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ABSTRACT

Aim: In 2019, to examine the functions of METTL3 in liver and underlying mechanisms, we generated mice with
hepatocyte-specific METTL3 homozygous knockout (METTL3%"%?) by simultaneously crossing METTL3"f mice
with Alb-iCre mice (GPT) or Alb-Cre mice (JAX), respectively. In this study, we explored the potential reasons
why hepatocyte-specific METTL3 homozygous disruption by Alb-iCre mice (GPT), but not by Alb-Cre mice (JAX),
resulted in acute liver failure (ALF) and then postnatal lethality.

Main Methods: Mice with hepatocyte-specific METTL3 knockout were generated by simultaneously crossing
METTL3"" mice with Alb-iCre mice (GPT; Strain No. T003814) purchased from the GemPharmatech Co., Ltd.,
(Nanjing, China) or with Alb-Cre mice (JAX; Strain No. 003574) obtained from The Jackson Laboratory, followed
by combined-phenotype analysis. The publicly available RNA-sequencing data deposited in the NCBI Gene
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Expression Omnibus (GEO) database under the accession No.: GSE198512 (postnatal lethality), GSE197800
(postnatal survival) and GSE176113 (postnatal survival) were mined to explore the potential reasons why
hepatocyte-specific METTL3 homozygous deletion by Alb-iCre mice (GPT), but not by Alb-Cre mice (JAX), leads
to ALF and then postnatal lethality.

Key Findings: Firstly, we observed that hepatocyte-specific METTL3 homozygous deficiency by Alb-iCre mice
(GPT) or by Alb-Cre mice (JAX) caused liver injury, abnormal lipid accumulation and apoptosis. Secondly, we are
surprised to find that hepatocyte-specific METTL3 homozygous deletion by Alb-iCre mice (GPT), but not by Alb-
Cre mice (JAX), led to ALF and then postnatal lethality. Our findings clearly demonstrated that METTL32"" mice
(GPT), which are about to die, exhibited the severe destruction of liver histological structure, suggesting that
METTL32"P mice (GPT) nearly lose normal liver function, which subsequently contributes to ALF, followed by
postnatal lethality. Finally, we unexpectedly found that as the compensatory growth responses of hepatocytes
to liver injury induced by METTL3%"®" (GPT), the proliferation of METTL3%"P hepatocytes (GPT), unlike
METTL32"® hepatocytes (JAX), was not evidenced by the significant increase of Ki67-positive hepatocytes, not
accompanied by upregulation of cell-cycle-related genes. Moreover, GO analysis revealed that upregulated
genes in METTL3%" livers (GPT), unlike METTL3%"" livers (JAX), are not functionally enriched in terms
associated with cell cycle, cell division, mitosis, microtubule cytoskeleton organization, spindle organization,
chromatin segregation and organization, and nuclear division, consistent with the loss of compensatory
proliferation of METTL32"*" hepatocytes (GPT) observed in vivo. Thus, obviously, the loss of the compensatory
growth capacity of METTL3%"P hepatocytes (GPT) in response to liver injury might contribute to, at least
partially, ALF and subsequently postnatal lethality of METTL32"¢" mice (GPT).

Significance: These findings from this study and other labs provide strong evidence that these phenotypes (i.e.,
ALF and postnatal lethality) of METTL32"¢* mice (GPT) might be not the real functions of METTL3, and closely
related with Alb-iCre mice (GPT), suggesting that we should remind researchers to use Alb-iCre mice (GPT) with
caution to knockout gene in hepatocytes in vivo.

INTRODUCTION critical for developing effective prevention and
treatment approaches for NAFLD.
It is well known that the liver is an essential organ in

vertebrates with multiple complex functions, such as In recent years, RNA modifications have emerged as a
material metabolism (e.g., lipid, glucose, vitamin, drug new layer of epigenetic modulation, among which N6-
and hormone metabolism) and detoxification [1-4]. methyl-adenosine  (mPA) is the most prevalent

messenger RNA modification in eukaryotes [10-13].
The liver plays a unique role in controlling whole body mPA modification is dynamically reversible, and m°A is
lipid homeostasis, including the synthesis of new fatty deposited by the méA methyltransferase complex (i.e.,
acids (FA), hepatic uptake of circulating free FA, FA METTL3/METTL14/WTAP complex) and erased by
oxidation, the biosynthesis of triglycerides (TG) from m°A demethylases (e.g., FTO and ALKBHS) [10-13].
glucose and amino acids in liver, and TG secretion [5], méA modification is recognized by m®A reader proteins
etc, and the disruption of one or more of these (i.e., YTHDC1/2, YTHDF1/2/3 and IGF2BP1/2/3), and
pathways essential for the aforementioned complex are thus involved in various steps of RNA metabolism,
processes might lead to lipid metabolism abnormality, including the stability, translation, nuclear exportation,
which is often a major contributing factor to metabolic splicing, and biogenesis and maturation of m°A-
diseases such as nonalcoholic fatty liver disease containing mMRNAs [10-13].

(NAFLD) [6].
With deeply understanding the biochemical processes

In recent years, accumulated evidence has illustrated of mSA modification in the past decade, more and
that  hepatic  cholesterol  accumulation, as more studies have moved forward to examine the
characterized by increased cholesterol synthesis, functional significance of m8A modification in various
elevated uptake from circulating lipoproteins and physiological and pathological processes, including
decreased cholesterol excretion, contributes to the DNA damage repair, meiosis, circadian clock, and
pathogenesis of NAFLD [7-9]. Therefore, identifying cancer development and progression [10-13].
the key regulators of hepatic lipid metabolism will be Recently, increasing evidence has shown that m°®A
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modification plays important roles [10-16] in liver
development [16-18], liver regeneration and
homeostasis [19-21], liver glycogenesis [22], and the
development and progression of liver diseases, such as
liver injury [17, 23, 24], NAFLD [18, 24, 25], hepatic
fibrosis [26], and hepatocellular carcinoma (HCC)
[27-32].

In 2019, to investigate the functions of METTL3 in
liver development, liver homeostasis maintenance and
liver diseases, and underlying mechanisms, we
generated mice with hepatocyte-specific METTL3
knockout (METTL34"P) by simultaneously crossing
METTL3" mice (with loxP sites flanking exons 4)
with Alb-iCre mice (GPT; Strain No. T003814)
purchased from the GemPharmatech Co., Ltd.,
(Nanjing, China) or with Alb-Cre mice (JAX; Strain
No. 003574) obtained from The Jackson Laboratory.
We were surprised to find that hepatocyte-specific
METTL3 homozygous knockout by Alb-iCre mice
(GPT) resulted in liver injury, acute liver failure (ALF)
and then postnatal lethality, whereas hepatocyte-
specific METTL3 homozygous deletion by Alb-Cre
mice (JAX) led to liver damage, but didn’t cause ALF
and postnatal lethality. In this study, we want to
explore the potential reasons why hepatocyte-specific
homozygous ablation of METTL3 by Alb-iCre mice
(GPT), but not by Alb-Cre mice (JAX), caused ALF
and then postnatal lethality. Furthermore, based on
these findings from this study and other labs, and our
in-depth discussion, we remind researchers to use Alb-
iCre mice (GPT) with caution to knockout genes in
hepatocytes in vivo.

RESULTS

Generation  of  hepatocyte-specific  METTL3
homozygous knockout (METTL34"P) mice by Alb-
iCre mice (GPT)

To examine the roles of METTL3 in the physiological
and pathological processes of liver and underlying
mechanisms, we generated mice with hepatocyte-
specific METTL3 homozygous deletion (METTL32hep)
by crossing METTL3"" mice (with loxP sites flanking
exons 4) with Alb-iCre mice (GPT; Strain No.
T003814) purchased from the GemPharmatech Co.,
Ltd., (Nanjing, China) (Supplementary Figure 1). The
hepatocyte-specific METTL3 homozygous disruption
was validated by PCR-based genotyping (Figure 1A).
As expected, gRT-PCR and immunochemistry revealed
that livers from METTL3"; Alb-iCre mice (GPT)
(Referred to as METTL3" mice (GPT)) indicated a
significant decrease in mRNA (Figure 1B) and protein
(Figure 1C, 1D) levels of METTL3 expression,
compared to control mice. Collectively, these findings

demonstrate that we successfully generate mice with
hepatocyte-specific METTL3 homozygous deficiency
by Alb-Cre mice (GPT).

Hepatocyte-specific METTL3 homozygous
disruption by Alb-iCre mice (GPT) causes postnatal
lethality

To investigate the functions of METTLS3 in liver and the
underlying mechanisms, we want to attain the offspring
with the genotype (i.e., METTL3%" (GPT)) from
intercrossing METTL3" mice and METTL3"; Alb-
iCre (GPT) mice. Surprisingly, mice with the genotype
(i.e., METTL32"P (GPT)) are always absent from the
offspring (total: 18 mice) from intercrossing
METTL3" mice and METTL3"™t; Alb-iCre (GPT)
mice while we carried out PCR-based genotyping
during the late postnatal period (~3 weeks after birth)
(Figure 1E, 1F). Based on this situation, we performed
PCR-based genotyping within one week after birth, and
we identified mice with the genotype (i.e., METTL3A"P
(GPT)) from the 51 newborn progeny derived from
mating METTL3"® mice with METTL3"; Alb-iCre
mice (GPT) (Figure 1G). METTL3%" mice (GPT)
were born at almost expected Mendelian ratios (Figure
1G), excluding the possibility of the prenatal lethality.
Furthermore, all the METTL32"" mice (GPT) died
within 9 weeks after birth, regardless of whether they
were male or female, however, Alb-iCre mice (GPT),
METTL3"™t mice, METTL3"; Alb-iCre (GPT) mice
and METTL3" mice were fertile and survived without
discernible defects in development (Figure 1H),
suggesting that one allele of METTL3 is enough to
maintain the normal development and functions of liver
in mice. Together, hepatocyte-specific METTL3
homozygous deficiency in mice by Alb-iCre mice
(GPT) results in postnatal lethality within 9 weeks after
birth.

