
Am J Transl Res 2019;11(10):6561-6568
www.ajtr.org /ISSN:1943-8141/AJTR0096435

Original Article 
LncRNA CACS15 accelerates the  
malignant progression of ovarian cancer  
through stimulating EZH2-induced inhibition of APC
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Abstract: To elucidate the potential function of lncRNA CACS15 in the progression of ovarian cancer (OC) and its 
underlying mechanism. CACS15 level in OC tissues and cell lines was determined by qRT-PCR. Correlation between 
CACS15 level and survival of OC patients was analyzed through Kaplan-Meier method. Regulatory effects of CACS15 
on cellular behaviors of OC cells were evaluated through CCK-8 and Transwell assay. Subsequently, RIP and RNA 
pull-down were performed to uncover the interaction between CACS15 and EZH2. Through ChIP assay, the interac-
tion between EZH2 and APC was illustrated. A series of rescue experiments were finally conducted to elucidate the 
role of CACS15/APC axis in the malignant progression of OC. CACS15 was upregulated in OC tissues and cell lines 
relative to matched ones. High-level of CACS15 predicted worse survival in OC patients. Knockdown of CACS15 at-
tenuated proliferative, migratory and invasive abilities of OC cells. CACS15 was mainly distributed in cytoplasm of OC 
cells, which was interacted with EZH2 at post-transcriptional level. Knockdown of CACS15 reduced the occupancies 
of EZH2 and H3K27me3 in APC promoter regions. Notably, knockdown of APC could reverse the regulatory effect of 
CACS15 on cellular behaviors of OC cells. LncRNA CACS15 inhibits the expression of APC by recruiting EZH2, thus 
accelerating the progression of ovarian cancer as an oncogene.
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Introduction 

Ovarian cancer (OC) has a high incidence in 
female reproductive organs secondary to cervi-
cal cancer and endometrial cancer [1]. Epithelial 
cancer is the most common subtype of ovarian 
malignancies. Its mortality remains high, pos-
ing a serious threat to female health [2]. Owing 
to the deep location of ovaries in the pelvic cav-
ity, small size and lack of typical symptoms, the 
diagnosis of early-stage OC is a big challenge 
nowadays [3]. Most of OC patients have already 
developed metastases in the pelvic and ab- 
dominal cavity at the time of diagnosis. 

EZH2 is highly expressed in many types of ma- 
lignant tumors [4-7]. It participates in the occur-

rence and progression of tumors via mediating 
tumor cell behaviors [8]. EZH2 could indirectly 
mediate cellular activities through targeting its 
downstream genes as well [9]. 

LncRNA is a functional non-coding RNA with 
over 200 nucleotides [10]. A growing number of 
evidences have proved the involvement of lnc- 
RNAs in pathological processes, especially in 
tumorigenesis [11]. Dysregulated lncRNAs are 
usually observed in tumor tissues. They are 
capable of mediating malignant phenotypes of 
tumor cells, and thus influence the progression 
and metastasis of tumors [12]. The vital func-
tion of lncRNAs in ovarian cancer has been 
extensively concerned [13, 14]. LncRNA ABHD- 
11-AS1 influences the occurrence and progres-
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sion of epithelial OC through targeting RhoC 
[15]. By inducing the formation of inflamma-
somes, lncRNA GAS5 suppresses tumor pro-
gression of OC [13]. LncRNA SNHG15 serves as 
an oncogene that predicts the poor prognosis 
of epithelial OC [16]. LncRNA JPX predicts the 
poor prognosis of OC patients, which acceler-
ates tumor cells to proliferate, migrate and 
invade through PI3K/Akt/mTOR pathway [17]. 

LncRNA CACS15 is upregulated in many tumors, 
including breast cancer, colorectal cancer, os- 
teosarcoma and bladder cancer [18, 19]. Its 
role in OC, however, remains unclear. This study 
aims to uncover the function of lncRNA CACS15 
in regulating the malignant progression of OC 
and the possible mechanism.

Methods 

Sample collection 

OC tissues (n = 58) were collected from OC 
patients undergoing the surgery for the first 
time in the Second Hospital of Shandong 
University from April 2016 to October 2018. 
Normal ovarian tissues (n = 30) were harvested 
from healthy controls. None of enrolled patients 
were treated with anti-tumor therapy before 
surgery. The experiment was approved by the 
Medical Ethics Committee of the Second Hos- 
pital of Shandong University and patients were 
informed consent. 

RNA extraction and quantitative real-time poly-
merase chain reaction (qRT-PCR) 

Total RNA was extracted using TRIzol (Invitrogen, 
Carlsbad, CA, USA), quantified and purified by 
UV spectrophotometer. RNA was reversely tran-
scribed into cDNA. QRT-PCR was performed 
under the conditions at 94°C for 5 min, fol-
lowed by 40 cycles at 94°C for 30 s, 55°C for 
30 s and 72°C for 90 s. 

