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Abstract

Background: In the poultry industry, quantitative analysis of chicken T cell proliferation is important in many
biological applications such as drug screening, vaccine production, and cytotoxicity assessment. Several assays have
been established to evaluate this immunological response in chicken cells. However, these assays have some
disadvantages including use of radioactive labels ([3H]-Thymidine assay), necessity of DNA denaturation or digestion
(BrdU incorporation assay), lack of sensitivity and underestimation of anti-proliferative effects (MTT assay), and
modulation of activation molecules and cell viability reduction (CFSE assay). Overcoming these limitations, the EdU
proliferation assay is sensitive and advantageous compared to [3H]-Thymidine radioactive labels in studies on cell
proliferation in vitro and allows simultaneous identification of T cell populations. However, this assay has not been
established using primary chicken cells to evaluate T cell proliferation by flow cytometry.

Results: Here, we established an assay to evaluate the proliferation of primary chicken splenocytes based on the
incorporation of a thymidine analog (EdU) and a click reaction with a fluorescent azide, detected by a flow
cytometer. We also established a protocol that combines EdU incorporation and immunostaining to detect CD4+

and CD8+ proliferating T cells. By inducing cell proliferation with increasing concentrations of a mitogen
(Concanavalin A), we observed a linear increase in EdU positive cells, indicating that our protocol does not present
any deficiency in the quantity and quality of reagents that were used to perform the click reaction.

Conclusions: In summary, we established a reliable protocol to evaluate the proliferation of CD4+ and CD8+

chicken T cells by flow cytometry. Moreover, as this is an in-house protocol, the cost per sample using this protocol
is low, allowing its implementation in laboratories that process a large number of samples.
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Background
The poultry sector is growing in many countries, with
chickens being the largest segment of the industry. How-
ever, these birds are exposed to different kinds of stresses
and diseases that negatively impact their welfare and con-
sequently, the economy of the industry; therefore many
studies have focused on the development of biological
products that improve their immune system [1–5]. The
chicken immune system functions on the same general
principles as the mammalian immune system and is

divided into two arms: humoral immunity and cellular im-
munity [6]. Both CD8+ and CD4+ T cell subsets, which
are components of cellular immunity, are present in
chickens [6, 7]. CD8+ T cells are the effector cells in cyto-
toxic responses that kill infected target cells, whereas
CD4+ T cells collaborate in pathogen elimination [8]. Evi-
dence in the literature indicates that CD4+ T cells can also
differentiate into Th1 or Th2 cells that are important for
the elimination of intracellular or extracellular pathogens,
respectively [9]. Many researchers evaluate T cell prolifer-
ation to determine whether the cellular immune response
is stimulated by a biological product [1, 2, 5, 10]. There-
fore, diverse efforts have been realized to standardize

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: karla.alvarez@farvet.com; karlalucia220@gmail.com
Research and Development Laboratories, FARVET, Carretera Panamericana
Sur N°766 Km 198.5, Ica, Peru

Alvarez et al. BMC Veterinary Research          (2020) 16:230 
https://doi.org/10.1186/s12917-020-02433-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-020-02433-0&domain=pdf
http://orcid.org/0000-0002-0594-9456
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:karla.alvarez@farvet.com
mailto:karlalucia220@gmail.com


techniques allowing this evaluation [11–15]. Proliferation
assays are classified into four categories: indirect measures
of cell proliferation, cell cycle-associated protein detection,
use of cytoplasmic proliferation dyes, and nucleoside-
analog [16]. One of the most common methods used with
chicken cells is the MTT assay. However, as this assay
measures the mitochondrial dehydrogenase activity in
cells, and then estimates the cell number from a calibra-
tion curve of absorbance versus cell number, its results
should be interpreted with caution. Moreover, an increase
in cellular mitochondrial activity might not be just an in-
dicator of proliferation as it can be affected by other fac-
tors like cell death and decreased or increased metabolic
activity of non-proliferating cells [17, 18].
Standardization of flow cytometry-based proliferation

