
Abstract. This study was performed to identify the origin
of the ascites-derived exosomes from patients with ovarian
cancer and to observe the effect of exosomes on anti-tumor
immunity. Exosomes were isolated from the ascites of patients
with ovarian epithelial cancer by ultracentrifugation plus
density gradient centrifugation. The origin of exosomes was
identified by immunoelectronmicroscopy (IEM). The growth
curve of the tumor cell line SKOV3 cultured with or without
exosomes was analyzed. The apoptosis of autogeneic tumor
cells (ATCs) and SKOV3 cells affected by exosomes was
measured by flow cytometry (FCM) and light phase contrast
microscopy. The cytotoxic effect of the peripheral blood
mononuclear cells (PBMCs) stimulated by exosomes and/or
dendritic cells (DCs) on ovarian cancer cells was measured
using a CCK-8 assay. The levels of IFN-Á released by
PBMCs stimulated by exosomes and/or DCs were measured
by ELISA. The apoptosis of PBMCs and DCs affected
by exosomes was measured by FCM and light microscopy.
Whether the mature process of DCs was affected by exo-
somes was studied by FCM. The ratio of CD4+ T cell and
CD8+ T cell were measured by FCM. FasL and TRAIL mole-
cules on exosomes were detected by Western blot analysis.
The human FasL antagonistic antibody was used to block
the apoptosis of DCs and PBMCs induced by exosomes.
The receptors of TRAIL DR4 and DR5 on PBMCs and DCs

were detected by FCM. In 41 patients examined, we isolated
exosomes from the ascites of 35 patients. We detected TCR,
CD20, HLA-DR, B7-2, HER2/neu, CA125 and Histone H2A
on exosomes. We found that exosomes might impair the cyto-
toxic activity of PBMCs when DCs are present. We found
that exosomes had no effect on the growth and apoptosis
of SKOV3 cells. However, exosomes may induce apoptosis
of precursors, mature DCs and PBMCs. We found that FasL
and TRAIL were present in the exosome suspension and
addition of an anti-FasL antibody may decrease the percentage
of apoptosis of DCs and PBMCs. We conclude that exosomes
exist in ascites of 85.4% of patients with ovarian cancer.
Moreover, these exosomes may be of multi-origin. Exosomes
had no effect on the growth and apoptosis of tumor cells but
impaired the cytotoxic activity of PBMCs in the presence of
DCs. Exosomes also may induce apoptosis of the precursors of
DCs, DCs and PBMCs. FasL and TRAIL on exosomes may
partly account for the apoptosis of cells of the immune system.

Introduction

Ovarian cancer is the third leading malignant gynecological
tumor but its mortality is the highest. There are still many
puzzles of ovarian cancer, including the relationship between
the tumor and the host immune system, and the mechanisms
of the development, invasion and metastasis of the tumor.
Exosomes are a kind of microvesicles released by many
types of cells such as tumor cell (1-4), antigen presenting
cells (APC) (5,6) and epithelial cells (7,8). Recent research
revealed that exosomes purified from the ascites of patient
with ovarian cancer contain some immunological-effect mole-
cules (9). Some studies showed these ascites-derived exo-
somes may stimulate the specific host anti-tumor immunity
(9) but other studies showed exosomes may depress the
host anti-tumor immunity (10,11). In order to explore the
origin of the ascites-derived exosomes, and how exosomes
play a role in the specific anti-tumor immunological function,
this study was performed.

Materials and methods

Purification and identification of exosomes. Ascites-derived
exosomes of ovarian cancer patients were purified by the
method of Andre et al (9). Briefly, ascites samples were
centrifuged at 300 g to discard floating cells. Supernatants
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were removed and centrifuged successively at 800 g for 30 min,
10,000 g for 30 min, and 100,000 g for 1 h. After the last
centrifugation step, exosomes contained in the 30% sucrose/
D2O cushion were resuspended in phosphate-buffered
solution (PBS), and concentrated in a last step of 1 h ultra-
centrifugation at 100,000 g. We resuspended the pellets of
exosomes in PBS and stored the solution at -80˚C.

Exosomes were identified by transmission electron micro-
scope (TEM) and Western blot analysis with polyclonal
antibodies to MHC-I (Santa Cruz Biotechnology, Santa
Cruz, USA), HSP70 (Stressgen, Canada) and CD81 (Santa
Biotechnology) (12).

Detection of the exosomes expressing antigens. The exosome
expressing antigens were detected by immunoelectron micro-
scope (IEM) and Western blot analysis with 12% SDS-PAGE
and polyclonal antibodies to Neu (Santa Cruz Biotechnology),
HLA-DR (Santa Cruz Biotechnology), B7-2 (Santa Cruz
Biotechnology), TCR-· (Santa Cruz Biotechnology), CD20
(Neo Markers, USA) and HistoneH2A (Cell Signaling, USA).

The effect of the ascites-derived exosomes on the growth
and apoptosis of ovarian cancer cell. We added different
volumes of exosomes into the same number of the ovarian
cancer cell line SKOV3 cells and tested the optical density
(OD) which presented the number of the cells on different
time point within 72 h by CCK-8 kit (Dojindo, Japan).
We cultured every 6x105 autogeneic tumor cells (ATCs) or
SKOV3 cells with exosomes derived from 200 ml ascites
for 48 h and we measured the percentages of early-stage
apoptosis, advanced-stage apoptosis and necrosis of these
two types of cells. The apoptosis of ATCs and SKOV3 cells
co-cultured with exosomes or not was analyzed by flow cyto-
metry (FCM, Coulter Co., USA) using Annexin V-PI staining
kit (Biolife, China) and light phase contrast microscope
(Nikon, Japan).

