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Abstract

Background and aims Non-alcoholic fatty liver disease (NAFLD) is the most common cause of chronic liver disease world-
wide. In this study, we aimed to investigate the role and regulatory mechanism of Annexin A2 (ANXA?2) in the pathogenesis
of NAFLD.

Methods Histological analyses and ELISA were used to illuminate the expression of ANXA?2 in NAFLD and healthy sub-
jects. The role of ANXA?2 was evaluated using high-fat diet (HFD)-fed mice via vein injection of adeno-associated viruses
(AAV) knocking down ANXA?2 or non-targeting control (NC) shRNAs. Moreover, HepG2 and LO2 cells were employed as
in vitro hepatocyte models to investigate the expression and function of ANXA?2.

Results ANXA2 was confirmed to be one of three hub genes in liver injury, and its expression was positively correlated
with NAFLD activity score (NAS) and macrophage infiltration in NAFLD. Moreover, ANXA?2 was significantly upregulated
in NAFLD patients and HFD-fed mice. LPS/TLR4 pathway strongly upregulated ANXA?2 expression, which is mediated
by direct ANXA2 promoter binding by TLR4 downstream NF-kB p65 and c-Jun transcription factors. Increased ANXA?2
expression was correlated with decreased autophagy flux and autophagy was activated by the depletion of ANXA?2 in the
models of NAFLD. Furthermore, ANXA?2 interference led to the activation of AMPK/mTOR signaling axis, which may
play a causal role in autophagy flux and the amelioration of steatosis.

Conclusions ANXAZ2 is a pathological predictor and promising therapeutic target for NAFLD. ANXA?2 plays a crucial role
in linking inflammation to hepatic metabolic disorder and injury, mainly through the blockage of AMPK/mTOR-mediated

lipophagy.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most com-
mon liver disease worldwide [1]. Because of sedentary life-
styles and Western diet, the prevalence of NAFLD in Asia
has risen to an alarming rate of 29.62% over the past decades
[2]. NAFLD is characterized by excessive lipid accumula-
tion in the liver and can progress to non-alcoholic steato-
hepatitis (NASH), connotes progressive liver injury that can
lead to cirrhosis and eventually hepatocellular carcinoma
(HCC) [3]. Currently, there is no effective pharmacological
treatment for NAFLD. It is urgent to explore new biomarkers
and therapeutic targets for this severe disease.

Autophagy plays a critical role in cellular physiology
and dysregulation in autophagy-related processes can initi-
ate various human diseases, including neurodegenerative,

cardiovascular, musculoskeletal, pulmonary, kidney, meta-
bolic disorders, and cancers [4]. Autophagic degradation
of lipid droplets, termed lipophagy, plays a pivotal role
in liver lipid catabolism, and the amelioration of NAFLD
(29,109,982). During the development of NAFLD, the
autophagic flux is compromised, partially contributing to the
aberrant increase in hepatic lipid accumulation [5]. Based on
human clinical studies, the regulation of autophagy can be a
promising strategy for multiple human disorders, especially
NAFLD [4].

Annexin A2 (ANXA?2), a member of a super-family of
Ca’* dependent membrane binding proteins, is involved in a
range of vital biological process, including cell proliferation,
apoptosis, angiogenesis, and metastasis. ANXAZ2 is widely
distributed in extracellular matrix, plasma membrane and
endosomal compartments [6, 7]. Notably, ANXA2 plays a
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critical role in endocytic and extracellular trafficking, multi-
vesicular biogenesis, and autophagy, and regulates the trans-
portation and recycling of various macromolecules, includ-
ing oligonucleotides, cellular receptors and lipids [6, 8, 9].
Accordingly, due to its role in cellular trafficking, ANXA?2
has been reportedly involved in the regulation of various
human diseases such as pulmonary fibrosis, severe acute
pancreatitis, osteoporosis, and autoimmune disease [10—12].
Of importance, recent evidence indicates that the upregu-
lation of ANXA2 was associated with methionine-choline
deficient (MCD)-induced steatosis, inflammation and fibro-
sis in the liver [13]. Besides, ANXAZ2 is considered one of
differential genes in steatotic livers of human subjects [14].
However, the underlying mechanism by which ANXA2
regulates the pathogenesis of NAFLD remains unknown.

