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Background: Non-alcoholic fatty liver disease (NAFLD) is the most common cause of
chronic liver disease worldwide. Autophagy plays a vital role in NAFLD development and
progression. We aimed to establish a novel autophagy-related gene (ARG) signature as
a therapeutic target in NAFLD patients based on high-throughput sequencing data.
Methods: ARGs obtained from the HAMdb and high-sequencing data obtained from the
Gene Expression Omnibus (GEO) database were analyzed to identify differentially expressed
ARGs (DEARGS) between normal and NASH tissues. Then, gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis were performed to explore potential
biological and pathological functions of DEARGs. The protein—protein interaction (PPI)
network of the DEARGs was established through the STRING website, and visualized by
Cytoscape. In addition, hub genes were validated by an independent dataset GSE89632.
Finally, we performed Gene Set Variation Analysis (GSVA) pathway-related analysis to
identify the pivotal signaling pathways and genes for the progression of non-alcoholic
fatty liver (NAFL) to non-alcoholic steatohepatitis (NASH).

Results: A total of 76 DEARGs were identified in the GSE126848 dataset, of which 45
genes were upregulated and 31 genes were downregulated. GO analysis showed that the
biological functions of DEARGs focused primarily on autophagy, cellular response to
external stimulus, fibroblast proliferation, late endosome, and ubiquitin protein ligase bind-
ing. KEGG pathway analysis showed that these DEARGs were mainly involved in the
apoptosis, PI3K-Akt signaling pathway, and estrogen signaling pathway. Among DEGs, 9
most closely related genes were identified from the PPI network. Furthermore, NOS3, IGF1,
VAMPS, FOS, and HMOXI1 were verified in the GSE89632 dataset. At last, the MAPK
signal pathway was identified as important pathway, and JUN was identified as a key gene
involved in the progression from NAFL to NASH.

Conclusion: This study may provide credible molecular biomarkers in terms of screening
and diagnosis for NAFLD. Meanwhile, it also serves as a basis for exploring the molecular
mechanisms underlying the progression of NAFL to NASH.
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Introduction

NAFLD is a progressive disease characterized by excess fat deposition in the liver
due to reasons other than chronic alcohol abuse and specific factor of liver damage.
With the global trend of obesity and its related metabolic syndrome, NAFLD has
become an important cause of chronic liver disease in wealthy areas. Over 30% of
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people with NAFLD may have NASH, about 10% to 29%
of which may progress to cirrhosis, and finally, 4% to 27%
of cirrhosis patients induced by NASH may progress to
hepatocellular carcinoma (HCC).! In addition, NAFLD
also affects the progression of other chronic liver diseases
and is involved in the pathogenesis of diabetes and ather-
osclerosis, which seriously affects the quality of life and
life expectancy of patients. Therefore, NAFLD remains
one of the greatest challenges facing the medical domain
today.

The diagnosis of NAFLD mainly depends on liver
biopsy, imaging, and fibrosis scoring system. Though
fatty liver is defined as over 5% steatosis, steatosis can
be accurately detected by ultrasound or computed tomo-
graphy when it accounts for > 20% of liver mass.”
Magnetic resonance imaging can detect 5% steatosis but
it is relatively expensive.” Although liver biopsy is con-
sidered the gold standard for the diagnosis of NAFLD, it is
invasive and manipulation-dependent. In recent years,
compared with liver biopsy, non-invasive imaging diag-
nostic methods have been proved to have better diagnostic
accuracy, but it has brought a lot of economic pressure to
patients. In addition, several scoring systems have been
proposed for the assessment of fibrosis or cirrhosis of
NAFLD based on demographic and blood tests, but these
still do not improve poor prognosis in NAFLD. Therefore,
there is an urgent need to find new biomarkers.

