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Figure 2. The knockdown of CASC9 promoted cell apoptosis and decreased migration and invasion in NPC cells. A. The expression of CASC9 was measured in CNE1 
and HONE1 transfected with si-CASC9 or si-NC by qRT-PCR. B-D. A transwell assay and flow cytometry were performed to determine the migration, invasion, and 
apoptosis of CNE1 and HONE1 transfected with si-CASC9 or si-NC. E. The protein expressions of BAX, Bcl-2, MMP 9, and MMP 2 were measured in CNE1 and HONE1 
transfected with si-CASC9 or si-NC by western blot. **P<0.01, ***P<0.001.
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CASC9-MUT (Figure 3B). Moreover, an RIP 
assay showed that the transduction of miR-145 
resulted in the substantial enrichment of 
CASC9 in the Ago2 group versus the IgG control 
group of CNE1 and HONE1 cells (Figure 3C and 
3D). Taken together, these data suggest that 

down-regulation of miR-145 alleviated the in- 
hibitory effect of knockdown CASC9 on the 
migration and invasion in the CNE1 and HONE1 
cells (Figure 5C-F). Similarly, the transfection of 
si-CASC9 markedly limited the apoptosis rate in 
the CNE1 and HONE1 cells, which was reversed 

Figure 3. miR-145 was a direct target of CASC9. A. The potential binding 
sites of CASC9 and miR-145 were predicted by starBase v2.0. B. The lucifer-
ase activity in the 293T cells co-transfected with CASC9-WT or CASC9-MUT 
and miR-145 or miR-NC was detected using a luciferase report assay. C and 
D. An RIP assay was performed to detect the CASC9 enrichment level in the 
IgG or Ago2 immunoprecipitation complex of the CNE1 and HONE1 cells. 
***P<0.001.

Figure 4. MiR-145 expression was decreased and negatively associated 
with CASC9 in the NPC tissues and cells. A and B. qRT-PCR was used to 
detect the miR-145 expression in the tissues and cells. C and D. The expres-
sion level of miR-145 was detected in the CNE1 and HONE1 cells transfect-
ed with CASCP, vector, si-CASC9 or si-NC by qRT-PCR. *P<0.05, **P<0.01, 
***P<0.001.

miR-145 is a direct target of 
CASC9 in NPC cells.

MiR-145 expression was 
downregulated and negatively 
associated with CASC9 in NPC 
tissues and cells

To probe the potential roles of 
miR-145 in NPC, its expression 
was first quantified in the NPC 
tissues and cells. A qRT-PCR 
assay revealed that the miR-
145 expressions were clearly 
decreased in the NPC tissues 
and cells compared with the 
levels in the corresponding 
controls (Figure 4A and 4B). 
Moreover, the overexpression 
of CASC9 suppressed the ex- 
pression of miR-145, but its 
knockdown showed the oppo-
site effect in the CNE1 and 
HONE1 cells (Figure 4C and 
4D). These data indicated miR-
145 was negatively regulated 
by CASC9.

The abrogation of miR-145 
reversed the effects of the 
CASC9 knockdown on the mi-
gration, invasion, and apopto-
sis of the NPC cells

To further explore the relation-
ship between miR-145 and 
CASC9 in NPC, si-CASC9, si- 
NC, si-CASC9+anti-miR-145 or 
si-CASC9+anti-miR-NC were tr- 
ansfected into CNE1 and HO- 
NE1 cells. The qRT-PCR assay 
showed that the expression  
of miR-145 was conspicuously 
elevated in the CNE1 and 
HONE1 cells transfected with 
si-CASC9, which was abated by 
inhibition of miR-145 (Figure 
5A and 5B). Moreover, the 
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by the knockdown of miR-145 (Figure 5G and 
5H). In addition, the abrogation of miR-145 
weakened the si-CASC9-mediated promotion 
of BAX protein expression and the reduction of 
the expressions of the Bcl-2, MMP 9, and MPP 
2 proteins in the CNE1 and HONE1 cells (Figure 
5I and 5J). Our findings indicated that the kn- 
ockdown of miR-145 reversed the CASC9 inhi-
bition-mediated progression of NPC.

