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Abstract

Né-methyladenosine (m6A) modification is a kind of RNA modification in which methylation occurs at the sixth N
position in adenosine in RNA, which can occur in various RNAs such as mRNAs, INncRNAs and miRNAs. This is one

of the most prominent and frequent posttranscriptional modifications within organisms and has been shown to func-
tion dynamically and reversibly in a variety of ways, including splicing, export, attenuation and translation initiation
efficiency to regulate RNA expression. There are three main enzymes associated with méA modification: writers, read-
ers and erasers. Increasing evidence has shown that m6A modification is associated with the onset and development
of kidney disease. In this article, we address the important physiological and pathological roles of m6A modification

in kidney diseases (uremia, ischemia-reperfusion kidney injury, drug-induced kidney injury, and diabetic nephropa-
thy) and its molecular mechanisms to provide reference for the diagnosis and clinical management of kidney diseases.
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Introduction

Kidney disease has been ranked among the top 10 causes
of death worldwide (Yang et al. 2020a). According to the
Survey Report on the Epidemiological Study of Kidney
Disease published in 2019, the total incidence of chronic
kidney disease (CKD) in China is 10.8%. It is estimated
that there are approximately 160 million kidney disease
patients, its incidence is on the rise, and the majority of
patients eventually develop irreversible end-stage kidney
disease (ESKD). Therefore, the prevention and treatment
of kidney disease has become a public health priority;
however, the detailed pathogenesis of this disease is not
clear.
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The most common eukaryotic RNA modification is
adenosine methylation at the 6th nitrogen position,
which is known as N6-methyladenosine (m6A). The m6A
modification, which was first discovered after the discov-
ery of the polyadenylate (Poly A) structure of messenger
RNA (mRNA) in the 1970s, is considered to be the most
prevalent and abundant posttranscriptional modifica-
tion in eukaryotic mRNAs, microRNAs (miRNAs), long
noncoding RNAs (IncRNAs) and circular RNAs (circR-
NAs) (Desrosiers et al. 1974; Schafer et al. 1982; Rott-
man et al. 1974; Yang et al. 2017; Chen et al. 2019a). m6A
modifications are mainly enriched in the 3’-untranslated
regions (UTRs) around the mRNA stop codon and play
critical roles in mRNA splicing, nuclear export, degrada-
tion and translation to control changes in gene expres-
sion (Chen et al. 2019a; Dominissini et al. 2012; Livneh
et al. 2020). Numerous studies have shown that abnormal
m6A methylation can lead to developmental disorders,
nervous system diseases, cardiovascular diseases, kidney
diseases, and tumor occurrence (Li et al. 2021a, b, ¢, d,
e; Jiang et al. 2022a; Kumari et al. 2022; Cui et al. 2021).
The relationship between m6A and kidney diseases has
been intensively studied in recent years, and a variety of
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m6A-related biomarkers have been used in the diagno-
sis and treatment of kidney diseases (Wang et al. 2022;
Meng et al. 2020; Sun et al. 2022; Zhou et al. 2019). In
this article, we review the roles and mechanisms of m6A
regulatory changes in the development and prevention of
kidney diseases to provide a reference for research on the
prevention and treatment of kidney diseases.

M6A-related enzymes

There are three main enzymes related to m6A modifica-
tion: writers, readers and erasers. These enzymes add,
remove and recognize mo6A sites. Adenosine undergoes
methylation at the sixth N via enzymes called methyl-
transferases. Among them, Methyltransferase Like 3
(METTL3) was the first identified component of the
m6A methyltransferase complex, which mainly acts as
the catalytic core; Methyltransferase Like 14 (METTL14)
is the other active component of the complex, which
serves as the structural support for RNA binding. These
two factors form the complex in a 1:1 ratio (Liu et al.
2014). Recombinant Wilms Tumor 1 Associated Protein
(WTAP) is the third significant component of the com-
plex, which although not catalytically active for m6A
modification, acts as a bridging protein to interact with
both factors, thereby affecting RNA loading and recruit-
ing other m6A methyltransferases (e.g. KIAA1429) (Ping
et al. 2014).

