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Abstract: Polyploidy, a physiological phenomenon in which cells contain more than two 
sets of homologous chromosomes, commonly exists in plants, fish, and amphibians but is 
rare in mammals. In humans, polyploid cells are detected commonly in specific organs or 
tissues including the heart, marrow, and liver. As the largest solid organ in the body, the liver 
is responsible for a myriad of functions, most of which are closely related to polyploid 
hepatocytes. It has been confirmed that polyploid hepatocytes are related to liver regenera-
tion, homeostasis, terminal differentiation, and aging. Polyploid hepatocytes accumulate 
during the aging process as well as in chronically injured livers. The relationship between 
polyploid hepatocytes and hepatocellular carcinoma, the endpoint of most chronic liver 
diseases, is not yet fully understood. Recently, accumulated evidence has revealed that 
polyploid involves in the process of tumorigenesis and development. The study of the 
correlation and relationship between polyploidy hepatocytes and the development of hepa-
tocellular carcinoma can potentially promote the prevention, early diagnosis, and treatment 
of hepatocellular carcinoma. In this review, we conclude the potential mechanisms of 
polyploid hepatocytes formation, focusing on the specific biological significance of polyploid 
hepatocytes. In addition, we examine recent discoveries that have begun to clarify the 
relevance between polyploid hepatocytes and hepatocellular carcinoma and discuss recent 
excellent findings that reveal the role of polyploid hepatocytes as resisters of hepatocellular 
carcinoma or as promoters of hepatocarcinogenesis. 
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Introduction
Polyploid is one of the characteristics of hepatocytes,1 which shows essential 
relationship between liver regeneration and physiological features.2–6 Generally, 
in mammals, up to 90% of rodent livers and about 50% of human livers are 
polyploid.7–9 Polyploid hepatocytes are raised during postnatal development, and 
as for rodents, polyploid hepatocytes appears around weaning (postnatal day 14 
[P14] to P21) and increases with age.4,10 In the liver, hepatocytes vary considerably 
in cell and nuclear size, number of nuclei per cell and DNA content per nucleus. 
The cellular ploidy of hepatocytes depends on the DNA content of each nucleus, 
plus the number of nuclei per cell.7,11 Tetraploid hepatocytes, for example, can be 
binucleated cells with two nuclei or mononucleated tetraploid cells.

Primary liver cancer is the most common malignancy of the digestive system world-
wide. According to new data released by Globocan 2020,12 Primary liver cancer ranks the 
6th most common malignancy in the world with 906,000 new cases per year pathogenesis 
and the 3rd most common malignancy with 830,000 deaths per year. Polyploidy is 

Correspondence: Yan Shi; Junqing Wang  
Email sy_rjh@aliyun.com; 
wangjunqingmd@hotmail.com

OncoTargets and Therapy 2021:14 5335–5344                                                              5335
© 2021 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 September 2021
Accepted: 16 November 2021
Published: 27 November 2021

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-0685-4384
mailto:sy_rjh@aliyun.com
mailto:wangjunqingmd@hotmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


a hallmark of cancer. Within the latest decade, accumulated 
studies have suggested that polyploid cells may be involved in 
the development and progression of tumors, including the 
precancerous changes and malignant transformation of many 
human tumors.13 Intriguingly, liver presents to be a special 
polyploid organ during its development, and the relationship 
between polyploid hepatocytes and liver cancer remains 
ambiguous. Recently, Zhang et al10 proposed that polyploidy 
in liver behavior as protector against cancer via inhibiting 
heterozygosity loss. While, many of the others gave out the 
opinion that polyploidization and its subsequent reduction 
promotes tumors via facilitating aneuploidy and chromosomal 
instability.14–16 This review introduces the formation mechan-
ism and physiological function of polyploid hepatocytes and 
focuses on the relationship between polyploid hepatocytes and 
liver cancer, which provides a potential pivotal research section 
in oncology and tumor control.

