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Abstract. Background. Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most common
chronic liver disease in humans, which is caused by changes in the expression level of long non-coding RNAs (IncRs).
The aim of this literature review is to present a brief description of the role of steatogenic IncRs in the epigenetic
influence on the development of MASLD, analyzing the data of modern scientific literature. Materials and methods.
An analysis of 60 literature sources over the past five years was conducted from the databases MEDLINE; Embase;
PreMedline In-Process & Other Non-Indexed Citations; The Cochrane Systematic Reviews Database, DARE, NHS
EED and HTA databases; Web of Knowledge Science Citation Index; Web of Knowledge ISI Proceedings; CRD
databases; BIOSIS, which were selected using the following keywords: long non-coding RNAs, epigenetic regula-
tion, metabolically associated fatty liver disease, metabolic dysfunction-associated steatotic liver disease obesity.
PROSPERO CRD420250652980. Results. Increased expression of steatogenic IncRs, such as CCAT1, Gm10804,
Gm15622, H19, HOTAIR, IncARSR, NEAT1, PVT1, SRA, Uc.372, is a characteristic feature of the development and
progression of hepatic steatosis in MASLD. The development of hepatic steatosis in MASLD is supported by a de-
crease in the expression level of anti-steatotic IncRs, including AC012668, FLRL2, Gm16551, IncHR1, BAGALT1-AS1/
IncSHGL, MEG3, IncR MRAK052686. Conclusions. Long noncoding RNAs have an unconditional pathogenetic
influence on the main mechanisms of the development of hepatic steatosis in MASLD, promoting lipid uptake in
hepatocytes, enhancing de novo lipogenesis, inhibiting 3-oxidation of fatty acids and lipid export from hepatocytes.
Keywords: epigenetic regulation; long noncoding steatogenic RNAs; metabolic dysfunction-associated steatotic
liver disease; obesity; literature review

Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is one of the most common chronic liver diseases in
the pediatric population, particularly against the background
of the global epidemic of childhood obesity. Over the past
three decades, the prevalence of obesity among children and
adolescents in developed countries has increased 2—3 times,
affecting more than 340 million individuals aged 5—19 years
[1]. The obesity pandemic is closely linked to the development
of metabolic disorders such as insulin resistance, type 2 dia-
betes mellitus (T2DM), and dyslipidemia, making this issue
highly relevant for the entire medical community [2—4].

Long non-coding RNAs (IncRNAs) are important epi-
genetic regulators that influence transcription, chromatin re-
modeling, and post-transcriptional processes in hepatocytes,

hepatic stellate cells, and macrophages. By modulating key
metabolic pathways, IncRNAs act as “sponges” for miRNAs,
affect mI'OR signaling, ubiquitination, de novo lipogenesis,
[-oxidation of fatty acids, oxidative stress, inflammation, apop-
tosis, fibrogenesis, and steatogenesis, and interact with proteins
(e.g., CDKI1/CYCLIN B1), thereby contributing to the deve-
lopment of steatohepatitis. Dysregulation of IncRNAs observed
in patients with MASLD and in animal models allows them to
be used as potential biomarkers (in serum or exosomes) and
therapeutic targets for future precision therapy [5—7].

The purpose of this literature review is to present a brief
description of the role of long non-coding steatogenic RNAs
in the epigenetic influence on the development of metabolic
dysfunction-associated steatotic liver disease, based on an
analysis of data from modern scientific literature.
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Materials and methods

An analysis of 60 literature sources from the past five
years was conducted using the databases MEDLINE; Em-
base; PreMedline In-Process & Other Non-Indexed Cita-
tions; The Cochrane Systematic Reviews Database, DARE,
NHS EED and HTA databases; Web of Knowledge Science
Citation Index; Web of Knowledge ISI Proceedings; CRD
databases; BIOSIS. Sources were selected using the following
keywords: long non-coding RNAs, epigenetic regulation,
metabolically associated fatty liver disease, metabolic dys-
function-associated steatotic liver disease, obesity.

