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The functions of a large number of non-coding genes in human DNA have yet to be accurately identified. Long non-coding RNA
(IncRNA) measuring 10 kb or less in length regulates transcription or post-transcriptional events. The IncRNAs have attracted in-
creased attention of researchers in recent years. In this review, we summarize the recently published IncRNAs which are known
to influence cancer development and progression. We also discuss recent studies investigating tumor-specific In\cRNA expression.
These IncRNAs provide very useful information that allows prediction of the degree of malignancy and a survival rate in cancer
patients as clinically relevant biomarkers. Because symptoms and progression of cancer differ from onset to death between males
and females, it is important to consider the gender of the patient when diagnosing cancer and predicting the progression. Consider-
ing the importance of gender difference, we also examine the influence of sex hormones involved in the expression and regulation
of INcRNAs as biomarkers. Many of the IncRNAs examined in this review have been studied in cancers occurring in the female or
male reproductive organs, but the association between IncRNAs and sex hormones has also been reported in common organs
such as the lung, renal and colon. Although IncRNAs have not yet been widely used as definitive cancer indicators, recent studies
have demonstrated the potential role of IncRNAs as biomarkers and therapeutic targets reflecting sex-specificity in a number of dif-

ferent cancers.
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INTRODUCTION

All living organisms store their biometric information in the
genome and express specific genes as needed in order to
ensure the efficiency of biological processes and generate
genetically stable descendants. Defective biological events
can lead to disease and disability. Therefore, the body is
equipped with a variety of systems to regulate the expression
of genetic information via a plethora of regulatory proteins
and genomic transcripts. Non-coding genes account for 98%
of human genes, and the non-coding RNAs (ncRNAs) also
play an important role [1,2].

The long non-coding RNAs (IncRNAs) described in this
study include ncRNAs measuring 200 nucleotides (nt) to
10 kb in length, and account for 80% of total ncRNAs [3,4].
Among the ncRNAs that act as direct regulators of transcrip-
tion and post-transcriptional events, IncRNAs have attracted
increased attention in recent years when compared with
small ncRNAs (20- to 200-nt), which were previously the pri-

mary study targets due to their small size [5,6]. A number of
reports suggest that INcRNAs regulate the expression of ad-
jacent genes. Defective IncRNAs induce the development of
cancer, abnormal immune response, and metabolic disease
[7]. In particular, IncRNAs are involved in cancer cell growth,
death, migration, and metastasis by regulating the expression
of oncogenes or tumor suppressor genes, resulting in chro-
mosomal remodeling and induction of morphological changes
[8,9].

Cancer is one of the leading causes of death worldwide,
although its incidence varies internationally. In addition to
genetic factors, altered regulatory processes trigger the onset
of cancer following exposure to lifestyle patterns, smoking or
drinking alcohol, and environmental pollutants [10,11]. Malig-
nant cancer is attributed to failed regulatory mechanisms and
often leads to death [12]. Sex-based differences in the inci-
dence and malignancy of cancer are also important as some
cancers are triggered by errors in sex chromosomes or under
the influence of sex hormones [13,14].
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In this review, we introduce IncRNAs thought to be related
to cancer and summarize those that are known to facilitate
the diagnosis and treatment of malignancies. Our analyses
suggest that some of these INncRNAs represent valuable bio-
markers compared with more conservative biomarkers, such
as carcinoembryonic antigen, and cancer antigens (CAs)
19-9 and 129 [5,15,16]. In addition, we summarize IncRNAs
exhibiting sex-specific regulatory potential in various cancers.
As a whole, this review seeks to evaluate the potential role
of sex-specific INcRNAs as therapeutic targets or diagnostic
indicators in cancer.

REVIEWS OF RECENT STUDIES FOR LONG
NON-CODING RNAS

Cancer-related IncRNAs

It is well-known that IncRNAs play an important role in gene
expression by regulating the composition of nuclear structure
and gene transcription as well as the stability, translation, and
post-translational modification of mMRNA in the cytoplasm [17].
In this section, we investigate recent studies investigating the
effects of INcRNAs on cancer and the development, prolifera-
tion, migration, and invasion of cancer cells [18,19].

Tumorigenesis

Several IncRNAs are known to promote cancer development
and progression by inducing immune escape mechanisms,
which alter the functional state of immune cells. Immune es-
cape refers to the escape of tumor cells from killer T cells by
regulating the function of macrophages and regulatory T cells
(Tregs) [20,21]. The IncRNA Inc-EGFR has been shown to
promote the development and progression of hepatocellular
carcinoma by inducing immune escape via Treg cell differ-
entiation [22]. Similarly, IncRNA LNMAT1 was shown to me-
diate the regulation of C-C Motif Chemokine Ligand 2, which
attracts macrophages in the tumor microenvironment and
restricts phagocytosis, thereby promoting cancer progression
[23].

