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Long noncoding RNA DATOC-1 that associate with DICER
promotes development in epithelial ovarian cancer by upregulating
miR-7 expression
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Background: DICER is a key RNase III enzyme that cleaves processes miRNAs into their mature form. It
is remarkably down-regulated in most epithelial ovarian cancer (EOC) and the down-regulation is associated
with high grade malignancy as well as poor clinical outcomes. In this study, we aimed to discover a IncRNA
interacting with DICER to participate in the process of microRNAs maturation and as a result promoting
development of EOC.

Methods: We conducted a RIP-seq aimed at DICER and we obtained its chromosomal location by aligning
the sequence in PubMed. And the IncRNA was named DATOC-1 (DICER Associated Transcript 1 in
Ovarian Cancer). We tested relative expression of DATOC-1 in 53 EOC and 7 adjacent ovarian samples by
qRT-PCR. Then the expression in EOC patients derived from The Cancer Genome Atlas (TCGA) were
analysed to identify DATOC-1-based signatures for EOC prognosis with survival analysis. Lastly, siRNA
Screening and lentiviral transduction was used to determine the function of DATOC-1 in vitro and in vive.
Results: We identified the IncRNA RP5-1120P11.1 as DATOC-1, which highly expressed in EOC tissues
than in adjacent. And Kaplan-Meier analysis indicated that the patients with EOC that expressed high levels
of DATOC-1 had a worse prognosis and shorter disease OS compared with DATOC-1 low-expressed
patients. In addition, DAT'OC-1 were further identified participating in EOC cell proliferation, cell cycle
regulation and cell invasion. And knockdown of DATOC-1 inhibits tumor progression iz vivo. Furthermore,
knockdown of DATOC-1 increased the expression of miR7. The evidence showed that miR7 functioning as
a tumor suppressor gene in EOC.

Conclusions: Our research shows that DATOC-1 can inhibit the development of EOC and is a promising
therapeutic target.
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Introduction

Ovarian cancer (OC) is the third most commonly diagnosed
malignant cancer among females and the leading cause of
cancer death in women (1). And approximately 90% ovarian
tumors are of epithelial origin. The poor prognosis is not
only because of the aggressive nature of epithelial ovarian
cancer (EOC) but also for that metastases are often present
when diagnosed (2). The standard treatment for advanced
EOC is cytoreduction surgery and chemotherapy; however,
the overall survival rate remains unsatisfactory (3). Therefore,
better understanding of the pathogenesis and molecular
changes of EOC will help improve the treatment of OC.

DICER is a key RNase III enzyme that cleaves processes
microRNA (miRNA) into their mature form (4). As an
upstream modulator of miRNAs, the down-regulation
of Dicer can promote cellular transformation and
tumorigenesis by a global decrease in miRINA expression (5).
And recent work has shown that dysregulation of miRNAs
is related to the pathogenesis, tumor phenotype and
chemosensitivity of OC (6). Merritt et al. demonstrate that
Dicer is remarkably down-regulated in 60% of detected
patients with invasive EOC and the down-regulation is
associated with high grade malignancy as well as poor
clinical outcomes (7). Besides this, low-expression of
DICER in EOC is involved in chemotherapy resistance (8).
Similarity, it has been reported that compared to normal
tissues, Dicer mRNA expression is down-regulated in the
majority of ovarian tumors and it may be the reason of
dysregulation of miRNAs (9). However, the underlying
mechanism of Dicer down-regulation in EOC remains
largely unclear.

Mammalian genomes encode a large number of
noncoding RNAs including small regulatory RINAs such
as miRNAs and long noncoding RNAs, RNA species
greater than 200 bp in length (10,11). LncRNAs mediate
several cancer-associated processes, including epigenetic
regulation, signal transduction pathways, miRNA silencing,
DNA damage and cell cycle control, and hormone-driven
disease (12). To date, some research suggest that they may
be potential drivers of cancer biology and serve as clinical
biomarkers (13-16), and also some were demonstrated in
OC (17-19). It is demonstrated that IncRNAs may regulate
gene functions by binding with miRNAs (20-22). Then,
may IncRINA regulates microRNA expression in microRINA
production such as transcription and maturation stage? To
date, there is litter report about IncRNA regulate cancer
progress by act in miRNA maturation, and if there any
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IncRNA act in DICER Function process has not yet be
reported.

