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  The development, progression, recurrence, and metastasis of hepatocellular carcinoma (HCC) are closely asso-
ciated with an abnormal liver-regenerating microenvironment (LRM). Therefore, preventing and reversing an 
abnormal LRM is a potential therapeutic strategy against HCC. Studies are increasingly focusing on the impact 
of regeneration, fibrosis, angiogenesis, inflammation, immunomodulation, and hepatic stem cells on HCC de-
velopment and progression. As a key epigenetic mechanism, DNA methylation is extensively involved in reg-
ulating physiological and pathological pathways. In this review, we summarize recent findings on the role of 
DNA methylation in the fibrotic, angiogenic, inflammatory/immune, and stem cell microenvironments of HCC, 
and discuss new advances in Traditional Chinese Medicine (TCM) on influencing the abnormal LRM, so as to 
gain new insights into alleviating the abnormal LRM via regulating DNA methylation by TCM.
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Background

Hepatocellular carcinoma (HCC) is an aggressive malignancy 
characterized by undetectable onset, high morbidity and mor-
tality, and high annual increase rate [1–3]. In-depth understand-
ing of HCC pathogenesis is key to improving prevention and 
treatment. Recent studies have revealed multiple facets of the 
relationship between HCC pathogenesis and the tumor micro-
environment. In particular, the mechanisms underlying the de-
velopment of an abnormal liver-regenerating microenvironment 
(LRM) offer new strategies of HCC prevention and treatment [4,5].

Basic Concept of DNA Methylation

Although the exact pathogenesis of HCC is still unclear, stud-
ies show an essential role of epigenetics in HCC development 
and progression [6]. Epigenetic modification involves changes 
in gene expression without altering the DNA sequence, and is 
stably inherited intra- or inter-generationally [7]. DNA meth-
ylation was the first epigenetic mechanism to be identified, 
and usually affects the cytosine residues of CpG dinucleotides 
(the CpG-rich regions in the genome are typically 300–3000 bp 
long). DNA methyltransferase adds a methyl group to the C5 of 
cytosine, and forms a stable 5-methylcytosine structure. Over 
60% of the CpG regions in the mammalian genome are meth-
ylated, and the unmethylated CpG regions are known as CpG 
islands. Since the location of most CpG islands coincides with 
gene promoter regions and transcription initiation sites [8], 
their methylation is negatively associated with gene expres-
sion levels [9]. Therefore, temporal changes in DNA methyla-
tion are inextricably linked to the development, evolution, dis-
eases, and death of living organisms.

LRM of HCC

HCC is a multifactorial, multi-step, multi-gene, and multi-mu-
tation disease. In recent years, studies on HCC pathogenesis, 
prevention, and treatment have gradually shifted from a fo-
cus on the cancer cells to the HCC microenvironment [5,10,11]. 
Liver regeneration and repair is critical for post-disease recov-
ery, but is severely impaired during specific pathological con-
ditions wherein the LRM is adversely affected [12]. Since an 
abnormal LRM is a contributing factor for HCC development, 
progression, and metastasis [4,13], studies are increasingly fo-
cusing on the impact of regeneration, fibrosis [14], angiogen-
esis [15], inflammation, immunomodulation [16], and hepatic 
stem cells [17] on HCC development and progression. This in 
turn has led to the development of new LRM-based prevention 
and treatment strategies for HCC [18], as well as tertiary proto-
cols targeting both HCC cells and LRM [19]. Various therapeutic 
modalities, including surgical resection, radiation therapy (RT), 

and chemotherapy, that can eliminate HCC cells and restore the 
LRM have shown encouraging results in clinical studies. The de-
velopment of HCC cell- and LRM-targeting treatment regimens 
can significantly improve HCC prevention and treatment [20–22].

LRM of HCC and DNA Methylation

Abnormal LRM and DNA methylation patterns are mutually 
dependent; while an abnormal LRM can promote the methyl-
ation of CpG islands in key anti-tumor pathways/genes and 
downregulate their expression levels, DNA methylation can ac-
celerate the formation and aggravation of an abnormal LRM, 
thereby facilitating HCC progression. Since fibrotic, angiogenic, 
inflammatory/immunological, and stem cell microenvironments 
of HCC can all play a role in the generation of an abnormal 
LRM, targeting the specific DNA methylation changes can be 
a potential anti-HCC strategy.