In addition, INcRNAs may induce and promote cancer by
disrupting mitochondrial function and cell metabolism. The
INcRNA SAMMSON plays a role in promoting cancer by bind-
ing to the p32 protein, an important mitochondrial regulator in
melanoma cells [24]. Additionally, the IncRNA LINK-A, along
with hypoxia-inducible factor 1-alpha, acts as an important
activator of energy metabolism in cancer cells and induces
the progression of oral cancer [25]. Finally, IncRNA HOXB-
AS3 has been shown to affect the expression of the con-
served 53-amino acid peptide, thus affecting metabolic action
and therefore cancer cell progression [26].

Proliferation

The IncRNA LUNART1 is induced by the oncogene Notch1 in
T-cell acute lymphoblastic leukemia and promotes the partial
growth of cancer cells [27]. The INcRNA FAL1 is located with-
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in the region of chromosome 1 that is amplified in cancer and
promotes the proliferation of tumor cells by mobilizing several
genes, including CDKN1A [28].

In addition, many IncRNAs are targets for the transcrip-
tional regulation of Myc, resulting in the promotion and
proliferation of cancer cells [29]. The IncRNA PVT1 induces
the proliferation of cancer cells via Myc in murine models of
tumorigenesis [30]. Additionally, the IncRNA CCAT1induced
the proliferation of colon cancer via interaction between Myc
transcription and Myc-related enhancers [31,32]. Finally,
IncRNA PCGEM1 specifically binds to Myc in the prostate
and activates the transcription of Myc in prostate cancer (PC)
cells [33].

Metastasis

The epithelial-mesenchymal transition (EMT) process refers
to a phenomenon in which epithelial cells can be converted
into mesenchymal cells [34,35]. EMT can be regulated by
various EMT-inducing transcription factors and is known to fa-
cilitate cancer cell invasion and migration into the surrounding
blood and lymphatic vessels [35,36]. Several studies have re-
ported that IncRNAs are also associated with EMT regulation
in tumors [37,38]. INcRNA-ATB induced liver cancer metas-
tasis by upregulating the levels of zinc finger E-box-binding
homeoboxes (ZEB) 1 and 2, which are involved in the induc-
tion of EMT [19]. In addition, IncRNA LIN28B was induced by
TGF-B, which has been shown to promote the development
and proliferation of pancreatic ductal adenocarcinoma [39].
The level of IncRNA-hDREH was decreased by hepatitis B
virus X protein, which inhibits EMT in hepatocellular carcino-
ma (HCC) [40]. It is also well-known that the IncRNA PNUTS
can promote breast cancer metastasis by inducing EMT [41].
Additionally, the IncRNA HOTAIR (HOX transcript antisense
RNA) is induced by TGF-B and activates the SMAD signaling
cascade, which induces the EMT in cancers of pancreas,
liver, and breast [37,42-44]. Reports also showed that the
overexpression of INcRNA MALAT1 (metastasis-associated
lung adenocarcinoma transcript 1) increased cancer cell me-
tastasis in patients with non-small cell lung cancer (NSCLC)
[45]. In vivo studies using murine models showed that the
inhibition of MALAT1 down-regulated lung cancer cell motility
and reduced metastatic potential [46]. The INcCRNA SChLAP1
promotes metastasis and invasion by PC cells inhibiting the
metastatic function of the SWitch/Sucrose Non-Fermentable
(SWI/SNF) complex [47,48].

Stemness is an important feature for the initiation of metas-
tasis. Cells with strong stemness can lead to macrometasta-
sis [49]. Several studies have reported that IncRNAs regulate
and promote the stemness of cells. First, Zhu et al. [50] re-
ported that the IncRNA LncBRM promoted the self-renewal of
liver cancer stem cells by stimulating yes-associated protein
1, and showed that LncSox4 induced the self-renewal of liver
cancer cells with stemness via the STAT3 pathway [50,51].
The IncRNA LncTCF7 promoted the activation of the TCF7
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transcriptional promoter and the Wnt signaling pathway via
recruitment of the SWI/SNF complex, thereby inducing the
stemness of cancer cells [52].

