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Abstract. Ovarian cancer has a high mortality rate among 
women worldwide. Radiotherapy is considered an effective 
method of ovarian cancer treatment, however, radioresistance 
presents a challenge. It is necessary to develop techniques 
that can increase radiosensitivity in ovarian cancer, and gene 
therapy is a promising option. The aim of the present study 
was to investigate the effects of metadherin (MTDH) silencing 
on the radiosensitivity of ovarian cancer. Ovarian cancer 
tissues (n=273) and normal ovarian tissues (n=277) were used, 
as were SKOV3 ovarian cancer cells and the immortalized 
human ovarian epidermal HOSEpiC cell line. MTT, Transwell 
and wound-healing assays were performed to assess the prolif-
eration, invasion and migration abilities of the SKOV3 cells. 
Colony-forming assays and flow cytometry were applied to 
detect the radiosensitivity and apoptosis of the SKOV3 cells. 
Nude mouse xenograft models were established to evaluate 
the effect of MTDH gene silencing on tumor growth and the 
efficacy of radiotherapy. Ovarian cancer, in tissues and cells, 
was demonstrated to have a high level of MTDH. Additionally, 
MTDH silencing was found to significantly inhibit prolifera-
tion, migration and invasion, and induce apoptosis in SKOV3 
cells, and it was suggested that MTDH depletion significantly 
increased the sensitivity of the SKOV3 cells to X-ray radiation. 
MTDH silencing enhanced radiosensitivity and delayed tumor 
growth in the nude mouse xenograft model. Collectively, the 
results obtained in the present study suggest the potential role 
of MTDH silencing as a technique for ameliorating radio-
resistance in ovarian cancer. The present study provides a 

promising experimental basis for the improvement of ovarian 
cancer radiotherapy treatment.

Introduction

Ovarian cancer has a high mortality rate compared with the 
majority of types of cancer associated with the female repro-
ductive system (1). The incidence and mortality rates of ovarian 
cancer have been increasing gradually in China, with at least 
230,000 new cases and a mortality rate of >150,000 on an 
annual basis worldwide (2). Of all ovarian cancer cases, ~70% 
are detected at an advanced stage, with 85% of these patients 
succumbing to the disease (3,4). The risk factors for ovarian 
cancer include nulliparity and refractory infertility, however, 
these risks can be mitigated with the use of oral contracep-
tives for 5 years (5). Surgical intervention in combination with 
chemotherapy is a common treatment method for ovarian 
cancer, as ovarian cancer cells are reported to be initially 
sensitive to chemotherapeutic drugs (6). Although there are a 
number of treatment modalities available for ovarian cancer, 
radioresistance is often observed  (7,8). Gene therapy has 
emerged as a novel treatment to overcome radioresistance in 
ovarian cancer (9,10).

Metadherin (MTDH), also known as astrocyte elevated 
gene-1 and lysine-rich CEACAM1 co-isolated, is as an impor-
tant molecule that regulates multiple biological behaviors in 
carcinogenesis (11,12). It has been suggested that MTDH is 
associated with chemoresistance and metastasis leading to 
poor prognoses for patients with breast cancer (13). Initially 
considered to be a human immunodeficiency virus-induced 
gene in astrocytes, MTDH is a membrane protein that regu-
lates the homing of tumor cells to the lung endothelium, and is 
a lysine-rich protein associated with tight junctions in prostate 
epithelial cells (14). It has been demonstrated that MTDH is 
upregulated in various types of cancer, including hepatocel-
lular, breast and lung cancer (11,15,16). Additionally, a previous 
study reported that silencing MTDH markedly improved the 
radiosensitivity of ovarian cancer and hindered the repair 
of radiation-induced DNA double strand breaks (17). RNA 
interference-mediated silencing has been verified to inhibit 
the expression of therapeutic genes  (18). A previous study 
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revealed that silencing HOTAIR or mitogen-activated protein 
kinase 1 inhibited the proliferation, migration and invasion of 
SKOV3 ovarian cancer cells (19). Therefore, the aim of the 
present study was to investigate the effects of MTDH silencing 
on the radiosensitivity, proliferation and metastasis of SKOV3 
ovarian cancer cells.

