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Abstract

Objective: The aim of this study is to compare the efficiency of different separation techniques for extracting
synovial tissue-derived exosomes.

Methods: The synovial tissue discarded during knee arthroscopy or total knee arthroplasty surgery was collected
from the Third Affiliated Hospital of Beijing University of Chinese Medicine. Ultracentrifugation (UC), filtration
combined with size exclusion chromatography (SECF), and 8% polyethylene glycol (PEG) were used to extract
synovial tissue-derived exosomes. Transmission electron microscopy (TEM), nanoparticle tracer analysis (NTA), and
Western Blot (WB) were used to detect the morphology, particle size, and biomarker proteins (CD9, CD63, Flotillin-1,
and calnexin) of exosomes.

Results: The extracts of enriched round and discoid vesicles were successfully extracted with UC, SECF, and PEG.
The results of TEM have shown that all three extraction methods can extract circular or elliptical vesicles with disc-
and cup-shaped structures from the synovial tissue, with the diameter is about 30–150 nm. NTA suggested the
main peaks of three groups of exosomes are around 100–120 nm, and the concentration of the three groups of
exosomes was greater than 1 × 1010/ml. The results of WB showed that three positive protein markers (CD9, CD63,
and Flotillin-1) were highly expressed in the suspension extracted by the three methods and low in the synovial
tissue. However, the negative protein (calnexin) was highly expressed in synovial tissues and PEG group, while low
in UC and SECF group.

Conclusion: Morphology, particle size, and labeled protein marker detection confirmed that UC, SECF, and PEG can
extract exosomes derived from synovial tissue; UC and SECF are more recommended for the extraction of synovial
tissue-derived exosomes, which provides a methodological basis for studying the function and mechanism of
synovial tissue exosomes in the future.

Keywords: Exosomes, Extracellular vesicles, Osteoarthritis, Synovial tissues
Introduction
Osteoarthritis (OA) is a musculoskeletal disease charac-
terized by synovial inflammation, progressive cartilage
wear, and subchondral bone hyperplasia [1, 2]. It was
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reported that OA is one of the top ten causes of lower
limb disability [3, 4]. For many years, cartilage damage
has been considered to be the main pathogenesis of OA.
However, with the deepening of research, the important
role of soft tissues around the joints such as synovial tis-
sues and fat pad in the pathogenesis of OA has been rec-
ognized more and more [2, 5–7]. Recent studies have
pointed out that synovial inflammation is a precursor to
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radiological OA [8], has a significant positive correlation
with OA symptoms [9], and further aggravates cartilage
damage [10]. In the previous study, we investigated the
relationship between synovial membrane, articular cartil-
age, and the innate immune system in different degrees
of KOA rats during pathogenesis, and found that the in-
nate immune system is associated with synovial mem-
brane and articular cartilage at all stages of the disease.
It also suggests that the synovial membrane may affect
the pathological changes of articular cartilage through
the innate immune system, thus affecting the progres-
sion of OA [11]. However, how synovial tissue affects
cartilage, how the synovial inflammatory transmitted be-
tween cells and tissues remains to be studied.
Exosomes are 30–150 nm-sized extracellular vesicles,

with lipid bilayer membranes, and released by many dif-
ferent types of cells [12]. As reported, exosomes widely
existed in various cell supernatants and biological fluids
[13, 14] such as plasma, serum, cerebrospinal fluid,
urine, and milk. They contain many biologically active
substances secreted by recipient cells, such as non-
cording RNA (ncRNA), proteins, and mRNA. And it
plays an important role in the extracellular microenvir-
onment and intercellular communication [12, 15–18].
Kato [19] extracted exosomes from the supernatant of
IL-1β-induced synovial fibroblasts and then added exo-
somes to chondrocytes. The results showed that the
matrix metalloproteinase-13 (MMP-13) was highly up-
regulated and the type II collagen was significant down-
regulated, which accelerated the progression of OA. This
suggests that synovial tissue may regulate chondrocytes
by secreting exosomes. Number of articles [15–22] has
conducted detailed studies on how to extract cell super-
natants and exosomes in body fluids, but few of articles
had studied the extraction and identification of exo-
somes in tissues. To the best of our knowledge, any art-
icle has been published on how to extract and identify
exosomes from synovial tissue. Therefore, the purpose
of this study was to extract exosomes from synovial tis-
sue by different separation techniques, and then identify
and compare the extracted exosomes by transmission
electron microscopy (TEM), nanoparticle tracer analysis
(NTA), and Western Blot (WB).

