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Objective(s): To investigate the role of alanine-glyoxylate aminotransferase 2-like1 (AGXT2L1) in 
Nonalcoholic fatty liver disease (NAFLD) and its underlying mechanisms.
Materials and Methods: Changes in AGXT2L1 expression during NASH progression were analyzed 
using tissue samples, cell experiments, and animal models. RNA sequencing was performed on 
experimental mice to explore potential mechanisms by assessing inflammatory factors, cell apoptosis, 
and endoplasmic reticulum stress.
Results: Compared with normal tissues, AGXT2L1 expression was reduced in multiple liver diseases. 
Both in vitro and in vivo experiments confirmed that down-regulation of AGXT2L1 exacerbated 
NASH severity. RNA sequencing initially indicated that abnormal AGXT2L1 expression primarily 
affects phospholipid metabolism. Additionally, animal experiments showed that AGXT2L1 deficiency 
increased the number of apoptotic hepatocytes and elevated the expression of endoplasmic reticulum 
stress markers.
Conclusion: Decreased AGXT2L1 expression is an evident alteration in liver injury. It has been 
indicated that down-regulation of AGXT2L1 promotes NAFLD development, possibly through 
three pathways: activation of inflammatory responses, promotion of hepatocyte apoptosis, and 
enhancement of endoplasmic reticulum stress.
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The global prevalence of chronic liver disease has 
increased annually. With poor long-term clinical efficacy, it 
has become a major cause of morbidity and mortality, posing 
a severe threat to human health (1, 2). Nonalcoholic fatty 
liver disease (NAFLD) is a metabolic stress-induced liver 
injury disorder that encompasses a spectrum of conditions, 
from simple steatosis to nonalcoholic steatohepatitis 
(NASH)(3, 4). If NAFLD progresses to steatohepatitis, 
it may lead to cirrhosis, end-stage liver disease, or even 
hepatocellular carcinoma (5). NASH is associated with 
poor prognosis and limited treatment options, with most 
therapies yielding suboptimal clinical outcomes and survival 
rates (6). Therefore, exploring the key genes and molecular 
mechanisms underlying NASH progression is essential to 
provide new insights for the development of targeted drugs 
and therapeutic strategies.

In recent years, novel mechanisms of NAFLD 
pathogenesis have been continuously elucidated and 
refined, positing that genetic factors, gut microbiota 
dysbiosis, lipid metabolic disorders, and oxidative stress 
contribute to different stages of NAFLD development 
(7, 8). Researchers have identified a critical role of the 
synthesis and metabolism of phosphatidylethanolamine 
(PE) and phosphatidylcholine (PC)(both present in 

hepatocyte membranes) in NAFLD pathogenesis (9). In 
some  mouse models, increased PE synthesis or impaired 
conversion of PE to PC has been shown to promote the 
progression of NAFLD (10, 11). On one hand, a relative 
increase in membrane PE disrupts membrane homeostasis 
(12), alters hepatocellular lipid droplet formation, impairs 
mitochondrial respiratory chain function, and induces 
endoplasmic reticulum stress (13, 14). On the other hand, 
a reduced PC/PE ratio increases membrane permeability, 
leading to leakage of intracellular contents, activation of 
inflammatory responses, and production of reactive oxygen 
species (ROS)—all of which drive NAFLD pathogenesis (15, 
16). Despite extensive research on genes associated with 
the development of NAFLD, the mechanisms underlying 
its pathological changes and progression remain poorly 
understood.

The alanine-glyoxylate aminotransferase 2-like 1 
(AGXT2L1) gene is located on human chromosome 4q25 and 
is named for its 36% sequence identity to AGXT2 (alanine-
glyoxylate aminotransferase 2)(17). AGXT2L1 exhibits 
phosphohydrolytic activity toward phosphoethanolamine 
(P-Etn), irreversibly degrading P-Etn into acetaldehyde, 
phosphate, and ammonia; thus, it is also referred to as 
ethanolamine-phosphate phospho-lyase (ETNPPL)(18). 
Studies have shown that PE metabolism is closely associated 
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with NASH occurrence and severity. Given that AGXT2L1 
is a key degrading enzyme for P-Etn (the direct substrate 
for PE synthesis), we hypothesized that reduced AGXT2L1 
expression would cause liver cell damage, potentially 
inducing or exacerbating hepatic steatosis in the context of 
diet-induced NAFLD.