Molecular Mechanisms Lead to the 
Polyploidy
Except for germ cells, human chromosomes usually exist in 
diploid form and perform biological functions. Depending 
on different physiological or pathological contexts, diploid 
organisms can generate polyploid cells in specific tissues or 

organs through various pathways and mechanisms. 
Generally, the formation of polyploid cells by diploid organ-
isms mainly follows the three classic forms: cell fusion, 
endoreplication, and cytokinesis failure.6,17,18 (Figure 1)

Cell Fusion
Cell fusion in the liver is defined as the fusion of two 
mononuclear diploid hepatocytes (2n) to produce 
a dikaryotic tetraploid hepatocyte (2×2n). Interestingly, 
dikaryotic tetraploid hepatocytes retain the ability to 
enter the division cycle typically, giving rise to two mono-
nuclear tetraploid hepatocytes (4n). On this basis, mono-
nuclear tetraploid hepatocytes can form binuclear 
tetraploid (2×4n) or mononuclear octoploid hepatocytes 
(8n).19 Studies showed that hepatocyte fusion had been 
observed in chimeric mouse transplantation models.20 

However, the existence of hepatocyte fusion in the liver 
is still controversial due to the possible formation of arti-
facts of extracellular vesicles that interfere with the obser-
vation of cell ploidy, which needs further investigation.21

Endoreplication
Endoreplication is a cytological phenomenon by which 
cells turn to polyploid through multiple DNA duplications 

A

B

Figure 1 Mechanisms of polyploidization in the liver. (A) The formation of polyploid hepatocytes mainly follows the three classic mechanisms: cell fusion, endoreplication, 
and cytokinesis failure. (B) Ploidy in hepatocytes is well balanced by the “ploidy conveyor”. Diploid hepatocytes can generate tetraploid hepatocyte via polyploidization. 
Similarly, octoploid hepatocytes can give rise to tetraploid hepatocytes via ploidy reduction. 
Notes: Created with BioRender.com.
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with mitosis absence. Under physiological conditions, the 
mammalian cell cycle consists of four successive phases, 
including G1, S, G2, and M phases, strictly regulated by 
cyclin-dependent kinases (CDKs).22,23 In contrast, endor-
eplication only replicates in the G and S phases without 
undergoing cell mitosis (M phase), resulting in polyploid 
cells characterized with multiple sets of chromosomes. 
Several studies have shown that hepatocyte polyploidy 
can be affected during the corresponding cell cycle process 
by knocking out specific cell cycle regulatory genes, and 
different cytology hepatocyte mouse models can be estab-
lished according to this. For example, it was possible to 
induce the formation of polyploid hepatocytes in mice at 
different stages of the cell cycle by establishing 
P53,24P21,25 and Rb25,26 knockout mouse models. 
Sustained DNA damage can trigger Endoreplication in 
the liver and promote the generation of polyploid 
hepatocytes.27,28 Studies have reported that liver cells cul-
tured in vitro exhibit high phosphorylation of ATR (ataxia 
telangiectasia mutated and RAD3-related protein) and oxi-
dative stress response when the cells were exposed to 
ultraviolet light for a certain period during the S phase 
and G2 phase. Simultaneously, it promotes the high 
expression of cell cycle suppressor p53 and pRb proteins 
through the ATR/p53/pRb pathway, consequentially inhib-
ited the cell cycle and generating polyploid liver cells.27,29

Cytokinesis Failure
Cytokinesis is the last stage of cell division, including 
establishing the division plane, contraction of the acto-
myosin ring, ingression of the cleavage furrow, and for-
mation of the intracellular bridge.17,30 In liver tissue, 
cytokinesis failure dominates the mechanism of polyploid 
hepatocyte formation. Some latest studies have elegantly 
described the factors affecting cytokinesis and the mole-
cular mechanism of cytokinesis failure, playing a guiding 
role in the subsequent research. Margall-Ducos et al31,32 

showed that cytokinesis is interrupted by impaired re- 
organization of the actin cytoskeleton at the division 
plane during the anaphase-telophase transition, resulting 
in loss of cell extension. Meanwhile, astral microtubules 
failed to contact the equatorial cortex and to deliver their 
molecular signal, which prevents activation of the RhoA 
pathway and leads to the generation of binucleate proge-
nies. Desdouets et al reported that the insulin-PI3K-Akt 
signaling pathway primarily regulates incomplete cyto-
plasmic division, and their study definitely showed 
a decrease of circulating insulin levels, impairing the 

formation of binucleate tetraploid hepatocytes. On the 
contrary, increase of insulin level increased the binucleate 
tetraploid hepatocytes. Meanwhile, inhibition of PI3K/Akt 
phosphorylation prevents cytokinesis failure and promotes 
actin cytoskeletal polarization, cytoskeletal recombination, 
and RhoA recruitment.19,33–35 Hsu et al36 found that 
miRNA is closely related to the formation of dikaryotic 
polyploid hepatocytes. In mouse models with miR-122 
knocked out, the total amount of polyploid hepatocytes 
was reduced from 60% to 70%. On this basis, further 
studies35,36 showed that miR-122 antagonized the expres-
sion of cytokinetic effect factors like Cux1,37 RhoA,38 

