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Abstract. – OBJECTIVE: Recent researches 
have proved that long noncoding RNAs (ln-
cRNAs) play essential roles in tumorigenesis. 
The aim of this study was to investigate the ex-
act role of lncRNA DLX6-AS1 in the development 
of colorectal cancer (CRC), and to explore the 
possible mechanism.

PATIENTS AND METHODS: DLX6-AS1 ex-
pression in CRC tissues was detected by Real 
Time-quantitative Polymerase Chain Reaction 
(RT-qPCR). Function assays were conducted to 
detect the effect of DLX6-AS1 on the prolifer-
ation and metastasis of CRC in vitro. Further-
more, luciferase reporter gene assay and RNA 
immunoprecipitation assay (RIP) were used to 
explore the underlying mechanism of DLX6-AS1. 

RESULTS: DLX6-AS1 expression in CRC sam-
ples was significantly higher than that of adja-
cent tissues. Loss of DLX6-AS1 markedly inhib-
ited the proliferation, migration, and invasion 
of CRC cells. Furthermore, luciferase reporter 
gene assay and RIP assay showed that DLX6-
AS1 acted as a competing endogenous RNA via 
sponging miR-577 in CRC. 

CONCLUSIONS: DLX6-AS1 could promote the 
proliferation, migration, and invasion of CRC by 
sponging miR-577, which might offer a potential 
therapeutic target for CRC.
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Introduction

Colorectal cancer (CRC) is the third most fre-
quently diagnosed malignancy worldwide1. The 
incidence rate of CRC remains high in both male 
and female patients2. Technological advances 

have been made in screening tests and therapeu-
tic management in recent years. However, most 
of CRC patients have developed metastasis when 
first diagnosed. Meanwhile, the overall survival 
rate of CRC patients with advanced stage remains 
poor3. Therefore, it is urgent to search for new 
therapeutic targets to improve the prognosis of 
CRC. Non-coding RNAs (ncRNAs) account for 
99% of total transcribed RNAs. Long noncod-
ing RNAs (lncRNAs) are a subtype of ncRNAs 
with longer than 200 nucleotides. Studies have 
demonstrated that lncRNAs are closely involved 
in a variety of cellular activities. For example, 
lncRNA RUNX1-IT1 acts as a tumor suppressor 
in CRC by inhibition of cell migration and pro-
liferation4. LncRNA ATB promotes the migra-
tion and invasion of glioma cells by suppressing 
the expression of microRNA-204-3p5. LncRNA 
LINC01510 is highly expressed in CRC, which 
predicts favorable prognosis of patients as well6. 
Meanwhile, lncRNA FENDRR suppresses the 
proliferation and malignancy of non-small cell 
lung cancer cells7 through sponging miR-761. By 
regulating the stability of DNMT1 and depress-
ing the expression of tumor suppressors, lncRNA 
LUCAT1 promotes the formation and cell metas-
tasis of esophageal squamous cell carcinoma8. 
However, the exact role of lncRNA DLX6-AS1 
in CRC and its underlying molecular mechanism 
have not been fully elucidated. In this study, we 
found that the expression of DLX6-AS1 was re-
markably higher in CRC tissues. Moreover, the 
proliferation, migration, and invasion of CRC 
cells were significantly inhibited after the loss of 
DLX6-AS1 in vitro. Furthermore, we explored 
the potential target microRNAs of DLX6-AS1 in 
CRC development.
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Patients and Methods

Cell Lines and Clinical Samples
55 CRC patients who received surgery at 

Tongde Hospital of Zhejiang Province were en-
rolled in this study. Human tissues were collected 
from these patients. Informed consent was ob-
tained from each subject before the operation. All 
tissues were kept at –80°C for subsequent use. No 
radiotherapy or chemotherapy was performed be-
fore the surgery. The Ethics Committee of Tong-
de Hospital of Zhejiang Province approved this 
study.

Cell Culture
Three human CRC cell lines (HT29, SW620, 

and SW480) and one normal human colonic ep-
ithelial cell line (NCM460) were offered by the 
Chinese Academy of Science (Shanghai, China). 
All cells were cultured in Roswell Park Memo-
rial Institute-1640 (RPMI-1640; HyClone, South 
Logan, UT, USA) consisting of 10% fetal bovine 
serum (FBS; Life Technologies, Gaithersburg, 
MD, USA) and penicillin. Besides, the cells were 
maintained at 37°C in a humidified incubator 
with 5% CO2.