For the liver, in recent years, there has been strong
evidence that autophagy plays an important role in main-
taining liver homeostasis and inhibiting the occurrence of
primary tumors.” > Autophagy including three primary types
of autophagy: microautophagy, macroautophagy, and cha-
perone-mediated autophagy (CMA), is a cellular degrada-
tion and recycling process, highly conserved in all
eukaryotes.® Autophagy is a procession in which a cell
engulfs its cytoplasmic protein or organelle and wraps it
into a vesicle, fuses with the lysosome to form autolyso-
some, and degrades its encapsulated content, in order to
achieve the metabolic needs of the cell itself and the renewal
of some organelle. Studies have shown that it can degrade
and remove lipid droplets from cells by lipid phagocytosis. It
is reported that lipophagy participates in selective degrada-
tion of cytoplasmic LDs’ to improve NAFLD and lipotoxic
effects such as insulin resistance and oxidative stress caused
by excessive triglycerides and free fatty acids in NAFLD

suppress autophagy activity,® '© while the use of drugs to
enhance autophagy can reduce hepatic steatosis and facil-

itate the degradation of Mallory-Denk bodies.'®'* Existing

studies generally believe that autophagy in hepatocytes is
regarded as a defense mechanism to prevent NAFLD.
However, the role of ARGs in NAFLD is poorly understood.

In this study, based on high-throughput sequencing data,
we identified a total of nine hub genes for NAFLD, namely
NOS3, JUN, IGF1, KDR, VAMPS, FOS, CYBB, HSP90AA1,
and HMOX1, of which, NOS3, IGF1, KDR, FOS, CYBB, and
HMOX1 might be more prevalent. Furthermore, the MAPK
signaling pathway was found to play an important role in the
progression from NAFL to NASH, and the hub gene, JUN,
which was involved in this signaling pathway, could also
effectively differentiate between NAFL and NASH. Our
study provided theoretical guidance for future studies of new
autophagy-related biomarkers in NAFLD.

Materials and Methods

Data Acquisition

A total of 796 ARGs were obtained from the HAMdb
(http://hamdb.scbdd.com/). We obtained the RNA sequen-
cing (RNA-seq) data (GSE126848 and GSE89632) of
NAFLD through the GEO database (http://www.ncbi.nlm.
nih.gov/). The GSE126848 dataset contained 14 normal, 12
obese individuals, 15 NAFLDs, and 16 NASH liver biopsy
samples. The GSE89632 dataset contained 24 healthy con-
trols, 20 simple steatosis (NAFL), and 19 NASH liver biop-
sies samples. In this study, the GSE126848 dataset was
mainly utilized for differential gene expression analysis,

GSVA, and receiver operating characteristic (ROC) curves;
the GSE89632 dataset was only employed to validate the
expression patterns of the selected hub genes.

Identification of DEARGs

The DEGs were determined between normal and NAFLD
tissues in the GSE126848 dataset by using the “limma”
R package. The |log, fold change (FC)| > 1 and false
discovery rate (FDR) < 0.05 were regarded as the cut-off
criteria to determine DEGs. DEARGs were identified by
taking the intersection of DEGs and ARGs. The results of
DEARGs were drawn into a heatmap and box plot.

GO and KEGG Analysis

The “clusterProfiler” R package was used to conduct GO and
KEGG pathway enrichment analysis of the above-mentioned
DEGs, and P < 0.05 was defined as the threshold value. GO
database annotates gene products from the aspects of mole-
cular functions (MF), biological processes (BP), and cellular
components (CC) of biology. The potential functions of the
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DEARGs involved in signaling pathways were analyzed
using the KEGG.

Construction of the PPl Network
STRING database (www.string-db.org) collected and inte-

grated known and predicted protein—protein association data
15

for a large number of organisms, including Homo sapien.
In the present study, STRING was used to construct the PPI
network of DEARGs with a minimum required interaction
score of 0.7. Cytoscape software V3.7.1 was used to display
the PPI network. The top ten nodes were calculated and
ranked by the maximal clique centrality (MCC) method and
were analyzed using Cytoscape software.'®

GSVA Analysis

GSVA is a non-parametric unsupervised method that trans-
forms the genes of the sample matrix into predefined gene sets
without a priori knowledge of experiment design.'” In the
present study, we used the R package “GSVA” to calculate
the scores for each patient (NAFL and NASH samples in the
GES126848) based on previously defined gene sets of KEGG
pathways. Subsequently, the R package limma was used to
build linear models for comparing GSVA scores between
NAFL and NASH patients we defined pathways with a P
<0.05.