Tumor suppression

DNA damage triggered by external factors such as chemical
insults can lead to deleterious changes in cellular signaling
systems and the accumulation of DNA damage, which can
induce tumor progression [53]. INcRNA MEG3 (maternally ex-
pressed gene 3) activates p53, a tumor suppressor that plays
an important role in DNA damage response [54]. The IncRNA
PANDA inhibits the expression of pro-apoptotic genes and in-
hibits DNA damage-induced apoptosis by binding to the tran-
scription factor NF-YA [55]. DNA damage induces the expres-
sion of INcRNA-p21 by p53 during cell cycle arrest [56]. The
INcRNA Pint is also involved in p53 activity [57]. DNA damage
induces the transcription of INcRNA-DINO by p53 to regulate
the stress response [58]. In addition, IncRNA CUPID1 and
CUPID2 are known mediate the stress response caused by
DNA damage during the progression of breast cancer [59].
The IncRNA LED inhibits tumor formation in cell cycle arrest
mediated by p53 [60]. The IncRNA NBR2 inhibited cancer cell
proliferation by promoting AMPK activity under energy stress,
and the knockdown of IncRNA NBR2 induced cancer cell
growth and proliferation [61]. In addition, the INncRNA FILNC1
inhibited tumors related to Myc [62].

LncRNAs as diagnostic and prognostic
biomarkers

The IncRNAs can be detected in body fluids such as blood,
urine, breast milk, cerebrospinal fluid, and bronchial lavage
[64]. The widespread detection of IncRNAs in multiple tissues
and fluids suggests their potential application as diagnostic
and prognostic biomarkers in various cancers [64,65]. The
use of IncRNAs as diagnostic biomarkers has attracted
increased attention lately, and several candidate IncRNAs
have been studied. Below, we analyze recently discovered
IncRNAs based on the cancer type and summarize them in
Table 1.

Liver cancer

The expression of the INcRNA ZNF385D-AS2 (zinc finger
protein 385D antisense RNA 2) was analyzed in 303 patients
diagnosed with liver cancer using data from The Cancer Ge-
nome Atlas-Liver Hepatocellular Carcinoma (TCGA-LIHC).
Its expression was decreased in the tissues of liver cancer
patients. In addition, the expression of ZNF385D-AS2 was
lower in women than in men, and a low level of ZNF385D-
AS2 was significantly correlated with the tumor-node metas-
tasis (TNM) and clinical stage. Also, patients diagnosed with
liver cancer expressing low levels of ZNF385D-AS2 manifest-
ed decreased overall survival (OS) rates than those with a
high degree of expression [66]. The levels of IncRNA D16366
were also lower in the tissues and serum of HCC patients
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than in normal controls. For D16366, the area under the
curve (AUC) was 0.752, and the sensitivity and the specificity
were 65.5% and 84.6%, respectively, which strongly support
its diagnostic and prognostic value in liver cancer [67].

The expression of nine INncRNAs (SNHG1, SNHG12,
LINCO00511, HCG18, FGD5-AS1, CERS6-AS1, NUT-
M2A-AS1, SNHG16, and ASB16-AS1) in HCC patients was
analyzed along with survival rates. All the nine IncRNAs
showed significantly higher expression in HCC patients than
in healthy controls. The prognosis of patients with HCC cor-
related strongly with the expression of these INcRNAs [68].
The IncRNA SNHG11 was also highly expressed in HCC
patients and thereby induced HCC proliferation and migration
[69].

The expression of INcRNA MINCR (MYC-induced long
non-coding RNA) in the tissues of patients with primary HCC
was higher than in adjacent normal tissues. The expression
of MINCR correlated with the TNM stage, lymph node metas-
tasis, and cirrhosis. Additionally, HCC patients with increased
expression of MINCR had a lower 3-year survival rate than
patients with low expression [70].

Lung cancer

The expression of INcRNA JPX was upregulated in the
metastatic tissues of patients with lung cancer. Also, JPX
upregulated Twist1 expression and activated Wnt/B-catenin
signals to induce EMT progression and promote lung cancer
cell invasion [71]. The expression of the INcRNA PSMA3-AS1
(PSMA3 antisense RNA 1) was also upregulated in lung
cancer tissues and cell lines, and was positively correlated
with clinical stage and metastasis. The overexpression of PS-
MA3-AS1 resulted in poor prognosis of lung cancer patients,
and knockdown of PSMA3-AS1 inhibited the proliferation,
migration, and invasion of lung cancer cells [72].

The IncRNA DANCR (Differentiation Antagonizing
Non-Protein Coding RNA) was highly expressed in terminal
lung cancer tissues and aggressive lung cancer cells. In ad-
dition, DANCR knockdown reduced cancer cell growth in tu-
mor xenograft models in vivo [73]. The expression of InCRNA
TUC338 (transcribed ultraconserved element 338) was also
higher in lung cancer than in normal tissues, and the survival
time of lung cancer patients correlated with the expression
of TUC338. In addition, the inhibition of TUC338 decreased
invasiveness, and the overexpression of TUC338 increased
lung cancer cell activity and invasiveness [75].