Previous studies have linked abnormal AGXT2L1 
expression to prognosis in hepatocellular carcinoma 
patients (19) and suggested its involvement in lipid 
metabolism; however, no research has explored its role in 
NASH. Based on the functional characteristics of AGXT2L1 
and the critical role of PE metabolism in NASH progression 
(e.g., reduced hepatic PE synthesis alters the PC/PE ratio 
and triggers adverse effects, while increased hepatocellular 
PE levels alleviate hepatic steatosis)(20), we propose 
that decreased AGXT2L1 expression may slow P-Etn 
hydrolysis, leading to increased PE synthesis. Alterations 
in PE levels may disrupt hepatocyte membrane stability 
and permeability, thereby inducing or accelerating the 
development of NAFLD. We hypothesize that AGXT2L1 
may participate in NAFLD progression. Thus, this study 
aimed to investigate the role and potential mechanisms of 
abnormal AGXT2L1 expression in NASH, providing new 
insights for the precision treatment of this disease.

Materials and Methods 
Download of GEO datasets

GEO datasets were retrieved and downloaded from 
the following website: http://www.ncbi.nlm.nih.gov/gds. 
Relevant data within the datasets were then organized and 
analyzed.

Immunohistochemical staining and scoring
Tissue microarrays containing hepatocellular carcinoma 

and cirrhosis samples were purchased from Xi’an Elina 
Biotechnology Co., Ltd. for immunohistochemical 
experiments. After procedures including baking, dewaxing, 
hydration, antigen retrieval, and blocking, diluted AGXT2L1 
primary antibody (1:150 dilution) was added to the sections. 
Subsequent steps included incubation with a secondary 
antibody, color development, counterstaining, dehydration, 
and mounting to complete immunohistochemical staining.

AGXT2L1 expression levels were evaluated using the 
following formula: Immunohistochemical staining score = 
(+) % × 1 + (++) % × 2 + (+++) % × 3. Staining intensity was 
graded as follows: negative (-), 0 points; weak positive (+), 
1 point; moderate positive (++), 2 points; strong positive 
(+++), 3 points. The “%” represents the percentage of 
positive cells relative to the total number of cells. AGXT2L1 
expression was classified based on the score: low expression 
if the immunohistochemical staining score (ISS) ≤ 1.5, and 
high expression if ISS > 1.5.

Transient siRNA transfection of cells
Sequences for AGXT2L1 small interfering RNA 

(AGXT2L1-siRNA) and negative control siRNA (NC-siRNA) 
were synthesized by GenePharma Co., Ltd. The sequences 
are listed below: Sequence (5’-3’): AGXT2L1-siRNA-sense: 
GGAGGAUAUCCAGUAUCUUTT; AGXT2L1-siRNA-
antisense: AAGAUAUGGAUUUCCUCCTT; NC-siRNA-
sense: UUCUCCGAACGUGUCACGUTT; NC-siRNA 
-antisense: ACGUGACACGUUCGGAGAATT (21).

Cells were seeded in 6-well plates 1 day before transfection 

to achieve 30-50% confluency on the day of transfection. 
Culture medium containing siRNA was added to the 6-well 
plates for transfection. RNA was extracted after 24-48 hr of 
culture, and protein was extracted after 48-72 hr.

Oil Red O staining for intracellular lipid droplets
Cells were uniformly seeded in 6-well plates. A 0.6 mg/mL 

oleic acid solution (1 μl per well) was added, and cells were 
cultured for an additional 24 hr. Cells were fixed with 4% 
paraformaldehyde, stained with prepared Oil Red O solution 
for 1 hr, and excess dye was washed away. Subsequently, 1 
mL of hematoxylin dye was added to each well, excess dye 
was removed, and sections were mounted and observed (19).