Cell culture and transfection

OC cell lines (SKOV3, HO8910, A2780) and 
ovarian cell line (IOSE) were provided by ATCC, 
USA. Cells were cultured in Roswell Park Me- 
morial Institute 1640 (RPMI 1640) containing 
10% FBS (fetal bovine serum) (Gibco, Rockville, 
MD, USA) and 1% penicillin/streptomycin, and 
preserved in a 37°C, 5% CO2 incubator. One 
day prior to transfection, cells were seeded into 
a 6-well plate with 1 × 104 cells per well. Until 
75-85% of confluence, cell transfection was 

performed using LipofectamineTM 2000. Com- 
plete medium was replaced at 4-6 h. Tran- 
sfected cells for 24-48 h were harvested for  
the following experiments. The small inferen- 
ce RNA were siRNA-NC 5’-ACUACCGUUGUUA- 
UAGGUGTT-3’, si-CASC15 1# 5’-GTGACACAGT- 
TAACTTAAATT-3’, si-CASC15 2# 5’-GAATTGAA- 
CACACAGTTTTAT-3’.

Cell counting kit (CCK-8)

Transfected cells were seeded in a 96-well 
plate with 2 × 103 cells per well. At the appoint-
ed time points, 10 μL of CCK-8 (Beyotime 
Biotechnology, Shanghai, China) solution was 
applied per well. After incubation for 2 hours, 
the recorded absorbance at 450 nm using a 
microplate reader was used for plotting the 
growth curve.

Transwell assay

After 48 hours of transfection, cells were di- 
gested and resuspended in serum-free medi-
um. Cell density was adjusted to 1.0 × 106/ml. 
Transwell chambers with pre-coated Matrigel 
were placed in 24-well plates. 200 μl of cell 
suspension and 500 μl of medium containing 
10% FBS were added in the upper and lower 
chamber, respectively. After cell culture for 48 
h, cells were fixed with 4% paraformaldehyde 
for 15 min and stained with crystal violet for 15 
min. Inner cells were carefully cleaned. Pe- 
netrating cells were captured in 5 randomly 
selected fields of each sample. Cell invasion 
procedures were as the same as the above 
except for Matrigel pre-coating. 

Western blot 

Proteins were extracted from cells and loaded 
for electrophoresis and transferred on a polyvi-
nylidene fluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA) membrane. After blocking in 
5% skim milk for 2 hours, membranes were 
subjected to incubation with primary antibod-
ies at 4°C overnight and secondary antibodies 
for 2 hours. Bands were exposed by electroche-
miluminescence (ECL) (Pierce, Rockford, IL, 
USA) and analyzed by Image Software. 

RNA pull-down assay

T7 RNA polymerase (Promega, Madison, WI, 
USA) and biotin RNA tagged mixtures (Roche, 
Indianapolis, IN, USA) were used to label the 
transcriptional CACS15 in vitro. Biotinylation 
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CACS15 was denaturalized at 90°C for 2 min, 
placed on ice for another 2 min and incubated 
with RNA binding buffer for 25 min. The biotin-
coupled RNA complex was pulled down by incu-
bating the cell lysates with streptavidin-coated 
beads. The expression of CACS15 in the bound 
fraction was detected by Western blot. 

Chromatin immunoprecipitation (ChIP)

Cells were cross-linked with 1% formaldehyde 
for 10 min at room temperature. Subsequently, 
the cross-linked cells were lysed using lysis buf-
fer and sonicated for 30 min. Finally, the soni-
cated lysate was immuno-precipitated with 
antibodies and IgG.

RNA immunoprecipitation (RIP)

Cells were collected and treated according to 
the procedures of Millipore Magna RIPTM RNA-

Binding Protein Immunoprecipitation Kit. Cell 
lysate was incubated with anti-EZH2 or IgG 
antibody at 4°C for 6 h. A protein-RNA complex 
was captured and digested with 0.5 mg/ml pro-
teinase K containing 0.1% sodium dodecyl sul-
phate (SDS) to extract RNA. The magnetic be- 
ads were repeatedly washed with RIP washing 
buffer to remove non-specific adsorption as 
much as possible. Finally, the extracted RNA 
was subjected to mRNA level determination 
using qRT-PCR.

Statistical analysis

SPSS 19.0 (SPSS IBM, Armonk, NY USA) was 
used for all statistical analysis. Data were rep-
resented as mean ± SD. The t-test was used for 
analyzing intergroup differences. Kaplan-Meier 
method was introduced for survival analysis. P 
< 0.05 indicated the significant difference.

