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Abstract 

Background Extracellular vesicles (EVs) are mediators between cancer cells and other types of cells, such as tumor-
associated macrophages (TAMs), in the tumor microenvironment. EVs can remodel the tumor microenvironment 
and regulate tumor progression. However, the underlying molecular mechanism of these interactions remains 
unclear.

Methods First, we explored the effect of TAMs on the survival prognosis of patients with ovarian cancer. Next, we 
isolated EVs derived from ovarian cancer cells (OV-EVs) through ultracentrifugation and analyzed the capacity of OV-
EVs to regulate macrophage polarization in ovarian tumors and in whole peripheral blood. Moreover, we explored 
the roles of OV-EVs-induced macrophages in tumor progression through in vitro and in vivo assays.

Results OV-EVs were encapsulated by macrophages and induced the polarization of macrophages toward the M2 
phenotype. Moreover, OV-EVs-induced M2 macrophages promoted angiogenesis and cancer progression 
both in vitro and in vivo. In addition, OV-EVs-induced macrophages increased the expression level of VEGF 
and increased the expression level of VEGFR in tumors, which resulted in angiogenesis in ovarian cancer.

Conclusions The present study demonstrated that OV-EVs induce M2 polarization in macrophages and pro-
mote the progression of ovarian cancer. This study provides novel insight into the mechanism of ovarian cancer 
progression.
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Introduction
It is widely acknowledged that ovarian cancer is one of 
the most common malignant cancers of the female repro-
ductive system [1]. Due to the difficulty in obtaining 

a diagnosis at an early stage, millions of ovarian cancer 
patients experience cancer metastasis because of a lack 
of timely treatment. Despite ongoing efforts in screen-
ing programs for ovarian cancer, only a small number of 
women are diagnosed before the cancer spreads beyond 
the ovaries [2], and others undergo metastasis through-
out the peritoneal cavity, to the omentum [3], and even 
to the parenchyma of the liver [4] or lung. Thus, a bet-
ter understanding of the mechanism of ovarian cancer 
metastasis will provide new insights into ovarian cancer 
progression and treatments.
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Increasing evidence indicates that the process of 
tumor microenvironment remodeling is closely related 
to cancer progression. In the tumor microenvironment, 
the crosstalk between diverse types of cells influences 
both physiological and pathological processes. Immune 
cells play vital roles in cancer metastasis and progres-
sion. Macrophages are important components of the 
tumor microenvironment and are associated with can-
cer progression [5], drug resistance, and immune escape 
[6], among other effects [7]. Typically, macrophages are 
divided into M1 and M2 populations [8] to describe the 
two major and opposing activities of macrophages [9]. 
M1 macrophages can inhibit cell proliferation and cause 
tissue damage [10], whereas M2 macrophages can pro-
mote cell proliferation and tissue repair [11]. Polarized 
M2 macrophages can induce premetastatic niche forma-
tion and cancer metastasis [12, 13], which are involved 
in the EMT process [14]. Moreover, some studies have 
reported that increased VEGF production by lactate-
polarized macrophages results in a positive feedback 
loop that further stimulates angiogenesis [15, 16].

Extracellular vesicles (EVs) are particles derived from 
diverse types of cells [17] and contain diverse cargos 
[18, 19]. EVs play vital roles in cell communication and 
complex interactions during biological processes [20] 
and pathological processes [21]. It has been widely 
reported that extracellular vesicles can affect cell prolif-
eration [22], wound healing, systemic metabolism [23], 
drug resistance and other processes [24, 25]. Addition-
ally, extracellular vesicles mediate the progression of 
cancers [26, 27], including chemoresistance, metastasis, 
and immune evasion. However, how ovarian cancer-
derived extracellular vesicles interact with macrophages 
to regulate cancer progression and the underlying 
molecular mechanisms of diverse types of crosstalk 
remain unclear.

