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Abstract 

Background Hepatic fibrosis (HF) is a pathological process caused by excessive accumulation of extracellular matrix 
caused by a series of causes, leading to the formation of fiber scar. RNA methylation is a newly discovered epigenetic 
modification that exists widely in eukaryotes and prokaryotes and plays a crucial role in the pathogenesis of many 
diseases.

Results The occurrence and development of HF are regulated by many factors, including excessive deposition 
of extracellular matrix, activation of hepatic stellate cells, inflammation, and oxidative stress. RNA methylations of dif-
ferent species have become a crucial regulatory mode of transcript expression, And participate in the pathogenesis 
of tumors, nervous system diseases, autoimmune diseases, and other diseases. In addition, there are five common 
types of RNA methylation, but only m6A plays a crucial regulatory role in HF. The pathophysiological regulation 
of m6A on HF is achieved by the combination of the methylated transferase, demethylated enzyme, and methylated 
reading protein.

Conclusions RNA methylated methyltransferase, demethylase, and reading protein extensively affect the pathologi-
cal mechanism of HF, which may be a new therapeutic and diagnostic target, representing a new class of therapeutic 
strategies.
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Background
Hepatic fibrosis (HF) is a pathological process in which 
various chronic liver injuries cause excessive accumula-
tion of extracellular matrix (ECM), leading to continuous 
repair of injury [1]. The perisinusoidal space, also known 
as the Disse space, is a narrow space about 0.4 μm wide 
between hepatocytes and endothelial cells in the blood 
sinuses. Abnormal activation of hepatic stellate cells 
(HSCs) in the Disse space and accumulation of ECM and 
other components are crucial events in the development 
of HF [2–4]. The involvement of ECM and other compo-
nents is a key event in trauma healing and tissue repair 
(tissue damage, infection, inflammation, etc.) [5–7]. The 
pathogenesis of HF is influenced by multiple factors. 
Any factor that can lead to chronic damage of liver tissue 
can induce the development of HF. For example, inborn 
metabolic defects, alcohol abuse, viral infections, para-
sitic infections, and autoimmune liver disease [8–12]. In 
addition, an elevated body mass index further increases 
the risk of HF due to non-alcoholic fatty liver disease 
(NAFLD) and nonalcoholic steatohepatitis (NASH) 
[13–15]. Early-stage HF without proper management and 
treatment will further progress to cirrhosis and hepato-
cellular carcinoma with serious consequences [16].

Post-transcriptional regulation is the further modifi-
cation and processing of eukaryotic gene transcription 
products, including various processes such as processing, 
translocation, translation, and degradation throughout 
the life cycle of RNA molecules [17, 18]. RNA post-tran-
scriptional regulation has more significant advantages 
than transcriptional regulation in regulating disease 
onset and progression [19]. RNA methylations belong 
to a type of RNA post-transcriptional regulation, which 
mediates almost all aspects of RNA processing, includ-
ing RNA splicing, stability, degradation, and translation 
[20–25].

N6-methyladenosine (m6A) modifications are among 
the most abundant modifications in eukaryotic mRNAs. 
Methylation transferases and demethylases are crucial 
enzymes that jointly regulate m6A modification [26]. 
M6A’s role in the pathogenesis of HF has been gradually 
elucidated, which will provide new perspectives for diag-
nostic and therapeutic studies of HF.

The reversible epigenetic modification 5-methylcyto-
sine (m5C) has also been extensively studied, especially 
in the development of tumors. M5C is found in a variety 
of representative biological mRNAs, rRNAs, and tRNAs. 
M5C affects the function of modified RNA molecules 
and is essential for many biological activities, including 
control of transcription, protein interactions, and RNA 
stability [27].

In addition to the common m6A and m5C 
modifications, N1-methyladenosine (m1A), 

N6,2-O-dimethyladenosine (m6Am), and 7-methyl-
guanosine (m7G) are also RNA methylations modifica-
tions. M1A is a post-transcriptional modification with a 
high abundance of eukaryotic rRNAs and tRNAs. Unlike 
m6A, m6Am is mainly located on the first base after the 
5’ cap of eukaryotic mRNAs. M7G modifications act 
by affecting the metabolism of various RNA molecules, 
including mRNAs, tRNAs, microRNAs, and rRNAs. 
However, the relationship between RNA methylation 
modifications other than m6A and HF has not been 
reported.

Given that RNA methylations have become a new focus 
of research, their function is gradually being discovered. 
The present work focuses on the role and mechanism of 
RNA methylation in HF and reveals its molecular fea-
tures and biological functions.

Mechanisms of hepatic fibrosis
HF is a dynamic process that continuously responds 
to wound repair. It is not an independent disease, and 
any liver injury is often accompanied by the occurrence 
of HF. There are many clinical causes of HF, such as 
NAFLD, NASH, autoimmune hepatitis, viral hepatitis, 
etc. In addition, the mechanisms of HF are diverse and 
complex, including inflammation, oxidative stress, HSCs 
activation, and ECM over-deposition (Fig. 1).

