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ABSTRACT

Background: Despite recent advances in diagnosis and treatment, breast cancer remains a leading cause of death
in women worldwide. Long non-coding RNAs are a new class of RNA molecules that have been shown to
participate in tumorigenesis. The aim of this study was to investigate the expression of IncUSMycN in tumor
samples and to evaluate its potential role in the breast cancer cell line. Methods: Real-time polymerase chain
reaction was employed to assess IncUSMycN expression in breast tumor tissues and cancer cell lines.
Furthermore, small interfering RNA was used to knockdown IncUSMycN. Results: The data showed the significant
up-regulation of IncUSMycN in tumor tissues compared to non-tumor specimens (95% Cl, p = 0.002). Receiver
operating characteristic (ROC) curve analysis demonstrated the biomarker potential of IncUSMycN (ROCAUC =
0.70, p < 0.001) for invasive breast ductal carcinoma. Furthermore, IncUSMycN knockdown induced
apoptosis and suppressed cellular migration in breast cancer cells (p < 0.01). Conclusion: The findings highlight
the pivotal role of IncUSMycN in tumorigenesis, providing a new potential target for breast cancer therapy.
DOI: 10.29252/ibj.23.5.303
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INTRODUCTION great attention as important regulators of gene

expressiont®l,

cancer-related death in women worldwide™?.
Improving diagnosis and treatment strategies in early
stages of the disease remains a high priority; thus, a
deeper understanding of the molecular and genetic
networks that control tumor initiation and progression
is crucial.

With the advent of new transcriptome sequencing
technologies, it has been determined that almost 90%
of the human genome is actively transcribed into non-
coding RNAsF!. Long non-coding RNAs (IncRNAs)
are endogenous cellular RNA molecules longer than
200 nucleotides in length, which have lately received a

reast cancer is the most common type of
malignancy and the second leading cause of
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Increasing evidence has shown that IncRNAs can
either directly or indirectly affect various cellular
pathways, including those associated with cell survival,
apoptosis, and metastasis; thus, aberrant expression of
InNcRNAs can adversely affect a wide range of
biological processes resulting in different diseases,
including cancer. InNcRNAs such as MEG3, HOTAIR,
and HULC have been demonstrated to be involved in
tumorigenesis, tumor progression, and invasion®®.
These findings further emphasize the potential of
IncRNAs as suitable diagnostic and/or prognostic
biomarkers as well as novel targets in cancer therapy.
In 2014, a IncRNA, denoted as long non-coding
upstream MycN (IncUSMycN), was firstly reported in
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patients with neuroblastomal™. LncUSMycN gene is
located on chromosome 2p15.9, 14-kbp upstream of
the MYCN transcription start site. A preliminary report
has shown that the elevated expression of IncUSMycN
is associated with a poor prognosis in neuroblastoma
patients. In addition, IncUSMycN has a regulatory role
in cell proliferation and tumorigenesis  of
neuroblastomal”. However, little data on the
expression and function of IncUSMycN in cancer exist;
thus, we aimed to study the expression profile of
IncUSMycN in invasive ductal carcinoma specimens in
comparison with non-tumoral tissues. Moreover,
siRNA-mediated knockdown was used to investigate
the role of IncUSMycN in breast cancer cells.

MATERIALS AND METHODS

Human tissue specimens

Fifty-two specimens of surgically resected breast
tumors with the invasive ductal carcinoma subtype and
their adjacent non-tumor tissues (no obvious tumor
cells were detectable; as evaluated by an expert
pathologist) were collected from Noor-Nejat and
Emam Reza Hospitals (Tabriz, Iran). The age of the
patients ranged from 34 to 80 years (average: 51.29 +
1.73). A written consent was obtained from each
patient prior to sample collection, and the study was
carried out with the approval of the Ethical Committee
of Tabriz University of Medical Sciences (approval
number: IR.TBZMED.REC.1392.249). The specimens
were immediately frozen in liquid nitrogen after
surgery and stored at -80 °C. The TNM staging was
carried out accordin%to the American Joint Committee
on Cancer (AJCC; 8" edition).

Cell culture

All human breast cancer cell lines, including ZR-75-
1 (ATCC NO. CRL-1500), MCF-7 (ATCC No. HTB-
22), and MDA-MB-231 (ATCC NO. HTB-26) were
obtained from the National Cell Bank of Pasteur
Institute of Iran, Tehran. ZR-75-1 and MCF-7 were
grown in RPMI-1640 (Gibco, Life Technologies,
Carlsbad, CA, USA), while MDA-MB-231 was
cultured in DMEM (Sigma-Aldrich, St. Louis, MO,
USA) supplemented with 10% heat-inactivated FBS
(Gibco) and 100 U/ml of penicillin/streptomycin
(10.000 U/mL, Gibco) in a humidified atmosphere of
5% CO, at 37 °C.

