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1  | INTRODUC TION

In the past few decades, the morbidity of human breast cancer has 
increased continuously and has led to a great threat to women's 
lives. According to the statistics gathered by the American Cancer 
Society, there will be more than 271 000 new cases of breast 
cancer and approximately 42 260 deaths in 2019.1 Being a het-
erogeneous disease, breast cancer can be classified into several 
main subclasses based on the expression status of oestrogen re-
ceptor (ER), progesterone receptor (PR), human epidermal growth 
factor receptor (HER2) and antigen ki-67 (Ki-67).2 Among known 

subclasses, triple-negative breast cancer (TNBC) is the most ag-
gressive subtype, which is characterized by negativity for ER, PR 
and HER2. Great efforts have been made to understand the mech-
anisms of TNBC carcinogenesis, especially focus on the role of 
non-coding RNAs (ncRNAs).

Non-coding RNAs make up most of the transcriptome, 
while protein-coding RNAs only account for 3% of the genome; 
the remaining 97% is composed of “dark matter” of transcripts 
with molecular functions.3 It has been proven that the genome 
“dark matter” can be transcribed into various RNA species, most 
of which do not encode proteins, namely, ncRNAs, but exert 
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Abstract
Triple-negative breast cancer (TNBC) is one of the most aggressive subtypes of breast 
cancer with negativity for oestrogen receptor (ER), progesterone receptor (PR) and 
human epidermal growth factor receptor (HER2). Non-coding RNAs (ncRNAs) make 
up most of the transcriptome and are widely present in eukaryotic cells. In recent 
years, emerging evidence suggests that ncRNAs, mainly microRNAs (miRNAs), long 
ncRNAs (lncRNAs) and circular RNAs (circRNAs), play prominent roles in the tumori-
genesis and development of TNBC, but the functions of most ncRNAs have not been 
fully described. In this review, we systematically elucidate the general characteristics 
and biogenesis of miRNAs, lncRNAs and circRNAs, discuss the emerging functions of 
these ncRNAs in TNBC and present future perspectives in clinical practice.
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significant functions mainly responsible for phenotypic regula-
tion.4 The emerging functions of ncRNAs have been generally 
determined in the cancer research field. Currently, studies of 
ncRNA-related cancer are commonly concentrated on miRNAs, 
lncRNAs and circRNAs. Here, we review the general characteris-
tics and functions of ncRNAs and discuss their underlying mecha-
nisms in the carcinogenesis and development of TNBC.

2  | C ATEGORIES AND GENER AL 
CHAR AC TERISTIC S OF NCRNA s

Depending on the number of nucleotides (nt), ncRNAs can be cat-
egorized into two main groups: (a) short ncRNAs, which include 
microRNA (miRNA), small interfering RNA (siRNA), small nucleolar 
RNA (snoRNA), small nuclear RNA (snRNA), piwi-interacting RNA 
(piRNA), tRNA-derived stress-induced RNA (tiRNA) and tRNA-
derived small non-coding RNA (tDR); (b) long ncRNAs (lncRNAs), 
which have transcripts with more than 200 nt in length and in-
clude long intergenic non-coding RNA (lincRNA), natural antisense 
transcript (NAT), circular RNA (circRNA), pseudogene transcript, 
transcribed ultraconserved region (T-UCR) and telomerase RNA 
component (TERC).3 Although circRNA belonging to the lncRNA 
family, researchers tend to discuss them separately distinguish-
ing	from	lncRNAs	due	to	their	unique	structure.	The	general	char-
acteristics and functions of common ncRNAs are summarized in 
Table 1.

3  | MICRORNA s

3.1 | Biogenesis of miRNAs

MicroRNAs	are	endogenous,	non-coding	small	RNAs	with	approxi-
mately 20-24 nt in length which mainly participate in regulating 
gene expression. In the canonical biogenesis pathway, genes encod-
ing miRNAs are transcribed into long initial transcript by RNA poly-
merase Ⅱ, namely pri-miRNAs, 300-1000 base pairs (bp) in length.5 
The pri-miRNAs are cleaved to pre-miRNAs (about 70 bp in length) 
with a stem-loop structure under the action of RNase III Drosha.6 
Next, the pre-miRNAs are transported from the nucleus to the cyto-
plasm by the Ran-GTP-dependent transporter Exportin 5.7 The pre-
miRNAs are further processed by Dicer enzyme, a double-stranded 
RNA-specific RNA endonuclease, cleaving into 20-24 nt double-
stranded miRNAs. To act as gene expression regulators, firstly, the 
mature	miRNA	binds	to	Dicer's	complementary	sequence	to	form	a	
double helix, then the double helix unwinds, one of which with the 
lower stability in the 5' end preferentially binds to the RNA-induced 
silencing complex (RISC) to form a complex including Argonaute 
(AGO) proteins, the mRNA strand and several cofactors. At last, the 
complex would combine its target mRNA, causing the inhibition of 
gene expression (Figure 1).

3.2 | Functions of miRNAs

3.2.1 | MiRNAs cause mRNA degradation

MicroRNAs	play	significant	regulatory	roles	in	eukaryotes	by	binding	to	
corresponding mRNA transcripts, leading to their degradation at mRNA 
level and/or translational repression. There is currently no clear conclu-
sion on how miRNAs induce mRNA degradation. Two different per-
spectives have been issued currently: (a) ordinary mechanism of mRNA 
degradation. This view holds that miRNAs merely act as guides, they do 
not directly degrade mRNAs through AGO proteins, but only label and 
send mRNAs that need to be degraded to the normal mRNA degrada-
tion mechanism. Giraldez et al8 found that miR-430 induced the dead-
enylation of its targets, resulting in the recruitment to processing bodies, 
where	 mRNAs	 were	 decapped	 and	 degraded.	 (b)	 MiRISC-mediated	
mRNA degradation. This view holds that a variety of related enzymes 
and complexes, such as AGO proteins, decapping enzymes and their co-
factors, all of which may be involved in miRNA-mediated degradation of 
mRNAs. As a recognized mechanism, miRNAs bind to AGO proteins in 
miRISCs to recognize their mRNA targets. AGO proteins interact with 
a GW182 protein, in turn, interacts with cytoplasmic poly(A)-binding 
protein (PABP) and with the cytoplasmic deadenylase complexes CCR4–
NOT and PAN2-PAN3, which catalyse the deadenylation of the mRNA 
targets, and then, deadenylated mRNAs are decapped and rapidly de-
graded by 5’ to 3’ exoribonuclease 1 (XRN1).9-11

3.2.2 | MiRNAs repress protein translation

Several studies have proven that miRNA-mediated gene silencing 
is	first	manifested	through	repressing	translation	and	subsequently	
consolidated by mRNA deadenylation and decay.12,13 Interestingly, 
Beilharz et al14 observed that miRNA-mediated mRNA deadenyla-
tion contributed to translational repression in mammalian cells as 
well.	Multiple	perspectives	have	been	issued	to	explain	this	mecha-
nism, such as inhibition of ribosome assembly and degradation of 
neopeptide,15 but there are still no unified views up to now. The 
emerging recognition is that miRNAs inhibited translation initiation 
by interfering with the activity and/or assembly of the eukaryotic in-
itiation factor 4F (eIF4F) complex, consisting of the cap-binding pro-
tein eIF4E, the adaptor protein eIF4G and the box protein 6 (DEAD) 
box RNA helicase eIF4A.16 Whatever, it is now widely accepted that 
both mRNA degradation and translational repression participate in 
miRNA-mediated gene silencing.

3.2.3 | Unconventional functions of miRNAs

Although negative regulation of target gene expression is the most 
common mechanism of miRNAs participating in biological func-
tions, other non-canonical mechanisms also play irreplaceable 
roles. It has been proven that miRNAs can interact with non-AGO 
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proteins. Eiring et al17 found that miR-328 interacted with hnRNP 
E2, leading to release of CEBPA mRNA from hnRNP E2-mediated 
translational inhibition. To our surprise, miRNAs can directly activate 

transcription.	Matsui	 et	 al18 found that miR-589, in complex with 
AGO2 and GW182, bound the promoter RNA of COX2, leading to 
transcriptional activation of COX2. Besides, other non-canonical 

TA B L E  1   The main types of non-coding RNAs and their features

Types of ncRNAs Abbreviation Length (nt) Localization Main functions

Short ncRNAs

MicroRNA miRNA 20-24 Nucleus, cytoplasm Translation suppression

Small interfering RNA siRNA 20-30 Cytoplasm Translation suppression

Small nucleolar RNA snoRNA 60-200 Nucleus, cytoplasm 2’-O-methylation and pseudouridylation of 
rRNA

Small nuclear/cytoplasmic RNA snRNA/scRNA 100-200 Nucleus, cytoplasm Component of spliceosome

piwi-interacting RNA piRNA 24-31 Cytoplasm Translation suppression, modulation of 
transposons

tRNA-derived stress-induced RNA tiRNA 30-40 Cytoplasm Translation suppression, signalling molecule

tRNA-derived small non-coding RNA TDRs 20 nucleus Translation suppression, target transportable 
element

Long ncRNAs

Long intergenic non-coding RNA lincRNA >200 Nucleus, cytoplasm miRNA sponge, regulation of gene 
transcription

Natural antisense transcript NAT >200 Nucleus, cytoplasm inhibition of the mRNA, epigenetic gene 
silencing

Circular RNA circRNA 200-800 Nucleus, cytoplasm miRNA sponge, regulation of gene 
transcription

Pseudogene transcript — >200 Nucleus, cytoplasm translation repression, miRNA sponge

Transcribed ultraconserved region T-UCR >200 Cytoplasm miRNA sponge

Telomerase RNA component TERC 451 Nucleus Telomere length maintenance

F I G U R E  1  Mechanism	of	miRNA	biogenesis.	The	miRNA	gene	is	preliminarily	transcribed	into	primary	miRNA	(pri-miRNA,	300-1000	bp)	
in the nucleus. A processing complex consisting of Drosha and DGCR8 cleaves the pri-miRNA, resulting in the generation of precursor miRNA 
(pre-miRNA, 70 bp). Exportin 5 exports the pre-miRNA from the nucleus to the cytoplasm. In the cytoplasm, the pre-miRNA is further 
processed by the Dicer complex into double-stranded miRNA. One strand of the miRNA duplex (mature miRNA, 20-24 nt) is selected to 
assemble the RNA-induced silencing complex (RISC). The miRISC includes the miRNA, corresponding mRNA and Argonaute (AGO) and causes 
mRNA	destabilization	and	translational	inhibition	relying	on	miRNA	binding	to	the	complementary	sequence	in	the	3'UTR	of	its	target	mRNA
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mechanisms were observed as well, including upregulating protein 
expression, activating Toll-like receptors, targeting mitochondrial 
transcripts and targeting nuclear ncRNAs.19

3.3 | MiRNAs in TNBC

MicroRNAs	have	been	exhibited	 to	act	as	multiple	 roles	 in	TNBC,	
including functioning as diagnostic and prognostic biomarkers 
and exerting multifaceted effects on tumour progression, such as 
the modulation of tumour growth, metastasis and manipulation of 
chemoresistance, and regulation of metabolism (Table 2).

3.3.1 | MiRNAs function as diagnostic and 
prognostic biomarkers

Most	functional	miRNAs	tend	to	exhibit	various	expression	patterns	
between TNBC patients and healthy individuals even other subtype 
breast cancer samples. Furthermore, miRNAs can indicate cancer 
progression and monitor the prognosis of TNBC patients, which 
have potential to act as biomarkers in clinical practice.

Circulating cell-free miRNAs extracted from blood are a hotspot 
in the field of diagnostic biomarkers.20 According to published liter-
ature, circulating cell-free miR-199a-5p could function as a TNBC-
specific diagnostic biomarker distinguishing TNBC patients from 
non-TNBC and healthy controls.21 Circulating miR-105 and miR-
93-3p also acted as a diagnostic biomarker for TNBC.22	Niedźwiecki	
et al23 found that the expression level of miR-200c was lower in 
TNBC patients' serum when compared with the levels in the ER/PR-
positive group, revealing that miR-200c is a diagnostic biomarker to 
distinguish the subtype of breast cancer.

