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1. Introduction

Breast cancer is the most common cancer in Chinese women, and it is also the main cause of cancer death [1].
In 2015, Chinese women are expected to have about 4.292 million new breast cancer patients, accounting for 15%
of all new cancer women [2]. At present, there are many studies on the etiology of breast cancer, but the specific
pathogenesis is not clear. However, epidemiological studies have shown that the development of breast cancer is
usually caused by the interaction of genetic, environmental, lifestyle and reproductive risk factors [3-5].

At present, it is believed that at least 98% of mammalian and other complex organisms’ genomes are
transcribed into noncoding RNA [6]. Recent studies have revealed the existence of a wide range of noncoding
RNA (ncRNAs) and provided convincing evidence for the regulatory role of ncRNAs in certain pathological and
disease processes [7-9]. In addition, the number of non-coding RNA in sperm genome is more consistent with the
complexity of organisms compared with the number of coding genes, which indicates that the regulatory
mechanism based on RNA is the key to the complexity of biological evolution [10]. In addition to the well-known
transport RNA (tRNA), ribosomal RNAs (rRNA) and small nuclear RNAs (snoRNAs), the family of noncoding
RNAs also includes the recently discovered long-chain noncoding RNAs (Incrnas) and miRNAs. A large number
of studies have emphasized the regulatory role of miRNAs in cancer development and the relationship between
their gene polymorphisms and various cancer risks [11, 12]. In addition to miRNAs, more and more studies have
found that IncRNAs play an important role in various biological processes from embryonic development to human
diseases, including cell cycle control, apoptosis, invasion and migration [13]. The differential expression of
several IncRNAs in different tumors also indicates the close relationship between IncRNA and carcinogenesis
[14-16]. The role of Incrnas in tumorigenesis and development has attracted more and more attention, which has
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become a hot topic in the field of molecular biology.
2. LncRNA

LncRNAs are endogenous RNA molecules with a length of more than 200 bases but without protein coding
function [17]. According to the location of the gene and the direction of transcription, it can be further divided
into synonymy (the same as the template chain of protein gene transcription), antisense (complementary to the
template chain of protein gene transcription), bidirectional (it comes from two reverse complementary chains of
protein gene, usually the distance between transcription starting sites is less than 1,000 BP), intron (its template
chain of transcription located in the intron sequence of the coding protein gene) and the intergenic Incrnas (whose
transcription template chain is located in the gene interval region of the coding protein) [18]. Most INcRNAs have
similar transcription mechanism (usually generated by RNA polymerase 1l transcription), epigenetic regulation
(such as histone modification profile) and splicing signal with mRNA [19, 20]. Due to the lack of open reading
frame and poor sequence conservation, INCRNA has been considered as a non-functional gene “transcription
noise” in the past. Recent studies have found that Incrnas may contain short open reading frames (SORF, less than
100 codons) that can produce small peptides, which are often ignored in the past when predicting open reading
frames because the length of the codon is less than 100 [21, 22]. LncRNASs can play a role in both nucleus and
cytoplasm. LncRNAs of nucleus participate in chromatin remodeling and modification, transcription regulation
and RNA processing, while IncRNAs in cytoplasm usually interact with mature mRNA or protein [23].

With deeper development of IncRNAs research, more and more functions of IncRNAs have been revealed.
More and more evidences show that abnormal expression of IncRNAs may play an important role in cancer
biology [24]. Based on a lot of studies related to Incrnas, the extensive effects of INCRNAs on various
physiological processes of cells are summarized as follows: 1) interference with gene transcription; 2) regulation
of chromatin rearrangement and histone modification; 3) interference with mRNA cutting; 4) change of protein
function; 5) subcellular localization of regulatory proteins; 6) as competitive endogenous RNA [17].

3. LncRNA and breast cancer

More and more IncRNAs have been identified not only to participate in physiological processes but also to play
a role in tumorigenesis, proliferation, apoptosis, and invasion. Some IncRNAs are even specifically associated
with a tumor type. For example, SCHLAP1 overexpression is closely related to prostate cancer metastasis and
prognosis, and HULC can be used as a biomarker for liver cancer diagnosis. Although personalized treatment
based on its four molecular types (Luminal A, Luminal B, Her2 positive, and triple negative breast cancer) has
made great progress in breast cancer, we still cannot reduce the high incidence of breast cancer and total mortality.
Recently, studies have reported that some IncRNAs are closely related to breast cancer. In this review, we
summarize the biological functions of long-chain non-coding RNAs related to breast cancer and their mechanisms
of action. We hope to provide theoretical basis for exploring new treatments for breast cancer at the LncRNA
molecular level.

