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Simple Summary: This review examines the complex interactions occurring between the Myc oncogene and 
lncRNAs in BC. Both Myc and lncRNAs are dysregulated in cancer, and promote tumor growth and 
progression. Myc can affect lncRNA expression, and in turn lncRNAs can modulate Myc at transcriptional, 
post-transcriptional or post-translational levels. These reciprocal interactions form regulatory feedback loops 
affecting proliferation, metastasis, and therapy resistance in breast cancer (BC). Understanding such intricate 
Myc-lncRNA crosstalk might provide novel insights into cancer pathobiology, leading to the identification of 
potential therapeutic targets to tackle BC. 

Abstract: The Myc gene, widely studied in numerous cancer types, serves as a pivotal regulator of crucial 
cellular processes implicated in tumorigenesis, such as cell growth, proliferation, invasion, metastasis, and 
therapy resistance. LncRNAs have been identified as relevant partners of Myc. LncRNAs modulate chromatin 
structure and function, transcription, splicing, stability, and translation of mRNAs, thereby emerging as pivotal 
regulators in cell differentiation, metabolism, signaling. An intricate crosstalk exists between Myc and lncRNAs 
in a wide range of cancers, wherein they can physically and functionally interact through direct and indirect 
mechanisms. Some lncRNAs can regulate Myc activity at post-transcriptional level, affecting its stability, 
translation, or interactions with other proteins, thus acting as oncogenes, while others act as tumor suppressors. 
On the other hand, Myc can target numerous lncRNA genes and modulate their expression, affecting the 
expression of downstream targets involved in tumorigenesis. Given the significant role of the Myc-lncRNA 
network in various cancer types, exploring therapeutic strategies targeting these crucial cellular regulators is 
of utmost importance. This review article focuses on breast cancer, analyzing those lncRNAs influencing Myc 
as well as the Myc-regulated lncRNAs. 

Keywords: MYC; LncRNAs; BC; miRNA 
 

1. Introduction 

The c- Myelocytomatosis viral oncogene homolog (Myc) gene and protein family act as an 
essential player in cancer pathophysiology. C-Myc protein is 62 kDa and contains 439 aminoacid 
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residues. It contains several functional domains that facilitate the binding with a variety of other 
proteins. In the N-terminal region, there are a transcription transactivation domain (TAD) and three 
highly conserved Myc boxes (MB0, MBI, and MBII), which play a key role in transcriptional 
regulation and protein degradation [1]. In the middle part of the protein, there is a PEST domain 
(containing proline and glutamate as well as serine and threonine), a nuclear localization sequence 
(NLS), and three conserved Myc boxes (MBIIIa, MBIIIb, and MBIV), which are involved in cell 
transformation, transcription, and apoptosis [2]. In the C-terminal region, Myc family expresses basic 
helix-loop-helix leucine zipper (bHLHZip) DNA binding domains that regulate the expression of 
many genes involved in cell cycle progression, DNA replication, apoptosis, autophagy, ribosome 
biogenesis, protein synthesis, glycolysis, mitochondrial function, angiogenesis, and cell adhesion [3].  

Overall, Myc proteins regulate approximately 2000 to 4000 different genes, as well as control 
transcription mediated by RNA polymerase I, II and III [4]. The Myc protein family consists of three 
members: C-Myc (sometimes referred to as MYC), l-Myc (MYCL), and n-Myc (MYCN) [5]. 
Approximately 70% of human cancers are associated with dysregulation of Myc gene expression [4]. 
Among all the cancer types, Myc (c-Myc) is the most frequently amplified gene, exhibiting 
amplification in 21% of tumors, while n-Myc and l-Myc exhibit amplification in 7% [6]. Copy numer 
gains of Myc gene in solid tumors is the primary mechanism driving c-Myc dependent proliferation 
of somatic cells and oncogenesis. Three distinct types of Myc amplifications are observed: low copy 
gain, intermediate copy gain, and a high copy gain. According to The Cancer Genome Atlas (TCGA), 
Myc is the most commonly amplified in breast cancer (BC), accounting for 61.27% of all samples [7].  

The effects of Myc on gene expression depend on its ability to bind to specific DNA sequences, 
known as E-boxes, in the promoter regions of target genes. This binding leads to gene transcription 
activation or repression, depending on the context and the specific genes. TRRAP (Transactivation/ 
Transformation-Domain), CBP/p300 (cAMP-Response-Element-Binding Protein), WDR5 (WD 
Repeat Domain 5), TBP (TATA-Binding Protein), P-TEFb (Positive Transcription Elongation Factor 
b), ASH2L (Set1/Ash2 Histone Methyltransferase Complex Subunit ASH2) are also transcription 
activator factors that interact with Myc and regulate gene expression [2]. 

Myc family proto-oncogenes are commonly altered in human cancers and represent an attractive 
therapeutic target [4]. Myc can regulate the expression of genes involved in cell cycle control (cyclins, 
CDKs), cellular metabolism (glucose metabolism, glutamine metabolism), apoptosis (Bcl-2, BAX), 
and other crucial pathways for cancer development [8]. In addition to maintaining the tumor 
microenvironment, Myc regulates tissue remodeling, angiogenesis, and inflammation, even when 
not overexpressed [9]. The ability of Myc to activate tumor-associated macrophages and regulate 
epithelial-to-mesenchymal transition (EMT) effectors may indeed contribute to the acquisition of 
malignant features [10]. 

As an oncogene, Myc can be activated by multiple mechanisms in cancer. Chromosomal 
rearrangement is believed to be the most common Myc genetic alteration. Several other mechanisms 
contribute to this process, including point mutations, transcriptional regulation, mRNA/protein 
stabilization, and protein overexpression. The molecular mechanism underlying increased Myc 
protein levels in certain cancer types without a corresponding increase in Myc mRNA levels is 
unclear. Three hypotheses are proposed for this process: Myc protein stability by post-translational 
modifications, Myc mRNA stability by RNA binding proteins, and increased efficiency of Myc 
translation by ncRNA and lncRNAs [11, 12]. 

