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Abstract: Non-alcoholic fatty liver disease (NAFLD) is currently the most common cause of chronic
liver disease worldwide. Early identification and prompt treatment are critical to optimize patient
management and improve long-term prognosis. Long non-coding RNA (lncRNA) and circular RNA
(circRNA) are recently emerging non-coding RNAs, and are highly stable and easily detected in the
circulation, representing a promising non-invasive approach for predicting NAFLD. A literature
search of the Pubmed, Embase, Web of Science, and Cochrane Library databases was performed
and 36 eligible studies were retrieved, including 18 on NAFLD, 13 on nonalcoholic steatohepatitis
(NASH), and 11 on fibrosis and/or cirrhosis. Dynamic changes in lncRNA expression were associated
with the occurrence and progression of NAFLD, among which lncRNA NEAT1, MEG3, and MALAT1
exhibited great potential as biomarkers for NAFLD. Moreover, mitochondria-located circRNA SCAR
can drive metaflammation and its inhibition might be a promising therapeutic target for NASH.
In this systematic review, we highlight the great potential of lncRNA/circRNA for early diagnosis
and progression assessment of NAFLD. To further verify their clinical value, large-cohort studies
incorporating lncRNA and circRNA expression both in liver tissue and blood should be conducted.
Additionally, detailed studies on the functional mechanisms of NEAT1, MEG3, and MALAT1 will be
essential for elucidating their roles in diagnosing and treating NAFLD, NASH, and fibrosis.

Keywords: non-alcoholic fatty liver disease; long non-coding RNA; circular RNA; biomarkers

1. Introduction

Nonalcoholic fatty liver disease (NAFLD), characterized by the excess accumulation of
fat in hepatocytes, is emerging as the most common cause of chronic liver disease in children
and adults worldwide [1,2]. Its prevalence worldwide in the general population is about
30% and this is expected to continue to increase over the next 20 years, placing a heavy
burden on socioeconomic and healthcare systems [3]. However, the responses of healthcare
professionals and public health institutions to NAFLD remain weak and fragmented;
therefore, it is crucial to popularize the concept and strengthen public awareness and
concern about NAFLD [4,5]. In addition, NAFLD is a multisystem disease and is often
accompanied by obesity, type 2 diabetes, and other metabolic syndromes, and a key
challenge is to identify those at the highest risk for NAFLD in large populations [6].
Nonalcoholic steatohepatitis (NASH) is the progressive form of NAFLD and it can progress
to fibrosis, cirrhosis, and hepatocellular carcinoma (HCC). NASH phenotypes include
macrovesicular steatosis, hepatocyte ballooning, and lobular inflammation, with or without
peri-sinusoidal fibrosis [7]. Given that NASH-related cirrhosis is predicted to become the
leading indication for liver transplantation and that fibrosis is the major determinant of
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clinical outcomes, identifying patients at higher risk of progressive liver disease, including
NASH and advanced fibrosis, is critical in managing NAFLD [8–10]. Early access to reliable,
non-invasive diagnostic tools is needed to identify patients at different stages of disease. No
practicable drug is currently recommended for the treatment of NALFD, and the tailoring
of therapeutic strategies to patients’ disease drivers is an issue that urgently needs to
be addressed.

In recent years, with the development of high-throughput sequencing technologies,
non-coding RNAs (ncRNAs), including long non-coding RNAs (lncRNAs), circular (circR-
NAs), and microRNAs (miRNAs), have emerged as important regulators in the pathogene-
sis of NAFLD. Previous reviews have extensively discussed miRNAs’ expression profiles
and regulatory functions in NAFLD; therefore, these topics are not discussed here [11,12].
LncRNAs are transcripts with more than 200 nucleotides, which exert functions in tran-
scriptional and post-transcriptional regulation, epigenetic modifications, and disease devel-
opment [13,14]. CircRNAs are covalently closed single-stranded loop biomolecules without
a 5′ cap or a 3′ poly (A) tail. CircRNAs regulate the gene expression at transcription and
post-transcription levels by acting as miRNAs and protein sponges, as well as protein
templates [15]. Previous studies have shown that these differentially expressed ncRNAs
are implicated in the etiology of NAFLD and could possibly be the key mediators in its
pathogenesis, involving the regulation of hepatic gluconeogenesis and lipogenesis, insulin
resistance, oxidative stress, metabolic inflammation, regeneration, and fibrogenesis [16–18].
These molecules, as potential biomarkers for NAFLD diagnosis and staging, are gradually
gaining the attention of researchers. In addition, various approaches, including RNA
interference and overexpression techniques, have been developed to target these molecules,
showing certain strengths and limitations [19]. However, these data have been obtained
mainly from cell and animal models, and extensive validation in human patients is essen-
tial. In this review, all the currently published data on human NAFLD were included. We
aimed to identify and pick out potential biomarkers by analyzing the differences in the
expression of lncRNA and circRNA in the NAFLD disease spectrum, as well as analyzing
their diagnostic accuracy in differentiating healthy people and patients with nonalcoholic
fatty liver (NAFL), NASH, or fibrosis.

2. Methods
2.1. Literature Search Protocol and Search Strategy

We conducted a comprehensive search in Pubmed, Embase, Web of Science, and the
Cochrane Library. The keywords and MeSH terms in our search strategy were as follows:
lncRNA, long non-coding RNA, long ncRNA, circular RNA, circRNA, ciRNA, NAFLD,
NASH, fatty liver, liver steatosis, and a combination of these MeSH terms. We also screened
all articles referenced in these selected studies to identify additional articles.

2.2. Study Selection and Eligibility Criteria

The inclusion criteria were as follows: (a) studies that obtained lncRNA and/or cir-
cRNA expression profiles in patients with NAFLD or NASH; (b) studies that used liver
tissue, serum, plasma, and blood as the samples; and (c) studies that used quantitative
real-time PCR to measure lncRNA and/or circRNA expression. The exclusion criteria were
as follows: (i) duplicate reports; (ii) studies conducted in animals or cell lines; (iii) sys-
tematic reviews or meta-analyses; and (iv) case reports, comments, letters, and editorials.
Conference abstracts without grouping information and sample sizes were excluded, as
were abstracts representing full-text articles already included in this study.

2.3. Data Extraction

Two authors (QMZ and CHL) independently assessed the full-text articles for eligibility
and collected key information in a standardized form. Extracted lncRNA and circRNA data
were derived from the GEO database or the microarray and high-throughput sequencing
(RNA-seq) dataset. Quantitative real-time PCR was used to validate the circulating or
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liver lncRNA and circRNA expression. Other key information included the study design
and population, sample type (liver tissue, serum, and plasma) and size, lncRNA/circRNA
expression direction (up- or downregulated), and fold-change. Discrepancies related to the
included data were resolved through discussions with a third review author (WJ).

3. Results
3.1. Summary of Studies on the lncRNA and circRNA Expression Profile in NAFLD

A flowchart of the selection process of studies included in this systematic review
is shown in Figure 1. We identified 685 studies, of which 38 met the eligibility criteria
(including 44 lncRNAs and 11 circRNAs) in the systematic review: 18 on NAFLD, 13 on
NASH, 11 on fibrosis and/or cirrhosis, 6 on NASH-related phenotypes (NASH grade,
lobular inflammation, steatosis, and NAS score), and 2 on NAFLD-related hepatocellular
carcinoma (NAFLD-related HCC) (Figure 2). Seven studies reported on diagnostic accuracy
experiments. Several conference abstracts related to full-text articles already included in
this review were not discussed further in this article.
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3.2. Differentially Expressed lncRNA in Patients with NAFLD

Sixteen studies (including 22 lncRNAs and approximately 550 individuals) revealed
differentially expressed lncRNAs in patients with NAFLD, with 15 lncRNAs being up-
regulated, with a mean fold-change of 3.26 (range: 1.32–8.30), and 6 lncRNAs being
downregulated, with a mean fold-change of 0.43 (range: 0.13–0.74) (Table 1). ncRNA-
dependent epigenetic reprogramming affects a variety of metabolic pathways and cellular
processes in the liver, including hepatic glucose and lipid metabolism, oxidative stress,
the inflammatory immune response, and even tumorigenesis. These ncRNA-mediated
metabolic abnormalities ultimately contribute to NAFLD development and progression
(Figure 3). Most lncRNAs accelerated or attenuated NAFLD progression mainly through
sponging microRNA (e.g., uc.372, uc.333, CCAT1, lnc-SPARCL1-1:2, NEAT, PVT1, and
MALAT1) [20–25] or by directly targeting related proteins. Most studies focused on the
differentially expressed lncRNAs in the liver tissue with small sample sizes; five other
studies investigated the lncRNA expression profile in serum/plasma; one study focused
on lncRNA expressions in peripheral blood mononuclear cells (PBMCs). However, those
studies exhibited a narrow focus on one aspect, and the corresponding expression and cor-
relation analysis between liver tissue and serum/plasma is also indispensable. Zhang et al.
identified that lncARSR both in serum and liver was significantly increased in NAFLD
patients compared with healthy controls, which may be a novel candidate biomarker of
NAFLD [26]. Two studies observed increased lncRNA NEAT1 expression in patients with
NAFLD in serum and PBMCs, respectively. Furthermore, the AUC of NEAT1 in PBMCs for
NAFLD diagnosis was 0.822, with a sensitivity of 86.47% and a specificity of 82.03%. How-
ever, information on its expression in different NAFLD stages and its possible mechanisms
is scant. Further studies taking these issues into account are needed in order to provide
new insights into its utility for the diagnosis of NAFLD.