Imbalanced of ECM expression induces hepatic 
fibrosis
Under normal physiological conditions, the dynamic bal-
ance of ECM in the liver depends on ECM synthesis and 
matrix metalloproteinases (MMPs)-mediated degrada-
tion of ECM. The main physiological function of MMPs 
is the direct degradation of ECM (collagen, laminin, and 
elastin) [28]. ECM, MMPs, and tissue inhibitors of met-
alloproteinases (TIMPs) that inactivate MMPs are simul-
taneously synthesized and secreted by HSCs. However, 
sustained expression of TIMPs in the damaged liver 
inhibits the activity of MMPs, which further prevents the 
degradation of collagen fibers [29].

In the carbon tetrachloride (CCL4)-induced HF model 
in mice, collagen I expression is significantly upregu-
lated. Isorhamnetin can not only significantly inhibit 
HSCs activation, but also inhibit ECM formation and 
autophagy by down-regulating TGF-β1-activated Smad3 
and p38MAPK signaling pathways [30]. CHR-HPBCD 
and CHR-RAMEB are two complexes of leucovorin 
(CHR), which inhibit collagen deposition and reduce 
the expression of inflammatory factors. Mechanistically, 
CHR-HPBCD and CHR-RAMEB downregulate the TGF-
β1/Smad signaling pathway and NF-κB-mediated inflam-
matory pathway and regulate anti-HF-related miRNA 
expression, which in turn exerts anti-inflammatory 
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and anti-fibrotic effects [31]. The development of HF is 
influenced by the massive production and activation 
of myofibroblasts (MFB). Hepatocytes are an impor-
tant component of MFB and can be converted to MFB 
through epithelial-mesenchymal transition (EMT) dur-
ing HF. Curcumin effectively regulates PPARα and oxi-
dative stress to promote autophagy activation, which 
effectively reduces the occurrence of EMT in hepatocytes 
and inhibits the accumulation of ECM [32].

HSCs activation is the central link of hepatic 
fibrosis formation
HSCs are located in the Disse space canal and account for 
15% of the liver’s cells and about 33% of the non-paren-
chymal cells. Under normal conditions, resting HSCs are 
ovoid or irregular in shape. A large amount of vitamin A 
and primary forms of lipid droplets, as well as retinoid 
derivatives, are present intracellularly in HSCs [33, 34]. 
However, when the liver is damaged by inflammation or 
mechanical stimulation, the resting HSCs are activated, 
and their phenotype undergoes a shift from the resting to 
the activated form, which is a central step in the develop-
ment of HF [35].

Activated HSCs are an important source of MFB, and 
other cells can also differentiate into MFB [36]. The con-
version of HSCs into phenotypic MFB is influenced by 
many factors, such as viral hepatitis, alcoholic liver dis-
ease, and autoimmune hepatitis. The main function of 
MFB is to secrete ECM (including smooth muscle actin, 
collagen, fibronectin, laminin, and proteoglycans), which 

promotes damaged liver healing [37]. However, when risk 
factors persist, HSCs continue to activate and convert to 
MFB. This leads to a massive accumulation of collagen 
fibril-based ECM and disrupts the homeostasis of the 
Disse. Further, a sustained increase in insoluble fibers and 
structural alteration events in the liver occurs, ultimately 
leading to continued exacerbation of HF and malignant 
transformation [38]. Therefore, inhibiting static HSCs 
activation and promoting activated HSCs apoptosis may 
be a new therapeutic direction for HF.

Transforming growth factor β (TGF-β) and platelet-
derived growth factor (PDGF) are the two most critical 
factors for HSCs activation. The prominent role of TGF-β 
is to promote the formation of collagen and matrix while 
inhibiting its degradation [39]. In the mitogenic path-
way, PDGF is the most potent factor in promoting HSCs 
signaling, and in particular, β-PDGFR has the strongest 
proliferative effect on HSCs [40]. PDGF receptors and 
ligands are up-regulated in most HF models and human 
HF patients [41, 42]. They promote collagen production 
and deposition and directly cause HSCs proliferation 
and conversion to MFB to synthesize and secrete large 
amounts of ECM [43]. Therefore, blocking PDGF signal-
ing inhibits HSCs proliferation and ameliorates HF.

Kupffer cells (KCs) are specialized macrophages 
located in the inner wall of hepatic sinusoidal cells. KCs 
are plastic and are involved in HSCs activation and fibro-
sis formation [44]. KCs can differentiate into M1 or M2 
phenotypes. M1 KCs can not only secrete inflammatory 
factors such as IL-1β and TNF-α, but also are closely 

Fig. 1 Mechanisms of hepatic fibrosis. Chronic liver injury mediated by different risk factors activates several parenchymal and non-parenchymal 
cells and promotes hepatic inflammation by producing many inflammatory mediators. Extreme inflammation drives the activation of hepatic 
stellate cells, which are then transformed into the proliferative and extracellular matrix, giving rise to myofibroblasts, leading to fibrosis and liver 
dysfunction. NAFLD non-alcoholic fatty liver disease, NASH nonalcoholic steatohepatitis, KCs kupffer cells, TGF-β transforming growth factor beta, 
TNF-α tumor necrosis factor-alpha, TIM-4 T-cell immunoglobulin and mucin-4, IRF-5 interferon regulatory factor-5, NLRP3 NLR family pyrin structural 
domain containing 3, HSCs hepatic stellate cells
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related to promoting liver inflammatory response. M2 
KCs secrete IL-10, TGF-β, and PDGF and are associated 
with the inhibition of inflammatory responses and tis-
sue repair [45, 46]. In the early stages of pathology, M2 
KCs create an ant-inflammatory environment and pro-
mote tissue repair by ECM remodeling and fibroblast 
recruitment, but do not promote fibrosis. However, when 
lesions persist, M2 KCs gain a role in pro-fibrosis through 
the excretion of large amounts of TGF-β as well as galac-
tose lectin-3, causing induction of fibrosis [47, 48].

