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Growing evidences suggest that long non-coding RNAs (IncRNAs) are closely correlated
to the development of human cancer, such as colorectal cancer (CRC). A previous report
suggested that DLEU1 accelerated CRC development. However, DLEU1’s underlying
mechanism in CRC remains unclear. In our study, the level of DLEU1 in CRC tissues is
investigated by gRT-PCR. Our data exhibited that DLEU1 level was observably increased
in CRC tissues and CRC cell lines and was closely associated with bad prognosis of CRC
patients. CRC cell proliferation was repressed by sh-LncRNA DLEU1, whereas cell
apoptosis was markedly stimulated. Moreover, knockdown of DLEU1 inhibited cell
migration and invasion. Mechanistically, through interacting with miR-320b in CRC,
DLEU1 promoted the level of PRPS1 which was a target of miR-320b. The rescue
experiment confirmed that knockdown of DLEU1 repressed cell proliferation, migration
and invasion while stimulated cell apoptosis via miR-320b/phosphoribosyl pyrophosphate
synthetase 1 (PRPS1) axis. Meanwhile, the data of xenograft model exhibited that
inhibition of DLEU1 suppressed tumor growth in vivo. In summary, DLEU1 knockdown
may repress PRPS1 expression via miR-320b, and then repress cell proliferation,
migration and invasion while stimulate cell apoptosis. Our research may provide a novel
target for the treatment of CRC.

Keywords: colorectal cancer, IncRNA, DLEU1, miR-320b, PRPS1

INTRODUCTION

Colorectal cancer (CRC) is the third most common malignant tumor globally (1). In China, CRC
has the fourth highest malignancies incidence and accounts for 9.2% of the total cancer death (2).
Genetic variation and cellular environment are the main causes affecting tumor occurrence,
development and metastasis (3). Despite the development of surgery, chemotherapy,
radiotherapy and immunotherapy, the recurrence and metastasis rate is still high in 70% of
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patients with stage 2 and 3 of CRC (4). However, the
understanding of molecular mechanisms of proliferation,
apoptosis, migration and invasion is extremely limited. A deep
understanding of the invasion and development of CRC is
critical to accelerate the development of its diagnosis
and treatment.

Emerging evidences suggest that long non-coding RNAs
(IncRNAs) are closely related to the development of human
cancer and regulate several cell functions (5). A lot of IncRNAs
have been found to inhibit or promote the development of CRC.
For evidence, IncRNA ZNF667-AS1 and IncRNA XIST can
suppress the invasion, development and migration of CRC (6,
7). Nevertheless, IncRNA SNHG16, LINC00460 and IncARSR
may act essential roles in promoting the development of CRC
(8-10).

The IncRNA deleted in lymphocytic leukemia 1 (DLEUI)
located on chromosome 13q14.3 has been reported to be
abnormally expressed in many cancers (11). DLEU1 is
obviously overexpressed in breast cancer and accelerates
migration, invasion of breast cancer cells (12). Besides, DLEU1
is also found to be highly expressed in osteosarcoma (13),
glioblastoma multiforme (14) and hepatocellular carcinoma
(15), and aggravates cancer progression.

Recent studies reported that IncRNAs play an important role
in tumor occurrence and development by sponging miRNA to
modulate the expression of protein-coding genes (16). DLEU1
accelerates cell proliferation and invasion in bladder cancer via
miR-99b/HS3ST3B1 Axis (17). A study conducted by Liu et al.
(18) found that through sponging miR-381 and elevating
HOXA13 level in cervical cancer, DLEUI stimulates cell
proliferation and invasion. However, the significant role of
DLEU1 in the development of CRC remains unclear.

In this study, we investigated the effect of DLEU1 on the
development of CRC and established a competitive endogenous
RNA (ceRNA) network, namely DLEUI/miR-320b/
phosphoribose pyrophosphate synthase 1 (PRPS1) axis. This
possible mechanism has been confirmed by bioinformatics and
biological experiments. Our findings may provide a new
diagnostic biomarker and a potential therapeutic target for CRC.

MATERIALS AND METHODS

Patients and Specimens

Tumor tissues and paired non-tumor tissues were obtained from
CRC patients (n=30) by surgery. Patients received no
chemotherapy or radiotherapy before surgery. All the
participants signed informed consent form. All samples used in
this study were approved by the Ethics Committee of Southeast
University Affiliated Zhongda Hospital (No. 2017ZDKYSB165).

qRT-PCR

Total RNAs were obtained from tissues and cells using TRIzol
(Applygen, Beijing, China). qRT-PCR was carried by employing
Reverse Transcription Kit (Haigene, Harbin, China) for miR-

320b and Kit (Haigene, Harbin, China) for DLEUI and PRPSI1.
qRT-PCR was performed as previously described (19). The
primers were listed in Table 1. U6 and B-actin acted as
endogenous controls.

Cell Culture and Transfection

CRC cell lines (LoVo, SW620, HCT116 and SW480) and normal
cells HIEC were obtained from Cobioer (Nanjing, China) and
followed their instructions to culture at 37°C. Sh-LncRNA DLEU1
(sequence: CAACGGAAUGUAUCAAUGATT), sh-PRPS1
(sequence: GCAGCTCCCACCAGGACTTAT), sh-NC(sequence:
TTCTCCGAACGTGTCACGT), miR-320b mimics
(sequence: AAAAGCUGGGUUGAGAGGGCAA), NC mimics
(sequence: UUCUCCGAACGUGUCACGUTT), miR-320b
inhibitors(sequence: UUGCCCUCUCAACCCAGCUUUU) and
NC inhibitors(sequence: CAGUACUUUUGUGUAGUACAA)
were obtained from RIBOBIO (Guangzhou, China). Cell
transfection was conducted following the instruction of
Lipofectamine 2000 (Invitrogen, CA, USA). Stably DLEUI-
knockdown cell lines were screened out as previously reported
(20). In brief, oligonucleotide for small hairpin RNA (shRNA)
targeting DLEU1 was synthesized and inserted into the shRNA
vector pGPH1/Neo (GenePharma, Shanghai, China). The DLEU1
shRNA vector was transfected into LoVo and SW480 cells with
Lipofectamine 3000 (Invitrogen, CA, USA) and selected for 4
weeks with neomycin (1000 pg/ml). Scrambled shRNA (sh-NC)
was applied as control. After culturing for 48 h, cells were utilized
for follow-up study.