Mapre1, Iqgap1, Nedd41, and Slc25a34,36 and led to 
cytokinesis failure with an expansion of binuclear hepato-
cytes amount. Additionally, miR-122 also promotes the 
tumorigenesis of hepatocellular carcinoma (HCC), sug-
gesting that miR-122 as a potential target for the therapeu-
tic treatment of hepatocellular carcinoma, and the 
associated changes in hepatocellular polyploidy may be 
closely associated with the occurrence and development 
of hepatocellular carcinoma.39 The molecular events lead-
ing to polyploidy remain elusive, and how different signals 
control liver ploidy remains to be determined.

Function of Polyploidy in the Liver
Under the normal physiological conditions, polyploid 
hepatocyte is not only a common physiological manifesta-
tion, but also presents biological significance certainly. 
Combining with the current hypotheses put forward, the 
specific biological significance of polyploid hepatocytes 
has been theoretically supported.

Polyploidy and Terminal Differentiation of 
Hepatocytes
As reported, polyploid hepatocytes were associated with 
hepatocyte terminal differentiation, cell proliferation, divi-
sion and senescence in both rodents and humans.40 

Oppositely, some of the recent studies have shown that 
polyploid hepatocyte retains the ability to divide and pro-
liferate, which no longer belongs to the terminal form of 
cell differentiation. Importantly, Pandit et al41 proposed 
that E2f8-/- mouse liver was mainly composed of diploid 
hepatocytes, and its regenerative ability was not different 
from that of wild-type mouse liver with a large number of 
polyploid cells, which strongly supported the above view. 
Similarly, Miyaoka et al42 and Kreutz et al43 found that 
after partial hepatectomy, the polyploid hepatocytes 
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behave the same degree of cell division as that of diploid 
hepatocytes. Duncan et al40 transplanted diploid and octo-
ploid hepatocytes enriched from the adult mice into the 
livers of FAH-deficient mice through a xenograft manner, 
and found that diploid and octoploid hepatocytes showed 
the similar proliferation potential, which indicates poly-
ploid hepatocytes had a fairly high proliferation ability on 
the whole.

Aneuploidy and Ploidy Conveyor in the 
Liver
Duncan et al7,8,12,40 demonstrated that hepatocytes from 
mice and human were highly aneuploid when examined 
using traditional karyotyping and fluorescence in situ 
hybridization. Furthermore, image studies revealed multi-
polar spindle and chromosome segregation defects in 
human hepatocyte division, suggesting that aneuploidy 
does not necessarily make hepatocytes susceptible to 
transformation, but may promote genetic diversity among 
hepatocytes. Hepatocyte polyploidization can increase 
DNA content or decrease it through a process of ploidy 
reversal. The random addition or loss of entire chromo-
somes resulting from the division of polyploid hepatocytes 
increases the probability of aneuploidy. Ploidy conveyor, 
defined as a dynamic model of hepatocyte polyploidiza-
tion, ploidy reversal and aneuploidy, is an essential 
mechanism evolved to generate genetic diversity. 
However, Knouse et al44 used single-cell sequencing to 
find aneuploidy levels in mouse and human hepatocytes to 
be around 5%, so the extent of aneuploidy in healthy livers 
remains controversial. Mostly, the liver injuries in real life 
are chronic injuries, leading to multiple rounds of cell 
proliferation. Whether large numbers of aneuploid cells 
occur after chronic liver injury and whether this contri-
butes to a higher risk of cancer are important questions 
that need to be addressed.