The functions of liver resident lymphocytes include 
immune surveillance and maintenance of hepatic homeo-
stasis. Yet, the liver’s permanent hepatic lymphocytes are 
protective and pathogenic leading to hepatitis, fibrosis, 
and cirrhosis under pathological conditions. NKT cells 
are enriched in hepatic lymphocytes and generate high 
levels of fibrogenic cellular factors (IL-4, IL-13) that pro-
mote the activation of HSCs [48, 49]. Leptin is derived 
from the 16  kDa adipocytokine product of the obesity 
gene and exhibits a variety of pro-fibrotic properties. In 
addition, the effects of appetite, insulin secretion, and 
glucose metabolism are regulated by leptin [50]. Leptin 
induces oxidative stress in HSCs and stimulates TIMP-l 
expression and inhibits MMP-1 expression and activity, 
which in turn promotes fibril formation in HSCs [51, 52].

Angiotensin II (AngII) is a vasoconstrictor peptide 
of the renin-angiotensin system (RAS). AngII leads to 
increased intrahepatic resistance and induces TGF-β1 
to promote ECM deposition through its vasoconstric-
tive effects, which in turn enhance proinflammatory 
mediators and HF [53]. MicroRNA-21 is significantly 
up-regulated in patients with HF. In primary HSCs, 
AngII upregulates microRNA-21 expression by target-
ing Smad7 and Spry1, whereas Ang (1–7) inhibits HF and 
AngII-induced microRNA-21 expression [54].

Inflammation and hepatic fibrosis
Inflammatory response induced by liver injury is a typical 
event of progressive fibrosis. The normal inflammatory 
response is conducive to the healing of the liver injury 
site. However, when the liver is subjected to continuous 
inflammatory stimulation, it can lead to HF and irre-
versible liver damage such as cirrhosis or hepatocellular 
carcinoma.

In liver injury, interleukins are produced in large quan-
tities by a variety of cell types and play pro-inflammatory 
(IL-6, IL-13, IL-17, and IL-33) and anti-inflammatory 
(IL-10) functions in liver cells [55]. IL-6 is a representa-
tive key cytokine in liver disease and has a pro-inflamma-
tory effect. IL-6 can directly induce the transformation 
of HSCs into myofibroblast-like cells and promote the 
occurrence of HF [56]. IL-13 is an immunomodula-
tory cytokine secreted primarily by Th2 cells. IL-13 has 

been proven to be the primary cytokine causing fibrosis, 
which can bind to IL-13 receptor alpha1 (IL-13Rα1) to 
induce fibrosis [57]. The expression of IL-17 in liver tis-
sue of HF patients is significantly up-regulated, and the 
high expression of IL-17 promotes fibrosis markers and 
IL-6 secretion [58] In addition, the activation of the pro-
fibrotic TGF-β signaling pathway is driven by several col-
laborative mechanisms, in which the pro-inflammatory 
cytokine IL-17A plays a prominent role [59]. There is 
evidence that microbial-driven intestinal fibrosis may be 
mediated by inducing the fibrosis-promoting action of 
IL-33 receptor ST2 on epithelial cells. The intestinal dys-
biosis will further lead to HF [60].

IL-22, a member of the IL-10 cytokine family, acts as 
a hepatocyte survival factor and binds to receptors IL-
22R1 and IL-10R2 to play a protective role in a variety of 
liver diseases, such as hepatitis, HF, and hepatocellular 
carcinoma [61]. IL-22 can improve liver oxidative stress 
and alcoholic fatty liver by activating liver signal trans-
ducer and transcription activator 3, and effectively alle-
viate liver injury caused by alcohol and toxic substances 
[62]. In addition, overexpression of IL-22 can reduce 
HF by decreasing HSCs activation and down-regulating 
inflammatory cytokine levels [63]. In conclusion, the liver 
conservation function and liver regeneration promotion 
of IL-22 indicate the therapeutic potential of IL-22 in the 
treatment of human liver diseases.

The process of inflammation triggering HF is com-
plicated, and the effect of inflammation on fibrosis still 
needs to be explored and studied continuously. Further 
understanding of the role of inflammatory cells and 
cytokines in HF is helpful to elucidate the pathogenesis of 
HF and develop new clinical drugs.

Oxidative stress and hepatic fibrosis
More and more evidence shows that oxidative stress 
plays an important role in the occurrence and develop-
ment of HF. Oxidative stress is involved in the process of 
HF caused by various diseases. Oxidative stress refers to 
a state of excessive production of reactive oxygen species 
(ROS) in the body or cells or weakening of antioxidant 
function in the body, which seriously disrupts the balance 
between the two, leading to inflammation and lipid per-
oxidation, resulting in tissue and cell damage.