Vasculogenesis, the formation of blood vessels from 
de novo generation of endothelial cells, and angiogen-
esis, the process of new blood vessel formation, are 
critical during development and subsequent physiologi-
cal homeostasis but can be pathogenic in cancers. Vas-
cular endothelial-derived growth factor (VEGF), which 
is important in vasculogenesis and angiogenesis, was 
identified, isolated, and cloned over two decades ago 
[28]. VEGF secreted by tumor cells and the surround-
ing stroma stimulates the proliferation and survival of 
endothelial cells, leading to the formation of new blood 
vessels, which may be structurally abnormal and leaky. 
Studies of VEGF biology have provided tremendous 
insights into physiological homeostasis and the molecu-
lar mechanisms of cancers. These discoveries have also 
illuminated our understanding of the complex interac-
tions between VEGF and other signaling pathways [29].

In the present study, we aimed to explore the effects of 
ovarian cancer-derived extracellular vesicles (OV-EVs) 
on macrophage polarization and cancer progression. In 
addition, we conducted additional experiments to elu-
cidate the mechanisms of EV-mediated angiogenesis in 
remodeling the TME.

Methods and materials
Study approval
All animal procedures were performed in accord-
ance with the protocol approved by the Institutional 
Animal Care and Use Committee at Fudan Univer-
sity (SYXK2020-0032). This study was approved by the 
Obstetrics and Gynecology Hospital of Fudan University 
Institutional Review Board, approval number 2019–77, 
with informed consent obtained from all patients.

Cells and cell culture
The ovarian cancer cell lines SKOV3, ID-8, THP-1 and 
HUVECs (human umbilical vein endothelial cells) were 
purchased from the Chinese Academy of Sciences. We 
cultured SKOV3, ID-8, and THP-1 cells and HUVECs in 
DMEM supplemented with 10% fetal bovine serum and 
1% penicillin/streptomycin. All the cells were cultured 
at 37  °C with 5% CO2 and 95% air, which were free of 
contamination.

Isolation of extracellular vesicles
SKOV3 cells were cultured to 70% confluence and then 
cultured with medium (containing extracellular vesicle-
free FBS) for 48  h. The supernatant of the SKOV3 cells 
was collected for further EV isolation. We centrifuged 
the collected supernatant at 300 × g for 20 min and then 
at 10,000 × g for 60  min. Then, we conducted ultracen-
trifugation at 120,000 × g for 2 h at 4 °C to isolate the EVs. 
The EV pellet was washed with PBS to purify the isolated 
extracellular vesicles.

Characterization of extracellular vesicles
We characterized the shape of the collected extracellu-
lar vesicles via transmission electron microscopy (TEM) 
(FEI Tecnai G2 Spirit Twin, Philips, NL). We also char-
acterized the diameters and the population of collected 
extracellular vesicles using a NanoSight NS300 (Malvern, 
Amesbury, GB). In addition, we tested the expression of 
extracellular vesicle markers in the collected extracellular 
vesicles through Western blotting.

Clinical samples
Fresh peripheral blood and fresh tumor tissues were 
collected from patients who were diagnosed with OV 
(n = 10) and non-OV (n = 10) donors at the Obstet-
rics and Gynecology Hospital of Fudan University from 
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January 2018 to December 2020. Peripheral blood mono-
nuclear cells (PBMCs) were isolated by Ficoll density cen-
trifugation using Ficoll-PaqueTM (GE Healthcare, NJ). 
Monocytes were isolated from PBMCs using a MACS 
isolation kit (Miltenyi Biotec, Aubum, CA) with positive 
selection for CD14 (Miltenyi Biotec). Fresh tissues were 
detached with collagenase IV and subsequently passed 
through a 70 µm cell strainer (Corning).

Cell viability assay
The viability of the cells was detected via CCK-8 assays. 
First, we seeded 5 ×  103 HUVECs (human umbilical vein 
endothelial cells) per well into a 96-well plate and incu-
bated them for 12  h. Then, we treated HUVECs with 
blank medium, conditioned medium from SKOV3 cells, 
or PBS (as a control). After incubation for 48  h, 10  µl/
well CCK-8 (Dojindo, Japan) reagent was used to evalu-
ate cell viability, which was measured by the OD450 value 
using a Varioskan LUX microplate reader (Thermo Fisher 
Scientific).

