Am J Transl Res 2020;12(10):6314-6324
www.ajtr.org /ISSN:1943-8141/AJTR0103592

Original Article
Overexpression of INnCRNA CASC2 inhibits the
tumorigenesis of thyroid cancer via sponging miR-24-3p

Xiaoyu Li?, Jianping Sun?, Lei Lou?, Xiaoging Fan', Wentao Zhang?, Qinghuai Li*

1Department of Thyroid and Breast Surgery, The Second Hospital of Hebei Medical University, Shijiazhuang
050000, Hebei, China; 2Department of Neurosurgery, The Second Hospital of Hebei Medical University,
Shijiazhuang 050000, Hebei, China; 3Department of Pathology, The Second Hospital of Hebei Medical University,
Shijiazhuang 050000, Hebei, China

Received October 15, 2019; Accepted June 27, 2020; Epub October 15, 2020; Published October 30, 2020

Abstract: Background: The incidence of thyroid cancer continues to rise all over the world. Thus, it is urgent to find
a novel strategy for the treatment of thyroid cancer. Previous reports have confirmed that IncRNA CASC2 is involved
in the pathogenesis of thyroid cancer. However, the mechanism by which CASC2 mediates the tumorigenesis of
thyroid cancer remains unclear. Methods: Gene and protein expressions in tissues or cells were detected by g-PCR
and Western blot, respectively. Cell proliferation was tested by MTT assay. Flow cytometry was used to test cell
apoptosis. Cell migration and invasion in thyroid cancer cells was detected by transwell assay. In addition, the cor-
relation between CASC2 and miR-24-3p were investigated by Targetscan and dual-luciferase reporter assay. Finally,
xenograft mice model was established to detect the effect of CASC2 on thyroid cancer in vivo. Results: CASC2 was
significantly downregulated in thyroid cancer. Overexpression of CASC2 inhibited the proliferation, migration, and
invasion of thyroid cancer cells. In addition, upregulation of CASC2 could inhibit the tumorigenesis of TC via spong-
ing miR-24-3p. Furthermore, overexpression of CASC2 significantly suppressed the growth of thyroid cancer in vivo.
Conclusion: Overexpression of CCASC2 inhibits the tumorigenesis of thyroid cancer in vitro and in vivo. Thus, CASC2

may serve as a novel target for the treatment of thyroid cancer.
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Introduction

Thyroid cancer (TC) is a commonly diagnosed
malignancy with high incidence rate which is
regarded as one of the leading causes of can-
cer-related death worldwide [1-3]. The patho-
genesis of TC remains unclear, leading to diffi-
culties for the early diagnosis and treatment of
the disease. In addition, the long-term progno-
sis of patient with TC is poor [4, 5]. The combi-
nation of surgery, radiotherapy and chemother-
apy are the most commonly used methods for
the treatment of TC [1, 5, 6]. However, metasta-
sis and recurrence usually happen in many
cases even after therapies. Thus, it is of great
significance to find the novel methods for the
treatment of TC.

Long non coding RNAs (IncRNAs) are a group of
non-protein-coding transcripts that have been
verified to play key roles in physiological pro-
cesses related with the metabolic and nervous
systems [5]. In addition, IncRNAs have been

also considered as important mediators in tu-
morigenesis of multiple malignancies, including
TC [7-10]. Meanwhile, IncRNA CASC2 (CASC2)
has been verified to be involved in many can-
cers, including TC [11-13]. However, the biologi-
cal role of CASC2 in tumorigenesis of TC
remains unclear.

In the present study, we aimed to investigate
the effect of CASC2 on the progression of TC.
Our results proved that CASC2 exerted inhibi-
tory effect on tumorigenesis of TC via sponging
miR-24-3p. Thus, our findings may provide a
potential novel therapeutic strategy for the
treatment of TC.

Methods
Patients and clinical samples

A total number of 90 of TC tissue samples and
adjacent tissue samples were obtained from
patients with TC in Department of Thyroid and
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Table 1. The expression of CASC2 and miR-24 in tissues of patients with TC

Factors Case CASC2 (mean) P value miR-24 (mean) P value
Gender 0.629 0.881
Male 54 0.605+0.131 1.843+0.235
Female 36 0.513+0.124 1.794+0.186
Age (years) 0.535 0.843
<60 63 0.662+0.179 1.903+0.239
>60 27 0.486+0.105 1.825+0.221
Histological grade 0.018" 0.049"
Well-intermediately differentiation 19 0.606+0.089 1.476+0.162
Poor Differentiation 71 0.373+0.044 2.134+0.165
“P<0.05.

