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The Epstein-Barr virus (EBV), formally designated as Human herpesvirus 4 (HHV-4),

is the first isolated human tumor virus. Nearly 90-95% of the world's adult population is

Citation infected by EBV. With the recent advancements in molecular biology and immunology,

Bitar, E.R., Shams Eddin, M.S., the application of both in vitro and in vivo experimental models has provided deep and
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meaningful insight into the pathogenesis of EBV in many diseases as well as into EBV-
associated tumorigenesis. The aim of this visualized experiment paper is to provide
an overview of the isolation of EBV viral particles from cells of the P3HR1 cell line,

Date Published followed by quantification of the viral preparation. P3HR1 cells, originally isolated from

September 28, 2022 a human Burkitt lymphoma, can produce a P3HR1 virus, which is a type 2 EBV strain.

The EBV lytic cycle can be induced in these P3HR1 cells by treatment with phorbol

Dol 12-myristate 13-acetate (PMA), yielding EBV viral particles.
10.3791/64279

Using this protocol for the isolation of EBV particles, PSHR1 cells are cultured for 5
URL days at 37 °C and 5% CO2 in complete RPMI-1640 medium containing 35 ng/mL
jove.com/video/64279 PMA. Subsequently, the culture medium is centrifuged at a speed of 120 x g for 8 min

to pellet the cells. The virus-containing supernatant is then collected and spun down
at a speed of 16,000 x g for 90 min to pellet the EBV particles. The viral pellet is then
resuspended in a complete RPMI-1640 medium. This is followed by DNA extraction
and quantitative real-time PCR to assess the concentration of EBV particles in the

preparation.

Introduction

The Epstein-Barr virus (EBV) is the first human tumor virus  the Lymphocryptovirus genus. Nearly 90-95% of the world's
to have been isolated. EBV, formally referred to as Human  adult population is infected by the virus3. In most cases,
herpesvirus 4 (HHV-4)2, is part of the gamma herpes virus initial infection occurs within the first 3 years of life and

subfamily of the herpes virus family and is the prototype of  is asymptomatic, however, if infection occurs later during
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adolescence, it may give rise to an iliness referred to as
infectious mononucleosis*. EBV is able to infect resting B
cells inducing them to become proliferative B lymphoblasts in
which the virus establishes and maintains a latently infected
state®. EBV can reactivate at any time and thus lead to

recurrent infections®.

Over the past 50 years, the association between some
viruses and the development of human malignancies has
become increasingly apparent, and today it is estimated
that 15% to 20% of all human cancers are related to
viral infections’. The herpes viruses, including EBV, are
some of the best studied examples of these types of

tumor viruses®.

In fact, EBV can cause many types
of human malignancies, such as Burkitt lymphoma (BL),
Hodgkin lymphoma (HL), diffuse large B cell lymphoma,
and lymphoproliferative diseases in immunocompromised
hosts® 10, EBV has also been shown to be associated
with the development of systemic autoimmune diseases.
Some examples of these autoimmune disorders are
rheumatoid arthritis (RA), polymyositis-dermatomyositis (PM-
DM), systemic lupus erythematosus (SLE), mixed connective
tissue disease (MCTD), and Sjégren's syndrome (SS)”.

EBV is also associated with the development of inflammatory

bowel disease (IBD)12.

Many of these diseases can be studied or modeled using
cell culture, mice, or other organisms that are infected with
EBV. That is why EBV particles are needed to infect cells or
organisms, whether in in vitro or in vivo models13*14’15'16,
hence the need to develop a technique that allows isolation
of viral particles at a low cost. The protocol described here
provides guidelines for an easy way to reliably isolate EBV

particles from a relatively accessible cell line and to quantitate

the particles using real-time PCR, which is cost-effective and

readily available to most laboratories. This is in comparison
to several other methods that have been described to isolate

EBV from different cell lines7:18.19.20

P3HR-1 is a BL cell line that grows in suspension and is
latently infected with an EBV type 2 strain. This cell line is an
EBV producer and can be induced to produce viral particles.
The goal of this manuscript is to showcase a method that
permits the isolation of EBV particles from the P3HR-1 cell
line, followed by quantification of the viral stock that could later

be used for both in vitro and in vivo EBV experimental models.

