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Abstract.
BACKGROUND: Breast cancer is the most commonly occurring cancer worldwide and is the main cause of death from cancer in
women. Novel biomarkers are highly warranted for this disease.
OBJECTIVE: Evaluation of novel long non-coding RNAs biomarkers for breast cancer.
METHODS: The study comprised the analysis of the expression of 71 candidate lncRNAs via screening, six of which (four
underexpressed, two overexpressed) were validated and analyzed by qPCR in tumor tissues associated with NST breast carcinomas,
compared with the benign samples and with respect to their clinicopathological characteristics.
RESULTS: The results indicated the tumor suppressor roles of PTENP1, GNG12-AS1, MEG3 and MAGI2-AS3. Low levels
of both PTENP1 and GNG12-AS1 were associated with worsened progression-free and overall survival rates. The reduced
expression of GNG12-AS1 was linked to the advanced stage. A higher grade was associated with the lower expression of PTENP1,
GNG12-AS1 and MAGI2-AS3. Reduced levels of both MEG3 and PTENP1 were linked to Ki-67 positivity. The NRSN2-AS1 and
UCA1 lncRNAs were overexpressed; higher levels of UCA1 were associated with multifocality.
CONCLUSIONS: The results suggest that the investigated lncRNAs may play important roles in breast cancer and comprise a
potential factor that should be further evaluated in clinical studies.

Keywords: Breast cancer, GNG12-AS1, clinical outcomes, long non-coding RNAs, MAGI2-AS3, MEG3, NRSN2-AS1, PTENP1,
UCA1
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1. Introduction1

Globally, female breast cancer is the most common2

form of cancer and the leading cause of death from3

cancer in women. It recently accounted for 2.26 million4

new cases and 685 thousand deaths per year, ranking in5

first position in terms of its incidence in the vast ma-6

jority of countries worldwide and 110 countries with7

respect to mortality [1]. The development of novel di-8

agnostic and screening, prediction/prognosis and treat-9

ment options and tools for breast cancer patients is thus10

crucial in terms of improving current tumor burden and11

patient outcomes.12

Long non-coding RNAs (lncRNAs), which com-13

prise RNA transcripts of larger than 200 nucleotides,14

are thought to play important roles in the cell prolif-15

eration, differentiation, migration and apoptosis pro-16

cesses, which potentially contribute to the pathogen-17

esis of many diseases, including cancer. This group18

of non-coding RNAs (so termed since they do not en-19

code proteins but, according to recent findings, may20

encode peptides (e.g. [2])) comprises six major cate-21

gories, i.e. sense lncRNAs, antisense lncRNAs, bidi-22

rectional lncRNAs, intron lncRNAs, intergenic lncR-23

NAs and enhancer lncRNAs (see [3,4]). LncRNAs are24

thought to regulate gene expression in various ways25

due to their involvement in both transcriptional and26

post-transcriptional regulation. Moreover, lncRNAs are27

thought to interfere with mRNA splicing and to partici-28

pate in mRNA degradation and they may also affect and29

regulate protein stability and participate in epigenetic30

regulation, e.g. DNA methylation and histone modifica-31

tion. Concerning cancer, drug resistance may be closely32

related to the abnormal expression of long non-coding33

RNAs that act in concert with microRNAs [5]. Put sim-34

ply, the functions of lncRNAs are complicated and have35

not yet been fully determined (see [4]). In a similar way36

to other non-coding RNAs (such as microRNAs), lncR-37

NAs occur not only within cells and tissues, but also in38

body fluids, which makes them a useful tool in terms of39

their potential use as molecular biomarkers due to their40

altered expression (see [6]).41

Over the last few years, several studies have investi-42

gated the expression of long non-coding RNAs in breast43

cancer using various types of samples, including body44

fluids (e.g. [7,8]) and demonstrated the role of lncRNAs45

as potential biomarkers. Along with other studies that46

focused on tumor tissues and cell lines, particular lncR-47

NAs have been identified in terms of their contribution48

to the development of breast cancer or their roles as49

tumor suppressors, and have demonstrated associations50

with clinical parameters including patient outcomes and 51

therapy responses. With respect to breast tumorigen- 52

esis, the cellular functions of various lncRNAs have 53

been shown to influence e.g. cell proliferation, inva- 54

sion and metastasis and chemoresistance, or to affect 55

epithelial-mesenchymal transition (EMT). Many target 56

genes and microRNAs have been identified as being 57

involved in these IncRNA regulatory effects (see [4], 58

e.g. [9,10]). However, due to the lack of a comprehen- 59

sive evaluation of the differences in the expression of 60

lncRNAs in differing geographical regions in the form 61

of independent studies, their general roles, including 62

their potential clinical impact on breast cancer patients, 63

have not yet been fully determined. 64

This study investigated the expression of long- 65

noncoding RNAs in both breast cancer tumor tissues 66

and benign samples. Following initial screening, the 67

expression of selected lncRNA candidates was further 68

evaluated for validation purposes and with respect to 69

their associations with clinicopathological and survival 70

data, which served to indicate the importance of their 71

roles in breast carcinogenesis. 72

2. Materials and methods 73

2.1. Patients and samples 74

The study comprised a single-center prospective 75

study conducted in accordance with the Helsinki Dec- 76

laration and approved by the multi-centric Ethics Com- 77

mittee of the General University Hospital in Prague 78

(VFN Praha, no. 127/20 S-IV) and the Ethics Com- 79

mittee of the University Hospital in Brno (FN Brno). 80

Tumor samples were obtained from patients who were 81

receiving treatment for no-special-type (NST) invasive 82

breast carcinoma at the University Hospital in Brno 83

(n = 29). Benign samples (n = 29) were obtained to 84

serve as benign counterparts of the tumors from the 85

same patients, or were obtained via biopsies from other 86

breast cancer patients. All the samples were obtained 87

prior to chemotherapy or hormonal treatment. All the 88

enrolled patients were female Caucasians. The main 89

clinicopathological characteristics of the patients are 90

shown in Table S1. 91

2.2. Clinical samples – pathological examination, 92

collection and processing 93

The original pathological samples of the NST breast 94

carcinomas and benign samples were examined by ex- 95
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pert pathologists and the clinicopathological data was96

