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Abstract. MYCN opposite strand (MYCNOS) acts as an 
oncogenic long non‑coding RNA in liver cancer. However, its 
role in other cancer types is unknown. The aim of the present 
study was to investigate the function of MYCNOS in ovarian 
adenocarcinoma (OA). MYCNOS expression in OA was deter‑
mined using reverse transcription‑quantitative PCR (RT‑qPCR), 
and its prognostic value for OA was evaluated in a 5‑year 
follow‑up study. The predicted interaction between MYCNOS 
and microRNA (miR)‑152 was confirmed using a dual luciferase 
reporter assay. The association between MYCNOS and miR‑152 
was also analyzed in overexpression experiments. The effects 
of MYCNOS and miR‑152 on mitogen‑activated protein kinase 
kinase 7 (MKK7) expression were explored using RT‑qPCR 
and western blotting. Cell proliferation was analyzed using a 
Cell Counting Kit‑8 assay. MYCNOS expression was found to 
be upregulated in OA and predicted poor survival. In addition, 
MYCNOS was predicted to interact with miR‑152, and a dual 
luciferase assay confirmed this interaction. However, MYCNOS 
and miR‑152 overexpression did not affect their mutual expres‑
sion levels. MYCNOS overexpression upregulated MKK7, a 
target of miR‑152. Cell proliferation increased following simul‑
taneous MYCNOS and MKK7 overexpression, but was reduced 
following miR‑152 overexpression. Moreover, MYCNOS 
overexpression attenuated the effects of miR‑152 overexpres‑
sion. In conclusion, MYCNOS may act by sponging miR‑152 
to upregulate MKK7 expression in OA, thereby promoting cell 
proliferation.

Introduction

Ovarian cancer is a diverse set of diseases that includes epithe‑
lial ovarian cancer, endometrioid carcinoma, adenocarcinoma 
and other types of cancer. Ovarian adenocarcinoma (OA) is a 
common malignancy accounting for ~4% of female cancer cases 
in the United States (1). According to the latest GLOBOCAN 
statistics, in 2018, OA accounted for 3.2% of all new cancer 
cases and caused 3.3% of cancer‑related deaths (2). The overall 
5‑year survival rate of patients with OA is ~46% (3). However, 
for patients diagnosed with tumor metastasis to distant organs, 
such as the liver and lungs, the 5‑year survival rate drops to 
<20% (4). Although aging, obesity, hormone therapy and a 
family history of OA are known to be major risk factors for OA, 
the exact molecular mechanism of OA remains elusive, limiting 
the development of novel therapeutic approaches (5,6).

Studies examining the molecular pathogenesis of OA have 
characterized a considerable number of molecular pathways 
involved in the onset of this disease (7‑9). In addition, some 
critical molecular factors, such as angiogenesis‑associated 
factors, have proven to be promising targets for the develop‑
ment of novel therapies, such as targeted therapy that can be 
applied to treat cancer by regulating gene expression (10). With 
their ability to regulate gene expression, non‑coding RNA 
(ncRNA) molecules, such as microRNAs (miRNAs/miRs) and 
long ncRNAs (lncRNAs), are implicated in a variety of human 
cancer types, including OA (11,12). Thus, ncRNA molecules 
may represent potential targets for cancer therapy, and functional 
characterization of such ncRNA targets is required. A recent 
study has reported that MYCN opposite strand (MYCNOS) 
is an oncogenic lncRNA in liver cancer (13). Bioinformatics 
analysis revealed a potential interaction between MYCNOS and 
miR‑152, which can play a tumor‑suppressive role by targeting 
mitogen‑activated protein kinase kinase 7 (MKK7) (14). MKK7 
modulates JNK signaling by interacting with scaffold proteins, 
such as JNK‑interacting protein 1, 2 and 3 or filamin A (15). 
MKK7 plays a key role in hepatic development. For example, 
MKK7 total knockout mice were reported to exhibit severely 
disorganized livers and reduced hepatoblast numbers, and died 
at E12.5‑E13.5 (16).

