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Objective: Cervical cancer is one of the most common female malignancies worldwide and 
represents a major global health challenge. The fast growth of tumor and high rates of 
metastasis still lead to a poor prognosis of cervical cancer patients. It is urgent to clarify the 
mechanism and identify predictive biomarkers for the treatment of cervical cancer. Long 
non-coding RNAs (LncRNAs) have been identified in cervical cancer and are related to 
malignant phenotypes of cervical cancer cells. However, the roles and mechanism of 
LncRNA deleted in lymphocytic leukemia (DLEU2) in the tumorigenesis and progression 
of cervical cancer remain unknown.
Materials and Methods: qPCR was performed to analyze the expression of DLEU2, 
Cyclin D1, CDK4, Bax, Bcl2 and mi-128-3p. Western blot was performed to detect the 
cell cycle hallmarks expression. CCK8 was used to examine cell proliferation. Cellular 
apoptosis was analyzed by Hoechst 33,258 staining and AV/PI staining with flow cytometry. 
Cell cycle was analyzed by flow cytometry. The xenograft model in nude mice was used to 
elucidate the function of DLEU2 in vivo. Bioinformatics analysis and luciferase reporter 
assay were proceeded to clarify whether miR-128-3p directly binds with lncRNA DLEU2. 
Pull-down assay and RNA-binding protein immunoprecipitation assay were used for explor-
ing the relationship between DLEU2 and miR-128-3p.
Results: We demonstrated that DLEU2 was upregulated in cervical cancer tumor tissues. 
Downregulation of DLEU2 inhibited cell proliferation, induced apoptosis and cell cycle 
arrest at G2/M phase of cervical cancer cells in vitro, and suppressed tumor growth in vivo. 
Further, LncRNA DLEU2 is one of the targets of miR-128-3p. miR-128-3p inhibitor 
abrogated the cell proliferation suppressed by knockdown of DLEU2, apoptosis induced 
by knockdown of DLEU2 and reversed the expression of cell cycle hallmarks regulated by 
knockdown of DLEU2.
Conclusion: Taken together, these results suggested knockdown of DLEU2 inhibited 
cervical cancer progression via targeting miR-128-3p.
Keywords: cervical cancer, LncRNAs, DLEU2, miR-128-3p, tumor growth

Introduction
Cervical cancer is one of the most common female malignancies worldwide and 
represents a major global health challenge with 570,000 cases and more than 
300,000 deaths,1 hence becoming a disease threatening the health of females. It 
has been reported that cervical cancer patients have a poor prognosis because of the 
fast growth of tumor, high rates of lymphatic metastasis, distant metastases and low 
survival rate.2 Persistent infection of high-risk human papillomaviruses (HPVs) 
causes almost all cervical cancers.3,4 Although HPV vaccination is effective in 
preventing HPVs infection, it can not cure the identified infections. At present, the 
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most commonly used treatments for cervical cancer are 
mainly based on operation, chemotherapy and radiother-
apy. However, concomitant severe systemic toxicity and 
drug resistance of cervical cancer cells against the thera-
peutic agents cause poor therapeutic effects in cervical 
cancer.5 It is urgent to identify predictive biomarkers and 
therapeutic targets for treatment of cervical cancer and to 
clarify the mechanism that underlies the occurrence and 
progression of cervical cancer.

Long non-coding RNAs (LncRNAs) are broadly 
defined as transcripts longer than 200 bp nucleotides with-
out protein-coding potential, including antisense, intronic, 
intergenic, pseudogene, and retrotransposon transcription.6 

The aberrant expressions of LncRNAs are associated with 
many development processes of biological events, such as 
DNA methylation,7 histone modification,8,9 transcription 
and transcription regulation.10 LncRNAs may serve as the 
precursor of microRNAs (miRNAs),11,12 which construct 
an axis with LncRNAs to influence tumorigenesis and 
development.13–15 Recently, LncRNAs have received con-
siderable attention because of their potential to regulate 
tumor progression.16 Abnormally expressed LncRNAs 
have been identified in cervical cancer and are related to 
malignant phenotypes of cervical cancer cells.17,18

