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Study Design: An experimental study with extracellular vesicles (EVs) from mesenchymal stem cell (MSC) of the epidural fat (EF) of 
the spine.
Purpose: This study aims to isolate the exosomes from epidural fat-derived mesenchymal stem cells (EF-MSCs) and fully characterize 
the EF-MSC-EVs.
Overview of Literature: EF-MSCs were reported in 2019, and a few studies have shown the positive outcomes of using EF-MSCs 
to treat specific spine pathologies. However, MSCs have significant limitations for conducting basic studies or developing therapeutic 
agents. Although EVs are an emerging research topic, no studies have focused on EVs, especially exosomes, from EF and EF-MSCs.
Methods: In this study, we isolated the exosomes using the tangential flow filtration (TFF) system with exosome-depleted fetal bo-
vine serum and performed the characterization tests via western blotting, reverse transcription–polymerase chain reaction, nanopar-
ticle tracking analysis (NTA), and transmission electron microscopy.
Results: In transmission electron microscopy, the exosome had a diameter of approximately 100–200 nm and had a spherical shape, 
whereas in the NTA, the exosome had an average diameter of 142.8 nm with a concentration of 1.27×1010 particles/mL. The flow cy-
tometry analysis showed the expression of CD63 and CD81. The western blotting analysis showed the positive markers.
Conclusions: These findings showed that isolating the exosomes via TFF resulted in high-quality EF-MSC exosome yield. Further 
studies with exosomes from EF-MSC are needed to evaluate the function and role of the EF tissue.
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Introduction

Epidural fat (EF) is generally located in the epidural 
space of the spine, but no detailed study has evaluated 
the specific role, function, and clinical relevance of the 
EF tissue itself. To date, only a basic study has indicated 
that EF contains mesenchymal stem cells (MSCs) [1,2]. 
A few studies have shown that MSCs derived from EF 
can produce an affirmative effect for specific pathologies 
in the spine, such as spinal cord injury and post-lumbar 
surgery syndrome [2,3]. However, spine physicians are ill-
informed on EF.

Many studies have demonstrated that MSCs have sig-
nificant functions in target structures or diseases [4]. 
However, MSCs have significant limitations for conduct-
ing further studies or developing therapeutic agents, such 
as ethical issues and problems of storage or handling [5,6]. 
Recently, extracellular vesicles (EVs) have been popular-
ized as a vital source in the field of regenerative medicine 
[7-9]. EVs can be obtained from almost all cells, includ-
ing MSCs and human fluids, but some have argued that 
EVs from different origins may play distinct roles [9]. 
Moreover, considering the characteristics of MSCs, EVs 
obtained from specific cells may have specialized func-
tions with respect to nearby structures of the donor tissue. 
However, this point of contention has not been fully ad-
dressed.

Based on a hypothesis, we conducted several experi-
mental and clinical studies on EF. Our previous study 
demonstrated that EF contains MSCs [1], which may 
have clinical implications for spine pathologies. For this 
study, our aim was to report the first EVs isolated from 
EF-MSCs and fully characterized in a defined manner. 
We hypothesized that EVs from EF-MSCs would exhibit 
regenerative properties, which may have specialized func-
tions in spine-related pathologies.

Materials and Methods

1. Cell isolation and culture

EF was obtained from consenting patients (n=5) during 
posterior decompression surgery of the lumbar spine per-
formed at Yeungnam University Medical Center (Table 
1). The specimens were placed in sterile tubes, stored at 
4℃, and brought to the Laboratory Animal Center of the 
Daegu–Gyeongbuk Medical Innovation Foundation to be 
processed within 12 hours.

