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Introduction

At present, breast cancer is more frequently diagnosed 
in women than in men. According to global cancer 
statistics, each year more than 1,675,000 women are 
diagnosed and more than 500,000 of them die [1]. Some 
subtypes of breast cancer have been described. [5]

Breast cancer tumors have been classified into three 
main groups. Such classification is based on the gene 
expression of estrogen receptors (ER) and human 
epidermal growth factors (HER2). The most frequently 
diagnosed subtype is ER (positive tumors), followed 
by HER (positive tumors) (which houses ERBB2 
amplification) and ER, HER2 and triple-negative 
progesterone receptors in tumors [2].

With regard to diagnosis and therapies against breast 
cancer, it is necessary to work on new approaches for 
improvement, understanding of molecular mechanisms 
is the most important the for this purpose. It has been 
found in in vitro experiments that non-coding long RNAs 

may have key and important tasks in the development 
of breast cancer tumors [4,5], in addition to idealizing 
innovative proposals for new therapies, such as 
biomarkers.

General Characteristics of LncRNAs

LncRNAs can be defined as RNA transcripts above 
200 bp, which have no open reading frames. LncRNAs 
have complicated structures and intrinsic origins. It is 
not possible to define them by their length or inability 
to encode proteins. It has been observed that lncRNAs 
in chromatin state have preserved domains, be those 
marked by H3k4me3 and H3k36me3 [6]. LncRNAs can 
be classified according to their origin in the genome, as 
seen in Figure 1. Five groups are distinguished: Sense 
lncRNA, are those where the sequence of the lncRNAs 
overlap with one or more exons of another reading 
frame in the same direction. Then we have the Antisense 
lncRNA, in which it happens analogously to the Sense 
lncRNA, but this time in the opposite direction. The 
next category is that of bidirectional lncRNA, where 
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the lncRNA begins in close genomic proximity with a 
neighboring reading frame, in the opposite chain. The 
intrinsic lncRNA are derived completely from an intron 
of another reading frame. Sometimes they can represent 
the sequence before the messenger. Finally, intergenic 
lncRNA, which derive from a sequence within a genomic 
interval, between two genes. [7]

The lncRNAs are related to several biological and 
physiological processes, with different functions for 
each case. They are shown to be important regulators as 
tumor suppressors, as well as suppressors of oncogenesis 
pathways. Current studies argue that lncRNA are 
responsible for regulating the major pathways leading to 
cancer at three different levels: epigenetic, transcriptional, 
and post-transcriptional [6]

The best known and potential function of RNAin is 
related to the epigenetic regulation of white genes. 

Primarily because of its repressive functions. A wide 
range of lncRNAs such as ANRIL, HOTAIR, H19 and 
XIST have been shown to rebuke transcription by histone 
modification or chromatin protein remodeling [8]. Non-
coding RNAs can act on cis and trans systems. For cis, 
these are restricted to the site of synthesis or chromosome 
and tend to regulate only a few genes, while trans-acting 
RNAs spread to other chromosomes and regulate a wider 
range of genes [9].

Mechanism of lncRNAs in Cancer Biology

Notably deregulated lncRNA has been found in tumor 
tissues, in previous studies their participation in the 
development and progression of various types of cancer is 
established [10,11]. There are lncRNAs that participate in 
3 different levels in biological processes: transcriptional, 
post-transcriptional and epigenetic level (Figure 1), these 
lncRNAs lack open reading frame (ORF).

 
 

Figure 1: Genomic arrangement of lncRNAs. On the right side of each ident is denoted with lcnRNA involved 
in breast cancer according to its classification. A) Intronic lncRNA are located in an intron of a coding region, B) 
Intergenic lncRNA (lincRNAs are transcripts located between two protein coding genes) C) Sense lncRNA are 
transcribed from the antisense strand of protein coding genes and might overlap one or several introns and exons. 
D) Anti sense (AS) lncRNA are transcribes from the antisense strand of protein coding genes and could similarly 
overlap with one or several introns and exons of the sense strand. E) Bidirectional lncRNA are located within 1 kb 
of promoters in the opposite direction of protein coding transcripts. F) Sense-overlapping lncRNA are lnRNA that 
are present within the boundaries of the protein-coding gene. Some sense lncRNA are transcript variants of protein-
coding mRNA and may not possess a functional ORF for translation into proteins. Antisense overlapping lncRNA are 
transcribed from the antisense strand and overlap in part with well-defined spliced sense or intronless sense RNAs 
and undergoes fewer splicing event.
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Transcriptional level of regulation by lncRNAs