CCK-8 Assay

Cell viability was assessed using CCK8 kit (MedChemExpress,
Shanghai, China). Cells (3000/well) were cultured for 48 h in 96-
well plates. Followed by incubating with 10 pL CCKS for 3-4 h,
the absorbance was assessed using GloMax<sp>® System
(Promega, WI, USA) at 450 nm (21).

EdU Assay

The EdU Kit (Beyotime Biotechnology, Nanjing, China) was
employed in this study. In brief, after incubation with 10 uM
EdU for 2 h, Cells were incubated with 4% formaldehyde,
followed by 0.3% Triton X-100 for 10 min. After that, cells
were incubated for 30 min with Click Additive Solution in

TABLE 1 | Primer sequences for gRT-PCR.

Primer name (5’-3’) Primer sequences

miR-320b-Forward
miR-320b-Reverse
U6-Forward
UB-Reverse
DLEU1-Forward
DLEU1-Reverse
PRPS1-Forward
PRPS1-Reverse
B-actin-Forward
B-actin-Reverse

5'-GATGCTGAAAAGCTGGGTTG-3’

5- TATGGTTGTTCTGCTCTCTGTCTC-3'

5'- GCTTCGGCAGCACATATACTAAAAT-3’
5'- CGCTTCACGAATTTGCGTGTCAT-3'

5'- TGCATTTAAAACCGCCCTGC-3'

5'- TTGAAGAAGGAGACCACGCC-3'

5'- GGAAATTGGTGAAAGTGTA-3’
5'-CCACAAGCACCATGCGGTCC-3’

5'- GACCTGACTGACTACCTCATGAAGAT-3’
5'- GTCACACTTCATGATGGAGTTGAAGG-3’
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darkness. Finally, 1X Hoechst 33342 was employed for nucleus
staining (22).

Western Blot

Cell lysates were isolated using cell lysis buffer (Cell Signaling
Technology, Shanghai, China). The membranes were transferred
and blocked at RT for 1 h, followed by primary antibodies
incubation: rabbit anti-PCNA (1:1000, ab92552), anti-Ki-67
(1:5000, ab92742), anti-BAX (1:5000, ab32503), anti-Bcl-2
(1:1000, ab59348), anti-Cleaved-caspase3 (1:1000, ab49822),
anti-Cleaved-caspase9 (1:1000, ab2324), anti-Cox-2 (1:1000,
ab179800), anti-MMP-2 (1:5000, ab92536), anti-MMP-9
(1:10000, ab76003), anti-PRPS1 (1:3000, ab137577) and rabbit
anti-B-actin (1:2000, ab8227), and then re-probed with
immunoglobulin G (IgG) (1:2000, ab6721) antibody. The
chemiluminescence kit (Millipore, Germany) was applied to
evaluate the immune response zone and Image ] software
(Image] Software Inc., USA) was used to quantify the
integrated density of each band. Antibodies mentioned before
were supplied by Abcam (Cambridge, UK).

Flow Cytometry Assay

The apoptotic rate of CRC cancer cells was evaluated by Annexin
V-FITC/PI Apoptosis Detection Kit (Yeasen, Shanghai, China)
via flow cytometry. After cultured for 48 h, cells were harvested,
following by staining with 10 UL of Annexin V-FITC and PL
Then cells were analyzed by flow cytometer (BD, New Jersey,
USA) (23).

Wound Healing Assay

Cells were cultured in a six-well plate for 24 h. A total of 100 pL
pipette tips were used for wounds scratched of each group.
Wound was recorded at 0 or 48 h. The distance was assessed
by Image] software (ImageJ Software Inc., MD, USA). Wound
healing rate = (scratch width at 0 h - 48 h)/scratch width at 0 h x
100% (24).

Transwell Assay

The 24-well transwell chamber (CORNING, New York, USA)
was employed for cell invasion following the manufacturer. CRC
cells in medium without serum were added to the Matrigel-
coated upper chamber. After culturing at 37°C for 24 h, non-
invasive cells were eliminated. And invasive cells were counted
with Phase-Contrast Microscope (Olympus, Tokyo, Japan).
Migration assay was conducted in the same manner with
upper chamber without Matrigel (25).

Subcellular Fractionation

The nuclear and cytoplasm fractions were separated with PARIS
Kit (Life Technologies). RNAs in each fraction were extracted.
The level of DLEU1 was examined using qRT-PCR. GAPDH and
U6 acted as fractionation indicators (26).

Dual Luciferase Reporter Assay

To confirm that DLEU1 and PRPS1 were targets of miR-320b,
LncRNA DLEU1-WT (containing the binding sites of miR-320b
at DLEU1), LncRNA DLEU1-Mut (mutation of binding sites),

PRPS1-WT (containing the binding sites of miR-320b at PRPS1
3’UTR) and PRPS1-MUT (mutation of binding sites) were
cloned into Luciferase Reporter Vector (Invitrogen, CA, USA).
LncRNA DLEUI-WT, LncRNA DLEU1-Mut, PFKL-WT or
PFKL-MUT were co-transfected with miR-320b mimics into
LoVo and SW480 cells. After 48-h transfection, LoVo and
SW480 were explored using a Reporter Vector System
(Invitrogen, CA, USA) using a Glomax20/20 luminometer
(Promega, W1, USA) (27).

RNA Immunoprecipitation (RIP) Assay

Cells were lysed by RIP lysis buffer (Millipore, USA) and then
incubated with magnetic beads conjugated with IgG (1:100,
ab109489, Abcam, UK) or Ago2 (1:100, ab32381, Abcam, UK)
antibody. Then RNA was purified and investigated using qRT-
PCR (28).

Animal Study

All animal experiments were conducted with the approval of the
Institutional Animal Care & Use Committee of China
Pharmaceutical University (JN2018035). The nude mice were
kept under specific pathogen-free conditions. Water and a basal
diet were given ad libitum. Subcutaneously injected 100 pL cell
suspension (1 x 107 cells/ml) of stably DLEUI-knockdown or
control SW480 cells into the left hind leg of every mouse (n=3
per group). The tumor volume was determined every 5 days
using the formula: 0.5 x length x width2. Twenty-five days after
the injection, the mice were sacrificed. Tumors were separated
and weighted at the same time (28).