assays has been reported and multicolor labeling in these
assays allows identification of T cell subsets. The most
common flow cytometry-based proliferation assays are
dye-based cell proliferation assays and DNA synthesis
assays. The CFSE assay, a dye-based cell proliferation
assay, has been established with chicken cells [19]. In
this assay, a cytoplasmic fluorescent dye, carboxyfluores-
cein diacetate succinimidyl ester (CFSE), is incorporated
into lymphocytes. Subsequently, flow cytometry allows
the visualization of each round of division and quantita-
tive analysis of cell division. However, CFSE cell staining,
which is performed before cell culture, is cumbersome
and during this process, a fraction of cells is lost due to
dye toxicity. On the other hand, the most common assay
based on DNA synthesis using chicken cells is the 3H-
Thymidine (3H-TdR) incorporation assay. However, the
main disadvantage of this assay is that the radioisotope
(3H-TdR) is a biological hazard to the investigator and
environment; further, the assay cannot determine sub-
sets of proliferating lymphocytes. A non-radioactive
DNA assay that incorporates the thymidine analog 5′-
Bromo-2′-deoxyuridine (BrdU) was established to over-
come these limitations. This assay offers an advantage in
measuring the cell division of small populations; nonethe-
less, the major disadvantage of BrdU staining is that the
double-stranded DNA blocks the access of the anti-BrdU
antibody to BrdU units. Therefore, the samples need to be
subjected to denaturing or enzymatic conditions, hinder-
ing the detection of the cell surface antigens in chicken
lymphocytes [14]. To overcome this, another thymidine
analog, ethynyl-deoxyuridine (EdU) has been used. The
assay, based on a copper-catalyzed reaction that adds a
fluorescent azide to an alkyne group on the DNA-
incorporated EdU [20], does not require DNA denatur-
ation for detecting the incorporated nucleoside and it is,
thus, possible to identify T cell subpopulations [21, 22].
However, this assay was optimized mainly with mamma-
lian cells and is generally performed using commercial
kits. The use of commercial kits increases experimental

costs per sample, thereby hindering its implementation in
laboratories that process a large number of samples. In
this study, we established and optimized an in-house
protocol to evaluate the proliferation of spleen mono-
nuclear cells from chickens by flow cytometry. We also in-
cluded an immunostaining step to identify the T cell
proliferation subtype.

Results
Optimization of cell culture conditions
Mammalian-suitable media (RPMI-1640 medium) supple-
mented with chicken serum (ChS) or fetal bovine serum
(FBS) are traditionally used for chicken cell culture [11,
12]. However, as shown in Fig. 1b (gating strategy for flow
cytometry analysis is depicted in Fig. 1a), we found
that spleen mononuclear cells stimulated with the mito-
gen ConA for 3 days have low viability when cultured in
RPMI-1640 medium supplemented with 5% FBS (22 ±
10.8%) or 5% ChS (23 ± 7.47%). As rapidly proliferating
cells must acquire more nutrients than non-proliferating
cells [23], requiring high levels of glucose and amino acids
[24], we evaluated the possibility of improving cell viability
using a high-glucose medium like DMEM.F12 (supple-
mented with 5% of ChS) and a medium that was modified
in our laboratory, supplemented with 0.5% ChS
(FARMEM medium, industrial secret). As shown in Fig.
1c and d, cell viability was higher using the FARMEM
medium than with DMEM.F12 medium (57.7 ± 5.6% vs.
28.4 ± 7.7%; p = 0.0286). In this study, we used FARMEM
medium due to the high cell viability obtained and the re-
duction of serum supplementation. Another study recom-
mends the use of X-VIVO™ 15 medium (Lonza, MD,
USA), a serum-free medium that reduces the background
proliferation of primary chicken cells [19].

