
Informatics in Biology, Health, and Food

Interdisciplinary Explorations in Life Science 

   Volume 2. Number 2. Dec. 2025                                                                       DOI: 10.22034/ibhf.2025.553840.1036

Cite this article: Sahebi R, Shaban Hashemabadi R, Izanlo F. From Fibrosis to Cancer: Emerging Role of the lncRNA MIAT in 
Liver Pathophysiology and Therapy. Informatics in Biology, Health, and Food. 2025;2(2):143-157.
Copyright©: The Authors. Published by Shandiz Institute of Higher Education
Corresponding authors: Reza Sahebi               Email: Rezasahebi@mshdiau.ac.ir                   
                                          

Journal Homepage: https://ibhf.shandiz.ac.ir/

Review Article 

From Fibrosis to Cancer: Emerging Role of the lncRNA MIAT in Liver 
Pathophysiology and Therapy

¹ Metabolic Syndrome Research Center, School of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

² Department of Molecular Medicine, School of Advanced Technologies, Shahrekord University of Medical Sciences,

Shahrekord, Iran

³ Department of Biology, Islamic Azad University of Mashhad, Mashhad, Iran.

Received: 2025/10/17 Accepted: 2025/11/17 Online Published: 2025/11/17

Vinegar is a valuable food additive and preservative effective against food spoilage.
Acetobacters are the most important bacteria in vinegar with significant worldwide importance
in the vinegar production industry. Therefore, many studies have been done on these 
bacteria. This study aimed to isolate and identify acetic acid bacteria from vinegar by common 
bacterial
culture methods and sequencing of the 16S rRNA gene. To isolate Acetobacter from vinegar,
13 samples of different types of vinegar (made from grape, apple, and berry) were collected
from various parts of Isfahan and transferred to the laboratory. The samples were cultured on
specific media and identified using macroscopic and microscopic observations, and PCR through 
16S rRNA gene sequencing. Among the investigated samples, 3 Acetobacter samples
were isolated. After performing PCR and comparing the sequence of the PCR product of all
three 16S rDNA genes of bacteria with the data available in the NCBI gene bank, 99% similarity
with Acetobacter pasteurianus was shown. By isolating Acetobacter from different types of
vinegar, it is possible to investigate their ability to grow at high temperatures and with varying
amounts of acetic acid and ethanol at various temperatures for the industrial applications of these 
bacteria.
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Abstract

The long noncoding RNA (lncRNA) myocardial infarction-associated transcript (MIAT) has 
emerged as a potential regulator of the pathogenesis of various liver diseases, including 
hepatocellular carcinoma (HCC), liver fibrosis, cirrhosis, nonalcoholic fatty liver disease 
(NAFLD), nonalcoholic steatohepatitis (NASH), chronic hepatitis C virus (HCV) infection, and 
chronic liver disease (CLD). This review summarizes evidence showing that MIAT is 
overexpressed in liver disease tissues, both in human patients and in animal models. In these 
contexts, MIAT functions as a competing endogenous RNA (ceRNA), sponging microRNAs such 
as miR-3085-5p, miR-214, miR-411-5p, miR-520d-3p, miR-22-3p, and miR-149-5p. These 

-catenin, TGF-
- -L1 pathways which collectively promote HSCs 

activation, epithelial mesenchymal transition (EMT), extracellular matrix (ECM) deposition, and 
cell proliferation. In HCC, MIAT expression is correlated with advanced tumor stage, poor 
clinical prognosis, and resistance to targeted therapies such as sorafenib. In liver fibrosis and other 
CLDs, MIAT sustains inflammatory and oxidative stress responses, thereby linking diverse 
etiologies, including viral infection and metabolic syndrome. Moreover, MIAT modulates 
hepatitis C virus (HCV) replication by suppressing innate immune signaling through RIG-I/IRF3 
inhibition while enhancing hepatic lipogenesis. Unlike other lncRNAs, such as H19, NEAT1, and 
TUG1, MIAT uniquely integrates inflammatory, fibrogenic, and oncogenic pathways. Circulating 
MIAT can also serve as a noninvasive biomarker for early diagnosis and prognostic assessment. 
Therapeutically, MIAT silencing via siRNAs, antisense oligonucleotides (ASOs), or CRISPR-
based strategies has demonstrated both antifibrotic and antitumor efficacy in preclinical models. 
Key limitations include disease-specific variability and insufficient validation in human studies.

Keywords: MIAT noncoding RNA; HCC; Hepatic scarring; Nonalcoholic steatohepatitis; 
Hepatitis C; Hepatic inflammation.