Meanwhile, there is an urgent need to establish new biomarkers for NAFLD subtype
identification and classification. Two studies revealed that the serum levels of lncPRYP4-3
and RP11-128N14.5 in patients with NAFLD were higher than those in healthy controls,
and their high expression pattern showed significant consistency in both subtypes, includ-
ing NAFL and NASH, suggesting that they may be used to distinguish NAFLD patients
from healthy individuals [42,43]. In addition, lncPRYP4-4 expression is merely increased
in NAFL, rather than NASH, although the question of whether it can be used as a diag-
nostic marker of early NAFLD requires further study [42]. Zhang et al. reported that
increased serum PVT1 has good predictive value for distinguishing NAFLD patients from
healthy individuals, with an AUC of 0.895, a sensitivity of 84.0%, and a specificity of
84.6% [25]. Another lncRNA, HCG18, was identified as a promising candidate biomarker
in differentiating NAFLD patients from healthy individuals (AUC = 0.934, sensitivity:
82.8%, and specificity: 89.1%) [35]. Furthermore, three other studies collectively focused on
lncRNA MEG3 expression in NAFLD. One study found that MEG3 expression was elevated
1.6- and 1.9-fold, respectively, in NAFLD and NASH livers [28]. The authors of another
study also observed that MEG3 was markedly increased in NASH cirrhosis specimens [39].
In contrast, Zou et al. showed the opposite finding that MEG3 was downregulated in
NAFLD and its reduction paralleled the severity of NAFLD [40]. A possible explanation
for this inconsistency might be that the reactivation and induction of MEG3 in NAFLD and
NASH patients is likely a compensatory mechanism. The hepatic endothelial senescence
promotes obesity-induced insulin resistance, which is tightly regulated by the expression of
MEG3 [28]. MEG3 has been found to maintain glucose homeostasis and insulin signaling
by protecting the hepatic endothelium against cellular senescence in obesity [28]. Future
studies should carefully examine the status and functions of MEG3 in NAFLD at different
stages. Furthermore, expanding the sample size or increasing the detection of circulating
levels may provide more evidence.
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Table 1. LncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “
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insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 
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ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

119/100 2.4 <0.05 - -
√

Zhou, 2022 [27]
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liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/
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Microarray    √  Wang, 2018 [32] 

20/10 1.73 <0.05 MALAT1/miR-
206/ARNT -

√
Xiang, 2022 [29]
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sequence of mouse 

lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 
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1:2/miR‐6881‐
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TGB1 

‐  √  Albadawy, 2021 [23] 
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lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 
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increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

5/5 −4.22 (0.05) <0.05 - Microarray
√

Sun, 2015 [30]

NR_026836 liver
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‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 
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endothelial 
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Microarray and 

lncRNA probe 
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1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

5/5 >0.05 - Microarray
√

Sun, 2015 [30]
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Table 1. Cont.

NAFL vs. Healthy Control
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Control)
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√
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AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

55/80 - <0.01
lnc-SPARCL1-1:2/miR-

6881-
5P/HSPD1/MMP14/ITGB1

-
√

Albadawy, 2021 [23]
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Table 1. Cont.

NASH vs. Healthy Control

lncRNA Species Expression
Direction

Sample Size
(NASH/Healthy

control)
Fold-Change p Value Possible Mechanism Sequencing

√
Study

lncRNA
RABGAP1LDT-206 serum
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RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

60/100 - <0.001 - Microarray
√

Albadawy, 2021 [34]
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lipogenesis via 
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‐  √  Zhang, 2018 [26] 
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uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

18/20 0.16 <0.001
binding to ATP5B to
inhibit mitochondrial

ROS
Microarray

√
Zhao, 2020 [44]

hsa_circ_0089763 liver
mitochondrial
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liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 
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uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 
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223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐
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5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

18/20 0.28 <0.001 - Microarray
√

Zhao, 2020 [44]

hsa_circ_0008882 liver
mitochondrial
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sequence of mouse 

lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

18/20 0.39 <0.001 - Microarray
√

Zhao, 2020 [44]

hsa_circ_0073378 liver
mitochondrial
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lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 
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K) 
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lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

18/20 0.68 <0.05 - Microarray
√

Zhao, 2020 [44]
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sequence of mouse 

lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

18/20 0.65 <0.01 - Microarray
√

Zhao, 2020 [44]

hsa_circ_0032777 liver
mitochondrial
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lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 
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Zhao, 2020 [44]
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Zhao, 2020 [44]

NASH vs. NAFL

lncRNA Species Expression
Direction
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Table 1. Cont.

NASH vs. NAFL

lncRNA Species Expression
Direction

Sample Size
(NASH/NAFL) Fold-Change p Value Possible Mechanism Sequencing

√
Study

LncPRYP4-4 serum
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3.3. Differentially Expressed lncRNAs in Patients with NASH

NASH is the progressive form of NAFLD, with hepatic necroinflammation and the
faster progression of fibrosis. Early identification of NASH, combined with appropriate
interventions, will prevent disease progression. Seven studies identified differentially
expressed lncRNAs in serum or liver samples from patients with NASH (Table 1). Park et al.
found that plasma LeXis was independently associated with NASH, with acceptable
diagnostic performance (AUC = 0.743, sensitivity: 54.3%, and specificity: 100%) [45].
Compared with healthy controls, lncSPARCL1-1:2 was upregulated in NAFLD, simple
steatosis, and NASH, and lnc-SPARCL1-1:2 was an independent predictor of NASH. It
was used to distinguish NASH patients from healthy controls with an AUC of 0.870, to
identify NASH with simple steatosis with an AUC of 0.790, and to identify NASH cases
with NAFLD cases with an AUC of 0.974 [23]. However, the number of patients included
in these studies was relatively small. Moreover, no external validation was performed on
the diagnostic performance of these lncRNAs for NASH. Future studies on this issue are
therefore recommended.

The major features of NASH include steatosis, lobular inflammation, hepatocyte
apoptosis, and ballooning. A growing body of evidence suggests that lncRNAs play an
important role in these characteristics (Table 2). A study by Di Mauro confirmed that serum
RP11-128N14.5 and TGFB2/TGFB2-OT1 were upregulated in patients with NAS ≥ 5 com-
pared with those with NAS≤ 4, and the liver RP11-128N14.5 and TGFB2/TGFB2-OT1 were
upregulated in severe NAFLD patients (NAS score ≥ 5, F = 3) compared with mild NAFLD
patients (NAS ≤ 4, F = 0) and controls [43]. Furthermore, Atanasovska et al. showed that
lnc18q22.2 was positively correlated with NASH grade, NAS score, and lobular inflamma-
tion [46]. Additionally, Leti et al. identified three upregulated lncRNAs in liver samples
of NAFLD patients with lobular inflammation and advanced fibrosis, with the strongest
evidence in MALAT1 [47]. Moreover, greater liver MALAT1 abundance was observed in
NAFLD patients with higher scores of ballooning degeneration, lobular inflammation, and
the presence of fibrosis in Sookoian’s study, which was validated both in the discovery
and replication set [41]. Another study revealed that hepatic LeXis, but not plasma LeXis,
was negatively correlated with the degree of steatosis [45]. RP1191K9.1 (lncTNF), another
lncRNA analyzed in Atanasovska’s study, was also positively associated with lobular
inflammation in human liver samples [48]. Taken together, dynamic changes of lncRNAs
are associated with NASH phenotype and progression, which may provide new insights
for the development of targeted drugs for NASH.
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Table 2. LncRNA Expression is Associated with NASH Phenotype. “
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MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.274 Han, 2020 [49]
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sequence of mouse 

lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

0.49 0.017 Park, 2020 [45]
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MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.399 Park, 2020 [45]
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.91 0.0025 Sookoian, 2018 [41]
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MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- >0.05 Leti, 2017 [47]
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.33 1.0 × 10−4 Leti, 2017 [47]
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

2.3 2.53 × 10−5 Leti, 2017 [47]
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

R = 0.58 9.7 × 10−7 Atanasovska, 2021 [48]
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managing obesity‐
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senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.914 Park, 2020 [45]

LeXis plasma 35/9
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MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.404 Park, 2020 [45]

lnc18q22.2 liver 17/8
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Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

R = 0.62 1.38 × 10−4 Atanasovska, 2017 [46]

GAS5
liver 29/32

Biomolecules 2023, 13, x FOR PEER REVIEW  7  of  20 
 

MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.602 Han, 2020 [49]

plasma 29/32

Biomolecules 2023, 13, x FOR PEER REVIEW  7  of  20 
 

MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.274 Han, 2020 [49]

Ballooning Degeneration

lncRNA Species Sample Size
(with/without) Expression Fold-Change p Value Study

MALAT1 liver 34/15
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means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

3.01 0.0001 Sookoian, 2018 [41]

NAS Score

lncRNA Species Sample Size Expression Fold-Change p Value Study

NAS > 5 vs. HC

RP11-128N14.5 serum 25/25
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means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

2.69 <0.02 Di Mauro, 2019 [43]

TGFB2/TGFB2-
OT1 serum 25/25
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

26.1 <0.05 Di Mauro, 2019 [43]

NAS>5 vs. NAS<=4

RP11-
128N14.5(internal) serum 25/38
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NAFLD vs. Healthy Control 
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Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 
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lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.25 <0.05 Di Mauro, 2019 [43]
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Table 2. Cont.

