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Abstract: Due to the lack of an effective method for the treatment of fibrosis, there are numerous
patients suffering from the effects of fibrosis. Severe fibrosis can cause dysfunction of relevant organs
characterized by excessive deposition of extracellular matrix components. Metastasis-associated
lung adenocarcinoma transcript 1 (MALAT1) is a long non-coding RNA that is widely expressed
and highly conserved in human tissues. It can regulate gene expression at various molecular levels,
involved in the fibrosis of the liver, heart, lung, and kidney. In this review, we first described the
pathogenesis by which MALAT1 promotes fibrosis. Furthermore, we summarized current studies of
MALAT1 in the fibrosis of various organs. Hope this review will contribute to a better understanding
of the molecular mechanism of fibrosis and the potential of MALAT1 as a novel therapeutic target
for fibrosis.
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1. Introduction

Fibrosis is a complex biological process characterized by abnormal inflammatory
damage and excessive accumulation of the extracellular matrix (ECM) [1], which may
involve a variety of tissues and organs, such as the heart, liver, kidney and lung [2–5].
Chronic stimulation resulting from persistent infections, hormonal changes, and long-
term mechanochemical stimuli, as well as acute stimulation caused by sudden changes
in hemodynamics can lead to fibrosis [6,7]. Although connective tissue deposition is a
physiological phenomenon [8], excessive or progressive fibrosis leads to the destruction of
tissue structure, resulting in organ dysfunction and even organ failure [9–12]. Therefore,
fibrosis is considered a major reason for the function deterioration of various human organ
functions [13–15]. At present, the number of people affected by fibrosis-related diseases
has reached nearly 1/4 of the total global population [16], resulting in a heavy burden and
tremendous challenge for the global medical system.

Many studies have focused on the pathogenesis of fibrosis to identify methods that
can be used to slow down, stop, or even reverse fibrotic progress. The occurrence of fibrosis
has been found to be related to the renin-angiotensin-aldosterone system, inflammation,
oxidative stress, transduction of the transforming growth factor-β1 (TGF-β1)/SMAD signal,
transduction of the Wnt/β-catenin signal, and lipid metabolism [17–20]. At present, there
are very few anti-fibrosis drugs on the market, and their efficacy is not ideal. In addition,
most treatment methods are still in the preclinical evaluation stage, and systemic inhibition
of fibrosis-related signals will inevitably produce serious adverse reactions. Therefore, in
the treatment of fibrosis, it is particularly important to find therapeutic targets with high
efficiency, low toxicity and side effects.
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LncRNAs are a class of non-coding RNAs with a length of more than 200 nt, which
are involved in a variety of disease processes. The role of lncRNAs in regulating fibrosis
has received wide attention [21–23]. Especially in recent years, the discovery of lncRNAs
in body fluids, such as serum and urine, has indicated that circulating lncRNAs can
be used as minimally invasive or even non-invasive disease markers [24]. Metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1), an important lncRNA, was first
discovered in non-small cell lung cancer in 2003 [25]. MALAT1, which is found on human
chromosome 11q13.1, is widely expressed and highly conserved in normal tissues. It is
abnormally expressed in lung cancer, esophageal cancer, gastric cancer and other malignant
human tumors, and it regulates cell proliferation, invasion and metastasis through specific
mechanisms in different tumors [26,27], indicating the potentially important biological
function of MALAT1. An increasing number of studies have shown that MALAT1 plays
an important role in the fibrosis of a variety of organs and tissues. Therefore, studies on
the mechanism by which MALAT1 is involved in fibrosis will not only help us to further
understand the pathogenesis of fibrosis but will also provide new ideas and methods for
identifying the diagnostic and therapeutic targets of fibrosis.

2. Association between MALAT1 and the Pathogenesis of Fibrosis

Fibrosis, a pathological process driven by multiple factors, involves processes such as
fibroblast proliferation and activation, ECM accumulation, epithelial cell to fibroblast trans-
formation, inflammation, multiple cytokines and signaling cascades [28]. As a functional
molecule, MALAT1 is also involved in epithelial-mesenchymal transformation, as well as
inflammation regulation and metabolic regulation of various physiological and pathologi-
cal processes [29,30]. The potential connection between MALAT1 and the pathogenesis of
fibrosis is shown in Figure 1.
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Immune cells release cytokines, such as transforming growth factor-β1 (TGF-β), and fibroblasts proliferate and transdif-
ferentiate into myofibroblasts, leading to extracellular matrix (ECM) deposition. Metastasis-associated lung adenocarci-noma
transcript 1 (MALAT1) plays different roles in regulating each of the above links.
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2.1. MALAT1 Can Stimulate Fibroblast Proliferation and Affect ECM Balance