Hepatocyte-specific and homozygous ablation of
METTL14 by Alb-iCre mice (GPT) also results in
postnatal lethality

To examine the functions of METTL14 in liver and the
underlying mechanisms, we want to achieve the
offspring with the genotype (i.e., METTL14%f: Alb-
iCre (GPT): referred to as METTL144" (GPT)) from
intercrossing METTL14"" mice and METTL14Mwt,
Alb-iCre (GPT) mice (Supplementary Figure 2A).
Unexpectedly, mice with the genotype (i.e.,
METTL14% (GPT)) are always absent from the
offspring (total: 39 mice) from intercrossing
METTL14%" mice and METTL14%"t Alb-iCre (GPT)
mice while we carried out PCR-based genotyping
during the late postnatal period (~ 3 weeks after birth)
(Supplementary Figure 2B). Based on this situation,
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Figure 1. Homozygous ablation of METTL3 in murine hepatocytes by Alb-iCre mice (GPT) leads to postnatal lethality. (A)
Hepatocyte-specific METTL3 homozygous knockout assessed by PCR-based genotyping on genomic DNA collected from the indicated
organs of control mice and METTL3%f; Alb-iCre mice (GPT) (Referred to as METTL32"e mice (GPT)). (B) qRT-PCR assay of METTL3 mRNA
expression in the livers of control mice and METTL34heP mice (GPT). (C, D) Immunohistochemistry (IHC) staining of METTL3 in the livers of 7-
or 14-day-old control mice and METTL32"eP mice (GPT). The percentages of METTL3-positive hepatocytes were calculated by determining
the total number of METTL3-positive hepatocytes divided by the total number of hepatocytes. (E) A schematic representation of the
offspring with indicated genotypes from intercrossing METTL3/fl mice and METTL3f/"t; Alb-iCre (GPT) mice. (F) PCR-based genotyping
during the late postnatal period displays the absence of offspring with the genotype (i.e., METTL32her (GPT)) from intercrossing METTL3f/f
mice and METTL3f/t; Alb-iCre (GPT) mice. (G) PCR-based genotyping during the early postnatal period exhibits the number of offspring
with indicated genotypes from intercrossing METTL3%/fl mice and METTL3/wt; Alb-iCre (GPT) mice. (H) Survival curves of WT, Alb-iCre (GPT),
METTL3f/wt, METTL3f/t; Alb-iCre (GPT), METTL3%/fland METTL34her (GPT) mice (n = 8—11 for each group).
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we performed PCR-based genotyping within one week
after birth, and we identified mice with the genotype (i.e.,
METTL14% (GPT)) from the 21 newborn progeny
derived from mating METTL14"" mice with
METTL14"t  Alb-iCre (GPT) mice (Supplementary
Figure 2C). METTL14%" mice (GPT) were born at
almost expected Mendelian frequencies (Supplementary
Figure 2C), excluding the possibility of the prenatal
lethality. Moreover, METTL14" mice, METTL14
mice and METTL14" Alb-iCre (GPT) mice were fertile
and survived without discernible defects in development
(Supplementary Figure 2). Together, hepatocyte-specific
METTL214 homozygous deficiency in mice by Alb-iCre
mice (GPT) also causes postnatal lethality.

Hepatocyte-specific METTL3 homozygous
deficiency by Alb-iCre mice (GPT) leads to liver
injury, apoptosis and acute liver failure (ALF)

Subsequently, we aim to determine the possible reasons
for postnatal lethality induced by hepatocyte-specific
METTL3 homozygous deletion by Alb-iCre mice
(GPT). Firstly, we dissected the livers of control mice
and METTL32" mice (GPT) before death. Before
METTL32"P mice (GPT) were about to die, we found
that all the METTL34"P mice (GPT) grow thin and
visibly waste away, with a matte coat, and presented
slightly swollen abdomen, decreased body temperature,
slowly the energetic dispirited, the slow reaction, lack
of movement, hugs together, and decreased appetite
(Figure 2A). By careful dissection of the mice at 21 or
22 days after birth, we found that the livers of
METTL32"P mice (GPT) were relatively stiff, and they
appeared a pale color (Figure 2B). The destruction of
normal liver histological structure of METTL34"P mice
(GPT) was quite evident upon microscopic analysis
(Figure 2C). The hepatic lobule of control mice showed
the clear and normal structure of hepatic cords and
hepatic sinusoids, with hepatic sinusoids and cords
arranging radially around the central vein, and the liver
of control mice exhibited the clear structure of
arteriovenous and biliary ducts in the portal area (Figure
2C). Conversely, compared with control mice, the liver
histological changes of METTL3%" mice (GPT)
included severe hepatocyte edema, and eosinophilic
necrosis (i.e., apoptosis) in scattered hepatocytes
(Figure 2C). Moreover, the architecture of hepatic cords
and hepatic sinusoids of METTL32"" mice (GPT)
disappeared due to the compression from severe
hepatocyte edema and the liver of METTL32" mice
(GPT) displayed the disordered structure in the portal
area (Figure 2C). METTL3%" mice (GPT) presented
the hyperplasia of bile ducts in liver, with partial
hyperplasia of bile ducts spreading towards the center of
the lobules (Figure 2C). Together, our findings clearly
demonstrate that METTL32" mice (GPT), which are

about to die, exhibit the severe destruction of liver
histological structure, suggesting that METTL32"P mice
(GPT) nearly lose normal liver function.

To fully study the exact role of METTL3 in liver
organogenesis, we further dissected the livers of control
mice and METTL32"" mice (GPT) at different time
points after birth. The body weight (Figure 2D, 2E),
liver weight (Figure 2F) and liver-to-body weight ratio
(Figure 2G) were comparable between control mice and
METTL3%" mice (GPT) at both 7 and 14 days
postnatally. METTL32" mice (GPT) at 21 days
postnatally are lighter in body weight than control mice
(Figure 2E), while the liver weight to body weight ratio
of METTL32"P mice (GPT) is slightly increased (Figure
2G). Moreover, compared with control group, the
activities of serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in METTL34"P mice
(GPT) were significantly increased (Figure 2H, 2I),
indicating that hepatocyte-deletion of METTL3 by Alb-
iCre mice (GPT) results in the progressive liver injury.

To fully delineate the exact functions of METTL3 in
liver organogenesis, we further dissected the livers of
control mice and METTL32" mice (GPT) at different
time points postnatally. The destruction of liver
histological structure of METTL32"? mice (GPT) at 4, 7
and 14 days after birth was quite evident upon
microscopic analysis (Figure 3A-3C). H&E staining of
liver tissues of control mice at 4, 7 and 14 days
postnatally displayed the clear and normal structure of
hepatic cords and hepatic sinusoids, and normal
hepatocyte morphology (Figure 3A-3C). Conversely,
compared with control mice, we found that the hepatic
lobule of 4-day-old METTL32"P mice (GPT) showed
mild-to-moderate hepatocyte edema and significantly
compressed hepatic sinusoids (Figure 3A). In the liver
of 7-day-old METTL32"P mice (GPT), the fat vacuoles
of varying sizes were observed in hepatocytes, and
hepatic cords and hepatic sinusoids in liver region with
more severe steatosis disappeared due to the
compression from severe hepatocytes, while liver
region with lighter steatosis exhibited the normal
architecture of hepatic cords and hepatic sinusoids
(Figure 3B). In the liver of 14-day-old METTL32hep
mice (GPT), microscopic examination revealed
hypertrophy of hepatocytes in METTL32" livers
(GPT), with both cell and nuclear size enlarged
(Figure 3C). Mild edema and fat vacuoles were
observed in the cytoplasm of METTL32 hepatocytes
(GPT), and the structure of hepatic cords and hepatic
sinusoids of METTL34"P mice (GPT) disappeared due
to the compression from hepatocyte edema (Figure 3C).
Additionally, there is no difference in extramedullary
hematopoiesis diffusely distributed in the liver between
control mice and METTL32" mice (GPT) at 4 and
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Figure 2. Homozygous deletion of METTL3 in murine hepatocytes by Alb-iCre mice (GPT) results in liver injury and acute
liver failure (ALF). (A) Representative appearance of METTL32heP mice (GPT) at 21 days after birth. (B) Representative gross appearance of
livers from control mice and METTL324heP mice (GPT) at 21 or 22 days postnatally. (C) Representative H&E staining photographs of liver
sections from control mice and METTL32heP mice (GPT) at 21 days postnatally. Scale bar = 100 um. (D) Representative appearance of control
mice and METTL34her mice (GPT) at 7 or 14 days after birth. (E-G) Body weight (E), liver weight (F) and liver-to-body weight ratio (G) of
control mice and METTL34her mice (GPT) at 7, 14 or 21 days after birth. (H, 1) Serum levels of AST (H) and ALT (1) of control mice and
METTL32her mice (GPT).
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Figure 3. Hepatic METTL3 homozygous knockout by Alb-iCre mice (GPT) induces abnormal lipid accumulation in mouse
hepatocytes. (A—C) Representative H&E staining photographs of liver sections from control mice and METTL32heP mice (GPT) at 4 (A), 7 (B)
and 14 (C) days postnatally. Scale bar = 100 um. (D) Heatmap depicts the differential expression of hepatic lipid metabolism-related genes
from RNA-seq results deposited in NCBI GEO under the accession number GSE198512 [17]. In the cluster heatmap, class comparison and
hierarchical clustering of differentially expressed genes (DEGs) involved in hepatic lipid metabolism were performed between control mice
and METTL32her mice (GPT) at 2 weeks after birth. Genes with increased and reduced expressions are shown in red and blue, respectively.
(E) GO analysis of up- and downregulated genes related with hepatic lipid metabolism (from RNA-seq data deposited in GEO under
accession number GSE198512) in the liver of control mice and METTL32heP mice (GPT) at 2 weeks after birth. (F) gRT-PCR analysis of the
MRNA expression of genes related with to fatty acid oxidation, cholesterol efflux, lipid metabolic process, lipid transport and lipid
biosynthetic process in the livers of METTL34heP mice (GPT).
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7 days postnatally (Figure 3A, 3B), while at 14 days
after birth, no extramedullary hematopoiesis was
observed in the liver of both control mice and
METTL32"P mice (GPT) (Figure 3C).