Methylated modified RNA base sites require specific
enzymes to be recognized. These enzymes are known as
m6A recognition proteins, and the most common are
members of the YTH N6-methyladenosine RNA binding
proteins (YTHDF) family including YTHDF1, YTHDEF2,
and YTHDF3 (Luo and Tang 2014). These enzymes can
play a role in recognizing bases at which m6A methyla-
tion occurs. They can participate in downstream transla-
tion, degrade mRNA, and accelerate mRNA exit from the
nucleus. Among them, YTHDF1 has been shown to be
involved in the cross-priming of tumor antigens in den-
dritic cells and the cross-activation of CD8" T cells (Han
et al. 2019). In human cancers, YTHDF1 is more highly
expressed than in normal tissues and plays an important
role in the tumor microenvironment, participating in
immune regulation (Hu et al. 2021).

M6A markers can also be cleared by RNA demethyl-
ases, including fat mass and obesity-associated protein
(FTO) and ALKB homolog 5 (ALKHB5) (Chen et al.
2019a). FTO was the first demethylase identified regu-
lates selective shearing. ALKBH5, on the other hand,
removes methylation modifications mainly through phys-
iological interactions with m6A (Zheng et al. 2013).

In recent years, an increasing number of studies have
shown that m6A methylation is closely related to physi-
ological activities and that abnormal m6A modification
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is the cause of many diseases, especially kidney diseases
such as diabetic nephropathy (DN), podocyte disease,
and renal cancer. In this review, we focus on the mech-
anism of m6A methylation in acute and chronic kidney
diseases to provide help for further clinical diagnosis and
treatment.

Acute kidney injury (AKI)

AKI is a group of syndromes characterized by a sudden
decline in renal function, accompanied by significant
mortality rates and increasing hospitalization rates. AKI
can trigger or develop into CKD, and eventually devel-
ops into ESKD. Exploring the molecular pathogenesis of
the early AKI is critical for the development of therapeu-
tic and diagnostic tools. Despite important advances in
recent studies of AKI, the pathogenesis of AKI at the cel-
lular and molecular levels remains incompletely unclear.
Increasing evidence has shown that m6A modification is
associated with AKI, as shown in Fig. 1.

Drug-induced kidney injury

Drug-induced kidney injury accounts for approximately
one-fourth of AKI cases, and nephrotoxic drugs remain
an important cause of AKI in both inpatients and com-
munity patients, especially those suffering from cancer
(Loghman-Adham et al. 2012; Boventre et al. 2010). The
main mechanism is drug-induced renal tubular epithelial
injury, which causes acute tubular necrosis.

Cisplatin is a heavy metal complex that inhibits the
replication of DNA, and mainly acts on the purine and
pyrimidine bases of DNA; it is widely used as a chemo-
therapeutic agent in the treatment of many malignan-
cies (Hu et al. 2016). The use of cisplatin may cause
AKI, which is mainly caused by changes in the expres-
sion of methylation-related enzymes such as METTLS3,
METTL14, WTAP, FTO, and ALKHBS5, resulting in
increased levels of total RNA m6A in kidney tissues
after cisplatin treatment. This finding suggests that m6A
plays a crucial role in the pathophysiological process of
cisplatin-induced kidney injury (Li et al. 2021b). Zhou
et al. found that cisplatin inhibited FTO expression, and
upregulated METTL3 and METTL14, which increased
m6A methylation and upregulated P53, exacerbating cis-
platin-induced kidney injury through the P53-mediated
Bax/Bcl-2 and Caspase3 pathways (Zhou et al. 2019).
Meclofenamic acid, which is an inhibitor of FTO, exerts
the same effect as cisplatin in promoting m6A meth-
ylation in HK2 cells and renal cells by inhibiting FTO
expression, promoting apoptosis and thus exacerbat-
ing kidney injury (Zhou et al. 2019). METTL3 promotes
the m6A modification of TAB3 through an insulin-like
growth factor 2 mRNA binding protein 2 (IGF2BP2)-
dependent mechanism, thereby enhancing its stability.
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Fig. 1 The function of m6A methylation in acute kidney injury. Pink marks indicate the intervention for methylation-related enzymes and possible
use for disease treatment. 1 indicates up-regulation; ¥ indicates down-regulation