RNA extraction, cDNA synthesis, and quantitative
RT-PCR (qRT-PCR)

Total RNAs were extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
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manufacturer’s instructions. cDNA was synthesized by
reverse transcription of 1 pg of total RNA using the
PrimeScript RT kit (Takara, China) by following the
manufacturer's protocol. qRT-PCR was carried out
with primers specific for LncUSMycN, Bax, Bcl-2, E-
cadherin, MMP-9, and B-actin using SYBR® Premix
EX TaqTM Il (Tli RNaseH Plus; Takara) by Corbett
Rotor-Gene 6000 (Corbett Life Sciences, Germany).
Primer sequences and QgRT-PCR conditions are
outlined in Table 1. All gene expression levels were
normalized to B-actin as reference.

PCR product sequencing

To further confirm the expression of IncUSMycN,
RT-PCR products were subjected to Sanger
sequencing, subsequently interpreted by Chromas Pro
2.4.1 and aligned in BLAST. Primers used for
sequencing were as forward: 5-GTGTGTCTGTTGCT
GAATG-3' and reverse: 5-CTGTGTGTGCTTTGG
TGCT-3.

siRNA transfection

To investigate the role of IncUSMycN, its expression
was suppressed via siRNA-mediated gene silencing.
Therefore, pre-designed negative control siRNA (si-
NC) and custom-synthesized si-IncUSMycN against
IncUSMycN (target sequence: 5-GGCAGGGAAGGT
GTTGTTGTT-3") were purchased from Dharmacon
(Lafayette, CO, USA). Both siRNAs were labeled with
6-Carboxyfluorescein (6-FAM) at their 3' end to
measure them during in vitro experiments. Cells were
transfected using HiPerFect Transfection Reagent
(Qiagen, Germany) according to the manufacturer’s
protocol. Assays were performed 72 h after
transfection.

Study of apoptosis

To study apoptosis and necrosis, acridine
orange/ethidium bromide staining was employed.
Briefly, ZR-75-1 cells (2.5 x 10°) were seeded onto 24-
well plates and cultured for 24 h. Then the cells were
transfected with si-IncUSMycN and si-NC separately
according to the manufacturer's instruction. After 72 h,
the cells were detached by Trypsin-EDTA (0.25%;
HyClone; GE Healthcare Life Sciences, USA) and
transferred to glass slides, followed by staining with
acridine orange/ethidium bromideAO/EtBr solution
containing 100 pg/ml acridine orange and 100 pg/ml
ethidium bromide (Sigma-Aldrich). Finally, the cells
were analyzed under fluorescence microscope
(Olympus BX 41, Germany). In addition, the
expression of apoptosis-related genes Bax and Bcl-2
was evaluated by qRT-PCR.
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Table 1. The sequences of the primers used in this study and their g°PCR programs

. . ' o gPCR cycling Product
Primer name Primer sequence (5'-3") orogram® min (s size (bp)
LncUSMycN-F ACTTGTCCTGCGTGCTTGTT D: 95 ( 30)

LncUSMycN-R TGTGTGTGCTTTGGTGCTCA A: 57 (22) 218
E: 72 (20)

Bax-F GCAAACTGGTGCTCAAGG D:95 (30)

Bax-R ACTCCCGCCACAAAGA A: 63 (35) 236
E: 72 (30)

BCL2-F TGGGAAGTTTCAAATCAGC D: 95 (25)

BCL2-R GCATTCTTGGACGAGGG A: 63 (30) 298
E: 72 (30)

E-cadherin-F AGTACAACGACCCAACCCAAG D: 95 (30)

E-cadherin-R GCAAGAATTCCTCCAAGAATCC A:5T(22) 235
E: 72 (20)

MMP-9-F CCGCTCACCTTCACTCGC D:95(30)