Registration in PROSPERO (National Institute for
Health and Care Research) 1D652980.

Analysis of the literature

The development of liver steatosis in MASLD is accom-
panied by increased expression of prosteatotic IncRNAs
(Table 1) and reduced activity of antisteatotic IncRNAs such
as AC012668, FLRL2, Gm16551, IncHR1, BAGALT1-AS1/
IncSHGL, MEG3, and IncR MRAKO052686 [8].

Role of steatogenic INcRNAs in the development
of liver steatosis in MASLD

Increased expression of steatogenic IncRNAs such as
CCAT1, Gm10804, Gm15622, H19, HOTAIR, IncARSR,
NEATI, Uc.372, and others is a characteristic feature of the
development and progression of liver steatosis in MASLD.

CCAT1. Colon cancer-associated transcript 1 (homo sa-
piens colon cancer associated transcript | — CCAT1; 2,795
nt URS000075ADFF_9606), a 2795 nt transcript whose

CCAT1

miR-613

Figure 1. Interaction of IncR CCAT1 with miR-613
[30, modification]

expression is significantly elevated on a high-fat diet (HFD),
sponges miR-613 (Fig. 1), the molecular target of which is
the nuclear liver X receptor alpha (nuclear receptor subfa-
mily 1 group H member 3/liver X receptor alpha — NR1H3/
LXRa) [10, 11].

Elevated NRI1H3/LXRa expression associated with
CCATI1 overexpression in MASLD is accompanied by ac-
tivation of the carbohydrate-responsive element-binding
protein (ChREBP), which senses intracellular carbohy-
drates and leads to enhanced expression of de novo lipoge-
nesis enzyme genes, glycolytic genes, and the microsomal
triglyceride transfer protein (MTTP) gene involved in the
formation of very low-density lipoproteins (VLDL) from the
liver. ChREBP also regulates the production of hepatokines
such as fibroblast growth factor 21 (FGF-21) (Fig. 2) [12, 13].
It should be noted that CCAT1 interacts with a very broad
spectrum of miRNAs and proteins [14, 15].

Table 1. Long non-coding steatogenic RNAs associated with the development of liver steatosis in MASLD [9, 10]

LncRNA “ Molecular target Signaling cascade

CCAT1 Enhances lipogenesis miR-613 miR-613/NR1H3/ChREBP

Promotes lipid accumulation
Gm10804 and impaired glucose metabolism SREBP1c

Promotes lipid accumulation q
el and impaired glucose metabolism TlLAFTAZGT SHCERE
H19 Promotes lipid accumulation and liver miR-130a MLXIPL and mTORC1, PPARYy,

fibrosis development TACTA2/a-SMA, COL1A1
Promotes liver steatosis and insulin ] .
HCG18 resistance miR-197-3p HCG18/miR-197-3p
Promotes lipid accumulation and liver q
HOTAIR fibrosis development miR-130b-3p ROCK1, PRKA
LncARSR Promotes lipid accumulation YAP1 and IRS2/AKT PISK/AKT/
and cholesterol biosynthesis in the liver SREBP1c AKT/SREBP-2/HMGCR
LncPRYP4 Promotes steatohepatitis development RPS4Y
MALAT1 Promotes liver steatosis development miR-206 %I?(l\é‘ll'_/sP nggé%ng
miR-139-5p

Stimulates lipogenesis, lipid miR-212-5p

NEATH1 accumulation, inflammatory response, miR-140 PHI?IZMESEBP gt-ﬁj\?vg/ S§$82g1%%|£$
and fibrosis development miR-146a-5p 9 9p y
miR-506
Promotes lipid accumulation and insulin . .
PVT1 resistance development miR-20a-5p LncPVT1/miR-20a-5p
SRA Reduces B-oxidation of fatty acids FoxO1 PPARy
1of : miR-195/ g ]
Uc.372 Promotes lipid accumulation miR-4668 miR-195/miR-4668
Vol. 22, No. 2, 2026 https://iej-journal.com 223



Oraga / Review

[ d ]

T CCATY
e
!

