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Introduction: LncRNAs have been reported to play critical roles in liver cancer, while its 
role in other cancers remains unclear. The aim of this study was to investigate the role of 
DCST1-AS1 in cervical squamous cell carcinoma (CSCC).
Methods: Expression of DCST1-AS1 in CSCC tissues and non-tumor tissues from 68 
CSCC patients was determined by RT-qPCR. A 5-year follow-up study was carried out to 
explore the prognostic value of DCST1-AS1 for CSCC. Overexpression of DCST1-AS1 and 
miR-107 was achieved in CSCC tissues to explore the interaction between them. The roles of 
DCST1-AS1, miR-107 and CDK6 in regulating the proliferation and viability of CSCC cells 
were assessed by cell proliferation and viability assays, respectively.
Results: We found that DCST1-AS1 was upregulated in CSCC and predicted poor survival. 
RNA interaction prediction showed potential interaction between DCST1-AS1 and miR-107. 
However, overexpression experiments revealed no significant interaction between them. 
Moreover, overexpression of DCST1-AS1 led to upregulate CDK6 and increase cell pro-
liferation rate, while overexpression of miR-107 played an opposite role and attenuate the 
effects of overexpression of DCST1-AS1.
Conclusion: DCST1-AS1 may sponge miR-107 to upregulate CDK6 in CSCC.
Keywords: DCST1-AS1, miR-107, cervical squamous cell carcinoma, CSCC, CDK6, 
proliferation

Introduction
Among females, cervical cancer ranks the fourth place for both mortality and 
incidence among all types of malignancy worldwide.1,2 Human papillomavirus 
(HPV) infections are the major causes of cervical cancer.3 In effect, HPV infection 
screening and vaccination are the main approaches to prevent cervical cancer.3 

However, HPV vaccination is not helpful for the prevention of cervical cancer 
among females who have already been infected.4 Moreover, cervical cancer can 
also affect HPV-negative females,5 indicating the existence of other factors that are 
involved in the pathogenesis of this malignancy. Compared to HPV-positive cervi-
cal cancer, HPV-negative cases are more malignant and the prognosis is even 
worse.6 Therefore, novel therapeutic and treatment approaches are still needed.

Cyclin-dependent kinase 6 (CDK6) is a type of cyclin-dependent kinase that 
functions with its partner CDK4 to regulate cell cycle progression, specifically at 
G1 phase progression and during the transition from G1 to S phase.7 Inhibition of 
the expression of CDK6 is considered as a promising therapeutic target for cancer 
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treatment.8,9 In effect, certain tumor-suppressive miRNAs, 
such as miR-107, can target CDK6 to suppress cancer 
progression.10 It has been reported that long (>200 nt) 
non-coding RNAs (lncRNAs) can interact with miRNAs 
to participate in cancer biology. DCST1-AS1 (DCST1 
antisense RNA 1) is a recently identified oncogenic 
lncRNA in liver cancer.12 Our bioinformatics analysis 
revealed the potential interaction between DCST1-AS1 
and miR-107. This study was therefore carried out to 
investigate the interactions among DCST1-AS1, miR-107 
and CDK6 in cervical squamous cell carcinoma (CSCC), 
a major subtype of cervical cancer.

Materials and Methods
CSCC Patients
A total of 68 CSCC patients (age range from 45 to 67 years old, 
mean age 55.1 ± 6.0 years old) selected from the 117 CSCC 
patients admitted to Maternal and Child Health Hospital of 
Hubei Province between January 2012 and July 2014. This 
study was approved by the Ethics Committee of aforemen-
tioned hospital (No.32876MCHHHP2011). Inclusion cri-
teria: 1) newly diagnosed CSCC patients; 2) therapies were 
not initiated before admission; 3) after admission, patients 
completed treatment and a 5-year follow-up. Exclusion cri-
teria: 1) clinical disorders other than CSCC were diagnosed; 2) 
recurrent CSCC. Based on their medical record, the 68 patients 
included 18 cases of HPV-11 positive, 16 cases of HPV-16 
positive, 25 cases of HPV-18 positive and 9 cases of HPV 
negative. All patients were informed of the principle of experi-
ments and signed the informed consent.

Biopsy
Before the initiation of therapies, cervical biopsy was 
performed under the guidance of MRI to collect tumor 
(CSCC) tissues for diagnosis. For the purpose of this 
study, adjacent non-tumor tissues were also collected dur-
ing biopsy. All tissue specimens were confirmed by histo-
pathological exams.