Biological Significance of Hepatocytes 
Polyploidized
Polyploid hepatocytes contain multiple sets of genomes. 
Recently, the corresponding genes in polyploid cells were 
reported to multiply during the transcription process, lead-
ing to specific metabolic functional enhancement.45,46 

Miettinen et al45 establish a mononuclear polyploid hepa-
tocytes mice model by using cyclin-dependent kinase-1 
knockout method for studying the relationship between 
high nuclear ploidy number and liver cell metabolism. 

The results showed that hepatocytes with higher ploidy 
could induce decreased expression levels of mitochondrial 
and lipid de novo synthesis pathway-related genes and 
increased expression levels of cytoskeleton and glycolysis 
genes, suggesting that polyploid hepatocytes play 
a promoting role in liver metabolism process. Moreover, 
Kreutz et al43 demonstrate that mouse hepatocytes with 
diploid nuclei have distinct metabolic characteristics com-
pared to mouse hepatocytes with polyploid nuclei. In 
addition to strong differences in gene expression, compris-
ing metabolic as well as signaling compounds, Kreutz et al 
found a strongly decreased insulin binding of nuclear 
polyploid cells. These observations were related to nuclear 
ploidy but not with total ploidy within a cell. Another 
elegant study by Diril et al22 generated a conditional- 
knockout mouse model to study the functions of cyclin- 
dependent kinase-1 in vivo. The investigators found that 
liver regeneration was unaffected after partial hepatectomy 
by liver-specific ablation of Cdk1, suggesting that liver 
regeneration can be driven by driven by cell growth with-
out cell division. Interestingly, unlike other Cdks, the 
investigators also found that deletion of Cdk1 in the liver 
resists tumorigenesis induced by activated Ras as well as 
p53 silencing.

As the liver inquires high energy requirements, the 
enhanced function of cells via polyploidy helps to effec-
tively adapt the biological stress caused by micro- 
environmental changes. Based on the single molecule 
fluorescence in situ hybridization, Halpern et al47 found 
that in the process of gene transcription, the promoter 
random switching between open and closed states, leading 
to gene expression variation in different cells. That is, 
transcription noise is formed. Worth mentioning, the tran-
scriptional noise from polyploid hepatocytes is tiny, which 
indicates that liver polyploidy is involved in the strict 
regulation and effective buffering of transcriptional noise 
generation, making gene expression tend to be stable, and 
on this basis, maintaining the stable physiological function 
of liver cells.17,46

Polyploid Hepatocytes Promote Liver 
Tissue Regeneration and Resist 
Genotoxic Injury
The liver is the most important regenerative organ in the 
human body, and it is also one of the few organs in which 
polyploid cells make up more than half of the total cell 
population. Studies have shown that polyploid hepatocytes 
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proliferating significantly and participating in liver tissue 
regeneration after partial liver resection in mice. Zhang 
et al10,21 established a diploid liver mouse model with 
E2F7 and E2F8 double knockout for partial hepatectomy 
to compare the regeneration ability of liver tissue post- 
operational treatment in with wild-type mice’s liver. The 
finding illustrated that the polyploid hepatocytes presented 
much more significant ability of liver tissue reparation 
ability than that of the diploid ones. Wild-type mice and 
E2f7\E2f8 double gene knockout mice were treated by 
intraperitoneal injection of carbon tetrachloride toxin for 
establishing the mouse liver injury model. Similar results 
were obtained by calculating and comparing the volume 
and weight of the liver between the two treated mice, 
which indicate polyploid hepatocytes induced the ability 
of resisting genotoxic injury. These findings above suggest 
that the polyploidy of hepatocytes has a significant effect 
on liver regeneration.48 Another elegant study designed by 
Matsumoto et al3 developed a multicolor reporter allele 
system to genetically label and trace polyploid cells in situ. 
With this system, the researchers clearly indicated that 
polyploid hepatocytes continuously proliferate and serve 
as an important source of regeneration in chronic liver 
injuries, which brought more direct evidence.

