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Abstract: Nonalcoholic fatty liver disease (NAFLD) is one of the major seeds of liver cirrhosis and
hepatocellular carcinoma. There is no convenient reliable non-invasive early diagnostic tool available
for NAFLD/NASH diagnosis and stratification. Recently, the role of cytosolic sensor, stimulator of
interferon genes (STING) signaling pathway in pathogenesis of nonalcoholic steatohepatitis (NASH)
has been evidenced in research. We have selected EDN1/TNF/MAPK3/EP300/hsa-miR-6888-5p/lncRNA
RABGAP1L-DT-206 RNA panel from bioinformatics microarrays databases related to STING pathway
and NAFLD/NASH pathogenesis. We have used reverse-transcriptase real-time polymerase chain
reaction to assess the expression of the serum RNAs panel in NAFLD/NASH without suspicion of
advanced fibrosis, NAFLD/with NASH patients with suspicion of advanced fibrosis and controls.
Additionally, we have assessed the diagnostic performance of the Ribonucleic acid (RNA) panel.
We have detected upregulation of the EDN1 regulating RNAs panel expression in NAFLD/NASH
cases compared to healthy controls. We concluded that this circulatory RNA panel could enable us
to discriminate NAFLD/NASH cases from controls, and also NAFLD/NASH cases (F1, F2) from
advanced fibrosis stages (F3, F4).

Keywords: steatohepatitis; NAFLD; NASH; TNF; RNA; RNAs panel

1. Introduction

Liver diseases cause two million deaths per year worldwide; thus, they represent
a universal health problem [1]. Nonalcoholic fatty liver disease (NAFLD) is a progres-
sive chronic liver disease characterized by excess fat accumulation in the liver. NAFLD
can progress to nonalcoholic steatohepatitis (NASH) and, eventually, liver cirrhosis and
hepatocellular carcinoma (HCC) worldwide [2]. There are new promising predictors of
NAFLD as combination of serum biomarkers that could help in early NASH diagnosis,
but, unfortunately, with several well-known limitations. Although magnetic resonance
imaging-derived proton density fat fraction is considered the most accurate for fatty liver
diagnosis. The main concern in clinical practice is early detection of NASH [3].

NAFLD progression is attributed to many pathways, e.g., oxidative stress, endoplas-
mic reticulum stress, and Toll-like receptor-dependent release of cytokines [4]. The liver
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acts as a primary immune cornerstone with various innate immune cells. Upon exposure
to different stress signals, these innate immune cells become activated, inducing the innate
immune response and stimulating liver inflammation [5]. The cytosolic DNA induces
the cyclic GMP-AMP synthase (cGAS)-stimulator of interferon genes (STING) pathway
representing a critical signaling pathway of the innate immune system [6]. Metabolic
stress, such as a high-fat diet, obesity, and insulin resistance may stimulate cGAS and
the STING-IRF3-mediated inflammation. Dysregulation of STING could inhibit free fatty
acid induced inflammatory response, lipid accumulation, and hepatocellular damage [7].
Lipotoxic stimulation affects downstream targets of cGAS-STING kinase, it induces the
nuclear factor kappa beta (NF-kB) signaling to produce proinflammatory cytokines that
activate macrophage to produce TGF-b1 and TNF-a which in turn stimulate hepatic stellate
cells leading to liver fibrosis in NASH [8].

In NASH, chronic state of sterile inflammation is established due to the existing
damage associated molecular patterns (DAMPs) DAMPs such as hepatocyte-mobility
group-1 (HMGB1) and free fatty acids (FFAs) are endogenous molecules released from
damaged cells that activate TLRs with subsequent inflammation, autophagy, and apopto-
sis [9,10]. In cellular stress conditions, the Hepatocyte mobility group (HMGB1) is moved
from the nucleus into the cytoplasm, where it can affect intracellular processes such as
autophagy. HMGB can act as pro-inflammatory mediators [11]. Moreover, extracellular
HMGB1 activates G protein coupled receptor (GPCR) and thus mediating liver injury in
NAFLD [12,13]. HMGB is linked to advanced glycation end products receptors (RAGE)
that induce inflammation in NAFLD via several GPCRs [14].

There is an interesting crosstalk between hepatocyte and liver macrophages. DAMP
including GPCR bound toll-like receptor 4 TLR to activate nuclear factor (NF)-κB and TNFα
secretion in Kupffer Cells (KC) [15]. A recent study reported that the mitochondrial DNA
acts as a stimulator of IFN genes (STING) in Kupffer Cells (KCs) to activate TNFα and IL-6
synthesis under the conditions of lipid overload [16].

The role of non-coding ncRNA in NAFLD progression has been discussed by numer-
ous research groups, e.g., miRNAs [17–19] and lncRNAs [20–22]. The integrated mRNA
miRNAs lncRNA regulatory networks may provide new early diagnostic biomarkers and
therapeutic strategies [23].

Based on these data, we constructed an “mRNAs–miRNAs–lncRNAs” regulatory
RNA network linked to hepatocyte-liver macrophage cross talk in NAFLD pathogenesis
based on in biomarker filtration from public microarray databases. Then, we assessed
NAFLD/NASH patients’ status versus control participants and measured the differential
expression of the selected NAFLD-specific RNA signature in sera samples.

2. Results
2.1. Retrieval of Differentially Expressed mRNAs (DEG) from GEO Data Set

By normalization and analysis of the microarray dataset, a number of DEGs were
identified in GSE33814 (Figure 1, Supplementary Table S1). The GSE33814 dataset con-
tained 9969 DEGs were identified based on the appropriate cut-off. We used the Enrichr
database for functional enrichment analysis DEGs between NASH, steatosis, and normal
groups (Figure 1, Supplementary Table S2). Differentially expressed genes were clustered
upon their correlation coefficients. The co-expression matrix was represented by a heatmap
graphed by heatmap R (Version 3.6.3) built function. Beige color represents down regula-
tion while brick-red color represents up regulation. On the x-axis, samples were graphed
against genes expression on the y-axis. The left cluster showed NASH samples (Figure 1A).
Then, key genes EDN1, EP300, MAPK3, and TNF were selected for the targeted network
and validated by other GEO datasets (Supplementary Figure S1A,B) and other public
databases to be related to STING signaling, cytokine response, and NAFLD/NASH patho-
genesis (Supplementary Figures S2 and S3). These selected genes were imported into string
database for PPI network construction (Figure S3). Additionally, Enricher Tool highlighted
that DEG were linked to acute inflammatory response, TNF and MAP kinase signaling
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as the top 10 items of gene ontology and of KEGG pathways (Figure 1B,C). Additionally,
we used the DAVID Functional enrichment tool (https://david.ncifcrf.gov/tools.jsp, ac-
cessed on 15 October 2021), which revealed that validated biological function of EP300
and MAPK3 in cytokine response and the molecular function of the four selected genes
in regulation of RNA transcription and MAP kinase signaling (Supplementary Table S3,
DAVID G supplementary table). Then, the targeted miRNA were selected from Target
scan, namely: has-miR-6888-5p could interact with four differentially expressed mRNAs
identified above lately, we used mirwalk2 to predict the interaction between lncRNAs
and miRNAs RABGAP1L-DT-206, was screened and interacting with the retrieved miRNA
(Supplementary Table S4). Finally, (EDN1/TNF/MAPK3/EP300/hsa-miR-6888-5p/lncRNA
RABGAP1L-DT-206 RNAs panel was constructed.
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Figure 1. (A) Heat map of differentially expressed genes in GSE89632. The co-expression matrix was represented by a
heatmap graphed by heatmap R (Version 3.6.3) built function. Beige color represents down regulation while brick-red color
represents upregulation. (B) Top 10 items of Gene Ontology (Biological processes) for the retrieved DEGs according to
p value obtained from Enrichr. (C) Top 10 items of KEGG pathways for the retrieved DEGs according to adjust p value
obtained from Enrichr.

2.2. Analysis of Biochemical and Clinical Parameters in NAFLD/NASH

A remarkable difference was observed among the study groups versus control groups
as regards BMI, total cholesterol, LDL, HDL-cholesterol, total triglycerides, total bilirubin,
direct bilirubin, ALT, AST, alpha fetoprotein, serum albumin, GGT fasting blood glucose,
glycated hemoglobin (HbA1C), HOMA-IR, and albumin-creatinine ratio (p = 0.00). Addi-
tionally, a significant difference was found among the study groups regarding diabetes
mellitus history (p = 0.00). On the other hand, there was no difference of significance
regarding sex among the different study groups (Table 1).

Table 1. Clinical and laboratory characteristics among the groups of the study.

