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Abstract. – OBJECTIVE: To explore the pos-
sible role and mechanism of long non-coding 
ribonucleic acid LEF-AS1 (lncRNA LEF-AS1) in 
the pathogenesis of colorectal cancer (CRC).

PATIENTS AND METHODS: The expression 
levels of LEF-AS1 in 54 CRC tissue samples and 
adjacent normal ones were examined by quan-
titative Real Time-Polymerase Chain Reaction 
(qRT-PCR). In the meantime, CRC cell lines were 
screened for subsequent in vitro experiments. 
LEF-AS1 siRNA was transfected into CRC cells 
using the liposome method. Then, cell count-
ing kit-8 (CCK-8) and 5-Ethynyl-2’-deoxyuridine 
(EdU) assays were conducted to detect cell pro-
liferation. Thereafter, transwell assay was per-
formed to evaluate the cell migration capacity, 
as well as invasiveness, Caspase-3 activity was 
examined to estimate cell apoptosis, and flow 
cytometry was applied for cell cycle detection. 
Subsequently, bioinformatics analysis was car-
ried out to predict the target genes of micro RNA 
(miR)-505 that were predicted to be able to bind 
to LEF-AS1, while the relative activity of lucif-
erase between miR-505 and KIF3B or LEF-AS1 
was examined via luciferase gene reporter as-
say. In addition, the interaction between KIF3B 
and miR-505, as well as LEF-AS1, was further 
verified by RNA knockdown assay and cell re-
versal experiments.

RESULTS: The expression of LEF-AS1 in CRC 
tissue specimens was found to be markedly 
higher than that in normal colon tissues. After 
transfection with LEF-AS1 siRNA, the cell via-
bility, as well as cell migration and invasion ca-
pacities, were both attenuated. However, the 
cell apoptosis rate was conversely elevated. Du-
al-Luciferase reporter assay revealed that LEF-
AS1 could combine with miR-505, which was ca-
pable of targeted binding to KIF3B. In addition, 
LEF-AS1 siRNA transfection attenuated cell pro-
liferation, migration, and invasion capacities, 
which could be partially reversed by the overex-
pression of KIF3B.

CONCLUSIONS: In this research, LEF-AS1 is 
highly expressed in CRC tissues and cell lines. 

However, the down-regulation of LEF-AS1 re-
duces the proliferation rate and suppresses 
the invasiveness and metastasis of CRC cells 
through the LEF-AS1/miR-505/KIF3B axis.
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Introduction

Colorectal cancer (CRC), one of the common 
malignant tumors, refers to the malignant le-
sions of colonic mucosal epithelium triggered 
by various carcinogenic factors such as envi-
ronment or genetics1. According to the statistics, 
the annual incidence rate of CRC in the United 
States accounts for 8% of all new cancer patients. 
In 2016, there were 134,490 new patients and 
49,190 deaths, ranking third among all cancers2. 
In China, the mortality rate of CRC also ranks 
first, and the disease endangers human health3. 
Since CRC has no evident symptoms in the early 
stage, it cannot be detected until it develops to 
the advanced stage, which is one of the reasons 
for its high mortality rate4. Therefore, its early 
diagnosis and treatment is a problem to be solved. 
In addition, the occurrence of CRC is a complex 
process induced by many factors, which is the 
result of the synergistic effect of many proto-car-
cinoma and tumor suppressor genes. Tumors may 
occur once the balance between these oncogenes 
is broken5.

In recent years, several studies have recorded 
70-90% transcripts of the human genome, but 
less than 2% of the genes in the total genome 
encode proteins, indicating that most human ri-
bonucleic acid (RNA) transcripts are non-coding 
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RNAs (ncRNAs). Huarte et al6 have reported that 
lncRNAs play a significant regulatory role in 
many diseases, especially in tumors. Evidence7,8 
has shown that lncRNAs can serve as ceRNAs. 
For example, scholars have found that in bladder 
cancer cells, down-regulated lncRNA MEG3 en-
hances cell proliferation via activating autopha-
gy9, and in thyroid cancer cells, lncRNA BANCR 
can affect cell activity by regulating autophagy10. 
Besides, lncRNA MALAT1 is involved in the 
proliferation and metastasis of pancreatic can-
cer11.

