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Abstract With the development of technologies such as mi-
croarrays and RNA deep sequencing, long noncoding RNAs
(IncRNAs) have become the focus of cancer investigations.
LncRNAs, nonprotein-coding RNA molecules longer than
200 nucleotides, are dysregulated in many human diseases,
especially in cancers. Recent studies have demonstrated that
IncRNAs play a key regulatory role in gene expression and
cancer biology through diverse mechanisms, including chro-
mosome remodeling and transcriptional and post-
transcriptional modifications. The expression levels of specif-
ic IncRNAs are attributed to prognosis, metastasis, and recur-
rence of cancer. LncRNAs are often involved in various bio-
logical processes, such as regulation of alternative splicing of
mRNA, protein activity, and epigenetic modulation or silenc-
ing of the microRNAs, via discrete mechanisms. Deregulated
levels of IncRNAs are shown in diverse tumors, including
breast cancer. Based on latest research data, the tissue-
specific expression signature of IncRNAs may represent the
potential to discriminate normal and tumor tissue or even the
different stages of breast cancer, which makes them clinically
beneficial as possible biomarkers in the diagnosis and prog-
nosis or therapeutic targets. In this brief review, we summarize
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some recent researches in the context of IncRNAs’ roles in
breast cancer pathogenesis and their potential to serve as di-
agnostic, predictive, and prognostic biomarkers and novel tar-
gets for breast cancer treatment.
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Introduction

According to American Cancer Society definition, breast can-
cer is a disease in which the malignant tumor originates from
breast tissue. The cells with uncontrolled growth can invade
surrounding tissue, but with early diagnosis and treatment,
most people are able to resume their usual life. International
Agency for Research on Cancer (2012) fact sheets show that
breast cancer is the most commonly diagnosed cancer in
women and ranks second as a cause of cancer death in women
[1]. In accordance with the World Health Organization, com-
prehensive cancer control includes prevention, early detec-
tion, diagnosis, and treatment as well as rehabilitation and
palliative care.

Breast cancer has a heterogeneous entity which can be
divided by various methods into many molecular subgroups.
Due to molecular differences between histologically similar
tumors, it is hard to predict clinical outcomes [2]. This com-
plexity exhibits a roadblock in the pathway to better molecular
classification and personalized therapy that should be over-
come. Hence, currently it is of pivotal importance to find
noninvasive biomarkers with high sensitivity and specificity,
which can be used for breast cancer detection at an early stage
and monitoring of response to therapy [3].

Recent advances in technologies, such as microarray and
high-throughput sequencing, represented a deeper
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understanding of molecular biology, especially noncod-
ing RNA (ncRNA). It was found that there are only
<2 % of the total genome sequence as protein-coding
genes while at least 98 % of the genome are transcribed
into ncRNA. In the past, nonprotein-coding RNAs were
known as “transcription noise,” but now it is obvious
that ncRNAs play a crucial regulatory role in cell dif-
ferentiation and organism growth and metabolism [4].
The ncRNAs are composed of some well-known RNAs
such as transfer RNAs (tRNAs), small nuclear RNAs
(snRNAs), ribosomal RNAs (rRNAs), and small nucle-
olar RNAs (snoRNAs) [5]. A significant and the
greatest group of ncRNAs are long noncoding RNAs
(IncRNAs). LncRNAs, which are recently detected in
various cancer types, including breast cancer, are in-
volved in multiple biological processes and can be used
as a candidate for cancer diagnosis, prognosis, and treat-
ment, which may result in defeating breast cancer in the
near future [3, 6].