NASH Grade

lncRNA Species Sample Size
(with/without) Expression Fold-Change p Value Study
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3.4. Differentially Expressed lncRNAs in Patients with Advanced Fibrosis or Cirrhosis

The fibrosis stage is a major determinant of all-cause and liver-related mortality and the
long-term prognosis of NAFLD. Assessing the severity of fibrosis and identifying patients at
higher risk of advanced fibrosis is crucial. There has been significant interest in developing
ncRNA-based (microRNA, lncRNA, and circRNA) biomarkers to identify advanced fibro-
sis in patients with NAFLD. LncRNAs have exhibited corresponding expression patterns
in different fibrosis stages. Eleven studies identified differentially expressed lncRNAs in
serum or liver samples from patients with advanced fibrosis or cirrhosis (Table 3). One
study by Han et al. showed that both liver and plasma lncRNA GAS5 expression was
positively correlated with the progression of liver fibrosis in 51 patients with NAFLD,
and this was more apparent in plasma. As fibrosis progressed towards cirrhosis, how-
ever, plasma GAS5 was downregulated [49]. In addition, downregulated liver GAS5 in
patients with liver cirrhosis was also confirmed in Yu’s study [50]. Another four studies
revealed that the serum TGFB2/TGFB2-OT1, lnc-SPARCL1-1:2, lncRNA RABGAP1L-DT-
206, MALAT1, Neat1, and HULC expression were significantly higher in patients with
advanced fibrosis/cirrhosis (F = 3–4) than in those without it (F = 0–2) [23,34,43,47]. More-
over, the differential expression of TGFB2/TGFB2 OT1 in advanced fibrosis/cirrhosis and
absent or mild-to-moderate fibrosis patients was also confirmed in an external validation
cohort of 50 NAFLD patients, and it yielded a high predictive capability for subjects with
advanced fibrosis (AUC = 0.797 and 0.786 in internal and external cohorts, respectively),
with sensitivity values of 65% and 62.5%, and specificity values of 81.3% and 94.4% in
internal and external cohorts, respectively [43]. Notably, the diagnostic accuracy can be
improved by combining TGFB2/TGFB2-OT1 and FIB-4 or TGFB2/TGFB2-OT1 and LSM
(AUC = 0.891 and 0.892, respectively). In addition, liver MALAT1, in Sookoian’s study,
was associated with fibrosis, as evidenced by a greater abundance of MALAT1 in patients
with fibrosis (F1–F4) than in those without it (F0) [41]. Gerhard et al. also identified three
dysregulated liver lncRNAs (LINC01638, LINC01605, XLOC_003146, and RP11_20J153)
in 10 patients with advanced fibrosis [51]. These results further support the idea that
functionally relevant differences in lncRNA expression may contribute to the development
of fibrosis in NAFLD, and those lncRNAs may potentially be exploited as novel strategies
to discriminate NAFLD/NASH cases from advanced fibrosis; moreover, the combination
of other variables and non-invasive scoring systems may increase the diagnostic accuracy.
Future investigations, including the validation of independent cohorts and the exploration
of associated mechanisms, will be essential to extend these findings.
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multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.131 Han, 2020 [49]

GAS5 plasma 39 F0-2/6 F3

Biomolecules 2023, 13, x FOR PEER REVIEW  5  of  20 
 

Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

2.02 <0.001 Han, 2020 [49]

F0–2 vs. F3–4
TGFB2/TGFB2-OT1 serum 37 F0-2/26 F3-4
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.82 ≤0.001 Di Mauro, 2019 [43]
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MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- >0.05 Di Mauro, 2019 [43]

F0–1 vs. F4
lnc-SPARCL1-1:2 serum 25 F0-1/10 F4
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

- <0.05 Albadawy, 2021 [23]
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

- <0.05 Albadawy, 2021 [34]

F2 vs. F4
lnc-SPARCL1-1:2 serum 20 F2/10 F4
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NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

- <0.05 Albadawy, 2021 [23]

lncRNA RABGAP1LDT-206 serum 26 F2/11 F4
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Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

- <0.05 Albadawy, 2021 [34]
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MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.818 Han, 2020 [49]
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sequence of mouse 

lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

0.54 0.026 Han, 2020 [49]
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Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 
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ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

- <0.05 Albadawy, 2021 [23]
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NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

- <0.05 Albadawy, 2021 [34]

(advanced fibrosis) vs.
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MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.328 Park, 2020 [45]
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MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 
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Expression 

Direction 
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(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- 0.14 Park, 2020 [45]
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NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 
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associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 
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√  Qin, 2016 [31] 
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suppressing miR‐
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Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.29 3 × 10−4 Leti, 2017 [47]
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Microarray    √  Wang, 2018 [32] 

3.6 1.08 × 10−8 Leti, 2017 [47]

MALAT1 liver 24/53
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Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

3.6 8.02 × 10−6 Leti, 2017 [47]

LINC01638 liver 10/10

Biomolecules 2023, 13, x FOR PEER REVIEW  5  of  20 
 

Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

2.81 ≤0.001 Gerhard, 2020 [51]

LINC01605 liver 10/10
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MEG3  liver  ⤦  15/10  0.6  <0.05 

MEG3 up‐regulates 

SIRT6 by 

ubiquitinating EZH2 

‐  √  Zou, 2022 [40]   

MALAT1  liver  ⟷  32/13  ‐  0.9  ‐ 

Systems 

biology 

multiscale 

modeling 

√  Sookoian, 2018 [41] 

LncPRYP4‐3  serum  ⤤  30/30  10  <0.0001  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⤤  30/30  9.6  <0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

NASH vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NASH/Healthy 

control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⤤  7/7  1.9  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

RP11‐128N14.5  serum  ⤤  45/25  2.33  ≤0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Di Mauro, 2019 [43] 

LncPRYP4‐3  serum  ⤤  30/30  4.7  <0.05  targeting RPS4Y2 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

LncPRYP4‐4  serum  ⟷  30/30  ‐  >0.05  ‐ 

Microarray and 

lncRNA probe 

mapping 

√  Yang, 2020 [42] 

lnc‐SPARCL1‐1:2  serum  ⤦  55/80  ‐  <0.01 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  60/100  ‐  <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

- >0.05 Gerhard, 2020 [51]

XLOC_003146 liver 10/10
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Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.65 ≤0.0001 Gerhard, 2020 [51]

RP11_20J153 liver 10/10
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Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

1.34 ≤0.0001 Gerhard, 2020 [51]

HC vs. cirrhosis

GAS5 liver 15/20
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sequence of mouse 

lncSHGL) 

lncARSR 
liver  ⤤  12/22  3.76  <0.01 

regulating hepatic 

lipogenesis via 

Akt/SREBP‐1c 

pathway 

‐  √  Zhang, 2018 [26] 

serum  ⤤  12/22  5.75  <0.01  ‐  ‐  √  Zhang, 2018 [26] 

RP11‐279F6.1  liver  ⤤  2/2  2.27  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

AC004540.4  liver  ⤤  2/2  2  <0.01  ‐  Microarray  √  Wu, 2019 [33] 

uc.333  liver  ⤦  8/8  0.13  <0.01 

improving IR by 

binding to miR‐

223(FOXO1/AKT/GS

K) 

Microarray and 

lncRNA probe 

mapping 

√  Zhang, 2020 [21] 