Since	 the	prognosis	of	TNBC	patients	 is	quite	poor,	prognostic	
evaluation is essential for both clinicians and patients. Positive miR-
34b, miR-301a and miR-361-5p expression was significantly associ-
ated with poor overall survival (OS) in TNBC patients.24-26 In addition, 
high expression of miR-9 and miR-155 exhibited a tight association 
with	poor	distant	metastasis-free	survival	(DMFS)	in	TNBC	patients,	
and the level of miR-9 expression also correlated with worse dis-
ease-free survival (DFS).27 On the other hand, several miRNAs have 
been	shown	to	function	as	tumour	suppressors	in	TNBC.	MiR-148a	
suppressed metastasis of TNBC and served as a prognostic indica-
tor.28	Moreover,	stroma-derived	miRNAs	exhibited	promising	value	
in the prognostic evaluation of TNBC. Stromal expression of miR-21 
was remarkably upregulated and associated with recurrence-free 
survival (RFS).29

Furthermore, prognostic models developed based on combina-
tions of multiple miRNA signatures have also been shown excellent 
values. Two independent miRNA signatures developed by Cascione 
et al30	had	predictive	values	for	OS	and	DMFS	in	TNBC	patients,	re-
spectively. In addition, a prognostic model developed based on the ex-
pression levels of miR-155, miR-493, miR-30e and miR-27a accurately 
identified high-risk and low-risk groups in TNBC patients’ cohort.31 

Besides, Kleivi et al32 performed genome-wide serum miRNA expres-
sion detection and identified a four-miRNA signature that predicted 
RFS and OS; this prediction model may bring better treatment options 
for patients with TNBC.

3.3.2 | MiRNAs modulate cancer cell growth

Cell proliferation is crucial for cancer progression and is commonly 
mediated by the dysregulation of cell cycle–related proteins. Tumour 
growth tends to contribute to the occurrence of tumour angiogene-
sis and metastasis. Emerging studies have shown that miRNAs regu-
late cell proliferation in TNBC.

Loss of p53, a classic tumour suppressor, always occurs in tu-
mours.	MiR-205	is	directly	transactivated	by	p53	and	is	downregu-
lated in TNBC. Re-expression of miR-205 significantly reduced cell 
proliferation in vitro and inhibited tumour growth in vivo. The under-
lying mechanism by which miR-205 inhibited cancer cell growth was 
that overexpressed miR-205 directly targeted E2F1 to regulate cell 
cycle	progression	and	LAMC1,	thus	modulating	cell	adhesion,	prolif-
eration and migration.33	More	targets	regulated	by	miRNAs	in	TNBC	
have recently been revealed. Re-expression of the silenced miRNAs 
miR-17-5p and miR-3178 in TNBC inhibited cell proliferation and 
migration by targeting ETV1 and NOTCH1, respectively.34,35 In ad-
dition, miR-185 suppressed tumour proliferation by directly down-
regulating	E2F6	and	DNMT1,	thus	indirectly	upregulating	BRCA1	in	
TNBC.36

On the other hand, oncogenic miRNAs also play crucial roles in 
TNBC.	MiR-498,	miR-374a-5p	and	miR-761	were	significantly	over-
expressed in TNBC and promoted cell proliferation and migration 
by	 downregulating	 PTEN,	 ARRB1	 and	 TRIM29,	 respectively.37-39 
Moreover,	the	miR-106b-25	cluster	mediated	oncogenesis	in	breast	
cancer by activation of NOTCH1 by targeting NEDD4L in both ER+ 
and TNBC breast cancer cells, suggesting that the miR-106b-25/
NEDD4L/NOTCH1 axis played a crucial role in breast cancer.40 
Cantini	et	al	described	a	novel	algorithm	named	ClustMMRA,	which	
was applied to explore clustered miRNAs potentially driving cancer 
molecular	subtypes.	Using	ClustMMRA	to	analyse	breast	cancer	pa-
tient data, the authors identified miR-199/miR-214 as a novel cluster 
that promoted TNBC cell proliferation and further validated these 
findings in vitro.41

3.3.3 | MiRNAs affect migration and metastasis

Although the aetiology and onco-genetic mechanism of TNBC 
have been initially investigated, there are no defined conclusions 
to explain metastasis in clinical practice, which causes thousands 
of cancer-related deaths. Emerging evidence has demonstrated that 
miRNAs are associated with the metastatic process in TNBC, sug-
gesting novel strategies to control metastasis and improve prognosis.

Emerging evidence suggests that miRNAs are associated 
with the metastatic process in TNBC. Dysregulated expression 
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TA B L E  2   Summarization of the cellular functions of miRNAs in tumorigenesis of TNBC

MiRNAs Role in TNBC Cancer phenotype Target gene References

miR-498 Oncogene Promoted proliferation 
and migration

PTEN 37

miR-374a-5p Oncogene Promoted proliferation 
and migration

ARRB1 38

miR-761 Oncogene Promoted proliferation 
migration and 
invasion

TRIM29 39

miR-106b-25 cluster Oncogene Induced tumour 
initiating cell 
phenotypes

NEDD4L 40

miR-199 Oncogene Promoted proliferation 
and migration

/ 41

miR-214 Oncogene Promoted proliferation 
and migration

/ 41

miR-200c Oncogene Promoted migration 
and invasion

/ 46

miR-423-5p Oncogene Promoted migration 
and invasion, 
increased resistance 
to cisplatin

/ 58

miR-18a Oncogene increased resistance to 
cisplatin

Dicer 60

miR-181a Oncogene Promoted migration 
and invasion, 
increased resistance 
to doxorubicin

BAX 62

miR-221 Oncogene Promoted 
proliferation, 
migration and 
invasion

PTEN 66

miR-939 Oncogene Increased tumour cell 
trans-endothelial 
migration

VE-cadherin 67

miR-205 Tumour suppressor Inhibited proliferation, 
cell cycle progression

E2F1,	LAMC1 33

miR-17-5p Tumour suppressor Inhibited proliferation 
and migration

ETV1 34

miR-3178 Tumour suppressor Inhibited proliferation, 
invasion and 
migration

NOTCH1 35

miR-185 Tumour suppressor Inhibited proliferation E2F6,	DNMT1 36

miR-200a Tumour suppressor Inhibited migration EPHA2 44

miR-200b Tumour suppressor Inhibited migration and 
invasion

PKCα, ARHGAP18 45,55

miR-655 Tumour suppressor Inhibited migration and 
invasion

PRRX1 48

miR-125b Tumour suppressor Inhibited proliferation, 
migration and 
invasion

MAP2K7 49

miR-212-5p Tumour suppressor Inhibited migration and 
invasion

PRRX2 50

miR-613 Tumour suppressor Inhibited migration and 
invasion

DAAM1 51

(Continues)
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of miR-200 family members has been observed in multiple can-
cers.42,43 However, the roles of miR-200 family members in the 
metastasis	 of	 breast	 cancer	 are	 still	 disputable.	 MiR-200a	 and	
miR-200b inhibited the migration of TNBC cells by directly target-
ing EPHA2 and PKCα, respectively.44,45 In contrast, overexpres-
sion of miR-200c promoted the migration and invasion capacity 
of TNBC cells by secreting VEGF-A through activation of the FAK 
and PI3K/AKT signalling pathways.46 Epithelial-mesenchymal 
transition	(EMT)	is	a	critical	process	in	cancer	cell	invasion,	char-
acterized by the downregulation of cell adhesion markers with the 
concomitant	 acquisition	 of	 mesenchymal	 molecules.47	 MiRNAs	
serve	 as	 crucial	 regulators	 in	 the	 EMT	 process,	 and	 miR-655,	
miR-125b and miR-212-5p have been reported to suppress the 
EMT	process	by	targeting	PRRX1,	MAP2K7	and	PRRX2	in	TNBC,	
respectively.48-50

RhoA is a classic small GTPase that is generally thought to be es-
sential for the formation of stress fibres and invasion of cancer cells. 
Xiong et al51 reported that miR-613 suppressed TNBC cell migration 
and	invasion	by	targeting	DAAM1,	a	novel	indirect	regulator	of	RhoA	
activation.52-54 However, to our surprise, Humphries et al55 found 
that downregulation of ARHGAP18 by miR-200b inhibited metas-
tasis of TNBC by increasing the activation of RhoA, suggesting the 
tumour suppressive role of RhoA in TNBC.

3.3.4 | MiRNAs regulate the sensitivity 
to therapeutic drugs

Chemotherapy remains an indispensable therapeutic strategy for 
TNBC,	 but	 the	 acquisition	of	 chemoresistance	 is	 the	 primary	 ob-
stacle for successful treatment. Accordingly, tremendous effort has 
been made in recent years to elucidate the mechanisms of TNBC 
chemoresistance with the aim of identifying new molecular tar-
gets.56 It has become evident that ncRNAs act as significant regula-
tors in the development of TNBC chemoresistance.

Cisplatin is a common anti-cancer drug applied in clinical 
practice. Overexpression of miR-638 increased sensitivity to cis-
platin by regulating the expression of BRCA1 in TNBC.57 In con-
trast, miRNAs could also promote resistance to chemotherapy. 
Cisplatin-resistant	 MDA-MB-231	 cell-derived	 miR-423-5p	 in-
creased the resistance of recipient cells in an exosomal-dependent 
manner.58 The bidirectional effects of miRNAs on chemoresis-
tance have also been demonstrated for paclitaxel and doxorubicin. 
MiR-101	increased	paclitaxel	sensitivity	by	downregulating	MCL1	
expression,59 while miR-18a conferred paclitaxel resistance by 
targeting Dicer in TNBC.60 Furthermore, overexpression of miR-
130a-3p and miR-451a in TNBC cells significantly enhanced the 
cell sensitivity to doxorubicin,61 but high expression levels of miR-
181a contributed to chemotherapy resistance and predicted poor 
DFS and OS in patients receiving these treatments.62	 MiRNAs	
also regulate the curative effect of targeted therapies. Decreased 
miR-206 expression was observed in BRCA1 wild-type TNBC cells 
after concomitant treatment with gemcitabine and PARP1 inhib-
itor, suggesting that miR-206 served as a curative regulator of 
PARP1 inhibitor combination chemotherapy for BRCA1 wild-type 
TNBC patients.63 Expression of miR-34a was silenced in TNBC, 
and re-expressed miR-34a in cell lines promoted sensitivity to da-
satinib and suppressed proliferation and invasion by downregulat-
ing c-SRC.64

3.3.5 | Exosomes-mediated miRNAs in TNBC

Exosomes are becoming a novel hotspot in the field of cancer 
research, which are a subclass of extracellular vesicles involved 
in intercellular communication.65 Not surprisingly, exosomes-me-
diated miRNAs play significant roles in tumorigenesis of TNBC. 
As	described	before,	cisplatin-resistant	MDA-MB-231	cells	trans-
mitted resistance by exosomes containing miR-423-5p.58 In addi-
tion, cancer cell-derived exosomes have been shown to transfer 

MiRNAs Role in TNBC Cancer phenotype Target gene References

miR-638 Tumour suppressor Inhibited proliferation 
and migration, 
increased sensitivity 
to cisplatin

BRCA1 57

miR-101 Tumour suppressor Inhibited proliferation, 
induces apoptosis, 
increased sensitivity 
to paclitaxel

MCL1 59

miR-130a-3p Tumour suppressor Increased sensitivity to 
doxorubicin

/ 61

miR-451a Tumour suppressor Increased sensitivity to 
doxorubicin

/ 61

miR-34a Tumour suppressor Inhibited proliferation 
and invasion, 
increased sensitivity 
to dasatinib

c-SRC 64

TA B L E  2   (Continued)
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miR-221	 to	 recipient	 cells	 to	 promote	 EMT,	 thereby	 promoting	
metastasis.66	Modica	et	al67 observed the extracellular pro-tum-
origenic role of tumour-derived, exosome-associated miR-939 in 
targeting VE-cadherin, explaining its association with poor prog-
nosis	in	TNBC.	Moreover,	exosomal	miRNAs	could	serve	as	moni-
toring indicators for therapeutic response. Stevic et al68 found 
that 17 miRNAs in 224 TNBC patients who underwent neoadju-
vant therapy were significantly deregulated, which were signifi-
cantly associated with the clinic-pathological and risk factors. To 
sum up, as a novel hotspot of cancer research, exosome-mediated 
miRNAs may act as multiple roles in TNBC, which should be fur-
ther explored in the future.