Informatics in Biology, Health, and Food / Volume 2. Number 2. Dec. 2025 

         Journal Homepage: https://ibhf.shandiz.ac.ir/ 

Introduction 
Long noncoding RNAs (lncRNAs) have emerg-
ed as key regulators of hepatic pathophysiology 
through their diverse interactions with 
transcription factors, chromatin modifiers, and 
microRNAs (1). These lncRNAs regulate gene 
expression via either cis- or trans-acting 
mechanisms. They modulate transcriptional and 
posttranscriptional processes by promoting 
chromatin remodeling, repressing transcription, 
and stabilizing mRNAs (2). In the hepatic 
microenvironment, lncRNAs coordinate 
intercellular signaling among hepatocytes, 
Kupffer cells, hepatic stellate cells, and 
endothelial cells, shaping the complex networks 
that promote fibrosis and tumorigenesis (3). The 
dysregulation of specific lncRNAs, such as 
HULC, MALAT1, and MIAT, highlights their 
dual utility as biomarkers and active mediators 
of hepatic disease progression. Elucidating their 
mechanistic contributions thus provides a 
foundational framework for understanding 
disease etiology and pinpointing novel 
therapeutic targets (4). Emerging evidence 
underscores the pivotal role of MIAT in 
modulating signaling pathways essential for 
liver fibrosis and hepatocellular carcinoma 
(HCC) development. In addition, the 
Hippo/YAP pathway is known to be involved in 
animal models of fibrosis and in in vitro hepatic 
stellate cell (HSC) studies (5). MIAT influences 
other fibrogenic cascades, including the 
transforming growth factor-beta (TGF-
and phosphatidylinositol-3-kinase (PI3K)/AKT 
pathways. TGF-
It induces MIAT expression in HSCs, creating a 
feedback loop that strengthens fibrogenic 
signals (6). Additionally, MIAT enhances AKT 
phosphorylation, promoting cell survival and 
resistance to apoptosis during fibrogenesis (7). 
These interconnected interactions position 
MIAT as a key regulator of hepatic fibrogenic 
signaling, with profound implications for 
fibrosis resolution and oncogenic 
transformation. Moreover, HOTAIR acts as a 
potent regulator of hepatic stellate cell 
activation, as shown in in vitro and animal 
studies, enhancing fibrogenesis through 
multiple mechanisms, including the epigenetic 
silencing of antifibrotic genes via DNMT1 and 
the modulation of the TGF-

PI3K/AKT signaling pathways. By downregula
ting miR- 29b, HOTAIR promotes PTEN hyper
methylation and increases extracellular matrix 
deposition. Similarly, MIAT may exert 
comparable effects in in vitro HSC models by 
amplifying TGF- -driven fibrogenic responses 
in hepatic stellate cells, suggesting that both 
lncRNAs contribute to a self-reinforcing 
profibrotic network that accelerates liver 
fibrosis progression (8). Furthermore, MIAT 
functions as a competing endogenous RNA 
(ceRNA), sequestering various microRNAs, 
including miR-214, in (in vitro) HSC models 
(9). MIAT modulates the translation of fibrosis-
associated target genes via miR-3085-5p and 
simultaneously acts as a molecular scaffold, 
coordinating transcriptional, posttranscriptional, 
and epigenetic mechanisms to drive a 
profibrotic cellular phenotype. In hepatocellular 
carcinoma, MIAT exhibits oncogenic 
properties, with clinical studies reporting its 
upregulation in tumor tissues compared with 
adjacent nontumorous liver parenchyma (10). 
Additionally, MIAT drives cancer cell 
proliferation, migration, and angiogenesis 
through the acti -catenin and 
Notch signaling pathways (5). Moreover, its 
contribution to metabolic reprogramming, 
particularly in augmenting glycolytic flux and 
inhibiting mitochondrial apoptosis, is associated 
with the metabolic adaptability of MIAT, which 
underpins tumor advancement (11). 
Accordingly, MIAT has emerged as a potential 
prognostic biomarker and therapeutic target in 
HCC on the basis of preliminary clinical data. 
Advancements in transcriptomic profiling and 
bioinformatics have enabled the detection of 
circulating lncRNAs, including MIAT, in 
plasma and serum, paving the way for their 
application as noninvasive biomarkers (12). 
Although the presence of MIAT in exosomes 
has not been fully validated, accumulating 
evidence suggests that exosomal lncRNAs can 
serve as stable and noninvasive biomarkers for 
liver fibrosis and HCC. Combining such 
lncRNA-based markers with established 
indicators such as alpha-fetoprotein (AFP) or 
fibrotic gene panels may improve diagnostic 
precision and facilitate personalized medicine 
strategies (13). Standardizing detection 
protocols and validating them in expansive 
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clinical cohorts are imperative for successful 
clinical implementation. Therapeutically, MIAT 
represents a promising target for mitigating 
hepatic fibrosis and tumor progression. 
Preclinical investigations have demonstrated 
that the modulation of MIAT expression via 
small interfering RNAs (siRNAs), antisense 
oligonucleotides (ASOs), and CRISPR-Cas9 
genome editing effectively suppresses MIAT 
activity in animal models, highlighting its 
potential as a molecular intervention in liver 
disease (14, 15). Nanoparticle-based delivery 
platforms have further improved the specificity 
and bioavailability of these interventions, 
reducing off-target effects. Prospective research 
exploring MIAT inhibition in conjunction with 
conventional antifibrotic or antineoplastic 
agents may yield synergistic outcomes, 
advancing combination therapies. Critical 
evaluations of pharmacodynamics, tissue 
biodistribution, and long-term safety are 
essential to bridge these preclinical insights into 
clinical applications (15, 16).  
In conclusion, the lncRNA MIAT appears to be 
an important regulator within the molecular 
framework of liver fibrosis, cirrhosis, and 
hepatocellular carcinoma. MIAT has diverse 
functions in signal transduction, epigenetic 
changes, and noncoding RNA networks. These 
findings highlight its central role in liver 
disease. Although significant strides have been 
made, unresolved challenges persist, notably in 
characterizing its upstream regulators, cell type-
specific activities, and interactions with 
environmental stressors such as viral infections 
or metabolic perturbations. Tackling these 
knowledge gaps via integrative multiomics 
methodologies and sophisticated molecular 
modeling will enrich our comprehension of the 
contributions of MIATs to liver disease and 
expedite the evolution of innovative diagnostic 
and therapeutic paradigms. This review aims to 
comprehensively elucidate the regulatory roles 
of the lncRNA MIAT in liver diseases, with a 
particular focus on its interactions with 
inflammatory, fibrotic, and oncogenic 
pathways. 

