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METTL3 promotes the progression
of non-alcoholic fatty liver disease
by mediating m6A methylation of
FAS

Qunhua Li & Junying Xiang™*

N6-methyladenosine (m6A) is involved in the development of non-alcoholic fatty liver disease
(NAFLD). Here, we aimed to investigate the effect of m6A methyltransferase METTL3 on liver damage
in high-fat diet (HFD)-induced mouse model and hepatocyte damage treated with free fatty acid (FFA).
Plasma lipid, lipogenesis, viability, and apoptosis were measured to assess injury. m6A methylation
was evaluated using m6A dot blot, methylated RNA immunoprecipitation, dual-luciferase reporter
assay, and RNA decay assay. The results indicated that METTL3 was highly expressed in the liver of
HFD mice, which knockdown improved plasma lipid and reduced liver lipids. Additionally, silencing of
METTL3 promoted cell viability, inhibited apoptosis, reduced lipid concentrations, and downregulated
lipogenesis-related marker levels. Moreover, METTL3 promoted the m6A methylation of FAS and
enhanced its stability. In conclusion, silencing of METTL3 attenuates the progression of NAFLD by FAS
m6A methylation, suggesting that METTL3 may be a promising target for treating NAFLD.
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Non-alcoholic fatty liver disease (NAFLD) is a metabolic syndrome arising from steatosis alone, steatosis
with mild inflammation, to non-alcoholic steatohepatitis with rapid fibrosis!. Currently, NAFLD has a global
prevalence of up to 25% and is the leading cause of liver fibrosis, cirrhosis, and primary liver cancer?. The
diabetes epidemic is an important reason for the increased morbidity of NAFLD, which is present in more
than 70% of patients with type 2 diabetes’. In addition, obesity is an important risk factor for the progression
of NAFLD and its fibrosis*. Of note, the development of NAFLD can further promote the progression of these
metabolic diseases. Lifestyle modification is the primary treatment for NAFLD. Besides, it is also considered
feasible to regulate lipid metabolism, protect liver, and improve inflammation through drug therapy>S. However,
the guidelines’” recommend few treatments and do not apply to all patients. Therefore, it is still urgent to further
elucidate the complex pathogenesis of NAFLD in order to provide a new strategy for the treatment.

N6-methyl adenosine (m6A) methylation isa common RNA modification in mammalian cells that affects RNA
fate®. M6A methylation is involved in the development of diseases. In NAFLD, m6A methylation is dysregulated
and regulates lipogenesis and plasma lipids”!®. Growing evidence has reported that methyltransferases
(“writers”), including METTL3, METTL14, and WTAP, catalyzed m6A methylation. Inversely, demethylases
(“erasers”) reversibly regulate m6A modification to remove m6A. Besides, the binding proteins (“readers”)
decode m6A methylation!"'2. METTL3 is the first discovered member of m6A “writer” that plays a critical role
in diseases including NAFLD!?. Thus, to understand the role of m6A methylation in the progression of NAFLD,
there is an urgent need to establish a bridge between METTL3 and hepatic steatosis.

Fatty acids are key components of cell membranes and are essential for cell survival'*. Excess glucose can
be converted into fatty acids, preventing sugar toxicity, and providing energy reserves. Aberrant upregulation
of de novo lipogenesis (DNL) is associated with multiple pathologies, involving the regulation of fatty acid
synthase (FAS), ATP-citrate lyase (ACLY), and acetyl-CoA carboxylase (ACC)'"". FAS, also known as FASN, is
a homodimeric multi-enzyme in mammals with two multifunctional polypeptides, which is essential for fatty
acid biosynthesis'®. Previous studies have revealed that DNL is increased in patients with NAFLD, leading to
lipid deposition in the liver, indicating that it may be a target to treat NAFLD!”13. Consistently, FAS expression
is upregulated in the liver tissues of patients'®. However, whether FAS can be modified by m6A is not clear.
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In this study, we investigated the role of m6A methylation in NAFLD. Previous studies have reported that
METTL3 expression is increased in the liver tissues of NAFLD mouse model, affecting lipid accumulation and
macrophage functions'®!>2%21, Here, we also found that METTL3 expression was upregulated in HFD mice.
Thus, we explored whether METTL3 affected hepatic steatosis and its m6A modification of FAS. This study
provides a new idea for the pathogenesis of NAFLD.

