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Abstract: Breast cancer (BC) remains one of the leading causes of cancer deaths among women
worldwide. Recently, studies of long non-coding RNAs (IncRNAs) involved in the regulation of
various signaling pathways in cells have become increasingly important, since they demonstrate
great prognostic potential in cancer. The aim of our work was to identify new aberrantly expressed
IncRNAs in BC. We identified 30 aberrantly expressed IncRNAs in BC. For most IncRNAs, a decrease
in the expression level by 2.34-13.2 times (p < 0.05) was noted, and only for IncRNA TERC, an increase
in the expression level by 2.24 times (p = 0.034) was noted. Of greatest interest are the data obtained
for the IncRNAs ADAMTS9-AS2, EMX20S, HOTAIRM1 and MEGS, as they are consistent with the
data of the bioinformatic analysis.

Keywords: long non-coding RNAs; breast cancer; biomarkers; cancer prognosis; epigenetical
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1. Introduction

According to the data of the International Agency for Research on Cancer (IARC),
breast cancer (BC) is recognized as the most frequently diagnosed type of cancer (more
than 2.26 million new cases) and was the cause of death of almost 685,000 people in 2020.
Thus, in 2020, breast cancer overtook lung cancer in terms of the number of diagnosed
cases and became the most common cause of cancer death among women and the fifth
most common cause of cancer death overall. IARC estimates the incidence of breast cancer
will increase to 3 million new cases per year, and mortality from breast cancer will increase
to 1 million deaths per year by 2040 [1].

BC is characterized by significant variability in cellular composition, as well as histolog-
ical, expressional, genotypic and epigenetic heterogeneity. Based on immunohistochemistry
data, namely the expression of estrogen and progesterone receptors in cancer cells, BC
is divided into four molecular subtypes: luminal A, luminal B, Her-2 positive and triple
negative breast cancer. The molecular subtype of breast cancer determines the response of
patients to various therapies, including targeted anticancer therapies [2—4].

Epigenetic deregulation in cells has a decisive influence on the development and
progression of cancer [5,6]. To date, such ways of epigenetic regulation as DNA methyla-
tion, histone modifications [7], abnormal expression of miRNAs, long non-coding RNAs
(IncRNAs) and small nucleolar RNAs are known. IncRNAs, their genes accounting for up
to 80% of the mammalian genome, play a key role in the regulation of gene expression and
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in cancer biology through various mechanisms, including chromosome remodeling and
transcriptional and post-transcriptional modifications [4,8-10].

Despite the increasing effectiveness of diagnostic and therapeutic strategies, the recov-
ery for BC remains limited [11]. The lack of validated diagnostic and prognostic biomarkers
is one of the reasons for failures in the early detection and treatment of breast cancer world-
wide [12,13]. We conducted an experimental search for long non-coding RNAs that change
expression in breast cancer, which can be used in the future as markers of this disease or
targets/agents of targeted therapy, and compared our data with available online databases.

2. Materials and Methods

Sample collection. In total, 24 paired tissue samples from the tumor and adjacent
histologically normal tissue were collected and characterized at the National Medical
Research Center of Oncology named after N.N. Blokhin. When performing a planned
surgical operation, samples were collected, and tumor areas with a tumor cell content of at
least 70% and adjacent tissue areas in which no tumor cells were found during a histological
analysis were taken for the study.

RNA Isolation. Total RNA was isolated by a modified guanidine thiocyanate—phenol-
chloroform extraction method in an acidic acetate buffer (previously described in [14]). The
concentration of total RNA was determined spectrophotometrically using the NanoDrop
1000 (Thermo Scientific, Waltham, MA, USA). RIN was determined from the results of
total-RNA-denaturing electrophoresis in 1% agarose gel [14].

Reverse transcription and PCR. In total, 1 pug of total RNA was taken into the reverse
transcription reaction; the reaction was carried out using the RT2 First Strand Kit (QIA-
GEN Sciences, Frederick, MD, USA) according to the manufacturer’s protocol. PCR was
performed using the RT2 SYBR® Green qPCR Mastermix and RT2 IncRNA PCR Array
#LAHS-002Z (QIAGEN Sciences, USA) according to the manufacturer’s protocol. Controls
for the genomic DNA contamination, reverse transcription reaction and PCR, and reference
genes, were included in the RT2 IncRNA PCR Array panel.

Statistical processing of the results was carried out using QIAGEN’s GeneGlobe Data
Analysis Center (https://geneglobe.qiagen.com/us/analyze/, accessed on 4 September
2022) [15]; Cq was 39 because some IncRNAs are relatively weakly expressed in breast
tissue. RNA isolated from histologically normal tissue was used in the Control Group, and
RNA from tumor tissue was used in the Experimental Group (Test Group 1).

Bioinformatics. In parallel with the analysis of the expression of IncRNAs in clinical
samples, a search for differentially expressed IncRNAs in BC was carried out using the
GEPIA database (http://gepia.cancer-pku.cn/, accessed on 6 November 2022) [16].

