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Background: The dysregulation of the human papillomavirus 18 E6 and E7 oncogenes

plays a critical role in the angiogenesis of cervical cancer (CC), including the proliferation,

migration, and tube formation of vascular endothelial cells. Interfering E6/E7 increases the

number of CC cell-derived microvesicles (CC-MVs). Additionally, microRNAs (miRNAs)

can modulate CC angiogenesis and can be encapsulated in MVs.

Objective: We aim to investigate whether E6/E7 affects CC angiogenesis via regulating

miRNAs in CC-MVs.

Methods: CC-MVs were isolated from a CC cell line (HeLa) which were transfected with

small interfering RNAs (siRNAs) against E6/E7 or co-transfected with miR-377 mimics/

inhibitors. The expression of several miRNAs in CC-MVs was detected using quantitative

real-time PCR. After co-incubating CC-MVs with human umbilical vein endothelial cells

(HUVECs), cell proliferation, migration, and tube formation of HUVECs were determined

using cell counting kit-8, transwell, and tube formation assays, respectively.

Results: MiR-377 was increased in E6/E7-interfering CC-MVs. Overexpressing miR-377 in CC-

MVs suppressed HUVEC proliferation, migration, and tube formation. LPAR2, the cell surface

G protein-coupled receptor, was the downstream target of miR-377 inHUVECs. The co-transfection

of E6/E7 siRNAs and miR-377 inhibitors in CCs negated the effect of E6/E7 siRNAs on the

elevation of miR-377 in CC-MVs. In HUVECs, the co-transfection of E6/E7 siRNAs and miR-377

inhibitors restored the LPAR2 expression which was reduced by the E6/E7 siRNA transfection.

Meanwhile, miR-377 mimic reduced LPAR2 expression and inhibited HUVEC proliferation,

migration, and tube formation, while such response was negated by LPAR2 overexpression.

Conclusion: Interfering E6/E7 increased miR-377 in CC-MVs, and overexpressing miR-

377 in CC-MVs inhibited angiogenesis of HUVECs via reducing LPAR2.
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Introduction
Cervical cancer (CC) ranks as one of the major causes of cancer-related death in

women and the most frequent malignant tumors in the world.1,2 As reported, the

metastasis to lymph nodes and distant organs becomes the main cause of treatment

failure for CC.3 The angiogenesis of vascular endothelial cells, which includes cell

proliferation, migration and tube formation, is involved in the metastasis of CC by
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forming new blood vessels to supply tumor cells with

oxygen and nutrients.4,5 It is well defined that the meta-

static characteristics of CC is closely related to the persis-

tent cervical infection of high-risk human papillomavirus

(HPV) genotypes, such as HPV18.6,7 The previous study

showed that the aberrant expression of HPV18 E6 and E7

oncogenes is the major cause for the CC angiogenesis,

which inhibits the activities of tumor suppressor gene

p53 and pRb and leads to the immune escape of cancer

cells.8,9 Importantly, researchers have found that microve-

sicles (MVs) which are derived from CC cells play an

important role in E6/E7-mediated carcinogenesis, as silen-

cing E6/E7 oncogenes enhanced the contents and numbers

of extracellular MVs which were secreted by HPV-positive

CC cells.10 However, the mechanism of E6/E7 oncogenes

in the CC angiogenesis remains largely unknown.

Lysophosphatidic acid (LPA), which is a naturally

occurring phospholipid, can originate either from cells

(cancer cells, fibroblasts, adipocytes, platelets) or non-

cells (lipoproteins).11 LPA can regulate cell apoptosis,

survival, differentiation, and other processes in a variety

of diseases.12,13 It is well known that LPA interacts with

LPAR1, LPAR2, and LPAR3, all of which are G protein-

coupled receptors in cell surface.14 LPA was suggested to

be highly expressed in plasma samples from CC patients

than those from healthy controls.15 Meanwhile, the ele-

vated LPAR2 promotes the angiogenesis of vascular

endothelial cells, resulting in the increased metastasis of

CC.16 These findings indicated that LPAR2 plays a critical

role in the CC angiogenesis, whereas whether LPAR2 is

correlated with E6/E7 oncogenes is unclear.