Methods
Main instruments and reagents
Exosome-free fetal bovine serum was purchased from
ABW (Uruguay); Dulbecco’s Modified Eagle Medium
high-glucose (DMEM-H) was purchased from Hyclone
(Boston, USA); antibiotic mixture (penicillin and strepto-
mycin) was obtained from Invitrogen (CA, USA); 0.22 μm
filter was purchased from Millipore (USA); polyethylene
glycol (PEG) 6000 was obtained from Sigma (USA); BCA
protein concentration assay kit, constant temperature
incubator, and cryostat centrifuge were purchased from
Thermo Scientific (USA); size exclusion chromatography
and filtration kit were purchased from Echo Biotech
(Beijing, China); primary antibodies against CD9, CD63,
Flotillin-1, and calnexin were purchased from CST (Cam-
bridge, MA, USA); goat anti-rabbit and goat anti-mouse
horseradish peroxidase conjugates were purchased from
Bio-Rad Laboratories (Proteintech, USA); inverted phase
contrast microscope was obtained from Olympus (Japan);
nanoparticle tracking analyzer was obtained from PMX
(Germany); transmission electron microscope H-7650 was
obtained from Hitachi (Japan).

Collection and treatment of synovial tissue specimens
The study was approved by the Third Affiliated Hospital
of Beijing University of Chinese Medicine and its ethics
committee. De-identified discarded human synovial tis-
sue samples were used for this study. From May 2019 to
July 2019, a total of 18 samples of synovial tissue were
obtained from the discarded synovial tissue of knee arth-
roscopy or joint replacement surgery in the Third Affili-
ated Hospital of Beijing University of Chinese Medicine.
All patients underwent arthroscopic or joint replacement
surgery for primary knee osteoarthritis. Synovial tissue
was randomly divided into 3 groups, polyethylene glycol
(PEG) group, ultracentrifugation (UC) group, and size
exclusion chromatography and filtration (SECF) group,
with 6 cases in each group. The synovial tissue obtained
during the operation was placed in PBS containing 1%
antibiotic mixture, placed in an ice box, and quickly
transferred to a clean bench. Synovial tissue was imme-
diately placed in a new culture dish; PBS containing 1%
antibiotic mixture was added thereto, washed 3 times for
5 min each time. The cleaned synovial tissue was trans-
ferred to a new culture dish (60 mm), cut into pieces of
1 × 1 × 1mm3 by ophthalmic scissors, added 5-ml cul-
ture medium (containing 10% exosome-free fetal bovine
serum and 1% antibiotic mixture), and then placed in
constant temperature incubator with 37 °C, 5% CO2.
After 24 h, the culture supernatant was collected and the
medium was changed, and the supernatant was collected
again 24 h later. The twice collected supernatant was fil-
tered through a 0.22-μm filter and then placed in −
80 °C for storage.

Extract exosomes from collected culture supernatant
For the PEG group, an equal volume of 16% PEG 6000
solution (with a final solubility of 8% PEG 6000) was
added to the collected medium and overnight at 4 °C.
The mixture was centrifuged at 12,000×g for 30 min at
4 °C in the following day, the supernatant was discarded
and the pellet was resuspended by PBS. The suspension
was centrifuged at 12,000×g for 30 min again, resus-
pended by PBS, and then placed in − 80 °C for storage.
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For the UC group, the collected medium was centri-
fuged at 2000×g for 20 min to eliminate the cells and
then centrifuged at 10,000×g for 20 min to eliminate the
cell debris, followed by ultracentrifugation at 150,000×g
for 120 min. The supernatant was discarded, resus-
pended by PBS, and then placed in − 80 °C for storage.
For the SECF group, all procedures were performed in

strict accordance with the kit instructions.

Transmission electron microscopy (TEM)
To detect the morphology of exosomes, transmission
electron microscopy was performed. Take 10 μl exosome
suspensions on copper grid, after incubating for 10 min
at room temperature, rinse with sterile distilled water
and absorb excess liquid from absorbent paper. Then,
10 μl of 2% uranyl acetate was pipetted onto the copper
grid for 1 min, and the filter paper was sucked off and
dried under an incandescent lamp for 2 min. The copper
mesh was observed under transmission electron micros-
copy and imaged at 80 kV.

Nanoparticle tracer analysis (NTA)
Nanoparticle tracking analysis was performed to determine
particle size and concentration of exosomes. Exosome sus-
pensions were appropriately diluted using PBS buffer (with
a final concentration of 1 × 107–108/ml) to measure the
particle size and concentration. The suspension is irradiated
with a laser light source, and the scattered light of the
nanoparticles is detected. The nanoparticle concentration is
calculated by counting the number of scattering particles.

