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via modulation of TRIM16 expression
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Abstract: Long non-coding RNAs (LncRNAs) have been shown to be involved in diverse cellular and physiological 
processes. Recent studies have proved their potential as the prospective therapeutic targets for cancer treatment. 
Herein, we examined the role of LncRNA CASC2 in human colon cancer. The gene expression analysis showed 
that LncRNA CASC2 is significantly suppressed in colon cancer tissues and cell lines. The immunohistochemistry 
also showed considerable increase of the Ki67 in colon cancer tissues suggestive of their aggressiveness. Over-
expression of CASC2 inhibited the growth of HT-29 cells. The inhibition of HT-29 growth was due to the induction 
of apoptosis which was accompanied by upsurge of Bax, depletion of Bcl-2 and activation of caspase-3 cleavage. 
Electron microscopic analysis showed CASC2 overexpression also induced autophagy in the HT-29 cells which was 
associated with increase in LC3B II and Beclin 1 expression. Bioinformatic approaches and dual luciferase assay 
showed that CASC2 controls the TRIM16 via microRNA-214 axis. TRIM16 was found to be overexpressed in all the 
colon cancer tissues and cell lines. Overexpression of CASC2 caused significant inhibition of TRIM16. Additionally, 
silencing of TRIM16 resulted in the inhibition of HT-29 cell growth similar to that of CASC2 overexpression. Taken 
together, CASC2 may prove to be an important therapeutic target for colon cancer treatment.
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Introduction

Recent studies have reported the dysregulation 
of long non-coding RNAs (LncRNA) in several 
cancer types suggestive of their roles in cancer 
development and progression [1]. With increase 
in the knowledge about the cellular and physi-
ological roles of LncRNAs, they have consid-
ered to be prospective therapeutic targets for 
cancer management [2]. Among LncRNAs, 
CASC2 has been implicated in several cancer 
related processes [3]. The LncRNA CASC2 has 
been found to control the cisplatin sensitivity of 
cervical cancer cells [4]. It has also been shown 
to control the invasion of the osteosarcoma 
cells [5]. Zhang et al reported that LncRNA 
CASC2 modulates the expression of TGF-β to 
suppress the growth and metastasis of human 
breast cancer cells [6]. In yet another study, 
Cao et al showed that CASC2 regulates the pro-

liferation of renal cancer cells via modulation of 
microRNA-21 expression [7]. Nonetheless, the 
role of CASC2 is yet to be explored in colon can-
cer. Consistently, this study was designed to 
investigate the role of CASC2 in human colon 
cancer. Owing to the lethality of colon cancer, it 
causes significant number of human deaths 
across the globe. In 2017, approximately 0.1 
million new colon cancer cases were reported 
in US only [8]. Generally, colon cancer treat-
ment includes surgery, chemotherapy and/or 
radiotherapy [9]. However, because of severe 
side effects of colon cancer chemotherapy, the 
life quality of the patients is badly impaired [10]. 
Hence, it is believed that the identification of 
safer drugs and potent therapeutic targets may 
help to resolve the problem and enable the effi-
cient management of colon cancer. Herein, we 
report that LncRNA CASC2 is suppressed in 
colon cancer and its overexpression inhibits the 

http://www.ajtr.org


LncRNA CASC2 induces apoptosis in colon cancer cells

2696 Am J Transl Res 2020;12(6):2695-2702

Figure 1. LncRNA CASC2 is significantly downregulated in cervical cancer. A. 
Expression of LncRNA CASC2 in colon cancer and normal adjacent tissue. 
B. Expression of CASC2 in normal and cervical cancer cell lines. The experi-
ments were performed in triplicate and expressed as mean ± SD (*P < 0.05).

colon cancer growth via in- 
duction of apoptosis, autoph-
agy and modulation of TR- 
IM16 expression. Taken toge- 
ther, LncRNA CASC2 may 
prove beneficial in the colon 
cancer treatment and war-
rants further investigations.

