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Abstract. Cervical cancer is one of the most malignant types 
of tumor and the fourth leading cause of cancer‑associated 
mortality in females worldwide. High expression of brain 
cytoplasmic RNA 1 (BCYRN1) has been detected in various 
tumors. The present study aimed to investigate the effect of 
BCYRN1 in the viability and motility of cervical cancer, 
and the relevant mechanism. The results demonstrated that 
BCYRN1 was upregulated in cervical cancer tissues compared 
with normal tissues. Elevated levels of BCYRN1 were also 
detected in three human cervical cancer cell lines (SiHa, HeLa 
and CaSki) compared with non-cancerous ectocervical epithe-
lial cell line (Ect1/E6E7). The expression of BCYRN1 was 
suppressed following transfection with small interfering RNA 
(siRNA) in HeLa cells. The silence of BCYRN1 significantly 
reduced cell viability and motility. Furthermore, microRNA 
(miR)‑138 was predicted as a direct target of BCYRN1 and 
the expression of miR‑138 was elevated in HeLa cells trans-
fected with BCYRN1 siRNA. Subsequently, elevated levels 
of miR‑138 were suppressed by transfection with miR‑138 
inhibitor in HeLa cells pretreated with BCYRN1 siRNA. 
The targeting association between BCYRN1 and miR‑138 
was supported by luciferase reporter assays. Additionally, 
BCYRN1 siRNA partially counteracted the effect of miR‑138 
inhibitor on promoting cell viability and mobility in HeLa 
cells. Finally, the in vivo experiment verified that BCYRN1 
siRNA was able to prevent tumor growth, and reduced the 

expression of migration marker proteins metalloproteinase 2 
and vascular endothelial cell growth factor, with enhanced 
expression levels of miR‑138. These results suggest that 
lncRNA BCYRN1 promotes the proliferation and invasion of 
cervical cancer via targeting miR‑138.

Introduction

Cervical cancer is one of the most frequently occurring malig-
nant tumors and the fourth leading cause of cancer‑related 
mortality in females worldwide, causing about 300,000 deaths 
every year. More than 75% of these cases and deaths occur in 
developing countries (1). The disproportionately high burden 
of cervical cancer in developing countries and elsewhere 
medically underserved populations is principally because 
of lacking screening that can prevention and detection of 
early‑stage cervical cancer (2). Therefore, it is very important 
to study a method to reliably predict disease outcome and 
reduce risk of treatment failures.

Protein‑coding genes account for only about two percent 
of the human genome, whereas the overwhelming majority 
of transcripts are non‑coding RNAs (ncRNAs), including 
lncRNAs. LncRNAs are defined as >200 nt in length  (3). 
Their roles include regulating gene expression at the epigen-
etic, transcriptional, and post‑transcriptional level in cellular 
homeostasis (4). As we know that lncRNA studies are still in 
their infancy and the functions remain unclear. Up to now, 
more and more literature has proved that lncRNA expressions 
are involved in cancer metastasis  (5,6). Brain cytoplasmic 
RNA 1 (BCYRN1), also called BC200, ordinarily cannot be 
detected in normal tissue, except for in the primate nervous 
system (7). Accordance to the literature, lncRNA BCYRN1is 
strongly expressed in some carcinomas of the cervic, oesoph-
agus and lung, but not detected in normal tissues (8,9).

MicroRNAs (miRNAs), a class of short ncRNA molecules 
ranging in size from 19 to 25 nucleotides (nt), is one of the 
well‑characterized classes of ncRNAs. miRNAs have been 
recognized as a new class of genes involved in human 
cancer and have recently been shown to be biomarkers of 
diagnostic, prognostic and therapeutic (10,11). Several studies 
have identified some miRNAs that were significantly altered 
and have the potential to restrain proliferation of cervical 
cancer  (12,13). Previous studies suggest that miRNA‑138 
restrains cervical cancer cells proliferation (14). Although a 
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large number of ncRNA research has focused on the regula-
tion of protein‑coding genes mediated by them, it suggests that 
miRNAs and lncRNAs can interact with each other, especially 
in transcriptional regulation.