Materials and methods

Establishment of NAFLD mouse model

The animal experiments were carried out according to the protocol approved by the ethics committee of
Aftiliated Hospital of Chengdu University. C57BL/6] mice (male, 7 weeks old, 20+2 g) were purchased from
Vital River (Beijing, China). All mice were kept in a 12 h light/dark cycle condition at 23-25 °C with free access
to food and water. After one week of acclimation, all mice were randomly divided into six groups: control, high-
fat diet (HFD), HFD + Ad-sh-NC, HFD + Ad-sh-METTL3, HFD + Ad-sh-METTL3 + Ad-NC, and HFD + Ad-sh-
METTL3 + Ad-FAS, with six mice each group.

To establish the mouse model, the mice were fed HFD (60% energy from fat, HFK Bio-technology, Beijing,
China) for 12 weeks as previously described??. The mice in the control group were fed normal diet (10% energy
from fat, HFK Bio-technology) for 12 weeks. Then, mice were euthanized by intraperitoneally injection of
160 mg/kg pentobarbital sodium. The blood and liver were collected.

To explore the role of METTL3 and FAS in mice, adenovirus containing METTL3 short hairpin RNA (ad-sh-
METTL3), adenovirus containing FAS (Ad-FAS), and their negative controls (ad-sh-NC, Ad-NC) were acquired
from Genomeditech (Shanghai, China). The adenovirus (10° PFU) was injected into the mice through the tail
vein every 2 weeks from the beginning of model establishment.

Plasma lipid measurement

Plasma was isolated from the blood by centrifuging at 3500 rpm for 10 min. Triglyceride (TG) and total cholesterol
(TC) contents in the plasma of mice were measured using the TG and TCH assay kits (ERKN, Wenzhou, China)
according to the manufacturer’s protocol, respectively.

Clinical samples
A total of 33 patients with NAFLD and 23 nonalcoholic steatohepatitis (NASH). They were diagnosed based on
the pathological staging of liver biopsies. Additionally, 28 age and sex matched healthy individuals were enrolled
as the heathyl control group. The blood samples were acquired from each participant. This study was approved
by the Ethics committee of Affiliated Hospital of Chengdu University. Writtern informed consent was approved
by all participants.

Cell culture
Primary hepatocytes were isolated from the liver tissues of mice (8-10 weeks old) as previously described?.
The cells were maintained in Dulbecco’s modified eagle medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 1% penicillin/streptomycin, and 2 mM glutamine at 37 °C with 5% CO.,,.

To induce lipid accumulation, the cells were incubated with 1 mM free fatty acid (FFA) mixture containing
oleic acid and palmitic acid (2:1 ratio) for 48 h.

Cell transfection

Sh-METTL3 (target sequences: CCTCAGTGGATCTGTTGTGAT), sh-NC (CAACAAGATGAAGAGCAC
CAA), METTL3 overexpression vector (pcDNA3.1-METTL3), FAS overexpression vector (pcDNA3.1-FAS),
and pcDNA3.1 were purchased from Genepharma (Shanghai, China). The vectors were transfected into
hepatocytes in six-well plates using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) in line with
the manufacturer’s instructions for 48 h.

Quantitative real-time PCR (qPCR)

Total RNA was isolated from the liver of mice, serum of participants, and primary hepatocytes using a total RNA
extraction kit (Solarbio, Beijing, China). Reverse transcription was carried out using the RT Master Mix for
qPCR II (MedChemExpress, Monmouth Junction, NJ, USA). Then, the mRNA expression was quantified using
SYBR Green qPCR Master Mix (MedChemExpress) on a CFX384 real-time PCR system (Bio-Rad, Hercules,
CA, USA). The relative mRNA expression was calculated using the 2744t method by normalizing to GAPDH.
The sequences of primers are listed in Table 1.

Hematoxylin and Eosin (HE) and oil red O staining assays

For HE staining, the liver tissues were fixed with 10% formalin and embedded in paraffin. Then, the paraffin
Sect. (5 pm) were deparaffined and rehydrated. After staining with hematoxylin and eosin (Sigma-Aldrich, St.
Louis, MO, USA) in turn, the results were viewed using a light microplate.