The LncRNA deleted in lymphocytic leukemia 
(DLEU2) is transcribed from chromosome 13q14.319 

with 15 exons.20 It has been reported that LncRNA 
DLEU2 serves as a tumor suppressor in several cancers, 
such as chronic lymphocytic leukemia21 and non-small 
cell lung cancer,22 which suggested that lncRNA DLEU2 
may serve as a molecular biomarker for cancer diagnosis 
and treatment. However, the roles of DLEU2 in cervical 
cancer remain unknown. miRNA is a class of about 22 
nucleotides conserved non-coding small RNA23,24 regulat-
ing developmental timing,25 cell proliferation, and apop-
tosis as well as tumor development.26–28 Aberrant miRNA 
expression is well recognized as a cancer hallmark. It has 
been reported that some miRNAs involved in the progres-
sion and development of cervical cancer, including miR- 
128,29 miR-30a,30 miR-224-3p31 and miR-186.32,33 

Considering the interaction of lncRNA and miRNA plays 
an important role in cancer occurrence and progression,34 

it is necessary to clarify the mechanism of lncRNA 
DLEU2 in cervical cancer by regulating miRNA in cervi-
cal cancer.

In this study, we found that DLEU2 was upregulated in 
tumor tissues of cervical cancer patients. Knockdown of 
DLEU2 inhibited the proliferation, induced apoptosis and 

cell arrest of cervical cancer cells in vitro and suppressed 
tumor growth in vivo. Further, LncRNA DLEU2 is one of 
the targets of miR-128-3p. MiR-128-3p inhibitor abro-
gated the tumor-suppressing properties induced by knock-
down of DLEU2, including cell proliferation, apoptosis 
and the expression of cell cycle regulators. Taken together, 
we demonstrated that knockdown of DLEU2 inhibited 
cervical cancer via progression via targeting miR-128-3p.

Materials and Methods
Patient and Tissue Samples
The study cohort consisted of 50 tumor tissues and their 
paired distant normal tissues (obtained at least 5 cm from 
the surgical margins) collected from the cervical cancer 
patients that were diagnosed at Weifang NO.2 People’s 
Hospital (Shandong, China) from July 2019 to July 2020. 
Approval from the Research Ethics Committee of Weifang 
NO.2 People’s Hospital. None of the patients received 
neoadjuvant chemotherapy or radiation therapy. Fresh 
human tissues were frozen in liquid nitrogen for RNA 
extraction.

Cell Lines and Cell Cultures
The cervical cancer cell lines including HeLa, SiHa, 
C-33A and CaSKi and the human normal epithelial cell 
line HaCaT were purchased from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). These 
cells were cultured in high-glucose DMEM (Gibco, USA) 
with 10% fetal bovine serum (Biological Industries, Israel) 
at 37 °C with a humidified 5% CO2 environment.

Reverse Transcription (RT) and 
Quantitative Polymerase Chain Reaction 
(qPCR)
Total RNA from the tissues and cells was isolated using 
Trizol reagent (Invitrogen, Carlsbad, CA, USA). Total 
RNA was reverse-transcribed using a First-Strand cDNA 
Synthesis Kit (Tiangen, Beijing, China) according to the 
manufacturer’s instructions for cDNA synthesis. All reac-
tions were performed in three independent trials. The 
results were calculated using the 2-ΔΔCt method. U6 
was the internal control for miR-128-3p and GAPDH 
was the internal control for other molecules. RT-qPCR 
was performed using the following primers as shown in 
Table 1.
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Western Blot
Cells were washed with phosphate-buffered saline before 
total protein was extracted with radioimmunoprecipitation 
assay lysate (Beyotime, Shanghai, China) supplemented 
with protease inhibitor cocktail (Roche, Basel, 
Switzerland). Forty micrograms of entire protein lysates 
was split by SDS-PAGE. The protein was transferred into 
a PVDF membrane (Millipore, Bedford, MA, USA). 
Following overnight incubation with primary antibody 
Bcl-2 (Cat, 3498), CyclinD1 (Cat, 55,506), CDK4 (Cat, 
12,790), Bax (Cat, 5023) and GAPDH (Cat, 5174) at 4°C. 
Then, the membranes were incubated with horseradish 
peroxidase-labeled secondary antibody at room tempera-
ture for 1 h. Signals were detected by LAS500 (GE, 
New York City, NY). All primary antibodies were pur-
chased from CST (MA, USA) and secondary antibodies 
were purchased from Abcam (Cambridge, MA, USA).