In the present study, we demonstrated that BCYRN1 was 
upregulated in cervical cancer tissues and cell lines. BCYRN1 
was then knockdown by transfecting small interfering RNA 
(siRNA) in HeLa cells. BCYRN1 siRNA suppressed the 
viability and mobility of cervical cancer in vitro and in vivo 
and may through targeting miR‑138. BCYRN1 may serve as a 
novel target for cervical cancer treatment.

Materials and methods

Patients and materials. The experiments were undertaken 
with the understanding and written consent of each subject. 
Informed consent was obtained from each patient recruited, 
and the study protocol was approved by the Human Ethics 
Committee of Wuzhong People's Hospital in Suzhou (Jiangsu, 
China). Cervical cancer tissues were collected from 25 cases 
of cervical cancer patients who underwent curative surgery 
from January 2005 to May 2014 at Wuzhong People's Hospital 
in Suzhou (Jiangsu, China) (Table  I). And normal cervix 
healthy subjects were as normal control. On removal of the 
surgical specimen, researchers immediately transferred the 
tissues to the surgical lab. Each sample was snap‑frozen in 
liquid nitrogen before RNA analysis.

Cell culture. Three human cervical cancer cell lines (SiHa, 
HeLa and CaSki) were cultured in this study. They were 
purchased from Cell Bank of the Chinese Academy of Science 
(Shanghai, China). A non-cancerous ectocervical epithelial 
cell line (Ect1/E6E7) was purchased from the Health Science. 
All cells were cultured in DMEM (Gibco-BRL, Grand Island, 
NY, USA), including 10% fetal bovine serum (FBS; Hyclone; 
Invitrogen, Camarillo, CA, USA), as well as 100 U/ml peni-
cillin and 100 µg/ml streptomycin (Invitrogen, Carlsbad, CA, 
USA). Cells were maintained in a humidified incubator (37˚C, 
5% CO2).

RT‑PCR analysis. Total RNA from cervical cancer tissues and 
cells was extracted using Trizol reagent (Invitrogen). RNA was 
transcribed into cDNAs using the PrimerScript one-step 
RT‑PCR kit (Takara, Dalian, China). Then cDNA template was 
amplified by RT‑PCR (SYBR Premix Dimmer Eraser kit; 
TaKaRa). GADPH expression level was as a standardization for 
each gene expression. The primer sequences were as follows: 
BCYRN1 forward, 5'‑CTG​GGC​AAT​ATA​GCG​AGA​C‑3' and 
reverse, 5'‑TGC​TTT​GAG​GGA​AGT​TAC​G‑3'; GAPDH 
forward, 5'‑GTC​AAC​GGA​TTT​GGT​CTG​TAT​T‑3' and reverse, 
5'‑AGTCTTCTGGGTGGCAGTGAT‑3'. The condition of 
RT‑PCR was 95˚C for 2 min, followed by 40 cycles of 15 sec at 
95˚C, and at last 1 min at 55˚C. The 2‑ΔΔCt method was used to 
calculate the relative expression fold change of mRNAs.

Northern blot analysis. Total RNAs were extracted by the 
TRIzol (Gibco-BRL) method. Poly(A)+ RNA was isolated 
using an Oligotex mRNA midi kit (Qiagen GmbH, Hilden, 
Germany) following the manufacturer's instructions. Analysis 
of RNA expression was performed by Northern blotting as 

previously described (15). Total RNA was fractionated on 
a denaturing 12% polyacrylamide gel containing 8 M urea, 
transferred to Nytran N membrane (Schleicher and Schuell, 
Germany, Dassell, Germany) by capillary method and fixed 
by ultraviolet cross‑linking. Prehybridization of the filters 
was carried out in 50% formamide, 0.5% SDS, 5X SSPE, 
5X  Denhardt's solution and 20  µg/ml sheared, denatured 
salmon sperm DNA. Filters were washed at 70˚C in 2X SSC 
and 1% SDS for 10 rain, in 0.2X SSC and 0.5% SDS for the 
next 10 rain, and then in 0.1X SSC and 0.l% SDS for 20 min. 
The filter for detecting the EP4 mRNA was treated with 
1 pg/ml RNase A at 20˚C for 10 min, and washed again at 
70˚C in 0.1X SSC and 0.1% SDS for 10 rains.