The in vitro anti-ovarian cancer effect of the PBMCs
stimulated by ascites-derived exosomes
Cell culture and preparation. Tumor cells in the ascites were
isolated by centrifugalization at 300 g for 20 min and cultured
in 5% CO2 and RPMI-1640 (Gibco, USA) with 10% fetal
calf serum (TBD Science, China). These autogeneic tumor
cells were defined as ATCs. Peripheral blood lymphocytes
(PBMCs) were isolated by Ficoll density gradient centri-
fugation. PBMCs were plated in RPMI-1640 for 3 h at 37˚C.
The cells which did not adhere were mostly lymphocytes
and were cultured in RPMI-1640 containing 200 U/ml recom-
binant human IL-2 (Proptech, USA) and 10% human AB
serum (TBD Science). Dendritic cells (DCs) were induced
from the cord blood hematopoietic stem cells (HSCs) by
GM-CSF and IL-4. Briefly, 50 ml cord blood was obtained
from healthy parturient and cell components were isolated by
Ficoll density gradient centrifugation. The cells in the Ficoll
density gradient were plated in RPMI-1640 for 3 h at 37˚C
and the adhere cells which were mostly HSCs were cultured
in RPMI-1640 containing 100 ng/ml granulocyte-macro-
phage colony stimulating factor (GM-CSF, Proptech),
50 ng/ml IL-4 (Proptech) and 10% human AB serum. TNF-·
(2.5 ng/ml) (Proptech) was added to the RPMI-1640 on the

5th day of the culture procedure. DCs induced from cord
blood HSCs were harvested on the 7th day.

Stimulation of PBMCs by ascites-derived exosomes. DCs
(3x104) were cultured with exosomes derived from 10 ml
ascites for 2 h and defined as DCexo (9). The other DCs
cultured without exosomes were defined as DC-. PBMCs
were divided into 4 groups. In the group 1, every 3 PBMCs
were co-cultured with 1 DCexo for 7 days in the RPMI-1640
containing 200 μ/ml IL-2 and 10% human AB serum. In
the group 2, every 3 PBMCs were co-cultured with DC- for 7
days in the same conditions as group 1. In the group 3, every
3x104 PBMCs were cultured with exosomes derived from
10 ml ascites for 7 days in the same conditions as group 1.
In the group 4, PBMCs cultured without DCs or exosomes
for 7 days in the same conditions as group 1. PBMCs in all
groups were harvest on the 7th day of the culture procedures.

The cytotoxic effect of the PBMCs which stimulated by
exosomes. ATCs and SKOV3 cells were the target cells (TC).
The PBMCs which had been stimulated by exosomes or not
were the effector cells (EC). Effector cells were co-cultured
with target cells on EC: TC=3:1 or 10:1. The same number
of ATCs or SKOV3 cells were cultured alone as control
target cells (TCcon). The same number of PBMCs were
cultured alone as control effector cells (ECcon). The same
volume of pure RPMI-1640 containing 10% FBS was used
as blank.

All these cells were cultured for 48 h in RPMI-1640 with
10% FBS and 5% CO2. MTT assay was performed as per the
instructions of the CCK-8 kit. The value of OD in every
culture well was measured by photodensitometry (Tecan,
Austria). The cytotoxic effect (CE) was calculated by the
formula:

(OD of TCcon - OD of blank) - (OD of EC with TC - OD of ECcon)
CE= –––––––––––––––––––––––––––––––––––––––––––––––––––– x 100%

OD of TCcon - OD of blank

Measurement of IFN-Á released by PBMCs stimulated by
exosomes or not. When EC+TC, TCcon and ECcon had
been cultured for 48 h, 100 μl culture medium from EC+TC
culture, TCcon culture, ECcon culture and the blank wells
were absorbed. The levels of IFN-Á in the 100 μl media
were measured by ELISA kit (Bender MedSystems,
Austria) as per the instructions of the kit.

Effect of exosomes on anti-tumor immunologic function of
DCs and PBMCs
The effect of exosomes on the apoptosis of precursor cells of
DC and matured DCs. HSCs in cord blood were gained
as described. HSCs (1x106) were cultured with exosomes
derived from 200 ml ascites for 72 h in RPMI-1640
containing 100 ng/ml GM-CSF, 50 ng/ml IL-4 and 10%
human AB serum. These cells were defined as precursor
cells of DC. The same number of HSCs cultured in the
same conditions, but without exosomes, was the control.
DCs were then induced from HSCs as described. For
measuring of apoptosis of DCs, DCs (1x106) were cultured
with exosomes derived from 200 ml ascites for 72 h in
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RPMI-1640 and 10% human AB serum. The same number of
DCs cultured in same condition, but without exosomes, was
the control. After been cultured for 72 h, both precursor cells
of DC or DCs and the control cells were measured for
apoptosis by Annexin-V/PI staining kit and FCM. The
percentages of the apoptotic cells are shown by ¯ ± SD.