4  | LONG NON- CODING RNA s

4.1 | Biogenesis of lncRNAs

LncRNA is one of ncRNAs subclass that most researched in the field 
of cancer research. In mammalian genome, more than 58 000 lncR-
NAs have been identified, and approximately 30 000 lncRNAs have 
been curated in GENCODE v29.69 As we all know, lncRNAs exist 
widely in human organism, and it is vital to human gene expres-
sion	modulation	and	physiological	and	pathological	processes.	Most	
types of lncRNAs are transcribed by RNA polymerase Ⅱ, capped at 

the 5' end, polyadenylated at the 3' end and edited by a series of 
splicing processes which occurs in the nucleus. Besides, there are 
other mechanisms participating in the process of lncRNA matura-
tion. For instance, precursor lncRNAs (pre-lncRNAs) are cleaved 
by RNaseP to achieve mature ends.70 LncRNAs are pervasively 
interspersed in the genome based on their various transcriptional 
origins, including whole or partial natural antisense transcripts, cod-
ing genes, between coding genes, within introns, promoter and en-
hancer (Figure 2). Due to the complexity and diversity of lncRNAs, 
the biogenesis and regulation mechanism of different lncRNAs have 
not been completely summarized. In the future years, by virtue of 
the	 advanced	 techniques,	 including	 chromatin	 isolation	 by	ChIRP-
Seq,	CRISPR	and	CLIP,71-73 it is worthy of believing that the mecha-
nism of biogenesis and synthesis of lncRNAs will be further deeply 
cognized.

4.2 | Functions of lncRNAs

4.2.1 | LncRNAs act as ceRNA

Long ncRNAs have diversity of regulatory functions, which can 
modulate chromatin remodelling, transcriptional regulation and 
post-transcriptional processing, translation.74,75 Although multiple 
functions of lncRNAs have been observed, competing endogenous 

F I G U R E  2  Mechanism	of	lncRNA	biogenesis.	LncRNA	is	transcribed	by	RNA	polymerase	II,	capped	at	the	5'	end,	polyadenylated	at	
the 3' end and edited by a series of splicing events that occur in the nucleus. This figure preliminarily summarizes the diverse biogenesis of 
lncRNAs based on their transcriptional origin, namely, promoter-associated lncRNAs, enhancer-associated lncRNAs, exonic lncRNAs, intronic 
lncRNAs, bidirectional lncRNAs, intergenic lncRNAs, antisense lncRNAs and sense lncRNAs
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RNA (ceRNA) or miRNA sponge is the most focused function. For 
instance, LINC01123 was found to be upregulated in non-small-
cell lung cancer and associated with poor prognosis. By a series of 
functional experiment, researchers revealed that LINC01123 might 
increase	c-MYC	mRNA	expression	by	sponging	miR-199a-5p,	which	
was	a	direct	transcriptional	regulator	for	c-MYC.76 Even if the func-
tion of lncRNAs as ceRNA has been widely accepted, the mechanism 
concerning	 these	 remain	 unknown	 to	 some	 extent	 and	 require	 to	
further deeper investigation.

4.2.2 | LncRNAs modulate transcriptional process

Long ncRNAs can directly participate in mediating transcription 
by different mechanisms.77 R-loops are defined as a novel DNA-
RNA hybrid abundant at CpG islands, and it can be formed when 
the nascent RNA reanneals into the template DNA.78 Arab et al79 
uncovered that lncRNA TARID could form an R-loop at the TCF21 
promoter and regulated its transcriptional level. Causally, there is a 
CG skew within exon 2 of TARID, rending TARID overlap with CpG 
islands	around	the	transcription	start	site	of	TCF21.	By	DRIP-qPCR	
assay, it revealed that R-loops could coincide with the TSS-proximal 
GC skew. When silencing TCF21 by promoter hypermethylation 
or losing the TARID promoter, the R-loop structure was not ob-
served in cells. In addition, upregulation of RNase H1 degrading 
RNA within DNA-RNA hybrids would reduce the level of R-loops 
at	TCF21	and	the	level	of	TARID.	Moreover,	lncRNAs	can	regulate	
transcription through binding to histone-modifying complexes, to 
transcription factors and even to RNA polymerase II as well.80

4.2.3 | LncRNAs modulate translation

Distinctly, lncRNAs are defined as a sort of ncRNA without transla-
tion function. However, during the process of translation, lncRNAs 
play indispensable roles. As recently reviewed, it has been found 
that	lncRNA	MEG3	significantly	decreased	in	human	invasive	blad-
der cancers, and its exogenous expression can inhibit the inva-
siveness of human bladder cancer cells. The main reason is that 
MEG3	negatively	regulated	the	expression	of	c-MYC	by	promoting	
PHLPP2 protein translation.81 In recent years, ribosome profiling 
has identified ribosome-associated lncRNAs, which accords with 
the idea that some annotated lncRNAs may be translated, which 
remains under investigation. Besides, some lncRNAs can be used 
as a scaffold for assembly of whole protein complexes, for exam-
ple NEAT1 for paraspeckle proteins and HOTAIR for the HBXIP/
HOTAIR/LSD1 complex.82,83

4.2.4 | LncRNAs are involved in chromatin action

There are lots of lncRNAs accumulating in the nucleus to regulate 
chromatin architecture, participate in chromatin remodelling and 

promote the recruitment of chromatin modifiers. For example, 
the	genome	multipotent	stem	cells	are	equipped	with	the	form	of	
higher-order chromatin architecture, with a variety of intra- and 
inter-chromosomal interactions. The peculiarity of stem cell pluri-
potency is directly determined by the promoter region of stem cell 
core factor genes around the architecture. In many studies, lncR-
NAs can take part in the composition of chromatin architecture to 
establish the stemness state, chiefly bringing distant enhancer ele-
ments into proximity of the core promoter.84 Besides, lncRNAs also 
can interact with chromatin-modifying enzymes, catalysing cova-
lent changes of histones or DNA on the chromatin to affect genetic 
expression	information,	such	as	GADD45a,	DNMT1	and	PRC.85

4.2.5 | LncRNAs regulate mRNA stability

Studies show that lncRNAs can regulate mRNA stability via cor-
responding miRNAs, recruiting proteins to degrade mRNA and 
acting as molecular decoys for RBPs taking part in mRNA decay. 
For instance, the binding of hnRNP E1 to a nucleic acid structural 
element located in exon 12 of PNUTS pre-RNA can regulate its al-
ternative splicing. In breast cancer cells, the expression of lncRNA 
PNUTS was elevated and associated with levels of ZEB mRNAs. 
Furthermore, PNUTS also served as a competitive sponge for 
miR-205 during epithelial-mesenchymal transition.86 Besides, 
PDCD4-AS1 regulated breast cancer progression through stabiliz-
ing PDCD4 RNA by forming RNA duplex and controlling the inter-
action between PDCD4 RNA and RNA decay-promoting factors 
such as HuR.87 Although the role of lncRNAs in regulating mRNA 
stability has been rarely observed, it is a novel mechanism that 
lncRNA-related biological process needs to be further explored 
in the future.

4.3 | LncRNAs in TNBC

Long ncRNAs play crucial roles in human beings, not only do lncRNAs 
participate in regulating normal mammalian gene expression function 
or other body biological processes, but also they have notable influ-
ences on human diseases, such as various cancers, neuropsychiatric 
disorders and atherosclerosis.88-90 Apparently, there are gradually 
increasing explorations in the mechanism of lncRNAs functioning in 
TNBC in recent years. Accumulated evidence suggested that lncR-
NAs can modulate proliferation, invasion, differentiation, chemore-
sistance of TNBC cells in positive or negative manner (Table 3). Even 
a few studies indicated that lncRNAs can work as a biomarker for 
diagnosing and evaluating the prognosis in TNBC.

4.3.1 | LncRNAs regulate cancer cell growth

Long ncRNA CCAT1 expression is higher in TNBC cells than in 
normal breast epithelial cells. Functional analysis indicated that 
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silencing CCAT1 inhibited cell proliferation and migration in TNBC 
by regulating the miR-218/ZFX axis.91 Similarly, lncRNA TROJAN 
promoted	 the	 proliferation	 of	 TNBC	 cells	 by	 inducing	 ZMYND8	
degradation.92 LINC00339 regulated TNBC cell growth by pro-
moting proliferation and inhibiting apoptosis via regulation of 
miR-377-3p/HOXC6 expression.93	Moreover,	there	are	also	some	
non-classical lncRNA-involved mechanisms in the regulation of 
TNBC	progression.	MIR100HG	was	 identified	as	a	pro-oncogene	
for TNBC progression with a high expression level in TNBC and 
reduced	MIR100HG	 significantly	 inhibited	 cell	 proliferation	 and	
induced	cell	cycle	arrest	in	the	G1	phase.	Furthermore,	MIR100HG	
negatively regulated p27 gene expression to control the cell cycle 
by forming RNA-DNA triplex structures, impacting the progres-
sion of TNBC.94 LncRNA NRAD1 was regulated by ALDH1A3 
and was a therapeutic target for TNBC for its regulation of gene 
expression and effect on cancer cell survival.95 LncRNA DANCR 
enhanced PI3K/AKT signals and TNBC proliferation by binding to 
RXRA and increasing its serine 49/78 phosphorylation to activate 
PIK3CA transcription.96

In contrast, several lncRNAs also play tumour suppressor roles 
in TNBC progression. Downregulating lncRNA SONE resulted in a 

remarkable	TP53	decrease	 and	 c-MYC	 increase,	which	 could	 alter	
the expression of downstream tumour suppressor miRNAs, lead-
ing to increased cell proliferation and migration.97	 LncRNA	RMST	
functioned as a tumour suppressor in TNBC by decreasing cell pro-
liferation and migration, modulating the cell cycle and enhancing 
apoptosis.98	Moreover,	 lncRNA	PTCSC3	inhibited	TNBC	cell	prolif-
eration by downregulating lncRNA H19, exhibiting a novel RNA-RNA 
interacting mechanism in TNBC.99

4.3.2 | LncRNAs mediate migration and metastasis

As	 long	 non-coding	 antisense	 transcript	 of	 NAMPT,	 NAMPT-AS	
was	upregulated	in	TNBC	and	promoted	cell	migration.	NAMPT-AS	
epigenetically	 regulated	 the	 expression	 of	 NAMPT	 in	 two	 differ-
ent	ways.	One	was	that	the	transcription	of	NAMPT	was	activated	
by	 NAMPT-AS,	 thereby	 recruiting	 POU2F2.	 The	 other	 was	 that	
NAMPT-AS	 acted	 as	 ceRNA	 to	 rescue	 NAMPT	 degradation	 from	
miR-548b-3p.10 A previous report indicated that a novel miRNA 
sponge, lincRNA ROR, was dramatically upregulated in TNBC and 
interacted with miR-145 to regulate cancer cell invasion by targeting 

TA B L E  3   Summarization of the cellular functions of lncRNAs in tumorigenesis of TNBC

LncRNAs Role in TNBC Cancer phenotype Molecular mechanism References

CCAT1 Oncogene Promoted proliferation and migration Regulated miR-218/ZFX axis 91

TROJAN Oncogene Promoted proliferation Induced	ZMYND8	degradation 92

LINC00339 Oncogene Promoted proliferation and inhibited 
apoptosis

Regulated miR-377-3p/HOXC6 axis 93

MIR100HG Oncogene Promoted proliferation and induced cell 
arrest in the G1 phase

Negatively regulated p27 gene 
expression

94

NRAD1 Oncogene Promoted proliferation Positively regulated by ALDH1A3 95

DANCR Oncogene Promoted proliferation Bound to RXRA and enhanced PI3K/
AKT signals

96

NAMPT-AS Oncogene Promoted migration Recruited POU2F2 to activate 
NAMPT
Regulated	miR-548b-3p/NAMPT	axis

10

ROR Oncogene Promoted migration Regulated miR-145/ARF6 axis 11

Linc-ZNF469-3 Oncogene Promoted migration Regulated miR-574-5p/ZEB1 axis 12

HULC Oncogene Promoted migration Upregulated	MMP2	and	MMP9 13

NEAT1 Oncogene Inhibited apoptosis, regulated cell cycle 
progression and promoted chemoresistance

Upregulated ATP7A and ATP7B 16

BORG Oncogene Increased resistance to doxorubicin Activated RPA1 and NF-κB signals 17

HCP5 Oncogene Increased resistance to cisplatin Downregulated PTEN 18

SONE Tumour suppressor Inhibited proliferation and migration Positively regulated TP53 and 
negatively	regulated	c-MYC

97

RMST Tumour suppressor Inhibited proliferation and migration, 
induced apoptosis

/ 98

PTCSC3 Tumour suppressor Inhibited proliferation Downregulated lncRNA H19 99

LOC554202 Tumour suppressor Inhibited migration Promoter hypermethylated 14

NEF Tumour suppressor Inhibited migration Negatively regulated miR-155 15

GAS5 Tumour suppressor Increased sensitivity to paclitaxel, induced 
apoptosis

Regulated miR-378a-5p/SUFU axis 19
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ARF6.11 Wang et al12 found that linc-ZNF469-3 interacted with miR-
574-5p and overexpression of linc-ZNF469-3 upregulated ZEB1 ex-
pression, which stimulated lung metastasis of TNBC. Furthermore, 
proteins	of	the	MMP	family	have	been	shown	to	be	involved	in	the	
breakdown of the extracellular matrix, which is essential for cancer 
metastasis. Shi et al13 demonstrated that lncRNA HULC expression 
was increased in TNBC tissues and silencing HULC expression ef-
fectively	suppressed	cell	metastasis	through	suppressed	MMP2	and	
MMP9	expression.