Cell transfection. hsa‑miRNA‑138 mimic/negative‑control 
mimic and hsa‑miRNA‑138 inhibitor/negative‑control inhibitor 
were purchased from Genechem (Shanghai, China). The 
BCYRN1 siRNAs were synthesized by Invitrogen. BCYRN1 
siRNA (targeted region) sequences were as follows: siRNA_1, 
CGC​CUG​UAA​UCC​CAG​CUC​UCA; siRNA_2, AUA​AGC​G 
UA​ACU​UCC​CUC​AAA; siRNA_3 CGU​AAC​UUC​CCU​CAA​
AGC​AAC​AAC​C. pcDNA‑3.1(+)‑BCYRN1 (lncRNA‑BCYRN1), 
the overexpression plasmid of BCYRN1 was constructed from 
Genechem. According to the manufacturer's instructions, trans-
fections were performed using the Lipofectamine 2000 kit 
(Invitrogen).

CCK‑8 analysis. Cervical cancer cells were seeded in a 96‑well 
plate (5x103 cells/well) for 24 h. Then the cultured cells were 
transfected with miR‑138 mimic or BCYRN1 siRNA for 48 h. 
Then CCK‑8 reagent (5 mg/ml) was added to each well and 
incubated in dark at 37˚C for 2 h. Finally, the absorbance was 
determined with the wavelength of 490 nm.

Flow cytometric analysis. Cells transfected with desired 
plasmid or negative control were plated in 6‑well plates. After 
incubation for 48 h, 3 µg/ml Annexin V‑FITC and 5 µg/ml 
propidium iodide was used to staining at RT for 30 min in 
the dark. Then cultures were collected and analyzed using a 
FACSCalibur™ flow cytometer (BD Biosciences, San Jose, 
CA, USA) with Beckman CXP software (Beckman Coulter, 
Inc., Brea, CA, USA).

Western blot analysis. The proteins, extracted from tissues 
and cultured cells, were separated through SDS‑PAGE 
and then were transferred onto polyvinylidene fluoride 
(PVDF) membranes (Millipore, Billerica, MA, USA). 
The membranes were blocked in PBST (PBS with 0.1% 
Tween-20) containing 5% non-fat milk for 2  h at room 
temperature, and then were incubated with the primary 
antibodies: Anti‑Ki67, anti‑proliferation cell nuclear antigen 
(PCNA), anti‑caspase‑3, anti‑caspase‑9, anti‑matrix metal-
loproteinase (MMP)‑9, anti‑vascular endothelial cell growth 
factor (VEGF), anti‑SOX‑4, anti‑GAPDH and corresponding 
HRP‑conjugated secondary antibodies. Membranes were 
extensively washed several times with PBST. Proteins 
were detected using a ChemiDoc XRS imaging system and 
Quantity One analysis software (Bio‑Rad, San Francisco, 
CA, USA). GAPDH (Abcam, Cambridge, UK) was used as 
an endogenous reference.
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Luciferase reporter assays. The 3'‑UTR of BCYRN1 was 
PCR amplified from human genomic DNA, and cloned 
downstream of the firefly luciferase coding region of the 
pMIR‑GLO™Luciferase vector (Promega, Madison, WI, USA). 
The recombinant vector was called pMIR‑BCYRN1‑wild‑type. 
Mutations in miR‑138 binding sites were introduced by 
site‑directed mutagenesis and the resulting vector was called 
pMIR‑BCYRN‑mutant. Cells were seeded into 24‑well 
plates and co‑transfected with 200 ng of pMIR‑BCYRN1 or 
pMIR‑BCYRN1‑mut vector and miR‑138 mimic or miR‑138 
inhibitor. Cells were harvested and then lysed (lysis buffer; 
Promega), after 36  h. The luciferase reporter gene assay 
was detected by the Dual‑Luciferase Reporter Assay system 
(Promega, Shanghai, China), according to the manufacturer's 
instructions.

