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Breast cancer is among the most popular malignancies by 
affecting over 10% of women in Western countries (1). 
It is a highly heterogeneous cancer with various clinical 
and pathological phenotypes. Due to its popularity and 
significant threat to the patients’ life, numerous efforts have 
been conducted for this malignancy in order to establish 
classification and staging, make early and accurate diagnosis 
and to develop effective therapeutic regimens (1). The 
classification of breast cancers using a combination of the 
three histological markers, the estrogen receptor (ER), 
progesterone receptor (PR) and the epidermal growth 
factor receptor 2 (HER2), is successful, predicting in 
some part prognosis of the harboring patients and helping 
to choose an effective treatment (1); ER(+), PR(+) and 
HER2(−) cancers are associated with fair prognosis and 
good response to anti-estrogen therapy, while ER(−), 
PR(−), and HER(−) tumors [triple negative breast cancer 
(TNBC)] are mostly resistant to anti-estrogens and have 
a poorer prognosis (2). As normal breast tissues are highly 
responsive to estrogens for their growth and maintenance 
of their functions, the breast cancers especially those with 
positive ER expression are also highly dependent on these 
sex steroids for proliferation (3). The ER that mediates the 
biologic actions of estrogens is a member of the steroid 
hormone receptor (SR) family, which also composes of 
the glucocorticoid, mineralocorticoid, androgen receptor 
(GR, MR, AR) and PR (4). These receptors act as ligand-
dependent transcription factors. Upon binding to their 
ligand through the C-terminally located ligand-binding 
domain (LBD), they translocate into the nucleus, and bind, 
via their DNA-binding domain (DBD), specific DNA 

recognition sequences called hormone response elements 
(HREs) located in the promoter region of responsive genes. 
DNA-associated SRs then regulate the transcriptional 
activity of these genes positively or negatively via their 
two transactivation domains located respectively in their 
N-terminal domain (NTD) and LBD (4). Through ER, 
estrogens modulate expression of the many molecules 
involved in survival, proliferation, metastasis or migration 
of breast cancer cells (3). These actions of estrogen/ER 
are also influenced by other SRs, such as PR, GR and AR, 
directly (forming a protein complex with ER) or indirectly 
(modulating the expression of the genes that affect the 
activity of ER target proteins) (5).

Recent development and use of the cap analysis of gene 
expression (CAGE) and high throughput sequencing with 
next generation sequencers revealed that over half of the 
human genome expresses RNAs (6). Most of these abundant 
RNAs are non-protein coding, expressed from the gene area 
outside the protein-coding sequences, such as intergenic 
and intronic regions (7). These non-coding (nc) RNAs 
are empirically categorized into 2 groups, short and long 
forms, depending on their length of oligonucleotides (7).  
Representatives of the short ncRNAs are transfer RNAs 
and micro (mi) RNAs, whereas those for the long ncRNAs 
(lncRNAs) are ribosomal RNAs. Many of these newly 
identified ncRNAs are functional even not expressing 
proteins (6). For example, transfer RNAs are essential 
for the translation of mRNAs by delivering amino acids 
to ribosomes, whereas miRNAs spanning ~20–25 bases 
influence diverse human activities by suppressing mRNA 
translation or facilitating its degradation (8). Although the 
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physiologic importance of the lncRNAs are still largely 
unknown, they may also have important biologic actions, 
as observed in some lncRNAs, such as the X inactive 
specific transcript (XIST) for inactivation of one of the 
two X chromosomes existing in male cells and the HOX 
transcript antisense RNA (HOTAIR) for gene-silencing 
at the HOX locus in embryo and subsequent segmental 
body development (8). The growth arrest-specific 5 (Gas5) 
is one such lncRNA. It is a ~600 bs single stranded RNA 
having a poly-A tail at its 3’ end. Gas5 was originally 
identified as the RNA accumulated in growth-arrested 
cells (9). Its encoding gene, GAS5, has 12 exons in human 
and is one of the 5’-terminal oligopyrimidine (5’TOP) 
class genes characterized by the upstream oligopyrimidine 
tract sequence, which allows Gas5 through inhibition of 
its degradation to accumulate in nutrient-deficient and 
growth-arrested cells (9). Biologic actions of Gas5 are not 
well elucidated so far, but it has multiple activities, such as 
induction/inhibition of apoptosis, cell cycle arrest at the 
G0/G1 phase and modulation of protein translation with 
several proposed mechanisms (10). Gas5 is expressed in 