Histology

Tumor tissues were embedded in paraffin, sectioned, dewaxed and
rehydrated. Antigens retrieval was conducted using citrate (10
mmol/L, pH 6.0) solution at 100°C for 10 min, followed
by immersing the section in 3% hydrogen peroxide for 10 min
and incubating overnight with antibody Ki-67 (1:50, ab15580) at 4°
C. Incubated the section with IgG (1:2000, ab205718) at room
temperature for 2 h. Lastly, 3, 3’-diaminobenzidine
tetrahydrochloride was used for visualization, and hematoxylin
was used for counter-staining. The nuclei of the tumor cells were
calculated by randomly counting 3 fields. The percentage of
apoptotic bodies was calculated as: apoptotic/total nuclei x 100 (29).

Statistical Analysis

Data are shown as mean + SD. SPSS 21.0 (IBM Corp., NY, USA)
was applied for statistical analysis of all data. T-test was used for
comparison between two groups, and one-way ANOVA and
Tukey’s post-tests were used for multiple groups. The level of
significance was set at P < 0.05.

RESULTS

DLEU1 Is Highly Expressed in CRC
Tissues and Cells

To evaluate the effect of DLEU1 in CRC, the level of DLEU1 in
CRC was obtained from GEPIA. The expression profile
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exhibited that DLEU1 level was observably increased in CRC
tissues compared to non-tumor tissues (Figure 1A). In the
meantime, the level of DLEU1 in CRC tissues was investigated
by qRT-PCR, and our data indicated that DLEUI level was
upregulated with the development of CRC. As shown in Figure
1B, DLEU1 level was higher in stage III + IV than I + IL
Moreover, the prognosis data demonstrated that the DLEU1
was positively related to the development of CRC patients
(Figure 1C). Furthermore, the level of DLEUI in CRC cell
lines was investigated by qRT-PCR, which showed that DLEU1
level was higher in CRC cell lines than normal cells HIEC, CRC
cell lines LoVo and SW480 were chosen for subsequent
experiments (Figure 1D).
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Knockdown of DLEU1 Inhibits Proliferation
and Stimulates Apoptosis of CRC Cells

To further assess the effect of DLEU1 on CRC cell proliferation,
sh-LncRNA DLEU1 was used in LoVo and SW480 cells to knock
down DLEU1 stably. The qRT-PCR results confirmed that
DLEUI level was observably repressed by sh-LncRNA DLEU1
(Figure 2A). We conducted CCK-8 assay and observed that cell
viability was diminished by sh-LncRNA DLEU1 (Figure 2B). In
addition, the results of EQU assay indicated that cell proliferation
was diminished by sh-LncRNA DLEU1 (Figure 2C). Moreover,
proliferation-related protein levels were investigated by western
blot. The data demonstrated that PCNA and Ki-67 were
markedly suppressed by sh-LncRNA DLEU1 (Figure 2D).

Overall Survival

— Low DLEU1 TPM
—— High DLEU1 TPM

Logrank p=0.22
HR(high)=1.3
p(HR)=0.22
R TOANCTRNORRRIRY n(high)=134
n(low)=135

50 100 150

Months

FIGURE 1 | DLEU1 is highly expressed in CRC tissues and cancer cells. (A) The expression profile of DLEU1 was obtained from GEPIA (http://gepia.cancer-pku.cn/
index.html), *P < 0.05 vs. non-tumor tissues. (B) The relative expression of DLEU1 was determined by gRT-PCR in CRC tissues of different clinical stage, *P < 0.05
vs. stage | + Il tissues. (C) Overall survival curves showed the association between the DLEU1 level and overall survival of CRC patients were obtained from GEPIA
(http://gepia.cancer-pku.cn/index.html). (D) The relative expression of DLEU1 was determined by gRT-PCR in CRC cell lines, *P < 0.05, **P < 0.01 vs. normal
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FIGURE 2 | Knockdown of DLEUT inhibits proliferation and stimulates apoptosis of CRC cells. (A) The relative expression of DLEU1 was determined by gRT-PCR in
LoVo and SW480 cells. (B) The cell viability was determined using CCK-8 assay in LoVo and SW480 cells. (C) The cell proliferation was determined using EdU assay
in LoVo and SW480. (D) The proliferation-related protein levels of PCNA and Ki-67 were investigated by western blot in LoVo and SW480 cells. (E) The cell
apoptosis was determined using low cytometry assay in LoVo and SW480 cells. (F) The apoptosis-related protein levels of Bcl-2, Bax, Cleaved-caspase3 and
Cleaved-caspase9 were investigated by western blot in LoVo and SW480 cells. *P < 0.05, **P < 0.01, **P < 0.001 vs. sh-NC.
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DLEU1 (Figure 2F). Taken together, inhibition of DLEU1
repressed CRC cell proliferation and stimulates apoptosis.

Knockdown of DLEU1 Represses Cell
Migration and Invasion

After knockdown of DLEU1 using sh-LncRNA DLEU1 in LoVo
and SW480 cells, wound-healing assay was performed to
evaluate cell migration. The data indicated that cell migration
was markedly suppressed by sh-LncRNA DLEU1 (Figure
3A).What’s more, the finding of transwell assay suggested that
cell invasion was suppressed by sh-LncRNA DLEU1 (Figure
3B). Moreover, invasion-related protein levels were investigated
by western blot. The data demonstrated that Cox-2, MMP-2 and
MMP-9 were markedly suppressed by sh-LncRNA DLEU1
(Figure 3C). Collectively, these results demonstrated that
inhibition of DLEU1 repressed cell migration and invasion.

DLEU1 Interacts With miR-320b in CRC

After subcellular fractionation assay, the levels of DLEUL1 in the
nuclear and cytoplasm of both LoVo and SW480 cells were

determined using qQRT-PCR. The data indicated that DLEU1 was
mainly in the cytoplasm (Figure 4A). Bioinformatics analysis
indicated that DLEUI interacted with miR-320b (Figure 4B),
which was confirmed by dual luciferase reporter assay. As shown
in Figure 4C, miR-320b mimics markedly repressed the
luciferase activity of LncRNA DLEU1-WT in LoVo and
SW480 cells, whereas it had no significant effect on the
luciferase activity of LncRNA DLEU1-MUT.We conducted
qRT-PCR analysis after DLEU1 knockdown in LoVo and
SW480 cells and observed that miR-320b was promoted by sh-
LncRNA DLEUI (Figure 4D). Results of RIP assay indicated
that both DLEU1 and miR-320b were enriched in Ago2 group
(Figure 4E), which further demonstrated the interaction between
DLEU1 and miR-320b.

