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ABSTRACT Our genome consists not only of protein-coding DNA, but also of the non-coding part that plays a 
very important role in the regulation of all cellular processes. A part of the non-coding genome comes with 
non-coding RNAs (ncRNAs), and disruption of the functional activity of these RNAs may be associated with 
oncogenesis in various cancer types. There exist two types of ncRNAs: small and long non-coding RNAs, 
which are classified according to their transcript length. Long non-coding metastasis-associated lung adeno-
carcinoma transcript 1, MALAT1 RNA (NEAT2), is a long non-coding RNA of particular interest. The afore-
mentioned transcript takes part in the regulation of numerous cellular processes and pathogenesis of differ-
ent malignant tumors, including breast tumors. This review focuses on experimental and clinical studies into 
the role of MALAT1 in carcinogenesis and the progression of breast cancer.
KEYWORDS MALAT1, NEAT2, breast cancer, long non-coding RNAs, carcinogenesis.
ABBREVIATIONS snRNA – small nuclear RNA; BC – breast cancer; TNBC – triple-negative breast cancer; 
EMT – epithelial–mesenchymal transition; ∆sv-MALAT1 – small variant MALAT1; ER1 – estrogen receptor 1; 
MALAT1 – metastasis-associated lung adenocarcinoma transcript 1; mascRNA – MALAT1-associated small 
cytoplasmic RNA; MMTV-PyMT – mouse mammary tumor virus-polyomavirus middle T-antigen; ncRNA – 
non-coding RNA; sh-MALAT1 – short hairpin RNA; siMALAT1 – MALAT1 small interfering RNA.

INTRODUCTION
Breast cancer (BC) remains one of the most common 
malignant tumors affecting women [1]. Breast cancer 
is highly heterogeneous, which makes it different in 
how sensitive it is to therapy, its prognosis and risk 
of metastatic spread and recurrence, thus, reducing 
treatment effectiveness. Therefore, personalized pre-
operative therapy moves to the forefront in breast 
cancer patients [2]. Molecular markers for breast can-
cer such as tumor cell membrane receptors, the p53 
protein, antigen Ki-67, the BRCA1 and BRCA2 genes, 
various microRNAs, etc. are currently well-under-
stood, which allows one to classify tumors and pre-
dict treatment outcome [3]. Five molecular biological 
subtypes of breast cancer are recognized today: ER+ 
luminal A breast cancer (HER2-negative, low Ki-67 
expression (≤ 20%), and high progesterone receptor 
(PR) level (≥ 20%)); HER2-negative luminal B breast 
cancer: ER+, HER2-, one of the following factors is 
present: high Ki-67 expression (≥ 30%) or low PR lev-
el (< 20%); HER2-positive luminal B breast cancer: 
ER-positive, HER2-positive, any level of Ki-67 expres-

sion, any PR level; HER2+: HER2+, ER- and PR-, any 
level of Ki-67 expression; and triple negative breast 
cancer (TNBC): ER-, PR-, HER2- [4]. However, almost 
no target is effective in triple-negative breast cancer.

The advances in genome sequencing technology 
have revealed that, along with protein-coding RNAs, 
the human genome encodes nontranslating (non-cod-
ing) RNAs (ncRNAs) constituting most of the genome 
(~ 98%) [5]. Non-coding RNAs are involved in genet-
ic and epigenetic regulation; therefore, their func-
tions and participation in tumor progression are being 
currently vigorously studied [6]. ncRNAs are subdi-
vided into small (micro-) and long non-coding RNAs 
(miRNAs and lncRNAs, respectively). Long non-cod-
ing RNAs, which perform many different functions 
in the cell and take part in various processes, are of 
particular interest [6, 7]. The functions of 2% of ln-
cRNAs have been identified thus far. There are three 
categories of functions performed by lncRNAs. They 
act as signaling molecules, regulate transcription by 
participating in the assembly of RNA polymerases in 
the enhancer domain, initiate RNA cleavage, and are 
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associated with pluripotency and cellular reprogram-
ming. lncRNAs act as miRNA traps or guides bind-
ing proteins and delivering them to the regions where 
they become involved in the trans- and cis-regulation 
of gene expression by binding to DNA:RNA heterodu-
plexes or RNA:DNA:DNA triplexes and interact with 
Polycomb group and Trithorax group proteins, thus 
preventing them from performing histone modifica-
tion and exerting any degree of epigenetic regulation 
and chromatin remodeling. lncRNAs initiate the as-
sembly of the RNA complexes that act as protein as-
sembly sites and control the protein function under 
stress conditions [6, 8–12]. MALAT1 RNA associated 
with metastatic lung adenocarcinoma is one of the in-
teresting lncRNAs [13].