The knockdown of CASC9 decreased xenograft 
tumor growth in vivo

To further confirm the tumorigenicity of CASC9, 
CNE1 cells transfected with sh-CASC9 or sh-NC 
were introduced into nude mice. The tumor vol-

umes were measured every 7 days, and the 
tumors’ weights and volumes were measured 
after 35 days of injection. The knockdown of 
CASC9 evidently suppressed tumor volume and 
weight in the CNE1 xenograft model (Figure 6A 
and 6B). In addition, the expression of CASC9 
was clearly lower in the tumor tissues from the 
sh-NEAT1 group than they were in the sh-NC 
group (Figure 6C). Furthermore, the knockdown 
of CASC9 upregulated the expression level of 
miR-145 in tumor tissues (Figure 6D). Moreover, 
the deficiency of CASC9 led to a significant 
increase in the BAX protein abundance and the 
reduction of Bcl-2, MMP 9, and MMP 2 protein 
expressions in the CNE1 xenograft tissues 
(Figure 6E). Generally, these results indicated 

Figure 5. The abrogation of miR-145 reversed the inhibitory effects of the CASC9 knockdown on NPC cells. A and B. 
qRT-PCR was used to determine the miR-145 expressions in the CNE1 and HONE1 cells transfected with si-CASCP, 
si-NC, si-CASCP+anti-miR-145 or si-CASCP+anti-miR-NC. C-H. A transwell assay and flow cytometry were used to de-
termine the migration, invasion, and apoptosis of CNE1 and HONE1 transfected with si-CASCP, si-NC, si-CASCP+anti-
miR-145 or si-CASCP+anti-miR-NC, respectively. I and J. The protein expressions of BAX, Bcl-2, MMP 9, and MMP 
2 were measured in CNE1 and HONE1 transfected with si-CASCP, si-NC, si-CASCP+anti-miR-145 or si-CASCP+anti-
miR-NC by western blot. *P<0.05, **P<0.01, ***P<0.001.
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that knockdown of CASC9 suppressed NPC 
tumor growth in vivo.

Discussion

NPC has a significant ethnic and geographical 
distribution, but its unique and complex etiolo-
gy is not completely understood [16]. Increasing 
lines of evidence suggest that lncRNAs are 
involved in the development and progression of 
NPC and regulate mRNA levels by competing 
for miRNAs [17, 18]. Therefore, it is importa- 
nt to elucidate the molecular mechanism of 
lncRNAs for the treatment of NCP. 

CASC9 is an lncRNA identified through a next-
generation sequencing and bioinformatics an- 

CNE1 and HONE1, and evidently suppressed 
tumor growth in vivo.

The Bcl-2 family is composed of both proapop-
totic (e.g., BAX) and anti-apoptotic (e.g., Bcl-2) 
family members and plays a central role in  
regulating apoptosis [21]. MMPs (especially 
MMP-2 and MMP-9) contribute to cancer cell 
growth, migration, and invasion, as well as me- 
tastasis and angiogenesis to promote cancer 
progression [22]. Our study revealed that the 
inhibition of CASC9 evidently increased the 
BAX protein level and prominently inhibited the 
expression of the Bcl-2, MMP 9, and MPP2 pro-
teins in NPN cells. These results further dem-
onstrated that the knockdown of CASC9 pro-

Figure 6. The knockdown of CASCP inhibited NPC tumor growth in vivo. A. 
The CNE1 cells introduced with sh-CASCP or sh-NC were injected subcuta-
neously into nude mice, and the tumor volumes were examined every week. 
B. The resected tumors were weighed after 35 days of injection. C and D. 
The expressions of CASCP and miR-145 were measured in the xenografted 
tumors using qRT-PCR analysis. E. The protein expressions of BAX, Bcl-2, 
MMP 9, and MMP 2 were measured in xenografted tumors by western blot. 
*P<0.05 **P<0.01, ***P<0.001.

alysis in ESCC, and its expres-
sion was commonly upregulat-
ed in some types of cancer. For 
instances, CASC9 was clearly 
upregulated in ESCC tissues, 
and the knockdown of CASC9 
significantly inhibited cell mi- 
gration and invasion in vitro 
and metastasis in nude mice in 
vivo [19]. In addition, CASC9 
was highly expressed in glioma 
specimens and cells, and siR-
NA-mediated CASC9 silencing 
suppressed the proliferation 
and invasion in vitro and inhib-
ited tumor growth in vivo [20]. 
Moreover, CASC9 was also 
highly expressed in the NPC 
tissues and as an oncogenic 
regulator in NPC progression 
by the activation of HIF1a [9]. 
These studies indicate that 
CASC9 functions as an onco-
gene in NPC progression, but 
the underlying mechanisms 
have not been well establish- 
ed. 

In this report, consistent with 
previous observations, we fou- 
nd CASC9 expression was cle- 
arly increased in the NPC tis-
sues and cells, and higher ex- 
pression was associated with 
poor prognosis and the lower 
overall survival of NPC patien- 
ts. Moreover, we also found 
that the knockdown CASC9 re- 
strained cell migration and in- 
vasion, elevated apoptosis in 
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