Treatment
The staging of the 68 CSCC patients was performed fol-
lowing the AJCC criteria. The 68 CSCC patients included 
12, 18, 17 and 21 cases at clinical stage I, II, III, and IV, 
respectively. The patients were also staged based on the 
FIGO system, and 11, 19, 16 and 22 patients were classi-
fied into stage I–IV, respectively. The patients were treated 
according to their clinical stages and health conditions. 

Surgical resection, chemo- and radio-therapies, or targeted 
drug therapies were performed.

Follow-Up
From the day of admission, the 68 patients were monitored 
for 5 years or until their death to record their survival 
conditions. Follow-up was performed through telephone 
or outpatient visit. Patients who lost to follow-up and died 
of causes unrelated to CSCC were excluded from the 
study.

SiHa Cells and Transfections
Human CSCC cell line SiHa (ATCC, USA) was used. Cell 
culture conditions were 37°C, 95% humidity and 5% CO2. 

Cell culture medium was a mixture composed of 90% 
Eagle’s Minimum Essential Medium and 10% FBS. 
Following transfections were performed using cells har-
vested at 75–85% confluence. MiR-107 mimic (5ʹ-AGC 
AGCAUUGUACAGGGCUAUCA-3ʹ) and miRNA nega-
tive control (5ʹ-GUACCGUGGUAUGCUAGGUGCAC 
-3ʹ) were obtained from Sigma-Aldrich (USA). CDK6 
(NCBI Accession: KJ905166.1) and DCST1-AS1 (NCBI 
Accession: NR_040772.1) expression vectors (pcDNA3.1 
as backbone) were obtained from Sangon (Shanghai, 
China). Lipofectamine 2000 (Sigma-Aldrich) was used to 
transfect 10 nM vector (empty vector as NC group) or 50 
nM miRNA (NC miRNA as NC group) into 3×106 cells. 
Vector or miRNAs were first mixed with Lipofectamine 
2000 to form transfection mixture. Cells were then incu-
bated with the transfection mixture at 37°C for 6 h, fol-
lowed by washing with fresh cell culture medium to 
terminate transfections. Following experiments were per-
formed using cells harvested at 24 h post-transfection. 
Untransfected cells were used as the Control (C).

RNA–RNA Interaction Prediction
The interaction between DCST1-AS1 and miR-107 was 
predicted using an online RNA–RNA interaction prediction 
program named IntaRNA 2.0 (http://rna.informatik.uni- 
freiburg.de/IntaRNA/Input.jsp). The sequence of DCST1- 
AS1 was used as long sequence and miR-107 was short 
sequence. All other parameters were default.

Dual-Luciferase Reporter Assay
Transfections were performed through the same way as 
mentioned above. It is worth noting that psiCHECK-1 
vector (Promega) instead of pcDNA3.1 vector was used 
in this assay. Two different co-transfections, including 
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DCST1-AS1 + NC miRNA (NC group) and DCST1-AS1 
+ miR-107 (miR-107 group), were performed. Renilla 
luminescence was normalized to the expression of firefly 
luminescence.

RNA Extraction and Digestion
Total RNAs were extracted from SiHa cells (harvested at 
24 h post-transfection) and biopsies (ground in liquid 
nitrogen) using RNAzol reagent (Sigma-Aldrich). All 
operations were performed in strict accordance with the 
manufacturer’s instructions. MiRNAs were harvested by 
precipitation using 85% ethanol. RNA samples were 
digested with DNase I at 37°C to remove genomic DNAs.

RT-qPCR (Real-Time Polymerase Chain 
Reaction)
QuantiTect Reverse Transcription Kit (QIAGEN) was 
used to perform reverse transcriptions (RTs) of total 
RNA with poly (T) as primer. With cDNA as template, 
qPCR reactions were prepared using the SYBR Green 
Master Mix (Bio-Rad, USA). The expression levels of 
DCST1-AS1 and CDK6 mRNA were measured with 
GAPDH as the endogenous control. All-in-One™ 
miRNA qRT-PCR Detection Kit (Genecopoeia) was used 
to measure the expression levels of mature miR-107. All 
steps were performed in strict accordance with the manu-
facturer’s instructions. Three replicates were conducted for 
each reaction and data were processed following 2−ΔΔCT 

method.