Role of the lncRNA MIAT in the 
Pathobiology and Clinical Applications of 
HCC  

The Hepatocellular carcinoma remains one of 
the most aggressive and lethal forms of liver 
malignancy and is among the leading causes of 
cancer-related deaths worldwide. Despite 
advancements in diagnostic imaging and 
targeted therapy, the prognosis of HCC patients 
remains dismal due to late-stage diagnosis, 
tumor heterogeneity, and high recurrence rates. 
Early detection and understanding of the 
molecular mechanisms underlying 
tumorigenesis are therefore essential for 
improving patient outcomes. Long noncoding 
RNAs (lncRNAs) have recently emerged as 
crucial regulators in liver cancer biology, 
orchestrating diverse cellular processes such as 
tumor initiation, progression, angiogenesis, and 
immune modulation through transcriptional, 
posttranscriptional, and epigenetic mechanisms. 
Among these, the MIAT has gained attention for 
its potential roles in regulating oncogenic 
pathways in HCC pathobiology (17, 18). 
Accumulating evidence indicates that MIAT is 
markedly overexpressed in HCC tissues 
compared with adjacent normal liver tissue, with 
elevated levels correlated with advanced tumor 
stage, vascular invasion, and poor prognosis 
(19). Mechanistically, MIAT exerts its 
oncogenic influence by functioning as a 
competing endogenous RNA (ceRNA) and 
epigenetic modulator, integrating multiple 
signaling cascades that drive hepatic tumor 
progression. One of the key pathways involves 
the MIAT/miR- -catenin EZH2 regulatory 
axis. MIAT acts as a molecular sponge for miR-
214, a tumor-suppressive miRNA that 

-catenin and the histone 
methyltransferase enhancer of zeste homolog 2 
(EZH2) (9). MIAT sequesters miR-214. This 

-catenin pathway and 
increases EZH2 expression. As a result, EZH2 
silences tumor suppressor genes via histone 
H3K27 trimethylation (9, 20, 21). In addition to 
its role in proliferation and epigenetic 
regulation, MIAT also contributes to immune 
evasion, a hallmark of cancer progression. The 
MIAT/miR-411-5p/STAT3/PD-L1 signaling 
axis has been shown to play a central role in 
modulating immune checkpoint expression. By 
sponging miR-411-5p, MIAT indirectly 
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enhances signal transducer and activator of 
transcription 3 (STAT3) expression, which 
transcriptionally upregulates programmed 
death-ligand 1 (PD-L1) expression in HCC 
cells. Elevated PD-L1 levels suppress CD8+ 
cytotoxic T lymphocyte activity, thereby 
enabling tumor cells to evade immune 
surveillance in human HCC samples and in vitro 
cell lines (20-21). Thus, MIAT has emerged as 
a critical regulator of immune checkpoint 
pathways, linking noncoding RNA regulation 
with tumor immune microenvironment 
remodeling. Furthermore, MIAT modulates 
metastatic potential through the MIAT/miR-
520d-3p/EPHA2 signaling pathway (22). 
Ephrin type-A receptor 2 (EPHA2), a receptor 
tyrosine kinase implicated in tumor invasion and 
angiogenesis, is a direct downstream effector of 
miR-520d-3p in multiple independent cohorts 
(23). MIAT-mediated suppression of miR-
520d-3p results in EPHA2 upregulation, which 
in turn promotes EMT, enhances migratory 
capability, and accelerates metastasis formation 
(22, 23). Clinical analyses have demonstrated 
that high MIAT expression and reduced miR-
520d-3p levels are associated with poorer 
overall survival, emphasizing their prognostic 
significance in HCC (22). Importantly, 
experimental silencing of MIAT or 
overexpression of miR-520d-3p attenuates 
tumor cell migration and invasiveness, 
highlighting this axis as a potential therapeutic 
target (23). At the intersection of tumor 
progression and cellular senescence, MIAT 
influences the miR-22-3p/SIRT1/p53-p21/p16-
pRb signaling network. In this context, MIAT 
functions as a ceRNA for miR-22-3p, resulting 

-
dependent histone deacetylase that inhibits the 
tumor-suppressive p53/p21 and p16/pRb 
pathways. The activation of SIRT1 by MIAT 
leads to the suppression of senescence-
associated cell cycle arrest and the evasion of 
apoptosis, thereby promoting tumor survival 
and proliferation (24). Conversely, MIAT 
silencing triggers the activation of senescence 
pathways and the release of senescence-
associated secretory phenotype (SASP) factors, 

which collectively inhibit tumor growth and 
induce immunogenic clearance (25). This 
complex regulatory network underscores the 
role of MIAT in modulating the balance 
between tumor proliferation and cellular 
senescence in HCC(22). From a clinical 
perspective, MIAT has considerable diagnostic 
and prognostic potential. Circulating MIAT 
levels in plasma or serum-derived exosomes 
have been proposed as noninvasive biomarkers 
on the basis of human plasma/serum studies 
(10). 

