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Upregulated lncRNA CASC2 May Inhibit Malignant Melanoma Development 
Through Regulating miR-18a-5p/RUNX1
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This study aimed to investigate the effect and underlying mechanism of lncRNA CASC2 in malignant mela-
noma (MM). Expression of CASC2 in MM tissues and cells was detected. A375 cells were transfected with 
pc-CASC2, si-CASC2, miR-18a-5p inhibitor, or corresponding controls, and then cell proliferation, migration, 
and invasion were detected using MTT assay, colony formation assay, and Transwell analysis, respectively. 
The relationship of miR-18a-5p and CASC2 or RUNX1 was detected by luciferase reporter assay. The levels  
of CASC2 and RUNX1 were significantly reduced in MM tissues compared with normal skin tissues or cells, 
while the miR-18a-5p level was obviously increased (all p < 0.01). Cell viability, colony number, migration, 
and invasion were significantly decreased in cells with pc-CASC2 compared with cells transfected with  
pcDNA3.1 (all p < 0.05). These effects were consistent with the cells transfected with miR-18a-5p inhibitor. 
The luciferase reporter assay revealed that CASC2 acted as a molecular sponge for miR-18a-5p, and RUNX1 
was a target gene of miR-18a-5p. Moreover, CASC2 overexpression promoted the expression of RUNX1, 
while upregulated miR-18a-5p significantly reversed the effect of CASC2 on the RUNX1 level (all p < 0.05). 
Upregulated CASC2 may inhibit cell proliferation, migration, and invasion through regulating miR-18a-5p and 
its target gene RUNX1 in MM.
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Introduction

Malignant melanoma (MM) is a common skin cancer, 
with characteristics of high invasiveness and lethality1. 
In 2009, an increasing incidence rate of 3.1% per year 
was reported in the US2. Although considerable progress 
has been made in the treatment strategies for MM, such 
as surgical excision, radiation, and chemotherapy, there 
is only 6–9 months of median survival in patients with  
metastatic MM. Therefore, it is imperative to further 
understand the underlying mechanism and search for 
effective therapeutic targets in MM.

Long noncoding RNAs (lncRNAs) are commonly 
defined as noncoding RNA molecules with length greater 
than 200 nucleotides. Multiple studies have indicated 
the regulating roles of lncRNAs in various diseases3, 
including autoimmune diseases4,5, cardiovascular dis-
eases6, neurodegenerative diseases7, and cancers8, by 
mediating target gene transcription. Thus, understand-
ing the mechanisms of lncRNAs in rheumatoid arthritis 

fibroblast-like synoviocytes (RA-FLSs) may contribute 
to the search for an effective treatment for MM. Previous 
studies have shown that lncRNA cancer susceptibility 
candidate 2 (CASC2) is downregulated in several can-
cers, such as renal cell carcinoma9, glioma10, and bladder 
cancer11, and it plays an important role as a tumor inhibi-
tor. However, the expression and role of CASC2 in MM 
are still unclear.

In addition, microRNAs (miRNAs), small noncoding 
RNAs, play a significant regulatory role in oncogenesis 
through mediating target gene expression and pathways 
related to cancer12. Evidence suggests that the functions 
of miRNAs are involved in the immune response, inflam-
mation reaction, infection, and cell metabolism, growth, 
and migration13,14. Accumulating studies have focused on 
the potential roles of miRNAs in various types of cancers, 
such as colorectal cancer15, hepatocellular carcinoma16, 
chronic lymphocytic leukemia17, and breast cancer18. It 
has been demonstrated that the role of lncRNAs can be 
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regulated by miRNAs in cancer development19. A recent 
study has found that miR-18a-5p is upregulated in MM20. 
However, few studies have investigated the role and 
mechanism of miR-18a-5p in MM.

A study revealed that CASC2 functions as a compet-
ing endogenous RNA by sponging miR-18a in colorectal 
cancer21, so we proposed that CASC2 and miR-18a-5p 
are coinvolved in the development of MM. The present 
study first analyzed the levels of CASC2 and miR-18a-5p 
in MM tissues and normal skin tissues. We then up- or 
downregulated the level of CASC2 or miR-18a-5p in the 
human MM cell line A375 and evaluated the effects of the 
aberrant expression of CASC2 or miR-18a-5p on cell pro-
liferation, migration, and invasion, aiming to investigate 
the regulatory role of CASC2 and miR-18a-5p in MM.

