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Abstract. – OBJECTIVE: Increasing evidence 
has indicated that long non-coding RNA cancer 
susceptibility candidate 2 (CASC2) is aberrant-
ly expressed and acts as a key regulator in vari-
ous types of cancer. However, few reports have 
mentioned the precise function of CASC2 in cer-
vical cancer. 

PATIENTS AND METHODS: In the present 
study, CASC2 levels in cervical cancer tissues 
and cell lines were measured by quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR). 
The proliferation, migration, and invasion of cer-
vical cancer cells were detected by cell count-
ing kit-8 (CCK-8) and transwell assays. Angio-
genesis was evaluated by tube formation assays 
of human umbilical vein endothelial cells (HU-
VECs). The protein levels of the components of 
the mitogen-activated protein kinase (MAPK) 
pathway, including the c-Jun N-terminal kinase 
(JNK) and the extracellular-signal-regulated ki-
nase-1 (ERK1), in cell lines of cervical cancer 
were detected by Western blot. 

RESULTS: CASC2 levels in human cervical 
cancer tissues and cell lines were significant-
ly downregulated compared to para-cancerous 
tissues and the immortalized human keratino-
cyte line HaCaT. Compared to scramble group, 
CASC2 overexpression significantly inhibited 
the proliferation, migration, invasion, and an-
giogenesis of cervical cancer cells. However, 
the inhibition of CASC2 had the opposite effect. 
Moreover, the expression of p-JNK and p-ERK1 
levels in the MAPK pathway was significantly de-
creased in pcDNA3.1-CASC2 group. 

CONCLUSIONS: Overexpression of CASC2 
may inhibit the development of cervical cancer 
through the inactivation of the MAPK pathway 
and may be a potential therapeutic target for the 
treatment of patients with cervical cancer.
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Introduction

Cervical cancer is the third most common can-
cer and the fourth leading cause of cancer death 
among women worldwide1. In recent years, with 
the spread of cervical cancer screening and cer-
vical cancer vaccines, the incidence and mortality 
of cervical cancer have greatly decreased in many 
countries. Despite these changes, cervical cancer 
remains a major public health problem, especially 
in developing countries2. The migration and inva-
sion of cancer cells are closely related to the mor-
tality of cervical cancer patients. Thus, it is particu-
larly urgent to predict the specific tumour markers 
of the biological behaviour of cervical cancer.

Long non-coding RNAs are non-coding RNAs 
longer than 200 nucleotides with minimal protein 
coding ability3. In recent years, lncRNA has been 
reported to be involved in the development of can-
cer. LncRNA SPRY4-IT1 can promote the prolifer-
ation of human breast cancer cells by upregulating 
the ZNF703 expression4. LncRNA-ATB is involved 
in the progression and prognosis of colorectal can-
cer5. LINC00472 inhibits proliferation and promotes 
apoptosis of lung adenocarcinoma cells, which 
might provide a novel insight into a potential ther-
apeutic approach for lung adenocarcinoma6. The 
lncRNA cancer susceptibility candidate 2 (CASC2) 
is located on chromosome 10q26 and was originally 
identified as a downregulated gene in endometrial 
cancer and a tumour suppressor gene with three 
different splice variant transcripts: CASC2a, CAS-
C2b, and CASC2c7. Reports show that exogenously 
expressed CASC2a in undifferentiated endometrial 
cancer cells significantly inhibits tumour growth8. 
LncRNA CASC2 significantly inhibits human glio-
ma malignancies, which may be a novel therapeutic 
target for the treatment of glioma9. Moreover, long 
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noncoding RNA CASC2 inhibits metastasis and ep-
ithelial cells to the mesenchymal transition of lung 
adenocarcinoma10. However, the exact mechanism 
of lncRNA CASC2 in cervical cancer remains ob-
scure. Therefore, we explored the effect of lncRNA 
CASC2 on the development of cervical cancer and 
its mechanism, providing new ideas for the diagno-
sis and treatment of cervical cancer.

