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Expression profile and N6-methyadenosine 2
modification of circular RNA analysis
in MAFLD
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Abstract

Background To analyze the expression patterns of circRNAs in metabolic associated fatty liver disease (MAFLD) and
the regulation of m°A methylation on those circRNAs.

Methods The expression profile of CircRNA in MAFLD and normal control liver tissues was analyzed by microarray.
Predict the potential m®A sites of the differentially expression circRNAs (DECs) via the SRAMP website. The biological
functions and molecular interactions of DECs were analyzed by GO and KEGG analyses. The selected DECs were
verified by MeRIP-gPCR and RT-gPCR.

Results There were 59 DECs in MAFLD liver tissues compared with normal control liver tissues. We found that m°A
sites with high or very high confidence were present in 39 of these DECs. Four randomly selected DECs were validated
by RT-qPCR, hsa-MLIP_0004, hsa-CHD2_0084 and hsa-FOXP1_0001 matched well with the microarray results. m°A
qualification of them were conducted by MeRIP-gPCR, the m®A methylation levels are significantly different between
the MAFLD and NC groups.

Conclusion In MAFLD, the dysregulated expression of circRNAs may be influenced by m°A modifications. This
study provides preliminary evidence suggesting that m°A-mediated regulation of circRNAs could play a role in the
progression of MAFLD, laying the foundation for exploring the epigenetic regulation of circRNAs in MAFLD and
offering potential avenues for future diagnostic and therapeutic strategies.
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Background

Metabolic associated fatty liver disease (MAFLD) also
known as non-alcoholic fatty liver disease (NAFLD), is
a common fatty liver disease, that affects around 30% of
the global population [1]. Patients with MAFLD are at a
high risk of developing intrahepatic complications, such
as liver cirrhosis and carcinoma, and they also face a
high all-cause mortality rate [2]. Additionally, MAFLD
is associated with various extrahepatic diseases, includ-
ing cardiovascular disease [3], COVID-19 [3], chronic
kidney disease (CKD) [4], coeliac disease [5], and thyroid
hormones [6]. MAFLD is characterized by liver steato-
sis accompanied by type 2 diabetes (T2DM), overweight
or obesity, and metabolic syndrome (MetS) [7]. Conse-
quently, an unhealthy diet, excessive calorie and fructose
intake, and lack of physical exercise are key contributors
to this pathological condition. However, interindividual
susceptibility to MAFLD can also be influenced by other
factors, such as changes in mRNA and non-coding RNAs
[8-10], which may become new targets for predicting
prognosis, diagnosing disease degree and intervening
treatments for MAFLD. Despite its clinical significance,
there are limited studies on circRNAs in MAFLD. There-
fore, this study aims to explore the expression profile of
circRNAs and m°A in MAFLD, as well as the regulatory
relationship between them.

Circular RNAs (circRNAs) are a class of endogenous
non-coding RNAs for gene regulating, which form cova-
lently closed continuous circular structures through
specific splicing methods [11]. CircRNAs are mainly
rooted in the protein-coding exon region of eukaryotes,
can regulate gene expression after transcription and are
closely related to human tumors, metabolic diseases,
liver diseases, etc [12]. In addition, growing evidence
suggests that circRNAs play a role in the onset and pro-
gression of NAFLD [13-16]. In this study, we compared
circRNA expression profiles of MAFLD liver tissue with
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normal liver tissue using microarray analysis. In eukary-
otic mRNA, N6-methyadenosine (m®A) modification is
one of the most plentiful forms, and its function is regu-
lated by three types of methylases, methyltransferases
(writers), demethylases (erasers), and the binding pro-
teins (readers) [17]. Recently, a number of studies have
revealed that m®A methylation participates in the onset
and progression of diseases by regulating circRNAs [18].
Finding the differentially expressed circRNAs (DECs) and
exploring the regulatory relationship between m®A meth-
ylation and circRNAs may provide new directions for the
pathogenesis of MAFLD.