LncRNAs are endogenous cellular molecules with a ma-
ture length range from 200 nt to 100 kb that are not protein-
coding [7]. LncRNAs and their biological roles are least de-
scribed among the other ncRNAs. Hence, there is no adequate
certain information about their functions. Mounting data indi-
cate that most of the identified IncRNAs are transcribed by
RNA polymerase II (RNA pol IT). They may contain 5’ methyl
cap and are often polyadenylated and spliced [5, 8]. Although
there is not a satisfactory classification for IncRNAs due to
wide size range, various locations in the genome, and wide
range of functions, novel identified groups of IncRNAs are
categorized as long intergenic noncoding RNAs, long intronic
noncoding RNAs, IncRNAs with dual functions, telomere-
associated IncRNAs, pseudogene RNAs, and transcribed-
ultraconserved regions [9].

Despite the fact that many biological functions of IncRNAs
are unknown yet, recent evidences depict a close link between
IncRNAs and breast cancer occurrence and development.
Some of IncRNAs were shown to have aberrant expression
in breast cancer, including HOX transcript antisense
intergenic RNA (HOTAIR), metastasis-associated lung ade-
nocarcinoma transcript 1 (MALAT-1), zinc finger antisense 1
(ZFAS1), growth arrest-specific 5 (GASS5), long stress-
induced noncoding transcript 5 (LSINCTS), steroid receptor
RNA activator 1 (SRA1), X-inactive specific transcript
(XIST), H19, and BC200 [5, 10, 11]. In addition, certain
IncRNAs have cell-type-specific expression signatures that
may have potential use as biomarkers or therapeutic targets
[12]. In this study, we aim to provide a brief review of the
main roles of some certain IncRNAs which are involved in
breast cancer pathogenesis and diagnosis. We also demon-
strate the clinical applications of IncRNAs and discuss poten-
tial novel strategies for more effective treatments of human
breast cancer at IncRNA molecular level.
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Biology of long noncoding RNAs

LncRNAs show developmental and tissue-specific expression
patterns and have been associated with numerous biological
processes, for example, alternative splicing, regulation of pro-
tein activity, and alternation of protein localization, as well as
epigenetic regulations (DNA methylation, chromatin remod-
eling, histone modification, and gene silencing). Some of the
IncRNAs can be precursors of small RNAs and tools for si-
lencing the miRNAs. In a recent study, it has been shown that
IncRNAs can function as competitive inhibitors of
microRNAs called “miRNA sponges” to decrease miRNA
levels [10].

New researches demonstrated that these molecules can act
as signals, guides, decoys, or as scaffolds [13]. LncRNAs can
function as signal molecules; when cells endure particular
stimuli, IncRNAs will represent a corresponding tissue speci-
ficity. LncRNAs can serve as decoy for miRNA target sites. It
can also instigate and bind to specific proteins and then im-
pede the reaction of its downstream sequence. LncRNAs
which play a guiding role can recruit chromatin-modifying
enzymes or other proteins to target genes. LncRNA can form
a structure for protein complex to assemble two superficial
modification enzymes [7].

The effect of long noncoding RNAs in pathogenesis
of breast cancer

LncRNAs were found to be deregulated in many cancers, such
as lung, glioma, liver, prostate, and breast cancers. LncRNAs
are also involved in cancer development as new regulators
[14]. Analogically to protein-coding genes and miRNAs,
IncRNAs can participate in cancer progression as oncogenes
or tumor suppressors. In addition, certain IncRNAs demon-
strate distinct expression patterns between primary tumors and
metastases. So far, a few IncRNAs were shown to have aber-
rant expression in breast cancer, including HOTAIR,
MALAT-1, ZFAS1, GASS, LSINCTS, SRA1, XIST, H19,
and BC200. Here, we discuss some of significant IncRNAs
in the context of breast cancer in detail [5, 10, 11, 15].