Protocol

NOTE: EBV should be considered a potentially biohazardous
material, and thus should be handled under Biosafety Level
2 containment or higher. A lab coat as well as gloves should
be worn. If there is potential for exposure to splashes,
eye protection should also be considered. The following
procedure should be conducted in a Biological Safety

Cabinet.

1. Counting the P3HR1 cells

1. Centrifuging and resuspending cells

1. Transfer the cell suspension from a 100 mm culture
plate (or T-25 flask) of an ongoing P3HR1 cell culture

at 80% confluency to a 15 mL conical tube. The

seeding density of PBHR-1 cells is 1 x 108 cells/mL.
Maintain in complete RPMI culture medium (79%
RPMI culture medium, 20% Fetal Bovine Serum, 1%

Pen-Strep antibiotic) at 37 °C and 5% CO»2, and
passage every 3-4 days.
2. Centrifuge for 8 min at 120 x g. After centrifugation,

discard the supernatant, resuspend the cell pellet in

1 mL of complete RPMI culture medium, and mix
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well (this solution will be referred to as suspension

A).

2. Preparing the cell suspension for counting

1.

Prepare a diluted cell suspension B by mixing 2 pL
of cell suspension A with 8 uL of culture medium.
Add 10 pL of 0.4% trypan blue to suspension B to
obtain suspension C. Mix the preparation well by

gentle pipetting.

3. Counting cells using a hemocytometer

1.

Place a glass coverslip on the hemocytometer
and load 10 pyL of suspension C. Place the
hemocytometer under a light microscope and count
the number of cells that are not stained blue in each
of the four quadrants of the hemocytometer chamber

using the 40x microscope objective (Figure 1).

Trypan blue stains dead cells blue; do not count

these cells, nor cells that are touching any of the top,

bottom, right, or left borders of each hemocytometer

quadrant.

Calculate the concentration of cells per mL using the
following formula:

Total Number of Cells

Total Cells Counted X Dilution Factor
N 4x10°4

NOTE: The number of quadrants counted is four,

and 10 mL is the volume of the squares on the
hemocytometer. The four quadrants which should
be counted are represented in green in Figure 1.
Total Cells Counted in the formula is the sum of the
numbers of cells in quadrants 1, 2, 3, and 4. Cells
represented in blue in Figure 1 should be counted,
while cells in red should not be counted since they
are touching the top, right, bottom, or left borders of

the quadrant.
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Figure 1: Cell counting using a hemocytometer chamber. Four quadrants are counted using a light microscope; these

quadrants are represented in green. Total Cells Counted in the formula indicated in step 1.3.3 of the protocol described here

is the sum of the number of cells in quadrants 1, 2, 3 and 4. Cells indicated in blue should be counted, while cells in red

should not be counted since they are touching the top, right, bottom, or left borders of the quadrant Please click here to view

a larger version of this figure.

2. Preparing the plate for culture

1. Place a volume of cell suspension A in a 15 mL conical
tube. The volume required is dependent on the cell count.

Adjust the volume such that the number of cells is roughly

2.2 x 108 cells for a 100 mm culture plate. 3.

2. Add 5 mL of complete culture medium to the tube and

then transfer the contents of the tube to a 100 mm culture

plate. Add 80 pL of dimethyl sulfoxide (DMSO) to the
culture plate.

NOTE: DMSO is light sensitive, hence it should be stored
in a light-resistant container or covered with an opaque

material like aluminum foil.

Add 350 pL of 1 mg/mL phorbol 12-myristate 13-acetate
(PMA) to the tube. The final concentration of PMA should
be 35 ng/mL, and that of DMSO should be 0.08%.
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CAUTION: PMA is toxic, corrosive, and carcinogenic,
hence it should be handled with extreme care. PMA
is light sensitive, hence it should be stored in a light-
resistant container or covered with an opaque material

like aluminum foil.

4. Add4.27 mL of culture medium so that the total volume is 2

10 mL. Mix the contents of the tube by tilting, then transfer
the contents to a 100 mm culture plate. Leave the plate

in a cell culture incubator for 5 days at 37 °C, 5% CO2.