Click reaction and the effect of permeabilization reagents
on detection of proliferating cells
EdU proliferation assay kits from diverse commercial
companies are available and validated with mammalian
cells. To reduce the cost per sample and validate this
protocol with primary chicken cells, we purchased the
components of the click reaction from various commer-
cial companies. The click reaction has 3 components:
EdU that is incorporated into DNA, fluorescent azide
that binds to an alkyne group of EdU through the click
reaction, and copper (I) as the catalyst of the click reac-
tion. EdU and Alexa Fluor™ 488 Azide were purchased
from Thermo Fisher Scientific (MA, USA) and dissolved
in DMSO at 10 mM and 6mM, respectively. The best
EdU staining was reported to be obtained when the click
reaction was catalyzed by Cu (I) ions generated from
copper (II) sulfate in situ, using ascorbic acid as a redu-
cing agent [20]. So, in this work, we purchased the cop-
per (II) sulfate and ascorbic acid from Sigma-Aldrich
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Company (MO, USA). As the click components are cell
impermeant, we evaluated which permeabilization proto-
col would allow detection of cells incorporating EdU with
low cellular autofluorescence and high recovery of cells
post-treatment. Thus, we isolated spleen mononuclear
cells and stimulated them with 1 μg/ml ConA for 3 days.
Four hours before the end of culture, the cells were incu-
bated with 25 μM of EdU. Subsequently, the cells were
fixed with 2% formaldehyde in D-PBS buffer for 10min at

4 °C, and then the cell membrane was permeabilized with
a harsh detergent like Triton X-100 (0.5 and 0.05%) or
with a mild detergent reagent like saponin (0.5 and 0.2%),
both prepared in D-PBS buffer. The click reaction was
carried out under the following conditions described in
the literature (the concentration of the fluorescent azide
was modified): 6 mM copper sulfate (CuSO4), 4 μM Alexa
Fluor™ 488 Azide, and 100mM ascorbic acid [20]. The
gating strategy for flow cytometry analysis is shown in

Fig. 1 Impact of cell culture medium on cell viability. Spleen mononuclear cells were isolated through a density gradient and cultured in RPMI-1640
supplemented with 5% fetal bovine serum (FBS), RPMI-1640 supplemented with 5% chicken serum (ChS), DMEM:F12 supplemented with 5% ChS, or
FARMEM supplemented with 0.5% ChS. Cells were cultured in duplicate in the presence or absence of 1 μg/ml ConA. At 72 h post-plating, cell viability was
evaluated using the 7AAD reagent. (a) Dot plots representing the flow cytometry analysis. (b) Comparison of cell viability in RPMI-1640 supplemented with
5% FBS and RPMI-1640 supplemented with 5% ChS. (c) Comparison of cell viability in DMEM:F12 supplemented with 5% ChS and FARMEM. (d)
Biparametric FSC/SSC dot plot of stimulated cells with ConA in RPMI-1640 supplemented with 5% FBS, RPMI supplemented with 5% ChS, DMEM:F12 or
FARMEM medium. Data are represented as the percentage of the 7AAD negative cells in relation to the total population. Results are expressed as the
mean ± standard deviation. Significant differences are indicated by * (p = 0.0286). Each dot of the same color represents an independent experiment. In
each experiment, the cells of 1 chicken were analyzed. Per sample, 30,000 events were acquired on a FACSMelody flow cytometer
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Fig. 2a, and as depicted in Fig. 2c and d, the lowest autoflu-
orescence of the EdU- population and the brightest EdU+

population was obtained with 0.2% saponin. We also recov-
ered more cells at the end of the process using saponin
(Fig. 2b). Thus, we used 0.2% saponin as a permeabilization
reagent in subsequent experiments.

