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Abstract
Preeclampsia (PE) is a serious complication of pregnancy. Exosomes are known to be upregulated in PE. In this study, we 
sought to investigate the effect of miR-486-5p from human placental microvascular endothelial cells, on the function of 
trophoblast cells. To investigate the function of human placental microvascular endothelial cell (HPVEC)-derived exosomes 
on trophoblast cells, HPVECs were treated with hypoxia/reoxygenation (H/R). The separation efficiency of exosomes was 
determined by transmission electron microscopy, nanosight and Western blot. Cell Counting Kit-8, EdU staining, wound-
healing, and transwell assay were performed to detect the effect of exosomally transferred miR-486-5p inhibitor on prolif-
eration, migration and invasion of trophoblast cells. MiRDB and dual-luciferase report assay were used to find the target of 
miR-486-5p. Our data revealed that miR-486-5p was significantly upregulated in H/R-treated HPVEC-Exo, and miR-486-5p 
was enriched in HPVEC-Exo. miR-486-5p inhibitor carried by HPVEC-Exo significantly inhibited the proliferation, migra-
tion and invasion of trophoblast cells. Insulin-like growth factor 1 (IGF1) was found to be the target of miR-486-5p, and 
IGF1 overexpression notably reversed the effect of miR-486-5p inhibitor from HPVEC-Exo on trophoblast cell function. In 
summary, H/R-treated HPVEC-derived exosomally expressing miR-486-5p inhibitor significantly inhibited the proliferation, 
migration and invasion of trophoblast cells via downregulation of IGF1. The findings from the present study may be useful 
in the development of treatments for PE.
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Abbreviations
HPVECs  Human placental microvascular endothelial 

cells
IGF1  Insulin-like growth factor 1
TA  Nanosight tracking analysis
PE  Preeclampsia
TEM  Transmission electron microscopy

Introduction

Preeclampsia (PE) is a pregnancy-specific complica-
tion which manifests by blood pressure greater than 
140/90 mmHg in the second half of pregnancy [1]. PE 
not only increases the risk of preterm birth and low birth 
weight babies, but is also a principal cause of maternal and 
fetal mortality [2]. Moreover, PE has long-term postpartum 
effects on the mother and the offspring later in life, such as 
increased risk of cardiovascular disease and hypertension 
[3]. Every year, 2–8% of all pregnant women suffer from 
PE globally [4].

Human placental microvascular endothelial cells 
(HPVECs) have been reported to play a crucial role in PE. 
For instance, downregulation of HIF-1a-mediated TLR4 
activation may inhibit apoptosis and promote angiogenesis 
of HPVECs in PE [5]. In addition, pathogenetic implication 
of interleukin-2 expressed in preeclamptic decidual tissues: a 
possible mechanism of deranged vasculature of the placenta 
associated with PE [6]. On the other hand, trophoblast cells 
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in placenta play an essential role in transport of nutrients and 
oxygen, secretion of pregnancy hormones, remodulation of 
the uterine arteries, and communication with maternal cells 
[7]. Although the exact pathophysiology of PE is not com-
pletely elucidated, it is broadly accepted that dysfunction 
of trophoblast cells is involved in the development and the 
progression of PE [8]. The dysregulation of trophoblast cells 
may impair the remodeling of the spiral arteries [9]. The 
impeded remodeling of the spiral arteries produces maternal 
endothelial cell dysfunction, contributes to poor placenta-
tion, and eventually results in clinical symptoms of PE [10]. 
Therefore, research on mechanisms of trophoblast cell and 
HPVEC dysregulation will be useful in revealing the etiol-
ogy and pathophysiology of PE.

Exosomes are a type of extracellular vesicle (EV), with 
diameter ranging from 40 to 100 nm; exosomes are secreted 
by cells, and transfer signal molecule to targeted cells [11]. 
In addition, exosomes play key roles in the progression of 
multiple diseases [12, 13]. Previous reports indicating that 
exosomes can regulate the progression of PE [14] and have 
anti-inflammatory effects on trophoblast cells [15] suggest 
that exosomes are closely associated with the pathogenesis 
of PE. Meanwhile, there is evidence that exosomal has-
miR-486-5p may regulate the progression of cancers and 
inflammation. For example, exosomal miR-486-5p from 
hypoxic tumor cells can promote the tumorigenesis of rec-
tal cancer [16]. The PAX3-FOXO1 oncogene’s alteration of 
exosome miRNA content, which leads to paracrine effects, 
is mediated by exosomal miR-486-5p [17]. Transfer of 
miR-486-5p from human endothelial colony forming cell-
derived exosomes has been shown to reverse ischemic kid-
ney injury [18]. However, the function of exosomes derived 
from HPVECs expressing miR-486-5p in PE remains largely 
unknown.