MALAT1 LONG NON-CODING RNA
MALAT1 RNA was first discovered when studying 
gene expression in metastatic non-small cell lung can-
cer (NSCLC) [13]. MALAT1, also known as NEAT2 

(nuclear-enriched abundant transcript 2), resides in 
the nucleoplasm in nuclear speckles (structures per-
forming various functions, the main one being the reg-
ulation of pre-mRNA splicing and transcription) [14]. 
The intronless MALAT1 gene localized in the 11q13.1 
locus encodes the ~ 8700-nt-long transcript [15, 16]. 
The MALAT1 gene is located in a region character-
ized by a high density of genes with very high syn-
thetic evolutionary conservation [17]. Thus, a unique 
feature of MALAT1 is that its nucleotide sequence is 
conserved (in vertebrates, the overall conservation of 
the 3’-terminal sequence is > 50% and 80%) [18]. The 
MALAT1 transcript usually has a long half-life: it re-
mains stable for 16 h in human B cells and for 9–12 h 
in tumor cells [19]. The half-life of MALAT1 is longer 
than that of other lncRNAs, probably because of the 
triple helical structure present on its 3’-end [20].

MALAT1 is transcribed by RNA polymerase II 
from the long arm of human chromosome 11 (11q13) 
(Fig. 1). Formation of this lncRNA depends on tRNA 

Fig. 1. Scheme of the synthesis of MALAT1 long non-coding RNA in a cell

Nucleus

MALAT1 gene

MALAT1 precursor AAUAAA

mascRNA 
(60 nt)

MALAT1 RNA (~ 8700 nt)

Nuclear speckle
5’

5’

          Cytoplasm

C
C
A

RNase P

RNase Z
CCA

AAUAAA



34 | ACTA NATURAE | VOL. 15 № 2 (57) 2023

REVIEWS

processing that produces two non-coding RNAs from 
the same locus, which reside in different subcellular 
compartments and perform different functions [21]. 
The RNase P endonuclease recognizes this tRNA-like 
structure and cleaves it to simultaneously generate 
the mature 3’-end of the MALAT1 long transcript and 
the 5’-end of the tRNA-like small RNA. Additional 
enzymes, which are involved in tRNA biogenesis, in-
cluding RNase Z and the CCA-adding enzyme, then 
process small RNA to form the 61-nt-long mature 
transcript known as mascRNA (MALAT1-associated 
small cytoplasmic RNA). Once the MALAT1 primary 

transcript is processed, mascRNA is exported to the 
cytoplasm while the long transcript remains in the 
nucleus in the form of nuclear speckles [22].

MALAT1 long non-coding RNA accumulates in the 
nucleus, where it plays a crucial role in cancer pro-
gression and the formation of nuclear paraspeckles.

MALAT1 has many different functions (Fig. 2): it 
(1) acts as a nuclear scaffold at the speckle periphery 
for trans-acting protein factors such as SR proteins, 
leading to the modulation of pre-splicing and alterna-
tive splicing; (2) is involved in the post-transcriptional 
regulation of the genes associated with cellular motil-
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ity [23]; and (3) participates in the regulation of many 
processes, together with microRNAs [24–27], as well 
as in epigenetic regulation; e.g., MALAT1 binds to the 
promoter of the EEF1A1 gene encoding eukaryotic 
translation elongation factor 1 alpha 1 (EEF1A1), re-
sulting in the methylation of histone H3 [28].

Not only does MALAT1 play a regulatory role, 
but it also participates in various signaling pathways 
(e.g., in the TGF-β/Smad and p53 pathways) [11, 29]. 
Interestingly, MALAT1 can bind to other ncRNAs and 
pre-mRNAs, mostly exclusively through mediator 
proteins, and bind to chromatin exclusively within the 
region of actively spliced genes [14].