Methods

Patient samples

This work got approval of the Research Ethics Commit-
tee of the second affiliated Hospital of Kunming Medi-
cal University (code: Shen-PJ-2020-26). Liver tissue
samples were collected from 11 patients with MAFLD
and 11 patients with hepatic hemangioma at the Sec-
ond Affiliated Hospital of Kunming Medical University
between December 2020 and December 2021. The liver
tissues from MAFLD patients with liver pathologically
confirmed fatty liver (steatosis grade 1-3, fibrosis grade
1-2) were assigned to the MAFLD group, while the nor-
mal liver tissues adjacent to hemangioma were used as
the normal control group (Fig. 1, Supplementaryl). The
resected liver tissue samples were immediately frozen in
liquid nitrogen at -80°C for subsequent detection. Five
pairs of samples were sequenced by microarray analysis
of circular RNA(Table 1), and six pairs of samples were
validated by RT-qPCR and MeRIP-qPCR.

RNA extraction & sequencing

Total RNA was extracted using TRIzol (Invitrogen, CA,
USA), then the magnetic beads coated with streptavi-
din were combined with the probe and rRNA complex
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Fig. 1 Liver tissues of normal control group (NC) and metabolic-associated fatty liver disease group (MAFLD) were stained with HE



Zheng et al. BMC Gastroenterology (2025) 25:162

Table 1 Clinical characteristics of the patients

Characteristics MAFLD(n=5) NC(n=5) p-value
Age(years, mean) 55.2+10.96 564+1394  0.883
Gender(male/female) 5/0 5/0
BMI(kg/m2,mean) 29.17+£1.15 20.84+1.62 0.000
SBP(mmHg, mean) 137+17.25 113+11.59 0.036
DBP(mmHg, mean) 776+8.62 71.2+8.79 0.278
Triglycerides(mmol/L, mean)  3.75+4.04 1.05+0.35 0.039
HDL(mmol/L, mean) 1.21+£0.15 1.19+0.36 0.893
Glucose(mg/dL, mean) 8.85+3.63 52+0.19 0.055
ALT(U/L, mean) 88.8+21.72 2846+132  0.001
AST(U/L, mean) 50.2+9.63 28.64+4.67 0.002
Uric acid(umol/L, mean) 408.8+64.1 310.6+8847 0.079

to deplete ribosomal RNA, purify and fragment RNA.
Then the fragmented RNA was added to the pre-mixed
Dynabeads Protein A magnetic beads and antibodies,
incubated at 4 °C for 2 h to bind the m®A methylated
RNA fragment to the antibody. The RNA fragments that
were non-specifically bound to the magnetic beads were
removed, and eluents containing m°®A were added to
competitively eluate the RNA fragments that were spe-
cifically bound and modified with m°®A and labeled as IP.
Using IP and Input RNA as templates. The first-strand
cDNA was synthesized by the SuperScript IV reverse
transcription kit, which was the template to synthe-
size the second-strand cDNA containing dUTP. Added
the adenine to the 3 ‘end, and T4 DNA ligase connects
both ends of sequencing splicing and cDNA. The cDNA
library was purified and screened by the DNA purifica-
tion magnetic bead II nucleic acid fragment screening kit,
at last the ¢cDNA library was amplified by PCR, Qubits
were used to precisely quantify library concentration. The
Agilent 2100 bioanalyzer measured the size distribution
of the constructed library fragments, and Illumina high-
throughput sequencing platform was used to detect the
library with 2 x 150 bp double-ended sequencing strategy.