IncRNA MIAT and Liver Fibrosis 
Fibrosis occurs due to an imbalance in ECM 
production and breakdown. This process is 
driven mainly by HSCs turning into active, 
contractile cells that produce excess ECM (17, 
26, 27). Persistent injury arising from etiologies 
such as NASH, chronic viral hepatitis (HBV and 
HCV infection), alcohol-induced liver damage, 
or biliary obstruction initiates a cascade of 
inflammatory and oxidative stress responses. 
These factors, in turn, activate intracellular 
signaling pathways that perpetuate HSC 
activation, collagen deposition, and tissue 
stiffening (28, 29). If unresolved, fibrosis 
progresses to cirrhosis, a stage characterized by 
extensive scarring, vascular remodeling, and 
regenerative nodule formation, predisposing the 
liver to failure and HCC (30-32). Consequently, 
elucidating the molecular mechanisms 
governing HSC activation and ECM 
accumulation is vital for developing effective 
antifibrotic therapies. Recent transcriptomic 
studies have revealed that noncoding RNAs 
(ncRNAs), particularly long noncoding RNAs 
(lncRNAs), are critical regulators of hepatic 
fibrogenesis. LncRNAs modulate gene 
expression at multiple levels, including 
chromatin remodeling, transcription, RNA 
stability, and translation (33). Functionally, they 
can act as molecular decoys, scaffolds, or 
guides, influencing transcription factors and 
chromatin-modifying complexes. Furthermore, 
by functioning as competing endogenous RNAs 
(ceRNAs), lncRNAs sequester microRNAs 
(miRNAs), thereby derepressing target 
messenger RNAs and altering downstream 
signaling cascades (9, 17, 34-36). In the hepatic 
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context, dysregulated lncRNAs contribute to 
diverse cellular processes ranging from 
hepatocyte apoptosis and inflammatory 
cytokine release to HSC activation and EMT, 
which together orchestrate fibrotic remodeling. 
This expanding body of evidence underscores 
lncRNAs as master regulators of fibrogenesis 
and promising therapeutic targets for liver 
disease. Among the lncRNAs implicated in liver 
fibrosis, MIAT has been implicated as a 
profibrotic mediator in preclinical studies. 
Recent studies have demonstrated that MIAT 
expression is markedly upregulated in human 
fibrotic tissues and in activated HSCs in vitro. 
Functional assays revealed that MIAT silencing 
via adenoviral short hairpin RNA (Ad-shMIAT) 
significantly attenuated HSC proliferation, 
migration, and contractility while reducing 
ECM deposition. These findings indicate that 
MIAT acts as a central regulator of HSC 
activation and fibrogenic signaling. 
Mechanistically, MIAT exerts its fibrogenic 
effects primarily through posttranscriptional 
regulation within the cytoplasm of HSCs. RNA 
immunoprecipitation (RIP) and fluorescence in 
situ hybridization (FISH) analyses have shown 
that MIAT is predominantly localized in the 
cytoplasm, where it functions as a miRNA 
sponge. A key regulatory interaction involves 
miR-3085-5p, miR-3085-5p, a microRNA that 
negatively regulates the Hippo/YAP signaling 
pathway, a critical regulator of cell proliferation 
and EMT by binding to miR-3085-5p. MIAT 
binds to and sequesters miR-3085-5p, thereby 
preventing YAP degradation(5). This pathway 
is now recognized as a crucial mechanism 
linking noncoding RNA regulation to 
cytoskeletal remodeling, ECM synthesis, and 
fibrogenic progression. In addition to its impact 
on YAP-mediated EMT, MIAT influences 
cellular processes related to oxidative stress and 
apoptosis resistance, which sustain chronic 
fibrogenic activation (37). Elevated MIAT 
expression has been shown to suppress 
ferroptosis, a regulated form of cell death 
characterized by lipid peroxidation and iron 
accumulation (38). By downregulating 
ferroptotic mediators and maintaining 
mitochondrial homeostasis, MIAT contributes 
to HSC survival under profibrotic conditions. 
This antiferroptotic activity not only facilitates 
ECM deposition but also perpetuates the 
inflammatory milieu that fuels fibrosis 

progression (39). The dual function of MIAT in 
promoting EMT while inhibiting programmed 
cell death highlights its potential role as a 
regulator of fibrogenic persistence and tissue 
scarring in chronic liver injury. From a 
translational perspective, MIAT presents 
substantial promise as both a diagnostic 
biomarker and a therapeutic target. Circulating 
MIAT levels, which are detectable in serum and 
plasma, could serve as noninvasive indicators of 
fibrosis severity or progression, complementing 
existing diagnostic tools such as elastography 
and serum fibrosis panels. Therapeutically, 
targeted silencing of MIAT through antisense 
oligonucleotides (ASOs), small interfering 
RNAs (siRNAs), or CRISPR-based gene-
editing platforms has shown encouraging results 
in preclinical models, reducing collagen 
deposition and restoring normal hepatic 
architecture. Furthermore, combination 
strategies integrating MIAT inhibition with 
antifibrotic agents such as TGF-  
pathway inhibitors could yield synergistic 
effects, offering a new paradigm for the 
management of liver fibrosis and cirrhosis. 
Nonetheless, comprehensive mechanistic 
studies and controlled clinical trials are needed 
to evaluate the safety, efficacy, and delivery 
strategies of MIAT-targeted interventions (5). 