Western blot analysis
Prepared protein samples (40 μg total protein per 

sample) and protein markers were loaded into wells using a 
micropipette. SDS-PAGE gel electrophoresis was performed 
for 1.5 hr, and target bands were excised based on the 
marker for transfer to a membrane (200 mA, 90 min). The 
membrane was blocked on a shaker at room temperature 
for 2 hr, then developed. Images were captured using a BIO-
RAD gel imaging system.

Grouping and treatment of mice
C57BL/6 mice were used as experimental animals. 

AGXT2L1 knockout (KO) C57BL/6 mice were purchased 
from Cyagen Biosciences Inc. (Guangzhou), while wild-
type (WT) C57BL/6 mice were obtained from Beijing Vital 
River Laboratory Animal Technology Co., Ltd.

Sixteen WT mice and 16 KO mice (6-8 weeks old, housed 
under specific pathogen-free (SPF) conditions) were used. 
The experiment was divided into four groups (n=8 per 
group): WT control group (WT-Control, fed a normal diet), 
WT model group (WT-MCD, fed a methionine-choline-
deficient (MCD) diet), KO control group (KO-Control, 
fed a normal diet), and KO model group (KO-MCD, fed 
an MCD diet). All other conditions were standardized. 
Mice were monitored daily for food/water intake, behavior, 
mental status, and excrement (22).

After 4 weeks of modeling, mice were fasted for 12 hr 
before sample collection. Instruments (scissors, forceps, 
gauze, syringes, blood collection tubes, centrifuge tubes) 
and reagents (PBS, 4% paraformaldehyde) were prepared. 
Mouse body weight was measured and recorded, followed 
by blood collection via enucleation of the eyeball. Mice 
were then dissected to harvest livers, whose weights were 
immediately measured. Portions of liver tissue were fixed in 
4% paraformaldehyde, and the remaining tissue was stored 
in cryovials in liquid nitrogen for subsequent use.

Hematoxylin-eosin (HE) staining of mouse liver tissues
Liver sections were stained with hematoxylin for 10 min, 

then rinsed in a gradient of ethanol solutions. Sections were 
then stained with 0.5% eosin for several min until the tissue 
turned red. Excess dye was removed by immersion in 95% 
ethanol for 5 min. After dehydration and clearing, sections 
were mounted with neutral balsam and observed under an 
upright microscope.

Serological detection in mice
Mouse blood was collected via eyeball enucleation into 

blood collection tubes, centrifuged at 3700×g for 15 min, and 
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the serum was harvested. Serum samples were sent to our 
hospital’s clinical laboratory for analysis using an automatic 
biochemical analyzer to measure indicators, including 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), triglycerides (TG), total cholesterol (TCh), alkaline 
phosphatase (ALP), high-density lipoprotein (HDL), and 
low-density lipoprotein (LDL). If immediate detection was 
not possible, serum was stored at -80 °C.

TUNEL assay for cell apoptosis (colorimetric method)
A biotin-labeled solution was prepared according to 

the kit instructions. Fifty microliters of the solution were 
added to each section (ensuring uniform coverage of the 
tissue sample) and incubated in a 37 °C oven for 1 hr. After 
incubation, sections were washed once with PBS, and 0.2 
ml of the stop solution for the labeling reaction was added. 
Fifty microliters of Streptavidin-HRP working solution 
was added to the sections, followed by incubation at room 
temperature for 30 min. After PBS washing, 200 μl of DAB 
chromogen solution was added, and sections were incubated 
at room temperature for 5-30 min. After dehydration and 
clearing, sections were mounted with neutral balsam, and 
staining was observed.