Western Blot (WB)
As described in the previous article [11], after quantified
by the BCA protein, each group of exosomes was added
to each well and electrophoresed. Subsequently, the pro-
tein was transferred to a PVDF membrane, and the 5%
skim milk powder was incubated for 1 h at room
temperature, then incubated with primary antibody (4 °C
overnight or room temperature for 2 h), and TBST was
washed 4 times for 5 min each time. Subsequently, the
mixture with second antibody was incubated for 1 h at
room temperature, and again washed with TBST for 5
min × 8 times, and ECL was added for development.
Fig. 1 Morphological characteristics of synovial tissue-derived exosomes ex
UC group. c The SECF group
Statistical analyses
Data obtained from this research were presented as the
mean ± standard deviation (SD). All analyses were per-
formed using the GraphPad Prism 7.0 software. The dif-
ferences between different groups were compared using
t test or one-way ANOVA. P < 0.05 was considered sta-
tistically significant.

Results
Morphological characteristics of synovial tissue-derived
exosomes
Transmission electron microscopy (TEM) was used to
observe the morphology of synovial tissue-derived exo-
somes. As presented in Fig. 1, all three extraction
methods can extract circular or elliptical vesicles with
disc- and cup-shaped structures from the synovial tissue,
with the diameter is about 30–150 nm, which is consist-
ent with the morphology feature of exosomes. In terms
of the background of TEM, the background of PEG
group is more blurred and more impurities, while the
SECF group is the cleanest, with the least impurities and
clearer morphology of exosomes.

Size distribution and concentration of synovial tissue-
derived exosomes
The particle size and concentration of synovial tissue-
derived exosomes were assessed by nanoparticle tracking
analysis (NTA). As shown in Fig. 2, the main peaks of
three groups of exosomes are around 100–120 nm. The
concentration of the three groups of exosomes was
greater than 1 × 1010/ml. The particle size distribution
and the cumulative percentage of the interval were pre-
sented in Table 1.

Determination of the protein concentration of synovial
tissue-derived exosomes with BCA
The concentration of protein in the three groups of synovial
tissue-derived exosomes was measured by BCA assay, mea-
sured the absorbance at OD562nm, drawn the standard
curve. The protein concentration was determined according
to the standard curve equation. As shown in Fig. 3, the UC
group had the highest protein concentration, and the SECF
group was significantly different from the UC group (P <
tracted by three different extraction methods. a The PEG group. b The



Fig. 2 Morphological characteristics of synovial tissue-derived exosomes extracted by three different extraction methods. a The PEG group. b The
UC group. c The SECF group
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0.05). No significant difference was found between the PEG
group and the other two groups.
The results of exosome biomarker tested by Western Blot
The exosome biomarker proteins (CD9, CD63, Flotillin-1,
and calnexin) were detected by WB. The results showed
that CD9, CD63, and Flotillin-1 were highly expressed in
the suspension extracted by the three methods and low in
the synovial tissue. However, calnexin was highly
expressed in the synovial tissue and PEG group, while low
in the UC and SECF group (Fig. 4).
Discussion
Since mRNA and microRNA were discovered in extra-
cellular vesicles in 2007, the heat of extracellular vesicles
has increased [23]. In particular, after the research on
extracellular vesicles award the Nobel Prize in Physi-
ology or Medicine in 2013, the research on the regula-
tion mechanism of cell vesicle transport was a spurt-like
growth. Vesicles can be divided into three categories ac-
cording to origin, biological function, and transform-
ation outcome: apoptotic bodies (1–4 μm), microvesicles
(0.1–1 μm), and exosomes, which are the focus of
scholars [24]. As exosomes were initially found in reticu-
locytes, exosomes were found in cell supernatants such
as macrophages, T lymphocytes, epithelial cells, and
nerve cells. Exosomes are also found in blood, semen,
ascites, milk, etc. It is currently believed that exosomes
are found in almost all mammalian cells and in the body.
Exosomes are extremely rich in content. According to
statistics, there are currently 9769 proteins, 3408
mRNAs, 1116 lipids, and 2838 microRNAs found in exo-
somes (www.exocarta.org). These data are mainly de-
rived from early research results, the latest research
results have not been included in time and the database
was last updated on September 12, 2016. The donor cells
secrete exosomes, envelop the target protein, mRNA,
and non-cording RNA, received by the recipient cells,
and then exerting their intercellular communication and
regulatory functions.
With the deepening of exosome research, how to isolate