further reviewed by both pathologists and attending ex-97

pert physicians. The pathological assessment included98

the determination of levels for the Ki-67 prolifera-99

tion marker, human epidermal growth factor receptor100

2 (Her2) and progesterone and estrogen receptors. The101

tumor and benign tissue samples were transferred to102

tubes containing an RNAlater (Thermo Fisher Scien-103

tific) liquid solution that ensured the preservation of the104

RNA. The samples were stored at −25◦C. Total RNA105

was isolated from the tissue samples using a mirVana106

miRNA Isolation Kit (Ambion/ThermoFisher Scien-107

tific, cat. no. AM1560) according to the manufacturer’s108

instructions, and stored at −80◦C.109

2.3. Reverse transcription and qPCR110

The total RNA was reverse-transcribed to cDNA111

using a Superscript Vilo IV kit with initial ezDNase112

treatment according to the manufacturer’s instructions.113

The cDNA thus obtained was aliquoted and stored at114

−25◦C.115

The screening of the long non-coding RNA expres-116

sion considered five tumor samples and five benign117

counterpart samples taken from the same patients, and118

was performed using configured 96-well plates that119

contained assays for 71 candidate lncRNA targets with120

potential roles in breast carcinogenesis and three en-121

dogenous controls (18S rRNA, GAPDH and actin beta)122

(TaqMan Array Human Breast Cancer lncRNA 96-123

well plate, standard (Configurable), Catalog number:124

4391524, Thermo Fisher Scientific, Foster City, USA).125

Each plate served for individual samples (i.e. no pool-126

ing). The original array content was modified (some127

genes were removed and supplemented with other can-128

didates based on the literature (see Table S2). The re-129

action volume per one target/well was 20 µl, consist-130

ing of cDNA and water (1/2 volume) and Xceed buffer131

(1/2 volume, IAB Czech Republic, Catalog number132

HPCR10502L). The qPCR amplification reactions were133

run on an ABI7900 device with standard thermal cycler134

parameters, i.e. 50◦C for 2 min, 95◦C for 10 min, 40135

cycles: 95◦C for 15 sec, 60◦C for 1 min.136

The validation of the expression of the candidate137

lncRNAs was performed employing various gene ex-138

pression assays (see Table S2) that were selected ac-139

cording to the screening results (their differential ex-140

pression and qPCR performance) and the literature.141

Six lncRNA genes, i.e. PTENP1, GNG12-AS1, MEG3,142

MAGI2-AS3, NRSN2-AS1 and UCA1 were tested for143

validation purposes and 18S, GAPDH and actin beta144

were used as endogenous controls for normalization 145

according to geNorm analysis (qbase+). The qPCR re- 146

actions consisted of 10 µl of reaction volume per well 147

and were run on a CFX Connect Real-Time PCR Detec- 148

tion System (BioRad) applying the following thermal 149

cycler parameters: 50◦C for 2 min, 95◦C for 10 min, 40 150

cycles: 95◦C for 15 sec, 60◦C for 30 sec. 151

2.4. External validation of lncRNAs expression 152

Alterations and possible associations of lncRNA ex- 153

pressions with other characteristics were additionally 154

explored and evaluated using dataset sources for breast 155

cancer based on RNAseq data (The Cancer Genome At- 156

las Program (TCGA, IlluminaHiSeq) [11] and microar- 157

ray expression data (Gene Expression Omnibus (GEO) 158

repository [12,13]. The TCGA breast cancer data sets 159

were obtained and processed as log2(RSEM+1) data via 160

the USSC Xena platform along with the data set for nor- 161

mal controls (GTEx, patients without cancer) (TCGA 162

TARGET GTEx dataset), TCGA and TARGET Pan- 163

Cancer dataset for invasive breast cancer samples, and 164

GDC TCGA Breast Cancer (BRCA) for invasive duc- 165

tal carcinomas, NOS [14,15]. Data from GEO datasets 166

were processed as normalized counts. 167

2.5. Statistical analysis 168

qbase+ [16,17] and MedCalc statistical software 169

(Belgium) were used to analyze the expression data 170

(log-transformed CNRQ data exported from qbase+ 171

was used in MedCalc). Two expression level cut-offs, 172

i.e. Ct < 35 and Ct 6 40 were applied in the screening 173

and validation experiments for targets with reduced or 174

no expression (Ct > 35). Global mean normalization 175

was applied in the screening along with three-control 176

normalization (18S, GAPDH and actin beta); the lat- 177

ter controls were also used in the validation experi- 178

ment. Nonparametric Mann-Whitney tests were applied 179

to identify differences in the expression between the 180

pathological and control samples, and receiver oper- 181

ating characteristic (ROC) curve analysis was used to 182

evaluate the area under the curve (AUC), the sensitiv- 183

ity and the specificity. The data used in the validation 184

experiment was corrected for multiple testing apply- 185

ing the Benjamini-Hochberg procedure. The Kruskal – 186

Wallis test, the Jonckheere-Terpstra trend test and the 187

Mann-Whitney test were used for the testing of the 188

associations with the stages and grades. The datasets 189

were analyzed accordingly. P values of < 0.05 were 190

considered significant in all the tests. 191
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Table 1
Differential lncRNA expression and fold differences between breast cancer tumors and benign tissues
(Screening experiment)

I. Global mean normalization
lncRNA FD Ct 6 40 95% CI, low 95% CI, high P

Downregulated expression
MAGI2-AS3-Hs00416573_m1 −7.65 −18.31 −3.20 0.00794
PTENP1-Hs04272891_s1 −4.82 −10.66 −2.18 0.00794
FGF14-AS2-Hs03656456_s1 −4.53 −7.17 −2.87 0.00794
MEG3-Hs00292028_m1 −3.81 −6.74 −2.16 0.00794
MIR100HG-Hs04980371_m1 −3.34 −6.66 −1.68 0.00794
HOXA-AS2-Hs00940777_m1 −3.38 −5.88 −1.94 0.00794
Snhg14-Mm03952269_m1 −2.97 −7.10 −1.24 0.03175
Sox2ot-Mm01291217_m1 −2.97 −7.10 −1.24 0.03175
GNG12-AS1-Hs01373551_m1 −2.69 −6.03 −1.20 0.00794
LUCAT1-Hs00884761_s1 −2.01 −3.92 −1.03 0.03175
LOC100129550-Hs03644968_s1 −1.85 −2.55 −1.35 0.00794

Upregulated expression FD Ct 6 40 95% CI, low 95% CI, high P

MIAT-Hs00978815_m1 32.70 8.51 125.67 0.00794
UCA1-Hs01909129_s1 5.68 0.65 49.50 0.03175
CDKN2B-AS1-Hs01390879_m1 4.42 1.32 14.87 0.03175
CASC2-Hs00289594_m1 2.06 1.21 3.51 0.03175
NRSN2-AS1-Hs04403463_m1 2.27 1.53 3.35 0.01587
PVT1-Hs00413039_m1 1.99 1.42 2.78 0.00794
MALAT1-Hs00273907_s1 1.72 1.06 2.80 0.03175

lncRNA FD (Ct < 35) 95% CI, low 95% CI, high P

Downregulated expression
MAGI2-AS3-Hs00416573_m1 −7.02 −16.70 −2.95 0.00794
PTENP1-Hs04272891_s1 −4.42 −9.01 −2.17 0.00794
FGF14-AS2-Hs03656456_s1 −4.16 −6.52 −2.65 0.00794
HOXA-AS2-Hs00940777_m1 −3.65 −6.33 −2.10 0.01587
MEG3-Hs00292028_m1 −3.50 −6.55 −1.87 0.00794
MIR100HG-Hs04980371_m1 −3.07 −5.71 −1.65 0.00794
GNG12-AS1-Hs01373551_m1 −2.46 −5.42 −1.12 0.03175
LUCAT1-Hs00884761_s1 −1.84 −3.53 −0.96 0.03175
LOC100129550-Hs03644968_s1 −1.70 −2.33 −1.24 0.00794

