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Abstract: The objective of the study was to investigate the role of CASC9 in esophageal cancer cells migration and 
invasion. Expression of long noncoding RNA (lncRNA) CASC9 was found high in esophageal cancer cells by qRT-PCR. The 
CASC9 knockdown effects on cell migration and invasion were analyzed in vitro. Expression of lncRNA CASC9 was found 
markedly high in KYSE-450 cell line as compared to other esophageal cancer cell lines. After the knockdown of CASC9, 
migration and invasion were significantly decreased as compared to negative control. Increased expression of CASC9 before 
knockdown and decreased expression after knockdown in esophageal cancer cells, showed that CASC9 may act as a biomarker 
for esophageal cancer and may help to understand the mechanisms of this lethal disease. 
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1. Introduction 

Esophageal cancer (EC) is one of the deadliest 
malignancies in the world and ranked as the 6th main cause of 
cancer deaths [1, 2]. The two main subtypes of EC are 
esophageal squamous cell carcinoma (ESCC) and esophageal 
adreno-carcinoma (EAC). Both types are characterized by 
distinct pathology and etiology but the most prominent 
histologic type in China is ESSC as its occurrence is more 
than 90% [1, 3]. EC is diagnosed at late-stage despite the 
advancement in diagnostic techniques and therapeutics. 
Overall 5 years survival rate is less than 40% due to the 
aggressiveness of this lethal malignancy [4, 5]. The mortality 
rate can be reduced by early diagnosis along with effective 

therapeutics and novel biological markers with high 
specificity and sensitivity can help us to achieve this goal. 
For this purpose, it is the need of time to understand all 
molecular changes which take place in biological pathways 
as a result of the disease and will give us a better 
understanding of the disease. 

As a result of transcription, a large numbers of protein-
coding, as well as non-protein coding RNAs are produced. In 
2002, non-coding RNAs were discovered for the first time 
[6]. Non-coding RNAs are proved to be key regulators of 
different biological pathways which can cause transformation 
of normal cells to malignant cells [7, 8]. Long non-coding 
RNAs (lncRNAs) are non-coding RNA molecules consists of 
more than 200 nucleotides and protein-coding potential is 
either absent or limited. Research evidence has proved their 
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role in cell growth, proliferation, differentiation and other 
biological processes [9-11]. Aberrant lncRNAs expression is 
documented by different researchers in different diseases. 
They cause chromatin modification and regulate transcription 
as well as translation processes. Along with this, they also 
regulate expression of different genes. [12-14]. Aberrant 
expression of lncRNAs is associated with many human 
diseases especially cancer. Their deregulated expression is 
tissue-specific as well as cancer specific. They play role in 
oncogenic pathways as well as tumor suppressing pathways 
[14, 16]. This new research direction can help in 
identification of the cause of different diseases including 
esophageal cancer. 

The first lncRNA identified is H19 which is studied in 
different cancers and its role is recognized as tumor 
suppressor gene [17, 18]. POU3F3, HOTAIR, and SPRY4-
IT1 are some of the important lncRNAs previously 
investigated as potential prognostic biomarkers [19-21]. 

In the present study, the expression of CASC9 was 
analyzed in human Esophageal cancer cell lines KYSE450, 
EC9706, EC109, and KYSE150 to compare the expression 
difference between them. Different cell lines were used to 
investigate the expression of CASC9 while functions of 
CASC9 in cell invasion and migration were assessed in 
esophageal cancer cell line KYSE-450.  

2. Materials and Methods 

2.1. Cell Culture Conditions 

KYSE450, EC9706, EC109, and KYSE150 are the human 
esophageal cancer cell lines which were used for this study. 
These cell lines were maintained in DMEM (Hyclone, 
Thermo Scientific) with 10% FBS (Gibco, Life 
Technologies) and 1% ps. All the cell lines were maintained 
in an incubator set at 37 °C with 5% CO2. 

2.2. RNA Extraction and qRT-PCR 

Total RNA was extracted from Cell lines by using 
Trizol (Invitrogen, Life Technologies) according to 
manufacturer’s protocol and DNA was removed by DNase 
kit (Promega). Reverse Transcription kit (Promega) was 
used for cDNA synthesis. Applied BiosystemsViiA™ 7 
(Life Technologies) was used for quantitative real-time 
PCR (qRT-PCR) with SYBR Select Master Mix (Life 
Technologies). 384 well block plate was used for qRT-
PCR and each well contains 2ul cDNA in a total volume 
of 8ul. Primers for qRT-PCR were designed by Beacon 
Designer 7 Software. GAPDH was used as an endogenous 
control for the relative expression levels of CASC9. Each 
sample was used in triplicates. Denaturation was done at 
95°C for10 min, then 40 PCR cycles at 95°C for 15sec and 
60°C for one min.  

2.3. Transfection 

Two small interfering RNAs (siRNAs) and one negative 
control (si-NC) were synthesized (RiboBio, China) for 

silencing CASC9. 20×104 cells per well were seeded on six-
well plates after trypsinization. After 24 hours, cells were 
transfected with two siRNAs and si-NC with Transfection 
Reagent FuGENE HD (Promega). Interfering efficiency of 
siRNA was checked by qRT-PCR after 48 hours of 
transfection. The siRNAs with higher silencing efficacy was 
used for migration and invasion experiments. 