MMP-9-R ACCACAACTCGTCATCGTC A: 63 (35) 174
E: 72 (30)

p-actin-F AGAGCTACGAGCTGCCTGAC 184

B-actin-R AGCACTGTGTTGGCGTACAG

*qPCR was started for all primers with initial denaturation at 95 °C for 10 min; D, denaturation; A, primer

annealing; E, extension; F, forward; R, Reverse

Cell cycle analysis

To perform cell cycle analysis, ZR-75-1 cells (2.5
X10°) were seeded in 24-well plates for 24 h, followed
by transfection with si-IncUSMycN and si-NC
separately according to manufacturer's instructions.
After 72 h, the cells were detached by Trypsin-EDTA
solution at 37 °C for 5 min, followed by adding 10%
FBS-RPMI 1640 medium, in order to inhibit Trypsin
activity. Afterward, the cells were washed by cold
PBS, followed by fixation using ice-cold ethanol (70%
w/w). Next, the cells were incubated in a freshly
prepared solution containing 0.1% Triton X-100,
RNase A (50 pg/ml; Sigma-Aldrich), and propidium
iodide (PI) (50 pg/ml; Sigma-Aldrich) at 4 °C for 15
min. Then the stained cells were analyzed by flow
cytometry (BD FACS Calibur flow cytometer, BD
Biosciences, USA). The percentage of cells in the
subG1 and G1 phases were analyzed by FlowJO 7.6.1
software.

Wound healing assay

In order to get around 90% confluency after 24 h of
culturing, ZR-75-1 cells were seeded at appropriate
numbers into a 24-well plate in complete medium.
After 24 h, a single wound was created in the middle of
the well using a sterile 200 pl pipette tip. After
removing detached cells with PBS (phosphate buffered
saline), the adherent cellular layers were separately
transfected with si-IncUSMycN and si-NC according
to the manufacturer's instructions. After 72 h, the cells
migrated into the wounded area were photographed
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under an inverted microscope (Olympus, Japan).
Beside wound healing assay, the expression of genes
implicated in invasion and metastasis, including CDH1
(E-cadherin) and MMP-9, was assessed at mRNA
levels.

Statistical analysis

Relative Expression Software Tool (REST) 2009 was
used to evaluate the statistical differences in
IncUSMycN expression of the breast cancer tissues
relative to their non-tumoral counterparts. The fold
change and relative expression of IncUSMycN were
calculated by the 272" (AACt = ACt [treated cells] -
ACt [control]) and 2 (ACt = Ct [IncUSMycN] - Ct
[B-actin]) methods, respectively. Also, Student’s t-test
and one-way ANOVA were performed to compare two
or more groups, respectively. p values < 0.05 were
considered to be statistically significant. Receiver
operating characteristic (ROC) curve analysis was
plotted to assess the biomarker potential of
IncUSMycN in breast cancer. All experiments were
repeated at least three times, and data were represented
as mean + SEM (standard error of mean).

RESULTS

LncUSMycN is up-regulated in breast cancer
tissues

To study the role of IncUSMycN in breast cancer,
IncUSMycN expression was first detected in breast
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Fig. 1. Expression of IncUSMycN in breast cancer and receive operating characteristic (ROC) curve analysis for prediction of breast
cancer prognosis. (A) Amplified IncUSMycN and B-actin on 2% agarose gel; (B) confirmation of IncUSMycN expression by Sanger
sequencing; (C) gRT-PCR analysis of IncUSMycN expression level in cancerous and adjacent non-cancerous breast tissues.
IncUSMycN was up-regulated in tumor tissues compared to adjacent normal tissues; (D) ROC curve for IncUSMycN to discriminate
between tumor and normal tissues. The area under the ROC curve (AUC) was 0.70 (p < 0.001). The sensitivity and specificity were

0.85 and 0.55, respectively, and cut-off value was 17.5 ("'p < 0.01).

tumor tissues. As Figure 1A shows, the PCR amplicon
for IncUSMycN is specifically synthesized by primers.
The PCR product was validated by Sanger sequencing
(Fig. 1B). The results for expression studies showed
that IncUSMycN is significantly up-regulated by 5.2
fold in cancerous tissues compared to non-cancerous
specimens (95% CI, 5.241 + 0.355, p = 0.002, Fig.
1C). Furthermore, it was found that IncUSMycN
expression was significantly correlated with early
stages of breast cancer (p = 0.004). No association was
detected between expression of IncUSMycN and other
clinicopathological features, including age, lymph node
metastasis, differentiation, tumour location and
progesterone, estrogen, and HER-2 receptor levels
(Table 2). ROC curve analysis was done to determine
whether or not cancerous and non-cancerous tissue
could be distinguished by the expression level of
IncUSMycN. The area under the ROC curve (AUC)
was 0.70 (p < 0.001). The sensitivity and specificity
were 0.85 and 0.55, respectively, and the cut-off value
was 17.5 (Fig. 1D).
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IncUSMycN expressed in breast cancer cell lines

To further evaluate the potential role of IncUSMycN
in breast cancer, siRNA-based knockdown was
employed in ZR-75-1, MCF-7, and MDA-MB-231 cell
lines. However, due to the inherent higher expression
of IncUSMycN in ZR-75-1, the data for this cell line
are illustrated in Figure 2A. qRT-PCR data revealed
that IncUSMycN was significantly knocked down in
siRNA-treated cells by more than 90% efficiency. Fold
reduction in IncUSMycN expression following si-
IncUSMycN transfection was significant (p < 0.001,
Fig. 2B).