Breast Surgery, The Second Hospital of Hebei
Medical University between Jan 2017 and Feb
2018. All patients were diagnosed as TC patho-
logically, and patients with the history of radio
and/or chemotherapies were excluded from
this study. The tissue samples were stored
immediately in liquid nitrogen after surgery. The
informed consent was obtained from each
patient. This study was approved by the Ethical
Committee of The Second Hospital of Hebei
Medical University. The clinical information of
the patients was showed in Table 1.

Cell culture

Human normal thyroid cell line (Nthy-ori 3-1),
and TC cell lines (SW579, B-CPAP, BHT101)
were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). Cells
were cultured in the RPMI-1640 Medium
(Invitrogen, Carlsbad, CA, USA), supplemented
with 10% fetal bovine serum (FBS, Thermo
Fisher Scientific, Waltham, MA, USA), 100
units/ml penicillin (Sigma-Aldrich, St. Louis,
MO, USA) and 100 pg/ml streptomycin (Sigma-
Aldrich, St. Louis, MO, USA) at 37°C.

CASC2 overexpression

CASC2 overexpression plasmid was obtained
from GenePharma (Shanghai, China). B-CPAP
cells were transfected with CASC2 overexpres-
sion plasmid (pcDNA3.1-CASC2, Genepharma,
Shanghai, China) or empty vector (pcDNA3.1,
Genepharma, Shanghai, China) by using lipo-
fectamine 2000 (Invitrogen) in accordance with
the manufacturer’s instructions. The transfec-
tion efficiency was determined by qRT-PCR.
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MiR-24-3p transfection

B-CPAP cells were transfected with miR-24-3p
mimics or miR-NC mimics according to the pre-
vious reference [14]. MiR-24-3p mimics and
negative control RNAs were purchased from
GenePharma (Shanghai, China).

Quantitative real time polymerase chain reac-
tion (QRT-PCR)

Total RNAs were extracted from tissues or cell
lines with TRIZOL reagent (Invitrogen, Carlsbad,
CA, USA). We carried out reverse transcription
and real-time PCR assays by means of Pri-
meScript RT reagent Kit (Takara, Tokyo, Japan)
and SYBR premix Ex Taq Il kit (Takara, Tokyo,
Japan) severally. U6 or GAPDH was used as the
internal control. The primers for LncRNA CASC2
were: forward: 5’-GCACATTGGACGGTGTTTCC-3’
and reverse: 5-CCCAGTCCTTCACAGGTCAC-3;
the primers for miR-24-3p were: forward:
5-GACCCAGGCCTCTTCACC-3’ and reverse: 5'-
AGTCCTTCATGCGACTCAGG-3’; the primers for
U6 were forward: 5-CTCGCTTCGGCAGCACAT-
ATACT-3’ and reverse: 5-ACGCTTCACGAATTT-
GCGTGTC-3’" and the primers for GAPDH were:
forward: 5'-AATGGGCAGCCGTTAGGAAA-3’ and
reverse: 5-TGAAGGGGTCATTGATGGCA-3". 2:44¢T
method was utilized to measure the relative
expression.

MTT assay

The 5-diphenyltetrazolium bromide (MTT) assay
was performed to examine the proliferation of
the TC cells. Briefly, cells were seeded on
96-well plates (5 x 10%/well) and cultured over-
night. Then, cells were treated with vector-con-
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trol (NC) or IncRNA CASC2 overexpression
(CASC2 OE) for 0, 12, 24 and 48 h, respectively.
After that, cells were incubated with 100 pl 0.5
mg/ml MTT for another 4 h at 37°C and supple-
mented with 150 ul dimethylsulfoxide (DMSO)
per well. Finally, the optical density value of
each well at 570 nm was examined by micro-
plate reader (Thermo Fisher Scientific).

Cell apoptosis

TC cells were seeded in 6-well plate. Cells were
harvested by centrifuging at 2000 rpm/min for
5 min and the residue was resuspended with
100 pl binding buffer. Then, 5 yl Annexin V-FITC
and 5 ul propidium (Pl) were added in the cell
suspension for 15 min. The cell apoptosis rate
was measured by flow-cytometer (BD, Franklin
Lake, NJ, USA) and the results were analyzed
using the software WinMDI 2.9 (Invitrogen).