MALAT1 plays an essential role in G1/S and mitotic processes by regulating the
expression of cell cycle transcription factors and/or pre-gene processing, thereby promoting
the proliferation of fibroblasts [31]. On one hand, MALAT1 can promote the secretion and
synthesis of a variety of ECM components (such as I, II, III collagen and fibronectin). On
the other hand, it can also restrain ECM degradation. Through the inhibition of the activity
of enzymes that degrade ECM components (such as matrix metalloproteinases), MALAT1
affects the dynamic balance of ECM [32,33]. In addition, MALAT1 can also activate α-
smooth muscle actin (α-SMA) [34]. After α-SMA has been activated, it can facilitate the
transformation of cells into a myofibroblast (MFB) phenotype [35]. MFBs are able to
synthesize and secrete the major components of ECM, such as fibrin and collagen [35].

2.2. The Role of MALAT1 in EMT

Epithelial-mesenchymal transformation (EMT) refers to the process in which differen-
tiated mature epithelial cells, stimulated by external factors, acquire certain characteristics
of mesenchymal cells (such as the loss of polarity, cytoskeletal protein changes and a
fibroblast-like appearance), to exert stronger activity and migration. Cells undergoing
EMT showed down-regulation of E-cadherin expression levels and increased N-cadherin,
vimentin, and fibronectin expression levels at the molecular level [36]. The EMT process
is a key event in the fibrosis of various tissues and organs [37–39]. It has been found
that MALAT1 may be directly or indirectly associated with EMT. Xiang and colleagues
investigated the role of MALAT1 in EMT and found that MALAT1 promoted EMT in-
duced by TGF-β1 by competitively binding to miR-145 in endothelial progenitor cells [40].
Similarly, MALAT1 expression significantly increased in human retinal pigment epithelial
cells involved in TGF-β1 induction, and MALAT1 exerts an enormous function on EMT,
proliferation, and migration of cells [41]. In addition, MALAT1 can also participate in
the regulation of EMT through the relevant signaling pathway axis. For example, the
Yes-related protein 1/MALAT1/miR126-5p axis can regulate EMT in colorectal cancer [42].
Other studies have found that MALAT1 regulates Snail by acting as a competitive endoge-
nous RNA of miR-22 [43]. Snail is a potent inducer of EMT, which can motivate renal
fibrosis in mice [44]. Therefore, MALAT1 may indirectly induce EMT through a variety of
pathways, such as Snail, and participate in the occurrence and development of fibrosis.

2.3. MALAT1 Is Involved in Inflammation

Usually, inflammation is the initial stage of fibrosis, which causes the damage of
resident epithelial cells and endothelial cells [45]. By secreting inflammatory mediators,
including cytokines and chemokines, the aggregated inflammatory cells induce the acti-
vation of effector cells, such as fibroblasts, thus driving the fiber formation process [45].
Various studies have shown that MALAT1 can act as an inflammatory regulator [46,47].
Zhang et al. [48] reported that the expression of MALAT1 was upregulated in a cerebral
infarction model of mice, which achieved a protective effect by inhibiting the inflammatory
response in cerebral ischemia injury. In addition, MALAT1 can also mediate inflammatory
processes induced by hyperglycemia [49]. It is noteworthy that macrophages play an
important role in interstitial fibrosis [50]. Gast et al. [51,52] found that the MALAT1-related
small cytoplasmic RNA system can inhibit immune and inflammatory responses by in-
hibiting the phagocytosis of macrophages. The team observed a significant increase in the
levels of interferon 1 (INF-γ), tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) in
MALAT1 knockout mice, and it was found that the ablation of the MALAT1-related small
cytoplasmic RNA system significantly affects the expression of inflammatory mediators. In
LPS-activated macrophages. MALAT1 can also interact with the nuclear factor-B light chain
enhancer (NF-KB) in the nucleus to inhibit the binding of NF-kB DNA to the inflammatory
cytokine gene promoter. This leads to a reduction in the production of TNF-α and IL-6 [53].
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2.4. MALAT1 Interacts with TGF-β to Promote the Development of Fibrosis

