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Effects of the lncRNA ENST00000623984 on colon cancer and the biological 
characteristics of colon cancer cells
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The aim of this study was to explore the effects of the lncRNA ENST00000623984 on colorectal cancer. In this
study, the expression levels of ENST000000623984 were first examined in tumor tissue and adjacent normal
tissue from 40 patients with colorectal cancer and LoVo cells using quantitative real-time PCR. By siRNA
transfection, ENST00000623984 expression was knocked down. Using flow cytometry, cell cycle progression
and cell viability were examined in basal and knockdown LoVo cells. The CCK-8 assay was used to assess the
cell proliferation rate, and the transwell assay was used to determine the migration and invasion abilities. The
ENST000000623984 expression level was increased in colorectal cancer. Knockdown of ENST000000623984
reduced cell viability, proliferation rate, cell migration and invasion. These results suggested that lncRNA
ENST000000623984 may be involved in colorectal cancer development.
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Introduction
Colorectal cancer is a common gastrointestinal malignancy.

The disease is the third most prevalent cancer and the second most
common cause of cancer death worldwide with an annual death
rate of more than 608,700 according to the National Cancer
Institute.1

Long noncoding RNAs (lncRNAs), with a length of more than
200 nucleotides, have been shown to play regulatory roles in
eukaryotes, serving as, for instance, antisense, intergenic transcript
and epigenetic regulators, which may be involved in cell prolifer-
ation, migration, apoptosis and tumor development.2-4 lncRNAs
have been found to be deregulated in multigenetic diseases, includ-
ing Alzheimer’s disease, heart disease and cancer.5-10 Some
lncRNAs can act as tumor suppressors, such as MEG311 and CPS1-
lT1, in lung cancer and hepatocellular carcinoma,12,13 while some
lncRNAs may act as tumor promotors, such as MALAT1, which
enhances metastasis and cell proliferation in esophageal squamous
carcinoma and glioma.14,15 Despite the accumulating studies of
lncRNAs in colorectal cancer,16-19 many other lncRNAs remains
poorly defined and characterized.

Our previous finding of a whole transcriptome resequencing
study from 3 patients with colorectal cancer revealed 91 lncRNAs
that showed different expression patterns between the tumor tissue
and the adjacent normal tissue (unpublished), indicating that these
lncRNAs may be involved in the development of colorectal cancer.
Among these lncRNAs, ENST00000623984, which showed obvi-
ous differences in the whole transcriptome resequencing study,
was selected to further explore its role in colorectal cancer, as well
as in LoVo colorectal cancer cells, in the current study.

Materials and Methods

Clinical tissues
The study was approved by the Institutional Ethics Committee

of the Fourth Hospital of Hebei Medical University, and written
informed consent was obtained from all participants. Forty (40)
patients diagnosed with colorectal cancer were recruited for this
study. The patients had not been treated with radiotherapy or
chemoradiotherapy. Tumor and adjacent normal tissues were col-
lected from each patient, snap-frozen in liquid nitrogen and stored
at -80°C for subsequent analysis.

Immunohistochemistry 
Some of the tissues were removed from the cancerous tissue

and adjacent tissues of each colorectal cancer patient and fixed
with 4% paraformaldehyde for 48 h. After fixation, paraffin
embedding was performed, and the embedded wax block was
sliced. The slices were deparaffinized in water, placed into antigen
retrieval solution, placed at low heat for 10 min, and cooled to
room temperature. The slides were washed in PBS and incubated
in 3% H2O2 for 15 min at room temperature to eliminate endoge-
nous peroxidase activity. Then, Ki-67 (1:500 dilution; WL03319,
Wanleibio, Shenyang, China) or MMP9 (1:500 dilution;
WL03096, Wanleibio, Shenyang, China) primary antibody, diluted
with PBS, was added to evenly cover the tissue and incubated
overnight at 4°C. Then, HRP-goat anti-rabbit IgG secondary anti-
body diluted with PBS (1:2000 dilution; 111-035-003, Jackson
ImmunoResearch, West Grove, PA, USA) was added and incubat-
ed for 1 h at room temperature. Finally, DAB color development,
hematoxylin counterstaining, dehydrating and transparent
reagents, and mounting medium were added. Images of the slides

were captured using a microscope. Image-Pro Plus software was
used to analyze the optical density of the photos.