Invasion and migration assays. For the invasion assay, after 
48 h of transfection, 2x104 HeLa cells were cultured without 
FBS in the upper chamber of an insert (Chemicon, Temecula, 
CA, USA). Matrigel (Sigma-Aldrich; Merck  KGaA, 
Darmstadt, Germany) was used to precoat the chamber. 
Then the lower chambers were incubated for 24 h in culture 
medium with 10% FBS, before examination. On the upper 
surface, HeLa cells were scraped and washed away, whereas 
the invaded cells on the lower surface were fixed and stained 

with Diff‑Quik (Sysmex, Kobe, Japan) at RT for 2 h. The 
invading cells were observed and counted under a DMLB2 
light microscope (Leica, Wetzlar, Germany) at a magni-
fication of x200 in 10 random fields in each well. For the 
migration assay, approximately 1.5x106 cells/well pretreated 
with BCYRN1 siRNA or siRNA‑scramble were seeded in 
6‑well plate and cultured overnight until the cells reached 
90% confluence. Then a straight scratch was created by a 
sterile pipette tip. After rinsing off the destroyed cells with 
PBS, the plate was cultured in medium for another 24 h. Cell 
migration was observed using an Olympus  IX 70 micro-
scope and imaged at 0 and 24  h with a digital camera 
(Leica DFC300FX).

Subcutaneously xenografted mouse model. All animal 
experiments were carried out in accordance with a protocol 
approved by the Institutional Animal Care and Use Committee 
(IACUC). HeLa cells were transfected with BCYRN1 siRNA 
or siRNA‑scramble for 24 h. Then, 4x106 cells were subcu-
taneously inoculated into 6‑8 weeks old male athymic nude 
mice. After tumors (100‑150 mm3) had established, the tumor 
volume was measured every 5 days using the same protocol, 
and calculated in length x (width2)/2.

Immunohistochemistry. Formalin‑fixed paraffin‑embedded 
sections (5  µM) from tissue microarrays were prepared. 
They were deparaffinized in xylene and rehydrated then were 
incubated in 30% H2O2 to quench the activity of endogenous 
peroxidase. Then the sections were incubated with primary 
antibodies directed against MMP‑2 and VEGF overnight at 
4˚C. Proteins were visualized under a light microscopy.

Statistical analysis. All data were processed using SPSS 13.0 
(SPSS, Inc., Chicago, IL, USA). For statistical analysis, 
quantitative data from at least three experiments were 
compared and are expressed as the mean ± SD. Analysis of 
variance (ANOVA) was used for comparison among groups. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

BCYRN1 is upregulated in cervical cancer. BCYRN1 
relative expression was evaluated using RT‑PCR and 
northern blot from 25 cervical cancer patients. BCYRN1 
was upregulated in cervical cancer tissues compared with 
normal tissues (Fig. 1A and B; P<0.01). Then, we examined 
the mRNA expression level of BCYRN1 in cervical cancer 
cells. The non-cancerous ectocervical epithelial cell line 
(Ect1/E6E7) was used as normal control. Among the cervical 
cancer cells, the BCYRN1 expression were notably upregu-
lated as compared with that in the Ect1/E6E7 cells (Fig. 1C 
and D; P<0.01). We selected HeLa cells for BCYRN1 knock-
down and the following experimental study, as it harbored 
the highest expression level of BCYRN1.

Silencing BCYRN1 attenuates the viability and motility of 
cervical cancer. Then we evaluated the in vitro effects of 
BCYRN1 in cervical cancer by transfection of 3 different 
siRNAs of BCYRN1 into HeLa cells. Then an optimal 

Table I. Clinicopathological variables in cervical cancer patients.

Variable	 Cases

Age, yearsa

  <55	 15
  ≥55	 10
Sex
  Female	 25
Pathological classification
  Squamous classification	 16
  Adenoma	 7
  Other	 2
Clinical stage
  0	 3
  I	 7
  II	 10
  III	 4
  IV	 1
Response to chemotherapy
  No or poor	 12
  Moderate	 5
Chemotherapy regimen
  5‑fluorouracil	 12
  Cyclophosphamide	 7
  Cisplatin	 11
  Doxorubicin	 6

