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Abstract: Alcohol abuse can lead to alcoholic hepatitis (AH), a worldwide public health issue with
high morbidity and mortality. Here, we identified apolipoprotein A-IV (APOA4) as a biomarker
and potential therapeutic target for AH. APOA4 expression was detected by Gene Expression
Omnibus (GEO) databases, Immunohistochemistry, and qRT-PCR in AH. Bioinformatics Methods
(protein–protein interaction (PPI) network, Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways and Gene Set Enrichment Analysis (GSEA) were used to show
down-stream gene and pathways of APOA4 in AH. AML-12 cells were used to evaluate the biological
function of APOA4 using an ELISA kit (AST, ALT, and IL-1β) and flow cytometry (ROS activity).
Both in vivo and in vitro, APOA4 expression was significantly elevated in the AH model induced by
alcohol (ETOH). AML-12 cell damage was specifically repaired by APOA4 deficiency, while AST, ALT,
and IL-1β activity that was increased by ETOH (200 µmol, 12 h) were suppressed. APOA4 inhibition
increased intracellular ROS induced by ETOH, which was detected by flow cytometry. Functional
and PPI network analyses showed Fcgamma receptor (FCGR) and platelet activation signaling were
potential downstream pathways. We identified CIDEC as a downstream gene of APOA4. The CIDEC
AUC values for the ROC curves were 0.861. At the same time, APOA4 silencing downregulated the
expression of CIDEC, whereas the knockdown of CIDEC did not influence the expression of APOA4
in AML-12 cells. Collectively, APOA4 regulates CIDEC expression and immune cell infiltration and
may hold great potential as a biomarker and therapeutic target for AH.

Keywords: alcoholic hepatitis; apolipoprotein A-IV; inflammation; immune cell infiltration; CIDEC

1. Introduction

Alcohol abuse can lead to alcoholic liver disease (ALD), which is the main cause of
liver-related morbidity and mortality worldwide and contributes to 0.9% of all fatalities
worldwide [1–3]. About 35% of heavy alcohol users may develop alcoholic hepatitis (AH)
associated with high mortality [4,5]. Currently, the diagnosis of AH depends mainly on
pathologic examination and medical imaging. However, finding a reliable biomarker and
therapeutic target for AH is necessary.

Patients with AH are highly predisposed to infection due to diminished antimicrobial
responses in monocytes and neutrophils [6]. Immunotherapy is one of the most advanced
therapies to date and has been widely used in the treatment of AH [7–9]. Recent investiga-
tions have linked the immune microenvironment and the invasion of immune cells to AH
onset, progression, prognosis, and treatment response. Both immune cells and stroma cells

Int. J. Mol. Sci. 2023, 24, 670. https://doi.org/10.3390/ijms24010670 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms24010670
https://doi.org/10.3390/ijms24010670
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://doi.org/10.3390/ijms24010670
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms24010670?type=check_update&version=1


Int. J. Mol. Sci. 2023, 24, 670 2 of 14

play crucial roles in hepatic biology. Immune-associated molecules modulate the invasion
of immune cells, a process associated with the response to immune therapy. Hence, we
speculated that immune-associated factors might be used to estimate the prognosis and
treatment for patients with AH.

APOA4, a plasma lipoprotein, modulates several metabolic processes, such as the
metabolism of lipids and glucose [10]. It has been reported that APOA4 accelerates the
secretion of triglycerides from the liver [11]. The content of APOA4 in plasma correlates
positively with the level of high-density lipoproteins; APOA4 significantly promotes insulin
secretion triggered by glucose and decreases the generation of products in the liver. By
stimulating pancreatic insulin production, APOA4 improves glucose homeostasis, which
contributes to the suppression of hepatic gluconeogenesis and the promotion of glucose
uptake into adipose tissues in the absence of insulin [12]. APOA4 is markedly associated
with obesity in mice, humans, and type 2 diabetes [13]. In addition, the level of circulating
APOA4 has been used as a biomarker for the early diagnosis of liver fibrosis [14–16]. It
has become increasingly clear that APOA4 is involved in various physiological functions,
including inflammation reduction [17] and antioxidant activity [18]. Furthermore, many
diverse transcription factors, including ERR-α, HNF-4α, CREB, SERBP1, CREBH, and
PPARα, could influence APOA4 expression [19]. These factors slowed the progress of the
AH [20–22]. However, the underlying molecular regulatory mechanisms and cascades of
APOA4’s role in AH remain unclear.