2. lncRNAs function 

In the cell, non-coding RNAs (ncRNAs) are a heterogeneous group of RNA molecules that have 
multiple regulatory functions, despite not encoding proteins. There are many different types of 
ncRNAs, which can be categorized by their size, origin, structure, function, and interaction. In 
general, ncRNAs are categorized based on their size: small ncRNAs (<200 nt), and long ncRNAs (>200 
nt). Several classes of small non-coding RNAs have been described based on their biogenesis, 
function and interaction partners, such as microRNAs (miRNAs), small interfering RNAs (siRNAs), 
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piwi-interacting RNAs (piRNAs), small nucleolar RNAs (snorRNAs), small nuclear RNAs (snRNAs) 
and transfer-derived RNAs (tRFs) [13, 14]. 

Long noncoding RNAs (lncRNAs) are a heterogeneous group of RNA molecules, not usually 
coding for proteins, which can be classified into different categories based on various criteria, such 
as their genomic location, biogenesis, structure and function [15]. One of the simplest and most 
widely used criteria for classifying lncRNAs is their genomic location respect to protein-coding genes 
(intergenic lncRNAs “lincRNAs”, intronic lncRNAs, antisense lncRNAs, bidirectional lncRNAs, 
enhancer lncRNAs “eRNAs”, promoter lncRNAs “pRNAs”)[16]. According to the type of RNA 
polymerase used for lncRNA biogenesis, they can be categorized into three categories. The most 
common enzyme involved in lncRNA biogenesis appears to be RNA polymerase II [16]. As the 
second most dominant enzyme in lncRNA biogenesis, RNA polymerase III can transcribe lncRNAs 
from Alu elements, tRNA genes, and 5S rRNA genes. Only a few lncRNAs are instead synthesized 
from rRNA genes by RNA polymerase I [17]. Accordingly, a structure-based classification of 
lncRNAs can divide them into three main categories: linear lncRNAs, circular lncRNAs "circRNAs", 
and complicated secondary structures lncRNAs. Also, lncRNAs are classified as guide, signaling, 
decoy, enhancer, or scaffolding based on their mechanism of function (Figure 1). ceRNA targets and 
recruits transcriptional complexes to specific genes in order to regulate gene expression [15]. A 
signaling lncRNA acts as a transcription factor and participates in the cell signaling pathway. A decoy 
lncRNA acts as a sponge RNA, inhibiting transcription factors from binding to their targets. 
elncRNAs bind to enhancer elements and recruit transcription factors to activate specific target genes. 
Scaffolding lncRNAs can bring together proteins involved in transcriptional regulation and maintain 
their interaction [18, 19].  

 
Figure 1. Mechanism of action of lncRNA in cancer cells. LncRNAs can be classified as guides, 
signaling molecules, decoy molecules, enhancer molecules, or scaffold molecules. LncRNAs can 

interact with DNA, RNA, and proteins in the cell. This interaction can regulate gene expression, cell 
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proliferation, invasion, and metastasis. They can also modulate transcription factors, RNA-binding 
proteins, and microRNAs. 

LncRNAs can regulate, directly or indirectly, a variety of cancer pathways. lncRNA are involved 
in a wide range of biological processes, including regulation of gene expression at various levels 
(transcription, splicing, translation, and epigenetics), chromatin remodeling, cell- and stem cell- fate 
determination (embryonic development, cell differentiation, and cell proliferation, and survival), 
maintainance of tissue homeostasis, immune response and regulation of various cellular processes 
(apoptosis, autophagy, inflammation, cell migration and metabolism) [20, 21]. 

3. Myc and breast cancer 

Breast cancer (BC) is the most prevalent cancer among women globally. In 2020, it affected 
approximately 2.3 million women and resulted in 685,000 deaths worldwide, as reported by the 
World Health Organization (WHO). Additionally, by the end of that year, there were 7.8 million 
women living with a BC diagnosis. According to the International Agency for Research on Cancer 
(IARC), there is a projected 40% increase in new BC cases, surpassing 3 million per year by 2040, 
along with a 50% rise in deaths, exceeding 1 million per year. The BC Research Foundation (BCRF) 
reveals that every 14 seconds, a woman somewhere in the world is diagnosed with BC.  

In normal somatic cells, Myc activity is tightly controlled by mitogenic signals, dedifferentiation, 
and stromal, inflammatory, or immune signals [22]. BC cells often overexpress Myc and this can be 
attributed to genetic and epigenetic factors that result in misregulation of Myc signaling, resulting in 
the development of BC [23]. Also, Myc expression is deregulated in BC through gene amplification, 
increased transcription, translation, or increased protein stability [24]. After chemotherapy for BC, 
Myc amplification was observed in the breast tissues. This indicates that Myc may contribute to 
chemotherapy resistance in the BC [25]. BC cells expressed high levels of cC-Myc through cross-talk 
between oestrogen receptors (ER) and human epidermal growth factor receptors 2 (HER2) [26]. The 
expression of Myc is associated with the down-regulation of inflammatory pathways such as IFN and 
JAK-STAT signaling in human BC [7]. Also, the increase in Myc expression in a cell during 
development can also affect the proliferation and apoptosis of neighboring cells [26]. However, BC 
tumors with high Myc expression are typically interspersed among tumor cells expressing lower Myc 
levels [27]. Additionally, Myc is the most commonly amplified oncogene in BCs associated with 
BRCA1/2 mutations [28]. It has been demonstrated that knocking out c-Myc inhibits tumor 
angiogenesis in BC cells by regulating VEGF [29]. 

4. Myc and lncRNAs  

Myc and lncRNAs play an important role in the development of various cancers, including 
breast, lung, colorectal, and gastric cancers. Myc is both an upstream regulator and a target of many 
lncRNAs. Although Myc and lncRNAs have been studied in cancer for many years, their interactions 
remain unclear. Considering that Myc plays a crucial role in human cancer, we herein explore and 
summarize the implications of these interactions to better understand interactive pathways in cancer. 