aAge mean ± standard deviation, 53.2±11.4; range, 48‑71.
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knockdown siRNA (siRNA_1) was chosen in this study. The 
BCYRN1 siRNA caused a significant downregulation of 
the mRNA expression of BCYRN1 (Fig. 2A and B; P<0.01). 
Flow cytometric analysis showed that HeLa cells apoptosis 
was markedly increased after transfection with BCYRN1 
siRNA (Fig.  2C and  D; P<0.01). Next, CCK‑8 assay was 
performed to detect the cell viability. Data showed that 
transfection with BCYRN1 siRNA distinctly suppressed 
the proliferation of HeLa cells (Fig. 2E; P<0.05). Given that 
the inhibition of BCYRN1 reduced cell viability in HeLa 
cells, further experiments was conducted to examine the 
effect of BCYRN1 on cell motility. The result of transwell 
invasion assay showed that invasion cells was noticeably 
declined in HeLa cells transfected with BCYRN1siRNA 
(P<0.001; Fig. 3A and B). By comparing the closure of the 
gap at 0 and 24 h later after transfection, a significantly 
decreased closing rate of scratch wounds was detected in 
BCYRN1 siRNA group compared with the siRNA scramble 
group (P<0.05; Fig. 3C and D). The results above indicated 
that inhibition of BCYRN1 suppressed cell viability and 
motility in cervical cancer.

MiRNA‑138 is downregulated in cervical cancer. As shown 
in Fig. 4A and B, there was a 3‑4-fold decrease in the expres-
sion level of miR‑138 in the 25 tumors than the normal tissues 
(P<0.01). miR‑138 level also was downregulated in cervical 
cancer cell lines compared with noncancerous ectocervical 
epithelial cell Ect1/E6E7 (Fig. 4C and D; P<0.01). Above data 

indicated that miR‑138 may be as an important role in cervical 
cancer.

Identification of potential BCYRN1‑targeting miRNA‑138. 
According to the prediction results, we identified that BCYRN1 
contained five seed sequences of miR‑138 (Fig. 5A). That 
meant miRNA‑138 may be a potential targeting of BCYRN1. 
BCYRN1 was then overexpressed by transfecting lncRNA 
BCYRN1 into HeLa cells. It showed that overexpression of 
BCYRN1 could restrain the expression of miR‑138 (Fig. 5B). 
But the level of miR‑138 was upregulated after silencing of 
BCYRN1 (Fig.  5C). Luciferase reporter constructs were 
generated to further confirm the direct binding between 
BCYRN1 and miRNA‑138. We observed that miRNA‑138 
mimic decreased the luciferase activities of BCYRN1 wt 
reporter vector. But luciferase activities in cells transfected 
with BCYRN1 mut and the miRNA‑138 mimic were almost 
comparable to that of control cells (Fig. 5D; P<0.01). Trend 
relation of BCYRN1 and miR‑138 in 25 patients indicated that 
BCYRN1 and miR‑138 showed the reverse changes (Fig. 5E; 
P<0.001). It suggests that the regulation between miRNA‑138 
and BCYRN1 may be in a way similar to the miRNA‑mediated 
silencing of protein‑coding genes. These results confirmed the 
direct binding between BCYRN1 and miRNA‑138 and nega-
tive regulation relationship.

Bucking effect of miR‑138 inhibitor on cervical cancer 
cell proliferation, invasion and migration. To explore the 

Figure 1. Level of BCYRN1 was upregulated in cervical cancer. (A) Relative expression of BCYRN1 in cervical cancer tissues and adjacent histologically 
normal tissues was detected by qRT‑PCR (**P<0.01 vs. normal tissues). (B) Expression of BCYRN1 in cervical cancer tissues and adjacent histologically normal 
tissues was detected through northern blotting. GAPDH was used as an endogenous reference. (C) Expression of BCYRN1 in three human cervical cancer 
cell lines (SiHa, HeLa and CaSki) and non-cancerous ectocervical epithelial cell line (Ect1/E6E7) was detected through qRT‑PCR (**P<0.01 vs. Ect1/E6E7; 
***P<0.01 vs. Ect1/E6E7). (D) Expression of BCYRN1 in related cervical cancer cell lines and esophageal epithelial cell line was valued through northern 
blotting. GAPDH was used as an endogenous reference. Bars showed means ± SD of three independent experiments. BCYRN1, brain cytoplasmic RNA 1.
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underlying mechanism of such a negative regulation between 
miR‑138 and BCYRN1, we detected the proliferation, apop-
tosis, invasion and migration in HeLa cells, in response to 
BCYRN1 knockdown and miR‑138 inhibitor. As illustrated 
in  Fig.  6, BCYRN1 siRNA significantly restrained the 
proliferation, invasion and migration ability of HeLa cells, 
but promoted apoptosis. The adding of miRNA‑138 inhibitor 
enhanced cell proliferation, invasion and migration, but 
BCYRN1 siRNA had bucking effect for miRNA‑138 inhibitor 
in HeLa cells (P<0.01).