Western Blot
SiHa cells were harvested at 24 h post-transfection and 
cells were counted. Cell pellets containing 105 SiHa cells 
were resuspended in 1 mL RIPA solution (Cell Signaling 
Technology) to extract total proteins. Concentrations of 
total proteins were measured using BCA assay (Cell 
Signaling Technology). In a 95°C incubator, protein sam-
ples were denatured for 10 min, followed by electrophor-
esis using 12% SDS-PAGE gel. After that, proteins were 
transfected to PVDF membranes and blocking was per-
formed in 5% non-fat milk (PBS) at room temperature for 
1 h. GAPDH (1:1800, ab37168, Abcam) and CDK6 
(1:1800, ab151247, Abcam) rabbit polyclonal primary 
antibodies were used to incubate with the membranes at 
4°C for 18 h, followed by incubation with HRP (IgG) 
(1:1800; ab6721; Abcam) goat anti-rabbit secondary anti-
body at 24°C for 2 h. ECL Western Blotting Substrate 

(Promega Corporation) was dropped onto the membranes 
and MYECL™ Imager (Bio-Rad) was used to detect sig-
nals. Image J v1.46 software was used for data 
normalizations.

Cell Proliferation Assay (CCK-8)
SiHa cells were harvested at 24 h post-transfection and 
cells were counted. Cell pellets containing 5×103 SiHa 
cells were resuspended in 1 mL medium. The cell suspen-
sions were transferred to a 96-well plate (0.1 mL per well), 
followed by cell culture under aforementioned conditions. 
CCK-8 solution (10 uL, Sigma-Aldrich) was added into 
each well at 4 h before the collection of cells. Cells were 
collected at 24, 48, 72 and 96 h post-transfection. After 
cell collection, OD values were measured at 450 nM using 
Accuris SmartReader 96 Microplate Reader following the 
manufacturer’s instructions.

MTT Assay
SiHa cells were harvested at 24 h post-transfection and 
were transferred to a 96-well plate with 0.1 mL medium 
containing 3000 cells per well. Cells were cultivated for 
96 h under aforementioned conditions, followed by the 
addition of MTT to 10%. OD values at 570 nm were 
measured 2 h later to represent cell viability.

Statistical Analysis
All experiments were repeated 3 times. Mean values were 
calculated to be used in statistical analysis. Paired t-test 
was used to compare differences between non-tumor and 
CSCC tissues. Differences among multiple groups were 
explored using ANOVA (one-way) and Tukey’s test. With 
the median value of DCST1-AS1 expression in CSCC 
tissue as cutoff value, patients were divided into high 
and low (n = 34) level groups, followed by plotting survi-
val curves using K-M plotter and comparison of survival 
curves using Log rank test. P < 0.05 was statistically 
significant.

Results
Overexpression of DCST1-AS1 in CSCC 
Tissues Predicted Poor Survival
The differential expression of DCST1-AS1 in CSCC 
patients was first detected by qPCR, followed by paired 
t-test analysis to compare non-tumor and CSCC tissues. 
Compared to non-tumor tissues, the expression levels of 
DCST1-AS1 were significantly higher in CSCC tissues 
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(Figure 1A, p < 0.0001). Survival curves were plotted and 
compared. Compared to patients in the low DCST1-AS1 
level group, patients in high DCST1-AS1 level group 
experienced significantly lower overall survival rate 
(Figure 1B). It is worth noting that no significant differ-
ences in treatment approaches, clinical stages, age, BMI 
and living habits were observed between the high and low 
DCST1-AS1 level groups.

The Expression of DCST1-AS1 in CSCC 
Was Not Affected by Clinical Stage and 
HPV Infections
Comparisons of the expression levels of DCST1-AS1 among 
patients at 4 clinical stages and patients in 4 HPV infection 
groups were performed by ANOVA (one-way). As shown in 
Figure 2, the expression levels of DCST1-AS1 were not 

significantly different among 4 clinical stage groups 
(Figure 2A) and 4 HPV infection groups (Figure 2B). It is 
worth noting that the expression levels of DCST1-AS1 were 
also not significantly different among 4 FIGO stages (data 
not shown).