Upregulated expression
NRSN2-AS1-Hs04403463_m1 2.47 1.66 3.67 0.00794
PVT1-Hs00413039_m1 2.16 1.50 3.12 0.00794
CASC2-Hs00289594_m1 2.24 1.34 3.77 0.00794
MALAT1-Hs00273907_s1 1.88 1.25 2.83 0.03175

II. Normalization with 18S, GAPDH and actin beta
lncRNA FD Ct 6 40 95% CI, low 95% CI, high P

Downregulated expression
MAGI2-AS3-Hs00416573_m1 −10.17 −25.36 −4.08 0.00794
PTENP1-Hs04272891_s1 −6.41 −15.81 −2.60 0.00794
FGF14-AS2-Hs03656456_s1 −6.02 −10.15 −3.57 0.00794
MEG3-Hs00292028_m1 −5.07 −9.14 −2.81 0.00794
HOXA-AS2-Hs00940777_m1 −4.49 −8.02 −2.51 0.00794
MIR100HG-Hs04980371_m1 −4.44 −9.08 −2.17 0.00794
Snhg14-Mm03952269_m1 −3.95 −9.81 −1.59 0.01587
Sox2ot-Mm01291217_m1 −3.95 −9.81 −1.59 0.01587
GNG12-AS1-Hs01373551_m1 −3.57 −9.41 −1.36 0.00794
LUCAT1-Hs00884761_s1 −2.66 −4.56 −1.56 0.00794
RP9P-Hs03300295_m1 −2.52 −5.24 −1.22 0.03175
LOC100129550-Hs03644968_s1 −2.46 −3.97 −1.52 0.00794
FGD5-AS1-Hs01895249_s1 −2.10 −3.69 −1.19 0.03175
PSMD6-AS2-Hs03838639_s1 −1.87 −2.79 −1.25 0.00794
SNHG6-Hs00417251_m1 −1.84 −3.26 −1.04 0.03175
GAS5-Hs05021116_g1 −1.73 −2.83 −1.06 0.03175
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Table 1, continued

lncRNA FD Ct 6 40 95% CI, low 95% CI, high P

Upregulated expression
MIAT-Hs00978815_m1 24.61 7.56 80.12 0.00794
NRSN2-AS1-Hs04403463_m1 1.70464 1.16291 2.49873 0.03175

lncRNA FD (Ct < 35) 95% CI, low 95% CI, high P

Downregulated expression
MAGI2-AS3-Hs00416573_m1 −10.17 −25.36 −4.08 0.00794
PTENP1-Hs04272891_s1 −6.41 −15.81 −2.60 0.00794
FGF14-AS2-Hs03656456_s1 −6.02 −10.15 −3.57 0.00794
HOXA-AS2-Hs00940777_m1 −5.19 −9.01 −2.99 0.01587
MEG3-Hs00292028_m1 −5.07 −9.14 −2.81 0.00794
MIR100HG-Hs04980371_m1 −4.44 −9.08 −2.17 0.00794
GNG12-AS1-Hs01373551_m1 −3.57 −9.41 −1.36 0.00794
LUCAT1-Hs00884761_s1 −2.66 −4.56 −1.56 0.00794
RP9P-Hs03300295_m1 −2.52 −5.24 −1.22 0.03175
LOC100129550-Hs03644968_s1 −2.46 −3.97 −1.52 0.00794
FGD5-AS1-Hs01895249_s1 −2.10 −3.69 −1.19 0.03175
PSMD6-AS2-Hs03838639_s1 −1.87 −2.79 −1.25 0.00794
SNHG6-Hs00417251_m1 −1.84 −3.26 −1.04 0.03175
GAS5-Hs05021116_g1 −1.73 −2.83 −1.06 0.03175

Upregulated expression
NRSN2-AS1-Hs04403463_m1 1.70464 1.16291 2.49873 0.03175

Consistently deregulated lncRNAs in all normalization procedures and all cut-offs
Downregulated expression

MAGI2-AS3-Hs00416573_m1
PTENP1-Hs04272891_s1
FGF14-AS2-Hs03656456_s1
HOXA-AS2-Hs00940777_m1
MEG3-Hs00292028_m1
MIR100HG-Hs04980371_m1
GNG12-AS1-Hs01373551_m1
LUCAT1-Hs00884761_s1
LOC100129550-Hs03644968_s1

Upregulated expression
NRSN2-AS1-Hs04403463_m1

Notes: Individual lncRNA codes are as indicated in the TaqMan Assays. Two cut-offs of expression
level, i.e. Ct < 35 and Ct 6 40 were applied in screening experiment. FD, fold difference; CI,
confidence interval. Only significant differences are noted.

3. Results192

3.1. Screening experiment193

In total, five tumor samples and five benign coun-194

terparts from the same patients were analyzed in the195

screening experiment. Of the 71 tested lncRNAs, and196

applying global mean normalization, 13 lncRNAs were197

found to be significantly differentially expressed (Ct198

< 35), of which nine were underexpressed and four199

were overexpressed between the cancer and the be-200

nign samples. Applying a cut-off of Ct 6 40, 11201

lncRNAs were observed to be underexpressed and202

seven overexpressed. Applying three-control normal-203

ization, 16 underexpressed lncRNAs and two overex-204

pressed lncRNAs (Ct 640), and 14 underexpressed205

lncRNAs along with one overexpressed lncRNA (Ct <206

35) were observed. Nine lncRNAs were observed to 207

be consistently underexpressed for all four calculation 208

procedures, i.e. MAGI2-AS3, PTENP1, FGF14-AS2, 209

HOXA-AS2, MEG3, MIR100HG, GNG12-AS1, LU- 210

CAT1 and LOC100129550, while only one lncRNA 211

(NRSN2-AS1) was consistently overexpressed. For de- 212

tails, see Table 1. 213

3.2. Validation experiment 214

The validation experiment comprised the evaluation 215

of the altered lncRNA expression with respect to the 216

screening experiment using 29 tumor samples and 29 217

benign samples. We selected downregulated PTENP1, 218

GNG12-AS1, MEG3, MAGI2-AS3 and upregulated 219

NRSN2-AS1 and UCA1 lncRNAs for validation pur- 220

poses. The analysis of all the samples for validation rea- 221
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Table 2
Differential lncRNA expression and fold differences between breast cancer tumors and benign
tissues (Validation experiment)

lncRNA FD (Ct 6 40) 95% CI, low 95% CI, high P

Downregulated expression
PTENP1 −8.06 −12.38 −5.25 0.00000001
MAGI2-AS3 −5.89 −10.02 −3.46 0.00000020
MEG3 −3.83 −5.40 −2.72 0.00000014
GNG12-AS1 −3.35 −4.95 −2.27 0.00000141