In the damaged liver, activated KCs, activated HSCs, 
and neutrophils can activate the oxidative stress system 
to produce ROS and interfere with the normal function 
of liver-specific cells. Therefore, restoring the balance 
between oxidation and antioxidant systems in  vivo can 
improve HF [64, 65]. Maresin-1 can improve HF by pro-
moting hepatocyte proliferation and reducing oxidative 
stress and inflammation [64].
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Nuclear factor erythroid2-related factor 2 (Nrf2) is an 
important antioxidant stress factor in vivo and the cen-
tral link of the liver antioxidant stress system. Nrf2 acti-
vation can enhance endogenous antioxidant systems 
and resist oxidative stress systems imbalance in  vivo 
[66]. Gardeniae Fructus significantly attenuates TGFβ1-
induced ECM accumulation in LX-2 cells through the 
AMPK/SIRT1 pathway and Nrf2, thereby alleviating HF 
[67]. Bone marrow mesenchymal stem cells up-regulate 
the expression of Nrf2 and HO-1 in the liver tissue of 
CCl4-poisoned rats, suggesting that they inhibit oxida-
tive stress, inflammatory response and liver fibrosis by 
activating Nrf2/HO-1 signaling pathway [68]. In conclu-
sion, improving the body’s antioxidant stress ability is 
expected to be a feasible strategy to treat HF.

RNA methylations
RNA methylations of different species have become a 
crucial regulatory mode of transcript expression. So 
far, RNA methylation modifications have been found in 
mammals, including m6A, m6Am, m5C, m7G, m1A, 
etc. They are catalyzed by RNA methyltransferase (Writ-
ers), demethylated by demethylase (Erasers), and read by 

methylated binding proteins (Readers). RNA methylation 
mediates almost all aspects of RNA processing, includ-
ing splicing, nucleation, stability, degradation, and trans-
lation of RNA. Therefore, RNA methylation is closely 
related to tumors, nervous system disorders, autoim-
mune diseases, and other diseases. In addition, the func-
tion of RNA methylation gradually appears in HF, and 
m6A in particular plays a crucial role in the occurrence 
and development of HF (Fig. 2).

M6A modification
Desrosiers et  al. [69] first identified the m6A modifi-
cation in rat mRNAs in 1974. M6A modification is a 
reversible process commonly found in yeast, plants, bac-
teria, humans, and other mammalian mRNAs [70]. The 
m6A modification is highly enriched in the non-coding 
region, near the stop codon of mRNA. M6A affects bio-
logical processes such as RNA folding, stability, and deg-
radation, which make it involved in splicing, translation, 
export, and decay [71].

The modification of m6A in mammalian cells is cata-
lyzed by the methyltransferase complex, which consists 
of methyltransferase like 3 (METTL3), methyltransferase 

Fig. 2 Molecular structures of RNA methylation. A Molecular structures of the five methylation-modified RNAs. The RNA methylation involved 
includes (m6A, m6Am, m5C, m1A, m7G); B the five RNA methylation corresponding modification enzymes, including (methylesterase, methylation 
recognition protein, and demethylase)
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like 14 (METTL14), and the wilms tumor 1 associated 
protein (WTAP) [72]. WTAP plays a crucial role in 
embryonic development and interacts with METTL3 and 
METTL14 to form heterodimers that participate in m6A 
RNA methylation [73].

Fat mass and obesity-associated protein (FTO) and 
human AlkB homolog 5 (ALKBH5) are the main dem-
ethylases for m6A modification. FTO is associated with 
obesity and is a member of the Alkb protein family. FTO 
differs from other proteins in the Alkb family in that the 
FTO protein ALKBH5 is another demethylating enzyme 
and directly removes m6A modifications from RNA. In 
addition, m6A modification regulates mRNA splicing, 
export, translation, and degradation, which is exerted by 
changing RNA structure or recruiting m6A modification 
recognition proteins. Currently, common recognition 
proteins are YTHDF1, YTHDF2, and YTHDF3.

M6Am modification
Usually, the 5’ end of mRNA carries the m7GPPPN struc-
ture, and the first or second nucleotide of this structure 
can be methylated at the 2’-hydroxyl group. When the 
first nucleotide of the m7G hat structure is 2′-O-methy-
ladenosine (Am), it can be further methylated at the N6 
position to become m6Am [74]. Unlike m6A, m6Am is 
precisely located adjacent to the cap structure of mRNA 
at the first transcribed nucleotide in eukaryotes [75].

PCIF1, a factor that interacts with the serine-5-phos-
phorylated carboxy-terminal structural domain of 
RNA polymerase II, is the m6Am-modifying enzyme 
of mRNA. PCIF1 specifically recognizes the 5’ cap on 
mRNA and exerts m6Am methyltransferase activity, but 
its regulatory mechanism has not been clarified [76].

M5C modification
M5C is found in mRNAs, rRNAs, and tRNAs. It is char-
acterized by affecting the functions of modified RNA 
molecules, including transcription, protein interactions, 
and RNA stability.

The currently identified coders of m5C genes include 
the NSUN family (NSUN2, NSUN6) and the DNMT 
family (TRDMT1, TRM4B) [77]. NSUN2 is one of the 
m5C methyltransferases and is mainly responsible for 
tRNA and mRNA methylation. NSUN2 Proteins utilize 
two active sites on the active site cysteine catalytic site, 
consisting of the 5th carbon atom, to perform halophile 
action on the methyl form of SAM and complete meth-
ylation. Unlike NSUN2, methylation of TRDMT1 uses 
cysteines only at a single site.