Insulin-like growth factor 1 (IGF1) belongs to the IGF 
system, which is responsible for cell growth [19]. In addi-
tion, IGF1 is involved in multiple signaling pathways. For 
instance, IGF1 regulates PI3K signaling in heart failure 
[20]. In addition, IGF1 is regulated by insulin in rat testis 
and spermatogenic cells [21]. Meanwhile, IGF1 is targeted 
by miR-486-5p in hypertrophic scar fibroblasts [22]. Based 
on this previous research, we speculate that IGF1 might be 
regulated by exosomal miR-486-5p in PE. The findings from 
those studies suggest that HPVECs may be a key mediator in 
PE via exosomal miR-486-5p. Thus, in this study, we investi-
gated the effect of exosomes derived from HPVECs express-
ing miR-486-5p on progression of PE in vitro, with the goal 
of gaining additional insights for the treatment of PE.

Materials and methods

Cell culture and treatment

Human placental microvascular endothelial cells (HPVECs), 
HTR8/SVneo cells and TEV1 cells were purchased from 
the Sciencell (Shanghai, China) and cultured in Dulbec-
co’s Modified Eagle’s Medium (DMEM, Thermo Fisher 
Scientific, Waltham, MA, USA), supplemented with 10% 
fetal bovine serum (FBS), 1% penicillin and streptomy-
cin (Thermo Fisher Scientific) in an incubator (37 °C, 5% 
 CO2). The PE model was established in vitro. HPVECs were 
placed in deoxygenated medium and then onto the hypoxic 
vessel, supplemented with a mixture of 95%  N2 and 5%  CO2 
for 4 h at 37 °C after cell transfection. The HPVECs were 
transferred to DMEM supplemented with 10% FBS under 
normoxic conditions (5%  CO2) at 37 °C for 24 h. TEV1 
cells originated from first-trimester normal extravillous cyto-
trophoblasts, which were isolated from human placenta by 
human papillomavirus pLXSN-E6/E7 open reading frames 
transfection, as previously described [23].

Cell transfection

siRNA targeted against HIF-1a (HIF-1a siRNA; 10 nM) and 
a negative control siRNA (siRNA-NC) were purchased from 
Guangzhou RiboBio Co., Ltd. and transfected into HPVECs 
(5 ×  103) using  Lipofectamine® 2000 (Thermo Fisher Sci-
entific, Inc.), according to the manufacturer’s instructions. 
Cells were incubated at 37 °C for 6 h before subsequent 
experiments were performed.

Exosome isolation

HPVECs were plated in a 10 cm dish at a density of 1 ×  106 
cells per dish with DMEM. The culture medium was dis-
carded after 72 h, the cells were washed 3 times in serum-
free medium, and 10 ml serum-free medium was added to 
each dish. After 48 h, HPVECs were centrifuged twice at 
2000 rpm per minute, and the HIEFF™ Quick exosome 
isolation kit (41201ES50, Yeasen, Shanghai, China) was 
used to extract exosomes. Then, the cell supernatant and 
isolated exosomes (2:1) were added into the centrifuge tube 
for incubation overnight at 4 °C. On the following day, the 
mixture was centrifuged at 10,000 rpm per minute at 4 °C 
for 1–2 h. The supernatant was removed, whereas the pre-
cipitate (exosomes) was collected. Based on the volume 
ratio of the initial medium and the resuspension (10:1), the 
precipitate was resuspended in phosphate-buffered saline 
(PBS). Then, 30 μL of the resuspension (exosomes) was 
placed in an Eppendorf tube and mixed with the radio-
Immunoprecipitation Assay (RIPA) lysis buffer of equal 
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volume and maintained on ice. Microwave methods were 
employed to lyse the mixture twice, and the bicinchoninic 
acid (BCA) protein assay kit (Beyotime Biotechnology, 
Jiangsu, China) was used to determine the protein concen-
tration in exosomes.

