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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 (METTL3Δhep) by simultaneously crossing METTL3fl/fl 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 
METTL3fl/fl 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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INTRODUCTION 
 

It is well known that the liver is an essential organ in 

vertebrates with multiple complex functions, such as 

material metabolism (e.g., lipid, glucose, vitamin, drug 

and hormone metabolism) and detoxification [1–4]. 

 

The liver plays a unique role in controlling whole body 

lipid homeostasis, including the synthesis of new fatty 

acids (FA), hepatic uptake of circulating free FA, FA 

oxidation, the biosynthesis of triglycerides (TG) from 

glucose and amino acids in liver, and TG secretion [5], 

etc, and the disruption of one or more of these 

pathways essential for the aforementioned complex 

processes might lead to lipid metabolism abnormality, 

which is often a major contributing factor to metabolic 

diseases such as nonalcoholic fatty liver disease 

(NAFLD) [6]. 

 

In recent years, accumulated evidence has illustrated 

that hepatic cholesterol accumulation, as 

characterized by increased cholesterol synthesis, 

elevated uptake from circulating lipoproteins and 

decreased cholesterol excretion, contributes to the 

pathogenesis of NAFLD [7–9]. Therefore, identifying 

the key regulators of hepatic lipid metabolism will be 

critical for developing effective prevention and 

treatment approaches for NAFLD. 

 

In recent years, RNA modifications have emerged as a 

new layer of epigenetic modulation, among which N6-

methyl-adenosine (m6A) is the most prevalent 

messenger RNA modification in eukaryotes [10–13]. 

m6A modification is dynamically reversible, and m6A is 

deposited by the m6A methyltransferase complex (i.e., 

METTL3/METTL14/WTAP complex) and erased by 

m6A demethylases (e.g., FTO and ALKBH5) [10–13]. 

m6A modification is recognized by m6A reader proteins 

(i.e., YTHDC1/2, YTHDF1/2/3 and IGF2BP1/2/3), and 

are thus involved in various steps of RNA metabolism, 

including the stability, translation, nuclear exportation, 

splicing, and biogenesis and maturation of m6A-

containing mRNAs [10–13]. 

 

With deeply understanding the biochemical processes 

of m6A modification in the past decade, more and 

more studies have moved forward to examine the 

functional significance of m6A modification in various 

physiological and pathological processes, including 
DNA damage repair, meiosis, circadian clock, and 

cancer development and progression [10–13]. 

Recently, increasing evidence has shown that m6A 

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 METTL3Δhep mice 
(GPT), which are about to die, exhibited the severe destruction of liver histological structure, suggesting that 
METTL3Δhep 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 METTL3Δhep (GPT), the proliferation of METTL3Δhep hepatocytes (GPT), unlike 
METTL3Δhep 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 METTL3Δhep livers (GPT), unlike METTL3Δhep 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 METTL3Δhep hepatocytes (GPT) observed in vivo. Thus, obviously, the loss of the compensatory 
growth capacity of METTL3Δhep hepatocytes (GPT) in response to liver injury might contribute to, at least 
partially, ALF and subsequently postnatal lethality of METTL3Δhep mice (GPT). 
Significance: These findings from this study and other labs provide strong evidence that these phenotypes (i.e., 
ALF and postnatal lethality) of METTL3Δhep 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. 
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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 (METTL3Δhep) by simultaneously crossing 

METTL3fl/fl 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 (METTL3Δhep) 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 (METTL3Δhep) 

by crossing METTL3fl/fl 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, qRT-PCR and immunochemistry revealed 

that livers from METTL3fl/fl; Alb-iCre mice (GPT) 

(Referred to as METTL3Δhep 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 METTL3 in liver and the 

underlying mechanisms, we want to attain the offspring 

with the genotype (i.e., METTL3Δhep (GPT)) from 

intercrossing METTL3fl/fl mice and METTL3fl/wt; Alb-

iCre (GPT) mice. Surprisingly, mice with the genotype 

(i.e., METTL3Δhep (GPT)) are always absent from the 

offspring (total: 18 mice) from intercrossing 

METTL3fl/fl mice and METTL3fl/wt; 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., METTL3Δhep 

(GPT)) from the 51 newborn progeny derived from 

mating METTL3fl/fl mice with METTL3fl/wt; Alb-iCre 

mice (GPT) (Figure 1G). METTL3Δhep mice (GPT) 

were born at almost expected Mendelian ratios (Figure 

1G), excluding the possibility of the prenatal lethality. 

Furthermore, all the METTL3Δhep mice (GPT) died 

within 9 weeks after birth, regardless of whether they 

were male or female, however, Alb-iCre mice (GPT), 

METTL3fl/wt mice, METTL3fl/wt; Alb-iCre (GPT) mice 

and METTL3fl/fl 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., METTL14fl/fl; Alb-

iCre (GPT): referred to as METTL14Δhep (GPT)) from 

intercrossing METTL14fl/fl mice and METTL14fl/wt; 

Alb-iCre (GPT) mice (Supplementary Figure 2A). 

Unexpectedly, mice with the genotype (i.e., 

METTL14Δhep (GPT)) are always absent from the 

offspring (total: 39 mice) from intercrossing 

METTL14fl/fl mice and METTL14fl/wt; 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 METTL3fl/fl; Alb-iCre mice (GPT) (Referred to as METTL3Δhep mice (GPT)). (B) qRT-PCR assay of METTL3 mRNA 
expression in the livers of control mice and METTL3Δhep mice (GPT). (C, D) Immunohistochemistry (IHC) staining of METTL3 in the livers of 7- 
or 14-day-old control mice and METTL3Δhep 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 METTL3fl/fl mice and METTL3fl/wt; Alb-iCre (GPT) mice. (F) PCR-based genotyping 
during the late postnatal period displays the absence of offspring with the genotype (i.e., METTL3Δhep (GPT)) from intercrossing METTL3fl/fl 
mice and METTL3fl/wt; Alb-iCre (GPT) mice. (G) PCR-based genotyping during the early postnatal period exhibits the number of offspring 
with indicated genotypes from intercrossing METTL3fl/fl mice and METTL3fl/wt; Alb-iCre (GPT) mice. (H) Survival curves of WT, Alb-iCre (GPT), 
METTL3fl/wt, METTL3fl/wt; Alb-iCre (GPT), METTL3fl/fl and METTL3Δhep (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., 

METTL14Δhep (GPT)) from the 21 newborn progeny 

derived from mating METTL14fl/fl mice with 

METTL14fl/wt; Alb-iCre (GPT) mice (Supplementary 

Figure 2C). METTL14Δhep mice (GPT) were born at 

almost expected Mendelian frequencies (Supplementary 

Figure 2C), excluding the possibility of the prenatal 

lethality. Moreover, METTL14fl/wt mice, METTL14fl/fl 

mice and METTL14fl/wt; Alb-iCre (GPT) mice were fertile 

and survived without discernible defects in development 

(Supplementary Figure 2). Together, hepatocyte-specific 

METTL14 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 METTL3Δhep mice (GPT) before death. Before 

METTL3Δhep mice (GPT) were about to die, we found 

that all the METTL3Δhep 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 

METTL3Δhep mice (GPT) were relatively stiff, and they 

appeared a pale color (Figure 2B). The destruction of 

normal liver histological structure of METTL3Δhep 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 METTL3Δhep 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 METTL3Δhep mice (GPT) 

disappeared due to the compression from severe 

hepatocyte edema and the liver of METTL3Δhep mice 

(GPT) displayed the disordered structure in the portal 

area (Figure 2C). METTL3Δhep 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 METTL3Δhep mice (GPT), which are 

about to die, exhibit the severe destruction of liver 

histological structure, suggesting that METTL3Δhep 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 METTL3Δhep 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 

METTL3Δhep mice (GPT) at both 7 and 14 days 

postnatally. METTL3Δhep 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 METTL3Δhep mice (GPT) is slightly increased (Figure 

2G). Moreover, compared with control group, the 

activities of serum alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) in METTL3Δhep 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 METTL3Δhep mice (GPT) at different 

time points postnatally. The destruction of liver 

histological structure of METTL3Δhep 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 METTL3Δhep mice (GPT) showed 

mild-to-moderate hepatocyte edema and significantly 

compressed hepatic sinusoids (Figure 3A). In the liver 

of 7-day-old METTL3Δhep 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 METTL3Δhep 

mice (GPT), microscopic examination revealed 

hypertrophy of hepatocytes in METTL3Δhep livers 

(GPT), with both cell and nuclear size enlarged  

(Figure 3C). Mild edema and fat vacuoles were 

observed in the cytoplasm of METTL3Δhep hepatocytes 

(GPT), and the structure of hepatic cords and hepatic 

sinusoids of METTL3Δhep 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 METTL3Δhep 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 METTL3Δhep mice (GPT) at 21 days after birth. (B) Representative gross appearance of 

livers from control mice and METTL3Δhep mice (GPT) at 21 or 22 days postnatally. (C) Representative H&E staining photographs of liver 
sections from control mice and METTL3Δhep mice (GPT) at 21 days postnatally. Scale bar = 100 μm. (D) Representative appearance of control 
mice and METTL3Δhep 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 METTL3Δhep mice (GPT) at 7, 14 or 21 days after birth. (H, I) Serum levels of AST (H) and ALT (I) of control mice and 
METTL3Δhep 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 METTL3Δhep mice (GPT) at 4 (A), 7 (B) 

and 14 (C) days postnatally. Scale bar = 100 μm. (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 METTL3Δhep 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 METTL3Δhep mice (GPT) at 2 weeks after birth. (F) qRT-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 METTL3Δhep 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 

METTL3Δhep mice (GPT) (Figure 3C). 
 