Statistical Analysis

All statistical analyses in this study were performed using
the R version. The differences between different groups
were compared by the Mann—Whitney-Wilcoxon test. And
the correlation among variables was evaluated by
Pearson’s chi-square test. The P-value < 0.05 was consid-

ered statistically significant.

Results
Identification of DEARGs Between
Normal and NAFLD Tissues

The expression level of DEGs was compared between normal
and NAFLD tissues in the GSE126848 dataset. 1957 DEGs
were identified, of which 1240 were upregulated and 717 were
downregulated. The DEGs were shown in the volcano plot
(Figure 1A). A total of 76 DEARGs were identified by taking
the intersection of 1957 DEGs and 796 ARGs, including 45
up-regulated and 31 down-regulated genes (Figure 1B)
(Table 1). A heatmap and a box plot showed the expression
levels of these DEARGs (Figure 1C and D).

Functional Enrichment of the DEARGs
We performed GO and KEGG pathway enrichment ana-
lyses to determine the potential functions of these DEARGs
in the development of NAFLD. The BP analysis indicated
that in the NAFLD, these genes were associated with the
autophagy, process utilizing autophagic, as well as with the
Regulation of autophagy (Figure 2A). In terms of the CCs,
these genes were involved in the autophagosome, late endo-
some, and vacuolar membrane (Figure 2B). With regard to
MF, these genes participated in certain key functions, such
as ubiquitin protein ligase binding, calcium-release channel
activity, and scaffold protein binding (Figure 2C) (Table 2).
The DEARGs were mainly enriched some signaling
pathways associated with the apoptosis, PI3K-Akt signal-
ing pathway, and estrogen signaling pathway. In addition,
the KEGG pathway enrichment analysis indicated that
these genes were associated with Apoptosis, PI3K-Akt
signaling pathway, Non-alcoholic fatty liver disease, and
Autophagy-animal. (Figure 2D) (Table 3).

Identification and Verification of Hub
Genes

The PPI network of DEARGs was constructed, including 40
nodes (genes) and 59 edges (interactions) (Figure 3A;
Supplementary Table 1). The 9 top hub genes were selected,

which were ranked by the MCC method using Cytoscape
software, including NOS3, JUN, IGF1, KDR, VAMPS,
FOS, CYBB, HSP90AA1, and HMOX1 (Figure 3B). The
expression distribution of the hub genes was shown in the
Volcano plot (Figure 3C). Among these DEGs, the up-
regulated genes were JUN, VAMPS8, and HSP90AAI,
while the down-regulated genes were NOS3, IGF1, KDR,
FOS, CYBB, and HMOX1.

To further verify the differential expression of the
critical hub genes in NASH, we evaluated the expression
profiles of 9 hub genes in the GSE89632 dataset.
Consistent with our results, 5 out of 9 hub genes were
found to share similar differential expression, including
NOS3, IGF1, VAMPS, FOS, and HMOX1 (Figure 3D).

Identification of Central Signaling
Pathways and Genes in the Progression
from NAFL to NASH

NAFLD stages range from simple steatosis (NAFL) to

non-alcoholic steatohepatitis (NASH), which can progress
to cirrhosis and hepatocellular carcinoma.'® Therefore, we
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Figure | Identification of DEARGs. (A) Differential expression analysis of 1957 DEGs. (B) Identified 76 DEARGs. (C) Heatmap for the differential expression of 76

DEARGs between NAFLDs and normal. (D) Box plot of the differential expression of

performed GSVA analysis to explore the important signal-
ing pathways and genes at different stages of NAFLD
(NAFL and NASH). The results showed that the MAPK
signal pathway had a significant difference between NAFL
and NASH tissues (Figure 4A). The JUN, IGF1, and FOS