3. Results and Discussion

We analyzed the expression of 84 IncRNAs validated by QIAGEN Sciences for BC
(Figure 1). Expression of 30 of them significantly changed in tumor tissues compared to the
histological norm (p < 0.05); a change in expression by two or more times was considered
significant. Moreover, for 29 IncRNAs, a decrease of 2.34-13.2 times was revealed, and only
for TERC, an increase in expression by 2.24 times was found (Table 1).

In parallel with the experimental search for IncRNA aberrantly expressed in BC, we an-
alyzed data from the Gene Expression Profiling Interactive Analysis database (GEPIA) [16]
(Figure 2).

TERC (telomerase RNA component) serves as a template for telomere replication
catalyzed by the telomerase enzyme, which contributes to the uncontrolled proliferation of
cancer cells. Despite the fact that our experimental data were not confirmed by the data
of the GEPIA database for breast cancer, an increase in TERC expression was shown for
gastric cancer [17], and TERC was proposed as a diagnostic marker in cervical cancer [18]
and lung cancer [19].


https://geneglobe.qiagen.com/us/analyze/
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Figure 1. Heat map of changes in the IncRNA expression levels in tumor tissues compared to
histologically normal tissues. (A)—heat map; color scale of changes (log2) is given on the right.
(B)—the table indicating the symbol of the IncRNA, the expression changes (fold regulation) and
statistical significance ((A)—expression varies greatly within the group, which makes statistical
analysis difficult and (B)—the value may be insignificant, p > 0.05).
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Figure 2. IncRNA expression profile of TERC, ADAMTS9-AS2, EMX20S, HOTAIRM1 and MEG3
in BC according to the GEPIA database [18]. Red indicates the expression level in the tumor tissue
(1085 samples); blue indicates the expression level in normal tissue (291 samples); and * p < 0.01.
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Table 1. The most significant IncRNA expression changes in tumor tissue compared to the histological

norm (mean values are shown).

Fold Regulation
Symbol p-Value
(Mean)

TERC 2.24 0.034325
ACTA2-AS1 —4.25 0.02341
ADAMTS9-AS2 —7.21 0.000352
BANCR —4.88 0.043833
EMX20S —13.2 0.004726
H19 —2.94 0.020427
HAND2-AS1 —6.91 0.030796
HIF1A-AS1 —5.14 0.044182
HOTAIRM1 —3.67 0.003605
HOXA-AS2 —6.46 0.031769
JADRR —6.92 0.03366
KRASP1 —6.06 0.040312
LINC00312 —7.83 0.002035
LINC00538 —5.85 0.036459
LINCO01233 —6.62 0.02316
LSINCT5 —5.66 0.033926
LUCAT1 —457 0.003831
MEG3 —4.56 0.044958
MIR31HG —2.87 0.04044
MIR7-3HG —5.56 0.043805
NAMA —4.85 0.037223
PCA3 —5.84 0.045823
PCGEM1 —5.94 0.04299
PTENP1 —7.68 0.028923
SPRY4-IT1 —5.14 0.001182
TRERNA1 —5.8 0.043079
TSIX —5.79 0.023387
TUSC?7 —6.37 0.03224
WT1-AS -5.7 0.039399
XIST —2.34 0.03889

MEG3 (maternally expressed 3) is a relatively well-studied IncRNA demonstrating
oncosuppressive properties. A systemic meta-analysis showed an association between the
suppression of MEG3 expression and poor outcome in patients with cancer of different
localizations [20]. MEG3 expression is reduced in cell lines and tissues of ovarian cancer [21].
An increase in MEG3 expression prevented cell proliferation and induced apoptosis in
cell lines of ovarian, cervical, and other cancers [22]. Competitively interacting with miR-
421, MEG3 enhances the action of E-cadherin, which blocks the epithelial-mesenchymal
transition [23].

ADAMTS9-AS2 also exhibits suppressor properties in cancer. Various authors have
studied ADAMTS9-AS2 in regulating the development of gastric cancer [24] and lung
cancer [25]. EMX2OS is still undergoing relatively little study; however, competitive
interaction of this IncRNA with some microRNAs in the Wilms tumor [26] and its prognostic
value in gastric cancer have been shown [27].

The IncRNA HOTAIRM1 has already been proposed as a biomarker for oral squamous
cell carcinoma [28], and its role in the proliferation and metastasis of breast cancer has
also been proposed [29]; the development of resistance to tamoxifen therapy due to the
regulation of HOXA1 protein expression is being studied [30].

4. Conclusions

IncRNAs are involved in the regulation of multiple cancer features. Their associa-
tion with inhibition of apoptosis, initiation of invasion and metastasis and activation of
angiogenesis has been shown (see review [31]).
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During the experimental and bioinformatic analysis of changes in IncRNA expression
in breast cancer, we have identified TERC, ADAMTS9-AS2, EMX20S, HOTAIRM1 and
MEG3 IncRNAs with biomarker potential. The further study of IncRNA expression and its
regulation will also help in the development of targeted anticancer therapy.
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