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Abstract

Background and objectives: Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in developed
countries, contributing to ~24% of cases worldwide and includes non-alcoholic steatohepatitis. NAFLD is characterized by
lipid accumulation rather than alcohol consumption. There are several diagnostic/prognostic biomarkers for NAFLD includ-
ing CK-18, ALT, AST, GGT, and haptoglobin, but with limited sensitivity and specificity. Therefore, high-throughput OMICS
approaches have been used to characterize NAFLD conditions for the identification of potential molecular signatures or dif-
ferentially regulated molecules (DEMs) and early detection of NAFLD.

Methods: We analyzed the publically available data set (accession number: GSE63067) from the Gene Expression Omnibus
(GEO) using the GEO2R program. The differentially expressed genes (DEGs) were filtered using the criteria where genes with
p-value <0.05 and fold-change >2.0-fold (upregulated), and fold-change <0.5-fold (downregulated).

Results: We identified 264 differentially expressed genes (DEGs) between NAFLD and normal liver tissue samples, where 211
were upregulated and 53 were downregulated in NAFLD. Additionally, we identified novel genes SGMS2, and WNK3 that
were not well understood in the molecular pathophysiology of NAFLD. Further gene ontology-based analysis revealed that
among biological processes, cellular components, and molecular functions were also dysregulated in NAFLD. Collectively, this
integration of a systemic-cum-meta-analysis approach suggests that an OMICS-based analysis may provide better solutions
if microarray and other high-throughput study-based DEMs are to be cataloged systematically for sharing with the scientific
community. This will allow potential candidates (DEMs) to be interrogated either alone or in combination with existing bio-
markers for effective early detection and or diagnosis of NAFLD.

Conclusions: Our study shows that meta-analysis of publicly available data could be a good source for identification of DEGs
in NAFLD, and it can be easily extrapolated in other disease conditions.

Keywords: Non-alcoholic fatty liver disease; NASH; Microarray; GEO; GEO2R;
hepatocellular carcinoma.
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disease; CCs, cellular components; DEGs, differentially expressed genes; DEMs, dif-
ferentially expressed molecules; GCKR, glucokinase regulatory protein; GEO, gene

Introduction

The liver is the largest internal organ of the body, providing impor-
tant metabolic, exocrine, and endocrine functions. These include

expression omnibus; GO, gene ontology; HCC, hepatocellular carcinoma; MFs, mo-
lecular Functions; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic
steatohepatitis; ROS, reactive oxygen species; PNPLA3, patatin-like phospholipase
domain-containing 3; PD-L1, programmed death 1 ligand-1; TM6SF2, transmem-
brane 6 superfamily member 2; WNK3, with-no-lysine kinase 3.
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lipids lipogenesis, carbohydrates (gluconeogenesis, regulation of
glucose level through glycogen storage, and synthesis of albumin,
haptoglobin, and blood homeostasis by secreting clotting factors,
as well as the production of bile salt, hemoglobin, iron, vitamin,
ammonia, copper, and drugs.!? The liver regulates the number of
chemicals, nutrients, microbial pathogens, and endotoxin compo-
nents in the blood that exit the gastrointestinal tract through portal
veins.? It also participates in immune surveillance against patho-
gens and overcoming the effects of benign antigens through cy-
tokine signaling and acute phase protein production.? Hepatocytes
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are the main parenchymal cells in the liver, accounting for ~70%
of its volume. These cells form an extracellular matrix that is pri-
marily composed of glycoproteins, collagens, proteoglycans, and
hyaluronic acid.!* Hepatic stellate cells are another important cell
present in the liver and represent 5-8% of the volume of the liver.
They are located between sinusoidal endothelial and liver epithe-
lial cells and act as a reservoir of vitamin A.5 Kupffer cells are
immune cells of the liver that clear endotoxins and provide a rapid
response to hepatic damage and aging red blood cells.®

Various physiological changes affect the pathogenesis of liver
diseases and may lead to conditions such as acute and chronic liver
diseases, Hepatitis A, B, C, D, and E, autoimmune liver diseases
including autoimmune hepatitis and primary biliary cirrhosis, al-
coholic liver disease, non-alcoholic liver disease, metabolic asso-
ciated fatty liver diseases, drug-induced liver diseases, and genetic
conditions such as hemochromatosis, Wilson’s disease, alpha-1 an-
titrypsin deficiency, hepatocellular carcinoma, and liver transplant
condition.”$

Liver functions are insulted due to either acute or chronic liver
failure. Acute liver failure (ALF) is defined by sudden hepatocel-
lular necrosis that leads to the drastic deterioration of hepatic func-
tion, which begins within an hour and lasts up to six months after
being jaundiced or a pre-existing liver disease.®!" Recurrent cases
of ALF are often due to drug addiction and acetaminophen over-
dose (hepatotoxicity). Other causes include autoimmune hepatitis
and acute viral hepatitis. Chronic liver disease (CLD) is a con-
dition that involves a long-term decline in liver function due to
chronic damage to the liver. After 1-2 decades with CLD, the indi-
vidual suffers from liver cirrhosis (a condition in which liver cells
are replaced by fibrosis, scar tissues, and regenerative nodules).!!

CLD is a combination of abnormalities characterized by a pro-
gressive decline in hepatic functions over six or more years, result-
ing in chronic inflammation. Recent studies suggest that ~5.5 mil-
lion individuals worldwide are affected with CLD and for ~40,000
it will be fatal.'® In the United States, CLD is the 12" leading cause
of death with 4,000-5,000 deaths and 11,000-17,000 hospitaliza-
tions annually.!> Several factors such as excess alcohol consump-
tion, poisoning, autoimmune disease, viral or pathogenic infec-
tions, metabolic imbalance, and genetic disorders can trigger the
destruction of the parenchymal layer of the liver which is capable
of releasing important liver injury biomarkers such as alanine and
aspartate transaminase. '3

Materials and methods

Non-alcoholic fatty liver disease/non-alcoholic steatohepatitis

While non-alcoholic steatohepatitis (NASH) and non-alcoholic
fatty liver disease (NAFLD) are both liver conditions related to
the accumulation of fat in the liver, NAFLD is a broader term that
refers to the presence of fat in the liver without any evidence of
inflammation or liver damage. NASH, however, is a more severe
form of NAFLD that is characterized by liver inflammation and
damage.

Mortality rate and cause of death in NAFLD and other liver-
related disease

The most common causes of liver cirrhosis are alcoholism, chronic
viral hepatitis, and accumulation of excess fat in liver cells, caus-
ing NAFLD, NASH, and hepatocyte hyperplasia, which could
eventually lead to end-stage liver disease namely hepatocellular
carcinoma (Fig. 1).!* The mortality rate in different liver-associat-
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ed abnormalities is summarized in Table 1.15-23

NAFLD is considered the most common liver disease in devel-
oped countries and is prevalent in ~25% of the world population.?*
The disease is characterized by hepatic lipid accumulation rather
than alcohol consumption.?s Presently in Western and Asian coun-
tries, the prevalence of NAFLD varies at 25-35% and 5-15% re-
spectively,?¢ and in India, it ranges from 9-53%.27 Excess calorie
and fat intakes leading to obesity and related comorbidities are the
leading risk factor for NAFLD. Conversely, the intake of low-calo-
rie foods and good fat such as omega-3 polyunsaturated fats reduc-
es insulin resistance, intrahepatic triglycerides content, and risk of
steatohepatitis.?® The incidence of NAFLD rapidly rises along with
an incidence increase of diabetes, obesity, and dyslipidemia. The
prevalence is considerably higher in people with diabetes (60—70%)
and in morbidly obese (75-92%) than in the general population.
NAFLD includes non-alcoholic fatty liver and NASH.?** Due to
higher exposure to free fatty acids, diacylglycerol, and oxidized
cholesterols, lipotoxicity is a common pathophysiological condi-
tion seen in NAFLD patients.3! The condition leads to hepatic stea-
tosis contributing to the production of fats from non-fat sources by
de novo lipogenesis process.?? Incidences of liver cancer, i.e., hepa-
tocellular carcinoma (HCC) have been observed more frequently in
NAFLD patients, compared with cirrhosis patients.’ Some of the
important predictors for NAFLD-linked HCC that are commonly
associated with HCC are old age, gender, and genetic factors.3* In
virus-associated cirrhosis, Hepatitis-B/Hepatitis-C and Hepatitis-B/
Hepatitis-D viruses co-excitingly increase the possibility of HCC
2-6-fold.353¢ A comparative analysis showed that individuals in-
fected with the Hepatitis-B virus have a 5-100-fold likelihood to
get HCC compared to individuals with the Hepatitis-C virus who
have a 15-20-fold likelihood to get HCC.37-38

Genomics aspect of NAFLD

Excess fatty acid metabolism increases the generation of reac-
tive oxygen species (ROS)—which are capable of damaging the
liver cells—such as superoxide radical (O%"), hydrogen peroxide
(H,0,), and hydroxyl radicals (-OH).3* Kupffer cells of the liver
are relatively more sensitive to oxidative stress than hepatocytes,
and produce tumor necrosis factor-a that may cause inflammation
and apoptosis.*? ROS initiates lipid peroxidation in hepatic stellate
cells, which causes cell proliferation and collagen synthesis lead-
ing to hepatic fibrosis. Epigenetic changes in DNA methylation,
histone modification, and non-coding RNA-mediated gene silenc-
ing have been reported in different liver aberrancies.*!