TGF-β is a recognized EMT signal regulator and fibrosis driver, which has been identi-
fied in various types of fibrosis during recent years [19]. TGF-β was initially thought to be
an indicator of the malignant transformation of embryonic renal fibroblasts [54]. As further
research was conducted, TGF-β was also found to be overexpressed in fibrotic tissues,
and was found to be able to induce the accumulation of extracellular matrix by enhanc-
ing collagen synthesis and inhibiting protease production both in vivo and in vitro [55].
Overexpression of TGF-β1 in the liver can even induce fibrotic diseases in multiple organs
of transgenic mice [56]. TGF-β can induce the differentiation of epithelial cells into cells
with a distinct myofibroblast morphology by activating both typical (SMAD-based) and
atypical (non-SMAD) signaling pathways, leading to ECM overproduction [57,58]. An
increasing number of studies have found that the interaction between multiple lncRNAs
and the TGF-β/SMADs signaling pathway plays a crucial role in inflammation and fi-
brosis [59]. In hepatocytes, MALAT1 regulates the TGF-β/SMADs signaling pathway by
forming lncRNA protein complexes that contain SMADs [60]. Knockdown of MALAT1
in TGF-β-treated human lung fibroblasts can improve cell viability and simultaneously
inhibit the expression of mesenchymal protein and α-SMA [61]. These findings reveal
that MALAT1 is involved in the pathophysiological process of fibrosis through the TGF-β
signaling pathway.

In brief, the relationship between MALAT1, ECM, EMT, inflammation, TGF-β and
other cytokines is complex, and their interactions with each other are jointly involved in
the occurrence and development of fibrosis.

3. MALAT1 and Fibrotic Disease

Organs containing a large number of parenchymal cells, such as liver, heart, kidney,
and lung, are prone to the formation of excess fibrous tissue during tissue repair, resulting
in the development of fibrotic lesions [62]. The causes of fibrosis in these organs are
different. Along with the increase of in-depth studies conducted on the mechanism by
which MALAT1 is involved in fibrosis diseases, we concluded that MALAT1 participates in
the activation of fibrotic effector cells and the generation of ECM through different signaling
pathways. The role of MALAT1 in the fibrosis of different organs is discussed below.

3.1. MALAT1 and Liver Fibrosis

Liver fibrosis is a typical stage in the development of liver diseases, such as chronic
hepatitis and hepatocellular carcinoma. It usually results from multiple causes, such as
viral infections, alcoholism and metabolic diseases [63,64] and has become a health concern
worldwide. During the process of fibrosis, the injury of hepatocytes or bile duct cells trigger
an inflammatory response, which subsequently activates hepatic stellate cells (HSCs) and
promotes the accumulation of ECM [65] (Table 1).

HSC is a key factor in the pathogenesis of liver fibrosis, which can be activated by
a variety of cell signal transduction pathways and cytokines [66], which transform cells
into myofibroblasts that secrete pro-fibrotic mediators, which induce fibrosis [67]. TGF-β
is an important signal that induces HSC activation [68]. Wu et al. found for the first
time that the expression level of MALAT1 increased in liver fibrosis models in vivo and
in vitro. Silencing of MALAT1 can restore the expression of Silent Information Regulator 1
(SIRT1) protein and decrease the expression of myofibroblast marker α-SMA [69]. As the
most effective deacetylase, SIRT1 can induce the deacetylation of SMAD3, a downstream
molecule of the TGF-β signaling pathway, Significantly weakened its ability to bind to the
promoter of fibroblast genes [70,71], which promotes HSCs to return to their resting state
or promotes their apoptosis. Therefore, MALAT1 can promote the activation of HSC by
blocking the TGF-β signaling pathway mediated by SIRT1, thus accelerating the process
of fibrosis. At the same time, Yu et al. [72] also found that MALAT1 was overexpressed
in fibrosis, and knockdown of MALAT1 could significantly decrease collagen deposition
in vivo and inhibit HSC activation in vitro. The study also found that there was a negative
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feedback loop between levels of MALAT1 and miR-101b. Downregulation of MALAT1
can decrease the level of Ras-related C3 botulinum toxin substrate1 (Rac1)-GTP protein.
Rac1 is an important pathogenic factor involved in the pathogenesis of liver fibrosis [73].
The results revealed that MALAT1 acts as a competitive endogenous RNA of miR-101b to
influence HSC activation, proliferation, and the cell cycle by regulating Rac1 expression,
which leads to liver fibrosis [72].

Damaged hepatocytes or hepatic sinusoidal endothelial cells will release exosomes in
the early stage of liver fibrosis [74]. By transferring its contents, including active proteins,
mRNA, miRNA, lncRNA, lipids, etc., it is internalized by neighboring HSCs, and HSCs
are induced to transdifferentiate from resting to activated myofibroblasts, thus initiating
and encouraging the liver fibrosis process [74]. In recent study, they found that MALAT1
can be transported into HSCs via exosomes of arsenic-treated hepatocytes to regulate
type I α2 collagen (COL1A2), which promotes the activation of HSCs by downregulating
miR-26b [75]. It can be seen that HSCs and other cells in the liver can secrete extracellular
vesicles in an autocrine or paracrine manner to achieve cell-to-cell communication, thereby
playing an important regulatory role. In the future, it may be possible to use extracellular
vesicles as drug carriers to achieve the goal of preventing the progression of liver fibrosis
by sufficient means. One after another, researchers have found that exosomes derived from
hepatocytes rich in lncRNA also affect the proliferation and activation of HSCs [76,77]. In
addition, MALAT1 expression of the circulating exosomes was upregulated in individuals
exposed to arsenite [75]. These findings suggested that exosomal MALAT1 is involved
in cell-to-cell communication during arsenite induced liver fibrosis and may serve as a
potential biomarker.

