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Overexpression of microRNA-367 
inhibits angiogenesis in ovarian cancer 
by downregulating the expression of LPA1
Qingling Zheng1, Xin Dai2, Wei Fang3, Yan Zheng3, Jin Zhang2, Yanxiang Liu2 and Donghua Gu2* 

Abstract 

Background: Compelling evidences reported the role of microRNAs (miRNAs) in ovarian cancer. However, little was 
known regarding the molecular mechanism of miR-367 in ovarian cancer. This study intended to investigate the role 
and regulatory mechanism of miR-367 in ovarian cancer involving lysophosphatidic acid receptor-1 (LPA1).

Methods: Potentially regulatory miRNAs in ovarian cancer were obtained from bioinformatics analysis. RT-qPCR was 
used to detect miR-367 expression in both ovarian cancer tissues and relevant adjacent normal tissues. Relationship 
between miR-367 and LPA1 was predicted by miRNA database and further verified using dual luciferase reporter gene 
assay and RIP. EdU and Transwell assay were used to measure the proliferation and invasion ability of cells. Moreover, 
tube formation and chick chorioallantois membrane (CAM) assay were performed to determine angiogenesis of 
human umbilical vein endothelial cells (HUVECs). Finally, the roles of LPA1 in tumor growth was also studied using 
nude mice xenograft assay.

Results: High expression of LPA1 and low expression of miR-367 were observed in ovarian cancer tissues and cells. 
Overexpressed miR-367 downregulated LPA1 expression to inhibit proliferation, invasion, and angiogenesis of cancer 
cells. Low expression of LPA1 suppressed tumor formation and repressed angiogenesis in ovarian in vivo.

Conclusion: All in all, overexpression of miR-367 downregulated LPA1 expression to inhibit ovarian cancer progres-
sion, which provided a target for the cancer treatment.
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Background
Ovarian cancer ranks 7th among cancers in women and 
8th cause of cancer death [1]. The progression of ovar-
ian cancer requires the co-evolution of neoplastic cells 
as well as the adjacent microenvironment [2]. It was 
reported that the main challenge of ovarian cancer treat-
ment was that most patients have advanced disease at 
the time of diagnosis [3]. Angiogenesis is a complicated 

process which greatly affects growth, tissue and organ 
regeneration, and many pathological conditions [4]. Cur-
rently, it is reported that angiogenesis is a multi-step 
process which needs highly modulated endothelial cell 
behavior [5]. Angiogenesis was reported to be a crucial 
marker for ovarian cancer development [6]. Thus, it is 
urgent to develop new strategy for diagnosing ovarian 
cancer.

MicroRNAs (miRNAs) are a variety of RNAs that 
could regulate the translation and stability of mRNAs 
influencing cell differentiation, migration and apopto-
sis [7]. Besides, miRNAs influence various physiological 
states [8]. It has been verified that miRNAs are differen-
tially expressed in ovarian cancer and exert functions as 
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both diagnostic and prognostic targets for ovarian can-
cer treatment [9]. For example, the relationship between 
paclitaxel sensitivity and miR-367/miR-30a-5p expres-
sion was used as novel therapeutic targets for ovarian 
cancer treatment [10].

The lysophosphatidic acid (LPA) is a crucial signaling 
molecule due to its widespread presence in biological flu-
ids and its relation to disease conditions including fibro-
sis and cancer [11]. LPA is an important component of 
biofilm, an extracellular signal transmitter and intracel-
lular second messenger, it can target endothelial differ-
entiation gene (Edg) family LPA receptors (LPA1, LPA2, 
and LPA3) and non-Edg family LPA receptors (LPA4, 
LPA5, and LPA6) to mediate physiological and patho-
logical processes such as angiogenesis, tumor progres-
sion, and inflammatory reactions [12]. The expression of 
LPA2 or LPA3 contributes to the aggressiveness of ovar-
ian cancer, suggesting that targeting the production and 
action of LPA may be potential to treat ovarian cancer 
[13]. Further, inhibition of LPA1 has effects on metasta-
sis and metastatic dormancy in breast cancer [14]. It was 
also suggested that LPA has a variety of biological activi-
ties involved in tumor initiation and progression, such as 
improved cell survival and angiogenesis [15]. Moreover, 
the key roles of LPA4 and LPA6 in developing angiogen-
esis were also addressed before [16]. Therefore, our study 
aims to verify our assumption whether miR-367 targeted 
LPA1 to affect ovarian cancer progression, so as to pro-
vide a potential approach to ovarian cancer treatment.

Materials and methods
Ethics statement
The experiment was authorized by the Ethics Commit-
tee of the Affiliated Suzhou Science & Technology Town 
Hospital of Nanjing Medical University and conducted 
in compliance with the Declaration of Helsinki. All indi-
viduals signed informed written consent documents. The 
experiments involving animals were performed comply-
ing with the Guide for the Care and Use of Laboratory 
Animals. Animal experiments were conducted accord-
ing to the animal experiment system ethics guidelines 
approved by the Animal Management Committee of the 
Affiliated Suzhou Science & Technology Town Hospital 
of Nanjing Medical University.