The aim of the present study was to examine the interac‑
tion between MYCNOS and miR‑152 and its effect on MKK7 
expression in OA.
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Materials and methods

Patients with OA and follow‑up. A total of 62 female patients 
with OA (age range, 39‑68 years; mean age, 54.2±6.7 years) who 
were admitted to The Fourth Affiliated Hospital of Nanchang 
University (Jiangxi, China) between April 2013 and April 2015 
were enrolled in the present study. According to the American 
Joint Committee on Cancer classification system  (17), the 
patients were stratified into stage I or II (n=28) and stage III 
or IV (n=34) cases. All patients were diagnosed using a histo‑
pathological biopsy. Patients who had recurrent OA, other severe 
clinical disorders or were initiated on therapy were excluded. 
From the day of admission, the 62 patients were followed up 
monthly to record their survival. Patients who died of causes 
other than OA were excluded. The present study was approved 
by The Ethics Committee of The Fourth Affiliated Hospital of 
Nanchang University (approval no. NC1607AC98), and a written 
informed consent form was signed by all patients.

Tissue collection. Prior to therapy, OA and paired non‑tumor 
tissue samples were collected from all patients using fine 
needle aspiration. All tissue samples were confirmed via histo‑
pathological analysis and stored in a liquid nitrogen tank before 
subsequent analysis.

OA cells and cell transfection. Caov‑3 and SKOV3 cell lines 
were purchased from The Cell Bank of Type Culture Collection 
Committee of Chinese Academy of Sciences (Shanghai, China) 
and used as OA cell models. In a 5% CO2 incubator, Caov‑3 
cells were cultured at 37˚C in RPMI‑1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.). Moreover, SKOV3 cells 
were cultured at 37˚C in low‑glucose DMEM supplemented 
with 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin 
(all from Gibco; Thermo Fisher Scientific, Inc.).

The MYCNOS and MKK7 expression vectors were 
constructed using the plasmid pcDNA3.1 backbone (Invitrogen; 
Thermo Fisher Scientific, Inc.). The miR‑152 mimic and negative 
control (NC) were synthesized by Invitrogen (Thermo Fisher 
Scientific, Inc.). Cells were transfected with 1  µg expres‑
sion vector or 40 nM miRNA using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. The empty pcDNA3.1 vector or NC 
miRNA were used as NCs. Untransfected cells were also used 
as a control group. Following 48 h of transfection at 37˚C, cells 
were subjected to experimentation.

The MYCNOS luciferase vector was constructed using the 
pGL3 plasmid vector (Promega Corporation). Short hairpin 
RNA (shRNA) molecules specifically targeting MYCNOS 
were synthesized by Invitrogen (Thermo Fisher Scientific, 
Inc.) and cloned into the MYCNOS luciferase vector to 
perform dual luciferase reporter assays. The cells were 
co‑transfected as aforementioned with the MYCNOS lucif‑
erase vector and NC miRNA or miR‑152 mimic. Luciferase 
activity was measured 48 h later using the Dual‑Luciferase 
Reporter assay system (Promega Corporation) according to 
manufacturer's protocol. Firefly luciferase activity was 
normalized to Renilla luciferase activity. The sequences of the 
shRNAs and miRNAs used in the present study are as follows: 
shMYCNOS: 5'‑CCGGTGGCAATTGCTTGTCATTAAAC 

TCGAGTTTAATGACAAGCAATTGCCATTTTTG‑3'; sh‑NC, 
5'‑CACCGCTATGATATCGTCTGTTTCAAGAGAACAGA 
CGATATCATAGCTTTT TTG‑3'; miR‑152: 5'‑UCAGUGCAU 
GACAGAACUUGGAAGUUC UGUCAUGCACUGAUU‑3'; 
NC miRNA: 5'‑UUCUCCGAACG UGUCACGUTTACGUGA 
CACGUUCGGAGAATT‑3'.