In addition, it has been proven that lncRNAs also function as 
cell migration inhibitors in various ways. LncRNA LOC554202 
was downregulated in TNBC by promoter hypermethylation, and 
LOC554202 loss promoted cell migration, accounting for the 
aggressive phenotype of TNBC to some extent.14 In addition, 
lncRNA NEF was found to be downregulated in TNBC, and NEF 
overexpression inhibited cell migration by negatively regulating 
miR-155.15

4.3.3 | LncRNAs dominate the sensitivity to 
chemotherapy

Studies have shown that lncRNA NEAT1 expression is upregulated 
in cisplatin- and taxol-resistant cells compared with parental cells. 

By	qRT-PCR	assay,	 it	was	demonstrated	that	when	knocking	down	
NEAT1 in sh-NEAT1 cells, drug transporter genes, such as ATP7A 
and ATP7B, were downregulated, and functional analysis indicated 
that NEAT1 knockdown sensitized cells to chemotherapy through a 
synergistic effect.16 BORG, an oncogenic lncRNA, was greatly re-
sponsive to cytotoxic drug treatment, particularly doxorubicin. The 
mechanism of drug BORG-associated resistance relied on its signifi-
cant activation of the NF-κB signalling pathway through the BORG-
mediated feed-forward signalling loop and its ability to activate 
RPA1, making BORG-expressing TNBC sensitive to doxorubicin-
induced cytotoxicity.17 In addition, upregulation of lncRNA HCP5 
contributed to cisplatin resistance in TNBC, and inhibition of HCP5 
reversed resistance to cisplatin by upregulating PTEN expression.18 
However, tumour suppressive lncRNA GAS5 could enhance the sen-
sitivity of TNBC to paclitaxel and induce apoptosis in TNBC cells by 
targeting miR-378a-5p/SUFU signalling.19

Moreover,	 lncRNAs	not	only	participate	 in	 the	process	of	che-
moresistance, but can also be used for predicting the response to 
neoadjuvant chemotherapy in TNBC. Zheng et al110 systematically 
compared gene expression between TNBC patients with patholog-
ical complete response and those without a complete response to 
neoadjuvant chemotherapy and ultimately developed a gene signa-
ture of 2 coding genes and 3 lncRNAs to predict the response to 
neoadjuvant chemotherapy of TNBC patients.

F I G U R E  3  Mechanism	of	exonic	circRNA	and	EIciRNA	biogenesis.	A,	Intron-pairing-driven	circularization:	Complementary	sequence	
motifs in introns flanking the exons can directly pair each other to induce circularization, and as a result, exonic circRNAs or EIciRNAs are 
produced;	B,	RBP-dependent	circularization:	Interaction	between	RBPs	bound	to	sequence	motifs	in	both	introns	flanking	the	exons	to	be	
circularized facilitates the head-to-tail end-joining of exon 2 and exon 3; C, Lariat-driven circularization: Folding of a region of pre-RNA can 
result in exon skipping; furthermore, the splice donor in 3' end of exon 1 and the splice acceptor in 5' end of exon 4 are covalently joined 
together to form a lariat containing exon 2 and exon 3, ultimately producing a circRNA. SF: splicing factor; RBP: RNA-binding protein
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4.3.4 | LncRNAs serve as potential biomarkers for 
diagnosis and prognosis

At present, with the deepening of TNBC research, lncRNAs have 
generally been revealed as promising diagnostic and prognostic bio-
markers.111 ANRIL, HIF1A-AS2 and UCA1 have been reported to 
be markedly upregulated in the plasma of patients with TNBC com-
pared with patients with non-TNBC. In addition, a 3-lncRNA signa-
ture obtained using the logistic model exhibited excellent diagnostic 
values with an AUC of 0.934.112 In addition, an epigenome-wide as-
sociation study (EWAS) conducted by Bermejo et al113 revealed that 
hypermethylation of LINC00299 in the peripheral blood of TNBC 
patients could function as a useful circulating biomarker for TNBC 
and exhibited excellent diagnostic value. Jiang et al114 proposed 
an integrated mRNA-lncRNA signature based on a combination of 
mRNA and lncRNA species and found that lncRNA HIF1A-AS2 and 
AK124454 could be involved in mediating TNBC cell proliferation, 
invasion and paclitaxel resistance and also exhibited good prognos-
tic value.

Furthermore, Lv et al115 compared the expression levels of ln-
cRNAs in TNBC and non-TNBC tissues separately and found that 

dysregulated lncRNAs participated in important biological pro-
cesses. They further validated these lncRNA expression levels and 
confirmed that four dysregulated lncRNAs were significantly cor-
related with TNBC occurrence. Other systemic analyses revealed 
that seven prognosis-related lncRNAs were significantly associated 
with poor RFS in TNBC patients.116

4.3.5 | LncRNAs mediate immunomodulation

Immunotherapy, including PD-1 and/or PD-L1 blockade, is an 
important cancer therapeutic method to restrict cancer progres-
sion.117 However, during immunotherapy, the loss of antigenicity 
and evasion of immune checkpoints in malignant tumour cells is 
a puzzling issue that deserves further exploration. Hu et al118 re-
ported that tissue-specific lncRNA LINK-A expression facilitated 
the crosstalk between GPCR signalling and upregulated K48-
polyubiquitination-mediated	degradation	of	 the	antigen	PLC	and	
intrinsic tumour suppressors Rb and p53. Furthermore, the treat-
ment with LINK-A locked nucleic acids or GPCR antagonists stabi-
lized the PLC components Rb and p53 and sensitized breast cancer 

F I G U R E  4  Mechanism	of	intronic	circRNA	biogenesis.	A,	Group	II	intron-mediated	circRNA	formation:	Circle	formation	requires	prior	to	
release of the 3’ end exon. The terminal 2’-OH group of the intron attacks the 5’-splice site, creating a circular RNA by 2',5'-phosphodiester 
formation. B, Group I intron-supported regular splicing: An exogenous guanosine (exoG) bound to the intron structure serves as a 
nucleophile attacking the 5’-splice site. (a) Upon first transesterification, the 5’-exon is cut-off and exoG becomes linked to the intron. (b) 
The terminal 3’-OH group of the 5’-exon then attacks the 3’-splice site, and the ligated exons and a linear intron are released. Eventually, the 
linear intron is circularized by nucleophilic attack of the 2’-OH group of the terminal guanosine (ωG) onto a phosphodiester bond close to the 
3′-end	and	release	of	a	short	3′-tail.	Note	that	in	this	case,	a	2'-5'-phosphodiester	bridge	closes	the	circle.	C,	Circular	intron	RNA:	Hydrolysis	
of the 3'-exon allows circle formation by direct nucleophilic attack of ωG onto the 5’-splice site, producing an RNA lariat circularized with a 
2',5'-phosphodiester
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cells to immune checkpoint blockers. In the clinical practice, TNBC 
patients with PD-1 blockade resistance exhibited upregulated 
LINK-A expression and downregulated PLC components. Although 
no additional literature has focused on this hotspot, lncRNA-de-
pendent immunomodulation is next promising research direction.

5  | CIRCUL AR RNA s

5.1 | Biogenesis of circRNAs

Circular RNA was first discovered in the 1970s; the first observation 
of circRNA in plant-infected Viroids by electron microscopy was re-
ported by Sanger et al in 1976.119 So far, scholars have found that more 
than 10% of protein-encoding genes in a variety of biological cells 
and tissues can produce circRNAs,120 suggesting that circRNAs are 
ancient molecules that with evolutionary conservation. CircRNAs are 
derived from precursor mRNAs (pre-mRNAs), which are transcribed 
by RNA polymerase II. CircRNAs can be divided into three subclasses 
according to their various position and forming mechanism, exonic 
circRNA, intronic circRNA and EIciRNA.121 Although increasing stud-
ies concentrated on the cycling processes, the exact mechanisms of 
circRNAs maturation have not been fully elucidated. At present, three 
hypothetical models explain the formation of exonic circRNA and/
or EIciRNA: intron-pairing-driven circularization, RNA-binding pro-
tein (RBP)-dependent circularization and lariat-driven circularization 
(Figure 3).122 There are also three hypothetical models expounding 
the formation of intronic circRNA have been issued: Group II intron-
mediated circRNA formation, group I intron-supported regular splic-
ing and circular intron RNA (ciRNA; Figure 4).123,124

5.2 | Functions of circRNAs

5.2.1 | CircRNAs act as ceRNA or miRNA sponges

Similar to lncRNA, the most common mechanism of circRNA regu-
lating biological process is the ceRNA model. An increasing num-
ber of studies have proven that multiple circRNAs act as miRNA 
sponges. For example, circTP63 functioned as a ceRNA to upregu-
late	FOXM1,	thus	promoting	lung	cancer	progression.125 CircHIPK3 
mediated autophagy via sponging miR-124-3p to regulate STAT3/
PRKAA/AMPKα signalling in STK11-mutant lung cancer.126 
CircMYLK	promoted	hepatocellular	carcinoma	progression	by	up-
regulating Rab23 via sponging miR-362-3p.127 To sum up, these 
studies above support the idea that circRNAs functioning as miRNA 
sponges may be a common mechanism in cancerous diseases.

5.2.2 | CircRNAs regulate gene transcription

Although most research focuses on the role of circRNAs as 
sponges for miRNAs, some scholars have uncovered that some TA
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intronic circRNAs and EIciRNAs could regulate protein level by 
regulating gene expression at transcriptional or post-transcrip-
tional level. Logically, these circRNAs always exist in the nucleus. 
For example, Li et al128 found that circEIF3J and circPAIP2 up-
regulated the expression of their parental genes in cis and raised 
a novel regulatory strategy for transcriptional control via specific 
RNA-RNA interaction between U1 snRNP and EIciRNAs. CiRNAs 
can also regulate gene transcription. Besides, intronic circRNAs 
also participate in gene regulation. Scholars uncovered that ci-
ANKRD52 and ci-SIRT7 can act as positive regulators to upreg-
ulate their parental gene transcription via interacting with RNA 
polymerase II.123

5.2.3 | CircRNAs interact with functional proteins

Similar to linear RNAs, which have been reported to interact with 
proteins, several studies have also exhibited that some circRNAs 
can work as protein partner such as circANRIL and circFOXO3. 
CircANRIL had been revealed to directly bind to PES1, an important 
60S-preribosomal assembly factor and next control maturation of 
ribosomal RNA and modulating pathways of atherogenesis, result-
ing in regulating the progression of atherosclerosis.129 Besides, 
circFOXO3 was found to be highly expressed in non-cancer cells 
and correlated with cell cycle progression. Functional analysis 

indicated that overexpression of circFOXO3 can repress cell cycle 
progression via binding to CDK2 and cyclin-dependent kinase in-
hibitor 1 (or p21), resulting in the formation of a ternary complex.130

5.2.4 | CircRNAs can be translated into proteins

Most	circRNAs	are	derived	from	exons	and	predominantly	present	
in the cytoplasm, suggesting that they can be loaded into ribosomes 
for translation into polypeptides. CircZNF609 was derived from the 
circularization of the second exon of its host gene. A 753 nt ORF was 
present in circZNF609, which could be translated into a protein in a 
splicing-dependent and cap-independent manner, providing an novel 
example of a protein-coding circRNA in eukaryotes.131 Ivano et al132 
revealed that circFBXW7 was highly expressed in the normal human 
brain tissues, which can be translated into novel 21 kDa protein 
termed as FBXW7-185aa. Besides, upregulation of FBXW7-185aa 
inhibited proliferation and cell cycle acceleration in tumour cells. In 
addition, circSHPRH can be translated into 17 kDa named SHPRH-
146aa. Both circSHPRH and SHPRH-146aa were abundantly ex-
pressed in normal human brains and downregulated in glioblastoma 
tissues. The re-expression of SHPRH-146aa in glioblastoma cells sup-
pressed their malignant behaviour and tumorigenicity in vitro and in 
vivo.133 As can be seen from the above examples, the definition of 
circRNA as ncRNA is somewhat limited.