Microarray‑based analysis
The miRNA expression microarray dataset GSE48485 
and mRNA expression microarray data GSE66957 related 
to ovarian cancer were obtained from the Gene Expres-
sion Omnibus (GEO) database (https ://www.ncbi.nlm.
nih.gov/), including 5 cancer tissues and 5 adjacent nor-
mal tissues in GSE48485 dataset and 57 cancer tissues 
and 12 adjacent normal tissues in GSE66957 dataset. The 

threshold of |log Foldchange| > 1, p value < 0.05 was set 
to screen differentially expressed genes. Target mRNAs 
for significantly differential miRNAs, and the bind-
ing site map of miRNA and target gene were predicted 
by the StarBase database (http://starb ase.sysu.edu.cn/
index .php). The expression level of the predicted gene 
was obtained by performing the differential analysis on 
GSE66957 dataset.

Clinical sample collection
We recruited 48 pairs of ovarian cancer and adjacent nor-
mal tissues (non-cancerous tissues verified by pathologi-
cal examination) collected from ovarian cancer patients 
(aged 35–65 with a mean age of 48.83 ± 9.53  years old) 
underwent surgeries at Huzhou central Hospital from 
January 2014 to January 2016. Among these ovarian 
cancer patients, 18 were in stage I, 13 were in stage II, 
and 17 were in stage III [17]. According to histopatho-
logical grading criteria, high- and medium-(G1 + G2) 
(n = 28) and poor-differentiation (G3) (n = 20) of tumor 
were classified. Besides, cases of tumor diameter < 2  cm 
(n = 25) and ≥ 2 cm (n = 23) were assessed. Patients with 
other malignant tumors, severe infections, cognitive 
impairment, poor compliance or inability to understand 
the research process were excluded. The collected sam-
ple tissues were mainly divided into two parts. One part 
of the tissues was stored in a liquid nitrogen immediately 
for RNA and protein extraction. Another part of the tis-
sues was fixed with paraformaldehyde and embedded in 
paraffin for subsequent experiments. The patients were 
followed up for 6–36 months with outpatient review and 
telephone follow-up, which was ended by June 2019. A 
total of 48 patients were followed up.

Cell culture
Human ovarian cancer cell line A2780, CP70, SKOV3, 
and normal ovarian epithelial cell line IOSE80 were pur-
chased from Beijing Beina Science and Technology Co., 
Ltd. (Beijing, China). (http://www.bncc.org.cn/defau 
lt.htm). A2780, CP70, and IOSE80 cells were cultured 
in Dulbecco’s modified Eagle’s medium (DMEM)-H 
(Gibco; Thermo Fisher Scientific, USA) with 10% fetal 
bovine serum (FBS; Gibco). SKOV3 cells were cultured in 
RPMI-1640 medium (Gibco) with 10% FBS. All medium 
contained 100  U/mL penicillin, and all cell lines were 
cultured at 37  °C in 5%  CO2 and then subcultured. The 
human umbilical vein endothelial cells (HUVECs) were 
from ATCC (ATCC ® CRL-1730).

Cell transfection
Cells were seeded into a 24-well plate (2.5 × 105 cells/
well) and transfected after the density reached at 60–70%. 
Ovarian cancer cells were grouped as mimic NC, 

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
http://starbase.sysu.edu.cn/index.php
http://starbase.sysu.edu.cn/index.php
http://www.bncc.org.cn/default.htm
http://www.bncc.org.cn/default.htm
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miR-367 mimic, inhibitor NC, miR-367 inhibitor, si-NC, 
siRNA targeting LPA1 (si-LPA1) (si-LPA1-1: GGA GGA 
UGU CUG AGA GAA AGA; si-LPA1-2: CCA UGU UGU 
UAA CUA UUU AGG; si-LPA1-3: CGA UCU GAU CAG 
CAA ACA AGA), and si-LPA1 + miR-367 mimic groups. 
miR-367 mimic, miR-367 inhibitor, and si-LPA1 were 
purchased from Ribobio (Guangzhou, China). Cells were 
transfected following the instructions of Lipofectamine™ 
(Invitrogen, Carlsbad, USA).

RT‑qPCR
Total RNA was extracted using Trizol (15596026, Invitro-
gen), and then reversely transcribed into complementary 
DNA (cDNA) by PrimeScript RT reagent Kit (RR047A, 
Takara, Tokyo, Japan). For each sample, 1000  ng RNA 
was reversely transcribed into 20  μL cDNA, and 2  μL 
cDNA was used for subsequent PCR operation. Primers 
for miR-367, LPA1, MCM2, MMP2, MMP9, VEGF, U6, 
and GADPH were designed and synthesized by Shanghai 
Sangon Biotech (Shanghai, China) (Table 1). The reaction 
solution was taken for real-time fluorescence quantitative 
PCR operation by ABI 7500 real time quantitative PCR 
instrument (7500, ABI, Perkin-Elmer, Applied Biosys-
tems, Foster City, CA, USA). The  2−△△Ct method was 
used to calculate the expression levels of miR-367, LPA1, 
MCM2, MMP2, MMP9, and VEGF in cells.