Tube formation assay
Angiogenic capacity was analyzed by a tube forma-
tion assay. First, we prepared a 24-well plate (30  μl of 
Matrigel (#356,234, BD Biosciences, Oxford, UK) per 
well). For this assay, a transwell coculture system was 
used to culture HUVECs with PBS, blank medium-
induced macrophages or OV-EV-induced macrophages 
for 24  h. Then, we collected the HUVECs and seeded 
them  (105 cells per well in a 24-well plate) into the pre-
pared well (covered with Matrigel), after which they 
were cultured for 3 h. Tube formation was captured via 
microscopy (Leica DMi1), images of tube morphology 
were obtained at × 100 magnification, and the number of 
meshes was quantified via ImageJ software (NIH Image, 
Bethesda, MD).

Inducing polarization assay
We cultured THP-1 cells induced with phorbol 
12-myristate-13-acetate (PMA) (100  ng/ml) for 24  h to 
induce the M0 phenotype. We treated M0 macrophages 
with culture supernatant or extracellular vesicles. Then, 
we detected the proportion of CD163 + cells via flow 
cytometry to quantify the percentage of macrophage 
polarization. All the experiments were repeated three 
times.

Immunofluorescence assay
The HUVECs were seeded on autoclaved slides, which 
were placed in a 24-well plate. The cells were then 
treated for 72  h with either the supernatant from OV-
EV-treated macrophages, the supernatant from blank 
medium-treated macrophages or PBS. Then, we fixed the 

cells with 4% paraformaldehyde, followed by incubation 
with a FITC-VEGFR antibody for 30  min. Images were 
captured by confocal laser scanning microscopy (Leica 
Microsystems, Wetzlar, GER) at different laser channels. 
The images were merged, and all the images were evalu-
ated and quantified via ImageJ software (NIH Image, 
Bethesda, MD).

Uptake process of EVs
The THP-1 cells were seeded on autoclaved slides, which 
were placed in a 24-well plate. Then, the isolated OV-
EVs were stained with PKH-26 (Cell Linker Kit for Gen-
eral Membrane Labeling) for 30 min and reisolated via 
ultracentrifugation. The PKH-26-labeled EVs were added 
to the wells for 24 h. The cells were fixed with 4% para-
formaldehyde and stained with FITC-Actin Tracker, fol-
lowed by staining with DAPI for 10  min. Images were 
captured by confocal laser scanning microscopy (Leica 
Microsystems, Wetzlar, GER) at different laser channels. 
The images were merged, and all the images were evalu-
ated and quantified via ImageJ software (NIH Image, 
Bethesda, MD).

Western blot
Extracellular vesicles were lysed in RIPA buffer. The pro-
tein concentration was determined via the BCA method. 
A total of 20 μg of protein was loaded on a 10%-12% SDS‒
PAGE gel. The proteins were transferred to a PVDF mem-
brane and blocked in 5% BSA for 12 h at 4 °C. After being 
washed with 1 × TBST, the membrane was incubated 
with the following antibodies: CD63 (ab134045, 1:1,000), 
Tsg101 (ab13e586, 1:1,000) and Syntenin (ab133267, 
1:1,000) overnight at 4  °C. After being washed with 
1 × TBST three times, the membrane was incubated with 
HRP-conjugated secondary antibodies. The membranes 
were visualized with enhanced chemiluminescence.

Immunohistochemistry
The mouse tumor tissue sections were assessed by two 
experienced pathologists without discrepancy in our 
hospital. The working dilution of anti-VEGFR antibodies 
(ab11939; Abcam) was 1:100. The slides were washed and 
incubated with a biotinylated secondary antibody (poly-
clonal goat anti-rabbit; Histostain-Plus IHC kit; Mingrui 
Biotech, Shanghai, China) for 45 min at 37 °C and washed 
with PBS. To ensure uniformity, all the tissue sections 
were processed simultaneously.