RNA preparation. RNA was isolated from tissue samples 
and cells (Caov‑3 and SKOV3) using RiboZol™ (Invitrogen; 
Thermo Fisher Scientific, Inc.) and treated with DNase I for 
100 min at 37˚C to completely remove genomic DNA. miRNA 
was isolated and purified using the miRNeasy Serum/Plasma 
Advanced kit (Qiagen GmbH) according to the manufac‑
turer's instructions. A volume of 1 µl of isolation spike‑in mix 
containing synthetic cel‑miR‑54 (1x107 copies/µl), spike‑A 
(2x105  copies/µl), spike‑B (4x103  copies copies/µl) and, 
when appropriate, 1 µl GlycoBlue Co‑precipitant (15 mg/ml) 
(Invitrogen; Thermo Fisher Scientific, Inc.) were added into 
each sample at the lysis step. RNA was eluted into 20 µl 
nuclease‑free water and stored at ‑80˚C. lncRNA was extracted 
and quantified via chromatin isolation using RNA purification, 
as previously described (18).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted and reverse transcribed using the 
SuperScript™ First‑Strand Synthesis System for RT‑PCR 
(Invitrogen; Thermo Fisher Scientific, Inc.). For RT, RNA was 
mixed with oligo‑(dT) and specific primers and preincubated 
for 2 min at 42˚C. After the addition of 250 U SuperScript II 
reverse transcriptase, the samples were incubated at 42˚C for 
100 min. For random‑hexamer‑primed RT reactions, RNA 
was mixed with 500 ng random hexamer primers, and the 
mixture was preincubated at 25˚C for 2 min. Following the 
addition of reverse transcriptase, the reaction was maintained 
at 25˚C for 10 min, then incubated at 42˚C for 100 min. To 
determine the expression levels of MYCNOS and MKK7 
mRNA, qPCR was performed using the FastStart Universal 
SYBR Green Master mix (Bio‑Rad Laboratories, Inc.). The 
following thermocycling conditions were used in the experi‑
ments: PCR initial activation at 95˚C for 15 min, followed by 
40 cycles of denaturation at 94˚C for 15 sec, annealing at 
55˚C for 30 sec and an extension at 70˚C for 30 sec. The 
mRNA expression levels of MYCNOS and MKK7 were 
normalized to those of GAPDH and calculated using the 
2‑ΔΔCq method (19). Each reaction was set up in duplicate. The 
pr imers used for RT‑qPCR were designed using 
P r i m e r ‑ B L A S T  ( h t t p : / / w w w. n c b i . n l m . n i h .
gov/tools/primer‑blast) and were synthesized by AUGCT 
Biotechnology. The sequences used were as follows: 
MYCNOS forward, 5'‑TCCGACAGCTCAAACACAGAC‑3' 
and reverse, 5'‑CCAGCTTTGCAGCCTTCTC‑3'; MKK7 
forward, 5'‑TCGAGCTCTAGGTGGCGTCATCCTT‑3' and 
reverse, 5'‑GGGCTGATATCCAGGTTGAGGTCGA‑3'; and 
GAPDH forward, 5'‑CAGCCTCAAGATCATCAGCA‑3' and 
reverse, 5'‑TGTGGTCATGAGTCCTTCCA‑3'.

Western blot analysis. Protein isolation was carried out using 
RIPA buffer, and protein concentrations were measured 
using a BCA assay kit (both from Invitrogen; Thermo Fisher 
Scientific, Inc.). Protein samples were denatured at 95˚C 
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for 10  min, separated via SDS‑PAGE on 10%  gels, then 
transferred to PVDF membranes. The membranes were 
blocked with PBS containing 5% non‑fat milk at 25˚C for 
2 h and incubated with primary antibodies against GAPDH 
(cat. no. ab9485; 1:2,500; Abcam) or MKK7 (cat. no. ab4762; 
1:500; Abcam) for 12 h at 4˚C. The membranes were then 
incubated with HRP‑conjugated IgG secondary antibody 
(cat. no. ab6721; 1:1,000; Abcam) at 25˚C for another 2 h. 
Protein bands were visualized using ECL reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) and analyzed using ImageJ 
software (version 1.48; National Institutes of Health).

Cell Counting Kit‑8 (CCK‑8) assay. Caov‑3 and SKOV3 cells 
were seeded into 96‑well plates at a density of 5x103 cells/well. 
After being cultured for 24 h in an incubator with 5% CO2 
for complete adherence, the cells were incubated with the 
CCK‑8 solution (Sigma‑Aldrich; Merck KGaA) at 37˚C for 
2 h. The optical density values were determined at 450 nm 
and at 24, 48, 72 and 96 h after incubation, and growth curves 
were plotted. The experiment was repeated three times.