DNA methylation and liver fibrosis

Hepatic fibrosis/cirrhosis, a common pathological change ac-
companying chronic liver diseases and HCC, is a result of an 
imbalance between extracellular matrix (ECM) synthesis and 
degradation. A persistent fibrotic microenvironment is condu-
cive to the initiation and exacerbation of HCC, and is closely 
associated with HCC cell proliferation, metastasis, and drug 
resistance [23]. Hepatic stellate cell (HSC) activation is a cen-
tral event in the development, progression, and exacerbation 
of hepatic fibrosis, which significantly depends on its methy-
lome. DNA hypermethylation at specific sites was reported to 
downregulate IkB expression in activated HSCs to induce a fi-
broblast-like transition, which was reversed upon exposure to 
a demethylating agent [24]. HSC activation is also closely asso-
ciated with PTCH1 hypermethylation, and both MeCP2 knock-
down and methylation inhibitors increased PTCH1 expression 
and inhibited HSC activation [25]. Abnormal HSC methylation 
not only affects CD133, Notch1, and Notch3 expression, but 
also inhibits HCC stem cell differentiation [26]. Abnormal liver 
macrophage methylation has also been implicated in the forma-
tion of the fibrotic microenvironment [27]. Ogata et al. showed 
that increased methylation of SOCS3 downregulated its ex-
pression in tumor and tumor-free regions of the liver, and pro-
moted STAT3-mediated upregulation of TGF-b1 and formation 
of a fibrotic microenvironment [28]. Taken together, evidence 
shows that abnormal DNA methylation in liver stromal cells 
promotes a fibrotic microenvironment, which leads a vicious 
cycle of abnormal DNA methylation and aggravated fibrosis.

DNA methylation and angiogenesis

Dysregulated liver regeneration-associated cytokines and 
their receptors in the abnormal LRM are known to affect 
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angiogenesis in HCC, leading to the formation of a microcir-
culatory system that facilitates HCC cell proliferation and me-
tastasis. When the diameter of a solid tumor exceeds 1 mm, 
an intra-tumoral microvascular network is formed to trans-
port nutrients to the cancer cells [29]. Endothelial cells (ECs) 
are the building blocks of vascular structures, and the migra-
tion and maturation of EC precursors is controlled by genetic 
reprogramming. In addition, cancer stem cells (CSCs) can also 
differentiate into ECs for tumor microvascular formation [30]. 
The ECM not only protects the ECs, but it also secretes a large 
amount of pro-angiogenic factors [31]. Recent studies show 
that cancer cells can also aggregate into vascular-like struc-
tures to increase blood supply to the tumor tissues, a phe-
nomenon known as vasculogenic mimicry (VM), even in the 
absence of ECs [32]. Changes in DNA methylation significantly 
affect neo-angiogenesis in HCC. Studies show that hypometh-
ylation promotes tumor microvasculature formation and me-
tabolism by upregulating chymase 1, tyrosine kinase nonrecep-
tor 2, and transforming growth factor beta receptor II (TGFbR) 
in HCC cells [33,34]. The vascular endothelial growth factor re-
ceptors (VEGFR) 2 and 3 are also regulated by DNA methyla-
tion to enable the formation of tumor microvessels for tumor 
cell survival, proliferation, and metastasis [35].

DNA methylation and immunomodulation

Liver tissue inflammation induced by abnormal immune re-
sponse is a trigger for liver regeneration and repair. Repeated 
inflammatory damage leads to continuous regeneration and 
repair, which increases the risk of abnormal liver regeneration. 
Furthermore, abnormal regeneration and repair increases the 
production of regenerative and inflammatory factors, result-
ing in a vicious cycle of inflammatory injury and LRM abnor-
mality. HBV infection is the most common trigger of HCC, and 
is regulated by the immune response to the virus [36]. The liv-
er immunological niche is not only linked to the development 
of HCC, but also affects its progression, metastasis, and post-
treatment recurrence. A previous study showed that Tregs are 
more abundant in HCC compared to non-tumor tissues, and 
that the high percentage of peripheral Tregs in HCC patients 
is negatively correlated with HCC prognosis [37]. HBV-induced 
chronic hepatitis can lead to abnormal DNA methylation in he-
patocytes [38,39], as well as in the peripheral monocytes and 
T cells of HCC patients [40]. NKG2D receptor plays an impor-
tant role in protecting the host from infection and cancer. By 
recognizing the ligands induced on the infected or tumor cells, 
NKG2D regulates the activation of lymphocytes and enhances 
immunity, thus eliminating the cells expressing ligands [41]. 
Some studies have shown that the DNA methylation pattern 
is related to expression of the NKG2D gene, and the frequen-
cy of NKG2D promoter methylation in HCC patients is signif-
icantly higher than that in chronic hepatitis B patients and 
healthy people [42]. Later studies also found that in patients 