‘We know that to delineate the disease biology, a number of tech-
niques have been used including conventional molecular biology
techniques such as southern blot, northern blot, and conventional
and real-time PCR. However, as low throughput techniques, they
have limitations. A handful of genes such as patatin-like phospho-
lipase domain-containing 3 (PNPLA3), transmembrane 6 super-
family member 2 (TM6SF2), and glucokinase regulatory protein
(GCKR) have been reported in the context of NAFLD.*> PNPLA3
has acyltransferase and lipase activity, which encodes adiponutrin
and is located on the 22q13 locus.*? Adiponutrin variant p.//48M
(rs738409) alters fat composition by reducing polyunsaturated
fatty acids from diacylglycerol into phosphatidylcholine which
causes an increase in triglycerides and diacylglycerol.** Genotype
rs738409 is an indicator of the risk of NAFLD that histologically
confirms steatosis.*> TM6SF2 encrypts a regulatory protein in
very low-density lipoprotein secretion. TM6SF?2 variant p.E167K
(rs58542926) mainly affects the biosynthesis of PUFA and evacu-
ates PUFA from hepatic polyunsaturated phosphatidylcholine-
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Fig. 1. Different stages involved in the transfer of normal liver into hepatocellular carcinoma. NAFLD is composed of a wide spectrum of transition in liver
pathology, which varies from simple steatosis (or NAFL) to NASH and can develop into fibrosis, liver cirrhosis, and eventually into hepatocellular carcinoma
(The figure was generated using BioRender.com). HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; NAFL, non-alcoholic

fatty liver; NASH, non-alcoholic steatohepatitis.

and triglycerides-impeding VLDL synthesis.*® Rs58542926 is
proinflammatory and associated with an increase in the serum
aminotransferase in NAFLD risk but not in gamma-glutamyl-
transferase.*’” GCKR is pointed at chromosome 2, which inhibits
glucokinase enzyme in hepatocyte nuclei. GCKR p.(rs780094)
variant increases glycogen and glycolysis simultaneously increas-
es de novo lipogenesis, which is linked to NAFLD risk.*® Some
additional genes are also linked with NAFLD such as membrane-
bound O-acyltransferase domain-containing 7 (MBOAT?7), APOB,
MERTK, SERPINAI, IL28B, and HFE. MBOAT (rs641738) is
mildly linked with liver fibrosis and inflammation but not with
steatosis and increases NAFLD risk.#2:4547:49

Proteomics studies for NAFLD profiling

A number of proteomics studies have been carried out to profile
NAFLD for the identification of markers toward early diagnosis,
or progression. Differential Gel Electrophoresis (DIGE) was used
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in combination with matrix-assisted laser desorption/ionization-
time-of-flight (MALDI-TOF) to profile NASH vs. control liver
tissue samples. A total of 43 differentially regulated proteins were
identified. Among those 22 and 21 were significantly higher (ra-
tio >1.5, p < 0.05) in the steatosis and NASH samples compared
to the control sample, respectively. Among these GRP78 (78 kDa
glucose-regulated protein) was upregulated in the steatosis sample,
but downregulated in the NASH sample. The appearance of the
spots for the same protein in the upregulated versus downregulated
stage suggests that there may be involvement of post-translational
modifications of these proteins which may be crucial in the patho-
physiology of NAFLD.5" Other proteomics studies have reported
a large number of molecules but few have made it into the clinical
setting.5'-53 Several diagnostic markers have been documented for
NAFLD, but their efficiency has been compromised due to their
limited sensitivity and specificity. The partial list of different diag-
nostic markers for NAFLD has been summarized in Table 2.54+-¢7
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Table 1. Different disease conditions in the liver and associated mortality rate
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Chronic Liver Disease Number of patients Death rate

Cause of death Reference

Golabi et al. 2020*>
HCC (n =5, 5%) Ekstedt et al. 20156
Cirrhosis (n =4, 4%)

Younossi et al. 20177

Ly et al. 201218
HCC (35%); Cirrhosis (93%) Marcellin et al. 2008°
HCC (33%); Cirrhosis (95%)
HCC (n = 3,039, 70%);
Cirrhosis (n =2,171, 50%)
HCC (n = 87, 10%);
Cirrhosis (n = 114, 13%)

Garcia-Fulgueiras
et al. 2009%°

Chen et al. 20162
Kim et al. 202222

Cirrhosis (n = 4,146, 7.22%)

HCV (n = 1,306, 22.2%); Cavalcante et al. 202223

HBV (n = 226, 3.9%)

NAFLD 3,140 29.90% (939)
NAFLD 229 41.92% (96)
Steatofibrosis 97 16.5% (16)
HBV 1,815 59.4% (1,078)
HCV 15,106 73.4% (11,082)
HBV 100,000 1.51% (1,507)
HCV 3.62% (3,618)
HCV 5,219 83.19 (4,342)
HBV 16.80% (877)
HAV 3,990 16.8% (67)/per 1,000

hospitalizations
HBV and HCV 57385 (HBV-48335/

HCV-9050)

HCC 2,499,738 0.23% (5,870)
Cirrhosis 6,327 16.91% (1,070)

Kim et al. 20222

HAV, hepatitis A virus; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease.

Methodology

To overcome the problem of low throughput, scientists have begun
using high-throughput techniques such as microarray or RNAseq.
These techniques can generate a high volume of data providing a
perspective at the whole transcriptome level. Keeping this in mind,
we searched the microarray repository popularly known as the gene
expression omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/). The
workflow used in this study is shown in Figure 2. We used Boolean
operators such as AND, OR, and NOT to limit our search to specific
studies.®® We selected studies where NAFLD tissue samples of hu-
man origin were compared with the normal liver tissue samples. To
analyze the microarray, we used the GEO2R program developed by
NCBI and freely available on the NCBI website (Link: https://www.
ncbi.nlm.nih.gov/geo/geo2r/—GEO has been integrated with the
R-language package, which is freely available globally. GEO2R is
compatible with GEO accession IDs for respective microarray stud-
ies and can be used to analyze the data in a user-friendly manner via
an interface and the GEO2R statistical tool. GEO2R features the in-
built R/Bioconductor and Limma package v3.26.8.9°-7 The package
facilitates the transformation of the GEO data, which can be exported
to .txt files. The genes are presented in order of significance (based
on p-value), but one can sort the data based on Log,-fold change as
well. While using the GEO2R program, the assignment of the sam-
ples must be performed in order to differentiate between NAFLD and
normal liver samples. As such, the NAFLD samples were assigned
first followed by the normal liver samples. To identify differentially
regulated genes (DEGs), genes with a change >2.0-fold and p-value
<0.05 were considered as upregulated, and genes with a change of
<0.5-fold and p-value <0.05 were considered as downregulated or
unexpressed genes. We then downloaded the NAFLD data set (GSE
accession No. GSE63067) from the NCBI database. For this study
nine NAFLD tissue samples and seven normal liver tissue samples

were used. Using GEO2R tools, the dataset was analyzed to identify
the DEGs between the NAFLD and normal samples.

Results and discussion

This analysis identified 264 DEGs between the NAFLD and normal
samples. Among these, 211 genes were upregulated in the NAFLD
samples compared to the normal samples with at least p < 0.05,
and a change of >2.0-fold (Table 3).7>-%* Similarly, 53 genes were
downregulated in the NAFLD samples compared to the normal sam-
ples with at least p < 0.05, and <0.5-fold change. In addition, we
used the ShinyGO enrichment tool to identify the involvement of a
variety of pathways as seen in the analysis of the DEGs identified
from the microarray dataset. This allowed us to identify different
pathways that were upregulated or downregulated in the case of the
NAFLD samples. After identifying the DEGs from different stud-
ies using GEO2R, we subjected them to the ShinyGO enrichment
tool®s for the analysis of gene ontology (GO) biological processes
(BPs), molecular functions (MFs), and cellular components (CCs)
in the NAFLD samples compared to the normal samples. Using the
ShinyGO enrichment tool, the DEGs were mapped to the respective
chromosomes and it was found that the dysregulated DEGs in the
NAFLD samples were from all the chromosomes (Fig. 3).