CCAT1  liver  ⤤  17/10  2.58  <0.05 
CCAT1/miR‐

613/LXRα 
Microarray  √  Huang, 2020 [22] 

lncRNA 

RABGAP1LDT‐206 
serum  ⤤  100/100    <0.001  ‐  Microarray  √  Albadawy, 2021 [34] 

lnc‐SPARCL1‐1:2  serum  ⤤  25/80  1.8  <0.05 

lnc‐SPARCL1‐

1:2/miR‐6881‐

5P/HSPD1/MMP14/I

TGB1 

‐  √  Albadawy, 2021 [23] 

lnc PVT1  serum  ⤤  81/78  1.46  <0.001  lncPVT1/miR‐20a‐5p  ‐  √  Zhang, 2021 [25] 

lnc HCG18  serum  ⤤  116/101  1.89  <0.001  HCG18‐miR‐197‐3p  ‐  √  Xia, 2021 [35] 

LINC00240  liver  ⤤  3/3  5.25  <0.01 
increasing the ROS 

content 

GSE107231 

dataset 
√  Xue, 2022 [36]   

has_circ_0046367  liver  ⤦  5/3  0.4  <0.01 
circRNA_0046367/mi

R‐34a/PPARα 
‐  √  Guo, 2017 [37] 

circRNA_0001805  liver  ⤦  25/9  0.63  <0.05 

circRNA_0001805 ‐

miR‐106a‐5p/miR‐

320a‐ABCA1/CPT1 

High‐

throughput 

sequencing 

√  Li, 2021 [38] 

NAFL vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFL/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  √  Study 

MEG3  liver  ⟷  8/6  ‐  >0.05  ‐  ‐  √  Zhang, 2017 [39]   

0.43 <0.01 Yu, 2015 [50]

MEG3 liver 6/8
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Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

2.2 <0.01 Zhang, 2017 [39]

H19 liver 6/17
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Table 1. lncRNA and circRNA Expression Profile in Patients with NAFLD/NAFL/NASH. “⤤”, “⤦”, “⟷” indicates the expression direction; “√”, 

means studies that used quantitative real‐time PCR to measure lncRNA and/or circRNA expression. 

NAFLD vs. Healthy Control 

lncRNA  Species 
Expression 

Direction 

Sample Size 

(NAFLD/Healthy 

Control) 

Fold‐Change  p Value  Possible Mechanism  Sequencing  qRT‐PCR  Study 

NEAT1 
peripheral blood 

mononuclear cells 
⤤  119/100  2.4  <0.05  ‐  ‐  √  Zhou, 2022 [27] 

NEAT1  serum  ⤤  10/10  5  <0.001 
lncNEAT1/miR‐212‐

5p/GRIA3 
‐  √  Hu, 2022 [24] 

MEG3  liver  ⤤  5/7  1.6  <0.05 

managing obesity‐

associated hepatic 

endothelial 

senescence and 

insulin resistance 

RNA 

sequencing 
√  Cheng, 2021 [28] 

MALAT1    liver  ⤤  20/10  1.73  <0.05 
MALAT1/miR‐

206/ARNT 
‐  √  Xiang, 2022 [29]   

ENST00000413567  liver  ⤦  5/5  −4.22 (0.05)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

NR_026836  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000548691  liver  ⤤  5/5  4.74 (26)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000571619  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

uc001gvp.1  liver  ⤦  5/5  −3.53 (0.09)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

TCONS_00025733  liver  ⤦  5/5  −1.07 (0.48)  <0.05  ‐  Microarray  √  Sun, 2015 [30] 

ENST00000491676  liver  ⟷  5/5    >0.05  ‐  Microarray  √  Sun, 2015 [30] 

APOA4‐AS  liver  ⤤  8/5  8.3  <0.05 

HuR–APOA4‐AS 

complex stabilizes 

APOA4 mRNA 

RNA 

sequencing 
√  Qin, 2016 [31] 

uc.372  liver  ⤤  11/11  2.06  <0.001 

suppressing miR‐

195/miR4668 

maturation 

Microarray  √  Guo, 2018 [20] 

uc.94  liver  ⤦  5/5  0.42  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

uc.157  liver  ⤤  5/5  1.32  <0.05  ‐  Microarray  √  Guo, 2018 [20] 

lncRNA B4GALT1‐

AS1(the human 

homologous 

liver  ⤦  6/6  0.74  <0.05 
lncSHGL/hnRNPA1/

CaM/Akt   
Microarray    √  Wang, 2018 [32] 

3.67 <0.05 Liu, 2018 [52]
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3.5. Differentially Expressed lncRNAs in Patients with NAFLD-Related HCC

HCC is one of the most common malignancies worldwide [53]. Increasing evidence
has demonstrated that the rate of NAFLD-related HCC is increasing in parallel with the
obesity epidemic, and NAFLD is projected to become a major cause of HCC incidence
and mortality [54]. Identifying patients with NAFLD who have a high HCC risk is one
of the crucial clinical challenges in NAFLD management [55]. Recently, various HCC-
related lncRNAs and circRNAs have been revealed to exhibit aberrant expression and
participate in HCC tumorigenesis and progression. Two studies identified that differentially
expressed lncRNAs may participate in the progression of NAFLD to HCC. The lncRNA
FTX was downregulated and the lncRNA SNHG20 was upregulated in NAFLD-related
HCC tumor tissues, and FTX supplement and SNHG20 silencing inhibited the conversion
of NAFLD to HCC, which prompted out interest in explorng its potential as a future HCC
risk predictor [56,57]. In addition, most HCC-related lncRNAs are present in body fluids,
which are easy to detect and analyze, giving them the potential to be attractive biomarkers
in liquid biopsy of HCC [58,59]. Thus, an in-depth understanding of lncRNA functions and
its roles in the pathogenesis of HCC will provide new insights and novel tools for the early
diagnosis and treatment of HCC.

3.6. Differentially Expressed circRNAs in Patients with NAFLD and NASH

Recent years have seen the circRNA field explode and diversify; however, research on
NAFLD is still a relatively young field. Three studies, including two circRNAs in NAFLD
and nine circRNAs in NASH, have identified differentially expressed circRNAs in patients
with NAFLD and NASH. Cytoplasm-localized circRNA_0046367 and circRNA_0001805, as
well as mitochondrial-localized circRNA SCAR and eight other mitochondrial circRNAs,
were significantly downregulated in patients with NAFLD and/or NASH [37,38,44]. Fur-
thermore, circRNA SCAR exhibited a continuous decline from simple steatosis to NASH
cirrhosis, which could be attributed to its driving effect on metabolic inflammation [44].
The differing sublocalization of these circRNAs corresponds with their roles in the patho-
genesis of NAFLD, suggesting that the expression and localization of these functional
circRNAs may be associated with the occurrence and progression of NAFLD. The concept
of circRNAs as biomarkers for NAFLD and NASH is conceptually appealing, but further
studies are needed to clarify their functional mechanism in NAFLD and their differences in
different stages of NAFLD, such as NAFL, NASH, NASH-related fibrosis/cirrhosis, and
NASH-related HCC.

4. Discussion

LncRNA and circRNA exhibit cell-type- and tissue-specific expression patterns, and
can be released into circulating blood, urine, and other body fluids, where they show high
stability. Therefore, the application of these molecules as novel biomarkers of NAFLD
shows great advantages and promise, and may eventually have a significant impact on
clinical practice. We reviewed differentially expressed lncRNAs and circRNAs in liver
tissue or serum of NAFLD patients from all published studies and summarized the changes
in these ncRNAs’ expression profiles under different severities of NAFLD and evaluated the
diagnostic performance of some lncRNAs for NAFLD. LncRNA NEAT1, MEG3, MALT1,
and GAS5 have attracted the attention of many researchers, showing great potential as
biological markers of NAFLD. Verifying the expression direction of these lncRNAs in our
NAFLD cohort and our collaborator’s NAFLD cohort will be a focus of our future studies.

In the present review, NEAT1 expression levels were found to be upregulated in
serum and PBMCs of NAFLD patients, and it was also upregulated in both NAFLD-related
inflammation and advanced fibrosis, which was consistent with previous studies conducted
in vitro and in vivo. Recent preclinical studies have revealed that NEAT1 is abundant in
the liver and is a risk factor affecting NAFLD, which could promote the NAFLD progress
by facilitating hepatic lipid accumulation [60–62]. We first summarized NEAT1 expression
levels in NAFLD patients, and they showed good diagnostic performance. However, one of
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the limitations of these studies is their small sample sizes, and validation in larger cohorts
is essential. In addition, the question of whether NEAT1 is associated with the severity and
prognosis of NAFLD remains unclear. Therefore, further studies are needed to examine
circulating and liver NEAT1 levels at different stages of NAFLD in large cohorts and explore
the underlying mechanism of NEAT1 in NAFLD.