Materials and methods

Study subjects. Paraffin-embedded ovarian cancer tissues 
(n=273) were obtained from patients with primary ovarian 
cancer who were diagnosed at the Second Hospital of Jilin 
University (Changchun, China) between January, 2012 and 
March, 2016. The patients (22-59 years of age with a mean age 
of 39.9±6.44 years) had no other medical history or previous 
history of radio- or chemotherapy. Tumors were histologically 
confirmed to be serous cystadenoma (124 cases), mucinous 
cystadenoma (82 cases), endometriod carcinoma (38 cases) 
and epithelial carcinoma (29 cases; five with mixed epithe-
lial carcinoma, five with clear cell carcinoma and 19 with 
poorly differentiated carcinoma). All cases were grouped into 
stage I (35 cases), stage II (78 cases) and stage III (160 cases) 
according to FIGO2000 (20). Pathological grading was as 
follows: 48 cases were grade I, 61 cases were grade II and 
164 cases were grade III. The histological grading was as 
follows: 171 cases were poorly differentiated and 102 cases 
were medium to well differentiated. Lymph node metastasis 
was present as follows: 172 cases with lymph node metastasis 
and 101 cases without. For comparison, fresh normal ovarian 
tissues (n=277) from patients aged 20-56 years old (mean, 
36.3±6.1 years), who had undergone prophylactic oophorec-
tomy for endometrial carcinoma at the Second Hospital of 
Jilin University between January 2012 and March 2016, were 
collected. There was no significant difference in baseline 
characteristics between the two groups of samples (P>0.05). 
The present study was approved by the Ethics Committee of 
the Second Hospital of Jilin University (no. 201112006) and 
informed consent was obtained from patients or their guard-
ians in accordance with the Declaration of Helsinki.

Cell culture. The SKOV3 ovarian cancer cells were purchased 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). The human immortalized ovarian epithelial 
HOSEpiC cell line (no. BNCC340096; Beina Biotechnology, 
Co., Ltd., Shanghai, China) was routinely cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) containing 10% fetal bovine serum in a 
sterile humidified incubator with 5% CO2 at 37˚C.

Cell transfection and grouping. MTDH-short hairpin (sh)RNA 
(interfering plasmid) and control-shRNA (negative plasmid) 
were synthesized by Shanghai Bioengineering Technology 
Service Co., Ltd. (Shanghai, China). At 24 h prior to trans-
fection, the SKOV3 ovarian cancer cells were inoculated into 
24-well plates (1.0x105 cells/well). The cells were divided into 
blank, control-shRNA and MTDH-shRNA groups, with three 
wells in each group, and cultured until cell adherence and 
confluence (80-90%) were reached. The transfection reagent 
kits and transfection reagents used in the experiment were 
provided by Beijing Kangwei Century Biotechnology Co., Ltd. 

(Beijing, China). Only Lipofectamine 2000 was added to the 
blank group. The appropriate plasmids and transfection reagent 
were added to the control-shRNA group and MTDH‑shRNA 
group (0.1  µg; 0.3  µl) and suspensions were incubated in 
RPMI-1640 with 10% serum for 10 min. Transfection was 
performed in accordance with the manufacturer's protocol for 
the transfection reagent.

Reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) analysis. The ovarian cancer tissues (1 g) and total 
RNA from the SKOV3 cells were treated using TRIzol (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's protocol. 
A Transgen RT-PCR kit (Beijing Quanshijin Biotechnology 
Co., Ltd., Beijing, China) was used to reverse transcribe RNA 
to cDNA. cDNA was amplified using SYBR-Green (Toyobo, 
Osaka, Japan) with the specific primers. PCR was initiated with 
pre-denaturation at 94˚C for 5 min, followed by 30 cycles of 
denaturation at 94˚C for 30  sec, annealing (MTDH, 58˚C; 
β-actin, 54˚C) for 30 sec and extension at 72˚C with terminal 
extension at 72˚C for 5 min. The primer sequences were as 
follows: MTDH, forward, 5'-AGCAAAGCAGCCACCA 
GAG-3' and reverse, 5'-AGGAAATGATGCGGTTGTA-3'; 
β-actin, forward, 5'-ACCGAGCGCGGCTACAGC-3' and 
reverse, 5'-CTCATTGCCAATGGTGAT-3'.