Figure 1. CACS15 was upregulated in OC and negatively correlated to the disease prognosis. A. Relative level of 
CACS15 in 30 cases of normal ovarian tissues and 58 cases of OC tissues. B. Relative level of CACS15 in normal 
ovarian cancer cell line (IOSE) and OC cell lines (SKOV3, HO8910, A2780). C. Kaplan-Meier introduced for analyzing 
the overall survival in OC patients with high level and low level of CACS15. D. Kaplan-Meier introduced for analyzing 
the disease-free survival in OC patients with high level and low level of CACS15.
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Results 

CACS15 was upregulated in OC and negatively 
correlated to the disease prognosis

Compared with the 30 cases of normal ovarian 
tissues, CACS15 was upregulated in 58 cases 
of OC tissues (Figure 1A). Identically, CACS15 
was highly expressed in OC cell lines (Figure 
1B). Kaplan-Meier method was introduced for 
analyzing the prognosis of OC. Both overall sur-
vival and disease-free survival were worse in 
OC patients with high level of CACS15 relative 
to those with low level of CACS15 (Figure 1C, 
1D). It is suggested that CACS15 may be 
involved in the progression of OC. 

Knockdown of CACS15 suppressed OC cells to 
proliferate, migrate and invade

Transfection of si-CACS15 markedly downregu-
lated CACS15 level in HO8910 and A2780 cells 
(Figure 2A). CCK-8 assay revealed the inhibited 
viability in OC cells transfected with si-CACS15 
(Figure 2B, 2C). Transwell assay demonstrated 

that knockdown of CACS15 attenuated migra-
tory and invasive abilities in HO8910 cells 
(Figure 2D, 2F). Similarly, inhibited migratory 
and invasive abilities were identified in A2780 
cells with CACS15 knockdown (Figure 2E, 2G). 

CACS15 inhibited APC transcription via recruit-
ing EZH2

To uncover the regulatory mechanism of CA- 
CS15 in OC, cellular distribution of CACS15 was 
first determined by qRT-PCR. As the data sh- 
owed, CACS15 was mainly distributed in the 
cytoplasm of HO8910 cells, suggesting the reg-
ulatory role of CACS15 at post-transcriptional 
level (Figure 3A). Recent studies have indicated 
a novel regulatory network of lncRNA-protein to 
mediate gene expression [17]. Both RIP and 
RNA pull-down assay confirmed the interaction 
between EZH2 and CACS15 (Figure 3B, 3C). A 
previous study has suggested that EZH2 could 
suppress APC transcription in liver cancer [18]. 
Here, we speculated that CACS15 may inhibit 
APC transcription in OC via interacting with 
EZH2. Both mRNA and protein levels of APC 

Figure 2. Knockdown of CACS15 suppressed OC cells to proliferate, migrate and invade. A. Transfection efficacy of 
si-CACS15 in HO8910 and A2780 cells. B. CCK-8 assay revealed the viability in HO8910 cells transfected with NC or 
si-CACS15. C. CCK-8 assay revealed the viability in A2780 cells transfected with NC or si-CACS15. D. Transwell assay 
revealed the migration in HO8910 cells transfected with NC or si-CACS15. E. Transwell assay revealed the migration 
in A2780 cells transfected with NC or si-CACS15. F. Transwell assay revealed the invasion in HO8910 cells transfect-
ed with NC or si-CACS15. G. Transwell assay revealed the invasion in A2780 cells transfected with NC or si-CACS15.
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were upregulated in OC cells transfected with 
si-CACS15 (Figure 3D, 3E). In addition, ChIP 
assay verified that EZH2 could bind to promoter 
regions of APC, thus inducing H3K27me3 modi-
fication in OC cells (Figure 3F, 3G). Notably, 
knockdown of CACS15 attenuated the enrich-
ment of EZH2 and H3K27me3 in the promoter 
regions of APC (Figure 3H, 3I). Collectively, 
CACS15 interacted with EZH2 to suppress APC 
transcription in OC. 

Knockdown of APC and CACS15 suppressed 
OC cells to proliferate, migrate and invade

A series of rescue experiments were conducted 
to explore the involvement of APC in CACS15-
mediated malignant progression of OC. The 

upregulated APC in OC cells transfected with si-
CACS15 was greatly downregulated after co-
transfection of si-APC (Figure 4A). Transfection 
of si-CACS15 markedly inhibited the viability in 
OC cells, which was reversed by APC knock-
down (Figure 4B, 4C). Identically, the inhibited 
migratory and invasive abilities in OC cells with 
CACS15 knockdown were reversed after APC 
knockdown (Figure 4D-G). Therefore, it is con-
cluded that CACS15 exerted its carcinogenic 
role in OC via regulating APC.