Transmission electron microscopy

Exosome pellets were placed on a carbon-coated copper 
grid and incubated for 5 min at 37 °C and then immersed in 
2% phosphotungstic acid solution for 1 min. After washing 
with PBS, the preparations were captured using transmis-
sion electron microscopy (TEM) (JEOL, Akishima, Japan).

Nanosight tracking analysis

Nanosight Tracking Analysis (NTA) (NanoSight NS300, 
Malvern Instruments, UK) was used for size distribution 
and concentration measurements of exosomes in liquid 
suspension from the properties of both light scattering and 
Brownian motion. The NanoSight NS300 with a 405 nm 
laser instrument was used to detect nanovesicles. For each 
sample, five video clips, each 60 s long, were taken. Data 
were analyzed using the NTA 3.0 software, and hydrody-
namic diameters of each particle were calculated using the 
Stokes–Einstein equation: D = kT/6πηr, where D is the dif-
fusion coefficient, k is Boltzmann’s constant, and T is the 
absolute temperature, r is the radius of the particle, and η is 
the viscosity of the fluid, based on a spherical particle mov-
ing with the uniform velocity in a continuous fluid.

HTR8/SVneo and TEV1 co‑cultured with HPVEC‑exo

After the exosomes were isolated from HPVECs, subsequent 
procedures were conducted. Briefly, the exosomes were 
resuspended in 1 mL diluent solution. Next, 1 mL of exo-
some suspension was mixed with the dye solution for 5 min. 
After adding 1.5 mL of sucrose solution to the exosomes, the 
samples were centrifuged at 100,000 rpm per minute for 2 h 
at 2–8 °C. The exosomal pellets were resuspended in PBS 
and transferred to an Amicon filter column. After adding 
9 mL of PBS and 0.75 mL of medium, the exosomes were 
then centrifuged at high speeds (2000 per minute) for 40 min 
to reduce the volume to 0.5–1 mL.

HTR8/SVneo and TEV1 cells were routinely cultured and 
seeded, and the medium was renewed after 48 h. Cells were 
then incubated with exosomes or PBS for 24 h. Then, cells 
were then treated with PBS or co-cultured with exosomes 
isolated from HPVECs, from negative control (NC)-trans-
fected HPVECs or from miR-486-5p inhibitor-transfected 
HPVECs.

RNA transfection

For RNA transfection, HPVECs were transfected with 
miR-486-5p inhibitor for 24 h using  Lipofectamine® 2000 
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer’s instructions.

Vector construction and IGF1 overexpression

RNA interference target sequences were designed using the 
IGF1 gene as a template to construct a target gene RNA 
interference pcDNA3.1 vector (Shanghai Biosciences, Co., 
Ltd., Shanghai, China). The single-stranded DNA oligo 
containing interference sequence was synthesized, and the 
obtained lyophilized powder was dissolved in an anneal-
ing buffer (final concentration, 100 M) and incubated in a 
water bath at 90 °C for 15 min. After naturally cooling to 
room temperature, a double-stranded oligo with overhang 
ends was formed, which was then directly ligated into the 
digested lentiviral vector through restriction sites at both 
ends. The 50-μl reaction system was prepared according to 
instructions from New England Biolabs, Inc. The BR-V-108 
vector was linearized by double digestion, and the ligation 
product was introduced into prepared TOP10 coli competent 
cells. The sequencing results were compared with those of 
the correct clones, and the plasmid was isolated. For cell 
transfection, TEV1 or HTR8/SVneo cells were transfected 
with the pcDNA3.1 vector (NC) or pcDNA3.1-IGF1 (IGF1 
overexpression) using Lipofectamine 3000 (Invitrogen, 
Carlsbad, CA, USA). The pcDNA3.1 vector and pcDNA3.1-
IGF1 were purchased from GenePharma (Shanghai, China). 
The supernatant was collected after 48 h of incubation. 
After HTR8/SVneo and TEV1 cells were transfected with 
pcDNA3.1-IGF1, they were co-cultured with (hypoxia/reox-
ygenation [H/R] + NC inhibitor)-exo or (H/R + miR-486-5p 
inhibitor)-exo.