Upregulated expression
UCA1 2.16 1.32 3.54 0.00740687
NRSN2-AS1 1.73 1.29 2.31 0.00049781

lncRNA FD (Ct < 35) 95% CI, low 95% CI, high P

Downregulated expression
PTENP1 −8.13 −12.44 −5.31 0.00000001
MAGI2-AS3 −5.89 −10.02 −3.46 0.00000020
MEG3 −3.83 −5.40 −2.72 0.00000014
GNG12-AS1 −3.35 −4.95 −2.27 0.00000141

Upregulated expression
NRSN2-AS1 1.71 1.28 2.29 0.00060548
UCA1 1.55 1.02 2.34 0.04113247

Notes: FD, fold difference; CI, confidential interval. Three endogenous controls (18S rRNA,
GAPDH and actin beta) were used for data normalizations. Two cut-offs of expression level, i.e.
Ct < 35 and Ct 6 40 were applied.

Fig. 1. Relative expression of long non-coding RNAs compared between tumor samples of breast cancer patients and benign tissue samples in the
Validation experiment. Notes: A clustered multiple-comparison graph showing mean lncRNA expression data (log-transformed CNRQ) as bar
charts. Error bars indicate 95% CI for the mean.
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Fig. 2. Relative expression of long non-coding RNAs compared among different tumor stages of breast cancer (Validation experiment). Notes: A
clustered multiple-comparison graph showing mean lncRNA expression data (log-transformed CNRQ) as bar charts. Error bars indicate 95% CI
for the mean.

sons revealed that the six investigated lncRNAs evinced222

significantly differentially expressed levels, with the223

pattern (down or upregulation) corresponding to the224

screening results. The degree of downregulation of the225

various evaluated lncRNAs was greater (from -8.13-226

fold for PTENP1 to -3.35-fold for GNG12-AS1) than227

observed for either of the two upregulated lncRNAs228

(around 2-fold). For details see Table 2 and Fig. 1.229

3.3. Receiver operating characteristics (ROC analysis)230

We subsequently investigated the diagnostic power231

of the considered lncRNA candidate biomarkers with232

respect to their area under curve (AUC), sensitivity233

and specificity. The downregulated lncRNAs performed234

better than the upregulated lncRNAs.235

Outstanding results were obtained for PTENP1 with236

AUC 0.958, with a sensitivity of 86.21% and speci-237

ficity of 100%. Acceptable AUC values of ∼ 0.90238

were determined for the three underexpressed lncR-239

NAs, i.e. MEG3 (AUC 0.918, sensitivity 79.31%, speci-240

ficity 100%), MAGI2-AS3 (AUC: 0.907, sensitivity241

79.31%, specificity 89.66%) and GNG12-AS1 (AUC:242

0.871, sensitivity 68.97%, specificity 100%). The re- 243

sults obtained for the overexpressed lncRNAs revealed 244

lower values, i.e. NRSN2-AS1: AUC 0.782, sensitivity 245

75.86%, specificity 68.97% and UCA1: AUC 0.719, 246

sensitivity 55.17%, specificity 89.66%. We then applied 247

logistic regression and combined the expressions for 248

MEG3, MAGI2-AS3 and GNG12-AS1, which resulted 249

in the determination of outstanding values for this three- 250

lncRNA signature panel, i.e. an AUC of 0.973, sensi- 251

tivity of 89.66% and specificity of 96.55%. For details 252

see Table S3. 253

3.4. Associations with the clinicopathological data 254

3.4.1. Age, stage and grade 255

No association was determined between the expres- 256

sion data and the age. 257

Concerning the tumor stage, we determined a 258

marginally significant association for GNG12-AS1 259

(p = 0.062741), which revealed a significant lower the 260

expression the more advanced the stage trend (ptrend = 261

0.04101). For details see Figs 2 and 3. 262

Concerning the clinical stage, lower levels of 263

GNG12-AS1 were significantly associated with more 264
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Fig. 3. Relative expression of GNG12-AS1 in three tumor stages of breast cancer tissue samples (Validation experiment). Notes: A box of the
box-plot is drawn from the 1st to 3rd quartile (the 25th and 75th percentiles). A horizontal line within a box plot represents the median. Horizontal
lines are drawn at the highest value and the lowest expression value.

advanced stages (p = 0.044762, ptrend = 0.01188), re-265

vealing significant differences between clinical stage266

1 and stages 3 and 4, and clinical stage 2 and clinical267

stage 4 (p < 0.05).268

We determined significant associations between the269

lncRNA expression and the grade for three lncRNAs.270

Significant differences were observed particularly be-271

tween grades 1 and 3 (GNG12-AS1, p = 0.0433,272

PTENP1, p = 0.0094 and MAGI2-AS3, p = 0.0094),273

the latter also revealing a difference between grades 1274

and 2 (p = 0.0322). A lower lncRNA expression was275

recorded for the more advanced grades in all these asso-276

ciations. The course of the lncRNAs expression changes277

in relation to the tumor grade is depicted in Fig. 4.278

3.4.2. Multifocality and lymph node metastasis (LNM)279

A significant association between higher expres-280

sion and multifocality was determined for UCA1 (p =281

0.0206) (Figure S1), while the low expression of MEG3282

was marginally significantly (p = 0.0672) associated283

with this clinical parameter. Only a marginally signif-284

icant association between LNM positivity and higher285

expression was noted for UCA1 (p = 0.0709).286

3.4.3. Ki-67 proliferation marker, estrogen (ER) and287

progesterone (PR) receptors288

Both MEG 3 and PTENP1 indicated that their lower289

expression was linked significantly with the Ki-67- 290

positive samples when the two common cut-offs 20% 291

(MEG3, p = 0.0328, Figure S2; PTENP1, p = 0.0447, 292

Figure S3) and 15% (MEG3, p = 0.0401; PTENP1, 293

p = 0.0132) were applied. 294

ER positivity (10% cut-off) was significantly linked 295

with the elevated expression of NRSN2-AS1 (p = 296

0.0499, Figure S4), and also marginally significantly 297

for GNG12-AS1 (p = 0.0766). A similar (but only 298

marginally significant) pattern was observed for the dual 299

positivity of ER and PR (10% cut-off) and the increased 300

expression of these two lncRNAs (GNG12-AS1, p = 301

0.0611; NRSN2-AS1, p = 0.0738). 302

A marginally significant association was noted for 303

PR negativity (10% cut-off) and the lower expression 304

of GNG12-AS1 (p = 0.0682). 305

3.5. Survival analysis – progression-free survival, 306

overall survival 307

The samples were divided into low and high expres- 308

sion subgroups according to the levels of the particular 309

lncRNA expressions, and the data was analyzed with 310

respect to the patient outcomes (progression-free sur- 311

vival – PFS overall survival – OS) applying Kaplan- 312

Meier survival analysis and log-rank tests. The data on 313
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Fig. 4. Relative expression of long non-coding RNAs compared among different tumor grades of breast cancer (Validation experiment). Notes: A
clustered multiple-comparison graph showing mean lncRNA expression data (log-transformed CNRQ) as bar charts. Error bars indicate 95% CI
for the mean.