Statistical analysis. Gene expression levels in paired tissue 
samples are presented as the average of three technical repli‑
cates and were compared using paired Student's t‑tests. The 
data from the transfection experiments are presented as the 
mean ± SD of three biological replicates and were compared 
using one‑way ANOVA followed by Tukey's post hoc test. All 
statistical analyses were performed using GraphPad Prism 
software (version 7.0; GraphPad Software, Inc.). The 62 
patients with OA were divided equally into high‑ and 
low‑expression groups using the median MYCNOS levels as 
the cutoff value. The survival curves were plotted for both 
groups based on the 5‑year follow‑up data and compared 
using the log‑rank test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

MYCNOS upregulation is associated with poor survival in 
patients with OA. OA and paired non‑tumor tissues were 
collected from patients with OA (n=62), followed by the 

determination of MYCNOS mRNA levels using RT‑qPCR. 
MYCNOS expression was found to be significantly upregu‑
lated in OA tissues compared with that in non‑tumor tissue 
samples (Fig. 1A; P<0.05). The 62 patients were grouped into 
high‑ and low‑MYCNOS expression groups (n=31 per group). 
Analysis of survival curves according to MYCNOS expres‑
sion indicated that overall survival was significantly reduced 
in the high‑expression group compared with the low‑expres‑
sion group (Fig. 1B; hazard ratio = 2.246; 95% CI: 0.28‑4.12; 
P=0.0239). Therefore, MYCNOS expression is upregulated 
in OA tissue and associated with poor survival in patients 
with OA.

MYCNOS directly interacts with miR‑152. The interac‑
tion between MYCNOS and miR‑152 was predicted using 
the IntaRNA2.0 online RNA‑RNA prediction program 
(http://rna.informatik.uni‑freiburg.de/IntaRNA/Input.jsp). It 
was observed that MYCNOS and miR‑152 may form strong 
base‑pairing (Fig. 2A). Dual luciferase reporter assays demon‑
strated that the miR‑152 group exhibited significantly lower 
luciferase activity compared with the NC group (Fig. 2B; 
P<0.05), demonstrating the direct interaction between 
MYCNOS and miR‑152.

MYCNOS and miR‑152 overexpression does not affect 
their mutual expression levels. To examine the interac‑
tion between MYCNOS and miR‑152, Caov‑3 and SKOV3 
cells were transfected with MYCNOS expression vector or 
miR‑152 mimic. Overexpression of MYCNOS and miR‑152 
was confirmed using RT‑qPCR (Figs. 3A and 4A; P<0.05). 
The expression levels of miR‑152 remained unchanged in 
MYCNOS‑overexpressing cells (Figs. 3B and 4B). Similarly, 
miR‑152 mimic transfection did not significantly alter 
MYCNOS expression levels (Figs. 3C and 4C).

MYCNOS sponges miR‑152 to upregulate MKK7. In addition 
to being miRNA targets, lncRNAs may also serve as miRNA 
sponges. Thus, the effects of MYCNOS and miR‑152 over‑
expression on MKK7, a confirmed target of miR‑152, were 
explored using RT‑qPCR and western blot analyses. It was 
observed that MKK7 expression significantly increased 

Figure 1. MYCNOS overexpression is associated with poor survival in patients with OA. OA and paired non‑tumor tissue samples were collected from patients 
with OA (n=62). (A) MYCNOS mRNA expression levels were measured using reverse transcription‑quantitative PCR. The data are presented as the mean 
values of three technical replicates. ***P<0.001. (B) The patients with OA were grouped into MYCNOS high‑ and low‑expression groups using the median 
MYCNOS expression level as the cutoff value. The survival curves were plotted for both groups based on the 5‑year follow‑up data and compared using the 
log‑rank test. n=31 in each group. MYCNOS, MYCN opposite strand; OA, ovarian adenorcarcinoma.
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Figure 2. MYCNOS directly interacts with miR‑152. (A) The interaction between MYCNOS and miR‑152 was predicted using the IntaRNA2.0 online 
RNA‑RNA prediction program. (B) Caov‑3 cells were co‑transfected with MYCNOS luciferase vector + NC miRNA (NC group) or MYCNOS luciferase 
vector + mimic of miR‑152 (miR‑152 group). Luciferase activity was measured at 48 h post‑transfection. *P<0.05. MYCNOS, MYCN opposite strand; 
miR/miRNA, microRNA; NC, negative control.