The readers of m5C include ALYREF, Y-box binding 
protein 1 (YBX1), and the DNA repair protein RAD52 
homolog (RAD52) [78]. ALYREF mainly regulates the 
output of pass-through mRNAs, a function that depends 

on the specific binding of K171 (lysine at position 171) 
to m5C-modified mRNAs. RAD52 is characterized by a 
high affinity for hybrid strands containing m5C-modified 
RNA and DNA, which determines that RAD52 is an m5C 
reader for DNA damage sites.

M7G modification
The m7G modification is a self-positively charged RNA 
methylation modification in which the methyl group 
binds to the 7th nitrogen atom of RNA guanine, cata-
lyzed by methylation transferase. M7G is present in most 
eukaryotic and viral mRNAs and is mainly enriched in 
the start codon region of mRNA [79]. M7G cap forma-
tion occurs during substrate mRNA transcription and is 
catalyzed by the recruitment of the RNA polymerase II 
enzyme to catalyze it. This structure affects many biolog-
ical processes, including package transcription, splicing, 
nuclear export of mRNA, translation, and mRNA stabil-
ity [80].

METTL1/WDR4 mediates m7G modification of the 
5’-UTR region of mRNAs. In mammals, tRNAs are indi-
rectly affected by the METTL1/WDR4 complex-regu-
lated m7G modification, which is essential for normal 
biological growth, and this pathway also regulates the 
mRNA translation process and ribosome biosynthesis 
[81].

M1A modification
M1A, first identified in tRNA in 1966, is an important 
post-transcriptional RNA modification that places a 
methyl ester at the N1 bit of adenosine [82]. M1A meth-
ylation occurs mainly in rRNAs and tRNAs, is involved 
in the maintenance of RNA tertiary structure, and affects 
protein translation efficiency. Similar to m6A modifica-
tion, m1A is also a dynamic and reversible RNA modifi-
cation mediated by RNA methylation modifying proteins.

TRMT6-TRMT61A is a methyltransferase complex 
that binds to m1A modification at human tRNA 58th 
(m1A58). During retroviral infection, m1A58 acts as a 
reverse transcriptase termination site and prevents DNA 
synthesis [83]. ALKBH1 mediates the demethylation of 
m1A in tRNA and is a tRNA demethylase. ALKBH1 cata-
lyzes the demethylation of target tRNAs, leading to weak-
ened translation initiation and reduced use of tRNAs in 
protein synthesis. This process is dynamic and affects 
translation by regulating the availability of glucose [84].

Biological functions of RNA methylations
RNA methylations in tumors
Mitochondria are essential for tumorigenesis. Mitochon-
dria are energy-producing organelles in cells, involved in 
biosynthesis and signaling. Metabolic plasticity confers 
the ability of tumors to survive in negative states (e.g., 
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hypoxia, starvation), especially in proliferation-inde-
pendent processes (e.g., the spread of primary tumors) 
[85].

M5C and its derivative 5-formyl cytosine can drive the 
translation of mitochondrial mRNA to promote metasta-
sis. Translation of the subunits of the oxidative phospho-
rylation complex encoded by the mitochondrial genome 
is dependent on the formation of m5C modifications at 
the mitochondrial tRNAMet34 position. Altered mito-
chondrial function and enhanced glycolysis in m5c-
deficient human oral cancer cells in  vivo do not affect 
the cellular activity or primary tumor growth. However, 
when m5C is absent in tumor mitochondria, tumors no 
longer metastasize efficiently, and metabolic plasticity is 
severely compromised [86, 87]. Therefore, RNA modifi-
cations at mitochondria-specific sites may serve as drug 
targets against tumor metastasis.

Su et al. [88] first identified METTL16 in the nucleus as 
a "writer" of m6A modifications involved in mRNA catal-
ysis. In the cytoplasm, METTL16 promotes the assem-
bly of 80 S ribosomes by directly binding to eIF3a/b and 
rRNAs, thereby promoting protein translation efficiency 
and tumor development. This suggests that targeting 
METTL16 is expected to be a potential new strategy for 
tumor therapy.

RNA methylations in the nervous system
M6A modifications play a key role in neurophysiologi-
cal and pathological mechanisms including neurogen-
esis, the growth of axons, and the plasticity of synapses. 
Aberrant m6A modifications lead to acute, and chronic 
central nervous system (CNS) injuries, brain cancer, and 
neuropsychiatric disorders [89].

Blocking m6A by knocking down METTL4 caused a 
prolongation of the cell cycle in radial glial cells. Simi-
larly, in the case of METTL3 knockdown, it triggers a 
reduction of m6A, which prolongs the radial glial cell 
cycle and role maintenance. In addition, m6A modifica-
tion signals also regulate cortical neurogenesis in human 
forebrain tissue [90]. In the adult mouse hippocampal 
nerve, m6A facilitates protein translation of target tran-
scripts through its binding protein YTHDF1, thereby 
promoting learning and memory. YTHDF1 deletion 
resulted in learning and memory deficits and impaired 
synaptic transmission in mice, which could be rescued 
by YTHDF1 re-expression. This suggests that YTHDF1 
promotes the translation of m6A methylated neuronal 
mRNA in response to neuronal stimulation, a process 
that contributes to learning and memory [91].