Interestingly, the expression of MEG3 varied among different study cohorts. Zou et al.
observed downregulated MEG3 expression in NAFLD patients, which was in line with
previous preclinical studies showing that MEG3 was downregulated in in vitro and in vivo
models of NAFLD and was negatively related to lipogenesis-related genes, and that boost-
ing MEG3 expression alleviated HFD-induced NAFLD progression [40,63]. Nevertheless,
another two studies showed the opposite results. There are two likely causes for this dis-
crepancy. First, the induction of MEG3 in NAFLD/NASH patients is likely a compensatory
mechanism. NAFLD patients frequently present insulin resistance, which promotes the
reactivation of MEG3 to maintain glucose homeostasis. Furthermore, MEG3 expression is
also regulated by its target gene in a feedback-regulatory fashion. Second, the same lncRNA
may play different roles in different liver diseases due to changes in the physiological envi-
ronment. MEG3 maintains systemic glucose homeostasis independently of its effects on
systemic inflammation, and it can also drive fibrosis and even cirrhosis via the promotion
of bile acid synthesis and cholestasis [28,39]. Thus, the exact role of MEG3 in NAFLD
pathogenesis and its possible multidimensional effects need to be further elucidated. Fu-
ture studies must focus on the combined effect of lncRNA on multiple targets in the liver.
Furthermore, further large-cohort studies on the MEG3 expression profile in circulation
and its relationship with NAFLD disease stage and severity need to be undertaken.

MALAT1 expression levels were upregulated 1.73-fold in NAFLD versus healthy
controls, 1.75-fold in NASH versus NAFL, 3.01-fold in ballooning degeneration, and 5-fold
in fibrosis, which suggests that MALAT1 plays a significant role in triggering NAFLD and
perpetuating the NASH phenotype. Previous studies have suggested that MALAT1 can
regulate PPARα/CD36-mediated hepatic lipogenesis and lipid accumulation and promote
tissue inflammatory immune response by activating the NF-κB signaling pathway [29,64].
It can therefore be assumed that MALAT1 is positively associated with the full spectrum
of histologic severity. Dysregulated MALAT1 has only been confirmed in intrahepatic
samples; however, evidence in circulation is still lacking. Thus, further studies will be
required to reveal the circulating levels of MALAT1 and to explore its role in liver–serum
communication. Furthermore, the cellular sources of MALAT1 and its expression levels
in other chronic liver diseases remain to be examined. Plasma GAS5 expression increased
with fibrosis progression but decreased in the case of cirrhosis. A compensation mechanism
of GAS5 may be involved. Namely, GAS5 may increase to resist the progression of fibrosis.
Previous studies have revealed that GAS5 inhabited liver fibrogenesis through competi-
tively binding certain miRNAs [50,65]. Further studies on GAS5 expression in patients with
fibrosis from F0-F4 and even patients with NASH could provide more definitive evidence.
Taken together, MALAT1 and GAS5 were positively correlated with NASH grade and/or
fibrosis, and thus may be candidate biomarkers for severe NAFLD (such as NASH, fibrosis)
and may open up new frontiers for NAFLD drug development.

Remarkably, some ncRNAs were expressed inconsistently or even inversely in dif-
ferent tissue compartments, for example, miRNA-122 was dysregulated in intrahepatic
samples but upregulated in serum, suggesting that ncRNAs may likely play other roles that
vary according to the biological or disease-related context. In addition, this intracellular-
extracellular expression paradox was also reflected during NAFLD progression [66]. Thus,
periodic dynamic measurements of tissue and circulating ncRNA expression to track dis-
ease changes in real-time are greatly need. Notably, most previous studies have merely
analyzed the functional activity and diagnostic performance of a single ncRNA, frequently
failing to accurately identify and distinguish between NAFLD, NASH, and fibrosis. Ex-
ploring the co-regulatory networks and combined effects of these ncRNAs is crucial and
recommended. Moreover, some ncRNAs may play different or even opposite roles in
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different liver diseases, and cell- and disease-specific ncRNAs seem to have greater advan-
tages in finding applicable biomarkers for NAFLD. Mitochondria-located circRNA SCAR
promotes steatosis-to-NASH progression through driving metaflammation and may serve
as a promising biomarker and therapeutic target for NASH [44]. Therefore, future studies
should focus on cell- and disease-specific ncRNAs and on the combined effect of various
ncRNAs on multiple targets, which will help us develop novel and valuable biomarkers
for NAFLD diagnosis.

LncRNA- and circRNA-based gain-of-function and loss-of-function approaches exert
a profound impact on NAFLD pathophysiology and phenotype, suggesting the therapeutic
potential of these ncRNA-based therapies. Most lncRNAs and circRNAs exhibit tissue-
specific expression patterns and lower expression levels compared with mRNAs, which can
be administered at lower doses with fewer undesired toxic effects, but the physiological
effects reflected by low abundance are still controversial, suggesting that identifying the
main functional ncRNA domains that specifically interact with other RNAs, DNA, or
proteins is crucial. Currently developed targeting approaches, including expression vectors,
delivery vehicles, small interfering RNAs (siRNAs), antisense oligonucleotides (ASO), and
CRISPR-Cas9/13 systems, show great promise, but their safety and undesired off-target
effects need to be improved and solved before clinical application [19,67]. Furthermore,
lncRNAs are longer than circRNAs, which inevitably activates the immune response and
increases delivery challenges. Moreover, the poor sequence conservation of lncRNAs
may increase the complexity of their clinical translation to human disease. However,
although the sequences of many lncRNAs differ between species, their structures are often
conserved [67,68]. Therefore, an in-depth understanding of the functional structure of
lncRNAs is necessary for the rational design of lncRNA-targeted therapy.

5. Conclusions

The current accumulated evidence indicates that functionally relevant lncRNAs and
circRNAs play important regulatory roles in NAFLD biological pathways, and they hold
promise as potential biomarkers for NAFLD disease risk assessment, diagnosis, treatment,
and prognosis. However, the available data are mostly limited to preclinical models and
need to be validated in a broader external cohort. In addition, further investigations on the
challenge of low expression abundance in regard to detection methods, the difficulty in
the identification of complex functional domains, and the multiplicity of liver pathophysi-
ology are necessary in order to screen and identify available and accurate biomarkers for
NAFLD. Given the cell- and tissue-specific expression patterns of circRNAs and lncRNAs,
the development of circRNA and lncRNA profiling at the single-cell level has great po-
tential, and spatial transcriptomics may provide another way to study RNA expression in
complex tissues.

Author Contributions: Q.Z. and C.-H.L. performed the literature search and drafted the manuscript.
D.W. and W.J. collected and researched data. N.Z. edited and revised the manuscript. H.T. con-
ceived the idea of the review article. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the 1.3.5 project for disciplines of excellence, West China Hospital,
Sichuan University (No. ZYGD20009); Sichuan Science and Technological Program (No. 2022YFS0338); the
Post-Doctor Research Project of West China Hospital of Sichuan University (No. 2020HXBH079); and
the National Natural Science Foundation of China (No. 81900512).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Biomolecules 2023, 13, 560 17 of 19

References
1. Cotter, T.G.; Rinella, M. Nonalcoholic Fatty Liver Disease 2020: The State of the Disease. Gastroenterology 2020, 158, 1851–1864. [CrossRef]
2. Paik, J.M.; Kabbara, K.; Eberly, K.E.; Younossi, Y.; Henry, L.; Younossi, Z.M. Global burden of NAFLD and chronic liver disease

among adolescents and young adults. Hepatology 2022, 75, 1204–1217. [CrossRef]
3. Le, M.H.; Yeo, Y.H.; Li, X.; Li, J.; Zou, B.; Wu, Y.; Ye, Q.; Huang, D.Q.; Zhao, C.; Zhang, J.; et al. 2019 Global NAFLD Prevalence: A

Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2021, 20, 2809–2817. [CrossRef] [PubMed]
4. Lazarus, J.V.; Mark, H.E.; Anstee, Q.M.; Arab, J.P.; Batterham, R.L.; Castera, L.; Cortez-Pinto, H.; Crespo, J.; Cusi, K.; Dirac,

M.A.; et al. Advancing the global public health agenda for NAFLD: A consensus statement. Nat. Rev. Gastroenterol. Hepatol. 2022,
19, 60–78. [CrossRef]

5. Younossi, Z.M.; Koenig, A.B.; Abdelatif, D.; Fazel, Y.; Henry, L.; Wymer, M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence, incidence, and outcomes. Hepatology 2016, 64, 73–84. [CrossRef] [PubMed]

6. Targher, G.; Tilg, H.; Byrne, C.D. Non-alcoholic fatty liver disease: A multisystem disease requiring a multidisciplinary and
holistic approach. Lancet Gastroenterol. Hepatol. 2021, 6, 578–588. [CrossRef]

7. Dufour, J.F.; Anstee, Q.M.; Bugianesi, E.; Harrison, S.; Loomba, R.; Paradis, V.; Tilg, H.; Wong, V.W.; Zelber-Sagi, S. Current
therapies and new developments in NASH. Gut 2022, 71, 2123–2134. [CrossRef] [PubMed]