IncRNA MIAT and Chronic Liver 
Diseases 
Chronic liver diseases (CLDs) encompass a 
spectrum of progressive hepatic disorders, 
including liver fibrosis, cirrhosis, chronic 
hepatitis, and alcoholic liver disease, all of 
which represent major risk factors for HCC. 
Persistent hepatic injury resulting from viral 
infection, alcohol abuse, metabolic dysfunction, 
or autoimmune insult leads to sustained cycles 
of inflammation, hepatocyte death, and 
regenerative proliferation. Over time, these 
events promote the activation of HSCs, 
excessive ECM deposition, and architectural 
remodeling of liver tissue, ultimately 
progressing toward cirrhosis and 
carcinogenesis. The cellular and molecular 
heterogeneity of CLDs underscores the need to 
identify upstream regulators that coordinate 
fibrogenic, inflammatory, and oncogenic 
pathways. In this context, long noncoding RNAs 
(lncRNAs), which act through transcriptional, 
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posttranscriptional, and epigenetic mechanisms, 
have emerged as key modulators of hepatic 
homeostasis and disease progression (40). In 
addition to acting as simple modulators, 
lncRNAs function in diverse ways: they can act 
as molecular scaffolds to assemble chromatin-
modifying complexes, serve as competing 
endogenous RNAs (ceRNAs) to sponge 
microRNAs and derepress target genes, guide 
transcription factors to specific genomic loci, or 
influence mRNA stability and translation. In the 
liver, lncRNAs play critical roles in regulating 
lipid homeostasis (e.g., triglyceride and 
cholesterol metabolism), fibrotic pathways (e.g., 
ECM deposition and HSC activation), 
inflammatory responses, and oncogenic 
processes leading to diseases such as NAFLD, 
fibrosis, and HCC (14). For example, certain 
lncRNAs modulate de novo lipogenesis and 
hepatic stellate cell proliferation, whereas others 
influence apoptosis suppression and 
angiogenesis during aging-associated liver 
diseases (41). Among the lncRNAs implicated 
in hepatic pathophysiology, MIAT has gained 
increasing attention for its potential role in 
chronic liver injury and fibrogenesis. 
Accumulating evidence has demonstrated that 
MIAT expression is markedly upregulated in 
fibrotic and cirrhotic liver tissues, as well as in 
activated HSCs, and is strongly correlated with 
the accumulation of collagen and the expression 

-smooth muscle 
-SMA) and type I collagen (Col1A1). 

Experimental knockdown of MIAT 
significantly attenuates HSC proliferation, 
migration, and ECM deposition both in vitro and 
in vivo, confirming its profibrotic role in the 
pathogenesis of CLD (40). HSC activation is 
regulated primarily by well-known signaling 
pathways, including the TGF-
which induces fibrogenic gene expression and 
ECM synthesis, and the Hippo/YAP pathway, 
which promotes HSC contractility and survival 
during fibrosis progression (42-44). These 
observations suggest that MIAT functions not 
only as a downstream effector of chronic hepatic 
injury but also as an active molecular driver 
sustaining fibrogenic and inflammatory 
cascades. Mechanistically, MIAT exerts its 
regulatory effects primarily through 
posttranscriptional modulation of signaling 

pathways that govern HSC activation and EMT. 
A pivotal mechanism involves the MIAT/miR-
3085-5p/YAP1 signaling axis. MIAT functions 
as a competing endogenous RNA (ceRNA) in 
both in vitro and animal studies (38). This axis 
integrates noncoding RNA regulation with 
mechanotransductive and transcriptional control 
mechanisms central to liver fibrogenesis, 
establishing MIAT as a master regulator of HSC 
plasticity. In addition to its fibrogenic effects, 
MIAT likely contributes to broader aspects of 
chronic hepatic pathophysiology, including 
inflammation, oxidative stress, and metabolic 
dysregulation. Chronic liver injury is 
characterized by a persistent inflammatory 
milieu driven by Kupffer cell activation, 
cytokine release, and infiltration of immune 
cells. Preliminary evidence suggests that MIAT 
may influence inflammatory signaling networks 

-

pivotal in promoting hepatocellular injury and 
fibrogenic progression. Given that MIAT 
modulates immune checkpoint molecules and 
STAT3 activation in HCC, similar mechanisms 
may operate at earlier stages of CLD, facilitating 
immune evasion and chronic inflammation 
within the hepatic microenvironment. 
Furthermore, MIAT may regulate oxidative 
stress responses by altering mitochondrial 
function and redox homeostasis, potentially 
through the Nrf2/HO-1 axis, which activates 
antioxidant enzymes such as GPX4 (to prevent 
lipid peroxidation and ferroptosis) and SOD2 (to 
scavenge mitochondrial superoxide) (45, 46). 
This regulation could mitigate oxidative damage 
in conditions such as alcoholic and viral liver 
disease, where mitochondrial dysfunction 
exacerbates pathology, although direct human 
validation is needed (47, 48). Although direct 
evidence linking MIAT to alcoholic liver 
disease (ALD) and chronic viral hepatitis 
remains limited, its well-established role in 
fibrosis and cirrhosis strongly implies a broader 
contribution to other CLD phenotypes. In 
alcohol-related liver injury, acetaldehyde-
induced oxidative stress and lipid peroxidation 
activate HSCs via the TGF- - and YAP-
dependent pathways, in which MIAT is known 
to exert regulatory control. Similarly, in chronic 
hepatitis B and C infections, inflammatory 
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cytokines and viral proteins induce epigenetic 
alterations and noncoding RNA dysregulation, 
potentially engaging MIAT in the regulation of 
the immune response and fibrotic progression. 
Therefore, MIAT may act as a convergent 
molecular node that integrates fibrogenic, 
inflammatory, and immune-mediated signals 
across diverse etiologies of chronic liver injury 
(49, 50). The interplay between MIAT-mediated 
fibrosis and hepatocarcinogenesis further 
highlights its importance in CLD progression. 
Chronic fibrotic remodeling establishes a 
protumorigenic microenvironment 