Cpd-564, as an inhibitor of METTL3, inhibits inflamma-
tion by inhibiting the expression and abundance of TAB3.
Both genetic and pharmacological inhibition of METTL3
attenuated renal injury and inflammation, suggesting
that the METTL3/TAB3 axis is a potential target for the
treatment of AKI (Wang et al. 2022). In addition, other
researchers found that cisplatin-induced hypermethyla-
tion of Havcrl upregulated its expression, while flavopir-
idol-induced hypomethylation of Hacvrl downregulated
its expression to attenuate cisplatin-induced renal injury
by studying changes in the gene expression profile, pro-
viding a basis for the study of the mechanism of kidney
injury and new therapies (Shen et al. 2020).

Colistin is an anti-gram-negative bacillus antibiotic
with strong antibacterial effects against most gram-neg-
ative bacilli. However, the side effects of colistin have
not been very clearly and accurately verified in clinical
practice. Therefore, physicians have doubts about the
use of colistin in clinical practice (Wertheim et al. 2013).
Wang et al. found that METTL3-catalyzed m6A meth-
ylation could regulate the maturation of miR-873-5p

in colistin-induced kidney injury. METTL3-dependent
m6A modification could regulate the maturation process
of miR-873-5p through DGCRS, a core molecule associ-
ated with miRNA precursor processing, and then regu-
late the Keapl/Nrf2 pathway, which in turn inhibits the
proapoptotic effect of reactive oxygen species generated
by oxidative stress on renal cells to protect the kidney
(Wang et al. 2019).

Sepsis-induced AKI

Sepsis is a syndrome of the systemic inflammatory
response caused by the invasion of pathogenic organisms
such as bacteria and approximately one-third of patients
have severe AKI (Zhou et al.2019). Recent evidence
shows that microvascular dysfunction, inflammation, and
metabolic reprogramming are three fundamental mech-
anisms that play a role in the development of sepsis-
induced AKI (Peerapornratana et al. 2019). However, the
current antibiotic therapy widely used in clinical practice
is not effective in treating AKI.



Qi et al. Molecular Medicine (2023) 29:166

Zhu et al. found that dexmedetomidine reduced the
production of inflammatory factors by inhibiting the
expression of ALKBHS5, increasing the level of m6A, and
decreasing the expression of Metastasis Associated Lung
Adenocarcinoma Transcript 1 (MALAT1). This study
provides us with a new target for the prevention and
treatment of sepsis-induced kidney injury (Zhu and Lu
2020). Insulin-like growth factor 2 mRNA binding pro-
tein 1 (IGF2BP1) is a potent pyroptosis inducer in sep-
tic AKI that targets the macrophage migration inhibitory
factor (MIF) component of NOD-like receptor thermal
protein domain associated protein 3 (NLRP3) inflammas-
omes. Inhibiting IGF2BP1 could be an alternate pyropto-
sis-based treatment for septic AKI (Mao et al. 2023).

Ferroptosis is a novel iron-dependent form of pro-
grammed cell death that is distinct from apoptosis,
necrosis, and autophagy. The mmu-miR-7212-5p-homx1
signaling pathway was shown to promote iron death
while enhancing the pathogenesis of inflammation-
involved sepsis-induced AKI (Liu et al. 2022). Further-
more, METTL3 was downregulated and the reader
protein ALKBH5 was upregulated in sepsis-induced
AKI mice, and there were multiple m6A methylations in
the Homx1 gene. The total m6A RNA methylation level
might be reduced in sepsis-induced AKI and that inflam-
mation caused by the ferroptosis pathway could be inhib-
ited by an inhibitor of mmu-miR-7212-5p. However, the
detailed mechanisms of m6A RNA methylation regula-
tion and signaling pathways in septic AKI need to be ver-
ified by further experiments.