In this study, integrative analysis of differentially
expressed genes (DEGs), weighted gene co-expression net-
work analysis (WGCNA), and ClueGO in CRA000931 and
GSE126848 datasets revealed the upregulation of ANXA?2
as a biomarker of NAFLD progression. Furthermore, bioin-
formatic analysis demonstrated the mRNA level of ANXA2
was positively correlated with NAFLD activity score (NAS)
and fibrosis score, and nuclear factor-kB (NF-xB) and
mitogen-activated protein kinases (MAPK) pathways were
enriched in the high-expression group of ANXA2. We found
that ANXA?2 was markedly upregulated in NAFLD patients
and mice, as well as in oleic acid (OA) treated hepatocytes.
Knockdown of ANXA?2 significantly alleviated the deregu-
lation of lipid accumulation and liver steatosis in vivo and
in vitro via the activation of AMP-activated protein kinase
(AMPK)/mechanistic target of rapamycin (mTOR) pathway,
highlighting ANXA?2 as a novel target for the treatment of
NAFLD.

Materials and methods

Detailed methods are presented
in the supplementary materials and methods

Human liver samples

Liver samples were collected from patients who had under-
gone liver biopsy in Affiliated Hospital of Nantong Uni-
versity during 2015-2020. Participants with excessive alco-
holic consumption, chronic viral hepatitis (hepatitis B and
hepatitis C), drug-induced liver injury, Wilson’s disease, and
autoimmune liver diseases were excluded. The human study
was approved by the Human Research Ethics Committee of
the Affiliated Hospital of Nantong University and conducted
in accordance with all relevant ethical regulations. Informed
consent was obtained from each participant.
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Animal experiments

C57BL/6 male mice of 8 weeks were obtained from the Lab-
oratory Animal Center of Nantong University. Mice were fed
with normal chow diet (NCD) or high-fat diet (HFD, 45% of
calories from fat) for 16 weeks. The HFD group was injected
with associated virus vector (AAV)-non-targeting control
(NC) or AAV-shANXA? for 8 weeks. The mice were housed
at room temperature and maintained at 23 °C (2 ‘C) with a
12 h/12 h light/dark cycle, and ad libitum access to food and
water. All animal protocols were approved by the Animal
Care and Use Committee of Nantong University.

Cell culture

HepG2 cells were obtained from BeNa Culture Collection
(BNCC, Beijing, China; #338070). LO2 cells were gifted
from Shanghai Institute of Cell Biology. Cells were cultured
in Dulbecco's modified Eagle's medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS) and 1% penicil-
lin and streptomycin (Gibco, Thermo Scientific, Shanghai)
at 37 °C in a humidified incubator containing 5% CO2. Cells
were treated with 0.5 mM OA (CAS: 112-80-1, Sangon Bio-
tech) and 1 pg/ml lipopolysaccharide (LPS) (L4391; Sigma).
Small interfering RNA (siRNA)-ANXA2 was purchased
from GenePharma Biotechnology Co. (Shanghai, China).
All transfections were performed using Lipofectamine 2000
(Invitrogen, Carlsbad, CA) using the manufacturer's instruc-
tions. 24 h after transfection, cells were exposed to OA for
the indicated periods of time.