Polyploid Hepatocytes and 
Hepatocellular Carcinoma
Around 30% of solid human tumors, confirmed by geno-
mics, such as colorectal cancer,49 pancreatic cancer,50 and 
lung cancer,51 have a large number of polyploid cells.52 

Clinicopathologically, polyploid tumor cells are associated 
with strong aggressiveness, a high degree of malignancy, 
and poor prognosis. Some of the researchers prompted that 
polyploidy involves with the dynamic process of transfor-
mation from precancerous lesions to malignant tumors, 
and polyploidization is probably one of the essential driv-
ing factors of tumorigenesis.47 Ganem et al53 found that 
transplantation of TP53-/- tetraploid breast epithelial cells 
into immunodeficient nude mice caused malignant tumors, 
while transplantation of TP53-/- diploid breast epithelial 
cells did not, suggesting tetraploid breast epithelial cells 
contribute in tumor formation. Due to the abundance of 
polyploid cells in normal adult liver physiology, the role of 
polyploid cells in liver tumorigenesis is ambiguous. 
Discussion on whether polyploid cells promote or inhibit 
hepatocellular carcinoma transformation in liver lays out 
controversial opinions.

Polyploid Hepatocytes Restrict the 
Development of Hepatocellular 
Carcinoma
According to the points mentioned above, polyploidy 
tends to be a key factor in tumor development and pro-
gression. However, physiologically, 50% of the cells in 
normal adult liver are polyploid. Obviously, no adequate 
evidence directly supports a relationship between poly-
ploid hepatocytes and the occurrence or development of 
liver cancer. On contrast with most of the human malig-
nancies, polyploid hepatocytes seem to show an antago-
nistic role in liver cancer initiation and progress. Cells in 
diploid tissues lead to malignancy when classical hetero-
zygosity loss occurs. One or both alleles in two pairs of 
tumor suppressor genes have different genomic changes, 
resulting in the loss of their ability to inhibit cell transfor-
mation into cancer cells (Figure 2).

On the contrary, polyploid hepatocytes provide a strong 
buffer against loss or mutation of tumor suppressor genes, 
probably due to adequate tumor suppressor genes reserve up 
to 16 allelic. At present, the findings of Zhang et al4,5,10,48 are 
the most widely accepted hypotheses that polyploid hepato-
cytes inhibit hepatocellular carcinoma genesis. 
Simultaneously, by controlling the weaning time and the 
Anln gene and E2f8 gene levels, the Anln gene knockout 
mouse model (mostly polyploid liver cells) and E2f8 gene 
knockout mouse model (mostly diploid liver cells) were 
established, followed the treatment with diethyl nitrosamine 
to induce a hepatocellular carcinoma model. The results 
showed that the predominance of polyploid cells in the 
composition of hepatocytes showed tumor inhibition in var-
ious hepatocellular carcinoma models. Further studies 
showed that the tumor suppressor effect of polyploid hepa-
tocytes was related to the mutation or deletion of the buffer 
tumor suppressor gene rather than the inhibition of abnormal 
cell proliferation of hepatocytes after the action of carcino-
genic factors.

As theoretical support for the above hypothesis, furtherly, 
Chen et al54 demonstrated that ablation of E2F7 and E2F8, 
which coordinate the expression of a unique G2/M transcrip-
tional program that is critical for mitosis, karyokinesis and 
cytokinesis, resulting in a higher proportion of diploid hepa-
tocytes in the liver. Knouse et al44 performed partial hepa-
tectomy on E2F8 knockout mice and wild-type mice, 
respectively. Diploid E2f7/E2f8 knockout mice demonstrated 
a higher recovery rate of liver quality compared with wild- 
type mice. Wilkinson et al5 directly extracted hepatocytes 
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from mouse liver for primary cell culture and found that the 
proliferation rate of E2f7/E2f8 knockout hepatocytes domi-
nated by diploids was significantly higher than that of wild- 
type polyploid hepatocytes. These results suggest that diploid 
hepatocytes have more proliferative ability than polyploid 
hepatocytes, and polyploid hepatocytes may have multiple 
replication opportunities due to their tumor suppressor genes 
and have a more apparent inhibitory effect on liver cancer.