Variable

Group A NAFLD/NASH
without Suspicion of

Advanced Fibrosis (F1–F2,
TE < 8 kPa), n = 60

Group B NAFLD/NASH with
Suspicion of Advanced

Fibrosis (F3–F4, TE ≥ 8 kPa),
n = 40

Group 3
Control
N = 100

p Value

Sex

male 39 (65%) 30 (75%) 64 (64%)
0.441

female 21 (35%) 10 (25%) 36 (36%)

History of diabetes mellitus

0.00 **positive 49 (81.7%) 34 (85%) 42 (42%)

negative 11 (18.3%) 6 (15%) 58 (58%)

Body mass index (kg/m2) BMI 35.5 ± 5.1 33.7 ± 6.7 25.9 ± 3.3

a 0.00 **
b 0.00 **
c 0.134

Total cholesterol (mg/dL) 298.18 ± 59.6 289.4 ± 60.1 189 ± 85.9

a 0.00 **
b 0.00 **
c 0.545
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Table 1. Cont.

Variable

Group A NAFLD/NASH
without Suspicion of

Advanced Fibrosis (F1–F2,
TE < 8 kPa), n = 60

Group B NAFLD/NASH with
Suspicion of Advanced

Fibrosis (F3–F4, TE ≥ 8 kPa),
n = 40

Group 3
Control
N = 100

p Value

LDLc (mg/dL) 209.9 ± 49.5 199 ± 60.4 136.18 ± 66.3

a 0.001 **
b 0.00 **
c 0.386

HDLc (mg/dL) 30.8.5 ± 9.09 27.6 ± 6.5 50.43 ± 20.8

a 0.00 **
b 0.00 **
c 0.328

Total triglycerides (mg/dL) 270.3 ± 77.6 298.15 ± 58.4 179.7 ± 90.7

a 0.00 **
b 0.00 **
c 0.106

albumin creatinine ratio 25.07 ± 4.2 23.5 ± 5.01 20.2 ± 6.9

a 0.00 **
b 0.00 **
c 0.207

AST (IU/L) 71.2 ± 36.9 70.6 ± 41.2 51 ± 19.7

a 0.00 **
b 0.002 **

c 0.993

ALT (IU/L) 46.3 ± 25.2 59.7 ± 44.8 34.3 ± 16.4

a 0.00 **
b 0.007 **
c 0.012 *

Total bilirubin(mg/dL) 2.6 ± 0.9 3 ± 0.8 1.5 ± 1.2

a 0.00 **
b 0.00 **
c 0.057

Direct bilirubin (mg/dL) 1.5 ± 0.66 1.7 ± 0.69 0.88 ± 0.39

a 0.00 **
b 0.00 **
c 0.022 *

Albumin(g/dL) 2.5 ± 0.5 2.4 ± 039 3.23 ± 0.3

a 0.00 **
b 0.00 **
c 0.065

Gamma glutammyl transferase (IU/L) 57.8 ± 39.9 65.6 ± 31.3 22.3 ± 21.7

a 0.00 **
b 0.00 **
c 0.243

Alpha fetoprotein 180.5.9 ± 439 359 ± 433 18.0 ± 31.27

a 0.004 **
b 0.00 **
c 0.012 *

Fasting blood glucose(mg/dL) 207.5 ± 83.3 179.3 ± 83.5 151.0 ± 87

a 0.000 *
b 0.106
c 0.194

Glycated hemoglobin HbA1c (%) 7.07 ± 1.09 7.8 ± 2.01 6.5 ± 2.7

a 0.27
b 0.008 **
c 0.000 *

HOMA IR 12.66 ± 7.9 19.3 ± 6.8 5.0 ± 6.1

a 0.000 **
b 0.00 **
c 0.000 *

NAFLD Score

— –
NAFLD Score < −1.455 = F0–F2 27 (45%) 0 (0%)

NAFLD Score −1.455 − 0.675 33 (65%) 2 (5%)

NAFLD Score > 0.675 = F3–F4 0 (0%) 38 (95%)

Fibrosis score

— —

F0 to F1 Mild liver scaring 34 (56.7%) 0 (0%)

F2: Moderate liver scarring 26 (46.3%) 0 (0%)

F3: Severe liver scarring 0 (0%) 29 (72.5%)

F4: Advanced liver scarring (cirrhosis) 0 (0%) 11 (27.5%)
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Table 1. Cont.

Variable

Group A NAFLD/NASH
without Suspicion of

Advanced Fibrosis (F1–F2,
TE < 8 kPa), n = 60

Group B NAFLD/NASH with
Suspicion of Advanced

Fibrosis (F3–F4, TE ≥ 8 kPa),
n = 40

Group 3
Control
N = 100

p Value

steatosis grading

S1 mild steatosis 15 (25%) 0 (0%)

S2 moderate steatosis 21 (35%) 4 (10%)

S3 severe steatosis 5 (8.3%) 36 (90%)

S4 non steatosis 19 (31.7%) 0 (0%)

One way ANOVA test with post Hoc Turkey test was performed to assess the differences among the study groups. Abbreviation: AST
= aspartate transaminase, ALT = alanine transaminase, BMI = body mass index, FBS = fasting blood sugar, GGT = Gamma glutamyl
transferase, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, TE =Transient elastography, Kpa =
kilopascal a control vs. Group A, b control vs. Group B, c Group A vs. Group B ** p < 0.01; * p < 0.05.

2.3. Dysregulated mRNA/miRNA/lncRNA Axis Expression in NAFLD/NASH

The current study evaluated the differential expression of the selected RNAs panel
among the different study groups through measuring the fold change value (RQ). In
comparison to the control group, significant up-regulation of EDN1 mRNA, EP300 mRNA
MAPK3 mRNA, and TNF mRNA expression levels in NAFLD and NASH groups was
observed. Similarly, the expression of hsa-miR-6888-5p miRNA and lncRNA RABGAP1L-
DT-206 were found to be significantly up-regulated in group A and group B in comparison
to control group (p = 0.00) (Figure 2A–C).
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2.4. Diagnostic Performance of RNAs Panel in NASH

The diagnostic performance of the dysregulated RNAs panel was assessed by ROC
curve analysis among the different study groups. The resulting AUC and cutoff values
were able to differentiate NAFLD/NASH cases from controls, with AUC = 0.841 for TNF
mRNA, AUC = 0.871 for MAPK3 mRNA, AUC = 0.839 for EP300 mRNA, AUC = 0.797
for EDN1 mRNA, AUC = 0.916 for miR-6888-5p miRNA and AUC = 0.844 for lncRNA
RABGAP1L-DT-206. The best cutoff values were 2.05, 2.65, 2.15, 1.85, 1.97, and 4.8 for
TNF mRNA, MAPK3 mRNA, EP300 mRNA, EDN1 mRNA, miR-6888-5p miRNA, and
lncRNA RABGAP1L-DT-206, respectively. The estimated sensitivities were 82%, 88%, 83%,
87%, 91%, and 81% respectively, with estimated specificities of 81%, 73%, 80%, 70%, 77%,
and 83%, respectively. The aforementioned results represent the potential RNAs panel
that could discriminate NAFLD cases from controls compared to the current biochemical
non-invasive parameters such as AST, ALT, and GGT. (Table 2, Figure 3A–E). Moreover,
the combined RNAs panel sensitivity was 91% and the specificity was 73%.

Table 2. Diagnostic performance of the molecular parameters among the study groups.

Test Result
Variable(s) Area Std. Error Asymptotic Sig.