In the current study, we demonstrated that APOA4, an immune-associated gene, has
remarkable prognostic value and anti-AH effect. We also developed a model to estimate
the response to therapy of people with AH.

2. Results
2.1. Validation of APOA4 Expression

Our analysis indicated differential expression of APOA4 in both the Array Express
(logFC = 3.149, p < 0.0001) and GEO (logFC = 1.838, p = 0.0008) cohorts (Figure 1A,B).
APOA4 expression was significantly higher in the patients with AH (Figure 1C,D). To
further confirm the role of APOA4 in AH, we established a vivo model of AH (Figure 1E).
Our data showed that the alanine aminotransferase (ALT)/aspartate aminotransferase
(AST) in serum is significant elevation in the alcohol hepatocyte (ETOH) group (Figure 1F,G).
While in both AH tissue and serum, after treatment with alcohol, the expression of APOA4
was increased (Figure 1H,I). In addition, in the vitro model [23], AML-12 cells were treated
for 12 h with alcohol at a concentration of 200 µmol/L. The expression of APOA4 was
significantly increased in the ETOH group (Figure 1J). These data indicated that APOA4
was elevated in AH.

2.2. Alcohol-Induced AML-12 Cell Injury in the Presence of APOA4 Knockdown

To explore the role of APOA4 in AH, we knocked down the expression of APOA4
in AML-12 cells (Figure 2A). The ETOH treatment increased the activity of AST, ALT
(Figure 2B), and IL-1β (Figure 2C), whereas APOA4 knockdown decreased AST, ALT, and
IL-1β activity. DCFH-DA staining result also indicated increased intracellular ROS in
the ETOH group. Silenced APOA4 notably inhibited ROS increasing induced by ETOH
(Figure 2D). Therefore, our data showed that suppression of APOA4 could protect against
ETOH-induced AML-12 injury.
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Figure 1. APOA4 is elevated in AH. Volcano plots showed the DEGs between AH and normal liver 
tissues in the E-MTAB-2664 dataset and the GSE28619 dataset. Orange dots indicate the up-regu-
lated genes, blue dots indicate down-regulated genes, and gray dots indicate non-DEGs. (A, B) Vol-
ano map and Box plot of APOA4 expression between AH and normal liver tissues in the E-MTAB-
2664 dataset. (C, D) Volcano map and Box plot of APOA4 expression between AH and normal liver 
tissues in the GSE28619 dataset. (E) Hematoxylin-eosin (H&E) staining. (F,G) The activity of ALT 
and AST. (H, I) The expression of APOA4 in AH tissue as well as serum. (J) The expression of 
APOA4 in AML-12 cells after 200 μmol/L ETOH treatment for 12 h. (n = 3-6) * p < 0.05, ** p < 0.01 vs. 
the control group. 
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Figure 1. APOA4 is elevated in AH. Volcano plots showed the differentially expressed genes (DEGs)
between AH and normal liver tissues in the E-MTAB-2664 dataset and the GSE28619 dataset. Orange
dots indicate the up-regulated genes, blue dots indicate down-regulated genes, and gray dots
indicate non-DEGs. (A,B) Volcano map and Box plot of APOA4 expression between AH and normal
liver tissues in the E-MTAB-2664 dataset. (C,D) Volcano map and Box plot of APOA4 expression
between AH and normal liver tissues in the GSE28619 dataset. (E) Hematoxylin-eosin (H&E) staining.
(F,G) The activity of ALT and AST. (H,I) The expression of APOA4 in AH tissue as well as serum.
(J) The expression of APOA4 in AML-12 cells after 200 µmol/L ETOH treatment for 12 h. (n = 3–6)
* p < 0.05, ** p < 0.01 vs. the control group.

