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Abstract  
The heterogeneity of hepatocellular carcinoma (HCC) has become a scientific problem, which must 
be solved urgently. Formerly, HCC prevention mainly focused on the HCC cells themselves but in 
recent years, HCC prevention based on the HCC microenvironment is the new strategy. Focusing on 
the liver regeneration microenvironment of HCC rather than just HCC cells may be a breakthrough in 
the study of HCC tumor heterogeneity and the prevention and treatment of HCC. 
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Background 
 
The liver is the organ with the most powerful 
regenerative ability, and liver regeneration plays an 
important role in the course of acute and chronic liver 
disease; the interplay between regeneration and injury 
determines the outcome of liver disease. Hepatocellular 
carcinoma (HCC) is a common end-stage liver disease, 
and the mortality rate has risen to the second highest 
among malignant tumors in China; according to the 
GLOBOCAN 2018 data, more than 360,000 people 
died of HCC in 2018, accounting for 47.2% of the total 
global HCC deaths [1]. The heterogeneity of solid 
tumors has attracted great attention. The heterogeneity 
of HCC is the source of clinical difficulties, such as 
chemoradiotherapy sensitivity and postoperative 
recurrence, which have become scientific problems 
requiring urgent solutions [2-3]. Formerly, HCC 
prevention mainly focused on the HCC cells themselves, 
but in recent years, HCC prevention based on the HCC 
microenvironment is the new strategy [4-9]. 
 
Research progress in liver regeneration 
microenvironment of liver cancer 
In recent years, with the development of biomedical 
research, many new discoveries have been made on the 
relationship between the pathogenesis of HCC and its 
microenvironment [6, 9], among which the research on 
the relevant mechanism of liver regeneration and liver 
cancer has improved people's understanding and 
prevention of the mechanisms of occurrence, 
development, recurrence, and metastasis of liver cancer 
[10-14]. The liver regeneration microenvironment of 

liver cancer, which is different from the normal liver 
regeneration microenvironment, mainly manifests as 
abnormal expression of liver regeneration regulatory 
factors and their related receptors, disordered activation 
or inactivation of signaling pathways, disordered tissue 
structure changes, and so on, and are collectively 
referred to as an abnormal or a deteriorated liver 
regeneration microenvironment. The normal liver 
regeneration microenvironment can delay, prevent, or 
even reverse the development or recurrence of HCC, 
while the abnormal or deteriorating liver regeneration 
microenvironment can initiate, promote, or even 
accelerate the development or recurrence of HCC. 

Evidence has shown that the abnormal liver 
regeneration microenvironment formed by liver 
inflammation and fibrosis plays an important role in the 
occurrence and development of liver cancer; about 80% 
of liver cancer occurs in the context of chronic 
inflammation and fibrosis caused by chronic toxic 
hepatitis. The treatment and prognosis of liver cancer 
are also complicated by different tumor stages and 
different degrees of liver dysfunction. Most chronic 
liver diseases are characterized by diffuse chronic 
inflammation, necrosis, and fibrosis. Chronic 
inflammation and fibrosis are dynamic processes of 
accumulation of lymphocytes, macrophages, stromal 
cell secretions, and paracrine interactions. Both the 
innate and adaptive immune inflammatory cells are 
involved in liver injury and liver regeneration. The 
imbalance between liver injury and liver regeneration 
determines the occurrence, development, recurrence, 
and metastasis of liver fibrosis. Damaged hepatocytes, 
Kupffer cells, and hepatic stellate cells are all involved 
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in inflammation induction. The interaction of the matrix 
microenvironment and matrix with infiltrating 
lymphocytes not only determines the occurrence and 
development of fibrosis in chronic inflammatory liver 
diseases, but also affects the occurrence, development, 
recurrence, and metastasis of liver cancer [15]. It has 
been proven that a large number of transforming growth 
factor 1 was produced in the disordered liver 
regeneration process in patients with chronic viral 
hepatitis, which is a key factor that leads to the abnormal 
regeneration microenvironment of liver fibrosis and 
affects the occurrence and development of liver cancer. 
First, the TGF-β/Smads signal transduction pathway 
was disrupted, which caused cell growth cycle disorder 
and hepatocyte canceration. Second, owing to the 
decreased expression of the TGF-β receptor in HCC 
cells, the inhibitory effect on the proliferation of 
possible residual HCC cells was lost. Furthermore, 
because of the immunosuppressive effects of high 
concentrations of TGF-β1 and the promotion of 
angiogenesis in vivo, a tissue microenvironment 
conducive to the production or recurrence of HCC was 
created [16-18]. Hypoxia and inflammation are also 
major factors that stimulate angiogenesis and promote 
the development of liver cancer. Inflammation-related 
signals, such as Toll-like receptor (TLR) 4 and nuclear 
transcription factor (NF)-κB, promote the proliferation 
and migration of HCC cells by producing high levels of 
cytokines, chemokines, growth factors, and vascular 
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and lymphatic proliferation factors to change the matrix. 
In recent years, tumor stem cell research has attracted 