For Oil Red O staining, the liver tissues were embedded in optimum cutting temperature (OCT) to make
frozen Sect. (10 um). The sections were stained with 0.5% Oil Red O (Sigma-Aldrich) solution for 10 min. After
decolorizing with 60% isopropanol and counterstaining with hematoxylin for 5 min, the results were captured
under a light microplate.

For hepatocyte Oil Red O staining, primary hepatocytes cells were washed with PBS and fixed in 10% neutral
formalin for 30 min. Then, the cells were stained with Oil Red O solution for 10 min. After decolorizing with
60% isopropanol, the cells were counterstained with hematoxylin for 5 min. The results were captured under a
light microplate.
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Name

Forward (5’-3°)

Reverse (5’-3’)

ALKBH5

CGCGGTCATCAACGACTACC

ATGGGCTTGAACTGGAACTTG

FTO

TTCATGCTGGATGACCTCAATG

GCCAACTGACAGCGTTCTAAG

METTL3

CTGGGCACTTGGATTTAAGGAA

TGAGAGGTGGTGTAGCAACTT

METTL14

CTGAGAGTGCGGATAGCATTG

GAGCAGATGTATCATAGGAAGCC

WTAP

ATGGCACGGGATGAGTTAATTC

TTCCCTTAAACCAGTCACATCG

SCD1

TTCTTGCGATACACTCTGGTGC

CGGGATTGAATGTTCTTGTCGT

SREBP1

GATGTGCGAACTGGACACAG

CATAGGGGGCGTCAAACAG

FAS

GCGGGTTCGTGAAACTGATAA

GCAAAATGGGCCTCCTTGATA

GAPDH

AGGTCGGTGTGAACGGATTTG

TGTAGACCATGTAGTTGAGGTCA

Table 1. The sequences of primers used for qPCR.

M6A dot blot

The RNA samples were heated at 95°C for 3 min to destroy the secondary structure and then immediately frozen.
The RNA was added to the nitrocellulose membrane and crosslinked using UV for 5 min. The membranes were
washed with TBST and blocked with 5% skim milk. Afterwards, the membranes were incubated with anti-m6A
at 4 °C for one night and probed with secondary antibody for 1 h. The dots were visualized using an excellent
chemiluminescent (ECL) substrate detection kit (Elabscience).

Cell counting kit-8 (CCK-8)

Cell viability was measured using a CCK-8 kit (Dojindo, Kumamoto, Japan). The cells were seeded at the density
of 2000 cells/well in 96-well plates. After incubation for 24 h, the cells were incubated with 10 uL of CCK-8
solution for 4 h. The absorbance was detected using a microplate reader (Bio-Rad).

Flow cytometry

Cell apoptosis was determined using flow cytometry using an Annexin V-FITC/PI cell apoptosis assay kit
(YEASEN, Shanghai, China). Briefly, the cells were suspended in 100 pL binding buffer and incubated with
5 puL Annexin V-FITC and 5 pL PI solution for 15 min. After adding 400 uL binding buffer, cell apoptosis was
analyzed using a FACSymphony flow cytometer (BD Bioscience, San Jose, CA, USA).

Western blotting

Cell samples were lysed using the RIPA lysis buffer containing protease inhibitors. Then, protein concentration
was measured using a BCA protein colorimetric assay kit (Elabscience, Wuhan, China). Equal amounts of
proteins were added in each lane to perform SDS-PAGE, followed by transfer onto PVDF membranes. Primary
antibodies were incubated with the membranes at 4 °C for 12 h and probed with secondary antibody. The signals
were viewed using an ECL substrate detection kit (Elabscience).

Methylated RNA immunoprecipitation (MeRIP)

The m6A expression of FAS was measured using a MeRIP m6A transcriptome profiling kit (Ribobio, Guangzhou,
China). The isolated total RNA was fragmented. Additionally, anti-m6A antibody was incubated with magnetic
beads A/G for 30 min. The fragmented RNA was incubated with anti-m6A beads at 4 °C for 2 h. After eluting,
RNA was purified and qPCR was performed to measure the expression of mRNAs.