Patients and Methods

Reagents and Instruments
The cervical cancer cell lines HeLa and SiHa, 

immortalized human keratinocyte line HaCaT and 
HUVECs were obtained from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). 
Fetal bovine serum (FBS), Dulbecco’s Modified 
Eagle’s Medium (DMEM), pcDNA3.1 vector, 
and Lipofectamine 3000 were purchased from 
Invitrogen (Carlsbad, CA, USA). The Midiprep 
kit was purchased from Qiagen (Hilden, Germa-
ny), and the cell counting kit-8 (CCK-8) was pur-
chased from Beyotime Biotechnology (Shanghai, 
China). Anti-p-ERK1, p-JNK, and β-actin were 
purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA), and the enhanced chemilumi-
nescence (ECL) reagent kit was purchased from 
Millipore (Billerica, MA, USA). The PCR kit 
was purchased from Toyobo (Kita-ku, Osaka, Ja-
pan). The Western blot instrument was purchased 
from Bio-Rad (Hercules, CA, USA), and the PCR 
instrument was purchased from Roche (Basel, 
Switzerland).

Cervical Samples
The fresh cervical cancer and adjacent tissues 

(3 cm beyond cancer) were obtained from 50 pa-
tients with cervical cancer who underwent radi-
cal hysterectomy between 2015 and 2017 in the 
Department of Gynaecology. A diagnosis of cer-
vical cancer was confirmed independently by 3 
experienced pathologists. All tissue samples were 
washed with sterile phosphate-buffered saline 
(PBS) and stored at −80°C for use. No radiation 
therapy or chemotherapy was given before the 
surgery. This study was approved by the Ethics 
Committee of our hospital, and informed consent 
was obtained from each patient participating in 
the investigation.

Cell Culture
The cervical cancer cell lines HeLa and SiHa 

and immortalized human keratinocyte line Ha-

CaT were cultured in DMEM (Gibco; Thermo 
Fisher Scientific, Shanghai, China) containing 
10% FBS (HyClone; GE Healthcare, Logan, UT, 
USA), 100 U/ml of penicillin and 100 mg/ml of 
streptomycin at 37°C in a 5% of CO2 incubator.

Plasmid Construction and Cell 
Transfection

CASC2 siRNA (si-CASC2) and negative con-
trol siRNA (si-NC) were purchased from Gene-
Pharma (Shanghai, China). CASC2 overexpres-
sion vector (pcDNA-CASC2) and the control 
Vector (pcDNA-N1) were purchased from Gen-
eray Biotechnology (Shanghai, China). Both the 
siRNA and plasmid were effectively transfected 
into cells as described previously11. Briefly, after 
24 h culture in DMEM, cells (10,000 cells/well) 
were transfected with either siRNA or CASC2 
overexpression vector using Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s protocol. At 48 h post-trans-
fection, the cells were harvested for proliferation 
assays, transwell assays or Western blot.

Cell Proliferation Assay
Cell Counting Kit-8 (CCK-8) assays were used 

to evaluate cell proliferation. Transfected HeLa or 
SiHa cells were seeded onto 96-well plates (5×103 
cells/well) and incubated in DMEM containing 
10% FBS at 37°C. The optical density was mea-
sured at 450 nm using a microtiter plate reader 
every other day (0, 24, 48, and 72 h). Results were 
taken as the average of three replicates in the 
same conditions.

Transwell Assays
For transwell assays, cervical cancer cells 

(5×104 cells/well) were cultured in a serum-free 
medium in the upper chamber with or without 
Matrigel-coated wells, and then 10% of serum 
was added to the lower chamber. Cells were in-
cubated at 37°C in 5% of CO2. After 48 h, all the 
cells in the upper chamber were removed using a 
cotton swab. Then, the migrated and invaded cells 
on the surface of the inferior chamber were fixed 
by methanol and stained with 0.1% of crystal vi-
olet (Sigma-Aldrich, St. Louis, MO) and counted 
using a cell counter.

Tube Formation Assays 
A HUVEC capillary-like tube formation assay 

was performed to explore the effect of CASC2 on 
angiogenesis in vitro, as previously described12. 
First, 2×104 HUVECs/well treated with the condi-
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tioned medium derived from the cervical cancer 
cells transfected with si-CASC2, pcDNA-CASC2 
or negative control were seeded into the Matri-
gel-coated 96-well plates and incubated in DMEM 
containing 10% of FBS. After incubating for 36 
h at 37°C in a 5% CO2

 atmosphere, the network 
of tubular structures was imaged under a micro-
scope (Olympus, Melville, NY, USA) and the to-
tal tube length was calculated using the ImageJ 
software (National Institutes of Health, Bethesda, 
MD, USA). Each experiment was replicated at 
least 3 times.