Immunohistochemical staining. An SP kit (Zymed Laboratories, 
San Francisco, CA, USA) was used. Surgical specimens with 
routine immobilization were paraffin-embedded, cut into 
4-m thick sections, dewaxed, heated with a citric acid buffer 
(pH 6.0; Beijing Nobleryder Technology Co., Ltd., Beijing, 
China) in a microwave for antigen retrieval (20 min) and 
stored at room temperature. Endogenous peroxidase was 
blocked by incubation with 3% H2O2 for 10 min. Subsequently, 
10% goat serum (Shanghai Haoran Biotechnology Co., Ltd., 
Shanghai, China) was used to block samples for 10 min, and 
primary antibody against MTDH (1:200, PB0309; Wuhan 
Boster Biological Engineering Co., Ltd., Wuhan, China) was 
added and incubated overnight at 4˚C. The secondary mouse 
biotinylated antibody (1:500, BZKT0379; Shanghai Yijisy Co., 
Ltd., Shanghai, China) was then added and incubated at 37˚C 
for 10 min. Horseradish peroxidase (HRP)-labeled streptavidin 
(Guangzhou Geruilin Biotechnology Co., Ltd., Guangzhou, 
China) was added at 37˚C for 10 min and the tissues were 
stained with diaminobenzidine. The percentage of positive 
cells and the staining intensity were scored. A total of five 
high-power fields were randomly selected in each section 
(magnification, x400) captured by image analysis software 
(NikonH600L microscope and image analysis system; Nikon, 
Tokyo, Japan). The percentage of positive cells was scored as 
follows: <5%, 0; 6-25%, 1; 26-50%, 2; 51-75%, 3; and ≥76%, 4. 
Staining intensity was scored as follows: 0 (no staining), 1 
(yellow), 2 (brown-yellow) and 3 (yellow-brown). The positive 
cell staining and staining intensity scores were combined and 
0-1 was considered as negative (-), 2 as weak positive (+), 3-4 
as positive (++) and ≥5 as strong positive (+++). +, ++ and +++ 
were considered as positive.

Western blot analysis. PMSF cell lysates were added to the 
SKOV3 cells. The cells were lysed and centrifuged by 200 W 
ultrasonic waves to extract the total protein. Total protein 
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concentration was determined using a bicinchoninic acid assay. 
The proteins (100 g/l) were separated by 12% SDS-PAGE 
and transferred onto polyvinylidene fluoride membranes. 
The membranes were blocked and primary antibodies, 
including rabbit anti-human MTDH (1:1,000, ab45338) and 
internal reference β-actin (1:200, ab8227) (both from Abcam, 
Shanghai, China), were added and incubated overnight at 
4˚C. The membranes were then incubated with HRP-labeled 
IgG secondary antibody (1:500, ab6721; Abcam) at 3˚C for 
2 h, followed by three washes with Tris-buffered saline with 
Tween-20 (10 min each). All antibodies used were purchased 
from Santa Cruz Biotechnology, Inc., (Dallas, TX, USA). The 
samples were developed using a chemiluminescence system. 
The gray value was assessed using a grayscale scanner and the 
relative protein expression was calculated using ImageJ soft-
ware.

MTT assay. A cell suspension was prepared from SKOV3 cells 
from the three groups in the logarithmic growth phase, and the 
density was adjusted to 3x104 cells/ml. Subsequently, 100 µl 
cell suspension was seeded into 96-well plates with five wells 
for each group. At 24, 48 and 72 h post-transfection, MTT solu-
tion (20 µl per well) was added. Following 4 h of incubation 
in the dark, the supernatant was aspirated. Dimethylsulfoxide 
(150 µl) was added to each well. The absorbance values were 
measured at 570 nm using a microplate reader. The optical 
density (OD) values were used to calculate the in vitro prolif-
eration rate of each group.

Transwell assay. Matrigel was homogenized and added 
to the upper chambers of a Transwell chamber (Corning 
Incorporated, Corning, NY, USA). Following 6 h of transfec-
tion, the SKOV3 cells were digested and centrifuged (300 x g, 
3 min, 37˚C) for further use. The cell suspensions from the 
blank, control-shRNA, and MTDH-shRNA groups were 
seeded into Transwell chambers in 24-well plates with chemo-
kines and culture medium. The chambers were incubated at 
37˚C in an atmosphere containing 5% CO2 for 24 h. A total 
of five high-power fields were observed under a microscope 
(Olympus) to calculate the number of cells penetrating the 
membrane.

Wound-healing assay. The SKOV3 cells were seeded into 
6-well plates with three wells for each group. The SKOV3 
cells were grown until ~90% density was reached, following 
which the culture medium was aspirated and a pipette tip was 
used to create a number of parallel scratches in the middle 
of culture wells. The cells were washed and continually 
cultured. A total of nine fields with scratches were randomly 
selected in each group, and images were captured at 0, 24, 48 
and 72 h under a microscope (Olympus). Image-Pro Plus 6.0 
(Media Cybernetics, Inc., Rockville, MD, USA) was used to 
measure the distance between two scratches and calculate the 
rates of cell migration. Cell migration = (scratch distance at 
0 h - scratch distance at 24, 48 or 72 h)/scratch distance at 0 h.