Wound healing

TC cells were transfected with vector-control
(NC) or IncRNA CASC2 overexpression (CASC2
OE) for 48 h. When the cells reached 100%
confluence, sterile pipette tips were used to
scratch the wound uniformly. Cell motility was
assessed by measuring the movement of cells
into a scraped wound. The speed of wound clo-
sure was monitored at 24 h by measuring the
distance of the wound from O h. Each experi-
ment was conducted in triplicate.

Transwell assay

For cell invasion analysis, transwell assay was
performed in this study. The upper chamber is
pre-treated with 100 ul of Matrigel. TC cells
were seeded into the upper chamber in media
with 1% FBS, and the density was adjusted to
about 1.0 x 10* cells per chamber. RPMI1640
medium with 10% FBS was added in the lower
chamber. After 24 h of incubation at 37°C, the
transwell chamber was rinsed twice with PBS
(5 min per time). The cells in the lower chamber
were fixed by 5% glutaraldehyde at 4°C and
stained with 0.1% crystal violet for 30 minutes.
The stained cells were observed under a
microscope.

Western blotting

TC cells were lysed using RIPA lysis buffer. The
concentration of protein was detected with a
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BCA protein kit (Thermo Fisher Scientific). Then,
proteins (40 pg per lane) were separated with
10% SDS-PAGE gel and then transferred into
polyvinylidene fluoride (PVDF, Thermo Fisher
Scientific) membranes. After that, the mem-
branes were blocked with 5% skim milk in TBST
for 1 h at room temperature, and incubated
with the primary antibodies against Bax (Ab-
cam, 1:1000), Bcl-2 (Abcam, 1:1000), cleaved
caspase 3 (Abcam, 1:1000), MMP2 (Abcam,
1:1000), MMP9 (Abcam, 1:1000) and B-actin
(Abcam, 1:1000) overnight at 4°C. Then, the
membranes were incubated with HRP-con-
jugated secondary antibodies for 1 h at room
temperature. Finally, the membranes were
detected by Enhanced Chemiluminescence
(ECL) kit (Thermo Fisher Scientific). B-actin was
used as an internal control.

Luciferase activity assay

CASC2 cDNA fragment including microRNA
binding sites was cloned into the pmirGLO plas-
mids (Promega, Madison, USA). Mutant CASC2
(pmirGLO-DGCR5-MUT) was also generated as
the control. Luciferase reporter plasmid, miR-
24-3p mimics and NC mimics were co-trans-
fected into B-CPAP cells by using Lipofectamine
2000. After 48 h of transfection, the relative
luciferase activity was examined by luminome-
ter by Dual-Luciferase Reporter Assay System
(Promega).

Xenograft mice model

6 BALB/C nude mice (4-6 weeks) were pur-
chased from the animal center of Nanjing
Medical University (Nanjing, China) and kept in
specific pathogen-free (SPF) room supplied
with food and water adlibitum. The nude mice
were subcutaneously injected with B-CPAP
cells (5 x 108 cells, in 100 ul of PBS) according
to the previous reference [15]. Next, mice were
injected with B-CPAP cells transfected with
IncRNA CASC2 overexpression (CASC2 OE) or
vector-control (NC). Tumor size was measured
weekly for four weeks according to the equa-
tion: (length x width”2)/2. At the end of the
experiments, the mice were sacrificed for the
collection of tumors. Then, each tumor was
weighed. All in vivo experiments were per-
formed in accordance with National Institutes
of Health guide for the care and use of labora-
tory animals, following a protocol approved by
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Figure 1. CASC2 is significantly downregulated in TC tissues. A. Expressions of CASC2 in TC tissues and the adjacent
normal tissues were detected by qRT-PCR. B. Expressions of CASC2 in TC cell lines and normal cells were investi-
gated by qRT-PCR. C. TC cells were transfected with CASC2 overexpression plasmid. Then, transfection efficiency
was obtained by qRT-PCR. GAPDH was used as an internal control. “"P<0.01 compared to normal tissues or control.

the Ethics Committees of the Second Hospital
of Hebei Medical University.