76 DEARGs between NAFLDs and normal.

participate in the MAPK pathway based on the enrichment
analysis of KEGG (Table 4). Next, we generated ROC
curves to evaluate the effectiveness of the GSVA scores
(MAPK pathway’s score) and the area under the curves
was 0.893 (Figure 4B). Then, ROC curves to evaluate the
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Table | Differential Expression of 76 DEARGs Identified by Taking the Intersection of 1957 DEGs and 796 ARGs
Symbol LogFC LogCPM PValue FDR
VAMPS8 1.073820034 5.943519339 8.14582E-19 1.54892E-16
KRTI18 1.543407743 7.853134815 6.21766E-17 7.75391E-15
TOMM7 1.080239234 6.258990893 1.08663E-16 1.27248E-14
CDKNIA 1.852525584 4.879546131 1.88456E-13 1.11363E-11
PGAMS5 1.022850886 3.981914346 6.38009E-13 3.35697E-11
SPPI 2.744876379 4.162052566 3.00877E-12 1.32835E-10
BIRC5 2.141972501 0.377285323 4.42795E-12 1.88139E-10
DDIT4 1.566963544 4.691914454 1.OI9TIE-T1 4.01066E-10
ITGA6 1.193189872 4.238445841 1.05292E-1 | 4.1268E-10
MAPILC3A 1.16660655 5.22836701 | 1.29747E-1 | 4.9815E-10
BAX 1.172713286 3.51975639 1.90812E-11 7.04722E-10
HSP90AAI 1.40389415 9.217158803 7.49633E-11 2.36399E-09
HSPAS 1179747865 8.398442033 9.69188E-1 | 2.98768E-09
JUN 1.415016834 3.935705508 1.11627E-10 3.38936E-09
DDIT3 1.087992782 2.480910303 2.48722E-10 6.92277E-09
E2FI 2.188282626 0371221623 3.66024E-10 9.85903E-09
BST2 1.185017255 7.154834388 1.84914E-09 4.13421E-08
CTSD 1.236235457 8.695890187 3.17718E-09 6.75722E-08
PRKAA2 2.541361498 1.91017693 5.05285E-08 8E-07
MCOLN3 3.107479323 —2.018362838 5.12595E-08 8.09571E-07
CHEK 1.982606404 —0.28611274 7.67342E-08 I.15674E-06
CHMP4A 3.849322961 —1.236744592 7.64308E-07 8.87457E-06
TP53INPI 1.03381461 5.181292998 9.53161E-07 1.07806E-05
DAPK2 1.138924036 1.368465371 1.49043E-06 1.59109E-05
SPHKI 1.871981614 —0.148824143 2.9649E-06 2.8904E-05
RAC3 1.078963897 3.236268528 3.44344E-06 3.301 1E-05
BBC3 1.545061693 0.784215517 6.03282E-06 5.44456E-05
THBS2 1.094350287 3.488962141 8.06688E-06 7.01015E-05
TP73 2.151951007 —1.472199874 3.36592E-05 0.000240844
TLR7 1.193970936 0.534904964 3.90179E-05 0.000273381
TRAPPCS 1.397709111 —1.098586484 4.07723E-05 0.000284016
VPS37D 1.251726272 1.510527373 4.70507E-05 0.000320429
TRAFI 1.053065476 1.087285307 0.0001 11241 0.000682112
FLT3LG 3.576544995 —2.682618543 0.000251464 0.001385361
APIS3 1.497609203 —0.695812164 0.000364 0.001898592
GABBR2 3.174475057 —2.693503795 0.000888657 0.004092723
GFAP 1.796045641 —1.817141693 0.000913077 0.004193125
SPNSI 2.086799293 —2.237318451 0.001048475 0.004728973
GRIDI 1.820914504 1.126108342 0.001313686 0.005737854
CTsv 1.909260206 —2.012879051 0.002013885 0.008237842
FBXL2 1.572286884 —1.526533675 0.003281116 0.012492831
WASHCI 1.066353126 —1.029520096 0.004285301 0.015592876
CAPN3 1.736577693 —1.835722925 0.004534702 0.016376261
PPP2R2C 1.885827809 —2.168416338 0.013777127 0.041872088
AGER 1.286753907 —1.680810911 0.014672784 0.044049817
MCOLNI —1.048861472 3.832699818 1.8407E-19 3.92784E-17
KDR —1.89817707 5.652578632 1.63313E-18 2.9041E-16
HMOXI —1.366783889 5.728486618 9.78371E-18 1.44536E-15
ATPI3A2 —1.226417826 3.075234963 7.80314E-17 9.4251 |E-15
ITPR2 —1.076380826 7.664668775 9.11188E-17 1.08021E-14
CD38 —1.59683973 2.032026575 1.09669E-16 1.27648E-14

(Continued)
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Table | (Continued).

