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Abstract

Extracellular vesicles (EVs) have emerged as significant players in intercellular communication.
They carry crucial biological information, and their uptake induces changes in the biological
functioning and phenotypes of the recipient cell. Thus, there has been a great deal of interest in
understanding their roles in the pathobiology of benign diseases and cancer. Moreover, EVs carry
the molecular signatures of the donor cells, and therefore, their utility in biomarker development is
being explored. Investigations are also underway to exploit their natural property of cargo transfer
from one cell to another to develop efficient, nontoxic, and nonimmunogenic drug delivery
systems. EVs originate through endosomal pathways, membrane-budding, or membrane-blebbing
during apoptosis. These EV subtypes are usually expected to follow a specific size and surface
marker distribution reflective of their origin; however, variations are often reported, especially
under pathobiological conditions. Therefore, they are categorized mainly based on their size
distribution as small, medium, and large EVs. Dynamic Light Scattering (DLS) is frequently used
to measure the size distribution of nanoscale particles in a solution. Moreover, it also provides
data on other biophysical properties such as polydispersity, aggregation, solubility, viscosity, and
stability. This chapter describes the methods for determining the size distribution and integrity of
EVs using DLS along with some constraints associated with the practical use of the technology.
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1 Introduction

Extracellular vesicles (EVSs) are a heterogeneous group of bilayered membranous structures
released by most of the living cells into the extracellular spaces [1, 2]. Their shedding was
initially thought to be a process of selective elimination of unwanted biomaterial from the
cells. However, it is now well-established that EVs play an essential role in intercellular
communication. EVs carry important biomolecules such as nucleic acids, proteins, and
lipids from the donor cell and efficiently transfer them to the recipient cells [1, 3, 4].

Either EVs are generated inside the cells via the endosomal pathway and then released
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into the extracellular milieu or they simply pinch off the plasma membrane. EVs of
endosomal origin are generally smaller in size (30-150 nm) and referred to as “exosomes,”
whereas those originating directly from the plasma membrane are larger (100-1000 nm)
and are referred to as “microvesicles” [2, 5]. However, this size distribution is not strict,
and significant overlap is reported, particularly under pathobiological conditions [1, 2, 6].
The third subtype of EVs, named “apoptotic bodies,” is generated by membrane blebbing
that occurs during programed cell death or apoptosis, and they are generally the largest

in size distribution (1000-5000 nm) [2, 7]. The role of apoptotic bodies in intercellular
communication is not appreciated, and these are usually engulfed by the neighboring
phagocytic cells [8].

Recognition of EV’s role in intercellular communication has given a significant impetus to
the research focused on understanding their functions and achieving clinical exploitation.
Several lines of evidence suggest that EVs play a crucial role in cancer progression and
metastasis [9, 10], immune response regulation [11, 12], inflammatory reactions [13], tissue
regeneration [14], and modulation of therapeutic responses [3, 5]. The fact that they carry
biological information from the donor cells has attracted much attention for exploring their
role in biomarker development for disease diagnosis, prognosis, and monitoring of disease
progression and therapeutic responses [5, 15-17]. Being a natural carrier of biomolecules
that efficiently transfer them from one cell to another, the utility of EVs in drug delivery

is also being explored [18, 19]. Thus, EV research is not only essential to understand
biological functioning but also critical to open new vistas for their clinical exploitation

as biomarkers, therapeutic targets, and targeted drug delivery systems to modulate cell
behavior.

Under any circumstance, EVs can be composed of diverse subtypes differing in size,
composition, and biogenic properties. The characterization of EV subtypes is complex.
Although different marker proteins are ascribed for different subtypes based on their
origin, none of the markers are specific. Therefore, the international society of extracellular
vesicles (ISEV) recommends that EVs are characterized based on their size range [20].
Thus, we require a technology that could distinguish between subtypes based on size

and provide data on other biological characteristics. Although direct imaging approaches
such as Transmission Electron Microscopy (TEM), Atomic Force Microscopy (AFM), and
Super-Resolution Microscopy can give accurate information on the size of EV, these are
cumbersome and provide data on a small sample portion [21]. Hence, the use of Dynamic
Light Scattering (DLS) in the characterization of EVs has received considerable attention
[1]. DLS, also known as Photon Correlation Spectroscopy (PCS) or Quasi Elastic Light
Scattering (QELS), is frequently used to determine the size distribution of nanometer-scaled
particles in a solution. It also provides data on other biophysical properties of biomolecules
such as polydispersity index, aggregation, solubility, viscosity, and stability [22]. DLS uses
a monochromatic beam of laser light to measure the Brownian motion of particles in

a colloidal suspension or polymers in solution and records the temporal fluctuation of
scattered light correlated with a hydrodynamic diameter of particles [22] (Fig. 1).

