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Abstract: Long non-coding RNAs (lncRNAs) are emerging as key players in a variety of cellular
processes. Deregulation of the lncRNAs has been implicated in prostate and breast cancers. Recently,
germline genetic variations associated with cancer risk have been correlated with lncRNA expression
and/or function. In addition, single nucleotide polymorphisms (SNPs) at well-characterized cancer-
associated lncRNAs have been analyzed for their association with cancer risk. These SNPs may
occur within the lncRNA transcripts or spanning regions that may alter the structure, function, and
expression of these lncRNA molecules and contribute to cancer progression and may have potential
as therapeutic targets for cancer treatment. Additionally, some of these lncRNA have a tissue-specific
expression profile, suggesting them as biomarkers for specific cancers. In this review, we highlight
some of the cancer risk-associated SNPs that modulated lncRNAs with a potential role in prostate
and breast cancers and speculate on how these lncRNAs may contribute to cancer development.

Keywords: long non-coding RNA; prostate cancer; breast cancer; single nucleotide polymorphisms;
genome-wide association studies

1. Introduction

Hormone-related cancers, prostate and breast cancer, accounted for more than
3.6 million newly diagnosed cancer cases worldwide in 2020 [1]. Genetic predisposition has
been identified as one of the factors contributing to the risk of these cancers. Genome-wide
association studies (GWASs), analyzing common low-penetrance variants, have identified
specific risk loci for these cancers [2,3]. Most of the risk-associated single nucleotide poly-
morphisms (SNPs) identified through GWAS are present in non-protein-coding DNA [4–7].
This non-coding DNA can regulate the expression of protein-coding genes and maintain
the 3D structure of the genome by serving as a scaffold for transcription factors. Alterna-
tively, some non-coding DNA is now found to be transcribed as non-protein-coding RNA
(ncRNA) using high-throughput next-generation sequencing platforms [8]. Even though
ncRNAs are not translated into proteins, they play a vital part in human complexity from
maintaining normal cellular function to playing a broader role in human diseases including
cancer [9–12]. Both ncRNAs and protein machinery involved in the development of dis-
eases have become targets of novel therapeutic approaches [13–15]. Based on transcript size,
these ncRNAs are grouped into two major classes: small non-coding RNAs (<200 bp) and
long non-coding RNAs (lncRNAs) (>200 bp). The small ncRNA class comprises miRNAs,
tRNAs, snRNAs, siRNAs, and piRNAs [3,16,17]., LncRNAs have recently been identified
as important mediators in many diseases, including cancer [16,18,19]. Long non-coding
RNAs (lncRNAs) are RNA transcripts that lack translational potential into functional pro-
teins. The biogenesis of lncRNAs is similar to mRNAs. Most lncRNAs are transcribed by
RNA polymerase II while some are also transcribed by RNA polymerase III. Most of the
lncRNAs undergo post-transcriptional modifications, such as splicing, polyadenylation,
and 5′ capping-like protein-coding RNAs [20]. However, these molecules have several
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short open reading frames (sORFs) and have very little protein coding potential, which
discriminates them from mRNA [21]. Based on their origin, these lncRNAs can be classified
as intronic, exonic, intergenic, intragenic, antisense, 3′ and 5′ UTR, promoter-associated
(paRNA), and enhancer-associated (eRNA) [22]. Most of the lncRNAs are localized in the
nucleus while some are found in both the nucleus and cytoplasm, and some are specifically
distributed in the cytoplasm. These lncRNAs play a functional role in gene expression
regulation by either cis (targeting genomically local genes) or trans (targeting distant genes)
action [22]. Interestingly, recent advanced research has identified several putative coding
sORFs suggesting that lncRNAs may be translated into micro peptides with a functional
role [23–25].

Even though lncRNAs constitute a major part of the human transcriptome, the func-
tional characterization and identification of molecular pathways in which these lncRNAs
are involved remains a challenge. Nevertheless, considerable variabilities in the function
of lncRNAs can be observed through well-characterized lncRNAs to date. It is evidenced
that many lncRNAs are deregulated in prostate and breast cancer and some of their ex-
pression has been significantly associated with different stages of cancer. These lncRNAs
are proposed to be involved in cancer development by playing functional roles in chro-
matin remodeling, transcriptional regulation, or post-transcriptional regulation. They
show tumor-suppressive or oncogenic potential, emphasizing their potential in targeted
therapeutics for prostate and breast cancer [26,27]. In addition, lncRNAs show tissue- and
cancer-specific expression patterns, enabling them to be better diagnostic and prognostic
tools for cancer therapies [26,28]. Moreover, SNPs could affect the expression and molecular
function of lncRNAs, for instance, by disrupting their secondary structure and playing
critical roles in tumorigenesis [29]. Recently, there has been increasing evidence in studies
linking genetic variants modulating lncRNA expression and prostate or breast cancer
risks [6,30]. In this review, we summarize lncRNAs regulated by risk-associated genetic
variants (Table 1) in these two hereditary cancers to gain insights into the contribution of
lncRNAs to cancer etiology, oncogenic function, and treatment resistance.

2. Prostate Cancer Risk-Associated SNPs Modulating lncRNAs

As a multifactorial disease, prostate cancer has several aspects contributing to its etiol-
ogy, comprising both modifiable and non-modifiable factors [31]. Diet and environmental
exposure disruptors, such as bisphenol A, chlordecone, and pesticides [31], are reported as
modifiable prostate cancer risk factors. Age is a well-known non-modifiable risk factor for
prostate cancer, where the risk of developing cancer increases with age [32,33]. Ethnicity is
another non-modifiable contributing factor to the development of prostate cancer, where
Asians have been reported to have lower prostate cancer incidence rates than European and
American populations [31]. Furthermore, family history and/or heredity is also a known
non-modifiable prostate cancer risk factor [33]. There is a considerable amount of evidence
for a genetic basis (up to ~57%) contributing to the risk of prostate cancer [34,35]. Recently,
a large prostate cancer GWAS identified novel risk loci making it to a total of 269 risk
loci to date [36] and the study led to the identification of a genetic risk score of prostate
cancer predisposition. Nevertheless, identification of the causal genes has been a major
challenge, given the location of a large proportion of these variants are in the non-coding
regions. Functional studies are known to complement GWAS results to identify specific
genes whose expressions are associated with disease phenotype. One such approach is
by expression quantitative trait locus (eQTL), which can identify the association between
risk genotype and gene expression, and transcriptome-wide association studies (TWASs),
which can assess the association with disease risk throughout the transcriptome.

One of the few studies to explore prostate cancer GWAS SNPs-associated lncRNAs
identified that the prostate cancer-associated SNPs are less polymorphic in the flanking
regions, but the SNP density was similar in protein-coding and lncRNA gene regions,
indicating the sequences of lncRNA are evolutionarily conserved [37]. This study reported
that 52 loci were located within the lncRNA genes, including a new prostate cancer risk-
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related SNP rs3787016 in a predicted lncRNA AC1127096.1 [37]. This locus has been initially
identified to be associated with prostate cancer risk in members with families having
multiple cases of prostate cancer [38]. An independent case-control study in Chinese men
reported that the rs3787016 SNP ‘A’ allele was associated with a higher risk of developing
prostate cancer in younger individuals as well as individuals with a smoking history or
Gleason score ≥7 (4 + 3) or aggressive disease [39].