Immunoblotting
Total protein was harvested using an assay kit (Beyotime 
Biotechnology, Shanghai, China). Bio-Rad DC Protein 
Assay Kit (Guangzhou Ewell Bio-technology Co., Ltd., 
Guangdong, China) was used for protein quantification. 
Each sample was added with sodium dodecyl sulfate 
(SDS) loading buffer, boiled for 10 min in boiling water, 

and 20  μg protein sample was applied to a 10% SDS-
polyacrylamide gel. Then the protein was transferred 
onto polyvinylidene fluoride membrane and immersed 
in 1 × Tris-Buffered Saline Tween-20 (TBST) containing 
5% skimmed milk powder to block non-specific binding 
sites. The membrane was then incubated overnight at 
4 °C with diluted primary antibody, i.e. one of the rabbit 
antibodies LPA1 (R&D system, Minneapolis, MN, USA, 
AF9963, 1:2000), MCM2 (R&D system, AF5778, 1:2000), 
MMP2 (R&D system, AF902, 1:2000), MMP9 (R&D sys-
tem, AF909, 1:2000), VEGF (R&D system, AF-493-NA, 
1:2000), and GAPDH (R&D system, AF5718, 1:2000). 
Then the membrane was incubated with secondary goat 
anti-rabbit anti-immunoglobulin G (IgG) (R&D system, 
AB-105-C, 1:20,000). Exposure was carried out with an 
enhanced chemiluminescence. Gray value of each pro-
tein was determined by Image J software (NIH free soft-
ware, Bethesda, MD, USA). The original immunoblotting 
bands are shown in Additional file 1.

5‑ethynyl‑2′‑deoxyuridine (EdU) assay
A2780 cell proliferation experiments were performed 
using the EdU assay kit (CA1170, Beijing Solarbio Sci-
ence & Technology Co., Ltd., Beijing, China). Cells were 
seeded in 96-well plates with 1 × 104  cells/well. Then 
100 μL of 50 μM EdU medium was added to each well. 
The cells were fixed with 40  g/mL paraformaldehyde 
for 20 min, incubated with 2 mg/mL glycine for 10 min, 
and washed twice by phosphate-buffered saline (PBS). 
Each well was added with 100 μL of penetrant (0.5% Tri-
ton X-100 in PBS) (T8200, Beijing Solarbio Science & 
Technology Co., Ltd.), shaken on a bleaching shaker for 
10  min, and then added with 100  μL of Apollo staining 
solution for incubation for 30 min in the dark. Next, cells 
were added with Hoechst33342 reaction solution to incu-
bate at room temperature for 30 min, washed twice with 
0.5% Triton X, and observed under an inverted fluores-
cence microscope. Image-pro plus (IPP) 6.0 professional 
image analysis software (VersionX, Media Cybernetics, 
Silver Springs, MD, USA) was used to count the number 
of cells.

Transwell assay
3 × 104 A2780 cells were added in the apical chamber 
with 200 μL of serum-free medium, and 500 μL of fresh 
medium containing 10% FBS was supplemented in the 
basolateral chamber. The insert was coated with 200 mg/
mL Matrigel and the cells were incubated for 24  h for 
invasion assay. After 48 h, the cells invaded in basolateral 
chamber were stained with 0.1% crystal violet. Images 

Table 1 Primer sequences for RT-qPCR

RT-qPCR reverse transcription quantitative polymerase chain reaction, 
miR-367 microRNA-367, LPA1 lysophosphatidic acid receptor-1, MCM2 
minichromosome maintenance 2, MMP2 matrix metalloproteinase 2, MMP9 
matrix metalloproteinase 9, VEGF vascular endothelial growth factor, GAPDH 
glyceraldehyde-3-phosphate dehydrogenase

Gene Forward primer (5′‑3′) Reverse primer (5′‑3′)

miR-367 ACT GCA AGA AAC GGT TTT CCC GGC GCG GAA CAC TGA GAT GT

LPA1 ATC TTT GGC TAT GTT CGC CA TTG CTG TGA ACT CCA GCC A

MCM2 CAC ATC GAG TCC ATG ATC C CAA AAG TCT TGC GCA TGC T

MMP2 TTT GCT CGG GCC TTA AAA 
GTAT 

CCA TCA AAC GGG TAT CCA TCTC 

MMP9 CGG ACC CGA AGC GGA CAT GGG GCA CCA TTT GAG TTT 

VEGF CAT GAA CTT TCT GCT GTC 
TTGG 

CCT GGT GAG AGA TCT GGT TCC 

GADPH ACC ACA GTC CAT GCC ATC AC TTA CCA CCC TGT TGC TGT A

U6 GCT TCG GCA GCA CAT ATA CTA 
AAA 

CGC TTC ACG AAT TTG CGT GTCAT 
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of invaded A2780 cells were observed and collected by a 
phase contrast microscope.