The basic setup of dynamic light scattering involves a single-frequency laser beam that
passes through a polarizer to the sample placed in a cuvette holder. Incident light gets
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scattered due to the Brownian motion of the particles and passes through a single-photon
detector (SPD), resulting in the emission of electronic current pulses. An amplifier within
the SPD converts these current pulses into voltage pulses, which are then processed by a
discriminator that reduces noise by normalizing with a reference threshold. The processed
final output voltage pulses corresponding to a photon detection are analyzed by the digital
correlator that extrapolates the most precise estimate of the diffusion coefficient (D)

and particle’s hydrodynamic radius (R,) (Fig. 2) by using the following Stokes-Einstein
equation:

_ kgT
T 6mnRy’

where D is the translational diffusion coefficient [m2/s] as speed of the particles, «; is

the Boltzmann constant [m2kg/Ks?], T is the temperature, 7 is the viscosity [Pa s], and

Ry is the hydrodynamic radius [m]. Besides, a heterogeneous population in a sample
represented by the polydispersity index can be calculated by mathematical extrapolation
of the autocorrelation function [23, 24]. Noteworthy aspects of this technology are that

it requires a small quantity of samples, can provide data in a wide size range (1 nm to

6 um), and is easy to use. A schematic is presented to describe how the variations in
Brownian motion of particles in a wide size range are processed to collect data on size
distribution (Fig. 3). In the following sections, we describe the requirement of materials and
methodology employed for determining the size and integrity of EVs by DLS technology
while also listing some of the technology limitations.

2 Materials

2.1 Sources of Extracellular Vesicles

Body Fluids: EVs can be isolated from a variety of biological fluids such as blood, urine,
saliva, milk, semen, bile juice, ascites, cystic, bronchoalveolar lavage, and spinal fluids.

Cell Culture Media: Cells grown in the laboratory also shed EVs into the culture media,
which can be used as a source.

2.2 Cell Culture

Following materials are needed to isolate EVs from the cell culture supernatant:
1 Cell line(s).
2. EV-free, Heat-inactivated Fetal Bovine Serum.

3. Optimal Cell culture media [Dulbecco’s Modified Eagle Medium (DMEM),
Roswell Park Memorial Institute medium (MEM), etc.].

4, Tissue culture hood.
5. COy incubator set at 37 °C and 5% CO,.
6. Phosphate-buffered saline (PBS).
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7. T75 culture flasks.

8. Serological pipette.

9. Trypsin-ethylenediaminetetraacetic acid (0.05%).
10. 15 mL conical tubes.

11.  Penicillin Streptomycin solution.

12.  Trypan Blue.

13. Hemocytometer.

14.  Bright-field Microscope.

2.3 Centrifuges

Ultracentrifugation separates EVs from the solution based on their density, size, and shape,
with larger and denser particles sedimenting out first (see Note 1). Density gradient
centrifugation is commonly used to separate different organelles such as mitochondria,
peroxisomes, and endosomes into distinct density gradient layers of sucrose, iohexol, or
iodixanol. The following material is required to perform the ultracentrifugation:

1. Ultracentrifuge.

2 Ultraclear centrifuge tubes (25 x 89 mm).
3 Ultraclear centrifuge tubes (13 x 51 mm).
4, Benchtop centrifuge.

5 Weighing balance.

2.4 Protease Inhibitor Cocktail
Protease inhibitor cocktail (100 x) from Thermo Scientific™ that contains aprotinin (80
uUM); bestatin (5 mM); E64 (1.5 mM); AEBSF (100 mM); leupeptin (2.0 mM); pepstatin A
(1.0 mM) and EDTA (500 mM).

2.5 Commercial Kits for EV Isolation

Several kits for the isolation of EVs are available commercially based on different principles
like precipitation, gel-filtration, affinity purification, etc. (see Note 2). Some of these kits can
be used to isolate EVs are listed below:

1. Capturem™ Extracellular Vesicle Isolation Kit from Takara Bio USA, Inc.
2 Total Exosomes Isolation kit from Invitrogen.

3 PureExo isolation kit from 101Bio.

4.  MagCapture™ Exosome Isolation Kit from Wako Life Sciences.

5 gEV size-exclusion column was from iZON sciences.
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2.6 Dynamic Light Scattering (DLS)

DLS measures the fluctuations in scattered light intensity due to the Brownian motion

of the particle present in the solution. DLS instrument is sold by many companies such

as Malvern Panalytical, Beckman Coulter Inc., Wyatt Technology Corporation. The basic
DLS analyzer detects the average size of the particles in a wide range. However, advanced
instruments such as DelsaMax PRO light scattering analyzer from Beckman Coulter are
well-equipped to determine the complete particle size distribution. In DLS, samples can
be injected manually or automatically. The analyzer also comes with a temperature control
option, which helps to perform temperature-controlled studies. DelsaMax PRO analyzer
supports the temperature range of 4-70 °C, and the temperature controller is designed to
change the temperature at a rate of 1 °C/min.