In this study, we aimed to discover a IncRNA interacting
with DICER to participate in the process of microRNAs
maturation and as a result promoting development of EOC.
Finally, we found the clinical significance of the expression
of IncRNA RP5-1120P11.1 in EOC, which interacted with
DICER, correlated with prognoses and recurrence rate.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-189).

Methods
Cell lines and culture conditions

Human ovarian epithelial carcinoma cell line HO8910,
SKOV3 and A2780 (obtained from ATCC) were grown
in 5% CO, at 37 °C in RPMI 1640-glutamax (Hyclone,
America) supplemented with 10% FBS (Gibco, America)
and 1% Penicillin-Streptomycin Solution (Hyclone,
America).

RIP-seq

RIP was carried out using the Magna RIP RNA-Binding
Protein Immunoprecipitation kit (Millipore). The
antibodies against DICER (D5F2, rabbit monoclonal),
and GAPDH (D16H11, rabbit monoclonal) IgG (7074s,
rabbit monoclonal) were from Cell Signaling Technology.
Coimmunoprecipitated RNA was extracted using Trizol
LS (Invitrogen, Life Technologies) and Qiagen RNeasy
columns, treated with TURBO DNAfree, and then

analyzed by clone sequencing.

Patients specimens

Fifty three patients suffering from EOC received surgical
resection at Changzheng Hospital in Shanghai, China.
Patients participating in this study did not receive any
treatment. All patients had read and signed informed
consent before taking the samples. According to the World
Health Organization classification, the 53 EOC cases were
pathologically confirmed and histologically graded. Tissue
samples were fresh-frozen in liquid nitrogen after surgery.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the Institutional Review Board of the
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Second Military Medical University Changzheng Hospital.
Informed consent was obtained before surgery and biopsy.

RNA Isolation and qRT-PCR

Real-time quantitative PCR was performed with SYBR
Green (Toyobo; Osaka, Japan) following the manufacturer’s
protocol. Quantification was normalized to the GAPDH,
and the results were expressed as log102™*“). The primer
sequences for LncRNA DATOC-1 detection were as
follows: forward: 5~ TAACACTCACTACCCCTCACG-3’
and reverse: 5’-CTATTTCCAACTACGGTCACATC-3.
The sequences of the GAPDH primers were as follows:
forward: 5>-TGACTTCAACAGCGACACCCA-3’ and
reverse: 5’-CACCCTGTTGCTGTAGCCAAA-3’.

TCGA ovarian cancer and DATOC-1 datasets download
and processing

The TCGA epithelial ovarian cancer data (level 3 RNA
sequencing) of 426 individuals with clinical information
were extracted from the TCGA database, and 88 normal
ovarian tissues from the GTEX project. The exclusion
criteria are as follows: (I) EOC was ruled out by histological
diagnosis; (II) the existence of another malignancy with
EOC; and (III) patient death due to unrelated causes. Only
patients who were followed up for longer than one month
were included in the analysis. Since the data is downloaded
from a public database, ethical approval does not apply in
this case. The data processing procedures met the policies
of TCGA data access and human subject protection http://
cancergenome.nih.gov/publications/publication guidelines).

ShRNA screening and lentiviral transduction

Lentiviral vector (pLKO.1) and packaging vectors were
transfected into 293 T cells. The medium was changed every
8 hours after transfection, and collected 48 hours later. Cancer
cells were infected with lentivirus in the presence of 8 mg/mL
polybrene. The target sequences for NC was as follows:
TTCTCCGAACGTGTCACGT. The target sequences for
KD1 was as follows: AGGTACATAAACTGTGGCATA.
The target sequences for KD2 was as follows: TAGGATA
GTAGCTAGGACTA. The target sequences for KD3
was as follows: GCAGCTATGAGCCGAGAAATA. The
target sequences for KD4 was as follows: GTGGAAAC
GAAGCACATATA.
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2381

Cell proliferation assay

To evaluate the effect of DATOC-1 expression on the
proliferation of HO-8910 cells, Cell Counting Kit-8
(CCK-8, Dojindo, Kumamoto, Japan) was used to assess
cell viability according to the manufacturer’s instructions.
Cells were transfected with 20 nM shRNA targeted to
DATOC-1 (sh-DATOC-1) or scrambled negative control
(shRNA-NCQ). Cell survival rate (%) = experimental group
OD value-blank group OD value/control group OD value-
blank group OD value.

