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Abstract: Exosomes were small vesicles secreted by many cells, and they can play an important role in cell signal
transductions. Because the diameter of exosomes is about 30-100 nm, it is so difficult to collection them. In this
paper, three kinds of exosomes purifying methods (density gradient ultracentrifugation method, the ultracentrifuga-
tion and ultrafiltration method, ExoQuick™ Extraction kit method) were used to collected exosomes in culture super-
natants of macrophages. The morphologies of three kinds of exosomes were analyzed by transmission electron mi-
croscopy (TEM), and the characteristic molecules such as CD86, LAMP-1, HSP-70 on exosomes were analyzed with
Western blot. In addition, the biological activities of exosomes purified by three kinds of methods in vitro were ana-
lyzed by ELISA and flow cytometry methods. All experimental results show that the purity and quality of exosomes
collected by ExoQuick™ extraction kit and ultracentrifugation and ultrafiltration method were better, and they could
enhance the expression of MHC-I in macrophages and promote cells to secrete more TNF-a to cause inflammatory
response of macrophages. The analysis pointed out that the advantages and disadvantages of the three methods
by biological activities or components of exosomes. Therefore, the ultracentrifugation and ultrafiltration method or

the ExoQuick™ Extraction kit method were more suitable to be applied in the scientific research.
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Exosomes are small membranous vesicles
formed by inward budding of late endosomes
resulting in the formation of multivesicular bod-
ies (MVBs) in the cell cytosol [1]. They are sub-
sequently exocytosed to the extracellular space
by fusion with the plasma membrane [2].
Exosomes have been shown to be released by
several cell types such as dendritic cells [3], B
cells [4], T cells [5], and tumor cells [6] among
others. The presence of exosomes has also
been shown in human body fluids such as plas-
ma [7], bronchoalveolar lavage [8] and malig-
nant effusions [9].

In general, exosomes participate in the transfer
of molecules during immune cell-cell communi-
cation [10]. Exosomes secreted by antigen-pre-
senting cells are rich in MHC-I/1l and co-stimu-
latory molecules, and could play immune
stimulatory roles such as promoting the prolif-
eration of T lymphocytes [11]. In vivo, experi-
ments showed dendritic cells with similar func-
tions, can induce immune response or induce

immune tolerance. In addition, exosomes
derived from different cells could express some
same proteins, such as CD80, CD86, ICAM-3,
HSP-70, LAMP-1 and so on [12]. According to
these characteristics proteins, exosomes may
be initially determined, and LAMP-1 can be
expressed stably in exosomes, so it was often
used as a positive control in exosomes studies
[13]. At present, more studies have shown that
exosomes carrying tumor antigens could pro-
mote antigen-specific T cells activation and
tumor rejection in vivo [14]. In vitro, exosomes
could stimulate DCs to produce cytokines IFN-y,
TNF-a to cause inflammatory response, and
also can enhance the expression of cell surface
molecules in DCs such as MHC-I or MHC-I,
which could activate T lymphocytes resulting in
cell immunization further [15]. As new acellular
vaccines, exosomes in the anti-tumor immuno-
therapy, the inhibition of graft rejection, autoim-
mune diseases, and other aspects of the appli-
cation prospects are of great concerns [16].
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Because of the diameter of exosomes is
between 30~100 nm, exosomes purifying is
quite difficult [17]. At present, exosomes extrac-
tion and preparation techniques mainly rely on
the traditional method (density gradient ultra-
centrifugation method), but this method is
unable to collect high pure exosomes, which
the diameter of vesicles is out of 30~100 nm
[18].

Therefore, we need to improve traditional meth-
ods or using new methods to purify pure exo-
somes to meet the needs of exosomes experi-
ments. In this study, three experimental
methods, the density gradient ultracentrifuga-
tion method, the ultracentrifugation and ultra-
filtration method, ExoQuick™ Extraction kit
method were utilized to purify exosomes to
analyze their vitalities and provide a better or
an economic method for exosomes research.