Symbol LogFC LogCPM PValue FDR

RNF152 —1.988346466 4.743851587 5.75939E-16 5.82154E-14
CYBB —1.547118368 5.058927333 2.87893E-15 2.53623E-13
NOS3 —1.27041226 2.728906125 9.44218E-15 7.65135E-13
MET —1.102144609 6.547254373 4.40285E-14 3.00914E-12
HSPG2 —1.267853895 6.347891809 1.42453E-12 6.75507E-11
ENG —1.017820848 6.659890193 1.64418E-12 7.73936E-11
CD4 —1.560997346 7.58827487 |.66843E-12 7.83429E-11
ERNI —1.127887193 4.316365795 1.4431 1E-11 5.49897E-10
DENND3 —1.285830007 2.020498458 1.78928E-11 6.65953E-10
UBR4 —1.104687667 6.72724589 4.96762E-11 1.64772E-09
LEPR —-1.517710957 6.153993951 5.67814E-10 1.44819E-08
PLG —1.094817969 11.65555485 2.71594E-09 5.85406E-08
MAPIS —1.145971987 3.179305145 3.57392E-09 7.50132E-08
WDFY3 —1.101309618 3.886689401 4.32478E-09 8.8453E-08
TLRI —1.06392488 2.68716138 1.86554E-08 3.26003E-07
GPR182 —1.132058689 3.083236215 6.90856E-08 1.05959E-06
NCFI —1.604084487 —0.180726733 1.32379E-07 1.86799E-06
IGFI —1.155421398 6.377175187 1.49737E-07 2.07482E-06
SYNPO2 —1.128401686 4.136048765 3.82691E-07 4.82293E-06
UBASH3B —1.093804096 1.001228219 6.39389E-06 5.73258E-05
MEFV —1.999049828 —0.790001066 1.12649E-05 9.34119E-05
DNMI —1.866430314 3.203981336 1.62249E-05 0.000128283
GNRH2 —1.505810794 —1.633130235 0.000603545 0.002927043
ALPI —4.098624701 —2.707234962 0.013805642 0.041945477
FOS —1.035131218 1.018454227 0.015669374 0.046612503

diagnostic value of the JUN, IGF1, and FOS and the areca
under the curves was 0.636, 0.971, 0.907 between NAFLD
and normal (Figure 4C). The diagnostic value of the JUN,
IGF1, and FOS and the area under the curves was 0.727,
0.540, 0.667 between NASH and NAFL (Figure 4D).
Moreover, we revealed that the expression of JUN was
higher in NAFLD (NAFL and NASH) than in the normal
group. Notably, the expression level of JUN was signifi-
cantly higher in NASH patients than in NAFL patients
(Figure 4E), suggesting that the expression level of JUN
was climbing gradually as NAFL progressed to NASH. As
mentioned above, JUN may be involved in the progression
from NAFL to NASH by regulating the MAPK signaling
pathway, and may also serve as a valid diagnostic marker
to distinguish NAFL from NASH.

Discussion

Regarding an increase in the prevalence of overweight and
obesity, NAFLD has been the most common cause of
chronic liver disease worldwide. More sensitive and spe-
cific biomarkers for NAFLD remain to be further

elucidated. Early studies have shown that the progression
of NAFLD is closely related to autophagy impairment. In
NAFLD, hepatic autophagy deficiency occurs at compli-
cated levels through many mechanisms and is linked to
NASH and NAFLD-related HCC."? As a result of suppres-
sion of autophagy, accumulation of inactive mitochondria
and elevated oxidative stress leads to hyper-activation of
the SQSTM1 KEAP1 NRF2 pathway, which in turn elicits
many negative effects finally leads to liver injury.”>*' And
the restoration of autophagy can improve NAFLD.
Blocking autophagy or silence of autophagy-related
genes by drug inhibitors can lead to retention of triglycer-
ides and lipid droplets in hepatocytes, reduction of oxida-
tion of free fatty acids (FFAs), and reduction of secretion
of very low-density lipoprotein (VLDL).” However,
numerous autophagy genes in NAFLD are not fully under-
stood. Therefore, to identify ARGs in NAFLD, the dis-
covery cohort (15 NAFLD samples and 14 healthy
controls) from the GSE126848 dataset was used to screen
out 76 DEARGs in NAFLD livers compared with those in
healthy livers.
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Figure 2 Functional enrichment of the DEARGs. (A) BP enrichment analysis of 76 DEARGs. (B) CC enrichment analysis of 76 DEARGs. (C) MF enrichment analysis of 76