Alternative splicing is also worth mentioning: 
changes to it are increasingly often recognized as a 
potential pathogenic mechanism of carcinogenesis. 
Alternative splicing is the post-transcriptional mech-
anism that enhances the transcriptome complexity 
by expressing many of the different mRNAs of in-
dividual genes, thus potentially generating different 
protein isoforms [30]. The screening of the Database 
of Expressed Sequence Tags (dbEST) undertaken by 
Meseure et al. discovered Δsv-MALAT1 (the small 
variant MALAT1 transcript), which was the main 
product of the alternative splicing of MALAT1. Breast 
tumors are mostly characterized by low Δsv-MALAT1 
expression levels [31].

THE ROLE OF MALAT1 IN BREAST CARCINOGENESIS
It is exciting to study the role played by MALAT1 in 
carcinogenesis, because this RNA is involved in the 
regulation of numerous cellular processes. Thus, ex-
pression of the MALAT1 transcript is unstable in pa-
tients with different types of cancer and in tumors of 
different localizations [32]. MALAT1 was first found 
to be involved in carcinogenesis in patients with non-
small cell lung cancer and was shown to be associated 
with a higher risk of metastatic disease and unfavora-
ble outcome in patients with squamous cell cancer 
and adenocarcinoma of the lung [13]. Weber et al. [33] 
suggested that the serum level of MALAT1 in lung 
cancer patients could be a potential biomarker for 
this disease. Moreover, MALAT1 overexpression is 
observed in human hepatocellular carcinoma, breast 
cancer, pancreatic cancer, and colorectal cancer cells 
[32]; it is also involved in the expression regulation 
of some genes associated with metastatic ability [10, 
34] and tumor progression in breast cancer patients 
[27]. According to Liu et al. [35], MALAT1 expres-
sion is positively correlated with metastatic lung can-
cer and negatively correlated with disease progno-
sis; it is an important prognostic marker for patients 
with NSCLC. The data on MALAT1 involvement in 
tumor processes have aroused a keen interest in stud-

ying the oncogenic role of MALAT1 and its involve-
ment in metastatic breast tumor. Thus, it has been 
established that MALAT1 plays a critically important 
role in the regulation of transcription and the cell cy-
cle, epigenetic regulation, as well as in the inflamma-
tion and metastatic processes in tumor (Fig. 2) [36]. 
MALAT1 affects the initiation and progression of tu-
mors of various localizations, including laryngeal can-
cer, cancer of the laryngopharynx, as well as thyroid, 
esophageal, lung, liver, and ovarian cancers [37–40]. 
Therefore, MALAT1 is among the key factors con-
tributing to the regulation of the molecular pathways 
that lead to phenotypic manifestations of cancer [16]. 
Below, the role of MALAT1 in breast cancer will be 
discussed in more detail.

In vitro studies
The mechanisms causing cell migration and invasion 
and research into the metastatic cascade in breast 
cancer patients are of significant interest. Many stud-
ies have confirmed that MALAT1 is involved in the 
regulation of cells’ migration and invasion ability. 
MALAT1 was previously reported to regulate the pro-
liferation of cervical and gastric cancer cells, as well 
as their cisplatin resistance through the PI3K/Akt 
pathway [41, 42]. The epithelial–mesenchymal tran-
sition (EMT) of tumor cells is one of the first steps 
in metastatic spread [43]. Xu et al. [23] studied the 
role of MALAT1 in EMT in breast cancer patients 
and found that MALAT1 promotes in vitro migration 
and invasion of breast cancer cells (MDA-MB-231, 
MDA-MB-453, MCF10A, SK-BR-3, and BT549); the 
lower MALAT1 expression level is associated with 
metastatic breast cancer; i.e., MALAT1 acts as an 
EMT inducer by activating the PI3K-Akt pathway 
[23]. Similar findings were also made by Wu et al. 
[44], who demonstrated that the PI3K/Akt pathway 
mediating FOXO1 binding to the MALAT1 promoter 
can be the mechanism through which MALAT1 induc-
es EMT and reduces the trastuzumab sensitivity of 
HER2+ breast cancer cells [44]. A distinctive feature 
of this study was that MALAT1 expression was eval-
uated in seven breast cancer cell lines that included 
cell lines of the ER+/HER2-, ER+/HER2+, ER-/HER2+, 
and TNBC subtypes. Among these cell lines, the high-
est MALAT1 expression level was detected in met-
astatic triple-negative breast cancer cells and tras-
tuzumab-resistant HER2+ cells [44]. Cell cultures of 
triple-negative breast cancer (MDA-MB-231, primary 
TNBC cells, Hs578T, and HCC1806) were character-
ized by lower MALAT1 levels compared to ER+ cells 
(MCF-7, primary ER+ tumor cells, and T-47D) [27, 45, 
46]. It was found that metastasis-associated MALAT1 
overexpression can be negatively correlated with the 
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expression of the Nisch product, a tumor suppressor 
protein whose expression is downregulated in breast 
cancer patients [47]. In 231-GFP-Nisch cell cultures 
(MDA-MB-231 with Nisch overexpression), Nisch ex-
pression levels are associated with the MALAT1 ex-
pression levels: knockout of the Nisch gene transcript 
in these cells increases their proliferation and migra-
tion [47].