Effects of EdU concentration and EdU incubation time on
the click reaction
Literature and protocol kits report different EdU con-
centration and incubation times. Therefore, in the next

part of the work, EdU reagent was added for 4, 8, and
16 h prior to cell recovery. As shown in Fig. 3b, at 16 h
of EdU incubation, we detected the highest number of
proliferating cells compared to that at 8 h (18.4 ± 3.1% vs
9.4 ± 1.2%, p = 0.0286) and 4 h (18.4 ± 3.1% vs 6.5 ± 1.5%,
p = 0.0286). We also found that EdU reagent can be used
in the concentration range of 10–50 μM (Fig. 3a) and
that the click reaction is realized in 20min or less (Fig.
3c). We did not observe an increase in the percentage of
proliferating cells in unstimulated conditions (Fig. 3a).
To determine whether we were using the right

Fig. 2 Effect of permeabilization reagents on the detection of EdU+ cells. Mononuclear splenocyte cells, cultured for 72 h in the presence or
absence of 1 μg/ml ConA, were fixed and treated with different permeabilization reagents (saponin or Triton X-100). (a) Flow cytometry analysis
for detecting EdU incorporation into cells. (b) Representing dot plots of the cells treated with different permeabilization reagents. (c) Comparison
of median fluorescence intensity (MFI) in EdU− cells (autofluorescence) treated with saponin or Triton X-100. (d) Comparison of MFI of EdU+ cells
treated with 0.5% or 0.2% saponin. Results are the mean ± standard deviation from of 2 independent experiments, performed in duplicate. In
each experiment, the cells of one chicken were analyzed. Per sample, 20,000 events were acquired on a FACSMelody flow cytometer

Alvarez et al. BMC Veterinary Research          (2020) 16:230 Page 4 of 12



components and concentrations of the click reaction re-
agents, we stimulated the cells with increasing concen-
trations of ConA and 16 h before the end of the culture
25 μM EdU was added. As shown in Fig. 3d we observed
that the percentage of EdU+ cells was increased in a
dose-dependent manner, indicating that the click reac-
tion was optimized under the conditions used (25 μM
EdU, 4 μM Alexa Fluor™ 488 Azide, 6 mM CuSO4, 100
mM ascorbic acid and click reaction time of 20 min).

Impact of click reaction on the staining of cell surface
antigens
Next, we evaluated the possibility of identifying T cell sub-
populations through the use of antibodies. At the beginning
of the study, a multicolor panel design was limited by the
configuration of the FACSMelody flow cytometer [blue
(488 nm) and red (640 nm) lasers]; thus, we used a PE anti-

chicken CD8α antibody (clone 3–298) and AF647 anti-
chicken CD4 antibody (clone CT-4), clones that were used
in other studies [11, 19]. It has been established that prior
to the click reaction, a fixation step is necessary to stabilize
the cellular membrane. Considering that fixative agents like
paraformaldehyde can alter the epitopes or affect the
fluorochrome signals, we fixed the cells prior to or after cell
staining. As shown in Fig. 4b, c, the percentage of CD4+ or
CD8+ cells was unaltered, indicating that the fixative step
does not modify the epitope expression nor the antibody
signal (gating strategy for flow cytometry analysis is
depicted in Fig. 4a). Subsequently, we evaluated the effect
of the click reaction on the surface expression of antigens
and the fluorescence signal intensity. As shown in Fig. 4b,
d, we barely detect the CD4+ population when the click re-
action was performed before the staining step, whereas the
percentage of the CD8+ population was diminished from

Fig. 3 Click reaction conditions. Mononuclear cells isolated from the spleen were cultured in duplicate for 72 h in the presence or absence of
1 μg/ml ConA. The same flow cytometry analysis showed in Fig. 2a was followed. (a) Percentage of EdU+ cells after 4 h incubation with 10, 25, or
50 μM of EdU. The results are expressed as the mean ± standard deviation of 3 independent experiments. (b) Percentage of EdU+ cells incubated
with 25 μM of EdU for increasing time. The results are expressed as the mean ± standard deviation of 3 independent experiments. (c) Percentage
of EdU+ cells after incubating activated cells with click reaction components for increasing time. The results are expressed as the mean ± standard
deviation of 3 independent experiments. (d) Percentage of EdU+ cells stimulated with increasing concentrations of 1 μg/ml ConA. EdU (25 μM)
was added at 16 h before the end of the culture. The staining time with the click reaction solution was 20min. The results are expressed as the
mean ± standard deviation of 2 independent experiments. In each experiment, the cells of 1 chicken were analyzed. All values shown are
percentage of singlet cells. Significant differences are indicated by * (p = 0.0286). Per sample, 30,000 events were acquired on a FACSMelody
flow cytometer
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40.0 ± 9% to 13.1 ± 5.1% (p = 0.0286) when the click reac-
tion was performed after the staining step. As we observed
that the click reaction components destroy the CD4 epitope
and reduce PE fluorescence, we stained the cells with
Alexa Fluor® 647 anti-chicken CD4 antibody before the