DEARGs. (D) KEGG pathway enrichment analysis of 76 DEARGs.

The evolution from simple steatosis to NASH is the
result of a complex interaction involving hepatic cell
populations (both parenchymal and non-parenchymal)
and pathological signals from other organs (such as visc-
eral adipose tissue and intestine).”> Autophagy plays a role
in lipid metabolism, insulin resistance, liver cell injury,
inflammation, and other aspects of NAFLD. Since lipo-
phagy (isolation of triglycerides and cholesterol from liver
lipid droplets by autophagosome is involved in the selec-
tive degradation of cytoplasmic lipid droplets, autophagy
of liver cells can be considered as a way against NAFLD.
On the other hand, it has been reported that lipotoxic
effects, such as insulin resistance and oxidative stress,
caused by excess triglycerides and FFAs in NAFLD, sup-
press autophagy activity. Therefore, GO and KEGG

enrichment analyses were performed to determine the
potential functions of DEARGs in NAFLD. They are
associated with many functions, such as fibroblasts prolif-
eration, ubiquitin protein ligase binding, calcium-release
channel activity. Related signaling pathways including
PI3K Apoptosis, estrogen signaling pathway. It has been
reported that PI3K/AKT signaling pathway is implicated
in liver fibrosis in NAFLD.** Smad ubiquitination regula-
tory factor 1(Smurfl)-deficient mice have been fed with
a high-fat diet (HFD) for 19 weeks, in which liver steatosis
was alleviated and the underlying mechanism of Smurfl
promotes the process of liver steatosis is that Smurfl
enhances the stability of sterol regulatory element-
binding protein-lc (SREBP-1c) and activates of lipid
synthesis.”* NAFLD also may result in liver regeneration
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Table 3 The KEGG Pathway Enrichment Analysis
ID Description GeneRatio | BgRatio pvalue p-Adjust qvalue GenelD Count
hsa04210 | Apoptosis 11/63 136/ 6.03E-09 1.13E-06 6.98E-07 3709/332/2081/581/ I
8073 3725/1649/1509/27113/
7185/1515/2353
hsa05418 | Fluid shear stress 9/63 139/ 1.10E-06 0.000103714 6.39E-05 3791/3162/4846/3320/ 9
and 8073 3725/5563/653361/5881/
atherosclerosis 2353
hsa04151 | PI3K-Akt signaling 13/63 354/ 2.54E-06 0.000159237 9.81E-05 3791/4846/4233/1026/ 13
pathway 8073 6696/54541/3655/3320/
5563/3479/7058/2323/
5522
hsa05210 | Colorectal cancer 7/63 86/8073 4.15E-06 0.000195185 | 0.000120215 | 1026/332/581/3725/ 7
5881/27113/2353
hsa04915 | Estrogen signaling 8/63 138/ 1.04E-05 0.000392422 | 0.000241693 | 3875/3709/4846/3320/ 8
pathway 8073 3725/1509/9568/2353
hsa04115 | p53 signaling 6/63 73/8073 2.01E-05 0.000628788 | 0.000387272 | 1026/581/1111/3479/ 6
pathway 27113/7161
hsa05170 | Human 9/63 212/ 3.46E-05 0.000930382 | 0.000573024 | 3709/920/581/3725/684/ | 9
immunodeficiency 8073 I111/5881/130340/2353
virus | infection
hsa01522 | Endocrine 6/63 98/8073 | 0.000106638 | 0.002506002 | 0.00154345 | 1026/581/3725/1869/ 6
resistance 3479/2353
hsa04510 | Focal adhesion 8/63 201/ 0.000153644 | 0.002892839 | 0.001781704 | 3791/4233/6696/3655/ 8
8073 3725/3479/5881/7058
hsa04932 | Non-alcoholic 7/63 150/ 0.000153874 | 0.002892839 | 0.001781704 | 2081/581/3725/1649/ 7
fatty liver disease 8073 3953/5563/2353
hsa04921 | Oxytocin signaling 7/63 154/ 0.000181221 | 0.003097237 | 0.001907592 | 3709/952/4846/1026/ 7
pathway 8073 3725/5563/2353
hsa05218 | Melanoma 5/63 72/8073 | 0.000230606 | 0.003582729 | 0.002206608 | 4233/1026/581/1869/ 5
3479
hsa05161 | Hepatitis B 7/63 162/ 0.000247742 | 0.003582729 | 0.002206608 | 1026/3339/332/581/ 7
8073 3725/1869/2353
hsa04071 | Sphingolipid 6/63 119/ 0.000309561 | 0.00415696 | 0.002560278 | 4846/581/1509/8877/ 6
signaling pathway 8073 5881/5522
hsa04140 | Autophagy - 6/63 137/ 0.000657484 | 0.007954181 | 0.004898991 | 8673/54541/2081/1509/ 6
animal 8073 5563/23604