Statistical analysis

All statistical analyses in this study were performed using
GraphPad Prism 9.0 software. Mann—Whitney U-test (non-
normal distribution) or unpaired ¢ test (normal distribu-
tion) were used to analyze the significance between the two
groups. ANOVA was used to analyze the significance of
differences among more than two groups. The statistical
significance was indicated as follows: *; #, p <0.05, **; #i#,
p<0.01, ***%; ### p <0.001. Correlations were analyzed
usingPearson’s correlation test. Data in tables were pre-
sented as means + standard deviation (SD) or proportions.
Binary unconditional logistic regression models were used
to estimate the odds ratios (ORs) of NAFLD-related factors
and corresponding 95% confidence intervals (Cls). Potential
confounders including age and sex were adjusted. Multivari-
ate analyses with stepwise logistic regression were used to
determine the independent factors associated with NAFLD.
All statistical tests were two sided. p <0.05 was considered
statistically significant.
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Results

Integrative analysis of novel liver injury gene set
during NAFLD progression

As a hallmark of NAFLD progression, progressive liver
injury is a key determinant of the extent of NAFLD prog-
nosis. However, the gene set underpinning liver injury
and NAFLD deterioration remains poorly understood.
To dissect pivotal genes underlying liver injury and their
contributions in the development of NAFLD, we com-
piled a NAFLD-associated liver injury dataset to iden-
tify key genes and corresponding regulatory networks
(Fig. 1a). Integrative analysis of human hepatic transcrip-
tome signatures (NAFLD dataset, GEO accession num-
ber GSE126848), the diethylnitrosamine (DEN) + HFD-
induced chronic liver injury (CLI) model dataset (DEN
dataset, BIG Data Center (http://bigd.big.ac.cn) accession
number CRA000931) and the acetaminophen (APAP)-
induced acute liver injury (ALI) model dataset (APAP
dataset) was conducted to interrogate the gene signa-
tures critically involved in liver injury, with the flowchart
depicted in Fig. 1a and the method section.

In total, 55,357 genes were detected in the above data-
sets across 30 samples. Principal component analysis
(PCA) suggested the existence of batch effects in the DEN
and APAP datasets. The statistical differences between an
experimental group and the control group were distin-
guished after the removal of batch effects (Fig. Sla, b).
Following the removal of batch effects, the datasets were
subjected to differential expression gene (DEG) analysis.
Based on the selection criteria of adjusted p-value < 0.01
and FoldChange (FC) > 1.4, 1829 DEGs were identified
between CLI and control (CON), including 1473 up-
regulated and 356 down-regulated genes (Fig. 1b, up,
left). Likewise, we identified 774 DEGs between ALI and
CON, including 539 up-regulated and 235 down-regu-
lated genes (Fig. 1b, up, right). Notably, we observed 205
overlapping DEGs between ALI-VS-CON and CLI-VS-
CON comparisons (Fig. 1b, down). Thereafter, we cal-
culated the Median Absolute Deviation (MAD) of each
gene and selected the top 5000 genes based on the MAD
for WGCNA of the DEN dataset, APAP dataset and the
combined data (DEN + APAP) [15]. The results showed
that the turquoise module genes may be co-expressed in
CLI group (Fig. Slc; Fig. lc, up, left), while genes in the
turquoise module were predominately expressed in ALI
samples (Fig. S1d; Fig. lc, up, right), as well as genes in
the blue module of CON group (Fig. Sle; Fig. Ic, down,
left). Lastly, we found 210 genes that met the criteria in all
of the three modules of liver-injury conditions and referred
to them as liver-injury genes (Fig. 1c, down, right).

ANXA2 is significantly upregulated
in inflammation-related liver disease dataset

Furthermore, liver-injury genes were subjected to Gene
Ontology (GO) pathway analysis, which revealed signifi-
cant enrichments of genes involved in cell cycle regula-
tion, cell proliferation, cell migration, phagocytosis, extra-
cellular matrix regulation, regulation of lipase activity and
DNA replication (Fig. 1d). We then calculated the num-
bers of GO functions (GO Terms) and the numbers of GO
groups (GO Groups) connected by each gene, and selected
genes with GO Groups >4 as central node genes (Fig. 1d).
Three hub genes (ANXA2, LOX, CDKN1A) were identi-
fied both in DEGs and central node genes (Fig. 1e). To
further explore the roles of these hub genes in NAFLD,
we examined their expression profiles in a clinical NAFLD
dataset (GSE126848), and revealed significantly increased
expression of ANXA2 (p=9.7E—10) and CDKN1A
(p =1.6E—-06) in the NAFLD group, as compared to the
controls (Fig. 2a). Of great intrigue, while the role of
p21CPKNIA in hepatic injury and death has been well rec-
ognized, the involvements of ANXA?2 in liver injury and
NAFLD development remain to be investigated.