click reaction and with PE anti-chicken CD8α after the
click reaction. Although we detected the CD4+ cells and
CD8+ populations with this dual staining procedure, the
PE signal was reduced compared to that in untreated cells.
In consequence, it was difficult to separate the CD8+ cells

Fig. 4 Effect of the fixative and click reaction on antibody fluorescence and T cell surface antigens. Mononuclear cells isolated from spleen of 1
chicken were divided into 5 tubes that received different treatments. (a) Dot plots representing flow cytometry analysis. (b) Dot plots showing
the effect of the fixative and the click reaction on the percentage of CD4+ or CD8+ cells detected by flow cytometry. (c) Quantitative data
showing the effect of the fixative on the percentage of CD4+ or CD8+ cells detected by flow cytometry. The results are expressed as the mean ±
standard deviation of 3 independent experiments. (d) Quantitative data showing the effect of the click reaction on the percentage of CD4+ or
CD8+ cells detected by flow cytometry. The results are expressed as the mean ± standard deviation of 4 independent experiments. All values
shown are percentage of singlet cells. Significant differences are indicated by * (p = 0.0286), ns p > 0.05. Per sample, 30,000 events were acquired
using a FACSMelody flow cytometer
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from the CD8− cells, resulting in the detection of a higher
percentage of CD8+ cells after the click reaction than in
untreated cells (56 ± 12% vs 40 ± 9%) (Fig. 4d).
As CuSO4 can affect the PE signal, we reduced the

CuSO4 concentration from 6mM to 0.3 mM (the minimal
concentration that maintained the correlation showed in
Fig. 3d), however, this alteration in the click cocktail did
not improve the signal intensity of PE (data not shown).
In a study by Xiaojing Sun and collaborators the cell stain-
ing was improved upon reducing the saponin concentra-
tion [22]. Thus, we reduced the saponin concentration
from 0.2% to the concentration that they had used
(0.01%). Although this reduction slightly improved the PE
signal, we did not observe an increase in the percentage of
EdU+ cells when they were stimulated with increasing
concentrations of ConA (Fig.5a). In order to maintain the
positive correlation between the proliferation stimulus
and the percentage of EdU+ cells, we included a
permeabilization step using 0.02% saponin (Fig. 5d). To
improve the PE signal, we included an incubation time
with 5% FBS (30min) post the click reaction, as reported
by Xiaojing Sun and collaborators [22]. Under these con-
ditions, we observed an increase in the percentage of
EdU+ cells when stimulated with increasing concentra-
tions of ConA (Fig. 5b), and as depicted in Fig. 5c, e, the
PE and AF647 signals were qualitatively improved.

T cell antigen specific proliferation
To demonstrate that this protocol can be used to evalu-
ate antigen-specific proliferation, we cultured spleen
mononuclear cells from chickens that were vaccinated
against infectious bursal disease virus (FARMUNE®,
FARVET, Peru). As observed in Fig. 6, this protocol de-
tected proliferating CD8+ T cells that were stimulated
in vitro by a recall antigen (inactivated infectious bursal
disease virus).