By using a systemic approach for lncRNA based on their position in the promoter re-
gion, intercellular functional correlation, eQTL with one or more risk SNPs (cis-eQTL), and
differential expression between tumor and normal prostate tissues, Guo et al. shortlisted
45 potential lncRNAs with 50% of prostate cancer risk loci from 122 loci [30]. This included
already well-known lncRNAs, such as KCNQ1OT1, H19, and prostate cancer-associated
transcript 1 (PCAT1). LncRNA KCNQ1OT1 was known to act as an miRNA sponge and
compete with either miR-211-5p or miR-15 to promote prostate cancer progression [40,41].
Polymorphisms in H19 were also associated with risk and some of the clinical parameters
of bladder cancer [42], hepatocellular carcinoma [43], cervical cancer [42], and urothelial
cell carcinoma [44]. Two additional SNPs in H19, rs3024270 or rs3741219, were shown to be
associated with the risk of perineural invasion of prostate cancer [45]. Increased expression
of H19 was observed in prostate cancer patients with a high Gleason score compared to
a low Gleason score and benign prostatic hyperplasia (BPH) [46]. The function of H19
remains controversial in multiple cancers, including prostate cancer. While knockdown
of H19 in PC3 and DU145 prostate cancer cells reduced cell proliferation and glucose and
lactate levels [46], the H19-derived miR-675 axis is described as a suppressor of prostate
cancer metastasis, regulating extracellular matrix protein and transforming growth factor
β-induced protein (TGFB1) [47]. This suggests that the tumor microenvironment and cell
types should be accounted for when determining the functional role of H19. In addition,
H19 overexpression increased the expression of stem cell markers Oct4 and Sox2 and in-
creased colony formation in the RWPE-1 prostate epithelial cell line [48]. H19-dependent
transcriptional regulation by estrogen and hypoxia redirected the cells from epithelial to
mesenchymal transition (EMT) to β integrin-mediated invasion [49].

Guo et al. also reported that of the 45 lncRNAs regulated by non-coding SNPs,
18 lncRNAs’ expression was significantly correlated with 15 prostate cancer risk loci [30].
Moreover, some of these risk SNPs are enriched in the promoter regions of five
lncRNAs –PCAT1, RP11-400F19.18, RP11-24D8.1, RP11-552F3.10, and RP11-328M4.2 [30].
This study further identified that the risk SNP rs7463708 in the enhancer region of the
PCAT1 increased the binding of a novel AR interacting partner, ONECUT2, which then
looped to the PCAT1 promoter. Moreover, PCAT1 was identified as an androgen late-
response gene and interacted with AR and lysine-specific demethylase 1 (LSD1) upon pro-
longed androgen treatment to promote prostate cancer growth [30]. PCAT1, which has been
identified as the top-ranked lncRNA based on its overexpression in prostate tumor [50], is
also known to promote prostate cell proliferation through upregulation of the cMyc pro-
tein [51]. Apart from this distal enhancer locus at rs7463708 SNP, another independent risk
locus tagged by rs10086908 SNP was associated with PCAT1 expression, with nine SNPs
located across the promoter and exons of the PCAT1 gene [30]. Moreover, rs1902432 SNP
in PCAT1 was also identified to be associated with an increased risk of PCa [52]. Inter-
estingly, a meta-analysis of five lncRNA polymorphisms in prostate cancer-associated
non-coding RNA1 (PRNCR1, also known as PCAT8) and multiple cancer susceptibility
reported that four of the SNPs (rs16901946, rs13252298, rs1016343, and rs1456315) were
associated with overall cancer risk while no association was found with rs7007694 SNP [53].
Another small case-control study using 178 prostate cancer patients and 180 BPH cases in
the Iranian population identified rs13252298, rs1456315, and rs7841060 SNPs in PRNCR1
to be associated with prostate cancer risk [54]. There was no significant association be-
tween rs7007694 SNP and prostate cancer risk [54], as also reported with overall cancer
risk previously [53] and after adjusting for clinicopathological characteristics, such as age,
tumor stage, prostate-specific antigen (PSA) levels, Gleason score, perineural invasion, and
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surgical margin [54]. However, it is important to validate these associations in a larger
cohort. PRNCR1 was reported to have high expression in aggressive prostate cancer and
was reported to enhance both ligand-dependent and ligand-independent AR-mediated
transcriptional activity by directly binding to the region of 549-623 amino acids of AR
and therefore promotes prostate cancer growth [55]. On the contrary, another study by
Parolia et al. reported significantly lower expression levels of PRNCR1 in the prostate
cancer models they tested, raising questions about its involvement in AR activation in
prostate cancer [56]. Similarly, PRNCR1 was excluded from the study by Guo et al., due
to its undetectable expression in the LNCaP prostate cancer cell line and TCGA prostate
adenocarcinoma RNA-sequencing data [30]. In addition to prostate cancer, polymorphisms
in PRNCR1 at the 8q24 locus are also associated with gastric [57], colorectal [58], and lung
cancer risk [59], indicating its functional role in multiple cancers.

A multiethnic meta-analysis study of prostate cancer GWAS in >10 million SNPs in
~80,000 individuals identified a novel prostate cancer risk locus at 9p21 [60]. The prostate
cancer risk-associated variant at this locus, rs17694493, is predicted to disrupt the binding
motifs of transcription factors STAT1 and RUNX1 and positioned in the intronic region of
a novel lncRNA gene CDKN2B-AS1 (also known as ANRIL). Moreover, SNPs rs4977574,
rs1333048, and rs10757278 in the ANRIL gene were also associated with BPH and prostate
cancer risk in the Iranian population [61]. Overexpression of ANRIL in prostate cancer cells
increased cell proliferation and migration by regulating the let-7a/TGFB1/Smad signaling
pathway [62], demonstrating the potential molecular mechanism by which this lncRNA
mediates cancer progression.

Prostate cancer risk-associated SNPs, rs11672691 and rs887391, were identified to regu-
late two PCAT19 lncRNA isoforms with two distinct transcription start sites, PCAT19-short
and PCAT19-long, through a promoter-to-enhancer switching mechanism [63]. The
rs11672691 SNP on chromosome 19 was identified to be associated with both non-aggressive
and aggressive prostate cancer risk [64], prostate cancer-specific mortality [65], and poor
prognosis after diagnosis [63]. PCAT19-long promoted prostate cancer progression by
interacting with a nuclear riboprotein, Heterogeneous Nuclear Ribonucleoprotein A/B
(HNRNPAB), to upregulate a subset of cell-cycle genes [63], suggesting a novel mechanism
for the HNRNPAB role in prostate cancer progression.

Some SNPs are also found to regulate distant lncRNAs by chromosome looping. For
instance, prostate cancer risk SNP rs378854 at the 8q24 locus was found to regulate the
expression of lncRNA PVT1, which is located 0.5 Mb away from this variant by long-
range chromatin looping [66]. Exon 9 of the PVT1 gene was overexpressed in aggressive
prostate cancer cases with African ancestry, suggesting this could be used as a biomarker
for metastatic disease [67]. Knockdown of PVT1 was shown to reduce prostate cancer
growth in vitro and in vivo and increase cell apoptosis in prostate cancer cells [68]. Some
of these studies are summarized in Table 1.

3. Breast Cancer Risk-Associated SNPs Modulating lncRNAs

Breast cancer is the commonly diagnosed cancer in females worldwide. It is a heteroge-
neous disease on a molecular and clinical level, and has four distinct subtypes: Luminal A,
Luminal B, human epidermal growth factor receptor 2 (HER2) overexpression, and triple-
negative, based on the status of estrogen receptor (ER), progesterone receptor (PR), and
HER2 [69,70]. Breast cancer GWASs have identified more than 200 risk loci, including
differential associations with ER+, ER−, or triple-negative breast cancer [7,71,72].