2.3. Identification of APOA4 Co-Expressed Genes

To investigate the biological significance of APOA4 in AH and the downstream path-
ways involved. We identified the protein-coding genes of APOA4 and its co-expression
genes in AH. As shown in Figure 3A, Pearson’s correlation analysis was used to identify
genes that showed a positive and negative correlation with APOA4 in AH tissues from
the ArrayExpress cohort. The heatmap demonstrated the expression levels of the top
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50 protein-coding genes that positively and negatively correlated with APOA4, respectively
(Figure 3B,C).
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Figure 2. APOA4 inhibition decreased cell injury in ETOH -treated AML-12 cells. (A) AML-12
cells were transfected with APOA4 siRNA or control siRNA for 48 h. The expression of APOA4
was determined with qRT-PCR. (B) The AST and ALT activity in AML-12 cells after treatment with
APOA4-si stimulated by ETOH or left untreated. (C) IL-1β activity by IL-1β ELISA kit. (D) ROS
fluorescence intensity was detected by flow cytometry. (n = 3–6) * p < 0.05, ** p < 0.01 vs. the control
group; # p < 0.05 vs. the ETOH group or NS p > 0.05 vs. the Control group.

2.4. Functional Enrichment and PPI Analysis

In this study, the Metascape database was used to determine the potential biological
functions of APOA4. These co-expression genes were mainly enriched in pathways such
as Fcgamma receptor (FCGR) dependent phagocytosis, platelet activation signaling, and
aggregation. They were primarily involved in biological processes such as the regulation
of exocytosis, alpha-amino acid metabolism, and negative regulation of the protein mod-
ification process (Figure 3D,E). These results suggest that the pathways of phagocytosis,
amino acid metabolism, and protein modification are involved in the lesions of AH, which
was strongly related to APOA4 expression. Furthermore, STRING tools were employed
to analyze the interaction between APOA4 and protein-coding genes mentioned earlier.
Figure 3F illustrates the results of the analysis.

2.5. Hub Gene Recognition and Validation

We created a PPI network to uncover the intrinsic relationships among the genes
co-expressed with APOA4. Six genes (AMBP, CIDEC, FETUB, LCAT, LPA, and TTC36) were
identified as hub genes because they were found to be directly associated with APOA4.
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Figure 3. Functional enrichment and PPI analysis of APOA4 co-expressed genes. (A) A Pearson test
was used to analyze the correlation between APOA4 and other genes in AH. Red indicates positively
correlated genes; blue indicates negatively correlated genes. (B,C) Heat maps illustrating genes
positively and negatively correlated with APOA4 in AH (top 50). (D) Analysis of Gene Ontology
and Kyoto Encyclopedia of Genes and Genomes pathways associated with APOA4 expression.
(E) Network plot of the relationships among the top 20 terms. (F) PPI network plot of genes co-
expressed with APOA4.

Next, we validated these hub genes in the GEO cohort. As shown in Figure 4A–F,
AMBP, FETUB, LCAT, LPA, and TTC36 were all significantly overexpressed in normal liver
tissues, whereas only CIDEC was overexpressed considerably in AH tissues. Furthermore,
we plotted the receiver operating characteristic (ROC) curves for the six hub genes in the
ArrayExpress cohort based on the expression of genes with the corresponding disease states.
The six hub genes had excellent diagnostic value in discriminating between AH and control
samples, with an AUC of 0.836 for AMBP, 0.861 for CIDEC, 0.850 for FETUB, 0.883 for LCAT,
0.811 for LPA, and A 0.889 for TTC36 (Figure 5A and Supplementary Figure S1). To test the
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relationship between APOA4, CIDEC, and other hub genes, we used qRT-PCR to analyze
liver expressions after treating ETOH in mice. CIDEC was up-regulated in ETOH-treated
mouse livers (Figure 5B and Supplementary Figure S2). Simultaneously, CIDEC was found
to be positively correlated with APOA4 in both normal liver tissues and hepatocellular
carcinoma tissues (Supplementary Figure S3). We then tested the relationship between
APOA4 and CIDEC in AH liver tissue using by Spearman test. Our data showed APOA4
positively correlated with CIDEC (r = 0.628, p = 0.004, Figure 5C). On the other hand, we
also analyzed the expression of CIDEC after the knockdown of APOA4 in AML-12 cells.
At the same time, we first observed the effect of the CIDEC on AML-12 cells’ injury by
ETOH (Figure S4A–D). Our data showed CIDEC knockdown could inhibit AML-12 cell
injury after treatment with ETOH. The CIDEC protein was significantly down-regulated by
APOA4, but APOA4 mRNA levels remained unchanged after treatment with CIDEC-si in
AML-12 cells (Figure 5D,E).
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2.6. Relationship between APOA4 and Immune Infiltrating Cells in AH