CircRNA microarray analysis

FastQC software and R software were used to assess the
quality of sequencing data. The analysis involved remov-
ing adapter sequences and trimming low-quality bases.
Specifically, sequences with a Phred quality score below
15 (Q<15) were filtered out, and reads shorter than 40
base pairs were excluded. After quality control, reads
were aligned to the reference genome using HISAT?2 soft-
ware with default parameters, allowing up to two mis-
matches per read. Alignment results were statistically
analyzed using Picard tools, which provided metrics such
as alignment rates, duplication levels, and insert size dis-
tributions to ensure data quality. Reads that did not map
to the reference genome were extracted and processed
further using CIRI2 software, which employed a robust
algorithm to identify back-splice junctions, predict the
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starting and ending locations of circRNAs, annotate their
origin genes, and quantify their expression levels across
samples. To determine differentially expressed circRNAs
(DECs) between the MAFLD and NC groups, DESeq2
software was utilized with the following criteria:|log2
fold change| > 2 and adjusted p-value <0.05. The DESeq2
analysis included normalization of read counts using the
median-of-ratios method to account for differences in
sequencing depth and RNA composition across samples.
Volcano plots and heatmaps were generated to visual-
ize the DECs, highlighting significant upregulation and
downregulation patterns in circRNA expression.

SRAMP analysis

The SRAMP website (www.cuilab.cn/sramp/) was used
to predict potential m6A sites on circRNAs [19]. The
RNA sequences were analyzed using the mature generic
predictive model, which evaluates sequence-derived fea-
tures and secondary structures. The confidence levels of
m®A site predictions were categorized into four groups:
low, moderate, high, and very high. For this study, m°A
sites with high or very high confidence were consid-
ered significant. The analysis parameters were kept at
default settings, as recommended by the SRAMP tool
documentation.

Data analysis

Gene ontolology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment analysis of DECs was
performed using R-package clusterProfiler. For all experi-
ments, one representative experimental data was selected
from triplicate data. Data were expressed as mean + stan-
dard deviation (S.D.), and then evaluate whether the dif-
ference was statimstically significant by t test. All data
were statistically analyzed and visualized using R or
GraphPad Prism(verson 8.0), and the statistical signifi-
cance of the difference was defined as P<0.05.

RT-qPCR
DECs expression level was detected by real-time quan-
titative PCR (RT-qPCR) using SYBR® Premix Ex Taq™
II(Tli RNaseH Plus). ROX dye was added to correct the
interpore signal. There were 3 multiple pores at each site.
The internal reference primer B-actin was added; The
optimized procedure was used for amplification on the
ABI 7900 fluorescence quantitative PCR apparatus, and
the melting curve program was added. After the reac-
tion, the amplification and melting curves of reference
and target genes in each sample of Real-Time PCR were
confirmed. The reaction conditions were 95 ° C for 30 s,
95° Cfor 5s, and 60 ° C for 30 s for 40 cycles. The final
Ct value of each detected gene was the average of the Ct
values of the three complex pores, and the target gene
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was quantitatively quantified by ACt method. The relative
expression of target gene=2-ACt. .

MeRIP-qPCR

For m°®A modification site-specific detection, primers
targeting the modified sites were designed and used for
fluorescence quantitative PCR (qPCR). The SYBR Green
fluorescent dye was employed to detect amplification,
and ROX dye was included as an internal reference to
correct for variations in fluorescence signal between dif-
ferent wells. Three technical replicates were performed
for each target site to ensure data reliability. The PCR
amplification was conducted using an ABI 7900 fluores-
cence quantitative PCR system with a two-step amplifica-
tion protocol. The reaction conditions included an initial
denaturation step, followed by a series of amplification
cycles, with a final melting curve analysis to confirm
the specificity of the PCR products. The melting curve
program was implemented to ensure that the observed
fluorescence signals were attributable to specific amplifi-
cation products. After amplification, the resulting ampli-
fication curves and melting curves for each sample were
analyzed to verify the efficiency and specificity of the
reaction. The average cycle threshold (Ct) values from the
three technical replicates were calculated and used as the
final Ct value for each sample. The percentage of input
(%Input) for each target site was calculated using the fol-
lowing formula: %Input = 271~ (Ctlnput'L‘)gz 10)],