Dual luciferase reporter gene assay
Bioinformatics website was used to predict binding site 
of miR-367 and LPA1 and to obtain fragment sequences 
containing the site of action. The 3′ UTR region of LPA1 
was cloned and amplified into a pmirGLO (E1330, Pro-
mega, Madison, WI, USA) luciferase vector and named 
as pWt-LPA (CUU GGU AGC CAC ACC UGC AAUG). 
The pMut-LPA vector (CUU GGU AGC CAC ACC GAC 
GUCG) was also constructed. Then the pRL-TK vector 
expressing Renilla luciferase (E2241, Promega, Madi-
son, WI, USA), mimic NC, and miR-367 mimic were 
co-transfected with luciferase reporter vectors pWt-LPA 
and pMut-LPA respectively into ovarian cancer cell line 
A2780. The luminescence intensity was monitored by the 
Dual Luciferase Reporter Gene Assay Kit (GM-040502A, 
Qiancheng Bio, shanghai, China) at 560 nm (firefly rela-
tive luciferase units (RLU)) and 482  nm (renilla RLU), 
and the firefly RLU/renilla RLU ratio was measured to 
determine the binding.

RNA immunoprecipitation (RIP)
Bindings of miR-367 and LPA1 to Ago2 protein were 
assessed according to Magna RIP RNA-binding protein 
immunoprecipitation kit (Merck Millipore, Billerica, 
USA). Cells were washed with pre-cooled PBS and the 
supernatant was discarded. The cells were lysed with an 
equal volume of RIPA lysate for 5  min in ice bath, cen-
trifuged at 14,000  rpm for 10  min at 4  °C, followed by 
the removal of supernatant. A part of the cell extract was 
taken out as an input, and the rest was incubated with the 
antibody for coprecipitation. Specifically, 50 μL of mag-
netic beads for each coprecipitation reaction system was 
washed and resuspended in 100 μL of RIP wash buffer, 
and 5  μg of antibody was added for combination. The 
magnetic bead-antibody complex was washed and resus-
pended in 900 μL of RIP wash buffer, and 100 μL of cell 
extract was added. Next, the mixture was incubated, and 
the sample was placed on the magnetic base to collect the 
magnetic bead-protein complex. The sample and input 
were separately treated by proteinase K to extract RNA 
for subsequent PCR detection. IgG was used as NC.

Tube formation assay
Tube formation assay was conducted on HUVECs under 
the treatment of different ovarian cancer cell culture 
medium. HUVECs were cultured in DMEM medium 
containing 10% FBS. Ovarian cancer cells A2780 were 
cultured in DMEM-H with 10% FBS medium at 37  °C. 
The ovarian cancer cells were transfected, and the cul-
ture medium was collected 48 h later. Tumor conditioned 

medium was prepared by tumor supernatant: DMEM 
medium: FBS at a ratio of 4:5:1. A total of 50 μL Matrigel 
glue was added to each well of a 96-well plate and gelled 
at 37 °C for 30 min. Then cells were added with prepared 
tumor conditioned medium and HUVECs suspension 
and cultured. The operation was replicated three times in 
each group, with 4 fields of view taken for the observa-
tion under a phase contrast microscope. The number of 
small tubes was counted and photographed.

Chick chorioallantois membrane (CAM) assay
Seventy healthy chicken embryos were randomly injected 
with miR-367 mimic, miR-367 inhibitor, si-LPA1, miR-
367 inhibitor and si-LPA1 or their negative control 
(mimic NC, inhibitor NC, and si-NC). 1 × 107 A2780 
cells in the exponential growth phase was inoculated on 
the 10 days well-developed fertilized CAM using chicken 
fenestration. After inoculation, the chicken embryos 
were incubated for 5 days. The number of CAM vessels 
(number, N), area of blood vessel (area, A), ratio of blood 
vessel area (VA/A), tissue surface, and tissue area (tissue, 
T) of each group were detected by image analysis, and 
blood vessel and tissue changes were observed.

Xenografts in nude mouse
Twenty female BALB/C nude mice were obtained from 
Guangdong Medical Laboratory Animal Center (Guang-
dong, China). Mice were injected with cells transfected 
with si-NC and si-LPA1 (constructed by Shanghai San-
gon Biotech) respectively (10 in each group). The above 
stably transfected cells were subcutaneously injected into 
the armpits of female BALB/C nude mice (4–6 weeks old, 
18–22 g) (1 × 107 cells/each mouse). Tumor growth was 
monitored every 3 days by measuring the width (W) and 
length (L) with a caliper, and the volume of the tumor (V) 
was calculated using the formula V = (W2 × L)/2. Four 
weeks after the injection, the mice were euthanized and 
the tumor weight was measured.

