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Breast cancer(BC) is the second most prevalent tumor in the world and one of the
most lethal tumors in women. Patients with estrogen receptor-positive breast
cancer can obtain significant advantages from endocrine therapies including
tamoxifen, aromatase inhibitors, and others. However, the development of primary
or acquired drug resistance ultimately leads to discontinuation of treatment with
adverse consequences for breast cancer patients, and the underlying mechanisms
have not been fully elucidated. Long non-coding RNAs (IncRNAs) play pivotal roles in
orchestrating fundamental biochemical and cellular processes. They exert regulatory
control over various processes including epigenetics, gene transcription, post-
transcriptional modifications, and translation. Additionally, they influence key
biological events like cell cycle progression, cell differentiation, and development.
For the past few years, the relationship between IncRNAs and endocrine resistance
has gained increasing attention, leading to a surge in related studies. LncRNAs
mediate tamoxifen resistance in cancer by utilizing a variety of molecular
mechanisms, including enhanced estrogen receptor (ER) signaling, inhibition of
apoptosis, autophagy, exosome-mediated transfer, epigenetic alterations,
epithelial-to-mesenchymal transition, and acting as competitive endogenous
RNAs(ceRNAs). In this comprehensive review, we systematically summarize the
critical role and intricate molecular mechanisms by which IncRNAs influence the
development of tamoxifen resistance in breast cancer. Furthermore, we propose
the potential clinical significance of INcRNAs as innovative therapeutic targets and
prognostic biomarkers for breast cancer.
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1 Introduction

Breast cancer (BC) holds the highest incidence rate among diagnosed malignancies in
women and presents a great threat to female health worldwide (1). Approximately 70% of
breast tumors exhibit estrogen receptor positive (ER+) (2) Consequently, specifically targeting
the ER signaling pathway offers an efficacious approach for treating (ER+) breast cancer.
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Tamoxifen, known as selective estrogen receptor modulators
(SERMs), is widely used in endocrine therapy. However, the
development of tamoxifen resistance remains a daunting challenge
during the treatment, which may lead to a poor prognosis. Tamoxifen
resistance encompasses intricate mechanisms, involving somatic
alterations, epigenetic modifications, and shifts in the tumor
microenvironment (3).

Noncoding RNAs (ncRNAs) represent a burgeoning category of
transcripts coded by the genome, yet predominantly lacking
protein-coding functionality. ncRNAs are categorized as small
non-coding RNAs (sncRNAs, 18~200 nucleotides) and long non-
coding RNAs (IncRNAs, >200 nucleotides) according to their sizes
(4). IncRNAs are involved in diverse functions, such as regulation of
transcription, epigenetic modifications, protein/RNA stability,
translation, and posttranslational modifications by interacting
with DNA (5). In recent years, numerous investigations have
demonstrated the dysregulation of IncRNAs in various cancers,
influencing tamoxifen resistance through interactions with other
RNAs and proteins associated with chemoresistance. These
IncRNAs actively contribute to the intricate regulatory network in
breast cancer by participating in various pathways and factors,
ultimately influencing tamoxifen resistance (6). At present, an
assortment of abnormally expressed IncRNAs are identified in
breast cancer including DILA1, UCAT]I, H19,

LINP1, SNHG6, CYTOR, HOTAIR (7), and other IncRNAs are
summarized below.

In the current review, We conducted a comprehensive literature
review to elucidate the intricate mechanisms by which IncRNAs
either enhance or diminish tamoxifen resistance in breast cancer,
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thus suggesting IncRNAs promising biomarkers and therapeutic
targets of breast cancer.

2 Classification of IncRNA in human
breast cancers

LncRNAs are categorized into numerous distinct groups to
explore their underlying mechanisms of action (8) (Figure 1).

1. Intergenic IncRNAs (lincRNAs) are transcribed intergenically
and play a crucial role in regulating gene expression through
diverse mechanisms (9). While they can influence the
expression of nearby genes, they can also regulate other
genes by mechanisms such as miRNA sponging, modulation
of transcriptional activity, and interaction with chromatin
modifiers (10). lincRNAs undergo transcriptional activation
most similar to mRNAs, demonstrating higher conservation
and stability compared to intron transcripts.

2. Intronic IncRNAs, on the contrary, originate from intronic
regions of protein-coding genes.

3. Sense IncRNAs are generated from the sense strand of
protein-coding genes, incorporating exonic regions derived
from protein-coding genes. These IncRNAs can partially
overlap with protein-coding genes or encompass the entire
sequence of a protein-coding gene.

