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MicroRNA-497-5p Functions
as a Modulator of Apoptosis by Regulating
Metadherin in Ovarian Cancer

Chunyan Liu1, Anne Bordeaux2, Stanka Hettich3, and Suhui Han1

Abstract
Ovarian cancer (OC) has a high mortality rate among women worldwide. However, even with the advances in detection
and therapeutics, the number of cases is increasing worldwide. Increasingly, microRNAs (miRNAs), including miR-497-5p,
have been implicated in the progression of many cancers, but the role of miR-497-5p in OC remains unknown. The purpose
of this study was to investigate the underlying molecular mechanism of miR-497-5p in OC. Herein, we find that miR-497-5p
is down-regulated in OC tissues, and overexpression of miR-497-5p enhances apoptosis in OC cells. The increased
apoptosis was correlated with enhanced expression of apoptosis-related proteins. MiR-497-5p directly bound the
3’-untranslated region of metadherin (MTDH), leading to the reduction of MTDH in mRNA and protein levels. Moreover,
MTDH knockout promoted the apoptosis of OC cells. Taken together, we conclude that miR-497-5p contributes to cell
apoptosis in OC by regulating MTDH.
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Introduction

Ovarian cancer (OC) is the gynecologic malignancy with the

highest death rate1. However, even with the advances in

detection and therapeutics, the number of cases is increasing

worldwide. Therefore, clearly there is a compelling need for

improvement in existing therapy.

miRNA, a small noncoding RNA targeting multiple

mRNAs and regulation of gene expression by triggering

translation repression and/or RNA degradation, has been

identified as the crux of gene regulation involved in can-

cer2. Accumulated studies have demonstrated that the loss

or gain of function of specific miRNAs may be key events

in the OC process3,4. Previous studies demonstrated that

miR-136 is associated with the primary cisplatin resistance

of human epithelial OC5. miR-200c and miR-141 have also

been validated as potential diagnostic and prognostic bio-

markers for OC6. However, the biological function and

molecular mechanism of miR-497-5p in OC still remain

unclear.

Metadherin (MTDH) was initially cloned in 20027.

MTDH is also known as astrocyte elevated gene-1 (AEG-1)

and lysine-rich CEACAM1 coisolated (LYRIC), and plays

pivotal roles in the tumorigenesis and progression of

different types of cancers8,9. Thus, MTDH fulfills many

characteristics to serve as an important molecule regulating

multiple events in carcinogenesis. Numerous studies have

shown that MTDH plays important roles in OC10. However,

the role of MTDH in the miR-497-5p network is still unclear

in OC.

In this study, we explored the expression of miR-497-5p

in OC tissues and its biological function in OC. Moreover,

the potential targets of miR-497-5p and gene functional anal-

ysis were investigated to decipher possible mechanisms in

apoptosis in OC.
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Materials and Methods

Cell Culture

The human OC cell lines SKOV-3 and TOV-112D were

commercially available from ATCC (Manassas, VA, USA).

Cells were cultured in DMEM (Gibco, Gaithersburg, MD,

USA) with 10% fetal bovine serum (Gibco, Gaithersburg,

MD, USA) at 37�C in 95% air and 5% CO2.

Tissue Collection

Human OC tissues were obtained from 30 patients diagnosed

at the oncology division in the department of Gynecology

and obstetrics of China-Japan Friendship Hospital (Beijing,

China), between April 2018 and December 2018. All the

specimens were reviewed in the pathology division and the

relevant clinical data were collected by retrospective review

of the patients’ files. This study was approved by the Ethics

Committee of China-Japan Friendship Hospital and

informed consent was obtained from each patient. Patients

with nonepithelial-type neoplasia and treated before or with-

out operation were excluded. Borderline tumors of the ovary

were also excluded from this study. Biopsies were frozen in

liquid nitrogen and stored at –80�C until subsequent

analysis.

RNA Isolation and Quantitative Real-Time PCR

Total RNA from tissue samples and cells was extracted

by using mirVanaTM miRNA isolation kit (Thermo Fisher

Scientific, Shanghai, China) according to the manufactur-

er’s instructions. Then, RNAs were reverse-transcribed

into cDNA using the high-capacity RNA-to-cDNA kit

(Thermo Fisher Scientific, Shanghai, China). Taqman

qRT-PCR was performed to determine MTDH gene

expression on a QuantStudio 6 Flex system (Life Tech-

nologies, Gaithersburg, MD, USA). b-actin was used as

an internal control to normalize the expression of the

target gene(s).