Bioinformatics analysis of RNA-seq data
Transcriptome sequencing of AGXT2L1 KO and WT 

mice was performed by Shanghai Qiming Information 
Technology Co., Ltd. To identify differences between the two 
groups, differentially expressed genes (DEGs) were analyzed 
using Ballgown to determine significance (P-value), false 
discovery rate (Q-value), and fold change. DEGs were 
identified by comparing the experimental and control 
groups using the criteria P<0.05 and fold change>1.2.

Functional analysis of DEGs: Gene Ontology (GO) 
analysis was used to annotate the functions of DEGs using the 
GO database, identifying all biological processes associated 

with these genes. Fisher’s exact test and multiple comparison 
tests were used to calculate the significance (P-value) and 
false discovery rate (FDR) for each function. Significant 
functions were identified using the criterion P-value<0.05.

Pathway analysis of DEGs: Pathway analysis was 
performed based on the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) database. Fisher’s exact test and chi-
square test were used to analyze the significance of pathways 
involving target genes. Significant pathways were identified 
using the criterion P<0.05.

Statistical analysis
Experimental results were analyzed using SPSS 24.0 

software. Quantitative data were expressed as mean±standard 
deviation (x̄±s), and categorical data were expressed as counts 
and percentages. Quantitative data were compared using 
t-tests, and categorical data were analyzed using chi-square 
tests. A P-value<0.05 was considered statistically significant. 
All experiments were repeated at least three times.

Results 
AGXT2L1 expression is decreased in multiple liver diseases

Public expression profiles of AGXT2L1 in liver diseases 
were downloaded from the NCBI database: alcoholic 
hepatitis (GDS4389, 7 normal liver tissue samples, 15 
alcoholic hepatitis samples)(Figure 1A), HBV-related acute 
liver failure (GDS4387, 10 normal samples, 17 HBV-related 
acute liver failure samples)(Figure 1B), and high-fat diet-
induced liver injury in mice (GDS4783, 18 normal diet 
samples, 18 high-fat diet samples)(Figure 1C). Statistical 
analysis of AGXT2L1 expression in these datasets showed 
that AGXT2L1 was abnormally downregulated in alcoholic 
hepatitis, HBV-related acute liver failure, and high-fat diet-
induced liver injury compared with normal liver tissue 
(P<0.05)(Figure 1D).

Based on public expression profiles, clinical tissue 

Figure 1. AGXT2L1 shows abnormally low expression in various liver diseases in mice 
(A-C) Data from the NCBI public expression profile, respectively representing alcoholic hepatitis, HBV-related acute liver failure, and a mouse fatty liver model induced by a 
high-fat diet. (D)Statistical analysis of AGXT2L1 expression in three liver diseases from the database. (E) Immunohistochemical results of human normal liver tissue, steatotic 
liver tissue, cirrhotic liver tissue, and hepatocellular carcinoma tissue. (F) Statistical chart generated based on the scoring of immunohistochemical results. (G) mRNA expression 
of AGXT2L1 in normal liver tissue, chronic hepatitis tissue, cirrhotic liver tissue, and liver cancer tissue from the GSE54238 dataset
AGXT2L1: Alanine-glyoxylate aminotransferase; HBV: Hepatitis B virus
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samples (including normal liver, cirrhotic, and steatotic 
liver tissues) were collected to investigate AGXT2L1 
expression. Immunohistochemical analysis revealed 
AGXT2L1 protein expression in both the cytoplasm and 
nucleus, consistent with previous reports. As shown in 
Figure 1E, immunohistochemical scoring demonstrated 
that: (1) In hepatocellular carcinoma tissue microarrays (80 
samples), AGXT2L1 expression was significantly lower in 70 
hepatocellular carcinoma samples than in 10 normal liver 
tissue samples (P<0.01); (2) In cirrhosis tissue microarrays (70 
samples), AGXT2L1 expression was significantly lower in 40 
cirrhotic tissue samples than in 30 normal liver tissue samples 
(P<0.01); (3) In 20 steatotic liver tissue samples and matched 
normal liver tissue samples, AGXT2L1 expression was 
significantly lower in steatotic tissue. Immunohistochemical 
scoring (Figure 1F) and statistical analysis of the GSE54238 
dataset (Figure 1G) further showed a gradual decrease in 
AGXT2L1 mRNA expression from normal liver tissue to 
chronic hepatitis, cirrhosis, and hepatocellular carcinoma. 
These results suggest that decreased AGXT2L1 expression 
may be characteristic of MCD diet-induced NAFLD and 
associated with disease progression.