Zhang et al. [48] showed that tumor cells secrete 
MALAT1 in recipient cells in order to regulate the 
proliferation of receptor cells in the tumor microenvi-
ronment. MALAT1 expression levels in breast cancer 
cells are significant: MDA-MB-231 exosomes substan-
tially increase the proliferation of MDA-MB-231 and 
ZR-75-1 cells; however, exosomes from MDA-MB-231 
cells treated with MALAT1-siRNA (small interfering 
RNA or siRNA targeting MALAT1) reduce cell pro-
liferation in breast cancer patients. Earlier, Jin et al. 
[45] showed that MALAT1 in TNBC cells suppresses 
cells’ proliferation and invasion ability and triggers 
apoptosis, which is achieved through reverse regu-
lation of the miR-1 RNA transcriptome and its tar-
get protein promoting epithelial–mesenchymal transi-
tion, Slug [45]. The mechanism of functioning of this 
process has been described more thoroughly for the 
MDA-MB-231 and MCF-7 cultures, using the plasmid 
transfection method. MALAT1 overexpression en-
hances cells’ migration and invasion ability by binding 
to miR-1 and reducing the level of Cdc42, the protein 
involved in EMT [26]. Furthermore, it was revealed 
using siMALAT1-mediated inhibition of MALAT1 and, 
conversely, by inserting the MALAT1 overexpression 
vector into a breast cancer cell line that MALAT1 ex-
pression directly affects the expression of miR-124, a 
microRNA associated with the suppression of breast 
cancer progression and that MALAT1 overexpression 
suppresses the inhibitory effect of miR-124 on breast 
tumor growth, thus increasing its size [25].

For the culture of 4T14T1 cells, the highly meta-
static breast cancer cell line derived from spontane-
ous mammary tumor in BALB/c mice, Li et al. [49] 
discovered a new mechanism through which MALAT1 
could participate in the regulation of EMT in mam-
mary tumors. The transcript was shown to exhib-
it pro-inflammatory activity and be able to regulate 
the lipopolysaccharide-induced inflammation and cel-
lular EMT. An antisense transcript of the MALAT1 
gene, transcribed from the opposite strand and named 
TALAM1, was also discovered [50]. Having conducted 
their own study based on this discovery, Gomes et 
al. showed that overexpression of these transcripts is 
typical of breast cancer cell lines and that there ex-
ists a positive correlation between their expression 
levels in the studied cell lines. MALAT1 and TALAM1 

work together: TALAM1 mediates MALAT1 activity 
in the presence of TGF-β cytokine [51], a well-known 
EMT inducer. Nevertheless, it is rather difficult to as-
sess the effect of MALAT1 on cells’ metastatic abil-
ity, since different authors have provided different 
descriptions of this mechanism. The main reasons for 
the lack of consistency in the data on MALAT1 ac-
tivity are still to be identified. Differences in the re-
sults obtained for tumor cell cultures can probably 
be assigned to the features of protein expression in 
different types of cells, as well as to the fact that 
the MALAT1 transcript forms complexes with differ-
ent proteins, thus causing opposite effects [47]. Other 
plausible explanations include the use of cell lines 
having different genetic backgrounds or differences 
in culture conditions.