As described above, the eosinophilic necrosis (i.e.,
apoptosis) was observed in scattered hepatocytes of
METTL32" mice (GPT) (Figure 2C and Figure 3A-
3C). Therefore, we evaluated whether these hepatocytes
of METTL32" mice (GPT) underwent apoptosis
induced by hepatocyte-specific METTL3 loss. The
nuclei of >0.5%-2.0% of the hepatocytes of
METTL32" mice (GPT) at 7 or 14 days after birth
were condensed because of apoptosis, which was
demonstrated by TUNEL staining (Figure 4A, 4B).
Furthermore, the ¢RT-PCR results revealed the
downregulation of anti-apoptosis genes such as survivin
40 and Bcl2al, and the upregulation of pro-apoptosis
genes such as Bax and Bik (Figure 4C).

RNA-seq results from METTL3%" mouse liver
(GPT) revealed the significant upregulation of a
number of pro-apoptosis and interferon response
genes such as Bax, TnfrsflOb, Tnfrsfl2a, Smpdl,
Ifi204, Ifi206, 1fi208, |Ifi211, Ifi213, I[fi2712a,
Ifi2712b, Ifitl, Ifit3, Irf7, Isgl5, Oasla, Oaslg and
Oas3 (Figure 4D and Supplementary Table 1). All
GO terms representing biological processes listed in
Figure 4E and Supplementary Table 2 were related to
apoptosis, including apoptotic signaling pathway,
intrinsic apoptotic signaling pathway, intrinsic
apoptotic signaling pathway by p53 class mediator,
apoptotic process involved in development and
sphingolipid metabolic process, and interferon

response, including response to interferon-alpha,
response to interferon-beta, response to type |
interferon, cellular response to interferon-alpha,

cellular response to interferon-beta, regulation of
type | interferon-mediated signaling pathway,
positive regulation of type | interferon-mediated
signaling pathway, negative regulation of type |
interferon-mediated signaling pathway, regulation of
type | interferon production, positive regulation of
type | interferon production and positive regulation of
interferon-beta production.

Based on our above-mentioned findings, we believe that
ALF might be the major cause of mortality among
METTL34P mice (GPT).

Hepatic METTL3 homozygous deletion by Alb-iCre
mice (GPT) causes abnormal lipid accumulation in
mouse hepatocytes

We found that the liver of 1-week-old METTL3AMP
mice (GPT) displayed a more yellowish appearance

than that in the control group. This difference became
more pronounced at 2 weeks postnatally. Consistent
with this, H&E staining of liver tissues of
METTL32" mice (GPT) at 1 week and 2 weeks after
birth showed that the fat vacuoles of varying sizes
were observed in METTL3%"P hepatocytes with
diffuse and severe steatosis (Figure 3B, 3C).
Collectively, these findings suggest abnormal lipid
accumulation in the hepatocytes of 7-day-old and 14-
day-old METTL32" mice (GPT).

To dissect the molecular events underlying the
abnormal lipid accumulation in the hepatocytes of
14-day-old METTL3%" mice (GPT), we further
analyzed a publicly available gene expression dataset
(from GEO database: GSE198512) of the liver of 14-
day-old METTL32"P mice (GPT). As we expected,
GO analysis of the 2312 genes displaying significant
changes in the expression of 14-day-old METTL34hep
mouse liver (GPT) demonstrated a dramatic
enrichment for 49 genes (up-regulated: 32; down-
regulated: 17) (Figure 3D and Supplementary
Table 3) with functions typically associated with the
abnormalities in hepatic lipid metabolism including
long-chain fatty acid metabolic process, unsaturated
fatty acid metabolic process, fatty acid catabolic
process, fatty acid metabolic process, positive
regulation of lipid localization, cholesterol homeo-
stasis, fatty acid oxidation, cholesterol metabolic
process, sterol homeostasis, positive regulation of
lipid transport, sterol metabolic process, lipid
oxidation, regulation of lipid localization, lipid
catabolic process, lipid modification, lipid homeo-
stasis, cellular lipid catabolic process and regulation
of lipid transport (Figure 3E and Supplementary
Table 4).

Additionally, to help further elucidate the
mechanisms underlying the abnormal lipid accu-
mulation in the hepatocytes of METTL32" mice
(GPT), qRT-PCR assay was performed to further
analyze the expressions of hepatic lipid metabolism
genes. As expected, most of the genes related with
fatty acid oxidation (i.e., Acaa2 and Acadll),
cholesterol efflux (i.e., Apof and Ceslb), lipid
metabolic process (i.e., Rdh16f2), lipid transport (i.e.,
Slc10a5 and Xbpl), and lipid biosynthetic process
(i.e., Ang and Hmgcr) were significantly altered in
the livers of METTL32"" mice (GPT) (Figure 3F).
Collectively, RNA-seq and qRT-PCR data reveal the
corresponding altered expression profile of hepatic
genes with functions typically associated with hepatic
lipid metabolism, which is likely at least partially
responsible for the abnormal lipid accumulation
observed in the hepatocytes of METTL32"P mice
(GPT).
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Figure 4. Hepatocyte-specific METTL3 homozygous ablation by Alb-iCre mice (GPT) causes apoptosis in mouse hepatocytes.
(A, B) Representative TUNEL staining photographs (A) and quantification of TUNEL-positive hepatocytes of paraffin-embedded liver sections from control
mice and METTL32"® mice (GPT) at 7 or 14 days after birth. Scale bar = 100 um. (C) gRT-PCR analysis of the expression of apoptosis-related genes in the liver
of METTL32" mice (GPT). (D) Hierarchical clustering of differentially expressed genes (DEG) related to apoptosis in the liver of control mice and METTL32heP
mice (GPT) at 1 week after birth from RNA-seq data deposited in GEO under accession number GSE198512 [17]. In the cluster heatmap, class comparison
and hierarchical clustering of DEGs involved in apoptosis in mouse livers were performed between control mice and METTL3%"? mice (GPT) at 7 days after
birth. Genes with increased and reduced expressions are shown in red and blue, respectively. (E) GO analysis of up- and downregulated genes related to
apoptosis (from RNA-seq data deposited in GEO under accession humber GSE198512) in the liver of control mice and METTL32"? mice (GPT) at 1 week

after birth.
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Generation  of  hepatocyte-specific  METTL3
homozygous knockout (METTL34"P) mice by Alb-
Cre mice (JAX)

To explore the functions of METTL3 involved in the
physiological and pathological processes of liver and
underlying mechanisms, we also produced mice with
hepatocyte-specific and homozygous knockout of
METTL3 (METTL32"P) by crossing METTL3"" mice
(with loxP sites flanking exons 4) with Alb-Cre mice
(JAX; Strain No. 003574) obtained from The Jackson
Laboratory (Supplementary Figure 3). The hepatocyte-
specific METTL3 homozygous deletion was validated
by PCR-based genotyping (Figure 5A). As expected,
gRT-PCR and Western blot illustrated that livers from
METTL3%;  Alb-Cre mice (JAX) (Referred to as
METTL32" mice (JAX)) showed a dramatic decrease
in mMRNA (Figure 5B) and protein (Figure 5C) levels of
METTL3 expression, compared to control mice.
Together, we also generate hepatocyte-specific
METTL3 homozygous knockout mice by Alb-Cre mice
(JAX).

Furthermore, both control mice (i.e., METTL3% mice)
and METTL3M"P mice (JAX) survived (Figure 5D, 5E)
without discernible defects in development (Figure 5F),
while both control mice (i.e., METTL14%" mice) and
METTL14" mice (JAX) survived without discernible
defects in development (Supplementary Figure 4).
Collectively, our results demonstrate that hepatocyte-
specific and homozygous ablation of METTL3 or
METTL14 in mice by Alb-Cre mice (JAX) does not
lead to postnatal lethality.

Hepatocyte-specific METTL3 homozygous
deficiency by Alb-Cre mice (JAX) causes liver injury
and apoptosis

To determine the functions of METTL3 in the liver,
we dissected the livers of control mice and
METTL32" mice (JAX) at 1 month and 3 months
after birth. Our previous study revealed that the body
weight, liver weight and liver-to-body weight ratio are
comparable between control mice and METTL32hep
mice (JAX) at both 1 month and 3 months after birth
[33]. In addition, compared with control mice, the
activities of serum ALT and AST in METTL32"P mice
(JAX) were notably elevated [33], indicating that
hepatocyte-specific METTL3 homozygous ablation by
Alb-Cre mice (JAX) leads to the progressive liver
damage.