Materials and methods

Tissue samples, cell lines 
and culture conditions

The clinical specimens of cer-
vical cancer tissues and nor-
mal surrounding tissues were 
procured from the patients 
undergoing treatment at the 
Department of General sur-
gery, the fourth Medical Ce- 
nter of PLA General Hospital, 
Beijing, China, 100853. The 
written consent from the 
patients was taken prior to 
the collection of tissues. The 
institutional ethical guidelines 
were strictly followed for the 
collection and laboratory 
usage of clinical specimens. 
The study was approved by 
the research ethical commit-
tee of the institute under 
approval number MCGH57/ 
2018. The specimens were 
snap-frozen and stored in liq-
uid nitrogen. The normal 
colon CCD-18Co and the 
colon cancer cell lines (HT-29, 
SW-948, RKO and SW480) 
were obtained from Type 
Culture Collection of Chinese 
Academy of Sciences, Sh- 
anghai, China. The cell lines 
were subjected to culturing in 
Roswell Park Memorial In- 
stitute 1640 (RPMI 1640; 
Gibco, Carlsbad, CA, USA) 
medium supplemented with 

Figure 2. IHC analysis showing 
the expression of Ki67 in colon 
cancer and normal adjacent tis-
sues. The experiments were per-
formed in triplicate. 
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10% fetal bovine serum and 0.2% penicillin and 
streptomycin (Invitrogen, Carlsbad California, 
United States). All cells were cultured in a 5% 
CO2 incubation chamber at 37°C. 

RNA isolation and qRT-PCR analysis

Total RNA was isolated from the cells with 
RNAiso reagent (Takara, Japan). The RNA 
extracted was subjected to DNAse I (Thermo 
Fisher Scientific) treatment. cDNA synthesis 
was performed with the help of PrimescriptTM 
reverse transcription reagent (Takara, Japan). 
Quantitative Real Time-PCR was performed on 
QuantStudio 3 Real Time-PCR system (Thermo 
Fisher Scientific) following manufacturer guide-
lines. The relative expression was normalized 
with human GADPH gene and 2-ΔΔCt method was 
used to quantify the relative expression values. 
RT primers were synthesized through Primer3 
v. 0.4.0 (http://bioinfo.ut.ee/primer3-0.4.0/) 
online software.

Analysis of cell proliferation

The viability of HT-29 cells was monitored by 
WST-1 assay. In brief, HT-29 cells were cultured 
in 96 well plates at the density of 2×105 cells/
well. The cells were then transfected with NC or 

transfected with appropriate constructs and 
then incubated for 48 h at 37°C. The cells were 
then dissociated with help of trypsin and then 
PBS washed. The cells were then resuspended 
in 1X binding buffer which was followed by the 
addition of 5 µL of annexin V-FITC and propidi-
um iodide (PI). The cell culture was then placed 
in dark room for 15 min. The apoptosis percent-
age was then evaluated by a flow cytometer.

Electron microscopy

The induction of autophagy was assessed by 
electron microscopy. The transfected HT-29 
cells were collected by trypsinization and sub-
sequently subjected to washing which was fol-
lowed by fixation in glutaraldehyde (2%) in 
phosphate buffer (0.1 M). The HT-29 cells were 
then post-fixed in osmium tetroxide (1%). This 
was followed by the treatment of the cells with 
ethanol and embedding in resin. The thin sec-
tion were then cut with the help of an ultrami-
crotome and subjected to electron microscopy.

Dual luciferase assay

Dual luciferase assay was performed for inter-
actional study of miR-214 with 3’-UTR of CASC2 
and between miR-214 and TRIM16. Here, the 

pcDNA-CASC2 and again incu-
bated for 24 h at 37°C. This 
was followed by the incuba-
tion of the cells with WST-1 at 
37°C for 4 h. The absorbance 
was then measured at 450 
nm using a victor 3 microplate 
reader to determine the viabil-
ity at 0, 12, 24, 48 and 96 h 
time intervals.

Analysis of cell death

The HT-29 cells were trans-
fected with suitable con-
structs and cultured for 24 h 
at 37°C and then fixed with 
ethanol (70%) for 20 min. The 
cells were then subjected to 
PBS washing and subse-
quently stained with a DAPI or 
a solution of AO and EB. 
Finally, the cells were exam-
ined under microscope to 
detect the induction of apop-
tosis. The HT-29 cells were 

Figure 3. LncRNA CASC2 inhibits the growth of colon cancer cells. A. Expres-
sion of CASC2 in NC and CASC2 overexpressing HT-29 cells. B. Viability of 
the NC and CASC2 overexpressing HT-29 cells. C. Colony formation of the NC 
and CASC2 overexpressing HT-29 cells. The experiments were performed in 
triplicate and expressed as mean ± SD (*P < 0.05).
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HT-29 cells were co-transfected either with 
miR-NC and pGL3-wiltype (WT)/mutated (MUT) 
3’UTR stretches or miR-214 mimics and pGL3-
wiltype (WT)/mutated (MUT) 3’UTR of CASC2 or 
TRIM16 Following which, the measurement of 
luciferase activity was made through Dual 
Luciferase Reporter system (Promega Corpora- 
tion) using Renilla luciferase for normalization.