ELISA
An ELISA was conducted to analyze the expression level 
of VEGF. We treated the cells with different types of 
media and collected the cell supernatants for ELISA. The 
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Fig. 1 Flowchart of the evaluation of macrophage subpopulations in ovarian tissues and peripheral blood from patients.  Ovarian cancer tissues, 
nonovarian cancer tissues, and peripheral blood were obtained and then analyzed via flow cytometry to evaluate the macrophage subpopulations

Fig. 2 Relationships of M2 phenotype expression in ovarian cancer tissues and peripheral blood. A The percentage of CD163 + CD68 + cells 
among CD68 + macrophages in ovarian cancer tissues and nonovarian cancer tissues from patients. B The percentage of CD206 + CD68 + cells 
among CD68 + macrophages in ovarian cancer tissues and nonovarian cancer tissues from patients. C The percentage of CD206 + CD68 + cells 
among CD68 + macrophages in the peripheral blood of patients. D The percentage of CD206 + CD68 + cells among CD68 + macrophages 
in the peripheral blood of patients
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detection of the serum levels of VEGF was conducted via 
ELISA kits (Yanhui, Shanghai, China). (***p < 0.001).

Flow cytometry
Single-cell suspensions were blocked with mouse FcR 
blocking reagent (Miltenyi Biotec) for 10 min at 4 °C prior 
to surface staining. The following anti-mouse antibodies 
were used: FITC-conjugated CD11b, APC-conjugated 
CD163, and APC-conjugated CD206 from Biolegend. 
All flow cytometry data were acquired on a FACS Cali-
bur (BD, San Jose, USA) and analyzed with FlowJo V10.8 
(TreeStar, Ashland, USA).

Animal experiments
The animal experiments were conducted in accord-
ance with the criteria for the Care and Use of Labora-
tory Animals and approved by the Ethics Committee of 
Obstetrics and Gynecologic Hospital of Fudan University 
(Ethics No. SYXK2020-0032). For the in vivo experiment, 
six-week-old female athymic nude mice (purchased 
from Jiesijie Laboratory Animal Co., Ltd., Shanghai) 
were divided randomly into three different subgroups as 
described below (three mice per group). Group #1 was 

the OV-EV group, group #2 was the M0-EV group, and 
group #3 was the PBS group. Briefly, as depicted in Fig. 7, 
SKOV3-luciferase stably transfected cells (treated with 
GW4869 (10 μM), an extracellular vesicle inhibitor) were 
seeded via intraperitoneal injection at a concentration 
of 1.5 ×  106/mL per mouse on Day 0. Then, the ovarian 
cancer-derived extracellular vesicles (OV-EVs)  (E11 par-
ticles/mouse per time), M0-derived extracellular vesicles 
(M0-EVs)  (E11/mouse per time), and PBS were intraperi-
toneally injected into groups #1, #2, and #3 on Days 3, 6, 
9, 12, 15, and 18 (Fig. 7). Moreover, the mice were treated 
with GW4869 (200 μL/mouse, 0.3  mg/mL) every two 
days to inhibit the secretion of EVs by the tumor cells. 
We analyzed the ability of stably transfected SKOV3-
luciferase cells to metastasize using an in  vivo biolumi-
nescence imaging system. The mice were sacrificed, and 
then the tumors were harvested. Half of the tumor tissues 
were fixed with PFA, and the other half were dissociated 
into a single-cell suspension. The slides with tumor tissue 
were stained to detect CD31, VEGFR and CD206 expres-
sion, and the single-cell suspensions were subjected to 
flow cytometry to measure the percentage of CD206-
positive cells in the whole tumor tissues. Peripheral blood 

Fig. 3 Effects of ovarian cancer on the polarization of macrophages. A The expression levels of CD163 (M2 macrophage marker) in THP-1 cells 
after treatment with PBS (left), blank medium (middle), or ovarian cancer-conditioned medium (right). B Quantitative image of CD163 expression 
in macrophages. C The expression levels of CD163 (M2 macrophage marker) in THP-1 cells after treatment with PBS (left), M0-EVs (middle), or OV-EVs 
(right). D Quantitative image of CD163 expression in macrophages. The figure shows data from one out of three independent experiments 
performed in triplicate with equivalent results
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mononuclear cells (PBMCs) were isolated by Ficoll den-
sity centrifugation using Ficoll-PaqueTM (GE Health-
care, NJ). Monocytes were isolated from PBMCs using a 
MACS isolation kit (Miltenyi Biotec, Aubum, CA) with 
positive selection for CD14 (Miltenyi Biotec).

Statistical analysis
All the experiments were repeated in triplicate, and the 
experimental results are expressed as the means ± stand-
ard deviations (S.D.). The statistical analysis was con-
ducted via SPSS 19.0 software and GraphPad Prism 9.3 
software.