Ischemia-reperfusion kidney injury

Ischemia—reperfusion injury (IRI) is an organic ischemic
injury caused by insufficient blood supply to target tissue
and cells due to insufficient oxygen supply under various
conditions (Bonventre and Yang 2011). The methylation
enzymes METTL3 and METTL14 were shown to have
a close association with IRI (Meng et al. 2020; Xu et al.
2020). Foxd1 is involved in the negative regulation of cell
proliferation and kidney development. It was found that
Foxdl has increased RNA m6A levels with the upregula-
tion of METTL3 expression levels, leading to the down-
regulation of its RNA, which then promotes IRI (Meng
et al. 2020). Liu et al. found that METTL3 knockdown in
mouse mesangial cells (MMCs) drastically reduced the
levels of m6A RNA methylation. The levels of the proin-
flammatory cytokines IL6 and TNF-a are reduced by low
m6A methylation, and inhibit cell proliferation and cycle
progression (Liu et al. 2023). YAP1, a downstream target
of METTL14 in IRI progression, is crucial in regulating
the proliferation and differentiation of various mature
cells. YAP1 is inhibited by METTL14 to promote renal
AKI. Inhibition of YAP1-TEAD signaling by peptide 17
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can promote renal IRI (Xu et al. 2020). CCL28 is a target
of ALKBH5, and ALKBH5 deficiency increases CCL28
mRNA stability. Inhibition of ALKBH5 promotes m6A
modification of CCL28 mRNA, enhancing its stability,
regulating the Treg/inflammatory cell axis, and inducing
Tregs, which improves renal function (Chen et al. 2023).

CKD

CKD is a major risk factor for various cardiovascular dis-
eases. CKD is a cause of proteinuria, and proteinuria is
well known to be an aggravating factor for CKD. How-
ever, the molecular mechanism of CKD remains unclear
(Yang et al. 2020a). Increasing evidence has shown that
m6A modification played an important role in CKD, as
shown in Fig. 2.

DN

DN is one of the most critical complications of diabetes
and an important cause of CKD and renal failure (Yang
et al. 2020a). Although the exact mechanism of DN is
unknown, inflammation is considered to be the main
phenomenon in the development and progression of the
disease (Gu 2019). Current clinical treatment for DN is
limited to lowering patient’ blood glucose and lipids,
and there are no strong or effective targeted therapeutic
approaches for treating DN (Choudhury et al. 2010).

There is a close relationship between m6A modifica-
tion and DN, and METTL3 has been shown to be nec-
essary for insulin secretion (Li et al. 2021e). Moreover,
m6A modification provides several promising targets for
the treatment of DN, and the m6A modification-related
enzymes that mainly affect the pathogenesis of DN are
FTO, METTL3 and METTL14.

METTL3 has been shown to promote m6A modifi-
cation of histone transferase NDS2 mRNA in mice and
promote the stability of NSD2 mRNA through YTHDF]I,
subsequently inhibiting renal fibrosis and renal injury
in DN mice (Tang et al. 2022). Additionally, METTL3-
mediated m6A modification is an important mechanism
of podocyte injury in DN, and can regulate inflamma-
tion and apoptosis in the podocytes through the TIMP2-
mediated Notch signaling pathway (Jiang et al. 2022b).
Moreover, astragalus flavonoid, which is widely used in
the clinical treatment of DN, has been shown to amelio-
rate podocyte scorching and injury under high glucose
conditions by targeting METTL3 for m6A modification
thereby mediating NLRP3 inflammasome activation and
PTEN/PI3K/Akt signaling (Liu et al. 2021a). These results
indicate the high potential and feasibility of METTL3 as a
new target for the treatment of DN.

METTL14 could play a similar role as a target in DN.
Decreased METTL14-dependent RNA m6A modifica-
tion could increase the stability of Sirtuin 1 (Sirtl) mRNA
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after transcription, thereby exacerbating podocyte injury
and proteinuria. Their findings suggest METTL14-
dependent RNA m6A modification contributes to podo-
cyte injury through posttranscriptional regulation of
Sirtl mRNA, which provide a potential approach for the
diagnosis and treatment of podocytopathies (Lu et al.
2021). Furthermore, when METTL14 expression is sig-
nificantly reduced, the expression of a-klotho is signifi-
cantly increased to protect glomerular endothelial cells
from apoptosis (Li et al. 2021c). Similar to METTL3,
METTL14 regulates the PI13K/Akt signaling pathway.
METTL14 overexpression can increase the expression
of PTEN, leading to PI3K/Akt signaling pathway inacti-
vation in high glucose-treated HK2 cells, thus including

HDACS5 downregulation and improving high glucose-
induced Epithelial-mesenchymal transition (EMT) in
renal tubular cells (Xu et al. 2021).