LncRNA LEF-AS1 has been reported to be 
engaged in the occurrence of non-small cell lung 
cancer through the miR-489/SOX4 axis, and to 
participate in the regulation of the proliferation 
and migration of vascular smooth muscle cells 
through miR-544a/PTEN. In this research, the 
expression of LEF-AS1 in CRC and its impact 
on the function of CRC cells were investigated to 
provide new insights and targets for the pathogen-
esis and treatment of CRC.

Patients and Methods

Sample Collection 
A total of 54 pairs of CRC tissue specimens 

and corresponding adjacent ones were collected 
from patients with CRC in our hospital. None of 
the above subjects received radiotherapy before 
surgery. The collection of specimens received 
informed consent from all subjects and was ap-
proved by the Ethics Committee of the hospital. 
All specimens were confirmed by postoperative 
pathology. This investigation was conducted in 
accordance with the Declaration of Helsinki.

RNA Extraction and Quantitative 
Real Time Polymerase Chain Reaction 
(qRT-PCR)

After ground in liquid nitrogen, TRIzol (In-
vitrogen, Carlsbad, CA, USA) was added to the 
tissue samples, which were then homogenized 
using a homogenizer. After chloroform was add-
ed, the samples were centrifuged at 10,000 g 
for 15 min, the aqueous phase was transferred 
to a new tube, and the RNA was precipitated in 
the aqueous phase with isopropanol. Then, the 
RNA pellet was washed with 75 % ethanol, and 
the supernatant was discarded. After dried at 
room temperature, diethyl pyrocarbonate (DEPC) 
water (Beyotime, Shanghai, China) was added, 
and the extracted RNA was stored at –20°C. 

Subsequently, RNAs were reversely transcribed 
into cDNAs by PrimeScript RT Master Mix, 
RNA, RNase Free dH20 according to the in-
structions, followed by qRT-PCR using SYBR® 

Green Master Mix (TaKaRa, Otsu, Shiga, Japan). 
The primer sequences are as follows: glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) 
(F: 5’-CACCCACTCCTCCACCTTTG-3’, R: 
5’-GCTCATTCAACGGATAAGTC-3’), LEF-
AS1 (F: 5’-CCGTTTGCCCCAAAAGAAGG-3’, 
R: 5’-CGACGCAAGTGGGTAGCTTT-3’) and 
KIF3B (F: 5’-TGGATGTGGATGTTAAGCT-
GGG-3’, R: 5’-TCGGAACGTCTCATCGTA-
CAG-3’.

Cell Culture and Transfection
Human CRC cell lines (HCT116, HT29, 

SW480, and LoVo) and a normal colon cell line 
(NCM460) were purchased from American Type 
Culture Collection (ATCC; Manassas, VA, USA), 
and cultured at 37°C in a 5% CO2 incubator 
with Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (Gibco, Rockville, MD, USA) 
containing 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA), 100 U/mL penicillin and 
100 μg/mL streptomycin. Cells in good growth 
state were seeded into cell culture plates and 
underwent transfection when the cell density 
reached 50-60%. The liposome Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA, USA) 
and the transfection reagent were mixed, the 
static mixture was added to the cells, which 
were incubated at 37°C for 6 h, and the complete 
medium was added for further culture. The trans-
fection reagent is as follows: LEF-AS1 siRNA: 
5’-GGA GAU UAA UGC AGA ACA A-3’. MiR-
505 mimics, inhibitor, and KIF3B overexpression 
plasmids were synthesized by Shanghai Jikai 
(Shanghai, China).