two of the patients was excluded, one due to the lack314

of a follow-up and the other due to fatal post-surgery315

complications. In total, the outcome data for 27 patients316

was considered in the survival analysis. The follow-317

up time of the patients ranged from 34 to 257 weeks318

(4.93 years); the median was 218 weeks (95% CI for319

the median: 185.6 to 225.0).320

The PFS survival rate was observed to be signifi-321

cantly and remarkably better for the patients whose322

expression levels of PTENP1 (PFS: 257 weeks/59.1323

months, see Fig. 5) and GNG12-AS1 (PFS: 240 weeks/324

55.2 months, see Fig. 6) were higher than those325

of the low expression subgroups (PTENP1, PFS:326

172 weeks/39.6 months; GNG12-AS1 (PFS: 184327

weeks/42.3 months). Moreover, this pattern was also328

observed for the OS rates with respect to these two329

lncRNAs, which evinced better outcomes for pa-330

tients with higher expressions than the low expression331

subgroup (PTENP1: 257 weeks/59.1 months versus332

213 weeks/49 months; GNG12-AS1: 240 weeks/55.2333

months versus 216 weeks/49.7 months) although the re-334

sults were only marginally significant (both p = 0.0559)335

(see Figures S5 and S6). The other results both for PFS336

and OS were not significant for the remaining lncRNAs.337

In addition, all the cases of progression or death were 338

recorded in connection with the two afore-mentioned 339

lncRNAs i.e. PTENP1 and GNG12-AS1 in the low 340

expression subgroups. The associations between the 341

lncRNA expression and the clinical outcomes are shown 342

in Table S4. 343

3.6. External evaluation using expression datasets 344

3.6.1. TCGA-based data 345

3.6.1.1. Tumors versus controls 346

First, we used a combined TCGA GTEX data set as 347

the primary dataset based on TCGA RNAseq data for 348

breast cancer available for all six investigated lncRNAs. 349

This dataset includes 1092 primary invasive breast can- 350

cer samples (including both ductal and lobular carci- 351

nomas), 7 metastatic, 113 adjacent (benign) and 179 352

normal tissue (from patients without cancer) samples. 353

The expression differences in this dataset generally 354

corresponded with our results concerning both down- 355

and upregulations for all tested lncRNAs (see Table 356

S5 and Fig. 7). Interestingly, PTENP1 expression was 357

downregulated comparing primary tumors with adjacent 358

normal tissue (similarly as in our study) but upregulated 359
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Fig. 5. Progression-free survival in relation to PTENP1 expression levels. Notes: Univariate Kaplan-Meier survival curves for progression-free
survival (PFS) related to low and high concentrations of PTENP1 in breast cancer tumors. Mean PFS for the low expression subgroup was 3.3
years (171.7 weeks), and for the high expression subgroup it was 4.9 years (257 weeks).

Fig. 6. Progression-free survival in relation to GNG12-AS1 expression levels. Notes: Univariate Kaplan-Meier survival curves for progression-free
survival (PFS) related to low and high concentrations of GNG12-AS1 in breast cancer tumors. Mean PFS for the low expression subgroup was 3.5
years (183.8 weeks), and for the high expression subgroup it was 4.6 years (240 weeks).
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Fig. 7. Relative expression of lncRNAs in primary tumors, metastatic samples, benign (“adjacent normal”) and normal mammary tissues in TCGA
GTEX data set focused on invasive breast cancer samples.. Notes: A box of the box-plot is drawn from the 1st to 3rd quartile (the 25th and 75th
percentiles). A horizontal line within a box plot represents the median. Horizontal lines are drawn at the highest value and the lowest expression
value. Circles and squares represent outside values.

between primary tumor and normal tissue. This pattern360

was unique among the tested lncRNAs. However, it361

should be noted that this dataset contains data for all362

invasive breast cancer specimens.363

Next, using GDC TCGA Breast Cancer (BRCA)364

dataset we selected invasive ductal carcinomas and365

compared their lncRNAs expression among four differ-366

ent stages groups (I-IV) available for 748 samples. Two367

investigated lncRNAs (MAGI2-AS3 and GNG12-AS1)368

evinced significant results. MAGI2-AS3 had the signif-369

icant different expression between stage I and stages370

II, III and IV (p = 0.003178) and a significant trend371

to lower expression in more advanced stages (ptrend =372

0.01595), GNG12-AS1 showed a difference between373

stage I and stages II and III (p = 0.000079) with a simi-374

lar trend (ptrend = 0.00002). Nevertheless, no significant375

associations were observed in Kaplan-Meier survival376

analyses focused on overall survival using this data set.377

The lncRNA expression alterations among the different378

stages is presented in Figure S7.379

Finally, we explored TCGA and TARGET Pan-380

Cancer dataset including invasive breast cancer samples381

using Xena hub. The expression of lncRNAs was com-382

pared according to BRCA-PAM50 characteristics (50-383

gene signature) of 834 samples designated as Her2, Lu- 384

minal A, Luminal B, Normal and Basal subtypes [18]. 385

As a result, significant differences were observed for 386

all but one lncRNA (UCA1) among different subtypes 387

(Table S5). 388

For example, apparently higher expression levels be- 389

tween normal subtype (along with luminal A) and other 390

subtypes were demonstrated for GNG12-AS1, MEG3 391

and MAGI2-AS3. PTENP1 expression was lowest in 392

the basal subtype (and luminal B) samples. NRSN2- 393

AS1 evinced highest expression in luminal B (and lu- 394

minal A) samples and the lowest in normal samples. As 395

HER2-enriched and basal-like subtypes are considered 396

more aggressive diseases, and luminal A should have a 397

better prognosis than luminal B subtype, these results 398

also supported our findings in the present study. For 399

details see Table S6. 400

3.6.1.2. Cell lines 401

We explored data sets available for breast cancer cell 402

lines using Xena hub (three datasets “Breast Cancer 403

Cell Lines (Heisner 2012)”, “Cell line Encyclopedia”, 404

“Neve 2006”). The only significant results were found 405

in the latter data source, where we analyzed PTENP1 406
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and MEG3 expression available (n = 57) in the Xena407