Colony-forming assay. According to different doses of irra-
diation, cells were inoculated into culture dishes (6 cm). When 
the cells had adhered, the culture dishes were irradiated with 
a single dose of X-rays at 0, 2, 4, 6 and 8 Gy respectively, and 

the irradiation was performed at room temperature at the dose 
rate of 2 Gy/min. Following irradiation, three parallel samples 
were incubated for 2 weeks and stained using Giemsa. The 
number of colonies (clusters of ≥50 cells) was counted using 
a microscope and the experiment was performed in triplicate. 
Planting efficiency (PE) = number of clones/number of inocu-
lated cells x100 (%).

Flow cytometry. When the cells had been centrifuged and 
trypsinized, the final concentration of the single cell suspen-
sion was adjusted to 1.25x105 cells/ml. Blank, control-shRNA 
and MTDH-shRNA cell suspensions were inoculated into 
6-well plates (1.25x105 cells/well). The cells were exposed 
to irradation at 0, 2, 4, 6 and 8 Gy, which was performed at 
room temperature at the dose rate of 2 Gy/min. The samples 
were washed twice with PBS following irradiation and cell 
suspensions were collected in the corresponding flow tubes 
following digestion with 0.25%  trypsin. Binding buffer 
(500 µl) and Annexin V-FITC (5 µl) were added to each tube 
and mixed well, followed by the addition of propidium iodide 
(5 µl) and further mixing. The samples were incubated at room 
temperature for 15 min in the dark. The apoptotic rate was 
measured by flow cytometry for 1 h, and the experiment was 
performed in triplicate. The above reagents were purchased 
from BD Biosciences (San Jose, CA, USA).

Nude mouse xenograft. Nude mouse xenograft models were 
established using female BALB/c-nude mice (4-6 weeks old, 
weighing 16-20 g; n=30; Beijing Weitong Lihua Co., Beijing, 
China), which were randomly divided into three groups 
(10 in each group; 17-18  g) and maintained in a specific 
pathogen-free (SPF) ‘barrier’ facility with controlled at room 
temperature and 55-62% humidity, and alternating 12-h light 
and dark cycles, food and water is accessible. The SKOV3 
cells in the logarithmic growth phase were extracted from the 
blank, control-shRNA and MTDH-shRNA groups and cell 
suspensions were produced (4x107 cells/ml). Subsequently, 
0.3 ml of cell suspension was inoculated into the subcutaneous 
tissue above the right scapula of mice in each group, and tumor 
formation was induced after 10 days. When the tumor size was 
100 mm3, all female BALB/c-nude mice were anesthetized with 
3% pentobarbital sodium (30 mg/kg intraperitoneally; P3761; 
Sigma-Aldrich; Merck Millipore, Darmstadt, Germany). All 
mice were placed in a lead box following anesthesia. The right 
scapula was fixed outside the lead box and locally irradiated 
with X-rays every other day; irradiation was performed at 
room temperature at the dose rate of 2 Gy/min each time (five 
times), with the total dose of 10 Gy (MultiRad225; Faxitron 
X-ray Corporation, Wheeling, IL, USA). A total of 30 female 
BALB/c-nude mice were sacrificed following X-ray irradia-
tion for 28 days. Immediately after sacrifice, body weight was 
detected. No significant difference was found in body weight 
of all BALB/c-nude mice, as all mice weighed approximately 
24 g. The gross morphology and growth of the nude mouse 
xenografts were examined and recorded carefully. The stripped 
tumor was washed with 100 µl sterile water four times. The 
experiment was approved by the Animal Ethics Committee 
of the Second Hospital of Jilin University (no. 201201003), 
and the experiment strictly followed the National Institutes of 
Health guide for the care and use of laboratory animals.
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Statistical analysis. All data were processed using SPSS 20.0 
software (IBM SPSS, Armonk, NY, USA) and are presented 
as the mean ± standard deviation. Student's t-test was used 
for comparisons between two groups and one-way analysis of 
variance was used to compare multiple groups. The association 
between MTDH expression, ovarian cancer and clinicopatho-
logical factors in ovarian cancer was assessed using the χ2 test. 
For homogenous data, the Least Significant Difference test 
was performed; for non-homogenous data, the Games-Howell 
test was used. P<0.05 was considered to indicate a statistically 
significant difference.

Results

MTDH is expressed at high levels in SKOV3 cells. To measure 
the expression of MTDH in SKOV3 cells, RT-qPCR and 
western blot analyses were performed. The results demon-
strated that the expression of MTDH was increased in SKOV3 
cells compared with that in HOSEpiC cells (P<0.05; Fig. 1). 
These results suggested that MTDH is associated with ovarian 
cancer.