AGXT2L1 expression is downregulated after induction of 
cellular steatosis in vitro and in vivo

An oleic acid-induced hepatocellular steatosis model was 
established using the HepG2 cell line. Based on the literature, 
HepG2 cells were treated with three concentrations of oleic 
acid: 0, 0.3, and 0.6 μg/ml. After 24 hr, Oil Red O staining 
revealed extensive lipid droplet formation in HepG2 
cells treated with 0.6 μg/ml oleic acid (Figures 2A, 2B). 

Western Blot analysis showed that AGXT2L1 expression 
was significantly decreased in HepG2 cells treated with 
0.6 μg/mL oleic acid (P<0.05)(Figures 2C, 2D). In vitro 
cell experiments further confirmed that steatosis inhibits 
AGXT2L1 expression in hepatocytes.

To verify that AGXT2L1 is a key regulator throughout 
NAFLD progression, animal experiments were conducted 
using 8-week-old male WT C57BL/6 mice. The experimental 
group was fed a high-fat diet, and the control group was fed a 
normal diet. Mice were sacrificed after 4 weeks of modeling. 
HE and Oil Red O staining of mouse liver tissues (Figure 2E) 
showed significant steatohepatitis in the MCD diet group, 
with more intense Oil Red O staining (indicating more lipid 
droplets) than in the control group. Immunohistochemical 
and western blot analysis of liver tissues from experimental 
and control mice showed significantly decreased AGXT2L1 
protein expression in mice with steatohepatitis (Figure 
2F). Quantitative real-time PCR (qRT-PCR) also revealed 
a significant decrease in AGXT2L1 mRNA expression in 
steatotic mice (P<0.01)(Figure 2G).

AGXT2L1 Knockout Mice Develop Spontaneous Liver 
Injury Starting at Three Months of Age

AGXT2L1 knockout mice (Agxt2l1-/-; KO) were generated 
using CRISPR/Cas9 gene-editing technology; wild-type 
mice (WT) served as controls. To observe whether KO mice 
develop pathological changes due to reduced AGXT2L1 
expression, three KO and three WT mice were randomly 
selected monthly, sacrificed after blood collection, and their 
livers were harvested. Serum levels of ALT, AST, ALP, TG, 
and TCh were measured, and liver tissues were subjected 
to HE staining to assess pathological changes. As shown 
in Figure 3A, HE staining of KO mouse livers revealed 

Figure 2. AGXT2L1 expression is down-regulated after inducing cellular 
steatosis in mouse in vitro and in vivo experiments
(A, B) Oleic acid at different concentrations (0, 0.3, 0.6 μg/ml) induces varying degrees 
of steatosis in HepG2 cells. (C, D) Western blot analysis shows that the expression 
level of AGXT2L1 in steatotic HepG2 cells is significantly decreased. (E) Sequentially 
showing the HE staining, Oil Red staining, and AGXT2L1 immunohistochemical 
results of liver tissues from mice fed a normal diet and an MCD diet. (F, G) Western 
Blot and QPCR results of AGXT2L1 in liver tissues from mice fed a normal diet and 
an MCD diet; *Indicates P<0.05
AGXT2L1: Alanine-glyoxylate aminotransferase; HE: Hematoxylin-Eosin staining; 
MCD: Methionine-choline-deficient