Materials and Methods

Tissue Samples and Cell Line

A total of 12 cutaneous MM tissues were collected 
from patients with cutaneous MM who underwent sur-
gical resection of their tumors. The patients did not 
receive preoperative chemotherapy. In addition, 12 nor-
mal skin tissues were collected from healthy unaffected 
skin of the same patients. For this study, the approval of 
the ethics committee of our hospital and informed con-
sent from each patient were obtained. The MM cell lines 
A375, A2058, and HTB63 and normal human epidermal 
melanocytes HEMa-LP cells were all purchased from 
Shanghai Cell Bank of the Chinese Academy of Sciences 
(CAS; Shanghai, Beijing). These cells were maintained 
in RPMI-1640 medium (Gibco, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco) 
and antibiotics.

Cell Treatment

A375 cells were seeded onto a 60-mm dish and cul-
tured for 24 h. To evaluate the roles of CASC2 and miR-
18a-5p on MM, cells were transiently transfected with 
pc-CASC2, pcDNA3.1, si-CASC2, si-control, miR-18a-5p 
inhibitor, inhibitor control, miR-18a-5p mimic, mimic  
control, or pc-RUNX1, respectively (RiboBio Corp., 
Guangzhou, P.R. China) using Lipofectamine 2000 (Invi
trogen, Carlsbad, CA, USA). To further evaluate the rela-
tionship of CASC2 and miR-18a-5p, cells were transfected 
with pc-CASC2, pc-CASC2 + miR-18a-5p mimic, or  
pc-CASC2 + mimic control, respectively. After treatment 
for 48 h, cells with various treatments were subjected to 
the following experiments.

Luciferase Reporter Assay

The potential target gene of miR-18a-5p was pre-
dicted using sequence analysis. The wild-type (wt) 
3¢-untranslated region (3¢-UTR) fragment of CASC2 
or RUNX1 that can bind to miR-18a-5p or the mutant 

3¢-UTR fragments were amplified from the genomic 
DNA and cloned into the pGL3 vector. A375 cells were 
cotransfected with miR-18a-5p mimic and luciferase 
reporter comprising wt or mutant CASC2 or RUNX1 
for 48 h using Lipofectamine 2000. The Dual Luciferase 
Assay kit (Promega, Madison, WI, USA) was used to 
measure the activity of luciferase.

MTT Assay

MTT assay was used to detect cell viability. A375 cells 
(1 ́  104) were incubated in 96-well plates. On the fol-
lowing day, cells were treated with the above-mentioned 
transfections for 24, 48, or 72 h. Then 10 μl of MTT  
(5 mg/ml; Sigma-Aldrich, St. Louis, MO, USA) was 
added into each well for 4 h at 37°C. Next, 100 μl of 
dimethyl sulfoxide (DMSO; Sigma-Aldrich) was used 
to dissolve the formazan crystals. The absorbances at  
495 nm were measured using a microplate reader 
(Molecular Devices, Sunnyvale, CA, USA).

Colony Formation Assay

A375 cells (0.5 ́  103) were seeded into each well of 
six-well plates and cultured for 10 days in Dulbecco’s 
modified Eagle’s medium (DMEM; Gibco) containing 
10% FBS. Subsequently, cells were stained with 0.5% 
(w/v) crystal violet dissolved in ethanol (Sigma-Aldrich) 
for 5 min. The mean number of colonies was calculated 
from 10 different fields of vision. All experiments were 
performed in triplicate.

Transwell Analysis

Three hundred microliters of A375 cell suspension 
with 5 ́  105 cells/ml was seeded into the upper chamber 
of a Transwell chamber (for invasion assay, precoated 
with Matrigel; Millipore, Bedford, MA, USA) in serum-
free medium. Then 500 µl of DMEM containing 10% 
FBS was added to the lower chamber. After incubation 
for 24 h, the cells that did not migrate through the pores 
were carefully wiped away using a cotton-tipped swab. 
The filter membrane was stained with crystal violet. For 
the migration assay, the chamber was not treated with 
Matrigel. Ultimately, five fields were randomly selected 
to count the cell number under an inverted microscope 
(Olympus Corp., Tokyo, Japan).