Recently, in another significant study, Sladky et al2,55 

found that PIDDosome controlled the hepatocyte poly-
ploidization, and PIDDosome promoted the increase of 
the proportion of diploid hepatocytes, aggravating the 
number and burden of tumors. PIDDosome, composed 
of PIDD1, RAIDD, and Casp2, is a protein complex 
activated by excess centrosomes, induces p53, and 
restricts the proliferation of polyploid cells.56 

Meaningfully, Sladky et al found that the protein loss 
of the PIDDosome protein complex destroyed the typi-
cal ploidy ratio of the liver, which promotes the increase 

of 8n hepatocytes and 16n hepatocyte population. Thus, 
the activity of PIDDosome limits hyperpolyploidy. 
Additionally, Sladky used the DEN-induced mouse 
model to explore the influence of PIDDosome gene 
knockout and liver tumor formation, and found that the 
PIDDosome gene knockout mice did not develop liver 
tumors due to the high proportion of hyperpolyploid 
hepatocytes, implying the primary formation and pro-
gression of liver tumors driven by diploid hepatocytes. 
Meanwhile, it also provided the evidence of the inhibi-
tory effect of polyploid hepatocytes on the occurrence 
and progression of liver tumors. Subsequently, the 
researchers validated that transcription factor E2F1 has 
binding sites in the upstream promoters of CASP2 and 
PIDD1, and suggested that the increased expression 
levels of CASP2 and PIDD1 promote proliferation. 
This may provide a new idea for medical treatment to 
prevent the formation of PIDDosome protein complex, 
such as CASP2 deletion, simulates liver polyploidy and 

Figure 2 Ploidy and loss of heterozygosity. Compared with diploid hepatocytes, polyploid hepatocytes prevent tumor initiation through the possession of multiple copies of 
each chromosome. After first mutations (lightning) occur, the remaining wild-type alleles in polyploid hepatocytes provide additional tumor suppressor gene copies. In 
diploid cells, by contrast, a second mutation give rise to loss of heterozygosity. In addition, unexpected reduction of hepatocyte ploidy (red arrow) may have a undesirable 
consequence, leading to carcinogenesis. 
Notes: Created with BioRender.com.
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restricts the occurrence and development potential of 
liver cancer.

Polyploid Hepatocytes in Human 
Hepatocellular Carcinoma and 
Pathological Liver
Different nuclear states of polyploid hepatocytes are asso-
ciated with unequal prognosis and outcome of HCC 
patients.2019, Bou-Nader et al57 took advantage of the 
tumor cells in situ imaging methods, such as the analysis 
of the liver tissue cell ploidy spectrum post-surgical resec-
tion between HCC patients and the healthy controls. The 
result shows that in the process of human hepatocellular 
carcinoma, dual-core polyploid ratio and cell ploidy were 
remarkably reduced (about 15% in normal tissue and 5% 
in tumor tissue). In contrast, the percentage of mononuc-
lear polyploidy and cytology was increased significantly in 
HCC (about 12% in normal tissue and 33% in tumor 
tissue). Mononuclear polyploid hepatocytes may be asso-
ciated with low differentiation, high proliferation rate, and 
poor prognosis of hepatocellular carcinoma. During the 
development of mammals after birth, the vast majority of 
hepatocytes give rise to dikaryotic polyploid cells in the 
form of cytokinesis failure. Bou-Nader et al found that 
dikaryotic polyploid hepatocytes almost did not exist in 
human hepatocellular carcinoma, which strongly sug-
gested no cytoplasmic defect malignant hepatocellular 
division, which provided a direction for future studies.

Polyploid hepatocytes accumulate during aging process 
as well as in chronically injured livers. Both aging and 
chronic liver injuries are important risk factors of hepato-
cellular carcinoma, Gentric et al58 focus on nonalcoholic 
fatty liver disease (NAFLD), a widespread hepatic meta-
bolic disorder that is believed to be a risk factor for 
hepatocellular carcinoma. The researchers cleverly con-
structed a mouse model of NAFLD and found an increased 
proportion of mononuclear polyploid hepatocytes, which 
was confirmed in patients with nonalcoholic steatohepatitis 
(NASH). In addition, the researchers demonstrated the 
relationship between oxidative stress and polyploid cells 
by treating NAFLD hepatocytes with antioxidants and 
found that these hepatocytes underwent normal cell divi-
sion, which in turn verified that oxidative stress promotes 
the formation of “pathological polyploids”, which may 
promote the development of hepatocellular carcinoma.