F I G U R E  5   Summary of the function of ncRNAs in TNBC. NcRNAs play multifaceted roles in tumour initiation and development, which 
can control cell proliferation, apoptosis, migration and therapy resistance by orchestrating their downstream targets. Obviously, one ncRNA 
tends to affect tumour progression by regulating multiple attributes of TNBC cells
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5.3 | CircRNAs in TNBC

In recent years, circRNAs have gradually become a novel hotspot 
in the ncRNAs and cancer research field. However, the functions of 
circRNAs in cancerous diseases, especially in TNBC, have not been 
fully understood. The known studies about circRNAs mostly focal-
ized on the mechanisms of ceRNA in TNBC progression. Besides, 
circRNAs act as biomarkers for diagnosis and prognosis in TNBC is 
also widely observed (Table 4).

5.3.1 | CircRNAs act as tumour promoters

Derived from gene GFRA1, circGFRA1 was upregulated in TNBC 
and high expression of circGFRA1 was correlated with poor OS. 
Knockdown of circGFRA1 suppressed proliferation and promoted ap-
optosis via binding to miR-34a and upregulating GFRA1 expression in 
TNBC.134 Besides, silencing of circEPSTI1 inhibited cell proliferation 
and induced apoptosis via sponging miR-4753 and miR-6809 to in-
crease BCL11A in TNBC.135 It was also revealed that circUBAP2 was 
correlated	with	tumour	size,	advanced	TNM	stage	and	worse	progno-
sis in TNBC and promoted tumour progression by sponging miR-661 
to	upregulate	MTA1.136 Furthermore, circAGFG1, circKIF4A, circPLK1 
and circRAD18 were revealed to promote malignant progression of 
TNBC by sponging corresponding tumour suppressive miRNAs as 
well.137-140 In addition, Zhang et al141 found that circRNA_069718 can 
promote the proliferation and invasion of cancer cells by activating 
the Wnt/β-catenin pathway, thereby promoting the malignant pro-
gression of TNBC.

On the other hand, there is emerging evidence that circRNAs are 
associated with the metastasis of TNBC. Zeng et al142 found that 
circANKS1B was remarkably upregulated in TNBC tissues and in-
creased circANKS1B expression was correlated with lymph node 
metastasis. Functional studies uncovered that circANKS1B pro-
moted breast cancer cell migration both in vitro and in vivo, whereas 
it had no effect on breast cancer growth via sponging miR-148a-3p 
and miR-152-3p to upregulate USF1, leading to transcriptional acti-
vation of TGF-β1, which could upregulate TGF-β1/Smad signalling to 
promote	EMT.	In	addition,	Sang	et	al143 found that circRNA ciRS-7 
was highly expressed in TNBC tissues and upregulated the expres-
sion	 of	 multiple	MMPs	 by	 sponging	miR-1299,	 promoting	 tumour	
invasion and metastasis in vitro and in vivo.

5.3.2 | CircRNAs act as tumour suppressors

Several studies have found that circRNAs function as tumour sup-
pressors in TNBC as well. CircITCH was remarkably downregulated 
in TNBC tissues and predicted poor prognosis. Overexpression 
of circITCH significantly suppressed cell proliferation and migra-
tion via acting as a sponge for miR-214 and miR-17 to upregulate 
ITCH1, thus inactivating Wnt/β-catenin signalling.144 Based on 
screening circRNA profiles, Xu et al145 identified circTADA2A-E6 

spliced from exon 6 of TADA2A gene as a prognostic biomarker in 
TNBC and overexpression of circTADA2A-E6 significantly inhib-
ited cell proliferation, migration and clonogenicity via regulating 
miR-203a-3p/SOCS3 axis. Interestingly, circRNA-encoded pro-
teins were also involved in TNBC progression. CircFBXW7 inhib-
ited the malignant progression of TNBC by sponging miR-197-3p 
and encoding a tumour suppressor FBXW7-185aa.146 To sum up, 
limited numbers of studies on the tumour suppressor roles of 
circRNAs in TNBC are available currently, so it is still urgent to 
explore further mechanism of circRNAs participating in the sup-
pression of TNBC.

6  | OTHER NON- CODING RNA s

Although most research related to TNBC are concentrated on the 
field of miRNAs, lncRNAs and circRNAs, other ncRNAs also have 
great significant functions in the carcinogenesis of TNBC. TDR is one 
of the other concentrated ncRNAs in TNBC. TRNA has been for a 
long time deemed to transcripts with non-coding capacity, but with 
well-established functions in the translation process. However, due 
to the discovery of tRNA fragments with the function that can regu-
late gene expression, their crystallized roles have changed over the 
last decade. Recently, tDRs have been detected in several human dis-
eases and biological processes, including TNBC.147,148 TDR-000620 
was	found	to	downregulated	in	TNBC	stem	cells	by	RNA	sequencing	
and	validation	of	qPCR.	Besides,	low	tDR-000620	expression	served	
as an independent predictive factor for RFS of TNBC patients.149 
Besides, the expression of tDRs from specific tRNA loci has been 
found to be associated with the observed race disparities in TNBC, 
such as the nuclear tRNAGly and tRNALeu, the mitochondrial tRNAVal 
and tRNAPro.150 In addition to serving as biomarkers, tDRs also par-
ticipate in the process of TNBC. Cui et al151 found that tDR-0009 and 
tDR-7336	were	notably	upregulated	in	the	SUM-1315	cell	lines	stim-
ulated by hypoxia; further, bioinformatic analysis indicated that these 
two upregulated tDRs might be involved in the chemoresistance to 
doxorubicin in TNBC via mediating the activation of phosphoryla-
tion of STAT3. As for other ncRNAs, such as snoRNA and snRNA, 
their tumour-associated functions have been observed in multiple 
cancers,152-154 but no exact roles have been defined in TNBC, which 
need to be further explored in the future.

7  | PERSPEC TIVES IN CLINIC AL PR AC TICE

7.1 | NcRNAs as diagnostic and prognostic 
biomarkers in cancer assessment

Non-coding RNAs were demonstrated to have strong diagnostic and 
prognostic values in multiple cancers, which were revealed by pan-
cancer analysis.155,156	 With	 the	 development	 of	 RNA-sequencing	
technology and advanced analysis methods, the roles of ncRNAs have 
been well summarized. Guo et al157 performed small RNA profiling of 
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26 TNBC cell lines and compared the abundance of ncRNAs among 
the transcriptional subtypes of TNBC, which identified a mass of 
dysregulated small ncRNAs, highlighting potential biomarkers for fu-
ture	studies.	Although	there	are	still	quite	a	few	challenges	that	need	
to be addressed, the roles of ncRNAs in clinical practice are being a 
novel hotspot and many scholars try to employ ncRNAs as biomark-
ers and therapeutic targets to diagnose, treat and monitor TNBC. As 
mentioned before, lots of ncRNAs are dysregulated in TNBC tissues 
compared with non-TNBC and healthy samples, which might serve as 
potential biomarkers to diagnose TNBC. However, more value will be 
aggrandized if dysregulated ncRNAs can detected in the peripheral 
blood. Circulating miR-199a-5p, miR-105, miR-93-3p and miR-200c 
had been reported to serve as TNBC-specific diagnostic biomark-
ers.21-23 Besides, the dysregulated lncRNA ANRIL, HIF1A-AS2 and 
UCA1 can be detected in plasma of TNBC patients and the 3-lncR-
NAs combined signature exhibited excellent diagnostic value.112 
Moreover,	even	hypermethylation	of	LINC00299	in	peripheral	blood	
of TNBC patients also served as a useful circulating biomarker for 
TNBC.113 However, the circulating circRNAs have not been found to 
be biomarkers in TNBC. Theoretically, circRNAs are covalently closed 
and generally resistant to the degradation of ribonucleases, suggest-
ing they might be more stabilized in peripheral blood. Thus, detec-
tion of the dysregulated circRNAs in the peripheral blood of TNBC 
patients should next hotspot in the field of ncRNA research.

7.2 | NcRNAs as therapeutic tool in 
cancer treatment

It has been proven that abnormal small ncRNA expression levels in 
tumour cells can affect tumour development and therefore can be 
used as effective targeted drugs for the treatment of tumours.158 
Although small ncRNAs have been shown to be promising and ef-
fective therapeutic drugs in vitro, due to the degradation of nucle-
ases in the body, naked ncRNAs have a short half-life in the blood, 
and the low bioavailability of these nucleic acid drugs in vivo is a 
major challenge. Therefore, ncRNAs need to be transported to the 
target tissue by a suitable carrier to exert their effect. Various small 
ncRNA carriers or systems have been proposed and widely explored, 
including nanoparticles, ncRNA modification and oncolytic adeno-
virus strategies.159 Nanoparticle-based small ncRNA carriers are 
the most common strategies. Shu et al160 developed a 15 nm nano-
particle with a 58 nt phi29 pRNA-three-way junction (3WJ), an 8 nt 
sequence	complementary	to	the	seed	region	of	miR-21	and	a	39	nt	
EGFR targeting aptamer. They successfully applied this novel RNA 
nanotechnology for efficient delivery of anti-miR-21 to block the 
growth	of	TNBC	in	orthotopic	mouse	models.	Moreover,	Yin	et	al161 
utilized the thermodynamically and chemically stable 3WJ motif as 
a scaffold to carry an RNA aptamer binding to CD133 and a locked 
nucleic	 acid	 sequence	 for	 miR-21	 inhibition	 to	 develop	 a	 unique	
delivery strategy to control TNBC progression. Although ncRNA 
modification and oncolytic adenovirus strategies are also effective 
technology to enhance the precision and durability of small ncRNAs 

in targeting functional genes in cancer, the relevant research on their 
utility in TNBC is not currently available. Thus, continued progress 
in the development of ncRNA carrier strategies might allow these 
approaches to be important and powerful alternative tools to treat 
TNBC.

8  | CONCLUSION

To conclude, ncRNAs have notable effects on TNBC progression. 
We summarize the roles of ncRNAs and their mechanisms in TNBC 
in Figure 5. Although the functions of miRNAs and lncRNAs on the 
carcinogenesis and development of TNBC have been widely stud-
ied and have well-established roles, many other ncRNAs including 
circRNAs also have a significant influence on tumour progression 
but have long been neglected. With more research interests con-
centrated on the lesser-known ncRNAs and their relationship with 
TNBC, we believe that the mystery of the ncRNA world will eventu-
ally be solved and the clinical practice of TNBC management will be 
largely improved in the future.

ACKNOWLEDG EMENTS
This work was supported by grants from the Natural Science 
Foundation of Jiangsu Province of China (BE2017626, BK20181367) 
and	the	Foundation	of	Wuxi	Health	Commission	(QNRC003).

CONFLIC T OF INTERE S T
The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS
YZ,	CL	and	JM	conceptualized	the	review.	JM	and	LH	wrote	the	man-
uscript. LH, HW, RX and YL prepared the figures and tables. YZ and 
CL critically reviewed and edited the manuscript. All authors read 
and approved the final manuscript.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the	corresponding	author	upon	reasonable	request.

ORCID
Jie Mei  https://orcid.org/0000-0001-7799-8129 
Chaoying Liu  https://orcid.org/0000-0003-0484-9522 

R E FE R E N C E S
	 1.	 Siegel	RL,	Miller	KD,	Jemal	A.	Cancer	statistics,	2019.	CA Cancer J 

Clin. 2019;69:7-34.
	 2.	 Onitilo	 AA,	 Engel	 JM,	 Greenlee	 RT,	Mukesh	 BN.	 Breast	 cancer	

subtypes based on ER/PR and Her2 expression: comparison of 
clinicopathologic features and survival. Clin Med Res. 2009;7:4-13.

 3. Braicu C, Zimta AA, Harangus A et al The function of non-coding 
RNAs in lung cancer tumorigenesis. Cancers (Basel). 2019;11:605.

 4. Ling H, Girnita L, Buda O, Calin GA. Non-coding RNAs: the 
cancer genome dark matter that matters!. Clin Chem Lab Med. 
2017;55:705-714.

https://orcid.org/0000-0001-7799-8129
https://orcid.org/0000-0001-7799-8129
https://orcid.org/0000-0003-0484-9522
https://orcid.org/0000-0003-0484-9522


16 of 19  |     MEI Et al.

	 5.	 Lee	Y,	Kim	M,	Han	J	et	al	MicroRNA	genes	are	transcribed	by	RNA	
polymerase II. EMBO J. 2004;23:4051-4060.

 6. Lee Y, Ahn C, Han J et al The nuclear RNase III Drosha initiates 
microRNA processing. Nature. 2003;425:415-419.

	 7.	 Yi	 R,	Qin	Y,	Macara	 IG,	Cullen	BR.	 Exportin-5	mediates	 the	 nu-
clear export of pre-microRNAs and short hairpin RNAs. Genes Dev. 
2003;17:3011-3016.