Quantitative Reverse Transcription Polymerase  
Chain Reaction (qRT-PCR)

After various treatments, the total RNA was extracted 
using TRIzol (Invitrogen), and complementary DNA 
synthesis was carried out using miRNA-specific primers 
(Invitrogen). The PCR primers for miR-18a-5p and U6 
were commercially obtained from Applied Biosystems 
(Foster City, CA, USA). The CASC2 sense primer was 
5¢-GCACATTGGACGGTGTTTCC-3¢ and the antisense 
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primer was 5¢-CCCAGTCCTTCACAGGTCAC-3¢; the 
RUNX1 sense primer was 5¢-CTGCCCATCGCTTTC​
AAGGT-3¢ and the antisense primer was 5¢-GCCGAG​
TAGTTTTCATCATTGCC-3¢; and the glyceraldehyde-3
-phosphate dehydrogenase (GAPDH) sense primer was 
5¢-GCACCGTCAAGGCTGAGAAC-3¢ and the anti-
sense primer was 5¢-TGGTGAAGACGCCAGTGGA-3¢. 
The PCR parameters were set as follows: 95°C for 10 
min, 40 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C 
for 15 s. U6 or GAPDH was used as the reference gene, 
and relative gene expression level was calculated using 
the comparative threshold (Ct) cycle method (2−DDCt). All 
experiments were performed in triplicate.

Western Blotting

Protein from cells was extracted using radioimmuno-
precipitation assay (RIPA) lysis buffer (Beyotime Institute 
of Biotechnology, Shanghai, P.R. China), and the concen-
tration was measured using the BCA Protein Quantitative 
Assay (Beyotime Institute of Biotechnology). A total of  
50 μg of protein sample (per lane) was separated on 
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) gel, blotted onto polyvinylidene dif-
luoride (PVDF) membranes, and blocked in 5% nonfat 
milk for 1 h. The membranes were probed with rabbit 
anti-RUNX1 polyclonal antibodies (1:500; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and mouse anti-
GAPDH monoclonal antibody (1:2,000; Sigma-Aldrich) 
overnight at 4°C, respectively. After washing three times 
with phosphate-buffered saline (PBS), the membranes were 
incubated with appropriate IgG (H + L)-HRP (1:5,000; 
Santa Cruz Biotechnology) second antibody for 2 h at 
room temperature. Ultimately, the proteins were detected 
with enhanced chemiluminescence (Millipore).

Statistical Analysis

Statistical analysis was carried out using a statistical 
analysis software (SPSS 19.0; SPSS Inc., Chicago, IL, 
USA). Data were expressed as the mean ± standard devi
ation and analyzed by one-way analysis of variance. A 
value of p < 0.05 was considered to indicate a statistically 
significant result.

Results

Effect of CASC2 on MM Cell Proliferation,  
Migration, and Invasion

qRT-PCR analysis revealed that the CASC2 level 
was decreased in MM tissues compared with normal 
skin tissues (p < 0.001) (Fig. 1A). In addition, we ana-
lyzed the expression of CASC2 in MM cell lines. The 
results showed that the CASC2 level was also signifi-
cantly decreased in A375, A2058, and HTB63 compared 
to epidermal melanocytes HEMa-LP cells (p < 0.01 or 

p < 0.001) (Fig. 1B). To evaluate the effect of CASC2 
on MM, the CASC2 level was altered in A375 cells. As 
shown in Figure 1C, the CASC2 level was significantly 
increased in cells with pc-CASC2 compared with cells 
with pcDNA3.1 (p < 0.001), and the transfection with 
si-CASC2 obviously inhibited the CASC2 level com-
pared with the transfection with si-control (p < 0.01). 
The MTT assay revealed that cell viability was signifi-
cantly inhibited in cells with pc-CASC2 compared with  
pcDNA3.1-treated cells, while cell viability was obvi-
ously increased in cells treated with si-CASC2 com-
pared with that in cells treated with si-control (p < 0.05)  
(Fig. 1D). Consistent with the results of the MTT assay, 
the colony formation assay also found that the number of 
colonies was significantly decreased in CASC2 upregu-
lated cells, while obviously increased in CASC2 down-
regulated cells compared with control cells (p < 0.05) 
(Fig. 1E). In addition, the Transwell assay showed  
that both migratory and invasive cell numbers were 
remarkably lower in cells with pc-CASC2 than those 
in cells with pcDNA3.1, but were higher in si-CASC2-
treated cells compared with si-control (p < 0.05) (Fig. 1F  
and G).

