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Nuclear lncRNA CERNA1 enhances the
cisplatin-induced cell apoptosis and
overcomes chemoresistance via epigenetic
activation of BCL2L10 in ovarian cancer
Ovarian cancer (OC) is the most lethal type of cancer
among female genital tumors.1 Along with debulking sur-
geries, platinum is the first-line chemotherapy treatment,
whereas chemoresistance is the biggest obstacles in a poor
prognosis of OC.2 Identifying a novel therapeutic target for
OC chemoresistance remains an urgent need. lncRNAs are
expressed in tissue-specific patterns and distributed in the
specific subcellular locations. The diverse regulatory
mechanisms of lncRNAs are dependent on their subcellular
location.3,4 lncRNA CERNA1, which is mainly located in the
cytoplasm of HUVECs, acts as a miRNA sponge.5 Here, for
the first time, we described the role and the molecular
regulatory mechanism of nuclear CERNA1 in OC. We found
that CERNA1 was poorly expressed in both OC tissues and
OC cells, which predicts a poor OC prognosis. Unlike in
HUVECs, CERNA1 is distributed almost exclusively in the
nucleus of OC cells. Nuclear CERNA1 induced BCL2L10
expression (an OC tumor repressor), promoted cell
apoptosis and reduced the cisplatin resistance by decoying
DNMT1 from the BCL2L10 promoter. These results suggest
that CERNA1 might be an attractive therapeutic target for
improving the sensitivity to chemotherapy for OC patients.

Long noncoding RNAs (lncRNAs) constitute a large
portion of the mammalian transcriptome. A set of the OC-
related lncRNAs that act as oncogenes or tumor suppressors
has been previously reported, including HOTAIR, lncRNA
ATB, lncRNA E2F4as and lncRNA SNHG17. lncRNA CERNA1
(competing endogenous lncRNA 1 for miR-4707-5p and miR-
4767), formerly known as LOC100129973, was first identi-
fied in ABO (6-amino- 2,3-dihydro-3-hydroxymethyl-1,4-
benzoxazine) to relieve the serum and FGF-2 starvation-
induced apoptosis of human umbilical vein endothelial cells
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(HUVECs). With the decoy activity of sequestering miR-
4707-5p and miR-4767, CERNA1 promotes the expression of
API5 and BCL2L12, and thus suppresses apoptosis. However,
there are no reports about CERNA1 in any tumor. To explore
the function of CERNA1 in OC, we analyzed the data of OC
tissues in GEO profiles and identified that CERNA1 expres-
sion was significantly downregulated in OC tissues (Fig. S1A,
B) and its expression further decreased with the develop-
ment of platinum resistance (Fig. S1C, D). We determined
the CERNA1 expression in 18 pairs of ovarian tumors and
adjacent non-tumor tissues. Consistent with the microarray
results, CERNA1 expression in tumor tissues was signifi-
cantly decreased (Fig. S1E). Furthermore, the results from
GEPIA datasets showed that CERNA1 was downregulated in
OC samples and that CERNA1 expression declined continu-
ously along with the OC progression (Fig. S1F, G). Moreover,
the survival analysis results demonstrated that OC patients
with low CERNA1 expression had a significantly worse
prognosis (Fig. S1H). These results showed that CERNA1
expression was extremely low in OC and that the down-
regulated expression predicts poor outcomes in OC
patients.

CERNA1 expression in OC cells was lower than in normal
human ovarian surface epithelial cells (HOSE) (Fig. S2A).
SKOV3 was selected to create an overexpression and
knockdown cell model due to its moderate CERNA1
expression. Considering that CERNA1 expression was asso-
ciated with platinum resistance, we hypothesized that
CERNA1 was involved in the cisplatin-induced OC cell
apoptosis. qRT-PCR analysis showed that CERNA1 expres-
sion was upregulated by cisplatin treatment (Fig. 1A).
Furthermore, we detected the subcellular distribution of
CERNA1 in OC cells. The results showed that the majority of
CERNA1 was distributed in the nuclei of OC cells (Fig. 1B).
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Figure 1 Nuclear CERNA1 enhanced BCL2L10 expression by decoying DNMT1 from BCL2L10 promoter, thus promoted the cisplatin
induced cell apoptosis in ovarian cancer. (A) Quantified real-time PCR analysis of CERNA1 expression treated with cisplatin for 24 h
at various concentration in SKOV3 cells. (B) The cellular distribution of CERNA1 in SKOV3 cells. Cells were separated into two
fractions and then RNA was separately extracted from nucleus and cytoplasm; qPCR was used to detect CERNA1 RNA level (ATCB
and GAPDH as cytoplasmic marker; MALAT1 and NEAT1 as nuclear marker). (C, D) CCK8 analysis of SKOV3 cell viability. SKOV3 cells
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lncRNA expression e was used to overexpress CERNA1 in the
nuclei of cells (N-OE-CERNA1). For knocking down nuclear
lncRNA, ASOs were used to silence CERNA1 expression (Fig.
S2B, C). N-OE-CERNA1, ASO-CERNA1 and their controls were
transfected into SKOV3 cells with cisplatin treatment at
different time points. The CCK8 assay indicated that OC
cells with nuclear CERNA1 overexpression exhibited higher
sensitivity to platinum cytotoxicity, whereas, nuclear
CERNA1 knockdown conferred OC cells with platinum
resistance (Fig. 1C, D). Moreover, nuclear CERNA1 signifi-
cantly elevated the level of cleaved PARP and cleaved
Caspase 3; correspondingly, nuclear CERNA1 knockdown
significantly inhibited the PARP and Caspase 3 cleavage
(Fig. 1E, F; Fig. S2DeG). Taken together, CERNA1, mainly
located in the nucleus of OC cells, enhanced the cisplatin
induced apoptosis, thus reducing the cisplatin resistance.

