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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. High-throughput OMICS approach-
es have been used to characterize NAFLD conditions for the identification of potential molecular signatures or differentially regu-
lated molecules (DEMs). The present study aims to perform a systematic review and meta-analysis from an omics perspective.

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 sphingomyelin synthase 2
and WNK lysine deficient protein kinase 3 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.

Conclusions: Our study shows that meta-analysis of publicly available data is useful for the identification of DEGs and indica-
tion of dysregulated biological processes in NAFLD, which provide valuable insights into the molecular mechanisms of NAFLD.

Introduction

The liver is the largest internal organ of the body, providing important metabolic, exocrine, and endocrine functions. These include li-
pids lipogenesis, carbohydrates (gluconeogenesis, regulation of
glucose level through glycogen storage, and synthesis of albu-
min, 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 endo-
toxin components in the blood that exit the gastrointestinal tract
through portal veins.? It also participates in immune surveillance
against pathogens and overcoming the effects of benign antigens
through cytokine signaling and acute phase protein production.?
Hepatocytes are the main parenchymal cells in the liver, account-
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ing for ~70% of its volume. These cells form an extracellular
matrix that is primarily 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 epithelial cells and act as a reservoir of vi-
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tamin 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 hepato-
cellular necrosis that leads to the drastic deterioration of hepatic
function, 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
overdose (hepatotoxicity). Other causes include autoimmune
hepatitis and acute viral hepatitis. Chronic liver disease (CLD)
is a condition that involves a long-term decline in liver function
due to chronic damage to the liver. After 1-2 decades with CLD,
the individual 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 ac-
cumulation 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-
ed abnormalities is summarized in Table 1.15-23

NAFLD is considered the most common liver disease in de-
veloped countries and is prevalent in ~25% of the world popu-
lation.?* The disease is characterized by hepatic lipid accumu-
lation rather than alcohol consumption.?S Presently in Western
and Asian countries, the prevalence of NAFLD varies at 25-35%
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and 5-15% respectively,?® and in India, it ranges from 9-53%.27
Excess calorie and fat intakes leading to obesity and related co-
morbidities are the leading risk factors for NAFLD. Conversely,
the intake of low-calorie foods and good fats such as omega-3
polyunsaturated fats reduces insulin resistance, intrahepatic tri-
glycerides content, and risk of steatohepatitis.?® The incidence
of NAFLD rapidly rises along with an incidence increase of
diabetes, obesity, and dyslipidemia. The prevalence is consider-
ably 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.2%3 Due to higher exposure
to free fatty acids, diacylglycerol, and oxidized cholesterols,
lipotoxicity is a common pathophysiological condition seen in
NAFLD patients.?! The condition leads to hepatic steatosis con-
tributing 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 com-
monly associated with HCC are old age, gender, and genetic fac-
tors.>* In virus-associated cirrhosis, Hepatitis-B/Hepatitis-C and
Hepatitis-B/Hepatitis-D viruses co-excitingly increase the possi-
bility of HCC 2-6-fold.353¢ A comparative analysis showed that
individuals infected with the Hepatitis-B virus have a 5—100-fold
likelihood to get HCC compared to individuals with the Hepa-
titis-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
techniques have been used including conventional molecular
biology techniques such as southern blot, northern blot, and
conventional and real-time PCR. However, as low through-
put techniques, they have limitations. A handful of genes such
as patatin-like phospholipase domain-containing 3 (PNPLA3),
transmembrane 6 superfamily member 2 (TM6SF2), and glucoki-
nase 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./148M (rs738409) alters fat composition
by reducing polyunsaturated fatty acids from diacylglycerol into
phosphatidylcholine which causes an increase in triglycerides
and diacylglycerol.** Genotype 75738409 is an indicator of the
risk of NAFLD that histologically confirms steatosis.*> TM6SF?2
encrypts a regulatory protein in very low-density lipoprotein
secretion. TM6SF2 variant p.E167K (rs58542926) mainly af-
fects the biosynthesis of PUFA and evacuates PUFA from he-
patic polyunsaturated phosphatidylcholine- and triglycerides-
impeding VLDL synthesis.*® Rs58542926 is proinflammatory
and associated with an increase in the serum aminotransferase in
NAFLD risk but not in gamma-glutamyltransferase.*’” GCKR is
pointed at chromosome 2, which inhibits glucokinase enzyme in
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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.

hepatocyte nuclei. GCKR p.(rs780094) variant increases glyco-
gen and glycolysis simultaneously increases 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.42:45:47:49

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
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 (ratio
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>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 sam-
ple, but downregulated in the NASH sample. The appearance of
the spots for the same protein in the upregulated versus down-
regulated stage suggests that there may be involvement of post-
translational modifications of these proteins which may be crucial
in the pathophysiology of NAFLD.3" 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 compro-
mised due to their limited sensitivity and specificity. The partial
list of different diagnostic markers for NAFLD has been summa-
rized in Table 2.54-67

Methodology

To overcome the problem of low throughput, scientists have begun
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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

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)

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

Cirrhosis (n = 4,146, 7.22%) Kim et al. 202222

HCV (n = 1,306, 22.2%); Cavalcante et al. 202223
HBV (n = 226, 3.9%)

Kim et al. 2022%2

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

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 human 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 pack-
age, which is freely available globally. GEO2R is compatible
with GEO accession IDs for respective microarray studies and
can be used to analyze the data in a user-friendly manner via
an interface and the GEO2R statistical tool. GEO2R features the
inbuilt R/Bioconductor and Limma package v3.26.8.9-71 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 samples must be performed in order to dif-
ferentiate 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 consid-
ered 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 acces-
sion No. GSE63067) from the NCBI database. For this study nine
NAFLD tissue samples and seven normal liver tissue samples

82

were used. Using GEO2R tools, the dataset was analyzed to iden-
tify 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>3 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®3 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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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

84

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 samples
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 50Cs3 Suppressor of cytokine UP/2.92 Overexpression of SCOS3 induces Bi et al. 20188
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.
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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.
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