Asymptotic 95% Confidence
Interval Cutoff Sensitivity Specificity

Lower Bound Upper Bound

NAFLD/NASH vs. Control

lncRNA
RABGAP1L-DT-206 0.844 0.031 0.000 0.82 0.905 4.8 81% 83%

has-miR-mir-6888-5p 0.916 0.019 0.000 0.879 0.953 1.97 91% 77%

EDN1mRNA 0.797 0.033 0.000 0.731 0.862 1.85 87% 70%

EP300 mRNA 0.839 0.031 0.000 0.779 0.900 2.15 83% 80%

MAPK3 mRNA 0.871 0.026 0.000 0.820 0.921 2.65 88% 73%

TNF mRNA 0.841 0.031 0.000 0.781 0.901 2.05 82% 81%

Combined RNAs 0.888 0.022 0.000 0.923 0.845 3.25 91% 73%

AST 0.653 0.039 0.000 57 0.577 0.729 55% 72%

ALT 0.669 0.039 0.000 27 0.593 0.745 57% 73%

GGT 0.806 0.030 0.000 39.5 0.748 0.864 66% 71%

Group A vs. Group B

lncRNA
RABGAP1L-DT-206 0.944 0.038 0.000 3.4 0.869 1 100% 79%

hsa-mir-6888-5p 0.628 0.097 0.197 3.6 0.438 0.819 50.7% 69.6%

EDN1mRNA 0.648 0.097 0.136 4.1 0.457 0.839 62.5% 64.5%

EP300 mRNA 0.707 0.089 0.037 2.3 0.533 0.832 81.3% 58.9%

MAPK3 mRNA 0.729 0.088 0.021 4.05 0.556 0.901 68.8% 58.9%

TNF mRNA 0.727 0.089 0.022 2.3 0.561 0.893 75.3% 58.9%

Furthermore, the diagnostic performance of the dysregulated mRNA/miRNA/lncRNA
network was also assessed by ROC curve to compare group A versus group B. The best
cutoff values were 3.4, 3.6, 4.1, 2.3, 4.05, and 2.3 for lncRNA RABGAP1L-DT-206, miR-6888-
5p miRNA, EDN1 mRNA, EP300 mRNA, MAPK3 mRNA, and TNF mRNA, and, respectively,
with AUC equal to 0.944, 0.628, 0.648, 0.707, 0.729, and 0.727 for the same targets, re-
spectively. The estimated sensitivities were 100%, 50.7%, 62.5%, 81.3%, 68.8%, and 75.3%,
respectively, with estimated specificities of 79%, 69.6%, 64.5%, 58.9%, 58.9%, and 58.9%,
respectively. The aforementioned results confirm the bioinformatics results and support
the suggestion that the selected RNA panel could help in diagnosis and differentiation
of NAFLD/NASH without suspicion of advanced fibrosis from NAFLD/NASH with
suspicion of advanced fibrosis (Table 2, Figure 3F).
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The dysregulated RNA panel expression was not only effective in diagnosis of
NAFLD/NASH and its differentiation from controls, but also in comparing different
scores of NAFLD scoring and different scores of fibrosis scoring. Increased expression of
the selected RNAs panel were observed, with either the higher the score of NAFLD score
or the higher the score of fibrosis score (Figure 4A–D).

2.5. Correlation Analysis and Multivariate Regression Analysis of NASH Predictors

In order to validate the correlation between the selected RNAs panel, statistical correla-
tion analysis was performed using Spearman’s coefficient. A significant positive correlation
was found between miR-6888-5p miRNA and TNF mRNA, MAPK3 mRNA, EP300 mRNA,
EDN1 mRNA and lncRNA RABGAP1L-DT-206. Additionally, significant positive correla-
tion was observed between lncRNA RABGAP1L-DT-206 and EDN1 mRNA. (Figure 5A–F)
Moreover, a multivariate regression analysis was carried out. TNF mRNA (p = 0.025),
MAPK3 mRNA (p = 0.034), and lncRNA RABGAP1L-DT-206 (p = 0.05) were observed to be
independent predictors of NASH besides ALT (p = 0.011) (Table 3).

Genes 2021, 12, x FOR PEER REVIEW  9  of  19 
 

 

RABGAP1L‐DT‐206, miR‐6888‐5p miRNA, EDN1 mRNA, EP300 mRNA, MAPK3 mRNA, 

and TNF mRNA, and, respectively, with AUC equal to 0.944, 0.628, 0.648, 0.707, 0.729, and 

0.727  for  the  same  targets,  respectively. The  estimated  sensitivities were  100%,  50.7%, 

62.5%, 81.3%, 68.8%, and 75.3%, respectively, with estimated specificities of 79%, 69.6%, 

64.5%, 58.9%, 58.9%, and 58.9%, respectively. The aforementioned results confirm the bi‐

oinformatics results and support the suggestion that the selected RNA panel could help 

in diagnosis and differentiation of NAFLD/NASH without suspicion of advanced fibrosis 

from NAFLD/NASH with suspicion of advanced fibrosis (Table 2, Figure 3F). 

The  dysregulated  RNA  panel  expression was  not  only  effective  in  diagnosis  of 

NAFLD/NASH  and  its  differentiation  from  controls,  but  also  in  comparing  different 

scores of NAFLD scoring and different scores of fibrosis scoring. Increased expression of 

the selected RNAs panel were observed, with either the higher the score of NAFLD score 

or the higher the score of fibrosis score (Figure 4A–D). 

 
Figure 4. Cont.



Genes 2021, 12, 1813 10 of 19Genes 2021, 12, x FOR PEER REVIEW  10  of  19 
 

 

 

Figure 4. Relative expression of circulatory RNA panel among different NAFLD scores of (A) lncRNA RABGAP1L‐DT‐206, 

hsa‐miR‐6888‐5p and EDN1 mRNA; (B) TNF mRNA, MAPK3 mRNA, and EP300 mRNA and statistically significant difference 

(p < 0.05) by Tukey post hoc test, a, b NAFLD score 1 vs. 3, c NAFLD score 2 vs. 3. (C) Relative expression among different 

fibrosis scores of TNF mRNA, MAPK3 mRNA, and EP300 mRNA, and (D) relative expression among different fibrosis scores 

of lncRNA RABGAP1L‐DT‐206, hsa‐miR‐6888‐5p, and EDN1 mRNA and statistically significant difference by post Hoc (Tur‐

key) test. & statistically significant difference (p < 0.05) by Tukey post‐hoc test, b Fibrosis stage 2 vs. Fibrosis stage 3, c Fibrosis 

stage 1 vs. Fibrosis stage 3, d Fibrosis stage 1 vs. Fibrosis stage 4, e Fibrosis stage 2 vs. Fibrosis stage 4, f Fibrosis stage 3 vs. 

Fibrosis stage 4. 

2.5. Correlation Analysis and Multivariate Regression Analysis of NASH Predictors: 

In order to validate the correlation between the selected RNAs panel, statistical cor‐

relation analysis was performed using Spearman’s coefficient. A significant positive cor‐

relation was found between miR‐6888‐5p miRNA and TNF mRNA, MAPK3 mRNA, EP300 

mRNA, EDN1 mRNA and lncRNA RABGAP1L‐DT‐206. Additionally, significant positive 

correlation was observed between lncRNA RABGAP1L‐DT‐206 and EDN1 mRNA. (Figure 

5A–F) Moreover,  a multivariate  regression  analysis was  carried out. TNF mRNA  (p  = 

0.025), MAPK3 mRNA  (p = 0.034), and  lncRNA RABGAP1L‐DT‐206  (p = 0.05) were ob‐

served to be independent predictors of NASH besides ALT (p = 0.011) (Table 3). 

   

Figure 4. Relative expression of circulatory RNA panel among different NAFLD scores of (A) lncRNA RABGAP1L-DT-206,
hsa-miR-6888-5p and EDN1 mRNA; (B) TNF mRNA, MAPK3 mRNA, and EP300 mRNA and statistically significant difference
(p < 0.05) by Tukey post hoc test, a, b NAFLD score 1 vs. 3, c NAFLD score 2 vs. 3. (C) Relative expression among different
fibrosis scores of TNF mRNA, MAPK3 mRNA, and EP300 mRNA, and (D) relative expression among different fibrosis scores
of lncRNA RABGAP1L-DT-206, hsa-miR-6888-5p, and EDN1 mRNA and statistically significant difference by post Hoc
(Turkey) test. & statistically significant difference (p < 0.05) by Tukey post-hoc test, b Fibrosis stage 2 vs. Fibrosis stage 3, c

Fibrosis stage 1 vs. Fibrosis stage 3, d Fibrosis stage 1 vs. Fibrosis stage 4, e Fibrosis stage 2 vs. Fibrosis stage 4, f Fibrosis
stage 3 vs. Fibrosis stage 4.

Table 3. Multivariate regression analysis.

B S.E. Sig. Exp(B)
95% C.I. for EXP(B)

Lower Upper

Age 0.007 0.029 0.803 1.007 0.952 1.066

lncRNA
RABGAP1L-DT-206 −0.08 0.010 0.05 0.982 0.963 1.002

has-miR-mir-6888-5p −0.021 0.015 0.174 0.979 0.951 1.009

EDN1mRNA 0.009 0.008 0.255 1.010 0.993 1.026

EP300 mRNA −0.024 0.018 0.192 0.976 0.942 1.012

MAPK3 mRNA −0.042 0.020 0.034 0.959 0.922 0.997

TNF mRNA −0.045 0.020 0.025 0.956 0.918 0.994

ALT −0.025 0.010 0.011 0.976 0.957 0.994

Constant 2.108 1.615 0.192 8.233
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3. Discussion

Herein, based on the involvement of STING pathway in NAFLD progression and
NASH development, we constructed an mRNA/miRNA/lncRNA regulatory RNA net-
work linked to hepatocytes/macrophage/cytokine cross talk via in silico data analysis.
Afterwards, we have assessed the serum expression of the selected RNA network in
NAFLD, NASH cases, and controls to evaluate its efficacy in prediction and early diagnosis
of NASH.