Immunohistochemistry
Specimens were fixed with 10% formaldehyde and 
embedded in paraffin. Then 4 μm serial section was cut. 
Tissue sections were placed in a 60 °C incubator for 1 h, 
dewaxed by xylene, dehydrated with gradient alcohol, 
and incubated in 3%  H2O2 (Sigma-Aldrich, St. Louis, 
MO, USA). Then tissue sections were washed with 
PBS, placed in 0.01 M citrate buffer, boiled at 95  °C for 
20  min, cooled to room temperature, rinsed with PBS, 
and blocked with normal goat serum working solution 
with 37  °C for 10  min. Tissue sections were incubated 
with anti-rabbit CD34 (R&D system, AF4117, 1:100) and 
LPA1 (R&D system, AF9963, 1:100) at 4 °C for 12 h. After 
washing with PBS, the corresponding biotin-labeled 
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secondary antibody IgG goat anti-rabbit (R&D system, 
AB-105-C, 1:20,000) was added and kept for 10  min. 
Next, horseradish peroxidase-labeled streptavidin work-
ing solution (S-A/HRP) was added and kept for 10 min. 
Tissue sections were developed with diaminobenzidine 
(DAB) and stored in the dark for 8 min. Then cells were 
washed with tap water, stained with hematoxylin, dehy-
drated, transparentized, blocked, and observed by light 
microscopy. Positive cell counts were performed using 
Japanese Nikon image analysis software, and three equal-
area non-repetitive fields (× 200) were selected for each 
slice to calculate the number of positive cells. ABCF2 
(positive staining is greater than 25% of cells) and brown 
or brownish yellow particles appear in the cytoplasm 
were regarded as the criteria for immunohistochemistry. 
Positive expression rate = number of positive cases/total 
number of cases.

Statistical analysis
Data statistical analyses were processed using Statistic 
Package for Social Science (SPSS) 21.0 software (IBM 
Corp. Armonk, NY, USA). Measurement data were 
presented as mean ± standard deviation. Paired data 
between two groups were compared using paired t test, 
while unpaired data were analyzed using unpaired t-test. 
Comparisons among multiple groups were conducted by 
one-way analysis of variance (ANOVA) followed by Tuk-
ey’s post hoc test. Chi-square test was used to analyze the 
number of high and low expression cases. Patients’ sur-
vival rate was analyzed using the Kaplan–Meier method, 
while the difference of miR-367 expression was assessed 
by logrank test. The correlation between miR-367 and 
LPA1 was evaluated by Pearson’ correlation coefficient. 
The xenograft tumors in nude mice at different time 
points were observed and analyzed by repeated measures 
ANOVA. Differences were considered statistically signifi-
cant when p < 0.05.

Results
miR‑367 might participate in ovarian cancer progression 
by regulating LPA1
To screen out the miRNA involved in ovarian cancer, the 
miRNA expression microarray dataset GSE48485 and 
mRNA expression microarray dataset GSE66957 of ovar-
ian cancer were obtained from the GEO database. Fol-
lowing differential analysis of the gene expression data 
GSE48485, miR-367 was identified with the highest fold 
change and the lowest p value and was selected for fur-
ther analysis. Result of GSE48485 differential analysis 
indicated that miR-367 was poorly expressed in ovarian 
cancer (Fig. 1a). The target mRNA of miR-367 was pre-
dicted by StarBase database, which found that there were 
binding sites of miR-367 on LPA1 (Fig. 1b). Meanwhile, 

LPA1 was found to be highly expressed in cancer meta-
static cell lines, and LPA1 overexpression could promote 
the invasion and migration of ovarian cancer cells [18]. 
To further validate the expression of LPA1, we performed 
a differential analysis of GSE66957 and obtained high 
expression of LPA1 in ovarian cancer (Fig. 1c). It is also 
reported that LPA1 could promote tumor angiogenesis 
[19]. These results suggested that miR-367 might affect 
the progression of ovarian cancer cells by regulating 
LPA1.

miR‑367 is poorly expressed in ovarian cancer cells
To clarify the expression of miR-367 in ovarian cancer, 
we first detected the expression of miR-367 in 48 pairs of 
ovarian cancer and adjacent normal tissues by RT-qPCR 
(Fig. 2a). The results proved that the miR-367 expression 
in ovarian cancer tissues was lower than that in adjacent 
normal tissues (p < 0.05). Moreover, the level of miR-367 
in ovarian cancer cells gradually decreased from grade 
1 (well differentiated) to grade 3 (poorly differentiated) 
(p < 0.05) (Fig.  2b). At the same time, the correlation 
between the expression of miR-367 and the clinicopatho-
logical features of ovarian cancer was tested (Table  2). 
Results revealed that the expression of miR-367 was 
higher in tumors with the length < 2  cm than in tumors 
with the length ≥ 2  cm (p < 0.05). The miR-367 expres-
sion in the high- and medium-differentiation group was 
higher than in the poor differentiation group, it was 
lower in the lymph node metastasis group than non-
lymph node metastasis group (all p < 0.05). Subsequently, 
the average expression of miR-367 in 48 ovarian cancer 
patients was calculated for Cut-off value, which was used 
for prognostic analysis. The results revealed that patients 
with low expression of miR-367 had lower survival rate 
(38.10%) than those with high expression of miR-367 
(62.96%) with a total survival rate of 52.08% (Fig.  2c). 
Further cellular experiments also showed that miR-367 
was downregulated in cancer cell lines A2780, CP70, and 
SKOV3 compared with the normal ovarian epithelial cell 
line IOSE80, among which miR-367 showed the lowest 
expression in the ovarian cancer cell line A2780 (p < 0.05) 
(Fig. 2d). Thus, cell line A2780 was selected for transfec-
tion and subsequent related experiments. The results 
above proved that miR-367 was poorly expressed in ovar-
ian cancer cells.