and identify exosomes is one of the important methodo-
logical foundations for continued research. At present, a
large amount of literature has been published on the extrac-
tion of exosomes from cell supernatants and body fluids,
such as ultracentrifugation, sucrose density gradient centri-
fugation, immunomagnetic beads, filtration, ultrafiltration,
and various commercial kits. However, few literatures had
studied how to extract exosomes from tissues. Lin [25] ex-
tracted exosomes from kidney tissue, digested in the kidney,
with collagenase and trypsin for 120 min at 37 °C then took
the supernatant for ultracentrifugation; detected the exo-
somes with TEM, NTA, and the exosome biomarker pro-
teins (CD9, CD63, and Alix); and then identified as
exosomes. Deng [26] extracted exosomes from adipose tis-
sue. After washing with PBS, the adipose tissue was cut into
pieces smaller than 4mm, transferred to a 6-well plate, and
added to a DMEM solution containing 1% antibiotic mix-
ture and 10% FBS. The supernatant was separated and the
exosomes were separated by gradient centrifugation. Beth
[27] isolated the extracellular vesicles in the placental tissue,
chopped the placenta tissue, placed in the medium, and
then placed in a constant temperature incubator for 24 h.
The supernatant was collected, and separated the vesicles by
ultracentrifugation. Lucia [28] has published a protocol on
how to extract exosomes from cell lines and tissues explants,
which we have used in our research.
Synovial inflammation, as one of the typical pathological

features of OA, plays an important role in the development
of OA [2, 5–7, 11]. However, as of now, any article has been
published on how to extract and identify exosomes in syn-
ovial tissue. Importantly, more and more researchers con-
sider the synovial membrane and intra-articular fat pad as
an anatomical unit in OA pathogenesis and pain, and in-
flammation of synovial membrane in the knee joint may
play a central role in OA and affect not only cartilage but
also intra-articular fat pad [7, 29, 30]. Moreover, previous
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Table 1 The particle size distribution and the cumulative percentage of the interval

Size
(nm)

PEG UC SECF

Number (106/
ml)

Percent
(%)

Cumulative
percent (%)

Number (106/
ml)

Percent
(%)

Cumulative
percent (%)

Number (106/
ml)

Percent
(%)

Cumulative
percent (%)

5 1 0.07 0.07 1.00 0.05 0.05 0.00 0.00 0.00

15 1 0.07 0.14 5.00 0.27 0.33 1.00 0.12 0.12

25 3 0.21 0.35 7.00 0.38 0.71 5.00 0.58 0.69

35 9 0.64 0.99 13.00 0.71 1.41 4.00 0.46 1.15

45 8 0.56 1.55 15.00 0.81 2.23 7.00 0.81 1.96

55 27 1.91 3.46 25.00 1.36 3.59 20.00 2.30 4.26

65 73 5.15 8.61 73.00 3.97 7.55 49.00 5.65 9.91

75 118 8.33 16.94 105.00 5.70 13.25 65.00 7.49 17.40

85 167 11.79 28.72 139.00 7.55 20.80 86.00 9.91 27.30

95 155 10.94 39.66 160.00 8.69 29.49 99.00 11.41 38.71

105 153 10.80 50.46 173.00 9.40 38.89 77.00 8.87 47.58

115 137 9.67 60.13 139.00 7.55 46.44 64.00 7.37 54.95

125 121 8.54 68.67 128.00 6.95 53.39 58.00 6.68 61.64

135 72 5.08 73.75 113.00 6.14 59.53 46.00 5.30 66.94

145 58 4.09 77.84 103.00 5.59 65.13 29.00 3.34 70.28

155 64 4.52 82.36 87.00 4.73 69.85 39.00 4.49 74.77

165 57 4.02 86.38 79.00 4.29 74.14 35.00 4.03 78.80

175 26 1.83 88.21 69.00 3.75 77.89 29.00 3.34 82.14

185 27 1.91 90.12 57.00 3.10 80.99 16.00 1.84 83.99

195 27 1.91 92.03 45.00 2.44 83.43 21.00 2.42 86.41

205 20 1.41 93.44 35.00 1.90 85.33 13.00 1.50 87.90

215 21 1.48 94.92 44.00 2.39 87.72 9.00 1.04 88.94

225 14 0.99 95.91 36.00 1.96 89.68 14.00 1.61 90.55

235 12 0.85 96.75 20.00 1.09 90.77 8.00 0.92 91.47

245 11 0.78 97.53 22.00 1.20 91.96 11.00 1.27 92.74

255 5 0.35 97.88 21.00 1.14 93.10 6.00 0.69 93.43

265 4 0.28 98.17 17.00 0.92 94.02 11.00 1.27 94.70

275 4 0.28 98.45 12.00 0.65 94.68 4.00 0.46 95.16

285 6 0.42 98.87 16.00 0.87 95.55 7.00 0.81 95.97

295 4 0.28 99.15 14.00 0.76 96.31 7.00 0.81 96.77

305 0 0.00 99.15 12.00 0.65 96.96 2.00 0.23 97.00

315 2 0.14 99.29 10.00 0.54 97.50 6.00 0.69 97.70

325 1 0.07 99.36 9.00 0.49 97.99 7.00 0.81 98.50

335 0 0.00 99.36 6.00 0.33 98.32 3.00 0.35 98.85

345 1 0.07 99.44 6.00 0.33 98.64 0.00 0.00 98.85

355 0 0.00 99.44 6.00 0.33 98.97 2.00 0.23 99.08

365 3 0.21 99.65 2.00 0.11 99.08 1.00 0.12 99.19

375 0 0.00 99.65 5.00 0.27 99.35 1.00 0.12 99.31

385 4 0.28 99.93 0.00 0.00 99.35 1.00 0.12 99.42

395 0 0.00 99.93 3.00 0.16 99.51 0.00 0.00 99.42

405 0 0.00 99.93 2.00 0.11 99.62 1.00 0.12 99.54

415 0 0.00 99.93 2.00 0.11 99.73 1.00 0.12 99.65

Chen et al. Journal of Orthopaedic Surgery and Research           (2020) 15:97 Page 5 of 8



Table 1 The particle size distribution and the cumulative percentage of the interval (Continued)

Size
(nm)

PEG UC SECF

Number (106/
ml)

Percent
(%)

Cumulative
percent (%)

Number (106/
ml)

Percent
(%)

Cumulative
percent (%)

Number (106/
ml)

Percent
(%)

Cumulative
percent (%)

425 0 0.00 99.93 0.00 0.00 99.73 1.00 0.12 99.77

435 0 0.00 99.93 1.00 0.05 99.78 1.00 0.12 99.88

445 1 0.07 100.00 0.00 0.00 99.78 0.00 0.00 99.88

455 0 0.00 100.00 1.00 0.05 99.84 1.00 0.12 100.00

465 0 0.00 100.00 0.00 0.00 99.84 0.00 0.00 100.00

475 0 0.00 100.00 2.00 0.11 99.95 0.00 0.00 100.00

485 0 0.00 100.00 0.00 0.00 99.95 0.00 0.00 100.00

495 0 0.00 100.00 1.00 0.05 100.00 0.00 0.00 100.00
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team studies have shown that synovial inflammation may
affect articular cartilage damage through the innate im-
mune system, aggravating the course of OA [11]. Therefore,
how to separate and extract exosomes from synovial tissue
is important for studying the function and mechanism of
synovial tissue exosomes.
Although there are various methods for extracting

exosomes, each method has its advantages and disadvan-
tages. In 2018, the International Society for Extracellular
Vesicles published a guide to extracellular studies [12].
In this article, the International Society for Extracellular
Vesicles summarizes the methods of vesicle extraction
and classifies them into three categories based on the re-
sults of the separation: high recovery and low specificity,
intermediate recovery and intermediate specificity, and
low recovery and high specificity. We selected one
method from each of these three categories to extract
synovial tissue exosomes, which were PEG, UC, and
SECF. In addition, we selected three positive protein
markers (included two transmembrane proteins and one
Fig. 3 The protein concentration of synovial tissue-derived
exosomes. *, compared with the UC group, P < 0.05
cytosolic protein, CD9, CD63, and Flotillin-1) and one
negative protein marker (calnexin) for exosomes indicat-
ing markers. The result showed that the positive protein
markers were highly expressed in the exosomes and low
in synovial tissues, while the negative protein was highly
expressed in synovial tissues and PEG group and low in
UC and SECF group. This phenomenon may be ex-
plained by the fact that PEG can enrich a large amount
of impurity proteins, which is also consistent with the
recommendations in the guidelines [12], suggesting high
concentration and low purity. At the same time, we used
TEM and NTA to detect the morphology, particle size,
and concentration of exosomes; the results were consist-
ent with the characteristics of exosomes. Therefore, all
three methods can extract exosomes from synovial tis-
sue, while PEG group may be doped with a large amount
of impurity proteins.
Fig. 4 The exosomes biomarker detection results with WB. ST
synovial tissues
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Taken together, UC and SECF are more recommended
for the extraction of synovial tissue-derived exosomes,
which lays a methodological basis for the subsequent
study of the function and mechanism of synovial tissue-
derived exosomes.
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