Myc-lncRNA interactions are complex and dynamic because they occur at multiple levels. The 
relationship between Myc and lncRNAs is a critical focal point in understanding cancer development, 
progression and molecular mechanisms underscoring cancer onset and progression. LncRNAs have 
the potential to modulate Myc expression and activity through a variety of mechanisms. They can act 
as molecular scaffolds, forming complexes with Myc and its associated proteins to influence its 
transcriptional activity. LncRNAs can also directly interact with Myc mRNA, affecting its stability or 
translation efficiency. Additionally, lncRNAs are capable of regulating Myc expression at the 
epigenetic level, by modulating histone modifications and chromatin accessibility.  

On the other hand, Myc can regulate lncRNA expression and function. Myc can affect lncRNAs 
by regulating the expression of transcription factors or chromatin modifiers that influence their 
expression. These reciprocal interactions contribute to the pathogenesis of various types of cancer as 
they form an intricate regulatory network between Myc and lncRNAs.  
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This review focuses on the functions of lncRNAs both upstream and downstream of Myc. We 
will explore how lncRNAs influence Myc expression and activity, as well as how Myc impacts 
lncRNA expression and function. By elucidating the intricate crosstalk between Myc and lncRNAs, 
we aim to provide valuable insights into the molecular mechanisms underlying cancer development, 
with a potential impact on cancer diagnosis, prognosis, and treatment.  

5. The relationship between lncRNAs and MYC in BC 

The oncogenic transcription factor Myc is known to be dysregulated in many cancers including 
BC. As discussed previously, abnormal activation of Myc signaling promotes cancer pathogenesis 
through stimulating cell proliferation, metabolic reprogramming, inhibiting apoptosis and 
facilitating metastasis. Therefore, elucidating the Myc regulatory factors in cancer is imperative to 
gain insights into disease mechanisms and identify novel therapeutic approaches.  

An emerging class of Myc regulators are long non-coding RNAs (lncRNAs). LncRNAs have been 
shown to interact with Myc through various mechanisms, forming an intricate network affecting Myc 
expression, stability and transcriptional functions. For instance, some lncRNAs do act as scaffolds 
that recruit chromatin modifiers to alter Myc promoter accessibility. Other lncRNAs can directly bind 
to Myc mRNA and enhance its stability. There is also evidence that certain lncRNAs modulate 
miRNAs targeting Myc, thereby increasing Myc levels. 

Conversely, Myc as a transcription factor can regulate the expression of many lncRNAs involved 
in BC. By inducing lncRNAs that in turn promote processes like proliferation, angiogenesis and 
metastasis, Myc amplifies its oncogenic signals. Of note, the crosstalk between Myc and lncRNAs 
establishes regulatory feedback loops that may profoundly influence BC pathogenesis. A deeper 
understanding of this relationship may open new avenues to combat BC progression and improve 
patient outcomes. All data about the function and mechanism between Myc and lncRNA have in BC 
been summarized in Table 1. Also, the interaction and crosstalk between lncRNA and Myc in BC have 
been illustrated in Figure 2. 

Table 1. Function and cellular mechanism between Myc and lncRNAs involved in BC. 

LncRNA Function Cellular mechanism(s) Regulation 

lncRNAs regulated by MYC 

SNHG7 c-Myc binds to SNHG7 promoter  
Cancer cell 

proliferation 
Positive  

SNHG12 
c-Myc direct regulated to SNHG7 

expression 

Cancer cell 
proliferation, 

tumor growth, 
migration, and 

invasion 

Positive 

BCYRN1 BCYRN1 regulated by Myc 
Cancer cell 

migration and 
invasion 

Positive 

lncRNAs affecting MYC Expression 

LacRNA 
LacRNA inhibits Myc activity 

LacRNA stabilizes PHB2 

Cancer cell 
metastasis 

suppression 
Negative 

Linc00839 
Myc binds to Linc00839's promoter 

and activates its transcription 
cancer cell, 

proliferation, 
Positive 
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Linc00839 increases the expression of 
Myc 

Linc00839 increases the Lin28B and 
activated the PI3K/AKT signaling 

invasion, and 
migration 

Lnc408 
Lnc408 recruits a SP3 

Lnc408 suppresses CBY1 
transcription 

Influences BC 
stem cells 

Positive 

LINC01287 

LINC01287 upregulates Myc 
expression 

activates the Wnt/β-catenin 
signaling 

Cancer cell 
proliferation and 

metastatic 
Positive 

MCM3AP-
AS1 

MCM3AP-AS1 binds ZFP36 and 
regulates Myc 

Cancer cell 
proliferation, 

apoptosis, 
migration, and 

invasion 

Positive 

LINC00511 
LINC00511 activates Wnt/β-catenin, 
increasing the expression of c-Myc 

Cancer cell 
promoting 

stemness and 
invasiveness, 

inhibit apoptosis 

Positive 

sONE 

Knocking down of sONE decreases 
in TP53 and increases in c-Myc 

sONE can alter tumor suppressors 
miRNAs (miR-34a, miR-15, miR-16, 

and let-7a) 

cancer cell 
proliferation, 

colony-forming 
ability, 

migration, and 
invasion 

capacities 

Negative 

MALAT1 
MALAT1 activates Wnt/β-catenin, 
increasing the expression of c-Myc 

tumor size, 
lymph 

metastasis, 
angiogenesis, 
stage tumor, 

progression and 
metastasis 

Positive 

PICART1 
PICART1 influencing the 

AKT/GSK3β/β-catenin, activates the 
expression of cyclin D1 and c-Myc 

Cancer cell 
proliferation 

Positive 

MYC-lncRNAs regulatory loops 

CCAT2 
CCAT2 regulates Myc expression. c-

Myc binds to CCAT2 promoter  

cancer cell 
proliferation 

migration and 
metastasis 

Positive 
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EPIC1 
EPIC1 promotes Myc recruitment to 

its target genes. 
Cancer cell 

proliferation 
Positive 

HOTAIR 

HOTAIR contributes to EZH2 
recruitment to the Myc promoter 

HOTAIR promoter enriched for both 
NF-kB and c-Myc binding sequences 

Cancer cell 
proliferation by 
regulating cell 

cycle and 
apoptosis 

Positive 

RHPN1-AS1 

RHPN1-AS1 is a molecular sponge 
of miR-4261 

RHPN1-AS1 is a transcriptional 
target of c-Myc 

RHPN1-AS1 exerts tumorigenesis by 
regulating P53 expression via 

MDM2 gene. 

cancer cells 
proliferation 

Positive 

lncRNAs affecting MYC stability/translation 

SNHG15 
SNHG15 is directly regulated by 

Myc 

Cancer cell 
proliferation, 
migration and 

invasion 

Positive 

Linc-RoR 
linc-ROR increases c-Myc mRNA 

stability 
Linc-RoR activates Wnt/β-catenin 

Cancer cell 
proliferation, 

metastasis, drug 
resistance, and 

invasion 

Positive  

KB-1980E6.3 
It acts enhancing c-Myc mRNA 

stability via interaction with 
IGF2BP1 

Promote Cancer 
stem cell 
stemness, 
metabolic 

rewiring and 
tumorigenesis. 