Overexpression of miR‑367 inhibits proliferation, invasion, 
and angiogenesis of ovarian cancer cells
To investigate whether the altered expression of miR-
367 affected the biological function of ovarian cancer 
cells, the ovarian cancer cell line A2780 was selected, 
transfected, and then miR-367 expression was detected. 
Compared with the A2780 cells transfected with mimic 
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NC, the expression of miR-367 was increased in the 
A2780 cells transfected with miR-367 mimic (p < 0.05), 
and the expression of miR-367 was decreased in the 
A2780 cells transfected with miR-367 inhibitor com-
pared with the cells transfected with inhibitor NC 
(p < 0.05), suggesting successful transfection of the vec-
tors (Fig. 3a). Subsequently, the proliferation of A2780 
cells was detected by EdU assay. The results showed 
that the proliferation ability of A2780 cells treated with 
miR-367 mimic was lower than that of A2780 cells 
treated with mimic NC (p < 0.05), while proliferation 
ability of the A2780 cell treated with miR-367 inhibi-
tor was higher than that of the A2780 cells treated 
with inhibitor NC (p < 0.05) (Fig.  3b, c). Transwell 
assay for cell invasion ability proved that cell invasion 
ability was reduced with miR-367 mimic treatment in 
contrast to mimic NC treatment (p < 0.05), while abil-
ity was enhanced with miR-367 inhibitor treatment in 
contrast to inhibitor NC treatment (p < 0.05) (Fig.  3d, 
e). The results of tube formation assay showing tumor-
induced HUVECs angiogenesis indicated that the 

angiogenic ability of A2780 cells treated with miR-367 
mimic was lower than that of cells treated with mimic 
NC (p < 0.05), while angiogenic ability of A2780 cells 
increased after suppressed miR-367 (Fig. 3f–h). At the 
same time, the results of CAM assay on the growth of 
blood vessels and tissues demonstrated that the num-
ber, area, and area ratio of blood vessel and tissue area 
in the miR-367 mimic-treated A2780 cells were smaller 
than those in the mimic-NC-treated cells (p < 0.05), 
while were larger in the miR-367 inhibitor-treated 
A2780 cells than those in the mimic-NC-treated A2780 
cells from CAM assay (p < 0.05) (Fig. 3i–l).

In addition, we determined the mRNA and protein level 
of proliferation-related factor MCM2, invasion-related 
factor MMP2, MMP9, and angiogenesis-related factor 
VEGF by RT-qPCR and Immunoblotting. The results 
(Fig. 3m–o) displayed that compared with the A2780 cell 
transfected with mimic NC and inhibitor NC, the expres-
sion of MCM2, MMP2, MMP9, and VEGF in the A2780 
cells transfected with miR-367 mimic were inhibited (all 
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p < 0.05), while those in the A2780 cells transfected with 
miR-367 inhibitor were increased (all p < 0.05).

Taken together, the above results indicated that over-
expression of miR-367 reduced the proliferative and 
invasive ability of ovarian cancer cells and inhibited 
tumor-induced HUVECs angiogenesis.

miR‑367 downregulates the expression of LPA1
To study the targeting relationship of miR-367 in ovar-
ian cancer cells, firstly, we found that there were bind-
ing sites for miR-367 and LPA1 through bioinformatics 
website analysis (Fig. 4a). Then, the results of dual lucif-
erase reporter assay revealed that the luciferase activity 
of the LPA1 Wt 3′UTR was inhibited by miR-367 com-
pared to the cell treated with mimic-NC (p < 0.05), while 