Quantitative Real Time-Polymerase 
Chain Reaction 

As previously described, Total RNA was ex-
tracted from cervical cancer tissues or cell lines 
using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA)13. The PCR primers were designed 
as follows using Premier 6.0: CASC2, forward: 
5’-GCACATTGGACGGTGTTTCC-3’ and re-
verse: 5’-CCCAGTCCTTCACAGGTCAC-3’; 
GAPDH, forward: 5’-AGAAGGCTGGGGCT-
CATTTG-3’; and reverse: 5’-AGGGGCCATC-
CACAGTCTTC-3’. The cycling conditions for the 
amplification were designed as follows: pre-dena-
turation at 95°C for 30 s, denaturation at 95°C for 
5 s, annealing at 60°C for 10 s, and then, elon-
gation at 72°C for 30 s for a total of 40 cycles. 
Relative gene expression was analysed using the 
2-ΔΔCt method and Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was normalized as an 
internal control. Each experiment was replicated 
at least 3 times.

Western Blot Assays
Total proteins were extracted from cervical 

cancer cells using radioimmunoprecipitation 
assay (RIPA) lysis buffer (Beyotime, Shanghai, 
China) with a protease inhibitor (Sigma-Al-
drich, St. Louis, MO, USA). Equal amounts of 
protein were separated by 10%  of sodium do-
decyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) gel and transferred to the polyvi-
nylidene difluoride (PVDF) membrane. Then, 
5% of fat-free milk was blocked for 1 h. PVDF 
membrane and primary antibody p-JNK (1:500), 
p-ERK1 (1:500), and β-actin (1:1000) were incu-
bated overnight at 4°C, and then incubated with 
HRP-conjugated secondary antibody (1:5000) 
for 2 h at room temperature. The proteins were 
visualized using Enhanced Chemiluminescence 
Luminol reagent (PerkinElmer Inc., Boston, 
MA, USA), and band intensities were quantified 

using the ImageJ software. β-actin was used as 
an internal control.

Statistical Analysis
Statistical analysis was performed using SPSS 

version 19.0 (Chicago, IL, USA). Data were ex-
pressed as the mean ± SD. Differences between 
two groups were analysed using the Student’s 
t-tests, and multi-group comparisons of the means 
were carried out by the one-way analysis of vari-
ance (ANOVA) test with post hoc Student-New-
man-Keuls tests. A p-value of <0.05 was consid-
ered statistically significant.

Results

CASC2 Level was Downregulated in 
Cervical Cancer Tissues and Cell Lines

The expression of CASC2 in the tissues of cer-
vical cancer patients and the cervical cancer cell 
lines were detected by qRT-PCR. Compared to the 
para-carcinoma tissue, CASC2 expression was sig-
nificantly downregulated in cervical cancer tissues 
(p <0.01, Figure 1A). In addition, the CASC2 levels 
in HeLa or SiHa cells were significantly reduced 
compared to the immortalized human keratinocyte 
line HaCaT (p <0.01, Figure 1B).

CASC2 Inhibits the Proliferation of HeLa 
or SiHa Cells in vitro

To investigate the role of CASC2 in the de-
velopment of cervical cancer, we examined the 
effect of CASC2 on the proliferation of HeLa or 
SiHa cells. First, the overexpression or inhibition 
of CASC2 after transfection with pcDNA-CASC2 
or si-CASC2 cervical cancer cells was measured 
using qRT-PCR (Figure 2A and 2C). The CCK8 
assay showed that CASC2 overexpression sig-
nificantly inhibited the proliferation of HeLa or 
SiHa cells compared to scramble group, while the 
inhibition of CASC2 resulted in a significant in-
crease (Figure 2B and 2D). Therefore, our results 
indicate that CASC2 inhibits the proliferation of 
cervical cancer cells in vitro.