STING, which is a part of the innate immunity signaling pathway, shares in connecting
upstream DNA sensors to downstream factors [24]. It was suggested that STING and
interferon regulatory factor 3 (IRF3), have a fundamental role in early alcoholic disease
pathogenesis [25]. Additionally, activation of the STING-IRF3 pathway was suggested
to increase hepatocytes injury and dysfunction in NAFLD through stimulating apoptosis
and inflammation, and dysregulating glucose and lipid metabolism [7]. A high-fat diet
(HFD)-induced mtDNA release in a mouse model resulted in the activation of the STING
pathway, leading to a chronic inflammatory response [26].

The EDN family consists of three peptides, including EDN1, EDN2, and EDN3; of them,
EDN1 is the most important mitogen and immunomodulator. EDN1 can exert mitogenic
effects by binding to its receptor type A (EDNRA) [27]. Additionally, EDN1 causes potent
vasoconstriction [28], being implicated in energy metabolism, wound healing, liver fibrosis,
and portal hypertension [29]. Farina et al. have showed that double-stranded ribonucleic
acid (dsRNA) stimulated the EDN1 protein and mRNA, and EDN1 activation is mediated
by TLR3 [30]. In NASH, liver sinusoidal endothelial cells (LSECs) turn dysfunctional and
acquire vasoconstrictive phenotype with the release of increased levels of vasoconstrictors
such as endothelin-1 (EDN1) [31]. In agreement with our results, Degertekin et al. reported
an increase in the EDN1 level in NASH patients compared to NAFLD [32]. EP300 (P300)
and its related paralog CREBBP are transcriptional co-activators and major lysine acetyl-
transferases. [33]. EP300 is a fundamental player in cell proliferation, differentiation, and
apoptosis, and cellular epigenetic modification through target protein and transcription
factors acetylation [34,35]. EP300 is also of the key genes in innate immunity [36]. Iqbal
et al. have showed that the inflammasome interacts with STING leading to TBK1 and IRF3
phosphorylation, and nuclear IFN-β induction [37]. Oral supplementation with branched-
chain amino acids (BCAA) in liver cirrhotic patients suppressed the expression of EP300
and decreased the incidence of HCC [38] that agree with the differential expression of
EP300 among the study groups.

Mitogen-activated protein kinase 3 (MAPK3), or extracellular signal-regulated kinase 1
(ERK1) is an important signal transducing component in the ERK/MAPK signaling pathway.
It also has a vital role in the activation of the ERK/MAPK signaling pathway to transduce
downstream signals [39]. The p3-MAPK signaling pathway has been revealed to modu-
late the production of IFN-β through STING to abolish innate immunity responses [40].
Liang et al. reported that STING activation increased the expression of CCL22 through the
MAPK/AP-1 signaling pathway [41]. Significant upregulation was found in the ERK1/2
pathway in liver tumors from Mito-Ob-mice, indicating the role of obesity in NASH de-
velopment [42]. Afrin et al. reported that Le Carbone (LC) reduced the level of p-ERK1/2
in NASH mice, thus preventing progression of NASH [43]. The above-mentioned studies
align with our presented data.

The tumor necrosis factor α (TNFα) gene is located in the major histocompatibility
complex (MHC), specifically in the class III region: about 250 kb centromeric of the HLA-B
locus and 850 kb telomeric of HLA-DR [44]. TNF is a potent cytokine with several pro-
inflammatory effects [45]. The activation of the STING pathway leads to TANK-binding
kinase 1 (TBK1) triggering; with phosphorylation induction of both NF-κB pathway and
interferon regulatory factor 3 (IRF3), these changes concomitantly increase the expression
of TNF and type I interferon (IFN) [24]. The roles of TNF and ER stress in NASH de-
velopment have been established [46]. Accordingly, we assessed the TNF expression in
relation to different mechanisms in NASH development. In agreement with our results,
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Todoric et al. reported an increase in liver TNF mRNA with a high fructose diet resulting
in steatohepatitis [47]. Additionally, Nakagawa et al. also documented an increase in
TNF expression that promoted lipogenesis, NASH, and HCC development. Additionally,
they proposed that the use of anti-TNF drugs could arrest NASH and its progression into
HCC [48].

miRNAs play vital roles in many biological processes and their dysregulation is linked
to NAFLD pathogenesis [49]. Aberrant profiles of miRs, e.g., miRNA-122 and miRNA-34a,
could accelerate the development of metabolic syndrome and NAFLD [50–52]. In the
current study, we have assessed the expression hsa-miR-6888-5p as a retrieved epigenetic
activator of the EDN1/TNF/MAPK3/EP300/panel, in agreement with the recent evidence
that miRNAs could interact with the promoter and enhance gene expression through man
miRNA-induced RNA activation [53,54]. To the best of our knowledge, hsa-miR-6888-5p
has not been related to liver disease before.

Several studies have highlighted the crucial regulatory roles of lncRNAs in NASH
initiation and progression [20]. The interactions between these lncRNAs may clear the
complexity and genetic regulation in NASH development, with the potentiality to become
biomarkers aiding in early diagnosis and NASH severity assessment [55]. LncRNA MALAT1
was found to be upregulated in fibrotic liver tissue after carbon tetrachloride (CCL4)
treatment [56]. Additionally, MALAT1 could promote insulin resistance and hepatic
steatosis through increasing the stability of nuclear SREBP-1c [57]. Additionally, PVT1
lncRNA was found to be upregulated in fibrotic liver tissue [58]. In the current study,
we have assessed the expression of lncRNA RABGAP1L-DT-206 as the master regulator
of the EDN1/TNF/MAPK3/EP300/hsa-miR-6888-5p panel. To the best of our knowledge,
lncRNA RABGAP1L-DT-206 has not been attributed to NASH before. We detected increased
expression of lncRNA RABGAP1L-DT-206 in NAFLD and NASH cases, with optimal
cutoff values that could differentiate NAFLD/NASH cases from controls; and also to
discriminate NAFLD/NASH without suspicion of advanced fibrosis from NAFLD/NASH
with suspicion of advanced fibrosis cases (Figure 6).
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4. Materials and Methods
4.1. Biomarker Filtration of mRNA-miRNA-lncRNA Panel from Public Microarray Database

The candidate genes of the present study were acquired from the GEO database
(www.ncbi.nlm.nih.gov/geo/, accessed on 15 October 2021) [59]. The search was restricted
to homo sapiens and the experimental articles that contained whole-gene expression data
that differentiate between the NASH and normal control groups were included. As a result,
The GSE89632 dataset was used [60]. Detailed parameters of the dataset are presented in
Supplementary Table S5. The GSE89632 dataset represents a cross-sectional study that used
hepatic gene expression on Illumina Microarray and compared 20 patients with simple
steatosis, 19 with nonalcoholic steatohepatitis (NASH), and 24 controls (HC). Subsequently,
microarray data from the GSE89632 was submitted to the online database repository
GEO2R (https://www.ncbi.nlm.nih.gov/geo/geo2r/, accessed on 15 October 2021) to
identify differentially expressed genes (DEGs) among the groups (Supplementary Table S1).
A p-value of <0.05 was considered to indicate a statistically significant difference. Finally,
gene ontology (GO) enrichment and pathway analyses of the retrieved 9969 DEGs were
performed using Enrichr (http://amp.pharm.mssm.edu/Enrichr, accessed on 15 October
2021) [61]. The result was summarized in (Supplementary Table S3 and Figure 1).

Afterwards, the integrated RNA panel was filtered and verified in three steps from
other GEO datasets and other microarray databases:

(i) Endothelin 1 (EDN1), E1A Binding Protein P300 (EP300), Mitogen-Activated Protein Ki-
nase 3(MAPK3), and Tumor Necrosis factor Alpha (TNFα) were verified based upon their corre-
lation to a STING-related cytokine response and strong implication in NASH pathogenesis.
The chosen messenger RNAs were also verified for their gene ontology and expression by
using several public microarray databases; QuickGO (https://www.ebi.ac.uk/QuickGO/,
accessed on 23 October 2021), and National Center of Biotechnology Information Gene
(https://www.ncbi.nlm.nih.gov/gene, accessed on 23 October 2021) (Figure S2) and by
literature reviews [16–22] to be related to cytokine and Cytosolic DNA-sensing pathway
STING signaling pathway by KEGG (https://www.genome.jp/kegg/, accessed on 23
October 2021) (Figure S3). The four chosen genes were uploaded into the Search Tool for
the Retrieval of Interacting Genes (STRING; version 11.0; http://stringdb.org, accessed
on 23 October 2021) database to assess protein–protein cross talk (Figure S3) and DAVID
functional enrichment tool to highlight their gene ontology in NAFLD/NASH progression
(Supplementary Table S3).