Tumor cells can secreteMVs. The geneticmaterials encap-

sulated by MVs, such as microRNAs (miRNAs), can be

transferred from tumor cells to adjacent cells, such as endothe-

lial cells, thus affecting the tumor microenvironment.17,18 For

instance, miR-1246 encapsulated by colorectal cancer cell-

derived MVs can activate PML-induced Smad 1/5/8 signaling

in endothelial cells, thereby promoting the proliferation,

migration and angiogenesis of endothelial cells.19 According

to miRNA expression analysis in umbilical cord blood MVs

using miRNA PCR arrays, miR-377 was detected in MVs

from umbilical cord blood,20 indicating that miR-377 can be

carried by MVs. Another research found that miR-377 was

expressed in CC cell lines.21 In addition, the downregulation

of miR-377 in endothelial cells can promote the

angiogenesis.22 These studies indicate that miR-377 may act

as a mediator between CC cells and endothelial cells by being

encapsulated in CC cell-derived MVs (CC-MVs) to affect the

angiogenesis of vascular endothelial cells.

In this study, we determined the expression of several

miRNAs in CC-MVs after interfering HPV18 E6/E7 in CC

cells, and explored the effect of miR-377 in CC-MVs on

regulating the proliferation, migration, and tube formation

of vascular endothelial cells.

Methods
Cell Culture
HPV-positive CC cell lines (HeLa cells and Caski cells) and

HPV-negative CC cells (C-33A cells and HT-3 cells) were

purchased from Shanghai Institute for Biological Sciences

(Shanghai, China). Cells were cultured in DMEM

(Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine

serum (FBS), 100 U/mL penicillin and 100 mg/mL strepto-

mycin (Sigma-Aldrich, Saint Louis, MO) at 37°C with 5%

CO2.
23 Human umbilical vein endothelial cells (HUVECs)

were purchased from the cell bank of Wuhan University, and

were incubated in a complete medium (EGM BulletKit;

Lonza, Walkersville, MD) at 37°C with 5% CO2. The 0.5–1

× 1011 particles/0.5 × 105 cells CC-MVs were added into the

medium to be co-cultured with HUVECs.

Cell Transfection
HPV18 E6/E7 lentivirus, small interfering RNA of HPV18

E6/E7 (siHPV18 E6/E7), miR-377 inhibitor and mimic, the

siRNA-LPAR2 and its control (siRNA), the LPAR2-

overexpressing plasmid (pcDNA-LPAR2) and the control

plasmid (pcDNA3.1) were purchased from GenePharma

(Shanghai, China). HPV-negative CC cell lines were trans-

fected with HPV18 E6/E7 lentivirus to overexpress E6/E7,

and HPV-positive CC cell lines were transfected with

siHPV18 E6/E7 to interfere E6/E7 using Lipofectamine

2000 (Thermo Fisher Scientific, Waltham, MA, USA).9 To

investigate the impact of miR-377 on CC-MVs, HeLa cells

were transfected with miR-377 inhibitor or NC (negative

controls) using Lipofectamine 2000 (Thermo Fisher

Scientific). Moreover, HUVECs were transfected with miR-

377 inhibitor or miR-377 mimic using Lipofectamine 2000 to

analysis the influence of miR-377 on HUVECs.

The Collection of CC-MVs
The collection of CC-MVs was performed as described.19

FBS was centrifuged at 3000 rpm for 5 min, followed by

flow-through fraction obtained from centrifuged superna-

tant was ultracentrifuged at 100,000 rpm for 3 h. The
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supernatant was slightly and carefully removed to act as

MV-free FBS, and then was supplemented into DMEM

(MV-free DMEM). The transfected CC cell lines were

maintained in dishes containing 40 mL MV-free DMEM

for 72 h. Centrifugation (2000 rpm, 4°C, and 5 min) was

performed to collect the culture medium. The flow-through

fraction was obtained from the resulting supernatant which

was filtered through 0.45-μm-pore-filter and then 0.22-

μm-pore-filter (Millex-GV Filter Unit; Merck Millipore),

and was ultracentrifuged at 100,000 rpm for 3 h. Without

the disturbance for MV pellet, 1 mL of supernatant was

carefully removed to sever as CC-supernatant without

MVs (CC-supernatant deprived of MVs). Another 1 mL

was taken and used to resuspend the MV pellet (CC-

supernatant with collected MVs).