	 8.	 Giraldez	 AJ,	 Mishima	 Y,	 Rihel	 J	 et	 al	 Zebrafish	 MiR-430	 pro-
motes deadenylation and clearance of maternal mRNAs. Science. 
2006;312:75-79.

 9. Wahle E, Winkler GS. RNA decay machines: deadenylation by 
the Ccr4-not and Pan2-Pan3 complexes. Biochim Biophys Acta. 
2013;1829:561-570.

 10. Huntzinger E, Kuzuoglu-Ozturk D, Braun JE, Eulalio A, Wohlbold L, 
Izaurralde E. The interactions of GW182 proteins with PABP and 
deadenylases	 are	 required	 for	 both	 translational	 repression	 and	
degradation of miRNA targets. Nucleic Acids Res. 2013;41:978-994.

 11. Nagarajan VK, Jones CI, Newbury SF, Green PJ. XRN 5'–>3' ex-
oribonucleases: structure, mechanisms and functions. Biochim 
Biophys Acta. 2013;1829:590-603.

	 12.	 Mathonnet	G,	Fabian	MR,	Svitkin	YV	et	al	MicroRNA	inhibition	of	
translation initiation in vitro by targeting the cap-binding complex 
eIF4F. Science. 2007;317:1764-1767.

 13. Djuranovic S, Nahvi A, Green R. miRNA-mediated gene silencing 
by translational repression followed by mRNA deadenylation and 
decay. Science. 2012;336:237-240.

 14. Beilharz TH, Humphreys DT, Clancy JL et al microRNA-mediated 
messenger RNA deadenylation contributes to translational repres-
sion in mammalian cells. PLoS ONE. 2009;4:e6783.

	 15.	 Chendrimada	TP,	Finn	KJ,	Ji	X	et	al	MicroRNA	silencing	through	
RISC recruitment of eIF6. Nature. 2007;447:823-828.

 16. Jonas S, Izaurralde E. Towards a molecular understand-
ing of microRNA-mediated gene silencing. Nat Rev Genet. 
2015;16:421-433.

	 17.	 Eiring	AM,	Harb	JG,	Neviani	P	et	al	miR-328	functions	as	an	RNA	
decoy to modulate hnRNP E2 regulation of mRNA translation in 
leukemic blasts. Cell. 2010;140:652-665.

	 18.	 Matsui	M,	Chu	Y,	Zhang	H	et	al	Promoter	RNA	links	transcriptional	
regulation of inflammatory pathway genes. Nucleic Acids Res. 
2013;41:10086-10109.

	 19.	 Dragomir	 MP,	 Knutsen	 E,	 Calin	 GA.	 SnapShot:	 unconventional	
miRNA functions. Cell. 2018;174:1038-1038 e1031.

 20. Armand-Labit V, Pradines A. Circulating cell-free microRNAs as 
clinical cancer biomarkers. Biomol Concepts. 2017;8:61-81.

	 21.	 Shin	VY,	Siu	 JM,	Cheuk	 I,	Ng	EK,	Kwong	A.	Circulating	 cell-free	
miRNAs as biomarker for triple-negative breast cancer. Br J Cancer. 
2015;112:1751-1759.

 22. Li HY, Liang JL, Kuo YL et al miR-105/93-3p promotes chemo-
resistance and circulating miR-105/93-3p acts as a diagnostic 
biomarker for triple negative breast cancer. Breast Cancer Res. 
2017;19:133.

 23. Niedzwiecki S, Piekarski J, Szymanska B, Pawlowska Z, Jeziorski 
A. Serum levels of circulating miRNA-21, miRNA-10b and miR-
NA-200c in triple-negative breast cancer patients. Ginekol Pol. 
2018;89:415-420.

	 24.	 Svoboda	M,	 Sana	 J,	 Redova	M	 et	 al	MiR-34b	 is	 associated	with	
clinical outcome in triple-negative breast cancer patients. Diagn 
Pathol. 2012;7:31.

	 25.	 Yu	 H,	 Li	 H,	 Qian	 H	 et	 al	 Upregulation	 of	 miR-301a	 correlates	
with poor prognosis in triple-negative breast cancer. Med Oncol. 
2014;31:283.

 26. Cao ZG, Huang YN, Yao L et al Positive expression of miR-361-5p 
indicates better prognosis for breast cancer patients. J Thorac Dis. 
2016;8:1772-1779.

	 27.	 Jang	MH,	Kim	HJ,	Gwak	JM,	Chung	YR,	Park	SY.	Prognostic	value	
of microRNA-9 and microRNA-155 expression in triple-negative 
breast cancer. Hum Pathol. 2017;68:69-78.

	 28.	 Xu	X,	Zhang	Y,	Jasper	J	et	al	MiR-148a	functions	to	suppress	me-
tastasis and serves as a prognostic indicator in triple-negative 
breast cancer. Oncotarget. 2016;7:20381-20394.

	 29.	 MacKenzie	TA,	Schwartz	GN,	Calderone	HM	et	al	Stromal	expres-
sion of miR-21 identifies high-risk group in triple-negative breast 
cancer. Am J Pathol. 2014;184:3217-3225.

 30. Cascione L, Gasparini P, Lovat F et al Integrated microRNA and 
mRNA signatures associated with survival in triple negative breast 
cancer. PLoS ONE. 2013;8:e55910.

	 31.	 Gasparini	 P,	 Cascione	 L,	 Fassan	 M	 et	 al	 microRNA	 expression	
profiling identifies a four microRNA signature as a novel diagnos-
tic and prognostic biomarker in triple negative breast cancers. 
Oncotarget. 2014;5:1174-1184.

 32. Kleivi Sahlberg K, Bottai G, Naume B et al A serum microRNA 
signature predicts tumor relapse and survival in triple-negative 
breast cancer patients. Clin Cancer Res. 2015;21:1207-1214.

 33. Piovan C, Palmieri D, Di Leva G et al Oncosuppressive role of 
p53-induced miR-205 in triple negative breast cancer. Mol Oncol. 
2012;6:458-472.

	 34.	 Li	J,	Lai	Y,	Ma	J	et	al	miR-17-5p	suppresses	cell	proliferation	and	
invasion by targeting ETV1 in triple-negative breast cancer. BMC 
Cancer. 2017;17:745.

	 35.	 Kong	P,	Chen	L,	Yu	M	et	al	miR-3178	inhibits	cell	proliferation	and	
metastasis by targeting Notch1 in triple-negative breast cancer. 
Cell Death Dis. 2018;9:1059.

 36. Tang H, Liu P, Yang L et al miR-185 suppresses tumor prolifera-
tion	by	directly	targeting	E2F6	and	DNMT1	and	indirectly	upreg-
ulating BRCA1 in triple-negative breast cancer. Mol Cancer Ther. 
2014;13:3185-3197.

	 37.	 Chai	C,	Wu	H,	Wang	B,	Eisenstat	DD,	Leng	RP.	MicroRNA-498	pro-
motes proliferation and migration by targeting the tumor suppres-
sor PTEN in breast cancer cells. Carcinogenesis. 2018;39:1185-1196.

 38. Son D, Kim Y, Lim S et al miR-374a-5p promotes tumor progression 
by targeting ARRB1 in triple negative breast cancer. Cancer Lett. 
2019;454:224-233.

	 39.	 Guo	GC,	Wang	JX,	Han	ML,	Zhang	LP,	Li	L.	microRNA-761	induces	
aggressive phenotypes in triple-negative breast cancer cells by re-
pressing	TRIM29	expression.	Cell Oncol (Dordr). 2017;40:157-166.

 40. Guarnieri AL, Towers CG, Drasin DJ et al The miR-106b-25 cluster 
mediates breast tumor initiation through activation of NOTCH1 
via direct repression of NEDD4L. Oncogene. 2018;37:3879-3893.

 41. Cantini L, Bertoli G, Cava C et al Identification of microRNA clusters 
cooperatively acting on epithelial to mesenchymal transition in tri-
ple negative breast cancer. Nucleic Acids Res. 2019;47:2205-2215.

	 42.	 Diaz-Riascos	ZV,	Ginesta	MM,	Fabregat	J	et	al	Expression	and	role	
of microRNAs from the miR-200 family in the tumor formation and 
metastatic propensity of pancreatic cancer. Mol Ther Nucleic Acids. 
2019;17:491-503.

 43. Title AC, Hong SJ, Pires ND et al Genetic dissection of the miR-
200-Zeb1 axis reveals its importance in tumor differentiation and 
invasion. Nat Commun. 2018;9:4671.

 44. Tsouko E, Wang J, Frigo DE, Aydogdu E, Williams C. miR-200a 
inhibits migration of triple-negative breast cancer cells through 
direct repression of the EPHA2 oncogene. Carcinogenesis. 
2015;36:1051-1060.

	 45.	 Humphries	B,	Wang	Z,	Oom	AL	et	al	MicroRNA-200b	targets	pro-
tein kinase Calpha and suppresses triple-negative breast cancer 
metastasis. Carcinogenesis. 2014;35:2254-2263.

	 46.	 Choi	 SK,	 Kim	 HS,	 Jin	 T,	 Hwang	 EH,	 Jung	 M,	 Moon	 WK.	
Overexpression of the miR-141/200c cluster promotes the mi-
gratory and invasive ability of triple-negative breast cancer cells 



     |  17 of 19MEI Et al.

through the activation of the FAK and PI3K/AKT signaling path-
ways by secreting VEGF-A. BMC Cancer. 2016;16:570.

	 47.	 Brabletz	T,	Kalluri	R,	Nieto	MA,	Weinberg	RA.	EMT	in	cancer.	Nat 
Rev Cancer. 2018;18:128-134.

 48. Lv ZD, Kong B, Liu XP et al miR-655 suppresses epithelial-to-mes-
enchymal transition by targeting Prrx1 in triple-negative breast 
cancer. J Cell Mol Med. 2016;20:864-873.

 49. Hong L, Pan F, Jiang H et al miR-125b inhibited epithelial-mes-
enchymal transition of triple-negative breast cancer by targeting 
MAP2K7.	Onco Targets Ther. 2016;9:2639-2648.

	 50.	 Lv	ZD,	Yang	DX,	Liu	XP	et	al	MiR-212-5p	suppresses	the	epitheli-
al-mesenchymal transition in triple-negative breast cancer by tar-
geting Prrx2. Cell Physiol Biochem. 2017;44:1785-1795.

 51. Xiong H, Yan T, Zhang W et al miR-613 inhibits cell migration and 
invasion by downregulating Daam1 in triple-negative breast can-
cer. Cell Signal. 2018;44:33-42.

 52. Habas R, Kato Y, He X. Wnt/Frizzled activation of Rho regulates 
vertebrate	 gastrulation	 and	 requires	 a	 novel	 Formin	 homology	
protein Daam1. Cell. 2001;107:843-854.

 53. Zhu Y, Tian Y, Du J et al Dvl2-dependent activation of Daam1 and 
RhoA regulates Wnt5a-induced breast cancer cell migration. PLoS 
ONE. 2012;7:e37823.

 54. Yan T, Zhang A, Shi F et al Integrin alphavbeta3-associated 
DAAM1	 is	 essential	 for	 collagen-induced	 invadopodia	 exten-
sion and cell haptotaxis in breast cancer cells. J Biol Chem. 
2018;293:10172-10185.

 55. Humphries B, Wang Z, Li Y, Jhan JR, Jiang Y, Yang C. ARHGAP18 
downregulation by miR-200b suppresses metastasis of triple-neg-
ative breast cancer by enhancing activation of RhoA. Cancer Res. 
2017;77:4051-4064.

	 56.	 Nedeljkovic	M,	Damjanovic	A.	Mechanisms	of	chemotherapy	re-
sistance in triple-negative breast cancer-how we can rise to the 
challenge. Cells. 2019;8:957.

 57. Tan X, Peng J, Fu Y et al miR-638 mediated regulation of BRCA1 af-
fects DNA repair and sensitivity to UV and cisplatin in triple-nega-
tive breast cancer. Breast Cancer Res. 2014;16:435.

	 58.	 Wang	B,	Zhang	Y,	Ye	M,	Wu	J,	Ma	L,	Chen	H.	Cisplatin-resistant	
MDA-MB-231	 cell-derived	 exosomes	 increase	 the	 resistance	 of	
recipient cells in an exosomal miR-423-5p-dependent manner. 
Curr Drug Metab. 2019;20:804-814.