with liver cancer, due to the hypermethylation of NKG2D pro-
moter, gene expression was silenced, mRNA expression lev-
el was reduced, and the expression of NKG2D on the cell sur-
face was reduced, thereby weakening the killing function of 
tumor cells [43]. Abnormal methylation of RNF39, a structural 
component of the MHC complex that is essential for antigen 
presentation and processing, is associated with HCC immune 
evasion [38]. The ability of tumor cells to evade immune sur-
veillance and maintain a high rate of proliferation is closely 
associated with immune suppression. Together, these studies 
show that abnormal DNA methylation influences development 
of the HCC immune microenvironment. However, the correla-
tion between the altered methylome of specific immune cells 
and their functions remains to be further investigated.

DNA methylation and CSCs

The cancer stem cell hypothesis is now widely accepted by 
oncologists, and HCC stem cells are identified on the basis of 
surface CD44 and CD90 [44]. Studies show that the differen-
tiation of mesenchymal stem cells (MSC) and hematopoietic 
stem cells (HSC) is associated with HCC development and pro-
gression [45,46]. In the normal LRM, stem cells can differen-
tiate into hepatocytes and enable tissue regeneration, while 
the abnormal LRM triggers their transformation into HCC stem 
cells, which are the major source of cancer cells. The uncon-
trolled proliferation of these CSCs further exacerbates the ab-
normal LRM. The transformation of normal hepatic stem cells 
to CSCs is epigenetically regulated. Raggi et al. found that DNA 
methylation-mediated DNMT1 depletion was instrumental in 
the acquisition of CSC-like properties [47]. Fan et al. demon-
strated that SALL4, an embryonic stem cell transcriptional reg-
ulator, is highly expressed in HCC cells and is negatively cor-
related with HCC prognosis. They also observed significant 
downstream demethylation of the SALL4 transcriptional start 
site [48]. The expression of CD133, a CSC marker, is not only as-
sociated with poor HCC prognosis, but is also regulated by DNA 
methylation [49]. Wang et al. showed that hypomethylation of 
the NANOG promoter and subsequent upregulation are close-
ly associated with p53 depletion. NANOG overexpression re-
sults in stem cell-like properties, and promotes HCC develop-
ment and progression [50]. A recent study found that hypoxia 
enhances the stemness of HCC cells by enhancing HIF-1a de-
SUMOylation by SENP1 and increasing the transcriptional ac-
tivity of HIF-1a, which in turn facilitates HCC stem cell partici-
pation in abnormal liver regeneration [51]. Members of the HIF 
family are highly expressed in the hypoxic microenvironment 
and activate the c-met and EMT signaling pathways to regulate 
HCC proliferation, invasion, and metastasis [52–54]. In addition, 
hypomethylation of hexokinase 2 in HCC cells promotes the in-
teraction between HIF-1a and hypoxia-response element at the 
-234/-230 site and accelerates HCC progression [55]. The hy-
poxic microenvironment of HCC also promotes HIF expression 
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and induces DNA demethylation, which subsequently upreg-
ulates MAT2A and promotes HCC proliferation and metasta-
sis [56]. Li et al. showed that changes in the DNA methylation 
level in CSCs suppressed their functions. They found that caffeic 
acid promoted DNA methylation in the CSCs, which enhanced 
miR-148a expression, downregulated Samd2, and inhibited HCC 
progression [57]. Arsenic trioxide can activate microrna-148a by 
inducing DNA demethylation, thus inhibiting the NF-kB path-
way through 3’-UTR targeting p65, making MDR BEL-7402 cells 
again sensitive to chemotherapy drugs, thus inhibiting the CSC-
like phenotype [58]. As more studies focus on the role of DNA 
methylation in HCC, modulation of stem cell differentiation will 
become one of the major focuses in HCC research (Figure 1).