RNA methylations in metabolic diseases
Metabolic diseases are diseases caused by disorders in 
the metabolism of proteins, fats, and carbohydrates, 

including diabetes, gout, and osteoporosis. Islet cell 
biology is critically regulated for glucose homeosta-
sis. Sequencing of m6a in human type 2 diabetic islets 
revealed several aberrantly methylated transcripts, 
including those involved in cell cycle progression, insu-
lin secretion, and the insulin/IGF1-AKT-PDX1 pathway. 
M6A is also involved in the regulation of β-cell biology. 
m6A levels are down-regulated in EndoC-βH1, leading 
to cell cycle arrest, and AKT phosphorylation and PDX1 
protein levels are suppressed by downregulating insulin 
secretion [92].

Defective METTL3 function leads to impaired bone 
formation, insufficient osteogenic differentiation poten-
tial, and increased bone marrow adiposity. The PTH 
(parathyroid hormone)/PTH1r (parathyroid hormone 
receptor-1) signaling axis is a downstream pathway of 
m6A regulation in bone marrow mesenchymal stem 
cells. Knockdown of METTL3 reduces the transla-
tion efficiency of PTH1r and disrupts the PTH-induced 
osteogenic and adipogenic responses in  vivo. This fully 
explains that the upregulation of METTL3 in bone mar-
row MSCs alleviates osteoporosis caused by estrogen 
deficiency in mice [93]. Regulation of lipid metabolism 
through YTHDF2 and PPARα binding is achieved by 
affecting the stability of mRNA. Knockdown of METTL3 
inhibits m6A methylation, resulting in decreased m6A 
abundance and increased mRNA expression in PPARα, 
thereby reducing lipid accumulation in cells in vitro [94].

The RNA methylation of other diseases
In addition to the biological functions of RNA methyla-
tion described above, m6A plays a crucial role in regulat-
ing other biological processes. For example, m6A affects 
the splicing processing of miRNA precursors. The dele-
tion of METTL3 reduces the binding of the binding pro-
tein DGCR8 to pri-miRNA and leads to the accumulation 
of pri-miRNA and the reduction of mature miRNA [95].

Many studies in recent years have shown that abnor-
mal m6A methylation is associated with hematopoiesis, 
heart failure, the respiratory system, reproductive regu-
lation, autoimmune diseases, and growth and develop-
ment. METTL14 and m6A modifications play a key role 
in hematopoiesis. The mechanism is through the SPI1-
METTL14-MYB/MYC signaling axis of myelopoiesis 
and leukemogenesis [96]. YTHDF1 is an evolutionar-
ily positively selected high-altitude adaptor gene that is 
amplified in various cancers, including non-small cell 
lung cancer (NSCLC). Knockdown of YTHDF1 can regu-
late the translation efficiency of CDK2, CDK4, and cyclin 
D1 through the Keap1-Nrf2-AKR1C1 axis, thus exert-
ing an inhibitory effect on NSCLC cell proliferation [97]. 
YTHDF1 may be a new target for the treatment of res-
piratory cancers.
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The roles of RNA methylation in hepatic fibrosis
RNA methylations are involved in the pathogenesis of 
HF, influencing disease onset and progression, and may 
be a new diagnostic biomarker and target for disease 
treatment (Table 1), (Fig. 3).

M6A modification in hepatic fibrosis
Methylation transferases in hepatic fibrosis
Fan et  al. [98] performed a systematic assessment of 
genome-wide m6A modifications and mRNA expression 
in the liver by m6A-seq and RNA-seq. The results showed 
that 3315 genes had significantly altered m6A levels, of 
which 2498 were hypermethylated and 817 were hypo-
methylated. These differentially expressed m6A genes 
were closely associated with biological processes such as 
endoplasmic reticulum stress response, PPAR signaling 
pathway, and TGF-β signaling pathway. In addition, the 
methyltransferase WTAP, the demethylase ALKBH5, and 
the m6A binding protein YTHDF1, which are m6A regu-
latory enzymes, were all shown to be significantly down-
regulated in HF.

M6A methylation is critical for regulating the progres-
sion and reversal of HF. In HF progression, differential 
m6A methylation was associated with oxidative stress 
and cytochrome metabolic processes. In contrast, during 
HF reversal, differential m6A methylation is associated 
with immune response and apoptosis-related processes 
[99].

In the HF model, up-regulated of METTL3 increased 
MALAT1 levels through m6A modification. MALAT1 
directly interacted with PTBP1 to decrease USP8 levels. 
Down-regulated USP8 further promotes macrophage 
pyrosis and inflammation by affecting the ubiquitination 
and protein stability of TAK1. The METTL3/MALAT1/
PTBP1/USP8/TAK1 axis can cause macrophage pyrosis 
and inflammation and promote the progression of HF. 
Therefore, targeting the various components of this axis 
may be beneficial in the treatment of HF [100].

METTL3 knockdown significantly alleviates HF 
by inhibiting HSCs activation through control of 
the Hippo/YAP signaling pathway. Mechanistically, 
METTL3 deletion reduces the deposition of m6A on 
Lats2 mRNA transcripts and slows their degradation. 