Moreover, there is increasing evidence suggesting that
IncRNAs play an important role in DN (Majumdeer et al.
2019). FTO-mediated m6A modification can upregu-
late IncRNA ENST00000436340, enhancing the bind-
ing of PTBP1 to its target gene RAB3B by interacting
with the PTBP1 protein and promoting degradation of
RAB3B mRNA, which mediates cytoskeletal rearrange-
ment and inhibits GLUT4 translocation, which leads to
podocyte injury and DN progression (Hu et al. 2023). It
is well known that inflammation is a key factor in DN.
When FTO is highly expressed, the m6A level of SOCS1
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(suppressor of cytokine signaling), a key regulator of
inflammation, is significantly reduced, which increases
the expression of SOCS1 and suppresses the inflamma-
tory response thereby reducing renal injury (Sun et al.
2022).

Lupus nephritis (LN)

LN is one of the most serious complications of systemic
lupus erythematosus (SLE) and one of the most impor-
tant causes of ESKD in China. The main pathogenic
mechanism involves the disruption of the autoimmune
system and the deposition of immune complexes formed
in the glomeruli (Anders et al.2020).

Studies have shown that the pathogenesis of LN is
closely related to m6A RNA methylation and the immune
microenvironment (Zhao et al. 2021). The expression of
13 m6A regulators was downregulated in glomeruli with
LN compared to healthy controls. Seven m6A methyla-
tion modification markers (CDC40, CDC5L, HNRNPU,
NUDT21, PAPOLA, POLR2B, and WBP4) were associ-
ated with m6A modifications. Among them, the expres-
sion of CDC40 was positively correlated with GFR,
suggesting that it may have a protective effect on the
kidneys of LN patients. The other six markers were nega-
tively correlated with GFR, suggesting that high expres-
sion of these genes may exacerbate renal damage in LN
patients. Therefore, these seven factors may be potential
biomarkers to determine the prognosis of LN (Zhao et al.
2021).

Alcoholic kidney injury
Excessive alcohol consumption causes more than 3 mil-
lion deaths each year, accounting for 5.3% of all deaths
worldwide. There is growing evidence suggesting that
excessive alcohol consumption can cause heart failure,
liver cirrhosis and other organ damage, thereby indirectly
causing kidney damage and impairing renal function
(Rehm 2011; Varga et al. 2017; Yang et al. 2020b). Long-
term alcohol consumption can directly lead to kidney
damage through accelerated stone formation, endotoxin
secretion, and fluid imbalance (Ojeda et al. 2012; Nasr
et al. 2008; Bagshaw et al. 2005; Shankar et al. 2006).
Acute and chronic alcoholism can cause renal tubular
hypofunction, as well as direct or indirect damage to the
glomerulus and interstitium, eventually leading to renal
failure. During alcoholic kidney damage, the prominent
manifestation is renal tubular hypofunction. Ethanol
mediates the effect of FTO on the PPAR-a m6A mRNA
methylation in a YTHDF2-dependent manner. Impor-
tantly, alcohol also promotes the binding of YTHDEF2
and PPAR-a and mediates their degradation. The reduc-
tion in PPAR-a ultimately leads to activation of the
NLRP3 inflammasome and the release of downstream
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inflammatory cytokines, thereby enhancing renal inflam-
mation and injury (Yu et al. 2021).

Uremia

Patients with CKD have multiple cellular dysfunctions
that lead to increased atherosclerosis, impaired immune
function and metabolic disorders, which are in an end-
stage called the uremic phase (Wong et al. 2012). It was
found that indoxyl sulfate (uremic toxin) regulates leu-
kocyte function by upregulating FTO levels. Decreasing
mo6A levels through the demethylation function of FTO
affects leukocyte autophagy. Knockdown of FTO or inhi-
bition of the m6A by 3-deazaadenosine blocks the effects
of indoxyl sulfate on autophagy in cells. These findings
provide new insights into the mechanisms of cellular
dysfunction associated with CKD. Targeting RNA m6A
modification may be a new strategy for the treatment of
CKD (Wang et al. 2020).