Quantitative Real-Time PCR (qRT-PCR)
The qRT-PCR was done as previously described.9 RNA sam-

ples of CC-MVs were prepared via RNA lysis buffer supplied

in a NucleoSpin miRNA isolation kit (TaKaRa, Otsu, Japan)

added to an MV pellet. NucleoSpin miRNA isolation kit

(TaKaRa) was also used to isolate total RNA from cultured

CC cells and HUVECs. The prepared RNAs were reverse

transcribed to obtain the cDNA using the PrimeScript® RT

reagent kit (TaKaRa). The determination of miRNAs levels

was conducted by MiScript SYBR®Green PCR Kit (Qiagen,

Hilden, Germany), and the detection of the LPAR2 mRNA

level was performed with FastStart Universal SYBR Green

Master (Roche) in the ABI Prism 7500 (Applied Biosystems).

The relative expression levels of RNAs were qualified by the

2−ΔΔCt method.

Western Blotting
Protein isolation from HUVECs and Western blotting experi-

ments were performed according to the previous description.24

Primary antibody (anti-LPAR2, anti-CD63, anti-CD9, anti-

HPV18 E6, and anti-HPV18 E7) was purchased from

Abcam (Cambridge, UK). Secondary antibody (HRP-

conjugated horse anti-mouse and goat antirabbit IgG) were

purchased from Cell Signaling. Protein bands were detected

with ECL Advance reagent (GE Healthcare Biosciences,

Buckinghamshire, UK) using the ECL detection system

(Thermo Scientific, Waltham, MA, USA).

Cell Proliferation Assay and Migration Assay
The proliferation of HUVECs was analyzed using a Cell

Counting Kit-8 (CCK-8) assay kit (Dojindo, Japan).25

HUVECs were cultured in 96-well plates at a density of

5000 cells/well for 48 h. 10 μL of CCK-8 solution was

added to each well for 1 h and absorbance readings at 450

nm were obtained on a spectrophotometric plate reader in

triplicate.

HUVECs (1.5 × 105) were placed into Transwell cham-

bers (Corning Incorporated, USA) for migration assay.26

The lower chambers were filled with DMEM containing

10% FBS. After maintaining at 37°C for 24 h, the cells

remained on the upper surface of the membrane were

removed. HUVECs on the lower surface of the membrane

were fixed and stained with crystal violet. The stained cells

were visualized and counted under a light microscope.

Tube Formation Assay
The angiogenesis of HUVECs in vitro was measured by

tubule formation assay.27 HUVECs were co-cultured with

MVs for 24 h. Then, the cell suspension was seeded in 96-

well plates that pretreated with Matrigel matrix. Tubes

were allowed to form at 37°C in a humidified chamber

with 5% CO2 for 9 h. The tube-like network was visua-

lized by a microscope and photographed. The total tube

length and the number of tube branch points were mea-

sured using Image-Pro Plus software.

Dual-Luciferase Reporter Assay
Dual-Luciferase reporter assay was performed to verify

the relationship between miR-377 and LPAR2.9 LPAR2

3ʹ-UTR fragments with wild type (WT) or mutant type

(Mut) miR-377 binding sites were cloned into the

pGL3-report Luciferase reporter vector. HUVECs were

seeded in a 24-well plate. The recombinational lucifer-

ase reporter vector and either the miR-377 mimics or

the miR-377 inhibitors were co-transfected in the

HUVECs using Lipofectamine 2000 (Thermo Fisher

Scientific). The luciferase activity was analyzed using

the Dual Luciferase Reporter Assay System (Promega,

Madison, WI, USA) on a LuminoskanTM Ascent

Microplate Luminometer (Thermo Fisher Scientific).

Statistical Analysis
The data were expressed as the mean ± standard deviation.