DNA methylation and HCC

Recent evidence shows that DNA methylation can inhibit gene 
expression, while abnormal DNA methylation in HCC can lead 
to inhibition involving cell cycle regulation, faulty DNA repair, 
and cell apoptosis, as well as inactivation of some tumor-
suppressor genes involved in HCC development [59]. EHMT2 
(euchromatic histone-lysine N-methyltransferase 2) is a his-
tone methyltransferase, which is mainly responsible for the 
demethylation of histone h3lysine 9 (H3K9). EHMT2 has been 
identified as a key mediator in the pathogenesis of HCC. It can 
inhibit EHMT2, reduce H3K9 methylation, and resist the inva-
sion of liver cancer cells [60]. It has been reported that ACAD 
(acyl-CoA dehydrogenase) is involved in the proliferation and 
metastasis of HCC, and DNA methylation plays a key role in 
regulating the expression of ACADS. A study using knockdown 
methylation found that the expression of ACADS in HCC cells 
increased significantly [61]. HBV infection can induce DNA 

methylation in liver cancer. P16, RASSF1A, GSTP1, APC, p15, 
and SFRP1 genes in HBV-positive cancer tissues show signifi-
cant hypermethylation, and DNA methylation can lead to the 
development of HBV-related HCC [62].

Traditional Chinese Medicine (TCM) and 
Abnormal LRM

Many new advances in TCM have been made in blocking the 
occurrence and development of HCC by influencing the ab-
normal LRM.

Fuzheng Huayu capsule combined with anti-hepatitis B virus 
(HBV) replication drugs can improve the abnormal LRM (liv-
er fibrosis) significantly better than single-nucleoside antivi-
ral drugs [63,64]. Anluohuaxian capsule in combination with 
adefovir dipivoxil (ADV) for the treatment of chronic hepati-
tis B (CHB) patients can improve the abnormal LRM and block 
the progression of hepatic fibrosis [65]. A component of Radix 
Bupleuri (Chaihu), saikosaponin-d, attenuated development 
of liver fibrosis in an animal model. Moreover, saikosaponin-d 
can inhibit proliferation and transdifferentiation of hepatic stel-
late cells [66]. Huqi San improves the abnormal LRM by regu-
lating the expression of c-jun, c-fos, and c-Myc, and its effica-
cy in blocking/reversing precancerous lesions of HCC has been 
confirmed [67]. Yanggan Jiedu Sanjie inhibits TGF-b1-induced 
EMT and cell adhesion, migration, and invasion in Bel-7402 
cells, and downregulates Smad3 phosphorylation and Snail ex-
pression, thus improving the abnormal LRM [68]. Brucea javan-
ica not only reduced the expression of stem cell markers but 
also eliminated tumor spheroids by apoptotic cell death [69]. 

Liver fibrosis
DNA methylation: IκB, PTCH1, SOCS3
HSC activation
Upregulation of TGF-β1 in macrophage

Abnormal liver
regeneration

microenvironment

Hepatocellular
carcinoma

Cancer stem cell
DNA methylation: SAL4, CD 133, NANG,
HK2,MAT2A
Cancer stern cell-like proper�es 

Immunomodulation
abnormal DNA methylation in T cells
DNA methylation: RNF39
Evade immune surveillance 

Angiogenesis
DNA methylation: chymase 1, tyrosine
kinase nonreceptor 2, TGFβR, VEGVR) 2 and 3
Formation of tumor microvessels

Figure 1.  DNA methylation and abnormal liver-
regenerating microenvironment in 
hepatocellular carcinoma.

Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang M. et al.: 
Research progress in liver-regenerating microenvironment and DNA methylation…

© Med Sci Monit, 2020; 26: e920310
REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e920310-4



Scutellaria Barbate has anti-tumor effects and can eliminate 
local tumor nodules, promotes blood circulation, regulates the 
integrity of body function and the interaction between various 
organs and the internal environment, improves LRM abnormal-
ities, and is widely used in the treatment of various cancers 
such as liver cancer, lung cancer, stomach cancer, breast can-
cer, and colorectal cancer [70]. Some studies have shown that 
Astragalus membranaceus and other herbs for strengthening 
healthy Qi can regulate human immunity and affect cancer 
cell cycle, while Coptis chinensis, which has heat-clearing and 
detoxifying effects, can regulate human immunity and induce 
cancer cell apoptosis [71,72]. It was found that Kanglaite can 
treat hepatocellular carcinoma in rats. After intratumoral injec-
tion of Kanglaite, the liver function of rats was significantly re-
duced compared with saline injection, and the inhibition rate 
was 49.4%. The mechanism of Kanglaite ‘s action may be that 
it inhibits the expression of proliferating cell nuclear antigen 
(PCNA) and thus inhibits the proliferation and mitosis of cancer 
cells. Kanglaite also induces apoptosis of HepG2 cells by activat-
ing the fas/fasl pathway, and improves abnormal LRM [73,74].