	 59.	 Liu	X,	 Tang	H,	Chen	 J	 et	 al	MicroRNA-101	 inhibits	 cell	 progres-
sion	 and	 increases	 paclitaxel	 sensitivity	 by	 suppressing	 MCL-1	
expression in human triple-negative breast cancer. Oncotarget. 
2015;6:20070-20083.

	 60.	 Sha	LY,	Zhang	Y,	Wang	W	et	al	MiR-18a	upregulation	decreases	
Dicer expression and confers paclitaxel resistance in triple nega-
tive breast cancer. Eur Rev Med Pharmacol Sci. 2016;20:2201-2208.

	 61.	 Ouyang	M,	Li	Y,	Ye	S	et	al	MicroRNA	profiling	implies	new	mark-
ers of chemoresistance of triple-negative breast cancer. PLoS ONE. 
2014;9:e96228.

 62. Niu J, Xue A, Chi Y et al Induction of miRNA-181a by genotoxic 
treatments promotes chemotherapeutic resistance and metastasis 
in breast cancer. Oncogene. 2016;35:1302-1313.

	 63.	 Sasaki	 A,	 Tsunoda	 Y,	 Tsuji	 M	 et	 al	 Decreased	 miR-206	 expres-
sion in BRCA1 wild-type triple-negative breast cancer cells after 
concomitant treatment with gemcitabine and a Poly(ADP-ribose) 
polymerase-1 inhibitor. Anticancer Res. 2014;34:4893-4897.

 64. Adams BD, Wali VB, Cheng CJ et al miR-34a Silences c-SRC to at-
tenuate tumor growth in triple-negative breast cancer. Cancer Res. 
2016;76:927-939.

	 65.	 Ruivo	 CF,	 Adem	 B,	 Silva	 M,	 Melo	 SA.	 The	 biology	 of	 can-
cer exosomes: insights and new perspectives. Cancer Res. 
2017;77:6480-6488.

 66. Das K, Paul S, Singh A et al Triple negative breast cancer-derived 
microvesicles transfer microRNA221 to the recipient cells and 

thereby promote epithelial-to-mesenchymal transition. J Biol 
Chem. 2019;294:13681-13696.

	 67.	 Di	Modica	M,	Regondi	V,	 Sandri	M	et	 al	Breast	 cancer-secreted	
miR-939 downregulates VE-cadherin and destroys the barrier 
function of endothelial monolayers. Cancer Lett. 2017;384:94-100.

	 68.	 Stevic	 I,	 Muller	 V,	Weber	 K	 et	 al	 Specific	 microRNA	 signatures	
in exosomes of triple-negative and HER2-positive breast cancer 
patients undergoing neoadjuvant therapy within the GeparSixto 
trial. BMC Med. 2018;16:179.

 69. Lim LJ, Wong SYS, Huang F et al Roles and regulation of long 
noncoding RNAs in hepatocellular carcinoma. Cancer Res. 
2019;79:5131-5139.

	 70.	 Quinn	JJ,	Chang	HY.	Unique	features	of	long	non-coding	RNA	bio-
genesis and function. Nat Rev Genet. 2016;17:47-62.

	 71.	 Boldogkoi	Z,	Moldovan	N,	Balazs	Z,	Snyder	M,	Tombacz	D.	Long-
read	sequencing	–	a	powerful	tool	in	viral	transcriptome	research.	
Trends Microbiol. 2019;27:578-592.

 72. Engreitz J, Abudayyeh O, Gootenberg J, Zhang F. CRISPR tools for 
systematic studies of RNA regulation. Cold Spring Harb Perspect 
Biol. 2019;11:a035386.

	 73.	 Ramanathan	M,	Porter	DF,	Khavari	PA.	Methods	 to	 study	RNA-
protein interactions. Nat Methods. 2019;16:225-234.

 74. Dahariya S, Paddibhatla I, Kumar S, Raghuwanshi S, Pallepati A, 
Gutti RK. Long non-coding RNA: classification, biogenesis and 
functions in blood cells. Mol Immunol. 2019;112:82-92.

	 75.	 Fico	A,	Fiorenzano	A,	Pascale	E,	Patriarca	EJ,	Minchiotti	G.	Long	
non-coding RNA in stem cell pluripotency and lineage commit-
ment: functions and evolutionary conservation. Cell Mol Life Sci. 
2019;76:1459-1471.

	 76.	 Hua	 Q,	 Jin	 M,	 Mi	 B	 et	 al	 LINC01123,	 a	 c-Myc-activated	 long	
non-coding RNA, promotes proliferation and aerobic glycolysis 
of	non-small	 cell	 lung	cancer	 through	miR-199a-5p/c-Myc	axis.	J 
Hematol Oncol. 2019;12:91.

 77. Yao RW, Wang Y, Chen LL. Cellular functions of long noncoding 
RNAs. Nat Cell Biol. 2019;21:542-551.

 78. Chedin F. Nascent connections: R-loops and chromatin patterning. 
Trends Genet. 2016;32:828-838.

	 79.	 Arab	 K,	 Karaulanov	 E,	 Musheev	 M	 et	 al	 GADD45A	 binds	
R-loops and recruits TET1 to CpG island promoters. Nat Genet. 
2019;51:217-223.

 80. Long Y, Wang X, Youmans DT, Cech TR. How do lncRNAs regulate 
transcription? Sci Adv. 2017;3:eaao2110.

	 81.	 Huang	C,	Liao	X,	 Jin	H	et	al	MEG3,	as	a	competing	endogenous	
RNA, binds with miR-27a to promote PHLPP2 protein transla-
tion and impairs bladder cancer invasion. Mol Ther Nucleic Acids. 
2019;16:51-62.

	 82.	 Clemson	CM,	Hutchinson	JN,	Sara	SA	et	al	An	architectural	role	for	
a nuclear noncoding RNA: NEAT1 RNA is essential for the struc-
ture of paraspeckles. Mol Cell. 2009;33:717-726.

 83. Li Y, Wang Z, Shi H et al HBXIP and LSD1 scaffolded by lncRNA 
hotair	 mediate	 transcriptional	 activation	 by	 c-Myc.	 Cancer Res. 
2016;76:293-304.

 84. Zhang S, Wang Y, Jia L et al Profiling the long noncoding RNA in-
teraction network in the regulatory elements of target genes by 
chromatin	 in	 situ	 reverse	 transcription	 sequencing.	Genome Res. 
2019;29:1521-1532.

 85. Han P, Chang CP. Long non-coding RNA and chromatin remodel-
ing. RNA Biol. 2015;12:1094-1098.

 86. Grelet S, Link LA, Howley B et al A regulated PNUTS mRNA to 
lncRNA	splice	switch	mediates	EMT	and	tumour	progression.	Nat 
Cell Biol. 2017;19:1105-1115.

	 87.	 Jadaliha	 M,	 Gholamalamdari	 O,	 Tang	W	 et	 al	 A	 natural	 anti-
sense lncRNA controls breast cancer progression by pro-
moting tumor suppressor gene mRNA stability. PLoS Genet. 
2018;14:e1007802.



18 of 19  |     MEI Et al.

	 88.	 Guo	FX,	Wu	Q,	Li	P	et	al	The	role	of	the	LncRNA-FA2H-2-MLKL	
pathway in atherosclerosis by regulation of autophagy flux and in-
flammation through mTOR-dependent signaling. Cell Death Differ. 
2019;26:1670-1687.

	 89.	 Hosseini	 E,	 Bagheri-Hosseinabadi	 Z,	 De	 Toma	 I,	 Jafarisani	 M,	
Sadeghi I. The importance of long non-coding RNAs in neuropsy-
chiatric disorders. Mol Aspects Med. 2019;70:127-140.

 90. Wang CJ, Zhu CC, Xu J et al Correction to: The lncRNA UCA1 pro-
motes proliferation, migration, immune escape and inhibits apop-
tosis in gastric cancer by sponging anti-tumor miRNAs. Mol Cancer. 
2019;18:129.

	 91.	 Han	C,	Li	X,	Fan	Q,	Liu	G,	Yin	J.	CCAT1	promotes	triple-negative	
breast cancer progression by suppressing miR-218/ZFX signaling. 
Aging (Albany NY). 2019;11:4858-4875.

 92. Luo L, Tang H, Ling L et al LINC01638 lncRNA activates 
MTDH-Twist1	 signaling	 by	 preventing	 SPOP-mediated	 c-Myc	
degradation in triple-negative breast cancer. Oncogene. 
2018;37:6166-6179.

 93. Wang X, Chen T, Zhang Y et al Long noncoding RNA Linc00339 
promotes triple-negative breast cancer progression through 
miR-377-3p/HOXC6 signaling pathway. J Cell Physiol. 
2019;234:13303-13317.

	 94.	 Wang	S,	Ke	H,	Zhang	H	et	al	LncRNA	MIR100HG	promotes	cell	
proliferation in triple-negative breast cancer through triplex for-
mation with p27 loci. Cell Death Dis. 2018;9:805.

 95.  Vidovic D,  Huynh TT,  Konda P et al ALDH1A3-regulated long 
non-coding RNA NRAD1 is a potential novel target for triple-neg-
ative breast tumors and cancer stem cells. Cell Death Differ. 2019; 
27:363-378.

 96. Tang J, Zhong G, Zhang H et al LncRNA DANCR upregulates PI3K/
AKT signaling through activating serine phosphorylation of RXRA. 
Cell Death Dis. 2018;9:1167.

	 97.	 Youness	 RA,	 Hafez	 HM,	 Khallaf	 E,	 Assal	 RA,	 Abdel	 Motaal	 A,	
Gad	 MZ.	 The	 long	 noncoding	 RNA	 sONE	 represses	 triple-neg-
ative breast cancer aggressiveness through inducing the ex-
pression of miR-34a, miR-15a, miR-16, and let-7a. J Cell Physiol. 
2019;234:20286-20297.

	 98.	 Wang	L,	Liu	D,	Wu	X	et	al	Long	non-coding	RNA	(LncRNA)	RMST	
in triple-negative breast cancer (TNBC): expression analysis and 
biological roles research. J Cell Physiol. 2018;233:6603-6612.

	 99.	 Wang	N,	Hou	M,	Zhan	Y,	Sheng	X.	LncRNA	PTCSC3	 inhibits	tri-
ple-negative breast cancer cell proliferation by downregulating 
lncRNA H19. J Cell Biochem. 2019;120:15083-15088.

	100.	 Zhang	H,	Zhang	N,	Liu	Y	et	al	Epigenetic	regulation	of	NAMPT	by	
NAMPT-AS	drives	metastatic	progression	in	triple-negative	breast	
cancer. Can Res. 2019;79:3347-3359.

	101.	 Eades	G,	Wolfson	B,	Zhang	Y,	Li	Q,	Yao	Y,	Zhou	Q.	lincRNA-RoR	
and miR-145 regulate invasion in triple-negative breast cancer via 
targeting ARF6. Mol Cancer Res. 2015;13:330-338.

 102. Wang PS, Chou CH, Lin CH et al A novel long non-coding 
RNA linc-ZNF469-3 promotes lung metastasis through miR-
574-5p-ZEB1 axis in triple negative breast cancer. Oncogene. 
2018;37:4662-4678.

	103.	 Shi	F,	Xiao	F,	Ding	P,	Qin	H,	Huang	R.	Long	noncoding	RNA	highly	
up-regulated in liver cancer predicts unfavorable outcome and 
regulates	 metastasis	 by	 MMPs	 in	 triple-negative	 breast	 cancer.	
Arch Med Res. 2016;47:446-453.

	104.	 Augoff	K,	McCue	B,	Plow	EF,	Sossey-Alaoui	K.	miR-31	and	its	host	
gene lncRNA LOC554202 are regulated by promoter hypermeth-
ylation in triple-negative breast cancer. Mol Cancer. 2012;11:5.

 105. Song X, Liu Z, Yu Z. LncRNA NEF is downregulated in triple neg-
ative breast cancer and correlated with poor prognosis. Acta 
Biochim Biophys Sin (Shanghai). 2019;51:386-392.

 106. Shin VY, Chen J, Cheuk IW et al Long non-coding RNA NEAT1 
confers oncogenic role in triple-negative breast cancer through 

modulating chemoresistance and cancer stemness. Cell Death Dis. 
2019;10:270.

 107. Gooding AJ, Zhang B, Gunawardane L, Beard A, Valadkhan S, 
Schiemann WP. The lncRNA BORG facilitates the survival and 
chemoresistance of triple-negative breast cancers. Oncogene. 
2019;38:2020-2041.

	108.	 Wu	 J,	 Chen	H,	 Ye	M	 et	 al	 Long	 noncoding	 RNA	HCP5	 contrib-
utes to cisplatin resistance in human triple-negative breast can-
cer via regulation of PTEN expression. Biomed Pharmacother. 
2019;115:108869.