The effect of exosomes on the mature process of DCs.
Precursor cells (3x104) were cultured with exosomes derived
from 10 ml ascites, and the same number of precursor cells
without exosomes were the control group. All these cells
were cultured in RPMI-1640 containing 100 g/ml GM-CSF,
50 ng/ml IL-4 and 10% human AB serum. TNF-· (2.5 ng/ml)
was added to the RPMI-1640 on the 5th day of the culture
procedure in both groups. All the cells were harvested on
the 10th day of culture. The surface maskers of HLA-ABC,
HLA-DR, CD80, CD86, CD1a, Fas on DCs harvested from
both group were measured by mouse anti-human monoclonal
fluor-antibodies (eBioscience, USA) of FITC-HLA-ABC,
FITC-HLA-DR, FITC-CD80, FITC-CD1a, PE-CD86, PE-
Fas, FITC-IgGκ control antibody, PE-IgGκ control anti-
body and FCM.

The effect of exosomes on CD4+ and CD8+ lymphocytes
proportions in PBMCs and FasL expression. PBMCs (3x104)
were cultured with exosomes derived from 10 ml ascites in
RPMI-1640 containing 200 ng/ml IL-2 and 10% human AB
serum for 72 h. The same number of PBMCs was cultured
in the same condition, but without exosomes, as the control.
The proportion of CD3+/CD4+ T cells and CD3+/CD8+ T
cells in the groups and their surface masker FasL were
measured by mouse anti-human monoclonal fluor-antibodies
(eBioscience) of PE-CD3, PE-FasL, FITC-CD4, FITC-CD8
and FCM.

Then PBMCs and DCs were co-cultured according to
PBMCs: DCs=3:1 in RPMI-1640 containing IL-2, 200 ng/ml
and 10% human AB serum for 72 h. In this co-culture system,
PBMCs (3x104) were cultured with exosomes derived from
10 ml ascites on day 1st of the culture procedure the test
group, and the PBMCs without exosomes were the control
group. The proportions of CD3+/CD4+ T cells and
CD3+/CD8+ T cells in both groups were measured by mono-
clonal fluor-antibodies and FCM as above.

The effect of exosomes on the apoptosis of PBMCs. PBMCs
(3x104) were cultured with exosomes derived from 10 ml
ascites for 72 h. The same number of PBMCs cultured on the
same condition but without exosomes was the control group.
Apoptosis of PBMCs in both groups were measured by
Annexin-V/PI staining kit and FCM.

The detection of FasL and TRAIL on exosomes. Exosome
suspension (20 μl) was used to detected FasL and TRAIL
by Western blot analysis. The apoptosis signature molecule
FasL on exosomes was detected by Western blot analysis
using 12% SDS-PAGE and polyclonal antibody to FasL
(Santa Cruz Biotechnology) and IEM. The apoptosis
molecule TRAIL on exosomes was detected by Western blot
analysis using 12% SDS-PAGE and polyclonal antibody to
TRAIL (Santa Cruz Biotechnology).

Antibody blockade of apoptosis. Different volume of human
FasL antagonistic antibody NOK-2 (BD PharMingen,
USA) was added into the co-cultures of exosomes and DCs
or PBMCs, and then apoptosis of DCs or PBMCs was re-
evaluated by Annexin-V/PI and FCM.

The detection of TRAIL receptors DR4 and DR5 on DCs and
PBMCs. DCs and PBMCs (3x104) were cultured with
exosomes derived from 10 ml ascites or not. The TRAIL
receptors 4 (death receptor 4, DR4) and receptor 5 (death
receptor 5, DR5) on surface of DCs and PBMCs were
detected by fluor-antibodies PE-TRAIL1 (eBioscience),
PE-TRAIL2 (eBioscience) and FCM.

Statistical methods. The data were analyzed by statistical
software SPSS 13.0. Student's t-test was used for comparison
of numeration data and ¯2 test was used for rate comparison
between groups.

Results

Purification and identification of exosomes. We assembled
ascites from 41 ovarian cancer patients and harvested
exosome-like vesicles from ascites in 35 patients (85.4%).
These vesicles were round or cup-like and 30-100 nm in
diameter (Fig. 1).

We found HSP70, MHC-I and CD81 molecular signatures
on the suspensions of exosome-like vesicles (Fig. 2).
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Figure 1. Exosome-like vesicles in the ascites from ovarian cancer patients
(x3000; bar, 200 nm).

Figure 2. HSP70, MHC-I and CD81 were found in the suspensions of
exosome-like vesicles.
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Detection of the exosome expressing antigens. We tested
exosomes suspensions purified from 6 patients and found
TCR, CD20, HLA-DR, and Histone H2A could be detected

in all (100%) the exosome suspensions. B7-2 and Neu
could be detected in 5 patients (83.3%) (Fig. 3).

We also found TCR, CD20, HLA-DR, Histone H2A, B7-2
and Neu in the surface of exosomes by IEM. Among these
molecules, TCR and CD20 were in all the 6 suspensions
(100%), B7-2, HLA-DR and Neu were in 5 suspensions
(83.3%), and Histone H2A was in 4 suspensions (66.7%)
(Fig. 4).

The effect of the ascites-derived exosome on the growth and
apoptosis of ovarian cancer cells. No matter how many
exosomes were added into the SKOV3 cell culture system,
the growth curve of SKOV3 cells was not affected (Fig. 5).

By FCM, it was shown that exosomes had no effect on
the percentages of apoptosis and necrosis of ATCs and
SKOV3 cells (Fig. 6).

We did not find any morphological change when ATCs
and SKOV3 cells cultured with exosomes were investigated
with light microscopy (Fig. 7).