In another study, Zhou et al. [75] confirmed that the In-
cRNA-DLEU2 (deleted in lymphocytic leukaemia 2) was high-
ly expressed in NSCLC tissues and cell lines, and showed
that the expression of DLEU2 correlated with the OS rate of
NSCLC patients. Knockdown of DLEUZ2 inhibited prolifera-
tion, invasion, and migration in lung cancer cell lines as well
as inhibited tumor growth and metastasis in vivo. The IncRNA
AC020978 was also upregulated in NSCLC and was signifi-
cantly correlated with poor clinical outcomes. Interestingly,
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Table 1. LncRNA with potential as a diagnostic marker in clinical samples

Cancer type IncRNA IncRNA in clinical samples Reference
Liver cancer ZNF385D-AS2, D16366 Low expression in HCC tissues [66,67]
SNHG1, SNHG12, LINC00511, HCG18, High expression in HCC tissues [68-70]
FGD5-AS1, CERS6-AS1, NUTM2A-AS1,
SNHG16, ASB16-AS1, SNHG11, MINCR
Lung cancer JPX High expression in metastatic lung cancer [71]
tissues
DANCR High expression in terminal lung cancer [73]
tissues
PSMA3-AS1, TUC338 High expression in lung cancer tissue [72,74]
DLEU2, AC020978 High expression in NSCLC tissues [75,76]
SFTA1P, LINC01272, GATA6-AS1, High expression in LUSC tissues [76]
MIR3945HG, LINC01314
LINCO01572 Low expression in LUSC tissues [77]
Gastric cancer PTCSC3 Low plasma levels in patients [78]
NEAT1, AK023391, MIR4435-2HG, High expression in cancer tissues [79-82]
MAGI2-AS3
Colorectal cancer SNHG16, CACS15, CYTOR, MALAT1, High expression in CRC tissues [83-85]
TUG1, NEAT1, MIR17HG, H19
MEG3 Low expression in CRC tissues [86]
Breast cancer FAM83H-AS1, IncRNA-ATB High serum levels in breast cancer patients [87]
LINC0092, C20rf71 Low expression in breast cancer tissues [88]
362 High expression in ER-positive breast cancer [89]
tissues
NFIA-AS1 Low expression in ER-positive breast cancer [89]
tissues
Bladder cancer PCAT6, HOTAIR High expression in cancer tissues [90,91]
UCA1 High levels in urine and serum of bladder [91]
cancer patients
GAS5 Low expression in cancer tissues [91]
Pancreatic cancer UFCA1 High serum levels in patients [92]
Cervical cancer FALEC High plasma levels in patients [93]
Ovarian cancer ACTA2-AS1, CARD8-AS1, HHIP-AS1, High probability in low expression patients [94]
HOTAIRM1, LINC00605, LINC01503,
LINC01547, MIR155HG, OTUD6B-AS1
HCP5, ITGB2-AS1, LINC00324, MIR31HG, High probability in high expression patients
PSMG3-AS1, ZBED5-AS1, SH3PXD2A-
AS1
Osteosarc-oma TP73-AS1 High expression in osteosarcoma tissues [95]
Laryngeal carcinoma IncRNA-ATB High expression in laryngeal carcinoma [96]
tissues
Brain tumor HOTAIR High serum levels in brain tumor patients [97]

LncRNA, long non-coding RNA; HCC, hepatocellular carcinoma; NSCLC, non-small cell lung cancer; LUSC, lung squamous cell

carcinoma; CRC, colorectal cancer; ER, estrogen receptor.

the level of AC020978 was found to be an independent prog-
nostic predictor in NSCLC patients [76].

By analyzing abnormally expressed IncRNAs using
RNA-sequencing data from lung squamous cell carcinoma
(LUSC) patients, the levels of INcRNAs SFTA1P, LINC01272,
GATAB-AS1, and MIR3945HG were shown to be significant-
ly correlated with the survival of LUSC patients. In addition,
LINC01572 and LINC01314 served as markers for distin-
guishing between early and late stages of LUSC [77].

Gastric cancer
In patients with gastric cancer (GC), the level of IncRNA
PTCSC3 (papillary thyroid carcinoma susceptibility candidate
3) in the plasma was shown to be down-regulated compared
with healthy controls, and the expression of PTCSC3 was
upregulated on the day of discharge compared with pretreat-
ment levels. In addition, patients with low plasma levels of
PTCSC3 had significantly lower OS rates than those with
high plasma levels. PTCSC3 also inhibited the proliferation,
invasion, and migration of GC cells [78].

The IncRNA NEAT1 was highly expressed in GC cells and
tissues, and knockdown of NEAT1 was shown to inhibit the
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invasion and metastasis of GC cells [79].