Obstructive nephropathy

Unilateral ureteral obstruction (UUQ) is an important
factor leading to renal impairment, which affects renal
function mainly through damage to the renal tubules,
glomeruli, etc. Even short-term UUO can lead to long-
term renal insufficiency (Hammad 2022). Many studies
have shown that m6A modifications are close related to
the severity of renal interstitial fibrosis, and therefore
some renal diseases can be treated by modulating RNA
methylation (Feng et al. 2022). METTL3, METTL14 and
FTO may play major roles in interstitial fibrosis during
UUO nephropathy. Li et al. measured five enzymes asso-
ciated with methylation modifications in UUO model
mice and found that the downregulation of ALKBH5
and FTO and upregulation of METTL14 and METTL3
resulted in a time-specific increase in m6A levels in renal
RNA. The authors also showed that epitranscriptional
modifications in the TGF-f signaling pathway and axonal
signaling pathway played an important role in obstruc-
tive interstitial fibrosis (Li et al. 2020). Li et al. found
that FTO exacerbated renal interstitial fibrosis by reduc-
ing m6A modification of IncRNA GAS5. LncRNA GAS5
overexpression or FTO silencing suppressed the TGE-
P1-induced increase in EMT-related protein (Vimentin,
Snail and N-cadherin) and inflammatory cytokine (IL-6,
IL-1p and TNF-«) levels in HK-2 cells. FTO can sup-
press IncRNA GAS5 expression via m6A modification to
promote EMT and the inflammatory response (Li et al.
2022). Knockdown of ALKBH5 suppresses E-cadherin
expression and promotes the levels of a-SMA and Snail,
whereas overexpression of ALKBH5 exerted the oppo-
site effects. Genistein could restore the expression of
ALKBHS5 to ameliorate renal fibrosis (Ning et al. 2020).
Canagliflflozin (Cana), an SGLT2 inhibitor used to treat
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DN, is an important protein that protects the kidney
from fibrosis by inhibiting FTO and increasing the stabil-
ity of SQSTM1 (Yang et al. 2022).

METTL3 plays a crucial role in obstructive nephropa-
thy, and one study revealed a future therapeutic strategy
for obstructive nephropathy, in which METTL3 can pro-
mote MALAT1 expression, which was associated with
binding and inhibiting miR-145, leading to the upregula-
tion of FAK and ultimately to the exacerbation of renal
fibrosis. This expression profile may be a biomarker for
diagnosing renal fibrosis in obstructive nephropathy
(Liu et al. 2020). Moreover, METTL3/N6-methyladeno-
sine/miR-21-5p regulates inflammation through activa-
tion of the SPRY1/ERK/NF-kB pathway and promotes
obstructive renal fibrosis. METTL3 and its reader pro-
tein HNRNPA2B1 promote miR-21-5p maturation.
The increase in miR-21-5p promoted collagen I and FN
synthesis and upregulated p-ERK1/2, p-NF-kB, IL-6
and TNF-a protein expression in HK-2 cells, while the
expression of SPRY1 was inhibited (Liu et al. 2021b).

Other kidney diseases

Polycystic kidney disease

Autosomal dominant polycystic kidney disease (ADPKD)
is one of the most common human monogenic diseases
and is mainly caused by mutations in PKD1 or PKD2
(Patel et al. 2009; Ramalingma et al. 2020). ADPKD is
typically characterized by a large number of tubular-
derived cysts that increase in size over time, resulting in
bilateral renal enlargement. Nearly 50% of patients pro-
gress to ESKD. Excessive cystic epithelial proliferation
and abnormal cAMP and c-Myc signaling are key path-
ological hallmarks of ADPKD (Kurbegovic and Trudel
2020; Sussman et al. 2020; Wang et al. 2018). METTL3
can catalyze abundant m6A RNA modifications and par-
ticipate in development. METTL3 deficiency or dietary
methionine restriction was shown to improve ADPKD
in a mouse model, providing some basis for treatment
and remission. Elevated levels of methionine and s-aden-
osylmethionine (SAM) in the ADPKD model induced
METTL3 expression and exacerbated isolated cyst
growth, whereas dietary restriction of methionine atten-
uated ADPKD in mice. METTL3 promotes cyst prolifera-
tion and new protein synthesis by enhancing c-Myc and
Avpr2 mRNA m6A modification and translational activa-
tion of the cyst-promoting c-Myc and cAMP pathway via
c-Myc and cAMP signaling (Ramalingam et al. 2021).