Figure 3. Overexpression of MYCNOS and miR‑152 does not mutually affect their expression levels in Caov‑3 cells. To explore the interaction between 
MYCNOS and miR‑152, Caov‑3 cells were transfected with MYCNOS expression vector or miR‑152 mimic. (A) Overexpression of MYCNOS and miR‑152 
was confirmed using RT‑qPCR. (B and C) The effect of (B) MYCNOS overexpression on miR‑152 expression and (C) miR‑152 mimic transfection on 
MYCNOS expression were evaluated using RT‑qPCR. The data are presented as the mean ± SD. *P<0.05. MYCNOS, MYCN opposite strand; miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; C, untransfected control cells.
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Figure 4. Overexpression of MYCNOS and miR‑152 does not mutually affect their expression levels in SKOV3 cells. To explore the interaction between 
MYCNOS and miR‑152, SKOV3 cells were transfected with MYCNOS expression vector or miR‑152 mimic. (A) Overexpression of MYCNOS and miR‑152 
was confirmed using RT‑qPCR. The effect of (B) MYCNOS overexpression on miR‑152 expression and (C) miR‑152 mimic transfection on MYCNOS 
expression were evaluated using RT‑qPCR. The data are presented as the mean ± SD. *P<0.05, **P<0.01. MYCNOS, MYCN opposite strand; miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; C, untransfected control cells.

Figure 5. MYCNOS sponges miR‑152 to upregulate MKK7 expression in Caov‑3 cells. The effect of MYCNOS and miR‑152 overexpression on MKK7 
expression levels were evaluated at the (A) mRNA and (B) protein levels using reverse transcription‑quantitative PCR and western blotting, respectively. 
The data are presented as the mean ± SD. *P<0.05. MYCNOS, MYCN opposite strand; miR, microRNA; MKK7, mitogen‑activated protein kinase kinase 7; 
NC, negative control; C, untransfected control cells.
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following MYCNOS overexpression, but was significantly 
reduced following miR‑152 mimic transfection, both at the 
mRNA (Figs. 5A and 6A; P<0.05) and the protein levels 
(Figs. 5B and 6B; P<0.05). Moreover, MYCNOS overexpres‑
sion suppressed the function of miR‑152.

OA cell proliferation is regulated by the MYCNOS/ 
miR‑152/MKK7 axis. The roles of MYCNOS, miR‑152 
and MKK7 in the regulation of cell proliferation were 
analyzed using CCK‑8 assays. Cell proliferation increased 
following MYCNOS and MKK7 overexpression and was 

Figure 6. MYCNOS sponges miR‑152 to upregulate MKK7 expression in SKOV‑3 cells. The effect of MYCNOS and miR‑152 overexpression on MKK7 
expression were evaluated at the (A) mRNA and (B) protein levels using reverse transcription‑quantitative PCR and western blotting, respectively. The data are 
presented as the mean ± SD. *P<0.05. MYCNOS, MYCN opposite strand; miR, microRNA; MKK7, mitogen‑activated protein kinase kinase 7; NC, negative 
control; C, untransfected control cells.

Figure 7. Caov‑3 cell proliferation is regulated by the MYCNOS/miR‑152/MKK7 axis. The roles of MYCNOS, miR‑152 and MKK7 in the regulation of Caov‑3 
cell proliferation were analyzed using a Cell Counting Kit‑8 assay. The data are presented as the mean ± SD. *P<0.05. MYCNOS, MYCN opposite strand; miR, 
microRNA; MKK7, mitogen‑activated protein kinase kinase 7; NC, negative control; C, untransfected control cells.
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reduced following miR‑152 mimic transfection. In addition, 
MYCNOS overexpression attenuated the effect of miR‑152 
overexpression (Figs. 7 and 8).

Discussion

OA treatment is hampered by the low rates of early diagnosis, 
owing to a lack of sensitive biomarkers (20). lncRNAs act as a 
crucial modulators of various physiological processes by affecting 
gene expression, regulating subcellular structures and altering 
specific protein localization (21). Several lncRNA molecules have 
been found to be aberrantly expressed in different types of cancer 
and they are associated with tumorigenesis, cancer development 
and clinical prognosis (22). It has been reported that the lncRNA 
MYCNOS regulates the expression of MYCN, a proto‑oncogene, 
in human neuroblastoma cells (23). In a recent study, Yu et al (13) 
reported that MYCNOS was expressed at high levels in hepato‑
cellular carcinoma and negatively regulated the expression of the 
tumor suppressor miR‑340 to increase cancer cell proliferation 
and invasion. In another study, MYCNOS‑01, an alternative 
transcript of MYCNOS, specifically upregulated MYCN at the 
protein level to promote the proliferation of rhabdomyosarcoma 
and neuroblastoma cells (24). However, the role of MYCNOS in 
OA remains unclear. To the best of our knowledge, the present 
study was the first to demonstrate that MYCNOS is upregulated 
in OA tissue and promotes OA cell proliferation. Therefore, 
MYCNOS may play an oncogenic role in OA by increasing cell 
proliferation. Moreover, MYCNOS upregulation in OA tissues 
was found to be associated with poor patient survival. This 
suggests that MYCNOS may serve as a prognostic factor for OA, 
and the measurement of MYCNOS expression prior to therapy 
may assist in the treatment of OA. However, more clinical trials 
are needed to confirm this hypothesis.