characterized by persistent inflammation, 
angiogenesis, and genomic instability. By 
promoting HSC activation, EMT, and YAP1-
driven transcription, MIAT may indirectly 
facilitate the transition from chronic liver injury 
to malignant transformation. The elevated 
MIAT expression observed in both cirrhotic and 
HCC tissues supports this continuum, 
suggesting that MIAT may serve as a molecular 
link between fibrogenesis and tumorigenesis. 
Thus, targeting MIAT could mitigate not only 
fibrotic progression but also the risk of HCC 
development in patients with advanced CLD (5). 

 
 

 
Figure 1. Signaling pathway of the lncRNA MIAT in chronic liver disease.

lncRNA MIAT in NAFLD Progression 
and NASH Pathogenesis 

NAFLD has become the most prevalent chronic 
liver disorder globally, affecting approximately 
25 30% of the adult population. It is closely 
associated with obesity, insulin resistance, and 
type 2 diabetes mellitus, which are core 
components of metabolic syndrome(51, 52). 
NAFLD encompasses a spectrum ranging from 
simple steatosis to its more aggressive 
inflammatory subtype, NASH, which is 
characterized by hepatocyte ballooning, lobular 
inflammation, and progressive fibrosis. NASH 
may culminate in cirrhosis, liver failure, and 
HCC if it is unresolved(53-55). The 
pathogenesis of NAFLD and its progression to 
NASH involves a complex interplay between 
metabolic, inflammatory, and fibrogenic 
pathways. Recent evidence has revealed long 
noncoding RNAs (lncRNAs) as key molecular 

regulators in this transition, orchestrating gene 
expression networks that modulate lipid 
metabolism, oxidative stress, and hepatic 
fibrogenesis(56, 57). Among these, myocardial 
infarction associated transcript (MIAT) has 
emerged as an important regulator linking 
metabolic dysregulation to inflammatory and 
fibrotic signaling in NAFLD and NASH. MIAT 
expression is upregulated in fibrotic human 
livers and in experimental models, and MIAT 
knockdown reduces hepatic stellate cell 
activation and collagen accumulation in vivo. 
Mechanistically, MIAT has been shown to act as 
a competing endogenous RNA (ceRNA) that 
sponges miR-149-5p in macrophages, and miR-
149-5p in turn regulates proinvasive/profibrotic 
targets such as MMP9 in liver cancer models, 
suggesting a plausible MIAT/miR-149-
5p/MMP9 axis that could be relevant to ECM 
remodeling in the liver. Taken together, this 
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ceRNA-mediated modulation may contribute to 
extracellular matrix remodeling, hepatic 
inflammation, and fibroblast/hepatic stellate cell 
activation hallmark processes in NASH 
progression(58-61). In addition to its ceRNA 
activity, MIAT profoundly influences the 
intracellular signaling cascades that govern 
inflammatory and oxidative stress responses. 
Elevated MIAT expression activates the nuclear 
fact -
increased transcription of proinflammatory 
cytokines, including tumor necrosis factor-
(TNF- -6 (IL-6). These 
cytokines amplify hepatic inflammation, recruit 
immune cells, and exacerbate hepatocellular 
injury. Concurrently, MIAT enhances oxidative 
stress by upregulating NADPH oxidase 4 
(NOX4), which elevates reactive oxygen 
species (ROS) generation, induces 
mitochondrial dysfunction, and triggers 
hepatocyte apoptosis, which represents a central 

mechanism driving the histopathological 
progression from simple steatosis to NASH(62, 
63). Moreover, MIAT modulates key metabolic 
and fibrogenic signaling pathways. By 
repressing miR-149-5p, MIAT indirectly 
activates the phosphatidylinositol-3-kinase 
(PI3K)/AKT pathway, increasing hepatocyte 
survival and promoting insulin resistance, a 
major metabolic process involved in NAFLD 
progression. Sustained activation of this 
pathway further stimulates HSC activation and 
collagen synthesis, thereby aggravating liver 
fibrosis (46). In addition, MIAT interacts with 
the miR-3085-5p/yes-associated protein 1 
(YAP1) axis, promoting HSC proliferation, 
ECM accumulation, and EMT. Inhibition of 
MIAT suppresses YAP1 expression and 
attenuates EMT, underscoring the pivotal role of 
MIAT in fibrogenic remodeling and tissue 
stiffening characteristic of advanced NASH (5). 

