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Background & objectives: Breast cancer remains the most common malignancy among women worldwide. 
Long non-coding RNAs (lncRNAs) have been shown to play critical roles in tumour initiation and 
progression. This study was aimed to evaluate the potential role of lncRNA highly upregulated in liver 
cancer (HULC) in breast cancer.
Methods: The expression of HULC was evaluated in breast cancer patients and cell lines using real-time 
quantitative reverse transcription polymerase chain reaction. Small interfering RNA-based knockdown 
was also employed to study the potential role of HULC in breast cancer cell lines including ZR-75-1, 
MCF7 and MDA-MB-231.
Results: HULC was significantly upregulated in tumour tissues compared to non-tumoural margins 
(P<0.001). The receiver operating characteristic (ROC) curve analysis demonstrated the biomarker 
potential of HULC (ROCAUC=0.78, P<0.001).  The HULC knockdown induced apoptosis and suppressed 
cellular migration in breast cancer cell lines. 
Interpretation & conclusions: Our results indicated that HULC was upregulated in breast cancer and 
might play a role in tumourigenesis. The HULC may have a potential to be exploited as a new biomarker 
and therapeutic target in breast cancer.
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Breast cancer is the most common malignancy 
and the second leading cause of death in women 
worldwide1. This is classified according to molecular 
subtype into the four main groups in which 
triple-negative subtypes are more often highly invasive, 
spreading to lymph nodes while primary tumours are 

small and leading to early relapse with increased risk 
of visceral metastasis and poor outcome2. Applying 
genetic biomarkers could be one of the diagnostic 
and/or prognostic criteria in this area. Therefore, 
understanding the molecular and genetic networks that 
control the initiation, progression and spread of cancer 
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will  be  useful  for  finding  potential  biomarkers.  The 
transcriptome sequencing technologies have revealed 
that around 90 per cent of the human genome is 
actively transcribed into non-coding RNAs (ncRNAs), 
while nearly 20,000 genes, accounting for less than 
two per cent of the genome, encode proteins3.

Long ncRNAs (lncRNAs) are endogenous 
cellular RNA molecules longer than 200 nucleotides 
in length4. Emerging evidence indicates that lncRNAs 
play an important role in various cell pathways, 
including proliferation and apoptosis5,6, autophagy7, 
epigenetics8, invasion and metastasis9 and lipid 
metabolism10. Aberrant expression of lncRNAs may 
cause adverse effects on biological processes and lead 
to many diseases particularly different kinds of cancers 
including glioma11, osteosarcoma12, lung cancer13 and 
hepatocellular carcinoma (HCC)14. 

Highly upregulated in liver cancer (HULC) gene 
was reported for the first time as the most overexpressed 
lncRNA in patients with HCC15, and also its potential 
as a diagnostic biomarker has been proposed16,17. 
LncRNA HULC with two exons, but no protein-coding 
function is located on chromosome 6p24.3. Cumulating 
evidence has shown that HULC  is  not HCC-specific 
lncRNA, but it is also involved in other cancers such as 
gastric7 and glioma11. However, there are no data on the 
potential role of HULC in breast cancer.

Therefore, this study was aimed to detect and 
evaluate the expression level of HULC in breast 
invasive ductal carcinoma and its role as a potential 
biomarker. 

Material & Methods

Human tissue specimens: Fifty two specimens of 
surgically resected breast tumours with invasive ductal 
carcinoma subtype and their adjacent non-tumour 
tissues were collected from Emam Reza and 
Noor-Nejat hospitals, Tabriz, Iran, from women of age 
range, 34-80 (51.29±1.73) years. Written informed 
consent was obtained from all patients prior to sample 
collection and also, this study was carried out with 
the approval of the Ethics Committee of the Tabriz 
University of Medical Sciences (approval number: 
IR.TBZMED.REC.1392.249), during September 2014 
till March 2018. The specimens were immediately 
frozen in liquid nitrogen after surgery and stored at 
−80°C until RNA extraction.  To classify the tumours, 
the tumour, node and metastasis (TNM) staging was 
done according to the American Joint Committee on 
Cancer18.