RNA immunoprecipitation (RIP)

The interaction between METTL3 and FAS was analyzed using an Imprint RIP kit (Sigma-Aldrich). The cells
were lysed using RIP lysis buffer for 15 min. After centrifuging at 16,000 g at 4 °C, the supernatant was collected.
Antibodies (anti-METTL3 and IgG) and magnetic beads were added to the lysate at 4 °C overnight. After
washing the beads five times using lysis buffer, RNA was purified and FAS expression was measured using qPCR.

Dual-luciferase reporter assay

The m6A sites in FAS were predicted using the SRAMP database. The top 2 confidence sites, sites 1 and 2, were
chosen. The sequences containing sites 1 and 2 were cloned into pGL3 basic vectors (Promega, Madison, WI,
USA) to construct wild-type (WT) plasmids. To construct corresponding mutant (MUT) plasmids, adenosine
(A) in the m6A motif was replaced by cytosine (C), and the sequences were cloned into pGL3 basic vectors.
Hepatocytes were transfected with WT or MUT plasmids, pcDNA3.1-NC or pcDNA3.1-METTL3, and pRL-
TK plasmids (Promega) using Lipofectamine 2000. After 48 h, the luciferase activity (firefly/Renilla ratio) was
measured using a dual-luciferase reporter assay system (Promega).

RNA decay assay
The cells were cultured in six-well plates and incubated with 5 pg/mL Actinomycin D for 1, 4, 8, and 12 h. Total
RNA was isolated from cells at each point time, and FAS expression was measured using qPCR.
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Statistical analysis

Statistical analyses were conducted with GraphPad Prism 8.0 software (GraphPad, La Jolla, CA, USA). Data were
represented as the mean + SD. Quantitative data were compared using two-tail Student t-test or one-way analysis
of variance (ANOVA). Statistical significance was defined as P<0.05.

Results

METTL3 is highly expressed in HFD mice

M6A methylation is a kind of epigenetic modification for gene expression that is commonly dysregulated in a
variety of diseases, including NAFLD. A previous study revealed that aberrant m6A methylation promotes the
development of NAFLD!9. To confirm the role of m6A modification in NAFLD, we established the HFD mouse
model. M6A levels were higher in the liver of HFD mice than that in the control mice (Fig. 1A), suggesting that
m6A methylation may be involved in NAFLD progression. ALKBH5 and FTO are m6A “erasers’, and METTL3,
METTLI14, and WTAP are m6A “writers”. To explore which “eraser” or “writer” acts in NAFLD, their expression
was measured using qPCR. The results of gPCR showed that ALKBH5 and METTL3 levels were increased in
the liver of mice, compared with the control group. However, FTO, METTL14, and WTAP levels showed no
significant difference between the control and HFD groups (Fig. 1B-F). Additionally, we also measured the
protein levels of these m6A-related enzymes using western blotting. As shown in Fig. 1G, METTL3 levels were
highr in the HFD group than that in the control group, while ALKBHS5, FTO, METTL14, and WTAP levels had
no obvious difference between these two groups. Therefore, METTL3 with the most significant difference was
chosen for subsequent study. The expression of METTL3 was measured in patients with NAFLD, NASH, and
healthy controls using qPCR. The results indicated that compared with the healthy group, METTL3 expression
was increased in the serum of patients with NAFLD and NASH (Fig. 1H). These results suggest that METTL3
may be involved in the progression of NAFLD.

Knockdown of METTL3 alleviates HFD-induced hepatic damage

To explore the role of METTL3 in vivo, Ad-sh-METTL3 was injected into HFD mice, and Ad-sh-NC was
injected as the negative control. After Ad-sh-METTL3 injection, METTL3 expression was downregulated in the
liver of mice (Fig. 2A). Then, TC and TC were detected to evaluate plasma lipid. The results showed that TC and
TG were increased in HFD mice, whereas METTL3 knockdown reversed this increase (Fig. 2B and C). Then,
hepatic steatosis was evaluated using HE and Oil Red O staining assays. The results showed that HFD increased
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Fig. 1. METTL3 is highly expressed in HFD mice. (A) m6A levels in the liver of mice were measured using
m6A dot blot. (B) ALKBHS5, (C) FTO, (D) METTL3, (E) METTL14, and (F) WTAP expression in the liver of
mice were detected in qPCR. (G) Western blotting was performed to determine the protein levels of ALKBH5,
FTO, METTL3, METTL14, and WTAP in the liver of mice. (H) METTL3 expression in the serum of healthy
individuals, patients with NAFLD, and NASH was measured using qPCR. n=6. NS no significance.
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Fig. 2. Knockdown of METTL3 alleviates HFD-induced hepatic damage. (A) METTL3 expression was
measured in the liver of mice after injecting adenovirus using qPCR. (B) TC and (C) TG levels in mice were
measured using kits to assess plasma lipid. Representative images of lipid droplets in the liver that assessed
using (D) HE staining and (E) Oil Red O staining. n=6.
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hepatic lipid droplets, which was partly abolished by METTL3 knockdown (Fig. 2D and E). Taken together,
silencing of METTL3 improves elevated plasma lipid and hepatic steatosis in HFD mice.