Cell Transfection
Lentivirus expressing short-hairpin RNA 

(shRNA) against DLX6-AS1 was purchased from 
GenePharma (Shanghai, China). Subsequently, 
cell transfection was performed in HT29 CRC 
cells, according to the instructions of Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA). 48 
h later, Real Time-quantitative Polymerase Chain 
Reaction (RT-qPCR) was used to detect DLX6-
AS1 expression in transfected cells.

RNA Extraction 
and RT-qPCR

Total RNA in tissues and cells was extract-
ed according to the manufacturer’s protocol of 
TRIzol Reagent (Invitrogen, Carlsbad, CA, USA). 
Subsequently, extracted RNA was reverse tran-
scribed into cDNAs through reverse transcription 
kit (TaKaRa Biotechnology Co., Ltd., Dalian, 
China). Relative gene expression was calculated 
by the 2-ΔΔCt method. Primers used for RT-qPCR 
were as follows: DLX6-AS1 primers forward: 
5′-AGTTTCTCTCTAGATTGCCTT-3′, reverse: 
5′-ATTGACATGTTAGTGCCCTT-3′′; GAPDH 
primers forward: 5′-CCAAAATCAGATGGGG-
CAATGCTGG-3′ and reverse: 5′-TGATGGCAT-
GGACTGTGGTCATTCA-3′.

Cell Proliferation Assay
2 ×103 transfected cells were first seeded into 

96-well plates. Cell proliferation was assessed by 
Cell Proliferation Reagent Kit I (MTT; Roche, 
Basel, Switzerland) at 0 h, 24 h, 48 h, and 72 h, 
respectively. Absorbance at 490 nm was assessed 
using an ELISA reader system (Multiskan As-
cent, LabSystems, Helsinki, Finland).

Colony Formation Assay
1.5×103 transfected CRC cells were first seed-

ed into 6-well plates and cultured. Ten days later, 
formed colonies were fixed with 10% formalde-
hyde for 30 min and stained with 0.5% crystal vio-
let for 5 min. Finally, colonies were photographed 
by Nikon camera (Tokyo, Japan), and the number 
of colonies was counted.

Ethynyl Deoxyuridine (EdU) 
Incorporation Assay

EdU Kit (Roche, Basel, Switzerland) was used 
to detect the proliferation of transfected cells. A 
representative photograph was taken by Zeiss 
Axiophot Photomicroscope (Carl Zeiss, Oberko-
chen, Germany).

Wound Healing Assay
Transfected cells were first transferred into 

6-well plates and cultured in RPMI-1640 medium 
overnight. After scratched with a plastic tip, the 
cells were cultured in serum-free RPMI-1640 for 
48 h. After that, wound closure was viewed. Each 
assay was repeated for three times independently.

Transwell Assay
5×104 cells in 200 µL serum-free RPMI-1640 were 

added to the upper chamber of an 8 μm pore size in-
sert (Corning, Corning, NY, USA) with or without 50 
µg Matrigel (BD, Bedford, MA, USA) after transfec-
tion. Meanwhile, RPMI-1640 and FBS were added to 
the lower chamber. 48 h later, the top surface of cham-
bers was treated by methanol for 30 min after wiped 
by cotton swab. Subsequently, they were stained with 
crystal violet for 20 min. Three fields were randomly 
selected for each sample. The number of migrating 
and invading cells was counted.

Luciferase Reporter Gene Assay
DLX6-AS13-́UTR was first cloned into pGL3 

vector (Promega, Madison, WI, USA) as wild-type 
(WT) 3 -́UTR. Then, the site-directed mutagenesis of 
the miR-577 binding site in DLX6-AS1 3 -́UTR was 
performed by quick-change site-directed mutagenesis 
kit (Stratagene, La Jolla, CA, USA) as mutant (MUT) RE
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cantly up-regulated in CRC tissue samples (Fig-
ure 1A). Meanwhile, DLX6-AS1 expression in 
CRC cells was significantly higher than that of 
NCM460 cells (Figure 1B). 

Knockdown of DLX6-AS1 Inhibited 
the Proliferation of CRC Cells

HT29 CRC cell line was selected for transfec-
tion of DLX6-AS1 shRNA in vitro. Transfection 
efficiency of DLX6-AS1 was verified by RT-qP-
CR (Figure 2A). MTT assay results showed that 
loss of DLX6-AS1 significantly inhibited the 
growth ability of CRC cells (Figure 2B). Colony 
formation assay showed that the number of col-
onies decreased remarkably after knockdown of 
DLX6-AS1 (Figure 2C). Furthermore, EdU in-
corporation assay demonstrated that the number 
of EdU positive cells was significantly reduced 
after knockdown of DLX6-AS1 in vitro (Figure 
2D).