Cell culture: All human breast cancer cell lines including 
ZR-75-1 (ATCC No. CRL-1500), MCF-7 (ATCC No. 
HTB-22), MDA-MB-231 (ATCC No. HTB-26) and 
SkBr-3 (ATCC No. HTB-30) were obtained from the  
cell bank of Pasteur Institute (Tehran, Iran). 
ZR-75-1, MCF-7 and SkBr-3 cells were cultured in RPMI-
1640 (Roswell Park Memorial Institute-1640) (Gibco, 
Life Technologies, USA), while MDA-MB-231 was 
grown in DMEM (Dulbecco’s Modified Eagle’s Medium) 
(Sigma-Aldrich, USA) supplemented with 10 per cent 
heat-inactivated FBS (foetal bovine serum) (Gibco, 
USA) and 100 U/ml of penicillin/streptomycin 
(10,000 U/ml,  Gibco,  USA)  at  37°C  in  a  humidified 
environment containing five per cent CO2.

RNA extraction, cDNA synthesis and real-time 
quantitative reverse transcription PCR (qRT-PCR):  
Total RNA was extracted using TRIzol reagent 
(Invitrogen, USA) according to the manufacturer’s 
instructions. cDNA (complementary DNA) was 
synthesized  by  reverse  transcription  of  1  μg  of  total 
RNA using the PrimeScript RT kit (Takara, China) by 
following the manufacturer’s protocol. The real-time 
qRT-PCR  was  carried  out  with  primers  specific  for 
HULC, Bax, Bcl-2, CDH1, VIM, MMP-9 and β-actin 
using SYBR® Premix EX TaqTM II (Tli RNaseH 
Plus, Takara, PR China) by Corbett Rotor-Gene 6000 
(Corbett Life Sciences, Germany). Primer sequences 
and real-time qRT-PCR conditions have been outlined 
in Table I. β-actin served as an endogenous control for 
normalization. The identity of HULC gene after being 
amplified in PCR was further confirmed by sequencing.

Small interfering RNA (siRNA) transfection: 
To investigate the role of HULC, its expression 
was suppressed through siRNA-mediated gene 
knockdown. Therefore, pre-designed negative 
control scrambled siRNA (si-NC) was purchased 
from Dharmacon (Lafayette, USA) and pre-designed 
si-HULC, against HULC, (target sequence: 
5’-GGCCGGAATATTCTTTGTTTA-3’) was purchased 
by Qiagen, Germany. Both siRNAs were labelled 
with 6-FAM (6-carboxyfluorescein) at their 3’ end and 
transfected into cells using HiPerFect Transfection 
Reagent (Qiagen, Germany) according to the manu-
facturer’s protocol. Assays were conducted 72 h after 
transfection.

Study of apoptosis: To determine apoptosis, acridine 
orange/ethidium bromide (AO/EtBr) staining was done. 
Breast cancer cell lines, including MCF-7 (1.5×105), 
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MDA-MB-231 (1×105) and ZR-75-1 (2.5×105), were 
seeded into 24-well plates (MatTek, USA) and cultured 
for 24 h, followed by transfection with si-HULC and 
si-NC separately according to the manufacturer’s 
instructions (Qiagen, Germany and Dharmacon, USA, 
respectively). After 72 h, the cells were collected 
by traditional trypsin-ethylenediaminetetraacetic 
acid (EDTA) (0.25%; HyClone, GE Healthcare 
Life Sciences) treatment and transferred onto glass 
microscope slides followed by staining with AO/EtBr. 
Finally,  the cells were analyzed under a fluorescence 
microscope (Olympus BX 41, Germany). Expression 
levels of genes involved in apoptosis such as Bax 
and Bcl-2 were also evaluated by real-time qRT-PCR  
alongside morphological evaluation of the apoptotic 
cells.

Cell cycle analysis: For cell cycle analysis, MCF-
7 (1.5×105), MDA-MB-231 (1×105) and ZR-75-1 
(2.5×105) cell lines were seeded into 24-well plates 
for 24 h. The cells were transfected with si-HULC 
and si-NC separately according to the manufacturer’s 
instruction (Qiagen, Germany and Dharmacon, USA, 

respectively).  After 72 h, the cells were detached by 
trypsin-EDTA solution at 37°C for five minutes (MCF-
7 and ZR-75-1) and two minutes (MDA-MB-231), 
followed by inhibiting trypsin activity by adding 10 
per cent FBS. Afterwards, the cells were collected 
by traditional trypsin-EDTA treatment and washed 
by  cold  phosphate-buffered  saline  (PBS),  pH 7.4, 
followed by fixation using ice-cold ethanol (70% w/w).  
The cells were incubated in a freshly prepared solution 
containing 0.1 per cent Triton X-100, RNase A (50 μg/
ml; Fermentas, USA), and propidium iodide (PI) (50 
μg/ml; Sigma-Aldrich, USA) at 4 °C for 15 minutes. 
The stained cells were analyzed by flow cytometry (BD 
FACS Calibur flow cytometer, BD Biosciences, USA). 
The percentages of measured cells in the sub-G1 and 
G1 phases were analyzed by FlowJO 7.6.1 software 
(BD, USA). The experiments were conducted three 
times independently.