To elucidate the mechanism underlying APOA4’s involvement in the pathological
progression of AH, we first used GSEA enrichment analysis to show the potential signaling
pathways of APOA4 in AH. The data displayed in Figure 6A shows that APOA4 was
connected with alpha–beta T cell activation, immune response-activating signal trans-
duction, positive regulation of inflammatory response, and regulation of T-helper 2 cell
cytokine production signaling pathways. These findings highlighted the importance of
the immune system in the abnormal expression of APOA4 in AH. Based on the expression
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profiles from the ArrayExpress cohort, we assessed the relationship between the APOA4
expression and the immune system in 22 types of immune-invading cells via the CIBER-
SORT algorithm. As illustrated in Figure 6B, resting mast cells (p = 0.005) increased in the
high APOA4 group of normal liver tissues, whereas activated neutrophils (p = 0.006) and
mast cells (p = 0.010) decreased. In AH tissues, while M0 (p = 0.016) and M2 (p = 0.003)
macrophages were enriched in the high APOA4 group, and resting mast cells (p = 0.026),
CD8 T cells (p = 0.021), and follicular helper T cells (p = 0.022) were enriched in the low
APOA4 group (Figure 6C). We also observed the relationship between CIDEC and immune
infiltrating cells in AH and found similar results as APOA4 in immune infiltrating cells in
AH (Supplementary Figure S5).
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Figure 5. The role of CIDEC in AH. (A) CIDEC, in the ArrayExpress cohort. (B) The expression of
CIDEC in AH tissue compared with the control group. (C) The correlation of CIDEC and APOA4
in AH liver tissue. The correlated concentration between APOA4 and CIDEC was determined by
western blotting (D) and qRT-PCR (E). (n = 3–6) * p < 0.05, vs. the Control group.
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Figure 6. Proportions of 22 immune infiltrating cells’ subpopulations in normal liver tissues and
AH tissues were associated with APOA4. (A) Analysis of Gene Ontology associated with APOA4
expression by GSEA enrichment analysis. (B) Immune infiltrating cells in normal liver tissues.
(C) Immune infiltrating cells in AH tissues. * p < 0.05, ** p < 0.01 vs. the high group, ns p > 0.05 vs the
high group.

3. Discussion

AH is the most severe type of ALD and is associated with high mortality [24]. Heavy
alcohol consumption alters lipid metabolism, resulting in lipid aggregation in hepatocytes
and the secretion of danger-associated molecular patterns, which, in combination with
gut-originating pathogen-associated molecular patterns, trigger an inflammatory response
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characteristic of AH [25,26]. AH is usually associated with ETOH’s misuse, progressive
jaundice, and inflammatory liver injury [23]. Since AH progresses as time goes on, early di-
agnosis, potential therapeutic targets screened, and downstream pathways have significant
clinical importance [27]. Unfortunately, there are few non-invasive, dependable methods
for detecting alcohol-induced hepatocyte injury and alcoholic hepatitis.

APOA4 is a highly conserved protein that often exists in eukaryotic cells [28]. It is
primarily located in the nucleus; however, it can shuttle from the nucleus to the cytoplasm
and subsequently function in nucleocytoplasmic signal transport [29–31]. Previous studies
found that APOA4 levels were markedly elevated in cancer and growing cells, in contrast to
quiescent cells [32,33]. Over-expression of APOA4 promotes the growth and proliferation
of diverse cancer cell types [34]. All of these implied that APOA4 might be a prospective
target for cancer gene treatment [35].

Nevertheless, few investigations on APOA4 in AH have been conducted. Here, we
first find that APOA4 is up-regulated in the tissue of AH patients, and APOA4 can regu-
late immune infiltrating cells in AH. These results show that APOA4 may be a potential
biomarker and therapeutic target in AH. To test this hypothesis, we used molecular biologi-
cal methods to explore the effect of APOA4 on AH. Our data showed that silenced APOA4
significantly decreased the AML-12 cell injury induced by ETOH, and APOA4 inactivated
the ROS activity induced by ETOH. These data indicate that APOA4 contributed to the
anti-AH effect.