Cell cycle analysis and apoptosis assay

Cells were transfected with 20 nM sh-DATOC-1 or sh-NC
for 48 h. Then two group of cells were stained for 10 min
with annexin V and PI using the FITC Annexin V Apoptosis
Detection Kit II. Cell cycle analysis was performed using
an LSR flow cytometer (Becton Dickinson; San Jose, CA,
USA) with ModFit LT software (Verity Software House;
Topsham, ME, USA). Cell apoptosis was measured by
flow cytometry with a BD FACS Caliber instrument (BD
Biosciences, San Jose, CA, USA).

Matrigel invasion assays

A cell invasion assay was carried out using modified
Boyden chambers (BD Biosciences, San Jose, CA, USA).
The transfected cells were seeded in the top chamber of
transwell assay inserts, with the lower chamber with RPMI
1640 with 20% FBS. 48 h later, cells in the upper chamber
were scrubbed while invading cells were fixed with 4%
paraformaldehyde, stained with 0.1% crystal violet. Last,
cells in two chambers were examined, counted, and imaged
using digital microscopy.

In vivo xenograft experiments

The experimental animals that BALB/c nude mice, male,
approximately 6 weeks old and 20 g were purchased
from the Shanghai Experimental Animal Center of the
Chinese Academic of Sciences (Shanghai, China). The
mice were maintained in a pathogen-free environment
(four per cage) and allowed to acclimate for at least
1 week before tumor implantation. The tumor-bearing mice
model was set up as follows: the BALB/c nude mice were
inoculated subcutaneously on the right of their armpit with
5x10° EOC cells (in 100 pL culture medium) to develop
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Figure 1 Determination the DATOC-1 sequence and location by performing RIP-seq on DICER. (A) DICER IP fragment cloning; (B)
sequencing of the fragment; (C) sequence alignment; (D) RP5-1120P11.1 (DATOC-1) position on the chromosome. DATOC-1, DICER

Associated Transcript 1 in Ovarian Cancer.

xenograft tumors. After about 2 weeks, the volume of the
tumors reached about 50 mm’. The tumor-bearing mice
was grouped randomly as follows: negative control group
(n=4) and the DATOC-1 knockdown group (n=4). All
mice were executed after 35 days, and tumor tissues were
collected with capsule.

All experiments were performed under a project license
granted by the Institutional Review Board of the Second
Military Medical University Changzheng Hospital, in
compliance with the national or institutional guidelines for
the care and use of animals.

Statistical analysis

All graph values represent means = SD from three
independent experiments with each measured in triplicate.
The differences between two groups were analyzed with
the unpaired two-sided Student’s ¢ test. The log-rank test
was used to test for differences between curves using SPSS
17.0 Statistical Software (SPSS Inc., Chicago, IL). All
statistical tests were two-sided. A P value of less than 0.05
was considered statistically significant and indicated with
asterisks, as described in figure legends.
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Results

Identify IncRNA DATOC-1 which interacts with DICER
and is dysregulated in EOC

To find out the most interesting candidate that combine
directly with DICER, we conducted a RIP-seq aimed at
DICER. We named the resulting fragment DATOC-1
(DICER Associated Transcript 1 in Ovarian Cancer)
(Figure 14,B). And we obtained its chromosomal location
as RP5-1120P11.1 by aligning the sequence in PubMed
(Figure 1C,D).

Expression of DATOC-1 is upregulated in EOC

To determine the role of DATOC-1 in EOC, we detected
the expression levels of DATOC-1 in 53 EOC and 7
adjacent ovarian samples using qPCR. We found that
DATOC-1 is highly expressed in EOC than in adjacent
tissue (Figure 24, P<0.001). To further validate these
findings, we extracted the expression data of RP5-
1120P11.1 in TCGA and GTEX project and analyzed the
IncRNA SCNAs in EOC. RNASeq includes sequencing
data of 426 EOC patients and sequencing data of 88 normal
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Figure 2 Upregulation of DATOC-1 in epithelial ovarian cancer tissues. (A) Relative expression of DATOC-1 in 53 EOC and 7 adjacent

ovarian samples by QRT-PCR; (B) relative expression of DATOC-1 in 426 epithelial ovarian cancer patients and 88 normal tissues on TCGA
and GTEX project; (C) Kaplan-Meier survival analysis for patients with different levels of DATOC-1 in EOC. DATOC-1 expression was
normalized against GAPDH expression. *, P<0.05; ***, P<0.001. EOC, epithelial ovarian cancer; TCGA, The Cancer Genome Atlas; GTEx,

Genotype-Tissue Expression.

tissues. The expression data of gene ENSG00000237686 in
which RP5-1120P11.1 is showed that the expression level of
this gene was also significantly up-regulated in EOC tissues
in the database (Figure 2B, P<0.05).