various immune cells, and its cellular levels are differentially 
regulated in some autoimmune and inflammatory disorders, 
indicating its potential regulatory roles in the immune 
activity and implication to associated diseases (11). Gas5 
also has a binding site for the miRNA miR-21 at its middle 
portion and functions as a molecular sponge for this 
miRNA (12). miR-21 is an oncogene affecting mRNAs of 
a number of genes involved in cell growth, proliferation 
and apoptosis (12), thus Gas5 may influence the activity of 
cancer cells through this miRNA. Indeed, Gas5 expression 
is altered in various cancer tissues, including gastric, liver, 
pancreatic, colon and uterine cervical cancers, and its 
levels are positively correlated with prognosis of some of 
these neoplasms including breast cancer (10). In addition 
to these activities, Gas5 acts as a potent transcriptional 
repressor for several SRs, which employ 3-keto steroids as 
their ligands, such as GR, MR, AR and PR (13). Gas5 has 
at its 3’ portion the sequence forming the double-stranded 
hairpin structure and mimicking DNA HREs [thus its was 
named as “hormone response element mimic” (HREM)], 
which competes with true DNA HREs for binding to the 
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Figure 1 Regulatory action of Gas5 on SRs and its implications to the induction of apoptosis in breast cancer cells. Both endogenous 
Gas5 and exogenous Gas5 HREM oligonucleotide can induce apoptosis and reduce survival of breast cancer cells. They appear to inhibit 
the regulatory actions of some SRs on the genes associated with cell proliferation and/or anti-apoptosis by binding to their DBD and by 
inhibiting their association to true DNA HREs. Candidate SRs are AR and GR, but not ER, PR and MR, based on the author’s results 
and previous reports. It is also possible that Gas5 HREM oligonucleotide induces apoptosis through yet unknown target molecule(s). AR, 
androgen receptor; ER, estrogen receptor; Gas5, growth arrest-specific 5; GR, glucocorticoid receptor; HREM, hormone response element 
mimic; HREs, DNA hormone response elements; lncRNA, long non-coding RNA; Oligo, oligonucleotide.
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DBD of these receptors and avoids their access to the DNA 
elements (13,14) (Figure 1).

Since Gas5 has a pro-apoptotic activity and its tissue 
levels are correlated with prognosis of breast cancer patients, 
Pickard and Williams examined a potential importance 
of the Gas5 HREM as a therapeutic compound for this 
cancer in their manuscript appeared in the March issue of 
Oncotarget (15). They demonstrated that the Gas5 HREM 
oligonucleotide with 23 bs length preserving the original 
hairpin structure potently induces apoptosis both in ER-
positive, estrogen-sensitive MCF-7 and in ER-negative, 
TNBC-representing MDA-MB-231 cells (15) (Figure 1). 
Importantly, this effect of Gas5 HREM oligonucleotide is 
dependent on the presence of the guanine at position 549 
(G549), which is critical for the interaction of Gas5 with 
SRs (14). Gas5 HREM oligonucleotide also restores the 
cell death of MCF7 cells, which is attenuated following 
the reduction of endogenous Gas5 with its siRNA. The 
authors further employed several chemically modified 
Gas5 HREM oligonucleotides with an extended half-
life, and found that its phosphorothioate form, called as 
“RNA(PT)-HREM”, demonstrates a strong pro-apoptotic 
activity and markedly blocks the colony formation of 
MCF7 cells (15). Because there is a major need to develop 
new targeted therapies for breast cancers especially the 
estrogen-resistant forms like TNBC (1), their attempt 
to use the short oligonucleotides encoding HREM 
of the Gas5 lncRNA is potentially important for the 
development of future therapy against this malignancy. 
Indeed, other researchers developed short chemically 
modified oligonucleotides called “antagomirs” to block 
the activity of miRNAs, and some of them are now under 
clinical trials for the treatment of hepatitis C infection and 
hepatocellular carcinoma (16). Since lncRNAs are abundant 
and many of them may have regulatory actions on cell 
growth, proliferation, differentiation and/or apoptosis (17),  
they are definitely promising targets for future anti-
cancer treatment. Their potential roles in oncogenesis and 
usefulness as therapeutic targets are suggested by the fact 
that cancer-associated gene alterations are significantly 
accumulated in several lncRNAs (18). It has also been 
shown recently that various cancers demonstrate hyper-
activation of the super-enhancers for aberrant expression of 
oncogenes (19). Enhancers express bidirectional lncRNAs 
from both their ends called enhancer RNAs (eRNAs), which 
are essential for the transcriptional regulatory activity of 
these sequences (20). Thus, eRNAs may also be a promising 
target for anti-cancer treatment.