Non-alcoholic steatohepatitis (NASH) is a serious clinical phenotype of non-alcoholic
fatty liver disease (NAFLD) and is a significant cause of liver cirrhosis and liver failure [78].
NASH is characterized by significant liver inflammation and liver fibrosis [78]. Among
NASH patients, liver fibrosis accounts for about 40.76% of the total [79]. Leti et al. found
that MALAT1 can promote NASH-related fibrosis by increasing the expressions of inflam-
matory chemokines, such as C-X-C motif chemokine ligand 5 (CXCL5), and is regulated
by hyperglycemia and insulin in vitro, even though its mechanism of action and influence
is not yet clear [80]. We speculate that MALAT1 may be involved in the development of
liver fibrosis in fatty liver patients in a cytokine-mediated manner. Sookoian et al. [81]
proposed that MALAT1 can be used as a common molecular driver for the pathogenesis of
NASH and chronic immune-mediated liver injury, and the abundance of liver MALAT1
was significantly related to the severity of NASH histology. Accordingly, MALAT1 may
also play a similar role in the pathogenesis of convergent pathological phenotypes, such as
in inflammation and fibrosis.

Table 1. The mechanism of MALAT1 in hepatic fibrosis.

Levels of MALAT1 Models Targets Functions Reference

Up Rat liver tissues of CCl4-induced liver fibrosis.
TGF-β1activated HSCs. SIRT1 HSCs activation [69]

Up
Rat liver tissues of CCl4 and bile duct ligation

(BDL) induced liver fibrosis.
Activated HSCs and hepatocytes.

miR-101b/Rac1
HSCs activation

and
proliferation

[72]

Up Activated HSCs. CXCL5

NASH
mechanisms of
inflammatory
chemokines

[80]

Up NAFLD patients. unknown NASH [81]

UP

The liver of arsenite induces Mice.
Activated HSCs co-culture with arsenite

treated L-02 cells.
The circulating exosomal of people exposed

to arsenite.

miR-26b HSCs activation [75]
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3.2. MALAT1 and Cardiac Fibrosis

Heart cells have a weak regeneration ability compared with liver cells. Various patho-
physiological conditions, such as ischemic cardiomyopathy, diabetes and hypertension, can
all be fibrotic [82]. Cardiac fibrosis is the core link between the occurrence and development
of heart diseases and an important cause for the remodeling of heart structure. It can even
lead to cardiac systolic and diastolic dysfunction, which results in arrhythmias and even
heart failure [83,84] (Table 2).

Myocardial infarction (MI) is a major cause of human death worldwide. It is charac-
terized by the death of a large number of myocardial cells within a short period of time,
increase in the cell activity of cardiac fibroblasts (CFs), degradation of normal intercellular
substances, and excessive proliferation of new ECM, which gradually develop into myocar-
dial fibrosis [85–87]. Huang et al. [88] found that MALAT1 expression was upregulated in
mouse myocardial infarction models and myocardial fibroblasts treated with angiotensin II
(Ang II). Silencing of MALAT1 can attenuate MI-induced fibrosis. Mechanism studies have
found that MALAT1 can directly regulate the level of miR-145, while miR-145 can inhibit
TGF-β1 activity by reducing Furin expression. Furin is a pre-protein converting enzyme
that plays an important role in activating TGF-β1 to promote myocardial fibrosis [89].
Therefore, MALAT1 inhibits the expression of miR-145, thereby activating Furin and TGF-
β1, and participates in the pathological process of myocardial fibrosis. The difference is
that the study by Wu et al. [90] found through RNA-seq analysis that MALAT1 was more
abundant in infarcted myocardium and cardiomyocytes treated with human pluripotent
stem cells (hPSCs)-derived cardiovascular progenitor cells (CVPCs)-secreted extracellular
vesicles (hCVPC-EVs), which was further enhanced under hypoxic (EV-H) conditions.
MALAT1 plays a cardioprotective effect in the healing process of MI by targeting and
regulating miRNAs.