For the quantification of the mature miRNAs, total RNA

was reverse-transcribed using the Taqman advanced miRNA

cDNA synthesis kit following the manufacturer’s instruc-

tions (Applied Biosystems, Waltham, MA, USA). The

miR-497-5p levels were normalized using the U6 small

nuclear RNA level. U6 was reverse-transcribed using the

TaqmanTM microRNA reverse transcription kit according

to the manufacturer’s protocol (Applied Biosystems, Wal-

tham, MA, USA).

qRT-PCR primers for miR-497-5p and MTDH expression

were available from Applied Biosystems (Beverly, MA,

USA). The relative expression levels of specific gene and

miRNA were normalized to their relative endogenous con-

trols and was expressed as 2^(DDCt)11. All reactions were

performed independently in triplicate.

Western Blotting

Total protein concentration was measured by bicinchoninic

acid assay kit (Sigma Aldrich, Shanghai, China). The same

quality of protein (15 mg) was fractionated on 4–15% poly-

acrylamide gels and transferred onto nitrocellulose (Bio-

Rad, Philadelphia, PA, USA). The levels of MTDH were

analyzed by western blot using an anti-MTDH at 1:700 dilu-

tion (Thermo Fisher Scientific, Shanghai, China). Addition-

ally, antibodies detecting cleaved PARP and caspase-3

(1:1000; Cell Signaling, Beverly, MA) were used to assess

apoptosis activity. Membranes were washed three times with

TBST and incubated with the goat anti-rabbit horseradish

peroxidase-conjugated secondary antibody (1:2000; Bio-

Rad, Philadelphia, PA, USA). Normalization was performed

by blotting the same samples with an antibody against

b-actin (Abcam, Burlingame, CA, USA).

miR-497-5p Overexpression

The lentiviral system was used to stably overexpress miR-

497-5p in the SKOV-3 and TOV-112D cells. A nonrelevant

sequence insert lentivirus acted as a negative control (miR-

NC). We constructed the lentiviral miR-497-5p and miR-NC

expression vector as previously described12. The lentiviruses

were generated in HEK 293 T cells using Lenti-X HTX

Packaging Mix (Clontech, Mountain View, CA, USA),

titered, and stored at –80�C until use.

The lentivirus was infected to cells with 5mg/mL poly-

brene (Sigma Aldrich, St. Louis, MO, USA). Cells were

incubated in complete growth medium with 10mg/mL pur-

omycin (Sigma Aldrich, St. Louis, MO, USA) for the stable

clone selection.

MTDH Knockout

The Clustered Regularly Interspaced Short Palindromic

Repeats (CRISPR) double nickase system can cleave geno-

mic DNA in a site-specific manner with minimal off-target

effects13–15. The MTDH knockout (MTDH-KO) was gener-

ated by using CRISPR double nickase system (Santa Cruz

Biotechnology, Dallas, TX, USA). A control double nickase

plasmid was transfected as a vector control (Ctrl-KO). The

double nickase plasmid transfection followed the manufac-

turer’s protocol.

Dual-Luciferase Reporter Assay

SKOV-3 or TOV-112D cells were cultured in 6-well plates

(0.25 M cells/well) with complete media. After 24 h, the

cells were co-transfected with 20 nM of miR-497-5p or

miR-NC and 1 mg of MTDH 3’-UTR luciferase reporter

construct using Lipofectamine 2000 with Opti-MEM

(Gibco, Gaithersburg, MD, USA). Luciferase activities were

assayed using a luciferase assay kit (Promega, Madison, WI,

USA) 48 h after transfection.
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The 3’-UTR binding site of MTDH (–70–3056 bp) for

miR-497-5p was purchased from GeneCopoeia (Rockville,

MD, USA).

Flow Cytometric Analysis (FACS)

Cells (0.5 M cells/well) with miR-497-5p overexpression,

MTDH knockout or their respective controls were cultured

in 6-well plates for 48 h. Cells were harvested and apoptotic

cells were detected by staining with Annexin V-FITC and

propidium iodide according to the manufacturer’s protocol

(BD Biosciences, Bedford, MA, USA). The stained cells

were immediately analyzed by a flow cytometer.

Statistical Analysis

All the experiments were performed in triplicate. Data were

expressed as means + standard errors of three independent

experiments. The two-tailed, unpaired student’s t-test was

used to evaluate the differences between two treatments.