Dual‑luciferase reporter assay

IGF1 was found to be the target of miR-486-5p according to 
the MicroRNA Target Prediction Database tool, and IGF1 
may regulate the migration of trophoblast cells as previously 
described [24]. Thus, dual-luciferase reporter assay was per-
formed to confirm the correlation between miR-486-5p and 
IGF1. 3′-UTR of IGF1 containing the putative binding sites 
of miR-486-5p were synthetized and obtained from Sangon 
Biotech (Shanghai, China), and were then cloned into the 
pmirGLO Dual-Luciferase miRNA Target Expression Vec-
tors (Promega, Madison, WI, USA) to construct wild-type 
reporter vectors IGF1 (WT), respectively. The IGF1 (WT) 
or IGF1 (MUT) was transfected into 293T cells using Lipo-
fectamine 2000 (Thermo Fisher Scientific) according to the 
manufacturer’s instructions. The relative luciferase activity 
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was analyzed by the Dual-Glo Luciferase Assay System 
(Promega).

Quantitative real‑time polymerase chain reaction 
(RT‑qPCR)

Total RNA from cells was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA), and total RNA from 
exosomes was isolated with the exoRNeasy Midi Kit (Qia-
gen, Valencia, CA, USA) following the standard procedure. 
Then, total RNA was reversely transcribed into comple-
mentary DNA (cDNA) using All-in-One™ Kit (FulenGen, 
Guangzhou, China). After that, RT-qPCR was performed by 

SYBR™ Green Master Mix (Qiagen). Relative transcrip-
tion alterations were analyzed by  2−ΔΔCt method and nor-
malized by GADPH. The specific primer sequences were 
listed as follows: IGF1: F, 5′-ATC TAA TCA GTA AGC GGA 
-3′ and R, 5′-AAA GCA AGT CAA GAC CTC -3′; miR-486-5p: 
F, 5′-GAA AAA TTG AAC CAC CCG GCA-3′ and R, 5′-TTC 
CAA GGA GTT GCT CCC GT-3′, U6: F, 5′-GAA AAA TTG 
AAC CAC CCG GCA-3′ and R, 5′-TTC CAA GGA GTT GCT 
CCC GT-3′; GADPH: F 5′-ACA GCA ACA GGG TGG TGG 
AC-3′ and R 5′-TTT GAG GGT GCA GCG AAC TT-3’.

Fig. 1  Exosomes were successfully separated from HPVECs. 
Exosomes were isolated from HPVECs. a Extracellular vesicles 
showed disc-shaped, crescent-shaped, and double-layered membrane 
structure, and rounded particles typically ranging from 30 to 150 nm 
in diameter were observed. b Compared with the control group, the 
particle sizes of extracellular vesicles isolated from H/R-treated cells 

were significantly increased. c The expression levels of CD63, CD81 
and TSG101 in extracellular vesicles were notably higher than those 
in control or H/R-treated cells. d The level of miR-486-5p in extra-
cellular vesicles derived from H/R-treated HPVECs was significantly 
higher, compared with control. **P < 0.01 compared to control, n = 3
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CCK‑8 assay

Cell counting kit-8 assay (CCK-8; Beyotime Institute of Bio-
technology) was used to investigate cell proliferation. Cells 
were plated into 96-well plates at a density of 5 ×  103 cells 
per well. After treatment, cells were then incubated with 
10 μl CCK-8 reagent for another 2 h at 37 °C. Subsequently, 
the absorbance of cells was measured at 450 nm using a 
microplate reader (Thermo Fisher Scientific, Inc.).

Western blot

Total proteins were lysed using RIPA lysis buffer. The con-
centration of protein was then detected using a BCA pro-
tein kit (Thermo Fisher Scientific, Inc.). Proteins (40 μg per 
lane) were separated via 10% sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis, and then transferred onto 
polyvinylidene difluoride membranes (Thermo Fisher Sci-
entific, Inc.). Subsequently, the membranes were blocked 
with 5% skim milk in Tris-buffered saline with 0.1% Tween 
® 20 detergent for 1 h at room temperature, and then incu-
bated with the primary antibodies against IGF1 (Abcam, 

1:1,000) or β-actin (Abcam, 1:1,000) overnight at 4 °C. 
The membranes were then incubated with horse radish per-
oxidase-conjugated secondary antibodies for 1 h at room 
temperature. Finally, the protein bands were detected using 
Enhanced Chemiluminescence kit (Thermo Fisher Scien-
tific, Inc.). β-Actin was used as an internal control. Image-
Pro Plus 6.0 (Media Cybernetics, Inc.) was used for densi-
tometry analysis.