BCL2L10 is located in chromosome 15, the neighboring
region of CERNA1 in the genome (Fig. S3A). To explore the
expression pattern of BCL2L10 in OC, the data from the GEO
profile (GDS3592) were analyzed. The results demonstrated
that the BCL2L10 mRNA level was significantly lower in OC
tissues (Fig. S3B, C). Furthermore, tissues were graded into
either the high-expression or low-expression groups, ac-
cording to the immunohistochemical staining of BCL2L10.
Low expression of BCL2L10 was found in 75% of the OC
samples (n Z 52), whereas it only accounted for 33% in
adjacent non-tumor tissue (n Z 32) (Fig. S3D, E). We
analyzed the correlation between BCL2L10 expression and
FIGO stage with the TCGA database. Results showed that,
the expression of BCL2L10 was significantly decreased
and accompanied by the OC progression (Fig. S3F). A
KaplaneMeier survival analysis proved that OC patients with
high BCL2L10 levels had longer survival than OC patients
with low BCL2L10 (Fig. S3G). Moreover, a positive correlation
was noted between CERNA1 and BCL2L10 in their expression,
were transfected with pZW1-sno-CERNA1 and empty vector at 0.2 m
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with a correlation coefficient of 0.42 (Fig. S3H). These data
suggest that a low level of BCL2L10 existed in OC tissues; a
lower expression predicted a worse prognosis.

Considering the role of CERNA1 in cisplatin resistance of
OC, we wondered whether BCL2L10 was involved in
cisplatin-induced apoptosis. Both the mRNA and protein
levels of BCL2L10 were dramatically increased under
cisplatin treatment (Fig. 1G, H; Fig. S4A). The pcDNA3.1-
BCL2L10 plasmid was transfected into SKOV3 for BCL2L10
overexpression (OE-BCL2L10). Both siBCL210 and ASO-
BCL2L10 were simultaneously transfected into SKOV3 for
BCL2L10 knockdown (KD-BCL2L10). The efficiency of over-
expression or knockdown was determined by Western blot
analysis. BCL2L10 overexpression efficiently increased the
level of cleaved PAPR and cleaved Caspase 3. For the
knockdown of BCL2L10, the cleaved PARP and Caspase 3
were evidently inhibited (Fig. 1I, J; Fig. S4BeG). Collec-
tively, BCL2L10 acted as a tumor repressor and promoted
the cisplatin-induced apoptosis.

Next, we evaluated the mRNA and protein levels of
BCL2L10 after overexpression or knockdown of nuclear
CERNA1. When nuclear CERNA expression was enhanced,
BCL2L10 expression was significantly increased. In contrast,
BCL2L10 expression decreased (Fig. 1K, L; Fig. S5AeD). The
CCK8 assay suggested that the cisplatin resistance reduced
by nuclear CERNA1 overexpression was recovered after
BCL2L10 knockdown. Conversely, the cisplatin resistance
enhanced by nuclear CERNA1 knockdown was restored after
BCL2L10 overexpression (Fig. 1M, N). Furthermore, BCL2L10
knockdown significantly inhibited the cleavage of PARP and
Caspase 3, which was induced by N-OE-CERNA1. Corre-
spondingly, overexpression of BCL2L10 significantly pro-
moted the cleavage of PARP and Caspase 3, which was
inhibited by ASO-CERNA1 (Fig. 1O, P; Fig. S5EeH). Collec-
tively, nuclear CERNA1 promoted the cisplatin-induced
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apoptosis by enhancing BCL2L10 expression, thus reducing
the cisplatin resistance.

Considering that BCL2L10 expression might be regulated
by the DNA methylation level in its promoter region
(Fig. S6A), BSP analysis showed that N-OE-CERNA1 induced
the hypomethylation of the BCL2L10 promoter region,
while ASO-CERNA1 induced its hypermethylation (Fig. 1Q,
R; Fig. S6B). Considering that CERNA1 might bind with
DNMT1 and DNMT3B (Table S1), RNA pull-down was per-
formed to determinate the interaction of CERNA1 and
DNMT1 (Fig. S6C). An enrichment of CERNA1 in the complex
with DNMT1 was further validated by a RIP assay (Fig. S6D,
E). Furthermore, a ChIP experiment showed that DNMT1
bound to the BCL2L10 promoter less in cells transfected
with the N-OE-CRENA1 plasmid. Conversely, the concomi-
tantly increased binding of DNMT1 to the BCL2L10 promoter
was detected after CERNA1 knockdown (Fig. 1S, T). These
results suggested that CERNA1 is bound with DNMT1,
thereby activating BCL2L10 expression by repressing the
interaction between DNMT1 and the BCL2L10 promoter.

In summary, CERNA1 expression was downregulated in
OC and was significantly increased in the cisplatin-induced
apoptosis. Furthermore, CERNA1 epigenetically activated
BCL2L10 expression by decoying DNMT1 from the BCL2L10
promoter, thus enhancing the cisplatin-induced cell
apoptosis and overcoming chemoresistance (Fig. 1U).
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