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Abstract. – OBJECTIVE: Recent studies have 
determined the crucial role of long noncoding 
RNAs (lncRNAs) in cancer development. Cervi-
cal cancer (CC) is a common type of fatal gyne-
cological cancer worldwide. This study aims to 
identify the role of lncRNA AB073614 in the pro-
gression of CC.

PATIENTS AND METHODS: Relative level of 
AB073614 in 3 CC cell lines and 48 paired CC 
samples was determined by the quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR). 
The potential regulatory effects of AB073614 on 
the cellular behaviors of CC cells were explored 
through apoptosis assay, colony formation as-
say, and proliferation assay in vitro. The under-
lying mechanism of AB073614 in mediating the 
progression of CC was also conducted.

RESULTS: The AB073614 expression was re-
markably higher in CC tissues than that in adja-
cent tissues. The knockdown of AB073614 inhib-
ited proliferation but induced apoptosis of CC 
cells. In addition, RBM5 (RNA binding motif 5) 
was upregulated in CC cells after knockdown of 
AB073614 in vitro. Furthermore, a negative cor-
relation was seen between the expressions of 
RBM5 and AB073614 in CC tissues.

CONCLUSIONS: AB073614 could promote 
proliferation and inhibit apoptosis of CC cells 
through downregulating RBM5, which may offer 
a new therapeutic intervention for CC patients.
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Introduction

Cervical cancer (CC) is the fourth most general 
gynecologic malignancy in the world and is the 

most common cancer in Chinese women. Each 
year, there are about 530,000 newly onset approx-
imately 275,000 death cases of CC1. Moreover, 
the morbidity of CC accounts for 85% in devel-
oping countries, leading to more than 250,000 
deaths annually2,3. Conventional treatments for 
CC mainly include surgery, chemotherapy, and 
radiotherapy. Despite the advances in the molec-
ular tumorigenesis and new therapeutic strategies 
have been made for the past decades, the progno-
sis of metastatic CC remains dismal. Therefore, 
it is urgent to clarify the underlying molecular 
mechanism and figure out a new treatment strat-
egy for CC.

As one subtype of non-coding RNAs, long 
noncoding RNAs (lncRNAs) are widely studied 
in a variety of biological behaviors and have 
proved to be vital in the progression of ma-
lignant tumors. For example, lncRNA p23154 
accelerates cell metastasis in oral squamous cell 
carcinoma by participating in the Glut1-mediat-
ed glycolysis4. LncRNA LUCAT1 inhibits the 
expressions of tumor suppressors and leads to 
the formation and invasion of esophageal squa-
mous cell carcinoma by regulating the stability 
of DNMT15. LncRNA AFAP1-AS1 down-regu-
lation depresses cell proliferation and induces 
cell apoptosis in lung adenocarcinoma, which 
could offer a new therapeutic strategy for lung 
adenocarcinoma6. LncRNA PVT1 promotes glu-
cose metabolism, cell motility, cell prolifera-
tion, and tumor progression in osteosarcoma by 
regulating the microRNA-497/human glandular 
kallikrein 2 (miR-497/HK2) axis7. Also, lncRNA 
LINC00052 depresses migration and invasion of 
hepatocellular carcinoma cells through upregu-
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lating EPB41L3, which is modulated by miR-
452-5p8. However, the clinical role of AB073614 
and its underlying biological mechanisms in CC 
remain unknown.

In our study, AB073614 expression was sig-
nificantly upregulated in CC samples. AB073614 
regulated apoptosis and proliferation of CC cells 
through mediating RBM5 (RNA binding motif 5).

Patients and methods

Patients and Cell Lines
The CC tissues were obtained from 48 CC 

patients who underwent surgery at Beijing Ch-
aoyang Hospital. All tissues were stored at 
-80°C. The written informed consent was signed 
by CC patients before the surgery. This study 
was approved by the requirement of the Ethics 
Committee of Beijing Chaoyang Hospital. SiHa, 
HeLa and C4-1 human CC cell lines, and the 
normal cervical epithelium cell line (NC104) 
(Chinese Type Culture Collection, Chinese 
Academy of Sciences, Shanghai, China) were 
cultured in Dulbecco’s modified Eagle’s medi-
um (DMEM, Hyclone, South Logan, UT, USA) 
containing 1% penicillin and 10% fetal bovine 
serum (FBS; Gibco, Rockville, MD, USA). Cells 
were maintained in a humidified incubator with 
5% CO2 at 37°C. 

