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Abstract. – OBJECTIVE: Recently, the vital 
role of long noncoding RNAs (lncRNAs) in hu-
man diseases have got much attention. In this 
research, lncRNA DLX6-AS1 is studied to verify 
how it affects the development of cervical can-
cer (CC).

PATIENTS AND METHODS: DLX6-AS1 ex-
pression was detected by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
in both CC cells and tissue samples. Besides, 
functional experiments including cell counting 
kit-8 (CCK-8) assay, colony formation assay, and 
transwell assay were performed. Meanwhile, the 
underlying mechanism was explored through 
qRT-PCR and Western blot assay. The function 
of DLX6-AS1 was also identified in vivo.

RESULTS: By comparing with corresponding 
tissues, the DLX6-AS1 expression level was sig-
nificantly higher in CC samples. Moreover, cell 
growth ability and invaded ability of CC cells 
were inhibited after DLX6-AS1 was knocked 
down. Furthermore, the expression of FUS was 
inhibited after knockdown of DLX6-AS1. It was 
found that the expression level of FUS positively 
correlated to the expression of DLX6-AS1 in CC 
tissues. In addition, knockdown of DLX6-AS1 in-
hibited tumor formation and metastasis of CC in 
nude mice.

CONCLUSIONS: These results suggest that 
DLX6-AS1 could enhance cell proliferation and 
metastasis of CC by upregulating FUS, which 
might be a potential therapeutic target in CC.
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Introduction

Cervical cancer (CC) is the fourth most com-
mon type of cancers in women globally, follow-

ing breast, colorectal and lung cancers, which is 
the fourth cause for cancer-related death in the 
world1. It is estimated that 570,000 patients were 
newly diagnosed of CC and 311,000 cases died 
due to this deadly disease in 20181. The morbidity 
accounts for 85% of all CC patients in develop-
ing countries, and 13% of CC patients were diag-
nosed at advanced stages2. The therapeutic strate-
gies are available for CC patients such as surgery, 
radiotherapy, chemotherapy, and so on. The oc-
currence and recurrence rates of CC have been 
significantly increasing both in developed and de-
veloping countries3. Therefore, it is urgent to find 
out the molecular characteristics of CC and figure 
out a new treatment strategy for patients with CC.

Long non-coding RNAs (lncRNAs), as one sub-
type of non-coding RNAs, are defined as ncRNAs 
greater than 200 nt. Some studies have suggested 
that lncRNAs are important regulators in biolog-
ical behaviors of various cancers. For example, 
LncRNA PVT1 promotes glucose metabolism, 
cell motility, cell proliferation and tumor progres-
sion in osteosarcoma by modulation of miR-497/
HK2 axis4. LncRNA ENST00000547547 acts as 
a tumor suppressor in colorectal cancer by inhib-
iting cell proliferation, cell invasion, and cell me-
tastasis5. LncRNA LINC00052 inhibits migration 
and invasion of hepatocellular carcinoma cells 
through upregulating EPB41L36. In addition, ln-
cRNA PlncRNA-1 functions in the progression 
of colorectal cancer cell through activating PI3K/
Akt signaling pathway7. LncRNA DLX6-AS1 is a 
novel lncRNA and acts as an oncogene in many 
tumors. However, the role of lncRNA DLX6-AS1 
in CC and the potential molecular mechanism ha-
ven’t been studied so far.

In this investigation, DLX6-AS1 was found re-
markably higher-expressed in CC tissues. Knock-
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down of DLX6-AS1 suppressed the proliferation 
and invasion of CC cells. The underlying mech-
anism of how DLX6-AS1 functioned in CC pro-
liferation and metastasis was further explored. 
Furthermore, the role of DLX6-AS1 in CC pro-
gression was detected in nude mice.

Patients and Methods

Cell Lines and Clinical Samples
Human tumor tissues and adjacent non-tumor 

tissues were sequentially got from 60 CC patients 
who underwent surgery during our hospital. The 
Ethics Committee of our hospital approved this 
study protocol. Before the operation, the written 
informed consent was achieved from all the par-
ticipants.