ANXA2 expression is positively correlated
with NAFLD severity, fibrosis score
and inflammatory infiltration

To decipher the role of ANXA2 in the regulation of liver
injury and NAFLD pathogenesis, we analyzed the cor-
relation among ANXA?2 expression and NAFLD sever-
ity. Analysis of transcriptome dataset GSE135251 (206
patients with NAFLD and 10 control patients) from the
Gene Expression Omnibus, revealed a significant posi-
tive correlation among ANXA2 mRNA expression, the
NAS and fibrosis score (Fig. 2b). Moreover, the patients
were divided into ANXAZ2-high and ANXA2-low groups
according to the median of ANXA2 expression. Differ-
ential analysis and KEGG enrichment analysis showed
that inflammation and fibrosis-related pathways were sig-
nificantly enriched in the ANXA2-high group (Fig. 2c,
d). Analysis of transcriptome dataset GSE174478 (94
patients with NAFLD), showed that patients with high
ANXAZ? expression exhibited worsened macrophage infil-
tration, compared with those with low ANXA?2 expres-
sion (Fig. 2e). Likewise, Gene Set Enrichment Analysis
(GSEA) validated that NAFLD-associated inflammatory
pathways were significantly enriched in the ANXAZ2-high
group (Fig. 2f), including the NF-kB (Fig. 2g) and MAPK
(Fig. 2h) pathways.
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«Fig.2 ANXA2 expression is positively correlated with NAFLD
severity, fibrosis score and inflammatory infiltration. a The mRNA
expression levels of three hub genes between NAFLD (n=31) and
control (n=14) groups in GSE126848 dataset. b Point plots for the
mRNA expression levels of ANXA2 in GSE135251 (NAFLD =206
and control=10) in which patients were stratified by NAS or fibro-
sis score. Linear regression was performed. ¢ Volcano plot of DEGs
between ANXA2-high group and ANXAZ2-low group in GSE135251.
Inflammation and fibrosis-related DEGs were shown. d Inflamma-
tion and fibrosis-related pathways were significantly enriched in the
ANXAZ2-high group by KEGG pathway enrichment analysis. e Rel-
evance analysis between the mRNA expression levels of ANXA2
and CD68, CCL2 or CCR2 in GSE174478 (NAFLD =94). f Inflam-
matory pathways were significantly enriched in the ANXAZ2-high
group by GSEA in GSE174478. g GSEA showed the enrichment of
NF-xB and MAPK pathways in the livers of ANXAZ2-high group VS
ANXA2-low group

(FBG), ANXA2 and non-significant differences in aspar-
tate transaminase (AST) and high-density lipoprotein (HDL)
levels may be predictive for NAFLD occurrence (Table S1).
According to the multivariate analysis, BMI, ALT, TG and
ANXA?2 were independent predictors for NAFLD. When
ANXAZ? level in serum increased by 1, the risk of devel-
oping NAFLD increased by 292.3% (OR 3.923; 95% CI
1.411-10.909; p =0.009) (Table S2).

In NAFLD, NF-kB p65 and c-Jun are activated which
can increase the transcriptional activity of ANXA2
and result in the overexpression of ANXA2