Diabetic cardiomyopathy (DCM) is a common cardiovascular complication of dia-
betes [91]. It is caused by insulin resistance, compensatory hyperinsulinemia, and hyper-
insulinemia in the metabolic tissues of the heart [91]. Cardiac remodeling, myocardial
fibrosis, and even diastolic dysfunction are caused by metabolic disorders such as impaired
insulin metabolism signals, excessive blood insulin, impaired glucose uptake, increased
myocardial nonesterified fatty acid intake, and mitochondrial dysfunction [92]. Zhang
et al. [93] found through a microarray analysis that MALAT1 was highly expressed in a
DCM rat model. Silencing of MALAT1 for 12 weeks could reduce myocardial apopto-
sis and improve left ventricular systolic and diastolic functions. In addition, they also
found that the levels of TNF-α, IL-1β and IL-6 were significantly decreased in DCM, while
knockdown of MALAT1 could significantly decrease the concentration of inflammatory
cytokines, suggesting that MALAT1 plays a certain role in the inflammatory process of
DCM [94]. Che et al. [95] demonstrated that MALAT1 could significantly increase the
protein levels of Nod-like receptor protein3 (NLRP3), cleaved Caspase-1, IL-1β, TGF-β1,
p-SMAD2, and p-SMAD3, and participate in the formation of fibrosis in DCM by regulating
its downstream target, miR-141-mediated NLRP3 inflammasomes and the TGF-β1/SMADs
signaling pathway. Other scholars have found MALAT1 can increase the production of
type I collagen products, inflammation, cell proliferation and migration, phosphoryla-
tion of MST1 and LATS1, and promote nuclear translocation of Yes-related protein (YAP)
by binding to cAMP-response element binding protein 1 (CREB), while the silencing of
MALAT1 could decrease the accumulation of collagen and inflammation in high glucose
CFs and DCM mice through the Hippo/YAP and CREB pathways, thereby decreasing
myocardial fibrosis and myocardial injury [96].

Hypertensive heart disease (HHD) is one of the manifestations of human target organ
damage caused by hypertension, which results in high levels of morbidity and mortal-
ity [83]. Continuous pressure overload can cause changes to myocardial fibrosis and
cardiovascular remodeling [83]. Li et al. [97] found that the overexpression of MALAT1
could enhance the activity of arterial smooth muscle cells (ASMCs) and myocardial fibrosis
in spontaneously hypertensive rats (SHRs). It is well known that the myogenic determina-
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tion gene (MyoD) can initiate and promote myogenesis of a variety of non-myogenic cells,
including fibroblasts, and is an important transcription factor in myocardial reconstruc-
tion [98]. The study by Li et al. found that MALAT1 could recruit histone methyltransferase
Suv39h1 to myo-binding loci, leading to the trimethylation of H3K9me3, thereby inhibiting
the transcription of MyoD and promoting cell proliferation, myocardial fibrosis and cell
cycle entry, which play an important role in the cardiac remodeling of hypertensive rats [97].
These results indicate the value of MALAT1 as a therapeutic target for hypertensive heart
disease. Although Peters et al. [99] believed that MALAT1 played no obvious role in stress-
induced cardiac remodeling in mice, the contradiction between this paper and other papers
may be due to the transcriptional independent function or the compensatory mechanism
of the MALAT1 locus.

Table 2. The mechanism of MALAT1 in cardiac fibrosis.

Levels of MALAT1 Models Targets Functions Reference

Up Peri-infarct zone of MI mice hearts.
in Ang II-induced CFs. miR-145 Cardiac fibrosis after

infarction [88]

Up
Infarcted myocardium and

cardiomyocytes treated with
hCVPC-EVs.

miR-497 Cardioprotective [90]

UP High-glucose CFs.
DCM mice. miR-141/NLRP3 Cardiac fibrosis of DCM [95]

Up High-glucose CFs.
DCM mouse model.

Hippo/YAP
CREB

CFs proliferation and
invasion

Inflammation and collagen
accumulation

Cardiac fibrosis of DCM

[96]

Up Myocardial tissues and thoracic aortic
vascular tissues of SHRs. MyoD ASMCs activity

Myocardial fibrosis in SHRs [97]

Not change Pressure overload-induced cardiac
remodeling and failure in mice. Unknown Unknown [99]

3.3. MALAT1 and Renal Fibrosis

Renal fibrosis is the common final outcome of progressive chronic kidney disease
(CKD) caused by various causes. The characteristic pathological changes are the activation
of renal interstitial fibroblasts, the accumulation of excessive ECM in the renal interstitium,
and the partial destruction of the normal renal tissue structure. Similar to that of other
organs, renal fibrosis is mediated by cellular factors, such as inflammatory cells, and
molecular elements, such as TGF-β1 [100–102] (Table 3).