Multiple group comparisons were analyzed using ANOVA

with a post hoc test. The p (probability) < 0.05 was consid-

ered as a statistically significant result. The SPSS software

package (version 20.0, SPSS Inc) was used for statistical

analyses.

Results

miR-497-5p is Down-Regulated in Ovarian Cancer
Tissues

Based on our preliminary miRNA microarray data, miR-

497-5p is found to be down-regulated in OC tissues. In the

present study, we first determined the miR-497-5p expres-

sion levels in 12 OC tissues and the paired non-tumorous

tissues with Taqman qRT-PCR. Consistent with our prelim-

inary data, miR-497-5p expression levels were significant

down-regulated compared with the paired non-tumorous tis-

sues (p < 0.05, Fig. 1).

miR-497-5p Overexpression Enhances Ovarian Cancer
Cell Apoptosis

In order to elucidate the biological function of miR-497-5p

in the malignancy of OC, we stably overexpressed miR-497-

5p in SKOV-3 and TOV-112D cells by lentiviral system.

The overexpression was validated by qRT-PCR (Fig. 2A).

MiR-497-5p overexpression effects on the apoptosis of

SKOV-3 and TOV-112D cells were quantitated by FACS

after 48 h. As shown in Fig. 2B and 2C, the percentage of

apoptosis was significantly increased in the cells overexpres-

sing miR-497-5p. Furthermore, cleaved PARP and caspase-3

apoptosis markers were increased in cells with overexpres-

sion of miR-497-5p (Fig. 2D). These results demonstrated

that miR-497-5p overexpression led to increased apoptosis.

MTDH is Up-Regulated in Ovarian Cancer Tissues

In previous studies, MTDH has been verified as the direct

target of mR-497 in hepatocellular carcinoma (HCC)16.

Overexpression of MTDH is observed in a variety of cancers

across all biological systems. In our study, we determined

the mRNA in expression levels of MTDH in 12 OC tissues

and paired non-tumorous tissues using Taqman qRT-PCR.

MTDH mRNA levels were significant up-regulated com-

pared with the normal tissues (p < 0.05, Fig. 3).

MTDH is the Direct Target of miR-497-5p

To decipher the molecular mechanism underlying how miR-

497-5p inhibits apoptosis of SKOV-3 and TOV-112D cells,

we next determined the biological function target of miR-

497-5p. To verify whether MTDH was a potential target of

miR-497-5p in OC cells, SKOV-3 and TOV-112D cells were

co-transfected with the MTDH 3’-UTR and miR-497-5p or

miR-Ctrl. The dual-luciferase assay revealed that miR-497-

5p significantly inhibited the activity of luciferase reporter

with the 3’-UTR of MTDH compared with miR-NC and the

untransfected cells (Fig. 4A). In addition, SKOV-3 and

TOV-112D cells that overexpressed miR-497-5p showed

significantly decreased MTDH in both mRNA and protein

levels compared with the untransfected cells and cells over-

expressed with miR-NC (Fig. 4B and 4C).

MTDH Knockout Mimics the Effect of miR-497-5p
Overexpression on Apoptosis

To elucidate the role of MTDH in the miR-497-5p network

of OC, MTDH was knocked out using the CRISPR double

nickase system. The knockout system generated efficient

Figure 1. miR-497-5p expression was down-regulated in OC tis-
sues. miR-497-5p expression was detected by qRT-PCR in 12
paired OC tissues and paired non-tumorous tissues. *p < 0.05 vs.
non-tumorous tissues.
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genome modification, which was observed by the signifi-

cantly decreased MTDH mRNA and protein levels in

SKOV-3 and TOV-112D cells (Fig. 5A and 5B). Knockout

of MTDH mimics the effect of miR-497-5p overexpression

on apoptosis measured by FACS. Inhibition of MTDH led to

an increased apoptosis compared with the Ctrl-KO and

untransfected cells (Fig. 5C and 5D). As shown in Fig. 5E,

cleaved PARP and caspase-3 apoptosis markers were

increased in SKOV-3 and TOV-112D cells with MTDH

knockout.

Discussion

It is widely known that miRNAs play crucial roles in the

regulation of various processes during tumorigenesis and

progression, including apoptosis, cell proliferation and

metastasis17–19. MiR-497-5p belongs to the miR-15/16/

195/424/497 family. There have been some reports showing

the important roles that miR-497-5p plays in the progression

of angiosarcoma, colorectal cancer, and so on20,21. However,

the expressions of miRNAs show high tissue and cell-type

specificity. MiR-497 was reported to suppress HCC metas-

tasis and invasion in vitro by targeting MTDH15. MiR-497-

5p has also been shown to inhibit tumor cell growth and

invasion by targeting SOX5 in non-small-cell lung cancer22.