Cell culture and transfection
The human colorectal cancer cell line LoVo was purchased

from the American Type Culture Collection in China (Shanghai,
China) and routinely maintained in DMEM supplemented with
10% FBS and 2 mM L-glutamine at 37°C with 5% CO2, followed
by a passage once every 2-3 days until cells reaches the logarith-
mic growth phase. Small-interfering RNA (siRNA) targeting
lncRNA ENST00000623984 and negative control plasmids were
purchased from Invitrogen (Carlsbad, CA, USA) (Table 1).
Lipofectamine 2000 (Invitrogen) was used as the vector in cell
transfection according to the manufacturer’s instructions. At 24 h
after transfection, the transfection efficiency was assessed under a
fluorescence microscope to determine whether subsequent experi-
ments could be performed. The cells were collected at appropriate
time points for further experiments based on the experimental
requirements.

Cell death and cell cycle assays 
When the cells reached 90% confluence, they were

trypsinized, washed, resuspended, and seeded in a 6-well plate
overnight. Then, they were transfected and recovered for 24 h. The
cells were harvested and washed twice with PBS and resuspended
in 1x binding buffer. Then, 5 μL annexin V-FITC and 5 μL propid-
ium iodide (PI, 1 μg/mL) were added to 1x105 cells. The cells were
incubated in the dark for 15 min at room temperature. Then, 
400 μL of 1x binding buffer was added. The fraction of dead cells
was assessed at this stage via NovoCyte (Aceabio, Santa Clara,
CA, USA). Additionally, the cells were further subjected to a cell
cycle test following the instructions of the Cell Cycle Kit
(WLA010a, Wanleibio, Shenyang, China). Generally, the cells
were washed twice with PBS, trypsinized and washed once in
PBS. Approximately 1x106 cells were incubated in 70% EtOH at
4℃ overnight, followed by a washing in PBS twice.
Approximately 100 µL of RNAse A (0.25 mg/mL) was used to
resuspend the cells, and they were incubated at 37℃ for 30 min.
The cells were then treated with 500 µL PI (50 μg/mL) (WLA001a,
Wanleibio, Shenyang, China) and incubated at 4℃ in the dark for
30 min. At least 1x104 cells for each sample were measured with an
excitation wavelength of 488 nm and the emission wavelength at
530 nm for FITC and 620 nm for PI, respectively. The percentage
of cell cycle phases was quantified using FlowJo software (FlowJo
LLC, Ashland, OR, USA). 

RT-qPCR
Total RNA from each well of cells or tissue from a patient was

isolated by using TRIzol (15596026, Invitrogen), followed by 
0.2 mL of chloroform (Sigma-Aldrich, St. Louis, MO, USA). After
centrifugation, the RNA was pelleted by mixing with 0.5 mL of
isopropyl alcohol and centrifugation. The resulting pellet was
washed with 700 μL of 75% ethanol and finally resuspended in
RNAse-free water (Ambion, USA). The RNA was stored at -80℃
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Table 1. SiRNA sequences used for knocking down lncRNA
ENST00000623984.

Item                                                                  Sequence

lncRNA ENST00000623984 siRNA              5’-CCUGGCUUCCAGGGCAUAATT-3’
                                                                         5’-UUAUGCCCUGGAAGCCAGGTT-3’
Negative control                                           5’-UUCUCCGAACGUGUCACGUTT-3’
                                                                          5’-ACGUGACACGUUCGGAGAATT-3’
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until use.
cDNA was synthesized from 500 ng RNA using a reverse tran-

scription reagent kit (Life Technology, Carlsbad, CA, USA). For
real time PCR, 0.25 μM of each primer in 10 μL was used (Table
2). β-Actin was used as the housekeeping gene. The relative
expression levels of genes were calculated using the comparative
delta Cq (2-∆∆Ct) method.20.