MTDH is expressed at high levels in ovarian cancer tissues. 
Subsequently, the expression of MTDH in ovarian cancer 
tissues was examined using immunohistochemistry and 
RT-qPCR analysis. The cytoplasm or cell membrane was 
stained brown-yellow in positive cells, indicating MTDH 
expression. The positive rate of MTDH expression in ovarian 
cancer tissues was 71.43%, compared with 12.64% in normal 

ovarian tissues (P<0.05; Table I). More positive cells were 
expressed in the ovarian cancer tissues than in the normal 
ovarian tissues (P<0.05; Fig. 2A and B). The RT-qPCR results 
demonstrated that the expression of MTDH was significantly 
elevated in ovarian cancer tissues compared with normal 
ovarian tissues (P<0.05; Fig. 2C). The association between 
the expression of MTDH and clinicopathological features in 
ovarian cancer tissues is shown in Table II; the results suggested 
that the expression of MTDH was associated with clinical 
stage, pathological grade, histological grade and lymph node 
metastasis. No significant differences were observed between 
histological subtype and age (Table II).

MTDH silencing significantly reduces the expression of 
MTDH. RT-qPCR and western blot analyses were performed 
to evaluate the mRNA and protein expression of MTDH in 
SKOV3 cells following transfection in each group. Compared 
with the blank and control-shRNA groups, SKOV3 cells in 
the MTDH-shRNA group had decreased mRNA and protein 
levels of MTDH (P<0.05), whereas no significant differences 
in expression were observed in the blank and control-shRNA 
groups (P>0.05). This suggested successful shRNA-mediated 
inhibition of MTDH in theSKOV3 cells (Fig. 3).

MTDH silencing significantly suppresses ovarian cancer 
growth. The viability of SKOV3 cells was assessed using an 
MTT assay (Fig. 4). The respective OD values in the blank, 
control-shRNA and MTDH-shRNA groups were 0.63±0.09, 
0.67±0.08 and 0.40±0.04 at 1 day, 1.33±0.11, 1.47±0.13 and 

Figure 1. Expression of MTDH is increased in SKOV3 cells. (A) Reverse transcription-quantitative polymerase chain reaction and (B and C) western blot 
analyses were used to determine the relative expression of MTDH in SKOV3 and HOSEpiC cells. ***P<0.05, vs. HOSEpiC cells. Data are presented as the 
mean ± standard deviation and were analyzed using Student's t-test. The experiment was repeated three times. MTDH, metadherin.

Figure 2. Expression of MTDH is high in ovarian cancer tissues. (A) Immunohistochemistry was used to assess the relative expression of MTDH in ovarian 
cancer tissues and normal ovarian tissues (SP magnification, x400). (B) Expression of MTDH was elevated in ovarian cancer tissues. (C) Reverse transcription-
quantitative polymerase chain reaction analysis was used to determine the relative expression of MTDH in ovarian cancer tissues and normal ovarian tissues; 
*P<0.05 vs. normal ovarian tissues. There were 273 cases of ovarian cancer and 277 normal cases. Data are presented as the mean ± standard deviation and 
analyzed by Student's t-test. The experiment was repeated three times. MTDH, metadherin.
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0.93±0.06 at 2 days, and 1.59±0.12, 1.67±0.13 and 1.02±0.11 at 
3 days of tumor growth. The respective OD values in the blank, 
control-shRNA and MTDH-shRNA groups were 1.81±0.07, 
1.86±0.11 and 1.18±0.08 at 5 days, and 1.94±0.12, 1.97±0.12 
and 1.23±0.09 at 7 days of tumor growth. The cell growth in 
the MTDH-shRNA group was inhibited compared with that 
in the blank and control-shRNA groups at each time point 
following transfection (P<0.05), whereas no significant differ-
ences were observed in the blank and control-shRNA groups 
(P>0.05). These results suggested that the shRNA‑mediated 
inhibition of MTDH suppressed the proliferation of SKOV3 
cells.