Table 1 m6A methylation related enzymes in HF

Diseases and cell types Enzymes Dysregulation Functions Targets References

CCL4-induced mouse and M1-polar-
ized macrophages

METTL3 Up-regulated Stimulating pyroptosis and inflam-
mation of macrophages, aggravates 
liver fibrosis

MALAT1/PTBP1/ USP8/TAK1 [100]

The activated HSC METTL3 Up-regulated Promotes the expression of fibrosis 
related genes

Lats2 [101]

PDGF-BB-induced activated HSC-T6 METTL3 Up-regulated Promotes HSC activation ASIC1a [102]

High-fat diet induced rats METTL3/14 Up-regulated Promote the transition of NASH 
to HF

TGF-β1 [103]

Chronic corticosterone stimulation 
of chicken liver

METTL3 Up-regulated Induces fibrosis in chicken Heat shock proteins [104]

A model of NAFLD in mice 
with type 2 diabetes mellitus

METTL3/14 Up-regulated Promote NAFLD conversion 
to fibrosis

ACLY and SCD1 [105]

CCL4-induced rat and TGF-β1 
treated HSC

WTAP Up-regulated Promotes HSC activation Ptch1 [106]

Tissue of patients with mild 
and severe fibrosis

METTL16 Up-regulated Regulating the m6A level 
and expression of HLA-DPB1

HLA-DPB1 [107]

Tissues of patients with liver cirrho-
sis complicated with HCC treated 
with sorafenib and CCL4-induced 
mouse

YTHDF1 Down-regulated Triggers autophagy activation, 
and enhances HSC ferroptosis

BECN1 [108]

Mice were induced by a mixture 
of CCL4 and olive oil (1:9)

FTO Up-regulated Triggers autophagy activation, 
and enhances HSC ferroptosis

BECN1 [109]

TGF-β1 treated HSC ALKBH5 Down-regulated Improved liver fibrosis and inhibited 
HSC activation

PTCH1 [110]

Chronically HBV infected cases ALKBH5 Up-regulated ALKBH5 interacting with mac-
rophage and WTAP interacting 
with nature killer T cells to promote 
hepatic fibrosis

Macrophage and killer T cells [111]

WTAP

Liver tissue from patients 
with chronic fibrosis and CCL4-
induced mouse

YTHDF3 Down-regulated Promotes HSC activation PRDX3 [112]
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Up-regulation of Lats2 promotes phosphorylation of 
the downstream transcription factor YAP, inhibits YAP 
nuclear translocation, and reduces the expression of 
pro-fibrotic genes [101]. Acid-sensitive ion channel 1a 
(ASIC1a) is significantly up-regulated in HF. ASIC1a 
regulates miR-350 expression through METTL3-medi-
ated m6A modifications. The regulated miR-350 targets 
SPRY2 and further promotes HF through the PI3K/KT 
and ERK pathways. When ASIC1a is knocked down, 
HSCs activation and HF are inhibited, and m6A modifi-
cation levels and miR-350 expression are reduced [102].

During NASH to HF, post-transcriptional regulation 
of TGF-β1 is determined by m6A modification. The 
NF-κB pathway promotes m6A methylation of TGF-
β1 mRNA through activation of METTL3/METTL14, 
which exacerbates TGF-β1-mediated HSCs activation 
and promotes the transition from NASH to HF [103]. 
In addition, chronic corticosteroid (CORT)-induced 
fibrosis in chickens may be associated with up-regu-
lated METTL3, promoting heat shock protein (HSP) 
m6A methylation, and inhibiting the protective effects 
of HSP [104].

Overexpression of METTL14 in NAFLD models and 
hepatocellular carcinoma samples mediates m6A meth-
ylation of ACLY and SCD1, leading to upregulation 
of ACLY and SCD1 proteins, triglyceride and choles-
terol production, and lipid droplet accumulation [105]. 
N-acetyl-seryl-aspartyl-lysyl-proline (AcSDKP) is an 
endogenous tetrapeptide with antifibrotic effects. AcS-
DKP downregulates the expression of the methyltrans-
ferase WTAP, leading to a significant decrease in the 
stability of Ptch1 mRNA in the Hedgehog pathway, which 
exerts antifibrotic effects [106]. Chronic hepatitis B 
(CHB)-related genes such as HLA-DPA1 and HLA-DPB1 
are significantly differentially expressed in the tissues of 
patients with mild and severe HF. Furthermore, silencing 
METTL16 suppressed the expression of m6A and HLA-
DPB1. This suggests that METTL16 may be a new target 
for the diagnosis and treatment of CHB fibrosis [107].

Demethylation enzymes in hepatic fibrosis
Ferroptosis is considered a novel and effective approach 
to clearing HSCs to alleviate HF. Clinical treatment with 
sorafenib and erastin promotes HSCs ferroptosis by 

Fig. 3 M6A methylation is involved in the progression of hepatic fibrosis. A Transcription of DNA into mRNA; B mRNA undergoes m6A modification; 
C changes in m6A modifying enzymes; D m6A modified mRNA; E stimulation of inflammatory mediator secretion; F stimulation of HSCs activation; 
G ECM production and accumulation; H fibrosis onset
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inhibiting BECN1 mRNA stabilization through YTHDF1. 
Dihydroartemisinin inhibits FTO activation. Down-reg-
ulated FTO inhibits HSCs activation by inducing HSCs 
ferroptosis. This reveals a new molecular mechanism 
of ferroptosis and may identify m6A modification as a 
potential target for HF therapy [108, 109].