Cell Culture
Human CC cell lines (HeLa, SiHa, C4-1, and 

C-33a) and normal cervical epithelium cell line 
(NC104) were purchased from the Institute of 
Biochemistry and Cell Biology, Chinese Acad-
emy of Science (Shanghai, China). Culture me-
dium consisted of 10% fetal bovine serum (FBS; 
Life Technologies, Gaithersburg, MD, USA), pen-
icillin as well as Dulbecco’s Modified Eagle’s Me-
dium (DMEM; Gibco, Rockville, MD, USA). The 
incubator, containing 5% CO2 and set at 37°C, 
was used for cell culture.

Cell Transfection
Lentivirus expressing short-hairpin RNA 

(shRNA) directly against DLX6-AS1 was com-
pounded by GenePharma (Shanghai, China). 
Negative control shRNA (NC) was also synthe-
sized. Moreover, pLenti-EF1a-EGFP-F2A-Puro 
vector (Biosettia Inc., San Diego, CA, USA) was 
used for cloning the shRNA and negative control, 
which was then transfected in SiHa cells.

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted from cultured CC cells 
and tissues via TRIzol reagent (TaKaRa Bio, Inc., 
Otsu, Shiga, Japan) and then reverse-transcribed to 
complementary deoxyribose nucleic acids (cDNAs) 
through reverse Transcription Kit (TaKaRa Bio, 
Inc., Otsu, Shiga, Japan). Following are the primers 
used for qRT-PCR: DLX6-AS1 primers forward 
5′-AGTTCCCCCCTAGATTGCCTT-3′, reverse 
5′-ATTGACATGTTAGTGCCCTT-3′; Glyceral-

dehyde 3-phosphate dehydrogenase (GAPDH) 
primers forward 5′-CCAAAACCAGATGGGG-
CAATGCTGG-3′ and reverse 5′-TGATGGCATG-
GACTGTGGCCATCCA-3′. Thermal cycle was as 
follows: 30 sec at 95°C, 5 sec for 40 cycles at 95°C, 
35 sec at 60°C.

Cell Proliferation Assay
96-well plate was used for the culture of cervi-

cal cancer cells (1×103 cells/well). Then, we added 
10 μL of cell counting kit-8 (CCK-8; Dojindo, Ku-
mamoto, Japan) into these wells at different time. 
Microplate reader was used for measuring absor-
bance at 450 nm (Bio-Rad, Hercules, CA, USA).

Colony Formation Assay
SiHa cells were placed in a 6-well plate for 

10 days. Then, colonies were treated with 10% 
formaldehyde for 30 min and stained for 5 min 
with 0.5% crystal violet. The Image-Pro Plus 
6.0 (Silver Springs, MD, USA) was used for 
data analysis.

Transwell Assay
Transwell chambers with 8 μm pores were pro-

vided by Corning (Corning, NY, USA). The mem-
brane was precoated with 50 μL Matrigel (BD 
Biosciences, Heidelberg, Germany). Cells were 
then seeded into the upper chambers of a 24-well 
plate. 20% FBS-DMEM was added to the lower 
chamber of the culture inserts. After cultured for 
24 h, these inserts were fixed with methanol for 
30 min and stained by hematoxylin for 20 min. 
The number of invaded cells was counted by a 
light microscope (Olympus, Tokyo, Japan). 

Western Blot Analysis
Cell samples were washed with precooled 

phosphate-buffered saline (PBS) and then lysed 
with cell lysis solution (RIPA; Beyotime, Shang-
hai, China). Protein concentration was detected 
using bicinchoninic acid (BCA; Thermo Fisher 
Scientific Inc., Waltham, MA, USA). The pro-
teins were transferred onto a polyvinylidene di-
fluoride (PVDF) membrane (Millipore, Billeri-
ca, MA, USA), blocked in Tris-Buffered Saline 
& Tween (TBST) (25 mM Tris, 140 mM NaCl, 
and 0.1% Tween 20, pH 7.5) containing 5% 
skimmed milk and incubated for 2 h. The pro-
teins were incubated with the primary antibody 
of FUS and GAPDH (Abcam Inc., Cambridge, 
MA, USA) and incubated at 4°C overnight. Af-
ter being washed (3 × 10 min) with TBST, the 
secondary antibody was added and incubated 
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at room temperature for 1 h. The results were 
analyzed by Image J software (NIH, Bethesda, 
MD, USA).