What is the molecular mechanism involved in APOA4 in AH? Xu et al. found CIDEC
could promote the development of alcoholic steatohepatitis in mice and humans [36]. We
found CIDEC may be a gene downstream of APOA4 in AH with a high AUV value (0.861)
(Figures 4, 5 and S1–S3). To further confirm the downstream gene of APOA4 in AH, we
employed molecular Biotechnology (western blot, ELISA kit, and flow cytometry) to detect
the effect of CIDEC in AML-12 cells and AH tissues, and results showed CIDEC was
up-regulated in ETOH-treated liver cells and positively correlated with APOA4 in AH.
Furthermore, the expression of CIDEC modulates lipid deposition and secretion, both of
which are significant steps in AH [37], thus confirming our hypothesis.

In addition, APOA4 has an immune-regulatory role in some diseases, such as in
alveolar macrophages [38], spondylarthritis [39], as well as obesity-associated inflammatory
hepatic steatosis [40]. The result showed APOA4 was connected with immune-relative
signaling pathways, such as alpha-beta T cell activation, immune response-activating signal
transduction, positive regulation of inflammatory response, and T-helper 2 cell cytokine
production signaling pathways (Figure 6A). The innate immune responses triggered by
pathogen-associated molecular patterns, such as the translocation of gut microflora and
the sterile danger signals emanating from hepatocytes injured by alcohol, resulting in the
activation of Kupffer cells (resident liver macrophages) and the mobilization and activation
of macrophages in the liver [41–43]. Macrophages mobilize neutrophils to the site of liver
injury, thus amplifying proinflammatory reactions and liver damage [44]. Nonetheless,
these neutrophils have been documented to be mainly dysfunctional [45,46]. Because
the activation of macrophages is critical in ALD onset, determining and characterizing
the circulating biomarkers of macrophage activation in individuals with AH is essential.
Although the diagnosis of AH is based on clinical and laboratory findings, novel biomarkers
are required to estimate clinical outcomes and disease severity [47,48]. At the same time,
dysregulating APOA4 in AH tissue and normal liver tissue regulates different immune
cells. Such as, the resting mast cells are increased with high expression of APOA4 in normal
liver tissues; otherwise, the activated neutrophils and mast cells are decreased. At the same
time, M0 and M2 macrophages were enriched in the high APOA4 group in AH tissues,
while the resting mast cells, CD8 T cells, as well as follicular helper T cells, were increased
in the low expression APOA4 group (Figure 6C). These data showed the connection of
APOA4 in immune cell infiltration in AH.

Above all, our data suggested that APOA4 has an antagonistic effect on immunity in
patients with AH, thus providing new ideas and strategies for investigating APOA4 as an
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immunotherapy for AH. The APOA4/CIDEC/immune cell infiltration axis is expected
to serve as a new biomarker or target, potentially leading to the development of the next
generation of AH therapy.

4. Materials and Methods
4.1. Data Collection and Preprocessing

First, AH-related microarray data were obtained from the GEO data resource (www.
ncbi.nlm.gov/geo, accessed on 3 October 2022) and the Array Express database (www.ebi.
ac.uk/arrayexpress, accessed on 3 October 2022). The GSE28619 dataset contained data
from seven people with normal livers and 15 patients with AH, whereas the E-MTAB-2664
dataset included data from 12 healthy individuals and 30 patients with AH. Two datasets
were background connected and normalized with the “affy” package. We additionally
downloaded the file that corresponded to the dataset to convert probes to gene symbols. For
duplicate gene symbols, averaged overexpression values are reported. Data was accessed
on 1 January 2021.

4.2. Identification of Genes Co-Expressed with APOA4 and Functional Enrichment Analysis

The top 50 genes with positive and negative Pearson’s correlation coefficients were
selected as genes co-expressed with APOA4. Analysis with Metascape (http://metascape.
org/gp/index.html#/main/step1, accessed on 3 October 2022), a free web analysis tool
for gene functional enrichment analysis, revealed 100 co-expressed genes, which were
imported into the Metascape data resource for Gene Ontology and Kyoto Encyclopedia
of Genes and Genomes pathway analysis. Analysis with Metascape was accessed on
1 February 2021.