Cell viability
After overnight seeding, cells were washed with 500 µL PBS

(Shuangluoxuan Biological Technology Co., Ltd., Jiangsu, China).
The transfection mixture was then added to the wells. Each treat-
ment was performed in quintuplicates. The cells were cultured at
37°C with 5% CO2 for 24 h, 48 h or 72 h. After incubation, 10 µL
of CCK-8 (WLA074a; Wanleibi) was added to each well. The cell
viability was then determined using an ELISA microplate reader
(BIOTEK) at 450 nm.

Invasion/migration assay
Transwell assays were performed at 24 h after transfection.

Cells were transferred to the upper chamer with 3000 cells in 
0.1  mL serum-free medium per well. Matrigel (Millipore, MA,
USA)-coated membranes were used in invasion assay, and uncoat-
ed membranes were used to carry out migration assay. In both
assays, the lower transwell chamber was filled with medium sup-
plemented with 20% FBS. Cells were cultured for 2 h. After that,
membrane was collected, cleaned and subjected to 0.5% crystal
violet (Sigma-Aldrich) staining at room temperature for 14 min.
Cells were evaluated under an optical microscope (Olympus,
Tokyo, Japan).

Statistics
The SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) statistical soft-

ware was used for statistical analysis in this study. Results were
expressed with the mean ± standard deviation (SD) from 3 biolog-
ical replicates. The t-test was used for the comparison of continu-
ous variables between two groups, and ANOVA was used for the
comparison of continuous variables among groups; p<0.05 was
considered statistically significant.

Results

lncRNA ENST00000623984 expression is higher in
tumor tissue

To examine the role of ENST00000623984 in colorectal can-
cer, the expression levels of ENST00000623984 were detected in
tumor tissue and adjacent normal tissue from 40 patients with col-
orectal cancer using real-time PCR. The relative expression level
in the tumor tissue was 0.001±0.000056, and that in normal tissue
was 0.0004±0.000025 (Figure 1). The difference was statistically
significant (p<0.001).

Expression levels of anti- Ki67 and anti-MMP9 proteins

in patient tissues
To determine the expression levels of Ki-67 and MMP9 in

patient tissues, immunohistochemical methods were used to detect
the expression of these two proteins in 40 pairs of cancer tissues
and adjacent tissues. The average optical density of Ki-67 and
MMP9 in cancer tissues was 1.4 times and 4.9 times that in adja-
cent tissues, respectively, and the differences were statistically sig-
nificant (Figure 2 A,B).

The expression of ENST00000623984 in LoVo cells
To further explore the role of lncRNA ENST00000623984, the

colorectal cancer cell line LoVo was used as a model, and the
expression levels were examined in these cells. The results showed
that ENST00000623984 was expressed in LoVo cells, and the cor-
responding siRNA was able to reduce ENST00000623984 expres-
sion levels from 1.00±0.06-fold to 0.23±0.02-fold (Figure 3). The
expression level in the negative control cells was 1.08±0.04-fold
(Figure 3).

The effects of ENST00000623984 on cell cycle
In LoVo cells, 24h after transfection, ENST00000623984

knockdown caused more cells to arrest at G1 phase (82.13%) and
fewer cells to arrest at S phase (7.17%) and G2 phase (10.7%) than
in the basal group (G1=66.24%, S=12.77%, G2=20.99%) and neg-
ative control group (G1=67.52%, S=10.92%, G2=21.56%) (Figure
4 A,4B). Thus, cells were less likely to replicate when
ENST00000623984 was knocked down. Therefore,
ENST00000623984 may promote LoVo cell cycle progression.

The effect of ENST00000623984 on the cell prolifera-
tion rate

At 24 h, the OD values shows no significant difference
between ENST00000623984 knockdown cells and the basal cells

Table 2. Primers used in real-time PCR.

Primer                         Sequence                                      Primer length                                 Tm                                            Product size

lncRNA F               CAGGACTAGACTTAGGAGGAG                                              21                                                       50.2                                                                 174bp
lncRNA R                   GATATGGAAATCGGTGGT                                                  18                                                       49.4                                                                       
β-actin F                 CACTGTGCCCATCTACGAGG                                                20                                                       58.6                                                                 155bp
β-actin R                 TAATGTCACGCACGATTTCC                                                20                                                       56.8                                                                       

Figure 1. The expression level of lncRNA ENST00000623984 in
colorectal tumor tissue was significantly higher than that in adja-
cent normal tissue. (mean ± SD, n=40; ***p<0.001).
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as well as the negative control cells. While comparing to the basal
cells and negative control cells, the OD values in
ENST00000623984 knockdown cell was significantly lower at 
48 h and 72 h (p<0.05) (Figure 5). As the OD values were positive-
ly correlated with the cell proliferation rate, indicating that the pro-
liferation rate of LoVo cells could be inhibited by
ENST00000623984 knockdown.