Negative regulation of miRNA‑138 in the oncogenic activity 
of BCYRN1 in vivo. To provide more evidence to the idea 
that BCYRN1's oncogenic activity is in part through the 

negative regulation of miRNA‑138, HeLa cells were trans-
fected with BCYRN1 siRNA. The cells were then injected 
subcutaneously into nude mice. After cancer cell inocula-
tion, mice were killed 4 weeks. We observed a decrease 
in tumor growth in the BCYRN1 siRNA group, compared 
with the BCYRN1 scramble group (Fig. 7A and B; P<0.05). 
Furthermore, the expression level of BCYRN1 from the 
BCYRN1 siRNA group was lower but miR‑138 was signifi-
cantly increased, compared with BCYRN1 scramble group 
(Fig. 7C‑E; P<0.001). As shown in Fig. 7F, expression of 
MMP‑2 and VEGF, which are migration marker proteins, 
were all reduced in BCYRN1 siRNA group. It indicated that 
BCYRN1 siRNA depressed cell migration. All these data 
verified the previous results.

Figure 2. Silencing BCYRN1 inhibits cell proliferation and promotes cell apoptosis of cervical cancer. HeLa cells were transfected with BCYRN1 siRNA or 
siRNA scramble, respectively. (A) Relative expression of BCYRN1 in HeLa cells was detected through qRT‑PCR (**P<0.01 vs. scramble group). (B) Expression 
of BCYRN1 in HeLa cells was detected through northern blotting. GAPDH was used as an endogenous reference. (C) Cell apoptosis was detected using the 
flow cytometry. (D) Histogram represents the statistical analysis of cell apoptosis rate. (E) Numbers of cells per well in HeLa cells were measured through 
CCK-8 assay at 570 nm. The statistical results were shown in the form of a line chart. Bars showed means ± SD of three independent experiments. *P<0.05 and 
**P<0.01 vs. BCYRN1 scramble group. BCYRN1, brain cytoplasmic RNA 1.
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Figure 3. Silencing BCYRN1 inhibits cell invasion and migration of cervical cancer. (A) Transwell invasion assay was conducted to observe the invasive 
cells in HeLa cells. (B) Histogram represents the statistical analysis of Transwell invasion assay. (C) Migration rate of HeLa cells was observed through 
wound‑healing assays. (D) Histogram represents the statistical analysis of wound‑healing assays. *P<0.05 and ***P<0.001 vs. BCYRN1 scramble group. 
BCYRN1, brain cytoplasmic RNA 1.

Figure 4. Level of miRNA‑138 was downregulated in cervical cancer. Relative expression of miRNA‑138 in cervical cancer tissues and adjacent histologically 
normal tissues was detected by qRT‑PCR (A) and northern blotting (B) (**P<0.01 vs. normal tissues). (C) Relative expression of miRNA‑138 in three human 
cervical cancer cell lines (SiHa, HeLa and CaSki) and non-cancerous ectocervical epithelial cell line (Ect1/E6E7) was detected through qRT‑PCR (**P<0.01 
vs. Ect1/E6E7; ***P<0.01 vs. Ect1/E6E7). (D) Expression of miR‑138 in related tissues and cell lines was measured through northern blotting. GAPDH was 
used as an endogenous reference. Bars showed means ± SD of three independent experiments.
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Figure 5. Identification of miRNA‑138 as a target of BCYRN1. (A) Alignment of potential BCYRN1 base pairing with miRNA‑138 as identified by star-
Base v2.0. (C) HeLa cells were transfected with lncRNA BCYRN1 and/or miR‑138 mimic or mimic control. Expression of miR‑138 was detected through 
northern blotting. (D) Wild-type (lncR‑BCYRN1‑WT) or mutant (lncR‑BCYRN1‑Mut) luciferase reporter and/or miR‑138 mimic were co‑transfected into 
HeLa cells. Luciferase reporter assay was conducted to detect the luciferase activity in HeLa cells. Bars showed means ± SD of three independent experiments. 
(E) Relative expression of BCYRN1 and miR‑138 in 25 paired cases of cervical cancer tissues were detected through qRT‑PCR. **P<0.01 vs. lncRNA‑BCYRN1 
wt group. BCYRN1, brain cytoplasmic RNA 1.