As described above, the eosinophilic necrosis (i.e., 

apoptosis) was observed in scattered hepatocytes of 

METTL3Δhep mice (GPT) (Figure 2C and Figure 3A–

3C). Therefore, we evaluated whether these hepatocytes 

of METTL3Δhep mice (GPT) underwent apoptosis 

induced by hepatocyte-specific METTL3 loss. The 

nuclei of >0.5%–2.0% of the hepatocytes of 

METTL3Δhep 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 qRT-PCR results revealed the 

downregulation of anti-apoptosis genes such as survivin 

40 and Bcl2a1, and the upregulation of pro-apoptosis 

genes such as Bax and Bik (Figure 4C). 
 

RNA-seq results from METTL3Δhep mouse liver 

(GPT) revealed the significant upregulation of a 

number of pro-apoptosis and interferon response 

genes such as Bax, Tnfrsf10b, Tnfrsf12a, Smpd1, 

Ifi204, Ifi206, Ifi208, Ifi211, Ifi213, Ifi27l2a, 

Ifi27l2b, Ifit1, Ifit3, Irf7, Isg15, Oas1a, Oas1g 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 I 

interferon, cellular response to interferon-alpha, 

cellular response to interferon-beta, regulation of 

type I interferon-mediated signaling pathway, 

positive regulation of type I interferon-mediated 

signaling pathway, negative regulation of type I 

interferon-mediated signaling pathway, regulation of 

type I interferon production, positive regulation of 

type I 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 

METTL3Δhep 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 METTL3Δhep 

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 

METTL3Δhep mice (GPT) at 1 week and 2 weeks after 

birth showed that the fat vacuoles of varying sizes 

were observed in METTL3Δhep 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 METTL3Δhep mice (GPT). 
 

To dissect the molecular events underlying the 

abnormal lipid accumulation in the hepatocytes of 

14-day-old METTL3Δhep mice (GPT), we further 

analyzed a publicly available gene expression dataset 

(from GEO database: GSE198512) of the liver of 14-

day-old METTL3Δhep mice (GPT). As we expected, 

GO analysis of the 2312 genes displaying significant 

changes in the expression of 14-day-old METTL3Δhep 

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 METTL3Δhep 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 Acad11), 

cholesterol efflux (i.e., Apof and Ces1b), lipid 

metabolic process (i.e., Rdh16f2), lipid transport (i.e., 

Slc10a5 and Xbp1), and lipid biosynthetic process 

(i.e., Ang and Hmgcr) were significantly altered in 

the livers of METTL3Δhep 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 METTL3Δhep 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 METTL3Δhep mice (GPT) at 7 or 14 days after birth. Scale bar = 100 μm. (C) qRT-PCR analysis of the expression of apoptosis-related genes in the liver 
of METTL3Δhep mice (GPT). (D) Hierarchical clustering of differentially expressed genes (DEG) related to apoptosis in the liver of control mice and METTL3Δhep 

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 METTL3Δhep 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 number GSE198512) in the liver of control mice and METTL3Δhep mice (GPT) at 1 week 
after birth. 
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Generation of hepatocyte-specific METTL3 

homozygous knockout (METTL3Δhep) 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 (METTL3Δhep) by crossing METTL3fl/fl 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, 

qRT-PCR and Western blot illustrated that livers from 

METTL3fl/fl; Alb-Cre mice (JAX) (Referred to as 

METTL3Δhep mice (JAX)) showed a dramatic decrease 

in mRNA (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., METTL3fl/fl mice) 

and METTL3Δhep mice (JAX) survived (Figure 5D, 5E) 

without discernible defects in development (Figure 5F), 

while both control mice (i.e., METTL14fl/fl mice) and 

METTL14Δhep 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 

METTL3Δhep 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 METTL3Δhep 

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 METTL3Δhep 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 

METTL3Δhep mice (JAX) (Figure 6A). Therefore, we 

evaluated whether these hepatocytes of METTL3Δhep 

mice (JAX) underwent apoptosis induced by 

hepatocyte-specific METTL3 loss. The nuclei of  

>0.6–4% of the hepatocytes of METTL3Δhep 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 METTL3Δhep livers (JAX) by qRT–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 METTL3Δhep 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 
METTL3Δhep mice (JAX) exhibited a more yellowish 

appearance than in the control group (Figure 5G). 

Consistent with this, H&E staining of liver tissues of 

METTL3Δhep 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 

METTL3Δhep mice (JAX) at both timepoints (Figure 7A, 

7B). Summarily, these findings suggest abnormal lipid 

accumulation in the hepatocytes of METTL3Δhep mice 

(JAX). 

 

To examine the molecular mechanisms underlying 

abnormal lipid accumulation observed in the 

hepatocytes of METTL3Δhep mice (JAX), we further 

analyzed a publicly available gene expression dataset 

(from GEO database: GSE176113) of the liver of 

METTL3Δhep mice (JAX). As we expected, GO analysis 

of the 495 genes displaying significant changes in the 

expression of METTL3Δhep 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, 

regulation of lipid biosynthetic process, positive 

regulation of lipid metabolic process, lipid biosynthetic 

process and regulation of lipid metabolic process 

(Figure 7D and Supplementary Table 6). In conclusion, 

our results suggest that hepatocyte-specific METTL3 

homozygous knockout by Alb-Cre mice (JAX) leads to 

the corresponding altered expression of hepatic lipid

 

 
 

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 METTL3fl/fl; Alb-Cre mice (JAX) (referred to as METTL3Δhep (JAX)). (B, C) qRT-PCR (B) and Western blot assay (C) of 
METTL3 expression in the livers of control mice and METTL3Δhep mice (JAX). (D) PCR-based genotyping during the late postnatal period 
exhibits the number of offspring with indicated genotypes from intercrossing METTL3fl/fl mice and METTL3fl/fl; Alb-Cre (JAX) mice. (E) 
Survival curves of control mice and METTL3Δhep mice (JAX) (n = 8–10 for each group). (F) Representative appearance of control mice and 
METTL3Δhep mice (JAX) at 3 months after birth. (G) Representative gross appearance of livers from control mice and METTL3Δhep mice (JAX) 
at 1 month or 3 months postnatally. 
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Figure 6. Hepatocyte-specific METTL3 homozygous ablation by Alb-Cre mice (JAX) results in apoptosis in mouse hepatocytes. 
(A) Representative TUNEL staining images of paraffin-embedded liver sections from control mice and METTL3Δhep mice (JAX) at 1 month or 3 
months after birth. Scale bar = 100 μm. (B) Quantification of TUNEL-positive hepatocytes in paraffin-embedded liver sections from control 
mice and METTL3Δhep mice (JAX). (C, D) qRT-PCR analysis of the expression of genes related with sphingolipid metabolism in the liver of 
METTL3Δhep mice (JAX). 
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Figure 7. Hepatic METTL3 homozygous knockout by Alb-Cre mice (JAX) induces lipid accumulation in mouse hepatocytes. 
(A) Representative images of H&E (upper panel A) and Oil-Red-O (ORO) (lower panel A) staining of liver sections from control 
mice and METTL3Δhep mice (JAX) at 1 month and 3 months postnatally. Scale bar = 100 μm. (B) Quantitative analysis of ORO 
staining-positive areas of frozen liver sections (shown in Figure 7A, lower panel A) relative to total liver section areas. ORO-
positive areas were quantified for each of the five random images using ImageJ Software. (C) Heatmap (RNA-seq data 
deposited in NCBI GEO under the accession number GSE176113 [20]) depicts the differential expression of genes involved in 
cell cycle, hepatic lipid metabolism and cytochrome P450. In the cluster heatmap, class comparison and hierarchical 
clustering of differentially expressed genes (DEGs) involved in cell cycle, hepatic lipid metabolism and cytochrome P450 were 
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performed between control mice and METTL3Δhep 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 METTL3Δhep mice (JAX). 