(ii) We used Targetscan database to select miRNA that interact with the four selected
mRNAs. It revealed that miR-6888-5p could target the selected mRNAs (Supplementary
Table S4.). Additionally, miRPath database version 2 (https://mpd.bioinf.uni-sb.de/mirna.
html?mirna=hsa-miR-6888-5p&organism=hsa, accessed on 23 October 2021) was used to
carry out pathway enrichment analysis of miR-6888-5p that was linked to regulation of
gene expression, RNA polymerase, and cell morphogenesis.

(iii) We used miRWalk 2.0; miRNA:ncRNA target tool (http://zmf.umm.uni-heidelberg.
de/apps/zmf/mirwalk2/mir-mir-self.html, accessed on 23 October 2021) to predict the in-
teraction between miRNA and lncRNA. RABGAP1L-DT 206(ENSG00000227373, ENST00000
454467.1) was identified to be interacting with the chosen miR-6888-5p, and that was vali-
dated through Clustal Omega tool of The European Bioinformatics Institute (EMBL-EBI)
(https://www.ebi.ac.uk/Tools/msa/clustalo/, accessed on 23 October 2021) (Figure S4).

All in all, (EDN1, EP300, MAPK3 & TNFα)—(miR-6888-5p)—(RABGAP1L-DT-206)
RNA panel was constructed.

4.2. Study Subjects

A total of 200 participants were included in the current study: 60 cases NAFLD/NASH
without suspicion of advanced fibrosis, 40 cases NAFLD/NASH with suspicion of ad-
vanced fibrosis, and 100 controls. The study cases were coming for medical assessment
in Benha University Hospitals’ hepatology clinics from June 2020 to December 2020. Con-
trols were receiving a routine health check in the hospital clinics. The Benha University

www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/geo2r/
http://amp.pharm.mssm.edu/Enrichr
https://www.ebi.ac.uk/QuickGO/
https://www.ncbi.nlm.nih.gov/gene
https://www.genome.jp/kegg/
http://stringdb.org
https://mpd.bioinf.uni-sb.de/mirna.html?mirna=hsa-miR-6888-5p&organism=hsa
https://mpd.bioinf.uni-sb.de/mirna.html?mirna=hsa-miR-6888-5p&organism=hsa
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/mir-mir-self.html
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/mir-mir-self.html
https://www.ebi.ac.uk/Tools/msa/clustalo/
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ethical committee, faculty of medicine has approved the current study (approval number:
MoHP0018122017, 1017), and all of the study population signed written informed consent
before their participation.

NAFLD/NASH were diagnosed according to the following criteria [62]: no alcohol
intake in the year preceding the study, clinical picture with confirmed steatosis by imaging
modalities, exclusion of other liver diseases, e.g., schistosomiasis, viral hepatitis viral
markers, and bilharzial antibodies detection, were performed and cases were excluded
when positive to any of them.

Concomitantly, following fasting abdominal ultrasound (Acuson S2000, Siemens
(Medical Solutions, Mountain View, CA, USA)) performed by 3 medical radiologists, the
steatosis score was assessed, categorizing patients into 19 non-steatosis cases, 16 mild
cases, 24 moderate cases, and 41 severe cases. Transient elastography (Fibroscan1) was
used to assess the fibrosis score, categorizing patients into 34 mild liver scarring cases,
27 moderate liver scarring cases, 29 severe liver scarring cases, and 10 advanced liver
scarring cases. Additionally, the NAFLD score was assessed in the different groups.
Furthermore, controls were age and sex matched to the study cases, with negative viral
markers and bilhariziasis, no alcoholic history intake, and normal liver function test, with
confirmed normal imaging findings.

Blood samples were collected, further processed by 20 min centrifugation at 4000 rpm.
The upper serum was collected and kept at −80 ◦C in a freezer for further usage.

Multifunctional biochemistry analyzer (AU680, Beckman Coulter Inc., Kraemer Blvd.,
Brea, CA 92821, USA was applied to assess the liver function tests, lipid profile, fasting
blood glucose, HbA1C, and AFP (Supplementary Table S6). The fasting insulin levels,
assessed by ELISA HOMA-IR, were calculated according to the formula: Fasting insulin
(µU/L) × fasting glucose (nmol/L)/22.5.

4.3. Total RNA Extraction and Quantitative Real Time PCR (RT-qPCR)

RNA extraction from the sera samples was processed with miRNEasy extraction kit
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The quality
of the purified RNA was measured by the Qubit TM ds DNA HS Assay Kit and Qubit
TM RNA HS Assay Kit (Catalogue no. Q32851and Q32852, respectively, Invitrogen by
Thermo Fisher Scientific, Eugene, OR, USA) on Qubit 3.0 Fluorimeter (Invitrogen by life
technologies, Malaysia).

A total of 0.5 µg of RNA extracted from sera samples was used for reverse transcription
using miScript II RT kit (Qiagen, Hilden, Germany; Cat no. 218161). Relative expression of
the different targets was assessed using QuantiTect SYBR Green PCR Kit (Cat no. 204143,
Qiagen, Hilden, Germany) for EDN1, EP300, MAPK3 and TNF genes, RT2 SYBR Green
ROX qPCR Master mix (Cat no: 330500; Qiagen, Hilden, Germany) for lncRNA RABGAP1L-
DT-206 and miScript SYBR Green PCR Kit (Cat no. 218073, Qiagen, Hilden, Germany)
for hsa-miR-6888-5p miRNA on 7500 Fast System (applied Biosystems, Foster City, CA,
USA) thermal cycler according to the manufacturer’s protocol. The list of used primers
for quantitative RT-PCR is listed in Supplementary Table S7 Gene expression levels were
normalized to GAPDH, SNORD72. All samples were run in two replicates per experiment.
Fold changes (Relative expression, RQ) were calculated according to 2−∆∆Ct formula.

4.4. Statistical Analysis

The results were presented as mean ± SD for symmetrically distributed raw numerical
data and median for non-parametric data using the software package of statistical analysis
version 25 (SPSS version 25). Statistical analysis was performed using one-way ANOVA,
chi-square test, and Spearman correlation. Regarding the predictive value of the selected
panel in NASH diagnosis, the receiver operating characteristic (ROC) curve was used.
Significance was set at p = 0.00 to p < 0.001.
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5. Conclusions

Enlightened by the increasing data about the implication of STING signaling pathway
in many diseases and the increasing prevalence of NASH without available reliable non-
invasive diagnostic tool, we have retrieved a novel RNA panel from public microarray
databases. The selected RNA panel is related to hepatocyte/liver macrophage/ STING
pathway that could be potential noninvasive tool for diagnosis and early prediction of
NASH in clinical pilot study. We reported upregulation of the EDN1 regulating RNAs panel
expression in NAFLD and NASH cases. Based on the diagnostic performance analysis of
this RNAs panel, we concluded that the circulatory EDN1 Regulating RNAs panel could
enable us to discriminate NAFLD/NASH cases from controls, and also NAFLD/NASH
cases with early (F1, F2) from advanced Fibrosis (F3, F4) (Figure 6).

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/genes12111813/s1, Figure S1: Verification of the differential expression of the selected genes
from other GEO datasets, Figure S2: Validation of the relation between EDN1, EP300, MAPK3, & TNF,
genes to NAFLD/NASH pathogenesis, B cell proliferation/Cytokine response by public microarray
databases, Figure S3: Validation of the association of EDN1, EP300, MAPK3, & TNF with STING-
mediated cytokine signaling in KEGG map, and STING-database, Table S1: NASH and healthy
control, Table S2: Functional enrichment analysis DEGs between NASH, steatosis, and normal groups
Table S3: Functional annotation table by Functional Annotation Tool DAVID Bioinformatics Resources
6.8, NIAID/NIH, Table S4: Putative interaction between miRNA-6888-5p and the selected mRNA by
Target scan database, Table S5: Details of the GSE89632 datasets retrieved from the GEO database;
Table S6: Reagents used in the biochemical parameters assessment, Table S7: List of primers used for
RT-PCR.

Author Contributions: R.A. shared in funding acquisition, study design, data collection, and super-
vision. The conceptualization, methodology, data analysis, drafting, and supervision was carried
out by S.H.A.A. and M.M., N.E.T., M.O. and M.E.K. shared in sample collection and clinical data
analysis. E.K. and M.S. shared in methodology and drafting, validation and analysis. All authors
have read and agreed to the published version of the manuscript.