Next, the expression of miR-320b in CRC tissues and cell lines
was evaluated using qRT-PCR. The finding exhibited that miR-
320b level was observably suppressed in CRC tissues and cell
lines compared to non-tumor tissues and HIEC (Figures 4F, G).
Pearson’s correlation analysis results indicated that DLEU1 was
negatively correlated with miR-320b in CRC tissues (Figure 4H).
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MiR-320b Represses Proliferation and
Promotes Apoptosis of CRC Cells

To further assess the effect of miR-320b on CRC cell proliferation,
miR-320b mimics was used in LoVo and SW480 cells to
upregulate miR-320b. The qRT-PCR results confirmed that
miR-320b level was observably elevated by miR-320b mimics
(Figure 5A). We conducted CCK-8 assay and observed that cell
viability was diminished by miR-320b mimics (Figure 5B). The
results of EdU assay indicated that cell proliferation was
suppressed by miR-320b mimics (Figure 5C). What’s more, we
conducted flow cytometry assay and observed that cell apoptosis
was markedly stimulated by miR-320b mimics (Figure 5D).
Afterwards, we conducted transwell assay and observed that cell
migration and invasion were suppressed by miR-320b mimics

(Figure 5E). Taken together, miR-320b repressed CRC cell
proliferation, migration and invasion, while stimulated apoptosis.

PRPS1 Is a Target Gene of miR-320b

Our bioinformatics analysis result confirmed that PRPS1 was a
target gene of miR-320b (Figure 6A). Results of dual luciferase
reporter assay indicated that miR-320b mimics markedly
suppressed the luciferase activity of PRPS1 WT, whereas it had
no significant effect when the putative binding sites were mutated
(Figure 6B). Besides, qRT-PCR and western blot results
indicated that both mRNA and protein level of PRPS1 were
suppressed by miR-320b mimics. These results verified that
PRPS1 was a target gene of miR-320b (Figures 6C, D). Next,
the expression of PRPS1 in CRC tissues and cell lines was
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evaluated using qRT-PCR. The finding exhibited that PRPS1
level was observably elevated in CRC tissues and cell lines,
compared to non-tumor tissues and HIEC (Figures 6E, F).

Knockdown of DLEU1 Represses Cell Proliferation,
Migration and Invasion While Stimulates Cell
Apoptosis via miR-320b/PRPS1 Axis

MiR-320b inhibitors was used in LoVo and SW480 cells in which
DLEU1 was knocked down stably. qRT-PCR was carried out to
detect miR-320b expression and the data exhibited that miR-
320b was suppressed by miR-320b inhibitors (Figure 7A). In the
meantime, sh-PRPS1 was used in LoVo and SW480 cells in
which DLEU1 was knocked down stably. The data of gRT-PCR
exhibited that PRPS1 was suppressed by sh-PRPS1 (Figure 7A).

In order to evaluate the functions of DLEU1/miR-320b/
PRPS1 axis, we transfected both miR-320b inhibitors and sh-
PRPS1 into LoVo and SW480 cells in which DLEU1 was
knocked down stably, followed by CCK-8 and EdU assay. The
data of CCK-8 and EdU assay exhibited that cell proliferation
was stimulated by miR-320b inhibitors, which was attenuated by
sh-PRPS1 (Figures 7B, C). The data of flow cytometry assay
exhibited that cell apoptosis was suppressed by miR-320b
inhibitors, which was reversed by sh-PRPS1 (Figure 7D). We
conducted transwell assay and observed that cell migration and
invasion were stimulated by miR-320b inhibitors, which were
attenuated by sh-PRPS1 (Figure 7E). Taken together,
knockdown of DLEUI repressed cell proliferation, migration
and invasion while stimulated cell apoptosis via miR-320b/
PRPS1 axis.
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Inhibition of DLEU1 Suppresses

Tumor Growth In Vivo

To evaluate the function of DLEU1 in vivo, a xenograft model of
CRC was established by subcutaneous injection of stably
DLEU1-knockdown SW480 cells. As shown in Figures 8A-C,
DLEUI inhibition markedly repressed tumour size, growth and
weight compared to sh-NC group. HE staining was performed
and the results revealed that cell necrosis was significantly
elevated by sh-LncRNA DLEU1 (Figure 8D). IHC and
TUNEL assay were carried out to assess the Ki-67 expression
and cell apoptosis in tumor tissues, respectively. Our data
revealed that Ki-67 positive cells was alleviated by sh-LncRNA
DLEU1, whereas the percentage of apoptotic bodies was elevated
by sh-LncRNA DLEUI (Figure 8D). Lastly, the expression of
DLEU1, miR-320b and PRPS1 were determined by qRT-PCR.
The data revealed that the expression of DLEU1 and PRPS1 were
repressed by sh-LncRNA DLEUI, whereas miR-320b was
stimulated by sh-LncRNA DLEU1 (Figure 8E). The above
results confirmed that inhibition of DLEUI suppressed tumor
growth in vivo.

DISCUSSION

Globally, CRC is the third major reason of death caused by
cancer (30). Cancer development and metastasis are the major
reasons of CRC death, peculiarly for patients in advanced stage

(31). Tumor metastasis was often characterized by accelerated
invasion and migration. It’s vital to clarify the underlying
mechanisms of CRC development.

In recent years, studies have shown that IncRNA DLEU1 is
involved in the development of CRC. In the absence of a
comprehensive molecular mechanism, no targeted therapeutic
drugs have been developed to date. DLEU1 acts as an oncogene
in various types of cancers. A study conducted by Zhang et al
(32) reveals that DLEUI plays a tumorigenic role in non-small
cell lung cancer. Similarly, DLEU1 is found to stimulate
endometrial cancer development (33). Moreover, carcinogenic
effect of DLEU1 is found in gastric cancer (34). In this study, our
data demonstrated that DLEU1 was highly expressed in CRC
tissues and cell lines. We also revealed that knockdown of
DLEU1 repressed proliferation, migration and invasion while
stimulated apoptosis of CRC cells. These results were consistent
with the previous study conducted by Liu et al. (20).