Graphical analysis and statistics were performed with

SPSS 20.0 software (SPSS, Chicago, IL, USA). Student’s

t-test and One-way ANOVA were used to calculate the

significance of differences. A probability value of P less

than 0.05 was considered statistically significant.
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Results
MiR-377 Was Increased in E6/

E7-Interfering CC-MVs
The HPV-positive CC cell line (HeLa) was transfected with

small interfering RNAs (siRNAs) against HPV18 E6/E7

(si18E6/E7) to downregulate HPV18 E6/E7 (Figure 1A),

followed by the isolation of HeLa CC-MVs. The expres-

sions of MV markers (CD63 and CD9) were detected, and

the results showed that the isolation was successful

(Figure 1B). Meanwhile, miRNAs including let-7a-5p,28

miR-103a-3p,29 miR-191-5p,30 and miR-26a-5p31 have

been reported to be related to cell apoptosis, proliferation,

migration, and angiogenesis of HUVECs. Therefore, the

expressions of let-7a-5p, miR-103a-3p, miR-191-5p, miR-

377, and miR-26a-5p were compared in CC-MVs with or

without interfering E6/E7. The results showed that com-

pared with the control, the interference of E6/E7 signifi-

cantly increased the expression of miR-377 in CC-MVs

rather than other miRNAs (Figure 1C), suggesting miR-

377 may play a role in E6/E7-mediated oncogenesis.

Overexpressing miR-377 in CC-MVs

Suppressed Angiogenesis of HUVECs
HeLa cells were transfected with the miR-377 mimic or the

negative control (pre-NC). After 72 h, the CC-MVs were

collected, and were co-incubated with HUVECs. As shown

in Figure 2A, miR-377 was markedly increased in HeLa

cells and HeLa-MVs after miR-377 overexpression in com-

parison with the negative control. The results of CCK-8

assay and Transwell assay revealed that the proliferation

and migration of HUVECs were inhibited by the co-

incubation with miR-377-overexpressing HeLa-MVs

(Figure 2B and C). In addition, the tube formation assay

showed that the tube length and tube branches were also

reduced by the co-incubation with miR-377-overexpressing

HeLa-MVs (Figure 2D). These findings indicated that miR-

377 encapsulated in CC-MVs inhibited the proliferation,

migration and tube formation of endothelial cells.

LPAR2 Was a Downstream Target of

miR-377 in HUVECs
As shown in Figure 3A, the binding sites of miR-377 on

3ʹUTR of LPAR2 mRNAwere predicted by bioinformatics

database (TargetScan). The luciferase activity of LPAR2-

WTwas reduced in the HUVECs co-transfected with miR-

377 mimic, while the luciferase activities of LPAR2-Mut

were unaffected (Figure 3B). Meanwhile, the luciferase

activity of LPAR2-WT was elevated in the HUVECs co-

transfected with miR-377 inhibitor, while the luciferase

activities of LPAR2-Mut were not obviously changed

(Figure 3B). Moreover, overexpression of miR-377 down-

regulated the protein level of LPAR2 in HUVECs, and the

downregulation of miR-377 upregulated LPAR2 protein

level (Figure 3C). These data revealed that LPAR2 is

a downstream target of miR-377 in HUVECs.

Interfering E6/E7 Inhibited Angiogenesis

of HUVECs via Increasing miR-377 in

CC-MVs
HeLa cells were transfected with si18 E6/E7 or co-

transfected with the miR-377 inhibitor. After 72 h, the CC-

MVs were collected and were co-incubated with HUVECs.

Figure 1 miRNA expressions in E6/E7-interfering CC-MVs. The CC cell line (HeLa) was transfected with siRNAs against E6/E7 (si18E6/E7) to downregulate E6/E7, followed

by the collection of the secreted CC-MVs. (A) The expression of HPV18 E6 and E7 in HeLa cells. (B) The expression of MV markers (CD63 and CD9) in HeLa cells and CC-

MVs. (C) The levels of miRNAs in CC-MVs were assessed by qRT-PCR. **P<0.01 vs. si-control. Three independent experiments.
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In both HeLa cells and HeLa-MVs, the co-transfection

reduced the enhancement of miR-377 which was raised by

interfering E6/E7 (Figure 4A). In HUVECs, the co-

transfection restored the LPAR2 expression which was

reduced by interfering E6/E7 in HeLa cells (Figure 4B).

As shown in Figure 4C and D, the co-transfection restored

the cell proliferation and migration which were reduced by

interfering E6/E7 in HeLa cells. The results of the tube

formation assay showed that the tube length and the tube

branches were reduced after interfering E6/E7, while such

response was negated after the co-transfection (Figure 4E).