Discussion
Most studies that evaluate chicken T cell proliferation,
as a parameter to determine activation of the cellular
immune response, are limited to the MTT or [3H]-Thy-
midine assays. However, these are old techniques with
critical limitations. The application of MTT assay as a
technique to evaluate cell proliferation was reported in
1983 [25], whereas the first pitfalls of [3H]-Thymidine
incorporation were reported in 1981 [26]. Since then,
considerable advances have been made to develop more
sensitive and harmless methods that evaluate cell prolif-
eration and identify the cell phenotype. Most of those
techniques have been validated using mammalian cells
and to our knowledge, only the BrdU and CFSE assays
were validated using lymphocyte chicken cells [14, 19].
The BrdU assay is a sensitive technique; however, due to
the treatment that the cells are subjected, some surface

epitopes can be altered. On the contrary, although the
CFSE technique is a sensitive assay that allows identifica-
tion of the phenotype of proliferating cells, the CFSE dye
is toxic to cells even at low concentrations [27]. In our
experience, the staining step should be fast to avoid loss
of cells due to dye toxicity; thus, another limitation of
this technique is that only a small number of samples
can be processed simultaneously by a single operator.
Other dyes like Cell Trace violet are less toxic; however,
in chicken cells, we found poor discrimination between
proliferating and non-proliferating cells. In 2007, Adrian
Salic and Timothy J. Mitchison developed a method to
detect DNA synthesis in proliferating cells [20]. This
sensitive method, which is compatible with immuno-
staining, is based on the incorporation of a thymidine
analog (EdU) and its subsequent detection by a fluores-
cent azide through a Cu(I)-catalyzed cycloaddition reac-
tion (“click” chemistry) [28, 29]. Initially, using this
methodology, cellular proliferation was studied through
fluorescence microscopy. Thereafter, the assay was
adapted to flow cytometry and using commercial kits, it
was validated in different samples, including human
cells, mice cells, and chick embryos [22, 30, 31]. In this
study, we established a protocol to evaluate the prolifera-
tion of T cells isolated from chicken spleen. We did not
use a commercial kit, as one of the limitations of the
technique for its implementation in laboratories is a
higher cost per sample. Instead, we purchased the
components of the assay from different commercial
sources and reduced the cost of consumables per
sample. To confirm that our protocol does not
present any deficiency in the components of the click
reaction, we stimulated the cells with increasing con-
centrations of ConA. As presented in Figs. 3d and 5b,
the percentage of EdU+ cells increased in a dose-
dependent manner. Like mammals, the main effector
cells in chickens are CD3+CD4+ αβ TCR+ T and
CD3+CD8+ αβ TCR+ T cells [8]. On the contrary, un-
like mice and humans, CD3+ γδ TCR+ T cells are the
major circulating T cell subset and are identified by
TCR1 expression [1]. The γδ TCR+ T cells proliferate
by various stimuli, being their proliferative response
dependent on CD4+ αβ Tcells [8]. In this study, we
established an immunostaining protocol that can be
used to detect CD4+ and CD8+ proliferating T cells.
As in the spleen, some CD8+ cells also express TCR1
[32], we recommend to include a TCR1 antibody to
determine the T cell subtype that is proliferating.
It is also important to mention that in contrast to the

CFSE technique that monitors cell proliferation since
the beginning of the cell culture, the EdU assay just eval-
uates it in a short window of time. In consequence, this
technique would not be useful to identify slow dividing
cells or with a delay in cell proliferation. Another
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Fig. 5 Optimization of the staining protocol. EdU was added 16 h before the end of the culture period. The cells were recovered, fixed, and stained
with the click reaction components. (a) Spleen mononuclear cells, cultured in the presence of increasing concentrations of ConA (0.5 μg/mL – 4 μg/
mL), were subjected to protocol A as described in Fig. 5d. The results are expressed as the mean ± standard deviation of 2 independent experiments.
(b). Spleen mononuclear cells, culture in the presence of increasing concentrations of ConA (0.5 μg/mL – 4 μg/mL), were treated with protocol B as
described in Fig. 5d. The results are expressed as the mean ± standard deviation of 2 independent experiments. (c) Dot plots showing the percentage
of CD4+ and CD8+ cells treated with protocol A, protocol B, or from untreated fresh cells. (d) Flow chart of the staining process. (e) Quantitative data
showing the effect of protocol A or B on the percentage of CD4+ or CD8+ cells as detected by flow cytometry. The results were expressed as the
mean ± standard deviation of 3 independent experiments. All values shown are percentage of singlet cells. In each experiment, the cells of one
chicken were analyzed. Per sample, 30,000 events were acquired on a FACSCanto II flow cytometer
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disadvantage is the cytotoxicity of EdU, which makes
EdU unusable for long-term experiments [33].