lncRNA are transcribed from active enhancers: 
The presence of nearby promoters is necessary for the 
transcription of most genes, these promoters have 
more distant enhancer elements. Enhancers are located 
distant from the transcription initiation site (TSS) 
most of the time and bind to tissue-specific TF, thus 
functioning as regulators of differential gene expression 
[12]. The combined effects of one or more enhancers 
almost always regulate the expression of a particular 
gene, these enhancers are activated at a specific site, key 
to both general and tissue development. RNAPII allows 
binding between enhancers, reflecting their interaction 
with the promoter. Neuron studies of mice by Kim et 
al [13] on the activation of calcium signaling, found 
that an approximately 2 kb ncRNA is transcribed from 
bidirectionally active enhancers.

LncRNA genes that have an enhancer activity: 
NcRNAs are transcribed from independent locus, 
but not from enhancers, they are a type of lncRNA 
with transcriptional activation functions [14-16]. It is 
responsible for the activation of specific transcription 
of neighboring genes in a particular RNA, requiring the 
activity of a promoter [14]. Through a chromosomal 
conformational change, the gene activation is mediated 
by an ncRNA, allowing an approach between the ncRNA 
locus and the promoter of its target gene [17]. A protein 
complex, known as a mediator, together with cohesin, is 
part of the binding of promoters and enhancers [18].

Post transcriptional regulation by lncRNAs

LncRNA as a source of miRNA: From a primary 
transcript through a two-stage process, miRNA (pri-
miRNA) is originated. The pri-miRNA is cut while it is 
still in the nucleus through chromosomal region 8 in 
Drosha and Digeorge syndrome (DGCR8). The pre-
miRNA is transferred to the cytoplasm as a consequence 
of the cut, in the cytoplasm it is processed thanks to the 
Dicer / TAR RNA protein (TRBP), finally producing a 
mature miRNA [19], [20]. Almost all pri-miRNA have 
a length of more than 1 kb [20], and can be considered 
lncRNA. There are two main sources of pri-miRNA in 
the genome: those whose expression is linked to the 
expression of an original transcript, although it does not 
always occur, caused by incorporation into another gene. 
There are also those that are transcribed independently 
of what was previously considered an intergenic region. 
The other group contains self-regulating promoters 
through RNAPII, similar to mRNA [21].

Approximately 50% of miRNAs are obtained from non-
coding transcripts [22]. Many miRNAs are present in 

non-coding genes and are also located in introns [21]. 
From this genomic organization, it is proposed that the 
host lncRNA does not simply act as a pri-miRNA, but 
also have complementary roles encoded by exons, which 
is known as intronic concealment of lncRNAs to miRNAs. 
Some examples include DLEU2, which is the host gene of 
the miR-15a / 16.1 tumor suppressor group, located in 
its third intron [23,24]. Commonly miRNAs are shown 
infrared in leukemia. In adult chronic lymphocytic 
leukemia, it appears to be regulated by the host gene 
promoter that binds through transcription factors (TF), 
MYC [24] and PAX5 (formerly known as B-cell specific 
activator protein, BSAP) [25], since the expression of 
miR- 15a / 16.1, while acute myeloid leukemia in infants, 
the information obtained by methylation tests, indicates 
that this group of miRNA is regulated independently of 
its host gene [26]. A second example is the miR-31 tumor 
suppressor, which is not regulated in breast cancer. 
The miR-31 gene is incorporated into an intron of the 
LOC554202 lncRNA, and its transcription regulates 
through a methylated state of the host gene promoter 
[27].