DLEU1 has been reported to interact with miRNAs to
regulate gene expression in various cancers. For examples,
DLEU!1 accelerates the development of pancreatic ductal
adenocarcinoma carcinogenesis through the miR-381/CXCR4
axis (35). While in endometrial cancer, DLEUI regulates SP1
expression via sponging miR-490 and aggravates the cancer
development (36). In addition, DLEU1 aggravates the
progression of ovarian cancer through interacting with miR-
490-3p to modulate CDK1 expression (37). To further verify the
regulatory mechanism of DLEU1 in CRC, an interaction between

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 640276


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Xu et al. DLEU1 Contributes to Colorectal Cancer
A B LoVo/sh-LncRNA DLEU1T SW480/sh-LncRNA DLEU1
o ~e~ NC inhibitors
NC inhibitors 3 sh-NC : ‘:!E S,gt f‘::'!t‘:z's_sh PRPSI
ES3 miR-320b inhibitors £33 sh-PRPSI iK-3200 ABHors TS .

Relative expression of PRPSI
z in B in
AR (. A

B

i ;
SW480/sh-LncRNA DLEUL

LoVo/sh-Lncl

ADLEU1
DAPI Merge

EdU EdU

LoVo/sh-LncRNA DLEU1

SW480 /sh-LncRNA DLEU1

60
-g

miR-320b
inhibitors

24 48

Time (h) Time (h)

EZ NC inhibitors
E3 miR-320b inhibitors
B3 miR-320b inhibitors+sh-PRPS1

RNA DLEU1 SW480/sh-LncRNA DLEU1

E NC inhibitors
EZ3 miR-320b inhibitors
3 miR-320b inhibitors+sh-PRPS1

miR-320b
inhibitors+sh-PRPS1

3z

Apoptotic c

o

W

miR-3200 miR-3200 o
NC inhibitors inhibitors inhibitors+sh-PRPS1 NC inhibitors
7 T 3 o1 a o1
s 21| w0t use 2am|  w0S]rson caon|  wof{rsen
10 0° 0* 10"
0% ' 0% 10?
. b I Y e LK ol °
c @ O R ol W@ W W DR @ . @
- e wea e
LoVo/sh-LucRNA DLEU1
E miR-3200 miR-320b

ibitor

inhibitors+sh-PR]
" o

B

Lol %t
LoVo/sh-L.ncRNA DLEU1

SW480 /sh-LncRNA DLEU1

_ miR-320b

SW480 /sh-LncRNA DLEU1

inhibitors

2
H

hibitors+sh-PRPS1

e
&
H

w
g
H

g
g

H
g

Number of migrated cells per field

LoVo/sh-LncRNA DLEUI  SW480/sh-LncRNA DLEUT 7

FIGURE 7 | Knockdown of DLEU1 represses cell proliferation, migration and invasion while stimulates cell apoptosis via miR-320b/PRPS1 axis. (A) The relative
expression of miR-320b and PRPS1 were determined by gRT-PCR in LoVo and SW480 cells, **P < 0.01 vs. NC inhibitors or sh-NC. (B) The cell viability was
determined using CCK-8 assay in LoVo and SW480 cells, **P < 0.01 vs. NC inhibitors, *P < 0.05 vs. miR-320b inhibitors. (C) The cell proliferation was determined
using EdU assay in LoVo and SW480, **P < 0.01 vs. NC inhibitors, *P < 0.05 vs. miR-320b inhibitors. (D) The cell apoptosis was determined using flow cytometry
assay in LoVo and SW480 cells, **P < 0.01 vs. NC inhibitors, P < 0.05, P < 0.01 vs. miR-320b inhibitors. (E) The cell migration and invasion were determined
using transwell assay in LoVo and SW480 cells, **P < 0.01 vs. NC inhibitors, *P < 0.05, #P < 0.01 vs. miR-320b inhibitors.

DLEU1 and miR-320b was revealed, and that interaction was
confirmed by dual luciferase reporter assay and RIP assay in
this study.

In plenty of studies, miRNAs, like miR-140 (38), miR-211-5p
(39) and miR-29a (40), have been verified to repress
proliferation, migration and invasion of tumor cells. As a
member of the miR-320 family, miR-320b is found to serve as
a tumor suppressor in various cancers (41). A study conducted
by Lv et al. (42) reveals that upregulation of miR-320b markedly
enhances cell apoptosis and suppresses cell proliferation,
migration and invasion in glioma. Besides, through targeting c-
Myc, miR-320b attenuates cell proliferation in CRC cells (43).
This study exhibited that miR-320b level was observably
suppressed in CRC tissues and cell lines. In vitro functional
studies revealed that miR-320b repressed cell proliferation and
stimulated cell apoptosis.

The further mechanism research showed that PRPS1 was a
target gene of miR-320b, and its level was observably elevated in
CRC tissues and cell lines. PRPS1 is a key enzyme to producing
the consensus precursor of nucleotide synthesis (44).
Abnormally elevated level of PRPSI is closely associated with
poor prognosis in neuroblastoma, whereas suppression of PRPS1
alleviates cell proliferation and tumor growth (45). Moreover,
silence of PRPS1 diminishes cell viability and promotes cell
apoptosis in human breast cancer cells (46).

CONCLUSION

In summary, our findings elucidated that DLEU1 and PRPS1
were elevated while miR-320b was alleviated in CRC tissues and
cell lines. Knockdown of DLEU1 repressed cell proliferation,
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migration and invasion while stimulated cell apoptosis via miR-
320b/PRPS1 axis. Therefore, the DLEU1/miR-320b/PRPS1 axis
served as a potential mechanism for CRC development, and our
finding provides an exploitable therapeutic target for CRC.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethics Committee of Southeast University
Affiliated Zhongda Hospital. The patients/participants provided
their written informed consent to participate in this study. The

REFERENCES

1. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal ABray F. Global
Patterns and Trends in Colorectal Cancer Incidence and Mortality. Gut
(2017) 66:683-91. doi: 10.1136/gutjnl-2015-310912

animal study was reviewed and approved by China
Pharmaceutical University.

AUTHOR CONTRIBUTIONS

DX and HY conceived the project and designed the experiments.
DX performed the study, analyzed the data, and wrote the paper.
YF, W], JW, WM, and XD performed the study. DX and YF
analyzed the data. HY analyzed the data and critically revised the
manuscript. All authors contributed to the article and approved
the submitted version.

FUNDING

This study was supported in part by grants from the Health and
Family Planning Commission of Jiangsu Province (#H201409,
72020069), the Health and Family Planning Commission of
Nanjing, Jiangsu Province (#YKK16231).