Statistical analysis

Each group were performed at least three inde-
pendent experiments and all data were ex-
pressed as the mean + standard deviation
(SD). The comparison between two groups was
analyzed by Student’s t-test. The comparisons
among multiple groups were made with one-
way analysis of variance (ANOVA) followed by
Tukey’s test (Graphpad Prism7). P<0.05 was
considered to indicate a statistically significant
difference.

Results

CASC?2 is significantly downregulated in TC tis-
sues

To detect the gene expression in TC cells, g-PCR
was used firstly. As indicated in Figure 1A, the
expression of CASC2 in TC tumor samples was
significantly downregulated compared with that
in normal tissues. Similarly, the expression of
CASC2 in TC cells was notably inhibited, com-
pared to Nthy-ori 3-1 cells (Figure 1B). Since
B-CPAP cells were more sensitive to CASC2
than other two cell lines, this cell line was used
in the following experiments. In addition, the
level of CASC2 in TC tissue was negatively
associated with the tumor size and metathesis
(Table 1). All these results showed that CASC2
played a role of anti-oncogene during the
tumorigenesis of TC.
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Next, the expression of CASC2 in B-CPAP cells
was forcedly increased using plasmid transfec-
tion (Figure 1C). This data indicated that CASC2
overexpression plasmid was stably transfected
into TC cells.

Overexpression of CASC2 inhibits TC cell prolif-
eration via inducing apoptosis

To investigate the cell viability, MTT assay was
performed. As demonstrated in Figure 2A,
overexpression of CASC2 notably inhibited the
viability of B-CPAP cells. In addition, CASC2
overexpression notably induced TC cell apopto-
sis (Figure 2B and 2C). To verify these results,
Western blot was performed. As indicated in
Figure 2D-G, overexpression of CASC2 signifi-
cantly decreased the expression of anti-apop-
totic protein (Bcl-2). In contrast, the expression
of pro-apoptotic protein (BAX and cleaved cas-
pase-3) was increased CASC2 overexpression.
Taken together, overexpression of CASC2 nota-
bly inhibited TC cell growth.

Upregulation of CASC2 inhibits the migration
and invasion of TC in vitro

Next, to verify the effect of CASC2 on migration
and invasion of TC cells, wound healing and
transwell assay were performed. As showed in
Figure 3A, relative migration rate of TC cells
was significantly increased by CASC2 overex-
pression. Consistently, the invasion number of
TC cells was notably decreased by overexpres-
sion of CASC2 (Figure 3B). All these results
showed that upregulation of CASC2 inhibited
the migration and invasion of TC in vitro.

Am J Transl Res 2020;12(10):6314-6324
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Figure 2. Overexpression of CASC2 induces the inhibition of TC cell growth. A. B-CPAP cells were treated with vector-control (NC) or CASC2 expression vector for O,
12, 24, or 48 h. Then, the biological function of CASC2 on the viability of B-CPAP cells was assessed by MTT assay. B, C. Cell apoptosis was detected with Annexin V/
Pl staining. The rate of apoptotic cells was detected by FACS. X axis: the level of Annexin-V FITC fluorescence; Y axis: the Pl fluorescence. D. The expressions of Bax,
Bcl-2 and cleaved caspase3 in B-CPAP cells were detected by Western blot. B-actin was used as an internal control. E. The relative expression of Bcl-2 was quantified
via normalizing to B-actin. F. The relative expression of Bax was quantified via normalizing to B-actin. G. The relative expression of cleaved caspase3 was quantified
via normalizing to B-actin. ""P<0.01 compared to control.
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Figure 3. Upregulation of CASC2 inhibits the migration and invasion of TC in vitro. A. After 48 h of incubation, relative
migration rate of B-CPAP cells was detected by wound healing. B. After 48 h of incubation, the invasion of B-CPAP
cells was detected by transwell assay. “"P<0.01 compared to control.

A B MMP2 Cc MMP9
MMP2 om— e - .S 1.59 5 0.6
_ =
MIMPQ — a— g 1.04 % 0.4-
£ iE
B-actin S———— g
\ & 0.5 & 0.2
& ¥ F e ¢ .
& A S
& & o0 : i— & 0.0 -
& & & & & &
& el & v
S &

Figure 4. Upregulation of CASC2 inhibits the migration and invasion of TC cells via downregulation of MMP2 and
MMP9. A. The expression of MMP2 and MMP9 in B-CPAP cells was detected by Western blot. B-actin was used as
an internal control. B. The relative expression of MMP2 was quantified via normalizing to B-actin. C. The relative

expression of MMP9 was quantified via normalizing to B-actin. “"P<0.01 compared to control.