 

metabolism genes, which might account for the 

abnormal lipid accumulation in the hepatocytes of 

METTL3Δhep mice (JAX). 

 
The loss of the compensatory growth responses of 

METTL3Δhep hepatocytes (GPT) to liver injury 

contributes to, at least partially, ALF and then 

postnatal lethality of METTL3Δhep 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 

METTL3Δhep mouse livers (JAX) versus control 

(GSE197800 [16] and GSE176113 [16, 20]) (Figure 

8A, 8B) or METTL3Δhep mouse livers (GPT) versus 

control (GSE198512) [17] (Figure 8C, 8D). 

 
We wish to point out that GEO dataset (GSE198512) 

[17] is derived from METTL3Δhep mice (GPT) which 

show postnatal lethality, while GEO datasets (both 

GSE197800 [16] and GSE176113 [20]) are derived 

from METTL3Δhep mice (JAX) which show postnatal 

survival. 

 
Top20 enrichment GO terms in “biological process” 

for up-regulated DEGs in METTL3Δhep 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 METTL3Δhep 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 METTL3Δhep mice 

(JAX) observed in vivo (Figure 8E, 8F, 8I). 
 

Unexpectedly, GO analysis illustrated that DEGs in the 

livers of 1 week-old and 2 week-old METTL3Δhep 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 METTL3Δhep mice (GPT) observed 

in vivo (Figure 8G, 8H, 8J). 
 

As the compensatory growth responses of 

METTL3Δhep hepatocytes (JAX) to liver injury induced 

through hepatocyte-specific disruption of METTL3 by 

Alb-Cre mice (JAX), the increased proliferation of 

METTL3Δhep (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 8I). Conversely, 

surprisingly, as the compensatory proliferation 

responses of METTL3Δhep hepatocytes (GPT) to severe 

liver injury induced through METTL3Δhep (GPT), 

METTL3Δhep (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 METTL3Δhep mice (GPT) 

might be mainly attributed to the loss of the 
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Figure 8. The loss of the compensatory growth responses of METTL3Δhep hepatocytes (GPT) to liver injury induced by 
METTL3Δhep (GPT). (A–D) The histogram of GO term enrichment analyses based on the GO term of top20 enriched biological process 

for up-regulated DEGs according to the significance of enrichment (P-value). GO analysis of up-regulated genes in the liver of control 
mice and METTL3Δhep mice (JAX) was performed by using RNA-seq data deposited in NCBI GEO under the accession number GSE197800 
[16] (A) and GSE176113 [20] (B), respectively, while GO analysis of up-regulated genes in the liver of control mice and METTL3Δhep mice 
(GPT) at 1 week (C) and 2 weeks (D) after birth was performed by using RNA-seq data deposited in NCBI GEO under the accession 
number GSE198512 (C, D). (E, F) IHC of Ki67 in livers from control mice and METTL3Δhep mice (JAX) at 1 m and 3 m after birth (E), and 
quantification for Ki67 staining (F). (G, H) IHC of Ki67 in livers from 7-, 14- and 21- day-old control mice and METTL3Δhep mice (GPT) (G), 
and quantification for Ki67 staining (H). (I, J) qRT-PCR analysis of the expression of cell cycle-related genes in the liver of METTL3Δhep 
mice (JAX) (I) and METTL3Δhep mice (GPT) (J). 
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compensatory growth responses of METTL3Δhep 

hepatocytes (GPT) to severe liver injury induced by 

METTL3Δhep (GPT), thereby leading to postnatal 

lethality of METTL3Δhep mice (GPT). 

 

DISCUSSION 
 

In 2019, to examine the functions of METTL3 in liver 

and underlying mechanisms, hepatocyte-specific 

METTL3 homozygous knockout (METTL3Δhep) was 

achieved by simultaneously crossing METTL3fl/fl 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 (METTL3Δhep) by 

crossing METTL3fl/fl 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-ETR2 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 METTL3fl/fl 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 METTL3Δhep 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 METTL3fl/fl mice with Alb-iCre mice (GPT) 

or Alb-Cre-ETR2 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-ETR2 

mice (Beijing Biocytogen), resulted in postnatal 

lethality [17]. Additionally, our findings in this study 

clearly illustrated that METTL3Δhep mice (GPT), which 

are about to die, exhibited the severe destruction of liver 

histological structure, indicating that METTL3Δhep 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 METTL3fl/wt; 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 

METTL3Δhep mice (JAX), thereby METTL3Δhep 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 METTL14fl/wt; 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 METTL14Δhep 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 METTL3Δhep mice (GPT). As 

the enhanced compensatory proliferation responses of 

hepatocytes to liver injury induced through 

METTL3Δhep (JAX), these results from this study and 

other studies [16, 20, 30] revealed that the increased 

growth of METTL3Δhep (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 METTL3Δhep 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 METTL3Δhep 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 

METTL3Δhep 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 METTL3Δhep 

livers (GPT), unlike METTL3Δhep 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 METTL3Δhep hepatocytes (GPT) 

observed in vivo. Therefore, obviously, these 

aforementioned findings clearly demonstrate that 

ALF of METTL3Δhep mice (GPT) is attributed to, at 

least partially, the loss of the compensatory growth 

capacity of METTL3Δhep hepatocytes (GPT), thereby 

leading to postnatal lethality of METTL3Δhep mice 
(GPT). However, the causes of the loss of the 

compensatory growth capacity of METTL3Δhep 

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-ps1 

(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 Eif4enif1 and Drg1 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], 

PP2Acα [42], METTL3 [17], and METTL3 and 

METTL14 (this study). Both METTL3Δhep mice (GPT) 

(this study and other lab study [17]) and METTL14Δhep 

mice (GPT) (this study) exhibit postnatal lethality, 

whereas both FGF4Δhep mice (GPT) [41] and 

PP2AcαΔhep 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 PP2Acα [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 METTL3Δhep 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-
ps1Tg(Alb-cre)21Mgn/J; https://www.jax.org/strain/003574) 

were obtained from Model Animal Research Center of 

Nanjing University. Alb-iCre mice (GPT) 

(C57BL/6JGpt-H11em1Cin(Alb-iCre)/Gpt; Strain No. 

T003814; https://www.gempharmatech.com/shop/ 

detail/6902.html) were purchased from the 

GemPharmatech Co., Ltd., (Nanjing, China). 

 

METTL3fl/wt 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. 

METTL3fl/fl mice, in which exon 4 of the METTL3 

allele is flanked by loxP sites, were obtained by mating 

METTL3fl/wt mice and METTL3fl/wt mice. 

METTL3fl/fl/Alb-Cre mice (hereinafter referred to as 

METTL3Δhep (JAX)) were generated by crossing 

METTL3fl/fl mice with Alb-Cre mice (JAX), while 

METTL3fl/fl/Alb-iCre mice (hereinafter referred to as 

METTL3Δhep (GPT)) were generated by crossing 

METTL3fl/fl 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 

PCR using 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 

METTL3 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 

METTL3. 

 

RNA extraction, reverse transcription (RT) and 

quantitative 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). qRT-PCR 

was performed using the SYBR Green qPCR 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 2ΔΔCt 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 μm 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 µm 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 100× 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. 

Detian Yuan (School of Basic Medical Sciences, 

Cheeloo College of Medicine, Shandong University, 

Jinan, China) [16] and Prof. Kalpana Ghoshal (College 

of Medicine, The Ohio State University, Columbus, 

Ohio) [20] have been deposited in the NCBI Gene 

Expression Omnibus (GEO) database under the 

accession No. GSE198512, GSE197800 and 

GSE176113, respectively. 