MTDH-shRNA suppresses the migration and invasion of 
ovarian cancer SKOV3 cells. The effects of MTDH-shRNA 

transfection on ovarian cancer cell migration and invasion 
were determined using Transwell and wound-healing assays. 
The Transwell results revealed no significant differences in 
the number of cells penetrating the membrane between the 
blank (44.67±4.51) and control-shRNA (41.67±5.51) groups 
(P>0.05). Compared with the blank and control-shRNA 
groups, a significantly lower number of cells (7.00±2.00) 
penetrated the membrane in the MTDH-shRNA group 
(P<0.05; Fig. 5A and B). The wound-healing assay revealed 
that cell migration was significantly reduced at each time 
point in the MTDH-shRNA group compared with migra-
tion in the blank and control-shRNA groups (P<0.05; 
Fig.  5C  and  D). These results suggested that shRNA-
mediated inhibition of MTDH suppressed the migration and 
invasion of SKOV3 cells.

Table I. Expression of MTDH in ovarian cancer tissues and normal ovarian tissues.

	 MTDH expression
	 -------------------------------------------------------
Group	 n	 Positive	 Negative	 Positive rate (%)	 P-value

Normal ovarian tissues	 277	   35	 242	 12.64	 0.001
Ovarian cancer tissues 	 273	 195	   78	 71.43

The P-value was evaluated using the χ2 test. MTDH, metadherin.

Table II. Correlation between the expression of MTDH and the clinicopathological features of ovarian cancer.

	 MTDH expression
	 -------------------------------------------------------
Clinicopathological factor	 n	 Positive	 Negative	 χ2 value	 P-value

Histological classification 
  Serous cystadenocarcinoma	 124	 90	 34	 1.982	 0.576
  Mucinous cystadenocarcinoma	 82	 55	 27
  Endometrioid carcinoma	 38	 30	 8
  Epithelial carcinoma	 29	 20	 9
FIGO stage
  I, II	 113	 54	 59	 52.800	 <0.001
  III	 160	 141	 19
Grade
  I, II	 109	 52	 57	 50.030	 <0.001
  III	 164	 143	 21
Histology
  Poor differentiation	 171	 146	 25	 43.650	 <0.001
  Middle or high differentiation	 102	 49	 53
Age (years)
  ≥40	 145	 98	 47	 2.237	 0.135
  <40	 128	 97	 31
Lymph node metastasis
  No	 101	 47	 54	 48.680	 <0.001
  Yes	 172	 148	 24

The P-value was evaluated using the χ2 test. MTDH, metadherin.
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MTDH gene silencing increases the radiosensitivity of 
SKOV3 cells. In order to analyze the effect of MTDH gene 
silencing on the radiosensitivity of SKOV3 cells, a colony-
formation assay was performed. The colony-formation assay 
is regarded as a standard measurement to evaluate the effect 
of external radiotherapy on tumors by measuring the repro-
ductive integrity of tumor cells without proliferation (21). The 
cell survival fraction was decreased in the blank, control-
shRNA transfection and MTDH-shRNA groups depending 
on the radiation dose (P<0.05). The surviving fraction was 
lower in the MTDH-shRNA group compared with that in 
the blank and control-shRNA groups (all P<0.05), whereas 
no significant differences in the cell survival fraction were 
observed between the blank and control-shRNA groups 
(P>0.05; Fig. 6). Taken together, these results indicated that 
MTDH silencing increased the sensitivity of the SKOV3 cells 
to X-ray radiation.

MTDH silencing increases the apoptosis of SKOV3 cells 
following radiotherapy. Flow cytometry was used to assess 
the apoptotic rate following irradiation (Fig. 7). The variance 
analysis indicated that apoptosis was increased with increasing 

doses of radiation in the blank, control-shRNA and MTDH-
shRNA groups (P<0.05). The apoptotic rate was significantly 
increased in the MTDH-shRNA group compared with that in 
the blank and control-shRNA groups (P<0.05), whereas no 
significant difference was observed between the blank and 
control-shRNA groups (P>0.05). These results suggested that 
MTDH silencing enhanced radiotherapy-induced apoptosis of 
SKOV3 cells.