It is notable that the effect of MALAT1 on cell 
function was uncovered in studies using the A549 
lung cancer cell line. A549 cells were transfected with 
MALAT1 siRNA1 and MALAT1 siRNA2; the con-
trol cells were transfected with control siRNA1 and 
siRNA2, respectively. MALAT1 knockdown by siRNA 
reduced MALAT1 levels by 70–80%, which signifi-
cantly affected cell motility (this parameter decreased 
compared to that in the cells transfected with control 
siRNA). In addition, MALAT1 knockdown reduced the 
cell migration rate. However, no effect on cell prolif-
eration was observed [52].

In vivo studies using model objects
The in vivo functions of MALAT1 have mainly been 
studied by xenotransplantation of human tumors or 
cell cultures into thymus-deficient mice. The in vit-
ro studies in cell cultures and studies using tumor 
xenografts have revealed the contradictory effects of 
MALAT1 on tumor cell growth and invasion. Targeted 
inactivation of the MALAT1 gene in a breast cancer 
model in transgenic mice without altering the expres-
sion of neighboring genes was shown to promote lung 
metastasis, and this phenotype can be reversed by ge-
netic insertion of MALAT1. Identically, MALAT1 knock-
out in human breast cancer cells confers metastatic 
ability, which is eliminated by MALAT1 re-expression 
[53]. Furthermore, MALAT1 stimulates mammary tu-
mor growth: transfecting siMALAT1 into MDA-MB-231 
and ZR-75-1 cell cultures suppressed the prolifera-
tion ability of cells, whereas subcutaneous injection 
of transfected tumor cells to mice also reduced tumor 
growth rate and size [48]. According to the results ob-
tained for cell cultures (MALAT1 knockdown resulted 
in inhibition of the proliferation and invasion ability 
and triggered apoptosis in TNBC cell cultures), Jin et 
al. [45] subcutaneously injected MALAT1 knockout tu-
mor xenografts to mice and obtained similar results: 
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tumor growth was inhibited; tumor size decreased; 
MALAT1 hypoexpression triggered apoptosis of tumor 
cells and reduced their proliferation rate and the num-
ber of Ki-67-positive cells in the tumor. In a model of 
xenografts with siMALAT1, an influenced miR-124 in-
hibitor and miR-124+ inhibitor showed that MALAT1 
overexpression is associated with CDK4 expression and 
cell proliferation, all controlled by the CDK4/E2F1 sig-
naling pathway in breast cancer [25]. It is also worth 
noting that Yang et al. developed a mouse tumor xen-
ograft model for detecting the MALAT1 function in 
HER2+ breast cancer: MALAT1 expression was sig-
nificantly upregulated in HER2+ breast cancer both in 
cells and in tissues. MALAT1 silencing suppressed the 
proliferation of HER2+ breast cancer cells. The results 
seemed to suggest that MALAT1 could be a potential 
biomarker and a therapeutic target in HER2+ breast 
cancer [54].

Several studies have addressed the feasibility of 
targeting MALAT1 in order to improve the treatment 
of malignant neoplasms. Research into RNA thera-
py currently allows one to design RNA-based ther-
apeutics, namely, antisense oligonucleotides (ASOs), 
which are small sequences complementary to mRNA 
carrying information about the protein under study, 
which can inhibit its synthesis [55]. Examination of 
the role of MALAT1 in breast cancer progression in 
the MMTV (mouse mammary tumor virus)-PyMT 
model showed that MALAT1 knockdown subcuta-
neously delivered ASO and reduced the metastasis 
rate. MALAT1 knockdown (20–80%) was achieved in 
mice injected with MALAT1-specific ASO1 or ASO2 
compared to control mice that received the scram-
bled ASO (ScASO) control. The tumor growth rate 
was also reduced by 50% in mice in the experimental 
group compared to that in control mice injected with 
ScASO [56].