 

AUTHOR CONTRIBUTIONS 
 

Xiao-Lin Lin, Dong Xiao, Jun-Shuang Jia and Ai-Bing 

Wu conceived the project idea, designed the 

experiments, and wrote the paper; Shi-Hao Huang, 

Ying-Chun Li, Bing-Jie Wang, Yong-Long Li, Ling-Jun 

Shen and Jin-Ge Cong performed experiments and 

analyzed the data; Guan-Qi Dai and Zhi-Hao Zhou 

performed the bioinformatics analyses. Dan-Hua He, 

Zhan-Lin Zhao, Ying Zhou, Qi-Wen Li and Han-Zhang 

Shen performed few experiments and performed 

statistical analyses of the data; Jing Li, Jia-Wei Xia, 

Liu-Xin Han, Wen-Tao Zhao and Xu-Dong Xiang 

provided general and administrative support. Tao-Yan 

Lin and Yan Sun assisted with the analyses of results 

and helped revise the manuscript. All authors approved 

the final manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors declare no conflicts of interest related to 

this study. 

 

ETHICAL STATEMENT 
 

All animal experiments were conducted in accordance 

with the National Institutes of Health Guide for the Care 

and Use of Laboratory Animals and were approved by 

the Animal Care and Use Committee of Southern 

Medical University. (Protocol number L2021144). 

 

FUNDING 
 

This work was supported by the National Natural 

Science Foundation of China (Grant No. 82173299, 

81872209, 81672689, 81372896 and 81172587, to D. 

Xiao; Grant No. 81770100 and 81600086, to Y. Sun; 

Grant No. 81870602 and 81600488, to X.-L. Lin; Grant 

No. 81702778, to J.S. Jia; Grant No. 82060425, to W.T. 

Zhao; Grant No. 82203251, to T.-Y. Lin), the Natural 

Science Foundation of Guangdong Province of China 

(Grant No. 2022A1515012477 and 2014A030313294, 

to D. Xiao; Grant No. 2021A1515111127, to T.Y. Lin; 

Grant No. 2022A1515012467, to J.J. Jia; Grant No. 

2023A1515011844, to X.-L. Lin; Grant No. 

2022A1515010018 and 2023A1515010331, to A.B. 

Wu), the Science and Technology Planning Project of 

Guangdong Province of China (Grant No. 

2017A010105017, 2013B060300013 and 

2009B060300008, to D. Xiao; Grant No. 

2017A030303018, to J.S. Jia; Grant No. 

2015A030302024, to X.-L. Lin), the China Postdoctoral 

Science Foundation (Grant No. 2018T110884, 

7235



www.aging-us.com 20 AGING 

2017M622740, 2016T90792, 2015M572338 to X.L.), 

the Guangzhou Basic and Applied Basic Research 

Foundation (202201010909 to T.Y. Lin), the President 

Foundation of Nanfang Hospital (Grant No. 2020C002 

to T.Y. Lin), the Natural Science Foundation of Hunan 

Province of China (Grant No. 2023JJ40092, to J. Li), 

the Basic Research Foundation of Yunnan Province 

Local Universities (Grant No. 202001BA070001-063 to 

JWX; Grant No. 202001BA070001-043 to L.X. Han), 

the Basic Research Foundation of Yunnan Province 

(Grant No. 202201AT070044, to W.T. Zhao), Yunnan 

Xingdian Talent Project “Young talents” to W.T. Zhao, 

the Applied Basic Research Foundation of Yunnan 

Province Science and Technology Department and 

Kunming Medical University of China (Grant No. 

202301AY070001-250, to X.D. Xiang) and the 

Science and Technology Planning Project of Kunming 

City of China (Grant No. 2019-1-S-25318000001329 

to JWX). 

 

REFERENCES 
 
1. Ober EA, Lemaigre FP. Development of the liver: 

Insights into organ and tissue morphogenesis. 
J Hepatol. 2018; 68:1049–62. 
https://doi.org/10.1016/j.jhep.2018.01.005 
PMID:29339113 

2. Lin X, Qin Y, Jia J, Lin T, Lin X, Chen L, Zeng H, Han Y, 
Wu L, Huang S, Wang M, Huang S, Xie R, et al. MiR-
155 Enhances Insulin Sensitivity by Coordinated 
Regulation of Multiple Genes in Mice. PLoS Genet. 
2016; 12:e1006308. 
https://doi.org/10.1371/journal.pgen.1006308 
PMID:27711113 

3. Lin X, Chen L, Li H, Liu Y, Guan Y, Li X, Jia Z, Lin X, Jia J, 
Sun Y, Xiao D. miR-155 accelerates proliferation of 
mouse hepatocytes during liver regeneration by 
directly targeting SOCS1. Am J Physiol Gastrointest 
Liver Physiol. 2018; 315:G443–53. 
https://doi.org/10.1152/ajpgi.00072.2018 
PMID:29792529 

4. Lin X, Jia J, Du T, Li W, Wang X, Wei J, Lin X, Zeng H, 
Yao L, Chen X, Zhuang J, Weng J, Liu Y, et al. 
Overexpression of miR-155 in the liver of transgenic 
mice alters the expression profiling of hepatic genes 
associated with lipid metabolism. PLoS One. 2015; 
10:e0118417. 
https://doi.org/10.1371/journal.pone.0118417 
PMID:25799309 

5. Ipsen DH, Lykkesfeldt J, Tveden-Nyborg P. Molecular 
mechanisms of hepatic lipid accumulation in non-
alcoholic fatty liver disease. Cell Mol Life Sci. 2018; 
75:3313–27. 
https://doi.org/10.1007/s00018-018-2860-6 

PMID:29936596 

 6. Tilg H, Adolph TE, Dudek M, Knolle P. Non-alcoholic 
fatty liver disease: the interplay between metabolism, 
microbes and immunity. Nat Metab. 2021; 3:1596–607. 
https://doi.org/10.1038/s42255-021-00501-9 
PMID:34931080 

 7. Deng KQ, Huang X, Lei F, Zhang XJ, Zhang P, She ZG, 
Cai J, Ji YX, Li H. Role of hepatic lipid species in the 
progression of nonalcoholic fatty liver disease. Am J 
Physiol Cell Physiol. 2022; 323:C630–9. 
https://doi.org/10.1152/ajpcell.00123.2022 
PMID:35759443 

 8. Min HK, Kapoor A, Fuchs M, Mirshahi F, Zhou H, 
Maher J, Kellum J, Warnick R, Contos MJ, Sanyal AJ. 
Increased hepatic synthesis and dysregulation of 
cholesterol metabolism is associated with the 
severity of nonalcoholic fatty liver disease. Cell 
Metab. 2012; 15:665–74. 
https://doi.org/10.1016/j.cmet.2012.04.004 
PMID:22560219 

 9. Musso G, Gambino R, Cassader M. Cholesterol 
metabolism and the pathogenesis of non-alcoholic 
steatohepatitis. Prog Lipid Res. 2013; 52:175–91. 
https://doi.org/10.1016/j.plipres.2012.11.002 
PMID:23206728 

10. Boulias K, Greer EL. Biological roles of adenine 
methylation in RNA. Nat Rev Genet. 2023; 24:143–60. 
https://doi.org/10.1038/s41576-022-00534-0 
PMID:36261710 

11. Huang H, Weng H, Chen J. m6A Modification in Coding 
and Non-coding RNAs: Roles and Therapeutic 
Implications in Cancer. Cancer Cell. 2020; 37:270–88. 
https://doi.org/10.1016/j.ccell.2020.02.004 
PMID:32183948 

12. Sendinc E, Shi Y. RNA m6A methylation across the 
transcriptome. Mol Cell. 2023; 83:428–41. 
https://doi.org/10.1016/j.molcel.2023.01.006 
PMID:36736310 

13. Zhao Z, Meng J, Su R, Zhang J, Chen J, Ma X, Xia Q. 
Epitranscriptomics in liver disease: Basic concepts and 
therapeutic potential. J Hepatol. 2020; 73:664–79. 
https://doi.org/10.1016/j.jhep.2020.04.009 
PMID:32330603 

14. Luo P, Li S, Jing W, Tu J, Long X. N6-methyladenosine 
RNA modification in nonalcoholic fatty liver disease. 
Trends Endocrinol Metab. 2023; 34:838–48. 
https://doi.org/10.1016/j.tem.2023.09.002 
PMID:37758602 

15. Ilieva M, Uchida S. Epitranscriptomics in fibroblasts 
and fibrosis. Am J Physiol Cell Physiol. 2022; 
322:C1110–6. 
https://doi.org/10.1152/ajpcell.00121.2022 