Depolyploidy Increases the Risk of 
Precancerous Lesions
Recently, several groups have proposed a provocative idea 
that the ploidy reduction of liver cells after polyploidiza-
tion increases the incidence of liver cancer. Compared 
with previous experiments, Lin et al14 focused on the 
process of reduced ploidy following the polyploidy of 
hepatocytes. Hepatocyte depolyploidization is one of the 
mechanisms of rapid regeneration of hepatocytes.42

Lin et al14 focused on the study of polyploidy hepato-
cytes at the initial stage of hepatocellular carcinoma, using 
exogenous substances such as diethyl nitrosamine (DEN) 
to induce polyploidy of centrilobular (CL) hepatocytes, 
revealing the relationship between pathological polyploidy 
of CL hepatocytes in mice. The formation of hepatocellu-
lar carcinoma induced by DEN and proving that the upre-
gulation of AURKB is closely related to the polyploidy 
hepatocytes. In addition, Lin et al observed multipolar 
mitosis in CL-derived tumor cells, leading to the genera-
tion of aneuploidy, which may contribute to the loss of 
heterozygosity of tumor suppressor genes. Thus, the occur-
rence of hepatocellular carcinoma may have occurred. 
These phenomena differ from previous studies by 
researchers in that “physiological polyploidy” reduces 
LOH and the loss of tumor suppressor genes through the 
presence of additional genomes. In “pathological poly-
ploidy”, however, the opposite may be true, as hyperpoly-
ploid hepatocytes undergo multipolar mitosis to transform 
into diploid hepatocytes with low DNA content, which are 
the primary source of precancerous lesions.

Another excellent team discovered that although poly-
ploid hepatocytes can “buffer” the mutation of tumor 
suppressor genes by reducing the loss of heterozygosity 
by using in vivo lineage tracing. However, frequent hepa-
tocyte ploidy decline is prone to chromosomal aberrations, 
which promote the formation of liver tumors. Matsumoto 
et al3,15 observed bicolored tumors in livers with the 
coexistence of multiple cell ploidy by using the novel 
multicolor lineage tracing system directly, which directly 
suggested that reduced polyploidy of hepatocytes was 
more likely to produce liver tumors. These researchers 
believe that enhanced chromosomal instability (CIN) is 
one of the mechanisms by which ploidy reduction of 
polyploid hepatocytes increases the susceptibility to can-
cer. Moreover, there are other studies also supporting 
CIN.59,60
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Generally, previous studies have used drug-induced 
models to promote the occurrence of hepatic carcinoma. 
However, the process of hepatocellular depolyploidization 
and the failure of polyploid hepatocytes to protect against 
loss of heterozygosity are not the only factors contributing 
to liver carcinogenesis caused by drug injury. Notably, it is 
necessary to determine whether ploidy reduction affects 
the process of oncogene-induced carcinogenesis.

Conclusion
Cell polyploidization is a unique cellular functional 
mechanism, and cytokinesis failure is the main reason for 
the polyploid hepatocytes. Polyploid cells are essential in 
the physiological development of the human body. As the 
largest polyploid organ in the human body, polyploid 
hepatocytes run through the whole process of liver devel-
opment, growth, regeneration, and aging. In recent years, 
the relationship between polyploid hepatocytes and hepa-
tocellular carcinoma has attracted the attention of many 
experts and scholars. The most significant point is to 
clarify the relationship between polyploid hepatocytes 
and hepatocellular carcinoma, which will provide impor-
tant theoretical support for the prevention, diagnosis, and 
treatment of hepatocellular carcinoma in clinical practice. 
Moreover, in the field of precision medicine, fully reveal-
ing the specific mechanism of polyploid hepatocytes inhi-
biting the occurrence and development of liver cancer will 
promote the development of precision treatment of liver 
cancer. Remarkably, another recent research challenges 
previous theories by expounding the dynamic process of 
ploidy reduction after polyploidization of hepatocytes 
accelerates the formation of hepatocellular carcinoma, 
which needs more experimental and theoretical support. 
Great progress has been made in the relationship between 
polyploid hepatocytes and liver tumors recently, but there 
are still many questions left: 1) Do mononuclear polyploid 
hepatocytes and multinuclear polyploid hepatocytes have 
advantages and limitations in tissue function? 2) How to 
use “physiological polyploidy” for the prevention and 
treatment of human liver tumors? 3) How do polyploid 
hepatocytes solve problems such as multipolar spindles 
formed during mitosis?17,44
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