Xenograft Model
After transfected, SiHa cells (6×105/mL) were 

replaced into NOD/SCID mice (6 weeks old) sub-
cutaneously. Tumor diameters were detected ev-
ery 5 days. Tumor volume was calculated as the 
formula (volume = length × width2 × 1/2). Tumors 
were extracted after 4 weeks. Transfected SiHa 
cells were injected into tail vein of NOD/SCID 
mice (4-5 weeks old). The mice were sacrificed, 
and the lung was extracted after 4 weeks. Then, 
the number of metastatic nodules in the lung was 
counted. The animal experiments were approved 
by the Animal Ethics Committee of Changzhi 
Medical College.

Statistical Analysis
Statistical analysis was conducted through Sta-

tistical Product and Service Solutions (SPSS) 19.0 

(SPSS, Chicago, IL, USA). Data was presented as 
mean ± SD. The Student t-test was selected when 
appropriate. Moreover, p<0.05 was considered of 
statistically significance.

Results

DLX6-AS1 Expression Level in CC Tissues 
and Cells

We conducted qRT-PCR to detect DLX6-AS1 
expression in 60 CC patients’ tissues. DLX6-
AS1 was significantly higher-expressed in CC 
tissue samples than that in adjacent tissues (Fig-
ure 1A). Moreover, qRT-PCR was performed to 
detect DLX6-AS1 expression in CC cells and 
DLX6-AS1 was upregulated in CC cells than that 
in NC104 cells (Figure 1B). We chose the SiHa 
cell line for the knockdown of DLX6-AS1. Then, 
qRT-PCR was utilized for detecting the transfec-
tion efficiency (Figure 1C).

Figure 1. Expression levels of DLX6-AS1 were increased in CC tissues and cells. A, DLX6-AS1 expression was significant-
ly increased in the CC tissues compared with adjacent tissues. B, Expression levels of DLX6-AS1 relative to GAPDH were 
determined in the human CC cell lines and NC104 by qRT-PCR. C, DLX6-AS1 expression in SiHa cells transduced with 
sh-DLX6-AS1 and NC was detected by qRT-PCR. GAPDH was used as an internal control. GAPDH was used as an internal 
control. Data are presented as the mean ± standard error of the mean. *p<0.05.
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Knockdown of DLX6-AS1 Inhibited Cell 
Proliferation and Invasion in CC Cells

CCK-8 assay showed that cell proliferation 
was remarkably suppressed via knockdown of 
DLX6-AS1 in SiHa cells  (Figure 2A). Moreover, 
we performed colony formation assay and found 
that knockdown of DLX6-AS1 inhibited CC cell 
growth ability (Figure 2B). Results of transwell as-
say showed that cell invasion of CC was inhibited 
after DLX6-AS1 was knocked down (Figure 2C). 

The Interaction Between FUS 
and DLX6-AS1 in CC

FUS was predicted by Starbase v2.0 as the tar-
get protein of DLX6-AS1. Moreover, qRT-PCR 
results demonstrated that compared with the FUS 
level in NC group, it was lower-expressed in sh-

DLX6-AS1 group (Figure 3A). Western blot as-
say found out that after DLX6-AS1 was knocked 
down, FUS could be downregulated at the protein 
level (Figure 3B). In addition, FUS expression 
was markedly higher in CC tissues compared with 
that of adjacent tissues (Figure 3C). Correlation 
analysis demonstrated that FUS expression level 
positively correlated to DLX6-AS1 expression in 
CC tissues (Figure 3D).