The expression levels of ALKBH5 and PTCH1 are sig-
nificantly down-regulated in HF. ALKBH5 upregulates 
PTCH1 expression by mediating m6A demethylation, 
leading to the inactivation of the hedgehog pathway. 
This reduced α-SMA and type I collagen levels improved 
HF and inhibited HSCs activation [110]. ALKBH5 and 
WETP were significantly up-regulated in patients with 
HF. Immune cell infiltration and fibrosis occur in HBV-
infected livers, and ALKBH5 interaction with mac-
rophages and WETP interaction with natural killer T 
cells are thought to be key points of m6A modification 
regulation in HF progression [111].

Methylation binding proteins in hepatic fibrosis
YTHDF3 is significantly up-regulated in the liver tis-
sue of chronic fibrosis patients and CCl4-induced mice. 
Peroxiredoxin 3 (PRDX3) acts as a major regulator of 
mitochondrial oxidative stress and is hepatoprotective. 
Knockdown of PRDX3 exacerbates HF and HSCs activa-
tion, while HSC-specific PRDX3 overexpression attenu-
ates HF. Translation of PRDX3 mRNA is regulated by 
YTHDF3-mediated m6A modification, and PRDX3 can 
inhibit HSCs activation by regulating the mitochondrial 
ROS/TGF-β1/Smad2/3 pathway [112].

The methyltransferases METTLl3, METTL14, and 
the demethylase FTO are significantly up-regulated in 
patients with NAFLD. However, the expression of the 
m6A binding proteins YTHDC1, YTHDC2, and IGF2BP1 
was reduced. MYC abnormalities are thought to be a key 
link in the regulation of NAFLD by m6A. Higher MYC 
mRNA levels were accompanied by higher levels of HDL 
cholesterol and unsaturated fatty acid ratios, as well as 
lower adiposity, glucose and transaminases. This suggests 
that aberrant regulation of m6A methylation leads to 
steatosis and fibrosis and influences the development of 
NAFLD, of which MYC may be a potential target [113].

Other methylation modifications and hepatic fibrosis
M6Am is located precisely at the nucleotide of the first 
eukaryotic transcription adjacent to the cap structure 
of the mRNA, and its function is mainly to improve the 
stability of the mRNA. M5C has rich and highly dynamic 
properties, which play a role in regulating intracellular 
RNA metabolism and related functions. M7G modi-
fication is a self-positively charged RNA methylation 
modification in which methyl groups are catalyzed by 
methyltransferase to bind to the 7th nitrogen atom of 

RNA guanine. M1A methylation mainly occurs in rRNA 
and tRNA and is involved in the maintenance of RNA 
tertiary structure and affects the efficiency of protein 
translation. M6Am, m5C, m7G, and m1A may be closely 
related to the occurrence of HF, but their relationship has 
not been reported so far.

Conclusion and prospect
This work reviews the mechanisms, structural molecules, 
and functional biology of each of the five types of RNA 
methylation, special the role of RNA methylation in HF. 
In RNA methylations, methyltransferases are respon-
sible for catalyzing RNA to undergo methylation modi-
fications; demethylases delete these modifications; and 
methylation-binding proteins affect mRNA splicing, 
export, translation, and degradation. In addition, m6A 
affects the splicing and processing of miRNA precur-
sors. The absence of METTL3 reduced the binding of 
the binding protein DGCR8 to pri-miRNA and resulted 
in the accumulation of pri-miRNA and the decrease of 
mature miRNA. Currently, the m6A disorder in HF and 
its impact on pathogenesis are being slowly revealed. 
However, the roles of m5C, m1A, m6Am, and m7G in HF 
have not been reported.

Combined with the current research status of RNA 
methylation in HF, the mechanism of RNA methyla-
tion in HF may be the abnormal expression of various 
enzymes involved in the process of RNA methylation. 
These aberrantly expressed enzymes interact with down-
stream transcription factors to influence the mRNA syn-
thesis process and promote or inhibit the development of 
HSCs. Although RNA methylation has been the focus of 
many studies in recent years, our understanding of it is 
far from complete. The specificity between the location 
and level of methylation on the RNA sequence and the 
reading protein remains unknown. The mutual competi-
tive cooperation between different RNA methylation-
modifying enzymes needs further elucidation.

Traditional Chinese medicine compounds are charac-
terized by multiple components, multiple targets, and 
multiple pathways of action. Therefore, it has its own 
characteristics and advantages in the prevention and 
treatment of complex diseases [114]. This advantage pro-
vides the possibility for herbal compounds to interact 
with RNA methylation-modifying enzymes. Whether 
key compounds in plants affect disease progression by 
binding or inhibiting methylation modifying-enzymes 
deserves further investigation.

Wilson’s disease (WD) is an autosomal recessive 
genetic disorder. Mutations in the causative gene 
ATP7B lead to copper deposition in the liver, brain, 
and cornea, resulting in impaired  Cu2+ metabolism and 
damage to the corresponding tissues and organs [115]. 
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The clinical symptoms of WD are mainly distinguished 
by liver and nervous system manifestations, and almost 
all WD patients with liver damage have HF [116, 117]. 
Our group found that the active ingredient of the Chi-
nese herbal compound Gandouling has better bind-
ing ability with m6A methylation transferase through 
molecular docking. The next step in our study of HF in 
WD will be m6A modification, which may provide new 
prospects for WD therapy.
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