Human EF-MSCs were separated from the EF tissue. In 
brief, the EF tissues were rinsed in 70% ethanol and ice-
cold phosphate buffered saline (PBS) and digested using 
0.45 µm filtered 2 mg/mL collagenase type I (17018029, 
Gibco; Invitrogen, Carlsbad, CA, USA) at 37℃ for 30 
minutes. The solution was passed through a 70 µm 
strainer and centrifuged at 3,000×g for 5 minutes. The 
pellets were suspended in a culture medium and seeded 
on culture dishes. After 1 day, the cells were washed with 
PBS, and debris, red blood cells, and so forth were dis-
carded. EF-MSCs were maintained in low-glucose DMEM 
(11885092, Gibco; Invitrogen) supplemented with 10% 
exosome-depleted fetal bovine serum (FBS) (Gibco, USA 
origin; Invitrogen), 1% penicillin/streptomycin (Gibco; 
Invitrogen), 10 µg/mL recombinant human FGF-basic 
(100-18B; Peprotech, Cranbury, NJ, USA), 10 µg/mL re-
combinant human PDGF-BB (500-P47; Peprotech), and 
25 µg/mL Plasmocin prophylactic (ant-mpp; InvivoGen, 
San Diego, CA, USA) to prevent mycoplasma contamina-
tion. They were cultured at 37℃ in a 5% CO2 incubator.

2. ‌�Isolation of the epidural fat-derived mesenchymal 
stem cells exosomes

The culture medium used to grow EF-MSC in T-175 flasks 

Table 1. Demographic data

Case Age (yr) Sex Body mass index (kg/m2) Diagnosis Treatment Epidural fat volume (mL)

Case 1 47 M 26.8 HIVD L4–5 Open discectomy 3

Case 2 53 F 29.4 LSS L4–5–S1 Posterior decompression 5

Case 3 39 F 30.2 HIVD L5–S1 Open discectomy 3

Case 4 44 M 24.9 HIVD L4–5 Open discectomy 2

Case 5 51 M 27.3 HIVD L4–5 Open discectomy 4

M, male; F, female; HIVD, herniated intervertebral disc; LSS, lumbar spinal stenosis.
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was collected after 48 hours. The cells were 80%–90% 
confluent with a viability of >95%. The media were stored 
at 4℃ and pooled together to make up a 200 mL volume. 
The collected medium was centrifuged at 300×g for 10 
minutes to remove cells and debris. The supernatant was 
filtered through a tangential flow filtration (TFF) system 
(Minimate TFF System; Pall Corp., Port Washington, 
NY, USA). The feed flow rate was approximately 2.5 mL/
min, and the total product volume was 6 mL. The mem-
brane nominal pore size was 10 nm (100K, Minimate TFF 
Capsule; Pall Corp.). The exosome protein concentration 
was measured using the Pierce bicinchoninic acid (BCA) 
Assay Kit (23225; Thermo Fisher Scientific, Rockford, IL, 
USA).

3. Reverse transcription–polymerase chain reaction

Total RNA was isolated using an RNeasy Mini Kit (74106; 
QIAGEN, Hilden, Germany) according to the manufac-
turer’s protocol. The RNA concentration was determined 
using a NanoDrop spectrophotometer (Thermo Fisher 
Scientific). To synthesize cDNA, total RNA and a Super-
Script III First-Strand Synthesis System (18080051; Ther-
mo Fisher Scientific) were used. The synthesized cDNA 
was amplified using the primers listed in Table 2. The 
amplified polymerase chain reaction (PCR) products were 
visualized using 1.5% (weight/volume [w/v]) agarose gel 
electrophoresis.

4. Flow cytometry

The flow cytometry analyses were performed using a Gal-
lios flow cytometer (Beckman Coulter, Brea, CA, USA). 
To determine the expression of the stem cell markers, 
the cells were stained with antibodies, such as CD105 
(MCA1557; Bio-Rad, Hercules, CA, USA), CD90 (555596; 

BioLegend, San Diego, CA, USA), CD73 (344004; BioLe-
gend), CD45 (555482; BioLegend), CD34 (343504; Bio-
Legend), and CD14 (MCA1568, Bio-Rad). The antibodies 
were conjugated with fluorescein isothiocyanate (FITC) 
or phycoerythrin fluorescence dye. To analyze the isolated 
exosomes, they were incubated with 4% w/v aldehyde/
sulfate-latex beads (A37304; Thermo Fisher Scientific) for 
15 minutes at room temperature. Then, 1 mL PBS (supple-
mented with 0.1% bovine serum albumin) was added to 
the exosome-bead mixture. The samples were incubated 
overnight on rotation. Bead-coupled exosomes were pel-
leted by centrifugation at 2,000×g for 10 minutes and 
washed with 500 µL PBS. The pellets were re-suspended in 
50 µL PBS containing the antibodies, CD9 (NBP1-28364; 
Novus Biologicals, Centennial, CO, USA), and CD81 
(NBP1-44859; Novus Biologicals) for 1 hour at 4℃. All 
the antibodies were conjugated with FITC fluorescence 
dye. The samples were washed using 500 µL PBS and cen-
trifuged at 2,000×g for 10 minutes. The pellets were re-
suspended in PBS. The gating of exosome-decorated 4 µm 
diameter beads was analyzed using a Gallios flow cytom-
eter. The flow cytometry analyses were performed using 
the Kaluza software (Beckman Coulter).