4. Antisense IncRNAs, contrary to sense IncRNAs, originate
from the antisense strand of protein-coding genes. Antisense
transcripts may be in common use both in human and animal.
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FIGURE 1

Categorization of IncRNAs: (A) Intergenic IncRNAs originate from the space between two protein-coding genes and are transcribed independently.
(B) Intronic IncRNAs are composed of long introns transcribed from within the introns of other protein-coding genes. (C) Sense IncRNAs are are
located within genes and share the same transcription orientation as the adjacent protein-coding gene. (D) Antisense IncRNAs are transcribed in the
opposite direction to the corresponding protein-coding gene. Created with bioRender.com.
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3 Functions of IncRNA

LncRNAs have been proposed to present a variety of functions,
including cis- or trans-transcriptional regulation, nuclear domain
organization, and protein or RNA molecule regulation (11).
(Figure 2) IncRNAs interacting with the mentioned molecules
contribute to the coordination of various physiological processes,
and their aberrant function are involved in a range of human
diseases. Currently, they are recognized for their significant
involvement in the regulation of cancer initiation, development
and progression (12).

The functions of IncRNA are based on their unique subcellular
localization. A large portion of IncRNAs are located in the nucleus
(13) and participate in gene regulation at both the epigenetic and
transcriptional levels (14), including histone modifications,
alterations to chromatin structure, along with engagement with
nuclear chromatin modification complexes, transcription factors
and proteins. A handful of IncRNAs located in the cytoplasm
engage in gene regulation at post-transcriptional and translational
tiers. This involves interactions with cytoplasmic proteins and the
modulation of mRNA metabolism, acting as ceRNAs that interact
with microRNAs. To sum up, IncRNA plays a significant role in
influencing cancer cell proliferation, migration, invasion, and
resistance to therapeutic drugs.

For example, the lung cancer-related transcript 1 (LUCAT1)
was first discovered in non-small cell lung cancer but highly
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expressed in various cancer (15). LUCATI1 is upregulated in
breast cancer, including triple-negative breast cancer, where it
promotes tumor progression and is linked to poor prognosis
(16).Numerous studies have demonstrated that suppression of
LUCAT1 expression can inhibit the advancement of breast
cancer,indicating it as a novel therapy target. Mou et al. found
that in TNBC tissues and cell lines, LUCAT]1 expression is markedly
elevated and strongly associated with unfavorable outcomes.
Reducing LUCATI1 levels can suppress TNBC cell growth,
movement, invasiveness, and epithelial-mesenchymal transition
(EMT), while enhancing cell apoptosis. LUCAT1 operates
through the competing endogenous RNA (ceRNA) mechanism,
binding competitively to miR-5702 and consequently diminishing
its expression.

4 LncRNA-mediated mechanisms of
tamoxifen resistance

A great number of IncRNAs have been found to be abnormally
expressed with the vast majority upregulated in breast cancer and
involved in tamoxifen resistance through regulating different target
genes. (Table 1) Most IncRNAs mediating tamoxifen resistance in
BC play a facilitating role like LncRNA DILAL, H19, UCATI
(17). This review uncovers several mechanisms through which
IncRNAs influence tamoxifen resistance in breast cancer
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FIGURE 2

Functions of IncRNAs: The major functions of IncRNAs include chromatin organization, transcriptional regulation, sponging, scaffolding, apoptosis,
metastasis, splicing modulation, post-transcriptional regulation, and regulation of cellular functions. A variety of IncRNAs involved in these functions
are also associated with the tumorigenesis and progression. Created with bioRender.com.
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TABLE 1 LncRNAs contribute to tamoxifen resistance in breast cancer.