H19

H19 is the first known IncRNA with a vital role in genomic
imprinting during growth and development. It is a 2.3-kb tran-
script and is located on chromosome 11p15.5. The regulation
of H19 is closely related to its reciprocally imprinted neighbor,
insulin-like growth factor 2 (IGF2), but these alleles, the ma-
ternal H19 and paternal IGF-2, are selectively expressed. It
has been proposed that H19 is involved in many various pro-
cesses, varying from transcriptional and post-transcriptional
regulation of expression to tumor suppression and
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oncogenesis in different cancer types especially in breast can-
cer. In a study on breast cancer cells, IncRNA H19 was
overexpressed except in MDA-MB-231 cells [16]. H19 can
be regulated by known oncogenes c-myc and Glil in a posi-
tive manner. C-myc can directly induce transcription of H19
by allele-specific binding, and H19, a target gene of E2F, can
regulate cell cycle progression, especially the transition of G1
to S. The tumor suppressor gene p53 has been shown to de-
crease H19 levels. Furthermore, it is approved that IncRNA
H19 is the precursor of miR-675 whose direct target is tumor
suppressor retinoblastoma [17]. H19 functions as a
riboregulator so it can participate in the regulation of transla-
tion. H19 under hypoxic circumstances has been shown to
repress caveolin-1, a breast cancer metastasis suppressor. Fur-
ther study focusing on the isogenic model MCF-7/MCF-7Ras
showed that overexpression of H19 intensified the aggressive
phenotype of tumor cells and is a marker for cell proliferation,
which clarified the function of H19 as an oncogene in breast
cancer [5, 18].

HOTAIR

HOTAIR, a 2.2-kb carcinogenic IncRNA, is transcribed from
HOXC locus on chromosome 12q13.13. It binds to polycomb
and directs it to HOXD genes on chromosome 2, finally
resulting in subsequent transcriptional silencing. Upregulation
of HOTAIR leads to altered gene expression, including the
silencing of tumor suppressor genes JAM2 and PCDH. It
has been demonstrated that HOTAIR is highly expressed in
primary breast tumors and metastases, and its expression level
in primary tumors is a potential predictor of eventual metas-
tasis and death [19]. HOTAIR also plays a role in breast cancer
through competitive binding with tumor suppressor genes
such as BRCA1 which is an important breast cancer tumor
suppressor gene. Decreased expression levels of BRCA1 lets
HOTAIR to bind to polycomb repressive complex 2 (PRC2),
which results in reprogramming promotion of breast epithelial
cells to aggressive cancer cells [20].

GASS

GASS is located in Chrlq25.1, and the length of GASS is
approximately 0.6-1.8 kb. GASS can modulate apoptosis
and differentiation in mammalian cells. GASS is downregu-
lated in breast cancer and breast cancer cells and is significant-
ly low compared with normal breast epithelial tissue from the
same patients. This decrease was observed in both stages I and
II in breast cancer, which indicates that decline in GASS5 ex-
pression is an early event in oncogenesis [21]. GASS acts as
“riborepressor” of the glucocorticoid receptor (GR), which
regulates cell survival and metabolic activities during starva-
tion by interacting with the activity of the GR in transcription.
GASS transcript interacts with the DNA-binding domain of

GRs and inhibits the steroids’ interaction with their receptors
[22]. Via this mechanism, GAS5 decreases the expression of
various genes, including cellular inhibitor of apoptosis 2
(cIAP2), and makes the cells vulnerable to apoptosis [23].
Furthermore, the resistance to apoptosis was observed
due to silencing of endogenous GASS5 levels in breast
cancer cells [21].

MALAT-1

MALATTI is a highly evolutionarily conserved, nuclear
speckle-associated IncRNA which is expressed locally in the
nucleus. It is a 7-kb IncRNA that was observed in nonsmall
cell lung cancer for the first time [24]; since then, it has been
detected in a high rate in different types of tumors, including
breast cancer. A research by Guffanti et al. showed that
MALAT]I is significantly upregulated in breast cancer sam-
ples and may demonstrate a different regulation in estrogen
receptor-positive (ER+) tamoxifen-treated and untreated sam-
ples [5]. MALAT1 possesses mutations and deletions in lumi-
nal breast cancer. These mutations may cause alteration in the
function of MALAT 1, which may result in splicing deregula-
tions [25]. Deregulated expression levels of MALAT1 were
observed in breast cancer tissue in comparison with normal
breast tissue. Besides, MALAT1 locus is often altered in
breast cancer and other cancer types [26]. In a recent study,
Sun et al. have identified that MALATT1 is reduced in prolif-
erating mammary glands of c-myc transgenic mice and is
significantly decreased in mammary tumors [4].