The expression of INcRNA AK023391 was likewise signifi-
cantly upregulated in GC tissue samples and cell lines com-
pared with normal tissues, and a high degree of AK023391
expression correlated with low survival rates in GC patients.
Knockdown of AK023391 inhibited the proliferation and
invasion of GC cells both in vitro and in vivo, and its over-
expression reversed this phenomenon [80]. The expression
of INcRNA MIR4435-2HG (microRNA 4435-2HG) was also
significantly upregulated in GC tissues compared with normal
gastric tissues and the increased expression of MIR4435-
2HG was associated with poor clinical pathology. In addition,
the overexpression of MIR4435-2HG enhanced the prolifera-
tion and invasive ability of GC cells [81].

The IncRNA MAGI2-AS3 (MAGI2 Antisense RNA 3) was
also highly expressed in GC tissues, and overexpression of
MAGI2-AS3 was found to be correlated with the poor prog-
nosis of GC patients. Additionally, a multivariate analysis
revealed that INcRNA MAGI2-AS3 was significantly correlat-
ed with the OS and disease-free survival (DFS) rates of GC
patients [82].

Colorectal cancer

High levels of INcRNA SNHG16 were associated with tumor
progression and proliferation in patients with colorectal cancer
(CRC) [83]. Additionally, several IncRNAs including CACS15,
CYTOR, MALAT1, TUG1, NEAT1, and MIR17HG were also
suggested as potential prognostic markers in patients with
CRC [84].

The expression of INncRNA H19 was higher in CRC tissues
compared with normal tissues. In addition, CRC patients with
high H19 expression showed significantly lower survival rates
than those with low H19 expression [85].

However, the levels of IncRNA MEG3 were significantly
reduced in CRC tissues, serum samples, and cell lines. In
addition, serum MEGS3 levels were shown to affect the prog-
nosis of CRC patients, and Kaplan-Meier (KM) survival curve
analysis suggests that CRC patients with high MEG3 levels
had substantially higher OS than those carrying low levels of
MEGS3 [86].

Breast cancer

Serum levels of the IncRNA FAM83H-AS1 (FAM83H anti-
sense RNA 1) and IncRNA-ATB were found to be higher in
breast cancer patients than in healthy controls. As shown by
the receiver operating characteristic (ROC) curve, the area
under the curve value of INcRNA-ATB was higher than that
of CA15-3. CA15-3 is a tumor biomarker previously used in
the early diagnosis of stage I-Il breast cancer. Thus, studies
strongly suggest the potential role of IncRNA-ATB as a diag-
nostic biomarker. In addition, the levels of IncRNA FAM83H-
AS1 showed a significant correlation with TNM stage, tumor
size, and lymph node metastasis, suggesting that FAM83H-
AS1 may have prognostic value [87].
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The IncRNAs LINC0092 and C2orf71 are associated with
good prognosis in breast cancer patients [88]. In addition, the
expression of INcRNA 362 was higher in estrogen receptor
(ER)-positive breast cancer compared with normal tissues,
and the expression of NFIA-AS1 was lower in ER-positive
breast cancer [89].

Other cancer species

The IncRNA PCAT®6 (prostate cancer-associated transcript 6)
was strongly expressed in the tissues and serum of patients
with bladder cancer (BC) than in healthy controls. In addition,
the expression of PCAT6 was significantly correlated with
tumor size, TNM stage, proliferation, and degree of metasta-
sis. KM survival analysis showed that BC patients with high
PCAT6 expression had worse OS rates and progression-free
survival (PFS) than those with low PCAT6 expression [90].
Additionally, the results of a meta-analysis showed that
IncRNA UCA1 has diagnostic value in BC patients. The ab-
normal expression of IncRNAs HOTAIR and GAS5 in BC
patients was also correlated with poor disease-free/recur-
rence-free/disease-specific survival [91].

Serum levels of the INcRNA UFC1 in patients diagnosed
with PC were much higher than in normal subjects and the
high UFC1 expression was correlated with increased metas-
tasis and a more severe clinical stage. In addition, KM surviv-
al analysis showed that PC patients with high UFC1 expres-
sion had shorter progression-free survival and OS than those
with low UFC1 expression [92].

The level of the INcRNA FALEC in the blood plasma of cer-
vical cancer patients was significantly higher than in normal
patients, and also showed a significant correlation with me-
tastasis and tumor size [93].

Sixteen INcRNAs (ACTA2-AS1, CARD8-AS1, HCP5, HHIP-
AS1, HOTAIRM1, ITGB2-AS1, LINC00324, LINC00605,
LINCO01503, LINC01547, MIR31HG, MIR155HG, OTUD6B-
AS1, PSPXD2A1, SH3PMG3-AS1, SH3, and ZBED5-AS1)
were found to be significantly correlated with the OS rate of
patients with ovarian cancer (OC) [94].