In addition, miR-497-5p has been identified to suppress

tumor cell growth of osteosarcoma by targeting ADP

Figure 3. MTDH expression was up-regulated in OC tissues.
MTDH mRNA levels were detected by qRT-PCR in 12 paired
OC tissues and paired non-tumorous tissues. *p < 0.05 vs. non-
tumorous tissues.

Figure 2. Apoptosis effects of miR-497-5p overexpression in SKOV-3 and TOV-112D cells. (A) Relative levels of miR-497-5p in SKOV-3
and TOV-112D cells were determined by qRT-PCR after miR-497-5p overexpression. (B, C) miR-497-5p overexpression significantly
increased apoptosis in SKOV-3 and TOV-112D cells. (D, E) Western blot showing increased apoptotic proteins (cleaved PARP and
caspase-3) in both in SKOV-3 and TOV-112D cells overexpressing miR-497-5p. *p < 0.05 vs. untransfected cells; ^p < 0.05 vs. miR-NC;
n ¼ 3.

4 Cell Transplantation



Figure 4. MTDH is a target of miR-497-5p. (A) 3’-UTR luciferase reporter assays. SKOV-3 and TOV-112D cells were co-transfected with
miR-497-5p or miR-NC and MTDH 3’-UTR luciferase reporter construct. Firefly luciferase activity was normalized to Renilla luciferase
activity. (B) Relative level of MTDH mRNA in SKOV-3 and TOV-112D cells was determined by qRT-PCR after miR-497-5p overexpression.
(C) MTDH protein expression in SKOV-3 and TOV-112D cells was determined by western blotting after miR-497-5p overexpression. *p <
0.05 vs. untransfected cells; ^p < 0.05 vs. miR-NC; n ¼ 3.

Figure 5. Apoptosis effects of MTDH knockout in SKOV-3 and TOV-112D cells. (A) Relative levels of MTDH mRNA in SKOV-3 and TOV-
112D cells were determined by qRT-PCR after MTDH knockout. (B) MTDH protein expression in SKOV-3 and TOV-112D cells was
determined by western blotting after MTDH knockout. (C) (D) MTDH knockout overexpression significantly increased apoptosis in SKOV-
3 and TOV-112D cells. (E) Western blot showing increased apoptotic proteins (cleaved PARP and caspase-3) in both in SKOV-3 and TOV-
112D cells after knockout. *p < 0.05 vs. untransfected cells; ^p < 0.05 vs. miR-NC; n ¼ 3.
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ribosylation factor-like protein 223. Recently, miR-497-5p

has been reported to inhibit proliferation and invasion of

non-small-cell lung cancer by regulating FGF224. However,

elucidating the features of expression and roles of miR-497-

5p in OC remains an ongoing process. In this study, we

found miR-497-5p was down-regulated in OC tissues com-

pared with paired non-tumorous tissues. MiR-497-5p over-

expression enhanced cell apoptosis in SKOV-3 and

TOV-112D cells. These results suggest that miR-497-5p was

involved in the progression of OC.

As a recognized cancer gene, MTDH and its roles in

cancer have been widely investigated in various cancers,

such as malignant pleural mesothelioma, breast cancer and

pancreatic cancer25–27. It has been reported that efficient and

tumor-specific knockdown of the MTDH gene attenuates

paclitaxel resistance of breast cancer cells both in vivo and

in vitro9. Down-regulation of MTDH expression can inhibit

breast cancer progression and cell proliferation, and induce

cell apoptosis in breast cancer28. Silencing the expression of

MTDH increases the radiation sensitivity of SKOV3 OC

cells and reduces their proliferation and metastasis10.

Despite all these studies, the biological function of MTDH

in the miR-497-5p network in OC is still unknown. In this

study, we verified that MTDH is the direct target of miR-

497-5p in SKOV-3 and TOV-112D cells. Moreover, the

knockout of MTDH mimics the effect of miR-497-5p over-

expression on the apoptosis of SKOV-3 and TOV-112D

cells. However, it is worth verifying this model in vivo, and

considering additional rescue experiments to demonstrate

that miR-497-5p functions via MTDH in future studies.

In summary, our study indicates that miR-497-5p inhibits

cell apoptosis in OC cells by directly targeting MTDH. Our

results highlight the therapeutic potential of the miR-497-5p/

MTDH pathway in OC.
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