LncRNA as a negative regulator of miRNA: 
miRNA are negative regulators of cell expression. The 
transcripts are directed through the union of a short 
initial sequence of 7 nt in the miRNA to a miRNA response 
element (MRE), which are also short. The link should 
not necessarily be complementary [28], complicating 
the prediction of miRNA objectives. Through computer 
predictions, it is suggested that a single miRNA targets 
hundreds of transcripts [28], although physiologically 
speaking, the number of target genes that are targets 
of a miRNA is almost much lower always [29]. This 
reflects the lack of success and the disconnect between 
the number of predicted targets and the number of 
current targets, causing it to be surprising that many 
of the lncRNAs contain predicted miRNA binding sites. 
This raises interesting theories, and that the function 
of a number of lncRNAs could through a sequestration 
of miRNAs, possibly, regulate the genetic expression, 
leading to a limitation in the concentration in the cell, 
thus causing the reduction of the set of miRNA available 
in the cell. Which suggests that an lncRNA may act as 
a negative regulator for miRNA function and may be a 
possible positive regulator of genetic expression. This is 
known as the “competitive endogenous RNA” (ceRNA) 
hypothesis [30]. 

Epigenetic regulation, lncRNAs and cancer

Cancer in humans forms a lot of diseases that involve 
various genetic and epigenetic alterations. The change 
from silenced genes to active and transcribable genes, and 
vice versa, is regulated by cumbersome mechanisms and 
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complex alterations in cellular machinery [30]. Although 
only part of DNA mutations belongs to malignant 
phenotypes, recent studies have demonstrated the 
relevance of epigenetic alterations in tumor development 
[31]. Cancer cells show changes in DNA methylation 
patterns, such as global hypomethylation and CpG islands, 
in promoter regions. Due to these variations, the genome 
of cancer cells presents chromosomal fluctuation, loss 
of genomic imprinting and changes in gene expression, 
both for protein coding and for regulatory ncRNAs [32].

Thanks to the advance of high-performance sequencing, 
a variety of studies have provided a constantly expanding 
survey of genetic aberrations in cancer. Although, these 
deformations also affect the lncRNAs, causing the 
repression of their functions and, consequently, leading 
to a deregulation of their objectives [32]. Most of the 
well-characterized lncRNAs to date, show a functional 
role in the regulation of gene expression, in particular, 
transcriptionally rather than post-transcriptional. With 
the progress in the cancer transcriptome profile and the 
evidence gathered on the functions of lncRNA, a variety 
of lncRNA with differential expression have been related 
to different types of cancer, in addition, one or more 
dynamic changes in their structures are involved. [29]

LncRNAs in Breast Cancer

It has been found that different types of LncRNA 
are expressed in breast cancer; these are expressed 
abnormally in tumors [33,34]. LncRNAs are associated 
with breast cancer growth, because they are involved in 
the regulation of both cell proliferation and apoptosis. 
Some of the LncRNAs play an important role in the 
invasion, metastasis, and drug resistance of breast cancer 
[10]. In breast cancer several LncRNAs are involved [35]. 
Some of them have been studied and classified into two 
types: oncogenic type and tumor suppressor.

Oncogenic lncRNAs in breast cancer

There have been several oncological studies for the 
identification of LncRNA as functional genes associated 
with tumorigenesis and cancer development, these 
studies have revealed that some of the LncRNA have 
an oncogenic function because they are associated with 
distinctive characteristics of cancer, such as progression 
of the cell cycle, anti-apoptosis, angiogenesis and 
metastasis [36-37]. Some of the LncRNAs related to 
breast cancer are shown in Table 1 and are described 
below:
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Lnc RNA Type of LncRNA Function Reference

ANRASSF1 Antisense RNA Promote proliferation [38]

ANRIL Antisense non coding RNA Promote proliferation [39]

HOX Antisense intergenic RNA Metastasis [45]

PTPRG-AS1 Overlapping, antisense Differentially expressed between ER+ & ER- 
subtypes [28]

ARA Intronic
Modulate MAPK signaling pathway, 

metabolism pathways, cell cycle and cell 
adhesion-related pathways.

[29]

H19 Overlapping Induces growth arrest and apoptosis [46-48]

SOX2OT Intronic lncRNA Promote proliferation [21,22]
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ANRASSF1 (RNA 1 antisense RASSF1): It is an 
endogenous non-spliced RNA that is transcribed from 
the opposite chain in the tumor suppressor gene RASSF1. 
After studying, it has been revealed that it is overexpressed 
in the cell lines of breast and prostate tumors, unlike 
non-tumor cells since their expression is lower, but the 
presence of RASSF1A has an opposite pattern. It has 
been reported that the increase in ectopic expression of 
this LncRNA in HeLa cells causes a significant decrease 
in the expression of RASSF1A also shows an increase in 
cell proliferation [38].