1

2
3
4.,
5

3 Methods

EV sample.

DelsaMax Pro (see Note 3).
Deionized water.
Ultrasonic bath sonicator.

Plastic and Quartz cuvette.

3.1 Isolation of Extracellular Vesicles from Conditioned Media

1

Collect the conditioned media in polypropylene conical centrifuge tubes (15/50
mL) from subconfluent cells grown in dishes in the tissue culture facility.

Spin the samples at a speed of 300 x g for 10 min at 4 °C to remove the cell
debris (see Note 4).

Subject debris-free media to centrifugation at 2000 x g for 30 minat 4 °C in
polypropylene conical centrifuge tubes to collect large-size EVs.

Transfer supernatants into a polycarbonate thick-walled tube (designed to
withstand high speed) and spin at 16,500 x g for 30 min at 4 °C to pellet the
moderate-size EVs.

Transfer the supernatants in the fresh thick-walled tube and spin at 120,000 x g
for 2 h to pellet the small-size EVs at 4 °C.

Alternatively, isolate EVs using commercially available Kits listed above
(Subheading 2.5) as per the manufacturer’s suggested protocols [25].

Resuspend the pellets of EVs (obtained from different methods) in cold
phosphate-buffered saline (PBS).

Add Protease inhibitor cocktail (100x) to the samples to make a final dilution to
1x (see Note 5).

Aliquot and store at 4 °C, —20 °C, or —80 °C depending on the experimental
requirement.
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The size and integrity of isolated EVs are determined by using DLS, as described
below.

and Integrity of Extracellular Vesicles by DelsaMax PRO

Switch on DelsaMax PRO light scattering analyzer and computer attached to it.
Allow the analyzer to warm up for about 30 min after turning it on.

Keep EV samples in ultrasonic baths for a couple of seconds (see Note 6).

Dilute the EV samples into a 1:1000 ratio (1 pL sample:999 UL deionized water).
Keep diluted samples (~1000 pL) in a plastic cuvette and place it in the analyzer.

Once the analyzer stabilizes, start the DelsaMax analysis software on the
computer.

Select Tools > Instruments from the DelsaMax analysis software menus.
Select File > New from the software menus.

In the experiment window, set parameters (select preset size).

Next, connect the software with the analyzer and begin the analysis.

To collect desired data, select diameter, radius, Pd index, and % intensity from
the control panel (Fig. 4).

Apply the same procedure to collect data from different subfractions of EVs
(Large, moderate, and small).

Collect data on the size distribution and polydispersity index (Fig. 5).
For the analysis of zeta potential, place the samples in a quartz cuvette.

Make sure that the sample amount does not exceed 45 pL while measuring zeta
potential.

Select phase analysis light scatter from the software.

Collect data on zeta potential.

The ultracentrifugation method is a time-consuming process and not suitable for
small sample amounts [25]. Furthermore, high speeds can affect the integrity of
EVs by inducing aggregation, breakage, and coprecipitation of soluble proteins
present in the biofluids. Therefore, commercially available kits can be used to
address these limitations [25, 26].

Commercially available kits are easy and quick and often do not require large
volumes of samples. Moreover, specialized equipment such as ultracentrifuge is
also not required. However, these Kits cannot be used to isolate different subtypes
of EVs [25]. Therefore, isolation methods should be wisely selected based on the
downstream requirements of the experimental studies.
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3. DLS analysis is easy and quick, does not require additional chemicals, and
works great in homogenous samples [27]. However, one of the limitations
of DLS is the analysis of heterogeneous mixtures. The results produced by
DLS remain skewed toward larger particle sizes in a heterogeneous mixture of
widesize-ranged particles in the suspension. It is attributed to the fact that the
intensity of scattered light is proportional to the sixth power of particle diameter,
making smaller particles harder to detect.

4, Low-speed centrifugation helps to remove dead cell particles and other
contaminants, which might interfere in the isolation process and also the integrity
of EVs.

5. EV pellets can be stored in PBS containing a cocktail of protease inhibitors for a

longer duration without losing their integrity.

6. EVs tend to form aggregates that interfere with DLS analysis. Therefore, to
overcome this problem, mild sonication to the samples is helpful that breaks the
aggregates.
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Fig. 1.
Representation of dynamic light scattering principle
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Schematic flow of dynamic light scattering of small-, moderate-, and large-sized particles.
Particles exhibit variations in their Brownian motion depending on their size. These
differences in the Brownian motion of particles affect their autocorrelation function decay,
resulting in the differences in the size (hydrodynamic diameter) of particles
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Dynamic Light Scattering distribution shows peaks characteristic of large, moderate, and

small extracellular vesicles
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