4.3. Protein-Protein Interaction (PPI) Analysis

We used the STRING data resource (https://string-db.org/, accessed on 3 October
2022) to explore the PPI network and Cystoscope v3.6.1 software to visualize this network.
The cross-talk score was set at 0.4 in the STRING data resource. In the PPI network, genes
directly interacting with APOA4 were considered hub genes and were used in subsequent
analyses. STRING data resource was accessed on 1 February 2021.

4.4. Immune Infiltration Analysis

CIBERSORT, a deconvolution algorithm, calculated the proportion of 22 different
types of immune cells in each tissue by analyzing the relative expression levels of 547 genes
in individual tissue samples per their gene expression profiles [49]. The 22 types of immune
cells include naive B cells, memory B cells, plasma cells, CD8+ T cells, naive CD4+ T
cells, CD4+ resting memory T cells, CD4+ memory activated T cells, follicular helper T
cells, regulatory T cells, γ δ T cells, resting natural killer cells, activated natural killer
cells, monocytes, M0 macrophages, M1 macrophages, M2 macrophages, resting dendritic
cells, activated dendritic cells, resting mast cells, activated mast cells, eosinophils, and
neutrophils. Subsequently, we divided the samples into high and low-expression groups
according to the medium APOA4 expression value in healthy and alcoholic liver tissue,
respectively. Therefore, in our study, the CIBERSORT algorithm was applied to quantify the
percentage of immune cells in the APOA4 high expression and the APOA4 low expression
groups in the ArrayExpress cohort. Furthermore, the number of permutations of the default
signature matrix was set to 100.

4.5. Animal Studies

Approximately 16 mice (male, ten weeks old) were obtained from Changsheng Biotech-
nology (Shenyang, China). The mice were randomly divided into two groups. One group
was fed a nutritionally adequate liquid diet (Cat. #F1259, BIO-SERV, Flemington, NJ, USA)
without ETOH pair-fed as control. The other was fed with a 5% ethanol (ETOH) diet as
the alcohol-fed experimental group. The ethanol concentration for the ethanol diets in the
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experimental group gradually increased from 0% to 5% to acclimatize the mice to ethanol
(Cat. #F1258, BIO-SERV, USA). The 5% ethanol and control diets were provided during the
night for 12 h (20:00–8:00), and the normal diets were provided during daylight (8:00–20:00).
All operations followed the manufacturer’s instructions throughout the experiment. In
our study, all procedures were allowable according to the “Guide for the Care and Use
of Laboratory Animals” published by the National Institutes of Health. Euthanasia was
performed with cervical dislocation under anesthesia. Animal studies were approved by
the Institutional Animal Care and Use Committee of Harbin Medical University, Harbin,
China (Approval Code: IRB3015722). Sample analyses were not blinded. All tissues were
collected for further study.

4.6. Cell Culture and Treatment

AML-12, a mouse hepatocyte cell line, was obtained from ShangCheng Beina Chuan-
gLian Biology Technology Co., Ltd. (Shanghai, China). The cells were maintained under
37 ◦C and 5% CO2. The AML-12 cells were cultured in a 1:1 mixture of Dulbecco’s mod-
ified Eagle’s medium (cat. 11320033, Gibco, New York, NY, USA)/Ham’s F-12 medium
(cat. 11320082, Gibco, New York, NY, USA), with 40 ng/mL dexamethasone, 5 µg/mL
insulin-transferrin-selenium (cat. I1884, Sigma-Aldrich, St. Louis, SL, USA), and 10% fetal
bovine serum (cat. FB65011, CLARK Bioscience, Australia).