CC-MVs Promoted Angiogenesis of

HUVECs via Increasing LPAR2 Expression
HUVECs were transfected with siRNA-LPAR2 or the

control (siRNA) followed by the co-incubation with HeLa-

MVs. The co-incubation between HeLa-MVs and

HUVECs increased LPAR2 expression, and the interfer-

ence of LPAR2 reduced the LPAR2 protein level

(Figure 5A). Cell proliferation and migration were inhib-

ited after interfering LPAR2 (Figure 5B and C).

Meanwhile, the tube length and tube branches were also

suppressed after interfering LPAR2 (Figure 5D). These

Figure 2 Overexpressing miR-377 in CC-MVs suppressed angiogenesis of HUVECs. HeLa cells were transfected with the miR-377 mimic or the negative control (pre-NC).

After 72 h, the HeLa cell-derived MVs (HeLa-MVs) were collected and were co-incubated with HUVECs. (A) The miR-377 expression in HeLa cells and HeLa-MVs were

detected by qRT-PCR. (B) Cell proliferation was examined by cell counting kit-8 (CCK-8) assay. (C) Cell migration was analyzed by Transwell assay. (D) The tube length and

tube branches were measured using tube formation assay. *P<0.05, **P<0.01 vs. pre-NC. Three independent experiments.
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data indicated that CC-MVs promoted the proliferation,

migration, and tube formation of HUVECs via increasing

LPAR2.

Overexpressing miR-377 in CC-MVs

Inhibited Angiogenesis of HUVECs via

Reducing LPAR2 Expression
HeLa cells were transfected with miR-377 mimics for 72 h,

then the CC-MVs were collected and were co-incubated with

LPAR2-overexpressing HUVECs. The results showed that

overexpressing miR-377 in CC-MVs inhibited LPAR2

expression in HUVECs, while such response was negated

by LPAR2 overexpression (Figure 6A). As shown in

Figure 6B and C, overexpressing miR-377 in CC-MVs sig-

nificantly inhibited HUVEC proliferation and migration,

while such response was negated by LPAR2 overexpression

in HUVECs. In addition, overexpressing miR-377 signifi-

cantly reduced the tube length and the tube branches, while

such response was negated by LPAR2 overexpression

(Figure 6D).

Discussion
HPV is a species-specific small double-stranded DNA

virus,32 and its infection is highly correlated with the

carcinogenesis of CC.33 HPV18 is one of the most com-

mon types of HPV families. The oncoproteins coded by

E6/E7 genes play key roles in HPV-related induction of

transformation and the maintenance of tumorigenic phe-

notype of HPV-positive cells in CC.34,35 In addition, E6/

E7 genes contribute to oncogenesis by altering cell cycles,

promoting cell migration, and evading host immune

surveillance.36–38 Recently, studies have shown that MVs

and exosomes play an important role in E6/E7-mediated

carcinogenesis.39 Silencing E6/E7 enhances the contents

and numbers of MVs which are secreted by HPV-positive

CC cells,10 although the underlying mechanism is still

Figure 3 LPAR2 was a downstream target of miR-377 in HUVECs. (A) The predicted binding sites between miR-377 and LPAR2 (TargetScan). (B) The relative luciferase

activity in HUVECs co-transfected with the recombinant luciferase reporter vectors carrying wild type (WT) or mutant (Mut) 3ʹUTR of LPAR2 and either the miR-377

mimic or the miR-377 inhibitor. (C) LPAR2 protein expression in HUVECs transfected with the miR-377 mimic/inhibitor. **P<0.01 vs. negative controls (pre-NC or NC).

Three independent experiments.
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Figure 4 Interfering E6/E7 inhibited angiogenesis of HUVECs via increasing miR-377 in CC-MVs. HeLa cells were transfected with siRNAs against E6/E7 (si18E6/E7) or co-

transfected with the miR-377 inhibitor. After 72 h, the CC-MVs were collected and were co-incubated with HUVECs. (A) miR-377 expression in HeLa cells and HeLa-MVs.

(B) LPAR2 expression in HUVECs. (C) Cell proliferation was assessed by cell counting kit-8 (CCK-8) assay. (D) Cell migration was determined by Transwell assay. (E) The
tube length and the tube branches were measured using tube formation assay. *P<0.05, **P<0.01 vs. si-control, #P<0.05, ##P<0.01 vs. si18 E6/E7+negative control (NC).