Results
Relationships between the M2 phenotype and ovarian 
cancer
As shown in the flowchart in Fig. 1, flow cytometry was con-
ducted on ovarian tissue and peripheral blood derived from 
patients with ovarian cancer and nonovarian cancer to eval-
uate the macrophage distribution. As shown in Fig. 2A and 
B, we observed increased expression of CD163 and CD206 
(classic markers of M2 macrophages) in whole CD68 + mac-
rophages (CD68 as a classic marker of macrophages) in 

ovarian tissues (Supplementary Figure S1, S1A and S1B). 
Similarly, as shown in Fig.  2C and D, we also observed 
increased expression of CD163 + and CD206 + CD68 + mac-
rophages in the peripheral blood of ovarian cancer patients 
(Supplementary Figure S1, S1C and S1D).

Effects of ovarian cancer cells on the induction 
of macrophage polarization
To explore the effect of ovarian cancer on mac-
rophage polarization, we evaluated the proportion of 
CD163 + (M2 macrophage marker) cells through flow 
cytometry. As depicted in Fig.  3A and B, macrophages 
expressed high levels of CD163 when they were treated 
with ovarian cancer cell-derived conditioned medium. 
These results indicate that ovarian cancer cell-derived 
conditioned medium could play a role in inducing mac-
rophage polarization toward the M2 phenotype. As 
shown in Fig. 3C and D, macrophages expressed high lev-
els of CD163 when they were treated with ovarian cancer 
cell-derived extracellular vesicles (OV-EVs). These results 
indicate that ovarian cancer cell-derived EVs could play a 
role in inducing macrophage polarization toward the M2 
phenotype.

Fig. 4 Characterization of extracellular vesicles. A Transmission electron microscopy characterization of extracellular vesicles derived from SKOV3 
ovarian cancer cells. Scale bars, 0.5 μm. B NTA characterization of extracellular vesicles derived from SKOV3 ovarian cancer cells. C Western blot 
characterization of extracellular vesicles: the expression of CD63, Tsg101 and syntenin in extracellular vesicles derived from SKOV3 ovarian cancer 
cells. D Evaluation of PKH-26-labeled EVs encapsulated by FITC-labeled THP-1 cells. Scale bars, 250 μm
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Isolation and characterization of extracellular vesicles
We isolated extracellular vesicles from ovarian cancer 
cell-conditioned medium via ultracentrifugation. We 
characterized the extracellular vesicles through diverse 
methods, including TEM, NTA and Western blotting. 
The shape of the OV-EVs was measured by transmission 
electron microscopy (Fig.  4A). Moreover, the size dis-
tribution and characterization of the OV-EVs were ana-
lyzed by nanoparticle tracking analysis (NTA) (Fig.  4B). 
Furthermore, markers of OV-EVs were detected via 
Western blotting (Fig.  4C, Supplementary Figure S2). 
Thus, these results indicate that the particles collected 
from the conditioned medium are extracellular vesicles. 
In addition, PKH-26-labeled OV-EVs were encapsulated 
in FITC-actin tracker-labeled THP-1 cells (Fig. 4D). The 
lipid bilayers of OV-EVs were stained with PKH-26 (Cell 
Linker Kit for General Membrane Labeling), while those 

of THP-1 cells were labeled with FITC-Actin Tracker. 
Overall, these data indicate that the isolated OV-EVs 
(with a normal size and shape) were able to enter the 
recipient cells (THP-1 cells).

Effects of ovarian cancer extracellular vesicle 
(OV‑EV)‑treated macrophages on angiogenesis
To evaluate the influence of ovarian cancer-derived extra-
cellular vesicle (OV-EV)-treated macrophages on angio-
genic capacity and proliferative capacity, we conducted 
a cell viability assay and a tube formation assay with 
HUVECs. As clearly shown in Fig. 5A and B, compared 
with M0-EV-induced macrophages and PBS, OV-EV-
induced macrophages exhibited increased tube forma-
tion ability. However, OV-EV-induced macrophages did 
not significantly promote HUVEC proliferation when 
compared with the M0-EV-induced macrophage group 