The in vitro anti-ovarian cancer effect of the PBMCs
stimulated by ascites-derived exosomes. We isolated PBMCs
from both ovarian cancer patients and healthy volunteers.
The in vitro anti-ovarian cancer cells effects of PBMCs
that were presented by cytotoxic effect (CE), both in SKOV3
cells and ATCs, are shown in Table I. The results of CE
are showed by ¯ ± SD.

PBMCs which were stimulated by DCs plus exosomes
had the lowest ability to kill the cancer cells. The PBMCs
stimulated by pure DCs, or by pure exosomes, or by
nothing had the same ability to kill cancer cells (Fig. 8).

PBMCs from ovarian cancer patients and healthy
volunteers showed similar results of CE (Fig. 9).

Measurement of IFN-Á released by PBMCs stimulated
by exosomes or not. We measured the INF-Á levels in
the media from the different PBMC cultured wells and
measured the change of IFN-Á levels before PBMCs co-
cultured with ovarian cancer cells and after. The PBMCs
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Figure 3. TCR, CD20, HLA-DR, Histone H2A, B7-2 and Neu were tested
in the suspension of exosomes by Western blot analysis.

Figure 4. TCR, CD20, HLA-DR, Histone H2A, B7-2 and Neu were detected
in the suspension of exosomes by IEM.

Figure 5. The growth curve of ovarian cell line SKOV3 cultured with
or without exosomes.
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Figure 6. (A) Apoptosis of SKOV3 cells cultured without exosomes. (B) Apoptosis of SKOV3 cells cultured with exosomes. (C) Apoptosis of ATCs
cultured without exosomes. (D) Apoptosis of ATCs cultured with exosomes.

Figure 7. (A) SKOV3 cells cultured without exosomes (magnification x100). (B) SKOV3 cells cultured with exosomes for 48 h (magnification x100). (C)
ATCs cultured without exosomes (magnification x100). (D) ATCs cultured with exosomes for 48 h (magnification x100).
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stimulated by DCexo released slightly less INF-Á than the
PBMCs stimulated by DC- (Fig. 10). If we compared the
INF-Á levels before PBMCs co-cultured with SKOV3 cells

and after, we found that no matter how the PBMCs were
treated, the INF-Á levels had no change after PBMCs co-
cultured with SKOV3 cells (Fig. 11).
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Table I. The in vitro anti-ovarian cancer cells cytotoxic effect (CE) of PBMCs on SKOV3 cells and ATCs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Origins of PBMCs Target cells EC:TC DCexo + PBMCs DC- + PBMCs Exosomes + PBMCs PBMCs
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ovarian cancer ATCs 3:1 23.9±33.8 43.7±61.8 42.3±59.8 47.1±35.9
patients 10:1 72.0a 100.0 NAb NAb

SKOV3 3:1 3.8±5.2 6.2±9.0 13.9±21.5 11.6±23.1
10:1 5.8±4.8 16.4±16.6 NAb NAb

Healthy volunteers ATCs 3:1 0.4±0.8 14.3±22.2 28.7±44.7 12.9±21.3
10:1 0.0±0.0 0.0±0.0 0.0±0.0 38.8

SKOV3 3:1 2.0±3.0 5.0±8.5 0.2±0.4 6.4±7.1
10:1 4.6±9.3 22.1±21.1 14.2 0.0

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aTest was performed only in one case. bTest was not performed due to the lack of effector cells.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 8. The cytotoxic effects of PBMCs treated by different methods.

Figure 9. The cytotoxic effects of PBMCs of different origins.

Figure 10. The IFN-Á levels released by PBMCs of different treatments.

Figure 11. The changes of levels of IFN-Á before and after PBMCs were
co-cultured with SKOV3 cells.
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Effect of exosomes on anti-tumor immunologic function of
DCs and PBMCs
The effect of exosomes on the apoptosis of precursor cells of
DC and matured DCs. When precursor cells of DC were
cultured with exosomes for 48 h, we found some cells
presented the appearance of apoptosis by microscopy, but the
control precursor cells of DC cultured without exosomes had
no appearance of apoptosis (Fig. 12). The percentages of the
apoptotic cells in the precursor cells cultured with
exosomes were 10.6±14.6% and that in the control cells
3.9±3.5% (Fig. 13).

When DCs were cultured with exosomes for 48 h, we also
found some DCs presented apoptosis, but the control cells
had no appearance of apoptosis (Fig. 14). The percentages of
the apoptosis cells in the DCs cultured with exosomes were
18.8±12.6% and that in the control cells were 12.1±8.6%
(Fig. 15).
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Figure 12. (A) The precursor cells of DC were cultured with exosomes for
48 h (x400). (B) The precursor cells of DC were cultured without exosomes
for 48 h (x400).

Figure 13. (A) The percentage of apoptotic cells in the precursor cells of
DC with exosomes. (B) The percentage of apoptotic cells in the precursor
cells of DC without exosomes.

Figure 14. (A) DCs were cultured with exosomes for 48 h (x400). (B)
DC were cultured without exosomes for 48 h (x400).
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The effect of exosomes on the maturation process of DCs.
Whether the precursor cells of DC were cultured with
exosomes or not, the expressions of molecular markers
CD80, CD86, HLA-ABC, HLA, DR that reflected the
antigen presentation ability of DC, CD1a that reflected
the maturation of DC, and Fas/FasL that were related to
apoptosis were similar on both the DCs induced from the
precursor cells with exosomes and DCs from precursor
cells without exosomes (Fig. 16).