As described above, the eosinophilic necrosis (i.e.,
apoptosis) was observed in scattered hepatocytes of
METTL32" mice (JAX) (Figure 6A). Therefore, we
evaluated whether these hepatocytes of METTL3AMP

mice (JAX) underwent apoptosis induced by
hepatocyte-specific METTL3 loss. The nuclei of
>0.6-4% of the hepatocytes of METTL32"P mice (JAX)
at 1 month or 3 months after birth were condensed
because of apoptosis, which was demonstrated by
TUNEL staining (Figure 6A, 6B).

Given that perturbation of sphingolipid metabolism can
elicit tissue damage characterized by apoptotic cell
death [34-36], we then focused on genes related with
sphingolipid metabolism and verified the dramatical
upregulation of transcripts implicated in sphingolipid
metabolism in METTL32"P livers (JAX) by gRT-PCR
(Figure 6C, 6D). Notably, mRNA levels of Smpd3,
which catalyse ceramide generation by hydrolysis of
sphingomyelin (SM), and Sptlc1/2, encoding the rate-
limiting enzymes of de novo ceramide synthesis, were
strongly upregulated in METTL32" livers (JAX)
(Figure 6C, 6D). Among these, Smpd3, the neutral
sphingomyelinase, was the most strongly upregulated
(Figure 6D).

Hepatocyte-specific METTL3 homozygous knockout

by Alb-Cre mice (JAX) induces hepatic lipid
metabolism disorder
The livers of 1-month-old and 3-month-old

METTL32" mice (JAX) exhibited a more yellowish
appearance than in the control group (Figure 5G).
Consistent with this, H&E staining of liver tissues of
METTL32"P mice (JAX) at 1 month and 3 months after
birth  demonstrated the diffuse microsteatosis of
hepatocytes (Figure 7A). Furthermore, liver tissue slices
stained with Oil-Red-O (ORO) also revealed that more
red lipid droplets were deposited in the hepatocytes of
METTL32P mice (JAX) at both timepoints (Figure 7A,
7B). Summarily, these findings suggest abnormal lipid
accumulation in the hepatocytes of METTL3%"P mice
(JAX).

To examine the molecular mechanisms underlying
abnormal lipid accumulation observed in the
hepatocytes of METTL32" mice (JAX), we further
analyzed a publicly available gene expression dataset
(from GEO database: GSE176113) of the liver of
METTL32"P mice (JAX). As we expected, GO analysis
of the 495 genes displaying significant changes in the
expression of METTL3%" mouse liver (JAX)
demonstrated a dramatic enrichment for 80 genes (up-
regulated: 49; down-regulated: 31) (Figure 7C and
Supplementary Table 5) with functions typically
associated with the abnormalities in hepatic lipid
metabolism including long-chain fatty acid metabolic
process, unsaturated fatty acid metabolic process,
regulation of fatty acid biosynthetic process, regulation
of triglyceride metabolic process, regulation of fatty
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acid metabolic process, fatty acid metabolic process, (Figure 7D and Supplementary Table 6). In conclusion,

regulation of lipid biosynthetic process, positive our results suggest that hepatocyte-specific METTL3
regulation of lipid metabolic process, lipid biosynthetic homozygous knockout by Alb-Cre mice (JAX) leads to
process and regulation of lipid metabolic process the corresponding altered expression of hepatic lipid
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Figure 5. Homozygous deletion of METTL3 in murine hepatocytes by Alb-Cre mice (JAX) does not lead to postnatal lethality.
(A) Hepatocyte-specific METTL3 homozygous knockout assessed by PCR-based genotyping on genomic DNA collected from the indicated
organs of control mice and METTL3f/f; Alb-Cre mice (JAX) (referred to as METTL32her (JAX)). (B, C) gRT-PCR (B) and Western blot assay (C) of
METTL3 expression in the livers of control mice and METTL32heP mice (JAX). (D) PCR-based genotyping during the late postnatal period
exhibits the number of offspring with indicated genotypes from intercrossing METTL3%f mice and METTL3/f; Alb-Cre (JAX) mice. (E)
Survival curves of control mice and METTL32her mice (JAX) (n = 8—10 for each group). (F) Representative appearance of control mice and

METTL32her mice (JAX) at 3 months after birth. (G) Representative gross appearance of livers from control mice and METTL34heP mice (JAX)
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performed between control mice and METTL32"*? mice (JAX). Genes with increased and reduced expressions are shown in red
and blue, respectively. (D) GO analysis of up- and downregulated genes derived from RNA-seq data deposited in NCBI GEO
under the accession number GSE176113 [20] related with cell cycle, hepatic lipid metabolism and cytochrome P450 in the

liver of control mice and METTL32"P mice (JAX).

metabolism genes, which might account for the
abnormal lipid accumulation in the hepatocytes of
METTL32"P mice (JAX).

The loss of the compensatory growth responses of
METTL34 hepatocytes (GPT) to liver injury
contributes to, at least partially, ALF and then
postnatal lethality of METTL3A"P mice (GPT)

These data from this study and the published study
[17] provide strong evidence that hepatocyte-specific
METTL3 homozygous knockout by Alb-iCre mice
(GPT) results in liver injury, ALF and then postnatal
lethality. Subsequently, we further explore the
potential reasons why hepatocyte-specific METTL3
homozygous deletion by Alb-iCre mice (GPT), but
not by Alb-Cre mice (JAX), leads to ALF and then
postnatal lethality. To address that concern, based on
mining three publicly available RNA-sequencing data
deposited in the NCBI Gene Expression Omnibus
(GEO) database under the accession No.: GSE198512
(postnatal lethality) [17], GSE197800 (postnatal
survival) [16] and GSE176113 (postnatal survival)
[20], we performed GO term enrichment analysis of
differentially ~ expressed genes (DEGs) in
METTL32" mouse livers (JAX) versus control
(GSE197800 [16] and GSE176113 [16, 20]) (Figure
8A, 8B) or METTL32MP mouse livers (GPT) versus
control (GSE198512) [17] (Figure 8C, 8D).

We wish to point out that GEO dataset (GSE198512)
[17] is derived from METTL32"" mice (GPT) which
show postnatal lethality, while GEO datasets (both
GSE197800 [16] and GSE176113 [20]) are derived
from METTL32"P mice (JAX) which show postnatal
survival.

Top20 enrichment GO terms in “biological process”
for up-regulated DEGs in METTL32"P mouse livers
(JAX) versus control (GSE197800 and GSE176113)
[16, 20] includes mitotic cell cycle, mitotic cell cycle
process, chromosome segregation, nuclear division,
sister chromatid segregation, cell division, mitotic
sister chromatid segregation, mitotic nuclear division,
nuclear chromosome segregation, organelle fission,
chromosome organization, microtubule cytoskeleton
organization involved in mitosis, regulation of cell
cycle process, microtubule cytoskeleton organization,
spindle organization, mitotic spindle organization,
regulation of chromosome separation, mitotic spindle
checkpoint signaling, spindle checkpoint signaling,

and regulation of mitotic sister chromatid segregation
(Figure 8A, 8B, Supplementary Figure 5 and
Supplementary Tables 7 and 8). Obviously, GO-term
enrichment analyses based on the top20 significantly
enriched GO terms in “biological process” for up-
regulated DEGs revealed that upregulated genes in
the livers of METTL3%M" mice (JAX) displaying
postnatal survival are functionally enriched in terms
associated with cell cycle, cell division, mitosis,
microtubule  cytoskeleton organization, spindle
organization, chromatin segregation and organization,
and nuclear division (Figure 8A, 8B, Supplementary
Figure 5 and Supplementary Tables 7 and 8),
consistent with the enhanced compensatory pro-
liferation of the hepatocytes of METTL32M"P mice
(JAX) observed in vivo (Figure 8E, 8F, 8l).

Unexpectedly, GO analysis illustrated that DEGs in the
livers of 1 week-old and 2 week-old METTL32"P mice
(GPT) showing postnatal lethality are not functionally

enriched in terms associated with cell cycle,
cell division, mitosis, microtubule cytoskeleton
organization,  spindle  organization, chromatin

segregation and organization, and nuclear division
(Figure 8C, 8D and Supplementary Tables 9 and 10),
consistent with the loss of compensatory proliferation of
the hepatocytes of METTL32"P mice (GPT) observed
in vivo (Figure 8G, 8H, 8J).

As the compensatory growth responses of
METTL32"P hepatocytes (JAX) to liver injury induced
through hepatocyte-specific disruption of METTL3 by
Alb-Cre mice (JAX), the increased proliferation of
METTL32"p (JAX) hepatocytes was evidenced by the
marked increase of Ki67-positive hepatocytes (Figure
8E, 8F), accompanied by upregulation of cell-cycle-
related genes (i.e., Ki67, CCNA2, CCNB1, CCNB2,
CCND1 and CDK1) (Figure 8l). Conversely,
surprisingly, as the compensatory proliferation
responses of METTL 32" hepatocytes (GPT) to severe
liver injury induced through METTL32"P (GPT),
METTL34" (GPT) hepatocyte proliferation was not
evidenced by the significant increase of Ki67-positive
hepatocytes (Figure 8G, 8H), not accompanied by
upregulation of cell-cycle-related genes (i.e., Ki67,
CCNA2, CCNB1, CCNB2, CCND1 and CDK1)
(Figure 8J).

Together, these aforementioned findings clearly
demonstrate that ALF of METTL32" mice (GPT)
might be mainly attributed to the loss of the
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compensatory growth responses of METTL32hep
hepatocytes (GPT) to severe liver injury induced by
METTL32% (GPT), thereby leading to postnatal
lethality of METTL32" mice (GPT).