In vivo studies in breast cancer patients
The published data suggest that MALAT1 utilizes dif-
ferent mechanisms for different molecular subtypes 
of breast cancer [2]. MALAT1 expression is upregu-
lated in patients with TNBC, and those with elevat-
ed MALAT1 expression levels have a poor overall 
survival chance. Thus, Samir et al. investigated not 
only MALAT1 lncRNA, but also the X-inactive specif-
ic transcript (XIST). They successfully demonstrated 
that although miR-182-5p exhibited oncogenic activi-
ty, XIST had a preponderant effect on the regulation 
of the PD-L1 signaling pathway by inhibiting the on-
cogenic function of MALAT1 [57]. This fact can ex-
plain the findings obtained by Xiping et al. showing 
that MALAT1 suppression downregulates PD-L1 ex-
pression. This study demonstrated that MALAT1 gene 

editing can efficiently suppress the proliferation and 
invasion ability of triple negative and HER2+ breast 
cancer cells [2]. MALAT1 expression levels are much 
higher in TNBC samples than they are in HER2+ 
breast cancer samples. Lin et al. [32] showed that the 
downregulated or absent expression of MALAT1 is 
typical mostly of normal tissue, while MALAT1 over-
expression is characteristic of breast, pancreatic, liver, 
lung, colorectal, and prostate cancers. MALAT1 mRNA 
expression proved also significantly upregulated in 
breast cancer tissues. These results are consistent with 
the findings made in earlier studies demonstrating 
that MALAT1 lncRNA can also promote cell prolif-
eration and invasion in TNBC and lung cancer [57]. 
It follows from these data that MALAT1 can be used 
as a promising biomarker in the clinical diagnosis and 
prognosis of aggressive breast cancer tumors. In other 
words, it is clear that MALAT1 activation plays a cru-
cial role in breast carcinogenesis. However, it is inter-
esting to note that the serum levels of MALAT1 can 
also be a potential diagnostic oncomarker of breast 
cancer. In their in vitro study, Miao et al. showed that 
suppression of MALAT1 lncRNA significantly inhibit-
ed the proliferation, migration, and invasion of breast 
cancer cells, induced apoptosis and G1-phase cell cycle 
arrest, which has also been repeatedly shown in other 
independent studies. Furthermore, the serum level of 
MALAT1 in breast cancer patients was significantly 
higher than in patients having benign breast condi-
tions (p < 0.001) [58].

On the other hand, when analyzing the RNA se-
quencing data (The Cancer Genome Atlas), Kim en-
countered the lowest MALAT1 expression levels in 
more aggressive tumors; MALAT1 expression in 
breast cancer cells was lower than that in normal tis-
sue. This finding contradicted the results reported in 
other studies: in most cases, overexpression of the 
MALAT1 transcript in breast cancer cells compared 
to normal tissue was observed [25, 28, 45, 46, 59–61]. 
Kim et al. used the CRISPR-Cas9 genome editing 
tool to achieve MALAT1 knockout and observed an 
increased metastasis rate. Such differences in the re-
sults most probably had to do with the differences 
 in the approaches used to obtain MALAT1 knock-
down mice. Thus, according to the published data, 
MALAT1 overexpression is observed in the tumors 
of the ER+ and PR+ subtypes, as well as TNBC [27, 
31, 46, 62]. Comparison of the expression levels of the 
transcript in TNBC and HER2-enriched breast can-
cer cells revealed MALAT1 overexpression in triple-
negative cancer cells, which may be an indication that 
MALAT1 expression is correlated with the metastatic 
ability and that the differences are associated with 
the mediated participation of MALAT1 in different 



38 | ACTA NATURAE | VOL. 15 № 2 (57) 2023

REVIEWS

cellular processes [2]. MALAT1 overexpression is be-
lieved to be associated with poor tumor differentia-
tion and resistance to hormone therapy [59, 62], while 
low expression might be associated with the relatively 
high five-year overall survival rate of breast cancer 
patients [63].

CLINICAL SIGNIFICANCE OF MALAT1
Not only is MALAT1 usually overexpressed in differ-
ent types of cancer, but it also frequently undergoes 
mutation. Some researchers have reported a high fre-
quency of mutations in the MALAT1 locus (e.g., trans-
location in MALAT1 in renal cell carcinoma and gas-
troblastoma cells is established) [17]. Today, there are 
very few studies focusing on the association between 
MALAT1 mutations and breast cancer progression and 
the clinicopathological parameters of the tumor; so, it 
remains an open question whether this gene is a driv-
er gene in breast carcinogenesis or not [64]. Kandoth 
et al. reported a low rate (1.1%) of MALAT1 mutations 
in breast cancer patients compared to other types of 
malignancies [31, 65]. However, the genome-wide as-
sociation study of tumors collected from breast can-
cer patients conducted by Nik-Zainal et al. revealed 
a high rate of MALAT1 mutations (single nucleotide 
substitutions, insertions, and deletions), but it still re-
mained unclear whether these mutations were driver 
mutations or resulted from the high tumor mutation 
burden in this genomic region [66].