Funding: This study was supported by Academy of Science and Technology (ASRT), Jesor call 2019,
Project ID: jesor_5269.

Institutional Review Board Statement: The study was approved by the Faculty of Medicine Benha
University Research Ethics Committee, Egypt, MoHP0018122017,1017, 1017 in accordance to the
guidelines of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was taken from all participants involved in the study.

Data Availability Statement: The data reported in this study are available on request from the
corresponding authors.

Conflicts of Interest: All the authors have no conflicts of interest to disclose.

References
1. Dongwei, X.; Yizhu, T.; Qiang, X.; Bibo, K. The cGAS-STING Pathway: Novel Perspectives in Liver Diseases. Front. Immunol.

2021, 12, 1569.
2. Bessone, F.; Razori, M.V.; Roma, M.G. Molecular pathways of nonalcoholic fatty liver disease development and progression. Cell.

Mol. Life Sci. 2019, 76, 99–128. [CrossRef] [PubMed]
3. Piazzolla, V.A.; Mangia, A. Noninvasive Diagnosis of NAFLD and NASH. Cells 2020, 9, 1005. [CrossRef] [PubMed]
4. Calzadilla Bertot, L.; Adams, L.A. The Natural Course of Non-Alcoholic Fatty Liver Disease. Int. J. Mol. Sci. 2016, 17, 774.

[CrossRef]
5. Kazankov, K.; Jørgensen, S.M.D.; Thomsen, K.L.; Møller, H.J.; Vilstrup, H.; George, J.; Schuppan, D.; Grønbæk, H. The role

of macrophages in nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. Nat. Rev. Gastroenterol. Hepatol. 2019, 16,
145–159. [CrossRef]

6. Mao, Y.; Luo, W.; Zhang, L.; Wu, W.; Yuan, L.; Xu, H.; Song, J.; Fujiwara, K.; Abe, J.-I.; Lemaire, S.A.; et al. STING–IRF3 Triggers
Endothelial Inflammation in Response to Free Fatty Acid-Induced Mitochondrial Damage in Diet-Induced Obesity. Arter. Thromb.
Vasc. Biol. 2017, 37, 920–929. [CrossRef]

https://www.mdpi.com/article/10.3390/genes12111813/s1
https://www.mdpi.com/article/10.3390/genes12111813/s1
http://doi.org/10.1007/s00018-018-2947-0
http://www.ncbi.nlm.nih.gov/pubmed/30343320
http://doi.org/10.3390/cells9041005
http://www.ncbi.nlm.nih.gov/pubmed/32316690
http://doi.org/10.3390/ijms17050774
http://doi.org/10.1038/s41575-018-0082-x
http://doi.org/10.1161/ATVBAHA.117.309017


Genes 2021, 12, 1813 17 of 19

7. Qiao, J.; Cui, C.; Qing, L.; Wang, L.; He, T.; Yan, F.; Liu, F.; Shen, Y.; Hou, X.; Chen, L. Activation of the STING-IRF3 pathway
promotes hepatocyte inflammation, apoptosis and induces metabolic disorders in nonalcoholic fatty liver disease. Metabolism
2018, 81, 13–24. [CrossRef]

8. Luo, X.; Li, H.; Ma, L.; Zhou, J.; Guo, X.; Woo, S.-L.; Pei, Y.; Knight, L.R.; Deveau, M.; Chen, Y.; et al. Expression of STING Is
Increased in Liver Tissues From Patients With NAFLD and Promotes Macrophage-Mediated Hepatic Inflammation and Fibrosis
in Mice. Gastroenterology 2018, 155, 1971–1984e4. [CrossRef]

9. Ganz, M.; Szabo, G. Immune and inflammatory pathways in NASH. Hepatol. Int. 2013, 7, S771–S781. [CrossRef]
10. Deng, M.; Scott, M.J.; Fan, J.; Billiar, T.R. Location is the key to function: HMGB1 in sepsis and trauma-induced inflammation. J.

Leukoc. Biol. 2019, 106, 161–169. [CrossRef]
11. Li, L.; Chen, L.; Hu, L.; Liu, Y.; Sun, H.-Y.; Tang, J.; Hou, Y.-J.; Chang, Y.-X.; Tu, Q.-Q.; Feng, G.-S.; et al. Nuclear factor high-

mobility group box1 mediating the activation of toll-like receptor 4 signaling in hepatocytes in the early stage of nonalcoholic
fatty liver disease in mice. Hepatology 2011, 54, 1620–1630. [CrossRef]

12. Yuan, S.; Liu, Z.; Xu, Z.; Liu, J.; Zhang, J. High mobility group box 1 (HMGB1): A pivotal regulator of hematopoietic malignancies.
J. Hematol. Oncol. 2020, 13, 91. [CrossRef] [PubMed]

13. Chen, R.; Hou, W.; Zhang, Q.; Kang, R.; Fan, X.-G.; Tang, D. Emerging Role of High-Mobility Group Box 1 (HMGB1) in Liver
Diseases. Mol. Med. 2013, 19, 357–366. [CrossRef]

14. Chandrashekaran, V.; Seth, R.; Dattaroy, D.; Alhasson, F.; Ziolenka, J.; Carson, J.; Berger, F.G.; Kalyanaraman, B.; Diehl, A.M.;
Chatterjee, S. HMGB1-RAGE pathway drives peroxynitrite signaling-induced IBD-like inflammation in murine nonalcoholic
fatty liver disease. Redox Biol. 2017, 13, 8–19. [CrossRef] [PubMed]

15. Garcia-Martinez, I.; Santoro, N.; Chen, Y.; Hoque, R.; Ouyang, X.; Caprio, S.; Shlomchik, M.J.; Coffman, R.L.; Candia, A.; Mehal,
W.Z. Hepatocyte mitochondrial DNA drives nonalcoholic steatohepatitis by activation of TLR. J. Clin. Investig. 2016, 126, 859–864.
[CrossRef] [PubMed]

16. Yu, Y.; Liu, Y.; An, W.; Song, J.; Zhang, Y.; Zhao, X. STING-mediated inflammation in Kupffer cells contributes to progression of
nonalcoholic steatohepatitis. J. Clin. Investig. 2018, 129, 546–555. [CrossRef] [PubMed]

17. Baffy, G. MicroRNAs in Nonalcoholic Fatty Liver Disease. J. Clin. Med. 2015, 4, 1977–1988. [CrossRef]
18. Gerhard, G.S.; Di Stefano, J.K. Micro RNAs in the development of non-alcoholic fatty liver disease. World J. Hepatol. 2015.

[CrossRef] [PubMed]
19. He, Z.; Hu, C.; Jia, W. miRNAs in non-alcoholic fatty liver disease. Front. Med. 2016, 10, 389–396. [CrossRef]
20. Chen, Y.; Huang, H.; Xu, C.; Yu, C.; Li, Y. Long Non-Coding RNA Profiling in a Non-Alcoholic Fatty Liver Disease Rodent Model:

New Insight into Pathogenesis. Int. J. Mol. Sci. 2017, 18, 21. [CrossRef]
21. Grimaldi, B.; Bellet, M.M.; Katada, S.; Astarita, G.; Hirayama, J.; Amin, R.H.; Granneman, J.G.; Piomelli, D.; Leff, T.; Sassone-Corsi,

P. PER2 Controls Lipid Metabolism by Direct Regulation of PPARγ. Cell Metab. 2010, 12, 509–520. [CrossRef]
22. Zhang, M.; Chi, X.; Qu, N.; Wang, C. Long noncoding RNA lncARSR promotes hepatic lipogenesis via Akt/SREBP-1c pathway

and contributes to the pathogenesis of nonalcoholic steatohepatitis. Biochem. Biophys. Res. Commun. 2018, 499, 66–70. [CrossRef]
23. Wruck, W.; Graffmann, N.; Kawala, M.-A.; Adjaye, J. Concise Review: Current Status and Future Directions on Research Related

to Nonalcoholic Fatty Liver Disease. Stem Cells 2016, 35, 89–96. [CrossRef]
24. Ishikawa, H.; Barber, G.N. STING is an endoplasmic reticulum adaptor that facilitates innate immune signalling. Nature 2008,

455, 674–678. [CrossRef]
25. Petrasek, J.; Iracheta-Vellve, A.; Csak, T.; Satishchandran, A.; Kodys, K.; Kurt-Jones, E.A.; Fitzgerald, K.; Szabo, G. STING-IRF3

pathway links endoplasmic reticulum stress with hepatocyte apoptosis in early alcoholic liver disease. Proc. Natl. Acad. Sci. USA
2013, 110, 16544–16549. [CrossRef]