10.3389/fonc.2024.1458588

LncRNAs Expression Targeting Genes or Pathways Effect on Resistance Reference
DILA1 1 GSK3pB Promoting (17)
Lnc-DC T STAT3 Promoting (18)
UCAT1 1 miR-7-5p,SOX2,miR-5702 Promoting (16)
H19 1 Beclinl Promoting (19)
LINP1 T ER signaling Promoting (20)
DSCAM-AS1 1 miR-137 Promoting (21)
MIR497HG | miR-195, miR-497 PI3K/AKT Reversing (22)
ADAMTS9-AS2 | miR-130a-5p Promoting (23)
SNHG6 T miR-101 Promoting (24)
ATXNS8OS T miR-16-5p Promoting (25)
CYTOR T miR-125a-5p Promoting (26)
LncRNA-42060 T miR-204-5p/SOX4 Promoting (27)
SBF2-AS1 T PI3K/AKT/MTOR Promoting (28)
HOTAIR ) ER signaling Promoting (29)
TUG-1 1 miR-186 Promoting (30)
MAFG-AS1 T miR-339-5p Promoting (31)
ELOVL2-AS1 15 miR-1233-3p Promoting (32)
AGPG ) E2F1 signaling Promoting (33)
BNAT1 1 ER signaling Promoting (34)
BDNF-AS 1 mTOR signaling Promoting (35)
HNF1A-AS1 T miR-363/SERTAD3 Promoting (36)
CCAT2 T ERK/MAPK signaling Promoting (37)
LINC00894-002 1 TGF-B Signaling Promoting (38)
ROB 1 Beclin-1 and light chain 3 (LC3) Promoting (39)

IncRNAs up-regulated (1) in tamoxifen-resistant breast cancer cells.
IncRNAs down-regulated (1) in tamoxifen-resistant breast cancer cells.

This table shows 24 IncRNAs whose expression levels and underlying pathways in tamoxifen resistance to breast cancer.

including enhanced ER signaling, suppression of apoptosis,
autophagy, exosome-mediated transfer, epigenetic alterations,
epithelial-to-mesenchymal transition and acting as ceRNA.

4.1 LncRNA and enhanced ER signaling

Estrogen receptor(ER) plays a critical role in breast cancer,
acting as a master transcriptional regulator that shapes the
phenotype of breast cancer and serves as a central target for
molecular therapy (40). Targeting of proteins and genes within
ER nuclear and nonnuclear pathways has generated a range of
endocrine therapies. SERMs operate by “occupying” estrogen
receptors in breast cells so that estrogen cannot bind to the
receptors in breast cells and the cells do not receive estrogen
signals to grow and reproduce. Tamoxifen, a type of SERM, is the
cornerstone of endocrine therapy for ER(+) breast cancer but the
development of drug resistance remains a challenging obstacle.

Frontiers in Oncology

Recent studies have revealed that IncRNA HOTAIR is
upregulated in tamoxifen-resistant breast cancer cells compared
to primary breast cancer cells, which contributes to enhanced ER
signaling, even in the absence of estrogen (29). HOTAIR enhances
tamoxifen resistance through regulating ER at the level of
transcription. Furthermore, the research indicates that reducing
HOTAIR levels in tamoxifen-resistant MCF7 breast cancer cells
markedly inhibits their growth. This finding implies that reversing
tamoxifen resistance might be achievable by targeting and
diminishing HOTAIR.

4.2 LncRNA and suppressed apoptosis

Apoptosis, often referred to as programmed cell death, is a
highly regulated and controlled process that occurs naturally in the
body. It plays a crucial role in maintaining the balance and health of
tissues by eliminating senescent, damaged, or unnecessary cells.
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Cancer is one of the outcomes where too little apoptosis occurs,
resulting in abnormal proliferation of cancer cells (41).Thus, de-
regulated apoptotic signaling, including the intrinsic mitochondrial
pathway and the extrinsic death receptor pathway, leads to drug
resistance and recurrence of cancer (42). Long non-coding RNAs
safeguard cancer cells by suppressing apoptosis triggered by
oxidative stress or DNA damage caused by tamoxifen. For
example, LncRNA PRNCRI promotes breast cancer proliferation
and inhibits apoptosis by modulating microRNA-377/CCND2/
MEK/MAPK Axis (43). PRNCRI inhibits miR-377, leading to the
upregulation of CyclinD2 (CCND?2), which is a distinct gene among
the three D-type cyclins. This upregulation subsequently activates
the MEK/MAPK pathway, resulting in the suppression of apoptosis
and the regulation of proliferation in breast cancer cells.

4.3 LncRNA and autophagy

Autophagy is a cellular process that involves the degradation
and recycling of cellular components, such as damaged organelles
and misfolded proteins, to maintain cellular homeostasis and
survival. Mutations in autophagy-related processes are associated
with various physiological and pathological conditions, including
stress response, aging, infection, and cancer (44). In multiple
settings, autophagy is regarded as a double-edged sword in tumor
therapy (45). In healthy cells, autophagy typically prevents the
transformation into cancer cells. However, in cancer cells, efficient
autophagic responses can aid in tumor progression and resistance
to treatments. LncRNAs may interact with key targets to influence
the resistance of breast cancer cells to tamoxifen during the
autophagy process.