Results

We performed circRNA microarray on five MAFLD
liver tissues and five normal control (NC) liver tissues.
The expression density distribution of circRNAs in the
MAFLD group and NC group was exhibited, the con-
centration of gene expression in the whole sample was
between 0 and 2 (Fig. 2A). We found 59 circrnas with
significant differences (log2FC>2 and p<0.05) in expres-
sion levels between MAFLD and NC group, and then
hierarchical clustering analysis (heatmap) showed the
distribution of differentially expressed circRNAs (DECs)
(Fig. 2B), scatter plots assessed the changes in circRNA
expression profiles (Fig. 2C). Among the 59 DECs, 35
circRNAs were up-regulated and 24 circRNAs were
down-regulated, of which the top ten up-regulated and
down-regulated circRNAs with the highest fold change
value are shown in Tables 2 and 3. Principal component
analysis(PCA) was applied to analyze the difference of
DECs clustering. The results showed that the first and
second principal components accounted for 50.944% and
10.409% of the total transcriptome variables, respectively,
completely differentiates the MAFLD group from the
normal control group, and it proves that the circRNAs
expression levels of the two groups are significantly dif-
ferent (Fig. 2D). Statistically significant DECs between
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the two groups are shown with the use of M-A plots
(Fig. 2E).

Analysis of m6A modification of DECs
N6-methylladenosine (m®A) is a common internal com-
ponent of both mRNA and non-coding RNA (ncRNAs)
that is widely present in eukaryotes, accounting for about
50% of the total methyl-labeled ribonucleoside [20]. The
SRAMP website tool was used to predict the potential
m6A site of DECs, and the potential role of m®A modifi-
cation on circRNA modification of MAFLD was explored
[19]. Of the 59 DECs, 50 DECs had m°A sites, of which 26
upregulated circrnas and 13 downregulated circrnas had
high or very high confident m®A sites (Fig. 3A). Figure 3B
shows the results of hierarchical clustering of m6A-
DECs in the MAFLD and NC groups by a heat map, and
a scatter plot visualizes the distribution of m6A-DECs
(Fig. 3C).

GO & KEGG pathway analysis

Annotate the functions of host genes in m6A-DECs by
Gene ontology (GO) analysis to explore the potential
functions of m6A-DECs. Figure 3D shows three enriched
GO terms, biological process (BP), cellular component
(CC), and molecular function (MF) related, respec-
tively. The most significant GO terms that we found to
be associated with biological processes were activation
of immune response, regulation of monocyte differen-
tiation and muscle hypertrophy. The most significant
cellular components were blood microparticle, vesicle
membrane, immunoglobulin complex and low-density
lipoprotein particle. The most significant molecular
function were hydro-lyase activity, ribosome binding,
carbon-oxygen lyase activity, structural constituent of
cytoskeleton (Fig. 3D). Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis was used to further
explore the biological functions and molecular interac-
tions of these m6A-DECs. The top ten enriched KEGG
pathways, including toxoplasmosis, influenza A, trypto-
phan metabolism, and fatty acid degradation pathways,
suggesting the potential role of m6A-DECs in MAFLD
(Fig. 3E).

Analysis of m®A methyltransferases of m®A-DECs

Three classes of methylases, m°A methyltransferases
(m°A writers), m®A demethylases (m°A erasers), and
m®A-binding proteins (m°A readers) work together to
modify m6A [20]. Thus, we sought to identify m®A-DECs
which can bind m°A methyltransferases with the use of
the circAtlas v2.0 database. RBPs were obtained from
this database, m®A methylases were selected from those
RBPs. In total, 35 m®A-DECs can bind 12 potential m°A
methyltransferases. twelve potential m®A methyltransfer-
ases include two m®A writers: RBM15 and RBM15B; one
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Fig. 2 Analysis of differentiated expressed circular RNAs(DECs) in MAFLD liver tissues and normal liver tissues. (A) Expression density distribution of all cir-
cRNAs among the MAFLD group and normal control group. The horizontal coordinate is the expression amount of circRNA, the vertical coordinate is the
density of circRNA, each color represents a sample, the sum of all probabilities is 1, and the region with the most concentrated gene expression amount
of all samples is between 0 and 2. (B) Hierarchical cluster analysis (heat map) shows the distribution of DECs between MAFLD and NC groups. (C) Scatter
plot assesses the distribution of the DECs between MAFLD and NC groups. (D) Principal component analysis(PCA)was used to analyze the difference of
DECs clustering between MAFLD and NC groups. (E) M-A scatter plot shows the distribution of DECs between the two groups. The vertical M value is
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Table 2 Top ten upregulated circrnas