miRNAs are a class of short non‑coding RNAs, 19‑25 nucleo‑
tides in length, with multiple physiological and pathological 
functions, including regulation of cell proliferation, differentiation, 
proliferation and apoptosis (25). These small molecules regulate 
gene expression by degrading mRNA or inhibiting protein trans‑
lation of target genes by binding to their 3'‑untranslated region. 

Some miRNA molecules are also involved in drug resistance, 
acting as oncogenes or tumor suppressors (26). miR‑152 is located 
at 17q21.32 in intron 1 of the COPI coat complex subunit ζ2 gene, 
serves as a tumor suppressor and is expressed at low levels in 
several cancer types (27). This miRNA has been found to play 
tumor‑suppressive roles in different types of cancer, including 
OA (28,29). miR‑152 is also expressed at low levels in OA (28). In 
addition, its overexpression increases the sensitivity of OA cells 
to chemotherapy (29). A recent study demonstrated that miR‑152 
targets MKK7 to suppress bladder cancer growth (30). Similarly, 
the present study indicated that miR‑152 may also downregu‑
late MKK7 to suppress OA cell proliferation. Previous studies 
have reported that the precursor of miR‑152 was transported to 
the cytoplasm and further cleaved by Dicer to form a miR‑152 
duplex. In total, two different lengths and sequences of mature 
miRNA are produced from the opposite arms of the miR‑152 
duplex, namely miR‑152‑3p and miR‑152‑5p (31). The findings of 
the present study indicated that miR‑152‑3p and miR‑152‑5p may 
contribute to the upregulation of MKK7 in OA.

The aim of the present study was to explore the effect of 
the interaction between MYCNOS and miR‑152 on MKK7 
expression in OA. The results suggested that MYCNOS was 
upregulated in OA and may sponge miR‑152 to upregulate 
MKK7 expression, thereby promoting OA cell proliferation. 
Interestingly, although MYCNOS and miR‑152 could interact 
with each other, they did not mutually regulate their expression 
levels. Instead, MYCNOS overexpression inhibited the effect 
of miR‑152 on MKK7 expression and OA cell proliferation, 
indicating that MYCNOS may sponge miR‑152.

There were certain limitations to the present study. For 
example, the expression of MYCNOS, MKK7 and miR‑152 in 
patients with OA and healthy controls, and the correlation of 
MYCNOS, MKK7 and miR‑152 levels with clinical stage were 
not investigated. In addition, the sponging effect of MYCNOS 
on miR‑152 by using the MYCNOS mutation plasmid was not 
studied. The lack of using a pGL3‑MCYNOS plasmid with 
a mutated miR‑152‑binding site is a limitation of the present 
study that requires further investigation. Future studies should 
explore the specific effects of MYCNOS in OA in comparison 

Figure 8. SKOV3 cell proliferation is regulated by the MYCNOS/miR‑152/MKK7 axis. The roles of MYCNOS, miR‑152 and MKK7 in the regulation of 
SKOV3 cell proliferation were analyzed using a Cell Counting Kit‑8 assay. The data are presented as the mean ± SD. *P<0.05. MYCNOS, MYCN opposite 
strand; miR, microRNA; MKK7, mitogen‑activated protein kinase kinase 7; NC, negative control; C, untransfected control cells.
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between patients with OA and non‑ovarian cancer subjects 
with healthy fallopian tubes.

In conclusion, MYCNOS was shown to be upregulated in 
OA and to predict poor patient survival. In addition, MYCNOS 
may sponge miR‑152 to upregulate MKK7 expression, thereby 
promoting OA cell proliferation.
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