L miR-613
i ﬂ!-'l:rl:l

T ﬁnm_:
£

I ChREBP

i

Enhancement of de move lipogenesis, doe to expression al ACCT
FASN, SCDI, ACL gonen

¥

Development of hepatic steatosis

T mTORCI

3 1

! SREBPIc I PPARy
i 3
= 2

o
Enhancement of de Enhancement of lipid absorplion
mav lipogenesis and trankpset

+ '

Development of hepatic steatosis

Figure 2. The role of IncR CCAT1 in the development
of hepatic steatosis in MASLD

Notes (hereinafter): red arrows — activation; blue ar-
rows — inhibition; molecular models adapted from the
Protein data bank.

Gml10804, Gm15622. Long non-coding RNAs
Gm10804 (mus musculus predicted gene 10804, tran-
script variant 1; 2,247 nt URS000075D186_10090) and
Gm15622 (mus musculus predicted gene 15622; 1,464 nt
URS0000780065_10090), whose expression increases in
HFD-induced MASLD, promote activation of: 1) sterol
regulatory element-binding protein 1¢ (SREBPI1c¢) in hepato-
cytes, thereby contributing to lipid accumulation through
induction of the fatty acid synthase (FASN) gene; and 2)
phosphoenolpyruvate carboxykinase 1 (PCK1/PEPCK1)
and glucose-6-phosphatase (G6P), causing enhanced gluco-
neogenesis. The IncRNA Gm15622 exerts its effect by spon-
ging miR-742-3p. It is believed that Gm10804 and Gm 15622
may serve as novel diagnostic biomarkers for MASLD and as
therapeutic targets for disease treatment [16, 17].

H19. The H19 gene is located on human chromosome
11p15.5 in a conserved imprinted gene cluster H19-1GF2,
which contains the adjacent reciprocally imprinted insu-
lin-like growth factor-2 (IGF-2) gene. The H19 gene con-
sists of five exons separated by small introns and produces a
spliced, capped, and polyadenylated RNA primarily located
in the cytoplasm. The long non-coding RNA H19 (homo sa-
piens H19 imprinted maternally expressed transcript; 2,315
nt URS00026A1E43_9606) is maternally expressed, actively
produced during embryonic development, and suppressed af-
ter birth. Thus, IncRNA H19 is almost undetectable in adult
human liver [6, 18]. Increased H19 expression is driven by
factors such as free fatty acids, glucagon, and reduced folate
concentrations. Folate deficiency, including that resulting
from hyperglycemia, leads to hypomethylation of the H19 gene

Figure 3. The role of IncR H19 in the development
of hepatic steatosis in MASLD

promoter, promoting increased transcription. LncRNA H19
inactivates S-adenosylhomocysteine hydrolase (SAHH) and
inhibits methylation of the hepatocyte nuclear factor 4 alpha
(HNF4A) gene promoter, enhancing its expression and stimu-
lating gluconeogenic genes PCK1/PEPCK1 and G6P [19, 20].

It has been demonstrated that IncRNA H19 promotes li-
ver steatosis in MASLD by activating the lipogenic transcrip-
tion factor MLXIP (MLX interacting protein-like), which
causes phosphorylation of mTORCI1 [21]. Increased H19
production contributes to MASLD progression, while H19
gene deletion reduces triglyceride content in hepatocytes.
It is believed that IncRNA H19 sponges miR-130a, which
inhibits mRNA of peroxisome proliferator-activated receptor
gamma 2 (PPARG?2) (Fig. 3). Reduced inhibitory effect of
miR-130a promotes PPARY activation, ensuring lipid accu-
mulation in hepatocytes [22, 23].

Increased H19 production is also associated with activa-
tion of hepatic stellate cells (HSC) and liver fibrosis deve-
lopment [24, 25].