Figure 3. Hepatic steatosis occurs in the livers of KO mice
(A)Upper panel shows the HE staining results of liver tissues from 3-, 4-, and 
6-month-old WT mice; Lower panel shows the HE staining results of liver tissues 
from 3-, 4-, and 6-month-old KO mice. (B) Levels of serum ALT, AST, ALP, TG, and 
TCh in 3-month-old KO and WT mice
WT: Wild-type; KO: AGXT2L1 knockout. ALT: Alanine Aminotransferase; AST: 
Aspartate Aminotransferase; ALP: Alkaline Phosphatase; TG: Triglycerides; TCh: 
Total Cholesterol
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steatosis starting at 3 months of age, which persisted at 4 
and 6 months; WT mouse livers remained normal. At 3 
months, serum levels of ALT, AST, ALP, TG, and TCh were 
abnormally elevated in KO mice compared with WT mice 
(Figure 3B). These findings suggest that reduced AGXT2L1 
expression in mouse livers increases serum levels of enzymes 
(e.g., ALT, AST) and lipids (e.g., TG, TCh), and induces 
pathological changes such as hepatocellular steatosis.

KO mice exhibit more severe hepatic steatosis than WT 
mice under MCD diet conditions

We previously confirmed that AGXT2L1 expression is 
significantly downregulated in steatotic livers. Next, KO and 
WT mice were fed an MCD diet to compare NASH severity. 
HE and Oil Red O staining (Figure 4A) showed that MCD 
diet-induced hepatic steatosis was more extensive and severe 
in KO mice than in WT mice (Figure 4B). These results 
indicate that AGXT2L1 deficiency increases susceptibility 
to steatohepatitis.

Serum samples from each group were collected to 
measure NASH-related serological indicators (Figure 4C). 
Serum levels of ALT, AST, and ALP were significantly 
higher in WT and KO mice fed an MCD diet than in 
those fed a normal diet; notably, these indicators were 
more significantly elevated in KO mice than in WT mice 
under MCD diet conditions (P<0.05). Serological data 
thus confirmed that Agxt2l1-/- mice develop more severe 
steatohepatitis than WT mice.

qRT-PCR was used to measure the mRNA expression 
of inflammation-related factors (TNF-α, TGF-β, IL-6, IL-
10) in the livers of KO and WT mice fed normal or MCD 
diets; immunohistochemistry was performed to detect 
TNF-α and TGF-β in liver tissues. Consistent with the ALT 

and AST results, mRNA levels of pro-inflammatory factors 
(TNF-α, TGF-β, IL-6) were significantly elevated (and IL-10 
was significantly decreased) in the livers of MCD-induced 
KO and WT mice, with higher levels observed in KO mice 
(Figure 4D). Immunohistochemical analysis of mouse liver 
tissues showed increased TNF-α and TGF-β expression in 
MCD-induced mice, with significantly stronger expression 
in KO mice than in WT mice (P<0.01)(Figure 4E). These 
results suggest that AGXT2L1 deficiency promotes the 
development of NAFLD.

Abnormal AGXT2L1 expression primarily affects 
phospholipid metabolism

To further explore the biological function of AGXT2L1, 
RNA sequencing and bioinformatics analysis were 
performed on AGXT2L1 KO and WT mice (n=3 per group; 
KO mice as the experimental group, WT mice as the control 
group).

Compared with the control group, the experimental group 
had 138 differentially expressed genes (DEGs), including 
76 up-regulated and 62 downregulated genes. A total of 
361 differential transcripts were identified between the 
KO and WT groups, including 224 up-regulated and 137 
downregulated. Cluster analysis of samples and genes was 
performed using gene signal values, generating cluster maps of 
DEGs and differential transcripts (Figures 5A, 5B). Functional 
annotation of up-regulated DEGs revealed enrichment in 30 
biological processes, primarily involving redox reactions and 
metabolic processes (including phospholipid metabolism, 
sterol biosynthesis/metabolism, and fatty acid biosynthesis/
metabolism)(Figure 5C). KEGG pathway analysis of DEGs 
(screened with P<0.05) identified 60 significant pathways, 
including 30 pathways associated with up-regulated genes. 