Fig. 5 Influence of ovarian cancer-derived extracellular vesicles on angiogenic capacity. A Representative images of the tube formation ability 
of HUVECs treated with PBS (Left), HUVECs treated with M0-EVs induced macrophages (Middle), and HUVECs treated with OV-EVs treated 
with macrophages (Right). B Quantitative image of the formation ability of HUVECs. The figure shows data from one out of three independent 
experiments performed in triplicate with equivalent results. C The expression level of VEGF in OV-EV-treated macrophages and M0-EV-induced 
macrophages
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or PBS group (Supplementary Figure S3, S3A). Moreo-
ver, OV-EVs did not promote HUVEC proliferation (Sup-
plementary Figure S3, S3B). These results indicate that 
ovarian cancer-derived extracellular vesicles (OV-EVs) 
promote macrophage-mediated angiogenesis during 
cancer progression. Furthermore, as depicted in Fig. 5C 
(Supplementary Figure S4), OV-EV-treated macrophages 
induced the expression of VEGFR on HUVECs.

OV‑EVs promote the secretion of VEGF by macrophages 
to induce angiogenesis
To explore the mechanism of the increased angiogenic 
capacity induced by OV-EV-treated macrophages, we 
detected VEGFR expression on HUVECs following dif-
ferent EV treatments. We first detected VEGF expression 

in OV-EV-treated macrophages, M0-EV-treated mac-
rophages and PBS-treated macrophages via ELISA. As 
depicted in Fig. 6, the results revealed that VEGF expres-
sion was significantly greater in the group treated with 
OV-EV-induced macrophages than in the M0-EV-treated 
macrophage group or the PBS-treated macrophage 
group (Fig.  6A). Moreover, as depicted in Fig.  6B, OV-
EV-induced macrophages stimulated the expression of 
VEGFR (VEGF receptor) in HUVECs, whereas blank 
medium-treated macrophages and PBS-treated mac-
rophages did not induce VEGFR expression in HUVECs. 
As depicted in Fig.  6C and D, OV-EV-induced mac-
rophages stimulated the expression of VEGFR (VEGF 
receptor) in HUVECs, whereas M0-EV-treated mac-
rophages and PBS-treated macrophages did not induce 

Fig. 6 The expression levels of VEGF in macrophages and VEGFR in HUVECs after treatment with OV-EVs. A The expression level of VEGF 
in OV-EV-induced macrophages, M0-EV-induced macrophages and PBS-treated macrophages. B The expression of DAPI and VEGFR on the cell 
surface of HUVECs after treatment with OV-EV-induced macrophages, M0-EV-induced macrophages, or PBS. C Quantitative image of VEGFR 
expression in HUVECs. D VEGFR expression level in HUVECs after treatment with OV-EV-induced macrophages, M0-EV-induced macrophages 
and PBS. The figure shows data from one out of three independent experiments performed in triplicate with equivalent results
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VEGFR expression in HUVECs. Taken together, these 
results indicate that OV-EV-induced macrophages play a 
role in inducing angiogenesis.

OV‑EVs promote ovarian cancer progression by promoting 
the expression of VEGFR in vascular endothelial 
cell‑induced M2 macrophages in vivo
As depicted in Fig.  7, we conducted an animal experi-
ment using SKOV3-luciferase stably transfected cells 
(treated with GW4869) to analyze the influence of OV-
EV-induced macrophages on the progression of ovarian 
cancer. We divided the animals into three groups (n = 3 
mice per group): the OV-EV group, the M0-EVs group, 
and the PBS group. We detected the cancer progression 
of ovarian cancer cells by measuring the luminescence of 
SKOV3-luciferase cells using an in  vivo imaging system 

(Fig. 7). As shown in Fig. 8A and B, OV-EVs promoted the 
progression of ovarian cancer. As shown in Fig.  8C and 
D, OV-EVs induced the expression of VEGFR in excised 
tumor tissues, as determined by immunohistochemis-
try, and the expression level of VEGFR in the OV-EV 
group was greater than that in the other two groups. The 
induced M2 macrophages promoted VEGFR expression 
in tumor tissues, which mediated angiogenesis during 
cancer progression. As depicted in Fig.  8E and F, OV-
EVs increased CD31 expression in tumors. In addition, 
OV-EVs induced increased CD206 expression in tumors 
(Fig. 8G and H). Furthermore, as depicted in Fig. 9A and 
B, OV-EVs increased F4/80 + CD163 + macrophage infil-
tration. Additionally, as depicted in Fig.  9C and D, OV-
EVs increased F4/80 + CD206 + macrophage infiltration 
into tumors. As shown in Fig. 9E and F, OV-EVs induced 