	109.	 Zheng	S,	Li	M,	Miao	K,	Xu	H.	lncRNA	GAS5-promoted	apoptosis	
in triple-negative breast cancer by targeting miR-378a-5p/SUFU 
signaling. J Cell Biochem. 2020;121:2225-2235.

 110.  Zheng T,  Pang Z,  Zhao Z. A gene signature predicts response 
to neoadjuvant chemotherapy in triple-negative breast cancer pa-
tients. Biosci Rep. 2019;39:BSR20190414.

	111.	 Liu	YR,	Jiang	YZ,	Xu	XE,	Hu	X,	Yu	KD,	Shao	ZM.	Comprehensive	
transcriptome profiling reveals multigene signatures in 
triple-negative breast cancer. Clin Cancer Res. 2016;22: 
1653-1662.

	112.	 Liu	M,	Xing	LQ,	Liu	YJ.	A	three-long	noncoding	RNA	signature	as	
a diagnostic biomarker for differentiating between triple-nega-
tive and non-triple-negative breast cancers. Medicine (Baltimore). 
2017;96:e6222.

	113.	 Bermejo	JL,	Huang	G,	Manoochehri	M	et	al	Long	intergenic	non-
coding RNA 299 methylation in peripheral blood is a biomarker for 
triple-negative breast cancer. Epigenomics. 2019;11:81-93.

 114. Jiang Y-Z, Liu Y-R, Xu X-E et al Transcriptome analysis of tri-
ple-negative breast cancer reveals an integrated mRNA-ln-
cRNA signature with predictive and prognostic value. Can Res. 
2016;76:2105-2114.

	115.	 Lv	M,	Xu	P,	Wu	Y	et	al	LncRNAs	as	new	biomarkers	to	differentiate	
triple negative breast cancer from non-triple negative breast can-
cer. Oncotarget. 2016;7:13047-13059.

	116.	 Tian	T,	Gong	Z,	Wang	M	et	 al	 Identification	 of	 long	 non-coding	
RNA signatures in triple-negative breast cancer. Cancer Cell Int. 
2018;18:103.

	117.	 Topalian	SL,	Drake	CG,	Pardoll	DM.	Immune	checkpoint	blockade:	
a common denominator approach to cancer therapy. Cancer Cell. 
2015;27:450-461.

	118.	 Hu	Q,	Ye	Y,	Chan	LC	et	al	Oncogenic	lncRNA	downregulates	can-
cer cell antigen presentation and intrinsic tumor suppression. Nat 
Immunol. 2019;20:835-851.

 119. Sanger HL, Klotz G, Riesner D, Gross HJ, Kleinschmidt AK. Viroids 
are single-stranded covalently closed circular RNA molecules ex-
isting as highly base-paired rod-like structures. Proc Natl Acad Sci 
USA. 1976;73:3852-3856.

 120. Kelly S, Greenman C, Cook PR, Papantonis A. Exon skipping 
is correlated with exon circularization. J Mol Biol. 2015;427: 
2414-2417.

	121.	 Shang	Q,	Yang	Z,	Jia	R,	Ge	S.	The	novel	roles	of	circRNAs	in	human	
cancer. Mol Cancer. 2019;18:6.

 122. Jeck WR, Sorrentino JA, Wang K et al Circular RNAs are abun-
dant, conserved, and associated with ALU repeats. RNA. 
2013;19:141-157.

 123. Zhang Y, Zhang XO, Chen T et al Circular intronic long noncoding 
RNAs. Mol Cell. 2013;51:792-806.

	124.	 Petkovic	S,	Muller	S.	RNA	circularization	strategies	in	vivo	and	in	
vitro. Nucleic Acids Res. 2015;43:2454-2465.

 125. Cheng Z, Yu C, Cui S et al circTP63 functions as a ceRNA to pro-
mote	 lung	squamous	cell	 carcinoma	progression	by	upregulating	
FOXM1.	Nat Commun. 2019;10:3200.

	126.	 Chen	X,	Mao	R,	 Su	W	et	 al	Circular	RNA	circHIPK3	modulates	
autophagy	via	MIR124-3p-STAT3-PRKAA/AMPKalpha	signaling	
in STK11 mutant lung cancer. Autophagy. 2020;16:659-671.



     |  19 of 19MEI Et al.

	127.	 Li	 Z,	Hu	Y,	 Zeng	Q	 et	 al	 Circular	 RNA	MYLK	 promotes	 hepato-
cellular carcinoma progression by increasing Rab23 expression by 
sponging miR-362-3p. Cancer Cell Int. 2019;19:211.

 128. Li Z, Huang C, Bao C et al Exon-intron circular RNAs regulate tran-
scription in the nucleus. Nat Struct Mol Biol. 2015;22:256-264.

	129.	 Holdt	 LM,	 Stahringer	 A,	 Sass	 K	 et	 al	 Circular	 non-coding	 RNA	
ANRIL modulates ribosomal RNA maturation and atherosclerosis 
in humans. Nat Commun. 2016;7:12429.

 130. Du WW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. Foxo3 circular 
RNA retards cell cycle progression via forming ternary complexes 
with p21 and CDK2. Nucleic Acids Res. 2016;44:2846-2858.

 131. Legnini I, Di Timoteo G, Rossi F et al Circ-ZNF609 is a circular 
RNA that can be translated and functions in myogenesis. Mol Cell. 
2017;66:22-37 e29.

	132.	 Yang	 Y,	 Gao	 X,	 Zhang	 M	 et	 al	 Novel	 role	 of	 FBXW7	 circu-
lar RNA in repressing glioma tumorigenesis. J Natl Cancer Inst. 
2018;110:304-315.

	133.	 Zhang	M,	Huang	N,	Yang	X	et	al	A	novel	protein	encoded	by	the	
circular form of the SHPRH gene suppresses glioma tumorigenesis. 
Oncogene. 2018;37:1805-1814.

 134. He R, Liu P, Xie X et al circGFRA1 and GFRA1 act as ceRNAs in tri-
ple negative breast cancer by regulating miR-34a. J Exp Clin Cancer 
Res. 2017;36:145.

 135. Chen B, Wei W, Huang X et al circEPSTI1 as a prognostic marker 
and mediator of triple-negative breast cancer progression. 
Theranostics. 2018;8:4003-4015.

	136.	 Wang	S,	Li	Q,	Wang	Y	et	al	Upregulation	of	circ-UBAP2	predicts	
poor prognosis and promotes triple-negative breast cancer pro-
gression	 through	 the	 miR-661/MTA1	 pathway.	 Biochem Biophys 
Res Commun. 2018;505:996-1002.

 137. Yang R, Xing L, Zheng X, Sun Y, Wang X, Chen J. The circRNA cir-
cAGFG1 acts as a sponge of miR-195-5p to promote triple-negative 
breast cancer progression through regulating CCNE1 expression. 
Mol Cancer. 2019;18:4.

 138. Tang H, Huang X, Wang J et al circKIF4A acts as a prognostic fac-
tor and mediator to regulate the progression of triple-negative 
breast cancer. Mol Cancer. 2019;18:23.

 139. Kong Y, Yang L, Wei W et al CircPLK1 sponges miR-296-5p to 
facilitate triple-negative breast cancer progression. Epigenomics. 
2019;11:1163-1176.

 140. Zou Y, Zheng S, Xiao W et al circRAD18 sponges miR-
208a/3164 to promote triple-negative breast cancer progression 
through regulating IGF1 and FGF2 expression. Carcinogenesis. 
2019;40:1469-1479.

 141. Zhang J, Xu HD, Xing XJ, Liang ZT, Xia ZH, Zhao Y. CircRNA_069718 
promotes cell proliferation and invasion in triple-negative breast 
cancer by activating Wnt/beta-catenin pathway. Eur Rev Med 
Pharmacol Sci. 2019;23:5315-5322.

 142. Zeng K, He B, Yang BB et al The pro-metastasis effect of cir-
cANKS1B in breast cancer. Mol Cancer. 2018;17:160.

	143.	 Sang	M,	Meng	L,	Liu	S	et	al	Circular	RNA	ciRS-7	maintains	meta-
static	phenotypes	as	a	ceRNA	of	miR-1299	to	target	MMPs.	Mol 
Cancer Res. 2018;16:1665-1675.

	144.	 Wang	ST,	Liu	LB,	Li	XM	et	al	Circ-ITCH	regulates	triple-negative	
breast cancer progression through the Wnt/beta-catenin path-
way. Neoplasma. 2019;66:232-239.

 145. Xu JZ, Shao CC, Wang XJ et al circTADA2As suppress breast can-
cer progression and metastasis via targeting miR-203a-3p/SOCS3 
axis. Cell Death Dis. 2019;10:175.

 146. Ye F, Gao G, Zou Y et al circFBXW7 inhibits malignant progres-
sion by sponging miR-197-3p and encoding a 185-aa protein in tri-
ple-negative breast cancer. Mol Ther Nucleic Acids. 2019;18:88-98.

	147.	 Cole	C,	Sobala	A,	Lu	C	et	al	Filtering	of	deep	sequencing	data	re-
veals the existence of abundant Dicer-dependent small RNAs de-
rived from tRNAs. RNA. 2009;15:2147-2160.

 148. Anderson P, Ivanov P. tRNA fragments in human health and dis-
ease. FEBS Lett. 2014;588:4297-4304.

 149. Feng W, Li Y, Chu J et al Identification of tRNA-derived small non-
coding RNAs as potential biomarkers for prediction of recurrence 
in triple-negative breast cancer. Cancer Med. 2018;7:5130-5144.

 150. Telonis AG, Rigoutsos I. Race disparities in the contribution of 
miRNA isoforms and tRNA-derived fragments to triple-negative 
breast cancer. Cancer Res. 2018;78:1140-1154.

 151. Cui Y, Huang Y, Wu X et al Hypoxia-induced tRNA-derived frag-
ments, novel regulatory factor for doxorubicin resistance in tri-
ple-negative breast cancer. J Cell Physiol. 2019;234:8740-8751.

 152. Gong J, Li Y, Liu CJ et al A pan-cancer analysis of the expression 
and clinical relevance of small nucleolar RNAs in human cancer. 
Cell Rep. 2017;21:1968-1981.

	153.	 McMahon	M,	 Contreras	 A,	Holm	M	 et	 al	 A	 single	H/ACA	 small	
nucleolar RNA mediates tumor suppression downstream of onco-
genic RAS. eLife. 2019;8:e48847.

 154. Liang J, Wen J, Huang Z, Chen XP, Zhang BX, Chu L. Small nu-
cleolar RNAs: insight into their function in cancer. Front Oncol. 
2019;9:587.

	155.	 Cheerla	N,	Gevaert	O.	MicroRNA	based	pan-cancer	diagnosis	and	
treatment recommendation. BMC Bioinformatics. 2017;18:32.

 156. Ye B, Shi J, Kang H et al Advancing pan-cancer gene expres-
sion survival analysis by inclusion of non-coding RNA. RNA Biol. 
2019;1-8.

 157. Guo Y, Yu H, Wang J et al The landscape of small non-coding RNAs 
in triple-negative breast cancer. Genes (Basel). 2018;9:29.

	158.	 Iman	M,	Mostafavi	 SS,	 Arab	 SS,	 Azimzadeh	 S,	 Poorebrahim	M.	
HOXB7 and Hsa-miR-222 as the potential therapeutic candidates 
for metastatic colorectal cancer. Recent Pat Anticancer Drug Discov. 
2016;11:434-443.

	159.	 Wang	WT,	Han	C,	Sun	YM,	Chen	TQ,	Chen	YQ.	Noncoding	RNAs	
in cancer therapy resistance and targeted drug development. J 
Hematol Oncol. 2019;12:55.

 160. Shu D, Li H, Shu Y et al Systemic delivery of anti-miRNA for sup-
pression of triple negative breast cancer utilizing RNA nanotech-
nology. ACS Nano. 2015;9:9731-9740.

 161. Yin H, Xiong G, Guo S et al Delivery of anti-miRNA for triple-nega-
tive breast cancer therapy using RNA nanoparticles targeting stem 
cell marker CD133. Mol Ther. 2019;27:1252-1261.

How to cite this article:	Mei	J,	Hao	L,	Wang	H,	et	al.	Systematic	
characterization of non-coding RNAs in triple-negative breast 
cancer. Cell Prolif. 2020;53:e12801. https://doi.org/10.1111/
cpr.12801

https://doi.org/10.1111/cpr.12801
https://doi.org/10.1111/cpr.12801