Figure 4. Mice under high-fat diet induction, Agxt2l1⁻/⁻ mice, develop more severe steatohepatitis than WT mice
(A) Hepatic pathological HE staining and Oil Red O staining of WT and KO mice after MCD diet induction. (B) Statistical analysis of the steatosis area from Oil Red O staining. 
(C) Serum indicators, including ALT, AST, and ALP, in KO and WT mice. (D) Quantitative real-time PCR (qPCR) detection of the mRNA expression levels of genes such as TNF-α, 
TGF-β, IL-6, and IL-10 in KO and WT mice under MCD diet and control diet conditions. (E) Immunohistochemical detection of the expression of TNF-α and TGF-β in liver 
tissues of WT and KO mice with steatohepatitis induced by MCD diet.*Indicates P<0.05
WT: wild-type; KO: AGXT2L1 knockout; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ALP: Alkaline Phosphatase; TNF-α: Tumor Necrosis Factor-α; 
TGF-β: Transforming growth factor-β; IL-6: Interleukin-6; IL-10: Interleukin-10; WT: Wild-type; KO:AGXT2L1 knockout
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The most prominent pathways were metabolism-related, 
with additional involvement of cytochrome P450 and lipid 
synthesis/metabolism pathways (Figure 5D). These results 
indicate that abnormal AGXT2L1 expression is primarily 
associated with phospholipid metabolism.

AGXT2L1 Deficiency promotes hepatocyte apoptosis and 
endoplasmic reticulum stress

To further explore the role of AGXT2L1 in NAFLD, 
TUNEL assays were performed to assess hepatocyte 
apoptosis in MCD-induced mice. As shown in Figures 6A 
and 6B, MCD-induced KO mice developed more severe 
steatohepatitis and had a higher number of apoptotic cells 
than WT mice.

qRT-PCR was used to measure the expression of 
endoplasmic reticulum stress marker genes (CHOP and 
PERK) in the livers of WT and KO mice. As shown in Figure 
6C, MCD-induced steatohepatitis increased the expression 
of endoplasmic reticulum stress marker genes; notably, 
CHOP and PERK expression were more significantly 
elevated in KO mice than in WT mice (P<0.05).

These findings suggest that reduced AGXT2L1 expression 
promotes hepatocyte apoptosis and endoplasmic reticulum 
stress, thereby facilitating or exacerbating NAFLD progression.

Discussion
Previous studies on AGXT2L1 have focused on its 

association with brain tissue and psychiatric disorders (23, 
24). This study is the first to extend AGXT2L1 research to 
liver diseases, identifying decreased AGXT2L1 expression 
as a “common phenomenon” in liver injury. This cross-
system finding overcomes the limitations of traditional gene 

function research and offers a new perspective on tissue-
specific gene function.

More importantly, using an AGXT2L1-/- mouse model, 
this study indicated a possible association between reduced 
AGXT2L1 expression and spontaneous hepatic steatosis in 
vivo—consistent with in vitro findings that “down-regulated 
AGXT2L1 expression promotes lipid accumulation.” The 
study clarifies that reduced AGXT2L1 expression promotes 

Figure 5. RNA sequencing analysis of AGXT2L1 knockout (KO) mice
(A) Cluster heatmap of differentially expressed genes (DEGs). (B)Cluster heatmap of differentially expressed transcripts. In the figure, red indicates that the differentially expressed 
genes are highly expressed in the inter-group samples. In contrast, green indicates low expression in the grouped samples. (C) Bar chart of functions of significantly up-regulated 
differentially expressed genes between the two groups of samples. (D) Pathway distribution map of significantly up-regulated differentially expressed genes between the two sample 
groups