Immunohistochemistry and immunofluorescence of clini-
cal liver tissues revealed that ANXA2 was obviously over-
expressed in NAFLD patients, as compared to the tissues
of healthy subjects (Fig. 3a). In line with these data, the
protein level of ANXA2 was significantly upregulated in
the liver of HFD-fed mice (Fig. 3b, ¢). Moreover, we exam-
ined the regulation of ANXA2 expression using HepG2
hepatoma as an in vitro hepatocyte model. quantitative
polymerase chain reaction (QPCR) and Western blot analy-
ses revealed that ANXA?2 expression was increased in OA-
exposed hepatocytes (Fig. 3d, ). In parallel, we showed that
ANXAZ2 expression was upregulated by LPS/TLR4 pathway,
as the upregulation of ANXA2 mRNA and protein levels
were coincidentally accompanied by the activation of TLR4
downstream NF-kB p65 and c-Jun pathways (Fig. 3f, g). The
results were in line with our previous finding that NF-xB and
MAPK pathways were activated in the ANXA2-high group.
Furthermore, we revealed that LPS exposure increased the
occupancy of p65 and c-Jun on the promoter of ANXA?2,
suggesting that ANXA?2 is a direct transcriptional target of
TLR4-mediated NF-kB p65 and c-Jun signaling (Fig. 3h).
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Depletion of ANXA2 alleviates NAFLD progression
by activating autophagy flux

To further assess the mechanism by which ANXA?2 par-
ticipates in NAFLD development, we established an
HFD-mediated NAFLD model in C57BL/6 mice and then
interfered with hepatic ANXA2 expression via intrave-
nous injection of AAV-shANXA?2 (Fig. 4a, b). The body
weight and liver volume were significantly decreased after
ANXAZ2 depletion, compared with the AAV-NC group
(Fig. 4c, d). ANXAZ2 reduction notably attenuated HFD-
induced hepatic lipid accumulation (Fig. 4e). Furthermore,
transmission electron microscopes (TEM) analysis indi-
cated that NCD-fed mice exhibited significantly increased
number of autophagosomes in liver tissues compared with
HFD-fed mice (Fig. 4f). Notably, treatment with AAV-
shANXAZ2 restored the number of autophagosomes and
decreased the number of lipid droplets in HFD-fed mice
(Fig. 4f). To further evaluate the involvement of ANXA?2
in autophagic regulation, we examined the levels of LC3-
II/T ratio and autophagosome adapter p62. Western blot
analysis revealed that HFD feeding reduced the LC3-11/1
ratio and enhanced the hepatic level of p62 (Fig. 4g). In
contrast, these alterations were reversed after ANXA2
interference in the livers of HFD-fed mice (Fig. 4h).

ANXA2 blocks autophagy and aggravates
OA-induced lipid deposition

Thereafter, we investigated the involvement of ANXA2
in the regulation of autophagic flux using hepatic cell
cultures. We screened three ANXA?2 small interfering
RNA (siRNA) oligos and found that siRNA-ANXA2-512
effectively depleted ANXA2 in hepatocytes (Fig. 5a).
As predicted, Oil Red O staining assay showed that the
increase of lipid droplets in OA-treated hepatocytes was
reversed by the interference of ANXA2 (Fig. 5b; Fig. S2a).
To validate the regulatory role of ANXA?2 in autophagic
flux, we employed autophagic flux inhibitor chloroquine
(CQ), which blocks lysosomal degradation of LC3-II and
causes its accumulation following autophagic flux. Down-
regulation of ANXA2 significantly increased the LC3-11/1
ratio and decreased p62 expression both in the presence
or absence of CQ (Fig. 5c¢; Fig. S2b). TEM analysis fur-
ther revealed that ANXAZ2 depletion increased autophago-
somes and decreased lipid droplets both in OA-treated and
-untreated cells (Fig. 5d; Fig. S2c¢).
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«Fig.3 In NAFLD, NF-xB p65 and c-Jun are activated which can
increase the transcriptional activity of ANXA?2 and result in the
overexpression of ANXA2. a Representative images of immuno-
histochemical (IHC) staining and Immunofluorescence for ANXA?2
in liver sections from Normal (n=3) and NAFLD patients (n=06).
Original magnification: 400X, 200X. b Immunohistochemical stain-
ing for ANXAZ2 in liver tissues of NCD-fed mice and HFD-fed mice.
Original magnification: 400X. ¢ Western blot analysis of ANXA2
in the livers of NCD-fed mice and HFD-fed mice were determined
by western blot and normalized to GAPDH (n=3 per group). d The
mRNA levels of ANXA2 in HepG2 cells treated with or without
OA (500 pM) were measured by qPCR. e Western blot analysis of
ANXA?2 in HepG2 cells treated with or without OA (500 pM) for
24 h. f Western blot analysis of ANXA?2, p-p65, p65, p—c-Jun, c-Jun
in HepG2 cells treated with LPS (1 pg/ml) for O h, 3 h, 6 h, 12 h,
24 h, and 48 h. *, compared with 0 h. g The mRNA levels of ANXA2
in HepG2 cells treated with LPS (1 pg/ml) for O h, 3 h, 12 h, and 48 h
were measured by qPCR. *, compared with 0 h. h Chromatin immu-
noprecipitation (ChIP) assay confirmed that p65 and c-Jun could bind
to the promoter region of ANXA2 in HepG2 cells and their binding
ability was enhanced by LPS treatment. *, compared with IgG; #,
compared with CON