 
 

 
Figure 2. Signaling pathway of lncRNA MIAT in NAFLD progression and NASH pathogenesis.
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lncRNA MIAT in Hepatitis C Virus 
(HCV) Infection 

Recent studies have revealed a significant 
increase in the expression of the lncRNA MIAT 
in patients with occult hepatitis C virus (OCI) 
infection compared with individuals harboring 
active HCV infection and healthy controls. This 
upregulation is positively correlated with both 
disease severity and viral replication, 
implicating MIAT as a key molecular regulator 
of HCV pathogenesis. Mechanistically, MIAT 
contributes to HCV infection by modulating 
lipid metabolism and innate immune responses, 
two central processes in the viral life cycle. 
MIAT interacts with the retinoid X receptor 
alpha (RXRA) signaling pathway to promote 
lipogenesis and lipid droplet formation, thereby 
facilitating viral assembly and release. In 
parallel, MIAT suppresses critical antiviral 
mediators, including retinoic acid-inducible 
gene I (RIG-I) and interferon regulatory factor 3 
(IRF3), both of which are essential components 
of the type I interferon (IFN-I) signaling 
cascade. Through this suppression, MIAT acts 
as a proviral factor, promoting viral replication 
and persistence. The lncRNA MIAT interferes 
with innate immune signaling by binding to 
regulatory proteins such as protein phosphatase 
methylesterase-1 (PME-1) and cystatin B 
(CSTB). These interactions enhance the 
demethylation and inactivation of protein 
phosphatase 2A (PP2A), leading to reduced 
phosphorylation of IRF3 and subsequent 
inhibition of IFN-

innate immune defense, enabling efficient viral 
replication and contributing to the progression 
of HCV-associated liver disease. In addition, 
MIAT promotes lipid biosynthesis by 
upregulating lipogenic gene expression through 
the transcriptional activation of signal 
transducer and activator of transcription 3 
(STAT3), a process essential for HCV 
packaging and secretion (64). Several other 
lncRNAs are intimately involved in regulating 
the HCV life cycle and the host antiviral 
response, with the exception of MIAT. For 
example, GAS5 inhibits the viral NS3 protease 
and enhances host antiviral defenses, whereas 
lncRNAs such as HOTAIR and HULC, both of 
which are upregulated by HCV proteins, 
participate in the modulation of lipid 

metabolism and viral egress (65-68). Moreover, 
interferon-stimulated lncRNAs, including 
NRIR, LUARIS, and lncITPRIP-1, have been 
shown to regulate immune gene transcription 
and interferon-stimulated gene (ISG) 
expression, exerting either antiviral or proviral 
effects depending on the context (69). 

lncRNA MIAT in Inflammation 

The lncRNA MIAT has emerged as a pivotal 
regulator of inflammatory processes across 
diverse tissues and pathological contexts. 
Accumulating evidence suggests that MIAT 
plays a dual role in inflammation: it is 
transcriptionally upregulated in response to 
inflammatory stimuli and, in turn, actively 
amplifies inflammatory signaling, thereby 
establishing a positive feedback loop between 
MIAT expression and inflammation. This 
bidirectional functionality positions MIAT as a 
central mediator of inflammation in various 
disease models, including sepsis-induced 
cardiac injury, rheumatoid arthritis, podocyte 
injury, pneumonia, and allergic disorders. In 
lipopolysaccharide (LPS)-induced sepsis 
models, MIAT expression is markedly elevated 
in cardiac tissues and correlates with increased 
levels of proinflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-
interleukin-6 (IL-6), and interleukin- -
(70). These findings indicate that MIAT acts as 
a sensitive responder to inflammatory cues, with 
its expression potentially reflecting the intensity 
of the inflammatory response. Mechanistically, 
MIAT functions as a molecular sponge for miR-
330-5p, resulting in the activation of TNF 
receptor-associated factor 6 (TRAF6) and 
subsequent stimulation of the NF-
pathway, which amplifies cytokine production 
and reinforces the inflammatory cascade. In 
collagen-induced arthritis models, MIAT is 
significantly upregulated in both synovial 
tissues and cardiac muscle. In J774A.1 
macrophages, MIAT silencing led to increased 
IL- - -6 
expression, underscoring the context-dependent 
regulatory nature of MIAT in inflammation 
(71). Interestingly, activation of the NLRP3 
inflammasome was associated with reduced 
MIAT expression, whereas inhibition of the 
ATP P2X7 receptor pathway restored its levels, 
suggesting an intricate and dynamic regulatory 
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mechanism under inflammatory stress. In high 
glucose-induced podocyte injury, MIAT 
regulates Toll-like receptor 4 (TLR4) expression 
by sponging miR-130a-3p. Silencing MIAT 
alleviated inflammatory and apoptotic 
responses, whereas deletion of miR-130a-3p or 
overexpression of TLR4 abrogated these effects, 
confirming the biological relevance of the 
MIAT/miR-130a-3p/TLR4 axis in renal 
inflammation (72). Similarly, in LPS-stimulated 
macrophages, MIAT modulates autophagy and 
inflammatory signaling via the miR-30a-
5p/SOCS1 pathway, where MIAT knockdown 
increases apoptosis, reduces autophagy, and 
alters cytokine expression profiles (73). In 
pneumonia models, MIAT enhances 
inflammation by sponging miR-147a, leading to 
the upregulation of NKAP and the activation of 
NF- - -6, and TNF-
production. Conversely, MIAT silencing exerts 
a protective, anti-inflammatory effect(74). 
Furthermore, MIAT contributes to Th17-
mediated allergic responses by suppressing 
miR-10b-5p, thereby promoting Th17 cell 
differentiation, eosinophil infiltration, and 
increased secretion of IL-4, IL-6, and IL-17, 
effects that are reversed upon miR-10b-5p 
overexpression (75). In LPS-induced 
chondrocyte injury, MIAT inhibits miR-488-3p, 
resulting in the derepression of SOX11, 
activation of NF- eased cell viability, 
increased apoptosis, and elevated levels of 
proinflammatory cytokines. MIAT silencing 
effectively reverses these detrimental effects, 
underscoring its proinflammatory potential (76). 