A transcriptome-wide association study by Wu et al. identified 26 lncRNAs through
eQTL analysis of breast cancer risk loci [73]. The functional role of three of these lncRNAs:
RP11–218M22.1, RP11–467J12.4, and CTD-3032H12.1, was confirmed by the significant
reduction in cell proliferation on lncRNA knockdown in three breast cancer cell lines,
184A1, MCF7, and T47D, and reduced colony-forming efficiency in MCF7 cells. RP11–
467J12.4, also known as PR-lncRNA-1, is mainly localized in the nucleus, and regulated by
P53 in human and mouse cells [74]. LncRNA CTD-3032H12.1 is predicted to interact with
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another lncRNA RP11-20F24.2 and mRNA of ANKRD30A, a transcription factor implicated
in breast cancer progression, using a tissue-specific co-expression regulatory network
model [75].

A recent study by Marjaneh et al. exploring multi-exonic non-coding RNA (mencRNA)
genes at 139 breast cancer GWAS loci identified more than 4000 mencRNAs using RNA-
capture sequencing [76]. Interestingly, the breast cancer risk variants were enriched in the
exonic regions of these RNAs, suggesting that these risk variants may impact RNA stability,
structure, or function. One example reported in this study for enriched risk variants in
exons is the 2q14.2 locus, where three of the four independent risk signals were in the exonic
regions of mencRNAs. Furthermore, eQTL analysis shortlisted 800 mencRNAs, including
seven signals: XLOC_022678, XLOC_093918, XLOC_112072, XLOC_142280, XLOC_169717,
XLOC_195543, and XLOC_209276, overlapping with breast cancer risk signals [76]. Four of
these eQTLs were identified to regulate mencRNAs through distal interactions as confirmed
by Capture Hi-Seq. This includes the potential causal variants at the estrogen-regulated
enhancer of two lncRNAs: CUPID1 and CUPID2 at the 11q13 locus, which were previously
known to promote homologous-based DNA repair [77].

A study carried out by Suvanto et al., analyzing 84 lncRNA and 44 transcribed-
ultra conserved RNA (T-UCR, a subtype of lncRNAs) regions, identified SNPs in seven
lncRNAs and eight T-UCRs associated with breast cancer risk, which were not previously
reported by GWAS studies [6]. This includes risk SNPs, rs71124350, and rs28489579 at the
15q21.1 locus, which correlates with the expression of GA-binding protein transcription
factor-β subunit 1 antisense RNA 1 (GABPB1-AS1). This lncRNA was predicted to be
associated with two miRNA networks: hsa-miR-3613-3p and hsa-miR-7106-5p, which were
differentially regulated in breast cancer compared to adjacent normal breast tissues [78].
Although the functional role of GABPB1-AS1 is not known in breast cancer, it was reported
to have a function in other cancers. For instance, GABPB1-AS1 is known to regulate
oxidative stress by regulating translation of its sense protein GABPB1 when exposed to a
small molecule compound, Erastin, that induces non-apoptotic iron-dependent oxidative
cell death (ferroptosis) in hepatocellular carcinoma (HCC) cells [79]. Moreover, high
expression of GABPB1-AS1 was correlated with better overall survival of HCC patients [79].
Similarly, high GABPB1-AS1 expression was correlated with better prognosis and inversely
correlated with tumor size, TNM stage, and Furhman stage of clear cell renal cell carcinoma
patients [80]. This was further validated using in vitro and in vivo assays with GABPB1-
AS1 overexpression models, resulting in reduced proliferation, migration, and invasion in
786-o and caki-1 renal cell cancer cells and reduced tumor growth in xenograft models [80].

In addition to these transcriptome-wide lncRNA findings of risk loci, some studies
have focused on the risk association of genetic variants in well-known breast cancer-
related genes. For instance, rs1899663 and rs7958904 SNPs at lncRNA HOTAIR, HOX
transcript antisense intergenic RNA, were associated with an increased risk of breast
cancer in the Southeast Chinese Han population of 969 breast cancer cases and 970 healthy
controls [81]. Moreover, rs1899663 SNP was also associated with both disease-free and
overall survival in younger cases. On the contrary, Yan et al. reported that rs1899663
and rs4759314 SNPs were associated with reduced breast cancer risk among women
with age at menarche >14 while rs920778 SNP was associated with an increased risk in
the Chinese population of 502 cases and 504 matched healthy controls [82]. rs1899663
and rs12826786 SNPs were associated with a reduced breast cancer risk in the southeast
Iranian population while rs920778 SNP was associated with an increased risk similar to
the association reported by Yan et al. [83]. A recent meta-analysis study showed that
rs12826786 and rs920778 SNPs at HOTAIR were correlated with an increased overall cancer
risk [84]. HOTAIR belongs to the conserved genomic region of several HOX family coding
and non-coding genes, and known to play a functional role in embryonic development [85].
Overexpression of HOTAIR was correlated with metastasis and poor prognosis of various
cancers, including breast cancer [85,86]. Overexpression of HOTAIR in breast cancer
cells increased invasiveness of these cells in a polycomb repressive complex 2 (PRC2)-
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dependent manner by reprogramming the polycomb binding profile similar to embryonic
fibroblast [87]. Interestingly, HOTAIR induction has been shown to also be important for
the invasive growth of Claudin-low breast cancer cells, which are triple-negative cancer
subtype with low expression of claudin-3, claudinin-4, and claudinin-7 [88].

Another well-known cancer-associated lncRNA, H19, a maternally inherited imprinted
gene, is reported to be overexpressed in breast cancer, and associated with poor prognosis
in breast cancer patients, especially in the triple-negative molecular subtype [89,90]. A
genetic association study in the Chinese Han population of 464 breast cancer cases and
467 healthy controls did not observe any significant association with breast cancer risk
for two SNPs, rs3741219 and rs217727, in the H19 gene in the overall analysis, but on
stratified analysis, rs217727 SNP was found to correlate with breast cancer risk in patients
with ER+ or HER2+ or women who had more than two pregnancies [89]. Overexpression
of H19 in breast cancer cells promoted cell proliferation and migration [91] while H19
knockdown reduced estrogen-induced cell growth of breast cancer cells [92]. However, a
meta-analysis study by Mathias et al. analyzing 31 SNPs in 12 lncRNAs could not find any
association for these SNPs with breast cancer susceptibility, including rs920778, rs1899663,
rs12826786, and rs4759314 SNPs on the HOTAIR locus and rs217727, rs3741219, rs2107425,
and rs2839698 SNPs on the H19 locus [93] likely due to the smaller number of studies
included for this analysis. This emphasizes the need for comprehensive functional analysis
with experimental evidence to improve our understanding of how these genetic variants
contribute to breast cancer pathology (Table 1).