8. Pais, R.; Barritt, A.S.t.; Calmus, Y.; Scatton, O.; Runge, T.; Lebray, P.; Poynard, T.; Ratziu, V.; Conti, F. NAFLD and liver
transplantation: Current burden and expected challenges. J. Hepatol. 2016, 65, 1245–1257. [CrossRef]

9. Ekstedt, M.; Hagstrom, H.; Nasr, P.; Fredrikson, M.; Stal, P.; Kechagias, S.; Hultcrantz, R. Fibrosis stage is the strongest predictor
for disease-specific mortality in NAFLD after up to 33 years of follow-up. Hepatology 2015, 61, 1547–1554. [CrossRef]

10. Lonardo, A.; Mantovani, A.; Petta, S.; Carraro, A.; Byrne, C.D.; Targher, G. Metabolic mechanisms for and treatment of NAFLD or
NASH occurring after liver transplantation. Nat. Rev. Endocrinol. 2022, 18, 638–650. [CrossRef]

11. Liu, C.H.; Ampuero, J.; Gil-Gomez, A.; Montero-Vallejo, R.; Rojas, A.; Munoz-Hernandez, R.; Gallego-Duran, R.; Romero-Gomez, M.
miRNAs in patients with non-alcoholic fatty liver disease: A systematic review and meta-analysis. J. Hepatol. 2018, 69, 1335–1348.
[CrossRef] [PubMed]

12. Gjorgjieva, M.; Sobolewski, C.; Dolicka, D.; Correia de Sousa, M.; Foti, M. miRNAs and NAFLD: From pathophysiology to
therapy. Gut 2019, 68, 2065–2079. [CrossRef] [PubMed]

13. Quinn, J.J.; Chang, H.Y. Unique features of long non-coding RNA biogenesis and function. Nat. Rev. Genet. 2016, 17, 47–62.
[CrossRef] [PubMed]

14. Schmitz, S.U.; Grote, P.; Herrmann, B.G. Mechanisms of long noncoding RNA function in development and disease. Cell. Mol.
Life Sci. 2016, 73, 2491–2509. [CrossRef] [PubMed]

15. Kristensen, L.S.; Andersen, M.S.; Stagsted, L.V.W.; Ebbesen, K.K.; Hansen, T.B.; Kjems, J. The biogenesis, biology and characteriza-
tion of circular RNAs. Nat. Rev. Genet. 2019, 20, 675–691. [CrossRef]

16. Qian, G.; Morral, N. Role of non-coding RNAs on liver metabolism and NAFLD pathogenesis. Hum. Mol. Genet. 2022, 31, R4–R21. [CrossRef]
17. Han, S.; Zhang, T.; Kusumanchi, P.; Huda, N.; Jiang, Y.; Yang, Z.; Liangpunsakul, S. Long non-coding RNAs in liver diseases:

Focusing on nonalcoholic fatty liver disease, alcohol-related liver disease, and cholestatic liver disease. Clin. Mol. Hepatol. 2020,
26, 705–714. [CrossRef]

18. Huang, R.; Duan, X.; Fan, J.; Li, G.; Wang, B. Role of noncoding RNA in development of nonalcoholic fatty liver disease. BioMed
Res. Int. 2019, 2019, 8690592. [CrossRef]

19. He, A.T.; Liu, J.; Li, F.; Yang, B.B. Targeting circular RNAs as a therapeutic approach: Current strategies and challenges. Signal
Transduct. Target. Ther. 2021, 6, 185. [CrossRef]

20. Guo, J.; Fang, W.; Sun, L.; Lu, Y.; Dou, L.; Huang, X.; Tang, W.; Yu, L.; Li, J. Ultraconserved element uc.372 drives hepatic lipid
accumulation by suppressing miR-195/miR4668 maturation. Nat. Commun. 2018, 9, 612. [CrossRef]

21. Zhang, Y.; Sun, J.; Yao, H.; Lin, Y.; Wei, J.; Hu, G.; Guo, J.; Li, J. Ultraconserved element uc.333 increases insulin sensitivity by
binding to miR-223. Aging 2020, 12, 6667–6679. [CrossRef] [PubMed]

22. Huang, F.; Liu, H.; Lei, Z.; Li, Z.; Zhang, T.; Yang, M.; Zhou, K.; Sun, C. Long noncoding RNA CCAT1 inhibits miR-613 to promote
nonalcoholic fatty liver disease via increasing LXRα transcription. J. Cell. Physiol. 2020, 235, 9819–9833. [CrossRef]

23. Albadawy, R.; Agwa, S.H.A.; Khairy, E.; Saad, M.; El Touchy, N.; Othman, M.; Matboli, M. Clinical Significance of
HSPD1/MMP14/ITGB1/miR-6881-5P/Lnc-SPARCL1-1:2 RNA Panel in NAFLD/NASH Diagnosis: Egyptian Pilot Study.
Biomedicines 2021, 9, 1248. [CrossRef] [PubMed]

24. Hu, M.J.; Long, M.; Dai, R.J. Acetylation of H3K27 activated lncRNA NEAT1 and promoted hepatic lipid accumulation in
non-alcoholic fatty liver disease via regulating miR-212-5p/GRIA3. Mol. Cell. Biochem. 2022, 477, 191–203. [CrossRef] [PubMed]

25. Zhang, H.; Niu, Q.; Liang, K.; Li, X.; Jiang, J.; Bian, C. Effect of LncPVT1/miR-20a-5p on Lipid Metabolism and Insulin Resistance
in NAFLD. Diabetes Metab. Syndr. Obes. 2021, 14, 4599–4608. [CrossRef]

26. Zhang, M.; Chi, X.; Qu, N.; Wang, C. Long noncoding RNA lncARSR promotes hepatic lipogenesis via Akt/SREBP-1c pathway
and contributes to the pathogenesis of nonalcoholic steatohepatitis. Biochem. Biophys. Res. Commun. 2018, 499, 66–70. [CrossRef]

27. Zhou, W.; Qiu, K. The correlation between lncRNA NEAT1 and serum hepcidin in the peripheral blood of non-alcoholic fatty
liver disease patients. Am. J. Transl. Res. 2022, 14, 2593–2599.

http://doi.org/10.1053/j.gastro.2020.01.052
http://doi.org/10.1002/hep.32228
http://doi.org/10.1016/j.cgh.2021.12.002
http://www.ncbi.nlm.nih.gov/pubmed/34890795
http://doi.org/10.1038/s41575-021-00523-4
http://doi.org/10.1002/hep.28431
http://www.ncbi.nlm.nih.gov/pubmed/26707365
http://doi.org/10.1016/S2468-1253(21)00020-0
http://doi.org/10.1136/gutjnl-2021-326874
http://www.ncbi.nlm.nih.gov/pubmed/35710299
http://doi.org/10.1016/j.jhep.2016.07.033
http://doi.org/10.1002/hep.27368
http://doi.org/10.1038/s41574-022-00711-5
http://doi.org/10.1016/j.jhep.2018.08.008
http://www.ncbi.nlm.nih.gov/pubmed/30142428
http://doi.org/10.1136/gutjnl-2018-318146
http://www.ncbi.nlm.nih.gov/pubmed/31300518
http://doi.org/10.1038/nrg.2015.10
http://www.ncbi.nlm.nih.gov/pubmed/26666209
http://doi.org/10.1007/s00018-016-2174-5
http://www.ncbi.nlm.nih.gov/pubmed/27007508
http://doi.org/10.1038/s41576-019-0158-7
http://doi.org/10.1093/hmg/ddac088
http://doi.org/10.3350/cmh.2020.0166
http://doi.org/10.1155/2019/8690592
http://doi.org/10.1038/s41392-021-00569-5
http://doi.org/10.1038/s41467-018-03072-8
http://doi.org/10.18632/aging.103020
http://www.ncbi.nlm.nih.gov/pubmed/32303004
http://doi.org/10.1002/jcp.29795
http://doi.org/10.3390/biomedicines9091248
http://www.ncbi.nlm.nih.gov/pubmed/34572434
http://doi.org/10.1007/s11010-021-04269-0
http://www.ncbi.nlm.nih.gov/pubmed/34652536
http://doi.org/10.2147/DMSO.S338097
http://doi.org/10.1016/j.bbrc.2018.03.127


Biomolecules 2023, 13, 560 18 of 19

28. Cheng, X.; Shihabudeen Haider Ali, M.S.; Moran, M.; Viana, M.P.; Schlichte, S.L.; Zimmerman, M.C.; Khalimonchuk, O.; Feinberg,
M.W.; Sun, X. Long non-coding RNA Meg3 deficiency impairs glucose homeostasis and insulin signaling by inducing cellular
senescence of hepatic endothelium in obesity. Redox Biol. 2021, 40, 101863. [CrossRef]