2. Gu MJ, Huang QC, Bao CZ, Li Y], Li XQ, Ye D, et al. Attributable Causes of
Colorectal Cancer in China. BMC Cancer (2018) 18:38. doi: 10.1186/s12885-
017-3968-z

3. Aran V, Victorino AP, Thuler LCFerreira CG. Colorectal Cancer:
Epidemiology, Disease Mechanisms and Interventions to Reduce Onset and

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 640276


https://doi.org/10.1136/gutjnl-2015-310912
https://doi.org/10.1186/s12885-017-3968-z
https://doi.org/10.1186/s12885-017-3968-z
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Xu et al.

DLEU1 Contributes to Colorectal Cancer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mortality. Clin Colorectal Cancer (2016) 15:195-203. doi: 10.1016/
j.clcc.2016.02.008

. Stewart Coats AJ, Ho GF, Prabhash K, von Haehling S, Tilson ], Brown R,

et al. Espindolol for the Treatment and Prevention of Cachexia in Patients
With Stage III/IV non-Small Cell Lung Cancer or Colorectal Cancer: A
Randomized, Double-Blind, Placebo-Controlled, International Multicentre
Phase II Study (the ACT-ONE Trial). ] Cachexia Sarcopenia Muscle (2016)
7:355-65. doi: 10.1002/jcsm.12126

. Zhang Z, Yang W, Li N, Chen X, Ma F, Yang J, et al. LncRNA MCF2L-AS1

Aggravates Proliferation, Invasion and Glycolysis of Colorectal Cancer Cells
Via the Crosstalk With miR-874-3p/FOXMI Signaling Axis. Carcinogenesis
(2021) 42:263-71. doi: 10.1093/carcin/bgaa093

. Zhuang L, Ding W, Ding W, Zhang Q, Xu X, Xi D. LncRNA ZNF667-AS1

(Nr_036521.1) Inhibits the Progression of Colorectal Cancer Via Regulating
ANK2/JAK2 Expression. J Cell Physiol (2021) 236:2178-93. doi: 10.1002/
jcp.30004

. Li W, He Y, Cheng Z. Long Noncoding RNA XIST Knockdown Suppresses the

Growth of Colorectal Cancer Cells Via Regulating microRNA-338-3p/PAX5
Axis. Eur ] Cancer Prev (2021) 30:132-42. doi: 10.1097/CEJ.0000000000000596

. Chen ZY, Wang XY, Yang YM, Wu MH, Yang L, Jiang DT, et al. LncRNA

SNHG16 Promotes Colorectal Cancer Cell Proliferation, Migration, and
Epithelial-Mesenchymal Transition Through Mir-124-3p/MCP-1. Gene
Ther (2020) 13:7555-69. doi: 10.1038/s41434-020-0176-2

. Wang L, Chen X, Sun X, Suo J. Long Noncoding RNA LINC00460 Facilitates

Colorectal Cancer Progression by Negatively Regulating Mir-613. Onco
Targets Ther (2020) 13:7555-69. doi: 10.2147/OTT.S254489

Li S, Zhu K, Liu L, Gu J, Niu H, Guo J. IncARSR Sponges miR-34a-5p to
Promote Colorectal Cancer Invasion and Metastasis Via hexokinase-1-
mediated Glycolysis. Cancer Sci (2020) 111:3938-52. doi: 10.1111/cas.14617
Garding A, Bhattacharya N, Claus R, Ruppel M, Tschuch C, Filarsky K, et al.
Epigenetic Upregulation of LncRNAs At 13q14.3 in Leukemia is Linked to the
In Cis Downregulation of a Gene Cluster That Targets NF-Kb. PloS Genet
(2013) 9:e1003373. doi: 10.1371/journal.pgen.1003373

Wang C, Xie XX, Li WJ, Jiang DQ. LncRNA DLEU1/microRNA-300/RAB22A
Axis Regulates Migration and Invasion of Breast Cancer Cells. Eur Rev Med
Pharmacol Sci (2019) 23:10410-21. doi: 10.26355/eurrev_201912_19680

Chen X, Zhang C, Wang X. Long Noncoding RNA DLEU1 Aggravates
Osteosarcoma Carcinogenesis Via Regulating the miR-671-5p/DDX5 Axis.
Artif cells Nanomed Biotechnol (2019) 47:3322-8. doi: 10.1080/21691401.
2019.1648285

Wang J, Quan X, Peng DHu G. Long non-Coding RNA DLEU1 Promotes
Cell Proliferation of Glioblastoma Multiforme. Mol Med Rep (2019) 20:1873—
82. doi: 10.3892/mmr.2019.10428

Zhang W, Liu S, Liu K, Liu Y. Long non-Coding RNA Deleted in Lymphocytic
Leukaemia 1 Promotes Hepatocellular Carcinoma Progression by Sponging
miR-133a to Regulate IGF-1R Expression. ] Cell Mol Med (2019) 23:5154-64.
doi: 10.1111/jemm. 14384

Liu B, Liu Y, Zhou M, Yao S, Bian Z, Liu D, et al. Comprehensive ceRNA
Network Analysis and Experimental Studies Identify an IGF2-AS/miR-150/
IGF2 Regulatory Axis in Colorectal Cancer. Pathol Res Pract (2020)
216:153104. doi: 10.1016/j.prp.2020.153104

Li Y, Shi B, Dong F, Zhu X, Liu B, Liu Y. Long Non-coding RNA DLEU1
Promotes Cell Proliferation, Invasion, and Confers Cisplatin Resistance in
Bladder Cancer by Regulating the miR-99b/HS3ST3B1 Axis. Front Genet
(2019) 10:280. doi: 10.3389/fgene.2019.00280

Liu G, Tian X, Zhang J, Jiang L. Long Non-coding RNA DLEUI Promotes
Proliferation and Invasion by Interacting With miR-381 and Enhancing
Hoxal3 Expression in Cervical Cancer. Front Genet (2018) 9:629.
doi: 10.3389/fgene.2018.00629

Zhao TF, Jia HZ, Zhang ZZ, Zhao XS, Zou YF, Zhang W, et al. LncRNA H19
Regulates ID2 Expression Through Competitive Binding to hsa-miR-19a/b in
Acute Myelocytic Leukemia. Mol Med Rep (2017) 16:3687-93. doi: 10.3892/
mmr.2017.7029