Known and differentially regulated genes in NAFLD

C-C motif chemokine ligand 20 (CCL20)

CCL20 is located on 2q33-q37. It is an extracellular protein that
contains a signal peptide motif. It is secretory in nature and has
been reported in biological fluids such as plasma. CCL20 is an
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Table 2. Different diagnostic markers for NAFLD along with their sensitivity and specificity

Diagnostic Markers for NAFLD NAFLD/Normal Unit :s:z:t‘:‘c’:g/ Reference
Cytokeratin (CK)-18 NAFLD >225 U/L 70%/82% Papatheodoridis et al. 201054
HCV >225 U/L 67%/77%
Fibrosis 157.5 U/L 64%/61% Joka et al. 201235
Alanine aminotransferase (ALT) NASH >70 U/L 50%/60.7% Verma et al. 20136
Advanced fibrosis >70 U/L 40%/57.6%
NASH >50 1U/L 72%/62% Poynard et al. 20057
NASH >30 U/L 42%/80% Kunde et al. 20058
Aspartate aminotransferase (AST) Significant Fibrosis 42 U/L 57%/68% Harrison et al. 2020%°
Advanced Fibrosis 40 U/L 77%/81% Bril et al. 2020%°
y-glutamyl transpeptidase (GGT) NAFLD (Advanced fibrosis) 72.9 IU/L 64.2%/52.6% Ha et al. 20221
Fibrosis 70 U/L 40%/72% Harrison et al. 2020%°
Serum haptoglobin NAFLD <67.13 ng/ml  80%/93.33% Dawood et al. 202152
Adiponectin NASH & Non-NASH 13.5 pg/mL 92.3%/86.7% Pirvulescu et al. 201253
Leptin NASH & Non-NASH 40 ng/mL 61.5%/65.9%
Hyaluronic acid (HA) Hepatic fibrosis 46.1 pg/L 85%/80% Suzuki et al. 200564
Advanced fibrosis 46 ng/ml 80%/69.6% Kumagai et al. 20166°
Tissue inhibitor of metalloproteinase NASH - 96.7%/100% Abdelaziz et al. 2015%6
-1and 2 (TIMP-1 & TIMP-2)
93.3%/100%
Laminin NAFLD (Fibrosis) >282 ng/ml 82%/89% Dos Santos et al. 200557
YKL-40 or chitinase 3-like-1 NAFLD (Fibrosis) 165 ng/ml 70%/76.8% Kumagai et al. 20165°

HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.

anti-microbial protein that is also secretory in nature. Stellate
cells produce CCL20 in fibrotic conditions. However, CCL20 is
a poor prognostic marker for renal cell carcinoma and pancreatic
cancer.8%87 CCL20 is secreted by tumor-associated macrophages,
where cancer cells are activated by CCL20 through activation of
AKT. CCL20 was upregulated 5.96-fold in the NAFLD samples
compared to the normal samples in the present study, which is in
concordance with a previously published study on NAFLD.”?

Cluster of differentiation 274 (CD274)

CD274 is located at 9p24. It codes for the CD274 (cluster of dif-
ferentiation 274) protein, which is also known as programmed
death 1 ligand-1 (PD-L1) or B7 homolog 1 (B7-H1). It consists
of a transmembrane domain and a signal peptide motif. It belongs
to the molecular class ligand, and the primary localization is the
plasma membrane. CD274 expresses on tumor cells and interacts
with the PD1 receptor (which is usually present on the T-cells).
This interaction leads to suppression of the immune response or
so-called T-cell exhaustion. In the current study, PD-L1 was upreg-
ulated 4.78-fold in the NAFLD samples compared to the normal
samples which is in agreement with a previous report on NAFLD,
where CD274 was not only upregulated but was also part of the
gene network associated with NAFLD.”

8100 calcium-binding protein A8 (S10048)
S100A8 is located at 1g21.3 locus. It consists of EF-hand domain
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1 (low Ca2+ affinity and binds to Zn2+) and EF-hand domain 2
(high Ca2+ affinity). Upregulation and overexpression of SI00A8
have been reported in NASH with fibrosis samples compared with
the control samples. In the current study, SI00A8 was found to
be directly correlated with the fibrotic status.”® Moreover, S110A8
was found to be upregulated 3.34-fold in the NAFLD samples
compared to the control samples.

With-no-lysine kinase 3 (WNK3) or WNK lysine deficient pro-
tein kinase 3 (WNK3)

With-no-lysine kinase 3 or WNK lysine deficient protein kinase 3
(WNK3) is a serine/threonine protein kinase. WNK3 is located at
the Xp11.22 locus. It belongs to the WNK family of kinases, which
consists of four members including WNK3.88 Downregulation of
WNK2 has been reported in HCC but no report exists for WNK3.
WNK?2 and WNK3 kinases are also known as “dark kinases” be-
cause little is known about them in signaling or tumor biology.
In a recent study, inhibition of WNK3 also suppressed PD-L1 ex-
pression in cancer cells, which ultimately led to the activation of
T-lymphocytes.?’ In our study, WNK3 was downregulated in the
NAFLD samples compared to the normal samples. Furthermore,
its role in the context of NAFLD requires further investigation.

Enrichment of biological process, cellular components, and
molecular functions in NAFLD

DEGs were further analyzed using the ShinyGO enrichment tool
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Non-alcoholic fatty liver disease (NAFLD)
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Select GSE accession for the study

Subject to GEO2R Analysis

Filter Differentially Expressed Genes (DEGs)

Fig. 2. The workflow for the analysis of the microarray dataset using the GEO2R online program of NCBI. A step-by-step workflow was used for the meta-
data analysis of the microarray data derived from NAFLD patients. To find the relevant study, keywords ‘NALFD’, Homo sapiens, and ‘microarray’ were used
in combination with the Boolean operators (AND, OR, or NOT) when searching the microarray data repository Gene Expression Omnibus. The selected study
was processed to identify differentially regulated genes between NAFLD and normal liver tissue samples using the GEO2R program of NCBI. DEGs were se-
lected based on >2.0-fold (upregulated) or <0.5-fold (downregulated) along with a p-value <0.05. The DEGs were processed using the ShinyGO enrichment
tool for gene ontology, biological processes (BPs), cellular components (CCs), and molecular functions (MFs). DEGs, differentially expressed genes; HCC,

hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease.

to identify enriched GO terms for biological processes, cellular
components, and molecular functions in NAFLD. The top BPs
enriched were flavonoid glucuronidation, leukocyte migration,
positive regulation of cell migration, positive regulation of cellular
component movement, positive regulation of locomotion, inflam-
matory response, response to the bacterium, cytokine-mediated
signaling pathway, cellular response to cytokine stimulus, leuko-
cyte activation, cell activation, response to cytokine, regulation of

programmed cell death, cell migration, regulation of the apoptotic
process, locomotion, and cell motility and localization (Fig. 4a).
The top CCs enriched were secretory granules, secretory vesicles,
collagen-containing extracellular matrix, and secretory granule
membrane (Fig. 4b). Top MFs enriched were arachidonic acid
binding, icosanoid binding, eicosatetraenoic acid binding, RAGE
receptor binding, IgG binding, macrolide binding, retinoic acid
binding, long-chain fatty acid binding, glucuronosyl transferase
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Table 3. Partial list of differentially regulated molecules in NAFLD as compared with the normal
Gene Status (Upregulated/
S. No. Name of Molecule Downregulated)/Fold- Report in NAFLD (If any) Reference
Symbol ;
Change in Current Study
1 ccL2o C-C motif chemokine UP/5.96 Expression reported to be Chuetal.
ligand 20 elevated in NAFLD fibrosis 201872
2 CD274 CD274 molecule UP/4.78 CD274 was among the hepatic gene Gawrieh et
networks associated with NAFLD al. 201073
3 ENO3 Enolase 3 UP/4.11 Upregulation reported in NAFLD Luetal.
202174
4 XIST X inactive specific transcript ~ UP/3.87 Upregulation reported in NAFLD Aljabban et
(non-protein coding) as compared with normal al. 202273
5 S100A8  S100 Calcium Binding UP/3.34 Upregulated in NASH as Serhal et
Protein A8 compared with the control al. 201576
6 RGCC Regulator of cell cycle UP/3.25 Upregulated in NASH as Park et al.
compared with the control 202377
7 ICAM1 Intercellular Adhesion UP/3.20 Significantly higher serum Sookoian et
Molecule 1 level of ICAM-1 al. 201078
8 SGMS2  Sphingomyelin synthase 2 UP/3.16 Involved in lipid metabolism, but never Desterke et
been validated in NAFLD or NASH al. 20197°
9 FABP5 Fatty Acid Binding Protein 5  UP/3.54 mRNA Upregulation in NAFLD, Ipsen et al.
as compared with the control 201880
10 S0CS3 Suppressor of cytokine UP/2.92 Overexpression of SCOS3 induces Bi et al. 2018%*
signaling 3 insulin resistance in the liver cells
11 DHRS2 Dehydrogenase/Reductase 2 Down/<0.5 Downregulated in NAFLD as Feng et al.
compared to normal 202182
12 NR4A2 Nuclear receptor subfamily Down/<0.5 Downregulated in NAFLD as Aljabban et
4 group A member 2 compared to normal al. 202273
13 WNK3 WNK lysine deficient Down/<0.5 Downregulated in NAFLD in the Zhou et al.
protein kinase 3 current study, but there are no clear 201983
reports of WNK3 in other previously
published studies on NAFLD.
14 IGFBP2 Insulin-like growth factor- Down/<0.5 Downregulated in the serum Yang et al.
binding protein 2 (IGFBP-2) of NAFLD patients 2020;34
Aljabban et
al. 202273
15 GPR88 G protein-coupled Down/<0.5 Downregulated in NAFLD patients Aljabban et
receptor 88 al. 202273

UP: upregulated; Down: downregulated; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis.

activity, fatty acid binding, retinoid binding, isoprenoid binding,
monocarboxylic acid binding, cytokine receptor activity, organic
acid binding, immune receptor activity, receptor-ligand activity,
signaling receptor activator activity and signaling receptor bind-
ing (Fig. 4c). The pro-inflammatory lipid derivative arachidonic
acid plays a crucial role in the development and progression of
NAFLD. Arachidonic acid acts as a precursor to eicosanoids, an-
other pro-inflammatory molecule, whose elevation can further in-
duce the progression of NAFLD.%?