Immunohistochemical analysis

For immunohistochemistry (IHC), sections of 
the cancer and normal adjacent tissues were 
incubated with the primary antibody overnight 
at 4°C, followed by incubation with biotinylated 
anti-mouse (Vector Laboratories, Burlingame, 
CA, USA) or at RT for 1 h. The samples were 
incubated in the avidin-biotin complex solution 
(Vector Laboratories), they were then stained 
with 3, 3’ diaminobenzidine (DAB; Vector 
Laboratories) for 5 min. The signals were ana-
lyzed using a bright field microscope (Nikon 
TE-2000U). 

Western blotting

The colon cancer tissues and cell lines were 
lysed and the protein concentration in each 

sample was measured by Bradford assy. Equal 
concentrations of the proteins from each sam-
ple were loaded on 10% SDS polyacrylamide 
gel and then followed by shifting to polyvinyli-
dene fluoride membranes. Blocking of the 
membrane was then performed by fat-free milk 
(5%) in TBST. This was followed by incubation 
with a primary antibody for 24 h at 4°C. 
Subsequently, a secondary antibody was added 
at 25°C for about 2 h. The bands of interest 
were finally observed by chemiluminescence. 

Results

LncRNA CASC2 is suppressed in colon cancer 
cells

The determination of the expression of LncRNA 
CASC2 in 15 colon cancer and 15 normal adja-
cent tissues revealed the expression of LncRNA 
CASC2 to be significantly suppressed in colon 
cancer tissues by upto 9.5 folds (Figure 1A). 
Gene expression analysis of LncRNA CASC2 in 
colon cancer cells showed LncRNA CASC2 to 
be significantly (7.2 folds) downregulated in 
colon cancer cell lines (Figure 1B). The HT-29 
colon cancer cell line which showed the lowest 
expression of CASC2 was selected for further 

Figure 4. LncRNA CASC2 promotes apoptosis in HT-29 cells. A. DAPI staining of NC and CASC2 overexpressing HT-
29 cells. B. AO/EB staining of NC and CASC2 overexpressing HT-29 cells. C. Annexin V/PI staining of NC and CASC2 
overexpressing HT-29 cells. D. Western blots showing the expression of Bax, Caspase-3 and Bcl-2 in NC and CASC2 
overexpressing HT-29 cells. The experiments were performed in triplicate.



LncRNA CASC2 induces apoptosis in colon cancer cells

2699 Am J Transl Res 2020;12(6):2695-2702

studies. Additionally Immunochemical analysis 
of the colon cancer revealed remarkable 
increase of the Ki67 expression suggestive of 
aggressiveness of the tumor (Figure 2).

LncRNA CASC2 inhibits the viability of in HT-29 
cells

The NC and LncRNA CASC2 transfected HT-29 
cells were subjected to WST-1 assay. The find-
ings showed that LncRNA CASC2 overexpres-
sion suppressed the viability of the HT-29 cells 
(Figure 3A). The colony formation assay also 
confirmed the inhibition of growth as the num-
ber of colon was significantly lower in pcDNA-
CASC2 transfected cells in comparison to the 
NC transfected HT-29 cells (Figure 3B). 

leads to the development of autophagosom- 
es suggestive of autophagy (Figure 5A). 
Additionally, western blotting also confirmed 
the induction of autophagy in pcDNA-CASC2 
transfected HT-29 cells as the expression of 
LC3-II and Beclin-1 was found to increase 
(Figure 5B). 

LncRNA CASC2 exerts its effects via modula-
tion of TRIM16 expression

Bioinformatic approaches showed that CASC2 
has binding sites for microRNA (miR)-214 and 
dual luciferase assay confirmed the interaction 
between miR-24 and CASC2 (Figure 6A and 
6B). Next, bioinformatic analysis showed that 
miR-214 exerts its effects by targeting TRIM16 
which was also confirmed by dual luciferase 

Figure 5. LncRNA CASC2 induces autophagy in HT-29 cells. A. Electron mi-
croscopic analysis of NC and CASC2 overexpressing HT-29 cells. B. Western 
blots showing the expression of LC3B I, II and Beclin 1 in NC and CASC2 
overexpressing HT-29 cells. The experiments were performed in triplicate.