(LR) which depends on calcium signaling, including type
II inositol 1,4,5-trisphosphate receptor (ITPR2), the prin-
cipal calcium release channel in hepatocytes and NAFLD
ITPR2 in

hepatocytes.”® In addition, estrogen therapy and hormone

induce a c-Jun-mediated decrease in

treatment approaches can protect against fatty liver, insulin
resistance, and diabetes.?®

Subsequently, a PPI network was constructed and hub
genes were identified including NOS3, JUN, IGF1, KDR,
VAMPS, FOS, CYBB, HSP90AA1, and HMOXI. Then 5
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Figure 3 Identification and verification of hub genes. (A) PPl network analysis of 76 DEARGs (minimum required interaction score 0.7). (B) Identification of hub genes. (C)
Volcano plot of the distribution of hub genes expression. (D) Validation of identified gene expression between NAFLDs and normals. (**P<0.01, ***P<0.001, ****P<0.0001).

hub genes were verified in the GSE89632 dataset, includ-
ing NOS3, IGF1, VAMPS, FOS, and HMOXI1, sharing
similar differential expression. So far, 76 DEARGs were
identified and their functions were analyzed, and 9 hub
genes were selected. Some of these genes have been
shown to be associated with NAFLD. About NOS3, defi-
ciency of endothelial nitric oxide synthase (eNOS) exacer-
bates early-stage NAFLD pathogenesis by changing the fat
distribution.”” The decrease of IGF1 expression caused by
inflammatory cytokines is related to the occurrence and
development of NAFLD, and is related to the progression
of NAFLD.? It has also been reported that HMOX-1
upregulation by icosapent ethyl on obesity induced large
white adipocytes causes a marked increase in the uncou-
pling proteins UCP1 and PRDM16 and FGF21 expression,

which are key transcriptional regulators in promoting
As for FOS and JUN, many
research think they are closely associated with the
NAFLD.

Though there have been many studies of autophagy in
NAFLD, it has not been figured out that how autophagy
functions in NAFLD progression. Basing on the KEGG

brown fat adipogenesis.?’

signaling pathway enrichment analysis, we found
a significant difference in the MAPK pathway between
NAFL and NASH tissues by GSVA algorithm (P<0.05)
and that 3 hub genes, JUN, IGF1, and FOS, participated in
the MAPK signaling pathway. To explore the role of these
genes in the progression of NAFLD through the MAPK
pathway, we evaluated their diagnostic value between

NAFLD, NASH, and normal tissues by ROC curve. As
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Abbreviation: ns, no significant.
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Table 4 Hub Genes Participate in the MAPK Pathway Based on
the KEGG Pathway Enrichment Analysis