Knockdown of DLX6-AS1 Inhibited 
the Migration and Invasion of CRC Cells

To identify whether DLX6-AS1 functioned 
in the metastasis of CRC, wound healing assay 
and transwell assay were conducted. Results of 
wound healing assay indicated that knockdown 
of DLX6-AS1 significantly repressed the migrat-
ed length of CRC cells (Figure 3A). Transwell 
assay revealed that the number of migrated cells 
decreased significantly after DLX6-AS1 was 
knocked down in CRC cells (Figure 3B). Further-
more, the transwell assay also revealed that the 
number of invaded cells decreased significantly 
after DLX6-AS1 knockdown in vitro (Figure 3C).

A B

3-́UTR. After that, the cells were transfected with 
WT-3-́UTR or MUT-3-́UTR and negative control or 
miR-577 for 48 h. Luciferase reporter gene assay was 
conducted on a dual luciferase reporter assay system 
(Promega, Madison, WI, USA).

RNA Immunoprecipitation (RIP) Assay
Magna RIP RNA-Binding Protein Immuno-

precipitation Kit (Millipore, Billerica, MA, USA) 
was conducted according to standard instruc-
tions. Briefly, transfected HT29 CRC cells were 
previously added with a protease inhibitor and 
RNase inhibitor, followed by lysis in RIP lysis 
buffer. Subsequently, they were incubated with 
RIP buffer containing magnetic beads coated 
with Ago2 antibodies (Millipore, Billerica, MA, 
USA) for 2 h at 4°C. IgG was identified as nega-
tive control (input group). RT-qPCR was used to 
monitor co-precipitated RNAs.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

19.0 (SPSS, Chicago, IL, USA) was used for all sta-
tistical analysis. The Student t-test was performed 
to compare the difference between the two groups. 
p<0.05 was considered statistically significant.

Results

DLX6-AS1 Expression Level
in CRC Tissues and Cells

Firstly, DLX6-AS1 expression in 55 patients’ 
tissues and 3 CRC cell lines were detected via 
RT-qPCR. As a result, DLX6-AS1 was signifi-

Figure 1. DLX6-AS1 expression in CRC tissues and cells. A, DLX6-AS1 expression significantly increased in CRC tissues 
compared with adjacent tissues. B, Expression level of DLX6-AS1 in human CRC cell lines and normal human colonic 
epithelial cell line (NCM460) was determined by RT-qPCR. GAPDH was used as an internal control. Data were presented as 
mean ± standard error of the mean. *p<0.05.
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MiR-577 Was a Direct Target 
of DLX6-AS1 in CRC

DIANA LncBASE Predicted v.2 (http://caro-
lina.imis.athena-innovation.gr/diana_tools/web/
index.php?r=lncbasev2%2Findex-predicted) was 
used to predict the potential microRNAs of DLX6-
AS1. MiR-577, which contained the binding area 
of DLX6-AS1, was selected for the following ex-
periments (Figure 4A). RT-qPCR results showed 

that the expression level of MiR-577 in HT29 CRC 
cells of DLX6-AS1 shRN (sh-DLX6-AS1) group 
was significantly higher when compared with that 
of negative control (NC) group (Figure 4B). Lucif-
erase reporter gene assay revealed that co-trans-
fection of DLX6-AS1-WT and miR-577 signifi-
cantly decreased luciferase activity. However, no 
significant difference was observed in luciferase 
activity after co-transfection of DLX6-AS1-MUT 

A

C

D

B

Figure 2. Knockdown of DLX6-AS1 inhibited CRC cell proliferation. A, DLX6-AS1 expression in HT29 CRC cells transduced with 
DLX6-AS1 shRNA (sh-DLX6-AS1) and negative control (NC) was detected by RT-qPCR. GAPDH was used as an internal control. 
B, MTT assay showed that knockdown of DLX6-AS1 significantly enhanced the growth ability of CRC cells. C, Colony formation 
assay showed that the number of colonies decreased significantly via knockdown of DLX6-AS1 in CRC cells (magnification: 10×). 
D, EdU incorporation assay showed that EdU positive cells were reduced after knockdown of DLX6-AS1 in HT29 CRC cells. The 
results represented the average of three independent experiments (mean ± standard error of the mean). *p<0.05.
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and miR-577 (Figure 4C). Furthermore, RIP assay 
showed that both DLX6-AS1 and miR-577 were 
significantly enriched in Ago2-containing beads 
compared with input group (Figure 4D).