the luciferase activity of the LPA1 Mut 3′UTR showed no 
significant change (p > 0.05) (Fig. 4b). The results of RIP 
experiments showed that the bound miR-367 and LPA1 
were higher in the Ago2 group compared with the IgG 
group, suggesting that miR-367 specifically bound to the 
3′UTR region of LPA1 and downregulated LPA1 expres-
sion at the post-transcriptional level (Fig.  4c). Then, 
RT-qPCR and Immunoblotting were used to measure 
the expression of LPA1 in ovarian cancer and adjacent 
normal tissues. The result demonstrated that LPA1 was 
highly expressed in ovarian cancer tissues (Fig.  4d–f). 
Moreover, correlation analysis showed that miR-367 was 
negatively correlated with LPA1 expression (Fig.  4g). 
Subsequently, the mRNA and protein level of LPA1 in 
each group was detected by RT-qPCR and western blot 
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analysis through interfering with the expression of miR-
367 (Fig. 4h–j). The results of the analysis proved that the 
expression of LPA1 in the miR-367 mimic group were 
lower than those in the mimic-NC group (p < 0.05). Com-
pared with the inhibitor-NC treatment, the mRNA and 
protein expression levels of LPA1 in the cells treated with 
miR-367 inhibitor was increased (p < 0.05). The above 
results indicated that LPA1 was highly expressed in ovar-
ian cancer and LPA1 was a direct target of miR-367.

Low expression of miR‑367 upregulates LPA1 expression 
to promote ovarian cancer cells proliferation, invasion, 
and angiogenesis
In order to further study the effect of LPA1 on the bio-
logical function of ovarian cancer cells, we designed 
three si-LPA1s, and screened the one with the high-
est interference efficiency of si-LPA1_3 after transfec-
tion (Fig. 5a). At the same time, RT-qPCR found that the 
expression of miR-367 had no change and the expression 
of LPA1 was reduced in the si-LPA1 group compared 
with the si-NC group, while compared with the si-LPA1 
group, the expression of miR-367 was suppressed and the 
expression of LPA1 was increased in the si-LPA1 + miR-
367 inhibitor group (Fig. 5b). The proliferation of A2780 
cells was examined by EdU assay, which showed that the 
proliferation ability of cells in si-LPA1-treated A2780 

cells was lower than that in si-NC-treated cells, while si-
LPA1 + miR-367 inhibitor cotreated A2780 cells exhib-
ited higher proliferation ability than that treated with 
si-LPA1 alone (p < 0.05) (Fig. 5c). The results of Transwell 
assay detecting A2780 cell invasion ability proved that 
the invasive ability of the A2780 cells transfected with 
si-LPA1 was decreased by contrast in the A2780 cells 
transfected with si-NC, while in contrast to the A2780 
cells treated with si-LPA1, the invasive ability of miR-
367 inhibitor and si-LPA1 cotreated A2780 cells was 
improved (p < 0.05) (Fig. 5d). The results of tube forma-
tion assay (Fig.  5e) and CAM assay (Fig.  5f–j) revealed 
that compared with the si-NC-treated A2780 cells, the 
angiogenic ability of the si-LPA1-treated A2780 cells 
was reduced (p < 0.05), while the angiogenic capacity of 
miR-367 inhibitor and si-LPA1 cotreated A2780 cells was 
increased in contrast to the si-LPA1 treated A2780 cells 
(p < 0.05).

At the same time, RT-qPCR and immunoblotting were 
performed to detect the mRNA and protein levels of 
MCM2, MMP2, MMP9, and VEGF. The results exhib-
ited that compared with the A2780 cells transfected 
with si-NC, the expression of MCM2, MMP2, MMP9, 
and VEGF in A2780 cells transfected with si-LPA1 were 
decreased (p < 0.05), while those were higher in A2780 
cells cotreated with miR-367 inhibitor and si-LPA1 than 
those treated with si-LPA1 alone (p < 0.05) (Fig.  5k–m). 
These results suggested that low expression of miR-367 
raised LPA1 expression to improve proliferation, inva-
sion, and angiogenesis of ovarian cancer cells.

Low expression of LPA1 inhibits tumor formation ability 
of ovarian cancer in nude mice
To investigate the effect of LPA1 on xenograft tumo-
rigenesis in nude mice, cells stably transfected with si-
LPA1 and si-NC were injected into nude mice. Tumor 
volume was measured after injection, which showed 
that the tumor volume gradually increased along injec-
tion time (Fig.  6a, b). During the same time, the aver-
age of tumor volume and weight of mice in the si-LPA1 
group was decreased compared with mice in the si-NC 
group (p < 0.05). Meanwhile, RT-qPCR and Immunob-
lotting were used to detect the mRNA and protein levels 
of LPA1 and VEGF in tumor. The result proved that by 
contrast in the mice injected with si-NC transfected cells, 
the level of LPA1 and VEGF in the mice injected with 
si-LPA1 transfected cells were decreased (all p < 0.05) 
(Fig. 6c–e). In addition, immunohistochemistry was used 
to detect microvascular density marker CD34 expression, 
and the result revealed that the CD34-labeled microves-
sel density in the mice injected with si-LPA1 transfected 
cells was distinctly lower than that in the mice injected 

Table 2 Correlation between  miR-367 level in  ovarian 
cancer tissues and clinicopathological features

Clinicopathological 
features

Cases 
(n)