IncUSMycN knockdown induced apoptosis

To study apoptosis by focusing on morphological
changes, siRNA-treated and control cells were
stained with acridine orange/ethidium bromide.
As shown in Figure 3A, the knockdown of
IncUSMycN induces apoptosis-related morphological
changes. Consistent with the morphological changes,
the gene expression data revealed that IncUSMycN

Iran. Biomed. J. 23 (5): 303-311
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Table 2. The relationship between IncUSMycN expression levels and
clinicopathological features of patients with breast cancer
. No. of IncUSMycN p
Characteristics patients (%) ACt mean = SEM value
Age
<45 24 (46.7) 18.11+£0.86 0.379
>45 28 (53.3) 17.13+£0.70 '
Tumor Size
<2cm 24 (46.2) 16.34 £ 0.72 0148
>2 c¢m 20 (38.5) 18.04 £ 0.92 '
TNM=* clinical stage
I 17 (32.7) 15.80 £ 0.92
I 14 (26.9) 16.43 + 1.06 0.004**
i 14 (26.9) 20.28 +0.88
Lymphatic methastasis
Absent 17 (32.7) 15.79 £ 0.92 0.052
Present 28 (53.8) 18.11+0.72 '
Differentiation
Poor 5(9.6) 14.16 £ 1.53 0176
Moderate 35 (67.3) 17.58 + 0.63 '
Well 5 (9.6) 17.91+2.31
Progestron expression (%)
<30 18 (34.6) 17.54 £ 0.95 0.38
>30 16 (30.8) 16.31+1.02 '
Estrogen expression (%)
<30 17 (32.7) 18.16 £ 0.81 0.085
>30 17 (32.7) 15.77 £ 1.07 '
HER-2 status
Negative 16 (30.8) 15 16.86 + 1.04 0.858
Positive (28.8) 17.14+£1.10 '
Location
Right 20 (38.5) 16.68 + 0.88 0214
Left 23 (44.2) 18.12 £ 0.73 '

The value in bold is significant ("p <0.01)

knockdown significantly up-regulated Bax expression
(p = 0.015) and down-regulated Bcl-2 at the mRNA
level in ZR-75-1 cells (p = 0.041, Fig. 3B).

LncUSMycN knockdown affected ZR-75-1 cell cycle
distribution

Flow cytometry was applied to study the growth
inhibitory effect of IncUSMycN knockdown on ZR-75-
1 cells. Our data showed that IncUSMycN knockdown
influenced ZR-75-1 cell population in subG1 and G1
phases. The results for subG1 and G1 were 0.94% and
77.2%, respectively. Nevertheless, siRNA-transfected
cell population for subG1l and G1 was reported as
8.84% and 65.6%, respectively. Therefore, cell cycle

Iran. Biomed. J. 23 (5): 303-311

analysis showed a significant reduction in G1 phase
(p < 0.05), while the subG1 population, representing
apoptotic cells, was significantly increased 72 h after
si-IncUSMycN transfection (p < 0.05, Fig. 4).

IncUSMycN  knockdown  affects  epithelial-
mesenchymal transition (EMT)

To explore the role of IncUSMycN in invasion and
EMT, the invasive behavior of ZR-75-1 cells
following depletion of IncUSMycN was examined. The
effect of IncUSMycN on migration was determined
by wound healing assay. The results revealed that the
knockdown of IncUSMycN significantly decreased the
cell migration capacity as compared to non-transfected
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Fig. 2. IncUSMycN expression in breast cancer cell lines and siRNA-mediated knockdown. (A) LncUSMycN expression levels in
breast cancer cell lines, including ZR-75-1, MCF-7, and MDA-MB-231; (B) the efficiency of siRNA-mediated knockdown evaluated
24 h, 48 h, and 72 h after transfection by RT-gPCR in ZR-75-1 cells. "p < 0.05, "p < 0.001. si-NC, siRNA negative control; si-
IncUSMycN, siRNA IncUSMycN
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Fig. 3. Effects of IncUSMycN knockdown on apoptosis. (A) Morphological evaluation of the apoptotic cells stained with acridine
orange/ethidium bromide (AO/EtBr). Arrows indicate apoptotic cells. (magnification 200x); (B) expression of Bax and Bcl-2 in ZR-
75-1 cells by qRT-PCR 72 after IncUSMycN knockdown. “p < 0.05, “p < 0.01. si-NC, siRNA negative control; si-IncUSMycN,