Table 1. LncRNAs associated with risk SNPs in prostate and breast cancer.

lncRNA SNP Function of lncRNA References

Prostate
cancer

PCAT1

rs7463708
Promote prostate cancer growth by interacting with AR and LSD1 upon

prolonged androgen treatment, Promote prostate cancer cell proliferation
through c-Myc upregulation

[30,50,51]rs10086908

rs1902432

PRNCR1/PCAT8

rs16901946

Enhance ligand-dependent and -independent AR-mediated
transcriptional activity

[53–55]
rs13252298

rs1016343

rs1456315

CDKN2B-AS1/ANRIL

rs4977574
Increase prostate cancer cell proliferation and migration by modulating the

let-7a/TGFB1/Smad signaling pathway
[60–62]rs1333048

rs10757278

PCAT19
rs11672691 PCAT19-long isoform promotes prostate cancer progression by upregulating a

subset of cell-cycle genes via interaction with HNRNPAB
[63–65]

rs887391

PVT1 rs378854 PVT1 knockdown inhibits prostate cancer growth in vitro and in vivo and
increased cell apoptosis [66,68]

Breast
cancer

RP11–218M22.1 rs12422552 Knockdown reduced breast cancer cell proliferation and colony formation [73]

RP11–467J12.4/
PR-lncRNA1

rs3112612 Knockdown reduced breast cancer cell proliferation and colony formation [73]

CTD-3032H12.1 rs28539243 Knockdown reduced breast cancer cell proliferation and colony formation,
predicted to interact with lncRNA RP11-20F24.2 and mRNA of ANKRD30A [73,74]

GABPB1-AS1
rs71124350 Predicted association with two miRNA networks, which are differentially

regulated in breast cancer
[6,78]

rs28489579

HOTAIR

rs1899663

Overexpression of HOTAIR correlates with metastasis of breast cancer, increase
breast cancer cell invasiveness via reprogramming PRC2 binding [81–87]

rs7958904

rs4759314

rs920778

rs12826786

H19
rs3741219 Overexpression of H19 promoted breast cancer cell proliferation and migration

and knockdown reduced estrogen-induced breast cancer cell growth [89–91]
rs217727
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4. Conclusions

Recently, there has been remarkable progress in our understanding of the multifaceted
role of lncRNAs and the genetic variants impacting lncRNA expression and function,
recognizing them as critical players in prostate and breast cancer progression. Although a
majority of these cancer risk-associated genetic variants are found in non-coding RNA loci,
only a few studies have focused on uncovering the role of these SNPs in modulating the
structure and function of lncRNAs in cancer progression. Emerging sequencing techniques
and bioinformatic analysis are helpful in predicting the putative function of the lncRNA.
Databases, such as lncRNASNP2 [94] and LincSNP 3.0 [95], provide information on how
these SNPs modulate the lncRNA structure and function. Some of these lncRNAs are
differentially expressed in disease progression models and cancer subtypes, highlighting
their potential to be used as a diagnostic and prognostic biomarker. For example, PCA3
(also known as DD3) is the only FDA-approved lncRNA used for prostate cancer diagno-
sis [96], which is overexpressed in prostate tumors compared to non-malignant tissues.
Nevertheless, using lncRNA-SNPs to predict the disease progression and/or therapeutic
options is still in an early stage, since how these SNPs regulate the expression or function
of lncRNAs remains uncertain. Most of these studies have identified cancer-associated
lncRNAs through their expression correlation with the SNP genotype. Moreover, whether
these SNPs are true causal SNPs or correlated variants in high linkage disequilibrium with
the causal SNPs still needs to be clarified. Advancing techniques including CRISPR genome
editing may provide comprehensive insights in this field to help identify the functional
role of the cancer-associated risk variants through lncRNAs in disease progression and
identify their applicability as novel therapeutic targets or biomarkers for multiple cancers.
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19. Zhang, Y.; Pitchiaya, S.; Cieślik, M.; Niknafs, Y.S.; Tien, J.C.-Y.; Hosono, Y.; Iyer, M.K.; Yazdani, S.; Subramaniam, S.;

Shukla, S.; et al. Analysis of the androgen receptor–regulated lncRNA landscape identifies a role for ARLNC1 in prostate cancer
progression. Nat. Genet. 2018, 50, 814–824. [CrossRef]

20. Chen, L.-L. Linking Long Noncoding RNA Localization and Function. Trends Biochem. Sci. 2016, 41, 761–772. [CrossRef]
21. Rinn, J.L.; Chang, H.Y. Genome Regulation by Long Noncoding RNAs. Annu. Rev. Biochem. 2012, 81, 145–166. [CrossRef]
22. Nie, L.; Wu, H.-J.; Hsu, J.-M.; Chang, S.-S.; Labaff, A.M.; Li, C.-W.; Wang, Y.; Hsu, J.L.; Hung, M.-C. Long non-coding RNAs:

Versatile master regulators of gene expression and crucial players in cancer. Am. J. Transl. Res. 2012, 4, 127–150. [PubMed]
23. Nelson, B.R.; Makarewich, C.A.; Anderson, D.M.; Winders, B.R.; Troupes, C.D.; Wu, F.; Reese, A.L.; McAnally, J.R.; Chen, X.;

Kavalali, E.T.; et al. A peptide encoded by a transcript annotated as long noncoding RNA enhances SERCA activity in muscle.
Science 2016, 351, 271–275. [CrossRef]

24. Matsumoto, A.; Pasut, A.; Matsumoto, M.; Yamashita, R.; Fung, J.; Monteleone, E.; Saghatelian, A.; Nakayama, K.I.; Clohessy, J.G.;
Pandolfi, P.P. mTORC1 and muscle regeneration are regulated by the LINC00961-encoded SPAR polypeptide. Nature
2017, 541, 228–232. [CrossRef]

25. Andrews, S.J.; Rothnagel, J.A. Emerging evidence for functional peptides encoded by short open reading frames. Nat. Rev. Genet.
2014, 15, 193–204. [CrossRef] [PubMed]

26. Mitobe, Y.; Takayama, K.-I.; Horie-Inoue, K.; Inoue, S. Prostate cancer-associated lncRNAs. Cancer Lett. 2018, 418, 159–166.
[CrossRef] [PubMed]

27. Zhang, T.; Hu, H.; Yan, G.; Wu, T.; Liu, S.; Chen, W.; Ning, Y.; Lu, Z. Long Non-Coding RNA and Breast Cancer. Technol. Cancer
Res. Treat. 2019, 18, 1–10. [CrossRef] [PubMed]

28. Lee, B.; Mazar, J.; Aftab, M.N.; Qi, F.; Shelley, J.; Li, J.-L.; Govindarajan, S.; Valerio, F.; Rivera, I.; Thurn, T.; et al. Long Noncoding
RNAs as Putative Biomarkers for Prostate Cancer Detection. J. Mol. Diagn. 2014, 16, 615–626. [CrossRef]

29. Minotti, L.; Agnoletto, C.; Baldassari, F.; Corrà, F.; Volinia, S. SNPs and Somatic Mutation on Long Non-Coding RNA: New
Frontier in the Cancer Studies? High-Throughput 2018, 7, 34. [CrossRef] [PubMed]

30. Guo, H.; Ahmed, M.; Zhang, F.; Yao, C.Q.; Li, S.; Liang, Y.; Hua, J.; Soares, F.; Sun, Y.; Langstein, J.; et al. Modulation of long
noncoding RNAs by risk SNPs underlying genetic predispositions to prostate cancer. Nat. Genet. 2016, 48, 1142–1150. [CrossRef]
[PubMed]

31. Adjakly, M.; Ngollo, M.; Dagdemir, A.; Judes, G.; Pajon, A.; Karsli-Ceppioglu, S.; Penault-Llorca, F.; Boiteux, J.-P.; Bignon, Y.-J.;
Guy, L.; et al. Prostate cancer: The main risk and protective factors—Epigenetic modifications. Annales d’Endocrinologie
2015, 76, 25–41. [CrossRef]

32. Brawley, O.W. Prostate cancer epidemiology in the United States. World J. Urol. 2012, 30, 195–200. [CrossRef]
33. Crawford, E.D. Epidemiology of prostate cancer. Urology 2003, 62, 3–12. [CrossRef]
34. Mucci, L.A.; Hjelmborg, J.B.; Harris, J.R.; Czene, K.; Havelick, D.J.; Scheike, T.; Graff, R.E.; Holst, K.; Möller, S.; Unger, R.H.; et al.

Familial Risk and Heritability of Cancer Among Twins in Nordic Countries. JAMA 2016, 315, 68–76. [CrossRef]
35. Farashi, S.; Kryza, T.; Clements, J.; Batra, J. Post-GWAS in prostate cancer: From genetic association to biological contribution.

