect differences in patterns 
of gene activity. Thus, it appears that the differentiation 
process confers distinct gene activity patterns (in terms of the 
types and quantities of genes involved) upon cells by 
establishing specific chromatin fibre configurations; in other 
words, distinct gene activity patterns rely on specific chromatin 
fibre configurations, or specific chromatin fibre configurations 
are adapted to specific patterns of gene activity. 
 
 Mechanisms of tumour cell formation 
 
Existing evidence from tumour research suggests the 
following: 1. Despite the diverse nature of carcinogenic agents 
(including physical, chemical, and biological factors), tumours 
arising from the same cell type in animals or plants show little 
difference; 2. During the transformation of normal animal cells 
into tumour cells, whether induced by X-rays, chemical 
carcinogens, or viruses. one or more rounds of cell division are 
required for the cells to stably maintain their neoplastic 
phenotype; 3. Although malignant tumours vary widely in type, 
their nuclei share common characteristics: enlargement, 
morphological abnormality, and a marked increase in unevenly 
distributed intranuclear chromatin. Points 1 and 2 suggest that 
tumour formation may involve a common mechanism linked to 
cell division. Point 3 implies that abnormal chromatin fibre 
configuration is a widespread feature of tumour cell nuclei. 
Given the facts that many tumour cells possess a complete set of 
chromosomes and that some are capable of reversion, the 
abnormal chromatin fibre configuration likely does not stem 
from mutations caused by DNA deletion, substitution, or 
permanent recombination; rather, it may result from the failure 
of daughter cells to restore a stable chromatin fibre 
configuration following cell division. Based on this, we 
propose the following hypothesis regarding the mechanism of 
tumour formation.  
 
There appears to be a ‘fork in the road’ during the normal cell 
life cycle, a critical juncture where carcinogenic factors can 
divert a cell onto a path of malignant proliferation. This 
juncture likely occurs during the mitotic phase (M phase), with 
the chromatin fibres serving as the specific site of action for 
these carcinogenic factors. Toward the end of the M phase, the 
configuration of chromatin fibres in daughter cells begins to 
transition toward a stable state, a process likely mediated 
by a series of enzymatic reactions. If carcinogenic factors 
intervene at this stage, they may interact directly with specific 
chemical groups on the chromatin fibres or induce structural 
alterations in certain regions of the fibres. These changes 
prevent the chromatin fibres from reverting to their stable 
configuration, locking them instead into an aberrant state. To 
survive, the cell must adapt through compensatory changes in 
gene activity patterns to this altered chromatin configuration; 
conversely, the aberrant chromatin configuration may 
accommodate the abnormal gene activity (specifically, the 
activity of tumour-associated genes). Consequently, the cell 
acquires new biological characteristics, such as autonomous 
proliferation independent of organismal control, the secretion 
of proteins unique to tumour cells (e.g., tumour-specific 
antigens), and varying degrees of morphological and structural 
alteration. Following prolonged exposure to carcinogenic 
factors, the cell becomes "accustomed" to this new mode of 
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