siRNA Transfection
To knock down the endogenous DLEU2, siRNA pool (a 
mixture of following two target sequences with a proportion 
of 1 to 1: sequence 1#: 5ʹ-TTGCTGAAACTGCACAAAA 
AATC-3ʹ and sequence 2#: 5ʹ-TGCTGAAACTGCACAAAA 
AATCG-3ʹ) was transfected into cells. siRNA-negative con-
trol (si-NC) was used as a negative control: sequence 5′- 
UUCUCCGAACGUGUCACGUTT-3′ (Gene Pharma Inc., 

Shanghai, China). Cells were seeded in the six-well plate 
and transfected with the siRNA pool at a final concentration 
of 50 nM by Lipofectamine 3000 transfection reagent (Life 
Technologies, Carlsbad, CA) for 48 hours for subsequent 
experiments.

CCK8 Assay
Cells were seeded in the 96-well plate with 1000 cells per 
well. Ten microliters of CCK-8 solution (Dojindo 
Laboratories, Kumamoto, Japan) was added to each well 
at the appointed time points. After one and a half hours of 
incubation, the absorbance was measured at 450 nm on 
a microplate reader (Promega Corporation, Fitchburg, 
WI, USA).

Hoechst 33,258 Staining
Apoptotic cells were evaluated by morphologic observa-
tion using Hoechst 33,258 (Solarbio, Beijing, China) stain-
ing. Specifically, cells at logarithmic growth were seeded 
in 6-well plates by density of 1×105 per well. After trans-
fected with siRNA for 2 days, cells were fixed with 4% 
paraformaldehyde for 20 min at room temperature, and 
subsequently stained with Hoechst 33,258 at 37°C for 30 
min. Cells were observed with a fluorescence microscope 
(Nikon, Tokyo, Japan).

Apoptosis Analysis
Cells were collected and resuspended in binding buffer 
and stained with FITC-Annexin V and PI (eBioscience, 
USA) for 15 min in darkness at room temperature. 
Samples were examined using a BD FACS Calibur flow 
cytometer (BD Biosciences, USA).

Cell Cycle Analysis
Cells were collected and incubated in 70% cold ethyl 
alcohol for at least 30 min at 4 °C. After that, RNAse 
(100 μg/mL) and propidium iodide (0.1 mg/mL) were 
added. The distribution of cell cycle phases was deter-
mined using Cell Quest software (BD Biosciences, USA).

Luciferase Reporter Assays
To identify the relationship between lncRNA DLEU2, 
DLEU2 containing the predicted binding sites with miR- 
128-3p or with mutated binding sites were cloned into 
a pMiR-REPORT (Promega, Madison, WI, USA) between 
the SgfI and NotI sites. The mutation of lncRNA DLEU2 
was generated using QuikChange II XL Site-Directed 
Mutagenesis Kit (Stratagene, San Diego, CA, USA). Then, 