XIST

One of the most studied IncRNAs is XIST, transcribed from
the X inactivation center of the X chromosome that is in-
volved in its inactivation in female mammals. The X chromo-
some includes various oncogenes; thus, the activation of both
X chromosomes may be favorable to the cancer cell. XIST
expression is found to be dysregulated in various female can-
cers, including breast, cervical, and ovarian cancer [27].
XIST’s mechanism of action in breast cancer is not identified
yet, and there are some discrepancies in results of studies.
Some studies showed the interaction of the tumor suppressor
gene BRCAT1 with XIST, and that the loss of BRCAI1 is relat-
ed to the loss of XIST [28]. In another study on breast cancer
tissue from patients with germline BRCA1 mutations, it was
demonstrated that XIST is expressed in a significant number
of samples [29]. More studies are required to elucidate wheth-
er XIST interactions with BRCA1 modulate cancer progres-
sion or if genetic instability related to BRCA1 expression loss
is responsible for the decrease in XIST expression [30].

Other important IncRNAs which function in breast cancer
are mentioned in Table 1 [4].
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Table 1 LncRNAs detected in

Expression in breast cancer

Mechanism of effect on breast cancer progression

breast cancer and their possible LncRNA

functions
ARA
aHIF
BC200 High
LSINCTS High
SOX20T High

BC040587 Low

SRAI High
TreRNA High
UCALl High
SPRY4-IT1 High
U79277 High
FOXCUT

High expression in doxorubicin-
resistant breast cancer cells

Inhibition of ARA enhances sensitivity to doxorubicin,
suppresses cellular proliferation, stimulates
apoptosis, reduces cell motility

Poor prognostic marker [31]
Promotes invasion and metastasis
Elevating cellular proliferation

Unknown, but may promote EMT through
induction of SOX2

Predictor of poor outcome [32]

Prolongs proliferating signaling by estrogen receptor
activation

Increases invasion and metastasis

Promotes breast cancer cell growth

Promotes cellular proliferation in breast cancer [33]
Predictor of poor survival [3]

Involved in the tumor progression of basal like
breast cancer [34]

SOX20T SOX2 overlapping transcript, 7reRNA translational regulatory IncRNA, UCA! urothelial carcinoma-
associated 1, FOXCUT forkhead box C1 promoter upstream transcript

Long noncoding RNAs as diagnostic tools in breast
cancer

LncRNA transcripts can be detected with various methods,
but their biological functions remain, in most cases, unknown.
Methods used in the detection of IncRNAs include microar-
rays [35, 36], RNA sequencing, quantitative reverse transcrip-
tion PCR (qRT-PCR) [37-39], northern blot, Fluorescence in
situ hybridization (FISH), RNA interference (RNAi), and
methods designed for detection of RNA—protein interactions
(RNA immunoprecipitation (RIP), RNA-binding protein
immunoprecipitation-chip (RIP-CHIP)) [10, 40, 41].
Deregulated expression levels of IncRNAs have been
linked with various cancers [42]. For instance, differential
display code 3 (DD3 or PCA3), a prostate-specific IncRNA,
is identified as a reliable marker for early detection of prostate
cancer [43]. Furthermore, high levels of DD3 in urine sedi-
ments demonstrated more sensitivity than blood for discrimi-
nating among cancerous and noncancerous individuals [44].
HOTAIR expression levels were increased in primary and
metastatic breast cancer tissue compared with normal breast
tissue [19]. In breast cancer tissue, moderate or high levels of
MALAT-1 were also observed [26]. There is mounting evi-
dence proposing that alterations in X chromosome inactivation
are present in breast cancer cells [27]. In a recent study, expres-
sions of six IncRNAs, HOTAIR, H19, KCNQ1OT1, Maternal-
ly Expressed 3 (MEG3), MALAT1, and ZFASI1, plus HER2
and MKI67 mRNAs, were investigated comprising normal ep-
ithelia, ductal carcinoma in situ (DCIS), and invasive carcinoma
(IC) from 45 patients, and the results demonstrated that H19
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and HOTAIR, specifically and possibly KCNQ1OT]1, are po-
tential biomarkers in breast cancer diagnosis [45].