Figure 6. miR‑138 inhibitor has bucking effect on BCYRN1 for cell proliferation, invasion and migration. HeLa cells were transfected with BCYRN1 siRNA 
and/or miR‑138 inhibitor or inhibitor control, respectively. (A) OD value in HeLa cells was measured through CCK-8 assay at 570 nm. (B) Cell apoptosis rate 
was detected through flow cytometry. (C) Cell motility was examined through transwell invasion assay. (D) Cell motility was examined through wound healing 
assay. *P<0.05 and **P<0.01 vs. corresponding control group. BCYRN1, brain cytoplasmic RNA 1.
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Discussion

As one of the most common diseases, cervical cancer is seen 
to be a major cause of women mortality worldwide. Exploring 
the molecular mechanisms of tumorigenesis is conducive 
to develop new therapeutics for cervical carcinoma. In this 
study, it is the first time to explore the expression pattern and 
biological function of lncRNA BCYRN1 and miR‑138 in 
cervical cancer.

There have been studies showing that lncRNAs are very 
important in cancer pathogenesis and can provide new insights 
into the therapy (16,17). Over the past years, the researches about 
miRNAs have dominated the field of lncRNA regulation (17,18). 
Nevertheless, the function of lncRNAs in the tumorigenesis of 
cervical cancer is still unknown. Understanding the precise 
molecular mechanism would accelerate the development of 
lncRNA‑directed diagnostics and therapeutics against cancers. 
LncRNA BCYRN1 is normally not detected in normal tissue. 
However, in this study we detected a low BCYRN expression 
level in normal cervix tissues. Overexpression of BCYRN1 
both in cervical cancer tissues and cell lines were confirmed 
using RT‑PCR and northern blotting. The abnormal expression 
of cancer metastasis‑associated lncRNA may drive tumori-
genesis via regulating suppressive and oncogenic pathways. 
In order to make a further exploration, the BCYRN1 siRNA 
was transfected into HeLa cells. Data showed that BCYRN1 
siRNA depressed cell proliferation, invasion and migration, 
but apoptotic cells were increased. However, there might be 

a limitation of the present study that unpredictable off‑target 
effects often happen in siRNAs transfection experiments. 
Therefore, more siRNA oligonucleotides for BCYRN1 
knockdown will be required to verify the effects of BCYRN1 
knockdown on HeLa cells in further research.

miRNAs are considered as a group of small non-coding 
RNA molecules that exhibit different roles in some biological 
behaviors, for instance, cell apoptosis, differentiation, and 
tumorigenesis (19). Recently some studies have reported the 
role of miRNAs in modulating invasion and metastasis of 
cervical cancer cells. For instance, Deng et al (20) discov-
ered that miRNA‑142‑3p restrained cervical cancer cells 
proliferation and invasion, indicating a potential therapeutic 
approach for cervical cancer (20). Another study revealed that 
miR‑3156‑3p is reduced in cervical cancer, suggesting as a 
tumor‑suppressive miRNA (21). miR‑138 has been reported to 
be inhibited in some cancers, including aggressive papillary 
thyroid carcinoma, head and neck squamous cell carcinoma, 
and lung cancer tumors (22,23). Literature research reported 
that miR‑138 inhibits proliferation, migration and invasion of 
cervical cancer cells by targeting hTERT (24,25). In this study, 
we get similar results that miRNA‑138 was evidently inhibited 
in the cervical cancer tissues and cells. Taken together, combi
ning these literature reports and data we inferred that miR‑138 
performed as a tumor suppressor in cervical cancer. However, 
the biological role of miR‑138 in cervical cancer had not 
been explored. Thus the next study aimed to investigate the 
biological function of miR‑138.