Wound healing assay: In order to get around 90 per 
cent confluency after 24 h of culturing, each cell line 
was seeded at appropriate numbers into 24-well plates 
in complete medium (Gibco, Life Technologies, USA). 

Table I. Sequences of primers used and their real-time qRT-PCR programmes
Genes Primer sequence (5’-3’) Real-time qRT-PCR programme# Product size (bp)
HULC F: ATCGTGGACATTTCAACCTC D: 95°C for 25 sec 

A: 59°C for 25 sec 
E: 72°C for 25 sec

161
R: GCTGTGCTTAGTTTATTGCC

Bax F: GCAAACTGGTGCTCAAGG D: 95°C for 30 sec 
A: 63°C for 35 sec 
E: 72°C for 30 sec

236
R: ACTCCCGCCACAAAGA

Bcl-2 F: TGGGAAGTTTCAAATCAGC D: 95°C for 25 sec 
A: 63°C for 30 sec 
E: 72°C for 30 sec

298
R: GCATTCTTGGACGAGGG

CDH1 F: AGTACAACGACCCAACCCAAG D: 95°C for 30 sec 
A: 57°C for 22 sec 
E: 72°C for 20 sec

235
R: GCAAGAATTCCTCCAAGAATCC

VIM F: CAGGCAAAGCAGGAGTCCA D: 95°C for 30 sec 
A: 59°C for 35 sec 
E: 72°C for 30 sec

122
R: AAGTTCTCTTCCATTTCACGCA

MMP-9 F: CCGCTCACCTTCACTCGC D: 95°C for 30 sec 
A: 63°C for 35 sec 
E: 72°C for 30 sec

174
R: ACCACAACTCGTCATCGTC

β-actin F: AGAGCTACGAGCTGCCTGAC D: 95°C for 30 sec 
A: 59°C for 30 sec 
E: 72°C for 30 sec

184
R: AGCACTGTGTTGGCGTACAG

#real-time qRT-PCR cycling was started for all primers with initial denaturation at 95°C for 10 minutes. D, denaturation; A, primer 
annealing, E, extension; real-time qRT-PCR, real-time quantitative reverse transcription polymerase chain reaction; F, forward;  
R, reverse 
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After 24 h, a single wound was created in the middle 
of  the  well  using  a  sterile  200  μl  pipette  tip.  After 
removing detached cells with PBS, each cell line was 
separately transfected by si-HULC and si-NC according 
to the manufacturer’s protocol (Qiagen, Germany and 
Dharmacon, USA, respectively). After 72 h, the cells 
migrated into the wound area were photographed under 
the inverted microscope (Olympus, Japan). Beside 
wound healing assay, the expression of some genes 
involved in invasion and metastasis including CDH1 
(E-cadherin), VIM (vimentin) and MMP-9 (matrix 
metallopeptidase-9) was also evaluated at mRNA 
levels. Since vimentin is usually undetectable in MCF-
7 and ZR-75-1, and E-cadherin is below the detection 
limit in MDA-MB-231, CDH1 and MMP-9 expression 
were evaluated at mRNA levels in ZR-75-1 and MCF-
7 and VIM and MMP-9 in MDA-MB-231.

Statistical analysis: Relative Expression Software Tool 
(REST) 2009 (Corbett Research, Sydney, Australia), 
was used to evaluate the expression of HULC in breast 
cancer tissues compared to non-tumoural counterparts. 
The fold change and relative expression levels of 
studied genes in treated versus non-treated cells were 
calculated  by  the  2−ΔΔCt and  2−ΔCt  methods

19, 
respectively.  In  these methods, ΔCt=Ct  (HULC) – Ct 
(β-actin) and ΔΔCt=ΔCt (treated cells) – ΔCt (control), 
where Ct is cycle threshold. Statistical analysis 
between two groups was performed by Student’s t test 
and for more than two groups; one-way analysis of 
variance (one-way ANOVA) was applied. Data were 
analyzed by SPSS software v22.0 (IBM, Armonk, NY, 
USA). To assess the biomarker potential of HULC in 
breast cancer a receiver operating characteristic (ROC) 
curve was drawn using SigmaPlot software v12.5 
(Systat Software Inc., USA). All experiments were 
repeated three times, and data were represented as 
mean±standard error of mean.