hub. Two data sets provided significant results, i.e. for408

MEG3 and Her2- positivity (lower expression in pos-409

itive samples, p = 0.04547, data set 212732_at), and410

ER-positivity for PTENP1 (higher expression in posi-411

tive samples, p = 0.01916), data set 217492_s_at).412

3.6.2. Geo datasets413

Eight eligible Geo datasets were selected to an-414

alyze microarray expression data using breast can-415

cer cells (GSE25976, GSE31812, GSE24460) or tis-416

sues (GSE5764, GSE23988, GSE22093, GSE3893,417

GSE27447). In the GSE22093 dataset, we found a sig-418

nificant association of grade and MEG3 expression419

(n = 79, lower expression in grade 3 as compared with420

grade 2 (p = 0.009736)). In the GSE25976 dataset,421

measurements of the UCA1 expression showed in-422

creased levels in metastatic variants (231BoM-1833,423

231BrM-2a) of the parental cell line MDA-MB-231.424

The remaining datasets had only limited data as regards425

sample numbers and availability for the tested lncR-426

NAs as well as a specific functional focus, therefore no427

significant results were obtained.428

4. Discussion429

A significant number of studies have considered the430

dysregulation and potential involvement of lncRNAs431

in breast cancer. However, the impact and roles of the432

various lncRNAs in breast carcinogenesis is complex433

and the current knowledge of these processes remains434

limited, which also holds true with concern to their435

potential contribution to patient outcomes. This study436

explored the potential roles of lncRNAs in breast cancer437

based on the expression profiles of 71 candidate lncR-438

NAs and the detailed evaluation of six selected repre-439

sentative lncRNAs over a relatively large patient cohort,440

which revealed in particular their roles as tumor sup-441

pressors or, to a lesser extent, as oncogenes. This view is442

based on the mode of alterations and associations with443

clinicopathological data and will be discussed further.444

Additional analyses of TCGA GTEX data sets pro-445

vided another support for our results showing down-446

regulated and upregulated lncRNAs in a similar pat-447

tern comparing both adjacent tissue and normal tissue448

controls with tumors. Interestingly, PTENP1 evinced449

significantly reduced expression in normal tissues as450

compared with tumors, metastases and adjacent benign451

tissues. However, the comparison of tumors versus ad-452

jacent normal tissues revealed the same mode of alter-453

ation as in our study. The downregulation of PTENP1 454

in normal tissues is somewhat unusual should be further 455

investigated in detail in future. It should be noted that 456

the dataset included all the invasive subtypes of breast 457

cancer. 458

The results for MAGI2-AS3 and GNG12-AS1 based 459

on TCGA Breast Cancer (BRCA) dataset supported the 460

associations with stage, the latter one comparably to 461

our results. As noted in the Results section, also the 462

Pan-Cancer dataset provided some support for the dif- 463

ferences of lncRNA expression among Her2, Luminal 464

A, Luminal B, Normal and Basal subtypes. Regarding 465

breast cancer cell lines, due to limited data availabil- 466

ity for the investigated lncRNAs only a partial support 467

was observed, for example MEG3 and Her2-positivity, 468

and MEG3 and grade; otherwise there was a lack of 469

significant data. 470

4.1. The roles of lncRNAs of interest according to the 471

present study and as indicated in the literature 472

4.1.1. Potential tumor suppressor lncRNAs 473

The data obtained in this study from the screening 474

and validation experiments confirmed that PTENP1, 475

GNG12-AS1, MAGI2-AS3 and MEG3 may have, or 476

provide support for, potential tumor suppression roles in 477

breast cancer. Of these 4 lncRNAs, the most remarkable 478

underexpression (minus 8-fold) was noted for PTENP1 479

in the comparison of the tumors with the benign sam- 480

ples. This lncRNA also performed well in terms of its 481

diagnostic performance, evincing the highest values 482

for AUC (0.958), sensitivity (86.21%) and specificity 483

(100%). It was also possible to infer its tumor suppres- 484

sor role from the association between its lower expres- 485

sion and the highest grade. Further, it evinced a lower 486

expression in the Ki-67 positive samples (both cut-offs, 487

i.e. 15% and 20%). Ki-67 is known to be a proliferation 488

marker that worsens patient outcomes and, previously, 489

we found it to be associated with the levels of certain 490

microRNAs in the plasma samples of breast cancer pa- 491

tients [19]. Moreover, the higher expression of PTENP1 492

in the survival analysis was significantly associated with 493

improved overall survival (the marginally significant 494

difference in the OS was 10.2 months), as well as with 495

enhanced progression-free survival (a significant dif- 496

ference in the PFS, i.e. 19.6 months). Several studies 497

that focused on PTENP1 published to date provide ad- 498

ditional support for the role of PTENP1 as a tumor sup- 499

pressor in breast cancer. Using experimental cell lines 500

and animal models, Yndestad et al. [20] investigated 501

the effects of PTENP1 transduction on ER-positive 502
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MCF7 and T47D and ER-negative MDA-MB-231 and503