Li Y et al. explored the mechanism underlying the IncRNA
regulator of reprogramming (ROR) modulating autophagy on
tamoxifen resistance in breast cancer. They demonstrated that
IncRNA ROR expression in the BC tissues was five times higher
than in the paraneoplastic tissues.

In vitro studies have demonstrated that silencing ROR through
small interfering RNA can enhance autophagy and elevate
tamoxifen sensitivity by elevating the levels of two key autophagic
markers—Beclin-1 and microtubule-associated protein 1A/1B-light
chain 3 (LC3) (39).On the contrary, Wang ] et al. found that
IncRNA H19 promotes tamoxifen resistance in breast cancer via
autophagy as well. In vitro cell culture revealed that the expression
of H19 in tamoxifen-resistant MCF-7 BCE cells and tumor tissues
was upregulated. Downregulation of H19 could inhibit autophagy
and reverse resistance to tamoxifen (19).

In the case of tamoxifen, the response differs significantly,
primarily due to the diverse types of BC cells. While the intricate
molecular interplay between IncRNAs and autophagy is not fully
understood, it is clear that various IncRNAs influence autophagy by
regulating crucial autophagy-related genes, resulting in distinct
outcomes in tamoxifen-resistant BC. A deeper comprehension of
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the multifaceted role of autophagy in tamoxifen resistance could
pave the way for innovative strategies to overcome this resistance
and identify new therapeutic targets for effective management.

4.4 Exosome-mediated transfer of IncRNA

Exosomes, which are a subset of extracellular vesicles (EVs),
contain nucleic acids, amino acids, proteins, and lipids, with
IncRNAs being one of the major components of their cargo (46).
Cancer cells typically release more exosomes compared to healthy
cells, and these cancer-derived exosomes possess a potent ability to
alter microenvironments both locally and distantly (47).
Furthermore, EVs play significant roles in mediating drug
resistance through various mechanisms. In recent studies,
IncRNAs associated with exosomes have been identified as key
factors in promoting drug resistance in BC.C-G Xu et al. (48)
compared the loading of Urothelial carcinoma-associated 1(UCA1)
in exosomes released from tamoxifen-sensitive MCF-7 cells and
tamoxifen-resistant LCC2 cells and found that UCAL1 is
significantly increased in exosomes from tamoxifen-resistant cells
than that from tamoxifen sensitive cells. Furthermore, mTOR
signaling is hypothesized to be an important downstream
signaling pathway of UCAl in tamoxifen resistance which
requires further studies.

4.5 Epigenetic modifications of LncRNAs

Building upon the foundation of genomic and epigenomic
mechanisms, IncRNAs introduce an extra layer of regulation.
They facilitate both transcriptional and post-transcriptional
control by engaging with proteins and nucleic acids that
modulate gene expression within the nucleus and cytoplasm.
Numerous IncRNAs, including HOTAIR, ANRIL, ROR, and H19,
play a role in suppressing transcription through the recruitment of
proteins involved in chromatin remodeling or histone modification.

Cyclin D1 is a key oncoprotein that promotes the proliferation
of cancer cells and is linked to tamoxifen resistance in breast cancer.
The IncRNA DILAL, which interacts with Cyclin D1, is found to be
upregulated in tamoxifen-resistant breast cancer cells (17).
Mechanistically, DILA1 prevents the phosphorylation of Cyclin
D1 at the Thr286 site by directly binding to it, thereby inhibiting its
degradation. This leads to an increased level of Cyclin D1 protein in
breast cancer cells. Yu et al. (33) investigated that in endocrine-
resistant breast cancer cells, the expression of the IncRNA actin
gamma 1 pseudogene 25 (AGPG) was found to be elevated, a
phenomenon attributed to the epigenomic activation of an
enhancer. AGPG engaged in a physical interaction with PURa,
which in turn freed E2F1 from PURs grasp, thereby triggering the
activation of E2FI signaling pathways in ERo.-positive breast
cancer cells.
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4.6 LncRNA induced EMT

The epithelial-to-mesenchymal transition (EMT) is a cellular
program crucial for diverse pathological events, such as wound
repair, tissue scarring, and the advancement of cancer (49). An
increasing number of research has revealed the activation of EMT
throughout the Development of malignant tumors (50). Khan and
Ahmad (24) found that the expression of SNHGS6 is elevated in
tamoxifen-resistant cells and positively regulates acquired
resistance against tamoxifen. It sponges miR-101, leading to the
activation of EMT and increased EMT cell markers including E-
cadherin, vimentin, ZEB1 and ZEB2, contributing to tamoxifen
resistance. Silencing SNHG®6 sensitizes resistant cells to tamoxifen,
reverses EMT, and reduces invasion and clonogenicity, implicating
the SNHG6-miR-101 axis as a potential target for overcoming
tamoxifen resistance in breast cancer.