Knockdown of METTL3 inhibits FFA-induced hepatocyte damage

To further investigate the benefits of METTL3 knockdown in NAFLD, primary hepatocytes cells were treated
with FFA to generate the cell model in vitro to mimic NAFLD. After sh-METTL3 transfection, the expression of
METTL3 was decreased (Fig. 3A). Subsequently, cell viability was measured using CCK-8. The results indicated
that FFA suppressed hepatocyte viability, whereas METTL3 knockdown reversed this suppression (Fig. 3B).
Cell apoptosis was determined using flow cytometry. Inversely, cell apoptosis was facilitated by FFA, which was
counteracted by interference with METTL3 (Fig. 3C and D). Later, the results of Oil Red O staining illustrated
that the lipid concentration was elevated in FFA-treated cells, and METTL3 knockdown partly abrogated this
elevation (Fig. 3E). SCD1, SREBP1, and FAS are well-known lipogenesis-related factors?*. Therefore, their levels
in cells were measured using qPCR and western blotting. As expected, the mRNA and protein levels of SCDI,
SREBP1, and FAS were upregulated in FFA-treated cells, whereas sh-METTL3 reversed the upregulation caused
by FFA (Fig. 3F and G). ACAT2 and HMGCR are associated with cholesterol absorption and biosynthesis,
respectively?®, and their levels were also measured using western blotting. FFA treatment increased ACAT2
and HMGCR levels in hepatocytes, while METTL3 knockdown abrogated this increase (Fig. 3G). In summary,
interfering with the expression of METTL3 improves hepatocyte damage induced by FFA.

METTL3 promotes m6A methylation of FAS

As an m6A “writer”, METTL3 promotes the m6A modification of RNAs. Hence, we first examined the effects
of METTL3 overexpression on total m6A levels. METTL3 expression was elevated after pcDNA3.1-METTL3
transfection, compared with pcDNA3.1-NC (Fig. 4A). Then, m6A levels were increased after METTL3
overexpression (Fig. 4B). We performed MeRIP to measure the m6A levels of mRNAs related to lipid metabolism
that were measured in our study, and found that overexpression of METTL3 increased m6A expression of FAS,
but did not change the m6A levels of ACAT2, HMGCR, SCD1, and SREBP1 (Fig. 4C). Thus, FAS was chose
as the target of METTLS3 for the following experiments. Then, METTL3 was found to interact with FAS using
RIP analysis (Fig. 4D). Later, the methylation sites in FAS were identified. Four sites in FAS could be modified
by m6A (Fig. 4E). We chose the two sites with the very high confidence, and their sequences are shown in
Fig. 4F. To confirm which sites can be methylated, we constructed WT and MUT reporter plasmids according
to their sequences to perform dual-luciferase reporter analysis. The data showed that METTL3 increased the
luciferase activity in the WT site 2 group, but failed to change the luciferase activity in the WT site 1 group
(Fig. 4G and H), suggesting METTL3 promotes m6A methylation of FAS in site 2. Finally, the stability of FAS
was measured. METTL3 enhanced the FAS mRNA stability (Fig. 4I). Based on these results, METTL3 promotes
m6A methylation of FAS in site 2 and enhances FAS stability.