The effect of exosomes on CD4+ and CD8+ lymphocytes
proportions in PBMCs and FasL expressing. We found that
the proportion of CD3+/CD4+ cells in PBMCs cultured with
exosomes was 68.1±14.3% (n=3) and that in PBMCs without
exosomes was 57.8±18.1% (n=3). The proportion of
CD3+/CD8+ cells in PBMCs cultured with exosomes was
32.0±5.0% (n=3) and that in PBMCs without exosomes was
27.8±6.1% (n=3). The ratio of CD4+/CD8+ cells in PBMCs
cultured with exosomes was 2.4±0.85 and that in PBMCs
without exosomes was 2.0±0.4. The expression of FasL on

PBMCs with exosomes was 99.4±0.4% (n=3) and that on
PBMCs without exosomes was 99.5±0.0% (n=3).

Because lymphocytes could be activated when DCs
existed, we considered the effect of the existence of DC on
the results. When PBMCs were co-cultured with DCs, the
proportion of CD3+/CD4+ cells in PBMCs with exosomes
was 50.0±20.0% (n=3) and that in PBMCs without exosomes
was 51.1±12.4% (n=3). The proportion of CD3+/CD8+ cells
in PBMCs cultured with exosomes was 20.1±3.6% (n=3) and
that in PBMCs without exosomes was 21.0±3.9% (n=3). The
ratio of CD4+ cells/CD8+ cells in PBMCs with exosomes was
2.6±1.3 and that in PBMCs without exosomes was 2.5±1.0
(Fig. 17).

The effect of exosomes on the apoptosis of PBMCs. We found
that the effects of exosomes on the apoptosis of PBMCs were
different in different tests. Among 5 independent tests, we
found the apoptosis of PBMCs was increased when exosomes
existed in 2 tests, the apoptosis was decreased in 1 test and the
apoptosis had no significant change in 2 tests (Table II).

PENG et al:  EXOSOMES IN THE ASCITES OF OVARIAN CANCER PATIENTS756

Figure 15. (A) The percentage of apoptotic cells in the DCs with exosomes.
(B) The percentage of apoptotic cells in the DCs without exosomes.

Figure 16. The surface markers expressed on DCs from precursor cells in
the presence or absence of exosomes.

Figure 17. The effect of exosomes on the CD markers expressing in PBMCs
with different treatments.
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The detection of FasL and TRAIL on exosomes. By Western
blot analysis, the exosomes suspension had the expression of
FasL and TRAIL. As known, both FasL and TRAIL have 2
forms: the membrane-combined and the soluble form. These
forms have different molecular weights (Mw). We found the
signature bands of both FasL and TRAIL were on the Mw of

the membrane-combined form (Figs. 18 and 19). By IEM,
FasL was observed on the exosomes (Fig. 20).

Antibody blockage of apoptosis on DCs and PBMCs. When
we added the human FasL antagonistic antibody NOK-2 into
the DCs cultured with exosomes or not, among 3 independent
tests, we found that anti-FasL antibody could decrease the
percentage of apoptosis of DCs induced by exosomes, but
the antibody could not block the apoptosis completely
(Fig. 21).

Among 3 independent tests, anti-FasL antibody could
also decrease the percentage of apoptosis of PBMCs
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Table II. The effect of exosomes on the apoptosis of PBMCs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Tests
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Groups Test 1 Test 2 Test 3 Test 4 Test 5
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
PBMCs cultured with exosomes 19.3a 36.3 3.8 2.4 6.9
PBMCs cultured without exosomes 22.2 27.2 11.2 2.9 3.8
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aThe percentage of the apoptotic cells.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 18. The expression of FasL on the exosome suspension (12%
SDS-PAGE, n=6).

Figure 19. The expression of TRAIL on the exosome suspension (12% SDS-
PAGE, n=6).

Figure 20. FasL located on the surface of exosomes (bar, 200 nm, 80 KV,
x100,000).

Figure 21. Antibody blockade of apoptosis on DCs that was induced by
exosomes.

Figure 22. Antibody blockade of apoptosis on PBMCs that was induced
by exosomes.
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induced by exosomes, but could not block the apoptosis
completely either (Fig. 22).

The detection of TRAIL receptors DR4 and DR5 on DCs
and PBMCs. By FCM, we found the expression of TRAIL

receptor DR4 and DR5 on DCs were 3.70±2.70% and
9.40±6.46%, respectively (n=3, Fig. 23). When DCs were
cultured with exosomes for 72 h, the expression of DR4 and
DR5 on DCs were 5.57±3.52% and 7.00±4.20%, respe-
ctively (n=3, Fig. 23).
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Figure 23. (A) The expression of TRAIL receptor DR4 on surface of DCs. (B) The expression of TRAIL receptor DR5 on surface of DCs. (C) The expression
of TRAIL receptor DR4 on surface of DCs cultured with exosomes. (D) The expression of TRAIL receptor DR5 on surface of DCs cultured with exosomes.

Figure 24. (A) The expression of TRAIL receptor DR4 on surface of PBMCs. (B) The expression of TRAIL receptor DR5 on surface of PBMCs. (C) The
expression of TRAIL receptor DR4 on surface of PBMCs cultured with exosomes. (D) The expression of TRAIL receptor DR5 on surface of PBMCs cultured
with exosomes.
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The results of PBMCs were similar to that of DCs. We
found the expression of DR4 and DR5 on PBMCs was
16.00±12.15% and 1.10±0.21%, respectively (n=3, Fig. 24).
When PBMCs were cultured with exosomes for 72 h, the
expression of DR4 and DR5 was 16.20±10.47% and
1.40±0.35%, respectively (n=3, Fig. 24).