4.7 IncRNAs act as competitive
endogenous RNA

MicroRNAs (miRNAs) are sncRNAs that play important roles in
posttranscriptional gene regulation. They act by inhibiting translation
and decreasing the stability of target RNAs (30). Salmena et al.
hypothesized that IncRNAs can function as competitive endogenous
RNA(ceRNA) to bind specific miRNAs, which in turn could alleviate
the repression of their target mRNAs. Additionally, microRNAs can
also be “sponged” or titrated away by IncRNAs, thereby exerting their
effects independently of protein coding.

In addition to the inducing of EMT mentioned above, SNHG6
was also found to sponge and inhibit miR-101, with the endogenous
expression levels of SNHG6 and miR-101 being inversely
correlated. Moreover, silencing SNHG6 in tamoxifen-resistant
cells resulted in miR-101 inhibition and reversed EMT. SNHG6
directly correlated with increased stem cell markers Sox2, Oct4, and
EZH2. Manipulation of miR-101 levels affected tamoxifen
sensitivity, with pre-miR-101 sensitizing resistant cells to
tamoxifen and anti-miR-101 inducing resistance in parental cells.
MiR-101 was found to attenuate SNHG6-mediated effects on
tamoxifen resistance, EMT, and stem cell markers, presenting a
crucial role for the SNHG6-miR-101 axis in tamoxifen resistance of
ER-positive breast cancer cells.

Chen X et al. (51) found that LINC02568 regulates estrogen
receptor-induced transcriptional activation of target genes in the
cytoplasm by competitively binding miR-1233-5p to the ESRI
mRNA of estrogen receptor, thereby trans-regulating ESRI
mRNA stability. Meanwhile, LINC02568 plays a specific role in
maintaining the pH homeostasis of tumors by controlling the
activity of the carbonic anhydrase enzyme CA12 in the nucleus
through a cis-regulatory mechanism. Targeting the antisense
nucleotide (ASO) of LINC02568 significantly inhibited the growth
as well as tumor formation of estrogen receptor-positive breast
cancer cells and restored the sensitivity of tamoxifen-resistant
breast cancer cells to tamoxifen.

Frontiers in Oncology

10.3389/fonc.2024.1458588

5 Cancer therapy for
targeting IncRNAs

Tamoxifen, prescribed as a gold standard treatment for ER-
positive BC, has been shown to substantially reduce the recurrence
rate by 40% and the mortality rate by 30%. However, even with 5
years of tamoxifen treatment, one-third of these patients experience
a relapse within 15 years (52). Endocrine-resistant patients, who
may constitute up to 25% of all breast cancer cases, continue to pose
a significant clinical challenge. Extensive efforts have been pursued
to treat tamoxifen-resistant patients. At ESMO 2022, third-
generation oral SERM lasofoxifene shined. Phase II ELAINE 1
study results show lasofoxifene delivers durable complete remission
(CR) in ER-positive, HER-negative, metastatic breast cancer
patients harboring ESR1 mutation (53).

In this context, IncRNAs emerge as promising therapeutic
targets due to their involvement in regulating oncogenic
molecular networks and their cell type-specific expression. They
can act as oncogenes or tumor suppressors, influencing various
cancer hallmarks such as cell proliferation, invasion, and metastasis.
Despite their potential, targeting IncRNAs faces several hurdles
including their structural complexity, diversity in function, and
poor annotation.

Currently various pharmaceutical strategies targeting IncRNAs
aim to achieve loss-of-function (LOF) in cancer therapy (54). LOF
involves the use of oligonucleotides such as antisense
oligonucleotides (ASOs) and small interfering RNAs (siRNAs) to
downregulate harmful IncRNAs. Gapmer ASOs bind to target
IncRNAs based on sequence complementarity. Once bound, they
induce degradation of the IncRNA by recruiting RNase H1 in the
nucleus. This approach is effective regardless of the IncRNA’s
subcellular localization (55). SiRNAs are double-stranded RNA
molecules that also target IncRNAs through sequence
complementarity. The active strand of the siRNA is incorporated
into the RNA-induced silencing complex (RISC), which then binds
to and cleaves the complementary IncRNA, leading to its
degradation. SiRNAs mainly function in the cytoplasm, though
ongoing debate exists about their activity in the nucleus. Several
oncogenic IncRNAs have been successfully targeted using siRNAs,
including SNHG6 (24), ELOVL2-AS1 (32), BNAT1 (34).