According to the median value of DATOC-1 expression
in EOC, the 423 EOC patients were divided into two
groups: high expression (n=211) and low expression
(n=212) groups. Then we found that patients with higher
DATOC-1 expression had significantly reduced overall
survival compared with patients with lower DATOC-1
expression, which suggested by the Kaplan-Meier survival
analysis (Figure 2C, P=0.034). These results demonstrated
DATOC-1 was upregulated in EOC tumors, supporting a
potential role in EOC progression.

Effect of DATOC-1 on cell function in EOC cells

As the upstream modulator of miRNAs, the down-regulation
of Dicer can promote tumorigenesis by decreasing
the expression of miRNA (5). To determine whether

DATOC-1, which combined directly with DICER, are
involved in the DICER function, the effect of DATOC-1
in EOC cells was examined using shRNA Screening and
lentiviral transduction. The expression of DATOC-1 in
diverse EOC cell lines was analyzed by qRT-PCR. The
three lines we tested had different expression levels of
DATOC-1, with A2780 showing the lowest and HO-
8910 showing the highest (Figure 3A4). Next, quantification
analysis showed the DATOC-1 expression level in
HO-8910 after the lentiviral transduction (Figure 3B).
And we choose KD4 as the most efficient interfering
lentiviral following the infection result. HO-8910 cells were
classified into two groups by DATOC-1 expression level
(DATOC-1 knockdown and NC as control).

The effect of DATOC-1 expression in cell proliferation
was evaluated by CCK-8 assay and inhibited when
DATOC-1 low expression compared with control cells
(Figure 3C). In addition, the effect of DATOC-1 on cell
cycle and apoptosis was analyzed by flow cytometry.
Silencing of DATOC-1 blocked the cell cycle in the G1
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Figure 3 Silencing of DATOC-1 OC cells suppressing cell proliferation. (A) Relative expression of DATOC-1 in A2780, skov3 and
HO-8910 cells; (B) knockdown efficiency ascertained by qPCR in HO-8910 transfected with sh-NC or sh-DATOC-1; (C) knockdown
DATOC-1 inhibited cell proliferation in HO-8910 by CCK-8 assay; (D) cell-cycle profiles of HO-8910 cells expressing control and sh-
DATOC-1; (E) knockdown DAT'OC-1 promoted tumor cells apoptosis in HO-8910 by flow cytometry; (F) transwell assay testified silencing

of DATOC-1 restrained cell invasion and metastasis. DATOC-1 expression was normalized against GAPDH expression. **, P<0.01; ***,
P<0.001. sh-NC, sh-negative control; sh-DATOC-1, sh-DATOC-1 group.

/S and S/G?2 phase and promoted cell apoptosis in HO-
8910 (Figure 3D,E). 'To further identify the functional role
of DATOC-1 in cell migration and invasion, transwell
assay were also performed in HO-8910. Knockdown
of DATOC-1 decreased cell migration compared with
the controls (Figure 3F). Taken together, these findings
demonstrated that DATOC-1 can function as an oncogene.

DATOC-1 promote tumor progression in vivo

After analyzing the function of DATOC-1 i vitro, we then
proceed to perform experiments iz vivo. 1o cover the role
of DATOC-1 in tumorigenicity iz vivo, we constructed
a xenograft tumor model. We stably transfected sh-NC
and sh-DATOC-1 cells with lentiviral and injected them

© Translational Cancer Research. All rights reserved.

into the peritoneum of nude mice to establish abdominal
epithelial ovarian tumors. All mice were executed after
35 days, and the growth of tumors in the DATOC-1 shRNA
group was significantly slower than those in the control
group (Figure 44,B). Then we measured the volume and
weight of tumors of sh-DATOC-1 group and sh-NC group.
Tumor volume were significantly reduced in the treatment
group which DATOC-1 was low expressed than in control
(Figure 4C), so as the tumor weight (Figure 4D).