5. Western blotting

To identify the exosome markers, the exosomes were 
extracted with RIPA lysis buffer (89900; Thermo Fisher 
Scientific) containing a protease inhibitor (87786; Thermo 
Fisher Scientific). The exosome lysates were mixed with 
LDS Sample Buffer (B0007; Thermo Fisher Scientific) and 
boiled at 95℃ for 5 minutes. Then, 25 µg of protein was 
electrophoresed on 4%–12% Bis-Tris Plus gels (NP0335; 
Thermo Fisher Scientific) with MOPS SDS running buffer 
(B0001, NuPAGE; Thermo Fisher Scientific). The poly-
vinylidene fluoride membranes (LC2002; Thermo Fisher 

Table 2. Nucleotide sequence of primers used for reverse transcription–polymerase chain reaction

Gene Forward sequence (5’-3’) Reverse sequence (5’-3’) Product size (bp)

OCT4 CTTCAGGAGATATGCAAAGCA ACACTCGGACCACATCCTTC 181

Sox2 TTGCCAATATTTTTCAAGGAGA CAAGACCACAGAGATGGTTCG 187

c-Myc GCGACTCTGAGGAGGAACAA TGCGTAGTTGTGCTGATGTG 182

Klf4 AGGCACTACCGTAAACACACG CGGGAAGACAGTGTGAAAAGT 182

GAPDH CGCTGAGTACGTCGTGGAGT GGAGGCATTGCTGATGATCT 181

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Scientific) were blocked with 5% skimmed milk for 1 hour 
at room temperature. The cells were then incubated over-
night with primary antibodies against glyceraldehyde-
3-phosphate dehydrogenase (GAPDH, NB100-56875; 
Novus Biologicals), calnexin (NB100-1965; Novus Bio-
logicals), CD9 (NBP1-28363; Novus Biologicals), CD81 
(NBP1-44861; Novus Biologicals), flotillin 2 (NBP1-
30881; Novus Biologicals), and TSG101 (NB200-112; 
Novus Biologicals) at 4℃. The cells were then incubated 
with the horseradish peroxidase-conjugated secondary 
antibodies, anti-mouse immunoglobulin G (IgG, 31430; 
Thermo Fisher Scientific), and anti-rabbit IgG (31460; 
Thermo Fisher Scientific). Western blot development was 
performed using ECL (enhanced chemiluminescence) so-
lution (2332638, EzWest Lumi plus; ATTO, Tokyo, Japan).

6. Transmission electron microscopy

Freshly isolated exosomes from hEpi AD-MSCs were 
re-suspended in cold distilled water. The exosome sus-
pensions were loaded on formvar carbon-coated grids 
(01800-F; Ted Pella Inc., Redding, CA, USA) and fixed in 
2% paraformaldehyde for 10 minutes. Then, the solutions 
were removed and the samples were dried. The grids were 
observed using bioTEM (HT7700; Hitachi, Tokyo, Japan).

7. Nanoparticle tracking analysis

To determine the size distribution and average size of 
the exosomes, nanoparticle tracking analysis (NTA) was 
performed using PMX-120 ZetaView (Particle Metrix, 
Meerbusch, Germany). Briefly, the exosomes were di-
luted in PBS to a final volume of 1 mL. The ideal exosome 
concentrations were found via pretesting. The exosomes 
could be observed through the microscope. Finally, the 
NTA system was flushed with a sufficient amount of PBS 
[10,11].