Results

HULC  overexpressed in breast cancer tissues: Our 
preliminary data showed that HULC was expressed in 
breast tumour tissues (Fig. 1A and B) and fold change 
expressions of HULC at mRNA levels calculated 
through  REST,  were  significantly  upregulated  by 
8.26-fold in cancerous tissues compared to non-
cancerous specimens (8.258±0.726, P<0.001) (Fig. 
1B). The high expression of HULC was significantly 
associated with advanced clinical stages of studied 
samples (P=0.025). Moreover, a marginal association 
was observed between elevated expression of HULC 

and lymph node metastasis (P=0.052) and high 
oestrogen receptor expression (P=0.088) (Table II). 
No association between expression of HULC and other 
clinicopathological characteristics, including age, 
differentiation,  progesterone  and  HER-2  expression 
levels and tumour location, were found (Table II). 
ROC curve analysis was employed to determine 
whether or not tumour and non-tumour tissue could be 
distinguished by the expression level of HULC. Pair-
matched adjacent normal tissues were used as a control 
to plot ROC curve. The area under the ROC curve 
(AUC) was 0.78 (P<0.001) indicating its potential as 
a biomarker (Fig. 1C). The sensitivity and specificity 
were 0.71 and 0.77, respectively, and the cut-off value 
was 17.1.

Expression of HULC in breast cancer cell lines: To 
further explore the potential role of HULC in breast 
cancer, siRNA-based knockdown was employed in 
ZR-75-1, MCF-7 and MDA-MB-231 cell lines. Data 
for expression of HULC in breast cancer cell lines 
have been illustrated in Figure 2A. Real-time qRT-PCR  
analysis of HULC expression levels was performed  
72 h after transfection indicating knockdown efficiency 
>70 per cent for all cell lines (Fold reduction in HULC 
expression was significant (P< 0.05 & <0.01) (Fig. 2B).

HULC silencing induces apoptosis in breast cancer 
cell lines: To study apoptosis, treated and non-treated 
cells were stained with AO/EtBr, and analyzed under 
fluorescence  microscope.  The  result  showed  that 
the knockdown of HULC induced apoptosis-related 
morphological changes, such as nucleus condensation, 
cell membrane blebbing and cytoplasmic vacuolization 
compared to control cells (Fig. 3A-C).

Consistent with the results from morphological 
evaluation, the gene expression data revealed that 
HULC  silencing  significantly  upregulated  Bax 
expression at mRNA level in ZR-75-1 (P=0.001) 
and  but  had  no  significant  effect  on  MCF-7  and 
MDA-MB-231. In addition, HULC knockdown 
significantly  downregulated  Bcl-2 expression at 
mRNA level in ZR-75-1 (P<0.05), MCF-7 (P=0.001) 
and MDA-MB-231 (P=0.001) (Fig. 3D-F). 

HULC knockdown can affect cell cycle: To study the 
growth  inhibitory  effect  of  HULC knockdown, cell 
cycle  analysis  was  done  using  flow  cytometry.  The 
percentages of cell population in sub-G1and G1phase  
in si-NC-transfected ZR-75-1 (as a control) were 0.94 
and 77.2 per cent, respectively, and after 72 h transfection 
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Fig. 2. HULC expression in breast cancer cell lines and small interfering (si) RNA -mediated knockdown. (A) HULC expression levels in breast 
cancer cell lines including ZR-75-1, MCF-7, MDA-MB-231 and Sk-Br-3. (B) The efficiency of si RNA-mediated knockdown was evaluated 72 h  
after transfection by real-time qRT-PCR in the cell lines. P*<0.05, **<0.01 compared to si-NC. si-NC, small interfering RNA negative control.

A B

Fig. 1. Expression of HULC in breast cancer and receive operating characteristic (ROC) curve analysis for predicting breast cancer prognosis. 
(A) Confirmation of HULC expression by Sanger sequencing. (B) Real-time qRT-PCR analysis of HULC expression level in cancerous and 
adjacent non-tumour breast tissues. Values are mean±SEM (n=3). (C) ROC curve for HULC to discriminate between tumour and non-tumour 
tissues. The area under the ROC (AUC) is 0.78 (P<0.001). The sensitivity and specificity were 0.71 and 0.77, respectively and cut-off value was 
17.1. Real-time qRT-PCR, real-time quantitative reverse transcription polymerase chain reaction.