ANRIL (Antisense non-coding RNA in the INK4 
locus): Presents a great relation in the processes of 
tumorigenesis of several types of cancer, this has been 
demonstrated, thanks to the studies that have revealed 
its functioning through the regulation of its adjacent 
tumor suppressors CDKN2A/B through epigenetic 
mechanisms [39]. It also has several variants of splice, 
mostly these are polyadenylated. It has a great tissue 
specificity that is part of the splice variants and this is 
of great physiological importance in some tissues [40]. 
Studies showed that ANRIL is related to the response to 
ATM-dependent DNA damage, because it is elevated in 
DNA damage by transcription factor E2F1 [41].

The antisense intergovernmental RNA HOX 
(HOTAIR): It has an elevated expression in various 
malignant tumors, such as breast cancer [42]. In 
breast cancer HOTAIR competitively binds to the 
tumor suppressor BRCA1 [43-44], this union causes 

a transformation in epithelial cells. HOTAIR is 
overexpressed when there is an occurrence of primary 
and metastatic breast cancer compared to healthy breast 
epithelium, HOTAIR expression is implicated in the 
misdiagnosis of breast cancer and distant metastases 
[45].

PTPRG-AS1 (tyrosine phosphatase protein, 
receptor type, G, antisense): It is an antisense 
LncRNA which is complementary to the PTPRG tumor 
suppressor gene that is present in breast cancer. 
According to studies, PTPRG is part of the tyrosine 
phosphatase protein family that is linked to the regulation 
of cell growth and the mitotic cycle. Studies have shown 
that lower expression of PTPRG-AS1 is directly related to 
longer life expectancy in patients with breast cancer [28].

ARA (Adriamycin resistance associated): It is an 
intronic lncRNA, since it originates from an intron of 
the PAK3 gene. The relationship it presents with breast 
cancer is related to the sensitivity it has to adriamycin and 
overexpression in adriamycin-treated cell lines. It has 
been studied by transcriptomic analysis of microarrays, 
eliminating ARA causes a reduction in proliferation, 
an increase in cell death, G2 / M arrest and migration 
defects. ARA has a great modulating capacity in signaling 
pathways such as mitogen activated protein kinase 
(MAPK), metabolism pathways, cell cycle and pathways 
related to cell adhesion [29].

H19: It is one of the best studied LncRNA. It has a 
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LINC00324 Long intergenic non-coding Cancer Cell Marker [28]

MALAT1 Intergenic lncRNA Metastasis [30-32]

SRA Intergenic lncRNA Expression activator [54-58]

LSINCT5 Antisense lncRNA Promote proliferation [59]

UCA1 Intergenic lncRNA Metastasis [61]

CYTOR Intergenic lncRNA Tumor marker [24]

  
Table 1: Oncogenic lncRNAs in breast cancer.
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2.3Kb transcript encoded by the maternal allele and it is 
capable of silencing the IGF2 gene in the same allele [19]. 
It is known that H19 is related to the control of embryonic 
growth and regulation of genetic impression [46,47]. IGF2 
is under the control of H19 during embryogenesis [9]. 
MBD1 is a gene that presents an H3K9me3 modification 
of histone, this gene is recruited by H19 suppressing the 
genetic expression of some genes [48]. H19 has an elevated 
and abnormal expression in tumorigenic cells [49], due 
to this, it has been considered as an oncogenic RNA in 
breast epithelial cells [50]. In breast cancer cells, it was 
discovered that H19 was regulated by an increase in the 
S phase and its promoter was activated by E2F1 [51]. H19 
is regulated by a widely deregulated transcription factor 
in cancer of epithelial origin (c-Myc) which is present in 
breast cancer. C- Myc binds to box E conserved in the H19 
promoter and facilitates the initiation of transcription of 
H19 [52]. H19 has an important role in the phenotype of 
breast cancer tumors.

SOX2OT: The coding sequence of the SOX2 gene is 
found within the intron of the superimposed transcript 
of SOX2 (SOX2OT), which is a long multi-exon RNA 
[20]. In breast cancer, the expression of the SOX2 and 
SOX2OT gene is present, SOX2OT is performed with ER 
positive and negative ER breast cancer [21]. Both the 
gene and LncRNA are present in cancer stem cells and 
SOX2 was also studied which is a gene that participates in 
the maintenance of pluripotency [22]. Ectopic expression 
of SOX2OT increases the expression of the gene which 
in turn generates an increase in growth independent of 
breast cancer anchor [21].