CASC2 Inhibits the Migration, Invasion 
and Tube Formation of Cervical Cancer 
Cells in vitro

To investigate the effect of CASC2 on the mi-
gration and invasion of cervical cancer cells, HeLa 
or SiHa cells transfected with pcDNA-CASC2 
or si-CASC2 were used for transwell assays. As 
shown in Figure 3, the density of HeLa or SiHa 
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cells in the lower chamber was significantly low-
er than that of scramble group, suggesting that 
CASC2 overexpression significantly inhibited the 
migration and invasion of cervical cancer cells, 
while in si-CASC2 group, the migration and in-
vasion abilities of HeLa or SiHa cells were sig-
nificantly enhanced. Furthermore, the formation 
of capillary-like structures in HUVECs treated 
with conditioned medium derived from cervical 
cancer cells transfected with pcDNA-CASC2 was 
significantly decreased. However, cervical cancer 
cells transfected with si-CASC2 formed better 
organized capillary-like structures in HUVECs 
(Figure 4), suggesting that CASC2 acted as a tu-
mour suppressor inhibiting cell migration, inva-
sion, and angiogenesis in vitro.

CASC2 Mediates the Development 
of Cervical Cancer Through the MAPK 
Pathway

To investigate the regulatory mechanisms of 
CASC2 in cervical cancer, we examined wheth-
er CASC2 affects the MAPK signaling pathway, 
particularly the ERK and JNK proteins, which 
are normally activated to enhance cell prolifera-
tion and metastasis in human tumours. As shown 
in Figure 5, Western blot analysis showed that 
in HeLa cells transfected with pcDNA-CASC2, 
p-JNK, and p-ERK1 protein levels were signifi-
cantly decreased compared to  scramble group 

(p <0.05). In contrast, there was a significant 
increase in p-JNK and p-ERK1 expression in si-
CASC2 group (p <0.05). Therefore, CASC2 me-
diates the development of cervical cancer through 
the MAPK pathway.

Discussion

A large number of studies show that lncRNA 
plays an important role in the development of 
human cervical cancer. Long non-coding RNA 
BLACAT1 promotes cell proliferation, migration, 
and invasion in cervical cancer through the acti-
vation of the Wnt/β-catenin signaling pathway14. 
LncRNA CCAT-1 promotes the proliferation of 
cervical cancer cells through the Wnt signaling 
pathway, indicating that lncRNA plays a key role 
in the proliferation of cervical cancer cells15. Re-
ducing the level of lncRNA MALAT1 in Caski 
cells inhibited cell migration and reduced tumour 
growth in cervical cancer16. Furthermore, Kim 
et al17 reported that lncRNA HOTAIR may rep-
resent a novel biomarker for predicting cervical 
cancer recurrence and prognosis and is expected 
to be a new target for cervical cancer treatment. 
Nevertheless, the role of lncRNA CASC2 in cer-
vical cancer remains unclear.

CASC2 is a recently discovered lncRNA that 
has been shown to modulate the proliferation of 

Figure 1. LncRNA CASC2 level is decreased in cervical cancer tissues and cell lines. Relative CASC2 level in cervical can-
cer tissues and para-carcinoma tissues were detected by qRT-PCR (A). Relative CASC2 levels in HeLa, SiHa and immortalized 
human keratinocyte HaCaT cells were detected by qRT-PCR (B). Data are expressed as the mean ± SD. GAPDH is used as an 
internal control. * p <0.05, ** p <0.01.
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non-small cell lung cancer cells and is associat-
ed with prognosis in patients with non-small cell 
lung cancer. In the present study, lncRNA CASC2 
is significantly downregulated in cervical cancer 
tissues and cell lines. In addition, a CCK8 assay 
showed that CASC2 overexpression significantly 
inhibited the proliferation of cervical cancer cells. 
Transwell assays revealed that CASC2 overex-
pression markedly inhibited the migration and 
invasion of cervical cancer cells. The tube forma-
tion assay showed that CASC2 overexpression of 

the cervical cancer cells significantly decreased 
the capillary-like structure of HUVECs. These 
data suggest that CASC2 may be an inhibitor in 
the development of cervical cancer.

The mitogen-activated protein kinase (MAPK) 
signaling pathway mediates various biological 
events in cells such as gene expression, cell pro-
liferation, differentiation, apoptosis, migration, 
and invasion18. Recent studies have shown that 
lncRNA can regulate tumour progression through 
the MAPK pathway. LncRNA DBH-AS1 promotes 

Figure 2. Overexpressed CASC2 inhibits the proliferation of cervical cancer cells in vitro. The overexpression or inhibition 
of CASC2 after transfection into cervical cancer cells was confirmed using qRT-PCR (A, C). Effect of pcDNA-CASC2 or si-
CASC2 on the proliferation of SiHa and HeLa cells (B, D). Data are expressed as the mean ± SD. GAPDH is used as an internal 
control. * p <0.05, ** p <0.01.
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Figure 3. CASC2 inhibits the migration and invasion of cervical cancer cells. Migration and invasion capacity were measured by 
transwell assays after were transfection with si-CASC2, si-NC, pcDNA-CASC2 or pcDNA-N1 (A, B). Histograms depict the migrat-
ed or invaded cells in the lower chambers (C, D) (magnification × 200). Data are expressed as the mean ± SD. * p <0.05, ** p <0.01.