FAS rescues the effects of METTL3 knockdown on hepatocyte damage

Afterwards, we performed rescue experiments to investigate the effects of METTL3 and FAS on hepatocyte
injury. pcDNA3.1-FAS was transfected into hepatocytes, and FAS expression was upregulated (Fig. 5A). Cell
viability, apoptosis, and lipid were analyzed using CCK-8, flow cytometry, and Oil Red O staining, respectively.
The results indicated that silencing of METTL3 promoted viability, inhibited apoptosis, and reduced lipid
concentration of hepatocytes, whereas overexpression of FAS abrogated these effects (Fig. 5B-E). The levels of
ACAT2, HMGCR, SCD1, SREBPI1, and FAS downregulated by METTL3 knockdown were reversed by FAS in
FFA-stimulated cells (Fig. 5F and G). The results demonstrated that interfering with METTL3 inhibits injury of
FFA-induced cells by decreasing FAS expression.

FAS rescues the hepatic damage caused by METTL3 knockdown in HFD mice

Finally, the effects of METTL3 and FAS in vivo were explored. Following Ad-FAS injection into mice, its
expression in the liver of mice was upregulated (Fig. 6A). The results of plasma lipid detection showed that
METTL3 knockdown decreased TC and TG levels in HFD mice, whereas FAS overexpression abrogated this
reduction (Fig. 6B and C). Lipid droplets in liver tissues were reduced by silencing of METTL3, which was
rescued by FAS overexpression (Fig. 6D and E). The results demonstrated that silenced METTL3 inhibits hepatic
steatosis in HFD mice by downregulating FAS expression.

Discussion

Herein, we provided evidence to demonstrate that METTL3 mediated m6A methylation of FAS to promote
NAFLD progress by regulating plasma lipid and lipid droplets. This study serves a potential target for NAFLD
treatment.

M6A methylation is involved in the physiological and pathological processes of human diseases, such as
neurodegenerative disease, cardiovascular diseases, and metabolic syndrome®. Interestingly, m6A methylation
regulates mRNA metabolism to affect adipocyte differentiation and adipogenesis in adipose tissue expansion?”. In
NAFLD, several m6A-modified mRNAs are differentially expressed and participate in metabolism, transcription,
and translation’. In HFD mice, differential m6A methylation is found to be related to lipid metabolism?®. In
the present study, m6A levels were increased in HFD mice, compared with control mice, suggesting m6A
methylation is associated with NAFLD, which is consistent with previous studies'®?’. M6A “writers” and “erasers”
reversibly control m6A methylation. Thus, we measured their levels in HFD mice. METTL3 was upregulated
by HFD in mice, consistent with previous research!. Then, METTL3 was chosen for further study. We also
found that METTL3 expression was increased in patients with NAFLD and its serious form NASH. However,
a previous study indicates that METTL3 expression is decreased in patients with NAFLD%, which seems to
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Fig. 3. Knockdown of METTL3 inhibits FAA-induced hepatocyte damage. (A) The expression of METTL3
was measured using qPCR in sh-NC and sh-METTL3 transfected cells. Primary hepatocytes were exposed

to FFA and transfected with shRNAs, and (B) cell viability was measured using CCK-8; (C) apoptosis was
assessed using flow cytometry and (D) apoptosis rate was quantified; (E) lipid was observed using Oil Red O
staining assay; (F) mRNA expression of SCD1, SREBP1, and FAS were detected using qPCR; (G) protein levels
of ACAT2, HMGCR, SCD1, SREBP1, and FAS were measured using western blotting. n=3.
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Fig. 4. METTL3 promotes m6A methylation of FAS. (A) METTL3 expression was detected using qPCR
following pcDNA3.1-NC and pcDNA3.1-METTL3 transfection. (B) Effect of METTL3 on m6A levels was
assessed using m6A dot blot. (C) The m6A expression of ACAT2, HMGCR, SCD1, SREBP1, and FAS mediated
by METTL3 was measured using MeRIP. (D) RIP was used to determine the interaction between METTL3 and
FAS. (E) Potential m6A methylation sites in FAS were predicted. (F) The sequences of all potential modifing
sites. Dual-luciferase reporter assay revealed the combined relationship between FAS containing (G) site 1 or
(H) site 2 and METTL3. (I) Effect of METTL3 on the stability of FAS. n=3. NS no significance.

be at odds with our findings. This difference may be due to limitations in clinical sample collection or mouse
sample size. Therefore, it is of great significance to explore the role of METTL3 in NAFLD. We further identified
that knockdown of METTL3 inhibited lipid droplets and improved plasmid lipid in HFD mice, suggesting that
METTL3 knockdown alleviates NAFLD.