Materials and methods
Materials

The human acute monocytic leukemia cell line
THP-1 was purchased from the Center for Type
Culture Collection of Wuhan University (Wu
Han, China). Phorbol 12-myristate 13-acetate
(TPA) was purchased from Sigma-Aldrich
Company (USA) and dissolved in DMSO, kept at
-20°C and used at a final concentration of 0.1
mM. CD86, LAMP-1, HSP-70 antibodies were
purchased from Kuang Bo biotechnology com-
pany (Beijing, China). Cocktail protease inhibi-
tors, sucrose, and phosphotungstic acid were
all purchased from GenScript biotechnology
company (Nanjing, China).

Macrophages cultures

THP-1 cells were cultured in six well plates or
flasks at 37°C and under 5% CO,, in RPMI
1640-GlutaMAX™ containing 10% (v/v) fetal
bovine serum, 100 U/mL penicillin, 0.1 mg/mL
streptomycin and 0.25 yg/mL amphotericin B.
Differentiation of these cells into macrophage-
like cells was induced with 0.1 mM TPA for 24
h.

Exosome isolation

Method-1: All procedures were carried out as
follow at 4°C [17]. Cell culture supernatants
(208 ml) were centrifuged at 18,000 g for 20
min in order to remove cells and cell debris. The
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supernatants were first centrifuged at 46,300
g for 45 min and finally at 84,000 g for 60 min.
Then the pellets were resuspended with 200
uL of 9% sucrose containing protease inhibitors
and centrifuged at 100,000 g for 45 min. The
exosomes pellets were resuspended with 25
puL of 9% sucrose containing protease inhibi-
tors, stored at -80°C, and exosomes purified by
method-1 were named exosomes-1.

Method-2: Exosomes were isolated and puri-
fied as described previously [18]. Cell culture
supernatants (208 ml) were centrifuged at
1,000 g for 10 min, then supernatants were
added to ultrafiltration centrifuge tubes of
100,000 MWCO, and were centrifuged at
1,000 g for 30 min to obtain the concentrated
liquid containing exosomes. Hereafter, the con-
centrating solution was transferred to sucrose/
D,0 density pad (1.210 g/cm?3) of 300 g/L, then
was centrifuged at 100,000 g for 60 min. The
cushion in the tubes (including exosomes) was
collected to be diluted with PBS and placed in
the ultrafiltration tubes of 100,000 MWCO,
then centrifuged at 1,000 g for 30 min, washed
three times. Finally, exosomes were filtered
with 0.22 ym membrane to remove large vesi-
cles, and exosomes pellets were resuspended
with 25 pL of 9% sucrose containing protease
inhibitors, stored at -80°C. All procedures were
carried out at 4°C, and these exosomes were
named exosomes-2.

Method-3: Processes as follows were provided
by the reference [19], Cell culture supernatants
(208 ml) were centrifuged at 3,000 g for 15
minutes to remove cells and cell debris, then
supernatants were transferred to sterile tubes.
The appropriate ExoQuick Exosome Preci-
pitation Solution was added to cell culture
supernatants, and tubes were mixed by invert-
ing, then were refrigerated for 30 minutes.
ExoQuick/biofluid mixture was centrifuged at
1,500 g for 30 minutes, and aspirated super-
natant. Spin down residual ExoQuick solution
was centrifuged at 1,500 g for 5 minutes to
remove all traces of fluid by aspiration. Finally,
exosomes pellets were resuspend in 1/10 of
original volume using nuclease-free water. The
exosomes pellets were resuspended with 25
puL of 9% sucrose containing protease inhibi-
tors, stored at -80°C. All procedures were
carried out at 4°C and exosomes named
exosomes-3.
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Figure 1. THP-1 cells were cultured and macrophage differentiation (x 40). A: Human monocytic leukemia cell line
THP-1; B: THP-1 differentiated into macrophages with 0.1 mM TPA.