3. Induction and isolation of Epstein-Barr virus
particles

1. After 5 days in the incubator, centrifuge the contents of
the plate at 120 x g for 8 min to pellet the cells. Collect
the cell-free, virus-containing supernatant and discard

the cell pellet.

2. Centrifuge the supernatant at 16,000 x g for 90 min at 4
°C to pellet the virus particles. Discard the supernatant
and resuspend the virus pelletin 5 mL of culture medium.
NOTE: Phosphate-buffered saline (PBS) can be used to

resuspend the virus pellet instead of culture medium.

3. Aliquot the viral suspension obtained into 20 tubes, each
containing 250 pL of the viral suspension. Store the

suspension at -80 °C.

3.

4. DNA extraction from viral particles

CAUTION: Extreme care should be taken when handling
phenol, as it is toxic and corrosive and has the ability to cause
severe burns. Phenol is light sensitive and oxidizes upon
contact with light or air. Store it in a light-resistant container or
alternatively cover the phenol tube with an opaque material

like aluminum foil.

1. Separation of proteins from DNA

1. Add 500 pL of TrisCl-saturated phenol to one of the
250 pL tubes. Add 100 pL of water (to increase the
volume of the aqueous phase) and vortex well to
obtain a pink emulsion. Centrifuge for 15 min at 9650
Xg.

DNA precipitation

1. Collect the supernatant (transparent, aqueous
phase) and transfer it to a new 15 mL

microcentrifuge tube.

2. Add an equivalent of 1/10 of the supernatant's
volume of cold sodium acetate (3 M, pH 5.2) and mix
by pipetting up and down. Add 1 uL of 20 mg/mL
glycogen and mix by pipetting.

NOTE: This step is optional, but the addition of
glycogen enhances DNA precipitation as well as

makes it easier to visualize the DNA pellet.

3. Add three times the supernatant's volume of cold
100% ethanol. Store at -80 °C overnight.
NOTE: The procedure can be stopped here to be
resumed at a later time. The sample can be stored at
-80 °C for 1 h, or alternatively overnight. Overnight
storage enhances DNA precipitation and is thus

recommended.
Isolating the viral DNA

1. The following day, centrifuge at 9650 x g for 15 min
at 4 °C and discard the supernatant to obtain a DNA

pellet.

2. Wash the pellet three times with 1 mL of cold 70%
ethanol, centrifuge at 9650 x g for 15 min, and

discard the supernatant.
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3. Air-dry the pellet for about 10 min. Resuspend the
pellet in 10-50 pL of nuclease-free distilled water

(depending on the size of the DNA pellet).

4. Store the samples at -20 °C for later processing or at
4 °C overnight to ensure maximal DNA dissolution
followed by storage at -20 °C. Alternatively, directly

proceed with step 5.

5. Checking DNA concentration and purity

After cleaning the pedestal of a microspectrophotometer
with a delicate task wiper, load 1 pL of the DNA

preparation.

Note the concentration of the DNA in the sample. Check

260 nm 260 nm
the ratios of absorbance at both 280 nm and 230 nm. DNA

will absorb at 260 nm, proteins at 280 nm, and organic
substances such as phenol will absorb at 230 nm. A ratio

of 1.8-2 is considered sufficient for real-time PCR.

NOTE: Depending on the concentration of DNA
in the sample, a dilution step may be needed.
The dilution factor F should be noted and will be

integrated in the formula in step 6.3.

3. Prepare other tubes that will be used as standards
with known EBV genome copy numbers (1000,

2000, 5000, 10,000, and 54,000 copies).

Run the PCR mixtures starting with an initial step of
activation at 95 °C for 5 min, then 40 cycles at 95 °C and

58 °C (annealing) for 15 s and 30 s, respectively.