METTLS3 regulates NAFLD progression through multiple mechanisms. For example, Peng et al.'® report that
downregulation of METTLS3 facilitates autophagic flux in liver tissues, thereby regulating lipid metabolism to
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Fig. 5. FAS rescues the effects of METTL3 knockdown on hepatocyte damage. (A) The expression of FAS

was measured using qPCR in pcDNA3.1-NC and pcDNA3.1-FAS transfected cells. Primary hepatocytes were
exposed to FFA and transfected with shRNAs and pcDNA3.1 plasmids, and (B) cell viability was measured
using CCK-8; (C) apoptosis was assessed using flow cytometry and (D) apoptosis rate was quantified; (E) lipid
was observed using Oil Red O staining assay; (F) mRNA expression of SCD1, SREBP1, and FAS were detected
using qPCR; (G) Protein levels of ACAT2, HMGCR, SCD1, SREBP1, and FAS were measured using western
blotting. n=3.

eliminate lipid droplets. Qin et al.*® found that METTL3 prevents the development of NAFLD by modulating
macrophage metabolic reprogramming. Xu et al. study’! shows that FFA reduces METTL3 expression in AML12
cells, and silenced METTL3 aggravates steatosis in this cell line. These studies suggest that the role of METTL3
in NAFLD is contradictory. In the present study, we found that METTL3 knockdown promoted hepatocyte
viability, inhibited apoptosis and lipid levels, and downregulated the levels of lipogenesis-related factors. The
findings demonstrated that METTL3 contributes to promoting the progress of NAFLD. A previous study has
indicated that overexpression of METTL3 promoted lipid production and thus facilitating the development of
NAFLD?, consistent with our fundings.

METTL3 knockdown reduced FAS levels in FFA-treated hepatocytes. As an m6A “writer”, we subsequently
investigated the m6A methylation of FAS mediated by METTL3. FAS has been confirmed to play an important
role in lipogenic tissues, such as liver tissues. The expression of FAS in different tissues and developmental
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Fig. 6. FAS rescues the hepatic damage caused by METTL3 knockdown in HFD mice. (A) FAS expression was
measured using qPCR in the liver of mice after injecting adenovirus. (B) TC and (C) TG levels in mice were
measured using kits to assess plasma lipid. Representative images of lipid droplets in liver assessed using (D)
HE staining and (E) Oil Red O staining. n=6.

stages is differentiated and subject to transcriptional control and post-translational modification'®. It regulates
energy uptake and consumption, lipid deposition, and insulin sensitivity>2. The expression of FAS in NAFLD is
undoubtedly elevated in HFD mice and FFA-induced cells**>*. However, whether FAS can be modified by m6A
is unknown. In this study, we found that METTL3 interacted with FAS and promoted m6A methylation of FAS.
Several possible methylation sites in FAS were predicted. We verified that METTL3 promoted the methylation
at site 2 rather than site 1. However, are there other sites on FAS that can be confirmed for m6A methylation?
This will be further confirmed in our future studies. Importantly, m6A methylation regulates RNA splicing,
translation, and stability*. Therefore, we analyzed the effects of METTL3 on the stability of FAS. The results
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showed that METTL3 enhanced FAS mRNA stability in hepatocytes. In summary, METTL3 promotes FAS m6A
methylation, thereby enhancing its stability to increase FAS expression. Different from this study, a previous
study has found that METTL3/METTL14 promotes m6A methylation of ACLY and SCD1 and up-regulates
their expression levels to participate in lipid production!?, indicating that the regulatory mechanism of METTL3
in NAFLD involves multiple target genes. Although our study and this previous study revealed different target
genes, they all revealed an important role of METTL3 regulation in m6A modification of lipid metabolism
in NAFLD. Furthermore, rescue experiments verified that METTL3 regulates hepatic steatosis and hepatocyte
functions by positively regulating FAS, demonstrating that METTL3 promotes NAFLD by m6A methylation of
FAS.

In conclusion, the present study demonstrated that silencing of METTL3 inhibits apoptosis and lipid of
hepatocytes, and then improves steatosis and lipids by inhibiting m6A methylation of FAS, suggesting that
downregulation of METTL3 expression decelerates the progression of NAFLD. The findings provide a strong
theoretical basis for METTLS3 to be a therapeutic target of NAFLD.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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