Table 1. Amount of exosomes obtained from different

methods

methods were dissolved in 25 L of 9%
sucrose solution containing protease

Approximate cell
number/Volume of
RPMI 1640 media

Condition Concentration

Time-

(Bradford assay) consuming

inhibitors, and three kinds of exosomes
concentration were 1.09 pg/uL, 1.38
ug/uL and 1.82 pg/uL measured by

Method-1 4 x 10°/208 ml 1.09 pg/uL
Method-2 4 x 10°/208 ml 1.38 pg/uL
Method-3 4 x 10%/208 ml 1.82 pg/uL

170 min
130 min
50 min

Bradford method.

Western blot

Exosomes identification by TEM

Three kinds of fresh exosomes were stained
with 3% phosphotungstic acid for 5 min, placed
on a copper grid, dried at 65°C and observed
on a Hitachi H-600 transmission electron
microscope at 70,000 magnification.

Analysis of exosomes purity

The diameter of exosomes was 30~100 nm, so
the diameter of three kinds of exosomes in
images of TEM were analyzed. The purities of
three kinds of exosomes were analyzed accord-
ing to statistical data.

Analysis of exosomes collection methods

Exosomes in 208 ml cell culture supernatants
were collected by three kinds of collection
methods respectively. The whole collecting pro-
cess of method-1 need 170 min, method-2
needs 130 min, while method-3 only demands
50 min. Exosomes obtained by three kinds of
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Proteins of macrophages were extracted

with protein extraction kits and the pro-
tein concentration was measured by Bradford
method; then 50 pg proteins were separated by
gel electrophoresis of 10% SDS-PGAE and were
transferred to PVDF membrane. Rabbit-anti-
mouse antibodies of D86, LAMP-1, HSP-70
were used as the first antibodies, and horse-
radish peroxidase-labeled were used as sec-
ondary antibodies for the immune response.

Cytokine quantification by ELISA

Macrophages were treated with three kinds of
exosomes at 20 pg or 40 pg respectively, for 48
h. Aliguots from the cell culture supernatants
were used to analyze TNF-a by ELISA, according
to the kit manufacturer’s instructions. Cytokine
concentrations were determined with refer-
ence to standard curves.

Flow cytometry analysis of MHC-I

Macrophages were cultured for 48 h treated
with three kinds of exosomes at 20 pg or 40 ug
respectively, for 48 h, then harvested and
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Figure 2. Exosomes as observed by TEM (x 100000). A: Exosomes purified by method-1; B: Exosomes purified by

method-2; C: Exosomes purified by method-3.
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Figure 3. The diameter of exosomes collected by
three methods in images of TEM were analyzed by
statistical methods. Results are presented as means
+ S.D of three independent experiments. All data
were analyzed by SPSS 16.0. Tests were 2-sided and
P values < 0.05 were considered as significant.

washed twice with PBS containing 0.2% BSA.
Cells were then incubated with MHC-I-FITC anti-
body for 30 min in the dark, on ice. After washed
twice with PBS, cells were pelleted and resus-
pended to a concentration of 108 cells/mL with
PBS-0.2% BSA. Cell analysis and sorting were
performed on a FACS (Beckman MOFLO XDP,
USA).

Statistical analysis

Within each experiment, triplicates were per-
formed for each condition or group. Data were
analyzed by SPSS 16.0 and are presented as
means + SE of at least 3 independent experi-
ments. Differences within each group were
subjected to t-test or q-test. Statistically
significant differences (*P < 0.05) between the
groups being compared are indicated by
asterisks.
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Results
THP-1 cells differentiated into macrophages

THP-1 cells were cultured for 48 h, and then
THP-1 cells were induced to differentiate into
macrophages-like cell with 0.1 mM TPA for 24 h
(Figure 1).

Analysis of the quality of exosomes obtained
from different methods

The quality of exosomes obtained from three
different methods was did statistical analysis
by three indicators approximate cell number/
Volume of RPMI 1640 media, concentration
(Bradford assay) and time consuming respec-
tively to judge the advantages and disadvan-
tages of three kinds of separation methods
(Table 1).

TEM identification of exosomes

Exosomes from macrophages obtained by
three kinds of methods revealed a homogenous
population of morphologically typical vesicles
of 30 to 100 nm diameter (Figure 2), similar in
appearance and size to those in previous
reports.