Table 1 Primer Sequences for qPCR

Name Primer Sequences

LncRNA DLEU2 F: 5ʹ-TTGCTTTCCCAGAAAAGGTG-3’
R: 5ʹ-AATTGCACTTAGGCCACAC-3’

miR-128-3p F: 5ʹ-GTCGTATCCAGTGCAGGGT-3’
R: 5ʹ-AACAAGTGTGTCTCTTGGCCT-3’

CDK F: 5ʹ-ATGGCTACCTCTCGATATGAGC-3’
R: 5ʹ-CATTGGGGACTCTCACACTCT-3’

Bax F: 5ʹ-CCCGAGAGGTCTTTTTCCGAG-3’
5ʹ-CCAGCCCATGATGGTTCTGAT-3’

Bcl-2 F: 5ʹ-GGTGGGGTCATGTGTGTGG-3’
R: 5ʹ-CGGTTCAGGTACTCAGTCATCC-3’

Cyclin D1 F: 5ʹ-GCTGCGAAGTGGAAACCATC-3’
R: CCTCCTTCTGCACACATTTGAA-3’

U6 F: 5ʹ-GGTCGGGCAGGAAAGAGGGC-3’
R: 5ʹ-GCTAATCTTCTCTGTATCGTTCC-3’

GAPDH F: 5ʹ- CCCACATGGCCTCCAAGGAGTA-3’
R: 5ʹ- GTGTACATGGCAACTGTGAGGAGG-3’

Abbreviations: F, forward primer; R, reverse prime.
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cervical cancer cells were co-transfected with miR-NC or 
miR-128-3p mimic and pMiR-DLEU2 wild type (DLEU2 
WT) or pMiR-DLEU2 mutant type (DLEU2 MUT) using 
Lipofectamine 3000 (Invitrogen, USA). After 48 h of trans-
fection, luciferase activity of lncRNA DLEU2 was analyzed 
using the Luciferase Reporter Assay System (Promega, 
USA) according to the manufacturer’s protocol.

Pull-down Assay
DLEU2 and negative control (NC) were biotinylated to be 
bio-DLEU2, and bio-NC by GenePharma Company 
(Shanghai, China). Next, bio-DLEU2 or bio-NC was incu-
bated with Dynabeads M-280 Streptavidin (Invitrogen, 
USA) for 1 hour at 4 °C. Then, Hela and SiHa cells 
were dissolved in the soft lysis buffer plus 80 U/mL 
RNasin (Promega Madison, WI, USA) and the cell lysates 
were incubated with the RNA-bound beads. Finally, the 
beads were washed with buffer and miR-128-3p were 
quantified and analyzed by qPCR.

RNA-Binding Protein 
Immunoprecipitation (RIP)
An RNA-Binding Protein Immunoprecipitation Kit 
(Merck, Millipore) was purchased to perform a RIP 
assay to determine the binding between the DLEU2 and 
miR-128-3p. The procedure complied with the guidance of 
the manufacturer. Antibodies for RIP assays against Ago2 
and IgG were purchased from Abcam (ab5072, rabbit 
polyclonal antibody, Cambridge, MA, USA). Cell lysate 
was incubated with anti-Ago2 antibody or IgG antibody at 
4 °C for 6 h. Finally, the extracted RNA was subjected to 
miR-128-3p enrichment using RT-qPCR.

In vivo Xenograft Experiments
6–8 weeks-BALB/c nude female mice (Charles River, 
China) were utilized to perform the xenograft experiments. 
All animal protocols were approved by the Institutional 
Animal Care and Use Committee at the Weifang NO.2 
People’s Hospital. To establish the xenograft mice model, 
1×107 HeLa and SiHa cells transfected with the indicated 
siRNA pool using the in vivo transfection reagent and 
mice were subcutaneously inoculated into the right flank.

Mice were monitored daily and the tumor volume was 
measured each week by calipers. Tumor volume was cal-
culated using the following formula: tumor volume (mm3) 
=(height)×(width)2/2. After 5 weeks, mice were sacrificed 
and tumors were dissected and weighed. Tumor tissues 

were collected and snap-frozen in liquid nitrogen and 
stored at −80 °C for subsequent analyses.