7236

https://doi.org/10.1016/j.jhep.2018.01.005
https://pubmed.ncbi.nlm.nih.gov/29339113
https://doi.org/10.1371/journal.pgen.1006308
https://pubmed.ncbi.nlm.nih.gov/27711113
https://doi.org/10.1152/ajpgi.00072.2018
https://pubmed.ncbi.nlm.nih.gov/29792529
https://doi.org/10.1371/journal.pone.0118417
https://pubmed.ncbi.nlm.nih.gov/25799309
https://doi.org/10.1007/s00018-018-2860-6
https://pubmed.ncbi.nlm.nih.gov/29936596
https://doi.org/10.1038/s42255-021-00501-9
https://pubmed.ncbi.nlm.nih.gov/34931080
https://doi.org/10.1152/ajpcell.00123.2022
https://pubmed.ncbi.nlm.nih.gov/35759443
https://doi.org/10.1016/j.cmet.2012.04.004
https://pubmed.ncbi.nlm.nih.gov/22560219
https://doi.org/10.1016/j.plipres.2012.11.002
https://pubmed.ncbi.nlm.nih.gov/23206728
https://doi.org/10.1038/s41576-022-00534-0
https://pubmed.ncbi.nlm.nih.gov/36261710
https://doi.org/10.1016/j.ccell.2020.02.004
https://pubmed.ncbi.nlm.nih.gov/32183948
https://doi.org/10.1016/j.molcel.2023.01.006
https://pubmed.ncbi.nlm.nih.gov/36736310
https://doi.org/10.1016/j.jhep.2020.04.009
https://pubmed.ncbi.nlm.nih.gov/32330603
https://doi.org/10.1016/j.tem.2023.09.002
https://pubmed.ncbi.nlm.nih.gov/37758602
https://doi.org/10.1152/ajpcell.00121.2022


www.aging-us.com 21 AGING 

PMID:35508185 

16. Wang S, Chen S, Sun J, Han P, Xu B, Li X, Zhong Y, Xu 
Z, Zhang P, Mi P, Zhang C, Li L, Zhang H, et al. m6A 
modification-tuned sphingolipid metabolism 
regulates postnatal liver development in male mice. 
Nat Metab. 2023; 5:842–60. 
https://doi.org/10.1038/s42255-023-00808-9 
PMID:37188818 

17. Xu Y, Zhou Z, Kang X, Pan L, Liu C, Liang X, Chu J, 
Dong S, Li Y, Liu Q, Sun Y, Yu S, Zhang Q. Mettl3-
mediated mRNA m6A modification controls 
postnatal liver development by modulating the 
transcription factor Hnf4a. Nat Commun. 2022; 
13:4555. 
https://doi.org/10.1038/s41467-022-32169-4 
PMID:35931692 

18. Xu R, Xiao X, Zhang S, Pan J, Tang Y, Zhou W, Ji G, 
Dang Y. The methyltransferase METTL3-mediated 
fatty acid metabolism revealed the mechanism of 
cinnamaldehyde on alleviating steatosis. Biomed 
Pharmacother. 2022; 153:113367. 
https://doi.org/10.1016/j.biopha.2022.113367 
PMID:35780619 

19. Ma W, Wu T. METTL3-Mediated m6A Modification 
Links Liver Homeostasis and Pathology. Am J Pathol. 
2022; 192:18–20. 
https://doi.org/10.1016/j.ajpath.2021.10.015 
PMID:34774849 

20. Barajas JM, Lin CH, Sun HL, Alencastro F, Zhu AC, 
Aljuhani M, Navari L, Yilmaz SA, Yu L, Corps K, He C, 
Duncan AW, Ghoshal K. METTL3 Regulates Liver 
Homeostasis, Hepatocyte Ploidy, and Circadian 
Rhythm-Controlled Gene Expression in Mice. Am J 
Pathol. 2022; 192:56–71. 
https://doi.org/10.1016/j.ajpath.2021.09.005 
PMID:34599880 

21. Meng J, Zhao Z, Xi Z, Xia Q. Liver-specific Mettl3 
ablation delays liver regeneration in mice. Genes Dis. 
2020; 9:697–704. 
https://doi.org/10.1016/j.gendis.2020.11.002 
PMID:35782970 

22. Zhang X, Yin H, Zhang X, Jiang X, Liu Y, Zhang H, Peng 
Y, Li D, Yu Y, Zhang J, Cheng S, Yang A, Zhang R.  
N6-methyladenosine modification governs liver 
glycogenesis by stabilizing the glycogen synthase 2 
mRNA. Nat Commun. 2022; 13:7038. 
https://doi.org/10.1038/s41467-022-34808-2 
PMID:36396934 

23. Liu C, Li X, Gao M, Dong Y, Chen Z. Downregulation of 
hepatic METTL3 contributes to APAP-induced liver 
injury in mice. JHEP Rep. 2023; 5:100766. 
https://doi.org/10.1016/j.jhepr.2023.100766 

PMID:37456679 

24. Li X, Yuan B, Lu M, Wang Y, Ding N, Liu C, Gao M, Yao 
Z, Zhang S, Zhao Y, Xie L, Chen Z. The 
methyltransferase METTL3 negatively regulates 
nonalcoholic steatohepatitis (NASH) progression. Nat 
Commun. 2021; 12:7213. 
https://doi.org/10.1038/s41467-021-27539-3 
PMID:34893641 

25. Yang Y, Cai J, Yang X, Wang K, Sun K, Yang Z, Zhang L, 
Yang L, Gu C, Huang X, Wang Z, Zhu X. Dysregulated 
m6A modification promotes lipogenesis and 
development of non-alcoholic fatty liver disease and 
hepatocellular carcinoma. Mol Ther. 2022; 30:2342–53. 
https://doi.org/10.1016/j.ymthe.2022.02.021 
PMID:35192934 

26. Li Y, Kang X, Zhou Z, Pan L, Chen H, Liang X, Chu J, 
Dong S, Liu C, Yu S, Tu D, Zhang Y, Ge M, et al. The 
m6A methyltransferase Mettl3 deficiency attenuates 
hepatic stellate cell activation and liver fibrosis. Mol 
Ther. 2022; 30:3714–28. 
https://doi.org/10.1016/j.ymthe.2022.07.020 
PMID:35923112 

27. Li J, Xie G, Tian Y, Li W, Wu Y, Chen F, Lin Y, Lin X, 
Wing-Ngor Au S, Cao J, He W, Wang H. RNA m6A 
methylation regulates dissemination of cancer cells 
by modulating expression and membrane localization 
of β-catenin. Mol Ther. 2022; 30:1578–96. 
https://doi.org/10.1016/j.ymthe.2022.01.019 
PMID:35033632 

28. Li Z, Peng Y, Li J, Chen Z, Chen F, Tu J, Lin S, Wang H. 
N6-methyladenosine regulates glycolysis of cancer 
cells through PDK4. Nat Commun. 2020; 11:2578. 
https://doi.org/10.1038/s41467-020-16306-5 
PMID:32444598 

29. Lin Z, Niu Y, Wan A, Chen D, Liang H, Chen X, Sun L, 
Zhan S, Chen L, Cheng C, Zhang X, Bu X, He W, Wan G. 
RNA m6 A methylation regulates sorafenib resistance 
in liver cancer through FOXO3-mediated autophagy. 
EMBO J. 2020; 39:e103181. 
https://doi.org/10.15252/embj.2019103181 
PMID:32368828 

30. Wei T, Li J, Zhang J, Zhang Q, Liu X, Chen Q, Wen L, 
Ma K, Chen W, Zhao J, Zhang C, Huang J, Xie Y, et al. 
Loss of Mettl3 enhances liver tumorigenesis by 
inducing hepatocyte dedifferentiation and 
hyperproliferation. Cell Rep. 2023; 42:112704. 
https://doi.org/10.1016/j.celrep.2023.112704 
PMID:37379215 

31. Chen M, Wei L, Law CT, Tsang FH, Shen J, Cheng CL, 
Tsang LH, Ho DW, Chiu DK, Lee JM, Wong CC, Ng IO, 
Wong CM. RNA N6-methyladenosine 
methyltransferase-like 3 promotes liver cancer 