Analysis of exosomes purity

The diameter of 200 vesicles collected by three
methods from images of TEM was analyzed by
statistical software (Figure 3). The statistical
results indicated that the purity of exosomes-3
was the best, but the result of exosomes-1 was
unsatisfactory.
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Comparison of exosomes purifying methods
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Figure 4. Analysis of exosomes purified by three kinds of methods. Results
are presented as means = S.D of three independent experiments. All data
were analyzed by SPSS 16.0. Tests were 2-sided and P values < 0.05 were

TNF-o secretion from ma-
rophages treated with
exosomes

Macrophages were seeded in
a six-well plate and were left
untreated or treated with
three kinds of exosomes at 20
pg/ml and 40 ug/ml respec-
tively for 48 h. The cell culture
supernatants were tested for
TNF-a levels by ELISA (Figure
6). Macrophages stimulated
with exosomes-2 and exo-
somes-3 secreted more TNF-

considered as significant.
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Figure 5. CD86, LAMP-1, HSP-70 expressed in exosomes secreted from mac-
rophages, which were purificated by three kinds of methods and analyzed by

Western blot.

Analysis of exosomes collection methods

The collection rate and collection efficiency of
three kinds of exosomes purifying methods
were analyzed, according to exosomes collec-
tion time and the amount of exosomes by sta-
tistical software (Figure 4). The results showed
that the collection rate and collection efficiency
of method-3 were the highest, and the follow-
ing was method-2.

Western blot analysis of CD86, LAMP-1 and
HSP-70 in exosomes

CD86, LAMP-1, HSP-70 almost expressed in all
kinds of exosomes secreted from different
cells, so these three proteins can be used as
the characteristic proteins for exosomes
research. CD86, LAMP-1 and HSP-70 in exo-
somes purificated by three kinds of methods
were analyzed by Western blot (Figure 5).
Results revealed that CD86, LAMP-1, HSP-70 in
exosomes-3 expressed highest, but they
expressed least in exosomes-1.
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.

Flow cytometry analysis
of MHC-1 in macrophages
treated with exosomes

In order to confirm which kind
of exosomes could enhance
the expression of MHC-I, mac-
rophages seeded in a six-well
plate were left untreated or
treated with three kinds of
exosomes at 20 yg/mland 40
pug/ml for 48 h, and the
expression of MHC-I in macro-
phages was analyzed by flow
cytometry (Figure 7). The results showed that
MHC-I levels increased higher in macrophages
stimulated with exosomes-2 and exosomes-3
than with exosomes-1.

Discussion

Exosomes used to therapy cancer has become
a research hotspot, but the exosomes purifying
method is a key technology for the immuno-
therapy [19]. Currently, exosomes extraction
methods can be summarized into three catego-
ries broadly; 1: density gradient ultracentrifu-
gation method, 2: ultracentrifugation and ultra-
filtration binding assay, 3: exosomes extraction
kit method. Conventional exosomes extraction
methods (method-1) often remove cells and
debris by high speed centrifugation and then
ultracentrifugated with 9% sucrose solution as
the density gradient medium to obtain exo-
somes [18]. This traditional method is simple,
but requires low-temperature high-speed cen-
trifugation and ultracentrifugation. At present,
because of the diameter of exosomes was

Int J Clin Exp Pathol 2015;8(6):6135-6142
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were exosomes and exo-
somes were nearly 100% in
method-3, for exosomes were
micro-membrane capsule str-
ucture, spherical or oval
shape, the cavity of vesicles
were low electron density
components [21]. In addition,
all kinds of exosomes purify-
ing data such as time-con-
suming, quality, contracention
) were collected to analyze the

control

exosomes-1
N exosomes-2
@ exosomes-3

TNF-a level &
_ * —
9 —
‘g’ 4 r * g b
E3t ot —
R~ 20 pg/ml 40 pg/ml

Figure 6. Macrophages were treated with three kinds of exosomes at 20 ug/
ml and 40 ug/ml for 48 h and culture supernatants were analyzed for TNF-a
by ELISA. Results are presented as means * S.D of three independent experi-
ments. All data were analyzed by SPSS 16.0. Tests were 2-sided and P values

< 0.05 were considered as significant.