Statistical Analyses
All the bars or symbols in the graph represented the means 
±SD from at least three independent experiments. Statistical 
significance (P <0.05) was calculated by Student’s t-test. The 
X-test (Fisher’s exact test) was carried out to analyze the 
correlations between DLEU2 expression.

Results
DLEU2 is Upregulated in Tumor Tissues 
and Knockdown of DLEU2 Inhibits Cell 
Proliferation of Cervical Cancer
To fully understand the expression pattern of DLEU2 in 
cervical cancer, we analyzed the expression of DLEU2 in 
50 paired cervical cancer tissues and their corresponding 
normal tissues. We observed that DLEU2 expression was 
upregulated in cervical cancer tissues compared with the 
paired normal tissues (Figure 1A), which suggested that 
DLEU2 might play crucial roles in the tumorigenesis and 
progress of cervical cancer.

To study the physiologic functions of DLEU2, we 
analyzed and compared its expression in HaCaT cells, an 
immortalized cervical epithelial cell line and cervical can-
cer cell lines, HeLa, SiHa, C-33A and CaSKi at the 
mRNA level by qPCR (Figure 1B) and chose HeLa and 
SiHa cells, which with higher DLEU2 expression levels to 
study the endogenous role of DLEU2. To avoid off-target 
effects, two siRNAs (si-DLEU2-1# and si-DLEU2-2#) 
were used to silence DLEU2 and the knockdown effi-
ciency was typically more than 75% both in HeLa and 
SiHa cells (Figure 1C). In this paper, we used the siRNA 
pool (a mixture of the above two siRNAs with 
a proportion of 1 to 1) to study the endogenous roles of 
DLEU2 (Figure 1D). CCK8 assay was performed to ana-
lyze the effect of DLEU2 on cell proliferation. The results 
demonstrated that knockdown of DLEU2 significantly 
inhibited the proliferation of HeLa and SiHa cells com-
pared with the si-NC cells (Figure 1E and F).

Knockdown of DLEU2 Induces Apoptosis 
and Cell Arrest of Cervical Cancer Cells
Next, the roles of DLEU2 in apoptosis and cell cycle were 
analyzed. Firstly, HeLa (Figure 2A) and SiHa (Figure 2B) 
were stained by Hoechst 33,258 after silencing DLEU2, 
and we observed that apoptosis occurred in DLEU2 
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knocked down cells. Then, Annexin V/PI staining further 
confirmed that knockdown of DLEU2 significantly 
induced apoptosis of HeLa and SiHa cells 48 h after 
transfection (Figure 2C and D). In addition, knockdown 
of DLEU2 induces cell cycle arrest at the G2/M phase 
compared with the control group in Hela and SiHa cells 
(Figure 2E and F). We further examined several key cell 
cycle regulators expression and found that Cyclin D1 and 
CDK expression were downregulated in the DLEU2- 
silenced HeLa (Figure 2G) and SiHa cells (Figure 2H) 
both at the mRNA level and protein level.

Knockdown of DLEU2 Suppresses Tumor 
Growth in vivo
In vitro experiments have shown that knockdown of 
DLEU2 suppressed cell proliferation, induced apoptosis 

and cell arrest at G2/M phase. In order to explore the 
effects of DLEU2 on tumor growth in vivo, a xenograft 
mice model was established by subcutaneous inoculation 
with HeLa-si-NC or HeLa-si-DLEU2 pool (Figure 3A, 
left) cells or SiHa-si-NC or SiHa-si-DLEU2-pool (Figure 
3A, right) cells into the right flank of nude mice. The 
tumor growth was significantly inhibited in the DLEU2 
silenced group mice compared with the si-NC group mice 
5 weeks after inoculation. Besides, the tumor volume and 
weight of the si-DLEU2 pool mice were significantly 
reduced than those of the si-NC group mice (Figure 3B 
and C). Meanwhile, we detected the expression of Bcl-2, 
Cyclin D1, CDK4 and Bax with the tumors from xenograft 
mice by qPCR and Western blot and found that the expres-
sion of Bcl-2, Cyclin D1, and CDK4 was decreased in the 
tumors of DLEU2 silenced group mice and the expression 

