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Abstract
Extracellular vesicles (EVs) are now intensively studied in the context of their action
on the irradiated organism. Suspensions of EVs isolated from culture media of
two different cell lines were analyzed by transmission electron microscopy and
nanoparticle tracking analysis (NTA) to evaluate size and concentration of contained
particles. The results obtained indicate the difference in analyzed parameters
depending on the cell type.
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1. Introduction

We have previously demonstrated [1] that intravenous injection of human bone mar-
row multipotent mesenchymal stromal cells (BM-MMSC) to irradiated mice promoted
partial recovery of their physiological parameters. Extracellular vesicles (EVs) secreted
by practically all cells are now intensively studied as effectors of the paracrine mech-
anism of the therapeutic effect of MMSC on the irradiated organism [2, 3]. These
particles are supposed to participate actively in cell-to-cell communication and cell
interaction with the microenvironment. Our aim was to isolate and characterize extra-
cellular vesicles produced by various types of stem cells.

2. Materials and methods

Suspensions of extracellular vesicles isolated from culture media (CM) of passage 2
human BM-MMSC (cells previously used in the therapy of irradiated animals; CM-1)
and passage 4 rat adipose tissue-derived MMSC (AT-MMSC; CM-2) were analyzed by
transmission electron microscopy and nanoparticle tracking analysis (NTA).
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2.1. Cell cultures preparation

Isolation and culturing of primary human BM MMSC was carried out as described in
[1].

For isolation of the stromal vascular fraction cells, fragments of subcutaneous fat
were taken during surgery and the cells were isolated according to the standard pro-
tocol [4]. The obtained tissue fragments were minced under sterile conditions, small
fragments were incubated with collagenase 1 (0.07%; “PanEco”, Russia) and dispase
(0.025%; “PanEco”, Russia) over 25-30 min. After incubation, growth medium was
added to the solution with enzymes and tissue fragments and the samples were cen-
trifuged for 5 min at 1000 rpm. The supernatant was discarded; the pellet was resus-
pended in growth medium and filtered through a nylon filter to remove large tissue
fragments. The cell suspensionwas seeded on Petri dishes and cultured for 7-10 days in
full growth medium (DMEM/F12 with glutamine (PanEco), 1% penicillin-streptomycin
(PanEco), and 10% FCS). The cultures were passaged after attaining 80-90% conflu-
ence, and passage 4 culture was used in the experiments.

2.2. Characterization of stem cell cultures

Immunophenotyping of the obtained cells was carried out using the followingmarkers:
CD90 FITC, CD105 PE, CD29 PE, CD133 PE, CD19 PE, CD45 PE, CD34 PE, CD11b PE (BD
Biosciences, USA). Cells werewashedwith Versen solution, treatedwith 0.25% trypsin,
pipetted, and centrifuged (300g, 5 min). The pellet was resuspended in phosphate
buffered saline (PBS) (pH = 7.4) and aliquoted. Each sample was incubated with anti-
bodies for 15 min in the dark at 25∘C. The results were analyzed on a ”Cytomics FC 500”
flow cytometer (“Beckman Coulter”, USA).

Both analyzed cultures had all the properties of MMSC culture: the cells rapidly
adhered to the culture plastic, formed dense rapidly proliferating colonies, expressed
typical surface markers of MMSC culture and did not express markers of hemopoietic
and lymphocyte cells (see Tab.1).

2.3. Isolation of extracellular vesicles

EVs were isolated by differential centrifugation at +4∘C in accordance with modified
protocol [5]. All used dishes and tools were washed for 2 hours in specially purified
water (”Mediana”, MSU). The purity of water was assessed by the resistance value,
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T 1: The immunophenotypic profile of analyzed cultures.

Analyzed markers AT-MMSC passage 4
(rat)

BM-MMSCpassage 2
(human)

Isotype IgG 0.5% -

CD11b- 5.7% -

CD19- 5.7% -

CD34- 4.4% 1.31%

CD45- 0.1% 0.6%

CD133- 0.4% -

CD14- - 1.1%

CD49b- - 1%

CD29+ 95% -

CD90+ 98.9% 79%

CD105+ 93 % 98%

CD73+ - 95%

which averaged 15 mega ohms. CM was centrifuged for 10 min at 300g for cells sed-
imentation. The supernatant was centrifuged at 16,500g for 20 min (Ultracentrifuge
Optima L-90K, Beckman coulter angular rotor) for more complete removal of cells and
debris, filtered through a 0.2-μm filter (Millipore Millex-GN Nylon filter, Germany) to
remove particles >200 nm, and then centrifuged at 100,000g for 2 h for EVs sedimen-
tation. The pellet was resuspended in 1.5 ml PBS (“Eco-Service”, Russia), which was
previously passed through a 0.2-μm filter and centrifuged at 100,000 g for 1 hour at
4∘C. Polyallomer (Beckman) tubes with steel caps were used for ultracentrifugation
(the covers were washed with specially purified water).

2.4. Transmission electron microscopy (TEM)

The preparations were absorbed on copper formvar-coated (0.5% solution of
formaldehyde in dichloroethane was used) meshes (1GC 200, PELCO, USA), contrasted
with 2% sodium uranyl acetate for electron microscopy, and examined in a JEM-1400
electronmicroscope ( JEOL, Japan)with a digital camera Quemesa (Olympus, Japan) and
software (Olympus Soft Imaging Solutions GmbH, Munster, Germany) at ×40,000. The
sizes of the investigated objects were estimated using the ImageJ program (National
Institute of Health, USA).
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2.5. Nanoparticle Tracking Analysis (NTA)

The mean size and concentration of the particles in the samples were evaluated by
the NTA method (Nanosight LM10-HSBF, Great Britain) based on tracing the Brownian
motion of individual nanoparticles and measuring their standard mean square shift
over a time interval related to particle size by the Stokes–Einstein formula.

3. Results and Discussion

In CM-1, 36-45-nm near-spherical particles were detected during the transmission
electron microscopy (Fig. 1A). CM-2 contained two types of particles: 79-106-nm
particles with morphological signs of extracellular vesicles and 37-53-nm particles
corresponding to very-low-density lipoproteins present in the serum added to the
culture medium (Fig. 1B).

 

A B 

Figure 1: Transmission electron microscopy of analyzed culture media, ×40,000. A – TEM of EVs from
human BM-MMSC, 36-45-nm particles are indicated by red arrows. B – TEM of EVs from rat AT-MMSC,
79-106-nm particles are indicated by blue arrows and 37-53-nm particles are indicated by red arrows.

According to NTA results, the mean particle size and their concentration in CM-
1 sample were 86 nm and 6.6×1010/ml, respectively; for CM-2, the corresponding
parameters were 101 nm and 7.9×1010/ml (Fig. 2).

4. Conclusion

The difference in size and concentration of contained particles between two culture
media, obtained in our study, can reflect secretion specificity determined by the cell
type, which is consistent with literature data [6].
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Figure 2: NTA results. The content of particles of different sizes in analyzed suspension of EVs derived
from two culture media.
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