Discussion

The origin of the ascites-derived exosomes in patients of
ovarian cancer. It is known that many kinds of cells can
produce exosomes, and the exosomes from different cells
may have different protein components (9,13,14). Bard et al
(15) found that the exosomes in the malignant pleural fluid
might be from B cell, T cell, DC and tumor cell. Andre et al
(9) found that exosomes in the ascites from melanoma,
ovarian cancer or breast cancer patients expressed tumor
antigen Mart1 and HER2/neu, which indicated that these
exosomes might come from tumor cells.

Our study showed there were immunological cell antigens
on the exosomes, which meant that the ascites-derived
exosomes could come from immunological cells. In vitro
studies have shown MHC-II molecules enriched on the
exosomes that were purified from specific APC (16,17), B7-
2 enriched on the exosomes purified from DCs (18,19), TCR
enriched on the exosomes purified from T cells (20,21) and
CD20/BCR enriched on the exosomes purified from B cells
(22). By Western blot analysis and IEM, we found there were
B7-2, HLA-DR, CD20 and TCR existing in the suspension of
ascites-derived exosomes, indicating that the exosomes
derived from ovarian cancer patients might be from DC, T
cell and B cells. However, these exosomes also might be
from other cells such as mast cells that can secrete exosomes
expressing CD86 and MHC-II (23). Because ovarian cancer
cells also can secrete exosomes expressing HLA-DR (4), we
need to explore more specific molecular markers to identify
the exosomes from immunological cells, mast cells or tumor
cells.

Exosomes can express tumor antigens, therefore
exosomes may be from tumor cells. Andre et al (9) detected
the signal of Her2/neu on ascites-derived exosomes from
ovarian cancer patients by Western blot analysis. By IEM,
we found Her2/neu and CA125 located on the surface of
exosomes, so we concluded there were exosomes from
tumor cells in the ascites of ovarian cancer patients. The
significance of these exosomes from tumor cells was not
clear. The influence of these exosomes to host anti-tumor
immunology and whether they have relation to disease
progression and prognosis, like Her2/neu and CA125, still
need further study.

Previously, it was thought that proteins in the cell
nucleus, such as histone proteins had no expression on the
exosomes (24). But recent research has shown that
exosomes also have certain nuclear proteins. Mor-Vaknin
et al (25) found in the patients of juvenile arthritis, that the
synovial fluid had exosomes derived from macrophage
expressing DNA binding protein DEK. In the ascites of the
ovarian cancer patients, Taylor et al (11) found exosomes
expressing nucleolin B23 that related to the mature of
ribosome and cell proliferation. Taylor et al thought

exosomes could transfer this autoantigen to the cell surface
exposing the immunological cells. Histone A2 is a protein
marker of apoptosis. We used Western blot analysis and
IEM to find whether Histone A2 existed in the suspension
of exosomes and located on the surface of exosomes. But,
we still do not know how and why Histone A2 was on the
exosomes. Histone A2 might also be from the apoptotic
body. But the appearance of apoptotic body is very different
from that of exosomes, and the volume of apoptotic bodies
are larger than that of exosomes. For further research, both
antibodies to exosomes markers and that to histone protein
can be used simultaneously to combine with exosomes. If
both antibodies can be combined with exosomes, we could
conclude definitely that exosomes express nuclear protein
Histone A2.

The effect of the ascites-derived exosome on the growth and
apoptosis of ovarian cancer cell. There is no report that
exosome have direct and definite effect on ovarian cancer
cells. In our study, the different volumes of exosomes had
no effect on the growth of SKOV3 cells. And by FCM,
the apoptosis of SKOV3 cells and ATCs had no significant
change before exosomes existence and after exosome
existence. By microscopy, we did not find that exosomes
affected the appearance of SKOV3 cells and ATCs. These
results might suggest that exosomes did not contain the
substances that could stimulate cancer cells to grow. The
other explanation is that exosomes contained the substances
that could effect the growth of cancer cells but the effect was
not significant enough to be detected, or the target cells we
used were insensitive to these substances.

We studied the effect of exosomes on the growth,
apoptosis and morphology of cancer cells. It is still too early
to say that exosomes did not have any effect on the cancer
cells. We were not able to clarify whether exosomes affected
the compositions and construction of cancer cells, or whether
exosomes had an effect on the expression of some genes in
cancer cells. Whether exosomes affect the cancer cells'
ability of expression needs further study.

The in vitro anti-ovarian cancer cytotoxic activity of the
PBMCs stimulated by ascites-derived exosomes. Both
exosomes from DCs and tumor cells are considered to
strengthen the host's anti-tumor immunological activity (26-
28). In addition, some studies reported exosomes could affect
T cells only when DC existed (29,30). Other studies reported
exosomes could affect T cells directly without the
assistance of DC (31,32). Recently, studies reported that
exosomes could not stimulate the ability of T cells to kill
cancer cells but might induce the apoptosis of T cell
(10,33,34). So, it is not clear whether exosomes regulate the
anti-ovarian cancer immunological activity directly or
indirectly, and positively or negatively. In our study, we
found whether PBMCs were from ovarian cancer patients
or not, the target cells were SKOV3 cells or ATCs, the ability
of PBMCs to kill cancer cells was always impaired when
exosomes and DCs co-existed. But exosomes alone could not
affect the ability of PBMCs to kill cancer cells. The results
might suggest that on one hand exosomes could down-
regulate the host anti-tumor immunological function, and on
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the other hand, exosomes should have effect on PBMCs by
the assistance of DC.