Fig. 7 Flow chart of the animal experiment. The mice were grouped, and the cancer cells were seeded on Day 0 and treated on Days 3, 6, 9, 12, 
15, and 18, followed by sacrifice on Day 21. For the animal assay, SKOV3-luciferase stable cells (treated with GW4869) were seeded in nude mice. 
The mice in the OV-EV group were treated with OV-EVs, those in the M0-EV group were treated with M0-EVs, and those in the PBS group were 
treated with PBS. The expression of bioluciferase and specific expression levels in tumor slides and in single cells derived from tumor tissues as well 
as peripheral blood were detected via a bioluminescence imaging system, IHC and flow cytometry

Fig. 8 The influence of ovarian cancer-derived EVs induced by macrophages on cancer progression and angiogenesis in vivo. A Representative 
images of the bioluminescence results were obtained to evaluate the metastasis of ovarian cancer after treatment with OV-EV-induced 
macrophages, M0-EV-induced macrophages, or PBS in a mouse model. B Representative images of IHC staining for detecting VEGFR expression 
in tumors (n= 3). C Representative images of IHC (anti-VEGFR) images of tumors from model mice treated with OV-EVs, M0-EVs or PBS. Scale bars, 
200 nm. D Quantitative image of VEGFR expression in tumor slides (n= 3). E Representative images of IHC (anti-CD31) images of tumors from model 
mice treated with OV-EVs, M0-EVs or PBS. F Quantitative image of CD31 expression in tumor slides (n= 3). G Representative images of IHC 
(anti-CD206) images of tumors from model mice treated with OV-EVs, M0-EVs or PBS. H Quantitative image of CD206 expression in tumor slides 
(n= 3)

(See figure on next page.)



Page 10 of 14Tang et al. Journal of Ovarian Research          (2024) 17:172 

Fig. 8 (See legend on previous page.)
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F4/80 + CD163 + macrophages in the whole peripheral 
blood. Additionally, as shown in Fig.  9G and H, OV-
EVs induced more F4/80 + CD206 + macrophages in the 
whole peripheral blood (Fig. 9). Collectively, these results 
indicate that ovarian cancer-derived extracellular vesi-
cles (OV-EVs) can induce macrophages to adopt the M2 
phenotype and that M2 macrophages can infiltrate tumor 
tissues and promote VEGFR expression to aggravate can-
cer progression.

Discussion
Ovarian cancer is an intractable malignancy of the female 
reproductive system [30, 31]. Recently, increasing evi-
dence has revealed the vital role of microenvironment 
regulation in ovarian cancer progression [32, 33]. How-
ever, clarifying the underlying mechanisms involved 
in the progression of ovarian cancer is still highly chal-
lenging. Macrophages reportedly participate in tumor 
progression through diverse types of communication 
and crosstalk with other cells in the tumor microenvi-
ronment [9, 34] and have been identified as potential 
therapeutic targets [7]. In the tumor microenvironment, 
macrophages can secrete diverse cytokines, which con-
tribute to maintaining the inflammatory environment 
and promote cancer cell growth as well as cancer cell 
migration. Additionally, many studies have reported that 
tumor-associated macrophages (TAMs) are associated 
with aspects of cancer progression, including cancer pro-
liferation [35], cancer metastasis [36], and cancer drug 
resistance [37]. Extracellular vesicles (EVs) are known 
as membrane-bound vesicles containing different mol-
ecules that are involved in the crosstalk among diverse 
cell types. Increasing amounts of clinical data and experi-
mental evidence have shown that cancer cell-derived 
extracellular vesicles play vital roles in cancer progres-
sion, which provides new insights for improving current 
cancer therapeutic strategies.