Podocytopathies

Podocytopathies are kidney diseases in which direct or
indirect podocyte injury drives proteinuria or nephrotic
syndrome (Kopp et al. 2020). Sirtl is a protective deacet-
ylase in proteinuric nephropathy, and studies show that
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METTL14 degrades Sirtl mRNA by promoting its m6A
modification, which decreases the stability of Sirtl and
thereby exacerbates podocyte injury and inflammatory
responses (Lu et al. 2021). This provides an approach for
the diagnosis and treatment of podocytopathies.

Vascular calcification

Vascular calcification is closely associated with long-
term alterations in mineral metabolism, inflammatory
damage to vascular endothelial cells, secondary hyper-
parathyroidism and other related factors, such as meth-
emoglobin A, in patients with CKD (Kaur and Singh
2022). Chen et al. found that vascular calcification was
associated with METTL14. Klotho mRNA was demethyl-
ated when METTL14 expression was inhibited in human
aortic smooth muscle cells, resulting in increased Klotho
mRNA expression. The hypermethylation of Klotho
mRNA and its association with decreased mRNA levels
could be the result of METTL14 increasing the degra-
dation of Klotho mRNA and other vascular-protecting
mRNAs (Chen et al. 2019b). Increased METTL14 atten-
uates indoxyl sulfate-induced calcification, the loss of
vasoprotective protein expression, and the loss of vas-
cular repair function, thereby promoting vascular calci-
fication and reducing vascular repair levels (Chen et al.
2019b).

Summary and future directions

With in-depth studies of m6A methylation, researchers
have increasingly focused on the role of m6A methyla-
tion in the clinical diagnosis and treatment of various
diseases, which brings new insights into the pathogen-
esis of kidney disease. Studies have shown that meth-
ylation enzymes such as METTL14 and METTL3 may
play a role in accelerating the progression of inflam-
mation and promoting disease (Song et al. 2023), while
demethylases such as FTO may slow disease progres-
sion through various pathways. Furthermore, several
m6A methylation regulatory enzymes can be used as
therapeutic targets or biomarkers of kidney diseases.
For example, METTL3 can be used as a therapeutic tar-
get and as an early diagnostic indicator of kidney dis-
eases such as ischemia-reperfusion injury (Meng et al.
2020), cisplatin-induced AKI (Wang et al. 2022) and
obstructive nephropathy (Liu et al. 2020); the demeth-
ylase FTO can be used as a therapeutic target for DN
(Sun et al. 2022) and uremia (Wang et al. 2020). M6A
methylation modification sites need to be recognized
by reading proteins to function. For example, in renal
injury due to podocyte damage, the authors identified
a role for m6A binding proteins, particularly YTHDEF2,
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in Sirtl downregulation mediated by METTL14 under
pathological conditions. To date, few studies of non-
cancer pathogenesis have addressed the important role
of reading proteins. Therefore, exploring how m6A
reading proteins play a role in kidney diseases may be a
worthwhile direction for future research.

There are currently 24 known m6A regulatory pro-
teins, but studies on m6A methylation in kidney dis-
ease have been limited to four to five enzymes such as
METTL14, METTL3 and FTO, and there have been few
studies on other enzymes. Moreover, METTL3 is more
closely associated with kidney disease than METTL14
and FTO, although there are already related drugs to
improve renal function and treat renal diseases through
METTL3, more in-depth research and exploration can
be carried out in this aspect in the future.

In summary, m6A modification plays an important
role in acute and chronic kidney diseases. We look
forward to further studies to elucidate the role and
detailed mechanism of m6A methylation in the patho-
genesis of kidney disease. This review aimed to provide
new ideas for the diagnosis, treatment and prognosis of
kidney disease.
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