Generate a qPCR standard curve by plotting the Ct
values of the standards against the log of the number of
EBV genome copies per standard tube. Employing the
standard curve plot equation, derive the number of EBV
genome copies in the PCR tube containing the induced
viral DNA. Then, use the following formula to calculate

the concentration of the induced viral preparation:

EBV particles/plL

6. Quantification by real-time polymerase chain

_ Extracted DNA Resuspension Volume X F X X
reaction -

Total volume per culture well

Where X is the number of EBV genome copies derived
1. Preparation of the PCR reaction mixes
from the standard curve and F is the dilution factor used

1. Place 5 uL of a SYBR green real-time PCR mix for setting up the DNA utilized per PCR reaction.

in 0.2 mL PCR tubes. Add to each tube 1 uL of

7. Checking for biological activity/infectivity of the
viral particles

7.5 pmol/uL forward primer and 1 L of 7.5 pmol/
ML reverse primer. Forward primer sequence: 5'-
CCCTAGTGGTTTCGGACACA-3'; reverse primer  {  Transfer BC-3 cells from a 100 mm culture plate at 80%

sequence: 5-ACTTGCAAATGCTCTAGGCG-3'.

confluency to a 15 mL conical tube. The seeding density

The gene amplified to determine the EBV genome of P3HR-1 cells is 1 x 108 cells/mL. Maintain in complete

copy number is the Epstein-Barr virus small RNA 2 RPMI culture medium (79% RPMI culture medium, 20%

(EBER-2) gene. Fetal Bovine Serum, 1% Pen-Strep antibiotic) at 37 °C
2. Toone of the tubes, add 2 pL of nuclease-free water and 5% CO2, and passage every 3-4 days.
and 1 yL of viral DNA from step 4. The total volume

of the reaction mixture is 10 yL.
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2. Count the BC-3 cells the same way the P3HR-1 cells

were counted by following step 1. To a 96-well plate, add

10% BC-3 cells to each well. Use three, six, nine, or 12
wells to ensure the significance of results and minimize

errors.

3. Add a volume of viral stock to each well, depending on
the concentration of the viral preparation determined in
step 6.3. The MOI can vary, and optimization of this
protocol will reveal the best MOI for infection (an MOI
range of 2-50 is recommended). Ensure the total volume

of the mixture present in each well is 250 L.

1.  Todetermine the required volume, the concentration
of the viral stock should be known, and an MOI
should be selected. For example, if the MOl is 2, then
the number of viral particles added should be twice

the number of cells. Calculate the volume V of the

mn
viral stock required using the formula: = ¢, with n
being the number of viral particles needed, and C

the known concentration of the viral stock

4. Incubate the contents of the 96-well plate for 5 days. After
5 days, transfer the contents of each well to a 1.5 mL

tube.

5. Centrifuge the tubes at 120 x g for 8 min to separate the
cells from the virus-containing culture medium. Subject
the cell pellets as well as the supernatants to DNA
extraction followed by real-time PCR quantification to
check for the presence of viral genomes in each fraction,

thus assessing the infectivity of the viral particles.

Representative Results

The goal of this procedure is to isolate EBV particles in a
suspension with known viral titer, that could subsequently be
used to model EBV infection. Thus, it is of utmost importance
to use optimal concentrations of the different reagents to

obtain the highest EBV yield out of the procedure.

An optimization trial was performed to determine the
concentrations of PMA and DMSO that would yield the
highest number of EBV particles (Figure 2). A DMSO
concentration of 0.8% and a PMA concentration of 35 ng/uL
were optimal and resulted in high EBV concentrations. The
concentration of viral particles obtained from the optimization

protocol was 917,471 viral particles/jL.
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Figure 2: EBV DNA copies/mL obtained upon induction of P3HR-1 cells with phorbol 12-myristate 13-acetate (PMA).

P3HR-1 cells (105 cells) were cultured alone or induced with different concentrations of PMA and DMSO using the protocol

described here. The error bars indicate the standard deviation. A Student's t-test was performed comparing PMA/PMA and

DMSO-treated cells to control cells; * indicates p < 0.05. Please click here to view a larger version of this figure.

For this protocol to be considered effective, step 6 should
reveal a reasonable concentration of viral particles, and step
7 should show that these viral particles are indeed infectious.
The BC-3 cell line used in step 7 is EBV-negative, so upon

quantification of the EBV genome copy numbers in negative

controls (that were not subjected to this protocol), no EBV

DNA should be detected.