much attention; a tumor is not only a genetic disease but 
also a stem cell disease. Genetic mutations that occur in 
stem cells give rise to tumor stem cells, which are the 
key processes in tumor genesis, regeneration, metastasis, 
and recurrence. Many researchers believe that the tumor 
genesis attributed to the stem/progenitor cells 
excessively and abnormally proliferation in the long-
term self-renewal process, some genetic or epigenetic 
changes in the growth and differentiation regulation 
pathway due to the interaction of cell microenvironment, 
carcinogens and genetic factors [19-22]. Recent studies 
have shown that primary liver cancer may be the result 
of undifferentiated or incomplete differentiation caused 
by uncontrolled self-renewal of liver stem cells and 
epigenetic changes in liver stem cells was an important 
aspect of its mechanisms; the abnormal liver 
regeneration microenvironment plays a crucial role in 
this process [23-24]. With the deepening understanding 
of the existence and importance of stem cells and the 
stem cell niche, the regulatory role of the liver 
regenerative microenvironment in the activation, 
proliferation, and differentiation of oval cells has 
attracted extensive attention [25-27]. The deterioration 
of the stem cell niche creates the liver regeneration 
microenvironment in which the liver stem/progenitor 
cells transform into liver cancer stem cells. After 

chronic inflammation and injury, the disorder of timing 
and regulation in the regeneration process would lead to 
the occurrence of liver cancer. Malignantly transformed 
hepatocytes could replace the atypical changes in 
proliferative nodules in the process of regeneration in 
which the existence of HCC stem cells determines the 
occurrence, development, recurrence, and metastasis of 
HCC. 
 
Liver regeneration microenvironment and tumor 
heterogeneity of liver cancer 
Tumor heterogeneity poses a serious challenge to the 
development and application of "precision medicine" 
(molecular targeted therapy). HCC is highly 
heterogeneous in terms of cell morphology, genetic 
background, and response to therapeutic interventions 
[28-29]. It presents as the second primary tumor after 
treatment, a synchronous multifocal tumor with 
different clonality, and an intratumor heterogeneity at 
the phenotypic and genetic levels, which adds great 
complexity to the development of molecular targeted 
drugs for HCC [30]. Genetic mutations in hepatocytes 
and stem/progenitor cells caused by hepatocellular 
regeneration microenvironment may be important 
factors in HCC heterogeneity. 