26. Bai, J.; Cervantes, C.; Liu, J.; He, S.; Zhou, H.; Zhang, B.; Cai, H.; Yin, D.; Hu, D.; Li, Z.; et al. DsbA-L prevents obesi-ty-induced
inflammation and insulin resistance by suppressing the mtDNA release-activated cGAS-cGAMP-STING path-way. Proc. Natl.
Acad. Sci. USA 2017, 114, 12196–12201. [CrossRef] [PubMed]

27. Gerger, A.; El-Khoueiry, A.; Zhang, W.; Yang, D.; Singh, H.; Bohanes, P.; Ning, Y.; Winder, T.; LaBonte, M.J.; Wilson, P.M.;
et al. Phar-macogenetic angiogenesis profiling for first-line Bevacizumab plus oxaliplatin-based chemotherapy in patients with
meta-static colorectal cancer. Clin. Cancer Res. 2011, 17, 5783–5792. [CrossRef] [PubMed]

28. Davenport, A.P.; Hyndman, K.A.; Dhaun, N.; Southan, C.; Kohan, D.E.; Pollock, J.S.; Pollock, D.M.; Webb, D.J.; Maguire, J.J.;
Barker, E.L.; et al. Endothelin. Pharmacol. Rev. 2016, 68, 357–418. [CrossRef] [PubMed]

29. Pitts, K.R. Endothelin receptor antagonism in portal hypertension. Expert Opin. Investig. Drugs 2009, 18, 135–142. [CrossRef]
30. Farina, G.; York, M.; Collins, C.; Lafyatis, R. dsRNA activation of endothelin-1 and markers of vascular activation in endothelial

cells and fibroblasts. Ann. Rheum. Dis. 2010, 70, 544–550. [CrossRef]
31. Miren, B.; Raurell, I.; Hide, D.; Fernández-Iglesias, A.; Gil, M.; Barberá, A.; Salcedo, M.T.; Augustin, S.; Genescà, J.; Martell, M.

Restoration of liver sinusoidal cell phenotypes by statins improves por-tal hypertension and histology in rats with NASH. Sci.
Rep. 2019, 9, 1–12.

32. Bulent, D.; Ozenirler, S.; Elbeg, S.; Akyol, G. The Serum Endothelın-1 Level in Steatosıs and NASH, and Its Relatıon wıth Severıty
of Lıver Fıbrosıs. Dig. Dis. Sci. 2007, 52, 2622–2628.

33. Chan, H.M.; La Thangue, N.B. p300/CBP proteins: HATs for transcriptional bridges and scaffolds. J. Cell Sci. 2001, 114, 2363–2373.
[CrossRef] [PubMed]

http://doi.org/10.1016/j.metabol.2017.09.010
http://doi.org/10.1053/j.gastro.2018.09.010
http://doi.org/10.1007/s12072-013-9468-6
http://doi.org/10.1002/JLB.3MIR1218-497R
http://doi.org/10.1002/hep.24552
http://doi.org/10.1186/s13045-020-00920-3
http://www.ncbi.nlm.nih.gov/pubmed/32660524
http://doi.org/10.2119/molmed.2013.00099
http://doi.org/10.1016/j.redox.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28551086
http://doi.org/10.1172/JCI83885
http://www.ncbi.nlm.nih.gov/pubmed/26808498
http://doi.org/10.1172/JCI121842
http://www.ncbi.nlm.nih.gov/pubmed/30561388
http://doi.org/10.3390/jcm4121953
http://doi.org/10.4254/wjh.v7.i2.226
http://www.ncbi.nlm.nih.gov/pubmed/25729477
http://doi.org/10.1007/s11684-016-0468-5
http://doi.org/10.3390/ijms18010021
http://doi.org/10.1016/j.cmet.2010.10.005
http://doi.org/10.1016/j.bbrc.2018.03.127
http://doi.org/10.1002/stem.2454
http://doi.org/10.1038/nature07317
http://doi.org/10.1073/pnas.1308331110
http://doi.org/10.1073/pnas.1708744114
http://www.ncbi.nlm.nih.gov/pubmed/29087318
http://doi.org/10.1158/1078-0432.CCR-11-1115
http://www.ncbi.nlm.nih.gov/pubmed/21791631
http://doi.org/10.1124/pr.115.011833
http://www.ncbi.nlm.nih.gov/pubmed/26956245
http://doi.org/10.1517/13543780802680186
http://doi.org/10.1136/ard.2010.132464
http://doi.org/10.1242/jcs.114.13.2363
http://www.ncbi.nlm.nih.gov/pubmed/11559745


Genes 2021, 12, 1813 18 of 19

34. Dancy, B.M.; Cole, P.A. Protein lysine acetylation by p300/CBP. Chem. Rev. 2015, 115, 2419–2452. [CrossRef]
35. Gee, C.T.; Koleski, E.J.; Pomerantz, W.C.K. Fragment Screening and Druggability Assessment for the CBP/p300 KIX Domain

through Protein-Observed19F NMR Spectroscopy. Angew. Chem. Int. Ed. 2015, 54, 3735–3739. [CrossRef]
36. Martín-Antonio, B.; Álvarez-Laderas, I.; Cardesa, R.; Márquez-Malaver, F.; Baez, A.; Carmona, M.; Falantes, J.; Suarez-Lledo, M.;

Fernández-Avilés, F.; Martínez, C.; et al. A constitutional variant in the transcription factor EP300 strongly influences the clinical
outcome of patients submitted to allo-SCT. Bone Marrow Transplant. 2012, 47, 1206–1211. [CrossRef]

37. Iqbal, J.; Ansari, M.A.; Kumar, B.; Dutta, D.; Roy, A.; Chikoti, L.; Pisano, G.; Dutta, S.; Vahedi, S.; Veettil, M.V.; et al. Histone
H2B-IFI16 Recognition of Nuclear Herpesviral Genome Induces Cytoplasmic Interferon-β Responses. PLOS Pathog. 2016, 12,
e1005967. [CrossRef] [PubMed]

38. Takegoshi, K.; Honda, M.; Okada, H.; Takabatake, R.; Nagata, N.; Campbell, J.S.; Nishikawa, M.; Shimakami, T.; Shirasaki,
T.; Sakai, Y.; et al. Branched-chain amino acids prevent hepatic fibrosis and development of hepatocellular carcinoma in a
non-alcoholic steatohepatitis mouse model. Oncotarget 2017, 8, 18191–18205. [CrossRef]

39. Jin, E.; Han, S.; Son, M.; Kim, S.W. Cordyceps bassiana inhibits smooth muscle cell proliferation via the ERK1/2 MAPK signaling
pathway. Cell. Mol. Biol. Lett. 2016, 21, 1–8. [CrossRef]

40. Chen, Y.; Wang, L.; Jin, J.; Luan, Y.; Chen, C.; Li, Y.; Chu, H.; Wang, X.; Liao, G.; Yu, Y.; et al. p38 inhibition provides anti–DNA
virus immunity by regulation of USP21 phosphorylation and STING activation. J. Exp. Med. 2017, 214, 991–1010. [CrossRef]

41. Liang, D.; Xiao-Feng, H.; Guan-Jun, D.; Er-Ling, H.; Sheng, C.; Ting-Ting, W.; Qin-Gang, H.; Yan-Hong, N.; Ya-Yi, H. Activated
STING enhances Tregs infiltration in the HPV-related carcinogenesis of tongue squamous cells via the c-jun/CCL22 signal.
Biochim. Et Biophys. Acta (BBA)-Mol. Basis Dis. 2015, 1852, 2494–2503. [CrossRef] [PubMed]

42. Ande, S.R.; Nguyen, K.H.; Nyomba, B.L.G.; Mishra, S. Prohibitin-induced, obesity-associated insulin resistance and accompanying
low-grade inflammation causes NASH and HCC. Sci. Rep. 2016, 6, 23608. [CrossRef] [PubMed]

43. Afrin, M.R.; Arumugam, S.; Pitchaimani, V.; Karuppagounder, V.; Thandavarayan, R.A.; Harima, M.; Hossain, C.F.; Suzuki, K.;
Sone, H.; Matsubayashi, Y.; et al. Le Carbone prevents liver damage in non-alcoholic steatohepatitis-hepatocellular carcinoma
mouse model via AMPKα-SIRT1 signaling pathway activation. Heliyon 2021, 7, e05888. [CrossRef] [PubMed]

44. Wilson, A.G.; Symons, J.A.; McDowell, T.L.; McDevitt, H.O.; Duff, G.W. Effects of a polymor-phism in the human tumor necrosis
factor α promoter on transcriptional activation. Natl. Acad. Sci. 1997, 94, 3195–3199. [CrossRef]