2.4. Transwell Cell Migration and Invasion Assay 

Costar chambers (Corning Incorporated, USA) with 
transwell inserts, having 8 µm pore size were used for cell 
migration and invasion assay. 1 × 106 cells per mL, 
transfected with si-CASC9 or si-NC were suspended in 
the serum-free medium after trypsinization and 100 µL 
were seeded in the upper chamber. The upper chambers 
for invasion assay were already coated with 
Matrigel.750uL DMEM with 15% FBS was added to the 
lower chamber. Then cell invasion and migration 
chambers were placed in the incubator for one day. After 
incubation invaded and migrated cells were fixed with 
ethanol and stained with crystal violet (0.1%). Cells in the 
upper chamber were carefully removed by cotton swab. 
Then invaded and migrated cells were photographed and 
counted at 3-4 different fields under an inverted 
microscope. 

All biological experiments were performed in triplicate 
and data is presented as mean. 

3. Results 

3.1. Expression of CASC9 in Different Cell Lines 

Expression of CASC9 was measured by qRT-PCR. KYSE 
450 cell line showed the highest level of CASC9 expression 
as compared to other esophageal cancer cell lines used here 
(Figure 1). 

 
Figure 1. Expression of lncRNA CASC9 in different esophageal cancer cells. 

3.2. Expression of CASC9 after Knockdown 

We down-regulated the expression of CASC9 with the 
help of its knockdown expression in KYSE-450 cell line, 
using two small interfering RNA (siRNA) and one negative 
control siRNA (si-NC). The efficiency of the siRNA was 
determined by qRT-PCR, after 48 hours of transfection. 
siRNA with higher knockdown efficiency was used for 
further experiments (Figure 2). 
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3.3. Transwell Cell Migration and Invasion Assay 

Transwell invasion and migration assays were performed 
to investigate the role of CASC9 in the regulation of cell 
migration and invasion in human esophageal cancer cells 
KYSE-450. Transwell cell migration and invasion assay 
showed that the invasion and migration ability of 
esophageal cancer cells transfected with si-CASC9 was 
markdly suppressed as compared to the si-NC group 
(Figure 3 & 4). 

 
Figure 2. Expression of CASC9 after knockdown in KYSE-450. 

 

(a) 

 
(b) 

Figure 3. Cell migration capacity decreases after knockdown of CASC9 as compared to NC in KYSE-450 cells. 

 

(a) 
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(b) 

Figure 4. Transwell invasion assay shows suppression after knockdown of CASC9 as compared to NC in KYSE-450 cells. 

4. Discussion 

Esophageal cancer is one of the main cause of cancer 
deaths [1, 2]. It is the need of time to find some new 
molecular regulators for early diagnosis and treatment. 
Accumulating data in the recent years is providing evidence 
and showing the importance of regulatory RNAs which 
include protein-coding as well as non-protein coding RNAs. 

In the recent decade, many lncRNAs are associated with 
different diseases especially cancers. We know about them as 
biological regulators but their detailed functions are still not 
known. The knowledge about lncRNA is very little 
especially their role in the progression of esophageal cancer. 
Aberrant expression of lncRNAs is documented in different 
cancers [12, 14]. 

The up-regulated expression of CASC9 in esophageal 
cancer cell lines was found and its highest expression was 
found in KYSE-450. The previous study about CASC9 has 
found its high expression in about 65% of the tissue samples 
[22]. To the best of our knowledge, it is the first study 
exploring the functions of CASC9 in KYSE-450. High 
expression CASC9 was found in Kyse150 and TE1 cell lines 
in one of the previous study [23]. In this study, the main 
focus was to find out the role of CASC9 in cell migration and 
invasion. The highest expression was found in KYSE450 
through qRT-PCR. After this, siRNA mediated knockdown 
of lncRNA CASC9 showed a marked decrease in cell 
migration and invasion ability. The result shows that 
knockdown of lncRNA CASC9 may decrease esophageal 
cancer migration and invasion ability in vitro. These results 
demonstrate that CASC9 may have an important contribution 
to progression and development of esophageal cancer. 

The present research shows that lncRNA CASC9 may act 
as a novel biomarker in esophageal cancer and its further 
functions can be studied by using KYSE-450 cell line. 
However, there is still need to further explore the 
mechanisms involved in CASC9-mediated cell migration and 
invasion of esophageal cancer cells. There is need of much 
more research for understanding of its functions and 
mechanisms involved in EC progression which can help to 
use CASC9 as a therapeutic target. 

The limitation of the present study is that the evaluation of 

role of CASC9 in EC progression was done only by using 
esophageal cancer cell lines therefore further extensive 
research is required to evaluate its other functions by using 
EC patients’ tissue specimens and normal adjacent tissues 
along with EC cell lines. So the present study provides some 
basic information about the function of lncRNA CASC9 in 
EC cell line, KYSE-450. 

5. Conclusions 

In conclusion, the findings of this research indicate that 
CASC9 may be related to esophageal cancer pathogenesis 
and progression. The results suggest that lncRNA CASC9 
may be proved as a novel biomarker and a therapeutic target 
for EC. For this purpose, there is need to understand the 
detailed functions of CASC9 and mechanisms involved in 
EC progression.  
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