High 
expression

Low 
expression

χ2 P

Age (years) 0.117 0.732

 < 45 17 9 8

 ≥ 45 31 18 13

Tumor size (cm) 8.27 0.004

 < 2 25 19 6

 ≥ 2 23 8 15

Histopathological grading 18.31 < 0.001

 G1 + G2 28 23 5

 G3 20 4 16

Clinical staging 21.17 < 0.001

 I + II 31 25 6

 III 17 2 15

Lymph node metastasis 12.1 0.001

 Without 35 25 10

 With 13 2 11

Histotype 9.48 0.024

 Serosity 19 6 13

 Endometrioid 12 7 5

 Mucinous 10 8 2

 Clear cell 7 6 1
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with si-NC transfected cells (p < 0.05) (Fig. 6f ). The above 
results indicated that low expression of LPA1 reduced the 
tumorigenic ability of ovarian cancer cells and inhibited 
the angiogenic ability of ovarian cancer cells.

Discussion
Plasma miRNAs serve as biomarkers for ovarian cancer 
prognosis and diagnosis [20]. It is reported that though 
many hurdles need to be overcome, miRNA therapy 
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might work as a powerful treatment method to prevent 
and cure ovarian cancer [21]. For example, overexpres-
sion of miR-155 could prevent tumorigenesis in human 
ovarian cancer by downregulating CLDN1 [22]. We 
aimed to investigate the mechanism by which miR-367 

involved in ovarian cancer development. Collectively, 
the data of this study revealed that miR-367 suppressed 
the development of ovarian cancer by downregulating 
the expression of LPA1.
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The first finding of this study was that miR-367 was 
poorly-expressed in ovarian cancer cells, and overexpres-
sion miR-367 inhibited proliferation, invasion, and angi-
ogenesis of ovarian cancer cells. Firstly, MCM2 positive 
cells represents the proliferating breast cancer cells [23]. 
Another study also reported that the high expression of 
MCM2 in serrated polyps showed abnormal cell prolif-
eration [24]. Moreover, MMP2 and MMP9, as proteolytic 
enzymes, are involved in the degradation of extracellular 
matrices, which play a crucial role in tumor invasion and 
metastasis [25]. In addition, MMPs such as MMP2 and 
MMP9 could be prognostic biomarkers for ovarian can-
cer [26]. It is also revealed that the VEGF receptor endo-
cytosis regulates vessel growth in angiogenesis [27]. Our 
results showed that miR-367 inhibited the expression of 
MCM2, MMP2, MMP9, and VEGF, suggesting that miR-
367 may repress tumor cell proliferation, migration, inva-
sion, and angiogenesis in ovarian cancer.

We further found that LPA1 was highly expressed 
in ovarian cancer tissues and cells, and low expression 
of LPA1 reduced tumorigenic and angiogenic ability 
of ovarian cancer cells. LPA was reported to regulate 
pathological processes such as embryonic development, 
angiogenesis, and tumor progression [12]. Besides, LPA 
is an autocrine growth signal, which is significant for 
the occurrence of ovarian cancer [28] influencing the 
pathology of human ovarian cancer [29]. Our experi-
ments demonstrated that LPA1 promoted angiogenesis 
and the ovarian cancer development.

Subsequently, we found that miR-367 targeted LPA1 
expression and overexpression of miR-367 downregu-
lated LPA1 expression to repress proliferation, inva-
sion, and angiogenesis of ovarian cancer cells, thereby 
inhibiting ovarian cancer progression. Consistent with 
our work, previous studies also presented the target-
ing relation between miRNAs and other genes in ovar-
ian cancer. For example, miR-17 suppresses peritoneal 
metastasis in ovarian cancer through ITGA5 and 
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ITGB1 [30]. Similarly, miR-320 repressed oncogenic-
ity of ovarian cancer by targeting TWIST1 expression 
[31]. However, to our best knowledge, this is the first 
report that revealed the targeting relationship between 

miR-367 and LPA1 and the mechanism in ovarian 
cancer.
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compared using t test. Comparisons among multiple groups were conducted by one-way ANOVA followed by Tukey’s post hoc test. Statistics of 
tumor volume at different time points was analyzed using repeated measures ANOVA. *p < 0.05 vs. normal tissues or cells. The experiment was 
repeated three times independently
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Fig. 7 The regulatory mechanism map. Overexpressed miR-367 could reduce the expression of LPA1 and inhibit the proliferation and invasion of 
cancer cells, and the process of tumor-induced angiogenesis, hereby repressing ovarian cancer development
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Conclusion
In conclusion, overexpression of miR-367 downregu-
lated the expression of LPA1 in order to inhibit the pro-
liferation and invasion of cancer cells and the process of 
tumor-induced angiogenesis, thus repressing ovarian 
cancer development (Fig.  7). Therefore, miR-367 might 
serve as a potential strategy for the ovarian cancer treat-
ment. However, there are still several deficiencies remain 
in our study. For example, the study population was 
small. To overcome it, a diverse group of patients should 
be added into support our findings. For another thing, 
our study has not been verified in clinical trials. There-
fore, there are many future experiments could be con-
ducted to ensure the accuracy of our research results.
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