Conclusion
In summary, we established a reliable protocol to
evaluate the proliferation of primary chicken T cells
based on the incorporation of EdU (thymidine ana-
log) and their subsequent detection by flow cytome-
try. The availability of this assay will contribute to
advance avian research that needs to evaluate T cell
proliferation as a parameter of immune system acti-
vation. In addition, as this an in-house protocol, the
cost per sample will be lower than that with kits,
and its use will be profitable in laboratories that
process a large number of samples. The implementa-
tion of this technique also will contribute to screen-
ing actives components or to the development of

new vaccines that improve the chickens’ healthiness,
animals that are an important source of protein to
humans.

Methods
Birds
Twenty-nine specific-pathogen-free (SPF) White Leghorn
chickens (layer chickens) of 20-to-40-week-old (Charles
River Laboratories, MA, USA) were housed in the SPF area
of FARVET company and fed ad libitum with sterilized feed
and water. Prior to the experiments, the animals were
maintained healthy and were employed to supply the em-
bryonated eggs used in vaccine manufacturing. On the day
of the experiment, the animals were euthanized by cervical
dislocation without anesthesia following the American Vet-
erinary Medical Association (AVMA) guidelines. The pro-
cedure was performed by a trained veterinarian.

Fig. 6 Lymphocyte T proliferation from IBDV immune chickens. Spleen mononuclear cells isolated from 16-weeks old chickens inoculated
on day 0 with vectorized vaccine [FARMUNE® (HVT-IBDV-ILTV)], were stimulated in duplicate with 1 μg/ml ConA or 107 copies/ml of
inactivated IBDV (infectious bursal disease virus - recall antigen). As basal control, cells were cultured only with medium. (a) Flow
cytometry analysis protocol used to evaluate the proliferation of CD8+ and CD4+ cells. (b) Quantitative data showing the proliferation of
CD4+ or CD8+ T cells. Each dot represents an animal. All values shown are percentage of CD4+ or CD8+ cells. The results are expressed
as the mean ± standard deviation of one experiment. Significant differences are indicated by *(p = 0.0286). Per sample, 50,000 events were
acquired using a FACSCanto II flow cytometer
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Experiments that required statistical analysis were
performed 3 or 4 times (mentioned in the figure leg-
ends). The cells from 1 animal were analyzed per
experiment.