Upregulation of CASC2 inhibits the migration
and invasion of TC cells via downregulation of
MMP2 and MMP9

For the purpose of exploring the mechanism by
which CASC2 regulated the migration and inva-
sion of TC cells, Western blot was used. As illus-
trated in Figure 4A-C, the expressions of migra-
tion and invasion related proteins (MMP2 and
MMP9) in TC cells were obviously decreased by
CASC2 overexpression. All these data suggest-
ed that upregulation of CASC2 inhibited the
migration and invasion of TC cells via downreg-
ulation of MMP2 and MMP9.
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MiR-24-3p is the downstream target gene of
CASC2

To investigate the potential mechanism by
which CASC2 modulated the progression of TC
in vitro, targetscan and miRDB database were
used to search the downstream target gene of
CASC2. As indicated in Figure 5A, CASC2 had a
putative miR-24-3p targeting site. In addition,
Luciferase reporter assay was performed to
determine whether miR-24-3p could directly
interact with CASC2 in TC cells. The result indi-
cated that co-transfection of the wild-type
IncRNA CASC2 vector (WT CASC2) with miR-24-

Am J Transl Res 2020;12(10):6314-6324
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Figure 5. MiR-24-3p is the downstream target gene of CASC2. A. Gene struc-
ture of CASC2 at the position of 2169-2175 indicated the predicted target
site of miR-24-3p in its 3'UTR. B. The luciferase activity was measured in
B-CPAP cells following co-transfecting with WT/MT CASC2 3’-UTR plasmid
and miR-24-3p with the dual luciferase reporter assay. C. Equation of linear
regression was performed to detect the correction with CASC2 and miR-24-
3p. D. The expression of miR-24-3p in TC cells was detected by qRT-PCR.

“*P<0.01 compared to control.

3p mimics significantly reduced luciferase
activities compared with mutant CASC2 vector
(MT CASC2) (Figure 5B). In addition, the level of
miR-24 in TC tissue was negatively correlated
with CASC2 expression (Figure 5C). Moreover,
the overexpression of miR-24-3p was notably
decreased by CASC2 overexpression (Figure
5D). All these data showed that miR-24-3p was
the downstream target gene of CASC2.

Overexpression of CASC2 inhibits the progres-
sion of TC via sponging miR-24-3p

Then, to further investigate the mechanism by
which CASC2 modulated the progression of TC,
MTT assay was used. As showed in Figure 6A,
OD value of TC cells was notably decreased by
overexpression of CASC2, while the anti-prolif-
erative effect of CASC2 OE on TC cells was par-
tially reversed by miR-24-3p mimics. Similarly,
miR-24-3p mimics significantly suppressed the
apoptotic effect of CASC2 overexpression on
TC cells (Figure 6B). Next, wound healing and
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1.0 15 inhibited by upregulation of

CAsc2 CASC2, which was partially

reversed by miR-24-3p mimics
(Figure 6D). All these data
revealed that upregulation of
CASC2 inhibited the progres-
sion of TC via sponging
miR-24-3p.

Upregulation of CASC2 inhib-
its the growth TC in vivo

Finally, to investigate the ef-
fect of CASC2 on TC in vivo,
xenograft mice model was es-
tablished. As showed in Figure
7A and 7B, the tumor sizes of
mice were obviously decreas-
ed by CASC2 overexpression.
In consistent, tumor weight in
CASC2 OE group was signifi-
cantly decreased compared with that in control
group (Figure 7C). Moreover, the expression of
CASC2 in tumor tissues of mice was significant-
ly upregulated by CASC2 OE (Figure 7D). All
these data suggested that upregulation of
CASC2 could inhibit the growth of TC in vivo.