LINC00324 (00324 non-long intergenic coding): 
LINC00324 is downstream of the CTC1 gene. It is known 
that CTC1 is involved in DNA replication and in the 
protection against telomere degradation. In LINC00324 
breast cancer, it is expressed in the tumors and in ER type 
breast cancer. Overexpression of this gene is involved 
with the survival of patients with breast cancer [28].

MALAT1 (Metastasis Associated Lung 
Adenocarcinoma Transcript 1): MALAT1 is involved 
in the modulation of the alternative splice of pre-mRNAs 
[30]. In lung cancer, this LncRNA is connected with 
tumorigenesis and metastasis [53]. It has been found 
that there is an overexpression of MALTA1 in primary 
breast cancer tumors, in addition to that, MALTA1 has 
mutations and deletions in luminal breast cancer. These 
mutations have been found in the region that mediates 
the interaction with a splicing factor called SRSF1 [31].

SRA: The steroid receptor RNA activator (SRA) is 
known to be a lncRNA that has a function independent 
of the epigenetic or catalytic mechanism [54]. The SRA is 

involved with some hormonal receptors and this regulates 
the transaction of steroid receptor-dependent genes [56]. 
Overexpression of this LncRNA has been found in breast 
cancer [57], so it is considered an oncogene because its 
overexpression promotes cell proliferation [58].

LSINCT5: It is a stress-induced antisense lncRNA of 
2.6KB. LSINCT5 is found in the nucleus and is transcribed 
by RNA polymerase III [59,60]; greater expression of 
LSINCT5 has been found in breast cancer and tumor 
tissues [59]; It has been found that reduced expression 
of LSINCT5 reduces cell proliferation in breast cancer 
tumors.

UCA1: Urothelial carcinoma-associated 1 (UCA1) is a 
1.4Kb lncRNA. It is related to cell growth in breast cancer 
by suppressing p27, which is a tumor suppressor that 
inhibits cyclin- dependent kinase. The hnRNPI binding 
protein improves the translation of p27. UCA1 binds 
to this protein and prevents p27 from binding, so U27 
suppresses p27. Likewise, this lncRNA has an oncogenic 
role in the proliferation of breast cancer [61].

CYTOR: It is an intergenic lncRNA located more than 
100 kb away from the closest protein coding (PLGLB2) 
on chromosome 2p11.2. It has been discovered that it is 
regulated in several types of breast cancer, so it could 
be a tumor marker. It is involved in cell proliferation, 
cell migration, EMT and the EGFR, mTOR and MAPK 
pathways. CYTOR is associated with acetylation of H3K27, 
trimethylation of H3K4 and weak monomethylation 
marks of H3K4 in breast cancer [24].

lncRNA tumor auppressors in breast cancer

Some lncRNAs have been cataloged as tumor 
suppressors, research is still being done on this, so there 
are currently very few identified lncRNAs, among them 
few examples were shown in Table 2. These lncRNAs are 
involved in the DNA repair, as they have the ability to 
repair DNA damage. The following describes some tumor 
suppressor lncRNAs present in breast cancer:

LINC01355: Under normal conditions, the expression 
of LINC01355 in breast cell lines is higher, in breast 
cancer, this lncRNA is underestimated. A low regulation 
of LINC01355 is associated with the size of the tumor 
and the TNM stage in breast cancer. The elimination of 
LINC01355 is related to the proliferation of breast cancer 
and the ectopic expression of LINC01355, this suppresses 
the proliferation and colony formation of breast cancer 
cells. When there is an overexpression of this apoptosis 
of lncRNA, it will increase in MCF7 xenograft tumors, 
because of this it is considered as a tumor suppressor in 
breast cancer [62].
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Growth arrest-specific 5 (c): GAS5 is located at 
1q25.1. A low regulation of GAS5 has been found in solid 
malignant neoplasms such as pancreatic cancers [26], 
colorectal [27], lung and breast. Studies on this lncRNA 
have revealed that it has a function as a tumor suppressor, 
this function is due to the fact that it sequesters several 
oncogenic miRNAs such as miR-221/222 [26], miR-
196. The low expression of GAS5 is involved both in the 
resistance to the drug tamoxifen [63] and in the resistance 
to dendrosomal curcumin in breast cancer cells. Among 
the most important research findings is that GAS5 is a 
regulator in the cell cycle that accumulates cells when 
they are in a state of growth arrest [26].