ANXA2 inhibits autophagy related
to the AMPK-mTOR pathway in vivo and in vitro

Western blot analysis showed that HFD significantly
reduced hepatic p-AMPK/AMPK ratio and increased
p-mTOR/mTOR ratio, compared with the chow diet
(Fig. 6a). In agreement with a beneficial effect of ANXA2
interference on lipid metabolism and autophagic flux,
ANXA? interference increased p-AMPK/AMPK ratio
and decreased p-mTOR/mTOR ratio in HFD-fed mice
(Fig. 6b). Similar trends were found in OA-treated cells
(Fig. 6c, d; Fig. S2d, e). These data imply that ANXA?2
may inhibit the phosphorylation of AMPK, which in turn
leads to mTOR activation and autophagy flux blockade.

Discussion

In the present study, we demonstrated the critical role of
ANXAZ2 in the development of NAFLD using integrative
bioinformatics analysis and functional validation. ANXA?2
was markedly upregulated in serum and liver tissues of
NAFLD subjects, and its depletion protected mice from lipid
accumulation and liver injury. ANXA2 exacerbates lipid
metabolism and accumulation by the blockade of AMPK/
mTOR signaling-mediated autophagy flux. Of great impor-
tance, we revealed that ANXA?2 expression is initiated by
LPS/TLR4-mediated NF-xB and c-Jun signaling. These
studies highlight ANXA2 as an important intermediary
protein linking aberrant inflammation to hepatic metabolic
disorder and liver injury, suggesting a potential target for
NAFLD therapy.
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Liver injury, which represents the pivotal instigator of
the pathogenesis underlying various liver diseases including
NAFLD, initiates a chain of pathological events character-
ized by chronic inflammation, stress events, and repairing
processes [18]. During the progression of NAFLD, liver
injury is mostly attributed to lipotoxicity, pro-inflammatory
cytokines and oxidative stress. In this regard, inflamma-
tion has been well documented to play an indispensable
role in hepatic damage and death. TLR4 signaling plays an
integral role in metabolic disorders and liver injury during
NAFLD development, via its role in the regulation of down-
stream targets involved in lipid metabolism and stress events
(26,172,853, 26,113,297). Using integrative bioinformatic
analysis, we showed that the expression of ANXA2, along
with CDKNI1A, is indicative of NAFLD progression and
liver injury. Moreover, our study for the first time revealed
that ANXA?2 expression is strongly initiated by LPS/TLR4
signaling, suggesting that ANXA?2 upregulation may result
from pro-inflammatory environment during NAFLD devel-
opment, underscoring the potential of employing ANXA?2 as
an indicator of NAFLD-associated inflammatory infiltration
and liver injury.