Identification of dysregulated pathways in NAFLD

We identified a number of dysregulated biological pathways in
NAFLD. These include ascorbate and aldarate metabolism, pen-
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tose and glucuronate interconversions, porphyrin and chlorophyll
metabolism, steroid hormone biosynthesis, drug metabolism,
retinol metabolism, chemical carcinogenesis, metabolism of xeno-
biotics by cytochrome P450, bile secretion, viral protein interac-
tion with cytokine and cytokine receptor, TNF signaling pathway,
osteoclast differentiation, HIF-1 signaling pathway, natural killer
cell-mediated cytotoxicity, biosynthesis of cofactors, apoptosis,
cytokine-cytokine receptor interaction, neutrophil extracellular
trap formation, and transcriptional dysregulation in cancer (Fig. 5).

Limitations and future perspectives

Online tools such as GEO2R allow users to perform differential
gene expression analysis on a limited set of gene expression data-
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Fig. 3. Distribution of DEGs on different chromosomal loci using the ShinyGO enrichment tool. DEGs, differentially expressed genes.

sets from the GEO database. GEO2R is limited to a single pair-
wise comparison and is only applicable to certain types of datasets
with user-submitted expression tables of a limited size. Addition-
ally, GEO2R does not provide quality control plots or clustered
heatmaps, which are useful tools for visualizing and interpreting
gene expression data. While GEO2R can be a useful tool for the
preliminary analysis of gene expression data, it may not be suit-
able for more complex analyses or larger datasets. Future research
may require the use of other tools or software packages for more
comprehensive gene expression analysis. Furthermore, for some
GEO sets, when analyzed using GEO2R, there are no gene sym-
bols but only NM IDs (usually due to the information provided for
the chip), which must be converted into gene symbols using other
online programs. Regardless of the limitations, multiple GEO
datasets can be analyzed using GEO2R to enrich the identification
of DEGs in NAFLD/NASH or any other abnormalities associated
with the liver.

Conclusion

NAFLD encompasses both nonalcoholic fatty liver and NASH
and can progress to cirrhosis and HCC if left untreated. Addition-
ally, it is known that traditional biomarkers such as CK-18, ALT,
AST, GGT, and haptoglobin have limited sensitivity and specific-
ity for the diagnosis and prognosis of NAFLD. The meta-analysis
of one microarray study identified over 200 DEGs in NAFLD
liver tissue samples compared to normal liver tissue samples.

These DEGs may provide important insights into the molecular
mechanisms underlying NAFLD pathogenesis and progression,
as well as potential diagnostic and prognostic biomarkers. It is
also interesting to note that dysregulated GO biological processes,
cellular components, and molecular functions were observed in
NAFLD, indicating the involvement of multiple molecular path-
ways and cellular processes in this complex disease. The dysregu-
lation of the arachidonic acid metabolism pathway is also a note-
worthy finding, as this pathway has been implicated in various
liver diseases and may represent a potential target for therapeutic
intervention in NAFLD.

Acknowledgments

None to declare.

Funding

MKK is the recipient of an extramural grant (Sanction #:
5/13/55/2020/NCD-III)) from the Indian Council of Medical Re-
search (ICMR), New Delhi, India, and the Teachers Associateship
for Research Excellence (TARE, Grant Ref #: TAR/2018/001054)
from the Science and Engineering Board (SERB), New Delhi.

Conflict of interest

The authors declare no conflict of interests.

DOI: 10.14218/GE.2023.00005 | Volume 00 Issue 00, Month Year


https://doi.org/10.14218/GE.2023.00005

Sharma L. et al: Differential regulated genes in NAFLD

a Flavonoid glucuronidation -
Leukocyte migration-|

Pos. reg. of cell migration-

Pos. reg. of cellular component movement-
Pos. reg. of locomotion-

Inflammatory response-

Response to bacterium-
Cytokine-mediated signaling pathway-{
Cellular response to cytokine stimulus-
Leukocyte activation-

Cell activation-

Response to cytokine

Reg. of programmed cell death-

Cell migration-|

Reg. of apoptotic process-

Locomotion-

Cell motility-

-log10 (FDR)
6
° 7
® s

Localization of cell

10

20 30 40
# of Genes

Secretory granule membrane

Collagen-containing extracellular matrix-

Secretory granule-

Secretory vesicle-

Integral component of plasma membrane-

-log10 (FDR)
16
1.8
2.0
W 22

10 20 30
# of Genes

C Arachidonic acid binding-
Icosanoid binding-

Icosatetraenoic acid binding-

RAGE receptor binding-

1gG binding-

Macrolide binding-

Retinoic acid binding-

Long-chain fatty acid binding{ ——

Glucuronosyltransferase activity-
Fatty acid binding-

Retinoid binding-

Isoprenoid binding-

Monocarboxylic acid binding{ —— e

Cytokine receptor activity-
Organic acid binding-
Carboxylic acid binding-
Immune receptor activity-
Receptor ligand activity-

-log10 (FDR)
| 2.5
3.0
3.5
4.0
W 45
M 5.0

Signaling receptor activator activity-
Signaling receptor binding-

T

10

20 30
# of Genes

Gene Expr

Fig. 4. Enrichment analysis using the ShinyGO enrichment tool to identify top GO biological processes, cellular components, and molecular functions in

NAFLD. NAFLD, non-alcoholic fatty liver disease; GO, gene ontology.

DOI: 10.14218/GE.2023.00005 | Volume 00 Issue 00, Month Year


https://doi.org/10.14218/GE.2023.00005

Gene Expr

Ascorbate and aldarate metabolism ==
Pentose and glucunonate interconversions s
Porphyrin and chlorophyll metabolism==
Steroid hormone biosynthesis =

Drug metabolism s

Retinol metabolism=

Chemical carcinogenesis==

Metabolism of xenobiotics by CYP450 =

Bile secretionm

Viral protein interaction with cytokine and cytokine receptor ==
TNF signaling pathway w=

Osteoclast differentiation s

HIF-a signaling pathway ==

Staphylococcus aureus infection s

NK cell mediated cytotoxicity =

Biosynthesis of cofactors =

Apoptosis ==

Cytokine-cytokine receptor interactions==
Neutrophil extracellular trap formation =

Transcriptional misregulation in cancer ==

Sharma L. et al: Differential regulated genes in NAFLD

A ||

om

b
10 20
Fold Enrichment

Fig. 5. Identification of dysregulated pathways in NAFLD using the ShinyGO enrichment tool. NAFLD, non-alcoholic fatty liver disease.

Author contributions

Study concept and design (LS and MK), statistical Analysis (MK
and DS), manuscript drafting (LS, MK and DS), critical revision
of the manuscript (MK and DS), supervision (LS). All the authors
have read, critically evaluated, and approved it for submission.

Ethical statement

Not applicable because the data included in the study was collect-
ed from the dataset on NAFLD deposited to the Gene Expression
Omnibus (GEO, a microarray repository). The study does not in-
volve any human subjects, tissue samples, or cell lines.

References

[1] Zorn AM. Liver development. Cambridge (MA): Harvard Stem Cell In-
stitute; 2008. doi:10.3824/stembook.1.25.1, PMID:20614624.

[2] Albuquerque-Souza E, Sahingur SE. Periodontitis, chronic liver
diseases, and the emerging oral-gut-liver axis. Periodontol 2000
2022;89(1):125-141. doi:10.1111/prd.12427, PMID:35244954.

[3] Tanwar S, Rhodes F, Srivastava A, Trembling PM, Rosenberg WM.
Inflammation and fibrosis in chronic liver diseases including non-
alcoholic fatty liver disease and hepatitis C. World J Gastroenterol.
2020;26(2):109-133. doi:10.3748/wjg.v26.i2.109, PMID:31969775.

[4] Bedossa P, Paradis V. Liver extracellular matrix in health and dis-
ease. J Pathol 2003;200(4):504-515. doi:10.1002/path.1397, PMID:
12845618.

10

[S] Senoo H, Yoshikawa K, Morii M, Miura M, Imai K, Mezaki Y. Hepatic
stellate cell (vitamin A-storing cell) and its relative—past, present
and future. Cell Biol Int 2010;34(12):1247-1272. doi:10.1042/
CBI20100321, PMID:21067523.

[6] Krenkel O, Tacke F. Liver macrophages in tissue homeostasis and
disease. Nat Rev Immunol 2017;17(5):306-321. doi:10.1038/
nri.2017.11, PMID:28317925.

[7] Tajiri K, Shimizu Y. Liver physiology and liver diseases in the elderly.
World J Gastroenterol 2013;19(46):8459-8467. doi:10.3748/wijg.
v19.i46.8459, PMID:24379563.

[8] Patel D, Teckman J. Liver disease with unknown etiology - have
you ruled out alpha-1 antitrypsin deficiency? Ther Adv Chronic Dis
2021;12:25-32. doi:10.1177/2040622321995684, PMID:34408828.

[9] Shah NJ, Royer A, John S. Acute Liver Failure. Treasure Island: Stat-
Pearls Publishing; 2023. PMID:29493996.

[10] Sharma A, Nagalli S. Chronic Liver Disease. Treasure Island. StatPearls
Publishing; 2023. PMID:32119484.

[11] Bosoi CR, Rose CF. Brain edema in acute liver failure and chronic liver
disease: similarities and differences. Neurochem Int 2013;62(4):446—
457. doi:10.1016/j.neuint.2013.01.015, PMID:23376027.

[12] Hope AA, Morrison RS. What is the clinical course of advanced
liver disease and what symptoms are associated with it? Evidence-
Based Practice in Palliative Medicine. Philadelphia: W.B. Saunders;
2013:300-307. doi:10.1016/B978-1-4377-3796-7.00053-7.