The expression of INcRNA TP73-AS1 was elevated in os-
teosarcoma tissues and cell lines. Additionally, the expression
of TP73-AS1 correlated with tumor size, degree of metas-
tasis, and histological grade in patients with osteosarcoma,
suggesting that TP73-AS1 may be a useful prognostic indica-
tor [95].

The expression of INcCRNA-ATB was significantly elevated
in the cancer tissues of patients with laryngeal carcinoma
compared with normal tissues. Interestingly, the INCRNA-ATB
expression was correlated with T-grade and clinical stage
[96].

The level of INcRNA HOTAIR in the serum of patients with
glioblastoma multiforme (GBM), a type of brain tumor, was
significantly higher than that of control groups [97].



LncRNAs implicated in sex hormone signaling
Sex hormones are one of the representative endogenous
factors contributing to gender-specific incidence and develop-
ment of cancer. In this section we review the role of sex hor-
mones in regulating the function of cancer-related IncRNAs
(Table 2).

Estrogen-regulated IncRNAs

Previous studies have reported a close correlation between
the abnormal expression of INcRNAs in breast cancer with
cancer progression and proliferation [98,99]. Below, we sum-
marize some of the IncRNAs interacting with estrogen or ER
in breast cancer.

Overexpression of the INcRNA HOTAIR induced prolifera-
tion of breast cancer cells. In addition, decreased expression
of HOTAIR reduced the survival rate of breast cancer cells
and diminished the proliferation of tamoxifen-resistant cells.
Activation of ERs directly inhibits HOTAIR, and upregulation
of HOTAIR induces tamoxifen resistance [100].

Table 2. Sex hormone-regulated IncRNA and its role in cancer

Cancer-related LncRNAs with Sex-specificity

The expression of the INncRNA ERINA (estrogen-inducible
IncRNA) was particularly high in ER-positive breast cancer
tissues. ERINA knockdown inhibited cell cycle progression
and cell proliferation in breast cancer cell cultures. These
findings were consistent with a xenograft model in which ER-
INA knockdown reduced tumor growth. However, the over-
expression of ERINA promoted the proliferation and growth
of breast cancer cells. Fang's group reported that the intronic
ER-binding site acted as an enhancer in the transactivation of
ERINA. The same group also identified ERINA as a IncRNA
binding with estrogen and ER [101].

The expression of the IncRNA TROJAN was remarkably
high in ER-positive breast cancer. TROJAN promoted the
proliferation of breast cancer cells and decreased the surviv-
al rate of patients with ER-positive breast cancer [102]. The
level of the INcRNA TMPO-AS1 was positively correlated
with estrogen receptor 1 (ESR1) expression via stabilization
of ESR1 mRNA. Upregulation of TMPO-AS1 expression in-
duced the proliferation of ER-positive breast cancer cells via

Sex hormone

Relation with sex

IncRNA Cancer type Role in cancer Reference
receptor hormone receptor
ER HOTAIR Breast cancer Inhibited by ER Induce proliferation and [100]
tamoxifen resistance
ERINA Inhanced transactivation Induce proliferation and growth [101]
by ER
TROJAN, High in ER-positive breast Induce proliferation [102,105]
MIAT cancer
TMPO-AS1 Stabilize ESR1 mRNA Induce proliferation [103]
TCL6 Low in ER-positive breast High probability in high [104]
cancer expression patients
H19 Thyroid cancer Promoted transcription High probability in low [106]
by ERpB expression patients
MALAT1 Lung cancer Increased expression Induce vasculogenic mimicry [107]
by ERpB formation and invasion
HOTAIR Renal cancer Inhanced by ER Induce proliferation and [108]
invasion
LINC00263 Lung cancer, Inhibited by ER High expression in cancer [109]
Colorectal tissue
cancer, Renal
cancer
AR ARLNC1 Prostate cancer Induced by AR, stabilize AR Induce proliferation and growth [113]
transcription
LINC00844 Regulate the transcriptional Induce proliferation and [114]
regulation of androgen- progression
related genes
PRCAT38 Increased through AR Induce proliferation [115]
transactivation
LINC00304 Inhibit AR Induce proliferation and cell [116]
cycle progression
SARCC Renal cancer Inhibit activity of AR Suppress tumor [117]
HOTAIR Promote activity of AR Induce tumor angiogenesis [118]
SLNCR Melanoma Combined with AR Induce proliferation [119]
PART1 Lung cancer, Induced by androgen Promote progression [120,121]
Colon cancer
LncRNA, Long non-coding RNA; ER, estrogen receptor; ESR1, estrogen receptor 1 gene; AR, androgen receptor.
http:/Aww.jcpjournal.org 103



Song and Kim

stabilization of ESR1 [103].