DISCUSSION

In 2019, to examine the functions of METTL3 in liver
and underlying mechanisms, hepatocyte-specific
METTL3 homozygous knockout (METTL32"P) was
achieved by simultaneously crossing METTL3" mice
with Alb-iCre mice (GPT) or Alb-Cre mice (JAX),
respectively. We observed that hepatocyte-specific
METTL3 homozygous deficiency by Alb-iCre mice
(GPT) or by Alb-Cre mice (JAX) causes liver injury,
abnormal lipid accumulation and apoptosis. However,
we were surprised to find that hepatocyte-specific
METTL3 homozygous deletion by Alb-iCre mice
(GPT), but not by Alb-Cre mice (JAX), resulted in ALF
and then postnatal lethality. In the present study, we
dissected the possible reasons why hepatocyte-specific
METTL3 homozygous disruption in mice by Alb-iCre
mice (GPT), but not by Alb-Cre mice (JAX), led to
ALF and subsequently postnatal lethality.

In recent years, to examine the roles of METTL3 in the
physiological and pathological processes of liver, and
underlying mechanisms, the investigators around the
world generated mice with hepatocyte-specific
METTL3 homozygous knockout (METTL32P) by
crossing METTL3™ mice with Alb-Cre mice (JAX) (in
this study and in other studies [16, 20-24, 30] or Alb-
iCre mice (GPT) (in this study and in other study [17])
or with Alb-Cre-ETR? mice [17] or by AAV-TBG-Cre
injection [30, 37]. These results from this study and
other studies revealed that hepatocyte-specific METTL3
homozygous knockout in mice by Alb-iCre mice (GPT)
(in this study and in other study [17]) or by Alb-Cre
mice (JAX) (in this study and in other studies [16, 20,
24, 30] resulted in liver injury, abnormal lipid
accumulation and apoptosis.

Moreover, we generated mice with hepatocyte-specific
METTL3 knockout by simultaneously crossing the
same METTL3"! mice with Alb-iCre mice (GPT) or
Alb-Cre mice (JAX), respectively, but we were
surprised to observe that hepatocyte-specific METTL3
homozygous deletion by Alb-iCre mice (GPT), but not
by Alb-Cre mice (JAX), led to ALF and then postnatal
lethality, which is consistent with ALF and postnatal
lethality phenotypes of METTL3%™P mice (GPT) in
other study of Prof. Zhang’s lab [17]. More specifically,
Prof. Zhang’s lab produced mice with hepatocyte-
specific METTL3 knockout by simultaneously crossing
the same METTL3"" mice with Alb-iCre mice (GPT)
or Alb-Cre-ETR? mice obtained from Beijing

Biocytogen Co., Ltd. (Beijing, China) [17], and the
results from Prof. Zhang’s lab demonstrated that
hepatocyte-specific METTL3 homozygous disruption
by Alb-iCre mice (GPT), but not by Alb-Cre-ETR?
mice (Beijing Biocytogen), resulted in postnatal
lethality [17]. Additionally, our findings in this study
clearly illustrated that METTL32"P mice (GPT), which
are about to die, exhibited the severe destruction of liver
histological structure, indicating that METTL32"P mice
(GPT) nearly lose normal liver function, which
subsequently contributed to ALF, followed by postnatal
lethality. Furthermore, both our work and Prof. Zhang’s
work revealed that METTL3™t: Alb-iCre (GPT) mice
and Alb-iCre mice (GPT) were fertile and survived
without discernible defects in development, suggesting
that one allele of METTL3 is enough to maintain the
normal development and functions of liver in mice.
Summarily, the aforementioned findings from this study
and Prof. Zhang’s lab provide strong evidence that ALF
and postnatal lethality are induced via hepatocyte-
specific METTL3 homozygous disruption by Alb-iCre
mice (GPT), but not via hepatocyte-specific METTL3
heterozygous knockout by Alb-iCre mice (GPT).

However, these results from this study and others labs
[16, 17, 20, 24, 30] clearly exhibited that hepatocyte-
specific METTL3 homozygous ablation in mice by Alb-
Cre mice (JAX) [16, 20, 24, 30] induced liver injury,
but didn’t cause ALF and then postnatal lethality
because homozygous METTL3 knockout in mice by
Alb-Cre mice (JAX) didn’t lead to the severe
destruction of liver histological structure of
METTL3%" mice (JAX), thereby METTL32" mice
(JAX) still had well-maintained liver function. In
addition, hepatocyte-specific METTL3 homozygous
disruption in mice by Alb-Cre mice (JAX) [21-23] or
by AAV-TBG-Cre injection [30, 37] didn’t also lead to
postnatal lethality. Collectively, the above-mentioned
data from this study and other labs [16, 20-24, 30, 37]
provide strong evidence that ALF and postnatal lethality
are not induced via heterozygous or homozygous
METTL3 disruption by Alb-Cre mice (JAX).

Additionally, our other study findings demonstrated that
hepatocyte-specific METTL14 homozygous ablation by
Alb-iCre mice (GPT), but not by Alb-Cre mice (JAX),
also resulted in postnatal lethality (Supplementary
Figure 2), whereas METTL14"t Alb-iCre (GPT) mice
was fertile and survived without discernible defects in
development (Supplementary Figure 2), suggesting that
one allele of METTL14 is enough to maintain the
normal development and functions of liver in mice.
These results from two other labs clearly showed that
hepatocyte-specific METTL14 homozygous disruption
by Alb-Cre mice (JAX) didn’t induce postnatal lethality
[38, 39], which is consistent with postnatal survival
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phenotype of METTL144"P mice (JAX) observed in our
other study (Supplementary Figure 4).

Collectively, it is very evident that postnatal lethality
caused by METTL3 or METTL14 homozygous
knockout via Alb-iCre mice (GPT) might be closely
related with Alb-iCre mice (GPT), but not the real
functions of METTL3 or METTL14.

Next, we analyzed the possible reasons for ALF and
then postnatal lethality of METTL32"P mice (GPT). As
the enhanced compensatory proliferation responses of
hepatocytes to liver injury induced through
METTL32 (JAX), these results from this study and
other studies [16, 20, 30] revealed that the increased
growth of METTL32" (JAX) hepatocytes was
evidenced by the significant increase of Ki67-positive
hepatocytes, accompanied by upregulation of cell-cycle-
related genes. In addition, GO analysis based on the
top20 significantly enriched GO terms in "biological
process" for up-regulated DEGs obviously revealed that
upregulated genes in the livers of METTL32"P mice
(JAX) displaying postnatal survival are functionally
enriched in terms associated with cell cycle, cell
division, mitosis, microtubule cytoskeleton organiza-
tion, spindle organization, chromatin segregation and
organization, and nuclear division [16], consistent with
the enhanced compensatory proliferation capacity
of METTL34" hepatocytes (JAX) observed in
this study and in other studies from other labs [16, 20,
30].

However, surprisingly, as the compensatory pro-
liferation responses of hepatocytes to liver injury, we
unexpectedly found that the proliferation of
METTL32MeP hepatocytes (GPT) was not evidenced
by the dramatic increase of Ki67-positive
hepatocytes, not accompanied by upregulation of
cell-cycle-related genes. Additionally, GO analysis
illustrated that upregulated genes in METTL32her
livers (GPT), unlike METTL32"? livers (JAX), are
not functionally enriched in terms associated with
cell cycle, cell division, mitosis, microtubule
cytoskeleton organization, spindle organization,
chromatin segregation and organization, and nuclear
division, consistent with the loss of compensatory
proliferation of METTL34"P hepatocytes (GPT)
observed in vivo. Therefore, obviously, these
aforementioned findings clearly demonstrate that
ALF of METTL3"P mice (GPT) is attributed to, at
least partially, the loss of the compensatory growth
capacity of METTL3"P hepatocytes (GPT), thereby
leading to postnatal lethality of METTL3M"P mice
(GPT). However, the causes of the loss of the
compensatory growth capacity of METTL3AMP
hepatocytes (GPT) are still unknown.

Until now, Alb-Cre mice (JAX) [40] are frequently and
successfully employed to delete loxP-flanked DNA
fragment for conditional gene knockout or
overexpression in the hepatocytes of mice. In Alb-Cre
mice (JAX), Cre recombinase was engineered to be
expressed in mouse hepatocytes under the control of
mouse albumin enhancer/promoter (Alb) [40], while the
Alb-Cre transgene inserted in reverse orientation on
chromosome 13 causing an 4 bp deletion in Speer6-psl
(spermatogenesis associated glutamate (E)-rich protein
6, pseudogene 1) [40].

Alb-iCre mice (GPT) are generated via inserting Alb-
promoter-iCre transgene into the H11 genomic locus
between Eif4enifl and Drgl genes by CRISPR/Cas9-
based knockin technology. Alb-iCre mouse strain
(GPT) shows normal development and is fertile, with no
apparent abnormalities in general appearance or
behavior.

As the insertion site of Alb-promoter-iCre transgene in
Alb-iCre mice (GPT) is located on chromosome 11,
please avoid using Alb-iCre mice (GPT) to knockout
genes of interest located on chromosome 11. METTL3
and METTL14 are located on chromosome 14
(Chromosome 14: 52,532,298-52,542,585 reverse
strand) and chromosome 3 (Chromosome 3:
123,161,946-123,179,757 reverse strand), respectively.
Therefore, theoretically speaking, Alb-iCre mice
(GPT) are suitable to knockout METTL3 or METTL14
gene.