Zhimin Shao et al. conducted a clinical trial (NCT02641847)
aimed at evaluating the efficacy and safety of two chemotherapy
regimens in high-risk triple-negative breast cancer (TNBC)
patients, as identified by an integrated mRNA-IncRNA signature.
The trial aims to validate this signature’s ability to predict
recurrence risk in TNBC patients and explore optimal
chemotherapy strategies. Patients classified as high-risk are
randomized to receive either a regimen of docetaxel, doxorubicin
(or epirubicin), and cyclophosphamide followed by gemcitabine
and cisplatin, or doxorubicin (or epirubicin) and cyclophosphamide
followed by docetaxel. The primary goal is to assess recurrence-free
survival, with secondary endpoints including safety and
overall survival.
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An ongoing clinical trial (NCT06307249) has been launched to
explore the therapeutic potential of combining Palbociclib, a CDK4/6
inhibitor, with Bevacizumab, a VEGF inhibitor, in treating solid
tumors, with an initial focus on colorectal cancer and plans to extend
to other cancers, including breast cancer. The study is particularly
innovative in its incorporation of LncRNAs as biomarkers, which
have shown promise in predicting treatment response and prognosis
across various cancers. By analyzing the molecular profiles through
LncRNA markers, the trial aims to enhance the efficacy of this
combination therapy, offering a targeted and individualized
treatment option for patients with solid tumors, ultimately striving
for better outcomes and improved survival rates.

Advanced genomic technologies and molecular tools are used to
identify and validate IncRNA targets. These include high-
throughput RNA sequencing, CRISPR-Cas technologies for
genomic editing, and various in vivo and in vitro models for
functional validation (56).

6 Conclusion

As master gene regulators, IncRNAs have been implicated in the
regulation of diverse cellular functions and disease processes.
Substantial knowledge on how IncRNAs contribute to cancer has
accumulated in the last 10 years and extensive efforts have been
fostered to discover mechanisms of drug resistance and potential

10.3389/fonc.2024.1458588

targets for the treatment of breast cancer patients. ER is not only a
good diagnostic marker for breast cancer but also serves as a
therapeutic target. Tamoxifen is one of the important SERMs for
ER(+)breast cancers and it competitively inhibits the recruitment of
transcription coactivators by ER, hence shutting down the
transcription of ER-responsive genes. However, a critical
challenge is the development of tamoxifen resistance.

Mechanisms of tamoxifen resistance are complex and may
involve multiple factors such as AKT, HER2, and R-Ras. These
studies have been focusing on protein-coding genes. On the other
hand, much less is known about the role of IncRNAs in tamoxifen
resistance although the number of IncRNAs is much larger than
that of protein-coding genes. Thus, our study provides new insight
into the IncRNA-mediated mechanisms of tamoxifen resistance in
BC including enhanced ER signaling, suppression of apoptosis,
autophagy, exosome-mediated transfer, epigenetic alterations,
epithelial-to-mesenchymal transition and acting as ceRNA. A
comprehensive mechanism related to recently identified various
novel IncRNA implicated in BC tamoxifen resistance has been
summarized. (Figure 3) Combination of IncRNAs-based
therapeutic interventions with traditional chemotherapy or
targeted therapy may be a promising option to conquer
tamoxifen resistance in ER(+)breast cancer patients. However, it
is still a challenge how to choose crucial target IncRNAs from a large
amount of candidate IncRNAs. Future translational studies or
clinical trials are warranted to develop IncRNAs-based

LncRNA-mediated mechanisms of tamoxifen resistance
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FIGURE 3

LncRNA-mediated mechanisms of tamoxifen resistance in breast cancer: LncRNAs mediate drug resistance by various molecular mechanisms including
enhanced ER signaling, suppression of apoptosis, autophagy, exosome-mediated transfer, epigenetic alterations, epithelial-to-mesenchymal transition

and acting as ceRNA. Created with bioRender.com.
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therapeutics, which may eventually improve the prognosis of
tamoxifen-resistant breast cancer patients.
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