3.1 HOTAIR

HOTAIR is a 2.2kb carcinogenic RNA located in mammalian homeobox C (HOXC) with chromosome position
of 12q13.13. HOTAIR was first discovered in 2007 to inhibit transcription of the HOXD locus on chromosome 2
[25]. In 2010, Gupta et al. found that primary breast cancer tissues contained higher levels of HOTAIR than
adjacent tissues [26]. HOTAIR was soon discovered to promote cancer cell metastasis and could be used as a
biomarker to predict the prognosis of breast cancer [27]. Studies on the mechanism of HOTAIR have shown that
HOTAIR can be used as a scaffold to bind functional complexes in several different fields. The 5 terminal of
HOTAIR interacts with polycomb inhibitory complex 2 (PRC2) (including subunits such as SUZ12 and EZH2) to
promote methylation of H3K27. Through this interaction, HOTAIR can silence its target genes to achieve gene
regulation. In addition, the 3’ end of HOTAIR interacts with the LSD1/CoREST/REST complex to demethylate
H3K4 to achieve the purpose of activating genes [28]. HOTAIR can affect the expression of multiple downstream
genes by modifying specific histones [25]. For example, Gupta et al. [26] found that high expression of HOTAIR
caused a decrease in PRC2 levels in 854 genes and thus altered gene expression. Gene ontology analysis also
revealed that most of these genes are involved in cell signal transduction pathways.

The association between HOTAIR SNPs and genetic susceptibility to breast cancer has also been reported. A
case-control study in Turkey showed that the CC genotype of HOTAIR rs920778 increased the risk of breast
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cancer (OR: 2.12; 95% CI: 1.00-4.54) [29]. Studies by Yan et al. [30] showed that HOTAIR rs920778T allele
could increase the risk of breast cancer. Such inconsistent results may be cased by the differences in race, sample
size, and research methods in the two studies. Therefore, further large-scale studies need to determine the associa-
tion between HOTAIR SNPs and genetic susceptibility to breast cancer.

3.2 H19

H19 was one of the first genes to be found to play an important role in genomic imprinting. H19 is 2.3 is
located within 200 kb downstream of the insulin-like growth factor 2 (IGF-2) gene with the length of 2.3kb, and
has a chromosome position of 11 p 15.5 [31]. H19 is involved in the development of many cancers, including
esophageal cancer [32], liver cancer [33], and breast cancer [34]. Researchers have found that IncRNA H19
expression is upregulated in breast cancer tissue or breast cancer cells. Oncogene protein (c-myc) is widely
expressed in breast cancer tissues and can directly induce H19 transcription through allele-specific binding. The
E2F1 factor regulates the progress of the cell cycle by binding to the promoter of the H19 gene, especially the
transition from the G1 to S phase of the cell cycle [35]. A study on hepatocellular carcinoma showed that the most
dangerous carcinogen (aflatoxin B1) could induce the expression of E2F1, and then up-regulate the expression of
H19 directly or indirectly to promote cell growth and invasion [36]. In addition, IncRNA H19 has been confirmed
as a precursor of miR-675, and the direct target gene of miR-675 is the tumor suppressor gene of retinoblastoma
(Rb). H19 can indirectly affect the regulation of Rb in primary colorectal cancer [37]. However, researchers have
not confirmedthe role of miR-675 in breast cancer. As research progresses, more and more H19’s role in breast
cancer have been revealed. In short, the overexpression of H19 is involved in the induction of breast cancer.
SiRNA treatment cased be used to inhibit the expression of H19 and prevent breast cancer cell proliferation. As an
oncogene, H19 overexpression promotes the proliferation of breast cancer cell line MDA-MB-231. H19 single
nucleotide polymorphisms are closely related to genetic susceptibility to various diseases. However, the
association between H19 SNPs and breast cancer has been rarely reported.

3.3 GAS5

GASS was originally isolated from NIH3T3 cells, located on chromosome 1g25.1, and is about 0.6 to 1.8 kb in
length. Its intron sequence encodes a variety of small nucleolar RNAs, while the exon sequence produces
LncRNAGASS. GASS is a tumor suppressor gene. Studies have found that GAS5 is down regulated in a variety
of cancers, including breast cancer, prostate cancer, colorectal cancer, and lung cancer [38]. GAS5 can regulate
apoptosis and differentiation of mammalian cells. Studies have shown that the GAS5 expression in breast cancer
patient is reduced by at least 65% compared to normal breast epithelial tissues. The differential expression of
GASS in breast cancer stagel and II is obvious and different, suggesting that decreased GASS expression is an
early event of cancer development and can be used to predict the stage of breast cancer [39].