The results of our study were different from other studies
which showed exosomes had the ability to strengthen the
cytotoxic activity of T cell. The reasons might that: firstly,
exosomes studied in most research were from pure DCs
(35,36) or tumor cell lines (26,27,37,38). Exosomes from
DCs have been identified to have the ability to activate
immunological cells. Until now, there is no evidence that
suggest exosomes from DC can down-regulate the activity
of T cells. Some authors thought exosomes from cancer cells
can activate T cells because of exosomes containing tumor
antigens. However, it was reported that exosomes from
human prostate cancer cell line LNCaP could induce
apoptosis of CD8+ T cells by expressing FasL (34). In our
study, the multi-origin of cells in ascites might attribute to
the multi-origin of exosomes. The effect of exosomes on
immunological cells might be influenced by two factors: 1)
The cells produce more exosomes and 2) the cells produce
the exosomes with more activity. Whether exosomes from
tumor cell lines are different from that from tumor cells in vivo
also needs further study. The procedure of our study was
different from that of other studies. Our main reference was
the study of Andre et al (9) that exosomes derived from
malignant effusion could strengthen the cytotoxic activity of
immunological cells when DC existed. But our study was
different from that of Andre et al (9) in some aspects. In their
study, 3x104 DCs were cultured with exosomes equivalent to
10 ml malignant effusion or culture supernatant for 2 h.
Peripheral blood lymphocytes were then added at a ratio of
three lymphocytes to one DC. They stimulated the peripheral
blood lymphocytes in vitro once a week for a total of two or
three stimulations. In our study, the ratio and the way of DCs
stimulated by exosomes was the same, but we stimulated
PBMCs for only 1 week. One reason was that PBMCs
remained alive only for a week under the IL-2 concentration
in our study. The other reason was that some PBMCs died
significantly when cultured with exosomes and we did not
manage to harvest enough cells. The shorter stimulation
time might weaken the ability of DC to capture, treat and
process the antigens expressed on exosomes, but it might not
make DCs to impair the anti-tumor activity of T cells. A
reasonable explanation is that exosomes might have the
ability of two-way regulation, depressing immunological
cells when stimulated for a short time or less cycle and
activating immunological cells when stimulated for a long
time and more cycles.

We found the level of IFN-Á released by PBMCs which
were stimulated by DCs plus exosomes was slightly less than
PBMCs which were stimulated by DCs or exosomes alone.
No more IFN-Á was released by PBMCs when co-cultured
with tumor cells, indicating the aspect of IFN-Á, exosomes
could not activate PBMCs and might even weaken the ability
of PBMCs to secret IFN-Á when DCs exist. However, we
needed to confirm our results on larger number of samples.

The mechanism of the effect of exosomes on DCs and PBMCs
The effect on DCs. Among 3 independent tests, we found
ascites-derived exosomes could induce apoptosis of precursor
cells of DC in one test, which might be a way that exosomes

down-regulated immunological function. Why exosomes
could not induce apoptosis of all precursor cells of DC was
not clear. The exosomes that induced apoptosis of precursor
cells of DC were derived from a patient with stage IV poorly
differentiated ovarian adenocarcinoma. The patient's CA125
was >60000 IU/ml. The other exosomes that could not
induce apoptosis were derived from 2 patients with stage IIIC
and poorly differentiated adenocarcinoma. Their CA125 was
177.0 IU/ml and 356.7 UI/ml, respectively. We presumed
that with higher CA125 levels, the patients had more tumor
cells and more exosomes produced by tumor cell. Unlike the
exosomes from DC, the exosomes produced by tumor cells
might induce apoptosis of precursor cells of DCs.

Similar to precursor cells of DC, 2 of the 3 independent
tests DCs could be induced to apoptosis by ascites-derived
exosomes. The exosomes which induced apoptosis were
from a patient with phase IIc, poorly differentiated clear
cell carcinoma combined with endometrioid carcinoma, and
a patients with phase IIIc, poorly differentiated serous carci-
noma combined with endometrioid carcinoma. The CA125
level of these patients was 556.5 and 1104.34 IU/ml,
respectively. So we presumed that exosomes from the patient
with composite tumorous components might induce apoptosis
more easily. 

The effect on PBMCs. Exosomes might interact with PBMCs
by affecting the number or the compositions of PBMCs. T
cells that participate the anti-tumor cell immunity are CD3+/
CD4+ T cells (TH cell) and CD3+/CD8+ T cells (TC cell). In
clinical practice, the cell immunity function can be evaluated
by testing the ratio of CD3+/CD4+ T cells and CD3+/CD8+ T
cells in a blood sample. If the cell immunity is normal, the
ration is >1. In our study, we did not find that exosomes
affected the ratio of CD3+/CD4+ T cells and CD3+/CD8+ T
cells in PBMCs. Considering exosomes should affect T cells
with the assistance of DC, we studied whether exosomes
affected the ratio of CD3+/CD4+ T cells and CD3+/CD8+ T
cells in the presence of DCs. However, the ratio did not
change. So, we concluded that exosomes did not impact the
anti-tumor immunological function by changing the ratio of
TH cells and TC cells.