Circatlas ID p-value Log2FC Gene name
hsa-ADH1B_0017 245691E-13  22.16394429  ADH1B
hsa-IGHA1_0001 1.52137E-07 6.55999671 IGHA1
hsa-HLA-DRB1_0005 0.049744728 5.948135076 HLA-DRB1
hsa-intergenic_000786  9.15861E-05 5.17881624  intergenic
hsa-GTF2IP7_0003 0.008245411 4354361427 GTF2IP7
hsa-ATXN10_0026 0.017309747 4353595925 ATXN10
hsa-CASC4_0009 0.005898836 4.295555412  CASC4
hsa-KPNA5_0009 0.010824136 4288708581 KPNA5
hsa-RPN2_0008 0.021522777 4.259509943  RPN2
hsa-PARN_0021 0.007800024 4195948979  PARN
Table 3 Top ten downregulated circrnas

Circatlas ID p-value Log2FC Gene name
hsa-ORM2_0001 0.000405151 -9.8526312 ORM2
hsa-MYO10_0008 0.002138364  -4.86004512  MYO10
hsa-LRBA_0030 0.006063396 -4.81037946 LRBA
hsa-BIRC6_0078 0.020823216 -4.38775307 BIRC6
hsa-AFF4_0005 0.013707547  -4.32959909  AFF4
hsa-ADAMTS13_0001 0.025830838 -4.28349474  ADAMTS13
hsa-C9orf84_0005 0.044127322 -4.26740731 C9orfg4
hsa-SLCTA1_0010 0.02971349 -4.23515232  SLCTA1
hsa-EHHADH_0003 0.030657889 -4.21841618 EHHADH
hsa-PTPRM_0044 0.034558593 -4.17415822 PTPRM

m®A eraser: FTO; nine m°A readers: IGF2BP1, IGF2BP2,
IGF2BP3, HNRNPC, HNRNPA2B1, YTHDC1, YTHDF1,
YTHDEF2, YTHDEF3 (Fig. 4A). hsa-CDYL_0005 can bind
ten m°A methyltransferases, include m®A writers and
readers. However, how these m°®A methyltransferases
regulate circRNAs and whether they bind by m°A sites
needs to be further verified.

RT-qPCR for validation of circrna expression

To verify the sequencing results, two upregulated cir-
cRNAs (hsa-MLIP_0004 and hsa-CHD2_0084) and two
down-regulated circRNA (hsa-FOXP1_0001 and hsa-
HAAO_0002) were randomly selected and RT-qPCR
was performed in 6 MAFLD liver tissues and 6 normal
control liver tissues (Supplementary 2). The results indi-
cated that among the four DECs, hsa-MLIP_0004 and
hsa-CHD2_0084 were also up-regulated in MAFLD,
while hsa-FOXP1_0001 was down-regulated in MAFLD,
consistent with the sequencing results (Fig. 4B). hsa-
HAAO_0002 expression was upregulated in MAFLD
liver tissue, which was in contrast to the sequencing
results (P=0.24) (Fig. 4B).

m6A modification level of circrnas by MeRIP-qPCR

We performed MeRIP-qPCR to detect the m®A methyl-
ated level of two upregulated circRNAs (hsa-MLIP_0004
and hsa-CHD2_0084) and one down-regulated cir-
cRNA (hsa-FOXP1_0001) (Supplementary 3, 4). The
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results indicated that the m®A methylation levels of hsa-
CHD2_0084 and hsa-FOXP1_0001 were upregulated
in the MAFLD group, and the m°A methylation levels
of hsa-MLIP_0004 was down-regulated in the MAFLD
group (Fig. 4C).