7237

https://pubmed.ncbi.nlm.nih.gov/35508185
https://doi.org/10.1038/s42255-023-00808-9
https://pubmed.ncbi.nlm.nih.gov/37188818
https://doi.org/10.1038/s41467-022-32169-4
https://pubmed.ncbi.nlm.nih.gov/35931692
https://doi.org/10.1016/j.biopha.2022.113367
https://pubmed.ncbi.nlm.nih.gov/35780619
https://doi.org/10.1016/j.ajpath.2021.10.015
https://pubmed.ncbi.nlm.nih.gov/34774849
https://doi.org/10.1016/j.ajpath.2021.09.005
https://pubmed.ncbi.nlm.nih.gov/34599880
https://doi.org/10.1016/j.gendis.2020.11.002
https://pubmed.ncbi.nlm.nih.gov/35782970
https://doi.org/10.1038/s41467-022-34808-2
https://pubmed.ncbi.nlm.nih.gov/36396934
https://doi.org/10.1016/j.jhepr.2023.100766
https://pubmed.ncbi.nlm.nih.gov/37456679
https://doi.org/10.1038/s41467-021-27539-3
https://pubmed.ncbi.nlm.nih.gov/34893641
https://doi.org/10.1016/j.ymthe.2022.02.021
https://pubmed.ncbi.nlm.nih.gov/35192934
https://doi.org/10.1016/j.ymthe.2022.07.020
https://pubmed.ncbi.nlm.nih.gov/35923112
https://doi.org/10.1016/j.ymthe.2022.01.019
https://pubmed.ncbi.nlm.nih.gov/35033632
https://doi.org/10.1038/s41467-020-16306-5
https://pubmed.ncbi.nlm.nih.gov/32444598
https://doi.org/10.15252/embj.2019103181
https://pubmed.ncbi.nlm.nih.gov/32368828
https://doi.org/10.1016/j.celrep.2023.112704
https://pubmed.ncbi.nlm.nih.gov/37379215


www.aging-us.com 22 AGING 

progression through YTHDF2-dependent 
posttranscriptional silencing of SOCS2. Hepatology. 
2018; 67:2254–70. 
https://doi.org/10.1002/hep.29683 
PMID:29171881 

32. Xu H, Wang H, Zhao W, Fu S, Li Y, Ni W, Xin Y, Li W, 
Yang C, Bai Y, Zhan M, Lu L. SUMO1 modification of 
methyltransferase-like 3 promotes tumor progression 
via regulating Snail mRNA homeostasis in 
hepatocellular carcinoma. Theranostics. 2020; 
10:5671–86. 
https://doi.org/10.7150/thno.42539 
PMID:32483411 

33. Dai G, Huang S, Li Y, Tu X, Xia J, Zhou Z, Chen W, 
Zhang A, Lin J, Li Y, He D, Lin T, Cong J, et al. Mettl3-
mediated m6A modification plays a role in lipid 
metabolism disorders and progressive liver damage in 
mice by regulating lipid metabolism-related gene 
expression. Aging (Albany NY). 2023; 15:5550–68. 
https://doi.org/10.18632/aging.204810 
PMID:37335109 

34. Deng X, Yin X, Allan R, Lu DD, Maurer CW, Haimovitz-
Friedman A, Fuks Z, Shaham S, Kolesnick R. Ceramide 
biogenesis is required for radiation-induced apoptosis 
in the germ line of C. elegans. Science. 2008; 
322:110–5. 
https://doi.org/10.1126/science.1158111 
PMID:18832646 

35. Green CD, Maceyka M, Cowart LA, Spiegel S. 
Sphingolipids in metabolic disease: The good, 
the bad, and the unknown. Cell Metab. 2021; 
33:1293–306. 
https://doi.org/10.1016/j.cmet.2021.06.006 
PMID:34233172 

36. Turpin SM, Nicholls HT, Willmes DM, Mourier A, 
Brodesser S, Wunderlich CM, Mauer J, Xu E, 
Hammerschmidt P, Brönneke HS, Trifunovic A, 
LoSasso G, Wunderlich FT, et al. Obesity-induced 
CerS6-dependent C16:0 ceramide production 
promotes weight gain and glucose intolerance. Cell 
Metab. 2014; 20:678–86. 
https://doi.org/10.1016/j.cmet.2014.08.002 
PMID:25295788 

37. Xie W, Ma LL, Xu YQ, Wang BH, Li SM. METTL3 
inhibits hepatic insulin sensitivity via N6-
methyladenosine modification of Fasn mRNA and 
promoting fatty acid metabolism. Biochem Biophys 
Res Commun. 2019; 518:120–6. 
https://doi.org/10.1016/j.bbrc.2019.08.018 
PMID:31405565 

38. Salisbury DA, Casero D, Zhang Z, Wang D, Kim J, Wu X, 
Vergnes L, Mirza AH, Leon-Mimila P, Williams KJ, 
Huertas-Vazquez A, Jaffrey SR, Reue K, et al. Author 

Correction: Transcriptional regulation of N6-
methyladenosine orchestrates sex-dimorphic 
metabolic traits. Nat Metab. 2023; 5:530. 
https://doi.org/10.1038/s42255-023-00748-4 
PMID:36814000 

39. Wei J, Harada BT, Lu D, Ma R, Gao B, Xu Y, Montauti 
E, Mani N, Chaudhuri SM, Gregory S, Weinberg SE, 
Zhang DD, Green R, et al. HRD1-mediated METTL14 
degradation regulates m6A mRNA modification to 
suppress ER proteotoxic liver disease. Mol Cell. 2021; 
81:5052–65.e6. 
https://doi.org/10.1016/j.molcel.2021.10.028 
PMID:34847358 

40. Postic C, Shiota M, Niswender KD, Jetton TL, Chen Y, 
Moates JM, Shelton KD, Lindner J, Cherrington AD, 
Magnuson MA. Dual roles for glucokinase in glucose 
homeostasis as determined by liver and pancreatic 
beta cell-specific gene knock-outs using Cre 
recombinase. J Biol Chem. 1999; 274:305–15. 
https://doi.org/10.1074/jbc.274.1.305 
PMID:9867845 

41. Song L, Wang L, Hou Y, Zhou J, Chen C, Ye X, Dong 
W, Gao H, Liu Y, Qiao G, Pan T, Chen Q, Cao Y, et al. 
FGF4 protects the liver from nonalcoholic fatty liver 
disease by activating the AMP-activated protein 
kinase-Caspase 6 signal axis. Hepatology. 2022; 
76:1105–20. 
https://doi.org/10.1002/hep.32404 
PMID:35152446 

42. Lu K, Shi TS, Shen SY, Shi Y, Gao HL, Wu J, Lu X, Gao X, 
Ju HX, Wang W, Cao Y, Chen D, Li CJ, et al. Defects in a 
liver-bone axis contribute to hepatic osteodystrophy 
disease progression. Cell Metab. 2022; 34:441–57.e7. 
https://doi.org/10.1016/j.cmet.2022.02.006 
PMID:35235775 

43. Zhao WT, Lin XL, Liu Y, Han LX, Li J, Lin TY, Shi JW, 
Wang SC, Lian M, Chen HW, Sun Y, Xu K, Jia JS, et al. 
miR-26a promotes hepatocellular carcinoma invasion 
and metastasis by inhibiting PTEN and inhibits cell 
growth by repressing EZH2. Lab Invest. 2019; 
99:1484–500. 
https://doi.org/10.1038/s41374-019-0270-5 
PMID:31201367 

44. Lin X, Zhao W, Jia J, Lin T, Xiao G, Wang S, Lin X, Liu Y, 
Chen L, Qin Y, Li J, Zhang T, Hao W, et al. Ectopic 
expression of Cripto-1 in transgenic mouse embryos 
causes hemorrhages, fatal cardiac defects and 
embryonic lethality. Sci Rep. 2016; 6:34501. 
https://doi.org/10.1038/srep34501 
PMID:27687577 

45. Rong XX, Wei F, Lin XL, Qin YJ, Chen L, Wang HY, Shen 
HF, Jia LT, Xie RY, Lin TY, Hao WC, Yang J, Yang S, et al. 
Recognition and killing of cancer stem-like cell 

7238

https://doi.org/10.1002/hep.29683
https://pubmed.ncbi.nlm.nih.gov/29171881
https://doi.org/10.7150/thno.42539
https://pubmed.ncbi.nlm.nih.gov/32483411
https://doi.org/10.18632/aging.204810
https://pubmed.ncbi.nlm.nih.gov/37335109
https://doi.org/10.1126/science.1158111
https://pubmed.ncbi.nlm.nih.gov/18832646
https://doi.org/10.1016/j.cmet.2021.06.006
https://pubmed.ncbi.nlm.nih.gov/34233172
https://doi.org/10.1016/j.cmet.2014.08.002
https://pubmed.ncbi.nlm.nih.gov/25295788
https://doi.org/10.1016/j.bbrc.2019.08.018
https://pubmed.ncbi.nlm.nih.gov/31405565
https://doi.org/10.1038/s42255-023-00748-4
https://pubmed.ncbi.nlm.nih.gov/36814000
https://doi.org/10.1016/j.molcel.2021.10.028
https://pubmed.ncbi.nlm.nih.gov/34847358
https://doi.org/10.1074/jbc.274.1.305
https://pubmed.ncbi.nlm.nih.gov/9867845
https://doi.org/10.1002/hep.32404
https://pubmed.ncbi.nlm.nih.gov/35152446
https://doi.org/10.1016/j.cmet.2022.02.006
https://pubmed.ncbi.nlm.nih.gov/35235775
https://doi.org/10.1038/s41374-019-0270-5
https://pubmed.ncbi.nlm.nih.gov/31201367
https://doi.org/10.1038/srep34501
https://pubmed.ncbi.nlm.nih.gov/27687577


www.aging-us.com 23 AGING 

population in hepatocellular carcinoma cells by 
cytokine-induced killer cells via NKG2d-ligands 
recognition. Oncoimmunology. 2015; 5:e1086060. 
https://doi.org/10.1080/2162402X.2015.1086060 
PMID:27141341 