Discussion

Molecular mechanisms underlying the occur-
rence and progression of OC are very complex 
[20]. This study mainly explored the biological 

Figure 3. CACS15 inhibited APC transcription via recruiting EZH2. A. Cellular distribution of CACS15 in HO8910 cells. 
U6 was the internal reference for nucleus and GAPDH was for cytoplasm. B. RIP assay revealed the relative enrich-
ment of CACS15 in immunoprecipitates with IgG or anti-EZH2. C. RNA pull-down assay revealed the protein level 
of CACS15 in IP and input of HO8910 and A2780 cells. D. Relative level of APC in HO8910 and A2780 cells trans-
fected with NC or si-CACS15. E. Protein level of APC in HO8910 and A2780 cells transfected with NC or si-CACS15 
(1# and 2#). F. ChIP assay revealed the relative level of EZH2 in APC promoter regions. G. ChIP assay revealed the 
relative level of H3K27me3 in APC promoter regions. H. EZH2 occupancy in APC promoter regions after transfection 
of si-CACS15 of HO8910 and A2780 cells. I. H3K27me3 occupancy in APC promoter regions after transfection of 
si-CACS15 of HO8910 and A2780 cells.
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function of lncRNA CACS15 in the progression 
of OC. 

LncRNAs are important regulators in tumors, 
including OC [21]. Increasing evidences have 
confirmed the crucial impact of lncRNAs on the 
malignant progression of OC [22]. For example, 
overexpression of lncRNA FER1L4 suppresses 
paclitaxel-resistance in OC cells via MAPK path-
way [23]. It is reported that lncRNA FEZF1-AS1 
stimulates the proliferative ability and inhibits 
apoptosis of OC cells through activating JAK-
STAT3 pathway [24]. LncRNA myocardial infarc-
tion-associated transcript accelerates prolifer-
ation and suppresses apoptosis of epithelial 
OC by sponging miR-330-5p [25]. 

Previous studies have illustrated the great ab- 
undance of lncRNA CACS15 in tumors as an 
oncogene, which predicts a poor prognosis. In 
this study, CACS15 was upregulated in OC tis-
sues and cell lines. Knockdown of CACS15 
markedly attenuated proliferative, migratory 
and invasive abilities of OC cells. It is confirmed 
that CACS15 exerted a carcinogenic role in OC. 

LncRNAs are able to influence tumor behaviors 
via different mechanisms. EZH2 was verified 
here to bind to CACS15, which further promot-
ed the promoter methylation to inhibit gene 
expression of APC. APC is a key component in 
the Wnt transduction signaling. APC inactiva-
tion leads to degradation dysfunction of β- 
catenin. Free β-catenin accumulates in the cy- 
toplasm and thereafter translocates into the 
nucleus, where Tcf/Lef is activated. Subse- 
quently, activation of Tcf/Lef results in tran-
scription abnormalities in c-myc, c-jun and 
Cyclin D1, eventually leading to cell malignancy 
[26]. Sohlh2 functions as a tumor suppressor in 
breast cancer, which alleviates tumor progres-
sion by APC upregulation to repress Wnt/β-
catenin signaling pathway [27]. Mutations of 
APC in the distal oviduct result in precursor 
lesions that further develops into ovarian tu- 
mors [28]. A previous study demonstrated that 
EZH2 in liver cancer led to transcription inhibi-
tion of APC, a classical negative regulator in 
Wnt/β-catenin pathway [29]. We speculated 
that CACS15 may regulate EZH2 to further 
inhibit APC expression in OC. Our studies indi-

Figure 4. Knockdown of APC and CACS15 suppressed OC cells to proliferate, migrate and invade. HO8910 and 
A2780 cells were transfected with NC, si-CACS15 or si-CACS15+si-APC. A. Relative level of APC in each group. B, C. 
CCK-8 assay revealed the viability in each group. D, E. Transwell assay revealed the migration in each group. F, G. 
Transwell assay revealed the invasion in each group.
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cated that lncRNA CACS15 knockdown mark-
edly upregulated APC expression in OC cells. 
Furthermore, lncRNA CACS15 knockdown re- 
duced the occupancies of EZH2 and H3K27me3 
in APC promoter. Notably, transfection of si-APC 
reversed the carcinogenic role of CACS15. It is 
concluded that upregulated CACS15 in OC 
accelerated the malignant progression through 
mediating EZH2-induced epigenetic inhibition 
of APC. 

To sum up, our results demonstrated the upreg-
ulated lncRNA CACS15 was closely related to 
clinical characteristics of OC, which accelerat-
ed the progression of ovarian cancer through 
inhibiting APC. However, the deeper mecha-
nism should be uncovered in the future. Our 
research suggested that lncRNA CACS15 may 
be a promising therapeutic target of OC.

Conclusions 

LncRNA CACS15 inhibits the expression of APC 
by recruiting EZH2, thus accelerating the pro-
gression of ovarian cancer as an oncogene.
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