Discussion

CircRNAs are a class of closed loop endogenous RNAs,
which is involved in the onset and progression of many
diseases and may be a kind of potential new biomarker
[21]. In NAFLD, previous studies have confirmed that
circ0046366, circ0046367, and circScdl mediate fat
deposition in hepatocytes by regulating signal transduc-
tion pathways [12—-14];circRNA SCAR is closely related
to the progression of lipid degeneration in NAFLD [15];
upregulation of circRNA_0001805 promotes the release
of glycyrrheic acid, thereby reducing the lipid accumula-
tion in liver tissue and acting synergistically on NAFLD-
induced lipid metabolism disorders [16]. MAFLD, in
contrast to NAFLD, offers a more expansive and inclusive
perspective [7]. It considers not just the buildup of fat,
but also various metabolic factors like obesity, type 2 dia-
betes, high cholesterol, and hypertension. Hence, the cir-
cRNA expression pattern in MAFLD might diverge from
that observed in NAFLD, suggesting potentially distinct
roles for circRNA in MAFLD pathogenesis. Nonetheless,
research on circRNA in MAFLD liver tissues is scarce,
leaving our knowledge of DECs and their functions in
MAFLD relatively limited.

In this study, we compared the expression profiles
of circRNA in MAFLD and NC tissues by circRNA
sequencing. The results showed 35 upregulated cir-
cRNAs and 24 downregulated circRNAs in MAFLD.
The PCA result showed that it completely differentiates
the MAFLD group from the normal control group. That
means circRNA may play an important role in MAFLD.
To confirm the microarray data, four dysregulated cir-
cRNAs were selected for RT-qPCR validation, which of
the three circRNAs expression level had the same trend
as the sequencing results. These findings indicate that
these differentially expressed genes (DEGs) might con-
tribute to the onset and progression of MAFLD, further
investigation into their mechanisms could uncover novel
insights into diagnosing and treating MAFLD. The mech-
anistic role of hsa-FOXP1_0001 remains unexplored in
MAFLD; however, two studies have investigated its func-
tion in other pathological conditions; hsa-FOXP1_0001
(hsa_circ_0008234) is highly expressed in cutaneous
squamous cell carcinoma(cSCC) tissues and promotes
the proliferation of ¢SCC by targeting miR-127-5p to
regulate the expression of ADCY7 [22]; hsa-FOXP1_0001
was up-regulated in colon cancer tissues and increased
the proliferation, invasion and migration of colon cancer
through miR-338-3p/ETS1/PI3K/AKT axis [23]. Studies
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Fig. 3 Analysis of differentiated expressed circular RNAs (DECs) with high or very high confident m®A methylated sites (m®A-DECs) in MAFLD liver tissues
and NC liver tissues. (A) Hierarchical cluster analysis (heat map) shows the moA methylated sites of DECs, the m°oA methylated sites are divided into four
types: very high, high, moderate and low confidence (B) Hierarchical cluster analysis (heat map) of microarray data assessed the significant expression of
mMPA-DECs between MAFLD and NC groups. (C) Scatter plot represents the default significant fold change. (D) The GO analysis categorized the m®A-DECs
into different groups under the theme of biological process (BP), cellular component (CC) and molecular function (MF). (E) Kyoto Encyclopedia of Genes