Positive 

H19 
It acts enhancing c-Myc mRNA 

stability via interaction with CRD-
BP 

Cancer cell 
proliferation, 
migration and 

invasion 

Positive 

DCST1-AS1 

MYC regulates DCST1-AS1 
expression 

DCST1-AS1 interaction with miR-
873-5p upregulated IGF2BP1, Myc , 

CD44 and LEF1 

cancer cell 
proliferation and 

metastasis 
Positive 

LINC01638 
LINC01638 interacts with c-Myc to 
prevent SPOP-mediated to c-Myc 

ubiquitination  

cancer cell 
proliferation, 

metastasis and 
EMT 

Positive 
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AFAP1-AS1 

AFAP1-AS1 activated Wnt/β-
catenin, 

increasing the expression of c-Myc 
AFAP1-AS1 interacts with SNIP1 to 

prevent c-Myc ubiquitination 

Cancer cell 
proliferation and 

invasion 
inhibited cell 

apoptosis 
 

Positive 

PVT1 

PVT1 can enhance Myc protein 
stability 

They amplify each other in a 
molecular loop 

cancer cell 
proliferation and 

metastasis 
Positive 

 

 

Figure 2. Crosstalk between lncRNA and Myc in BC. The transcription factor Myc regulates the 
expression of many lncRNAs involved in cancer pathogenesis. Conversely, multiple lncRNAs can 

modulate Myc expression and activity through diverse mechanisms, forming complex bidirectional 
regulatory loops. Additionally, certain lncRNAs regulate miRNAs that target Myc, thereby 

increasing Myc levels. Through these mechanisms, the interactions between Myc and lncRNAs 
potentiate oncogenic signaling, promoting cell proliferation, tumor growth, metastasis and other 

cancer phenotypes. The picture was created using Adobe Illustrator CC version 20. 

5.1. lncRNAs regulated by MYC 
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SNHG7 

Small Nucleolar RNA Host Gene 7(SNHG7) is an lncRNA that is overexpressed and involved in 
many types of cancer. The highest level of SNHG7 was found in a BC cell line [30]. There is a positive 
correlation between SNHG7 expression and tumor stage, lymph node metastasis, poor prognosis, 
and distant metastasis in BC [31]. SNHG7 expression increases drug resistance and inhibits apoptosis 
in chemoresistant BC cells [32]. In BC cells, SNHG7 acts as miRNA sponge, increasing Myc levels 
through the miR-34a/Notch-1 and miR-186 axis [30, 33]. Downregulation of SNHG7 and consequent 
upregulation of sponged miRNAs (miR-34a or miR-186) in BC cells lead to sensitivity to Adriamycin 
and Trastuzumab [34]. Also, SNHG7 directly sponges miRNA-381, miR-15a to promote BC cell 
proliferation and invasion [35, 36]. Following SNHG7 knockdown, several proteins were found 
upregulated, such as Bax and p21, in contrast, β-catenin, and its target molecules c-Myc and cyclin 
D1, were downregulated [37]. There is evidence that Myc controls the SNHG7 loci that encode genes 
that are essential for regulating snoRNAs [38]. Also, c-Myc binds to the promoter region of SNHG7 
and influences glycolysis through the SNHG7/miR34a-5p/LDHA (lactate dehydrogenase A) axis in 
BC cells [39]. 

SNHG12 

Long non-coding RNA small nucleolar RNA host gene 12 (SNHG12) was found upregulated in 
BC tissues and cells. Activation of SNHG7 is associated with proliferation, tumor growth, migration, 
and invasion of BC cells by sponging miR-451a through inhibiting AKT/mTOR [40]. There is 
increasing evidence that altered SNHG7 expression may play a role in various malignant tumors [41]. 
SNHG7 upregulation in the cytoplasm also significantly increased Matrix Metallopeptidase 13 
(MMP13) expression, whereas SNHG7 knockdown significantly inhibited MMP13 expression [42]. 
C-Myc interacts directly with the promoter region of SNHG7 thus transcriptionally activating it in 
TNBC cells, where their expression correlates with lymph node and tumor size [43]. 

BCYRN1 

A long non-coding RNA called BC200 (brain cytoplasmic RNA 1, BCYRN1) is highly expressed 
in invasive carcinomas of BC cells [44]. BCYRN1 may be used for prevention, cell survival screening, 
cell migration, invasion diagnosis, and prognosis of BC. The overexpression of BCYRN1 causes 
luminal and TNBC proliferation, migration, and invasion [45]. Estrogen can regulate BC200 
expression in BC cell lines [46]. The expression of estrogen in BC cells induces BCYRN1, which leads 
to sponge Bcl-x mRNA [47]. Furthermore, myc binding to the E-box of BCYRN promoter increases 
its expression, which is important for cell migration and invasion [48]. BCYRN1 expression was 
significantly reduced by Myc knockdown, indicating that BCYRN1 is also controlled by Myc [46].  