Discussion

The roles of CASC2 in different type of cancers,
either as tumor suppressor or oncogene, have
been discussed previously. For example, Li et
al. suggested that down-regulation of CASC2
may contribute to the cisplatin resistance in
gastric cancer [16]. Xue et al. proved that
CASC2 may inhibit the progression of epithelial
ovarian cancer [17]. In addition, Gao et al. sug-
gested that CASC2 can regulate breast cancer
cell growth and metastasis through targeting
the miR-96-5p [18]. On the other hand, Zheng
et al. reported that CASC2 promotes paclitaxel
resistance of breast cancer cells via regulation
of miR-18a-5p/CDK19 [19]. In TC, Zhou et al.

Am J Transl Res 2020;12(10):6314-6324
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Figure 6. CASC2 inhibits the proliferation and migration of TC cells via targeting miR-24-3p. A. B-CPAP cells were treated vector-control (NC), CASC2 OE or CASC2
OE+miR-24-3p for O, 12, 24, or 48 h. Then, the biological function of CASC2 on the viability of B-CPAP cells was assessed by MTT assay. B. Cell apoptosis was de-
tected with Annexin V/PI staining. The rate of apoptotic cells was detected by FACS. X axis: the level of Annexin-V FITC fluorescence; Y axis: the Pl fluorescence. C.
After 48 h of incubation, relative migration rate of B-CPAP cells was detected by wound healing. D. After 48 h of incubation, the invasion of B-CPAP cells was detected
by transwell assay. ""P<0.01 compared to control. #P<0.01 compared to CASC2 OE.
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Figure 7. CASC2 inhibits the progression of TC in vivo. B-CPAP cells trans-
fected with CASC2 overexpression plasmid or vector control were subcutane-
ously injected into nude mice to establish tumor xenograft model. A. Tumor
volumes of mice were measured weekly. B. At the end of the study, tumor
tissues of mice were collected and pictured. C. Tumor weights in each group
of mice were calculated. D. The expression of CASC2 in tumor tissues of
mice was detected by qRT-PCR. ""P<0.01 compared to control.

reported that CASC2 expression is down-regu-
lated, and it may promote the cell invasion by
affecting epithelial-mesenchymal transition
(EMT). In this study, we also observed the
decreased of CASC2 in TC tumor tissue and cell
lines, which was consistent with Zhou et al. The
above results proved that CASC2 was down-
regulated in TC and may sever as a tumor sup-
pressor. Our study firstly found CASC2 could
bind to miR-24-3p, supplementing the underly-
ing mechanism by which CASC2 mediates the
tumorigenesis of TC.

Tumor cells were known as a group of cells with
the characteristics of un-controlled growth and
increased migration and invasion ability [20,
21]. In the present study, we found that overex-
pression of CASC2 inhibited the proliferation,
migration, invasion of TC cells by promoting the
apoptosis. Consistently, we also proved that
CASC2 could inhibit the growth of TC tumors in
xenograft animal models. These results sug-
gested that CASC2 could exert anti-tumor func-
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tion in vitro and in vivo, sug-
gesting that CASC2 may serve
as potential novel target for
treating TC.

NC CASC2O0E

In previous studies, IncCRNAs
mediated the progression of
diseases via sponging miR-
NAs [22-24]. With the deve-
lopment of the bioinformatics,
the target miRNAs of IncRNAs
can be predicted by various
methods. In the current study,
miR-24-3p has been identified
as a target miRNA of CASC2
base on online tools tar-
getscan and miRDB. By liter-
ate research, we found that
miR-24-3p function as an
oncogene in different type of
cancers. Our finding was con-
sistent with the previous
researches [25-28]. Therefore,
we hypothesized that CASC2
may exert its anti-tumor func-
tion via downregulating the
expression of miR-24-3p. To
verify this hypothesis, the rela-
tionship between CASC2 and
miR-24-3p was also confirmed
by dual luciferase reporter
assay. We also found the neg-
ative correlation relationship between the lev-
els of miR-24-3p and CASC2 in TC tumor tissue.
As expected, miR-24-3p mimics partially abro-
gated the anti-tumor effects of CASC2 on TC
cells. Taken together, these results demon-
strated that overexpression of CASC2 may
inhibit the development of TC by regulation of
miR-24-3p.

To sum up, CASC2 may function as a suppres-
sor to inhibit proliferation, migration, and inva-
sion of thyroid cancer cells through sponging
miR-24-3p. Our data suggests that overexpres-
sion of CASC2 inhibits the progression of TC in
vitro and in vivo. Thus, CASC2 may serve as a
novel target for treatment of TC.
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