Figure 6. AGXT2L1 deficiency promotes hepatocyte apoptosis and 
endoplasmic reticulum stress
(A)The cells indicated by arrows in the figure are TUNEL-positive apoptotic cells. 
(B)Statistical count of hepatocyte apoptosis in mice after steatohepatitis induction by 
MCD diet. (C) Real-Time PCR detection of the expression of endoplasmic reticulum 
stress marker genes CHOP and PERK in the livers of WT and KO mice. Control 
group: Fed with a normal diet; MCD group: Fed with an MCD diet
WT: Wild-type; KO: AGXT2L1 knockout. CHOP: C/EBP homologous protein; 
PERK: Protein kinase R-like endoplasmic reticulum kinase
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NAFLD through three interconnected pathways linked by 
PE metabolism, forming a complete “gene-metabolism-
pathology” chain:

Activation of inflammatory responses: Reduced 
AGXT2L1 expression may increase PE levels and decrease the 
PC/PE ratio, enhancing hepatocyte membrane permeability 
and releasing intracellular contents. This activates Kupffer 
cells, recruits neutrophils and macrophages, and triggers an 
inflammatory cascade that exacerbates hepatocyte injury—a 
core feature of NAFLD progression to NASH.

Promotion of hepatocyte apoptosis: Disrupted 
membrane integrity (caused by PC/PE imbalance) may 
directly trigger apoptotic signaling. Additionally, pro-
inflammatory cytokines (e.g., TNF-α, IL-6) released during 
inflammation may further induce apoptosis, forming a 
“damage-apoptosis” vicious cycle.

Enhancement of endoplasmic reticulum stress: PC and 
PE are key regulators of the “unfolded protein response” 
during endoplasmic reticulum stress. An imbalanced 
PC/PE ratio may induce endoplasmic reticulum stress, 
which not only exacerbates apoptosis but also disrupts 
lipid metabolism (e.g., promoting triglyceride synthesis), 
accelerating NAFLD progression.

This study has two key implications: First, our findings 
suggest that AGXT2L1 may be tentatively linked to NAFLD, 
which might help expand the potential molecular regulatory 
network of NAFLD (previous studies have primarily focused 
on classic lipid metabolism-related genes such as PPARγ 
and SREBP-1c )(25, 26). Second, AGXT2L1 may serve as 
a potential biomarker for NAFLD (its expression level 
reflects the degree of liver injury) or a therapeutic target 
(up-regulating AGXT2L1 may improve PE metabolism 
imbalance). Additionally, PE metabolism-related pathways 
(e.g., PE synthases, PC/PE ratio-regulating enzymes) may 
represent new directions for drug development, providing a 
theoretical basis for targeted NAFLD therapy.

This study also has limitations, such as the lack of 
PE detection. A reduced PC/PE ratio is both a “cause” of 
membrane damage and a “consequence” of endoplasmic 
reticulum stress, and is a key metabolic node linking 
inflammation and apoptosis. Another limitation of the 
present study is the differences and limitations between 
the MCD diet-induced animal model and human NAFLD. 
Although the MCD diet model is widely used to induce 
NASH-like pathological changes in animal experiments 
because it rapidly induces hepatic steatosis, inflammation, 
and fibrosis, it differs from human NAFLD/NASH in several 
key aspects that were not fully addressed in this study. 

Future studies will explore the mechanism by which 
AGXT2L1 regulates PE metabolism imbalance, providing 
a new molecular explanation for “how lipidome imbalance 
drives liver disease progression.”

Conclusion
This study is the first to extend research on AGXT2L1 

from brain tissue and psychiatric disorders to liver diseases, 
identifying decreased AGXT2L1 expression as a clear 
alteration in liver injury. Using a gene knockout mouse 
model and other approaches, the study confirms that 
reduced AGXT2L1 expression promotes NAFLD through 
three pathways: activation of inflammatory responses, 
promotion of hepatocyte apoptosis, and enhancement of 
endoplasmic reticulum stress. This finding expands the 

molecular regulatory network of NAFLD, suggesting that 
AGXT2L1 may serve as a biomarker, therapeutic target, and 
guide for drug development.
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