5.2. LncRNAs affecting MYC Expression 

MALAT1 

Several types of tumors, including BC, have overexpression of Metastasis-associated lung 
adenocarcinoma transcript 1 (MALAT1). It has been demonstrated that MALAT1 expression in BC is 
positively associated with tumor size, lymph metastasis, angiogenesis, stage tumor, progression and 
metastasis [15]. A number of transcription factors control MALAT1 transcription, either positively, 
like SP1, SP3, β-catenin, HIF1α and HIF2α, c-Myc, YAP1, NRF1, or negatively, like p53 and SOX17 
[49]. By binding and inactivating TEAD, MALAT1 prevents TEAD from interacting with its co-
activator Yes-associated protein 1 (YAP1) and target gene promoters such as ITGB4 and VEGFA [50]. 
In a hypoxic environment, HIF-1/2 (Hypoxia-Induced Factor 1/2) could transcriptionally activate 
MALAT1 to promote tumor growth and migration in BC cell [51]. Also, MALAT1 promotes the Wnt-
β-catenin pathway, which leads to c-Myc expression [52]. 

LacRNA  
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LacRNA (LINC00478-associated cytoplasmic RNA), is a novel cytoplasmic lncRNA derived 
from LINC00478 located in the nucleus [53]. LncRNA LINC00478 was substantially downregulated 
in the metastatic tumor samples [54]. LacRNA acts as a regulatory molecule that inhibits Myc activity. 
Through repression of Myc targets, LacRNA disrupts downstream signaling pathways involved in 
tumor cell migration, invasion, and colonization. LacRNA stabilizes Prohibitin 2 (PHB2), leading to 
BC metastasis suppression [53]. PHB2 is a protein found in the inner mitochondrial membrane, where 
it plays a crucial role in regulating mitochondrial function and maintaining stability [55]. 
Furthermore, PHB2 is involved in various cellular processes, including cell cycle control, apoptosis, 
transcription, and signal transduction. LacRNA interacts specifically with PHB2, recruiting c-Myc 
and promoting c-Myc ubiquitination and degradation. This negative regulation of the Myc signaling 
pathway ultimately inhibits BC metastasis [56]. 

Linc00839 

The expression of LINC00839 is increased in various cancer types, especially chemoresistant BCs 
associated with poor prognosis [57]. BC patients with elevated Linc00839 have higher pathological 
grade, tumor size, and clinical stage [58]. Activation of Linc00839 by Myc leads to proliferation and 
chemoresistance in BC through its association with Lin28B [59]. A Myc/Linc00839/Lin28B loop 
activatse the PI3K/AKT signaling pathway and promotes proliferation and chemoresistance, and 
inhibits cell apoptosis in BC [59]. Notably, LINC00839 is up-regulated in tamoxifen- and ADR-
resistant BC cells and tissues, and predicts a poor prognosis of BC patients [59]. 

Lnc408 

The expression of long non-coding RNA 408 (Lnc408) was increased in BC stem cells (BCSCs) 
[60]. BCSCs require LNC408 for self-renewal maintenance via modulation of the β-catenin protein, 
and suppresses CBY1 transcription. Lnc408/ β-catenin functions as part of the Wnt signaling pathway 
that regulates stemness in a variety of malignancies [61]. The unregulated levels of nuclear β-
catenin/Wnt resulting from the suppression of CBY1 by Lnc408 preserve the stemness characteristics 
of BCSCs expressing high levels of CD44, SOX2, Nanog, Klf4, and c-Myc [62].  

LINC01287 

In BC, LINC01287, a newly discovered lncRNA, acts as an oncogene. There was a significant 
reduction in overall survival of patients with higher LINC01287 expressions as compared to patients 
with lower LINC01287 [63]. In response to LINC01287 downregulation, E-cadherin expression was 
increased, whereas N-cadherin and vimentin expression decreased [64]. As a result of upregulation 
of LINC01287, BC cells proliferated and metastasized, while apoptosis was inhibited. LINC01287 
activates Wnt/β-catenin pathway and upregulated Myc expression, thereby enhancing the 
proliferation and metastatic capability of BC cells [63]. 

MCM3AP-AS1 

Minichromosome maintenance complex component 3-associated protein antisense RNA 1 
(MCM3AP-AS1) is an lncRNA molecule that is transcribed from the opposite strand of the MCM3AP 
gene.  The up-regulation of MCM3AP-AS1 significantly promotes BC cell proliferation, apoptosis, 
migration, and invasion [65]. Also, LncRNA MCM3AP-AS1 promotes BC progression via modulating 
the miR-28-5p/Centromere protein F (CENPF) axis [66]. Chemotherapeutic agents, such as cisplatin 
and doxorubicin, are affected by MCM3AP-AS1 [67]. A significant correlation was observed between 
MCM3AP-AS1 expression and the ER or PR expression profiles in BC patients, whereas there was no 
significant correlation between MCM3AP-AS1 expression and the HER2 expression profiles [68]. 
Overexpression of MCM3AP-AS1 in BC led to increased tumor size and cell proliferation through 
MEG3 downregulation [69]. In BC, MCM3AP-AS1 binds with the RNA-binding protein ZFP36 ring 
finger protein (ZFP36) to regulate the key genes involved in cancer progression, including cyclin D1 
(CCND1), c-Myc, and MMP1 [65]. 
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LINC00511 

Long intergenic non-protein coding RNA 511, also known as LINC00511, encodes a protein 
called LINC00511-133aa. The peptide encoded by this lncRNA plays a role in blocking apoptosis and 
promoting stemness and invasiveness in BC cells. There was increased expression of LINC00511 in 
BC samples and cell lines associated with poor prognosis [70]. LINC00511 expression has been closely 
associated with lymph node metastasis, larger tumor size, and molecular subtypes of BC, regulating 
MMP13 expression through miR-150 sponging [71]. It is possible that LINC00511 leads to an increased 
level of aggressiveness in cancerous cells by sponging miRNAs and modifying their targets' levels 
such as E2F1/Nanog [72]. Knockdown of LINC00511 suppressed Wnt/β-catenin signaling activity and 
its downstream target genes, including c-Myc and Cyclin D1 [73]. 

sONE 

sONE is a lncRNA located on 1q21.3 with a size of 2.4 kb and two exons. sONE is a tumor 
suppressor lncRNA that represses the expression of endothelial nitric oxide synthase3 (NOS3) and 
influences nitric oxide production (NO) [74]. The expression of sONE is down-regulated in TNBC 
patients compared to normal tissues, and it is negative correlated with disease aggressiveness, tumor 
size and lymph node metastasis [75]. sONE represses c-Myc expression, whereas TP53 expression is 
promoted. Additionally, sONE induces tumor suppressor miRNAs downstream of c-Myc and Tp53, 
including miR-34a, miR-15a, miR-16, and let-7a [75].  