Cell Counting Kit-8 (CCK-8) Assay 
At 24 h after transfection, the cells were col-

lected and plated into a 96-well plate at 2,000 
cells per well. The cells were cultured for 24 h, 
48 h, 72 h, and 96 h, respectively, and then add-
ed with CCK-8 solution (Dojindo Laboratories, 
Kumamoto, Japan). After incubation for 2 h, the 
optical density (OD) value of each well was mea-
sured in the microplate reader at 450 nm absorp-
tion wavelength. 

5-Ethynyl-2’- Deoxyuridine (EdU) Assay
Cells in the logarithmic growth phase were 

seeded in a 96-well plate and subjected to various 
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treatments. After incubation with EdU solution 
(Invitrogen, Carlsbad, CA, USA) for 2 h, the me-
dium was discarded, and the cells were immobi-
lized by 4% paraformaldehyde in phosphate-buff-
ered saline (PBS) and incubated with glycine and 
0.5% TritonX-100, followed by Apollo staining. 
Finally, DNA staining and photographing were 
performed.

Cell Cycle Detection
The cells treated for 24 h were routinely di-

gested to make a single cell suspension, washed 
with Hanks’ solution, and centrifuged at 800 
rpm for 5 min. Then, the supernatant was dis-
carded, the cells were resuspended, and pre-
cooled 70% alcohol was added to incubate cells 
overnight. After washing with PBS, the cells 
were stained with propidium iodide (PI) staining 
solution for 30 min, and the test was repeated 
three times.

Transwell Assay
At one day before the experiment, a 24-well 

plate and several transwell chambers were pre-
pared. The FN was diluted 10 times to a final 
concentration of 100 μg/mL, and Matrigel was 
diluted at 1:9 with serum-free medium. The bot-
tom of each chamber was coated with 50 μL of 
FN and placed in a clean bench for 2 h for air 
dry. The inside of the chamber was coated with 
100 μL of Matrigel and placed in a cell culture in-
cubator overnight. On the day of the experiment, 
the cells were suspended in serum-free medium, 
and 100 μL of cell suspension was added into the 
upper layer of the transwell chamber. After that, 
600 μL of 10% FBS medium was added to the 
outside of the chamber. After incubation for 24 h 
in the incubator, the transwell chamber was taken 
out, fixed with 95% methanol, and photographed 
after staining. Cell migration experiment was the 
same except for the Matrigel step.

Dual-Luciferase Reporter Gene Assay
Cells were divided into four groups accord-

ing to the different transfection with plasmids: 
wild type plasmid + miRNA NC group, mutant 
plasmid + miRNA NC group, wild type plasmid 
+ miRNA mimics group, and mutant plasmid + 
miRNA mimics group. The sequences of wild 
type and mutant plasmids were designed based 
on the sequence in the database that binds to the 
miRNA. After co-transfection with plasmids for 
48 h, the medium was discarded, and the PLB 

cleavage was used to completely lyse the cells. 
The intensity of the luciferase reaction was mea-
sured. After the end of the assay, Stop & Glo 
Reagent was added to measure the intensity of the 
internal Renilla luciferase reaction.

Caspase-3 Activity Assay
The cells were collected and centrifuged at 

16,000-20,000 g for 10-15 min at 4°C. Then, 
the supernatant was transferred to a pre-cooled 
centrifuge tube in an ice bath, and the enzyme 
activity of Caspase-3 was measured. Subsequent-
ly, an appropriate amount of Ac-DEVD-pNA (2 
mM) was placed in an ice bath for later use. After 
c-DEVD-pNA (2 mM) was added, the cells were 
incubated at 37°C for 60-120 min. A405 can be 
determined when the color change was observed 
to be evident. If the color change was not evident, 
the incubation time could be extended appropri-
ately.

RNA Knockdown
Biotinylated probes against LEF-AS1 were 

purchased from Gima (Shanghai, China) and 
incubated with cell lysates. The probe was then 
captured by M280 streptavidin magnetic beads 
(Invitrogen, Carlsbad, CA, USA), and the pre-
cipitant was eluted by probe followed by qPCR 
analysis.