CB

A



 GAVGANI et al: LONG NON-CODING RNA HULC IN BREAST CANCER 249

with si-HULC in the mentioned phases were 13.5 and 
65.3 per cent, respectively. Cell population percentage 
in sub-G1 and G1 in si-NC-transfected MCF-7 
(as a control) were 2.07 and 83.8 per cent, respectively, 
and after 72 h transfection with si-HULC were 23.5 and 
60.8 per cent, respectively. Measured cell population 
percentage in si-NC-transfected MDA-MB-231 
(as a control) in sub-G1 and G1 were 0.68 and  
69.1 per cent, respectively, and after 72 h transfection 
with si-HULC in the mentioned phases were reported 
to be 15.4 and 55.3 per cent, respectively. Thus, there 
was a significant reduction in G1 phase in the studied 

cell lines (P<0.05), while the cell percentage in the 
sub-G1, representing apoptotic cells, was significantly 
increased following 72 h of HULC depletion (P<0.05) 
(Fig. 4).

HULC silencing affects epithelial-mesenchymal 
transition (EMT): To investigate the role of HULC 
in cell migration and EMT, the invasive behaviour 
of MCF-7, MDA-MB-231 and ZR-75-1cells was 
studied following HULC attenuation using wound-
healing assay. The expression of invasive genes 
was studied by real-time qRT-PCR. As shown in 

Table II. Relationship between highly upregulated in liver cancer expression (HULC) levels and clinicopathological features of patients 
with breast cancer (n=52)
Characteristics Number of patients (%) HULC mean (ΔCt)±SEM P
Age (yr)

<45 24 (46.7) 15.46±0.75 0.537
>45 28 (53.3) 14.86±0.63

Tumour size (cm)
<2 24 (46.2) 14.22±0.69 0.182
>2 20 (38.5) 15.68±0.84

TNM clinical stage
I 17 (32.7) 17.10±0.66 0.025
II 14 (26.9) 14.45±1.01
III 14 (26.9) 13.74±0.87

Lymphatic metastasis
Absent 17 (32.7) 15.80±0.61 0.052
Present 28 (53.8) 13.66±0.94

Differentiation
Poor 5 (9.6) 12.56±1.46 0.284
Moderate 35 (67.3) 15.26±0.58
Well 5 (9.6) 15.53±2.13

Progesterone expression (%)
<30 13 (38.2) 14.91±1.21 0.914
>30 21 (61.8) 15.06±0.77

Oestrogen expression (%)
<30 17 (32.7) 16.12±0.79 0.088
>30 17 (32.7) 13.89±0.99

HER-2 status
Negative 16 (30.8) 14.93±1.04 0.891
Positive 15 (28.8) 15.13±0.98

Location
Right 20 (38.5) 14.81±0.84 0.549
Left 23 (44.2) 15.45±0.68

HER-2, human epidermal growth factor receptor-2; TNM, tumour, node, and metastasis; SEM, standard error of mean
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Fig. 4. Cell cycle analysis. ZR-75-1, MCF-7 and MDA-MB-23 cells were transfected with si-NC and si-HULC. Propidium iodide (PI) staining 
was done 72 h after transfection. The range gate illustrated on FACS plots indicates sub-G1. 

Fig. 3. Effects of HULC knockdown on apoptosis. (A-C) Morphological evaluation of the apoptotic cells stained with acridine orange/ethidium 
bromide. Arrows indicate apoptotic cells. Magnification, ×200. (D-F) Expression of Bax and Bcl-2 in ZR-75-1, MCF-7 and MDA-MB-231 
by real-time qRT-PCR after HULC knockdown. Values are mean±SEM (n=3). P*<0.05, **<0.01, ***<0.001 compared to si-NC.  
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Figure 5A-C, knockdown of HULC  significantly 
decreased cell migration capacity compared to non-
transfected parental cells or si-NC-treated cells 
(P<0.05). Consistent with the wound healing assay 
results, depletion of HULC  significantly  upregulated 
E-cadherin in ZR-75-1 cells (P<0.01) and MCF-7 
cells (P=0.01),  while  vimentin  had  no  significant 
change in MDA-MB-231. The knockdown of HULC 
downregulated MMP-9 expression in MDA-MB-231 
(P<0.01) and had no significant effect on ZR-75-1 and 
MCF-7 (Fig. 5D-F).