29. Xiang, J.; Deng, Y.Y.; Liu, H.X.; Pu, Y. LncRNA MALAT1 Promotes PPARα/CD36-Mediated Hepatic Lipogenesis in Nonalcoholic
Fatty Liver Disease by Modulating miR-206/ARNT Axis. Front. Bioeng. Biotechnol. 2022, 10, 858558. [CrossRef]

30. Sun, C.; Liu, X.; Yi, Z.; Xiao, X.; Yang, M.; Hu, G.; Liu, H.; Liao, L.; Huang, F. Genome-wide analysis of long noncoding RNA
expression profiles in patients with non-alcoholic fatty liver disease. IUBMB Life 2015, 67, 847–852. [CrossRef]

31. Qin, W.; Li, X.; Xie, L.; Li, S.; Liu, J.; Jia, L.; Dong, X.; Ren, X.; Xiao, J.; Yang, C.; et al. A long non-coding RNA, APOA4-AS,
regulates APOA4 expression depending on HuR in mice. Nucleic. Acids Res. 2016, 44, 6423–6433. [CrossRef] [PubMed]

32. Wang, J.; Yang, W.; Chen, Z.; Chen, J.; Meng, Y.; Feng, B.; Sun, L.; Dou, L.; Li, J.; Cui, Q.; et al. Long Noncoding RNA lncSHGL
Recruits hnRNPA1 to Suppress Hepatic Gluconeogenesis and Lipogenesis. Diabetes 2018, 67, 581–593. [CrossRef] [PubMed]

33. Wu, H.; Song, X.; Ling, Y.; Zhou, J.; Tao, Z.; Shen, Y. Comprehensive bioinformatics analysis of critical lncRNAs, mRNAs and
miRNAs in non-alcoholic fatty liver disease. Mol. Med. Rep. 2019, 19, 2649–2659. [CrossRef] [PubMed]

34. Albadawy, R.; Agwa, S.H.A.; Khairy, E.; Saad, M.; El Touchy, N.; Othman, M.; El Kassas, M.; Matboli, M. Circulatory Endothelin
1-Regulating RNAs Panel: Promising Biomarkers for Non-Invasive NAFLD/NASH Diagnosis and Stratification: Clinical and
Molecular Pilot Study. Genes 2021, 12, 1813. [CrossRef]

35. Xia, Y.; Zhang, Y.; Wang, H. Upregulated lncRNA HCG18 in Patients with Non-Alcoholic Fatty Liver Disease and Its Regulatory
Effect on Insulin Resistance. Diabetes Metab. Syndr. Obes. 2021, 14, 4747–4756. [CrossRef]

36. Xue, W.; Zhang, J.; Zhu, Y.; Huang, W. Identify Functional lncRNAs in Nonalcoholic Fatty Liver Disease by Constructing a ceRNA
Network. ACS Omega 2022, 7, 22522–22530. [CrossRef]

37. Guo, X.-Y.; Chen, J.-N.; Sun, F.; Wang, Y.-Q.; Pan, Q.; Fan, J.-G. circRNA_0046367 Prevents Hepatoxicity of Lipid Peroxidation: An
Inhibitory Role against Hepatic Steatosis. Oxidative Med. Cell. Longev. 2017, 2017, 3960197. [CrossRef]

38. Li, J.; Qi, J.; Tang, Y.; Liu, H.; Zhou, K.; Dai, Z.; Yuan, L.; Sun, C. A nanodrug system overexpressed circRNA_0001805 alleviates
nonalcoholic fatty liver disease via miR-106a-5p/miR-320a and ABCA1/CPT1 axis. J. Nanobiotechnol. 2021, 19, 363. [CrossRef]

39. Zhang, L.; Yang, Z.; Trottier, J.; Barbier, O.; Wang, L. Long noncoding RNA MEG3 induces cholestatic liver injury by interaction
with PTBP1 to facilitate shp mRNA decay. Hepatology 2017, 65, 604–615. [CrossRef]

40. Zou, D.; Liu, L.; Zeng, Y.; Wang, H.; Dai, D.; Xu, M. LncRNA MEG3 up-regulates SIRT6 by ubiquitinating EZH2 and alleviates
nonalcoholic fatty liver disease. Cell Death Discov. 2022, 8, 103. [CrossRef]

41. Sookoian, S.; Flichman, D.; Garaycoechea, M.E.; San Martino, J.; Castaño, G.O.; Pirola, C.J. Metastasis-associated lung adenocarci-
noma transcript 1 as a common molecular driver in the pathogenesis of nonalcoholic steatohepatitis and chronic immune-mediated
liver damage. Hepatol. Commun. 2018, 2, 654–665. [CrossRef] [PubMed]

42. Yang, H.; Li, Q.; Zhang, L.; Zhu, M.; Niu, J.; Xue, F.; Yang, L.; Qu, Q.; Lao, Y.; Ding, Z.; et al. LncPRYP4-3 serves as a novel
diagnostic biomarker for dissecting subtypes of metabolic associated fatty liver disease by targeting RPS4Y2. Clin. Exp. Med.
2020, 20, 587–600. [CrossRef]

43. Di Mauro, S.; Scamporrino, A.; Petta, S.; Urbano, F.; Filippello, A.; Ragusa, M.; Di Martino, M.T.; Scionti, F.; Grimaudo, S.; Pipitone,
R.M.; et al. Serum coding and non-coding RNAs as biomarkers of NAFLD and fibrosis severity. Liver Int. 2019, 39, 1742–1754.
[CrossRef] [PubMed]

44. Zhao, Q.; Liu, J.; Deng, H.; Ma, R.; Liao, J.-Y.; Liang, H.; Hu, J.; Li, J.; Guo, Z.; Cai, J.; et al. Targeting Mitochondria-Located
circRNA SCAR Alleviates NASH via Reducing mROS Output. Cell 2020, 183, 76–93.e22. [CrossRef] [PubMed]

45. Park, J.G.; Kim, G.; Jang, S.Y.; Lee, Y.R.; Lee, E.; Lee, H.W.; Han, M.H.; Chun, J.M.; Han, Y.S.; Yoon, J.S.; et al. Plasma Long
Noncoding RNA LeXis is a Potential Diagnostic Marker for Non-Alcoholic Steatohepatitis. Life 2020, 10, 230. [CrossRef]

46. Atanasovska, B.; Rensen, S.S.; van der Sijde, M.R.; Marsman, G.; Kumar, V.; Jonkers, I.; Withoff, S.; Shiri-Sverdlov, R.; Greve,
J.W.M.; Faber, K.N.; et al. A liver-specific long noncoding RNA with a role in cell viability is elevated in human nonalcoholic
steatohepatitis. Hepatology 2017, 66, 794–808. [CrossRef]

47. Leti, F.; Legendre, C.; Still, C.D.; Chu, X.; Petrick, A.; Gerhard, G.S.; DiStefano, J.K. Altered expression of MALAT1 lncRNA in
nonalcoholic steatohepatitis fibrosis regulates CXCL5 in hepatic stellate cells. Transl. Res. 2017, 190, 25–39.e21. [CrossRef]

48. Atanasovska, B.; Rensen, S.S.; Marsman, G.; Shiri-Sverdlov, R.; Withoff, S.; Kuipers, F.; Wijmenga, C.; van de Sluis, B.; Fu, J. Long
Non-Coding RNAs Involved in Progression of Non-Alcoholic Fatty Liver Disease to Steatohepatitis. Cells 2021, 10, 1883. [CrossRef]

49. Han, M.H.; Lee, J.H.; Kim, G.; Lee, E.; Lee, Y.R.; Jang, S.Y.; Lee, H.W.; Chun, J.M.; Han, Y.S.; Yoon, J.S.; et al. Expression of the Long
Noncoding RNA GAS5 Correlates with Liver Fibrosis in Patients with Nonalcoholic Fatty Liver Disease. Genes 2020, 11, 545. [CrossRef]

50. Yu, F.; Zheng, J.; Mao, Y.; Dong, P.; Lu, Z.; Li, G.; Guo, C.; Liu, Z.; Fan, X. Long Non-coding RNA Growth Arrest-specific Transcript 5 (GAS5)
Inhibits Liver Fibrogenesis through a Mechanism of Competing Endogenous RNA. J. Biol. Chem. 2015, 290, 28286–28298. [CrossRef]

51. Gerhard, G.S.; Davis, B.; Wu, X.; Hanson, A.; Wilhelmsen, D.; Piras, I.S.; Still, C.D.; Chu, X.; Petrick, A.T.; DiStefano, J.K.
Differentially expressed mRNAs and lncRNAs shared between activated human hepatic stellate cells and nash fibrosis. Biochem.
Biophys. Rep. 2020, 22, 100753. [CrossRef] [PubMed]

52. Liu, C.; Yang, Z.; Wu, J.; Zhang, L.; Lee, S.; Shin, D.J.; Tran, M.; Wang, L. Long noncoding RNA H19 interacts with polypyrimidine
tract-binding protein 1 to reprogram hepatic lipid homeostasis. Hepatology 2018, 67, 1768–1783. [CrossRef] [PubMed]