Figure 4. CASC2 inhibited tube formation in HUVECs. Micrographs depict the tubular structures shaped by HUVECs cultured 
with conditioned medium derived from HeLa and SiHa cells transfected with si-CASC2, si-NC, pcDNA-CASC2 or pcDNA-N1 (A, B) 
(magnification × 150). Histograms represent the total tube length measured in each well (C, D). Data are expressed as the mean ± SD. 
* p <0.05, ** p <0.01.
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cell proliferation and survival of hepatocellular 
carcinoma by activating the MAPK pathway19. 
CARLo-5 serve as a pro-oncogenic lncRNA that 
promotes the proliferation of gastric cancer and 
activates the ERK/MAPK pathway20. LncRNA 
MALAT1 can suppress glioma cell growth by 
inactivating ERK/MAPK signaling21. LncRNA 
BANCR promotes the proliferation and migration 
of lung cancer through the MAPK pathway22. To 
further study the molecular mechanism by which 
CASC2 inhibits the development of cervical can-
cer, we examined the effect of CASC2 on ERK and 
JNK protein levels in cervical cancer cells, which 
are in the MAPK signaling pathway. It was found 
that CASC2 overexpression significantly inhibited 
the level of p-JNK and p-ERK1, suggesting that ln-
cRNA CASC2 inhibits cervical cancer progression 
via regulating the inactivation of the MAPK path-
way. However, other components of the MAPK 
signaling pathway, such as p38, ERK2, and ERK5, 
are yet to be further tested. In addition, we will fur-
ther improve animal experiments and demonstrate 

detailed molecular mechanisms in combination 
with in vivo experiments.

CASC2 also exerts its oncosuppressor activi-
ties with the modulation of the mTOR pathway 
and the regulation of autophagy23,24. Moreover, 
mTOR pathway upregulation often results in a 
synergistic action with heightened MAPK activ-
ity, either due to mutation or endogenous activa-
tors such as pro-inflammatory and pro-oncogenic 
cytokines, as macrophage migration inhibitory 
factor, has been implicated in the pathogenesis of 
cancer and infectious diseases and autoimmune 
diseases25-28. Furthermore, CASC2 may inhibit 
cancer development   inactivating the TGF-ß sig-
naling pathway, which is also involved in fibrosis. 
Thus, long non-coding RNA CASC2 on TGF-ß 
may act as a powerful oncogenic cytokine and be 
beneficial in the prevention and treatment of fi-
brosis29-31. Other evidence has shown that CASC2 
regulates carcinoma cell oncogenesis through 
ceRNA mechanisms32,33. Thus, we propose that 
long non-coding RNA CASC2 may represent a 

Figure 5. CASC2 significantly inhibits the expression of ERK1 and JNK proteins. After transfection of HeLa cells with 
si-CASC2, si-NC, pcDNA-CASC2 or pcDNA-N1, the expression of ERK1 and JNK proteins in HeLa cells was analysed by 
Western blot (A, B). Histograms depict the expression of ERK1 and JNK proteins in HeLa cells (C, D). β-actin is used as an 
internal control. Data are expressed as the mean ± SD. * p <0.05, ** p <0.01.
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pleiotropic pharmacological target for several 
pathologies in addition to cancer such as autoim-
mune diseases, infectious diseases, and fibrosis.

Conclusions

We found that CASC2 is significantly down-
regulated in cervical cancer tissues and cell lines. 
Overexpression of CACS2 can inhibit the prolif-
eration, invasion, and angiogenesis of cervical 
cancer cells in vitro. Furthermore, CACS2 leads 
to inactivation of the MAPK signaling pathway. 
Therefore, CACS2 may be a tumour suppressor 
that inhibits the development of cervical cancer 
through the MAPK pathway.
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