While the role of ANXAZ2 in facilitating tumor pro-
gression has been intensively investigated, its involvement
in metabolic diseases remains poorly understood [13]. In
addition, aberrant expression of ANXA?2 may serve as a
potential predictive factor and diagnostic biomarker in
assorted cancer types [19]. A recent study showed that
ANXA? was highly expressed in insulin-resistant epididy-
mal adipose tissues and silencing ANXA?2 was shown to
ameliorate palmitic acid (PA)-induced insulin resistance
in differentiated 3T3L1 cells [20]. ANXAZ2 has also been
reportedly involved in the development of hepatic fibrosis
via the initiation of caspase-1-mediated hepatocyte pyrop-
tosis (36,324,154). ANXA?2 exhibited the most significant
correlation with severity of the liver inflammation and
fibrosis [21]. Overexpression of STO0A11/ANXA2 has
been documented as a biomarker of poor prognosis in liver
fibrosis and HCC [13]. Wang et al. reported that ANXA2
ameliorated liver fibrosis in NASH via regulating proin-
flammatory factors [22]. Despite the fact that ANXA2 has
been demonstrated as a key player in inflammatory regula-
tion and hepatic injury, the association between ANXA?2
and lipid metabolism remains unclarified. Our study
showed that depleting ANXA2 using ANXA?2 siRNA oli-
gos could lead to reduced lipid accumulation and liver
injury, and meanwhile an increase in autophagic flux in
NAFLD mice and OA-treated hepatocyte cells. Moreover,
we reported that ANXA?2 inhibited autophagy to facilitate
lipid metabolism via regulating the AMPK/mTOR path-
way. These findings underscore the potential of targeting
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Fig.4 Depletion of ANXAZ2 alleviates NAFLD progression by
activating autophagy flux. a Experimental outline. b Western blot
analysis of ANXA2 in HFD-fed mice injected with AAV-NC or
AAV-shANXAZ2. ¢ Liver images of mice in different groups. d Body
weight of mice in different groups (n=10 per group). e The images of
hematoxylin and eosin (H&E) staining and Oil Red O staining from
different groups (n=5 per group). *, compared with NCD+ AAV-
NC; #, compared with HFD + AAV-NC. f Autophagosomes in hepat-

ocytes in the liver tissues from different groups were observed by
TEM. The red arrows indicate autophagosomes, the yellow arrows
indicate lipid droplets. Original magnification: 2000x (n=5 per
group). g Western blot analysis of p62, LC3-1, LC3-II in the livers of
NCD-fed mice and HFD-fed mice (n=3 per group). h Western blot
analysis of p62, LC3-I, LC3-II in HFD-fed mice injected with AAV-
NC or AAV-shANXA?2 (n=3 per group)
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d
L
[

OA for 24 h in the presence or absence of CQ, ANXA2, p62, LC3-
I, LC3-II proteins were assessed by western blot and normalized
to GAPDH. *, compared with si-NC+DMSO; #, compared with
siANXA2+CQ. d Autophagosomes in hepatocytes transfected with
control or siRNA-ANXA?2 in the presence or absence of OA were
observed by TEM. The red arrows indicate autophagosomes, and the
yellow arrows indicate lipid droplets. Original magnification: 5000x
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ANXAZ?2 as a general intervening strategy against both
metabolic disorders and hepatic injury during the progres-
sion of NAFLD and NASH. Therefore, the development
of highly selective and potent ANXA?2 pharmacological
inhibitors will be important for the management of meta-
bolic liver diseases, including NAFLD and NASH.

Collectively, the present work employed liver injury data-
sets to deduce key genes in the pathological process of liver
injury in NAFLD and showed an important role of ANXA?2
in NAFLD progression. We showed that ANXA?2 expression
was increased in the liver and serum of patients and mice
with NAFLD. The initiation of ANXA2 expression by the
pro-inflammatory TLR4 pathway underscores the impor-
tance of ANXA?2 as a mediary protein linking inflammatory
environment to metabolic disorders and liver injury. Impor-
tantly, the depletion of ANXA2 ameliorated HFD-induced
lipid accumulation and liver injury, highlighting the thera-
peutic potential of targeting ANXA?2 in NAFLD. We further
identified that ANXA?2 negatively regulates autophagy flux
and hence lipid catabolism by regulating the AMPK/mTOR
pathway. Taken together, these data indicate that ANXAZ2 is
a pivotal driver of inflammation-associated NAFLD progres-
sion and a novel target for the treatment of NAFLD-related
lipid accumulation and liver injury.
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