46. Shi JW, Zhang TT, Liu W, Yang J, Lin XL, Jia JS, Shen HF, 
Wang SC, Li J, Zhao WT, Gu WW, Sun Y, Xiao D. Direct 
conversion of pig fibroblasts to chondrocyte-like cells 
by c-Myc. Cell Death Discov. 2019; 5:55. 
https://doi.org/10.1038/s41420-018-0136-4 
PMID:30675392 

47. Liu Y, Li YQ, Huang SH, Li YL, Xia JW, Jia JS, Wei F, 
Wang JH, Dai GQ, Wang YC, Li XY, Han LX, Zhang XL, 
et al. Liver-specific over-expression of Cripto-1 in 
transgenic mice promotes hepatocyte proliferation 
and deregulated expression of hepatocarcinogenesis-
related genes and signaling pathways. Aging (Albany 
NY). 2021; 13:21155–90. 
https://doi.org/10.18632/aging.203402 
PMID:34517344 

48. Lin TY, Chen Y, Jia JS, Zhou C, Lian M, Wen YT, Li XY, 
Chen HW, Lin XL, Zhang XL, Xiao SJ, Sun Y, Xiao D. 
Loss of Cirbp expression is correlated with the 
malignant progression and poor prognosis in 
nasopharyngeal carcinoma. Cancer Manag Res. 2019; 
11:6959–69. 
https://doi.org/10.2147/CMAR.S211389 
PMID:31413636 

49. Xie R, Lin X, Du T, Xu K, Shen H, Wei F, Hao W, Lin T, 
Lin X, Qin Y, Wang H, Chen L, Yang S, et al. Targeted 
Disruption of miR-17-92 Impairs Mouse 
Spermatogenesis by Activating mTOR Signaling 
Pathway. Medicine (Baltimore). 2016; 95:e2713. 
https://doi.org/10.1097/MD.0000000000002713 
PMID:26886608 

 

 

7239

https://doi.org/10.1080/2162402X.2015.1086060
https://pubmed.ncbi.nlm.nih.gov/27141341
https://doi.org/10.1038/s41420-018-0136-4
https://pubmed.ncbi.nlm.nih.gov/30675392
https://doi.org/10.18632/aging.203402
https://pubmed.ncbi.nlm.nih.gov/34517344
https://doi.org/10.2147/CMAR.S211389
https://pubmed.ncbi.nlm.nih.gov/31413636
https://doi.org/10.1097/MD.0000000000002713
https://pubmed.ncbi.nlm.nih.gov/26886608


www.aging-us.com 24 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. PCR-based genotyping of hepatocyte-specific METTL3 homozygous knockout (METTL3Δhep) mice 
by Alb-iCre mice (GPT). (A) PCR-based genotyping displays the offspring with indicated genotypes from intercrossing METTL3 fl/fl mice 

and Alb-iCre (GPT) mice. (B) PCR-based genotyping exhibits the offspring with indicated genotypes from intercrossing METTL3 fl/fl mice 
and METTL3fl/wt; Alb-iCre (GPT) mice. 
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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 METTL14fl/fl and 
METTL14fl/wt; Alb-iCre (GPT) mice. (B) PCR-based genotyping during the late postnatal period displays the number of offspring with 
indicated genotypes from intercrossing METTL14fl/fl mice and METTL14fl/wt; Alb-iCre (GPT) mice. (C) PCR-based genotyping during the early 
postnatal period exhibits the number of offspring with indicated genotypes from intercrossing METTL14fl/fl mice and METTL14fl/wt; Alb-iCre 
(GPT) mice. 

 

 

7241



www.aging-us.com 26 AGING 

 
 

Supplementary Figure 3. PCR-based genotyping of hepatocyte-specific METTL3 homozygous knockout (METTL3Δhep) mice 
by Alb-Cre mice (JAX). (A) PCR-based genotyping displays the offspring with indicated genotypes from intercrossing METTL3 fl/fl mice 
and Alb-Cre (JAX) mice. (B) PCR-based genotyping exhibits the offspring with indicated genotypes from intercrossing METTL3 fl/fl mice 
and METTL3fl/wt; Alb-Cre (JAX) mice. (C) PCR-based genotyping exhibits the offspring with indicated genotypes from intercrossing 
METTL3fl/fl mice and METTL3fl/fl; Alb-Cre (JAX) mice. 
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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., METTL14fl/fl; 
Alb-Cre (JAX): referred to as METTL14Δhep (JAX)) from intercrossing METTL14fl/fl mice and METTL14fl/fl; Alb-Cre (JAX) mice. (B) Survival curves 
of control and METTL14Δhep (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 METTL3Δhep (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 METTL3Δhep mice (GPT) at 1 week after birth from RNA-seq data deposited in GEO 
under accession number GSE198512. 

Gene WT1 WT2 KO1 KO2 
log2FC  
(1 week) 

P-value  
(1 week) 

FDR  
(1 week) 