The effect of ENST00000623984 on cell apoptosis
The average cell apoptosis rate of the ENST00000623984

knockdown cells (13.87±0.2) was significantly higher than that of
the basal cells (2.79±0.1) and the negative control cells (2.93±0.1)
(p<0.001) (Figure 6). This results demonstrates that knockdown of
ENST00000623984 may promote the apoptosis of LoVo cells.

The effect of ENST00000623984 on cell invasion
The number of LoVo cells invading the Matrigel-coated micro-

porous membrane in ENST00000623984 knockdown cells (45±5)
was much lower than that in basal cells (70±7) and negative con-
trol cells (66±7) (Figure 7). Therefore, knockdown of lncRNA
ENST0000023984 led to inhibited invasion of LoVo cells.

The effect of ENST00000623984 on cell migration
The number of migratory LoVo cells was 97±10 in the basal

group, 97±11 in the negative control group, and 72±7 in the

ENST00000623984 knockdown group (Figure 8), suggesting that
ENST00000623984 tended to promote LoVo cell migration.

[page

Figure 2. The expression of Ki-67 and MMP9 in adjacent and
cancerous tissues. A) Ki-67 expression level. B) MMP9 expression
level. *p<0.05; ***p<0.001.

Figure 4. The effect of ENST00000623984 knockdown on cell
cycle progression. A) Flow cytometry was used to test the cell
cycle in basal LoVo cells (left), negative control cells (middle),
and ENST00000623984 knockdown cells (right). B)
ENST00000623984 knockdown could inhibit cell cycle progres-
sion. **p<0.01.

Figure 5. Knockdown of ENST00000623984 reduced cell viabil-
ity. Growth curves were determined via the CCK8 assay for LoVo
cells which were untransfected (blue line), transfected with nega-
tive control (orange line), or transfected with
ENST00000623984 siRNA (gray line) respectively. *p<0.05.

Figure 3. The expression of lncRNA ENST00000623984 in LoVo
cells. The expression level of lncRNA ENST00000623984 in was
significantly lower in cells transfected with ENST00000623984
siRNA than that in basal cells and negative control cells.
***p<0.001.
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Discussion
lncRNA ENST00000623984 was revealed in a whole tran-

scriptome resequencing study, where it was upregulated by 58-fold
in tumor tissue compared to adjacent normal tissue (unpublished).
In the current study, a similar expression pattern was detected in
the tumor tissue from 40 patients with colorectal cancer using RT-
PCR. These results indicate a potential role of ENST00000623984
in colorectal cancer development. To further explore the role of
ENST00000623984, the colorectal cancer cell line LoVo was used.
ENST00000623984 was expressed in LoVo cells, and siRNA
could knock down its expression in these cells.
ENST00000623984 knockdown inhibited the proliferation of
LoVo cells and reduced cell viability. This evidence suggests that
ENST00000623984 may be a potential stimulator in colorectal
tumor development.

Metastases are the major cause of cancer-related death, and
migration and invasion are strongly associated with metastases. In
this study, ENST00000623984 enhanced the invasion and migra-
tion of LoVo cells, so it might positively regulate colorectal cancer
metastases. The different expression patterns of
ENST00000623984 between tumor tissue and normal tissue indi-
cate that this lncRNA could serve as a prognostic biomarker for
colorectal cancer. Dysregulation of lncRNAs is involved in cellular
growth advantage that may lead to progressive and uncontrolled
tumor growth.21-25 Knockdown of lncRNA ENST00000623984
showed an anticancer effect, in which cell viability, cell prolifera-
tion rate, and invasion and migration abilities were decreased.
Anti-ENST00000623984 might be a potential treatment for col-
orectal cancer. The mechanism behind ENST00000623984 posi-
tively regulating tumor development needs to be further explored.
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