MTDH silencing inhibits tumor growth and enhances the 
radiosensitivity of SKOV3 cells. A nude mouse xenograft 
model was utilized to assess differences in tumor growth 
following inoculation with SKOV3 cells. The growth of 
xenograft tumors was observed in nude mice as the efficacy 
of radiotherapy. Slow tumor growth was observed for 8 days 
prior to radiotherapy in the blank, control-shRNA and MTDH-
shRNA groups, and no significant differences in tumor volume 
were observed (P>0.05). On day 12 of radiotherapy, the tumor 
volume was 110.51±9.73 and 113.72±8.96 mm3 in the blank 
and control-shRNA groups, respectively, with no significant 
differences observed (P>0.05). In the MTDH-shRNA group, 
tumor volume was 90.13±6.92 mm3, indicating a significant 
decrease in tumor growth rate compared with that in the 
blank and control-shRNA groups (P<0.05). Radiotherapy 
was continued, and the tumor volume in the MTDH-shRNA 
group decreased compared with that in the blank and control-
shRNA groups (P<0.05). The mice were sacrificed at the end 
of radiotherapy and the tumor tissues were weighed. The 
mean tumor weights in the blank, control-shRNA and MTDH-
shRNA groups were 1.27±0.14, 1.25±0.17 and 0.57±0.10 g, 
respectively. The mean tumor weight was decreased in the 
MTDH-shRNA group compared with that in the blank and 
control-shRNA groups (P<0.05), however, no significant 
differences were observed between the blank and control-
shRNA groups (P>0.05; Fig. 8A-C). These results suggested 
that MTDH silencing enhanced the radiosensitivity of the 
nude mouse xenograft models and effectively delayed tumor 
growth. Furthermore, the protein level of MTDH was reduced 
in the MTDH-shRNA group compared with that in the blank 
and control-shRNA groups (P<0.05), whereas no such differ-
ence was observed between the blank and control-shRNA 
groups (P>0.05; Fig. 8D and E).

Figure 3. SKOV3 cells have a high expression of MTDH. (A) Reverse transcription-quantitative polymerase chain reaction and (B) western blot analyses were 
used to determine the relative expression of MTDH in each group, with (C) quantification of western blot results. *P<0.05, vs. blank group; #P<0.05 vs. control-
shRNA group. Data are presented as the mean ± standard deviation and were analyzed by one-way analysis of variance. The experiment was repeated three 
times. MTDH, metadherin; shRNA, short hairpin RNA.

Figure 4. MTDH silencing inhibits the viability of SKOV3 cells. An MTT 
assay was used to assess viability. *P<0.05  vs.  MTDH-shRNA group; 
#P<0.05 vs. 0 Gy. Data are presented as the mean ± standard deviation and were 
analyzed by one-way analysis of variance. The experiment was repeated three 
times. MTDH, metadherin; shRNA, short hairpin RNA; OD, optical density.
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Discussion

Ovarian cancer is a type of cancer that affects the female repro-
ductive tract and is the fifth-leading cause of cancer‑associated 

mortality among women (22). In the last decade, MTDH has 
been identified as an important oncogene and is a valuable 
prognostic marker in patients with various types of cancer. 
It has been reported that MTDH is localized in the cell 
membrane, cytoplasm, endoplasmic reticulum, nucleus and 
nucleolus (23-25). The application of MTDH gene silencing to 
overcome radioresistance in ovarian cancer is of great interest. 
The present study investigated the effects of MTDH silencing 
on the radiosensitivity, proliferation, migration, invasion and 
apoptosis of SKOV3 ovarian cancer cells. The results indicated 
that MTDH silencing inhibited cell proliferation, migration 
and invasion, and promoted cell apoptosis and radiosensitivity 
in vitro and in vivo.

The expression of MTDH was assessed in ovarian cancer 
and normal ovarian tissues, and in ovarian cancer and normal 
cell lines. The results demonstrated that the expression of 
MTDH was high in ovarian cancer tissues compared with that 
in normal tissues, and that transfection with MTDH-shRNA 
reduced the expression of MTDH in the SKOV3 ovarian 
cancer cells. The association between MTDH and oncology 
has been investigated in several types of cancer, providing an 
insight into factors affecting prognoses (26-28). It has been 
reported that MTDH is expressed in human ovarian cancer 

Figure 6. SKOV3 survival fractions decrease with irradiation in a dose-
dependent manner. Data are presented as the mean ± standard deviation and 
were analyzed by one-way analysis of variance. *P<0.05 vs. MTDH‑shRNA 
group; #P<0.05 vs. 0 Gy. The experiment was repeated three times. 
MTDH, metadherin; shRNA, short hairpin RNA.

Figure 5. MTDH silencing suppresses the invasion and migration of SKOV3 cells. Transwell and wound-healing assays were performed. (A) Images and 
(B) quantification of invasion, and the (C and D) results of migration showed that invasion and migration were inhibited by MTDH depletion. *,#P<0.05 vs. 
blank and control groups. Data are presented as the mean ± standard deviation and were analyzed by one-way analysis of variance. The experiment was 
repeated three times. MTDH, metadherin; shRNA, short hairpin RNA. Original magnification, x200.
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tissues and is negatively correlated with the overall survival 
rate of patients (29). The upregulation of MTDH is frequently 
observed in various types of cancer, including liver, brain 
and breast cancer, and contributes to poor prognoses (28,30). 
Consistent with the results of the present study, Zhou et al (31) 
reported that there was minimal or no MTDH immunore-
activity in normal tissues. Similarly, the overexpression of 
MTDH is associated with the prognosis of patients with 
metastatic ovarian cancer, and MTDH staining was increased 
in chemoresistant patients compared with chemosensitive 

patients (32,33). Hu et al (27) demonstrated that lung metas-
tasis was reduced following MTDH knockdown