Effect of miR-18a-5p on MM Cell Proliferation, 
Migration, and Invasion

qRT-PCR analysis revealed that the miR-18a-5p level 
was significantly increased in MM tissues compared 
with normal skin tissues (p < 0.001) (Fig. 2A). In addi-
tion, compared with cells transfected with pcDNA3.1, 
the miR-18a-5p level was obviously reduced in cells with 
pc-CASC2 (p < 0.001) (Fig. 2B). To examine whether 
CACS2 is involved in MM by functioning as a com-
petitive endogenous RNA (ceRNA) to miR-18a-5p, we 
predicted miRNA target sites and found that there was a 
binding site between CASC2 and miR-18a-5p (Fig. 2C). 
Moreover, the luciferase reporter assay confirmed that the 
luciferase activity in cells with CASC2-wt was signifi-
cantly inhibited by miR-18a-5p mimic (Fig. 2D). To eval-
uate the effect of miR-18a-5p on MM, the miR-18a-5p 
level was altered in A375 cells. As shown in Figure 2E,  
the miR-18a-5p level was significantly inhibited in cells 
with miR-18a-5p inhibitor compared with cells with 
inhibitor control (p < 0.001). Then colony formation 
assay found that the number of colonies was obviously 
lower in cells with miR-18a-5p inhibitor than that in cells 
with inhibitor control (p < 0.05) (Fig. 2F). Moreover, the 
Transwell assay revealed that, compared with cells with 
inhibitor control, both migratory and invasive cell num-
bers were remarkably reduced in cells with miR-18a-5p 
inhibitor (p < 0.05) (Fig. 2G and H). The results indicated 
that CASC2 acts as a molecular sponge for miR-18a-5p 
and miR-18a-5p promoted MM cell proliferation, migra-
tion, and invasion.
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Figure 2.  CASC2 inhibits miR-18a-5p level, and downregulating miR-18a-5p inhibits MM cell proliferation, migration, and inva-
sion. (A) The miR-18a-5p level in MM tissues and normal skin tissues using qRT-PCR. (B) The miR-18a-5p level in A375 cells with 
pc-CASC2 or pcDNA3.1 (blank) using qRT-PCR. (C) The binding site between CASC2 and miR-18a-5p. (D) The luciferase reporter 
assay in cells with CASC2-wild type (wt) or CASC2-mutant (mut). (E) The miR-18a-5p level in A375 cells with miR-18a-5p inhibitor 
or inhibitor control using qRT-PCR. (F) The colony number of A375 cells with miR-18a-5p inhibitor and inhibitor control using the 
colony formation assay. (G) The migratory cell number of A375 cells with miR-18a-5p inhibitor or inhibitor control using Transwell 
analysis. (H) The invasive cell number of A375 cells with miR-18a-5p inhibitor or inhibitor control using Transwell analysis. *p < 0.05 
and ***p < 0.001 compared with normal, blank, or inhibitor control.

Figure 1.  Long noncoding RNA (lncRNA) cancer susceptibility candidate 2 (CASC2) inhibits malignant melanoma (MM) cell prolif-
eration, migration, and invasion. (A) The CASC2 level in MM tissues and normal skin tissues using quantitative reverse transcription 
polymerase chain reaction (qRT-PCR). (B) The CASC2 level in A375, A2058, HTB63, and epidermal melanocytes HEMa-LP cells. 
(C) The CASC2 level in A375 cells with pc-CASC2, pcDNA3.1 (blank), si-CASC2, or si-control using qRT-PCR. (D) The cell viabil-
ity in A375 cells with pc-CASC2, pcDNA3.1 (blank), si-CASC2, or si-control for 24, 48, and 72 h, respectively, using the MTT assay. 
(E) The colony number in A375 cells with pc-CASC2, pcDNA3.1 (blank), si-CASC2, or si-control using colony formation assay. 
(F) The migratory cell number in A375 cells with pc-CASC2, pcDNA3.1 (blank), si-CASC2, or si-control using Transwell analysis. 
(G) The invasive cell number in A375 cells with pc-CASC2, pcDNA3.1 (blank), si-CASC2, or si-control using Transwell analysis. 
*p < 0.05, **p < 0.01, and ***p < 0.001 compared with normal.
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Confirmation of the Targeting Effects of miR-18a-5p