PICART1 

PICART1 is a novel 2.5 kb in length lncRNA located at 17q21.33 and contains three exons, and it 
has been identified as a tumor suppressor [76]. TP53 expression increases in response to DNA 
damage caused by doxorubicin, which leads to an increase in PICART1 expression through a p53 
response element in its promoter [76]. PICART1 plays a regulatory role in cell proliferation in BC by 
influencing the AKT/GSK3β/β-catenin signaling pathway [77]. In BC cells, down-regulation of 
PICART1 led to an increase in pAKT, pGSK3B, β-catenin, cyclin D1 and c-Myc expression, while 
p21Waf/cip1 expression was decreased [76]. 

5.3. 3. MYC-lncRNAs regulatory loops 

CCAT2 

A significant increase in CCAT2 mRNA expression was observed in BC metastasis. Up-
regulation of CCAT2 promotes BC cell proliferation, invasion and migration. By downregulating 
CCAT2, the cell cycle of BC cells is conversely arrested in the G0/G1 phase and apoptosis is promoted.  
Additionally, down-regulation of CCAT2 significantly reduced the expression of TGF-β, Smad2 and 
α-SMA proteins in BC cells [78]. Knockdown of CCAT2 improves Tamoxifen sensitivity in BC [79]. 
The CCAT2 level in BC regulated proliferation, apoptosis, and chemosensitivity through the mTOR, 
Notch and TGF-β signaling pathway [80, 81]. As a result of CCAT2 interaction with EZH2, it inhibits 
the expression of p15 via histone methylation, contributing to the proliferation of BC cells [82]. 
Vitamin D can inhibit BC development by targeting CCAT2 [83]. Significant suppression of 
proliferation and stemness of BC cells was observed with cytoplasmic CCAT2 in luminal subtypes 
by miR-221-p27 signaling. In contrast, nuclear overexpression of CCAT2 led to upregulation of 
OCT4-PG1 and the induction of stemness features [84]. The long non-coding RNA CCAT2 has been 
shown to exhibit high expression in BC tissues and cell lines. Silencing CCAT2 has shown to suppress 
tumor formation and inhibit cell growth via a negative regulation of Wnt signaling pathway, 
consequently leading to c-Myc down-regulation [85]. 

EPIC1 

The epigenetically induced Myc interacting lncRNA 1 (EPIC1), a Myc-binding lncRNA, is an 
intergenic lncRNA of 2.4 kb in size, which is transcribed from the minus strand of DNA on 
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chromosome 22q13.31. EPIC1 is epigenetically activated during BC and is associated with poor 
survival rates. According to Xu et al., EPIC1 is implicated in mechanisms involved in chemoresistance 
in BC, including the metabolism of daunorubicin, rapamycin and doxorubicin through the AKT-
mTORC1 signaling pathway [86, 87]. EPIC1 directly interacts with Myc in BC cells and promotes 
their cell cycle progression [88]. In response to EPIC1 activation, BC cells express lower levels of CD8+ 
T cell markers, including perforin 1 and granzyme A [89]. A high expression level of EPIC1 in luminal 
B BC patients has been associated with poor prognosis and increased tumor size. Also, EPIC1 
interacts with Myc to promote cancer cell progression and colony formation, cell cycle, and tumor 
growth. [88, 90]. In different types of cancer, EPIC1 gene expression is increased due to 
hypermethylation of its promoter [91]. EPIC1 knockdown reduces Myc recruitment to its target 
genes’ promoters such as CDKN1A, CCNA2, CDC20, and CDC45 [91].  

HOTAIR 

HOX Transcript Antisense Intergenic RNA (HOTAIR) is transcribed from the minus strand of 
the HOXC gene cluster. HOTAIR plays a role in promoting BC cell proliferation by regulating cell 
cycle and apoptosis. HOTAIR contributes to the recruitment of enhancer of zeste homolog 2 (EZH2) 
to the Myc promoter [92]. In BC, HOTAIR acts as a scaffold to attract transcription factors Lysine-
specific demethylase 1 (LSD1) and Mammalian hepatitis BX-interacting protein (HBXIP) [93]. The 
HBXIP/Hotair/LSD1 complex interacts with c-Myc to activate the transcription of Myc target genes 
(Cyclin A, eIF4E and LDHA) [94]. HOTAIR is a direct target of c-Myc and the HOTAIR promoter 
exhibited significant enrichment of both NF-kB and c-Myc binding sites [95]. The increased HOTAIR 
expression in cancer has been also attributed to transcriptional activation by c-Myc through the E-
box located upstream of the transcription start site [96]. 

RHPN1-AS1 

The Rhophilin Rho GTPase Binding Protein 1 AntisenseRNA 1 (RHPN1-AS1) lncRNA is a direct 
transcriptional target of c-Myc, which regulates P53 expression in BC cells via the MDM2 gene. Also, 
RHPN1-AS1 acts as a molecular sponge for miR-4261 and prevents it from targeting c-Myc [97]. In 
BC cells, RHPN1-AS1 is highly expressed enhances the expression of epithelial-to-mesenchymal 
transition (EMT) markers [98], and RHPN1-AS1 knockdown inhibits MCF-7 cell proliferation [97].  

5.4. 4. LncRNAs affecting MYC stability/translation 

AFAP1-AS1  

There is an association between AFAP1-AS1 elevated expression and poor prognosis of BC 
patients [99]. AFAP1-AS1 knockdown downregulates septin-2 (SEPT2, a class of cytoskeletal 
proteins) via miR-497-5 sponging [100], repressing cell proliferation and migration and inducing 
apoptosis Further, AFAP1-AS1 plays a role in promoting EMT and tumorigenesis through the Wnt/β-
catenin signaling pathway in TNBC [101]. AFAP1-AS1 can interact with Smad nuclear interacting 
protein 1 (SNIP1), a protein that suppresses the ubiquitination and destruction of c-Myc [102]. Due 
to this function, AFAP1-AS1 promotes the overexpression of c-Myc, as well as the increase in ZEB1, 
ZEB2, and SNAIL levels, thus triggering EMT [102]. 