Scn2a 0 0.01553 0.28925 0.09587 4.52098 0.0012 0.02168 

Eda2r 0.04427 0.0146 0.42149 0.61588 4.06888 8.6E-05 0.00268 

Mmp12 0.04702 0 0.30327 0.19146 3.31959 0.01667 0.14327 

Ifi27l2b 1.21898 1.07919 7.74376 13.976 3.16893 1.2E-11 2.1E-09 

Phlda3 1.9058 1.64398 16.614 16.4651 3.13858 1.1E-22 6.9E-20 

Fa2h 0.11256 0.16706 0.51854 1.0312 2.39486 0.00879 0.09171 

Degs1l 0.44335 0.29246 2.34884 1.42915 2.27339 0.00069 0.01429 

Aen 1.23099 1.61004 6.70089 7.38882 2.22698 1.5E-16 5.9E-14 

Tnfrsf10b 0.5294 0.34922 1.78852 2.17806 2.09844 3.1E-05 0.00116 

Rnf186 0.39301 1.11106 2.01745 4.57211 2.05332 0.00267 0.03867 

Zpr1 11.9614 10.0916 53.5242 43.1306 2.04683 5.3E-26 4.1E-23 

Bmp7 0.28661 0.49156 1.19714 2.06172 1.98764 0.00024 0.00622 

Isg15 11.2235 11.7478 44.5263 49.0988 1.94582 1.4E-14 3.9E-12 

Ifi206 0.23014 0.36435 0.91179 1.42905 1.89755 0.00339 0.04612 

Ifi27l2a 9.0873 8.99165 35.1658 34.6889 1.86729 6.5E-09 6.6E-07 

Ifi213 1.67934 0.8982 4.16098 4.96671 1.75028 2.7E-06 0.00015 

Ifi211 0.94284 0.5442 2.53373 2.63934 1.72115 0.00187 0.02988 

Ifit1 1.95375 2.0638 5.05983 8.14336 1.64154 2E-06 0.00011 

Tgtp2 0.32442 0.41977 1.12665 1.24474 1.5885 0.01058 0.10415 

Ifi208 0.51596 0.37129 1.46939 1.31305 1.56742 0.00511 0.06246 

Ifit3 5.62597 5.7258 18.9572 16.1581 1.54371 9.1E-10 1.1E-07 

Bax 19.3159 20.1218 63.5529 57.6248 1.53475 6.9E-14 1.7E-11 

Ifit2 1.2673 1.2903 3.43527 4.37491 1.53168 4.4E-06 0.00022 

Dhx58 2.09324 1.63971 5.78598 5.29742 1.48817 1E-05 0.00044 

Oas1g 1.38332 0.63174 2.41839 3.43009 1.46695 0.00484 0.05975 

Elovl7 0.33201 0.32851 0.94991 0.96054 1.44975 0.01063 0.1046 

St8sia3 0.16744 0.19881 0.55539 0.47724 1.40904 0.02147 0.17002 

Stk11 36.2009 31.8799 95.4247 92.1361 1.38026 1.7E-16 6.3E-14 

Tnfrsf12a 14.5636 14.1941 40.1213 38.026 1.35899 4.2E-09 4.4E-07 

Bst2 44.4471 40.2121 115.107 113.833 1.35354 1.7E-12 3.3E-10 

Irf7 6.125 7.81658 19.403 17.9777 1.33654 1.5E-09 1.7E-07 

Oas1a 1.59964 1.50918 4.97001 3.25669 1.31544 0.00189 0.03003 

Trim6 0.5497 0.43513 1.35062 1.21239 1.29768 0.00952 0.09716 

Ifi204 4.42854 2.8407 9.79282 8.33205 1.23695 3.7E-05 0.00134 

Ythdf2 3.48156 4.10029 8.60634 9.97516 1.21173 6.5E-07 4.2E-05 

Gal3st1 4.62764 4.20966 13.0664 8.16772 1.17516 0.00012 0.00358 

Xaf1 3.42923 2.91222 8.18511 6.81662 1.1582 4.8E-05 0.00167 

Xkr6 1.86888 1.07737 3.14441 3.54015 1.10647 0.00132 0.02314 

Oas3 0.62398 0.92612 1.88902 1.64844 1.10198 0.00614 0.07132 

Smpd1 7.23914 6.55884 17.4383 13.8503 1.09555 2.9E-06 0.00016 
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Cdc34 37.6652 40.1187 79.7164 93.3154 1.07348 5.7E-08 4.9E-06 

Gbp3 4.3141 4.65675 11.0574 8.54349 1.03993 6.4E-05 0.00213 

Cln6 3.83029 4.50261 11.5828 6.49837 1.02362 0.00148 0.02537 

 

Supplementary Table 2. GO analysis of up- and downregulated genes related to apoptosis in the liver of control 
mice and METTL3Δhep 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 METTL3Δhep mice (GPT) at 2 week after birth. 

Gene WT1 WT2 KO1 KO2 
log2FC  

(2 weeks) 
P-value  

(2 weeks) 
FDR  

(2 weeks) 

Ucp3 0.238358 0.208127 8.833701 7.629526 4.87111 1.12E-19 5.16E-17 

Fa2h 0.03345 0.068151 2.081482 1.476251 4.792228 6.1E-06 0.000154 

Acot1 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 

Cyp4a14 46.62122 66.61264 424.1761 402.966 2.545859 7.78E-27 6.06E-24 

Cox6a1 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 

Aldh1b1 8.63316 10.82695 55.12664 53.41392 2.156227 5.05E-18 1.87E-15 

Gstp1 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 

Lpin1 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 

Uqcr10 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 

Aig1 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 

Ndufa1 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 

Uqcrfs1 43.54386 55.26069 171.0383 137.133 1.307011 1.68E-08 9.16E-07 

Cln6 2.257103 2.378594 7.230674 6.572622 1.24507 0.000847 0.008632 

Uqcr11 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 

Plbd1 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 

Abca8b 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 

Myo5a 0.377536 0.290261 0.181051 0.157188 −1.31634 0.022796 0.100931 

Cyp3a44 21.96516 21.38043 10.79845 7.067439 −1.62595 4.67E-09 3.14E-07 

Insig1 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 

Gramd1c 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 

Sult2a5 20.95882 17.9411 0.838131 4.125752 −3.22379 0.002984 0.023034 

Cyp3a41b 0.888497 0.493697 0.035396 0.137106 −3.29321 0.005464 0.035603 

Cyp3a16 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 METTL3Δhep 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 METTL3Δhep mice (JAX). 

 

Supplementary Table 7. GO analysis of up-regulated genes in the liver of control mice and METTL3Δhep 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 METTL3Δhep 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 METTL3Δhep 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 METTL3Δhep 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 

Acaa1a TCTCCAGGACGTGAGGCTAAA CGCTCAGAAATTGGGCGATG 

Acaa2 CTGCTACGAGGTGTGTTCATC AGCTCTGCATGACATTGCCC 
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Acad11 TGACACCGTGGAAGTGCTAC CCCGGCAAGTGCTGATTCA 

Adh7 ATGGGCACCGCTGGAAAAG TAACACGGACTTCCTTAGCCT 

Ang CCAGGCCCGTTGTTCTTGAT GGAAGGGAGACTTGCTCATTC 

Apoa2 TGGTCGCACTGCTGGTAAC TTTGCCATATTCAGTCATGCTCT 

Apoa5 TCCTCGCAGTGTTCGCAAG CGAAGCTGCCTTTCAGGTTCT 

Apof ATAGCCTCCGACTCATCCTGA TCTGCATCTGGTATCCCAACTT 

Avpr1a TGAGTTTCGTTCTGAGCATACC CCCAGCAATCTTGGGCTTTG 

Bax GTGAGCGGCTGCTTGTCTGG CTTCCAGATGGTGAGCGAGG 

Bcl2 GAGGATTGTGGCCTTCTTTG CGTTATCCTGGATCCAGGTG 

Bcl2a1 GGCTGAGCACTACCTTCAGTA TGGCGGTATCTATGGATTCCAC 

Bdh2 CGACTGGACGGCAAAGTTATT CCTGGAGTTTGGACTCGTTGA 

Bik CCTGCATCGGCGATGAGATG CTCTGACACCTGTCCGGCTG 

Ccna2 TGAATCACCACATGCTAT TAACCTCCATTTCCCTAAG 

Ccnb1 CTCTGTAGTGAATATGTG CATCTGAACCTGTATTAG 

Ccnb2 CTCCATGTAGCCTGTGTAA TCTTGCCTGTCTCAGAAG 

Ccnd1 TGCCATCCATGCGGAAA AGCGGGAAGAACTCCTCTTC 

Cdk1 GACAATCAGATTAAGAAGA AACTATACAAGACAGGAA 

Ces1b TACCTCCCCTGTTTTCCGAAG GATGCTCCGCCTGTCATCAAT 

Ces1d ATGCGCCTCTACCCTCTGATA AGCAAATCTCAAGGAGCCAAG 

Ces1e CAACTTCTGGAATTGATTGGGGA GGGCTCCGGCATCTCTATG 

Cpt1a CTCCGCCTGAGCCATGAAG CACCAGTGATGATGCCATTCT 

Cyp7a1 GGGATTGCTGTGGTAGTGAGC GGTATGGAATCAACCCGTTGTC 

Dolk CAGTGTGGGACCGATACTCCT CCAAGCAAAGGCATGACCA 

Gapdh CCTGCTTCACCACCTTCTTG CATGGCCTTCCGTGTTCCTA 

Hmgcr AGCTTGCCCGAATTGTATGTG TCTGTTGTGAACCATGTGACTTC 

Ki67 AGAAGTCCAGGTCTACAG TCGTTGCTATTGCTAAGG 

Mettl3 ATCCAGGCCCATAAGAAACAG CTATCACTACGGAAGGTTGGG 

Rdh16f2 TCTTGGGCAGAGTGTCACTTG TGCCAGGTATTTCTCTCCATAGA 

Slc10a5 CAGCTACCTGCTCGTGAAGTT AGGTTGACGGTAAAGTCTGTGA 

Smpd1 TGGGACTCCTTTGGATGGG CGGCGCTATGGCACTGAAT 

Smpd2 TGGGACATCCCCTACCTGAG TAGGTGAGCGATAGCCTTTGC 

Smpd3 TTCTTCGCCAGCCGCTA CCACCTGCACCTTGAGAAA 

Sptlc1 ACGAGGCTCCAGCATACCAT TCAGAACGCTCCTGCAACTTG 

Sptlc2 AACGGGGAAGTGAGGAACG CAGCATGGGTGTTTCTTCAAAAG 

Srebf1 TGACCCGGCTATTCCGTGA CTGGGCTGAGCAATACAGTTC 

Survivin40 GAGGCTGGCTTCATCCACTG CTTTTTGCTTGTTGTTGGTCTCC 

Triap1 GAGTACGACCAGTGCTTCAAC CTTGATTGCTTTCTGCACGCA 

Xbp1 AGCAGCAAGTGGTGGATTTG GAGTTTTCTCCCGTAAAAGCTGA 

 

 

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

Antibody Cat. No. Isotype Suppliers 

Mettl3 ab195352 Rabbit Abcam 

Ki67 ab16667 Rabbit Abcam 

Gapdh 10494-1-AP Rabbit Proteintech 
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