Zfas1: It is the antisense for the 5 ‘end of the protein 
coding gene, Znfx1, and the host snoRNA [64]. Zfas1 is 
found within the ducts and alveoli of the mammary gland, 
it was found that it is expressed differentially in the stage 
of pregnancy and lactation, due to this it is believed that 
it is involved in the development of the mammary gland. 
A low expression of Zfas1 in the epithelial cells of the 
breast generated an increase in cell proliferation. It has 
been found that in breast cancer the expression of this 
lncRNA is low [64].

Neuroblastoma associated transcript 1 (NBAT1): 
NBAT-1 is located at 6p22.3. A low regulation of NBAT1 
has been found in different types of cancer, that’s the 
reason why it is known as a tumor suppressor lncRNA. 
NBAT1 is present in the regulation of cell proliferation 
and invasion since it interacts with the PRC2 member 
(complex repressive polyombomb 2) EZH2 (zeste 2 
enhancer) [65]. A low expression of this lncRNA is 
involved with the tumor metastasis of the patient. Ectopic 
in vitro NBAT1 inhibits the migration and invasion of 
breast cancer cells. Some research has shown that NBAT1 
is associated with the PRC2 member EZH2 and regulates 
the general gene expression profile; It is also known 
that DKK1 (WNT dikkop 1 signaling pathway inhibitor) 
is regulated by NBAT1 and its relationship with PRC2. 
NBAT1 is also involved in the inhibition of migration 
and invasion of breast cancer cells and, therefore, is 
considered as a possible inhibitor of metastasis in breast 
cancer [65].

Maternal expression 3 (MEG3): MEG3 is found 
chromosomally in 14q32.2. Low expression of MEG3 has 
been found in several malignant tumors. The survival of 
different patients with breast cancer has been involved 
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Lnc RNA Type of LncRNA Function Reference

LINC01355 Long intergenic non- coding 
RNA Suppresses the cell proliferation [62]

GAS5 Overlapping
It Is downregulation decreases breast cancer 
cell clonogenicity & anchorage-independent 

growth.
[26]

Zfas1 Overlapping, antisense Knockdown of Zfas1 in breast epithelial cells 
resulted in increased cell proliferation [64]

NBAT1 Long intergenic non- coding 
RNA

Regulates cell proliferation and invasion by 
interacting with PRC2 (polycomb repressive 

complex 2) member EZH2 (enhancer of zeste 
2)

[65]

MEG3 Downregulation
Repress PI3K/AKT/mTOR pathway and 

thus repressing the oncogenic behavior of the 
overly expressed miR-21 in BC cells

[13]

  
Table 2: lncRNA tumor suppressors in breast cancer.
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with MEG3, so it is considered as a potential marker for 
breast cancer [66]. This lncRNA has an important role as 
a tumor suppressor because it has been found to act as 
a sponge for several miRNAs such as miR-9 [67], miR-
494 [68], miR-21 and miR-29 [12]. In breast cancer, its 
suppressive function is due to the fact that MEG3 will 
increase the expression of p53 and at the same time 
increase the level of nuclear factor expression κB (NF-κB) 
[69]. MEG3 represses the PI3K / AKT / mTOR pathway, 
this causes a decrease in the oncogenic behavior of miR-
21 that is overexpressed in breast cancer [13].

Development of lncRNAs-Based Cancer 
Therapies

Based on these studies, new therapies have been 
designed that involve the study of lncRNAs and their 
involvement in cancer, and several strategies have been 
implemented to cancer therapy using lncRNA, one 
strategy that has been implemented is to re-introduce a 
wild type lncNA with tumor suppressor function to cells 
that lack it. Another implemented strategy is the use 
of siRNAs, antisense oligonucleotides (ASOs) and viral 
vectors containing short-tip RNAs (shRNAs), which are 
involved in the expression of oncogenic lncRNAs. As a 
result of ASO-mediated inhibition of lncRNAs in animal 
models has been likely (Figure 2) [53].