However, EBV DNA should be detected in both the cells
and the culture medium of the experimental wells (that were
subjected to this protocol), for the following reasons: EBV that

infects BC-3 cells will replicate inside these cells, accounting
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for the fact that EBV DNA will be detected in the cell pellet
and upon replication, BC-3 cells will shed viral particles to the
outside; thus, EBV DNA will be detected in the culture medium

supernatant (after DNA extraction).

Discussion

The production of EBV particles is necessary for
understanding the biology of this virus as well as its
associated diseases. Here we described the production of
these particles from the P3HR-1 cell line. This cell line is
not the only EBV-producer line; in fact, EBV particles have

also been isolated from B95-8 cells?!:22

as well as the Raji
cell line'®:19_ The EBV lytic cycle has been induced in these
cells with n-butyrate. Alternatively, phorbol esters such as
12-O-tetradecanoylphorbol-13-acetate (TPA), also known as
phorbol 12-myristate-13-acetate (PMA), can be used. Overall,
the protocol detailed here can be used employing these
cells instead of the P3HR-1 line. However, the B95-8 line
was derived from a cotton-top tamarin (Saguinus oedipus)
that is currently classified as a critically endangered primate
specie523; hence, this line is rarely sold by vendors with
restrictions on its sale and shipping. A license is also required
by the convention on the international trade in endangered
species of wild fauna and flora (CITES) for all orders outside
the United Kingdom. While the Raiji cell line is commercially
available, the synthesis of replicative viral DNA and the
production of viral capsid antigen (VCA) do not occur in these
cells after induction by chemicals?*:25. However, these can
be readily induced by complementation after superinfection

with EBV isolated from P3HR-1 cells20.

Due to the absence of a direct plaque assay for the
enumeration of EBV particle826, we relied on a real-time
polymerase-chain reaction. There are other methods of

quantification that may work equally well for our purpose,

such as immunofluorescence or PCR employing fluorescent
probes that may offer enhanced specificity. The choice of
real-time PCR using genome copy standards is based on
the fact that this is readily accessible to most laboratories,
less laborious, less technically challenging, and more cost-
efficient?” . Hence, other methods of quantification could work
equally well and may be used based on availability and

experience.

One of the most critical steps in the protocol detailed here is
the plating of cells in step 2.1 and seeding with a cell number
within the range recommended for the size of the plate. A low
number of cells yields a low concentration of viral particles,
while a large number of cells would crowd the plate, inhibit the
growth and replication of cells, and hence slow the lytic cycle
of the virus. This is why extreme care should be taken while
counting the cells in step 1, calculating the required volume

of suspension A, and finally plating the cells in step 2.

A limitation of the protocol is the assumption that one copy of
the EBV genome corresponds to one viral particle. While this
assumption is plausible, whether such particles are defective
or incomplete cannot be detected using this assay. Since
there are no plaque formation assays for EBV as there are
for many other viruses, DNA extraction followed by real-
time PCR remains an accepted method to quantify the viral
preparation. Another limitation is that the virus is induced
from a continuous mammalian cell line that may accumulate
mutations upon many rounds of passaging. Such mutations
may affect the virus itself, resulting possibly in altered in
vivo or ex vivo properties of the virus. A potential solution
would be to regularly sequence the cellular and viral genome.
Alternatively, cells can be discarded after a few passages
and the culture can be restarted anew from a liquid nitrogen-

stored cell sample with a low number of previous passages.
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It is also worth noting that the EBV particles obtained from
the P3HR-1 cell line lack the EBNA2 antigen, which is usually
expressed in B lymphocytes that are latently infected with
EBV, as part of six viral nuclear proteins in total?8. The
EBNAZ2 protein activates the promoters of genes that express
proteins associated with the type Ill of EBV latency. However,
recent studies have shown that EBNA2-deficient EBV is able
to form tumors in CBH mice, and that the P3HR-1 cell line
hence remains a useful model of EBV positive Iymphomaszg.
On the other hand, EBV from P3HR-1 cells can be used to
study the roles played by EBNA2 while using an EBNA2-
positive EBV as control. In summary, EBV obtained from a
continuous P3HR-1 cell line has a significant research value;
it can be used to study the biology, infectivity, virulence, as

well as many other properties of EBV.
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