Diabetic nephropathy (DN) is a microvascular complication frequently associated
with the development of diabetes, and renal fibrosis is an important link between cause
and damage. Early studies found that MALAT1 was significantly upregulated in reti-
nal endothelial cells under high glucose culture conditions and in the retina of diabetic
mice [46], which indicated that MALAT1 might be involved in the occurrence of diabetic
microvascular complications. MALAT1 can participate in the hyperglycemic injury of
endothelial cells, tubular epithelial cells, and podocytes. For example, in endothelial cells,
MALAT1 induces the inflammatory response and promotes endothelial cell injury by
activating inflammatory ligands-serum amyloid 3 (SAA3) and inflammatory cytokines [49].
In tubular epithelial cells, MALAT1 upregulates the expression of pyrolysis-associated
proteins, ELAVL1, NLRP3 and caspase-1, as well as pro-inflammatory cytokines, such
as IL-1, through the adsorption of miR-23c, resulting in the pyroptosis of tubular epithe-
lial cells [103]. MALAT1 can also inhibit the binding of fork head box O1 (Foxo1) to the
SIRT1 promoter by interacting with Foxo1, thereby inhibiting SIRT1 transcription and
promoting hyperglycemic-induced tubular epithelial cell injury [104]. In podocytes, β-
catenin regulates MALAT1 transcription via binding to its promoter; while MALAT1 in
turn post-transcriptionally changes the pattern of the pre-mRNA processing of β-catenin,
while high glucose disrupts the MALAT1/β-catenin loop, resulting in the destruction of
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the structural and functional integrity of podocytes [105]. β-catenin is known to be a key
mediator of the Wnt signaling pathway, and its overreaction to injury may result in renal
fibrosis [106,107]. In addition, MALAT1 facilitates the nuclear translocation of β-catenin
by physically combining and alternatively splicing with serine/arginine splicing factor 1
(SRSF1), further proving its essential role in diabetic nephropathy and high glucose-related
podocyte injury [105].

Damaged cells can be repaired by releasing a variety of fibrogenic cytokines, and
their excessive release leads to abnormal transdifferentiation of the extracellular matrix
(represented by EMT), makes a large number of collagen fibers deposited in the intercellular
substance [108]. Therefore, EMT is a key factor in renal fibrosis. Liu et al. [33] reported
that MALAT1 expression increased in DN mice and cell models, and that knockdown of
MALAT1 significantly attenuated the downregulation of the epithelial marker, E-cadherin,
which was caused by high-glucose and mesenchymal markers, such as vimentin, and
the upregulation of mesenchymal markers, such as vimentin, Zinc finger E-box binding
homeobox1 (ZEB1) and ZEB2. The expression of α-SMA, fibronectin and Col I was also
downregulated. The study then proposed that MALAT1 acts as the ceRNA of miR-145,
which can induce EMT and promote related molecular mechanisms of DN fibrosis by
inhibiting the expression of the target gene, ZEB2. Recently, studies have confirmed
that the MALAT1/MiR-145/focal adhesion kinase (FAK) pathway takes an important
role in TGF-β1-induced renal fibrosis. Furthermore, N6-methyladenosine (m6A) modi-
fication was found to be involved in the upregulation of MALAT1 in renal fibrosis, and
methyltransferase-like protein 3 (METTL3) has been shown to be the main m6A-modified
methyltransferase on MALAT1 [109]. Li et al. [110] found that through the negative regula-
tion of miR-100-3p, MALAT1 upregulated the expression of type IV collagen (COL4A1) and
α-SMA, which induced EMT in renal tubular epithelial cells, and promoted renal fibrosis in
mice with unilateral ureteral obstruction. Although Kölling et al. [111] detected increased
expression levels of MALAT1 in the hypoxic/ischemic kidney injury model, and in vitro
found that MALAT1 affects endothelial cell cycle progression, proliferation, migration
ability, and apoptosis induction. The researchers then constructed a mouse model of renal
ischemia-reperfusion (I/R) injury and found that interstitial fibrosis increased, but there
was no significant difference in the expression level of Col1a2, Col III, and TGF-β between
MALAT1 knockout mice and wild-type mice. Whole-genome expression analysis and small
ribonucleic acid sequencing also revealed only minor differences between the two groups.
The reason for this phenomenon may be due to the fact that during the mouse embryonic
development stage, the researchers knocked out the MALAT1 gene, thereby activating
other compensatory mechanisms in the body to cover up the effect of the knockout of the
MALAT1 gene, or the role of MALAT1 is limited in related signal pathways in vivo. It is
affirmative that MALAT1 is a viable biomarker of renal I/R-injury, but more research about
targeted therapy for renal I/R-injury needs to be done to prove it.

Table 3. The mechanism of MALAT1 in renal fibrosis.