[13] McGill MR. The past and present of serum aminotransferases and
the future of liver injury biomarkers. EXCLI J 2016;15:817-828.
d0i:10.17179/excli2016-800, PMID:28337112.

[14] Schuppan D, Afdhal NH. Liver cirrhosis. Lancet 2008;371(9615):838—
851. doi:10.1016/50140-6736(08)60383-9, PMID:18328931.

[15] Golabi P, Paik JM, Arshad T, Younossi Y, Mishra A, Younossi ZM. Mor-

DOI: 10.14218/GE.2023.00005 | Volume 00 Issue 00, Month Year


https://doi.org/10.14218/GE.2023.00005
https://doi.org/10.3824/stembook.1.25.1
http://www.ncbi.nlm.nih.gov/pubmed/20614624
https://doi.org/10.1111/prd.12427
http://www.ncbi.nlm.nih.gov/pubmed/35244954
https://doi.org/10.3748/wjg.v26.i2.109
http://www.ncbi.nlm.nih.gov/pubmed/31969775
https://doi.org/10.1002/path.1397
http://www.ncbi.nlm.nih.gov/pubmed/12845618
https://doi.org/10.1042/CBI20100321
https://doi.org/10.1042/CBI20100321
http://www.ncbi.nlm.nih.gov/pubmed/21067523
https://doi.org/10.1038/nri.2017.11
https://doi.org/10.1038/nri.2017.11
http://www.ncbi.nlm.nih.gov/pubmed/28317925
https://doi.org/10.3748/wjg.v19.i46.8459
https://doi.org/10.3748/wjg.v19.i46.8459
http://www.ncbi.nlm.nih.gov/pubmed/24379563
https://doi.org/10.1177/2040622321995684
http://www.ncbi.nlm.nih.gov/pubmed/34408828
http://www.ncbi.nlm.nih.gov/pubmed/29493996
http://www.ncbi.nlm.nih.gov/pubmed/32119484
https://doi.org/10.1016/j.neuint.2013.01.015
http://www.ncbi.nlm.nih.gov/pubmed/23376027
https://doi.org/10.1016/B978-1-4377-3796-7.00053-7
https://doi.org/10.17179/excli2016-800
http://www.ncbi.nlm.nih.gov/pubmed/28337112
https://doi.org/10.1016/S0140-6736(08)60383-9
http://www.ncbi.nlm.nih.gov/pubmed/18328931

Sharma L. et al: Differential regulated genes in NAFLD

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

[33]

tality of NAFLD According to the Body Composition and Presence of
Metabolic Abnormalities. Hepatol Commun 2020;4(8):1136-1148.
doi:10.1002/hep4.1534, PMID:32766474.

Ekstedt M, Hagstrém H, Nasr P, Fredrikson M, Stal P, Kechagias S,
et al. Fibrosis stage is the strongest predictor for disease-specific
mortality in NAFLD after up to 33 years of follow-up. Hepatology
2015;61(5):1547-1554. d0i:10.1002/hep.27368, PMID:25125077.
Younossi ZM, Stepanova M, Rafig N, Henry L, Loomba R, Makhlouf
H, et al. Nonalcoholic steatofibrosis independently predicts mortality
in nonalcoholic fatty liver disease. Hepatol Commun 2017;1(5):421-
428. doi:10.1002/hep4.1054, PMID:29404470.

Ly KN, Xing J, Klevens RM, lJiles RB, Ward JW, Holmberg SD. The in-
creasing burden of mortality from viral hepatitis in the United States
between 1999 and 2007. Ann Intern Med 2012;156(4):271-278.
doi:10.7326/0003-4819-156-4-201202210-00004, PMID:22351712.
Marcellin P, Pequignot F, Delarocque-Astagneau E, Zarski JP, Ganne
N, Hillon P, et al. Mortality related to chronic hepatitis B and chronic
hepatitis C in France: evidence for the role of HIV coinfection and
alcohol consumption. J Hepatol 2008;48(2):200-207. doi:10.1016/j.
jhep.2007.09.010, PMID:18086507.

Garcia-Fulgueiras A, Garcia-Pina R, Morant C, Garcia-Ortuzar V, Gé-
nova R, Alvarez E. Hepatitis C and hepatitis B-related mortality in
Spain. Eur J Gastroenterol Hepatol 2009;21(8):895-901. doi:10.1097/
MEG.0b013e328313139d, PMID:19357523.

Chen CM, Chen SC, Yang HY, Yang ST, Wang CM. Hospitalization and
mortality due to hepatitis A in Taiwan: a 15-year nationwide cohort
study. J Viral Hepat 2016;23(11):940-945. doi:10.1111/jvh.12564,
PMID:27386835.

Kim MN, Han K, Yoo J, Hwang SG, Ahn SH. Increased risk of hepa-
tocellular carcinoma and mortality in chronic viral hepatitis with
concurrent fatty liver. Aliment Pharmacol Ther 2022;55(1):97-107.
doi:10.1111/apt.16706, PMID:34820871.

Cavalcante DF, Garcia EM, Farias NSO, Koizumi IK, Figueiredo GM,
Sato APS. Mortality due to hepatocellular carcinoma associated with
hepatitis B and C viruses in the state of Sdo Paulo, Brazil. Rev Bras Epi-
demiol 2022;25:€220004. doi:10.1590/1980-549720220004, PMID:
35239829.

Maurice J, Manousou P. Non-alcoholic fatty liver disease. Clin
Med (Lond) 2018;18(3):245-250. doi:10.7861/clinmedicine.18-3-
245, PMID:29858436.

Pydyn N, Miekus K, Jura J, Kotlinowski J. New therapeutic strate-
gies in nonalcoholic fatty liver disease: a focus on promising drugs
for nonalcoholic steatohepatitis. Pharmacol Rep 2020;72(1):1-12.
doi:10.1007/s43440-019-00020-1, PMID:32016853.

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M.
Global epidemiology of nonalcoholic fatty liver disease-Meta-analyt-
ic assessment of prevalence, incidence, and outcomes. Hepatology
2016;64(1):73-84. doi:10.1002/hep.28431, PMID:26707365.

De A, Duseja A. Nonalcoholic Fatty Liver Disease: Indian Perspective.
Clin Liver Dis (Hoboken) 2021;18(3):158-163. doi:10.1002/cld.1141,
PMID:34691404.

Romero-Gémez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD
with diet, physical activity and exercise. J Hepatol 2017;67(4):829—
846. doi:10.1016/j.jhep.2017.05.016, PMID:28545937.

Mantovani A, Scorletti E, Mosca A, Alisi A, Byrne CD, Targher G.
Complications, morbidity and mortality of nonalcoholic fatty
liver disease. Metabolism 2020;111S5:154170. doi:10.1016/j.me-
tabol.2020.154170, PMID:32006558.

Singh S, Osna NA, Kharbanda KK. Treatment options for alcoholic
and non-alcoholic fatty liver disease: A review. World J Gastroenterol
2017;23(36):6549-6570. doi:10.3748/wjg.v23.i36.6549, PMID:290
85205.

Ibrahim SH, KohliR, Gores GJ. Mechanisms of lipotoxicity in NAFLD and
clinical implications. J Pediatr Gastroenterol Nutr 2011;53(2):131—
140. doi:10.1097/MPG.0b013e31822578db, PMID:21629127.
Lambert JE, Ramos-Roman MA, Browning JD, Parks EJ. Increased de
novo lipogenesis is a distinct characteristic of individuals with non-
alcoholic fatty liver disease. Gastroenterology 2014;146(3):726—-735.
doi:10.1053/j.gastro.2013.11.049, PMID:24316260.

Kanwal F, Kramer JR, Mapakshi S, Natarajan Y, Chayanupatkul M, Rich-
ardson PA, et al. Risk of Hepatocellular Cancer in Patients With Non-

DOI: 10.14218/GE.2023.00005 | Volume 00 Issue 00, Month Year

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Gene Expr

Alcoholic Fatty Liver Disease. Gastroenterology 2018;155(6):1828—
1837.€2. doi:10.1053/j.gastro.2018.08.024, PMID:30144434.

Huang DQ, El-Serag HB, Loomba R. Global epidemiology of NAFLD-
related HCC: trends, predictions, risk factors and prevention. Nat Rev
Gastroenterol Hepatol 2021;18(4):223-238. do0i:10.1038/s41575-
020-00381-6, PMID:33349658.

Fattovich G, Stroffolini T, Zagni |, Donato F. Hepatocellular carcinoma
in cirrhosis: incidence and risk factors. Gastroenterology 2004;127(5
Suppl 1):535-550. doi:10.1053/j.gastro.2004.09.014, PMID:15508101.
Botelho-Souza LF, Vasconcelos MPA, Dos Santos AO, Salcedo JMV,
Vieira DS. Hepatitis delta: virological and clinical aspects. Virol J
2017;14(1):177. doi:10.1186/s12985-017-0845-y, PMID:28903779.
El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carci-
noma. Gastroenterology 2012;142(6):1264-1273.e1. doi:10.1053/j.
gastro.2011.12.061, PMID:22537432.

Ng J, Wu J. Hepatitis B- and hepatitis C-related hepatocellular car-
cinomas in the United States: similarities and differences. Hepat
Mon 2012;12(10 HCC):e7635. doi:10.5812/hepatmon.7635, PMID:
23233865.

Leung TM, Nieto N. CYP2E1l and oxidant stress in alcoholic and
non-alcoholic fatty liver disease. J Hepatol 2013;58(2):395-398.
doi:10.1016/j.jhep.2012.08.018, PMID:22940046.