HOTAIR. Mice on an HFD exhibit significantly ele-
vated levels of HOX transcript antisense RNA (homo sa-
piens HOX transcript antisense RNA — HOTAIR; 2,273 nt
URS00026A23F2_9606), which can bind to various chroma-
tin-modifying complexes. The HOTAIR gene is located on
human chromosome 12q13.13 [26—28]. The primary mecha-
nism of HOTAIR action is suppression of gene transcription
through recruitment of the Polycomb repressive complex 2
(PRC2) and lysine-specific demethylase 1A (KDM1A) to
chromatin at target gene promoters. Recruitment of PRC2
and KDM1A leads to methylation of histone H3K27 sites
and demethylation of H3K4 sites, resulting in gene silencing.
LncRNA HOTAIR also binds miR-130b-3p, which suppres-
ses expression of Rho-associated coiled-coil containing pro-
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Figure 4. The role of IncR HOTAIR in the development
of hepatic steatosis in MASLD

tein kinase 1 (ROCK1). The serine/threonine kinase ROCK 1
reduces phosphorylation and activity of AMP-activated pro-
tein kinase (PRKA), thereby stimulating lipogenic signaling
pathways and gluconeogenesis, contributing to the develop-
ment and progression of insulin resistance (Fig. 4) [26—30].

LncARSR. The long non-coding RNA activated in renal
cell carcinoma with sunitinib resistance (IncARSR; 1,187 nt
URS00026A271B_9606) is more actively expressed in patients
with MASLD, in experimental animals on HFD, and in cell
cultures treated with fatty acids, including oleic, palmitic, and
stearic acids. Overexpression of IncARSR in hepatocytes of ex-
perimental mice leads to elevated lipid levels in both serum and
liver tissue. LncARSR has been shown to activate the PI3K/
AKT-associated signaling pathway, which induces SREBP
factors and yes-associated protein 1 (YAP1). Activation of
SREBPIc stimulates lipogenesis enzymes, leading to triglyce-
ride accumulation in the liver [31—33]. LncARSR overexpres-
sion also increases the rate of de novo cholesterol synthesis in
the liver. At the molecular level, YAP1 in mouse liver activates
the PI3K/AKT pathway, enhancing expression of insulin re-
ceptor substrate 2 (IRS2). It is suggested that IncARSR, by
activating the PI3K/AKT pathway, increases expression of
SREBP-2, the primary activator of 3-hydroxy-3-methylglu-
taryl-CoA reductase (HMGCR) transcription (Fig. 5) [34].

LncARSR, by reducing phosphorylation of the trans-
criptional coactivator and mechanosensor YAPI, affects the
IRS2/AKT pathway and induces lipid accumulation in he-
patocytes [32].

MALATI. The metastasis-associated lung adenocarci-
noma transcript 1 gene (homo sapiens metastasis associated
lung adenocarcinoma transcript | — MALAT1; 8,779 nt

Figure 5. The role of IncARSR in the development
of hepatic steatosis in MASLD

URS0000A77400_9606) is located on chromosome 11q13.1.
The 3’-end of MALAT1 forms a unique triple-helical
structure that protects it from 3’-5’ exonucleases. The long
MALAT]1 transcript is localized in the nucleus, while the
small tRNA-like MALAT1 is in the cytoplasm [35—37].

MALATI1, whose expression significantly increases
during liver steatosis development, directly interacts with
SREBPIc, enhancing its activity and inhibiting ubiquiti-
nation [38]. Palmitate has been shown to induce MALAT1
generation and Srebplc expression in HepG2 human hepa-
tocellular carcinoma cells and primary mouse hepatocytes.
MALATT1 overexpression in HepG?2 cells increases lipid
accumulation, whereas Malat1 knockout in experimental
animals is associated with reduced triglyceride content in
hepatocytes. Suppression of Srebplc expression reduces ele-
vated intracellular triglyceride and cholesterol levels pre-
viously induced by MALAT 1. MALAT also induces obesity
by activating PPARG mRNA expression. Malat1 knockout
significantly suppresses adipogenesis [39].