Statistical Analysis
Data analysis was performed using Statistical 

Product and Service Solutions (SPSS) 22.0 sta-
tistical software (IBM, Armonk, NY, USA), and 
GraphPad (Version X; La Jolla, CA, USA) was 
used for image editing. Analysis was performed 
using Pearson correlation analysis. Differences 
between two groups were analyzed using the Stu-
dent’s t-test. Comparison among multiple groups 
was performed using one-way ANOVA test and 
Post-Hoc Test (Least Significant Difference). Da-
ta were represented as mean ± SD. The difference 
was statistically significant at p<0.05.

Results

LEF-AS1 Was Highly Expressed in 
CRC Tissues

The expression of LEF-AS1 in 54 CRC tissue 
samples and adjacent ones was detected by qPCR, 
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and the results indicated that LEF-AS1 level was 
markedly higher in the former than that in the 
latter, with a statistically significant difference 
(p<0.05; Figure 1A). The clinical information of 
patients with CRC was collected, and the expres-
sion of LEF-AS1 was further detected according 
to the different stages of patients. As a result, 
patients in T3+T4 stage or occurred lymph node 
metastasis showed a markedly higher expression 
of LEF-AS1 than those in T1+T2 or without 
lymph node metastasis (Figure 1B, 1C). Next, we 
examined the expression of LEF-AS1 in CRC cell 
lines (HCT116, HT29, SW480, LoVo) and normal 
colon cells NCM480 by qPCR, and found that its 
expression in CRC cells was markedly elevated, 
especially in HCT116 and SW480 cells (Figure 
1D). The latter were selected for subsequent cell 
experiments.

Low Expression of LEF-AS1 Inhibits Cell 
Proliferation and Migration

To verify the influence of LEF-AS1 on cell 
functions, LEF-AS1 siRNA was transfected 
into cells, and the expression of LEF-AS1 was 
detected. As shown in Figure 2A, LEF-AS1 
was successfully transfected and its expression 
was markedly reduced. Subsequently, CCK-
8 and EdU assays revealed that cell viability 
and proliferation were markedly reduced after 
transfection of LEF-AS1 siRNA (Figure 2B, 
2C). In addition, detection of Caspase-3 activ-
ity verified that down-regulation of LEF-AS1 
accelerated cell apoptosis (Figure 2D), while 
flow cytometry indicated a shortened S phase 
and a prolonged G0/G1 phase (Figure 2E). Fur-
thermore, transwell assay demonstrated a sup-
pressed cell migration and invasiveness capac-

Figure 1. LEF1-AS1 is highly expressed in CRC tissues. A, Detection of LEF1-AS1 expression in 54 pairs of CRC tissues 
and adjacent normal tissues by qRT-PCR. B, Detection of LEF1-AS1 expression in different stages of CRC by qRT-PCR. C, 
Detection of LEF1-AS1 expression in metastatic and non-metastatic CRC tissues by qRT-PCR. D, Detection of LEF1-AS1 
expression in NCM460 cells and CRC cell lines by qRT-PCR.
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Figure 2. Down-regulation of LEF1-AS1 inhibits cell proliferation and migration. A, Detection of transfection efficiency of si-LEF1-AS1 by qRT-PCR. B, Detection of HCT116 
and SW480 cell proliferation after down-regulation of LEF1-AS1 by CCK-8. C, Detection of HCT116 and SW480 cell proliferation after down-regulation of LEF1-AS1 by EDU 
(40x). D, Detection of Caspase-3 activity in HCT116 and SW480 cells after down-regulation of LEF1-AS1. E, Detection of cell cycle distribution of HCT116 and SW480 cells 
after down-regulation of LEF1-AS1. F, Detection of HCT116 and SW480 cell migration after down-regulation of LEF1-AS1 by transwell assay (40x). G, Detection of HCT116 and 
SW480 cell invasion after down-regulation of LEF1-AS1 by transwell assay (40×). 
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ity (Figure 2F, 2G), indicating that knockdown 
of LEF-AS1 can inhibit cell proliferation and 
migration but promote cell apoptosis.