Up to now, Alb-iCre mice (GPT) have been used to
knockout the following genes in mice, FGF4 [41],
PP2Aca [42], METTL3 [17], and METTL3 and
METTL14 (this study). Both METTL32"P mice (GPT)
(this study and other lab study [17]) and METTL144hep
mice (GPT) (this study) exhibit postnatal lethality,
whereas both FGF42"" mice (GPT) [41] and
PP2Aca’" mice (GPT) [42] are not reported to show
postnatal lethality, which makes it very unclear why
postnatal lethality is induced via hepatocyte-specific
METTL3 or METTL14 homozygous disruption by Alb-
iCre mice (GPT), but not induced via hepatocyte-
specific FGF4 [41] or PP2Aco [42] homozygous
knockout by Alb-iCre mice (GPT).

CONCLUSION

Although hepatocyte-specific METTL3 homozygous
deficiency by Alb-iCre mice (GPT) or by Alb-Cre
mice (JAX) leads to the following same phenotypes:
liver injury, abnormal lipid accumulation and
apoptosis observed in this study and other studies [16,
17, 20, 24, 30], these aforementioned findings from
this study and other labs provide very strong evidence
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that these phenotypes (i.e., ALF and postnatal
lethality) of METTL34"P mice (GPT) might be not the
real functions of METTL3, and closely related with
Alb-iCre mice (GPT). In addition, based on our
findings, those from other labs and our in-depth
discussion, we remind investigators to apply Alb-iCre
mice (GPT) with caution to knockout genes in
hepatocytes in vivo.

MATERIALS AND METHODS
Mice

The wildtype C57BL/6J mice were purchased from the
Laboratory Animal Management Center, Southern
Medical University and the Guangdong Medical
Laboratory Animal Center. The Albumin-Cre
transgenic mice (Alb-Cre mice (JAX)) (B6.Cg-Speer6-
ps1 T9Alb-cre)2IMand.  hitns://www.jax.org/strain/003574)
were obtained from Model Animal Research Center of
Nanjing  University.  Alb-iCre  mice  (GPT)
(C57BL/6JGpt-H11emiCin(Alb-iCre)/Gpt:  Strain -~ No.
T003814; https://www.gempharmatech.com/shop/
detail/6902.html)  were  purchased from the
GemPharmatech Co., Ltd., (Nanjing, China).

METTL3"™t mice were purchased from the Shanghai
BRL Medicine Technology Co., Ltd., (Shanghai,
China). The conditional mutant alleles for METTL3
were generated by the CRISPR/Cas9 technology.
METTL3" mice, in which exon 4 of the METTL3
allele is flanked by loxP sites, were obtained by mating
METTL3"t  mice and METTL3"™  mice.
METTL3"f/Alb-Cre mice (hereinafter referred to as
METTL3% (JAX)) were generated by crossing
METTL3" mice with Alb-Cre mice (JAX), while
METTL3"/Alb-iCre mice (hereinafter referred to as
METTL3% (GPT)) were generated by crossing
METTL3"f mice with Alb-iCre mice (GPT).

All mice described above were maintained on the
C57BL/6J (B6) background. All animal care and
experimentation were performed according to the
Study and Ethical Guidelines for Animal Care,
handling and termination established by the
Subcommittee of Southern Medical University on
laboratory animal care. The presented work was
approved by the ethical committee of Southern
Medical University and is covered by Chinese animal
husbandry legislation.

PCR-based genotyping assay
Mice were genotyped by PCR with mouse tail or toe

genomic DNA. Genotypes were determined by
PCRusing primers specific for iCre (GPT):

5'-CCTGCTGTCCATTCCTTATTCCAT-3' (forward),
and 5-ATATCCCCTTGTTCCCTTTCTGC-3' (reverse);
specific for Cre (JAX): 5-ATCCGAAAAGAAAAC
GTTGA-3’ (forward), and 5-ATCCAGGTTACGGA
TATAGT-3' (reverse); specific for METTL3: 5-TAGT
GCTGTGCCTTTCTTAG-3’ (METTL3-L-LoxP-F),
and 5-TTAAACTGACTGCCTCCATA-3' (METTL3-
L-LoxP-R); and specific for Myo: 5-TTACGTCCAT
CGTGGACAGC-3' (forward), and 5-TGGGCTGGGT
GTTAGCCTTA-3' (reverse). The genomic DNA from
wild-type (WT) mice was employed as a negative
control for each PCR test.

Furthermore, to assess the knockout efficiency of
METTLS in liver, the main organ and tissue genomic
DNA, including the liver, was subjected to PCR using
the following primer pairs to amplify 338bp METTL3
mutant fragment, F1: GTGCTGTGCCTTTCTTAG,
R1: AGCGTCACTGGCTTTCAT, and R2:
TTCTTGTTCTCCCCCAAT. A 338bp band can be
only observed in tissues with successful deletion of
METTLS.

RNA extraction, reverse transcription (RT) and
guantitative real-time PCR (QRT-PCR)

To quantitate mRNA expression, total RNA was
extracted from the mouse livers using TRIzol reagent
(TaKaRa), and reversely transcribed into cDNA with
the PrimeScript RT reagent Kit (TaKaRa). gqRT-PCR
was performed using the SYBR Green gPCR Master
Mix (TaKaRa) on a LightCycler 96 system (Roche)
following the manufacturer’s instructions. To measure
the levels of the indicated mRNAs, GAPDH was used
as endogenous control. All primers used in this study
are listed in Supplementary Table 11. Relative gene
expression was analyzed using the 242¢t method with
Gapdh as the internal control.

Western blotting

Western blot analysis was performed as previously
described [3, 4, 30, 43-46]. GAPDH was used as
loading control. The primary antibodies used in this
study are listed in Supplementary Table 12.

Histological analysis, immunohistochemistry (IHC)
and Oil Red O staining

Formalin-fixed, paraffin-embedded mouse liver tissues
were cut into 4 um sections and subjected to
hematoxylin and eosin staining (H&E staining)
according to standard procedures, as described
previously [3, 4, 44, 46-48]. Immunohistochemical
staining was performed as previously described
[3, 4, 44, 46-48]. The antibodies used in the study and
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the experimental conditions are summarized in the
Supplementary Table 12.

According to the manufacturer's instructions, liver lipid
accumulation was detected using a Modified Oil Red O
staining kit (Catalog No. C0158S; Beyotime, Beijing,
China), as previously described [4]. Fresh liver tissues
were embedded in Tissue-Tek OCT compound and cut
into 8 pum sections for staining with oil Red O for
detection.

Measurement of serum parameters

The serum supernatant was obtained by centrifugation
at 800 g for 10 min. The serum levels of ALT (Alanine
transaminase) and AST (Aspartate aminotransferase)
were detected using the Beckman automatic
biochemical analyzer AU680 (Beckman Coulter, Brea,
CA, USA) according to the manufacturer’s
instructions.

TUNEL assay

To detect oligonucleosomal DNA strand breaks in
individual apoptotic cells, the formalin-fixed, paraffin-
embedded liver sections were subjected to terminal
deoxynucleotidyl transferase-mediated 2'-deoxyuridine
5'-triphosphate nick-end labeling (TUNEL) staining
using a TUNEL kit according to the manufacturer’s
instructions (KeyGEN, KGA704, Nanjing, China), as
described previously [49]. The number of TUNEL-
positive cells was counted at 100x magnification in six
randomly selected fields from each liver sample. The
total number of cells in each of the six fields was
demonstrated.

Statistical analysis

The data were presented as means + SD. Statistical
analysis was performed using the SPSS 16.0 software
package and GraphPad 8.1 software. Two-tailed
Student’s t-test was employed to compare data between
two independent groups. Statistical significance was set
at "P < 0.05, ™P < 0.01 and ™™P < 0.001.

Data availability
The RNA-seq data sets reported in the studies of the

labs of Prof. Qi Zhang (The Third Affiliated Hospital,
Sun Yat-sen University, Guangzhou, China) [17], Prof.

accession No. GSE198512, and

GSE176113, respectively.
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SUPPLEMENTARY MATERIALS

Supplementary Figures
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Supplementary Figure 1. PCR-based genotyping of hepatocyte-specific METTL3 homozygous knockout (METTL32"P) mice
by Alb-iCre mice (GPT). (A) PCR-based genotyping displays the offspring with indicated genotypes from intercrossing METTL3 1/l mice
and Alb-iCre (GPT) mice. (B) PCR-based genotyping exhibits the offspring with indicated genotypes from intercrossing METTL3/fl mice
and METTL3f/wt; Alb-iCre (GPT) mice.
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A

Mettl14"" Mettl14";Alb-iCre(GPT)

I |
I

Mettl14"; Alb-iCre(GPT) Mettl14™™ Mettl14™0 Mettl14*"?(GPT)
B C
Genotype Number | Ratio (%) Genotype Number | Ratio (%)
Mettl14" 15 38.46 Mettl14"™ 6 28.57
Mettl14"; Alb-iCre(GPT) 12 20.77 Mettl14"; Alb-iCre(GPT) 6 28.57
Mettl14"" 12 30.77 Mettl14" 5 23.81
Mettl14*"*(GPT) 0 0 Mettl14*"*(GPT) 4 19.05
Total 39 Total 21