SiRNA IncUSMycN
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Fig. 4. ZR-75-1 cells were transfected with si-NC (A) and si-IncUSMycN (B). PI staining was done 72 h after transfection. The
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parental cells or si-NC-treated cells (Fig. 5A). To
further investigate the role of IncUSMycN in invasion
and metastasis of breast cancer, the expression of E-
cadherin, as a EMT marker, and MMP-9 was
evaluated. Consistent with the wound healing assay
results, depletion of IncUSMycN significantly up-
regulated E-cadherin in ZR-75-1 cells (p = 0.025) but
had no significant effect on MMP-9 expression (p >
0.05, Fig. 5B).

DISCUSSION
Given that breast cancer is the most common cancer

among women worldwide®® and the crucial role of
IncRNAs in cancer initiation and progression'®), the

si-NC

si-lncUSMycN

present study was undertaken to examine the
expression levels of INCRNA IncUSMycN as well as its
cellular role in breast cancer. In concordance with Liu
et al's” findings, our results revealed the elevated
expression levels of IncUSMycN in breast cancer
tissues compared to the adjacent non-tumor specimens.
The potential value of this INcRNA for early diagnosis
of breast cancer was also demonstrated. In addition,
cellular function of IncUSMycN was investigated in a
cell model to realize its possible role in breast cancer.
Attenuation of IncUSMycN was found to result in
apoptotic morphological changes and overexpression
of EMT marker (E-cadherin) in breast cancer cells.
Inducing apoptosis is an important approach to
controlling tumor development. Bcl-2 protein
family members such as anti-apoptotic Bcl-2 and pro-

W siNC
* si-IncUSMYCN

1(8)

FFold change in

gene expression

MMP-9

E-cadherin

Fig. 5. Effects of IncUSMycN knockdown on epithelial-mesenchymal transition . (A) Scratch wound-healing assay was performed
in si-NC and si-IncUSMycN transfected breast cancer cell line ZR-75-1 (magnification 100x); (B) analysis of E-cadhein and MMP-9
expression in ZR-75-1 cells by qRT-PCR 72 h after transfection (‘p < 0.05). si-NC, siRNA negative control; si-IncUSMycN, siRNA

IncUSMycN
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apoptotic Bax are the key elements in apoptosis™™®*],

which make them promising targets in cancer
therapy™*3!,
In this study, we showed that IncUSMycN

knockdown probably induced apoptosis through the
suppression of Bcl-2 and overexpression of Bax in
breast cancer cells. Furthermore, we found that
IncUSMycN depletion resulted in significantly lower
expression of Bcl-2 and higher expression of E-
cadherin in breast cancer cells. In addition,
IncUSMycN  knockdown  significantly suppressed
cellular migration. However, IncUSMycN silencing
had no significant effect on MMP-9 expression. Our
results are consistent with previous studies in which
the up-regulation of Bcl-2 led to the loss of E-cadherin
and decreased cadherin-mediated cell-cell adhesion as
well as invasion™*®. Hence, our findings further
emphasize the critical role of E-cadherin in EMT,
which is an important step in metastasist*’*®\. Another
possible explanation by which IncUSMycN could
affect E-cadherin levels might be related to the role of
miR-9 in EMT!¥. Ma et al.”* have demonstrated that
the activation of pro-metastasis miR-9 by C-Myc and
N-Myc oncoproteins results in the inhibition of E-
cadherin. Given the up-regulation of N-Myc*?! and
miR-9*%1 in breast cancer and increased expression
of N-Myc through IncUSMycNY), we speculate that
the same pathways could be involved in reduced cell
invasion after IncUSMycN knockdown. However,
further functional studies are required to precisely
determine the role of IncUSMycN and its related
pathways in cell invasion and apoptosis.

In conclusion, our findings suggest that IncUSMycN
is a potential molecular marker for breast cancer and
provides further evidence for critical role of this
IncRNA in cancer. It also provides preliminary data on
the importance of this INCRNA as a possible target
therapy against breast malignancy.
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