Figure 1 LncRNA DLEU2 is upregulated in cervical cancer tissues and suppresses cell proliferation of cervical cancer cells. (A) The expression of DLEU2 was analyzed by 
qPCR in cervical cancer tissues and their paired normal tissues. (B) The expression of DLEU2 in HaCaT, HeLa, SiHa, C-33A and CaSKi cells was analyzed by qPCR. (C) The 
knockdown efficiency of si-DLEU2-1# and si-DLEU2-2# was analyzed in HeLa and SiHa cells by qPCR, respectively. (D) The knockdown efficiency of si-DLEU2 pool was 
analyzed in HeLa and SiHa cells by qPCR. (E) CCK8 assay in HeLa cells. (F) CCK8 assay in SiHa cells. GAPDH was used as an internal standard for DLEU2. **p<0.01.
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of Bax was upregulated in si-DLEU2 pool-mice compared 
with the si-NC mice (Figure 3D and E).

LncRNA DLEU2 is One of the Targets of 
miR-128-3p
Increasing evidence have manifested that lncRNAs could 
function as “miRNA sponge” to bind miRNAs.11,12 We 
analyzed the relationship between DLEU2 and several 
miRNAs that may involve with the help of the bioinfor-
matics online database (Starbase), including miR-128-3p, 
miR-30c-5p, miR-224-3p and miR-186. We found only 
that miR-128-3p has a potential binding site targeting 
lncRNA DLEU2 (Figure 4A). The luciferase reporter 
gene assays were performed to quantify these results as 
shown in Figure 4B in Hela and SiHa cells. Further, the 
RNA pull-down assay showed that there was a relationship 
between DLEU2 and miR-128-3p (Figure 4C). RIP assay 
indicated that higher enrichment of DLEU2 and miR-128- 
3p in anti-Ago2 relative to anti-IgG, confirming the inter-
action between DLEU2 and miR-128-3p in cervical cancer 
cells (Figure 4D). Moreover, we observed that the expres-
sion of miR-128-3p was downregulated in 50 cervical 
cancer tissues compared with the paired normal tissues 
(Figure 4E) and the expression of miR-128-3p was nega-
tively correlated to DLEU2 expression (Figure 4F). 
Together, these changes suggested that LncRNA DLEU2 
is one of the targets of miR-128-3p.

Knockdown of LncRNA DLEU2 Inhibits 
Cervical Cancer Progression in a 
miR-128-3p-Dependent Manner
To elucidate whether the inhibitory role of LncRNA 
DLEU2 in cervical cancer progression was dependent 
on miR-128-3p. The miR-128-3p inhibitor was utilized 
in si-DLEU2-pool cells and this treatment in si-DLEU2 
pool cells reversed DLEU2-knockdown inhibited cell 
proliferation in Hela (Figure 5A) and SiHa cells 
(Figure 5B). Besides, miR-128-3p inhibitor in si- 
DLEU2 pool cells could also abolish the apoptosis 
induced by DLEU2 knockdown in Hela (Figure 5C) 
and SiHa (Figure 5D) cells. The expression of cell 
cycle regulators Bcl-2, Cyclin D1, and CDK4 was 
upregulated, and Bax was downregulated with treat-
ment of miR-128-3p inhibitor in si-DLEU2 pool cells 
compared with the si-DLEU2 pool cells at mRNA level 
by qPCR and protein level by Western blot in 
Hela (Figure 5E) and SiHa (Figure 5F) cells. Taken 
together, the tumor-suppressive effects after the knock-
down of DLEU2 were dependent on targeting miR- 
128-3p.