EdU staining

Cells were seeded onto 24-well plates overnight (5 ×  104 
cells per well). Cells were prefixed in 4% paraformalde-
hyde for 10 min, and fixed in pre-cold methanol for another 
10 min. Subsequently, cells were incubated with the follow-
ing primary antibodies overnight at 4 °C: anti-5-ethynyl-
2′-deoxyuridine (EdU) (Abcam; 1:1,000), and nuclei were 
stained with 4′,6-diamidino-2-phenylindole (Genepharma). 
Goat anti-rabbit IgG antibody (Abcam; 1:5,000) was used as 
the secondary antibody. The samples were visualized using 
a fluorescence microscope (CX23, Olympus Corporation) 
immediately after staining.

Fig. 2  Exosomes derived from H/R-induced HPVECs significantly 
inhibited the proliferation of trophoblast cells. a, b Exosomes derived 
from H/R-induced HPVECs significantly decreased the viability of a 
TEV1 and b HTR8/SVneo cells. The positive rate of EdU staining in 

c TEV1 and d HTR8/SVneo cells was also inhibited in the presence 
of exosomes derived from H/R-induced HPVECs. e The positive rate 
of EdU staining was calculated. **P < 0.01 compared to control, n = 3
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Transwell assay

The upper chamber was pre-treated with 100 μl of Matrigel. 
Cells were seeded onto the upper chamber in media with 
1% FBS, and the density was adjusted to about 1 ×  106 cells 
per chamber. RPMI1640 medium with 10% FBS was added 
to the lower chamber. After 24 h of incubation at 37 °C, 
the transwell chamber was rinsed twice with PBS (5 min 
each time), fixed by 5% glutaraldehyde at 4 °C and stained 
with 0.1% crystal violet for 30 min. The transwell cham-
ber was washed twice with PBS and then observed under a 
microscope. The number of cells invading the Matrigel was 
regarded to be a reflection of the invasion ability.

Wound‑healing assay

Cells were plated onto a 24-well cell culture cluster, and 
were allowed to grow to 80–90% confluence. Then, the wells 
were scratched with a small pipette tip. After washing with 

PBS 3 times, serum-free medium was used for further cul-
ture, and the scratch widths at 0 and 48 h were recorded 
under an optical microscope. The experiment was repeated 
3 times.

Statistical analysis

Three independent experiments were performed for each 
group, and all data were expressed as the mean ± stand-
ard deviation (SD). Differences were analyzed using Stu-
dent’s t test (only 2 groups) or one-way analysis of variance 
(ANOVA) followed by Tukey’s test if more than 2 groups 
were compared, (GraphPad Prism7). P < 0.05 was consid-
ered to indicate a statistically significant difference.

Fig. 3  Exosomes derived from H/R-induced HPVECs significantly 
decreased the migration and invasion of trophoblast cells. The migra-
tion of a TEV1 or b HTR8/SVNEO cells was notably decreased by 
exosomes derived from H/R-induced HPVECs. c, d The invasion of 

TEV1 or HTR8/SVNEO cells was notably decreased by exosomes 
derived from H/R-induced HPVECs. e The invaded cells were 
counted under a microscope. **P < 0.01 compared to control, n = 3
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Results

Exosomes were successfully separated from HPVECs

The separation efficiency of exosomes was examined by 
TEM. As revealed in Fig. 1a, exosomes had a disc-shaped, 
crescent-shaped, and double-layered membrane structure, 
and rounded particles typically ranged from 30 to 150 nm 
in diameter. Compared with the control group, the parti-
cle sizes of exosomes isolated from H/R-treated cells were 
significantly increased (Fig. 1b). The expression levels 
of CD63, CD81 and TSG101 in exosomes were notably 
higher than those in control or H/R-treated cells (Fig. 1c). 
In contrast, calnexin and albumin were rarely expressed in 
exosomes (Fig. 1c). The level of miR-486-5p in exosomes 
derived from H/R-treated HPVECs was significantly higher, 

compared with control (Fig. 1d). Based on these data, these 
features were consistent with exosomes. Thus, exosomes 
were successfully separated from HPVECs.