LEF-AS1 Adsorbed MiR-505 to Regulate 
KIF3B Expression

Bioinformatics analysis predicted that 
LEF-AS1 might bind to miR-505 (Figure 3A). 
To further verify this prediction, miR-505 ex-
pression in CRC tissues was examined firstly 
(Figure 3B), and it was found to be marked-
ly reduced, which was negatively correlated 
with LEF-AS1 level (Figure 3C). Subsequent-
ly, the Dual-Luciferase reporter gene assay 
based on the binding sequence confirmed 
that LEF-AS1 could bind to miR-505 (Figure 
3D). RNA-knockdown using biotin-LEF-AS1 
revealed a remarkable increase in miR-505 
expression (Figure 3E). Meanwhile, subse-
quent knockdown of LEF-AS1 was found 
to significantly enhance miR-505 expression 
(Figure 3F).

LEF-AS1/MiR-505/KIF3B Axis Promoted 
CRC Development

The target gene of miR-505 was predicted by 
bioinformatics, and KIF3B was selected through 
functional analysis, which was further verified 
by luciferase reporting assay. First, KIF3B wild 
type sequence KIF3B WT 3’UTR and mutant 
sequence KIF3B MUT 3’UTR were successfully 
constructed (Figure 4A). Transfection with miR-
505 mimics attenuated the luciferase in KIF3B 
WT 3’UTR group, while transfection with miR-
505 inhibitor enhanced it. However, no significant 
difference was observed in KIF3B MUT 3’UTR 
group, suggesting that KIF3B is the target gene 
of miR-505 (Figure 4B). Moreover, transfection 
with si-LEF-AS1 reduced the fluorescence value 
in KIF3B WT 3’UTR group, which was reversed 
by co-transfection with si-LEF-AS1 and m-505 
inhibitor. At the same time, KIF3B MUT group 
showed no significant difference (Figure 4C). 
To further demonstrate that LEF-AS1 can act as 
lncRNA to regulate KIF3B and participate in the 
development of CRC, cells were co-transfected 

Figure 3. LEF1-AS1 adsorbs miR-505 to regulate KIF3B expression. A, Binding site between LEF1-AS1 and miR-505. B, 
Detection of miR-505 expression in 54 CRC tissues and adjacent normal tissues by qRT-PCR. C, Correlation analysis of the 
expressions of LEF1-AS1 and miR-505 in CRC. D, Luciferase reporter gene assay shows that LEF1-AS1 can bind to miR-505. 
E, Relative enrichment of miR-505 is analyzed by qRT-PCR after knockdown by biotin-labeled KEF1-AS1 probe. F, Down-
regulation of LEF1-AS1 promotes the expression of miR-505.



9368

Figure 4. LEF1-AS1/miR-505/KIF3B axis promotes CRC development. A, Binding site between KIF3B and miR-505. B, Luciferase reporter gene assay reveals that KIF3B can 
bind to miR-505. C, Luciferase reporter gene assay indicates LEF1-AS1 can regulate the binding of KIF3B and miR-505. D, Detection of KIF3B expression after co-transfection of 
miR-505 and LEF1-AS1 by qRT-PCR. E, Detection of the proliferation of HCT116 and SW480 cells by LEF1-AS1/miR-505/KIF3B axis via CCK-8. F, Detection of the proliferation 
of HCT116 and SW480 cells by LEF1-AS1/miR-505/KIF3B axis by EDU assay (40x). G, Detection of the regulation of LEF1-AS1/miR-505/KIF3B axis on Caspase-3 activity in 
HCT116 and SW480 cells. H, Detection of the regulation of LEF1-AS1/miR-505/KIF3B axis on the migration of HCT116 and SW480 cells by transwell assay. I, Detection of the 
regulation of LEF1-AS1/miR-505/KIF3B axis on the invasion of HCT116 and SW480 cells by transwell assay.
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with LEF-AS1 siRNA+microRNA-505 inhibitor 
and miR-505 mimics on the basis of transfection 
of LEF-AS1 siRNA. As a result, miR-505 mimics 
and LEF-AS1 siRNA markedly reduced KIF3B 
expression, which could be reversed by miR-
505 inhibitor (Figure 4D). In addition, CCK-8 
results revealed that LEF-AS1 siRNA markedly 
inhibited cell proliferation, which was partial-
ly reversed after co-transfection with si-LEF-
AS1 and oeKIF3B plasmid (Figure 4E), and the 
EDU results were consistent with CCK-8 results 
(Figure 4F). Further detection of apoptosis by 
flow cytometry indicated that low expression of 
LEF-AS1 promoted apoptosis, while the oppo-
site result was observed after overexpression of 
KIF3B (Figure 4G). Furthermore, cell migration 
and invasion were found to be suppressed by 
LEF-AS1 siRNA treatment, which also could be 
reversed by KIF3B overexpression (Figure 4H, 
4I). The above results demonstrate that LEF-AS1 
accelerates the progression of CRC through the 
LEF-AS1/miR-505/KIF3B axis.