Knockdown of DLX6-AS1 Inhibited 
Tumor Formation and Metastasis 
in Nude Mice

The ability of DLX6-AS1 in CC formation 
and metastasis was detected in nude mice. The 
tumor size in sh-DLX6-AS1 group was smaller 
compared with NC group (Figure 4A). The num-

Figure 2. Knockdown of DLX6-AS1 inhibited CC cell proliferation and invasion. A, CCK8 assay showed that cell prolifer-
ation was remarkably suppressed via knockdown of DLX6-AS1 in SiHa cells. B, Colony formation assay indicated that the 
cell growth ability in sh-DLX6-AS1 group was significantly decreased compared with NC in SiHa cells (magnification: 10×). 
C, Transwell assay displayed that the number of invaded cells was decreased via knockdown of DLX6-AS1 in SiHa CC cells 
(magnification: 40×). The results represent the average of three independent experiments (mean ± standard error of the mean). 
*p<0.05, as compared with the control cells. 
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ber of metastatic nodules in the lung from the 
sh-DLX6-AS1 group was less than that from NC 
group (Figure 4B). Moreover, the expression lev-
el of DLX6-AS1 and FUS in dissected tumor tis-
sues was detected by qRT-PCR. DLX6-AS1 was 
reduced in sh-DLX6-AS1 group compared with 
NC group (Figure 4C). FUS was reduced in sh-
DLX6-AS1 group compared with NC group (Fig-
ure 4D).

Discussion

Numerous studies have indicated that lncRNAs 
have emerged as important regulators in the de-
velopment of CC. For instance, lncRNA HOTAIR 
promotes the development of cervical cancer via 
targeting Notch pathway8. LncRNA LINP1 pro-
motes repair of DNA double-strand breaks and 
raises the sensitivity of cancer cells to radiother-
apy in CC9. LncRNA PTENP1 depresses the pro-
liferation and metastasis of CC cells10.

LncRNA DLX6 antisense RNA 1 (DLX6-AS1) 
is abnormally expressed in several cancers and 
promotes tumor progression. For example, DLX6-

AS1 induces cell invasion by regulating miR-181b 
in pancreatic cancer11. DLX6-AS1 promotes cell 
proliferation and metastasis through regulating 
miR-144 in non-small cell lung cancer12. In this 
study, DLX6-AS1 was upregulated both in CC 
samples and cells. CC cell proliferation and in-
vasion were found to be inhibited through knock-
down of DLX6-AS1. Above results indicated that 
DLX6-AS1 might act as an oncogene in CC pro-
liferation and invasion

Fused in sarcoma (FUS) was predicted by 
Starbase v2.0 as the target protein of DLX6-
AS1. Previous researches13,14 have suggested 
that the aberrant activation of FUS plays a fun-
damental role in a variety of biological behav-
iors of malignant tumors. Ke et al15 shows that 
downregulation of FUS/TLS suppresses cell 
proliferation and induces cell apoptosis in CC. 
Our work showed that FUS expression could be 
inhibited by knockdown of DLX6-AS1. More-
over, FUS expression was positively related to 
DLX6-AS1 expression in CC tissues. Further 
researches showed that knockdown of DLX6-
AS1 also inhibited tumor formation and metas-
tasis in nude mice.

Figure 3. The association between DLX6-AS1 and FUS. A, Results of qRT-PCR showed that FUS expression was lower in 
sh-DLX6-AS1 group compared with the NC group. B, Western blot assay revealed that FUS protein expression was decreased 
in sh-DLX6-AS1 group compared with NC group. C, FUS was significantly upregulated in CC tissues compared with cor-
responding tissues. D, The linear correlation between the expression level of FUS and DLX6-AS1 in CC tissues. Data are 
presented as the mean ± standard error of the mean. *p<0.05. 
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Conclusions

LncRNA DLX6-AS1 could enhance CC cell 
proliferation and invasion through upregulating 
FUS, which implied that DLX6-AS1 could act as a 
prospective therapeutic target for CC.
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