Exosomes derived from H/R‑induced HPVECs 
significantly inhibited the proliferation 
of trophoblast cells

To investigate the effect of exosomes on proliferation of 
trophoblast cells, CCK-8 assay was performed. The data 
revealed that exosomes derived from H/R-induced HPVECs 
significantly decreased the viability of TEV1 or HTR8/
SVNEO cells (Fig. 2a, b), and the positive rate of EdU stain-
ing in trophoblast cells was also decreased in the presence of 
exosomes derived from H/R-induced HPVECs (Fig. 2c–e). 
In summary, exosomes derived from H/R-induced HPVECs 
significantly inhibited the proliferation of trophoblast cells.

Fig. 4  Exosomes derived from H/R-treated HPVECs deliver miR-
486-5p to trophoblast cells. The expression of miR-486-5p in a TEV1 
or b HTR8/SVneo cells was significantly increased by exosomes 
derived from H/R-treated HPVECs. c miR-486-5p expression in H/R-

treated HPVECs was downregulated by miR-486-5p inhibitor. The 
level of miR-486-5p was downregulated by exosomes derived from 
H/R-treated HPVECs with downregulated miR-486-5p in d TEV1 or 
e HTR8/SVneo cells. **P < 0.01 compared to control, n = 3
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Fig. 5  Exosomes derived from HPVECs deliver miR-486-5p to 
inhibit the proliferation of trophoblast cells. miR-486-5p was sig-
nificantly upregulated in H/R-treated HPVEC-exo, and miR-486-5p 
inhibitor carried by HPVEC-exo significantly inhibited the viability 

of a TEV1 and b HTR8/SVneo cells. MiR-486-5p inhibitor carried 
by HPVEC-exo significantly suppressed the EdU positive rate in c 
TEV1 and d HTR8/SVneo cells. **P < 0.01 compared to (H/R + NC 
inhibitor)-exo, n = 3
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Exosomes derived from H/R‑induced HPVECs 
significantly decreased the migration and invasion 
of trophoblast cells

To detect the effect of exosomes derived from H/R-induced 
HPVECs on migration of trophoblast cells, wound-healing 
assays were performed. As shown in Fig. 3a, b, the migra-
tion of TEV1 or HTR8/SVNEO cells was notably decreased 
by exosomes derived from H/R-induced HPVECs, and the 
transwell assay suggested that exosomes derived from H/R-
induced HPVECs decreased the invasion of trophoblast cells 
(Fig. 3c, d). To sum up, exosomes derived from H/R-induced 
HPVECs significantly decreased the migration and invasion 
of trophoblast cells.

Exosomes derived from H/R‑treated HPVECs 
delivered miR‑486‑5p to trophoblast cells

To detect miR-486-5p expression, RT-qPCR was used. As 
indicated in Fig. 4a, b, the expression of miR-486-5p in 
trophoblast cells was significantly increased by exosomes 
derived from H/R-treated HPVECs. MiR-486-5p expression 
in HPVECs was downregulated by miR-486-5p inhibitor 
(Fig. 4c), and the level of miR-486-5p in trophoblast cells 
was downregulated by exosomes derived from H/R-treated 
HPVECs with downregulated miR-486-5p (Fig. 4d, e). In 
summary, exosomes derived from H/R-treated HPVECs 
delivered miR-486-5p to trophoblast cells.

Fig. 6  Exosomes derived from HPVECs deliver miR-486-5p to 
inhibit the migration and invasion of trophoblast cells. MiR-486-5p 
inhibitor carried by HPVEC-exo significantly inhibited the migra-
tion of a TEV1 and b HTR8/SVneo cells. c The invasion of TEV1 

and HTR8/SVneo cells was significantly decreased in the presence of 
(H-R + miR-486-5p inhibitor)-exo. d The invaded cells were counted 
under a microscope. **P < 0.01 compared to compared to (H/R + NC 
inhibitor)-exo, n = 3
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Exosomes derived from HPVECs delivered 
miR‑486‑5p to inhibit the proliferation 
of trophoblast cells

To detect the function of exosomal miR-486-5p in tropho-
blast cells, CCK-8 and EdU staining were used. The data 
showed that miR-486-5p was significantly upregulated in 
H/R-treated HPVEC-exo and that miR-486-5p inhibitor car-
ried by HPVEC-exo significantly inhibited the viability and 
proliferation of trophoblast cells (Fig. 5a–d). Taken together, 
the findings suggest that miR-486-5p from HPVEC-derived 
exosomes inhibited the proliferation of trophoblast cells.