Discussion

 In view of the crucial roles of a new class of 
ncRNAs named lncRNAs in cancer development20,21, 
and high incidence of breast cancer among women 
worldwide1, the present study was performed to 
examine the expression levels of lncRNA HULC as 
well as its cellular role in breast cancer. In concordance 
with earlier studies7,15,22, our results demonstrated 
upregulation of HULC in breast tumour tissues 
compared to adjacent non-tumour tissues. Our results 
revealed the elevated expression levels of HULC in 
advanced clinical stages compared to tumours with 
early stages. In accordance with the previous studies 
carried out by Panzitt et al15 and Yang et al17 in HCC 

and gastric cancer, respectively, our results also showed 
the biomarker potential of HULC in breast cancer.

Inducing apoptosis is an important tool in 
controlling tumour development. Emerging evidence 
has demonstrated that increased Bax/Bcl-2 ratio as 
a hallmark of apoptosis, upregulates caspase-3 and 
increases apoptosis23-25. In 2017, Wang and colleagues22 
reported that HULC conspicuously inhibited apoptosis 
through increase in Bcl-2 expression levels. Another 
study performed by Chen et al26 revealed that HULC 
silencing  affected  apoptosis  through  upregulation  of 
Bax gene. Our findings showed a relationship between 
HULC depletion and apoptosis mostly through 
reduction in Bcl-2 and an increase in the ratio of Bax to 
Bcl-2 expression in breast cancer cell lines. Moreover, 
apoptosis  was  further  confirmed  through  increased 
sub-G1 area in cell cycle analysis.

Cancer metastasis as a major cause of cancer 
mortality begins with acquiring EMT and invasive 
properties causing the spread of metastatic cells 
from  primary  tumour  to  different  sites27. The loss of 
E-cadherin (epithelial marker) as one of the critical 
steps in EMT and invasion28,29 has been considered by 
many researchers. Li et al30 speculated that lncRNA 
HULC  could  influence  cell  migration  and  invasion 

Fig. 5. Effects of HULC knockdown on epithelial-mesenchymal transition. (A-C) Scratch wound healing assay was performed in control 
and small interfering RNA -treated breast cancer cell lines ZR-75-1, MCF-7 and MDA-MB-231. Magnification, ×100. (D-F) Analysis of 
CDH1, VIM and MMP-9 expression in breast cancer cell lines by real-time qRT-PCR after HULC knockdown. Values are mean±SEM (n=3).  
**P<0.01 comapred to si-NC. 
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through HULC-EMT pathway. Zhao et al7 discovered 
for  the first  time  that HULC was a positive regulator 
of EMT. They showed that HULC depletion induced 
a repertoire of biochemical and morphological 
changes causing EMT suppression. In consistent 
with  these  findings,  our  results  showed  that  HULC 
depletion could decrease migration of breast cancer 
cells and also supress EMT through an increase in the 
expression of CDH1. Upregulation of MMP-9, one of 
the most widely investigated MMPs, has been reported 
to play a significant role in different cancers31. In this 
study,  a  significant  reduction  of  MMP-9  expression 
was shown in only MDA-MB-231 cells following 
HULC knockdown. Since MMP-9 is highly expressed 
in triple-negative tumours and is associated with 
a  tumorigenic  expression  profile  and  plays  critical 
roles in the metastatic behaviour of MDA-MB-231 
cells32; we suppose that HULC silencing can probably 
downregulate MMP-9 only in this cell lines.

In this study, HULC silencing resulted in a 
significantly  lower  expression  of  Bcl-2 and higher 
expression of CDH1 in breast cancer cells. Our results 
were consistent with a proposed mechanism in which 
the upregulation of Bcl-2 led to loss of CDH1 and 
decreased CDH1-mediated cell-cell adhesion as well as 
invasion33,34. Thus, based on our results, one possibility 
for upregulation of Bcl-2 and loss of CDH1 might be 
due to the role of HULC in apoptosis via modulating 
Bcl-2 expression, which in turn results in the regulation 
of CDH1 levels33,34. However, the concrete mechanisms 
of how HULC regulates genes implicated in metastasis 
and apoptosis remain to be explored in the future.

To  summarize,  our  findings  suggest  that  HULC 
can be a potential molecular marker for breast cancer 
and may provide further evidence of its vital role in the 
biology of cancer. This study also provides preliminary 
data on the importance of this lncRNA as a possible 
target therapy against breast cancer.
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