Symbol | Entrez | HubGene KEGG Pathway

JUN 3725 Yes MAPK SIGNALING PATHWAY
IGFI 3479 Yes MAPK SIGNALING PATHWAY
FOS 2353 Yes MAPK SIGNALING PATHWAY
KDR 3791 No MAPK SIGNALING PATHWAY
MET 4233 No MAPK SIGNALING PATHWAY
DDIT3 1649 No MAPK SIGNALING PATHWAY
RAC3 5881 No MAPK SIGNALING PATHWAY
FLT3LG 2323 No MAPK SIGNALING PATHWAY

a result of the ROC curve and the verification of expres-
sion of these genes, finally, we had concluded that JUN
can regulate the progression in NAFLD through the
MAPK pathway. Published data have indicated that JNK/
c-Jun was associated with NAFLD progression. MAPK
signaling pathway includes three major subfamilies: the
c-Jun N-terminal kinase or stress-activated protein kinases
(JNK or SAPK); the extracellular-signal-regulated kinases
(ERK MAPK) and MAPK14.*® It has been shown that
c-Jun/AP-1(AP-1 transcription factor c-Jun, an important
regulator of hepatic stress responses) activation is a vital
regulator of hepatic alterations in NAFLD and c-Jun is
central in the largest connected deregulated sub-network in
NASH-inducing diet livers. Evaluated hepatic c-Jun levels
in NAFLD and NASH patients associated with inflamma-
tion, and significantly, with the degree of hepatic
steatosis.®' It has also been found out that c-Jun promotes
NASH progression and hepatic fibrosis.*> Another study
has shown that JNK/c-Jun can inhibit the expression of
C70RF41 by directly binding to its promoter, and
C70RF41 protects palmitic acid (PA)-induced liver inflam-
mation and steatosis by suppressing NF-kB activity.
Eventually, they identify a novel c-Jun/C7ORF41/ NF-kB
regulatory network that leads to liver inflammation and
lipid accumulation during the progression of NAFLD.*
More and more studies all conclude that c-Jun expression
associates with disease progression from steatosis to
NASH in patients. However, there are no studies on how
autophagy affects NAFLD through the MAPK pathway.
By referring to the literature and combining with our
previous analysis, we hope to provide ideas for the future
research on MAPK signaling pathway and autophagy in
NAFLD. Previous studies have shown that MAPK/JNK
signaling is a potential autophagy regulation pathway. INK
can modulate autophagy at multiple regulatory levels,

including  protein  phosphorylation,  lipid and
processing,>* >’ ATG gene expression, transcription of
ATG genes,”® the post-translational modification of Bcl-2
and the dissociation of Beclin 1 from Bcl-2.*° In addition,
reactive oxygen species (ROS) and calcium have been
reported to be associated with autophagy. ROS may aggra-
vate cell injury through oxidative stress, while autophagy
in turn can clear ROS-damaged mitochondria and Proteins,
reduce cell injury and promote cell survival. In the cyto-
plasm, ROS may also affect the formation of autophagic
membrane by adjusting Atg4 activity.** ROS may induce
autophagy by activating the MCOLNI-lysosome Ca®'-
TFEB pathway, facilitating the removal of damaged mito-
chondria and excess ROS.*' Furthermore, intracellular
Ca2+ signal was essential for mTOR-dependent autophagy
and One of the best investigated mechanisms of autophagy
induction which is mTOR-dependent was IP3-R-Beclin

1-Bcl-2 pathway.*

Conclusion

In conclusion, we identified nine hub genes for NAFLD
based on differentially expressed autophagy-related genes,
namely NOS3, JUN, IGF1, KDR, VAMPS, FOS, CYBB,
HSP90AA1, and HMOXI. In particular, Jun, which was
involved in the MAPK signaling pathway, was identified as
a key gene in the progression of NAFL to NASH. There is
also a deficiency in our study, which does not explain how
JUN affects the progress of autophagy participation in
NAFLD, and the mechanisms need to be identified later.
Compared with other research, the study of autophagy in
the liver starts relatively late. These may be promising diag-
nostic biomarkers and potential treatment targets in NAFLD.

Abbreviations

AUC, area under the curve; FDR, false discovery rate; log
FC, log2 (Fold Change); logCPM,
per million); BP, biological processes; MF, molecular

log2 (counts

functions; CC, cellular components.
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