Latest studies have demonstrated that ncRNAs such as
microRNAs and IncRNAs are present in body fluids, and they
are identified as feasible noninvasive biomarkers for diagnosis
and prognosis of malignant tumors. For instance, in a recent
study, circulating HOTAIR-derived fragment was measured in
serum of breast cancer patients and healthy individuals, and
the results showed that HOTAIR circulating DNA is a poten-
tial biomarker for breast tumor [46]. Lately, researchers have
investigated circulating serum IncRNA RP11-445H22.4 in
breast cancer patients. Their data represented IncRNA RP11-
445H22.4 as a potential breast cancer biomarker [47].

Long noncoding RNAs as prognostic and predictive
biomarkers

In a recent study, it was indicated that BC040587 is signifi-
cantly downregulated in breast cancer tissues and breast can-
cer cell lines; therefore, BC040587 may represent a new prog-
nostic marker in breast cancer [32]. HOTAIR and BC200 are
upregulated in breast cancer and thus may be useful to predict
outcome and tumor aggressiveness in breast cancer patients
[48]. Lately, the expression of SPRY4-IT1 (PRY4 intronic
transcript 1) was investigated in 48 breast cancer tumor tissues
compared with normal tissues and showed a significant in-
crease. Moreover, in the mentioned study, high expression
level of SPRY4-IT1 displayed an association with larger tu-
mor size and progressed pathological stage in breast tumor
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patients; therefore, it may be represented as a novel prognostic
biomarker and a possible therapeutic target for breast cancer
[33]. In another study, researchers identified that eosinophil
granule ontogeny transcript (EGOT) is downregulated in
breast cancer tissues and is strongly related to tumor stage
and poor prognosis of breast cancer patients [49]. LINC00472
is a novel long intergenic noncoding RNA, and study results
demonstrated that LINC00472 upregulation was related with
less aggressive breast tumors and better prognosis [50].

Potential clinical applications of IncRNAs

Compared to protein-coding RNAs, IncRNAs are generally
more tissue-specific; thus, this tissue-specific expression sig-
nature will allow personalized medicine to utilize IncRNAs as
highly specific biomarkers in early detection of localized tu-
mors from various biological fluids, the prediction of clinical
outcome, and as gene therapy targets [S1]. As time passes,
more IncRNAs are found to be involved in breast tumor out-
comes. For example, a study by Gupta et al. revealed that
HOTAIR is overexpressed up to 2000-fold in breast cancer
metastases and also showed that a high level of HOTAIR
expression is a significant predictor of metastasis and mortal-
ity independent of other risk factors such as tumor volume,
hormone receptor status, and tumor stage [19]. Colon cancer
associated transcript 2 (CCAT2), a novel IncRNA in breast
cancer, showed an overexpression in two out of three exam-
ined primary breast cancer patient sets and was represented as
a valuable predictive marker for metastasis-free survival and
overall survival in patients with local metastasis of lymph
node who had received adjuvant chemotherapy [52].

Meng et al. have identified a set of four-IncRNA signature,
which predicts the overall survival. The four-lncRNA signa-
ture (AK024118, U79277, AK000974, BC040204) may have
clinical applications as molecular diagnosis markers and ther-
apeutic targets, including the selection of high-risk patients for
adjuvant therapy [3]. In a recent study, it is demonstrated that
reduced GASS diminishes cell responses to apoptosis induc-
tion by conventional chemotherapeutic agents, and restoration
of GASS expression may have implications in breast cancer
chemotherapy [53].