MALAT]I can interact with miR-206, which blocks ex-
pression of Rockl and aryl hydrocarbon receptor nuclear
translocator (ARNT) mRNA [40]. miR-206, affecting the
ROCKI1/PRK signaling pathway, inhibits lipid synthesis in
the liver in MASLD [41]. The transcription factor ARNT
participates in lipid uptake and synthesis. Specifically, ARNT
suppresses PPARA gene transcription, reducing PPARa re-
ceptor activity and inhibiting expression of fatty acid trans-
locase (FAT/CD36), which is involved in lipid uptake by
hepatocytes (Fig. 6) [42, 43].

Thus, excessive MALAT1 production contributes to
MASLD development.
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NEATI. One of the most studied IncRNAs involved in
MASLD pathogenesis is nuclear enriched abundant transcript 1 a1
(homo sapiens nuclear enriched abundant transcript 1 — .,__-.-,_‘g,';‘h'f
NEATI; 3,756 nt URS000075DAEC_9606), a transcript of %
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Note: molecular models adapted from the Protein data bank.
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sion activation and suppression of AMP-activated protein
kinase (PRKA). Knockout of Neatl and Rockl genes and
miR-146a-5p overexpression inhibit lipid accumulation in
hepatocytes via activation of the PRKA-associated pathway
and suppression of SREBP factors. Active PRKA phospho-
rylates and inhibits acetyl-CoA carboxylase 1 (ACC1) and
enhances [3-oxidation of fatty acids. Active ACC1 catalyzes
the conversion of acetyl-CoA to malonyl-CoA, which al-
losterically inhibits carnitine palmitoyltransferase-1 (CPT1),
responsible for transferring fatty acyl groups from acyl-CoA
to carnitine for transport from the cytosol to mitochondria
for B-oxidation (Fig. 7) [49].

NEATT1 also regulates lipid metabolism and promotes
inflammatory response and liver tissue fibrosis by inhibiting
miR-506, whose molecular target is GLI family zinc finger 3
(GLI3) [50].

PVTI. Plasmacytoma variant translocation 1 (homo
sapiens plasmacytoma variant translocation 1 — PVT1;
1,952 nt URS00026A27F2 9606) inhibits the functional
activity of miR-20a-5p, suppressing lipid uptake and [3-oxi-
dation of fatty acids while promoting lipid synthesis. The
molecular target of miR-20a-5p is FAT/CD36. Increased
FAT/CD36 activity due to reduced miR-20a-5p inhibition
elevates lipid uptake by hepatocytes in MASLD [51]. Ele-
vated PVT1 transcript levels combined with low miR-20a-
5p expression are considered highly diagnostic biomarkers
for MASLD [52].

SRA. Steroid receptor RNA activator (homo sa-
piens steroid receptor RNA activator — SRA; 875 nt
URSO00001A8152_9606) is encoded by the SRAIT gene on
chromosome 5q31.3. SRAI produces several non-coding
RNA transcripts of varying lengths and also generates mRNA
encoding a protein of 236/237 amino acids [53]. SRA sup-
presses expression of adipose triglyceride lipase (ATGL) by
inhibiting the transcriptional activity of forkhead box O1

(FoxO1) in an insulin-independent manner, thereby redu-
cing -oxidation of fatty acids. Interestingly, SRA is highly
expressed in white adipose tissue and functions as a coacti-
vator of PPARY receptor transcription [54].

Uc.372. The ultraconserved IncRNA Uc.372 inhibits
maturation of miR-195/miR-4668, inducing expression of
genes associated with lipid synthesis and uptake, such as
ACCI, FASN, SCDI, and FAT/CD36. Elevated Uc.372
expression observed in MASLD mediates lipid accumulation
in the liver [55-57].

Conclusions

Thus, IncRNAs exert a pathogenetic influence on the
main mechanisms of liver steatosis development in MASLD,
promoting lipid uptake into hepatocytes, enhancing de novo
lipogenesis, inhibiting 3-oxidation of fatty acids, and impai-
ring lipid export from hepatocytes (Fig. 8).
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Oraga / Review

Abarypos O.€., HikyaiHa A.O.