MHC-I

Relative Fluorescence
intensity(%o)

Figure 7. Macrophages were treated with three kinds of exosomes at 20 ug/
ml and 40 pg/ml for 48 h, then macrophages were analyzed by flow cytom-
etry for the expression of MHC-I. Results are presented as means + S.D of
three independent experiments. All data were analyzed by SPSS 16.0. Tests
were 2-sided and P values < 0.05 were considered as significant.

between 30~100 nm, researchers developed
membrane filtration technology to separate
exosomes, which could expand the research
and the application of exosomes effectively.
Tubes with 0.1 um filter membrane can remove
components of the diameter which was greater
than 100 nm, and the diameter of filter ele-
ments which was less than 50 nm could be fil-
tered by 0.05 ym membrane [20]. However,
traditional ultra-high-speed density gradient
centrifugation and centrifugal filtration mem-
brane were combined in method-2 to prepare
exosomes. In this study, results of TEM showed
that about 85% of microcapsules obtained by
method-1 were exosomes, which the size, mor-
phology and ultrastructure were similar with
exosomes, 95% of microcapsules in method-2
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collection rate and collection
efficiency. These three meth-
ods results manifest that the
purity and efficiency of exo-
somes extracted by these
three ways were still consider-
able different, which the col-
lection rate and collection effi-
ciency of method-1 was the
best, but the worst was

method-1.
control

N exosomes-1

LAMP-1, CD86, HSP-70 expre-
ssed in exosomes could in-
duce the immune response or
infammatory response of
macrophages to activate T
lymphocytes or mediate infor-
mation transfer between cells
to cells. Characteristics pro-
teins LAMP-1, CD86, HSP-70
in exosomes were analyzed by
western Dblot, and results
show that the expressions of
LAMP-1, CD86, and HSP-70 in
three kinds of exosomes were
consistent with their purity
and efficiency.

exosomes-2
exosomes-3

In recent studies, exosomes secreted from
mycoplasma infected tumor cells could acti-
vate the inhibitory B-lymphocytes, to play a role
in humoral immunity; in addition B cells can
also activate T cells by secreting exosomes [22,
23]. Patients with sarcoidosis, a granuloma-
tous disease of the lung, secrete more exo-
somes into the BAL fluid, compared with healthy
controls, and these exosomes were able to
increase the expression of MHC-I/1l, CD9 and
CD86, as well as increased proinflammatory
activity [24]. Mature DCs are characterized by
an enhanced expression of type | and Il mole-
cules of the MHC and co-stimulatory molecules
(CD80, CD86, CD40), which enable them to
prime naive T cells [25]. In addition to their role
as APCs, DCs can direct the T cell response

Int J Clin Exp Pathol 2015;8(6):6135-6142
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towards Th1l or Th2 phenotypes. Thus, the
capacity of DC to produce IL-12, TNF-a and
IFN-a that can enhance the secretion of IFN-g
by T cells and NK cells contributes to perpetua-
tion of a Thi-biased response [26-28]. In this
paper, exosomes purified by three kinds of
methods enhanced MHC-I in macrophages to
activate T lymphocytes and promote the secre-
tion of TNF-a to enhance the inflammatory
effect of macrophage. However, exosomes puri-
fied by method-2 and method-3 initiated
intensely immunostimulatory effect of macro-
phage, so these results indicated that the puri-
ty of exosomes purified by method-2 and meth-
od-3 was better than method-1, therefore could
lead to cellular immune effect strongly.

In summary, experimental results manifested
that the process of exosomes purified by meth-
od-2, 3 were relatively short and simple, and
the immunization of their products was better.
But the cost of extraction kit is more expensive
and is incapable to collect a large number of
exosome to meet the need of experiments or
clinic therapy. In contrast, the cost-effective of
method-2 was the most, and could help the
large-scale extraction of exosomes, so it was
suitable for large-scale development and appli-
cation for exosomes vaccing, in future.
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