Cell Transfection
Lentivirus expressing short-hairpin RNA 

(shRNA) targeting AB073614 was compounded 
and cloned to pGPH1/Neo vector (GenePhar-
ma, Shanghai, China). Cell transfection was per-
formed using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA). Transfection efficacy was 
determined at 48 h by qRT-PCR.

RNA Extraction and qRT-PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, 

USA) was utilized to isolate total RNA from 
tissues and cells. Then, the total RNA was re-
versely transcribed to complementary deoxyri-
bose nucleic acids (cDNAs) using the reverse 
Transcription Kit (TaKaRa Biotechnology Co., 
Ltd., Dalian, China). Following were the primers 
used for RT-qPCR: AB073614 primers forward 
5′-ATTTCTGCTCCTGGGTCTTAC-3′, reverse 
5′-AGTGGCTTGTCTGTTAGAGTC-3′; Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) 
primers forward 5′-CCAAAATCAGATGGGG-
CAATGCTGG-3′ and reverse 5′-TGATGGCAT-

GGACTGTGGTCATTCA-3′. The thermal cycle 
was as follows: 30 sec at 95°C, 5 sec at 95°C, and 
35 sec at 60°C, for 40 cycles.

Colony Formation Assay
HeLa cells were placed in a 6-well plate with 

1×103 cells per well. After cell culture for 10 days, 
colonies were fixed with 10% formaldehyde for 
30 min and stained with 0.5% crystal violet for 
5 min. Colonies were counted by a Nikon camera 
(Nikon, Tokyo, Japan).

Cell Proliferation Assay
The cell proliferation was monitored every 24 

h by cell counting kit-8 (CCK-8) assay (Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan). 
The absorbance at 450 nm was monitored by a 
spectrophotometer (Thermo Scientific, Rockford, 
IL, USA). 

Flow Cytometric Analysis
Cell apoptosis was detected by Annex-

in-V-FITC (fluorescein isothiocyanate) apoptosis 
detection kit (BD, Franklin Lakes, NJ, USA). 
Briefly, harvested cells were washed twice using 
ice-cold PBS. Then, 100 μL of flow cytometry 
binding buffer was added. After 5 μL of Annexin 
V/FICC and 5 μL of Propidium Iodide (PI) were 
mixed at the room temperature, these cells were 
stained in the mixture in the dark for 15 min. 
Each tube was added with 400 microliters bind-
ing buffer. The apoptotic cells were analyzed by 
FACSCalibur flow cytometer (BD Biosciences, 
Franklin Lakes, NJ, USA).

Statistical Analysis
Statistical analysis was performed by the Sta-

tistical Product and Service Solutions (SPSS) 18.0 
(SPSS, Chicago, IL, USA). The significance was 
analyzed by two-tailed Student’s t-test. p < 0.05 
was considered as statistically significant.

Results

Expression Level of AB073614 in CC
The relative level of AB073614 in 3 CC cell 

lines and 48 paired CC samples was determined 
by quantitative Real Time-Polymerase Chain Re-
action (qRT-PCR). As a result, AB073614 was 
significantly upregulated in CC tissue samples 
than that in adjacent tissues (Figure 1A). The 
AB073614 expression level of CC cells was high-
er than that of NC104 cells (Figure 1B).RE
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Knockdown of AB073614 Inhibited the 
Proliferation of CC Cells

We chose HeLa cells for AB073614 knock-
down. The transfection efficiency was detected 
by qRT-PCR (Figure 2A). Besides, CCK-8 assay 
revealed that the proliferation of CC cells was re-
markably suppressed after the AB073614 knock-
down (Figure 2B). In addition, the results of 
colony formation assay revealed that AB073614 
the knockdown in CC cells decreased the number 
of colonies (Figure 2C). 

Knockdown of AB073614 Promoted the 
Apoptosis of CC Cells

The flow cytometric analysis was performed to 
detect the apoptotic rate of CC cells. The results 
showed that the apoptotic rate of HeLa cells was 
remarkably elevated after AB073614 knockdown 
(Figure 3).

AB073614 Promoted CC Tumorigenesis 
via RBM5

RBM5 was a newly discovered gene in CC. 
We then conducted mechanism assays to identify 
the correlation between AB073614 and RBM5. 
The mRNA level of RBM5 was upregulated 
in CC cells transfected with AB073614 shRNA 
(Figure 4A). The RBM5 expression was signifi-
cantly lower in CC tissues compared with adja-
cent tissues (Figure 4B). Identically, RBM5 was 
lowly expressed in CC cells than that of NC104 
cells (Figure 4C). The linear correlation analysis 
showed that the RBM5 expression negatively cor-
related to the AB073614 expression in CC tissues 
(Figure 4D).