of analysis of m®A-DECs

pertaining to hsa-MLIP_0004 are limited, with only one
investigation employing next-generation sequencing
analysis of human and murine heart failure samples; this
study identified differentially expressed circ-MLIP, con-
firming its circular nature and delineating reverse-spliced
exons, yet further functional exploration was not pursued
[24]. Currently, there is no research on hsa-CHD2_0084,
but its source gene Chromodomain Helicase DNA Bind-
ing Protein 2 (CHD2) has been studied. Researchers have
utilized the Gene Expression Omnibus (GEO) database
to identify differentially expressed transcription fac-
tors from liver tissue chip data of 26 healthy volunteers
and 109 NAFLD patients, including CHD2 [25]; another
study demonstrated the association of CHD2 with type 2
diabetes in both mice and humans, suggesting its poten-
tial role as an obesity gene [26]. The above study suggests
that CHD2 may be involved in the occurrence and devel-
opment of MAFLD, further exploration of the role of
hsa-CHD2_0084 in MAFLD may yield promising results.

N6-methyladenosine is the abundantly RNA modifi-
cations, and these modifications are present on mRNA,
IncRNA, and circRNA. It has been revealed in several
studies that, m®A may affect all stages of the disease
by regulating circRNA. m°A methylation can regulate
circNSUN2 to promote cytoplasmic output and stabilize
HMGAZ2 to promote the process of colorectal cancer liver
metastasis [27]; [FN-regulator-1 regulates the expression
level of circ0029589 through m®A modification to induce
macrophage dysfunction in acute coronary syndrome
patients [28]; m®A methylation also regulates circRNA
immunity and metabolism [29, 30]. In this study, we
described the m®A sites of DECs in MAFLD and the NC
liver tissues. We found that among 59 DECs, there were
high or very high confident m®A sites in 39 circRNAs. In
conclusion, our findings suggest that m®A modifications
in DECs is commonly exited in human liver tissue and
closely associated to the function of circRNA, providing a
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Fig. 4 (A) Hierarchical cluster analysis (heat map) shows the binding meA methylases of m®A-DECS. (B) Relative expression of hsa-MLIP_0004, hsa-

CHD2_0084, hsa-FOXP1_0001 and hsa-HAAO_0002 in 6 normal human liver

(NC) tissues and 6 MAFLD human liver tissues quantified by RT-gPCR. (C)

m6A methylated level of hsa-MLIP_0004, hsa-CHD2_0084 and hsa-FOXP1_0001 in 6 normal human liver (NC) tissuesand 6 MAFLD human liver tissues

quantified by MeRIP-gPCR; *P < 0.05, **P<0.01

new direction for the pathogenesis and therapeutic direc-
tions of MAFLD.

The potential role of m6A-DECs was predicted by GO
and KEGG analysis. We found one of the enriched path-
ways was directly related to low-density lipoprotein par-
ticle in MAFLD. The biological functions and molecular
interactions of these m6A-DECs host genes were further

investigated by analysis of KEGG pathway, fatty acid
degradation pathway may related to the development of
MAFLD. Together, these results suggest that those m6A-
DECs may have a potential affection in the progression of
MAFLD. To confirm the predicted results, two upregu-
lated m®A-DECs and one downregulated m®A-DECs
were selected and further verified in MAFLD and normal
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control liver tissues by MeRIP-qPCR. We found that the
m®A methylation levels of these three circRNAs were
significantly different between the two groups. Interest-
ingly, the expression levels of hsa-CHD2_0084 are con-
sistent with the trend of m°A methylation levels, whereas
the expression levels of hsa-FOXP1_0001 and hsa-
MLIP_0004 exhibit an opposite trend to the m°A meth-
ylation levels. All the three circRNAs can bind to m°A
methyltransferases, and the m®A methyltransferases they
bind are “readers’, including IGF2BP1, IF2BP2, IGF2BP3,
HNRNPC, YTHDC1, and YTHDF1. The IGF2BP family
(including IGF2BP1, IGF2BP2, and IGF2BP3) recognizes
m®A-modified sites on circRNAs to enhance their sta-
bility by preventing degradation through ribonucleases,
thereby extending their half-life. Some circRNAs possess
translational potential, and the IGF2BP family facilitates
translation by binding to m®A sites, ultimately influ-
encing protein production. HNRNPC (Heterogeneous
Nuclear Ribonucleoprotein C) is another m®A “reader”
protein that modulates RNA splicing and secondary
structure. The m°®A modification induces changes in
RNA secondary structure (known as the “m°A switch”),
making it easier for HNRNPC to bind to target RNAs.
This interaction affects the biogenesis of circRNAs by
influencing the selection of circularization sites and, con-
sequently, the diversity and abundance of circRNAs.