Nat. Rev. Cancer 2019, 19, 46–59. [CrossRef] [PubMed]
36. Conti, D.V.; Darst, B.F.; Moss, L.C.; Saunders, E.J.; Sheng, X.; Chou, A.; Schumacher, F.R.; Al Olama, A.A.; Benlloch, S.;

Dadaev, T.; et al. Trans-ancestry genome-wide association meta-analysis of prostate cancer identifies new susceptibility loci and
informs genetic risk prediction. Nat. Genet. 2021, 53, 65–75. [CrossRef]

http://doi.org/10.1126/science.1112014
http://www.ncbi.nlm.nih.gov/pubmed/16141072
http://doi.org/10.1038/nrg2814
http://doi.org/10.3390/ijms140918790
http://www.ncbi.nlm.nih.gov/pubmed/24036441
http://doi.org/10.1186/s12920-019-0487-6
http://doi.org/10.1007/978-1-4939-7471-9_6
http://www.ncbi.nlm.nih.gov/pubmed/29423795
http://doi.org/10.1038/nrg3074
http://www.ncbi.nlm.nih.gov/pubmed/22094949
http://doi.org/10.1007/s11033-020-05609-x
http://doi.org/10.1016/j.molmed.2018.01.001
http://doi.org/10.1186/1480-9222-16-11
http://doi.org/10.1016/j.biopha.2016.01.023
http://www.ncbi.nlm.nih.gov/pubmed/26898447
http://doi.org/10.1016/j.semcdb.2011.01.001
http://doi.org/10.1038/s41588-018-0120-1
http://doi.org/10.1016/j.tibs.2016.07.003
http://doi.org/10.1146/annurev-biochem-051410-092902
http://www.ncbi.nlm.nih.gov/pubmed/22611467
http://doi.org/10.1126/science.aad4076
http://doi.org/10.1038/nature21034
http://doi.org/10.1038/nrg3520
http://www.ncbi.nlm.nih.gov/pubmed/24514441
http://doi.org/10.1016/j.canlet.2018.01.012
http://www.ncbi.nlm.nih.gov/pubmed/29330107
http://doi.org/10.1177/1533033819843889
http://www.ncbi.nlm.nih.gov/pubmed/30983509
http://doi.org/10.1016/j.jmoldx.2014.06.009
http://doi.org/10.3390/ht7040034
http://www.ncbi.nlm.nih.gov/pubmed/30453571
http://doi.org/10.1038/ng.3637
http://www.ncbi.nlm.nih.gov/pubmed/27526323
http://doi.org/10.1016/j.ando.2014.09.001
http://doi.org/10.1007/s00345-012-0824-2
http://doi.org/10.1016/j.urology.2003.10.013
http://doi.org/10.1001/jama.2015.17703
http://doi.org/10.1038/s41568-018-0087-3
http://www.ncbi.nlm.nih.gov/pubmed/30538273
http://doi.org/10.1038/s41588-020-00748-0


Genes 2021, 12, 2028 9 of 11

37. Jin, G.; Sun, J.; Isaacs, S.D.; Wiley, K.E.; Kim, S.-T.; Chu, L.W.; Zhang, Z.; Zhao, H.; Zheng, S.L.; Isaacs, W.B.; et al. Human
polymorphisms at long non-coding RNAs (lncRNAs) and association with prostate cancer risk. Carcinogenesis 2011, 32, 1655–1659.
[CrossRef] [PubMed]

38. Hsieh, C.-L.; Oakley-Girvan, I.; Balise, R.R.; Halpern, J.; Gallagher, R.P.; Wu, A.H.; Kolonel, L.N.; O’Brien, L.E.; Lin, I.G.;
Berg, D.J.V.D.; et al. A Genome Screen of Families with Multiple Cases of Prostate Cancer: Evidence of Genetic Heterogeneity.
Am. J. Hum. Genet. 2001, 69, 148–158. [CrossRef] [PubMed]

39. Cao, D.-L.; Gu, C.-Y.; Zhu, Y.-P.; Dai, B.; Zhang, H.-L.; Shi, G.-H.; Shen, Y.-J.; Ma, C.-G.; Xiao, W.-J.; Qin, X.-J.; et al. Poly-
morphisms at long non-coding RNAs and prostate cancer risk in an eastern Chinese population. Prostate Cancer Prostatic Dis.
2014, 17, 315–319. [CrossRef]

40. Chen, Q.-H.; Li, B.; Liu, D.-G.; Zhang, B.; Yang, X.; Tu, Y.-L. LncRNA KCNQ1OT1 sponges miR-15a to promote immune evasion
and malignant progression of prostate cancer via up-regulating PD-L1. Cancer Cell Int. 2020, 20, 394. [CrossRef]

41. Hao, H.; Chen, H.; Xie, L.; Liu, H.; Wang, D. LncRNA KCNQ1OT1 Promotes Proliferation, Invasion and Metastasis of Prostate
Cancer by Regulating miR-211-5p/CHI3L1 Pathway. OncoTargets Ther. 2021, 14, 1659–1671. [CrossRef]

42. Huang, M.-C.; Chou, Y.-H.; Shen, H.-P.; Ng, S.-C.; Lee, Y.; Sun, Y.-H.; Hsu, C.-F.; Yang, S.-F.; Wang, P.-H. The clinicopatho-
logical characteristic associations of long non-coding RNA gene H19 polymorphisms with uterine cervical cancer. J. Cancer
2019, 10, 6191–6198. [CrossRef] [PubMed]

43. Wu, E.-R.; Chou, Y.-E.; Liu, Y.-F.; Hsueh, K.-C.; Lee, H.-L.; Yang, S.-F.; Su, S.-C. Association of lncRNA H19 Gene Polymorphisms
with the Occurrence of Hepatocellular Carcinoma. Genes 2019, 10, 506. [CrossRef] [PubMed]

44. Yang, P.-J.; Hsieh, M.-J.; Hung, T.-W.; Wang, S.-S.; Chen, S.-C.; Lee, M.-C.; Yang, S.-F.; Chou, Y.-E. Effects of Long Noncoding RNA
H19 Polymorphisms on Urothelial Cell Carcinoma Development. Int. J. Environ. Res. Public Health 2019, 16, 1322. [CrossRef]

45. Hu, J.-C.; Lin, C.-Y.; Wang, S.-S.; Chiu, K.-Y.; Li, J.-R.; Chen, C.-S.; Hung, S.-C.; Yang, C.-K.; Ou, Y.-C.; Cheng, C.-L.; et al. Impact of
H19 Polymorphisms on Prostate Cancer Clinicopathologic Characteristics. Diagnostics 2020, 10, 656. [CrossRef]

46. Sun, S.-C.; Zhao, H.; Liu, R.; Wang, B.-L.; Liu, Y.-Q.; Zhao, Y.; Shi, Z.-D. Expression of long non-coding RNA H19 in
prostate cancer and its effect on the proliferation and glycometabolism of human prostate cancer cells. Zhonghua Nan Ke Xue
2017, 23, 120–124. [PubMed]

47. Zhu, M.; Chen, Q.; Liu, X.; Sun, Q.; Zhao, X.; Deng, R.; Wang, Y.; Huang, J.; Xu, M.; Yan, J.; et al. Lncrna h19/mir-675 axis
represses prostate cancer metastasis by targeting tgfbi. FEBS J. 2014, 281, 3766–3775. [CrossRef] [PubMed]

48. Roy, H.B.-L.; Vennin, C.; Brocqueville, G.; Spruyt, N.; Adriaenssens, E.; Bourette, R.P. Enrichment of Human Stem-Like
Prostate Cells with s-SHIP Promoter Activity Uncovers a Role in Stemness for the Long Noncoding RNA H19. Stem Cells Dev.
2015, 24, 1252–1262. [CrossRef]