MALAT1 was shown to belong to the group 
of genes of the luminal B breast cancer subtype: 
MALAT1 mutations are associated with such clini-
copathologic parameters as a high tumor grade and 
high Ki-67 expression level. MALAT1 deletions and 
high frequency of insertion and deletion mutations 
(that most likely had arisen during transcription) 
were also observed in patients with the luminal sub-
types of breast cancer [67]. This study also mentioned 
that MALAT1 mutations were unrelated to changes 
in gene expression levels; they probably had arisen 
during transcription as well [64]. The probability of 
activating the oncogenic effect of MALAT1 on cells 
can hardly be associated with gene amplification. This 
conclusion was drawn by Meseure et al., since the 
MALAT1 gene resides in the chromosome locus that 
is rarely amplified [31]. According to our data [68], the 
frequency of deletions in the locus where MALAT1 
resides in luminal B breast tumors amounts to 18%. 
Amplification at the 11q13.1 locus was observed in 
10% of patients; in the vast majority of cases (72%), 
tumor cells had a normal copy number at this locus 
[68].

Furthermore, the MALAT1 lncRNA rs619586 poly-
morphism was shown to be associated with the re-

sponse to platinum-based chemotherapy [69]. In the 
dominant genotypic model, the presence of the wild-
type genotype (A/A) was found to be associated with 
a high chance of responding to chemotherapy by pa-
tients with non-small cell lung cancer (OR 0.60; 95% 
CI 0.36–0.97; p = 0.04), especially by patients younger 
than 57 years (OR 0.49; 95% CI 0.24–0.98; p = 0.04), 
males (OR 0.53; 95% CI 0.31–0.92; p = 0.02), smok-
ers (OR 0.46; 95% CI 0.24–0.89; p = 0.02), and pa-
tients with squamous cell carcinoma of the lung 
(OR 0.24; 95% CI 0.10–0.60; p < 0.001) [69].

MALAT1 as a prognostic factor
According to the data reported previously, MALAT1 
can be used as a promising biomarker in the clini-
cal diagnosis and prognosis of aggressive breast can-
cer. Findings on the MALAT1 expression level can 
be a prognostic factor. An analysis of the data re-
ported in 14 studies revealed that MALAT1 overex-
pression was associated with poor patient survival 
(HR = 1.95; 95% CI 1.57–2.41; p < 0.001) [48, 70, 71]. 
The low relapse-free survival rates associated with 
MALAT1 overexpression were also characteristic of 
patients with the ER-negative profile of tumor ex-
pression (HR = 2.83; 95% CI 1.02–7.83; p = 0.045) and 
for the group of patients having the luminal sub-
types of breast cancer (ER+) and receiving tamox-
ifen therapy (HR = 2.56; 95% CI 1.04–6.0; p = 0.034) 
[62]. Similar results were obtained for patients with 
the TNBC and HER2+ subtypes of breast cancer hav-
ing no lymphatic metastases; elevated MALAT1 levels 
correlated with a worse prognosis [27]. Elbasateeny 
et al. [72] arrived at a conclusion that not all TNBC 
patients have a poor prognosis; patients negative for 
one of the MALAT1 and BACH1, or both, have a sat-
isfactory prognosis and so can be managed by breast 
oncoplastic conserving surgery. These data can ex-
plain the inconclusiveness of the findings obtained 
in independent studies. Later, Wang et al. conduct-
ed a meta-analysis, with special emphasis placed on 
metastatic spread, and showed that MALAT1 over-
expression is associated with poor disease prognosis. 
The relapse-free survival of breast cancer patients 
with upregulated expression of this gene was lower in 
95% of cases (HR = 1.97; 95% CI 1.25–3.09; p = 0.003), 
and no association between MALAT1 expression and 
lymphatic metastasis was detected (OR = 1.32; 95% 
CI 0.34–5.21) [73]. However, for the TNBC and HER2+ 
breast cancer samples, Xiping et al. revealed a posi-
tive correlation between the increased expression lev-
el of the MALAT1 transcript and the number of met-
astatic lymph nodes, as well as an inverse relationship 
between its expression level and the relapse-free 
survival rate of patients with the HER2+ subtype of 
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breast cancer [2]. A different effect was reported for 
the metastasis-free survival rate of breast cancer pa-
tients: the decreased MALAT1 expression in these 
patients was associated with worse survival rates 
(HR = 0.81; 95% CI 0.67–0.99, p = 0.0420; HR = 0.65; 
95% CI, p = 0.005) [23]. However, in this case, the con-
clusion was based on experimental results demon-
strating that MALAT1 acts as an EMT inducer in 
breast cancer patients by activating the PI3K-Akt 
pathway. Therefore, there is no direct evidence of cor-
relations between a low MALAT1 expression level 
and a worse prognosis.