Gandhi CR. Oxidative stress and hepatic stellate cells: a paradoxical
relationship. Trends Cell Mol Biol 2012;7:1-10. PMID:27721591.
Mann J. Epigenetics in liver disease: involvement of oxidative stress.
Liver Pathophysiol Ther Antioxidants. Boston: Academic Press;
2017:199-211. doi:10.1016/B978-0-12-804274-8.00015-1.
Perakakis N, Stefanakis K, Mantzoros CS. The role of omics in the
pathophysiology, diagnosis and treatment of non-alcoholic fatty
liver disease. Metabolism 2020;111S:154320. doi:10.1016/j.me-
tabol.2020.154320, PMID:32712221.

Sookoian S, Pirola CJ. PNPLA3, the triacylglycerol synthesis/hydroly-
sis/storage dilemma, and nonalcoholic fatty liver disease. World
J  Gastroenterol 2012;18(42):6018-6026. doi:10.3748/wjg.v18.
i42.6018, PMID:23155331.

Luukkonen PK, Nick A, Holtta-Vuori M, Thiele C, Isokuortti E, Lallukka-
Briick S, et al. Human PNPLA3-1148M variant increases hepatic reten-
tion of polyunsaturated fatty acids. JCI Insight 2019;4(16):127902.
doi:10.1172/jci.insight.127902, PMID:31434800.

Di Costanzo A, Belardinilli F, Bailetti D, Sponziello M, D’Erasmo L, Poli-
meni L, et al. Evaluation of Polygenic Determinants of Non-Alcoholic
Fatty Liver Disease (NAFLD) By a Candidate Genes Resequencing
Strategy. Sci Rep 2018;8(1):3702. doi:10.1038/s41598-018-21939-0,
PMID:29487372.

Luukkonen PK, Zhou Y, Nidhina Haridas PA, Dwivedi OP, Hy6tyldinen T,
Ali A, et al. Impaired hepatic lipid synthesis from polyunsaturated fat-
ty acids in TM6SF2 E167K variant carriers with NAFLD. J Hepatol 2017;
67(1):128-136. d0i:10.1016/j.jhep.2017.02.014, PMID:28235613.
Krawczyk M, Rau M, Schattenberg JM, Bantel H, Pathil A, Demir M, et
al. Combined effects of the PNPLA3 rs738409, TM6SF2 rs58542926,
and MBOAT7 rs641738 variants on NAFLD severity: a multicenter
biopsy-based study. J Lipid Res 2017;58(1):247-255. doi:10.1194/jlr.
P067454, PMID:27836992.

Speliotes EK, Yerges-Armstrong LM, Wu J, Hernaez R, Kim LJ, Palmer
CD, et al. Genome-wide association analysis identifies variants asso-
ciated with nonalcoholic fatty liver disease that have distinct effects
on metabolic traits. PLoS Genet 2011;7(3):e1001324. doi:10.1371/
journal.pgen.1001324, PMID:21423719.

Trépo E, Valenti L. Update on NAFLD genetics: From new vari-
ants to the clinic. J Hepatol 2020;72(6):1196—1209. doi:10.1016/j.
jhep.2020.02.020, PMID:32145256.

Rodriguez-Sudrez E, Duce AM, Caballeria J, Martinez Arrieta F,
Fernandez E, Gémara C, et al. Non-alcoholic fatty liver disease pro-
teomics. Proteomics Clin Appl 2010;4(4):362-371. doi:10.1002/
prca.200900119, PMID:21137056.

Veyel D, Wenger K, Broermann A, Bretschneider T, Luippold AH,
Krawczyk B, et al. Biomarker discovery for chronic liver diseases
by multi-omics - a preclinical case study. Sci Rep 2020;10(1):1314.
doi:10.1038/s41598-020-58030-6, PMID:31992752.

Niu L, Geyer PE, Wewer Albrechtsen NJ, Gluud LL, Santos A, Doll S,
et al. Plasma proteome profiling discovers novel proteins associated

11


https://doi.org/10.14218/GE.2023.00005
https://doi.org/10.1002/hep4.1534
http://www.ncbi.nlm.nih.gov/pubmed/32766474
https://doi.org/10.1002/hep.27368
http://www.ncbi.nlm.nih.gov/pubmed/25125077
https://doi.org/10.1002/hep4.1054
http://www.ncbi.nlm.nih.gov/pubmed/29404470
https://doi.org/10.7326/0003-4819-156-4-201202210-00004
http://www.ncbi.nlm.nih.gov/pubmed/22351712
https://doi.org/10.1016/j.jhep.2007.09.010
https://doi.org/10.1016/j.jhep.2007.09.010
http://www.ncbi.nlm.nih.gov/pubmed/18086507
https://doi.org/10.1097/MEG.0b013e328313139d
https://doi.org/10.1097/MEG.0b013e328313139d
http://www.ncbi.nlm.nih.gov/pubmed/19357523
https://doi.org/10.1111/jvh.12564
http://www.ncbi.nlm.nih.gov/pubmed/27386835
https://doi.org/10.1111/apt.16706
http://www.ncbi.nlm.nih.gov/pubmed/34820871
https://doi.org/10.1590/1980-549720220004
http://www.ncbi.nlm.nih.gov/pubmed/35239829
https://doi.org/10.7861/clinmedicine.18-3-245
https://doi.org/10.7861/clinmedicine.18-3-245
http://www.ncbi.nlm.nih.gov/pubmed/29858436
https://doi.org/10.1007/s43440-019-00020-1
http://www.ncbi.nlm.nih.gov/pubmed/32016853
https://doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
https://doi.org/10.1002/cld.1141
http://www.ncbi.nlm.nih.gov/pubmed/34691404
https://doi.org/10.1016/j.jhep.2017.05.016
http://www.ncbi.nlm.nih.gov/pubmed/28545937
https://doi.org/10.1016/j.metabol.2020.154170
https://doi.org/10.1016/j.metabol.2020.154170
http://www.ncbi.nlm.nih.gov/pubmed/32006558
https://doi.org/10.3748/wjg.v23.i36.6549
http://www.ncbi.nlm.nih.gov/pubmed/29085205
http://www.ncbi.nlm.nih.gov/pubmed/29085205
https://doi.org/10.1097/MPG.0b013e31822578db
http://www.ncbi.nlm.nih.gov/pubmed/21629127
https://doi.org/10.1053/j.gastro.2013.11.049
http://www.ncbi.nlm.nih.gov/pubmed/24316260
https://doi.org/10.1053/j.gastro.2018.08.024
http://www.ncbi.nlm.nih.gov/pubmed/30144434
https://doi.org/10.1038/s41575-020-00381-6
https://doi.org/10.1038/s41575-020-00381-6
http://www.ncbi.nlm.nih.gov/pubmed/33349658
https://doi.org/10.1053/j.gastro.2004.09.014
http://www.ncbi.nlm.nih.gov/pubmed/15508101
https://doi.org/10.1186/s12985-017-0845-y
http://www.ncbi.nlm.nih.gov/pubmed/28903779
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1053/j.gastro.2011.12.061
http://www.ncbi.nlm.nih.gov/pubmed/22537432
https://doi.org/10.5812/hepatmon.7635
http://www.ncbi.nlm.nih.gov/pubmed/23233865
https://doi.org/10.1016/j.jhep.2012.08.018
http://www.ncbi.nlm.nih.gov/pubmed/22940046
http://www.ncbi.nlm.nih.gov/pubmed/27721591
https://doi.org/10.1016/B978-0-12-804274-8.00015-1
https://doi.org/10.1016/j.metabol.2020.154320
https://doi.org/10.1016/j.metabol.2020.154320
http://www.ncbi.nlm.nih.gov/pubmed/32712221
https://doi.org/10.3748/wjg.v18.i42.6018
https://doi.org/10.3748/wjg.v18.i42.6018
http://www.ncbi.nlm.nih.gov/pubmed/23155331
https://doi.org/10.1172/jci.insight.127902
http://www.ncbi.nlm.nih.gov/pubmed/31434800
https://doi.org/10.1038/s41598-018-21939-0
http://www.ncbi.nlm.nih.gov/pubmed/29487372
https://doi.org/10.1016/j.jhep.2017.02.014
http://www.ncbi.nlm.nih.gov/pubmed/28235613
https://doi.org/10.1194/jlr.P067454
https://doi.org/10.1194/jlr.P067454
http://www.ncbi.nlm.nih.gov/pubmed/27836992
https://doi.org/10.1371/journal.pgen.1001324
https://doi.org/10.1371/journal.pgen.1001324
http://www.ncbi.nlm.nih.gov/pubmed/21423719
https://doi.org/10.1016/j.jhep.2020.02.020
https://doi.org/10.1016/j.jhep.2020.02.020
http://www.ncbi.nlm.nih.gov/pubmed/32145256
https://doi.org/10.1002/prca.200900119
https://doi.org/10.1002/prca.200900119
http://www.ncbi.nlm.nih.gov/pubmed/21137056
https://doi.org/10.1038/s41598-020-58030-6
http://www.ncbi.nlm.nih.gov/pubmed/31992752

Gene Expr

[53]

(54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

12

with non-alcoholic fatty liver disease. Mol Syst Biol 2019;15(3):e8793.
doi:10.15252/msb.20188793, PMID:30824564.