C3HBA breast carcinoma cells, and determined diver-504

gent effects. PTENP1 upregulation acted to decrease505

the PTEN gene expression and to accelerate MCF7 tu-506

mor growth in vivo in both ER-positive cell lines. On507

the other hand, the upregulation of PTENP1 resulted508

in an increased PTEN gene expression and reduced509

metastatic potential in the two ER-negative cell lines.510

Moreover, PTENP1 inhibited the growth rate of ER-511

negative C3HBA murine breast cancer xenografts [20].512

Recently, Yi et al [21] analyzed MDA-MB-231 cells513

treated with YPB, OPB and control peptides. YPB and514

OPB peptides reduced breast cancer cell viability and515

migration, and induced apoptosis. Additionally, both516

peptides inhibited xenograft tumor growth in nude mice.517

Finally, the authors discovered that PTENP1 showed518

markedly reduced H3K27me3 signal. The treatment by519

YPB and OPB peptides resulted in PTENP1 and PTEN520

transcripts upregulation in MDA-MB-231 cells and also521

in the mouse xenograft samples. Experimental reduc-522

tion of PTENP1 led to opposite effects and enhanced523

cell viability. The results confirmed that YPB and OPB524

peptides may decrease EZH2 recruitment to the pro-525

moters of target genes, such as PTENP1 and enhance526

anticancer activities reducing breast cancer cell prolif-527

eration and xenograft tumor formation.528

Shi et al. [22] determined lower PTENP1 levels in529

breast cancer tissues and cell lines and its experimen-530

tal overexpression in BC cell lines (MCF-7 and MDA-531

MB-231), increased cell survival, colony formation, mi-532

gration and invasion, but decreased apoptosis. Gao et533

al. [23] reported underexpressed PTENP1 (and PTENP)534

in breast cancer tumors compared to the adjacent tis-535

sues, as well as in MDA-MB-231 and ADR resistant536

BC cell MCF7/ADR and T47D/ADR cell lines. The537

lower expression of both PTENP1 and PTEN also cor-538

related with advanced stage and poor prognosis. Exper-539

imentally overexpressed PTENP1 in BC cell lines re-540

sulted in limited breast cancer cell viability and reduced541

proliferation, migration and invasion capabilities. The542

reduced expression of Ki-67 (as in our clinical results)543

was also noted; thus, all the results demonstrated the544

tumor suppressive role of PTENP1 in BC cells [23].545

Similarly, Li et al. [24] demonstrated the lower expres-546

sion of PTENP1 (and PTEN) in breast cancer tissues,547

as well as of PTENP1 in all the BC cell lines (BT-20,548

MCF-7, MDA-MB-231 and T-47D). The authors also549

noted the inhibition of proliferation, migration and inva-550

sion in transfected cancer cells with increased PTENP1.551

With respect to the first analysis of PTENP1 in hu-552

man breast cancer, Yndestad et al. [25] found no as-553

sociation between PTENP1 and the chemotherapy or 554

survival responses. The published data also suggests a 555

tumor suppressor role for other cancers. PTENP1 has 556

been observed to be downregulated in the sera of pa- 557

tients with gastric cancer [26] and, with the exception 558

of carcinomas, in osteosarcoma [27]. 559

GNG12-AS1 comprises a further lncRNA that we 560

identified as a potential tumor suppressor due to its 561

evincing a lower expression (around minus 3-fold) in 562

the tumors. Several indications served to support this 563

role, i.e. a trend toward its low expression in more ad- 564

vanced stages and its underexpression in the grade 3 565

samples; the low expression level of GNG12-AS1 was 566

linked to both worsened overall survival (a marginally 567

significant difference of 5.4 months) and progression- 568

free survival (a significant difference of 12.9 months). 569

It has been demonstrated previously that the tran- 570

scription of DIRAS3 and GNG12-AS1 is coordinately 571

downregulated in breast cancers [28]. Functionally, 572

GNG12-AS1 is known to be a nuclear lncRNA and is 573

transcribed in antisense orientation to the tumor sup- 574

pressor DIRAS3 [29]. Their experimental data sug- 575

gested that GNG12-AS1 may have a dual function in 576

terms of controlling cell cycle progression. The con- 577

comitant transcriptional upregulation of DIRAS3 was 578

induced by GNG12-AS1 silencing, thus indicating tran- 579

scriptional interference. Moreover, as observed in breast 580

cancer cell lines, GNG12-AS1 has the potential to re- 581

duce cell migration after its knockdown, but indepen- 582

dent of DIRAS3. The authors further focused on the 583

mesenchymal epithelial transition factor (MET), which 584

is known to regulate cell migration and invasion, and de- 585

termined that GNG12-AS1 regulates MET signaling in- 586

dependently of DIRAS3, which indicates that GNG12- 587

AS1 transcripts are cell migration inhibitors [29]. No 588

other data is available that indicates or elucidates the 589

impact of GNG12-AS1 on breast cancer. 590

Concerning our study, MEG3 was underexpressed 591

(around minus 3.8-fold) in the tumors, which suggests 592

its role as a further tumor suppressor lncRNA in breast 593

cancer. It was found (at lower levels) to be significantly 594

associated with the Ki-67 positive samples (both cut- 595

offs, i.e. 15% and 20%) and marginally significantly as- 596

sociated with multifocality. According to the literature, 597

this lncRNA is known for its tumor suppressor roles 598

in breast cancer, which is consistent with our research 599

results. It has been shown that it may act to inhibit cell 600

proliferation and invasion in breast cancer cell lines, as 601

well as in vivo tumorigenesis and angiogenesis in a nude 602

mouse xenograft model [30]. Similar findings were re- 603

ported by Zhu et al. [31], according to whom MEG3 604
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suppressed cell proliferation and glycolysis and induced605