Studies have shown that inhibition of the HOTAIR 
oncogene could reverse the EMT process and counter 
cell proliferation in breast cancer [32]. It was found that 
siRNA-mediated silencing of oncogenic lymphocytes 
has led to decreased viability of prostate cancer cells, 
the functioning of which begins with siRNA mediated 
by PRNCR1 knockdown, this silencing appears to be 
practical in inhibiting cancer cell proliferation and 
metastasis ability (Figure 2a) [53].

Another strategy for cancer therapy is to produce a 
splice variant, which is done by altering splice events. 
The application of lncRNA has also been sought, this 
application is done by inhibition of the interaction of 
lncRNAs with their objectives. This relationship has 
been proven with the inhibition of interactions between 
HOTAIR and PRC2 or LSD1 complexes. When this 
interaction is inhibited, the metastatic potential of cells 
in breast cancer is minimized [70].

Recent studies indicate that CRISPR / Cas9 is a useful 
tool for silencing transcription in loci expressed by some 
lncRNA (Figure 2b) [71,72]. The use of CRISPR/Cas9 
served as a signaling of the transcriptional site of a gene 
promoter involved in transcription silencing [73]. Studies 
have shown that more than 16,000 lncRNA promoters 
could target human genome RNA [74]. CRISP/Cas9 has 

been used to generate an attack on the genomic DNA of 
cancer cells, an example of which is the elimination of 
lncRNA-NEAT1 and lncRNA-MALAT1, this modification 
served as an inhibition on the metastasis of cancer cells 
[14,15].

ARA is an lncRNA that has been implicated in several 
signaling pathways that are involved in the development 
of breast cancer, with cell adhesion, MAPK and pathways 
that regulate cell cycle progression. The lncRNA 
transcriptome profile in adriamycin-resistant breast 
cancer cells revealed that ARA is directly involved in 
adriamycin resistance. Studies found that decreased 
expression of ARA is reflected in reversal of drug 
resistance, equally in inhibition of cell proliferation and 
migration and in promotion of apoptosis and arrest of 
G2/M in adriamycin-resistant cells [16].

In superior transfection RNA (RNAi) interference 
techniques, there are viral vectors that mainly include 
recombinant adenovirus, lentivirus and retrovirus 
vectors (Figure 2c). RNA neutralization is performed, 
this is directed by the exogenous double stranded RNA, 
the RNAi is a biological process that allows the specific 
elimination of genes [17-19]. It is a specific technique, 
but the efficiency of siRNA undergoes instability, stem-
shloRNA can provide a lasting effect in vivo [75-78]. For 
the treatment of cancer, the use of shRNA to generate 
an attack on lncRNA has been studied with great 
interest. The inactivation of lncRNA-BCAR4 in lentiviral 
transfection significantly inhibited the formation 
of metastases in breast cancer [79]. By transfecting 
HOTAIR mRNA with a retrovirus in a gastric cancer 
cell line, it led to the inhibition of cell propagation in 
peritoneal dissemination [80]. Some lncRNA that have 
a suppressive function have a low expression in tumors, 
it is sought to increase the expression of these lncRNA 
to create a treatment for cancer. Virus transfection, as 
the main method for accurately transmitting the shRNA 
plasmid to the target site, can also be used to upregulate 
the corresponding lncRNAs by transfecting exogenously 
synthesized lncRNA plasmids into cancer cells [81].

Recent research has shown that LncRNAs are not junk 
DNA, rather they are a great tool for the study of cancer, 
causing research on the roles of lncRNA to take a new 
direction for research on tumorigenic mechanisms and 
cancer therapies.

There is great potential to develop biomarkers that 
help us create new therapies to treat breast cancer, 
as LncRNAs represent novel and rarely characterized 
components of cancer cells, this is because LncRNAs 
have been classified into oncogenic lncRNA and lncRNA 
suppressors of tumors.
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Figure 2: Possible modes of action of LncRNAs, a) Competitors, competing with other molecules by the binding 
site DNA or protein at the transcriptional level; b) Recruiters or activators, modifiers, activating chromatin 
structure (epigenetic level); c) Precursors, being processed and leaving small RNAs, among other mechanisms 
(epigenetic level).
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