Discussion

Compelling evidence9,10 has suggested that 
lncRNAs play crucial roles in carcinogenesis of 

CRC by regulating various cell biological behav-
iors. Long noncoding RNA DLX6 antisense RNA 
1 (DLX6-AS1) has attracted much attention for 
its role in the malignant development of cancers. 
For example, DLX6-AS1 promotes osteosarcoma 
stemness by targeting miR-129-5p11. DLX6-AS1 
promotes the proliferation and metastasis of non-
small cell lung cancer by regulating miR-14412. 
DLX6-AS1 relieves E2F1 and induces tumorigen-
esis of glioma via sponging miR-197-5p13. DLX6-

Figure 3. Knockdown of DLX6-AS1 repressed CRC cell migration and invasion. A, Wound-healing assay showed that knockdown 
of DLX6-AS1 significantly reduced the migration of CRC cells (magnification: 40×). B, Transwell assay showed that the number of 
migrated cells decreased significantly via knockdown of DLX6-AS1 in CRC cells (magnification: 40×). C, Transwell assay showed 
that the number of invaded cells was significantly reduced via knockdown of DLX6-AS1 in CRC cells (magnification: 40×). The 
results represented the average of three independent experiments (mean ± standard error of the mean). *p<0.05.
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AS1 promotes the proliferation and invasion of 
renal cell carcinoma via targeting miR-26a axis14. 
Moreover, DLX6-AS1 induces cell invasion by 
regulating miR-181b in pancreatic cancer15. How-
ever, the exact role of DLX6-AS1 in malignancies, 
including CRC, remains unknown. In this study, 
we firstly found that DLX6-AS1 was significant-
ly upregulated in CRC tissues and cells. Besides, 
knockdown of DLX6-AS1 markedly repressed 
the proliferation, migration, and invasion of CRC 
cells. The above results indicated that DLX6-AS1 
might act as an oncogene in CRC.

Some studies have revealed that lncRNAs 
function in tumor progression by binding to 
miRNAs. For example, miR-18a, targeted by ln-
cRNA CASC2, inhibits the proliferation and me-
tastasis of colorectal cancer16. LncRNA TUSC7, 
as a miR-211 sponge, has been reported to sup-
press the growth of CRC17. Meanwhile, the inter-
action between lncRNA XIST and miR-34a-5p 
has been discovered in the progression of naso-

pharyngeal carcinoma18. Bioinformatics anal-
ysis has predicted that miR-577 is the potential 
binding microRNA of DLX6-AS1. MiR-577, as a 
tumor suppressor in various malignancies, par-
ticipates in diverse biological processes of ma-
lignant tumors. For instance, miR-577 is asso-
ciated with prognosis of glioblastoma patients19. 
MiR-577 enhances the invasion of breast cancer 
cells via targeting Rab2520. Meanwhile, miR-577 
inhibits tumor growth and promotes chemosen-
sitivity of CRC21.

In this study, we first explored the interaction 
between miR-577 and DLX6-AS1. The results 
showed that the expression level of miR-577 was 
significantly upregulated by knockdown of DLX6-
AS1. Luciferase reporter gene assay validated that 
miR-577 could directly bind to DLX6-AS1. Fur-
thermore, MiR-577 was significantly enriched by 
DLX6-AS1 through RIP assay. Above data indi-
cated that DLX6-AS1 functioned as a competing 
endogenous RNA for miR-577 in CRC.

Figure 4. Interaction between DLX6-AS1 and miR-577. A, The binding sites of miR-577 on DLX6-AS1. B, RT-qPCR results 
showed that miR-577 expression was significantly up-regulated in cells of DLX6-AS1 shRNA (sh-DLX6-AS1) when compared 
with negative control (NC). C, Co-transfection of miR-577 and DLX6-AS1-WT significantly decreased luciferase activity, 
while co-transfection of NC and DLX6-AS1-WT did not change luciferase activity. D, RIP assay identified that DLX6-AS1 
and miR-577 were both significantly enriched in Ago2-containing beads compared with input group. The results represented 
the average of three independent experiments. Data were presented as mean ± standard error of the mean. *p<0.05. 
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Conclusions

We demonstrated that DLX6-AS1 could pro-
mote CRC proliferation and metastasis through 
sponging miR-577. Our findings suggested that 
DLX6-AS1 might act as a candidate target for the 
therapy of CRC.
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