To explore the detailed mechanisms underlying pro-
gression and angiogenesis, we first detected a subpopu-
lation of M2 macrophages in ovarian cancer tissues and 
peripheral blood of patients. According to the results 
of flow cytometry analysis of ovarian cancer tissues 
and peripheral blood samples, both the percentages 
of CD163 + CD68 + cells and CD206 + CD68 + cells 

among total CD68 + macrophages in ovarian tissues 
and in peripheral blood samples were greater than 
those in nonovarian cancer samples. These findings 
indicate that the M2 subtypes of macrophages are 
enriched in ovarian cancer. These results are in line 
with those of previous studies [38, 39], which sug-
gests that M2 macrophages play vital roles in cancer 
progression. Next, we detected the effect of ovarian 
cancer on macrophage polarization and found that 
ovarian cancer can induce macrophage polarization 
toward the M2 phenotype. Furthermore, to explore 
the role of M2 macrophages in ovarian cancer pro-
gression, we isolated extracellular vesicles from ovar-
ian cancer cell-conditioned medium and characterized 
them via transmission electron microscopy, NTA and 
Western blotting, which are widely used methods. 
Remarkably, OC-EVs induced the macrophages toward 
the M2 phenotype. These results are in line with the 
results of previous studies from other groups [40, 41]. 
We then treated HUVECs with conditioned medium 
derived from induced M2 macrophages and found that 
M2 medium promoted the tube formation ability of 
HUVECs. In addition, OV-EVs induced macrophages 
to secrete VEGF, which may explain the mechanism of 
increased tube-formation capacity reported in previous 
studies [42, 43]. In animal experiments, we also found 
that ovarian cancer cell-derived extracellular vesicles 
induced M2 polarization in whole peripheral blood and 
M2 macrophage infiltration in tumors. These processes 
promoted the progression of ovarian cancer, which is in 
line with the in vitro results.

There are several limitations in the present study. First, 
more ovarian cancer tissue is needed for further analysis 
to verify the relationship between macrophage infiltra-
tion and ovarian cancer progression. Second, the ability 
of other types of cells in the tumor environment to per-
form similar functions during cancer progression should 
be explored.

Overall, the present study revealed the vital roles of 
OV-EVs in promoting macrophage polarization and 
subsequent angiogenesis. In addition, this study pro-
vides novel insights into the role of cancer-derived EVs 
in inducing macrophage polarization and regulating 
endothelial cells in the tumor microenvironment.

(See figure on next page.)
Fig. 9 The percentage of M2 macrophages in tumor tissues and in whole peripheral blood of treated mice. A The percentage of CD163-positive 
macrophages in single-cell suspensions of tumors. B Quantitative image of CD163-positive macrophages in a single-cell suspension of tumors. 
C The percentage of induced CD206-positive macrophages in single-cell suspensions of tumors. D Quantitative image of CD206-positive 
macrophages in a single-cell suspension of tumors. E The percentage of CD163-positive macrophages in the peripheral blood of the mice. 
F Quantitative image of CD163-positive macrophages in the peripheral blood of mice. G The percentage of CD206-positive macrophages 
in the peripheral blood of the mice. H Quantitative image of CD206-positive macrophages in the peripheral blood of mice. The figure shows data 
from one out of three independent experiments performed in triplicate with equivalent results
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Conclusions
We demonstrated that ovarian cancer-derived extracellu-
lar vesicles (OV-EVs) can contribute to the progression of 
ovarian cancer through skewing M2 macrophage polari-
zation. Additionally, OV-EV-induced M2 macrophages 
enhanced the angiogenic capacity of HUVECs. Further-
more, we revealed that OV-EV-induced macrophages can 
enhance angiogenesis by increasing the expression level of 
VEGF. Overall, our study has elucidated a novel molecu-
lar mechanism involving ovarian cancer, macrophages 
and vascular endothelial cells in the tumor microenviron-
ment. While it is known that EVs can function as messen-
gers between ovarian cancer cells and macrophages, these 
results provide new insights into the development (includ-
ing the progression and remodeling of the microenviron-
ment) of ovarian cancer as well as a theoretical basis for 
future treatment strategies for ovarian cancer. Moreover, 
extracellular vesicle-mediated crosstalk between tumor 
cells and macrophages may constitute a novel targeting 
strategy for ovarian cancer therapeutics.
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