8. Serum biochemistry

Albumin concentration was measured using a TBA-
120FR analyzer (Toshiba, Tokyo, Japan) with the Wako 
ALB reagent (FUJIFILM, Tokyo, Japan).

9. Ethical considerations

This study was approved by the Institutional Review 

Board and Ethical Committee of Yeungnam University 
Medical Center (IRB approval no., 2017-07-032).

Results

1. ‌�Characteristics of the epidural fat-derived mesenchy-
mal stem cells

EF-MSCs were isolated from human epidural adipose 
tissue. The isolated EF-MSCs exhibited typical MSC char-
acteristics. The cells were long, thin, and spindle-shaped, 
similar to general fibroblasts (Fig. 1A). MSCs are known 
to express stemness markers, such as Oct4, Sox2, C-myc, 
and Klf4. The isolated hEpi AD-MSCs also expressed all 
the stemness markers (Fig. 1B). The isolated cells were 
analyzed for specific cell surface markers using flow cy-
tometry. The cells were positive for the MSC-associated 
markers, CD73, CD90, and CD105. On the contrary, 
they were negative for the hematopoietic markers, CD14, 
CD34, and CD45 (Fig. 1C–H). The cells were passaged up 
to 12 times for the proliferation of stem cells and isolation 
of EVs. Furthermore, results showed that the isolated hEpi 
AD-MSCs had typical characteristics of MSCs.

2. ‌�Epidural fat-derived mesenchymal stem cells exo-
somes isolated using the tangential flow filtration 
system

The exosomes were observed under a transmission 
electron microscope (TEM). The exosome was approxi-
mately 100–200 nm in diameter and spherical in shape. 
Moreover, since the exosome membrane was composed 
of a lipid bilayer, dark and thick exosome membranes 
were observed under TEM (Fig. 2A). A NTA was used to 
determine the size distribution and particle numbers in 
a milliliter of solution. Of the isolated EF-MSC-derived 
exosomes, 99.1% had an average diameter of 142.8 nm, 
and the exosomes had a concentration of 1.27×1010 par-
ticles/mL (Fig. 2B). Hence, the total number of isolated 
exosome particles was 7.62×1010 particles in 200 mL of 
cell culture medium. Moreover, aldehyde/latex beads with 
a diameter of approximately 4 µm were used with exo-
somes to aid detection by a flow cytometry analyzer. The 
bead-binding exosomes were analyzed via flow cytom-
etry, which detected approximately 63.4% and 98.4% of 
the expressed CD63 and CD81, respectively (Fig. 2C, D). 
The western blotting analysis showed that the exosome 
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markers CD9 and CD81, exosome fusion protein flotil-
lin 2, multi-vesicular bodies (MVB) biogenesis proteins 
(TSG101), and intracellular cytosolic marker calnexin 
were expressed (Fig. 2E). The total protein concentration 
was 4,050 µg/mL, based on a BCA assay. These findings 
showed that isolating the exosomes via TFF resulted in 
high-quality EF-MSC exosome yield.

Discussion

Our study has several strength points regarding the evalu-
ation of the exosome from EF-MSC. First, previous stud-
ies on EVs have focused on contamination, especially with 
albumin. To harvest EF-MSCs that secrete EVs, the cell 
culture medium should be serum-free or xeno-free to in-
hibit contamination. However, such media contain many 

albumins and other proteins. Albumin was analyzed using 
serum biochemistry instruments. Commonly used media, 
such as FBS, culture medium containing exosome-de-
pleted FBS, and serum-free commercial media, contained 
0.16, 0.03, and 0.13 g/dL albumin, respectively. Hence, cell 
culture medium containing exosome-depleted FBS was 
used to enhance the purity of isolated EVs. To prove this, 
a NTA was used to determine the size distribution and 
particle numbers in a milliliter of solution. Of the isolated 
EF-MSC-derived exosomes, 99.1% had an average diam-
eter of 142.8 nm, and the exosomes had a concentration 
of 1.27×1010 particles/mL. The total number of isolated 
exosome particles was 7.62×1010 particles in 200 mL of 
cell culture medium (Fig. 2). These NTA findings showed 
that isolating the exosomes via TFF with the culture me-
dium resulted in high-quality exosome yield. Third, we 