Wood GC, Chu X, Argyropoulos G, Benotti P, Rolston D, Mirshahi T, et
al. A multi-component classifier for nonalcoholic fatty liver disease
(NAFLD) based on genomic, proteomic, and phenomic data domains.
Sci Rep 2017;7:43238. doi:10.1038/srep43238, PMID:28266614.
Papatheodoridis GV, Hadziyannis E, Tsochatzis E, Georgiou A, Kafiri
G, Tiniakos DG, et al. Serum apoptotic caspase activity in chronic
hepatitis C and nonalcoholic Fatty liver disease. J Clin Gastroenterol
2010;44(4):e87-e95. doi:10.1097/MCG.0b013e3181c0945a, PMID:
19881359.

Joka D, Wahl K, Moeller S, Schlue J, Vaske B, Bahr MJ, et al. Prospec-
tive biopsy-controlled evaluation of cell death biomarkers for predic-
tion of liver fibrosis and nonalcoholic steatohepatitis. Hepatology
2012;55(2):455-464. doi:10.1002/hep.24734, PMID:21993925.
Verma S, Jensen D, Hart J, Mohanty SR. Predictive value of ALT lev-
els for non-alcoholic steatohepatitis (NASH) and advanced fibrosis in
non-alcoholic fatty liver disease (NAFLD). Liver Int 2013;33(9):1398—
1405. doi:10.1111/1iv.12226, PMID:23763360.

Poynard T, Ratziu V, Naveau S, Thabut D, Charlotte F, Messous D, et
al. The diagnostic value of biomarkers (SteatoTest) for the prediction
of liver steatosis. Comp Hepatol 2005;4:10. doi:10.1186/1476-5926-
4-10, PMID:16375767.

Kunde SS, Lazenby AJ, Clements RH, Abrams GA. Spectrum of NAFLD
and diagnostic implications of the proposed new normal range
for serum ALT in obese women. Hepatology 2005;42(3):650-656.
doi:10.1002/hep.20818, PMID:16037946.

Harrison SA, Calanna S, Cusi K, Linder M, Okanoue T, Ratziu V, et
al. Semaglutide for the treatment of non-alcoholic steatohepati-
tis: Trial design and comparison of non-invasive biomarkers. Con-
temp Clin Trials 2020;97:106174. doi:10.1016/j.cct.2020.106174,
PMID:33039693.

Bril F, McPhaul MJ, Caulfield MP, Clark VC, Soldevilla-Pico C, Firpi-
Morell RJ, et al. Performance of Plasma Biomarkers and Diagnostic
Panels for Nonalcoholic Steatohepatitis and Advanced Fibrosis in
Patients With Type 2 Diabetes. Diabetes Care 2020;43(2):290-297.
doi:10.2337/dc19-1071, PMID:31604692.

Ha Y, Chon YE, Kim MN, Lee JH, Hwang SG. Gamma-glutamyl trans-
peptidase dynamics as a biomarker for advanced fibrosis in non-al-
coholic fatty liver disease. J Gastroenterol Hepatol 2022;37(8):1624—
1632. doi:10.1111/jgh.15871, PMID:35467042.

Hassan HAAH, Dawood DS, Hussein RJ. Estimation of apolipoprotein
A1, haptoglobin and alpha 2macroglobulin with some biochemical
metabolic markers in nonalcoholic fatty liver disease iragi patients. J
Tech 2021;3:24-30. doi:10.51173/jt.v3i1.263.

Pirvulescu |, Gheorghe L, Csiki I, Becheanu G, Dumbrava M, Fica S,
et al. Noninvasive clinical model for the diagnosis of nonalcoholic
steatohepatitis in overweight and morbidly obese patients undergo-
ing bariatric surgery. Chirurgia (Bucur) 2012;107(6):772-9. PMID:232
94957.

Suzuki A, Angulo P, Lymp J, Li D, Satomura S, Lindor K. Hyaluronic
acid, an accurate serum marker for severe hepatic fibrosis in patients
with non-alcoholic fatty liver disease. Liver Int 2005;25(4):779-786.
doi:10.1111/j.1478-3231.2005.01064.x, PMID:15998429.

Kumagai E, Mano Y, Yoshio S, Shoji H, Sugiyama M, Korenaga M, et
al. Serum YKL-40 as a marker of liver fibrosis in patients with non-
alcoholic fatty liver disease. Sci Rep 2016;6:35282. doi:10.1038/
srep35282, PMID:27739482.

Abdelaziz R, Elbasel M, Esmat S, Essam K, Abdelaaty S. Tissue In-
hibitors of Metalloproteinase-1 and 2 and Obesity Related Non-
Alcoholic Fatty Liver Disease: Is There a Relationship. Digestion
2015;92(3):130-137. doi:10.1159/000439083, PMID:26329758.
Santos VN, Leite-Mér MM, Kondo M, Martins JR, Nader H, Lanzoni
VP, et al. Serum laminin, type IV collagen and hyaluronan as fibro-
sis markers in non-alcoholic fatty liver disease. Braz J Med Biol Res
2005;38(5):747-753. d0i:10.1590/s0100-879x2005000500012,
PMID:15917956.

Kashyap A, Tripathi G, Tripathi A, Rao R, Kashyap M, Bhat A, et al.
RNA splicing: a dual-edged sword for hepatocellular carcinoma. Med
Oncol 2022;39(11):173. doi:10.1007/s12032-022-01726-8, PMID:
35972700.

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

(771

[78]

[79]

[80]

(81]

[82]

(83]

[84]

(85]

[86]

DOI:

Sharma L. et al: Differential regulated genes in NAFLD

Smyth GK. limma: Linear Models for Microarray Data. In: Gentleman
R, Carey VJ, Huber W, Irizarry RA, Dudoit S (eds). Bioinformatics and
Computational Biology Solutions Using R and Bioconductor. New
York: Springer; 2005:397-420. doi:10.1007/0-387-29362-0_23.
Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF, Tomashevsky M,
et al. NCBI GEO: archive for functional genomics data sets—update.
Nucleic Acids Res 2013;41:D991-995. doi:10.1093/nar/gks1193,
PMID:23193258.

Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, et al. limma pow-
ers differential expression analyses for RNA-sequencing and micro-
array studies. Nucleic Acids Res 2015;43(7):e47. doi:10.1093/nar/
gkv007, PMID:25605792.

Chu X, Jin Q, Chen H, Wood GC, Petrick A, Strodel W, et al. CCL20
is up-regulated in non-alcoholic fatty liver disease fibrosis and is
produced by hepatic stellate cells in response to fatty acid load-
ing. J Transl Med 2018;16(1):108. doi:10.1186/s12967-018-1490-y,
PMID:29690903.

Gawrieh S, Baye TM, Carless M, Wallace J, Komorowski R, Kleiner
DE, et al. Hepatic gene networks in morbidly obese patients with
nonalcoholic fatty liver disease. Obes Surg 2010;20(12):1698-1709.
doi:10.1007/s11695-010-0171-6, PMID:20473581.

Lu D, Xia Q, Yang Z, Gao S, Sun S, Luo X, et al. ENO3 promoted the
progression of NASH by negatively regulating ferroptosis via eleva-
tion of GPX4 expression and lipid accumulation. Ann Transl Med
2021;9(8):661. doi:10.21037/atm-21-471, PMID:33987359.
Aljabban J, Rohr M, Syed S, Khorfan K, Borkowski V, Aljabban H, et
al. Transcriptome changes in stages of non-alcoholic fatty liver dis-
ease. World J Hepatol 2022;14(7):1382-1397. doi:10.4254/wjh.v14.
i7.1382, PMID:36158924.

Serhal R, Hilal G, Boutros G, Sidaoui J, Wardi L, Ezzeddine S, et al.
Nonalcoholic Steatohepatitis: Involvement of the Telomerase and
Proinflammatory Mediators. Biomed Res Int 2015;2015:850246.
doi:10.1155/2015/850246, PMID:26273651.

Park I, Kim N, Lee S, Park K, Son MY, Cho HS, et al. Characteriza-
tion of signature trends across the spectrum of non-alcoholic fatty
liver disease using deep learning method. Life Sci 2023;314:121195.
doi:10.1016/j.1fs.2022.121195, PMID:36436619.

Sookoian S, Castafio GO, Burguefio AL, Rosselli MS, Gianotti TF, Mal-
lardi P, et al. Circulating levels and hepatic expression of molecu-
lar mediators of atherosclerosis in nonalcoholic fatty liver disease.
Atherosclerosis 2010;209(2):585-591. doi:10.1016/j.atherosclero-
sis.2009.10.011, PMID:19896127.

Desterke C, Chiappini F. Lipid Related Genes Altered in NASH Connect
Inflammation in Liver Pathogenesis Progression to HCC: A Canonical
Pathway. Int J Mol Sci 2019;20(22):5594. doi:10.3390/ijms20225594,
PMID:31717414.

Ipsen DH, Lykkesfeldt J, Tveden-Nyborg P. Molecular mechanisms of
hepatic lipid accumulation in non-alcoholic fatty liver disease. Cell
Mol Life Sci 2018;75(18):3313-3327. doi:10.1007/s00018-018-2860-
6, PMID:29936596.

Bi J, Sun K, Wu H, Chen X, Tang H, Mao J. PPARYy alleviated hepato-
cyte steatosis through reducing SOCS3 by inhibiting JAK2/STAT3
pathway. Biochem Biophys Res Commun 2018;498(4):1037-1044.
doi:10.1016/j.bbrc.2018.03.110, PMID:29550470.