Revealing the mechanism(s) underlying the pro-apoptotic 
actions of the Gas5 HREM oligonucleotide in breast 
cancer cells is challenging. Since the nucleotide change 
known to inactivate the ability of Gas5 HREM to bind SRs 
also abolishes its pro-apoptotic action (14,15), it is highly 
likely that the effect of the Gas5 HREM oligonucleotide 
is mediated by some SRs, although it is still possible that 
the Gas5 HREM interacts with yet unknown molecule(s) 
through which it exerts the pro-apoptotic effect. While 
promising based on the pathophysiology of breast cancers, 
ER is not a target of the Gas5 HREM, as Gas5 cannot 
bind DBD of this receptor in contrast to the other SRs (14) 
(Figure 1). This is also consistent with the authors’ results 
that Gas5 induces apoptosis in the ER-negative, estrogen-
resistant cell line (15). The authors exclude PR as a target 
for Gas5, because PR is not expressed in MDA-MB-231, 
a model cell line for TNBC in which Gas5 HREM still 
demonstrates the pro-apoptotic effect (15). Furthermore, 
MR is not a candidate receptor for Gas5 either, because 
its expression is highly limited to the organs handling 
electrolyte metabolism, such as kidney and colon, and breast 
tissues are not likely to express this receptor. Although the 
authors did not extend the discussion further, AR might 
be a candidate receptor responsible for the pro-apoptotic 
action of the Gas5 HREM oligonucleotide. Some breast 
cancers, including TNBC, express AR and show androgen-
dependent growth in an estrogen-independent manner (21). 
Several clinical trials also demonstrated that anti-androgens 
have a treatment benefit to AR-positive TNBC (22). Thus, 
it is possible that Gas5 HREM suppresses AR-induced 
proliferation of the breast cancer cells and subsequently 
induces apoptosis in these cells. GR is another candidate 
for mediating the pro-apoptotic effect of the Gas5 HREM 
oligonucleotide. GR ligand glucocorticoid is a well-known 
inducer of apoptosis in lymphoid cells, but this steroid also 
acts as an inhibitor of apoptosis in several epithelial cells by 
inducing the cellular inhibitor of apoptosis 2 (cIAP2) or the 
baculovirus IAP repeat-containing protein 3 (BIRC3) (23).  
The cIAP2 gene has a tandem glucocorticoid response 
elements in its promoter region and glucocorticoid-
induced cIAP2 suppresses apoptosis by binding cell death 
proteases, such as caspase 3, 7 and 9, and by inhibiting 
their activities (13). In fact, Gas5 was shown to inhibit the 
apoptosis induced with anti-Fas ligand antibody/interferon 
γ treatment by stimulating the expression of cIAP2 in HeLa 
cells (13). Glucocorticoid/GR is also a strong inducer of the 
breast tumor kinase (Brk) or the protein tyrosine kinase 6,  
whose expression is elevated in advanced breast cancers 
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and confers their aggressive phenotype (24). This action of 
glucocorticoid is supported by the fact that glucocorticoid 
use is associated with poor response to chemotherapy in 
TNBC (25). Since GR is frequently expressed in both ER-
positive and triple negative breast cancers (25), it is possible 
that Gas5 HREM oligonucleotide inhibits glucocorticoid-
dependent induction of Brk, and subsequently suppresses 
proliferation of breast cancer cells and/or induces 
their apoptosis. These possibilities should be tested in 
future by treating breast cancer cells with Gas5 HREM 
oligonucleotide in the presence or absence of these receptor 
ligands and by evaluating apoptotic changes. 

Finally, the authors have progressed one step forward 
to breast cancer treatment focusing on lncRNAs, which 
definitely encourages other basic and clinical researchers to 
go into this new research area of anti-cancer therapy. 
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