Radical resection is an important treatment for early 
localized liver cancer; however, about 70% of patients 
with localized liver cancer relapse after radical resection 
[31-32]. The incidence of HCC recurrence generally 
peaks in the first year after resection and then declines, 
but gradually increases after 2 years of treatment [33-
34]. Previous studies have attributed early recurrence 
(within 2 years after treatment) to a residual tumor or 
intrahepatic micrometastases and late recurrence (more 
than 2 years after treatment) to the reoccurrence of the 
primary tumor [34-35]. Some researchers used 
integrated HBV DNA as a determinant of clonality in 
recurrent tumors, and the results showed that 83.3% (5/6) 
paired specimens with HBV infection by the same HBV 
DNA integrations were identified in each paired tumor, 
indicating that recurrent HCCs mostly originate from 
their primary tumors [36]. It has been previously 
reported that 30% (48/160) of HBV-associated HCC 
patients with recurrent HCC (median time of recurrence 
was 15.6 months and median time of multicenter 
occurrence was about 2 years) had different clonal 
tumors and were considered to have multicenter 
occurrence [37]. A comparative genomic hybridization 
analysis of 31 pairs of initial and recurrent HCC 
samples showed that 42% (13/31) recurrent tumors 
were second primary HCCs [38], and a loss of 
heterozygosity analysis indicated that 53% recurrent or 
metastatic tumors had clones that were different from 
the primary tumor [39]. Another research found 24 
amino acid mutations and 22 large indels/copy number 
variants (> 1 Mb) in nine different sections from three 
tumors and seven more sections from the adjacent non-
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tumor tissues using exon and whole-genome 
sequencing. These somatic mutations define four 
evolutionary lineages among tumor cells [40]. The size 
of the residual liver after resection of liver cancer has a 
direct impact on liver regeneration, and the subsequent 
changes in the tumor internal environment may lead to 
the deterioration of the liver regeneration 
microenvironment, leading to the recurrence of liver 
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cancer or the occurrence of new cancer. 
Clinically, multiple HCCs have shown significant 

inter-tumor heterogeneity. Multiple lesions of multiple 
HCCs were developed from different clonal polycenters 
or one primary lesion via intrahepatic metastasis, both 
of which caused significant differences in the treatment 
and prognosis of multiple HCCs [41-44]. Researchers 
used genomic and proteomic methods to investigate the 
clonality of multiple tumors in two HBV-associated 
HCC patients. It was believed that HBV DNA 
integration pattern, genome mutation, copy number 
variation, and chromosome structure were similar in the 
different tumors of patients with intrahepatic metastasis, 
but heterogeneity determined their prognosis [45]. 
Several studies have shown that HCC has several stable 
molecular subtypes, which clearly show inter-tumor 
heterogeneity [46-48]. A study has reported significant 
enrichment of two major molecular clusters 
(proliferation and nonproliferation) in terms of 
prognostic signals, pathway activation, and tumor 
phenotypes [49]; a more aggressive proliferative 
subtype is particularly enriched with markers of 
progenitor cells [46, 50]. This led the researchers to 
hypothesize that malignant transformation of hepatic 
cells and hepatic progenitor cells (HPCs) dominates the 
plate, initiating HCC. Malignant transformation of 
hepatocytes and HPCs into CSCs maintains self-
renewal and abnormal differentiation potential, thus 
showing unique phenotypic heterogeneity. Therefore, 
the plasticity of CSCs may be one of the fundamental 
reasons for tumor heterogeneity. A lineage-tracing study 
found that different hepatocyte lineages transformed the 
characteristics and tumorigenesis ability of CSCs. 
Additionally, it found that any type of cell in mouse 
hepatocytes could be reprogrammed to CSC by 
activating different specific pathways, and showed cell-
origin specific phenotypes and genetic heterogeneity 
[51]. HCC was characterized by biological and 
transcriptome heterogeneity of CSCs at the single-cell 
level and heterogeneity among CSC cell subsets with 
different markers, and the expression of the related 
genes of CSC markers correlated with HCC prognosis, 
suggesting that the diversity of single-cell transcriptome 
may reflect its tumor biological characteristics [52]. The 
regeneration microenvironment of liver cancer causes 
the deterioration of the stem cell niche, and the 
malignant transformation of stem/progenitor cells into 
CSC may be one of the mechanisms of inter-tumor 
heterogeneity. 

 
Conclusion 
 
In brief, liver regeneration microenvironment disorders 
are one of the essential requirements of recurrence of 
liver cancer development, transfer, exploring the liver 
regeneration microenvironment is related to the 
recurrence of liver cancer development, shift 
mechanism put forward by improving the liver 
regeneration microenvironment of the liver cancer 
prevention measures of recurrence of liver cancer 
development, transfer, and plan, improve the level of 
liver cancer prevention and control ability and is of 
great significance. 
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