One of IncRNA clinical approaches is the application of
RNAi-mediated gene silencing to selectively silence oncogen-
ic IncRNAs. Implementing the gene therapy is another thera-
peutic approach which can deliver tumor suppressor IncRNAs
to breast cancer cells. However, it should be noted that there
are still many technical challenges in implementing therapeu-
tic RNAi and gene therapy [10, 54]. Another strategy is to
target IncRNAs by antisense oligonucleotides (ASO), single-
stranded DNA or RNA molecules which can bind to their
target RNAs with high sequence specificity, and motivate their
sequestration by RNAseH1 [55]. An example of this strategy

application is mentioned in a recent study. In this investiga-
tion, it was demonstrated that ASO blocking MALAT1 pre-
vents metastasis formation in lung cancer cells. ASOs could
be designed to target other IncRNAs which function as onco-
genic RNAS so as to restrict their expression [56].

Conclusions and future perspectives

LncRNAs as significant regulators of gene expression have
demonstrated a wide spectrum of functions which enable them
to modify breast cancer progressions via diverse pathways.
Due to aggressive entity of most breast tumors, it is necessary
to find noninvasive biomarkers with high sensitivity and spec-
ificity to detect breast cancer at primary stages and monitor the
response to therapy.

Although some of the IncRNAs have shown the potential
to serve as diagnostic biomarkers, to predict stages, the sur-
vival rate, and metastasis of breast cancer patients, there are
still notable obstacles to the transfer of IncRNAs into clinical
application that should be overcome. Desirable IncRNA bio-
marker requires stability and robust detection in biological
fluids such as plasma and urine, but the stability of circulating
IncRNAs remains largely unknown. Furthermore, the origin
of circulating IncRNAs is not easily detectable. The IncRNA
transcripts and their post-transcriptional modification levels
are fluctuating or hard to determine during various disease
states. Finally, the IncRNA biomarkers are still in need of
further analytic and clinical validation for implementing in
clinical practice [57].

New advances in RNA-based therapeutics introduce
IncRNAs as novel targets for therapy and may provide new
hope for safer and more effective treatment of breast tumors.
Novel technologies for detection of circulating tumor cells
may allow the investigations in metastasis stage [58]. The
application of new genome editing tools such as the
CRISPR/Cas9 system may pave a way for IncRNA research
[54]. The utilization of synthetic oligonucleotides, e.g., locked
nucleic acid modified oligonucleotides (LNA) that have high
affinity and specificity to certain IncRNAs, may represent a
new approach for targeted modification of IncRNA expression
[59]. High-throughput screening of small-molecule modula-
tors of IncRNA—protein interactions may introduce potential
candidates to interrupt IncRNA—protein interaction or make
alterations in IncRNA with its loading region target genome.
Targeting IncRNA—protein interactions would increase com-
pound specificity and reduce off-target effects to achieve more
selective therapeutic effect [60, 61].

However, many common challenges remain in the devel-
opment of RNA therapeutics, including the lack of secure,
specific, and effective vector types for delivery methods, un-
determined optimal dosage regimen, and off-target effects
[62]. In addition, it is difficult to target IncRNA transcripts
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using RNAIi technologies, such as siRNA and ASO, which
may be due to their large size and extensive secondary struc-
tures [63].

In conclusion, although there is much to know about the
functional role of the plenty of new characterized IncRNAs,
they provide a new gold mine of cancer therapies and bio-
markers. More studies are required in the context of IncRNAs
to mirror their potential in discriminating normal and tumor
tissue or even the different stages of breast cancer, which
makes them clinically beneficial as possible biomarkers in
the diagnosis and prognosis of breast tumors. In this brief
review, some of well-described as well as novel IncRNAs
which have the potential to serve as diagnostic, prognostic,
and predictive biomarkers were discussed. Although they
may have therapeutic applications, there is still a great need
for further researches before they can be applied in clinical
practice and there are multiple challenges that should be over-
come for a wider use of IncRNAs.
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