AHIMPOBChKN ASPXKQABHM MEANYHM YHIBEPCUTET, M. AHINPO, YKpQiHa

EnireHeTMYHnI BNAMB AOBIMX HEKOAYIOUMX cTeatoreHHux PHK
HO PO3BUTOK CTEATOTUYHOI XBOPOOU NEYiHKMU,
CGCOLMOBAHOI 3 METABGOAIYHOIO AUCPYHKLIEIO

Pestome. Axmyaavnicmo. Crearotnuta XBopo6a Me4iHKY, acoLi-
iioBaHa 3 MeTabosiuHO0 auchyHKuieo (metabolic dysfunction-
associated steatotic liver disease — MASLD), e HaiinommpeHimmm
XPOHIYHUM 3aXBOPIOBAaHHSM TEYiHKU B JIFONEH, 1110 3yMOBJICHE
3MiHOIO piBHS eKcrpecii moBrux Hekomyouix PHK (long non-
coding RNA — IncR). Memoro 1iporo ornsigy Oysio HanaTu KOpoT-
KM OImMC poJti cTeaToreHHUx IncR B emireHeTHYHOMY BIUIMBI Ha
po3BuToK MASLD muisixoMm aHaiizy 1aHUX Cy4yacHOi HayKOBOT
niteparypu. Mamepiaau ma memoou. [lposeneHo ananiz 60 Jite-
paTypHUX JIKepeJs 3a OCTaHHi IT’SITh poKiB i3 6a3 maHux MEDLINE;
Embase; PreMedline In-Process & Other Non-Indexed Citations;
The Cochrane Systematic Reviews Database, DARE, NHS EED
and HTA databases; Web of Knowledge Science Citation Index;
Web of Knowledge ISI Proceedings; CRD databases; BIOSIS,
sIKi OyJIM BiiOpaHi 3a KJIIOUYOBUMM CJIOBAMU: TOBIi HEKOAYIOUi
PHK; emireHeTnyHa peryssiiisi; MeTabOIIYHO acollilioBaHa K1~
poBa XBOpo0Oa IeUiHKM; CTeaTOTUIHA XBOpOoOa MeYiHKM!, acolli-

ioBaHa 3 MeTabomuHo0 nuchyHKLieo; oxupiHnasa. PROSPERO
CRD420250652980. Pesyasvmamu. [1ocuneHHs ekcnpecii cTea-
toreHHux IncR, sk-or CCATI1, Gm10804, Gm15622, H19,
HOTAIR, IncARSR, NEAT1, PVTI, SRA, Uc.372 Tta inmii, € xa-
pPaKTepHOIO 03HAKOIO PO3BUTKY ¥ ITPOTrpeCyBaHHSI CTEaTO3y MediH-
ku ipu MASLD. Po3Butok creato3y nediHku npu MASLD min-
TPUMYETHCS 3HMKEHHSIM PiBHS €KCIIpecii aHTHCTeaTo3HMX IncR,
30kpema AC012668, FLRL2, Gm16551, IncHR1, B4GALT1-AS1/
IncSHGL, MEG3, IncR MRAKO052686 ta inmux. Bucrnosxu. J1oBri
Hekoayoui PHK MaroTh 6€3yMOBHMIT TaTOreHETUYHUI BIUIMB Ha
OCHOBHI MeXaHi3MU PO3BUTKY CTeaTo3y nediHku rnpu MASLD,
00yMOBITIOIOUY TTOTJIMHAHHS JIITI/TIiB ¥ TeNaToONTaX, MOCUTIOI0YN
de novo ninoreHe3, MPUTHIYYIOYHN (3-OKUCHEHHS XUPHUX KUCIOT
Ta €KCITOPT JIIi/IiB i3 FernaToOLUMTiB.

KurouoBi cioBa: emireHeTnyHa perysilisi; TOBri HEKOMYIOUi
creatoreHHi PHK; creatormuna xBopoba meviHKu, acolliiioBaHa
3 MeTa0OJIIYHOI0 AUCHYHKIIIEI0; OXKUPIHHS; OTJISI JIiTepaTypu
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