If the cytotoxic activity of TC is activated or impaired, its
ability to attack the tumor cells will be changed. Our study
showed exosomes could not influence the secreting IFN-Á
level of PBMCs, and exosomes could not influence the FasL
expression of PBMCs either, which meant exosomes did not
impact the anti-tumor immunological function by changing
the membrane molecule expression of T cells.

Recently, some studies have improved exosomes derived
from tumor cells (34,39), the ascites of ovarian cancer
patients (9) or the serum (11) of tumor patients can induce
apoptosis of T cells. In our study, 2 in 5 (40%) independent
tests found exosome-induced apoptosis of PBMCs. When
DCs existed, 3 in 6 (50%) independent tests found
exosome-induced apoptosis of PBMCs. The exosomes used
in the tests were derived from 2 patients. One patient had
phase IIIc, poorly differentiated serous ovarian carcinoma and
her CA125 level was 1848 IU/ml. The other patient had
phase IV, poorly differentiated ovarian adenocarcinoma and
her CA125 level was 487 IU/ml. The PBMCs that induced
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apoptosis were harvested from both ovarian cancer patients'
blood and healthy volunteers' blood. Therefore,  we
concluded that the pathological type of tumor, the CA125
level and the origin of PBMCs could not predict whether
exosomes could induce apoptosis of PBMCs. The different
effects of exosomes on the apoptosis of PBMCs might be a
reason of the different results of different studies.

The mechanism of apoptosis of immunological cells induced
by exosomes. If exosome can induce apoptosis of PBMCs or
DCs, it should activate the ‘waterfall reaction’ of apoptosis.
One possibility is that exosomes contain apoptosis-induction
signal molecules. FasL and TRAIL are the molecules that
have been studied the most. FasL is the member of the tumor
necrosis factor (TNF) family. If the target cell contains the
receptor of FasL (Fas), the combination of Fas and FasL will
induce apoptosis of the target cell. A study has shown there
is Fas on the surface of T cells (40),  which has an
important significance on regulation of autoimmunity and
interruption of over activation of T cells. In our study, we
found FasL in the suspension of exosomes and FasL located
on surface of exosomes, which were similar to some studies
(34,41,42). When we used specific anti-FasL antibody to
block the effect of exosomes on PBMCs and DCs, we found
1 in 3 independent tests the apoptosis level of PBMCs or
DCs decreased to the level of PBMCs or DCs without
exosomes. Based on the results above, we concluded that: 1),
FasL on exosomes took part in the induction of apoptosis of
PBMCs or DCs in some cases. But the expression levels of
FasL in different exosome samples were different, and the
difference in FasL levels might be a reason of the discordant
effect on apoptosis of PBMCs or DCs. 2), The failure of
blocking apoptosis of PBMCs or DCs by specific antibody in
some tests might be due to insufficient amount of antibody.
3), Exosomes might induce apoptosis of PBMCs or DCs by
other pathways besides Fas/FasL, which could not be
blocked by anti-FasL antibody.

TRAIL, a new apoptosis induced signal molecule whose
molecular weight is 32.5 kD, is also a member of TNF family
(43). There are 4 receptors of TRAIL, DR4/DR5/DcR1/DcR2.
The classic view is that DR4/DR5 which can transfer the
apoptosis signal is expressed mainly on tumor cells and
rarely on normal cells, and DcR1/DcR2 which are defective
receptors to transfer apoptosis signal are expressed mostly on
normal cells and with low expression on tumor cells. So
TRAIL can just induce apoptosis on tumor cells but not on
normal cells (43). Recent studies have shown TRAIL can
induce apoptosis of T cells to regulate the activation-
induced death (ACID) (44). Other studies also have proved
exosomes from melanoma (39) or T cells (44) contain
TRAIL. In our study membrane-combined TRAIL existed in
the exosomes suspensions, but we were not sure whether
these exosomes containing TRAIL were from ovarian cancer
cells or activated T cells. Martínez-Lorenzo et al (39)
reported that like FasL, tumor cells produce exosomes
containing TRAIL to resist attack by the immunological
system. We found there were low levels of DR4/DR5
expressed on DCs and PBMCs, so we hypothesized that on
one side, ovarian cancer cells could induce apoptosis of
activated T cells by secreting exosomes expressing TRAIL to

escape the attack of immunological cells, and on the other
side, activated T cells can secret exosomes expressing TRAIL
to attack tumor cell and induced apoptosis of other T cells to
avoid over-activation. However, we did not performed the
blockade to TRAIL.

In conclusion, novel functional vesicles, exosomes, exist
in ascites of 85.4% patients with ovarian cancer. These
exosomes might be of multi-origin. Exosomes had no effect
on the growth and apoptosis of tumor cells but impaired the
cytotoxic activity of peripheral blood mononuclear cells in
the presence of dendritic cells. Exosomes also might induce
apoptosis of the precursor cells of dendritic cells, dendritic
cells and peripheral blood mononuclear cells. FasL and
TRAIL on exosomes might be partly the reason for
apoptosis of immunological cells.

Exosomes may have a distinct role in the regulation of
the tumor-anti tumor interaction. Exploring the function of
exosomes can help to understand the malignant bio-behavior
of tumor and the interaction between tumor and immune
system. But we still have only slight knowledge on ascites-
derived exosomes from ovarian cancer patients. The inter-
action between tumor and host immune system is so complex
that further study must be perform to clarify the function of
exosomes.
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