Discussion
Cervical cancer is a common malignancy that poses 
a prominent public health issue for women world while. 

Figure 2 Silencing DLEU2 induces apoptosis and cell arrest at G2/M phase of cervical cancer cells. (A and B) Cells were stained by Hoechst 33,258 for observation of 
apoptosis in Hela and SiHa cells. (C and D) FITC-Annexin V/PI-staining in DLEU2 silenced Hela and SiHa cells. (E and F) The cell cycle was analyzed 48 h after knockdown of 
DLEU2 in Hela and SiHa cells by flow cytometry. The expression of cell cycle hallmarks Cyclin D1 and CDK4 was analyzed by qPCR and Western blot in Hela (G) and SiHa 
(H) cells after knockdown of DLEU2. GAPDH was used as an internal standard. **p<0.01.
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At present, surgery, chemotherapy and radiotherapy ther-
apy are the main strategies for the treatment of cervical 
cancer.35 However, it is regrettable that limitations still 
exist and a variety of side effects restrict the extensive 
application. Nowadays, although the proposal of molecular 
targeted therapies provides new treatment for cervical 
cancers, it is difficult to screen up a universal target for 
all types of cervical cancer.36 In this study, we aim to 
determine potential targets for cervical cancer treatment 
and found that DLEU2 was upregulated in cervical cancer 
patients. Knockdown of DLEU2 inhibited the prolifera-
tion, induced apoptosis and cell arrest at G2/M phase of 
cervical cancer cells in vitro and suppressed tumor growth 
in vivo. Mechanism study showed that there is an interac-
tion between DLEU2 and miR-128-3p, and knockdown of 
DLEU2 suppressed cervical cancer progression via target-
ing miR-128-3p.

LncRNAs have been shown to regulate tumorigenesis, 
metastasis and involved in the therapy in several types of 
cancer,37 such as gastric cancer,38 lung cancer39 and breast 
cancer.40,41 Currently, a number of abnormally expressed 
LncRNAs have been identified in cervical cancer and 
participated in progress of cervical cancer.42,43 DLEU2 
encodes a long noncoding RNA that is polyadenylated 
and spliced.44 The function of LncRNA DLEU2 in sup-
pressing tumorigenesis and progression was reported 
recently, including esophageal cancer,45 hepatocellular 
carcinoma,46 pancreatic cancer,47 laryngeal squamous cell 
carcinoma48 and osteosarcoma.49 On the contrary, some 
reports suggested that a pro-oncogenic role of DLEU2 in 
cancers, such as clear cell renal cell carcinoma.50 These 
studies suggested that DLEU2 might show different func-
tions in different cancer types due to the tissue specificity. 
LncRNAs might function as molecular sponges in 

Figure 3 Silencing DLEU2 suppresses cervical cancer growth in vivo. (A) Representative morphologies of the tumors derived from the si-NC Hela cells and si-DLEU2 pool 
Hela cells (left) and si-NC SiHa cells and si-DLEU2 pool SiHa cells (right). The tumors were then dissected and photographed. The tumor volume curve (B) and tumor 
weight (C) of the DLEU2 silenced group mice versus the control group mice are expressed as the means±SD (n=6). (D) The expression of cell cycle hallmarks in the mice 
tumors was detected by qPCR and Western blot in Hela cells. (E) The expression of cell cycle hallmarks in the mice tumors was detected by qPCR and Western blot in SiHa 
cells. GAPDH was used as an internal standard. *p<0.05.**p<0.01.
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modulating miRNAs.11,12 With the help of the bioinfor-
matics online database, we found that miR-128-3p has 
a potential binding site targeting lncRNA DLEU2. In this 
study, we first showed the suppressive role of LncRNA 
DLEU2 via regulating miR-128-3p in cervical cancer. This 
observation provides more insights into the role of 
LncRNA DLEU2 in cervical cancer progression.