Levels of MALAT1 Models Targets Functions Reference

Up
Renal tissues of db/db

mice.
High glucose-stimulated HK-2 cells

miR-145/ZEB2 EMT of HK-2 cells
Renal fibrosis [33]

Up
Renal fibrosis in patients with

obstructive nephropathy.
TGF-β1-treated HK2 cells

miR-145/FAK
viability, proliferation and

migration of HK2 cells.
Renal fibrosis

[109]

UP
Renal tissues of unilateral ureteral

obstruction mice.
Hypoxia-induced HK-2 cells.

miR-100-
3p/COL4A1

EMT of HK-2 cells
Renal fibrosis [110]

Up Hypoxic/ischemic kidney injury in
humans, mice, and cells. Unknown Unknown [111]
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3.4. MALAT1 and Pulmonary Fibrosis

Pulmonary fibrosis is a lung disease caused by the repair of persistent and pathological
damage to alveolar epithelial cells, which is not only the common result of lung diseases
caused by various internal and external pathogens, but is also important for the pathological
basis of respiratory failure [112]. Factors and diseases that cause pulmonary fibrosis include
long-term exposure to silica or bleomycin, idiopathic pulmonary fibrosis (IPF) and acute
respiratory distress syndrome (ARDS), etc. [113]. Cao et al. first proved that there are
significant changes in the expression many lncRNAs in lung tissues with bleomycin-
induced fibrosis [114] (Table 4).

Silicosis is one of the most serious vocational diseases in the world [115]. It mainly man-
ifests as chronic progressive pulmonary fibrosis. During the development of pulmonary
fibrosis, silica particles stimulate epithelial cells and macrophages, secrete a large number
of cytokines and inflammatory mediators, attract fibroblasts and promote EMT [116,117].
Yan et al. [118] found that in silica-induced human bronchial epithelial cells (HBE), the
expression of MALAT1 was enhanced and that it competitively binds to miR-503, thereby
activating the phosphatidylinositol-3-kinases (P13K)/protein kinase B (AKT)/mammalian
target of rapamycin (mTOR)/Snail signaling pathway, which is closely related to EMT, to
promote the development of silica-induced pulmonary fibrosis. Huang et al. [119] used
gene chip technology to determine that MALAT1 is an upregulated gene that undergoes
alternative splicing during silica damage, and a bioinformatics analysis showed that it
was related to the EMT pathway. In addition, Cui et al. [120] found that the expression
of MALAT1 in macrophages was significantly regulated under both polarization states.
MALAT1 is upregulated in M1, while it is downregulated in M2. Inhibition of the ex-
pression of MALAT1 can attenuate M1 macrophage activation induced by bacterial LPS
through a decrease in the expression of Clec16a, enhanced IL-4–activated M2 differentiation
and the pro-fibrotic phenotype of macrophages. At the same time, LPS-induced systemic
and pulmonary inflammation and injury decreased significantly in MALAT1 myeloid
knockout mice, while bleomycin-induced fibrosis increased. These experiments showed
that macrophage MALAT1 exerts an important blocking effect on the development of
pulmonary fibrosis [120]. Some scholars have conducted research on the mechanism of
pulmonary fibrosis caused by PM2.5 particles and have found that after PM2.5-treated
HBE, the resulting change in MALAT1 expression was correlated with the process of fibro-
sis, and elevated levels of MALAT1 were positively associated with EMT processes and
inflammatory factor, IL-6 and IL-8 expression, indicating that MALAT1 participates in the
PM2.5-induced pulmonary fibrosis process by regulating inflammatory factors [121].

IPF is one of the most common and most serious interstitial lung diseases, character-
ized by diffuse alveolitis, massive proliferation and activation of lung fibroblast cells and
myofibroblasts, and alveolar structural disorders [122]. The cause of IPF is unknown. It
is currently generally considered to be the result of the interaction between heredity and
environmental factors, which involves the abnormal activation of multiple pathways for
wound repair, and the damage and abnormal repair of the alveolar epithelium are consid-
ered the initial process of pulmonary fibrosis [122]. EMT of alveolar epithelial cells may be
an important pathogenic mechanism of idiopathic fibrosis. Wang et al. [123] found that
there were distinguishable differences in the expression of MALAT1 in the peripheral blood
of IPF patients, suggesting that MALAT1 may be a crucial regulatory factor involved in the
pathogenesis of IPF, it is involved in the mesenchymal transition of alveolar epithelial cells,
inflammation, myofibroblast differentiation, and collagen production in the pathogenesis
of IPF. and the specific regulatory mechanism needs to be verified through further studies.