49. Bacci, L.; Aiello, A.; Ripoli, C.; Loria, R.; Pugliese, D.; Pierconti, F.; Rotili, D.; Strigari, L.; Pinto, F.; Bassi, P.F.; et al. H19-dependent
transcriptional regulation of beta3 and beta4 integrins upon estrogen and hypoxia favors metastatic potential in prostate cancer.
Int. J. Mol. Sci. 2019, 20, 4012. [CrossRef]

50. Prensner, J.; Iyer, M.K.; Balbin, O.A.; Dhanasekaran, S.M.; Cao, Q.; Brenner, J.C.; Laxman, B.; Asangani, I.; Grasso, C.S.;
Kominsky, H.D.; et al. Transcriptome sequencing across a prostate cancer cohort identifies PCAT-1, an unannotated lincRNA
implicated in disease progression. Nat. Biotechnol. 2011, 29, 742–749. [CrossRef] [PubMed]

51. Prensner, J.; Chen, W.; Han, S.; Iyer, M.K.; Cao, Q.; Kothari, V.; Evans, J.R.; Knudsen, K.; Paulsen, M.T.; Ljungman, M.; et al.
The Long Non-Coding RNA PCAT-1 Promotes Prostate Cancer Cell Proliferation through cMyc. Neoplasia 2014, 16, 900–908.
[CrossRef]

52. Yuan, Q.; Chu, H.; Ge, Y.; Ma, G.; Du, M.; Wang, M.; Zhang, Z.; Zhang, W. LncRNA PCAT1 and its genetic variant rs1902432 are
associated with prostate cancer risk. J. Cancer 2018, 9, 1414–1420. [CrossRef]

53. Huang, X.; Zhang, W.; Shao, Z. Association between long non-coding RNA polymorphisms and cancer risk: A meta-analysis.
Biosci. Rep. 2018, 38, 38. [CrossRef] [PubMed]

54. Sattarifard, H.; Hashemi, M.; Hassanzarei, S.; Narouie, B.; Bahari, G. Association between genetic polymorphisms of long
non-coding RNA PRNCR1 and prostate cancer risk in a sample of the Iranian population. Mol. Clin. Oncol. 2017, 7, 1152–1158.
[CrossRef]

55. Yang, L.; Lin, C.; Jin, C.; Yang, J.C.; Tanasa, B.; Li, W.; Merkurjev, D.; Ohgi, K.A.; Meng, D.; Zhang, J.; et al. Lncrna-dependent
mechanisms of androgen-receptor-regulated gene activation programs. Nature 2013, 500, 598–602. [CrossRef] [PubMed]

56. Parolia, A.; Crea, F.; Xue, H.; Wang, Y.; Mo, F.; Ramnarine, V.R.; Liu, H.H.; Lin, D.; Saidy, N.R.N.; Clermont, P.-L.; et al. The long
non-coding RNA PCGEM1 is regulated by androgen receptor activity in vivo. Mol. Cancer 2015, 14, 46. [CrossRef] [PubMed]

57. Li, L.; Jia, F.; Bai, P.; Liang, Y.; Sun, R.; Yuan, F.; Zhang, L.; Gao, L. Association between polymorphisms in long non-coding RNA
PRNCR1 in 8q24 and risk of gastric cancer. Tumour Biol. 2016, 37, 299–303. [CrossRef]

58. Li, L.; Sun, R.; Liang, Y.; Pan, X.; Li, Z.; Bai, P.; Zeng, X.; Zhang, D.; Zhang, L.; Gao, L. Association between polymorphisms in
long non-coding RNA PRNCR1 in 8q24 and risk of colorectal cancer. J. Exp. Clin. Cancer Res. 2013, 32, 104. [CrossRef]

59. Li, N.; Cui, Z.; Gao, M.; Li, S.; Song, M.; Wang, Y.; Tong, L.; Bi, Y.; Zhang, Z.; Wang, S.; et al. Genetic Polymorphisms of
PRNCR1 and Lung Cancer Risk in Chinese Northeast Population: A Case—Control Study and Meta-Analysis. DNA Cell Biol.
2021, 40, 132–144. [CrossRef] [PubMed]

http://doi.org/10.1093/carcin/bgr187
http://www.ncbi.nlm.nih.gov/pubmed/21856995
http://doi.org/10.1086/321281
http://www.ncbi.nlm.nih.gov/pubmed/11404817
http://doi.org/10.1038/pcan.2014.34
http://doi.org/10.1186/s12935-020-01481-8
http://doi.org/10.2147/OTT.S288785
http://doi.org/10.7150/jca.36707
http://www.ncbi.nlm.nih.gov/pubmed/31772651
http://doi.org/10.3390/genes10070506
http://www.ncbi.nlm.nih.gov/pubmed/31277475
http://doi.org/10.3390/ijerph16081322
http://doi.org/10.3390/diagnostics10090656
http://www.ncbi.nlm.nih.gov/pubmed/29658248
http://doi.org/10.1111/febs.12902
http://www.ncbi.nlm.nih.gov/pubmed/24988946
http://doi.org/10.1089/scd.2014.0386
http://doi.org/10.3390/ijms20164012
http://doi.org/10.1038/nbt.1914
http://www.ncbi.nlm.nih.gov/pubmed/21804560
http://doi.org/10.1016/j.neo.2014.09.001
http://doi.org/10.7150/jca.23685
http://doi.org/10.1042/BSR20180365
http://www.ncbi.nlm.nih.gov/pubmed/29802154
http://doi.org/10.3892/mco.2017.1462
http://doi.org/10.1038/nature12451
http://www.ncbi.nlm.nih.gov/pubmed/23945587
http://doi.org/10.1186/s12943-015-0314-4
http://www.ncbi.nlm.nih.gov/pubmed/25744782
http://doi.org/10.1007/s13277-015-3750-2
http://doi.org/10.1186/1756-9966-32-104
http://doi.org/10.1089/dna.2020.6194
http://www.ncbi.nlm.nih.gov/pubmed/33226844


Genes 2021, 12, 2028 10 of 11

60. Al Olama, A.A.; Kote-Jarai, Z.; Berndt, S.I.; Conti, D.V.; Schumacher, F.; Han, Y.; Benlloch, S.; Hazelett, D.; Wang, Z.;
Saunders, E.; et al. A meta-analysis of 87,040 individuals identifies 23 new susceptibility loci for prostate cancer. Nat. Genet.
2014, 46, 1103–1109. [CrossRef]

61. Taheri, M.; Pouresmaeili, F.; Omrani, M.D.; Habibi, M.; Sarrafzadeh, S.; Noroozi, R.; Rakhshan, A.; Sayad, A.; Ghafouri-Fard, S.
Association of ANRIL gene polymorphisms with prostate cancer and benign prostatic hyperplasia in an Iranian population.
Biomark. Med. 2017, 11, 413–422. [CrossRef]

62. Zhao, B.; Lu, Y.L.; Yang, Y.; Hu, L.B.; Bai, Y.; Li, R.Q.; Zhang, G.Y.; Li, J.; Bi, C.W.; Yang, L.B.; et al. Overexpression of lncrna anril
promoted the proliferation and migration of prostate cancer cells via regulating let-7a/tgf-beta1/smad signaling pathway. Cancer
Biomark. 2018, 21, 613–620. [CrossRef]

63. Hua, J.T.; Ahmed, M.; Guo, H.; Zhang, Y.; Chen, S.; Soares, F.; Lu, J.; Zhou, S.; Wang, M.; Li, H.; et al. Risk SNP-Mediated
Promoter-Enhancer Switching Drives Prostate Cancer through lncRNA PCAT19. Cell 2018, 174, 564–575.e18. [CrossRef]