In addition, a recent meta-analysis showed that 
high MALAT1 expression levels are associated with 
the PR+ tumor profile (95% CI 1.18–1.82; p = 0.0006) 
and, moreover, with decreased immune cell infiltra-
tion into the tumor, which may be one of the reasons 
for the poor survival prognosis in breast cancer pa-
tients with MALAT1 overexpression [71]. Finally, we 
would like to mention that Meseure et al. showed that 
both the expression level of the full-length MALAT1 
transcript and the expression level of the alternative-
ly spliced MALAT1 transcript (Δsv-MALAT1) carry-
ing two deletions can be used as prognostic factors: 
Δsv-MALAT1 hypoexpression in the tumor was ob-
served in 19% of cases and was positively correlated 
with  a large tumor size, ER-negative, PR-negative, 
triple-negative subtypes of breast cancer, and a poor 
metastasis-free survival chance [31]. Hence, it is fair 
to assume that alterations in gene expression affect 
the direction of tumor progression.

Importantly, MALAT1 is also a prognostic mark-
er in human tumors of other localizations. Thus, ac-
cording to the results of a study of prostate cancer 
cells resistant to enzalutamide (an antiandrogen used 
in prostate cancer treatment), the MALAT1/AR-v7 
axis (androgen receptor splice variant 7, AR) can be 
a promising therapeutic marker. The relationship be-
tween the expression of AR-v7, which contributes to 
the development of enzalutamide resistance, and the 
MALAT1 expression has been emphasized [74]. The 
expression levels of both genes in EnzR-PCa cells 
(the enzalutamide-resistant cell line) were higher 
than those in drug-susceptible cells. Administration 
of MALAT1 siRNA and/or ASC-J9 (5-hydroxy-1,7-
bis(3,4-dimethoxyphenyl)-1,4,6-heptatrien-3-one) sup-

pressed the progression of EnzR-PCa tumor cells. AR 
was shown to bind to androgen response elements 
(AREs) on the MALAT1 promoter. This interaction 
was inhibited in the presence of enzalutamide, thus 
boosting the activity of the MALAT1 promoter. In 
turn, MALAT1-siRNA inhibited AR-v7 expression 
[74].

Hence, the MALAT1 expression level can be used 
as a prognostic factor in breast cancer. The revealed 
patterns give grounds for inferring that MALAT1 ln-
cRNA may indeed be a good predictive marker for 
selecting this treatment option.

CONCLUSIONS
An analysis of the role of lncRNAs in the carcinogen-
esis of different types of tumors appears to be impor-
tant, since new data on the principles of action of long 
non-coding RNAs would reveal the role played by the 
non-coding part of the genome in tumor pathogenesis, 
as well as supplement our knowledge about potential 
prognostic markers in cancer; breast cancer in partic-
ular. The metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1), which was recently discov-
ered during a study of the mechanisms of metasta-
sis in lung cancer, is of interest. This RNA is involved 
in numerous cellular processes such as transcription, 
splicing, metastatic spread, cell proliferation, etc. It 
can be inferred from a number of studies that a high 
level of this transcript is a marker of a poor survival 
likelihood for breast cancer patients and it can also be 
involved in the regulation of the mechanisms of EMT, 
invasion, and metastatic spread. For this reason, col-
lecting data on this ncRNA is important in the search 
for more efficient methods to diagnose and treat ma-
lignant breast tumors. Further research into the func-
tions of MALAT1 will allow one to understand the 
key mechanisms of tumor neoplasm initiation and 
progression. 
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