Supplementary Figure 2. Hepatocyte-specific METTL14 homozygous ablation in mice by Alb-iCre mice (GPT) results in
postnatal lethality. (A) A schematic representation of the offspring with indicated genotypes from intercrossing METTL14%/f and
METTL14%/wt; Alb-iCre (GPT) mice. (B) PCR-based genotyping during the late postnatal period displays the number of offspring with
indicated genotypes from intercrossing METTL14%/fl mice and METTL14f/t; Alb-iCre (GPT) mice. (C) PCR-based genotyping during the early

postnatal period exhibits the number of offspring with indicated genotypes from intercrossing METTL14%f mice and METTL14%/wt; Alb-iCre
(GPT) mice.
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Supplementary Figure 3. PCR-based genotyping of hepatocyte-specific METTL3 homozygous knockout (METTL32"¢P) mice
by Alb-Cre mice (JAX). (A) PCR-based genotyping displays the offspring with indicated genotypes from intercrossing METTL3f/fl mice
and Alb-Cre (JAX) mice. (B) PCR-based genotyping exhibits the offspring with indicated genotypes from intercrossing METTL3/fl mice
and METTL3f/wt; Alb-Cre (JAX) mice. (C) PCR-based genotyping exhibits the offspring with indicated genotypes from intercrossing
METTL3/f mice and METTL3f/f; Alb-Cre (JAX) mice.
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Genotype Number Ratio (%)
Control 80 44.69
Mettl144"r(JAX) 99 55.31
Total 179
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Supplementary Figure 4. Hepatocyte-specific ablation of METTL14 in mice by Alb-Cre mice (JAX) didn’t lead to postnatal
lethality. (A) PCR-based genotyping during the late postnatal period shows the presence of offspring with the genotype (i.e., METTL14/f;
Alb-Cre (JAX): referred to as METTL142her (JAX)) from intercrossing METTL14%/f mice and METTL14%#; Alb-Cre (JAX) mice. (B) Survival curves
of control and METTL142her (JAX) mice (n = 80-99 for each group).
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Supplementary Figure 5. GO term enrichment analyses of up-regulated DEGs (from RNA-seq data deposited in GEO under accession
number GSE197800 (A) and GSE176113 (B)) in the liver of control and METTL32hep (JAX) mice.
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Supplementary Tables
Please browse Full Text version to see the data of Supplementary Tables 2 and 4-10.

Supplementary Table 1. Hierarchical clustering of differentially expressed genes (DEG) related to apoptosis in
the liver of control mice and METTL32"¢ mice (GPT) at 1 week after birth from RNA-seq data deposited in GEO
under accession number GSE198512.

Gene WT1 WT2 KO1 KO?2 ('fgvzeick:) (li_\\//v?aleulf) ( fﬁfgk)
Scn2a 0 0.01553 0.28925 009587 452098 0.0012 0.02168
Eda2r 0.04427 0.0146 0.42149 061588  4.06838 8.6E-05 0.00268
Mmp12 0.04702 0 0.30327 09146  3.31959 0.01667 0.14327
Ifi2712b 1.21898 1.07919 7.74376 13.976 3.16893 1.2E-11 2.1E-09
Phida3 1.9058 1.64398 16.614 164651  3.13858 11E-22 6.9E-20
Fazh 0.11256 0.16706 0.51854 1.0312 230486 0.00879 0.09171
Degsll 0.44335 0.29246 2.34884 142915  2.27339 0.00069 0.01429
Aen 1.23099 1.61004 6.70089 738882  2.22698 1.5E-16 5.9E-14
Tnfrsf10b 0.5294 0.34922 1.78852 217806  2.09844 3.1E-05 0.00116
Rnf186 0.39301 1.11106 2.01745 457211 2.05332 0.00267 0.03867
Zprl 11.9614 10.0916 53.5242 431306  2.04683 5.3E-26 4.1E-23
Bmp7 0.28661 0.49156 1.19714 206172 1.98764 0.00024 0.00622
Isg15 11.2235 11.7478 445263 490988  1.94582 1.4E-14 3.9E-12
11206 0.23014 0.36435 0.91179 142905  1.89755 0.00339 0.04612
Ifi2712a 9.0873 8.99165 35.1658 346880  1.86729 6.5E-09 6.6E-07
Ii213 1.67934 0.8982 4.16098 496671  1.75028 2 7E-06 0.00015
Ifi211 0.94284 0.5442 253373 263934 172115 0.00187 0.02988
Ifit1 1.95375 20638 5.05983 814336 164154 2E-06 0.00011
Tgtp2 0.32442 0.41977 1.12665 1.24474 15885 0.01058 0.10415
11208 0.51596 0.37129 1.46939 131305 156742 0.00511 0.06246
Ifit3 5.62597 5.7258 18.9572 161581 154371 9.1E-10 1.1E-07
Bax 19.3159 201218 635529 57.6248 153475 6.9E-14 17E-11
Ifit2 1.2673 1.2903 3.43527 437491 153168 4.4E-06 0.00022
Dhx58 2.09324 163971 5.78598 520742 1.48817 1E-05 0.00044
Oaslg 1.38332 0.63174 241839 343009 146695 0.00484 0.05975
ElovI7 0.33201 0.32851 0.94991 0.96054  1.44975 0.01063 0.1046

Stasia3 0.16744 0.19881 0.55539 047724  1.40904 0.02147 0.17002
Stk11 36.2009 31.8799 95.4247 021361  1.38026 1.7E-16 6.3E-14
Tnfrsfi2a 14,5636 14.1941 40.1213 38.026 1.35899 4.26-09 4.4E-07
Bst2 44.4471 40.2121 115.107 113833  1.35354 1.7E-12 3.3E-10
Irf7 6.125 7.81658 19.403 17.9777  1.33654 1.5E-00 1.7E-07
Oasla 1.59964 150918 4.97001 325660  1.31544 0.00189 0.03003
Trimé 0.5497 0.43513 1.35062 121239 1.20768 0.00952 0.09716
11204 4.42854 2.8407 9.79282 833205  1.23695 3.7E-05 0.00134
Ythdf2 3.48156 410029 8.60634 097516  1.21173 6.5E-07 4.2E-05
Gal3stl 4.62764 4.20966 13.0664 816772 117516 0.00012 0.00358
Xafl 3.42923 291222 8.18511 6.81662 1.1582 4.8E-05 0.00167
XKr6 1.86888 1.07737 3.14441 354015  1.10647 0.00132 0.02314
Oas3 0.62398 0.92612 1.88902 164844 110198 0.00614 0.07132
Smpd1 7.23914 6.55884 17.4383 138503  1.09555 2 9E-06 0.00016
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Cdc34
Gbp3
ClIné

37.6652
4.3141
3.83029

40.1187
4.65675
4.50261

79.7164
11.0574
11.5828

93.3154
8.54349
6.49837

1.07348
1.03993
1.02362

5.7E-08
6.4E-05
0.00148

4.9E-06
0.00213
0.02537

Supplementary Table 2. GO analysis of up- and downregulated genes related to apoptosis in the liver of control
mice and METTL3%"" mice (GPT) at 1 week after birth from RNA-seq data deposited in GEO under accession
number GSE198512.

Supplementary Table 3. Heatmap (RNA-seq results deposited in NCBI GEO under the accession number
GSE198512) depicts the differential expression of hepatic lipid metabolism-related genes in the liver of control
mice and METTL3%"¢? mice (GPT) at 2 week after birth.

Gene WT1 WT2 KO1 KO2 (5"%5&) (5 xié‘ii) @ 5535@
Ucp3 0.238358 0.208127 8.833701 7.629526 487111 1.12E-19 5.16E-17
Fa2h 0.03345 0.068151 2.081482 1.476251 4.792228 6.1E-06 0.000154
Acotl 0.223307 0.227482 7.465077 5.631563 4.520973 5.61E-17 1.66E-14
Plin4 0.854425 0.590103 9.125791 8.554477 3.282266 1.42E-24 9.14E-22
Cypdals 46.62122 66.61264 424.1761 402.966 2.545859 7.78E-27 6.06E-24
Cox6al 125.0357 124.3606 827.6662 787.7966 2.368635 1.03E-27 1.02E-24
Ephx1 27.53036 26.92334 172.3829 167.3779 2.315567 7.05E-25 4.74E-22
Elovl7 0.124631 0.169281 0.873845 0.79332 2.177054 0.004941 0.033264
Aldhlbl 8.63316 10.82695 55.12664 53.41392 2.156227 5.05E-18 1.87E-15
Gstpl 31.93338 38.1392 169.6623 165.6048 1.934893 2.37E-15 5.39E-13
St3gal2 0.758482 0.772664 3.772512 3.122116 1.83633 2.95E-06 8.25E-05
Lpinl 4.764546 2.38878 16.06183 15.6806 1.817315 1.72E-08 9.35E-07
Cox8a 85.80433 103.6129 463.9461 342.1794 1.750053 5.72E-14 1.11E-11
Uqcrl0 92.51009 91.57587 413.1307 315.5849 1.645475 4.94E-13 8.13E-11
Cyp4a32 9.915687 13.81963 51.04447 38.97994 1.587408 5.8E-09 3.67E-07
Ndufs4 8.885538 10.15189 39.75545 29.99852 1.534864 8.05E-09 4.84E-07
Pla2g12a 2.117361 2.10019 7.422914 6.715244 1.415196 2.67E-05 0.000524
Aigl 1.297387 0.952363 4.130259 3.303339 1.384628 0.00025 0.003247
Cpt2 14.5137 15.39368 55.28562 43.27706 1.383201 4.08E-09 2.8E-07
Ndufal 43.96642 53.09771 175.7555 139.6357 1.365025 1.39E-07 5.96E-06
Abhd5 2.191525 2.60907 8.122598 6.991736 1.323826 4.42E-05 0.000791
Uqgcrfsl 43.54386 55.26069 171.0383 137.133 1.307011 1.68E-08 9.16E-07
ClIné 2.257103 2.378594 7.230674 6.572622 1.24507 0.000847 0.008632
Uqcrll 93.96624 81.68761 265.6622 238.901 1.190735 3.23E-07 1.2E-05
Ndufb6 17.96163 20.8746 60.86244 50.7786 1.190636 3.04E-05 0.000585
Pigh 0.755678 0.532944 2.012382 1.652725 1.169531 0.038167 0.144255
Slc27a4 1.295387 1.319609 3.910555 3.315697 1.133227 0.002177 0.018207
Glul 103.8083 103.6204 293.8769 272.5464 1.121003 9.75E-08 4.34E-06
Por 47.90822 40.49286 121.7526 116.4795 1.101938 1.33E-06 4.11E-05
Ndufa6 111.639 120.3985 332.1489 266.3101 1.031083 4.19E-06 0.000111
Plbd1l 11.2196 11.42939 29.46423 27.81046 1.011264 7.8E-05 0.001259
Mif 80.02286 80.52849 220.6324 185.5917 1.005428 1.16E-05 0.000263
Abca8h 23.3126 22.53592 15.18619 13.53362 —1.00581 4.68E-06 0.000122
Pik3cd 3.591082 3.813533 1.915132 2.487126 —1.06062 0.001792 0.015637
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Gpat2 3.013291 3.489691 1.66797 2.126703 —1.08843 0.010319 0.056554