64. Al Olama, A.A.; Kote-Jarai, Z.; Schumacher, F.; Wiklund, F.; Berndt, S.I.; Benlloch, S.; Giles, G.; Severi, G.; Neal, D.;
Hamdy, F.C.; et al. A meta-analysis of genome-wide association studies to identify prostate cancer susceptibility loci associated
with aggressive and non-aggressive disease. Hum. Mol. Genet. 2013, 22, 408–415. [CrossRef] [PubMed]

65. Shui, I.M.; Lindström, S.; Kibel, A.S.; Berndt, S.I.; Campa, D.; Gerke, T.; Penney, K.L.; Albanes, D.; Berg, C.;
Bueno-De-Mesquita, H.B.; et al. Prostate Cancer (PCa) Risk Variants and Risk of Fatal PCa in the National Cancer In-
stitute Breast and Prostate Cancer Cohort Consortium. Eur. Urol. 2014, 65, 1069–1075. [CrossRef] [PubMed]

66. Meyer, K.B.; Maia, A.-T.; O’Reilly, M.; Ghoussaini, M.; Prathalingam, R.; Porter-Gill, P.; Ambs, S.; Prokunina-Olsson, L.; Carroll, J.;
Ponder, B.A.J. A Functional Variant at a Prostate Cancer Predisposition Locus at 8q24 Is Associated with PVT1 Expression. PLoS
Genet. 2011, 7, e1002165. [CrossRef]

67. Ilboudo, A.; Chouhan, J.; McNeil, B.K.; Osborne, J.R.; Ogunwobi, O.O. PVT1 Exon 9: A Potential Biomarker of Aggressive
Prostate Cancer? Int. J. Environ. Res. Public Health 2015, 13, 12. [CrossRef] [PubMed]

68. Yang, J.; Li, C.; Mudd, A.; Gu, X. LncRNA PVT1 predicts prognosis and regulates tumor growth in prostate cancer. Biosci.
Biotechnol. Biochem. 2017, 81, 2301–2306. [CrossRef]

69. Al-Thoubaity, F.K. Molecular classification of breast cancer: A retrospective cohort study. Ann. Med. Surg. 2020, 49, 44–48.
[CrossRef] [PubMed]

70. Harbeck, N.; Penault-Llorca, F.; Cortes, J.; Gnant, M.; Houssami, N.; Poortmans, P.; Ruddy, K.; Tsang, J.; Cardoso, F. Breast cancer.
Nat. Rev. Dis. Prim. 2019, 5, 66. [CrossRef]

71. Michailidou, K.; Collaborators, N.; Lindström, S.; Dennis, J.; Beesley, J.; Hui, S.; Kar, S.; Lemaçon, A.; Soucy, P.; Glubb, D.; et al.
Association analysis identifies 65 new breast cancer risk loci. Nature 2017, 551, 92–94. [CrossRef]

72. Zhang, H.; Ahearn, T.U.; Lecarpentier, J.; Barnes, D.; Beesley, J.; Qi, G.; Jiang, X.; O’Mara, T.A.; Zhao, N.; Bolla, M.K.; et al.
Genome-wide association study identifies 32 novel breast cancer susceptibility loci from overall and subtype-specific analyses.
Nat. Genet. 2020, 52, 572–581. [CrossRef] [PubMed]

73. Wu, L.; Shi, W.; Long, J.; Guo, X.; Michailidou, K.; Beesley, J.; Bolla, M.K.; Shu, X.-O.; Lu, Y.; Cai, Q.; et al. A transcriptome-wide
association study of 229,000 women identifies new candidate susceptibility genes for breast cancer. Nat. Genet. 2018, 50, 968–978.
[CrossRef] [PubMed]

74. Sánchez, Y.; Segura, V.; Marín-Béjar, O.; Athie, A.; Marchese, F.; González, J.; Bujanda, L.; Guo, S.; Matheu, A.; Huarte, M.
Genome-wide analysis of the human p53 transcriptional network unveils a lncRNA tumour suppressor signature. Nat. Commun.
2014, 5, 5812. [CrossRef]

75. Cava, C.; Bertoli, G.; Castiglioni, I. Portrait of Tissue-Specific Coexpression Networks of Noncoding RNAs (miRNA and lncRNA)
and mRNAs in Normal Tissues. Comput. Math. Methods Med. 2019, 2019, 9029351. [CrossRef]

76. Marjaneh, M.M.; Beesley, J.; O’Mara, T.A.; Mukhopadhyay, P.; Koufariotis, L.T.; Kazakoff, S.; Hussein, N.; Fachal, L.;
Bartonicek, N.; Hillman, K.M.; et al. Non-coding RNAs underlie genetic predisposition to breast cancer. Genome Biol. 2020, 21, 7.
[CrossRef] [PubMed]

77. Betts, J.A.; Marjaneh, M.M.; Al-Ejeh, F.; Lim, Y.C.; Shi, W.; Sivakumaran, H.; Tropee, R.; Patch, A.-M.; Clark, M.;
Bartonicek, N.; et al. Long Noncoding RNAs CUPID1 and CUPID2 Mediate Breast Cancer Risk at 11q13 by Modulating
the Response to DNA Damage. Am. J. Hum. Genet. 2017, 101, 255–266. [CrossRef]

78. Xiong, H.; Chen, Z.; Chen, W.; Li, Q.; Lin, B.; Jia, Y. Fkbp-related ncrnamrna axis in breast cancer. Genomics 2020, 112, 4595–4607.
[CrossRef]

79. Qi, W.; Li, Z.; Xia, L.; Dai, J.; Zhang, Q.; Wu, C.; Xu, S. LncRNA GABPB1-AS1 and GABPB1 regulate oxidative stress during
erastin-induced ferroptosis in HepG2 hepatocellular carcinoma cells. Sci. Rep. 2019, 9, 16185. [CrossRef]

80. Gao, S.; Zhang, F.; Sun, H.; Yang, X. Lncrna ga-binding protein transcription factor subunit β-1 antisense RNA 1 inhibits renal
carcinoma growth through an mir-1246/phosphoenolpyruvate carboxykinase 1 pathway. OncoTargets Ther. 2020, 13, 6827–6836.
[CrossRef] [PubMed]

81. Lin, Y.; Guo, W.; Li, N.; Fu, F.; Lin, S.; Wang, C. Polymorphisms of long non-coding RNA HOTAIR with breast cancer susceptibility
and clinical outcomes for a southeast Chinese Han population. Oncotarget 2017, 9, 3677–3689. [CrossRef] [PubMed]