ARDS is a common clinical manifestation of severe lung injury and respiratory failure.
In the United States, more than 190,000 people suffer from ARDS each year, with a fatality
rate of 27% to 45% [124]. It is characterized by an excessive inflammatory reaction in a
short period of time followed by rapid pulmonary fibrosis formation. Pathological biopsy
of lung tissues of dead patients found excessive fibrosis, which was mainly composed
of fibroblast aggregation, collagen deposition, and extracellular matrix deposition [125].
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Wang et al. [126] found that MALAT1 overexpressed in the plasma and peripheral blood
mononuclear cells (PBMCs) of ARDS patients. They reported that MALAT1 might up-
regulate the expression of phosphatase and the tensin homolog (PTEN) by adsorbing
miR-425, and inducing apoptosis, thereby playing a role in the pathophysiological process
of ARDS. In addition, Yao et al. [127] showed that the silencing of MALAT1 could inhibit
the apoptosis of human pulmonary microvascular endothelial cells (HPMECs) through
the miR-150-5p-mediated intercellular adhesion molecule-1 (ICAM-1) axis, and decrease
the expression of pro-inflammatory cytokines (IL-6, IL-1, TNF-α) and E-selectin, thereby
decreasing the level of lung injury in ARDS. Dai et al. [128] also mentioned the possible
mechanism by which the knockdown of MALAT1 inhibits the LPS-induced inflammatory
response of mice alveolar macrophages and mice alveolar epithelial cells by sponging miR-
146a, and plays a role in the process of acute lung injury. Interestingly, Zhu [129] suggested
that MALAT1 can alleviate the damage of LPS to lung fibroblasts. It blocks the phos-
phorylation of NF-κB p65 through negative feedback, thereby blocking the activation of
NF-κB caused by LPS and inhibiting inflammation. As early as 2013, Gutschner et al. [130]
found that subcutaneous injection of anti-MALAT1 antisense oligonucleotide (ASO) into
mice could effectively block the metastasis of lung cancer, and indicated the feasibility of
MALAT1 as a predictive marker and therapeutic target.

Table 4. The mechanism of MALAT1 in pulmonary fibrosis.

Levels of MALAT1 Models Targets Functions Reference

Up Silica-treated HBE miR503
PI3K/Akt/mTOR/Snail

Silica-induced pulmonary
fibrosis [118]

UP LPS-treated
macrophages Clec16a

Macrophage activation and
bleomycin-induced pulmonary

fibrosis
[120]

Up PM2.5-treated HBE Unknown Inflammation and EMT
process [121]

Up Peripheral blood of IPF
patients Unknown Idiopathic pulmonary fibrosis [123]

Up ARDS patient plasma
and PBMCs. miR-425/PTEN Cell apoptosis and ARDS [126]

Up ARDS patients and
LPS-treated HPMECs miR-150-5p/ICAM-1 Cell apoptosis and lung injury

in ARDS [127]

Up LPS-induced acute
lung injury rat model miR-146a Inflammatory response [128]

Up WI-38 cells after
treatment by LPS NF-κB p65 LPS-induced inflammation

injury [129]

4. Conclusions and Prospects

Organ fibrosis is a complex dynamic process, involving multi-cell and multi-molecule
participation and interaction. Based on research conducted on lncRNAs, this review
focused on MALAT1, a key lncRNA that is extensively involved in the pathological mecha-
nism of fibrosis in various organs.

The detection of lncRNA in body fluids and the report of the level of exosomal
MALAT1 may be used as a biologically active carrier to achieve its targeted therapy on
target tissues and cells. Although increasing studies have revealed the potential value of
MALAT1, it is widely distributed in various tissues in the human body. Its mechanism of
action involves a wide range, and it plays a role in both physiological and pathological
tissues. Therefore, no suitable method has been found to inhibit or activate MALAT1.
MALAT1 has a complex regulatory network. The effect of MALAT1 varied greatly depend-
ing on the tissue differentiation and the amount of expression. As a result, the function of
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MALAT1 is not only a positive regulation function as previously recognized. It may also
have the opposite effect at the right time and the right amount. The function of MALAT1
in fibrosis may depend on the microenvironment, while the effect of MALAT1 on drug
action has also provided a promising research direction for its clinical application.

In summary, MALAT1 plays a significant role in the process of organ fibrosis by
regulating the expression of a variety of extracellular matrix components and inflammatory
factors, and by participating in multiple signaling pathways related to fibrosis. At present,
no targeted MALAT1 regimen is used for the treatment of fibrosis. This review can not only
help us understand the partial mechanism of fibrosis, but also provide a scientific basis
for MALAT1 as a valuable biomarker and potential fibrosis treatment target. In addition,
related proteins and target genes that bind to MALAT1 may be potential new therapeutic
targets, which will contribute to the exploration of new anti-fibrosis treatment therapies
that will provide enormous potential benefits for patients with fibrosis.
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