DCST1-AS1 and miR-107 Interact with 
Each Other but Not Regulate the 
Expression of Each Other
RNA interaction prediction performed using IntaRNA 2.0 
showed that DCST1-AS1 and miR-107 could form strong 
base pairing (Figure 3A). Dual-luciferase reporter assay was 
then performed to further explore the interaction between 
DCST1-AS1 and miR-107. Compared to SiHa cells trans-
fected with DCST1-AS1 + NC miRNA (NC group), cells 
transfected with DCST1-AS1 + miR-107 (miR-107 group) 

Figure 1 Overexpression of DCST1 antisense RNA 1 (DCST1-AS1) in cervical squamous cell carcinoma (CSCC) tissues predicted poor survival. The differential expression 
of DCST1-AS1 in CSCC patients was first analyzed by performing qPCR (polymerase chain reaction), followed by comparison between non-tumor and CSCC tissues by 
performing paired t-test (A). With the mean value of DCST1-AS1 expression in CSCC tissue as cutoff value, patients were divided into high and low (n = 34) level groups, 
followed by plotting survival curves using K-M plotter and comparison of survival curves using Log rank test (B). Polymerase chain reaction (QPCR) was repeated 3 times 
and data were expressed as mean values. ***p < 0.0001.  
Abbreviations: CSCC, cervical squamous cell carcinoma; DCST1-AS1, DCST1 antisense RNA 1; QPCR, polymerase chain reaction.

Figure 2 The expression of DCST1 antisense RNA 1 (DCST1-AS1) in cervical squamous cell carcinoma (CSCC) was not affected by clinical stage and HPV infections. 
Comparisons of expression levels of DCST1-AS1 among patients at 4 clinical stages (A) and patients in 4 human papillomavirus (HPV) infection groups (B) were performed 
by ANOVA (one-way).  
Abbreviations: CSCC, cervical squamous cell carcinoma; DCST1-AS1, DCST1 antisense RNA 1; HPV, human papillomavirus.
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showed significantly lower relative luciferase activity 
(Figure 3B, p < 0.05), indicating direct interaction. SiHa 
cells were transfected with DCST1-AS1 expression vector 
or miR-107 mimic. Overexpression of DCST1-AS1 and 
miR-107 was confirmed by qPCR at 24 h post-transfection 
(Figure 3C, p < 0.05). Compared to C and NC (NC miRNA 
or pcDNA3.1 vector transfection) groups, overexpression of 
DCST1-AS1 did not affect the expression of miR-107 
(Figure 3D). Moreover, overexpression of miR-107 also did 
not affect the expression of DCST1-AS1 (Figure 3E).

Overexpression of DCST1 -AS1 Resulted 
in the Upregulation of CDK6
CDK6 is a downstream target of miR-107. qPCR and 
Western blot were performed to evaluate the effects of over-
expression of DCST1-AS1 and miR-107 on the expression of 
CDK6 at both mRNA (Figure 4A) and protein (Figure 4B) 
levels. Compared to C and NC (NC miRNA or pcDNA3.1 
vector transfection) groups, overexpression of DCST1-AS1 

resulted in the upregulation of CDK6, while overexpression 
of miR-107 played an opposite role and attenuate the effects 
of overexpression of DCST1-AS1 (p < 0.05).

CST1-AS1 Regulated Cell Proliferation 
Through the Axis of miR-107/CDK6
The effects of overexpression of CST1-AS1, miR-107 and 
CDK6 on the proliferation and viability of SiHa cells were 
evaluated by CCK-8 assay (Figure 5) and MTT assay 
(Figure 6), respectively. Compared to C and NC (NC 
miRNA or pcDNA3.1 vector transfection) groups, over-
expression of DCST1-AS1 and CDK6 increased prolifera-
tion and viability of SiHa cells, while overexpression of 
miR-107 played an opposite role and attenuated the effects 
of overexpression of DCST1-AS1 and CDK6 (p < 0.05).

Discussion
The functions of DCST1-AS1 were investigated in CSCC. 
To the best of our knowledge, this study is the first to report 