Mapk12 12.31162 11.91249 5.878602 7.715077 —1.14421 0.000438 0.005186
Cycs 5.525113 6.743234 2.503077 4.281489 —1.1492 0.002193 0.018273
Myoba 0.377536 0.290261 0.181051 0.157188 —1.31634 0.022796 0.100931
Cyp3ad4 21.96516 21.38043 10.79845 7.067439 —1.62595 4.67E-09 3.14E-07
Insigl 15.39186 12.68857 5.36348 5.613553 —1.67947 5.83E-09 3.67E-07
Sult2a8 37.30261 38.43599 14.42051 10.10193 —1.97023 2.1E-15 4.85E-13
Cyp2a22 210.8488 240.1306 54.05589 54.44093 —2.37754 1.64E-27 1.51E-24
Gramdlc 25.38095 26.94701 4.507379 4.304201 —2.89678 9.74E-32 1.31E-28
Sult2a6 4.337 3.534477 0.76022 0.515323 —2.96958 2.23E-05 0.000451
Cyp2b13 28.05246 25.31623 6.818662 1.622453 —3.05736 0.00027 0.003446
Sult2ab 20.95882 17.9411 0.838131 4.125752 —3.22379 0.002984 0.023034
Cyp3adlb 0.888497 0.493697 0.035396 0.137106 —3.29321 0.005464 0.035603
Cyp3al6 40.57036 39.70919 3.67397 2.944363 —3.93658 5.26E-47 2.6E-43
Rdh16f2 39.80057 38.73235 3.811675 2.628526 —3.95037 1.28E-39 4.73E-36

Supplementary Table 4. GO analysis of up- and downregulated genes related with hepatic lipid metabolism in
the liver of control mice and METTL32"P mice (GPT) at 2 weeks after birth from RNA-seq data deposited
in GEO under accession number GSE198512.

Supplementary Table 5. Heatmap (RNA-seq data deposited in NCBI GEO under the accession number
GSE176113) depicts the differential expression of genes involved in cell cycle, hepatic lipid metabolism and
cytochrome P450.

Supplementary Table 6. GO analysis of up- and downregulated genes derived from RNA-seq data deposited in
NCBI GEO under the accession number GSE176113 related with hepatic lipid metabolism in the liver of control
mice and METTL32"P mice (JAX).

Supplementary Table 7. GO analysis of up-regulated genes in the liver of control mice and METTL32"" mice
(JAX) from RNA-seq data deposited in NCBI GEO under the accession number GSE197800.

Supplementary Table 8. GO analysis of up-regulated genes in the liver of control mice and METTL32"? mice
(JAX) from RNA-seq data deposited in NCBI GEO under the accession number GSE176113.

Supplementary Table 9. GO analysis of up-regulated genes in the liver of control mice and METTL32"" mice
(GPT) at 1 week after birth from RNA-seq data deposited in NCBI GEO under the accession number GSE198512.

Supplementary Table 10. GO analysis of up-regulated genes in the liver of control mice and METTL32"" mice
(GPT) at 2 weeks after birth from RNA-seq data deposited in NCBI GEO under the accession number GSE198512.

Supplementary Table 11. Primers for qRT-PCR analysis of mouse gene expression.

Gene Forward Primer (5'-3") Reverse Primer (5'-3")
Abcd3 GGCCTGCACGGTAAGAAAAGT CCGCAATAAGTAACAAGTAGCCT
Abcg8 CTGTGGAATGGGACTGTACTTC GTTGGACTGACCACTGTAGGT
Acaala TCTCCAGGACGTGAGGCTAAA CGCTCAGAAATTGGGCGATG
Acaa? CTGCTACGAGGTGTGTTCATC AGCTCTGCATGACATTGCCC
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Acadll
Adh7
Ang
Apoa2
Apoa5
Apof
Avprla
Bax
Bcl2
Bcl2al
Bdh2
Bik
Ccna2
Ccnbl
Ccnb2
Ccndl
Cdk1
Ceslb
Cesld
Cesle
Cptla
Cyp7al
Dolk
Gapdh
Hmgcr
Ki67
Mettl3
Rdh16f2
Slc10a5
Smpd1l
Smpd?2
Smpd3
Spticl
Sptlc2
Srebfl
Survivin4Q
Triapl
Xbpl

TGACACCGTGGAAGTGCTAC
ATGGGCACCGCTGGAAAAG
CCAGGCCCGTTGTTCTTGAT
TGGTCGCACTGCTGGTAAC
TCCTCGCAGTGTTCGCAAG
ATAGCCTCCGACTCATCCTGA
TGAGTTTCGTTCTGAGCATACC
GTGAGCGGCTGCTTGTCTGG
GAGGATTGTGGCCTTCTTTG
GGCTGAGCACTACCTTCAGTA
CGACTGGACGGCAAAGTTATT
CCTGCATCGGCGATGAGATG
TGAATCACCACATGCTAT
CTCTGTAGTGAATATGTG
CTCCATGTAGCCTGTGTAA
TGCCATCCATGCGGAAA
GACAATCAGATTAAGAAGA
TACCTCCCCTGTTTTCCGAAG
ATGCGCCTCTACCCTCTGATA
CAACTTCTGGAATTGATTGGGGA
CTCCGCCTGAGCCATGAAG
GGGATTGCTGTGGTAGTGAGC
CAGTGTGGGACCGATACTCCT
CCTGCTTCACCACCTTCTTG
AGCTTGCCCGAATTGTATGTG
AGAAGTCCAGGTCTACAG
ATCCAGGCCCATAAGAAACAG
TCTTGGGCAGAGTGTCACTTG
CAGCTACCTGCTCGTGAAGTT
TGGGACTCCTTTGGATGGG
TGGGACATCCCCTACCTGAG
TTCTTCGCCAGCCGCTA
ACGAGGCTCCAGCATACCAT
AACGGGGAAGTGAGGAACG
TGACCCGGCTATTCCGTGA
GAGGCTGGCTTCATCCACTG
GAGTACGACCAGTGCTTCAAC
AGCAGCAAGTGGTGGATTTG

CCCGGCAAGTGCTGATTCA
TAACACGGACTTCCTTAGCCT
GGAAGGGAGACTTGCTCATTC
TTTGCCATATTCAGTCATGCTCT
CGAAGCTGCCTTTCAGGTTCT
TCTGCATCTGGTATCCCAACTT
CCCAGCAATCTTGGGCTTTG
CTTCCAGATGGTGAGCGAGG
CGTTATCCTGGATCCAGGTG
TGGCGGTATCTATGGATTCCAC
CCTGGAGTTTGGACTCGTTGA
CTCTGACACCTGTCCGGCTG
TAACCTCCATTTCCCTAAG
CATCTGAACCTGTATTAG
TCTTGCCTGTCTCAGAAG
AGCGGGAAGAACTCCTCTTC
AACTATACAAGACAGGAA
GATGCTCCGCCTGTCATCAAT
AGCAAATCTCAAGGAGCCAAG
GGGCTCCGGCATCTCTATG
CACCAGTGATGATGCCATTCT
GGTATGGAATCAACCCGTTGTC
CCAAGCAAAGGCATGACCA
CATGGCCTTCCGTGTTCCTA
TCTGTTGTGAACCATGTGACTTC
TCGTTGCTATTGCTAAGG
CTATCACTACGGAAGGTTGGG
TGCCAGGTATTTCTCTCCATAGA
AGGTTGACGGTAAAGTCTGTGA
CGGCGCTATGGCACTGAAT
TAGGTGAGCGATAGCCTTTGC
CCACCTGCACCTTGAGAAA
TCAGAACGCTCCTGCAACTTG
CAGCATGGGTGTTTCTTCAAAAG
CTGGGCTGAGCAATACAGTTC
CTTTTTGCTTGTTGTTGGTCTCC
CTTGATTGCTTTCTGCACGCA
GAGTTTTCTCCCGTAAAAGCTGA

Supplementary Table 12. List of antibodies and suppliers Used for immunoblotting and immunohistochemistry.

Antibody Cat. No. Suppliers

Mettl3 ab195352 Abcam

Ki67 ab16667 Abcam

Gapdh 10494-1-AP Proteintech
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