apoptosis breast cancer cells. MEG3 was further shown606

to be a molecular sponge for miR-21 (suppressing the607

expression of this oncogenic miRNA); moreover, an in608

vivo experiment also proved that overexpressed MEG3609

acted to inhibit tumor growth in breast cancer by sup-610

pressing miR-21. Similarly, recent findings revealed611

that the knockdown of DNMT1 inhibited the progres-612

sion of breast cancer cells by enhancing the MEG3 ex-613

pression through demethylation [32]. Recently, Pan et614

al. [33] focused on similar aspects and confirmed that615

MEG3 was epigenetically methylated in primary breast616

tissues and cells, while being unmethylated in normal617

breast tissues and cells. As the reduced MEG3 expres-618

sion resulted from the promoter methylation, inhibi-619

tion of DNA methylation reversed MEG3 expression,620

inhibited cell proliferation and promoted cell apopto-621

sis. MEG3 expression was negatively correlated with622

DNMT1 and DNMT1 knockdown increased MEG3623

expression and inhibited tumor growth in mice tumor624

model. Overall, the results supported tumor suppressor625

role of MEG3 in breast cancer.626

Adopting the data mining approach, Cui et al. [34]627

showed that DNA methylation is a factor that con-628

tributes to decreased MEG3 expression in breast can-629

cer samples, and the positive correlation between the630

MEG3 expression and the estrogen receptor (ER) and631

the progesterone receptor (PR) status were noted. More-632

over, higher levels of MEG3 were associated with633

enhanced overall survival (OS), relapse-free survival634

(RFS), distant metastasis-free survival (DMFS), and635

disease-specific survival (DSS) in breast cancer [34].636

A similar impact on survival was reported in an ear-637

lier study [35]. Interestingly, MEG3 was seen to be638

highly expressed in the triple negative metastatic hu-639

man Hs578T breast cancer cell line [36]. The inhibitory640

effects of MEG3 on cancer progression have been re-641

ported in several other reports concerning breast can-642

cer (e.g. [37–41]) and other cancers such as squamous643

cell carcinoma of the head and neck, and lung, gastric,644

hepatocellular and colorectal carcinomas (see [34,42]).645

MAGI2-AS3 was found to be the second most highly646

underexpressed lncRNA in the tumors (minus 5.9-fold)647

in this study. This lncRNA was associated with the648

grade (its lower expression in more advanced grades).649

Several other reports have indicated its downregula-650

tion in breast cancer samples and its exerting of tumor-651

inhibitory functions support the view of this lncRNA652

as a tumor suppressor in breast cancer. Yang et al. [43]653

showed that MAGI2-AS3 significantly inhibited breast654

cancer cell growth and simultaneously enhanced the655

expression of Fas and Fas ligand (FasL). Du et al. [44] 656

reported the inhibitory effects of MAGI2-AS3 on the 657

migration and invasion of breast cancer cells, while 658

its increased expression inhibited miR-374a and en- 659

hanced the expression of PTEN. Similar effects were 660

observed by Xu et al. [45] who revealed MAGI2- 661

AS3 as an inhibitor of cell proliferation and migra- 662

tion, while promoting apoptosis in MCF-7 breast can- 663

cer cells. The authors also showed that overexpressed 664

MAGI2-AS3 is able to upregulate MAGI2 and inhibit 665

the Wnt/β-catenin pathway, and that the DNA demethy- 666

lase TET1 inhibitor is able to reverse the overexpression 667

of MAGI2-AS3 [45]. The higher expression of MAGI2- 668

AS3 may be associated with the enhanced relapse-free 669

survival of triple-negative breast cancer [46]. Recently, 670

Zhang et al. [47] demonstrated that MAGI2-AS3 en- 671

codes ORF5 polypeptide (MAGI2-AS3-ORF5) which 672

acted as an anti-tumor peptide to hamper BRCA cell 673

viability, proliferation, and migration. Further, MAGI2- 674

AS3-ORF5 may interact with ECM-associated proteins 675

and modulate breast cancer cell migration. 676

Other published studies on MAGI2-AS3 in various 677

cancers revealed similar tumor suppressor functions, 678

e.g. for non-small cell lung cancer [48], hepatocellular 679

carcinoma [49], and glioma [50]. 680

The opposite, i.e. oncogenic functions of MAGI2- 681

AS3 were suggested in connection with nasopharyngeal 682

carcinoma [51]. This study not only found that MAGI2- 683

AS3 was elevated in NPC cell lines (especially CNE1 684

and SUNE1), but also determined that it promoted cell 685

proliferation, migration and EMT processing, and even 686

contributed to the cisplatin resistance of NPC cells, thus 687

clearly indicating its oncogenic functions [51]. A simi- 688

lar report was also published for cervical squamous cell 689

carcinoma where it was found to be overexpressed and 690

to experimentally promote cell proliferation [52]. Both 691

reports indicated that this lncRNA may exert divergent 692

functions in various cancers and the associated factors 693

should be considered in future studies. 694

4.1.2. Potential oncogenic lncRNAs 695

Two lncRNAs, i.e. NRSN2-AS1 and UCA1 were in- 696

cluded in the validation experiment as potential onco- 697

genic lncRNAs. Both these lncRNAs evinced ambigu- 698

ous results with respect to the level of upregulation (usu- 699

ally below 2-fold) and their diagnostic performance. 700

Regarding the clinicopathological data, the higher ex- 701

pression of UCA1 was associated with multifocality 702

and marginally significantly with lymph node metasta- 703

sis. Elevated levels of NRSN2-AS1 were linked to ER 704

positivity. 705
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Very little research data has been published to date706

on the newly-discovered lncRNA NRSN2-AS1. Xu et707

al. [53] reported that NRSN2-AS1 was upregulated708

in tumor tissues (however, according to the presented709

graphs, the fold-differences do not appear too large) and710

promoted cell proliferation, migration and invasion in711

esophageal squamous cell carcinoma [53]. According712

to another study, this lncRNA was also upregulated in713

ovarian cancer and its knockdown contributed to the in-714

hibition of the migration and invasion of OV cells [54].715

Conversely, NRSN2-AS1 was reported to be downreg-716

ulated in hepatocellular carcinoma; however, the ex-717

act level of this alteration has not been published [55].718

Further research will be needed to examine the exact719

functions of NRSN2-AS1 for breast cancer and other720

cancers.721

The track record of UCA1 in the literature is exten-722

sive and suggests oncogenic functions in breast cancer.723

For example, Tuo et al. [56] examined the interaction724

of UCA1 with miR-143 and found that upregulated725

UCA1 is able to modulate breast cancer cell growth and726

apoptosis via the downregulating of this miRNA. Li et727

al. [57] revealed that UCA1 may upregulate PTP1B and728

downregulate the miR-206 expression, while enhancing729

cell proliferation in breast cancer cells. UCA1 may also730

be enhanced in tamoxifen resistant LCC2 cells and their731

released exosomes, and the exosome-mediated transfer732

of UCA1 may significantly increase tamoxifen resis-733

tance in ER-positive MCF-7 cells [58]. The activity of734

UCA1 in tamoxifen resistance was also reported by735

Li et al. [59]. The enhancing effects of UCA1 were736

reported regarding both paclitaxel resistance [60] and737

doxorubicin resistance [61]. However, the impact of738

UCA1 on resistance to various therapeutics had already739

been noted in several previous investigations (see [62]).740

Xiao et al. [63] experimentally applied UCA1 knock-741

down in the MDA-MB-231 breast cancer cell line (cells742

with a strong invasion capability) revealing both im-743

paired mesenchymal properties and a reduced num-744

ber of invading cells. Conversely, UCA1 upregulation745

enhanced the invasiveness of breast cancer cells.746

Similarly, the oncogenic functions of UCA1 have747

also been noted in other cancers, e.g. lung cancer748

(e.g. [64]), cervical cancer (e.g. [65]), ovarian cancer749

(e.g. [66]) and a variety of other cancers (see [67]).750

5. Conclusions751

This study explored the expression of 71 candidate752

lncRNAs in clinical breast cancer samples compared to753

benign tissues and validated the expression of the best 754

performing lncRNAs. Of the downregulated lncRNAs, 755

PTENP1 and GNG12-AS1, in particular, evinced not 756

only remarkably reduced expression in the cancer sam- 757

ples compared to the benign samples, but also showed 758

associations with several clinical parameters includ- 759

ing patient outcomes (improved for the high-expression 760

subgroups), tumor grades (both lncRNAs) and stages 761

(GNG12-AS1), thus underlining their tumor suppres- 762

sor effects in breast cancer; this finding is also sup- 763

ported by the results of other researchers. The expres- 764

sion of MEG3 (along with PTENP1) was associated 765

with the Ki-67 status (lower expression in the Ki-67- 766

positive samples). The expression of MAGI2-AS3 was 767

also associated with the grade. The three-lncRNA sig- 768

nature panel of MEG3, MAGI2-AS3 and GNG12-AS1 769

resulted in outstanding diagnostic parameter values (an 770

AUC of 0.973, sensitivity of 89.66% and specificity 771

of 96.55%). The data for the two overexpressed, po- 772

tentially oncogenic lncRNAs (i.e. NRSN2-AS1 and 773

UCA1) remains inconclusive due to the lack of signifi- 774

cant associations, although higher levels of UCA1 were 775

associated with multifocality. 776

The analyses of the TCGA Breast Cancer datasets 777

altogether supported our results. Notably, the roles of 778

PTENP1 remain to be further elucidated as its expres- 779

sion in this dataset was lower when normal tissues were 780

compared with tumors, but it was lower also in compari- 781

son between tumors and adjacent tissues. Other datasets 782

(TCGA GTEX, TCGA and TARGET Pan-Cancer, GDC 783

TCGA Breast Cancer (BRCA) dataset) also provided 784

support for the presumable roles of investigated lncR- 785

NAs in breast cancer, particularly further supported 786

concerning the stage associations for MAGI2-AS3 and 787

GNG12-AS1. 788

Additional evidence that indicates the important roles 789

of the above-mentioned lncRNAs in breast carcinogen- 790

esis can be also found in the literature. Future studies 791

should, therefore, focus on elucidating the detailed bio- 792

logical roles of these lncRNA in terms of their potential 793

applicability in the development of novel therapeutics, 794

as well as the further testing of their potential as novel 795

diagnostic, predictive and prognostic biomarkers for 796

breast cancer. 797
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