Sequence analysis revealed that RUNX1 was a 
potential target gene of miR-18a-5p (Fig. 3A). The luci
ferase reporter assay showed that miR-18a-5p mimic 
significantly inhibited the luciferase activity in cells 
with wt (p < 0.001) but not mutant RUNX1 compared  
with untreated cells (Fig. 3B). Compared with cells with 
mimic control, miR-139-5p mimic obviously inhibited 
the protein expression of RUNX1 but not the mRNA  
level (p < 0.05) (Fig. 3C and D). Furthermore, we found 
that the protein level of RUNX1 was significantly 
decreased in MM tissues compared with that in normal 
skin tissues (p < 0.001) (Fig. 3E).

Effect of RUNX1 on MM Cell Proliferation,  
Migration, and Invasion

As shown in Figure 4A, the protein level of RUNX1 
was significantly increased in cells with pc-RUNX1 

compared with that in cells with pcDNA3.1 (p < 0.001). 
The results revealed that the number of colonies, as well 
as the migratory and invasive cell numbers, was obvi-
ously lower in cells with pc-RUNX1 compared with that 
in cells with pcDNA3.1 (p < 0.05) (Fig. 4B–D). Moreover, 
upregulated CASC2 significantly inhibited the miR-18-
a-5p level compared with cells with pcDNA3.1 (p < 0.01), 
while the cotreatment of pc-CASC2 and miR-18a-5p 
mimic remarkably increased the miR-18a-5p level com-
pared with cells with cotreatment of pc-CASC2 and mimic 
control (p < 0.001) (Fig. 4E). Upregulated CASC2 signif-
icantly elevated the protein level of RUNX1 compared 
with cells with pcDNA3.1 (p < 0.05), while the cotreat-
ment of pc-CASC2 and miR-18a-5p mimic remarkably 
decreased the protein level of RUNX1 compared with 
cells with cotreatment of pc-CASC2 and mimic control 
(p < 0.01) (Fig. 4F).

Discussion

In the current study, our results showed that levels of 
CASC2 and RUNX1 were downregulated, while miR-​
18a-5p was overexpressed in MM tissues compared with 
that in normal skin tissues. Upregulated CASC2 could 
inhibit cell proliferation, migration, and invasion, which 
was similar to the role of downregulated miR-18a-5p in 
MM cells. In addition, RUNX1 was identified as a target 
gene of miR-18a-5p. CASC2 overexpression promoted 
the expression of RUNX1, while upregulated miR-18a-5p 
significantly reversed the effect of CASC2 on RUNX1 
levels.

Previous studies have demonstrated the downregula-
tion of CASC2 in several cancers22–24. The prognosis sig-
nificance of CASC2 has been shown in non-small cell 
lung cancer (NSCLC)25. Consistently, this study also 
found low expression of CASC2 in MM patients. The 
study of Feng et al.23 reveals that CASC2 overexpres-
sion can inhibit cell proliferation by regulating miR-21 
and its target gene PTEN in cervical cancer. Similarly, Li 
et al.24 and He et al.25 also suggest that cell proliferation 
is inhibited when CASC2 is overexpressed both in vitro 
and in vivo in NSCLC and gastric cancer. In addition, 
upregulated CASC2 inhibits cell proliferation, migration, 
and invasion and promotes cell apoptosis by inhibiting 
miR-21 levels in glioma26. Cao et al.9 also showed that 
downregulated CASC2 promoted cell proliferation and 
migration by regulating miR-21 in renal cell carcinoma. 
Consistent with these studies, the present study demon-
strated similar inhibitor effects of CASC2 on MM cell  
proliferation, migration, and invasion. These results indi-
cate that CASC2 has an antitumor effect in MM.