Fig. 7  miR-486-5p directly targeted IGF1 in trophoblast cells. a The 
relative luciferase activity in WT-IGF1 was significantly decreased 
by miR-486-5p mimics. b The enrichment of IGF1 and miR-486-5p 
in trophoblast cells was significantly upregulated by Ago2. c The 
expression of IGF1 in trophoblast cells was notably upregulated 
when transfected with IGF1 overexpression, while this phenomenon 
was partially reversed by (H/R + miR-486-5p inhibitor)-exo. d miR-

486-5p inhibitor carried by HPVEC-exo partially rescued the effect 
of H/R-exo on IGF1 expression. e, f miR-486-5p inhibitor carried by 
HPVEC-exo partially rescued the effect of IGF1 overexpression on 
IGF1 expression. **P < 0.01 compared to control. ##P < 0.01 com-
pared to H/R-exo. ^^P < 0.01 compared to (H/R + NC inhibitor)-exo, 
n = 3

Table 1  The binding sites between miR-486-5p and IGF1 are shown

Binding site Predicted consequential pairing of target 
region (top) and miRNA (bottom)

IGF1-1 3′ UTR 
miR-486-5p

5′-CUU UAA GUG CAU AUG GUA CAGGA-3′
3′-GAG CCC CGU CGA GUC AUG UCCU-5′

IGF1-2 3′ UTR 
miR-486-5p

5′-UUA GCA UAU CAA UUA UAC AGGAU-3′
3′-GAG CCC CGU CGA GUC AUG UCCU-5′

IGF1-3 3′ UTR 
miR-486-5p

5′-GCA GGA AAC AAG AAC UAC AGGAU-3′
3′-GAG CCC CGU CGA GUC AUG UCCU-5′
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Exosomes derived from HPVECs delivered 
miR‑486‑5p to decrease the migration and invasion 
of trophoblast cells

For the purpose of investigating the effect of exosomes on 
migration of trophoblast cells, wound-healing assay was 
used. As revealed in Fig. 6a, b, miR-486-5p inhibitor car-
ried by HPVEC-exo significantly inhibited the migration of 
trophoblast cells. Consistent with this finding, the invasion 
of trophoblast cells was significantly decreased in the pres-
ence of (H/R + miR-486-5p inhibitor)-exo (Fig. 6c, d). Alto-
gether these results suggest that miR-486-5p from HPVEC-
derived exosomes decreased the migration and invasion of 
trophoblast cells.

MiR‑486‑5p directly targeted IGF1 in trophoblast 
cells

Given that IGF1 was found to be the target of niR-486-5p, 
the correlation was further investigated by dual-luciferase 
report assay. The result suggested that relative luciferase 
activity in WT-IGF1 was significantly decreased by miR-
486-5p mimics (Fig. 7a) and the binding sites are shown in 
Table 1. However, the enrichment of IGF1 in trophoblast 
cells was significantly upregulated by miR-486-5p mim-
ics (Fig. 7b) Compared with control, the expression of 
IGF1 in trophoblast cells was notably downregulated when 
treated with H/R-exo, while this phenomenon was partially 
reversed by (H/R + miR-486-5p inhibitor)-exo (Fig. 7c, d). 

Fig. 8  Exosomes derived from HPVECs deliver miR-486-5p to 
inhibit the proliferation of trophoblast cells via targeting IGF1. IGF1 
overexpression significantly increased the viability of a TEV1 and b 
HTR8/SVneo cells, while (H/R + miR-486-5p inhibitor)-exo reversed 
this phenomenon. c IGF1 overexpression significantly increased the 

proliferation of TEV1 and HTR8/SVneo cells, while (H/R + miR-
486-5p inhibitor)-exo reversed this phenomenon. d The positive 
rate of EdU staining was counted. **P < 0.01 compared to control. 
##P < 0.01 compared to H/R-exo. ^^P < 0.01 compared to (H/R + NC 
inhibitor)-exo, n = 3
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Meanwhile, miR-486-5p inhibitor carried by HPVEC-exo 
partially rescued the effect of IGF1 overexpression on IGF1 
expression (Fig. 7e, f). In summary, miR-486-5p directly 
targeted IGF1 in trophoblast cells.