DATOC-1 associates with DICER protein and regulates
expression of miRNA7

To identify the IncRNA that combined with DICER, we
have employed a RIP-seq aimed at DICER and discovered

Transl Cancer Res 2021;10(5):2379-2388 | http://dx.doi.org/10.21037/tcr-20-189
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IncRNA RP5-1120P11.1 (DATOC-1) by sequencing
comparison. Then to further verify the relationships between
DATOC-1 and DICER, we examined DICER expression
levels in control and sh-DATOC-1 EOC cells. By comparing
the expression levels of DICER in two groups, we found
that the expression of DICER increased with the decrease of
DATOC-1 expression in HO-8910 (Figure 5A).

It is known that DATOC-1 can regulate the expression
of DICER. Then, we predict that DATOC-1 can further
regulate the expression level of miRNA downstream
of DICER, and thus play a role in tumorigenesis and
development. We used the online tool “AnnoLnc” published
by Peking University in BMC Genomics (23) to predict
the possible target miRNAs of DATOC-1. Then we got
the following miRNAs such as miR-551, miR-7, miR-150,
miR-138, miR-145 (Figure 5B). We validated the expression
of predicted miRNAs with a primate over than 50%. And
we discovered that the expression of miRINA7 was increased
significantly with the knockdown of DATOC-1 (Figure 5C).
These data suggest that DATOC-1 may regulate EOC
progress by affecting miR7 by acting on DICER.

Discussion

In this work, we identified the IncRNA RP5-1120P11.1
as DATOC-1 (DICER Associated Transcript 1 in Ovarian
Cancer), which differentially regulated in EOC cells and

© Translational Cancer Research. All rights reserved.

tissues. And Kaplan-Meier analysis indicated that the
patients with EOC that expressed high levels of DATOC-1
had a worse prognosis and shorter disease EOS compared
with DATOC-1 low-expressed patients. In addition,
DATOC-1 were further identified participating in EOC
cell proliferation, cell cycle regulation and cell invasion.
Lastly, we show that knockdown of DATOC-1 inhibits
tumor progression iz vive. As a result, we hypothesize that
DATOC-1 may be a significant therapeutic target for EOC.
DICER has been reported to be down-regulated in
EOC, and its low expression may be responsible for changes
in microRNA expression profiles (9,24). MicroRNAs intra-
cellular are mainly processed to maturation by DICER.
It has been classically reported that DICER expression is
suppressed by hypoxia and subsequently, reduced miRINA
processing leads to derepression of the miR-200 target
ZEB1, stimulates the epithelial to mesenchymal transition
in human mammary epithelial cells (25). While, we put
forward IncRNA as other mechanism in DICER regulation
for the first time. We showed the interaction between
DATOC-1 and DICER and confirmed the segment that
they combined. Further data supported that the interactions
between DATOC-1 and DICER might be required for
the regulation of DATOC-1 targets miRNAs. And we
demonstrated that DATOC-1 expression promotes EOC
development by modulation the expression of miRINA7.
MicroRNA7, as a member of the miRNA family, is

Transl Cancer Res 2021;10(5):2379-2388 | http://dx.doi.org/10.21037/tcr-20-189
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mainly located on human chromosome 9q21. miR7 is
highly conserved in function and delivers stability in
different regulatory mesh systems. Studies had shown that
miR7 is significantly low-expressed in various tumor tissues
such as human lung cancer, gastric cancer, and malignant
schwannomas (26-28). It participates in the occurrence and
development of various tumors by inhibiting the expression
of EGFR, ACK1 and other genes, thereby functioning as
a tumor suppressor gene (26,28,29). Xiaodan Meng found
that serum levels of miR-7 (P=0.001) were upregulated in
EOC patients compared with healthy women (30). Sun
showed that the proliferation and invasion ability of SKOV3
cells were increased in the miR-7 inhibitor group. And the
inhibition of miR-7 on the proliferation and invasion of
OC might be related to downregulating the expression of
EGFR (31). Thus, the expression level of miR7 is closely
related to the development, invasion and metastasis of OC.
Consistently, we found that miR7 expression increased in
HO-8910 cells with DATOC-1 knockdown, which may be

© Translational Cancer Research. All rights reserved.

the mechanism that DATOC-1 inhibits the progression of
EOC. These results strongly indicate that DATOC-1 can
become an effective target for the diagnosis and treatment
of EOC, which opens a new path for the treatment and
prognosis of EOC.

Conclusions

Our research shows that DATOC-1 can inhibit the
development of EOC and is a promising therapeutic target.
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