Figure 3 DCST1 antisense RNA 1 (DCST1-AS1) and miR-107 interact with each other but not regulate the expression of each other. RNA interaction prediction 
performed using IntaRNA (http://rna.informatik.uni-freiburg.de/IntaRNA/Input.jsp) showed that DCST1-AS1 and miR-107 can form strong base paring (A). Dual-luciferase 
reporter assay was the performed to further explore the interaction between DCST1-AS1 and miR-107. Compared to SiHa cells transfected with DCST1-AS1 + NC 
miRNA (NC group), cells transfected with DCST1-AS1 + miR-107 (miR-107 group) showed significantly lower relative luciferase activity (B). SiHa cells were transfected 
with DCST1-AS1 expression vector or miR-107 mimic. Overexpression of DCST1-AS1 and miR-107 was confirmed by polymerase chain reaction (QPCR) at 24h post- 
transfection (C). The effects of the overexpression of DCST1-AS1 on miR-107 (D) and the effects of overexpression of miR-107 on DCST1-AS1 (E) were analyzed by 
qPCR. Experiments were repeated 3 times and mean values were expressed. *p < 0.05.  
Abbreviations: CSCC, cervical squamous cell carcinoma; DCST1-AS1, DCST1 antisense RNA 1; ns, not significant; QPCR, polymerase chain reaction.
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the upregulation of DCST1-AS1 in CSCC. We also provided 
evidence that DCST1-AS1 may be an endogenous sponge of 
miR-107 and can upregulate its downstream target CDK6 to 
promote cancer cell proliferation.

The functionality of DCST1-AS1 has only been 
investigated in liver cancer.12 DCST1-AS1 is upregulated 
in liver cancer and silencing of DCST1-AS1 led to 
inhibited cancer cell proliferation and promoted 
apoptosis.12 In this study, we found that DCST1-AS1 
was also upregulated in CSCC. In addition, overexpres-
sion of DCST1-AS1 led to increased proliferation rate of 
CSCC cells. Therefore, DCST1-AS1 is also an oncogenic 
lncRNA in CSCC.

MiR-107 plays oncogenic or tumor-suppressive roles 
in different types of cancer.13–15 MiR-107 is upregulated in 
esophageal squamous cell carcinoma and overexpression 
of miR-107 targets Cdc42 to suppress cancer 
progression.13 In contrast, miR-107 is upregulated in pan-
creatic ductal adenocarcinoma and inhibition of miR-107 
results in suppressed tumor metastasis through the inacti-
vation of the PI3K/Akt signaling and the activation of 

Figure 4 Overexpression of DCST1 antisense RNA 1 (DCST1-AS1) led to the upregulated CDK6 (cyclin-dependent kinase 6). CDK6 is the downstream target of miR-107. 
qPCR and Western blot were performed to analyze the effects of overexpression of DCST1-AS1 and miR-107 on the expression of CDK6 at both mRNA (A) and protein 
(B) levels. Experiments were repeated 3 times and mean values were expressed. *p < 0.05.  
Abbreviations: CDK6, cyclin-dependent kinase 6; DCST1-AS1, DCST1 antisense RNA 1.

Figure 5 DCST1 antisense RNA 1 (DCST1-AS1) promoted SiHa cell proliferation 
through miR-107 and cyclin-dependent kinase 6 (CDK6). The effects of overex-
pression of DCST1-AS1, miR-107 and CDK6 on the proliferation of SiHa cells were 
analyzed by CCK-8 assay. Experiments were repeated 3 times and mean values 
were expressed. *p < 0.05.  
Abbreviations: CSCC, cervical squamous cell carcinoma; CDK6, cyclin-dependent 
kinase 6; DCST1-AS1, DCST1 antisense RNA 1.
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PTEN.14 A recent study reported that miR-107 was down-
regulated in CSCC and inhibited cancer cell invasion by 
activating the ATR/Chk1 pathway by targeting MCL1,15 

which suggested its tumor-suppressive roles in CSCC. 
Consistent with this study, our study also reported the 
tumor-suppressive roles of miR-107 in suppressing cancer 
cell proliferation.

It was reported that miR-107 targeted CDK6 to 
induce G1 arrest in gastric cancer cells.10 In our study, 
we also observed the downregulation of CDK6 and 
decreased proliferation rate of CSCC cells after the over-
expression of miR-107. Therefore, miR-107 may also 
target CDK6 in CSCC cells. We found that DCST1- 
AS1 can interact with miR-107, while DCST1-AS1 is 
unlikely a target of miR-107 due to the fact that over-
expression of DCST1-AS1 and miR-107 did not affect 
the expression of each other. It is known that lncRNAs 
may sponge miRNAs to upregulate their downstream 
targets.16,17 We observed the upregulation of CDK6 
after the overexpression of DCST1-AS1. Therefore, 
DCST1-AS1 may sponge miR-107 to upregulate CDK6, 
thereby promoting cancer cell proliferation.

In conclusion, DCST1-AS1 is upregulated in CSCC 
and may sponge miR-107 to upregulate CDK6.

Data Sharing Statement
The analyzed data sets generated during the study were all 
presented in this paper.
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