Three independent experiments.
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unclear. In the current study, we compared the differential

expressions of several miRNAs in CC-MVs, and found

that miR-377 was dramatically increased after interfering

E6/E7. In addition, our findings indicated that miR-377

encapsulated in CC-MVs inhibited the proliferation,

migration, and tube formation of endothelial cells via

inhibiting the expression of LPAR2.

MVs are important mediators for signal communica-

tions among cells. MVs derived from cancer cells can

carry or deliver miRNAs to adjacent cells in the tumor

microenvironment, thereby regulating the development of

cancers.40,41 Mao et al42 reported that miR-494 secreted by

lung cancer cell-derived MVs promoted tumor growth

under hypoxic condition by targeting PTEN. Zhang et al40

reported that miR-146b-5p secreted by chronic myelogen-

ous leukemia cell-derived MVs accelerated the leukemic

transformation of hematopoietic cells. In this study, we

found that HPV18 E6/E7 reduced the expression of miR-

377 in CC-MVs, and that overexpressing miR-377 in CC-

MVs suppressed the proliferation, migration, and tube

formation of endothelial cells. However, the mechanism

of HPV18 E6/E7 regulating miR-377 expression in CC-

MVs deserves further investigations in the future.

MiRNAs are a class of non-coding RNAs with a length

of 18–24 nucleotides. They can regulate the development of

cancers via binding to the 3ʹUTR of targeted mRNAs.43,44

According to the prediction of bioinformatics software, there

are binding sites between miR-377 and LPAR2 3ʹUTR. LPA

is a versatile “phosphoric acid messenger” associated with

the occurrence and development of a variety of cancers,

including CC,45 and its receptor LPAR2 is reported to pro-

mote the migration and proliferation of endothelial cells to

accelerate angiogenesis and CC development.16 Therefore,

we assumed that miR-377 encapsulated in CC-MVs may

regulate endothelial cell proliferation, migration, and tube

formation via targeting LPAR2. The results of dual

Figure 5 CC-MVs promoted angiogenesis of HUVECs via increasing LPAR2 expression. HUVECs were transfected with siRNA-LPAR2 or the control (siRNA) followed by

the co-incubation with HeLa-MVs. (A) The protein expression of LPAR2 was assessed by Western blotting. (B) Cell proliferation was assessed by cell counting kit-8 (CCK-

8) assay. (C) Cell migration was determined by Transwell assay. (D) The tube length and the tube branches were measured using tube formation assay. **P<0.01 vs. control,

##P<0.01 vs. HeLa-MVs+siRNA. Three independent experiments.
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luciferase reporter assay and cell transfection experiments

demonstrated that LPAR2 was a downstream target of miR-

377, and that LPAR2 expression was negatively regulated by

miR-377. In addition, miR-377 inhibitor could reverse the

inhibition effect of silencing E6/E7 on LPAR2 mRNA and

protein levels. LPAR2 overexpression could reverse the

inhibition effect of miR-377 overexpression on endothelial

cell proliferation, migration, and tube formation.

In summary, our study demonstrated that interfering

HPV18 E6/E7 in CC cells inhibited the proliferation,

migration, and tube formation of vascular endothelial

cells via increasing miR-377 in CC-MVs. Overexpressing

miR-377 in CC-MVs inhibited the angiogenesis of vascu-

lar endothelial cells by reducing LPAR2 expression. Our

findings provide a novel insight into the mechanisms of

CC angiogenesis.

Figure 6 Overexpressing miR-377 in CC-MVs inhibited angiogenesis of HUVECs via reducing LPAR2 expression. HeLa cells were transfected with the miR-377 mimic for 72

h, then the CC-MVs were collected and were co-incubated with LPAR2-overexpressing HUVECs. (A) LPAR2 expression was assessed by Western blotting. (B) Cell
proliferation was assessed by cell counting kit-8 (CCK-8) assay. (C) Cell migration was determined by Transwell assay. (D) The tube length and the tube branches were

measured using tube formation assay. *P<0.05, **P<0.01 vs. negative control (pre-NC), #P<0.05, ##P<0.01 vs. miR-377 mimic+control plasmid (pcDNA). Three independent

experiments.
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