In breast cancer, the expression of the INcRNA TCL6 (T
Cell Leukemia/Lymphoma 6) was correlated with the pres-
ence or absence of ER and progesterone receptor (PR). In
particular, progesterone receptor-negative patients with a low
expression of TCL6 showed a poor prognosis [104].

The IncRNA MIAT was significantly higher in MCF-7, an
ER-positive breast cancer cell line, and in ER-positive breast
cancer tissue samples. In addition, the MIAT expression was
increased in a concentration-dependent manner following the
activation of estrogen signaling pathway upon treatment with
diethylstilbestrol (DES), an ER agonist [105].

The IncRNAs and ER interact in cancers of breast, thyroid,
and lung, as well as CRC and renal cell carcinoma (RCC).
The IncRNA H19 was highly expressed in papillary thyroid
cancer stem cells (PTCSC) and papillary thyroid cancer
(PTC) tissue samples. Additionally, the OS rate of patients
with PTC was decreased as the expression of H19 increased.
The transcription of H19 was significantly promoted by es-
tradiol (E2) and ERp, and as a result, estradiol increased the
expression of H19 [107].

Yu et al. [107] showed that the IncRNA MALAT1 expres-
sion was related to the molecular mechanism of the second
estrogen receptor, ERB. ERp increased MALAT1 expression
by directly binding to the estrogen response element located
at the MALAT1 promoter. ERB induced vasculogenic mim-
icry and cancer cell invasion in NSCLC by altering the ERp/
MALAT1/miR145-5p/NEDDS9 signaling pathway.

Interestingly, the INcRNA HOTAIR is also regulated by ERB
and antagonizes several microRNAs, thereby modulating the
expression of genes such as vimentin, ZEB1, and ZEB2 to
induce the proliferation and invasion of RCC cells [108].

The expression of the IncRNA LINC00263 was higher in
male patients than in female patients diagnosed with lung
adenocarcinoma, CRC, or RCC. LINC00263 showed a
strong negative correlation with ESR1, and the expression of
LINC00263 tended to decrease with estrogen treatment. Fur-
ther, ligand-activated ER inhibited the function of LINC00263
by blocking the NF-xB pathway. The inhibitory effects of
estrogen on LINC00263 induced differences between males
and females in various cancers [109].

Androgen-regulated IncRNAs

Studies suggested that androgen signaling of PC is affected
by several IncRNAs interacting directly with androgen recep-
tors (AR) to regulate PC cell proliferation [110-112]. Below,
we summarize a few IncRNAs interacting with androgen or
AR in PC (Table 2).

The IncRNA ARLNC1 (AR-regulated long noncoding RNA
1) was not only induced by AR, but also stabilized AR tran-
scription via RNA-RNA interactions. Knockdown of ARLNC1
decreased the expression of AR and inhibited the growth of
PC cells [113].

Lingadahalli et al. [114] used gene expression profiling to
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demonstrate the effect of IncRNA LINC00844 in the tran-
scriptional regulation of androgen-related genes. The findings
suggested that LINC00844 may play a key role in the prolifer-
ation and progression of PC cells by regulating the transcrip-
tional network of AR.

In PC cells, the expression of INcRNA PRCAT38 (prostate
cancer-related transcript 38) was increased via AR transac-
tivation. PRCAT38 was co-regulated with transmembrane
protease serine 2 (TMPRSS2), which is another androgen
regulating gene, via similar enhancers [115]. The IncRNA
LINC00304 has been shown to be related to cell cycle pro-
gression and PC cell proliferation. In addition, it was con-
firmed that LINC00304 is a direct target of AR [116].

In RCC and melanoma, IncRNAs have been shown to in-
teract with AR and regulate the progression, proliferation, and
malignancy of cancer cells. The IncRNA SARCC (suppress-
ing androgen receptor in renal cell carcinoma) suppressed
RCC tumors by inhibiting the activity of AR. SARCC inhibited
AR after transcription and blocked RCC development by
regulating the AR/miR-143-3p signaling pathway [117]. Addi-
tionally, the IncRNA HOTAIR formed a feedback loop with AR
to promote each other’s activities, thereby inducing tumor an-
giogenesis in RCC. A high expression of HOTAIR in patients
with RCC was associated with poor prognosis [118].

The IncRNA SLNCR bound to AR regulated the transcrip-
tion of several growth regulatory genes and increased mel-
anoma proliferation. These findings explain the higher inci-
dence and rapid progression of melanoma in men compared
with women [119].