Discussion 

Liver diseases encompass a broad spectrum of 
metabolic and inflammatory conditions, 
including NAFLD, NASH, fibrosis, cirrhosis, 
viral hepatitis, and HCC. Accumulating 
evidence highlights the pivotal role of lncRNAs 
in orchestrating the molecular crosstalk among 
metabolic, inflammatory, and fibrotic pathways 
within the liver. Among these, the lncRNA 
MIAT has emerged as a multifaceted regulator 
involved in hepatocarcinogenesis, fibrogenesis, 
and immune modulation. MIAT is consistently 
overexpressed in HCC tissues and exerts 
pleiotropic effects on tumor biology, promoting 

proliferation, migration, EMT, and immune 
evasion while suppressing cellular senescence. 
Mechanistically, it mediates these processes 
through several molecular axes, such as 
MIAT/miR- -catenin EZH2, MIAT/miR-
411-5p/STAT3/PD-L1, and MIAT/miR-22-
3p/SIRT1/p53-p21/p16-pRb, collectively 
enhancing tumor progression and immune 
escape. Furthermore, in hepatic fibrosis, MIAT 
accelerates HSC proliferation and ECM 
accumulation by sponging miR-3085-5p and 
activating the YAP/EMT pathway. Through 
these mechanisms, MIAT links fibrotic 
remodeling and oncogenic signaling, 
underscoring its central role as a molecular hub 
bridging liver inflammation, fibrosis, and 
carcinogenesis. Interestingly, the biological 
activity of MIAT is not restricted to hepatic 
malignancy or fibrosis but extends to 
inflammatory regulation, as demonstrated in 
diverse tissues. Inflammatory stimuli such as 
LPS, TNF-
MIAT, which, in turn, amplifies cytokine 
production through feedback activation of the 
NF-
These findings collectively suggest that MIAT 
acts both as a responder and as an important 
factor of inflammation, an attribute that likely 
contributes to chronic inflammatory states 
underpinning liver pathology. By 
simultaneously engaging in proinflammatory, 
metabolic, and fibrogenic signaling, MIAT 
appears to serve as an integrative regulator that 
connects systemic inflammation to hepatic 
disease progression (9, 77). 

Comparison with other lncRNAs in liver 

diseases 

Compared with other well-characterized 
lncRNAs, MIAT has both overlapping and 
distinct functional profiles. H19, for example, 
governs hepatic lipid and glucose metabolism 
primarily via the TGF-
pathways, with a predominant role in NAFLD 
and NASH pathogenesis(78). NEAT1 
influences macrophage activation, immune cell 
infiltration, and inflammasome assembly in 
HCC and fibrotic liver injury through the 
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modulation of NF-
TUG1 mainly regulates apoptosis and 
proliferation in HCC through PI3K/AKT and 

-catenin signaling, indicating minimal 
involvement in fibrotic or metabolic 
dysfunction(80). MIAT distinguishes itself by 
spanning multiple domains of liver pathology 
ranging from metabolic dysfunction and 
inflammation to fibrogenesis and malignancy 
through the regulation of diverse miRNA-

processes that are often studied in isolation. This 
broad spectrum of regulatory effects positions 
MIAT as a unique molecular node whose 
targeting may offer a more holistic therapeutic 
advantage than approaches focusing on single-
pathway lncRNAs. 

Limitations and Future Perspectives 

Despite substantial progress, several limitations 
warrant attention. Most current data on MIATs 
are derived from animal models or in vitro 
systems, necessitating rigorous validation in 
human cohorts(19). Moreover, the regulatory 
networks of MIAT exhibit context-dependent 
variability in its downstream targets, and 
interacting miRNAs differ among metabolic, 
fibrotic, and neoplastic environments. The 
specificity and sensitivity of MIAT as a 
diagnostic or prognostic biomarker remain to be 
fully established compared with those of other 
lncRNAs. Future studies should employ 
multiomics profiling, single-cell 
transcriptomics, and longitudinal patient 

analyses to map the dynamic expression and 
functional interactions of MIATs throughout 
disease progression. In addition, therapeutic 
exploration using antisense oligonucleotides or 
small interfering RNAs targeting MIAT could 
offer valuable insights into its translational 
potential. Understanding how MIAT integrates 
metabolic and immune cues to drive liver 
pathology will be essential for developing next-
generation RNA-based therapeutics. 

Conclusion 
In conclusion, this review establishes the 
lncRNA MIAT as a pivotal molecular mediator 
that orchestrates inflammation, fibrogenesis, 
and tumorigenesis across the full continuum of 
liver diseases from early metabolic 
dysregulation in NAFLD/NASH to advanced 
stages of cirrhosis and HCC. Unlike previous 
studies limited to descriptive expression 
analyses, this work integrates mechanistic 
insights across multiple signaling pathways, 
offering a systems-level understanding of 

aspect of this review lies in highlighting MIAT 
as a multifunctional regulatory hub rather than a 
disease-specific marker. By unifying its roles in 
inflammation, fibrosis, and oncogenesis, MIAT 
has emerged as a compelling diagnostic, 
prognostic, and therapeutic target. Future 
clinical validation will be essential to translate 
these insights into effective MIAT-targeted 
interventions capable of modulating complex 
hepatic disease networks and improving patient 
outcomes.
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