The TCM formula QHF (Q, Qingrejiedu; H, Huoxuehuayu; and 
F, Fuzhengguben) inhibits the proliferation of HepG2 cells and 
decreases their ability to invade and metastasize [75]. The anti-
cachexia effects of jianpijiedu (MJPJD) appear to be associat-
ed with the downregulation of the expression levels of the 
inflammatory cytokines IL-1a, IL-6, and TNF-a. MJPJD exerts 
effects at the molecular levels, such as affecting the expres-
sion of cytokines MURF1 and atrogin 1, and also affects asci-
tes, body weight, maintenance of net weight, body tempera-
ture, and food intake, and can act against abnormal LRM [76]. 
Diwu Yanggan capsule can alleviate the development of liver 
fibrosis by improving the abnormal LRM through regulating the 
EMT/MET imbalance (inhibiting EMT and promoting MET) [77]. 
Further studies showed that Diwu Yanggan capsule can inhib-
it over-activation of the Wnt/beta-catenin pathway, inhibit the 
over-proliferation and abnormal differentiation of oval cells, 
and prevent the occurrence and development of precancer-
ous lesions of HCC [78]. A randomized controlled clinical trial 
showed that Diwu Yanggan capsule improves the hepatic histo-
logical response in patients with HBeAg-negative chronic hepa-
titis B, which significantly reduced the occurrence of cirrhosis, 
improved the abnormal LRM, and then reduced the incidence 
of HCC risk [79]. In recent years it is found that many kinds of 
Chinese medicines can inhibit angiogenesis, decrease the liv-
er cancer microvessel density, and improve the abnormal LRM, 
thus delaying or preventing the development of liver cancer [80].

TCM and DNA Methylation

The influence of DNA methylation is one of the mechanisms 
through which TCM plays a functional role. TCM syndrome types 

are linked to related gene epigenetic modifications, and this 
may be one of the molecular mechanisms underlying the oc-
currence, development, and differentiation. Phlegm-dampness 
constitution (PC) is one of the various constitution types in 
TCM, which is considered to be the preclinical stage of vari-
ous metabolic disorders. Data of the genomic DNA methyla-
tion profile in human peripheral blood mononuclear cells of 
PC and balanced constitution (BC) subjects suggests that DNA 
methylation can play a role in the pathogenesis of metabol-
ic diseases during the incubation period of HCC [81]. There is 
a unique methylation level change of the synovium gene in 
the model of hot arthralgia, and Baihu jiaguizhi decoction can 
specifically reduce the methylation level of the characteris-
tic gene of hot arthralgia, so as to achieve the effect of treat-
ing hot arthralgia [82]. CHM compounds were able to change 
DNA methylation levels. Curcumin, which has diverse func-
tions, can promote corresponding gene expression via down-
regulating DNA gene methylation in blood cancer [83–85]. 
Jieduquyuziyin regulates immune function by increasing the 
level of genomic DNA methylation and MeCP2 gene promot-
er region methylation in Jurkat cells [86]. In breast cancer, the 
expression of the ras-association domain family protein 1A is 
reactivated by curcumin through decreasing methylation of 
its promoter [87]. Berberine also can induce apoptosis in the 
human multiple myeloma cell line U266 through hypometh-
ylation of p53 promoter [88]. Resveratrol has been shown to 
affect DNA methylation, and in many cancer cell lines the ex-
pression of DNMT1, DNMT3A, and DNMT3B were downregulat-
ed by resveratrol [89]. Quercetin can arrest human RKO colon 
cancer cell cycle by demethylating the CDKN2A promoter [90]. 
Dietary polyphenol quercetin or butyrate can reverse epigen-
etic changes by decreasing DNA methylation in cancer cells 
and can be used as chemopreventive and therapeutic drugs 
for cancer [91]. Parthenolide inhibits MCF-7 tumor cell growth 
by increasing the expression of HIN-1 through regulating the 
hypomethylation of HIN-1 promoter [92]. Chlorogenic acid can 
inhibit DNA methylation in the promoter of tumor-suppressor 
gene RARB in the cancer cell line MCF-7 [93]. Epigallocatechin-
3-gallate (EGCG, found in green tea) reduced the overall DNA 
methylation level of A431 cells, and treated the re-expression 
of the silent oncogene p16INK4a and ip1/p21, which may con-
tribute to the chemoprevention of skin cancer and provide new 
insights into the epigenetic mechanism [94]. Typical epigene-
tic dietary agents such as resveratrol isoflavones sulforaphane 
and garlic compounds in dietary fiber have been reported to 
correct and stabilize epigenetic modification [95–97]. The ar-
senic-containing Chinese herbal formulae (CHF) Qinghuang 
causes significant genome-wide demethylation, and affects 
chromosome karyotype status and genome methylation lev-
el [98]. Dujieqing oral liquid can achieve effective synergy and 
reduce toxicity by regulating gene methylation activity, targeting 
patients with advanced cancer in chemotherapy [99]. In addi-
tion, further studies have shown that the regulation of human 

Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang M. et al.: 
Research progress in liver-regenerating microenvironment and DNA methylation…
© Med Sci Monit, 2020; 26: e920310

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e920310-5



epigenome by CHF is helpful to elucidate the synergistic effects 
of H3K9 methylation and H3K4 demethylation on heterochro-
matinization in the discovery of plant pharmacology and epi-
genetic drugs. Chinese herbal compounds mainly inhibit DNA 
methyltransferase and histone deacetylase by synergistically 
inhibiting histone acetylation and H3S10 phosphorylation or 
H3K4 demethylation and H3K36 demethylation [96]. Ethanol 
extract of Ligustrum lucidum Ait leaves (EEl) can downregu-
late the DNA methylation level of PTEN and increase the ex-
pression of unmethylated PTEN, helping to inhibit the PI3K/Akt 
pathway, regulate the expression of factors related to apopto-
sis cell cycle arrest (Bax, Bcl-2, cytc, Caspase-3, Ki67, CyclinD1 
and p21), thus inducing apoptosis and promoting cell cy-
cle arrest, and reducing the invasion and migration of HCC 
cells [100]. Research shows that Chuanxiong capsule can reg-
ulate the abnormal hypermethylation and hypomethylation 
genes in an atherosclerosis rabbit model and participate in 
the activity of protein kinase C activity, inflammatory pathway, 
MAPK signaling pathway, and VEGF signaling pathway [101]. 
Recently, telomere and telomerase have been studied as tar-
gets of anticancer drugs. Studies have shown that telomer-
ase reverse transcriptase is a potential target gene involved 
in the effect of the Chinese herbal medicine Tianshengyuan-1 
(Tsy-1). It can increase telomerase activity in normal peripher-
al blood monocytes and CD34+ hematopoietic stem cells with 
low telomerase activity, and the effect is related to the meth-
ylation of tert promoter [102]. However, there has been little 
research on the relationship between TCM and DNA demeth-
ylation. Considering the diverse curative effects and minimal 
adverse effects of TCM, the mechanisms, especially the reg-
ulation mechanism of DNA methylation by TCM, require fur-
ther investigation.

Concluding Remarks

DNA methylation is a critical epigenetic mechanism regulat-
ing HCC development and progression, as well as the LRM. 
Altering DNA methylation levels and patterns and improv-
ing the LRM are potential therapeutic measures against HCC. 
However, drugs targeting DNA methylation have not been ex-
tensively tested. Single-target drugs are often ineffective due 
to the multiple methylation sites throughout the genome, mul-
tiple methylation patterns, and inability to balance genomic 
hypermethylation and demethylation. In addition, lack of ev-
idence of a direct association between abnormal single-site 
methylation and HCC prognosis further limits the development 
of methylation-targeting drugs. Traditional Chinese medicine 
(TCM) is increasingly being considered as a therapeutic inter-
vention targeting DNA methylation due to its multi-component, 
multi-targeting, and multi-action formulations. TCM has shown 
promising results in HCC prevention and treatment via LRM 
improvement. However, their mechanisms of action need fur-
ther validation [17]. In addition, further understanding of the 
mechanisms underlying abnormal DNA methylation and LRM 
in HCC and improvement of LRM via overall dynamic and tar-
geted regulation of DNA methylation will undoubtedly be the 
future research directions in HCC (Figure 2).
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