Additionally, the IncRNA PART1 (prostate androgen reg-
ulated transcript 1) enhanced the progression of LUSC via
interaction with miR-185-5p and sine oculis homeobox ho-
molog 1 (Six1). It also promoted the malignant progression of
colon cancer by regulating the expression of miR-150-5p and
leucine-rich o-2-glycoprotein-1 (LRG1) [120,121].

CONCLUSION

In this review, the actions of a variety of IncRNAs were dis-
cussed and their potential as cancer biomarkers was ana-
lyzed. As shown in Table 1, several IncRNAs induce cancer
and malignancy via multiple mechanisms of tumorigenesis
such as immune escape, metabolic dysfunction, regulation
of growth and proliferation, and promotion of oncogene ex-
pression. In addition, many IncRNAs induce cancer cell me-
tastasis by inducing EMT and stemness. Conversely, several
other INcRNAs may act as tumor suppressors.

Numerous studies reported that IncRNA levels in the
tissues and serum of normal patients differed from those
of patients diagnosed with cancers of liver, lung, stomach,
breast, and several other carcinomas. In many cases their
expression levels showed a significant correlation with patient
survival rates. In addition, many recent findings of IncRNAs
have already been investigated or should be explored further



Diagnostic and
prognostic
biomarkers in body
fluids and tissues

Defective INcRNAs
in cancer

Liver cancer

SNHG11, ZNF385D-AS2, D16366,
SNHG1, SNHG12, LINC00511,
HCG18, FGD5-AS1, CERS6-AST,
NUTM2A-AS1, SNHG16,
ASB16-AS1, MINCR

Gastric cancer

NEAT1, MIR4435-2HG,
PTCSC3, AK023391, MAGI2-AS3

Colorectal cancer

SNHG16, LINC00263*, PART1",
CACS15, CYTOR, MALAT1, TUG1,
NEAT1, MIR17HG, MEG3, H19

Cancer-related LncRNAs with Sex-specificity

Lung cancer

JPX, DANCR, LINC01314,
LINCO1572, MALAT1*, LINC00263*,

PART1", SFTA1P, LINC01272,
GATAB-AS1, MIR3945HG, PSMAS3-
AS1, TUC338, DLEU2, AC020978

Breast cancer

INcRNA-ATB, 362, NFIA-AST1,
HOTAIR*, ERINA*, MIAT*,
TMPO-AS1*, FAM83H-AS1,
LINC0092, C20rf71, TCL6*,

TROJAN*
U

Prostate cancer

ARLNC1* LINC00844",
PRCAT38", LINC00304"

Figure 1. The potential application of IncRNAs in cancer diagnosis, prevention and therapy. These summarized INncRNAs in various types
of cancer were categorized according to the application of biomarkers for diagnosis or prognosis. The INcRNAs written in red letters represents the
biomarkers for diagnosis; blue letters, for prognosis; black letters, for diagnosis and prognosis. In addition, their correlations with sex hormones were
presented: *IncRNAs implicated in estrogen; IncRNAs implicated in androgen. IncRNA, long non-coding RNA; ZNF385D-AS2, zinc finger protein
385D antisense RNA 2; MIR4435-2HG, microRNA 4435-2HG; PTCSC3, papillary thyroid carcinoma susceptibility candidate 3; PART1, prostate
androgen regulated transcript 1; MALAT1, metastasis-associated lung adenocarcinoma transcript 1; MEG3, maternally expressed gene 3; DANCR,
Differentiation Antagonizing Non-Protein Coding RNA; DLEUZ2, deleted in lymphocytic leukaemia 2; HOTAIR, HOX transcript antisense RNA; ERINA,
estrogen-inducible IncRNA; FAM83H-AS1, FAM83H antisense RNA 1; C2orf71, chromosome 2 open reading frame 71; TCL6, T Cell Leukemia/
Lymphoma 6; ARLNC1, AR-regulated long noncoding RNA 1; PRCAT38, prostate cancer-related transcript 38.

to determine the mechanisms of regulation by sex hormones
in sex-specific cancer. Thus, the regulatory IncRNAs should
be investigated to determine their role in various types of
cancer in the future. In this review, we presented the potential
of various IncRNAs that can be used as biomarkers for diag-
nosis and prognosis and as targets for treatment and preven-
tion of cancer, and also looked at INcRNAs that correlate with
sex hormones (Fig. 1). Studies investigating various cancers
and the sex-specific effects should focus on changes in the
expression of INcRNAs using cell cultures and animal mod-
els, as well as clinical samples if available. The development
of technologies based on IncRNAs as diagnostic markers or
therapeutic targets may represent a significant step forward
in the management of many types of cancer.
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