YTHDC1, a nuclear m°A “reader” protein, primarily
regulates RNA nuclear export, splicing, and degrada-
tion. By binding to m®A-modified circRNAs, YTHDC1
facilitates their export from the nucleus to the cyto-
plasm. It can also indirectly influence circRNA splicing
or circularization by modulating the availability of m°A
sites. YTHDF1, a cytoplasmic m®A “reader” protein,
plays a critical role in enhancing the translation of m°®A-
modified RNAs. It binds to m®A-modified circRNAs and
promotes ribosome recruitment, thereby increasing the
translation efficiency of circRNAs. These enzymes influ-
ence circRNA function by affecting their stability, splic-
ing, nuclear export, and translation, highlighting their
role in disease mechanisms [31, 32].

Despite the valuable insights provided by this study,
several limitations should be acknowledged. First, the
relatively small sample size (five cases per group for
microarray analysis and six for validation) may limit
the generalizability and statistical power of our find-
ings. Future studies with larger cohorts and diverse
clinical samples are needed to confirm these preliminary
results and enhance their applicability. Second, the cur-
rent study primarily focused on identifying correlations
between m®A modifications and circRNA expression in
MAFLD without exploring causative mechanisms. While
we observed significant differences in m°A methylation
levels and circRNA expression, functional experiments,
such as knockdown or overexpression of m°A regulatory
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enzymes (e.g., IGF2BPs or HNRNPC) and circRNAs,
are necessary to elucidate the precise molecular mecha-
nisms underlying these associations. Third, the explor-
atory nature of the study limits the depth of mechanistic
validation, such as the role of m°A-modified circRNAs
in MAFLD-related pathways like lipid metabolism or
inflammation. These aspects warrant further investiga-
tion to uncover the biological relevance of m®A-modified
circRNAs in MAFLD pathogenesis. These limitations
reflect the exploratory stage of this research and highlight
the need for more comprehensive studies to validate and
expand on these findings.

This study provides preliminary evidence that the dys-
regulation of circRNA expression in MAFLD liver tissues
may be influenced by m6A modifications. By integrating
circRNA expression profiling and m°A site prediction, we
identified specific m®A-modified circRNAs with altered
expression levels in MAFLD, shedding light on the
potential regulatory role of m6A in circRNA-mediated
pathogenesis.

Although exploratory, these findings offer new per-
spectives on the role of m°®A-modified circRNAs in
MAFLD and provide a foundation for future research
aimed at elucidating their functional and mechanistic
significance. Further investigations into the biological
functions and molecular pathways of m®A-modified cir-
cRNAs could lead to novel insights into the pathogenesis
of MAFLD and identify potential therapeutic targets for
its treatment.

Conclusion

This study identified differentially expressed circRNAs in
MAFLD and NC liver tissues, including hsa-MLIP_0004,
hsa-CHD2_0084, and hsa-FOXP1 0001, which were
found to have m°A binding sites with altered methyla-
tion levels. These findings suggest a potential regulatory
role of m®A methyltransferases in modulating circRNA
expression in MAFLD.

Although this study provides preliminary evidence of
the involvement of m®A-mediated circRNA regulation
in MAFLD, further investigation is needed to validate
these associations and establish causative mechanisms.
Future research should focus on functional studies to
elucidate the biological roles of m®A-modified circRNAs
in MAFLD progression. This work lays a foundation for
deeper insights into the epigenetic regulation of cir-
cRNAs in metabolic liver diseases and highlights poten-
tial avenues for further exploration.
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