Liu T, Han Z, Li H, Zhu Y, Sun Z, Zhu A. LncRNA DLEU1 Contributes to
Colorectal Cancer Progression Via Activation of KPNA3. Mol Cancer (2018)
17:118. doi: 10.1186/s12943-018-0873-2

Chen C, Liu WR, Zhang B, Zhang LM, Li CG, Liu C, et al. LncRNA H19
Downregulation Confers Erlotinib Resistance Through Upregulation of

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

PKM2 and Phosphorylation of AKT in EGFR-mutant Lung Cancers.
Cancer Lett (2020) 486:58-70. doi: 10.1016/j.canlet.2020.05.009

Liu C, Jiang YH, Zhao ZL, Wu HW, Zhang L, Yang Z, et al. Knockdown of
Histone Methyltransferase WHSC1 Induces Apoptosis and Inhibits Cell
Proliferation and Tumorigenesis in Salivary Adenoid Cystic Carcinoma.
Anticancer Res (2019) 39:2729-37. doi: 10.21873/anticanres.13399

Wang X, Gao X, Tian J, Zhang R, Qiao Y, Hua X, et al. LINC00261 Inhibits
Progression of Pancreatic Cancer by Down-Regulating Mir-23a-3p. Arch
Biochem Biophys (2020) 689:108469. doi: 10.1016/j.abb.2020.108469

Cui LH, Xu HR, Yang W, Yu LJ. LncRNA PCAT6 Promotes non-Small Cell
Lung Cancer Cell Proliferation, Migration and Invasion Through Regulating
Mir-330-5p. OncoTargets Ther (2018) 11:7715-24. doi: 10.2147/ott.s178597
Wu W, Guo L, Liang Z, Liu Y, Yao Z. Lnc-SNHG16/miR-128 Axis Modulates
Malignant Phenotype Through WNT/B-Catenin Pathway in Cervical Cancer
Cells. ] Cancer (2020) 11:2201-12. doi: 10.7150/jca.40319

Zhang L, Niu H, Ma J, Yuan BY, Chen YH, Zhuang Y, et al. The Molecular
Mechanism of LncRNA34a-mediated Regulation of Bone Metastasis in
Hepatocellular Carcinoma. Mol Cancer (2019) 18:120. doi: 10.1186/s12943-
019-1044-9

Zhang RL, Aimudula A, Dai JH, Bao YX. RASA1 Inhibits the Progression of Renal
Cell Carcinoma by Decreasing the Expression of miR-223-3p and Promoting the
Expression of FBXW?7. Biosci Rep (2020) 40:1-12. doi: 10.1042/bsr20194143
LiZ, WuX, GuL, Shen Q, Luo W, Deng C, et al. Long non-Coding RNA ATB
Promotes Malignancy of Esophageal Squamous Cell Carcinoma by Regulating
miR-200b/Kindlin-2 Axis. Cell Death Dis (2017) 8:¢2888. doi: 10.1038/
cddis.2017.245

Li Y, Chen F, Chen J, Chan S, He Y, Liu W, et al. Disulfiram/Copper Induces
Antitumor Activity Against Both Nasopharyngeal Cancer Cells and Cancer-
Associated Fibroblasts Through ROS/MAPK and Ferroptosis Pathways.
Cancers (2020) 12:1-20. doi: 10.3390/cancers12010138

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent ], Jemal A. Global Cancer
Statistics, 2012. CA: Cancer ] Clin (2015) 65:87-108. doi: 10.3322/caac.21262
Tomida C, Aibara K, Yamagishi N, Yano C, Nagano H, Abe T, et al. The
Malignant Progression Effects of Regorafenib in Human Colon Cancer Cells.
J Med Invest JMI (2015) 62:195-8. doi: 10.2152/jmi.62.195

Zhang S, Guan Y, Liu X, Ju M, Zhang Q. Long non-Coding RNA DLEU1
Exerts an Oncogenic Function in non-Small Cell Lung Cancer. Biomed
Pharmacother = Biomed Pharmacother (2019) 109:985-90. doi: 10.1016/
j.biopha.2018.10.175

Du Y, Wang L, Chen S, Liu Y, Zhao Y. LncRNA DLEU1 Contributes to
Tumorigenesis and Development of Endometrial Carcinoma by Targeting
Mtor. Mol Carcinog (2018) 57:1191-200. doi: 10.1002/mc.22835

LiX,LiZ, LiuZ Xiao ], Yu, Song Y. Long non-Coding RNA DLEU]1 Predicts
Poor Prognosis of Gastric Cancer and Contributes to Cell Proliferation by
Epigenetically Suppressing KLF2. Cancer Gene Ther (2018) 25:58-67.
doi: 10.1038/s41417-017-0007-9

Gao S, Cai Y, Zhang H, Hu F, Hou L, Xu Q. Long Noncoding RNA DLEU1
Aggravates Pancreatic Ductal Adenocarcinoma Carcinogenesis Via the miR-
381/CXCR4 Axis. ] Cell Physiol (2019) 234:6746-57. doi: 10.1002/jcp.27421
Shao W, Li Y, Chen F, Jia H, Jia J, Fu Y. Long non-Coding RNA DLEU1
Contributes to the Development of Endometrial Cancer by Sponging miR-490
to Regulate SP1 Expression. Die Pharmazie (2018) 73:379-85. doi: 10.1691/
ph.2018.8352

Wang LL, Sun KX, Wu DD, Xiu YL, Chen X, Chen S, et al. DLEU1
Contributes to Ovarian Carcinoma Tumourigenesis and Development by
Interacting With miR-490-3p and Altering CDK1 Expression. ] Cell Mol Med
(2017) 21:3055-65. doi: 10.1111/jemm.13217

Yang S, Li X, Shen W, Hu H, Li C, Han G. Mir-140 Represses Esophageal
Cancer Progression Via Targeting ZEB2 to Regulate Wnt/B-Catenin Pathway.
J Surg Res (2020) 257:267-77. doi: 10.1016/j.js5.2020.07.074

Qin X, Zhang J, Lin Y, Sun XM, Zhang JN, Cheng ZQ. Identification of MiR-
211-5p as a Tumor Suppressor by Targeting ACSL4 in Hepatocellular
Carcinoma. | Trans Med (2020) 18:326. doi: 10.1186/s12967-020-02494-7
Liu YB, Wang Y, Zhang MD, Yue W, Sun CN. MicroRNA-29a Functions as a
Tumor Suppressor Through Targeting STAT3 in Laryngeal Squamous Cell
Carcinoma. Exp Mol Pathol (2020) 116:104521. doi: 10.1016/j.yexmp.2020.104521
Tadano T, Kakuta Y, Hamada S, Shimodaira Y, Kuroha M, Kawakami Y, et al.
MicroRNA-320 Family is Downregulated in Colorectal Adenoma and Affects