LncRNA CASC2 induces 
apoptosis and autophagy in 
HT-29 cells

To gain insights about the 
mechanisms responsible for 
reduction in the viability of  
the pcDNA-CASC2 transfect-
ed HT-29 cells, DAPI and AO/
EB staining assay were car-
ried out. The DAPI staining 
assay indicated that LncRNA 
CASC2 overexpression incre- 
ased the DAPI positive HT-29 
cells (Figure 4A). The AO/EB 
staining showed that LncRNA 
CASC2 overexpression pro-
moted the nuclear fragmenta-
tion of the HT-29 cells (Figure 
4B). The annexin V/PI staining 
showed that LncRNA CASC2 
overexpression increased the 
apoptotic HT-29 cells from 
1.16% in NC to about 24.32% 
in LncRNA CASC2 (Figure 4C). 
The LncRNA CASC2 also 
enhanced the expression of 
Bax and depleted the expres-
sion of Bcl-2 further confirm-
ing the apoptotic cell death. 
The LncRNA CASC2 activated 
the cleavage of the caspase-3 
in colon cancer cells (Figure 
4D). The electron microscopic 
analysis of the pcDNA-CASC2 
transfected HT-29 showed 
that CASC2 overexpression 
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assay. These results suggest that LncRNA 
CASC2 might be exerting its effects via miR-
214 induced suppression of TRIM16 (Figure 6C 

and 6D). Consequently, the expression of 
TRIM16 was upregulated in all the colon cancer 
cells and cell lines TRIM16 (Figure 6E and 6F). 

Figure 6. LncRNA-CASC2 exerts its effects via miR-214/TRIM16 axis. A. Alignment of CASC2 with miR-214. B. Dual 
luciferase assay showing interaction between miR-214 and CASC2. C. Alignment of TRIM16 with miR-214. D. Dual 
luciferase assay showing interaction between miR-214 and TRIM16. E. Expression of TRIM16 in colon cancer and 
adjacent normal tissues. F. Expression of TRIM16 in normal and colon cancer cell lines. G. Western blots showing 
the expression of TRIM16 in NC and CASC2 overexpressing HT-29 cells. H. Viability of the si-NC and si-TRIM16 HT-29 
cells. The experiments were performed in triplicate and expressed as mean ± SD (*P < 0.05).
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The western blots showed that CASC2 overex-
pression inhibits the expression of TRIM16 
(Figure 6G). Additionally, it was found that 
silencing of TRIM16 could also inhibit the viabil-
ity of the HT-29 cells similar to that of CASC2 
silencing (Figure 6H). 

Discussion

Colon cancer causes significant human mortal-
ity across the world [11]. The limited availability 
of the reliable and efficient therapeutic targets/
agents hurdles the treatment of colon cancer 
[12]. The LncRNAs have shown great promise 
as therapeutics for cancer treatment [13]. 
They have been reported to play vital roles in 
different cellular processes, such as prolifera-
tion, cell death and metastasis [14]. Studies 
have shown that several LncRNAs exhibit the 
potential to promote or to halt the growth of 
different cancers [15]. The LncRNA CASC2 has 
been found to exhibit therapeutic implications 
in several cancer types but has not been 
explored in colon cancer. Herein, we deter-
mined therapeutic implications of LncRNA 
CASC2 in colon cancer. We found that LncRNA 
CASC2 expression was considerably sup-
pressed in colon cancer. These findings are 
complimented by earlier studies wherein 
LncRNA CASC2 has been found to be down-
regulated in non-small cell lung cancer and thy-
roid cancer [16, 17]. Next, LncRNA CASC2 was 
overexpressed in colon cancer and we found 
that LncRNA CASC2 overexpression halted the 
proliferation of HT-29 cells by induction of 
apoptosis. Studies carried out earlier have 
reported that LncRNA CASC2 overexpression 
inhibited the proliferation of human hepatocel-
lular cancer and lung cancer cells via induction 
of apoptosis [18, 19]. Additionally, LncRNA 
CASC2 targets MAPK signalling to inhibit the 
growth of gastric cancer [20]. In another study, 
CASC2 has been reported to inhibit the growth 
and metastasis of glioma cells [21]. A previ-
ously carried out study showed that CASC2 
exerts growth inhibitory effects on human non-
small lung cancer cells by via modulation of 
TRIM16 [19]. Herein we also examined the 
effects of CASC2 on the TRIM16 and we found 
that CASC2 exerts its effects via miR-214 
induced suppression of TRIM16. These find-
ings are in agreement with previous studies 
wherein silencing of TRIM16 inhibits the growth 
of ovarian cancer, melanoma cells and breast 
cancer [22-24].

Conclusion

The results suggest that that LncRNA CASC2 is 
suppressed and inhibits the growth of the 
human colon cancer cells via induction of apop-
tosis and autophagy via modulation of TRIM16 
expression. Taken together, LncRNA CASC2 
may be utilised as therapeutic target for colon 
cancer treatment. 
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