45. Vassalli, P. The pathophysiology of tumor necrosis factors. Annu. Rev. Immunol. 1992, 10, 411–452. [CrossRef]
46. Kim, J.Y.; Garcia-Carbonell, R.; Yamachika, S.; Zhao, P.; Dhar, D.; Loomba, R.; Kaufman, R.J.; Saltiel, A.R.; Karin, M. ER Stress

Drives Lipogenesis and Steatohepatitis via Caspase-2 Activation of S1P. Cell 2018, 175, 133–145.e15. [CrossRef]
47. Todoric, J.; Di Caro, G.; Reibe, S.; Henstridge, D.C.; Green, C.R.; Vrbanac, A.; Ceteci, F.; Conche, C.; McNulty, R.; Shalapour, S.;

et al. Fructose stimulated de novo lipogenesis is promoted by inflammation. Nat. Metab. 2020, 2, 1034–1045. [CrossRef]
48. Nakagawa, H.; Umemura, A.; Taniguchi, K.; Font-Burgada, J.; Dhar, D.; Ogata, H.; Zhong, Z.; Valasek, M.A.; Seki, E.; Hidalgo, J.;

et al. ER Stress Cooperates with Hypernutrition to Trigger TNF-Dependent Spontaneous HCC Development. Cancer Cell 2014, 26,
331–343. [CrossRef]

49. Ceccarelli, S.; Panera, N.; Gnani, D.; Nobili, V. Dual Role of MicroRNAs in NAFLD. Int. J. Mol. Sci. 2013, 14, 8437–8455. [CrossRef]
50. Gallego-Durán, R.; Romero-Gómez, M. Epigenetic mechanisms in non-alcoholic fatty liver disease: An emerging field. World J.

Hepatol. 2015, 7, 2497. [CrossRef]
51. Chang, J.; Nicolas, E.; Marks, D.; Sander, C.; Lerro, A.; Buendia, M.A.; Xu, C.; Mason, W.S.; Moloshok, T.; Bort, R.; et al. miR-122, a

Mammalian Liver-Specific microRNA, is Processed from hcr mRNA and MayDownregulate the High Affinity Cationic Amino
Acid Transporter CAT-1. RNA Biol. 2004, 1, 106–113. [CrossRef] [PubMed]

52. Cheung, O.; Puri, P.; Eicken, C.; Contos, M.J.; Mirshahi, F.; Maher, J.W.; Kellum, J.M.; Min, H.; Luketic, V.A.; Sanyal, A.J.
Nonalcoholic steatohepatitis is associated with altered hepatic MicroRNA expression. Hepatology 2008, 48, 1810–1820. [CrossRef]

53. Vaschetto, L.M. miRNA activation is an endogenous gene expression pathway. RNA Biol. 2018, 15, 1–3. [CrossRef] [PubMed]
54. Ramchandran, R.; Chaluvally-Raghavan, P. miRNA-Mediated RNA Activation in Mammalian Cells. Adv. Exp. Med. Biol. 2017,

983, 81–89. [CrossRef]
55. Huang, R.; Duan, X.; Fan, J.; Li, G.; Wang, B. Role of Noncoding RNA in Development of Nonalcoholic Fatty Liver Disease.

BioMed Res. Int. 2019, 2019, 1–9. [CrossRef] [PubMed]
56. Yu, F.; Lu, Z.; Cai, J.; Huang, K.; Chen, B.; Li, G.; Dong, P.; Zheng, J. MALAT1 functions as a competing endogenous RNA to

mediate Rac1 expression by sequestering miR-101b in liver fibrosis. Cell Cycle 2015, 14, 3885–3896. [CrossRef]
57. Yan, C.; Chen, J.; Chen, N. Long noncoding RNA MALAT1 promotes hepatic steatosis and insulin re-sistance by increasing

nuclear SREBP-1c protein stability. Sci. Rep. 2016, 6, 1–11.
58. Zheng, J.; Yuan, Z.; Dong, P.; Wu, L.; Zhang, Y.; Hu, Y.; Zheng, L. Long non-coding RNA PVT1 activates hepatic stellate cells

through competitively binding microRNA-152. Oncotarget 2016, 7, 62886–62897. [CrossRef] [PubMed]
59. Edgar, R.; Domrachev, M.; Lash, A.E. Gene Expression Omnibus: NCBI gene expression and hybridization array data repository.

Nucleic Acids Res. 2002, 30, 207–210. [CrossRef]
60. Arendt, B.M.; Comelli, E.M.; Ma, D.W.; Lou, W.; Teterina, A.; Kim, T.; Fung, S.K.; Wong, D.K.; McGilvray, I.; Fischer, S.E.; et al.

Altered hepatic gene expression in nonalcoholic fatty liver disease is associated with lower hepatic n-3 and n-6 polyunsaturated
fatty acids. Hepatology 2015, 61, 1565–1578. [CrossRef]

http://doi.org/10.1021/cr500452k
http://doi.org/10.1002/anie.201411658
http://doi.org/10.1038/bmt.2011.253
http://doi.org/10.1371/journal.ppat.1005967
http://www.ncbi.nlm.nih.gov/pubmed/27764250
http://doi.org/10.18632/oncotarget.15304
http://doi.org/10.1186/s11658-016-0023-z
http://doi.org/10.1084/jem.20161387
http://doi.org/10.1016/j.bbadis.2015.08.011
http://www.ncbi.nlm.nih.gov/pubmed/26303640
http://doi.org/10.1038/srep23608
http://www.ncbi.nlm.nih.gov/pubmed/27005704
http://doi.org/10.1016/j.heliyon.2020.e05888
http://www.ncbi.nlm.nih.gov/pubmed/33490669
http://doi.org/10.1073/pnas.94.7.3195
http://doi.org/10.1146/annurev.iy.10.040192.002211
http://doi.org/10.1016/j.cell.2018.08.020
http://doi.org/10.1038/s42255-020-0261-2
http://doi.org/10.1016/j.ccr.2014.07.001
http://doi.org/10.3390/ijms14048437
http://doi.org/10.4254/wjh.v7.i24.2497
http://doi.org/10.4161/rna.1.2.1066
http://www.ncbi.nlm.nih.gov/pubmed/17179747
http://doi.org/10.1002/hep.22569
http://doi.org/10.1080/15476286.2018.1451722
http://www.ncbi.nlm.nih.gov/pubmed/29537927
http://doi.org/10.1007/978-981-10-4310-9_6
http://doi.org/10.1155/2019/8690592
http://www.ncbi.nlm.nih.gov/pubmed/30931332
http://doi.org/10.1080/15384101.2015.1120917
http://doi.org/10.18632/oncotarget.11709
http://www.ncbi.nlm.nih.gov/pubmed/27588491
http://doi.org/10.1093/nar/30.1.207
http://doi.org/10.1002/hep.27695


Genes 2021, 12, 1813 19 of 19

61. Kuleshov, M.V.; Jones, M.R.; Rouillard, A.D.; Fernandez, N.F.; Duan, Q.; Wang, Z.; Koplev, S.; Jenkins, S.L.; Jagodnik, K.M.;
Lachmann, A.; et al. Enrichr: A comprehensive gene set enrichment analysis web server 2016 update. Nucleic Acids Res. 2016, 44,
W90–W97. [CrossRef] [PubMed]

62. Salgado, A.L.F.D.A.; De Carvalho, L.; Oliveira, A.C.; dos Santos, V.N.; Vieira, J.; Parise, E.R. Insulin resistance index (HOMA-IR)
in the differentiation of patients with non-alcoholic fatty liver disease and healthy individuals. Arq. De Gastroenterol. 2010, 47,
165–169. [CrossRef] [PubMed]

http://doi.org/10.1093/nar/gkw377
http://www.ncbi.nlm.nih.gov/pubmed/27141961
http://doi.org/10.1590/S0004-28032010000200009
http://www.ncbi.nlm.nih.gov/pubmed/20721461

	Introduction 
	Results 
	Retrieval of Differentially Expressed mRNAs (DEG) from GEO Data Set 
	Analysis of Biochemical and Clinical Parameters in NAFLD/NASH 
	Dysregulated mRNA/miRNA/lncRNA Axis Expression in NAFLD/NASH 
	Diagnostic Performance of RNAs Panel in NASH 
	Correlation Analysis and Multivariate Regression Analysis of NASH Predictors 

	Discussion 
	Materials and Methods 
	Biomarker Filtration of mRNA-miRNA-lncRNA Panel from Public Microarray Database 
	Study Subjects 
	Total RNA Extraction and Quantitative Real Time PCR (RT-qPCR) 
	Statistical Analysis 

	Conclusions 
	References