Exosomes derived from HPVECs delivered 
miR‑486‑5p to inhibit the proliferation 
of trophoblast cells via targeting IGF1

To detect the role of IGF1 in PE, the CCK-8 assay was used. 
The data revealed that IGF1 overexpression significantly 
increased the viability and proliferation of trophoblast cells, 
while (H/R + miR-486-5p inhibitor)-exo reversed this phe-
nomenon (Fig. 8a–d). Taken together, the data suggest that 
miR-486-5p from HPVEC-derived exosomes inhibited the 
proliferation of trophoblast cells via targeting IGF1.

Exosomes derived from HPVECs delivered 
miR‑486‑5p to inhibit the migration and invasion 
of trophoblast cells via targeting IGF1

To detect the cell migration and invasion, wound-healing 
and transwell assays were performed. The data revealed that 
IGF1 overexpression significantly increased the migration 
and invasion of trophoblast cells, while (H/R + miR-486-5p 
inhibitor)-exo reversed the effect of IGF1 overexpression 

(Fig.  9a–d). These data suggest that miR-486-5p from 
HPVEC-derived exosomes inhibited the migration and inva-
sion of trophoblast cells via targeting IGF1.

Discussion

Previous research has confirmed that exosomes play a role 
in multiple conditions, including PE [11, 25, 26]. Further-
more, trophoblast cell growth inhibition, and dysregulation 
of miRNAs are involved in the progression of PE [27, 28]. 
In the current study, we found that the growth of trophoblast 
cells was significantly inhibited by miR-486-5p inhibitor 
carried by HPVEC-exo. The current study also revealed a 
possible mechanism by which exosomes modulate the pro-
gression of PE, by showing that miR-486-5p inhibitor car-
ried by HPVEC-exo may serve as a key mediator in PE. A 
recent study found that exosomal miRNA-486-5p derived 
from rheumatoid arthritis fibroblast-like synoviocytes may 
induce osteoblast differentiation through the Tob1/BMP/
Smad pathway [29]. The present study found that exosomes 
derived from H/R-treated HPVECs may deliver miR-486-5p 
to trophoblast cells. Thus, additional functions of exosomal 
miR-486-5p need to be investigated.

This study confirmed that IGF1 was the direct target of 
miR-486-5p. IGF1 has been confirmed to act as a mediator 

Fig. 9  Exosomes derived from HPVECs deliver miR-486-5p to 
inhibit the migration and invasion of trophoblast cells via targeting 
IGF1. IGF1 overexpression significantly increased the migration of a 
TEV1 and b HTR8/SVneo cells, while (H/R + miR-486-5p inhibitor)-
exo reversed the effect of IGF1 overexpression. IGF1 overexpression 

significantly increased the invasion of c TEV1 and d HTR8/SVneo 
cells, while (H/R + miR-486-5p inhibitor)-exo reversed the effect of 
IGF1 overexpression. **P < 0.01 compared to control. ##P < 0.01 com-
pared to H/R-exo. ^^P < 0.01 compared to (H/R + NC inhibitor)-exo
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in some diseases [30–32]. Previous research found that IGF1 
overexpression may promote the migration of trophoblast 
cells [24]. In this study, the effect of IGF1 on the progres-
sion of PE was investigated. As expected, our current find-
ing was consistent with the previous report, which showed 
that, IGF1 was targeted by miR-30a-3p. Additional miRNAs 
may, therefore, be involved in the progression of PE, and 
the relationship between miRNAs and exosomes should 
be further explored. MiR-486-5p may target other mRNAs 
besides IGF1. For instance, YAP1 is targeted by miR-486-5p 
in ovarian cancer cells [33]. In addition, miR-486-5p may 
mediate the growth of gastric cancer cells via targeting of 
PI3KR1 [34]. Therefore, additional mRNAs targets of miR-
486-5p in PE need further investigation.

The limitations of the present research should be consid-
ered. The mechanism by which IGF1 mediates the progres-
sion of PE needs to be explored in depth, and the identity of 
miRNAs involved in PE should be identified.

In summary, exosomes derived from human placental 
microvascular endothelial cells deliver miR-486-5p, which 
induces PE via targeting of IGF1. Our data provide addi-
tional insights that will hopefully advance the search for 
treatments for PE.
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