Feng J, Wei T, Cui X, Wei R, Hong T. Identification of key genes and
pathways in mild and severe nonalcoholic fatty liver disease by
integrative analysis. Chronic Dis Transl Med 2021;7(4):276-286.
doi:10.1016/j.cdtm.2021.08.002, PMID:34786546.

Zhou SL, Zhou ZJ, Hu ZQ, Song CL, Luo YJ, Luo CB, et al. Genomic
sequencing identifies WNK2 as a driver in hepatocellular carcinoma
and a risk factor for early recurrence. J Hepatol 2019;71(6):1152—
1163. doi:10.1016/j.jhep.2019.07.014, PMID:31349001.

YangJ,Zhou W, Wu Y, Xu L, WangY, Xu Z, et al. Circulating IGFBP-2 levels
are inversely associated with the incidence of nonalcoholic fatty liver
disease: A cohort study. J Int Med Res 2020;48(8):300060520935219.
doi:10.1177/0300060520935219, PMID:32762395.

Ge SX, Jung D, Yao R. ShinyGO: a graphical gene-set enrichment
tool for animals and plants. Bioinformatics 2020;36(8):2628-2629.
doi:10.1093/bioinformatics/btz931, PMID:31882993.

Uhlén M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardino-
glu A, et al. Proteomics. Tissue-based map of the human proteome.

10.14218/GE.2023.00005 | Volume 00 Issue 00, Month Year


https://doi.org/10.14218/GE.2023.00005
https://doi.org/10.15252/msb.20188793
http://www.ncbi.nlm.nih.gov/pubmed/30824564
https://doi.org/10.1038/srep43238
http://www.ncbi.nlm.nih.gov/pubmed/28266614
https://doi.org/10.1097/MCG.0b013e3181c0945a
http://www.ncbi.nlm.nih.gov/pubmed/19881359
https://doi.org/10.1002/hep.24734
http://www.ncbi.nlm.nih.gov/pubmed/21993925
https://doi.org/10.1111/liv.12226
http://www.ncbi.nlm.nih.gov/pubmed/23763360
https://doi.org/10.1186/1476-5926-4-10
https://doi.org/10.1186/1476-5926-4-10
http://www.ncbi.nlm.nih.gov/pubmed/16375767
https://doi.org/10.1002/hep.20818
http://www.ncbi.nlm.nih.gov/pubmed/16037946
https://doi.org/10.1016/j.cct.2020.106174
http://www.ncbi.nlm.nih.gov/pubmed/33039693
https://doi.org/10.2337/dc19-1071
http://www.ncbi.nlm.nih.gov/pubmed/31604692
https://doi.org/10.1111/jgh.15871
http://www.ncbi.nlm.nih.gov/pubmed/35467042
https://doi.org/10.51173/jt.v3i1.263
http://www.ncbi.nlm.nih.gov/pubmed/23294957
http://www.ncbi.nlm.nih.gov/pubmed/23294957
https://doi.org/10.1111/j.1478-3231.2005.01064.x
http://www.ncbi.nlm.nih.gov/pubmed/15998429
https://doi.org/10.1038/srep35282
https://doi.org/10.1038/srep35282
http://www.ncbi.nlm.nih.gov/pubmed/27739482
https://doi.org/10.1159/000439083
http://www.ncbi.nlm.nih.gov/pubmed/26329758
https://doi.org/10.1590/s0100-879x2005000500012
http://www.ncbi.nlm.nih.gov/pubmed/15917956
https://doi.org/10.1007/s12032-022-01726-8
http://www.ncbi.nlm.nih.gov/pubmed/35972700
https://doi.org/10.1007/0-387-29362-0_23
https://doi.org/10.1093/nar/gks1193
http://www.ncbi.nlm.nih.gov/pubmed/23193258
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1093/nar/gkv007
http://www.ncbi.nlm.nih.gov/pubmed/25605792
https://doi.org/10.1186/s12967-018-1490-y
http://www.ncbi.nlm.nih.gov/pubmed/29690903
https://doi.org/10.1007/s11695-010-0171-6
http://www.ncbi.nlm.nih.gov/pubmed/20473581
https://doi.org/10.21037/atm-21-471
http://www.ncbi.nlm.nih.gov/pubmed/33987359
https://doi.org/10.4254/wjh.v14.i7.1382
https://doi.org/10.4254/wjh.v14.i7.1382
http://www.ncbi.nlm.nih.gov/pubmed/36158924
https://doi.org/10.1155/2015/850246
http://www.ncbi.nlm.nih.gov/pubmed/26273651
https://doi.org/10.1016/j.lfs.2022.121195
http://www.ncbi.nlm.nih.gov/pubmed/36436619
https://doi.org/10.1016/j.atherosclerosis.2009.10.011
https://doi.org/10.1016/j.atherosclerosis.2009.10.011
http://www.ncbi.nlm.nih.gov/pubmed/19896127
https://doi.org/10.3390/ijms20225594
http://www.ncbi.nlm.nih.gov/pubmed/31717414
https://doi.org/10.1007/s00018-018-2860-6
https://doi.org/10.1007/s00018-018-2860-6
http://www.ncbi.nlm.nih.gov/pubmed/29936596
https://doi.org/10.1016/j.bbrc.2018.03.110
http://www.ncbi.nlm.nih.gov/pubmed/29550470
https://doi.org/10.1016/j.cdtm.2021.08.002
http://www.ncbi.nlm.nih.gov/pubmed/34786546
https://doi.org/10.1016/j.jhep.2019.07.014
http://www.ncbi.nlm.nih.gov/pubmed/31349001
https://doi.org/10.1177/0300060520935219
http://www.ncbi.nlm.nih.gov/pubmed/32762395
https://doi.org/10.1093/bioinformatics/btz931
http://www.ncbi.nlm.nih.gov/pubmed/31882993

Sharma L. et al: Differential regulated genes in NAFLD

[87]

(88]

Science 2015;347(6220):1260419. doi:10.1126/science.1260419,
PMID:25613900.

Zheng Z, Cai Y, Chen H, Chen Z, Zhu D, Zhong Q, et al. CXCL13/CXCR5
Axis Predicts Poor Prognosis and Promotes Progression Through
PI3K/AKT/mTOR Pathway in Clear Cell Renal Cell Carcinoma. Front
Oncol 2018;8:682. doi:10.3389/fonc.2018.00682, PMID:30723697.
Pacheco-Alvarez D, Gamba G. WNK3 is a putative chloride-sensing
kinase. Cell Physiol Biochem 2011;28(6):1123-1134. doi:10.1159/
000335848, PMID:22179001.

DOI: 10.14218/GE.2023.00005 | Volume 00 Issue 00, Month Year

[89]

[90]

Gene Expr

Yoon HJ, Kim GC, Oh S, Kim H, Kim YK, Lee Y, et al. WNK3 inhibition
elicits antitumor immunity by suppressing PD-L1 expression on tumor
cells and activating T-cell function. Exp Mol Med 2022;54(11):1913—
1926. doi:10.1038/s12276-022-00876-z, PMID:363575609.
Sztolsztener K, Chabowski A, Harasim-Symbor E, Bielawiec P, Kon-
stantynowicz-Nowicka K. Arachidonic Acid as an Early Indicator of
Inflammation during Non-Alcoholic Fatty Liver Disease Develop-
ment. Biomolecules 2020;10(8):1133. doi:10.3390/biom10081133,
PMID:32751983.

13


https://doi.org/10.14218/GE.2023.00005
https://doi.org/10.1126/science.1260419
http://www.ncbi.nlm.nih.gov/pubmed/25613900
https://doi.org/10.3389/fonc.2018.00682
http://www.ncbi.nlm.nih.gov/pubmed/30723697
https://doi.org/10.1159/000335848
https://doi.org/10.1159/000335848
http://www.ncbi.nlm.nih.gov/pubmed/22179001
https://doi.org/10.1038/s12276-022-00876-z
http://www.ncbi.nlm.nih.gov/pubmed/36357569
https://doi.org/10.3390/biom10081133
http://www.ncbi.nlm.nih.gov/pubmed/32751983

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Materials and methods﻿

	﻿﻿Non-alcoholic fatty liver disease/non-alcoholic steatohepatitis﻿

	﻿﻿﻿Mortality rate and cause of death in NAFLD and other liver-related disease﻿

	﻿﻿﻿Genomics aspect of NAFLD﻿

	﻿﻿﻿Proteomics studies for NAFLD profiling﻿

	﻿﻿﻿﻿Methodology﻿


	﻿﻿﻿﻿﻿Results and discussion﻿

	﻿﻿﻿﻿﻿Known and differentially regulated genes in NAFLD﻿

	﻿﻿C-C motif chemokine ligand 20 (CCL20)﻿

	﻿﻿﻿Cluster of differentiation 274 (CD274)﻿

	﻿﻿﻿S100 calcium-binding protein A8 (S100A8)﻿

	﻿﻿﻿With-no-lysine kinase 3 (WNK3) or WNK lysine deficient protein kinase 3 (WNK3)﻿

	﻿﻿﻿Enrichment of biological process, cellular components, and molecular functions in NAFLD﻿


	﻿﻿﻿﻿﻿Identification of dysregulated pathways in NAFLD﻿

	﻿﻿﻿﻿Limitations and future perspectives﻿

	﻿﻿﻿Conclusion﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethical statement﻿

	﻿﻿﻿References﻿