LINC01638 

There has been evidence of low levels of LINC01638 expression in several normal human tissues 
[103]. LINC01638 was found to be overexpressed and promote BC growth. [104]. In HER2-positive 
BC cells, inhibition of LINC01638 reduced the expression of DNMT1, DNMT3a, and DNMT3b while 
promoting the expression of BRCA1 and PTEN [105]. In HER2-positive BC cells, Linc01638 is 
upregulated, which acts inhibiting cell apoptosis while promoting proliferation and invasion. 
LINC01638 interacts with c-Myc to prevent its ubiquitination and degradation by SPOP (E3 ubiquitin 
ligase adapter speckle type POZ) via proteasomal degradation [106]; in turn, c-Myc transcriptionally 
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enhances MTDH (metadherin) expression and subsequently activates Twist1 expression to induce 
EMT and cancer stem cell (CSC)-like features [103]. 

SNHG15 

The small nucleolar RNA host gene 15 (SNHG15) is a long intergenic lncRNA with a size of 2.8 
kb located on the 7q22.1 chromosome and transcribed from the plus strand of DNA. In BC, high 
SNHG15 expression positively correlated with TNM stage, lymph node metastasis, and survival. 
SNHG15 significantly increased proliferation and inhibited apoptosis in BC cells [15]. SNHG15 
promotes human BC proliferation, migration and invasion by sponging miR-211-3p [107]. In BC cells, 
upregulation of SNHG15 promotes cell proliferation, migration, and invasion and inhibits apoptosis 
through regulation of miR-411-5p/VASP and miR-345-5p [108, 109]. Additionally, SNHG15 enhanced 
cisplatin resistance of BC cells by sponging miR-381 [110]. SNHG15 expression is positively 
correlated with Myc expression and transcription of SNHG15 is directly regulated by Myc [111]. By 
increasing c-Myc expression in response to miR-451 sponging, SNHG15 improved BC progression 
[112]. SNHG15 is a direct c-Myc transcriptional target. In BC cells, SNHG15 acts as a molecular 
sponge also for miR-873-5p, a miRNA capable of destabilizing c-Myc mRNA [113], ultimately leading 
to an increase in c-Myc activity, driving growth and survival of of BC cells [113].  

Linc-RoR 

Linc-RoR is an oncogene that was originally identified as involved in induced pluripotent stem 
cells (iPSC) reprogramming [114]. The overexpression of linc-RoR appears to promote proliferation, 
metastasis, drug resistance, and invasion in BC cells [115]. Overexpression of Linc-RoR increased 
stemness features and induced the epithelial-to-mesenchymal transition (EMT) by activating the 
Wnt/β-catenin pathway [116]. Linc-RoR promotes the TGF-β signaling pathway to induce 
downstream signals such as Smad2 and α-SMA that contribute to BC progression [117]. Linc-RoR 
increases c-Myc mRNA stability in BC through interactions with heterogeneous nuclear 
ribonucleoprotein 1 (hnRNP1) and AUF1 (AU-rich element RNA-binding protein 1) [115]. 
Mechanistically, Linc-RoR acts facilitating hnRNP I interaction with c-Myc mRNA and inhibiting 
AUF1 binding to c-Myc mRNA for degradation [118]. Increased expression of LncRoR, enhancing 
Myc stability in BC cells, is usually associated with poor patient survival. 

KB-1980E6.3  

Hypoxia modulates a specific group of hypoxia-responsive lncRNAs (HRLs), like NORAD, 
LncHIFCAR, RAB11B-AS1, AC020978 and KB-1980E6.3, which may underlie cancer cells' survival 
and promote disease progression [119]. Breast tumors had significantly higher levels of KB-1980E6.3 
than normal tissues, which was closely correlated with poor survival facilitate c-Myc mRNA stability 
[120]. BC cells are stimulated to proliferate, invade and migrate by KB-1980E6.3 through the 
activation of PI3K/AKT signaling [121]. KB-1980E6.3 expression positively correlates with migration 
and invasion markers such as MMP-2, MMP-9 and vimentin in BC [121]. By recruiting IGF2BP1 to 
regulate c-Myc mRNA stability under hypoxia conditions, KB-1980E6.3 promotes the self-renewal 
and stemness maintenance of BC stem cells [122]. During mild chronic hypoxia, HIF enhances the 
stability and activity of Myc, while under normoxia, IGF2BP1 protects Myc mRNA from degradation 
[122, 123]. This mechanism promotes BC stem cell stemness, metabolic rewiring and tumorigenesis.  

H19 

The H19 transcript was one of the first lncRNAs to be discovered. It acts as oncogene, whose 
expression levels are elevated in breast tissues and associated with an increased BC risk [124]. At the 
H19/IGF2 (insulin-like growth factor 2) locus, genomic imprinting occurs, leading to differential 
expression of H19 from the maternal allele and IGF2 from the paternal allele [125]. A protein known 
as the coding region determinant-binding protein (CRD-BP) binds to c-Myc, insulin-like growth 
factor II, beta-actin, and H19 RNA [126]. Histone acetylation and transcriptional initiation of the H19 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 July 2023                   doi:10.20944/preprints202307.1901.v1

https://doi.org/10.20944/preprints202307.1901.v1


 14 

 

promoter are promoted by c-Myc protein binding to E-boxes, increasing H19 expression [127]. As a 
result of the binding to c-Myc and H19, CRD-BP affects the stability, localization and translation of 
RNA [128]. BC tumorigenesis is facilitated by the complex of CRD-BP, c-Myc, and H19. Furthermore, 
the reciprocally imprinted gene at H19 locus, IGF2, is also down-regulated by c-Myc [129]. 