Discussion

As one of the common malignant tumors, the 
incidence of CRC has been on the rise. With the 
year-by-year increasing mortality rate, the dis-
ease seriously endangers human health3. Since 
CRC has no evident symptoms in the early stage, 
it cannot be detected until it develops to the ad-
vanced stage, which is one of the reasons for its 
high mortality rate4. Therefore, its early diagnosis 
and treatment is a problem to be solved.

Studies12-14 over the years have shown that 
epigenetic modifications such as gene methyla-
tion, p53, APC, and other tumor susceptibility 
genes, and regulation of non-coding RNA are all 
engaged in the occurrence and development of 
CRC. Kogo et al15 have found that lncRNA HO-
TAIR is associated with poor prognosis of CRC 
by regulating multi-comb-dependent chromatin 
modification. LncRNA H19 acts as a precursor 
of miR-675 in CRC as an anticancer gene16. Yang 
et al17 have shown that lncRNA H19 promotes 
the proliferation of CRC cells by competitively 
binding to miR-200a and down-regulating the 
expression of β-catenin. LncRNA MALT1 and 
HULC are all related to the occurrence and de-
velopment of CRC18. So far, whether LEF-AS1 af-
fects the proliferation and apoptosis of CRC cells 
still remains elusive. Therefore, this study mainly 
explored the effect of LEF-AS1 on CRC. LEF-

AS1 was found to be markedly increased in CRC 
tissues and cell lines, and the down-regulation of 
LEF-AS1 inhibited cell proliferation, migration, 
and invasion, but promoted cell apoptosis.

KIFS was discovered in 1985, which is a kind 
of conservative molecular motor protein depen-
dent on microtubules and responsible for intra-
cellular cargo transport by utilizing the energy 
of ATP hydrolysis19,20. KIFS concerns a variety 
of cellular processes, including cell mitosis, mei-
osis, and transport of macromolecules. Among 
them, KIF3 is one of the most widely expressed 
KIFS21. This complex is involved in intracellular 
transport of organelles next to the membrane 
and protein complexes in various tissues, such as 
neurons, melanosomes, and epithelial cells22-24. 
KIF3B is a member of KIF3 subfamily, which is 
composed of molecular motor family and plays 
the role of vesicle transport and membrane ex-
pansion by targeting other molecules during mi-
tosis25,26. Adenomatous polyposis proteins (APC) 
are transported through the KIF complex and 
gathered at the membrane protrusion tips to reg-
ulate cell migration. In this study, LEF-AS1 pro-
moted the development of CRC through the LEF-
AS1/miR-505/KIF3B axis.

There are still deficiencies in this study. For 
example, LEF-AS1’s effects have not been thor-
oughly studied in animal models, which will be 
carried out in the subsequent studies.

Conclusions

In this work, LEF-AS1 was detected to be 
highly expressed in CRC for the first time. How-
ever, knockdown of LEF-AS1 may inhibit the 
proliferation, migration, and invasion of CRC 
cells and promote apoptosis through the LEF-
AS1/miR-505/KIF3B axis.
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