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 640276


https://doi.org/10.1016/j.clcc.2016.02.008
https://doi.org/10.1016/j.clcc.2016.02.008
https://doi.org/10.1002/jcsm.12126
https://doi.org/10.1093/carcin/bgaa093
https://doi.org/10.1002/jcp.30004
https://doi.org/10.1002/jcp.30004
https://doi.org/10.1097/CEJ.0000000000000596
https://doi.org/10.1038/s41434-020-0176-2
https://doi.org/10.2147/OTT.S254489
https://doi.org/10.1111/cas.14617
https://doi.org/10.1371/journal.pgen.1003373
https://doi.org/10.26355/eurrev_201912_19680
https://doi.org/10.1080/21691401.2019.1648285
https://doi.org/10.1080/21691401.2019.1648285
https://doi.org/10.3892/mmr.2019.10428
https://doi.org/10.1111/jcmm.14384
https://doi.org/10.1016/j.prp.2020.153104
https://doi.org/10.3389/fgene.2019.00280
https://doi.org/10.3389/fgene.2018.00629
https://doi.org/10.3892/mmr.2017.7029
https://doi.org/10.3892/mmr.2017.7029
https://doi.org/10.1186/s12943-018-0873-2
https://doi.org/10.1016/j.canlet.2020.05.009
https://doi.org/10.21873/anticanres.13399
https://doi.org/10.1016/j.abb.2020.108469
https://doi.org/10.2147/ott.s178597
https://doi.org/10.7150/jca.40319
https://doi.org/10.1186/s12943-019-1044-9
https://doi.org/10.1186/s12943-019-1044-9
https://doi.org/10.1042/bsr20194143
https://doi.org/10.1038/cddis.2017.245
https://doi.org/10.1038/cddis.2017.245
https://doi.org/10.3390/cancers12010138
https://doi.org/10.3322/caac.21262
https://doi.org/10.2152/jmi.62.195
https://doi.org/10.1016/j.biopha.2018.10.175
https://doi.org/10.1016/j.biopha.2018.10.175
https://doi.org/10.1002/mc.22835
https://doi.org/10.1038/s41417-017-0007-9
https://doi.org/10.1002/jcp.27421
https://doi.org/10.1691/ph.2018.8352
https://doi.org/10.1691/ph.2018.8352
https://doi.org/10.1111/jcmm.13217
https://doi.org/10.1016/j.jss.2020.07.074
https://doi.org/10.1186/s12967-020-02494-7
https://doi.org/10.1016/j.yexmp.2020.104521
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Xu et al.

DLEU1 Contributes to Colorectal Cancer

42.

43.

44,

45.

Tumor Proliferation by Targeting CDK6. World ] Gastrointest Oncol (2016)
8:532-42. doi: 10.4251/wjgo.v8.i7.532

LvQL,DuH, Liu YL, Huang YT, Wang GH, Zhang X, et al. Low Expression of
microRNA-320b Correlates With Tumorigenesis and Unfavorable Prognosis
in Glioma. Oncol Rep (2017) 38:959-66. doi: 10.3892/0r.2017.5762

Wang H, Cao F, Li X, Miao H, E J, Xing J, et al. miR-320b Suppresses Cell
Proliferation by Targeting c-Myc in Human Colorectal Cancer Cells. BMC
Cancer (2015) 15:748. doi: 10.1186/s12885-015-1728-5

Jing X, Wang XJ, Zhang T, Zhu W, Fang Y, Wu H, et al. Cell-Cycle-
Dependent Phosphorylation of PRPS1 Fuels Nucleotide Synthesis and
Promotes Tumorigenesis. Cancer Res (2019) 79:4650-64. doi: 10.1158/0008-
5472.can-18-2486

LiJ, Ye ], Zhu S, Cui H. Down-Regulation of Phosphoribosyl Pyrophosphate
Synthetase 1 Inhibits Neuroblastoma Cell Proliferation. Cells (2019) 8:1-19.
doi: 10.3390/cells8090955

46. He M, Chao L, You YP. PRPSI Silencing Reverses Cisplatin Resistance in
Human Breast Cancer Cells. Biochem Cell Biol = Biochim Biol Cell (2017)
95:385-93. doi: 10.1139/bcb-2016-0106

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Xu, Yang, Fan, Jing, Wen, Miao, Ding and Yang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 640276


https://doi.org/10.4251/wjgo.v8.i7.532
https://doi.org/10.3892/or.2017.5762
https://doi.org/10.1186/s12885-015-1728-5
https://doi.org/10.1158/0008-5472.can-18-2486
https://doi.org/10.1158/0008-5472.can-18-2486
https://doi.org/10.3390/cells8090955
https://doi.org/10.1139/bcb-2016-0106
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	LncRNA DLEU1 Contributes to the Growth and Invasion of Colorectal Cancer via Targeting miR-320b/PRPS1
	Introduction
	Materials and Methods
	Patients and Specimens
	qRT-PCR
	Cell Culture and Transfection
	CCK-8 Assay
	EdU Assay
	Western Blot
	Flow Cytometry Assay
	Wound Healing Assay
	Transwell Assay
	Subcellular Fractionation
	Dual Luciferase Reporter Assay
	RNA Immunoprecipitation (RIP) Assay
	Animal Study
	Histology
	Statistical Analysis

	Results
	DLEU1 Is Highly Expressed in CRC Tissues and Cells
	Knockdown of DLEU1 Inhibits Proliferation and Stimulates Apoptosis of CRC Cells
	Knockdown of DLEU1 Represses Cell Migration and Invasion
	DLEU1 Interacts With miR-320b in CRC
	MiR-320b Represses Proliferation and Promotes Apoptosis of CRC Cells
	PRPS1 Is a Target Gene of miR-320b
	Knockdown of DLEU1 Represses Cell Proliferation, Migration and Invasion While Stimulates Cell Apoptosis via miR-320b/PRPS1 Axis

	Inhibition of DLEU1 Suppresses Tumor Growth In Vivo

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding 
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