Figure 7. Negative regulation of miRNA‑138 in the oncogenic activity of BCYRN1 in vivo. HeLa cells were pre‑treated with BCYRN1 siRNA and/or miR‑138 
inhibitor or scramble, respectively. The cervical cancer xenograft mouse model was created by subcutaneous injection of recombinant cell lines to SPF nude 
mice. (A) Representative images of cervical cancer xenograft tissues were presented here (n=5). (B) Diameter of cervical cancer xenografts tissues in every 
group was measured every 5 days from tumor formation to 30 days. Tumor growth curve was shown as means ± SD (*P<0.05, *P<0.05, **P<0.01, vs. scramble 
group) (C‑E) Expression of BCYRN1 and miR‑138 in cervical cancer xenograft tissues was detected through qRT‑PCR and northern blotting. (F) Migration 
marker proteins MMP‑2 and VEGF were detected by immunohistochemical analysis. GAPDH was used as an endogenous reference. Bars showed means ± SD 
of three independent experiments. ***P<0.001 vs. BCYRN1 scramble group. BCYRN1, brain cytoplasmic RNA 1; MMP, matrix metalloproteinase.
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A growing number of reports suggest there is a wide-
spread interaction network between lncRNAs and miRNAs. 
lncRNAs could modulate RNA by binding and titrating off 
their binding sites on protein coding messengers (26). An 
example of this type is lncRNA HULC, highly upregulated 
in liver cancer. Its upregulation has inhibitory effects on the 
expression and activity of miRNA‑372 (27). Ma et al (28) 
revealed that lncRNA CCAT1 enhances gallbladder cancer 
development via negative modulation of miRNA‑218‑5p. 
Liz  et  al focus on the interplay between lncRNAs and 
miRNAs, and find the importance of such interactions in the 
tumorigenic process, providing new insight into the regula-
tory mechanisms of several ncRNA classes in cancer (26). 
Similar report suggests that miRNA‑29 can regulate expres-
sion of the lncRNA gene MEG3 in hepatocellular cancer and 
may contribute to human hepatocellular cancer growth (29). 
Similar phenomenon was observed between MALAT1 and 
miR‑145 (30). The interaction between lncRNA and miRNA 
remains to be explored.

We made a study for miRNAs that had complementary 
base pairing with lncRNA BCYRN1 and fortunately some 
miRNAs were identified. We focused on miRNA‑138, as 
it has biological function in cervical cancer. Inhibiting 
BCYRN1 increased miRNA‑138 expression, while ectopic 
expression of BCYRN1 induced the downregulation of 
miRNA‑138 and the miRNA‑138‑binding site is requisite for 
the BCYRN1‑mediated repression. As we mentioned earlier 
recent reports indicate lncRNAs may exert modulatory effect 
via miRNAs. The miRNA‑138 was demonstrated to inhibit 
tumor growth, while BCYRN1 promoted tumor progres-
sion. We explored the biological aspect of BCYRN1 and 
miRNA‑138 in HeLa cells. Our study exhibited that although 
silencing BCYRN1 expression suppressed the proliferation 
and migration of HeLa cells, miRNA‑138 inhibitor had a 
reversed‑effect for BCYRN1 siRNA. Thus it suggests that 
BCYRN1 may promote tumor development through regu-
lating miRNA‑138. Consequently, we further explored the 
underlying mechanism between them. The results showed 
that miRNA‑138 inhibitor enhanced cell proliferation, inva-
sion and migration, but BCYRN1 siRNA had bucking effect 
for miRNA‑138 inhibitor on cervical cancer cell.

In conclusion, it demonstrated that BCYRN1 increases 
cervical cancer cell proliferation and invasion by targeting 
miR‑138 in vitro and in vivo. Our findings show that the regula-
tion between BCYRN1 and miR‑138 may represent a valuable 
therapeutic target for cervical cancer therapy. It suggests 
another layer of regulation involving lncRNAs and miRNAs 
in both molecular and biological aspects. Further research is 
needed to identify the more detailed signal pathways involved 
in the pathogenesis and metastasis of cervical cancer that are 
supposedly regulated by BCYRN1 and miR‑138.
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