Fig. 1. Characteristics of human epidural fat-
derived mesenchymal stem cells (EF-MSCs). (A) 
EF-MSCs were observed under a light micro-
scope (magnification, ×100). (B) Reverse tran-
scription–polymerase chain reaction showed that 
EF-MSCs expressed stem cells markers (OCT4, 
Sox2, c-Myc, and Klf4). (C–H) EF-MSCs were 
analyzed using flow cytometry, and were positive 
(CD73, CD90, and CD105) and negative (CD14, 
CD34, and CD45) for different markers. GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase.
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performed some well-structured methods for exosome 
characterization. Exosomes derived from MVBs express 
several biomarkers, such as tetraspanins, fusion proteins, 
and MVB biogenesis markers. In particular, tetraspanins, 
such as CD9, CD63, and CD81, are expressed outside the 
exosome membrane. Therefore, we detected the tetraspan-
ins, CD63 and CD81, via flow cytometry. Flow cytometry 
analyses are generally performed for cells. However, exo-
somes are much smaller than common cells. Hence, alde-
hyde/latex beads with a diameter of approximately 4 µm 
were used with exosomes to aid detection using a flow cy-
tometry analyzer. Bead-binding exosomes were analyzed 
via flow cytometry, which detected approximately 63.4% 
and 98.4% of the expressed CD63 and CD81, respectively 
(Fig. 2). Western blotting analysis was also performed to 
detect the exosome markers, tetraspanins CD9 and CD81, 
exosome fusion protein flotillin 2, and MVB biogenesis 
proteins (TSG101). The intracellular cytosolic marker, 

calnexin, was expressed in cell lysates. Interestingly, the 
isolated EF-MSC exosomes did not express GAPDH (Fig. 
2). Moreover, the total protein concentration was 4,050 
µg/mL, based on a BCA assay. These findings showed that 
isolating the exosomes via TFF resulted in high-quality 
EF-MSC exosome yield.

To date, few articles have focused on EF itself or the 
function of the EF tissue. Some papers have reported his-
topathological findings related to EF [12,13]. Topographi-
cally, EF is arranged around the dural sac and extends 
along the entire spine in the fetus. However, the arrange-
ment differs in adults; it is discontinuous, metameric, and 
mainly in the posterior part of the epidural space [13]. 
Importantly, EF is covered by a thin membrane of connec-
tive tissue in the form of a loose, areolar, and thin layer. 
Under this layer, EF is freely located. Feeding vessels from 
a specific connective tissue, in the form of pedicle-like at-
tachments, are located beneath the posterior surface of the 

Fig. 2. Human epidural fat-derived mesenchymal stem cell (EF-MSC) exosomes isolated using tangential flow filtration system. (A) 
Representative image of exosomes from EF-MSCs visualized using transmission electron microscopy, size bar=200 nm. (B) Nanopar-
ticle tracking analysis profile of human EF-MSCs exosomes showing size distribution. Isolated particles had an average size of ap-
proximately 142.8 nm and the concentration of particles was 1.27×1010 particles/mL. (C, D) Flow cytometry analysis of exosomes 
isolated from human EF-MSCs. Exosomes were labeled using the tetraspanins, CD63 (upper panel) and CD81 (below panel), which 
exhibited 63.4% and 98.4% expression, respectively. (E) Western blots stained against tetraspanins (CD9 and CD81), exosome fusion 
protein (Flotillin2), and MVB biogenesis protein (TSG101). The positive expression of the cell markers, calnexin and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), in human EF-MSCs was detected using western blotting.
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EF. Microscopically, EF is a homogenous tissue; it scarcely 
contains connective tissue and oriented slits and is semi-
fluidic in nature. It consists of adipocytes that are uniform 
in size and shape, with features that significantly differ 
from those of subcutaneous fat [12-16]. Based on the his-
topathological findings of previous studies, we could pre-
sume the mechanical roles of the EF. Firstly, EF is not just 
a space-filling tissue in the epidural space. Since EF has a 
specific tissue arrangement and composition, contrary to 
subcutaneous fat tissue, it may have its own function or 
role at the site. Secondly, EF consists of minimal connec-
tive tissue with oriented slits and homogenous arrange-
ment of cells. These features of the EF may facilitate the 
sliding of the dura mater against the posterior structures 
of the spine, such as the ligamentum flavum and bony 
structures, and may function to protect the neural struc-
tures, especially during spine movement.