MicroRNAs are a type of small non-coding RNAs that 
can regulate various cellular processes via binding differ-
ent target genes.23,24 They have been found to be dysre-
gulated in cancer tissues compared to their matched 
normal tissues. miR-128-3p, known as miR-128, is the 
same major mature microRNA of miR-128-1 and miR- 

128-2, which are located on chromosomes 2q and 3q, 
respectively.51 miR-128-3p has been shown to be a key 
regulator in tumorigenesis and cancer development.52,53 

Recently, Yao’s lab revealed that miR-128 was down- 
regulated in cervical cancer and negatively correlated 
with TNM stage, metastasis, tumor size, and poor prog-
nosis of cervical cancer,28 which suggested that miR-128 
played a role in cervical cancer. In our study, we proposed 
the mechanisms underlying the suppressive effects of 
LncRNA DLEU2 on cervical cancer growth via targeting 
miR-128-3p. It is necessary and interesting to explore the 
role of LncRNA DLEU2 in metastasis of cervical cancer 
in the future.

Figure 4 DLEU2 is one of targets of miR-128-3p. (A) A predicted binding site of miR-128-2p within the DLEU2 3ʹ-UTR region using Starbase. The binding sequences 
“CACUGUG” in DLEU2 were mutated to “UGAGACU” for generating DLEU2 MUT. (B) Luciferase reporter assays were used to evaluate the interaction between DLEU2 
and miR-128-3p. (C) RNA pull-down assays were used to determine the interaction between DLEU2 and miR-128-3p in SiHa and HeLa cells. (D) RIP assay in SiHa and HeLa 
cells. The extracted RNA was subjected to miR-128-3p (left) and DLEU2 (right) at the mRNA level using RT-qPCR. (E) The expression of miR-128-3p was analyzed with 
cervical cancer tissues and their paired normal tissues of 50 cervical cancer patients by qPCR. U6 was used as an internal standard for miR-128-3p and GAPDH was used as 
an internal standard for DLEU2. (F) Spearman correlation analysis between DLEU2 and miR-128-3p expressions in cervical cancer tissues. **p<0.01.
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Figure 5 DLEU2 knockdown-inhibited cervical cancer is dependent on targeting miR-128-3p. MiR-128-3p inhibitor (inh) is utilized in the si-DLEU2 pool cells. (A) CCK8 
assay in HeLa cells. (B) CCK8 assay in SiHa cells. (C) Apoptosis of DUEU2-knocked down Hela cells after treatment with miR-128-3p inhibitor. (D) Apoptosis of DUEU2- 
knocked down SiHa cells after treatment with miR-128-3p inhibitor. (E) The expression of cell cycle hallmarks was analyzed by qPCR and Western blot in Hela cells after 
treatment with miR-128-3p inhibitor. (F) The expression of cell cycle hallmarks was analyzed by qPCR and Western blot in SiHa cells after treatment with miR-128-3p 
inhibitor. GAPDH was used as an internal standard. **p<0.01 (siNC vs si-DLEU2 pool), ##p<0.01 (si-DLEU2 pool vs si-DLEU2 pool+miR-128-3p inh).
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Conclusions
In this paper, we show that DLEU2 expression is upregu-
lated in cervical cancer tissues compared with the paired 
normal tissues. Downregulation of DLEU2 inhibits the 
proliferation, induces apoptosis and cell arrest in G2/M 
phase in HeLa and SiHa cells in vitro and suppresses 
tumor growth in vivo. Further, knockdown of DLEU2 
downregulates Bcl-2, Cyclin D1, and CDK4 expression, 
and upregulates Bax expression. Finally, we conclude 
LncRNA DLEU2 is one of the targets of miR-128-3p 
and knockdown of LncRNA DLEU2 inhibits cervical can-
cer progression via targeting miR-128-3p.
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