82. Yan, R.; Cao, J.; Song, C.; Chen, Y.; Wu, Z.; Wang, K.; Dai, L. Polymorphisms in lncRNA HOTAIR and susceptibility to breast
cancer in a Chinese population. Cancer Epidemiol. 2015, 39, 978–985. [CrossRef] [PubMed]

http://doi.org/10.1038/ng.3094
http://doi.org/10.2217/bmm-2016-0378
http://doi.org/10.3233/CBM-170683
http://doi.org/10.1016/j.cell.2018.06.014
http://doi.org/10.1093/hmg/dds425
http://www.ncbi.nlm.nih.gov/pubmed/23065704
http://doi.org/10.1016/j.eururo.2013.12.058
http://www.ncbi.nlm.nih.gov/pubmed/24411283
http://doi.org/10.1371/journal.pgen.1002165
http://doi.org/10.3390/ijerph13010012
http://www.ncbi.nlm.nih.gov/pubmed/26703666
http://doi.org/10.1080/09168451.2017.1387048
http://doi.org/10.1016/j.amsu.2019.11.021
http://www.ncbi.nlm.nih.gov/pubmed/31890196
http://doi.org/10.1038/s41572-019-0111-2
http://doi.org/10.1038/nature24284
http://doi.org/10.1038/s41588-020-0609-2
http://www.ncbi.nlm.nih.gov/pubmed/32424353
http://doi.org/10.1038/s41588-018-0132-x
http://www.ncbi.nlm.nih.gov/pubmed/29915430
http://doi.org/10.1038/ncomms6812
http://doi.org/10.1155/2019/9029351
http://doi.org/10.1186/s13059-019-1876-z
http://www.ncbi.nlm.nih.gov/pubmed/31910864
http://doi.org/10.1016/j.ajhg.2017.07.007
http://doi.org/10.1016/j.ygeno.2020.08.017
http://doi.org/10.1038/s41598-019-52837-8
http://doi.org/10.2147/OTT.S257275
http://www.ncbi.nlm.nih.gov/pubmed/32764970
http://doi.org/10.18632/oncotarget.23343
http://www.ncbi.nlm.nih.gov/pubmed/29423075
http://doi.org/10.1016/j.canep.2015.10.025
http://www.ncbi.nlm.nih.gov/pubmed/26547792


Genes 2021, 12, 2028 11 of 11

83. Hassanzarei, S.; Hashemi, M.; Sattarifard, H.; Hashemi, S.M.; Bahari, G.; Ghavami, S. Genetic polymorphisms of HOTAIR gene
are associated with the risk of breast cancer in a sample of southeast Iranian population. Tumor Biol. 2017, 39, 1010428317727539.
[CrossRef] [PubMed]

84. Min, L.; Mu, X.; Tong, A.; Qian, Y.; Ling, C.; Yi, T.; Zhao, X. The association between HOTAIR polymorphisms and cancer
susceptibility: An updated systemic review and meta-analysis. OncoTargets Ther. 2018, 11, 791–800. [CrossRef] [PubMed]

85. Mozdarani, H.; Ezzatizadeh, V.; Parvaneh, R.R. The emerging role of the long non-coding RNA HOTAIR in breast cancer
development and treatment. J. Transl. Med. 2020, 18, 152. [CrossRef] [PubMed]

86. Cai, B.; Wu, Z.; Liao, K.; Zhang, S. Long noncoding RNA HOTAIR can serve as a common molecular marker for lymph node
metastasis: A meta-analysis. Tumor Biol. 2014, 35, 8445–8450. [CrossRef]

87. Gupta, R.A.; Shah, N.; Wang, K.C.; Kim, J.; Horlings, H.M.; Wong, D.J.; Tsai, M.-C.; Hung, T.; Argani, P.; Rinn, J.L.; et al. Long
non-coding RNA HOTAIR reprograms chromatin state to promote cancer metastasis. Nature 2010, 464, 1071–1076. [CrossRef]
[PubMed]

88. Li, M.; Li, X.; Zhuang, Y.; Flemington, E.K.; Lin, Z.; Shan, B. Induction of a novel isoform of the lncrna hotair in claudin-low breast
cancer cells attached to extracellular matrix. Mol. Oncol. 2017, 11, 1698–1710. [CrossRef]

89. Xia, Z.; Yan, R.; Duan, F.; Song, C.; Wang, P.; Wang, K. Genetic Polymorphisms in Long Noncoding RNA H19 Are Associated
with Susceptibility to Breast Cancer in Chinese Population. Medicine 2016, 95, e2771. [CrossRef] [PubMed]

90. Shima, H.; Kida, K.; Adachi, S.; Yamada, A.; Sugae, S.; Narui, K.; Miyagi, Y.; Nishi, M.; Ryo, A.; Murata, S.; et al. Lnc
RNA H19 is associated with poor prognosis in breast cancer patients and promotes cancer stemness. Breast Cancer Res. Treat.
2018, 170, 507–516. [CrossRef]

91. Vennin, C.; Spruyt, N.; Dahmani, F.; Julien, S.; Bertucci, F.; Finetti, P.; Chassat, T.; Bourette, R.; Le Bourhis, X.; Adriaenssens, E.
H19 non coding RNA-derived miR-675 enhances tumorigenesis and metastasis of breast cancer cells by downregulating c-Cbl
and Cbl-b. Oncotarget 2015, 6, 29209–29223. [CrossRef] [PubMed]

92. Sun, H.; Wang, G.; Peng, Y.; Zeng, Y.; Zhu, Q.N.; Li, T.L.; Cai, J.Q.; Zhou, H.H.; Zhu, Y.S. H19 lncrna mediates 17beta-estradiol-
induced cell proliferation in mcf-7 breast cancer cells. Oncol. Rep. 2015, 33, 3045–3052. [CrossRef] [PubMed]

93. Mathias, C.; Garcia, L.E.; Teixeira, M.D.; Kohler, A.F.; Marchi, R.D.; Barazetti, J.F.; Gradia, D.F.; de Oliveira, J.C. Polymorphism
of lncRNAs in breast cancer: Meta-analysis shows no association with susceptibility. J. Gene Med. 2020, 22, 3271. [CrossRef]
[PubMed]

94. Miao, Y.-R.; Liu, W.; Zhang, Q.; Guo, A.-Y. lncRNASNP2: An updated database of functional SNPs and mutations in human and
mouse lncRNAs. Nucleic Acids Res. 2018, 46, D276–D280. [CrossRef] [PubMed]

95. Gao, Y.; Li, X.; Shang, S.; Guo, S.; Wang, P.; Sun, D.; Gan, J.; Sun, J.; Zhang, Y.; Wang, J.; et al. LincSNP 3.0: An updated database
for linking functional variants to human long non-coding RNAs, circular RNAs and their regulatory elements. Nucleic Acids Res.
2021, 49, D1244–D1250. [CrossRef]

96. Sartori, D.A.; Chan, D.W. Biomarkers in prostate cancer: What’s new? Curr. Opin. Oncol. 2014, 26, 259–264. [CrossRef] [PubMed]

http://doi.org/10.1177/1010428317727539
http://www.ncbi.nlm.nih.gov/pubmed/29022495
http://doi.org/10.2147/OTT.S151454
http://www.ncbi.nlm.nih.gov/pubmed/29497311
http://doi.org/10.1186/s12967-020-02320-0
http://www.ncbi.nlm.nih.gov/pubmed/32245498
http://doi.org/10.1007/s13277-014-2311-4
http://doi.org/10.1038/nature08975
http://www.ncbi.nlm.nih.gov/pubmed/20393566
http://doi.org/10.1002/1878-0261.12133
http://doi.org/10.1097/MD.0000000000002771
http://www.ncbi.nlm.nih.gov/pubmed/26886624
http://doi.org/10.1007/s10549-018-4793-z
http://doi.org/10.18632/oncotarget.4976
http://www.ncbi.nlm.nih.gov/pubmed/26353930
http://doi.org/10.3892/or.2015.3899
http://www.ncbi.nlm.nih.gov/pubmed/25846769
http://doi.org/10.1002/jgm.3271
http://www.ncbi.nlm.nih.gov/pubmed/32889751
http://doi.org/10.1093/nar/gkx1004
http://www.ncbi.nlm.nih.gov/pubmed/29077939
http://doi.org/10.1093/nar/gkaa1037
http://doi.org/10.1097/CCO.0000000000000065
http://www.ncbi.nlm.nih.gov/pubmed/24626128

	Introduction 
	Prostate Cancer Risk-Associated SNPs Modulating lncRNAs 
	Breast Cancer Risk-Associated SNPs Modulating lncRNAs 
	Conclusions 
	References