Before further extraction, cells were pre-treated with 200 µmol/L ethanol or left un-
treated (control) for 12 h. An APOA4-small interfering RNA (APOA4-si) kit and RiboFECT
CP Transfection Kit were obtained from RiboBio (Guangzhou, China). The RiboFECT
CP Transfection Kit was used to transfect APOA4-si into AML-12 cells to down-regulate
APOA4 expression. After transfection for 36 h, the AML-12 cells were treated with EtOH
for 12 h or left untreated. After 48 h of treatment, cells were harvested for subsequent
experiments, such as cell viability and biochemical analyses. The sequences of the APOA4
siRNA were as follows:

si-m-APOA4_001: 5′-GACCTGCAAGATCAGATCA-3′

si-m-APOA4_002: 5′-GCTGTAGAACAGTTTCAGA-3′

si-m-APOA4_003: 5′-GCAGCTGGAACAGTTCAGA-3′

4.7. Cell Viability

A Cell Counting, Kit-8 (Mei lune, Dalian, China), was used to analyze the viability of
AML-12 cells. The cells were seeded in 96-well plates and incubated at 37 ◦C for two h. The
optical density values were measured at 450 nm with a microplate reader (Thermo Fisher
Multiskan FC, Shanghai, China).

4.8. Western Blotting

The cells were lysed with RIPA buffer and protein inhibitor (100:1, Beyotime, Shang-
hai, China). The total protein was detected with a BCA kit (Beyotime, Shanghai, China).
Electrophoresis was then performed with 60–80 µg protein for approximately 1–2 h. The
proteins were then transferred to an NC membrane for 2 h in an ice bath. The NC mem-
brane was immediately placed into a solution with 5% non-fat milk and stored at room
temperature for two hours to block nonspecific sites. Primary antibodies to the following
proteins were used for western blotting: CIDEC (Abclonal, Wuhan, China) and β-actin
(Abclonal, Wuhan, China).

4.9. ROS Level Assay

ROS production in AML-12 cells was assessed using 2′,7′-dichlorofluorescein diacetate
(DCFH-DA) (Meilunebio, Dalian, China). The AML-12 cells were seeded into six-well
plates at a density of 5 × 105 cells per well and treated with ETOH or ETOH + APOA4-si
for 48 h alone. A concentration of 10 mmol/L was achieved by diluting DCFH-DA with a
serum-free medium by a factor of 1:1000. DCFH-DA was introduced after the cell culture
media had been taken out. For 20 min, the cells were incubated at 37 ◦C. With media devoid
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of serum, the cells were washed three times. Flow cytometry (BD LSRFortessa, Becton
Dickinson, Franklin Lakes, NJ, USA) was used to analyze ROS levels.

4.10. Enzyme-Linked Immunosorbent Assay (ELISA)

AML-12 cell supernatants from each subgroup were analyzed for interleukin (IL)-1β,
AST (Aspartate transaminase), and ALT (Alanine transaminase). We used Quantikine
ELISA Kits to determine IL-1β (Servicebio, Wuhan, China), AST (Elabscience Biotechnol-
ogy Co., Ltd., Wuhan, China), and ALT (Elabscience Biotechnology Co., Ltd., Wuhan,
China) activity.

4.11. RNA Isolation and Quantitative RT-PCR

A TRIzol reagent (Invitrogen, Shanghai, China) was used to extract total RNA from
AML-12 cells. To reverse transcription of the total RNA, we used the First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, Rockford, IL, USA) under previous conditions.
Light Cycler Fast Start DNA Master Plus SYBR Green I Kit’s protocols (Roche Diagnostics,
Burgess Hill, UK) were strictly followed during the RT-PCR. To measure APOA4 and
CIDEC expression levels, GAPDH was used as an endogenous control. The 2−∆∆Ct method
was used for statistical analysis.

Sequences of the primers are as follows:

APOA4-forward: 5′-GGCCTGAGGTAGGAGGTTGT-3′,
APOA4-reverse: 5′-CAGTGCGTGTCGTGGAGT-3′;
CIDEC-forward: 5′-AAATACTCTATGGCTGCCTCCCC-3′,
CIDEC-reverse: 5′-TGTCTAACAAGTCCCCAAACTGT-3′;
GAPDH-forward: 5′-CATGGGTGTGAACCATGAGA-3′,
GAPDH-reverse: 5′-GTCTTCTGGGTGGCAGTGAT-3′.

4.12. Statistical Analysis

Statistical analyses were implemented in R v.3.6.1 software. To compare differences
between groups, the nonparametric Wilcoxon rank-sum test was used. Pearson’s correlation
coefficients were used to explore the relationships among continual variables. Unless
otherwise specified, p < 0.05 was considered to indicate statistical significance.
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