Isolation and culture of mononuclear spleen cells
Spleens were collected aseptically from the chickens and
immediately placed in a tube containing 5 ml of sterile
RPMI-1640 medium (Sigma-Aldrich, MO, USA, Catalog
# R7755-10 L). Subsequently, the tube was transported
on ice to the laboratory. The spleen was perfused with
10ml of RPMI-1640 supplemented with 10% fetal bovine
serum (FBS - HyClone, GE Healthcare, UT, USA, Cata-
log # SV30180.03). To prepare single-cell suspensions,
the splenocytes were strained through a 40 μm mesh
into RPMI-1640 culture medium containing 5% FBS.
The resulting cell suspension was pelleted by centrifuga-
tion for 5 min at 300 ×g and resuspended in 4 ml of D-
PBS (Sigma Aldrich, Catalog # D5773-50 L). Mono-
nuclear cells were isolated by density gradient centrifu-
gation for 30 min at 400 ×g using Histopaque 1.078
(Sigma Aldrich, Catalog # 10771). Then, the cells washed
twice with D-PBS (300 ×g for 10 min), were resuspended
in 2 ml of FARMEM medium (Industrial Secret-
FARVET company). An aliquot of cell suspension was
mixed with 0.4% trypan blue solution (Sigma-Aldrich,
Catalog # 93595-50ML). Through the trypan blue exclu-
sion method, and using a Neubauer chamber the cells
were counted, being the cellular viability between 90 and
95%. The cellular concentration was then adjusted to
10 × 106 cells/ml in the FARMEM medium. One hun-
dred microliters of cells were seeded on P96 round-
bottom plates and cultured with 5% CO2 atmosphere at
41 °C for 3 days in the presence or absence of 100 μl of
1 μg/mL of ConA (Sigma Aldrich, Catalog # C5275). All
procedure was performed under sterile conditions in a
biosafety cabinet (class II cabinet).

EdU incorporation
EdU powder was purchased from Thermo Fisher Scien-
tific (MA, USA, Catalog # A10044), dissolved in di-
methyl sulfoxide (Sigma Aldrich, Catalog # D4540) at
10 mM concentration, aliquoted, and stored at − 20 °C.
EdU previously diluted in cell culture medium was
added at a final concentration of 10, 25, or 50 mM at 4,
8, or 16 h before the end of the culture.

Recovery, fixation, and cell permeabilization
To detach the cells from the plastic, 20 μL of 20 mM
EDTA (Calbiochem, CA, USA, Catalog # 324503) in D-
PBS buffer (pH 7.4), was added and incubated for 20 min
at room temperature [19]. The cells, recovered by pipet-
ting and aspiration, were fixed in 100 μL of 2% formalde-
hyde (Sigma-Aldrich, Catalog # 1040032500) in D-PBS

buffer (pH 7.4) for 15 min at 4 °C and washed twice with
1 ml of D-PBS containing 5% FBS followed by centrifu-
gation of 400 ×g for 5 min. To permeabilize the cells
with Triton X-100 (Calbiochem, Catalog # 9400), the
cells were resuspended in 100 μl of 0.5% or 0.05% Triton
X-100 (prepared in D-PBS buffer, pH 7.4) and incubated
for 15 min at room temperature. Subsequently, the cells
were washed twice with 1 ml of D-PBS and centrifuged
at 500 ×g for 5 min. Finally, the cells were resuspended
in 50 μl of the click staining solution. The saponin re-
agent (Sigma-Aldrich, Catalog # S7900-100G) was part
of the click staining solution, as described in the next
section. In the optimized protocol, the fixed cells were
permeabilized with 0.02% saponin by 1 h at room
temperature. The cells were then washed with 1 ml of
0.02% saponin, centrifuged at 500 ×g for 5 min, and re-
suspended in 50 μl of the click staining solution.

Click reaction
The components of the Click reaction were as follows:
EdU (described above) Copper (II) sulfate (Sigma-Al-
drich, Catalog # C3036) diluted in water at 200 mM,
Alexa Fluor™ 488 Azide (Thermo Fisher Scientific, Cata-
log # A10266) reconstituted in dimethyl sulfoxide at 6
mM, and fresh ascorbic acid (Sigma-Aldrich, Catalog #
A5960-25G) dissolved in water at 1M. The optimized
staining solution was composed of 0.01% saponin pre-
pared in D-PBS, pH 7.4 (3591 μl of the stock), 0.3 mM
copper (II) sulfate (6 μl of the stock), 4 μM Alexa Fluor™
488 Azide (2.7 μl of the stock), and 100 mM ascorbic
acid (400 μl of the stock). The reagents were added in
the same order as mentioned above, and the solution
was mixed between additions. Subsequently, the fixed
cells were resuspended in 50 μL of the staining solution
and incubated for 20 min in the dark at room
temperature. