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Abstract: Non-alcoholic steatohepatitis (NASH) is a common liver disease in the western world. The mechanisms 
behind NASH formation are poorly understood, but there may be multiple targets considering the disease’s multi-
factorial nature. To explore the genes related to the pathogenesis of NASH, we downloaded clinical data and gene 
expression of NASH patients from the Gene Expression Omnibus database (GEO). We identified 281 genes with 
a common expression in two NASH-related datasets (GSE89632 and GSE83452), suggesting that they may be 
related to NASH. Further study showed that Angptl4, Foxo1, and Ttc39B might be essential for NASH progression, 
and these have been poorly studied. Therefore, we explored their roles in NASH. Our data show that these genes 
participate in the development of NASH through lipid metabolism. This suggests that the three genes can be used 
as therapeutic targets in NASH.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is one 
of the most common liver diseases globally; 
with a rising incidence, the attention to the dis-
ease increases [1]. It comprises non-alcoholic 
fatty liver (NAFL) and non-alcoholic steatohepa-
titis (NASH), and NASH has been recognized as 
a chronic liver disease in the western world. At 
present, the diagnosis of NASH mainly relies on 
imaging and biopsy. There are insufficient 
molecular diagnostic criteria and no effective 
therapies available. However, NASH is closely 
associated with lipid metabolism [2], and lipo-
toxicity drives progressive hepatic inflamma-
tion and fibrosis in patients with NAFLD [3]. 
NASH is more severe than NAFLD and can prog-
ress to liver cirrhosis and cancer [4-6]. Although 
NASH’s pathogenesis is unclear, lipid accumu-
lation may play an important role [7, 8].

Genome-wide studies have recently opened a 
new era for NASH research, and some molecu-
lar mechanisms have been investigated via bio-
informatics to assess the pathogenesis and 

discover therapeutic targets [9]. Nevertheless, 
it is still a hot spot that the studies are about 
the pathogenesis and treatment strategy of 
NASH.

In this study, we identify 281 NASH-related 
genes by bioinformatic analysis of the NASH 
database in the Gene Expression Omnibus 
database (GEO) [10]. We show that Angptl4, 
Foxo1, and Ttc39B are predicted to participate 
in the regulation of lipid metabolism, and defi-
ciencies in these genes may play an essential 
role in mitigating NASH. Finally, we demonstrate 
these three genes can serve as reliable bio-
markers for the clinical management of patients 
with NASH. 

Materials and methods

Identification of differentially expressed genes 
(DEGs) in NASH

The gene data from the GSE89632 and GSE- 
83452 datasets were extracted from the GEO 
website (http://www.ncbi.nlm.nih.gov/geo). Ge- 
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o2R (https://www.ncbi.nlm.nih.gov/geo/geo- 
2r/) was used to identify the DEGs between the 
NASH and the control group. 

Volcano Plots were constructed using Net- 
workAnalyst (https://www.networkanalyst.ca/). 
The selection criteria for NASH datasets were 
to compare the NASH group with the normal 
group P < 0.05. After the screening, we identi-
fied two sets of DEGs. Venn (http://bioinformat-
ics.psb.ugent.be/webtools/Venn/) was used to 
acquire the co-expressed genes between the 
two datasets. Then, these genes were used for 
further analysis.

Functional enrichment analyses 

Gene Ontology (GO) [11] classification was per-
formed for the co-expressed genes using the 
online analysis tool Metascape (http://meta- 
scape.org/). P-values < 0.05 were defined as 
significant.

Construction of protein-protein interaction 
(PPI) network 

STRING 11.0 (http://string-db.org/) was used 
to construct a PPI network and explore the 
interaction between common genes. The mini-
mum required interaction score was consid-
ered high confidence (0.500) as the criteria for 
statistical significance. 

Cell culture and treatment

AML12 cells were provided by the Stem Cell 
Bank of the Chinese Academy of Sciences. 
Cells were cultured in DMEM/F12 containing 
10% fetal bovine serum, 1% Insulin-Transferrin-
Selenium (ITS), 0.1 μM dexamethasone solu-
tion, and 1% penicillin/streptomycin. The 
AML12 cells were transfected with small inter-
fering RNA (siRNA) coding for Angptl4, Foxo1, 
and Ttc39B (RiboBio, Guangzhou, China) using  
Lipofectamine 2000 (Thermo Fisher Scientific, 
Waltham, MA, USA) following the manufactur-
er’s instructions. The si-RNAs were syn- 
thesized by RiboBio (Guangzhou, China), and 
the sequences are listed in Table 1. After trans-
fection for 24 hours, the cells were treated with 
a palmitic acid (PA: 0.1 mM; Sigma-Aldrich)  
and oleic acid (OA: 0.2 mM; Sigma-Aldrich) mix-
ture for 24 hours to establish an in vitro model 
of lipid accumulation in AML12 cells. The lipid 
accumulation in cells was observed by Oil Red 

O staining. Images were taken with a micro-
scope (IX-71; Olympus, Tokyo, Japan). The cells 
were cultured at 37°C and 5% CO2.

Animals and treatment

Male adult ob/ob (leptin-deficient) mice were 
purchased from the Model Animal Research 
Center of Nanjing University, and C57BL/6J 
mice (8 weeks) from the Hunan SJA Laboratory 
Animal Co, Ltd. Mice were housed at the Animal 
Facilities of Guangxi Medical University. Ten 
C57BL/6J mice were split into two weight-
matched groups and were fed a normal diet 
(ND) or a high-fat diet (HFD). A NASH model was 
established using the C57BL/6J mice by feed-
ing them with HFD (protein, 20%; fat, 60%; car-
bohydrates, 20%; TP23400, Trophic, Nantong, 
Jiangsu, China) for 24 weeks. Those fed with 
ND (protein, 18%; fat, 10%; carbohydrates, 
72%; TP23402, Trophic, Nantong, Jiangsu, 
China) served as controls. The ob/ob and wild-
type (WT, C57BL/6) mice were fed with ND for 
24 weeks, and each group had free access to 
water and food. Mice were kept at 21-23°C in 
12 hours of light-dark cycles. After 24 weeks, 
the mice were sacrificed, and tissue samples 
were collected. All samples were stored at 
-80°C. The animal experiments were approved 
by the Animal Care and Use Committee of 
Guangxi Medical University, China.

Quantitative real-time PCR

TRIzol (15596026, Invitrogen, USA) was used 
to isolate total RNA from liver tissue. RNA was 
reverse-transcribed into cDNA with the 
RevertAid First Strand cDNA Synthesis kit 
(Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s instructions. 
RT-PCR was performed using SYBR Green mix 
(Bio-Rad, California, USA) on a CFX96 Touch 
Real-Time system (Bio-Rad, California, USA). All 
primers used in this study are listed in Table 1. 
GAPDH was used as an internal control.

Histopathologic and biochemical analyses

The liver tissues were treated with 10% neutral 
formalin for 24 h, after which the tissues were 
dehydrated and embedded in paraffin. 4 μm 
thick tissue sections were prepared, and hema-
toxylin and eosin (H&E) staining was performed. 
Fresh liver tissues were frozen, cut into 8 μm 
slides, and stained with Oil Red O. The frozen 



Angptl4, Foxo1 and Ttc39B and NASH

569	 Int J Clin Exp Pathol 2021;14(5):567-581

sections were fixed with 10% Formaldehyde 
calcium, rinsed with water, and soak in isopro-
panol for 10 seconds. Next, Oil Red O was 
added for minimally 10 min, after which slides 
were washed with water and counterstained 
with hematoxylin. Histopathologic alterations in 
the liver tissues were observed using a Na- 
noZoomer S60 C13210 series (S60 C13210, 
Hamamatsu Photonics K.K., Japan). The levels 
of alanine aminotransferase (ALT) and aspar-
tate transaminase (AST) were measured with 
an autoanalyzer (Antech Diagnostics, CA, USA).

Measurement of triglyceride levels in AML12 
cell and liver homogenates

The triglyceride (TG) levels in cell and liver tis-
sue homogenates were measured using stan-
dard kits Triglyceride assay kit (Nanjing 
Jiancheng Bioengineering Institute, A110-1, 
Nanjing, China) following the manufacturer’s 
protocols.

Serum cytokine

TNF-α and IL-6 levels in serum were measured 
using commercially available ELISA kits 
(Cusabio, Wuhan, China) per the manufactur-
er’s instructions.

Metabolic assays

After the mice were fasted for 6 h, the fasting 
blood glucose (FBG) was examined using a glu-
cometer (One Touch Ultra Easy, Life Scan, 
Wayne, USA), and fasting insulin (FINS) levels 
were measured using ELISA (10-1247-01, Me- 
rcodia, Sweden). Homeostatic Model Asse- 

Constructing the competing endogenous RNA 
(ceRNA) network

The theoretical basis of the lncRNA-miRNA-
mRNA ceRNA network was that lncRNAs could 
regulate mRNA activity through direct interac-
tions with miRNAs [12]. MiRbase [13] (http://
www.mirbase.org/) was used to identify the 
miRNA-targeted mRNAs. The ability of lncRNAs 
to sequester and bind miRNAs was predicted 
using LncBase Predicted v.2 [14]. (http://caro-
lina.imis.athena-innovation.gr/diana_tools/
web/index.php?r=lncbasev2). The ceRNA net-
work was plotted with Cytoscape v3.6.0 [15]. 

Constructing a transcription factor-related 
ceRNA network 

We chose 2 kbp upstream and 100 bp down-
stream of the transcription start site to screen 
for potential transcription factors of the three 
selected genes by applying Animal TFDB3.0 
(https://bigd.big.ac.cn/databasecommons/
database/id/8) and predicting the upstream 
transcription factors of mRNAs besides the 
ceRNA network [16]. Scores above 25 and P 
values < 0.01 were used to select significant 
transcription factors.

Statistical analysis 

The results were presented as the mean ± SD. 
GraphPad Prism 7 software (GraphPad Soft- 
ware) was used to conduct data analysis. For 
multiple comparisons, statistical evaluation 
was conducted using ANOVA, followed by 
posthoc Tukey comparison. The two-tailed 

Table 1. Primers used in this study
Gene Forward primers Reverse primers
ppara AGAGCCCCATCTGTCCTCTC ACTGGTAGTCTGCAAAACCAAA
fasn GCCGTGTCCTTCTACCACAA GGATCGGAGCATCTCTGGTG
srebp1c CGGGACAGCTTAGCCTCTAC TCCATTGCTGGTACCGTGAG
acc TGAGGAGGACCGCATTTATC GAAGCTTCCTTTGTGACCAG
si-Angptl4 GCACCUAGACAAUGGAGUATT UACUCCAUUGUCUAGGUGCTT
si-Tct39B AGUAAAUGGUCCAAGGCAATT UUGCCUUGGACCAUUUACUTT
si-Foxo1 GCACCGACUUUAUGAGCAATT UUGCUCAUAAAGUCGGUGCTT
Ttc39b AGCACTCACATTTGTGCAGGA CTGCTTCCTGATGCGCCTTC
Angptl4 CAACGCCACCCACTTACACAG AATTGGCTTCCTCGGTTCCCT
Foxo1 CCGAGAAGAGGCTCACCCTG ATTGAATTCTTCCAGCCCGCCG
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA
Cpt1 GGAGGACCCTGAGGCATCTA ACTGTAGCCTGGTGGGTTTG

ssment of Insulin Resistance 
(HOMA-IR) was calculated as fol-
lows: FBG (mmol/L) × FINS 
(mIU/L)/22.5. A glucose toler-
ance test (GTT) was performed 
by intraperitoneal injection of 1 
g/kg glucose (Kelun, Sichuan, 
China) in mice. Mice were inject-
ed with 0.75 U/kg of insulin 
(I8830, Solarbio, Beijing, China) 
for an insulin tolerance test (ITT). 
Six time points (0, 15, 30, 60, 
90, and 120 min) were selected 
to determine the blood glucose 
level after intraperitoneal injec- 
tions.
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Student’s t-test was used to compare two vari-
ables. The threshold for a significant difference 
was P < 0.05.

Results

Bioinformatic analysis of two NASH-related 
datasets

The mRNA expression levels of target genes 
involved in NASH were analyzed by mining the 
GEO database. Two NASH-related datasets 
(GSE89632 and GSE83452) were selected 
(Figure 1A, 1B). A total of 4,357 and 986 DEGs 
achieved P < 0.05. Using the Venn diagram 
online tool, 281 intersecting common genes of 
the two NASH-related datasets were obtained 
(Figure 1C). A PPI network was constructed to 
distinguish the target genes from common 
genes. The proteins are represented as nodes, 
and the interactions between the proteins as 
lines in the PPI network. Most of these common 
genes were related to lipid metabolism, as 
shown in Figure 1D and 1E. Lipid metabolism 
plays a critical role in NASH. Some of these lipid 
metabolism-related genes were previously 
studied and published [17, 18]. The GO enrich-
ment analyses of 281 common genes showed 
that these common genes were specifically 
enriched in the liver tissue and adipocytes 
(Figure 1F). The visualization of the top 20 clus-
ters was shown in Figure 1G. Differences in the 
GO enrichment analyses were notably focused 
on the enrichment of lipid metabolism (e.g., ste-
roid metabolic processes, plasma lipoprotein 
assembly, remodeling and clearance, regula-
tion of lipase activity, fatty acid derivative bio-
synthetic processes, regulation of fat cell dif-
ferentiation, and triacylglycerol biosynthesis). 
Differences were also observed in inflammato-
ry and other signaling pathways. We detected 
Foxo1, Angptl4, and Ttc39B as three important 
genes involved in lipid metabolism among 
these genes, whose function in NASH remains 
unknown. These were selected in the present 
study for further investigation.

Upregulation of the mRNA expression of three 
genes in NASH in the ob/ob mouse model

To verify these NASH-related genes, a classical 
ob/ob mouse model of NASH was constructed. 
We confirmed, using H&E and Oil Red O stain-
ing, that the liver of ob/ob mouse had severe 
lipid deposition and experienced NASH. On the 

contrary, wild-type mice had normal livers 
(Figure 2A). The serum and liver TG levels in ob/
ob mice increased after 24 weeks of ND (nor-
mal diet) induction (Figure 2B and 2C). The 
mRNA expression of Angptl4, Foxo1, and 
Ttc39B in the ob/ob mice was higher than that 
in the WT mice (Figure 2D), implying that the 
expression of the three genes might be corre-
lated with NASH.

Angptl4, Foxo1, and Ttc39B are correlated 
with NASH in the C57BL/6J mouse model of 
NASH

The NASH model of wild type mice was gener-
ated by subjecting mice to an HFD for 24 weeks 
to explore further the differences among the 
three genes in NASH in vivo. ITT and GTT con-
firmed the glucose metabolism of these mice. 
Compared with the ND-treated group, the HFD-
treated group showed a markedly increased 
area under the curve obtained from GTT and 
ITT assays (Figure 3A and 3B). The HFD-
induced mice showed higher fasting glucose 
serum levels (Figure 3C), insulin levels (Figure 
3D), and HOMA-IR (Figure 3E) than the 
ND-induced mice, suggestive of insulin resis-
tance in the HFD-induced mice.

After 24 weeks of HFD consumption, the degree 
of lipid accumulation was more severe in the 
HFD-induced group than in the ND-induced 
group, as evidenced by H&E (Figure 4Aa, 4Ab) 
and Oil Red O staining (Figure 4Ac, 4Ad). As 
shown in Figure 4B and 4C, the TG content in 
the serum (P < 0.001) and liver (P < 0.001) of 
the ND-induced mice were significantly lower 
than those in the HFD-induced mice. The liver 
function in the HFD group exhibited markedly 
higher serum ALT (P < 0.05) and AST (P < 0.05) 
levels than those in the ND group as shown in 
Figure 4D and 4E. The IL-6 (P < 0.05) and TNF-α 
(P < 0.05) levels were higher in the HFD-induced 
mice than in the ND-induced mice, indicating 
more severe inflammation in the HFD-induced 
mice as shown in Figure 4F and 4G. Thus, HFD 
induction for 24 weeks created the characteris-
tics of NASH. The expression of Angptl4, Foxo1, 
and Ttc39B was examined in this NASH model. 
As shown in Figure 4H, the mRNA expression of 
these three genes was higher in the HFD-
induced mice than in the ND-induced mice 
(Angptl4: P < 0.01; FOXO1: P < 0.05; Ttc39B: P 
< 0.05).
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Figure 1. Bioinformatic analysis of two NASH-related datasets. A, B. Volcano Plot indicating the DEGs (red, upregulated genes; blue, downregulated genes) in the 
Normal and NASH groups. C. Venn diagram of the intersection of common genes identified by DEGs from the two NAFLD datasets. DEGs defined from the pairwise 
comparisons were required to satisfy two selection criteria: a fold change of >1.5 and a corresponding adjusted p-value < 0.05. D. A PPI network was constructed 
with the common 281 genes. E. Three relative genes (Angptl4, Foxo1, and Ttc39B) were in the PPI network. F. These common genes were specifically enriched in 
liver tissue and adipocytes. G. GO analysis of common genes were shown in Metascape, which only visualized the top 20 clusters.
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Angptl4, Foxo1, and Ttc39B are involved in 
NASH by affecting lipid metabolism

An in vitro model of lipid accumulation in 
AML12 cells was established to investigate the 
function of the genes Angptl4, Foxo1, and 
Ttc39B. A palmitic acid (PA) and oleic acid (OA) 
mixture was added to the AML12 cells for 24 
hours. The expression levels of these genes 
were higher than those in the control group 
(Figure 5A). Knockdown of the three genes in 
AML12 cells supplemented with PA and OA mix-
ture mitigated the lipid accumulation compared 
with the control group. The intracellular TGs 
content was consistent with that of the Oil Red 

O staining (Figure 5B-D). The expression levels 
of genes related to fatty acid synthesis and 
elimination were detected by quantitative 
RT-PCR. The expression of genes related to 
SREBP-1c, FASN, and ACC were significantly 
inhibited when the three genes were knocked 
down, whereas the expression of genes respon-
sible for PPAR-α and CPT-1 was much higher in 
siRNA-treated cells than in the si-NC cells after 
PA and OA treatment for 24 hours (Figure 5E 
and 5F).

These in vitro data suggest that the decreased 
expression of the three genes may play a pro-
tective role in NASH pathogenesis and may 
serve as targets for treating NASH.

Figure 2. The mRNA expression levels of the relative genes in NASH were upregulated in the ob/ob mouse model. 
A. H&E stained (a, b) and Oil Red O stained (c, d) images of liver sections from WT (a, c) and ob/ob (b, d) mice after 
normal diet for 24 weeks. Scale bar: 100 μm. B, C. Triglycerides (TG) levels in the liver and serum samples of WT 
and ob/ob mice at 24 week after High fat diet (HFD) administration; D. Relative mRNA levels of Angptl4, Foxo1, and 
Ttc39B detected in WT and ob/ob mice. *P < 0.05; **P < 0.01, ***P < 0.001.
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The ceRNA network 

A ceRNA network was constructed to predict 
the upstream miRNAs and LncRNAs of the 
three target genes. This study was constructed 
based on the miRNA, lncRNA, and mRNA 
expression profiles of NASH patients to improve 
the reliability of the ceRNA network. Three tar-
get mRNAs, 20 miRNAs, and 124 LncRNAs 
were applied to define the ceRNA network 

datasets of NASH from the GEO database. Lipid 
metabolism-related biological functions were 
obtained through GO enrichment analyses. 
Three genes, Angptl4, Foxo1, and Ttc39B, 
which functions remain unclear but are related 
to lipid metabolism, were selected to further 
verify the practicability and reliability of the 
datasets. Angptl4, Foxo1, and Ttc39B were 
identified to have high expression in NASH-
induced mice and OA and PA-treated cells. In 

Figure 3. High-fat diet (HFD)-induced NASH and insulin resistance. A, B. 
After 24 weeks of HFD and Normal diet (ND) treatment, insulin sensitivity 
was determined by a glucose tolerance test and insulin tolerance test, 
and the area under the glucose level curve (AUC) was measured. C-E. 
Fasting blood glucose (FBG). fasting insulin (FINS), and homeostatic mod-
el assessment of insulin resistance (HOMA-IR) levels in mice at 24 weeks 
post-HFD or post-ND treatment. *P < 0.05, **P < 0.01, ***P < 0.001.

(Figure 6). The key molecules in 
the network should be consid-
ered the next key research goals, 
as these may serve as diagnos-
tic and therapeutic targets.

Transcription factor-related net-
work construction and analysis

A network of interactions was 
constructed to predict the up- 
stream transcription factors of 
the three selected target genes 
(Figure 7). IRF5, GTF3C2, and 
GLYR1 were the common tran-
scription factors of Ttc39B and 
Angptl4 in the network. Angptl4 
and Foxo1 had common tran-
scription factors, which were 
FOXA2, MYC, and HDAC2. Ang- 
ptl4, Foxo1 and Ttc39B may 
have similar roles in biological 
function. They may influence 
lipid metabolism and NASH by 
regulating these three genes.

Discussion

NASH is a global problem with no 
available effective therapies. 
NAFLD is characterized by exces-
sive lipid accumulation in hepa-
tocytes, and NASH is the liver 
manifestation of metabolic syn-
drome [19, 20]. Excess accumu-
lated lipid results in lipotoxicity 
and causes liver inflammation 
[6, 21, 22]. Therefore, exploring 
and targeting lipid metabolism 
mechanisms might serve as an 
effective way to prevent and 
treat this disease [23].

In the present study, 281 com-
mon DEGs were found in two 
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Figure 4. Hepatic steatosis, inflammation, and the mRNA expression of Angptl4, Foxo1 and Ttc39B in C57BL/6J 
mice. A. Microscopic views of livers from the normal diet (ND) or high-fat diet (HFD) mice at 24 weeks of the diet. 
Representative liver sections stained with H&E (a, b) and Oil Red O (c, d) are shown. Original magnification, Scale 
bar: 100 μm. B, C. Triglycerides (TG) levels in the liver and serum samples of C57BL/6J mice at 24 weeks after HFD 
treatment. D-G. Serum ALT, AST, IL-6, and TNF-α levels in mice in each group were measured by ELISA (n=5). H. 
Relative mRNA levels of Angptl4, Foxo1, and Ttc39B were detected in C57BL/6J mice (fed for 24 weeks). *P < 0.05; 
**P < 0.01, ***P < 0.001.
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the cell experiments, these three genes were 
knocked down by siRNA and lipid accumulation 
was alleviated, and similar results were found 
in the in vivo studies. Therefore, our data sug-
gest that these genes have essential roles in 
NASH. 

Our results are consistent with other studies 
that showed that these genes influence lipid 
metabolism. Angptl4 is primarily expressed in 
liver and adipose tissue and is also a secreted 
protein and adipokine. Lipoprotein lipase (LPL) 
can increase the metabolism of triglycerides in 

Figure 5. The expression and function of Angptl4, Foxo1, and Ttc39B in vitro. A. The expression of Angptl4, Foxo1, 
and Ttc39B was higher than the control group after PA OA treatment for 24 hours. B. The results of Oil Red O staining 
on the AML12 cells transfected with siRNA of Angptl4, Foxo1, or Ttc39B after 24 hours and P-AOA stimulation for 
24 hours. Scale bar: 100 μm. C. The expressions of Angptl4, Foxo1, and Ttc39B after being transfected with rep-
resentative siRNA after 24 hours. D. AML12 cells were transfected with representative siRNA after 24 hours, with 
added palmitic acid (PA) and oleic acid (OA) treatment for 24 hours, and intracellular triglycerides were examined. 
E, F. mRNA expression of genes associated with fatty acid metabolism in the AML12 cells after siRNA transfection 
and PA and OA treatment.

Figure 6. The constructed LncRNA-miRNA-mRNA CeRNA network. The green hexagons represent LncRNAs, the blue 
ellipses represent miRNAs, and the red diamonds represent mRNAs.



Angptl4, Foxo1 and Ttc39B and NASH

578	 Int J Clin Exp Pathol 2021;14(5):567-581

muscle and fat. Angptl4 regulates LPL in adi-
pose tissue by promoting the lysis of LPL in adi-
pocytes [24]. Angptl4 is necessary to induce 
hypertriglyceridemia and is a major target gene 
for glucocorticoid receptors in hepatocytes 
[25]. In addition, the expression of Angptl4 was 
higher in HFD-fed mouse models and were 
associated with the insulin resistance [26]. 
Furthermore, other studies have shown that 
Angptl4 can directly act on adipocytes to stimu-
late their degradation [27, 28].

The Forkhead box O transcription factors 
(FOXOs) play a vital role in regulating metabo-
lism by integrating hormonal and nutritional sig-
naling [29]. FOXO1 belongs to the FOXOs family 
and is involved in lipid metabolism and the  
progression of NAFLD. In a recent study, the 
expression of Foxo1 was increased in mice 
treated with an HFD compared to ND [30]. 
Multiple studies have reported that Foxo1 is a 
key node in regulating lipid metabolism in the 
liver. The AKT/FOXO1 pathway is a classical 
pathway involved in liver lipid and glucose bal-
ance [31-34]. Zhang et al. reported that SIRT1 
mediates the synthesis of TGs in NAFLD mice, 

In addition, we predicted the upstream miRNAs 
and LncRNAs of the three genes of interest. 
The interaction between the RNA molecules in 
the network may play an important regulatory 
role in the function of the three genes and even 
affect lipid metabolism and NASH processes. 
We predicted the upstream transcription fac-
tors of these three genes and showed that 
some common transcription factors could regu-
late the function of the genes. Thus, these 
RNAs and transcription factors may be thera-
peutic targets.

Conclusions

In summary, we identified the genes (281) that 
play critical roles in the process of NASH. We 
validated three genes to play an important role 
in NASH. Our data suggest that these three 
genes can be used as targets for the diagnosis 
or treatment of NASH.
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