Although some studies have suggested the histopatho-
logical features of the EF, subsequent studies have rarely 
reported a better definition of its function. Spine physi-
cians rarely pay attention to EF, and it is mostly linked to 
epidural fibrosis formation after spinal surgery [17-26] 
and clinically uncharacterized back pain [24,27,28]. Re-
cently, novel studies with different views on EF have fo-
cused on its regenerative or immunomodulatory function, 
especially with respect to MSCs derived from EF. In 2019, 
two studies demonstrated that EF contains MSCs and EF-
MSCs may play various significant roles with respect to 
nearby structures [1,2]. Specifically, MSCs and progenitor 
cells derived from EF showed collagen contraction capac-
ity and a fibroblast-like phenomenon [2]. Based on an in 
vivo analysis of MSCs and progenitor cells from EF, Al-
Jezani et al. [2] suggested that the cell population may 
contribute to the neural structures and EF cells may play 
a biological role within the local environment in addition 
to enacting mechanical roles. However, several difficul-
ties have been observed in conducting basic studies with 
EF-MSCs. To date, EVs have been considered as novel 
source materials for regenerative studies and clinical rel-
evance [3,7-9,29]. EVs exhibit several advantages for such 
research, and one of their advantages over MSCs is that 
they do not consume their donor tissues or cells. More-
over, EVs are acellular nano-sized vesicles with nucleic 
acids (mRNA, miRNA, etc.) and functional proteins and 
can mediate cell-cell communication and cell signaling. 
Recent studies have also demonstrated that exosomes, a 
subgroup of EVs, play significant roles in a variety of pro-

cesses, such as angiogenesis, immunomodulation, anti-
inflammatory activity, and homeostasis regulation [9]. 
Moreover, these potential roles of exosomes are compa-
rable to those of MSCs. Since certain MSCs affect nearby 
tissues or cells of donors, exosomes from EF-MSCs can 
also positively affect the structures surrounding the EF tis-
sue, such as neural structures, disks, and bony structures. 
Moreover, based on the advantages of EVs over MSCs for 
basic research, exosomes should be evaluated to deter-
mine their roles. From this perspective, the present study 
is the first study wherein exosomes were isolated from EF-
MSCs. Moreover, owing to those positive points of EVs 
from EF or EF-MSC, they may have a clinical significance 
for the treatment of spine diseases, such as degenerative 
spine disease, spinal cord injury, and others. Further stud-
ies with EVs from EF itself or EF-MSC are needed to bet-
ter understand its meaning and clinical significance.

However, this study has some limitations. Firstly, we 
have described the exosome features of EF-MSCs without 
comparisons to other exosomes. To date, most MSC stud-
ies have used subcutaneous tissue-derived MSCs as donor 
tissues. Hence, a comparison of the exosomes from EF-
MSCs and those derived from subcutaneous tissues may 
be instructive. Considering this, we intend to conduct a 
comparative study of these two types of MSC-derived exo-
somes. Secondly, the unique features of exosomes from 
EF-MSCs were experimentally investigated. The present 
study is fundamental for further experimental and clinical 
investigations on EF-MSC-derived exosomes. Therefore, 
further studies are needed to define their significance. De-
spite these limitations, this study has significant strengths. 
This is the first study to identify exosomes from EF-MSCs, 
which can be vital tools for treating specific pathologies 
and may especially have a critical impact on spine pa-
thologies. Therefore, this study can be a cornerstone for 
further research using exosomes from EF-MSCs and re-
generative treatments for spine pathologies.

Conclusions

To the best of our knowledge, this is the first study where-
in exosomes were isolated from EF-MSCs. A TFF system 
was used for cell isolation, and characterizations were per-
formed via western blotting, reverse transcription–PCR, 
BCA, NTA, and TEM. All of the features of the samples 
corresponded to those of the exosomes from EF-MSCs 
with high purity and yield. Further experimental and 
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clinical studies with exosomes from EF-MSCs are needed 
to determine the function and role of the EF tissue.
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