The results of the MTT, Transwell and wound-healing 
assays in the present study revealed that cell growth and migra-
tion were inhibited in the MTDH-shRNA group compared 
with the blank and control-shRNA groups. MTDH is poten-
tially a key regulator of tumor malignancy and is associated 
with the progression of certain types of cancer (34). A study by 
Hu et al (27) indicated that the therapeutic targeting of MTDH 
inhibited tumor growth and inhibited metastasis, which is 

Figure 7. MTDH gene silencing increases the radiosensitivity of SKOV3 cells. (A) Flow cytometry revealed that the apoptosis was increased with irradiation in 
a dose-dependent manner. (B) Apoptosis was promoted by MTDH depletion. *P<0.05 vs. the MTDH-shRNA group; #P<0.05 vs. 0 Gy. Data are presented as the 
mean ± standard deviation and were analyzed by one-way analysis of variance. The experiment was repeated three times. MTDH, metadherin; shRNA, short 
hairpin RNA; PI, propidium iodide.
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consistent with the results of the present study. The expression 
of MTDH during developmental and differentiation processes 
is mediated by the phosphoinositide 3-kinase/Akt, nuclear 
factor-κB and Wnt/β-catenin signaling pathways (26,27). The 
proliferation and invasion of cancer cells can be enhanced 
by activating these pathways (27). Furthermore, the devel-
opment of hepatocellular carcinoma can be delayed by the 
microRNA-375-induced downregulation of MTDH  (30). 
It has been reported that MTDH is involved in a number of 
physiological and pathological tumors, including brain tumors 
and neuroblastomas, whereas MTDH interference suppresses 
the proliferation and migration of these cells (35,36). RNA 
interference contributes to sequence-specific gene silencing 
through double-stranded RNAs, which inhibit gene expression 
by degrading a specific mRNA (37). MTDH silencing in the 
present study was able to inhibit the proliferation and metas-
tasis of SKOV3 ovarian cancer cells.

The colony-formation assay and flow cytometry results 
revealed that the radiosensitivity and apoptotic rate of 
SKOV3 cells were enhanced following MTDH silencing. 
Radioresistance is a common issue that results in treatment 
failure, and it has been reported that radioresistance is mediated 
by tumor-related genes affecting cellular processes (38,39). A 
number of factors are associated with cancer risk and radio-
sensitivity, including alterations in DNA repair, cell cycle or 
apoptotic pathways (40). Previous evidence has revealed that 
the downregulation of MTDH can reduce the viability, colony 
formation and invasion of U87 human glioma cells and 9L 
rat gliosarcoma cells (41,42). In addition, MTDH knockdown 
was shown to reduce radioresistance in colon cancer cell lines 

following irradiation (43). Cell viability and apoptosis were 
measured following treatment with specific interfering RNA, 
and it was reported that the downregulation of MTDH had no 
significant effects on cell cycle distribution, rather reducing 
cell viability via apoptosis (44). MTDH acts by interfering 
with protein translation via mRNA binding in the cytoplasm 
or by loading other mRNAs to the polysome (29). A study by 
Chang et al (45) revealed that cell apoptosis was significantly 
elevated in MTDH-knockdown groups compared with nega-
tive control groups. These results were supported by the in vivo 
experiment with nude mouse xenograft models in the present 
study, in which MTDH silencing enhanced the therapeutic 
efficacy of radiation and effectively inhibited tumor growth.

In conclusion, the results of the present study suggested 
that MTDH is expressed at a high level in patients with ovarian 
cancer. MTDH silencing inhibited the proliferation and metas-
tasis of SKOV3 ovarian cancer cells and simultaneously induced 
apoptosis. Furthermore, MTDH silencing led to increased radio-
sensitivity of SKOV3 cells. Therefore, MTDH gene silencing 
may serve as a novel therapeutic strategy for the management 
of ovarian cancer. However, the effects of X-ray radiation on 
the expression of p53 and MDTH have not been investigated, 
and are to be the focus of future investigations. Gene expres-
sion is affected by various factors, and further investigations are 
required to confirm the aforementioned conclusions.
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