DCST1-AS1 

There has been evidence that the Domain Containing 1 Antisense RNA 1 (DCST1-AS1) lncRNA 
is dysregulated in numerous cancers, including BC, cervical cancer, glioblastoma, and hepatocellular 
carcinoma [130]. Overexpression of DCST1-AS1 in cancer is commonly observed, and it is associated 
with tumor progression, metastasis, poor prognosis, cell cycle, invasion, and inhibition of apoptosis 
[131]. By sponging miR-1254, lncRNA DCST1-AS1 significantly enhances proliferation of 
hepatocellular carcinoma (HCC) by upregulating Fas apoptosis inhibitor 2 (FAIM2) expression [132]. 
As a result of DCST1-AS1 overexpression in cervical cancer, miR-874-3p expression is 
downregulated, promoting proliferation, migration, and invasion [133]. Also, DCST1-AS1 directly 
binds to Annexin A1 (ANXA1) and enhances TGF-β/Smad and subsequently promotes EMT-related 
proteins such as E-cadherin, SNAI1, vimentin, MMP2, and MMP9 in BC cells [134]. DCST1-AS1 is a 
direct transcriptional target of c-Myc, and acts as a molecular sponge for miR-873-5p in triple-
negative breast cancer (TNBC). MIR-873-5p binds directly to IGF2BP1 (stabilizes c-Myc mRNA) and 
regulates downstream proteins of IGF2BP1 such as Myc, LEF1 (activates c-Myc expression) and 
CD44, inhibiting Myc expression. [134]. in BC, a positive feedback regulation was found between 
Myc and DCST1-AS1, by which Myc promotes DCST1-AS1 transcription and DCST1-AS1 increases 
Myc translation [134].  

PVT1  

There is a significant increase in Plasmacytoma Variant Translocation 1 (PVT1) levels in BC 
patients. Cell proliferation and metastasis are promoted by PVT1 both in vitro and in vivo [15]. 
Inhibition of PVT1 expression inhibited cell proliferation and induced apoptosis in cell lines [135]. 
CRISPR interference of PVT1 enhances BC cell growth. PVT1 contains two MYC-binding sites that 
are bound and transactivated by c-Myc [136]. PVT1 and Myc promoters compete for intragenic 
enhancers in the PVT1 locus (8q24 region contains PVT1 and Myc), thus PVT1 promoter can regulate 
release of Myc transcription [137]. Also, it has been suggested that PVT1 can enhance Myc protein 
stability by decreasing its degradation. The stable Myc protein (Myc STAB) binds to the canonical E-
boxes at the PVT1 promoter region, and upregulates PVT1 RNA [138]. High levels of Myc and PVT1 
can transcriptionally activate RSPO1, a β-catenin signaling regulator which is important for female 
development and is associated with tumor formation [139]. 

FGF13-AS1  

Fibroblast growth factor 13 Antisense RNA 1(FGF13-AS1) is transcribed from the opposite 
strand of the FGF13 gene. FGF13-AS1 expression is decreased in BC tissues compared with 
corresponding normal tissues, and reduced FGF13-AS1 is associated with poor prognosis [140]. 
FGF13-AS1 is downregulated in BC and acts as a tumor suppressor by inhibiting glycolysis and 
stemness properties [140]. FGF13-AS1 reduces stability of Myc mRNA by disrupting the interaction 
between IGF2BPs and Myc mRNA. It also forms a feedback loop with Myc, since Myc 
transcriptionally inhibits FGF13-AS1 expression [140]. 

6. Conclusion 

Overall, this comprehensive review provides a detailed analysis of the intricate cross-talk 
between long noncoding RNAs (lncRNAs) and the Myc gene, highlighting their pivotal roles in 
various aspects of BC biology. The Myc gene, a highly studied oncogene, serves as a central regulator 
of critical cellular processes such as cell growth, proliferation, and metabolism. The aberrant 
expression and dysregulation of Myc have been extensively implicated in tumorigenesis, metastasis, 
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invasion, and therapy resistance across different cancer types. LncRNAs are a diverse group of 
transcripts longer than 200 nucleotides that do not encode proteins, but play significant regulatory 
role in gene expression. The interactions between Myc and lncRNAs occur through a multitude of 
mechanisms, including direct and indirect modulation of expression at transcriptional, post-
transcriptional, and post-translational levels. LncRNAs can impact Myc activity by influencing its 
stability, translation, or interactions with other proteins. Conversely, Myc can regulate the expression 
of numerous lncRNA genes, thereby influencing down-stream genes involved in tumorigenesis. 

Understanding the functional implications of the Myc-lncRNA cross-talk is of great significance 
for cancer research and clinical applications. Dysregulated Myc-lncRNA interactions can disrupt 
normal cellular processes, leading to uncontrolled proliferation, genomic instability, and evasion of 
cell death, all hallmarks of cancer. Conversely, targeted modulation of Myc-lncRNA interactions 
holds therapeutic potential. Strategies aimed at restoring balance in Myc regulation through the 
manipulation of oncogenic or tumor-suppressive lncRNAs may provide novel avenues for cancer 
treatment, blunting Myc signaling which still remains undruggable 

However, despite the substantial progress made in unraveling the Myc-lncRNA network, 
several challenges and gaps in knowledge still remain. Further research is needed to uncover the 
precise mechanisms underlying Myc-lncRNA interactions, including the identification of specific 
binding sites and associated co-factors. Moreover, comprehensive functional studies are necessary to 
determine the specific roles of individual lncRNAs in Myc-mediated tumorigenesis and their 
interactions with other molecular players. 

In conclusion the Myc-lncRNA network represents a complex regulatory system that plays a 
significant role in BC initiation, progression, and therapeutic responses. Expanding our knowledge 
on the dysregulated lncRNAs, their mechanisms of action, and their clinical implications will pave 
the way for the development of targeted therapies aimed at antagonizing Myc oncogenic functions, 
improving patient outcomes in BC and possibly other Myc-addicted cancer types. Further 
investigation is required to decipher the specific roles of individual lncRNAs in modulating Myc and 
viceversa. Additionally, it is necessary to investigate the downstream effects of these interactions on 
cellular processes relevant to cancer biology. 
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