To further evaluate the mechanism of CASC2 in MM, 
miR-18a-5p levels were detected in MM. The regula-
tory relationship of CASC2 and miR-18a-5p has been 
demonstrated in colorectal cancer21. This study found 

Figure 3.  miR-18a-5p targets and inhibits RUNX1. (A)  Pre
diction of the target gene of miR-18a-5p by sequence analy-
sis. (B) The luciferase activity in cells with wt or mut RUNX1 
when cotreated with miR-18a-5p mimic or mimic control using 
luciferase reporter assay. (C) The mRNA level of RUNX1 in 
A375 cells with miR-18a-5p mimic or mimic control using 
qRT-PCR. (D) The protein level of RUNX1 in A375 cells with 
miR-18a-5p mimic and mimic control using Western blotting. 
(E) The protein level of RUNX1 in MM tissues and normal skin 
tissues using Western blotting. *p < 0.05 and ***p < 0.001 com-
pared with normal or mimic control.
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that miR-18a-5p was overexpressed in MM tissues 
and CASC2 could inhibit the miR-18a-5p level, which 
are consistent with previous studies20,21. A recent meta-
analysis reveals that miR-18a-5p may be considered as 
a promising biomarker for cancer screening. It has been 
reported that miR-18a expression is increased in patients 
with pancreatic cancer, indicating miR-18a as a tumor 
promoter27. However, Tsang et al. showed that miR-18a 
can inhibit tumor growth by suppressing K-Ras28. Thus, 
the effect of miR-18a is variable in different cancers,  
and the mechanism is also different. Song et al.29 repor
ted that downregulated miR-18a in human glioblastoma 
cells can suppress cell proliferation, migration, and inva-
sion by upregulating neogenin. In addition, Chen et al.30 
suggested that miR-18a overexpression can promote cell 
proliferation and metastasis by targeting DICER1 in 
nasopharyngeal carcinoma cells. Consistently, this study 
showed that downregulated miR-18a-5p significantly 
inhibited cell proliferation, migration, and invasion in 
MM cells. Collectively, these results suggest that the 
antitumor effect of CASC2 may function by inhibiting  
miR-18a-5p in MM.

Furthermore, this study confirmed that RUNX1 was 
a target gene of miR-18a-5p, which is consistent with 

the predictions of a previous study20. RUNX1, also 
known as acute myeloid leukemia 1, plays a crucial 
role in the establishment of definitive hematopoiesis31. 
The role of RUNX1 in different cancers is contro-
versial. Several studies have shown that RUNX1 is 
a tumor inhibitor in gastric cancer32 and esophageal 
cancer, while RUNX1 has a tumorigenic role in head 
and neck squamous cell cancer and oral squamous cell 
cancer33. It has been reported that miR-215 promotes 
malignant progression of gastric cancer by targeting 
RUNX132. However, knockdown of RUNX1 inhibits 
cell proliferation, migration, and invasion in epithelial 
ovarian cancer34. In this study, RUNX1 was downreg-
ulated in MM tissues and CASC2 could promote the 
level of RUNX1. These results indicate that RUNX1 
may be a tumor inhibitor in MM.

The present study reveals that lncRNA CASC2 can 
inhibit cell proliferation, migration, and invasion by 
inhibiting miR-18a-5p and upregulating its target gene 
RUNX1, suggesting that lncRNA CASC2 may be a poten-
tial therapeutic target for MM. However, the mechanisms 
of CASC2 should be further investigated.

Acknowledgment: The authors declare no conflicts of 
interest.

Figure 4.  RUNX1 inhibits MM cell proliferation, migration, and invasion. (A) The protein level of RUNX1 in A375 cells with pc-
RUNX1 and pcDNA3.1 (blank) using Western blotting. (B) The colony number of A375 cells with pc-RUNX1 or pcDNA3.1 (blank) 
using colony formation assay. (C) The migratory cell number of A375 cells with pc-RUNX1 or pcDNA3.1 (blank) using Transwell 
analysis. (D) The invasive cell number of A375 cells with pc-RUNX1 or pcDNA3.1 using Transwell analysis. (E) The miR-18a-5p  
level in A375 cells with pc-CASC2, pcDNA3.1 (blank), pc-CASC2 + miR-18a-5p mimic, or pc-CASC2 + mimic control using  
qRT-PCR. (F) The protein level of RUNX1 in A375 cells with pc-CASC2, pcDNA3.1 (blank), pc-CASC2 + miR-18a-5p mimic, or 
pc-CASC2 + mimic control using Western blotting. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with blank.
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