Discussion

Compelling evidence showed that lncRNAs 
function as important factors in the regulation 
of various biological behaviors. For example, the 
overexpression of lncRNA NNT-AS1 facilitates 
the proliferation and invasion of cervical cancer 
cell via Wnt/beta-catenin signaling pathway9. The 
upregulated lncRNA CCHE1 is associated with a 
poor prognosis of CC, which could serve as a 
potential prognostic marker10. LncRNA CCAT2 
promotes cell proliferation and cell survival in 
CC11. LncRNA HOTAIR promotes the prolifer-
ation and invasion of CC cells through targeting 
the Notch pathway, which may be a potential 
therapeutic target12. In addition, low-expression 
of lncRNA ZNF667-AS1 represses the progres-
sion of CC, and its expression level is also related 
to the prognosis of CC13. 

LncRNA AB073614, as a novel lncRNA to pro-
mote tumorigenesis in ovarian cancer, is closely 
related to a poor prognosis for patients with ovar-
ian cancer14. Through regulating epithelial-mes-
enchymal transition, the silence of AB073614 
suppresses cell proliferation and migration in 
glioma, indicating a poor prognosis of glioma15. 
AB073614 plays an important role in regulat-
ing cell proliferation and migration in colorectal 
cancer by modulating PI3K/AKT signaling path-
way16. In this work, we found that AB073614 was 
upregulated in CC samples and cells. Besides, the 
AB073614 knockdown inhibited proliferation and 
induced apoptosis of CC cells. The above data 
suggested that AB073614 promoted the tumori-
genesis of CC and might act as an oncogene.

Figure 1. AB073614 expression in CC tissues and cell lines. A, The AB073614 expression was remarkably higher in CC 
tissues compared with that in corresponding tissues. B, The AB073614 expression was higher in SiHa, HeLa and C4-1 (human 
CC cell lines) than that in NC104 (normal cervical epithelium cell line). *p < 0.05.
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Figure 2. Silence of AB073614 inhibited proliferation of CC cells. A, QRT-PCR detected the AB073614 expression 
in CC cells transfected with AB073614 shRNA (AB073614/ shRNA) or negative control (NC). GAPDH was used as an 
internal control. B, The CCK8 assay showed that silence of AB073614 significantly inhibited proliferation of CC cells. 
C, The colony formation assay showed that number of colonies was significantly reduced via silence of AB073614 in 
CC cells. The results represent the average of three independent experiments (mean ± standard error of the mean). *p 
< 0.05.

Figure 3. Silence of AB073614 promoted apoptosis of CC cells. The flow cytometric analysis assay showed that apoptotic 
rate in CC cells significantly increased via silence of AB073614. The results represent the average of three independent 
experiments (mean ± standard error of the mean). *p < 0.05.RE
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RBM5 (RNA binding motif 5) is located 
on the cancer inhibitor region 3p21.3, which 
is significantly downregulated in tumor pro-
gressions of many cancers17. For example, 
RBM5 depresses tumorigenesis of gliomas by 
inhibiting the Wnt/beta-catenin signaling and 
inducing cell apoptosis18. RBM5 is lowly ex-
pressed in pancreatic ductal adenocarcinoma 
and related to a poor clinicopathological char-
acteristic of these patients19. RBM5 functions 
as a tumor-suppressor gene in the progression 
of gastric cancer by enhancing the transcrip-
tional activity of p5320. Also, overexpression 
of RBM5 inhibits cell growth and invasion of 
prostate cancer cells by downregulating miR- 
483-5p21. This study indicated that RBM5 was 
upregulated after AB073614 knockdown in vi-
tro. Moreover, a negative correlation between 

RBM5 and AB073614 expression was discov-
ered in CC tissues. The results above showed 
that RBM5 was a target of AB073614 in CC 
development.

Conclusions

We observed that AB073614 is a new bio-
marker in the carcinogenesis of CC and could be 
served as a promising mark for clinical treatment 
of CC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Figure 4. RBM5 expression was promoted by silence of AB073614 in CC. A, The RNA expression level of RBM5 in 
AB073614/ shRNA group significantly increased compared with NC group. B, RBM5 was significantly downregulated in 
CC tissues compared with corresponding tissues. C, The RBM5 expression was lower in SiHa, HeLa and C4-1(human CC 
cell lines) than that in NC104 (normal cervical epithelium cell line). D, The linear correlation between the expression levels of 
RBM5 and AB073614 in CC tissues. *p < 0.05.
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