53. Yang, J.D.; Hainaut, P.; Gores, G.J.; Amadou, A.; Plymoth, A.; Roberts, L.R. A global view of hepatocellular carcinoma: Trends,
risk, prevention and management. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 589–604. [CrossRef]

http://doi.org/10.1016/j.redox.2021.101863
http://doi.org/10.3389/fbioe.2022.858558
http://doi.org/10.1002/iub.1442
http://doi.org/10.1093/nar/gkw341
http://www.ncbi.nlm.nih.gov/pubmed/27131369
http://doi.org/10.2337/db17-0799
http://www.ncbi.nlm.nih.gov/pubmed/29382663
http://doi.org/10.3892/mmr.2019.9931
http://www.ncbi.nlm.nih.gov/pubmed/30720100
http://doi.org/10.3390/genes12111813
http://doi.org/10.2147/DMSO.S333431
http://doi.org/10.1021/acsomega.2c01801
http://doi.org/10.1155/2017/3960197
http://doi.org/10.1186/s12951-021-01108-8
http://doi.org/10.1002/hep.28882
http://doi.org/10.1038/s41420-022-00889-7
http://doi.org/10.1002/hep4.1184
http://www.ncbi.nlm.nih.gov/pubmed/29881817
http://doi.org/10.1007/s10238-020-00636-1
http://doi.org/10.1111/liv.14167
http://www.ncbi.nlm.nih.gov/pubmed/31169972
http://doi.org/10.1016/j.cell.2020.08.009
http://www.ncbi.nlm.nih.gov/pubmed/32931733
http://doi.org/10.3390/life10100230
http://doi.org/10.1002/hep.29034
http://doi.org/10.1016/j.trsl.2017.09.001
http://doi.org/10.3390/cells10081883
http://doi.org/10.3390/genes11050545
http://doi.org/10.1074/jbc.M115.683813
http://doi.org/10.1016/j.bbrep.2020.100753
http://www.ncbi.nlm.nih.gov/pubmed/32258441
http://doi.org/10.1002/hep.29654
http://www.ncbi.nlm.nih.gov/pubmed/29140550
http://doi.org/10.1038/s41575-019-0186-y


Biomolecules 2023, 13, 560 19 of 19

54. Huang, D.Q.; El-Serag, H.B.; Loomba, R. Global epidemiology of NAFLD-related HCC: Trends, predictions, risk factors and
prevention. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 223–238. [CrossRef] [PubMed]

55. Ioannou, G.N. Epidemiology and risk-stratification of NAFLD-associated HCC. J. Hepatol. 2021, 75, 1476–1484. [CrossRef]
56. Wu, H.; Zhong, Z.; Wang, A.; Yuan, C.; Ning, K.; Hu, H.; Wang, C.; Yin, X. LncRNA FTX represses the progression of non-alcoholic

fatty liver disease to hepatocellular carcinoma via regulating the M1/M2 polarization of Kupffer cells. Cancer Cell Int. 2020,
20, 266. [CrossRef]

57. Wang, B.; Li, X.; Hu, W.; Zhou, Y.; Din, Y. Silencing of lncRNA SNHG20 delays the progression of nonalcoholic fatty liver disease
to hepatocellular carcinoma via regulating liver Kupffer cells polarization. IUBMB Life 2019, 71, 1952–1961. [CrossRef]

58. Kim, S.S.; Baek, G.O.; Son, J.A.; Ahn, H.R.; Yoon, M.K.; Cho, H.J.; Yoon, J.H.; Nam, S.W.; Cheong, J.Y.; Eun, J.W. Early detection
of hepatocellular carcinoma via liquid biopsy: Panel of small extracellular vesicle-derived long noncoding RNAs identified as
markers. Mol. Oncol. 2021, 15, 2715–2731. [CrossRef]

59. Chen, T. Circulating Non-Coding RNAs as Potential Diagnostic Biomarkers in Hepatocellular Carcinoma. J. Hepatocell. Carcinoma
2022, 9, 1029–1040. [CrossRef]

60. Chen, X.; Tan, X.R.; Li, S.J.; Zhang, X.X. LncRNA NEAT1 promotes hepatic lipid accumulation via regulating miR-146a-5p/ROCK1
in nonalcoholic fatty liver disease. Life Sci. 2019, 235, 116829. [CrossRef]

61. Jin, S.S.; Lin, C.J.; Lin, X.F.; Zheng, J.Z.; Guan, H.Q. Silencing lncRNA NEAT1 reduces nonalcoholic fatty liver fat deposition by
regulating the miR-139-5p/c-Jun/SREBP-1c pathway. Ann. Hepatol. 2022, 27, 100584. [CrossRef]

62. Bu, F.T.; Wang, A.; Zhu, Y.; You, H.M.; Zhang, Y.F.; Meng, X.M.; Huang, C.; Li, J. LncRNA NEAT1: Shedding light on mechanisms
and opportunities in liver diseases. Liver Int. 2020, 40, 2612–2626. [CrossRef] [PubMed]

63. Huang, P.; Huang, F.Z.; Liu, H.Z.; Zhang, T.Y.; Yang, M.S.; Sun, C.Z. LncRNA MEG3 functions as a ceRNA in regulating hepatic
lipogenesis by competitively binding to miR-21 with LRP6. Metabolism 2019, 94, 1–8. [CrossRef] [PubMed]

64. McAllister-Lucas, L.M.; Ruland, J.; Siu, K.; Jin, X.; Gu, S.; Kim, D.S.; Kuffa, P.; Kohrt, D.; Mak, T.W.; Nunez, G.; et al.
CARMA3/Bcl10/MALT1-dependent NF-κB activation mediates angiotensin II-responsive inflammatory signaling in nonimmune
cells. Proc. Natl. Acad. Sci. USA 2007, 104, 139–144. [CrossRef]

65. Lu, X.; Jiang, M.; Tian, J.; Liu, W.; Wu, F.; Yu, L.; Feng, G.; Zhong, S.; Xiang, Y.; Wen, H. Growth Arrest-Specific Transcript 5 (GAS5) Exerts
Important Roles on the Treatment of BM45 Cells of Liver Cirrhosis. Mol. Ther. Nucleic Acids 2020, 22, 1154–1163. [CrossRef] [PubMed]

66. Baranova, A.; Maltseva, D.; Tonevitsky, A. Adipose may actively delay progression of NAFLD by releasing tumor-suppressing,
anti-fibrotic miR-122 into circulation. Obes. Rev. 2019, 20, 108–118. [CrossRef] [PubMed]

67. Mercer, T.R.; Munro, T.; Mattick, J.S. The potential of long noncoding RNA therapies. Trends Pharm. Sci. 2022, 43, 269–280. [CrossRef]
68. DiStefano, J.K.; Gerhard, G.S. Long Noncoding RNAs and Human Liver Disease. Annu. Rev. Pathol. 2021, 17, 1–21. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1038/s41575-020-00381-6
http://www.ncbi.nlm.nih.gov/pubmed/33349658
http://doi.org/10.1016/j.jhep.2021.08.012
http://doi.org/10.1186/s12935-020-01354-0
http://doi.org/10.1002/iub.2137
http://doi.org/10.1002/1878-0261.13049
http://doi.org/10.2147/JHC.S380237
http://doi.org/10.1016/j.lfs.2019.116829
http://doi.org/10.1016/j.aohep.2021.100584
http://doi.org/10.1111/liv.14629
http://www.ncbi.nlm.nih.gov/pubmed/32745314
http://doi.org/10.1016/j.metabol.2019.01.018
http://www.ncbi.nlm.nih.gov/pubmed/30711569
http://doi.org/10.1073/pnas.0601947103
http://doi.org/10.1016/j.omtn.2020.10.024
http://www.ncbi.nlm.nih.gov/pubmed/33312752
http://doi.org/10.1111/obr.12765
http://www.ncbi.nlm.nih.gov/pubmed/30248223
http://doi.org/10.1016/j.tips.2022.01.008
http://doi.org/10.1146/annurev-pathol-042320-115255

	Introduction 
	Methods 
	Literature Search Protocol and Search Strategy 
	Study Selection and Eligibility Criteria 
	Data Extraction 

	Results 
	Summary of Studies on the lncRNA and circRNA Expression Profile in NAFLD 
	Differentially Expressed lncRNA in Patients with NAFLD 
	Differentially Expressed lncRNAs in Patients with NASH 
	Differentially Expressed lncRNAs in Patients with Advanced Fibrosis or Cirrhosis 
	Differentially Expressed lncRNAs in Patients with NAFLD-Related HCC 
	Differentially Expressed circRNAs in Patients with NAFLD and NASH 

	Discussion 
	Conclusions 
	References