Decreased GAS5 expression reduces the cell death of drug-induced breast cancer. The regulatory effect of
GASS on apoptosis has been recognized as a possible explanation for chemotherapy resistance of cancer cells. In
order to solve the problem of chemotherapy resistance of cancer cells, Pickard et al. Suggested to use drugs to
bypass the GAS5 pathway or use PI3K/mTOR to increase GASS levels [40]. Another mechanism of GASS as a
tumor suppressor gene is mutual inhibition with miR-21, miR-21 is highly expressed in many tumor tissues and
can regulate tumorigenesis and metastasis [41]. First, GAS5 can bind to miR-21 exon 4, and silenced miR-21 can
inhibit the transcription of several downstream genes, including PTEN, TDM1, and PCDC4. Second, miR-21 may
down-regulate GAS5 expression by RISC in breast tumor specimens [42].

3.4 MALAT1

MALAT1 was originally found to be closely related to the metastasis of non-small cell lung cancer in
non-small cell lung cancer patients. Later, evidences showed that MALAT1 was significantly increased in several
tumors, including breast cancer [43]. Nuclear MALAT1 is involved in its proliferation, invasion, and migration of
cancer cells. MALATL is involved in regulation of alternative splicing of mRNA precursors. The high expression
of MALAT1 can promote the proliferation of tumor cells in vitro and the formation of tumors in nude mice.
Knockdown of MALAT1 tumor cells greatly reduces its tumorigenicity [44].

3.5 LSINCT5

LSINCTS5 is a long non-coding RNA with a length of 2.6kb located between the IRX2 and IRX4 genes. Unlike
most LncRNA, it is formed by RNA polymerase Il transcription. Studies have found that the expression of
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LSINCTSs is increased in some lung and breast cancer cell lines [45]. The researchers further verified the
overexpression of LSINCT5 in breast and ovarian cancer cells and their tumor tissues.

LSINCTS5 is over-expressed in breast cancer tissues and cell lines. Experimental research also confirmed that
the expression of LSCINCS in breast cancer cell lines and primary breast tumor tissues increased 10-fold and
7-fold compared to normal cells and breast tissues, respectively [46]. Previous research has shown that decreased
expression of LSCINC5 may alter the expression levels of multiple genes, so InNcRNA plays an important role in
the process of cell proliferation. Besides, IncRNA NEAT1 plays a vital role in maintaining stem cell pluripotency.

3.6 SRA

SRA is one of the first non-coding RNAs to be discovered, and it can selectively regulate the functions of
steroid receptors, such as the estrogen receptor and progesterone receptor [47]. Bioinformatics analysis shows that
most of the genes affected by SRA are closely related to cell proliferation and apoptosis [48]. In addition, SRA
binds to RNA helicase p68 and is involved in CTCF-mediated chromosomal recombination [49]. There are
several mechanisms that modulate the function of SRA, one of which is the pseudouridine synthase family, Puslp
and Pus3p. They control the function of synergistic activation or inhibition by changing the structure of SRA [50].

SRA levels in normal breast tissue are much lower than that in tumor tissue. Some single nucleotide
polymorphisms on the SRA sequence (rs10463297, rs801460) has been identified as increasing the risk of breast
cancer [51]. SRA not only acts as a regulatory IncRNA, but also encodes the SRA protein (SRAP), which is
highly expressed in primary breast tumors [52].

4. Conclusion

IncRNAs play an important role in the occurrence, metastasis, treatment and prognosis of various cancers
including breast cancer. Therefore, INcRNAs have become a hot topic in cancer research. At present, several
common IncRNAs, such as HOTAIR, H19, GAS5, MALATL, LSINCT5, and SRA, have been extensively studied,
and their mechanisms in breast tumors have gradually become clear as the research progresses. However, the
research of INCRNAs such as LincROR, UCAL, MEG3, and NKILA is still at an early stage, and more research is
needed to clarify its mechanism in breast tumorigenesis. With the study of IncRNAs, more IncRNAs will be
discovered. Although our current understanding of the molecular mechanism of IncRNA in various biological
processes is still limited, we hope it can be used for tumor diagnosis, treatment and prognosis for patients with
breast cancer in future clinic work.
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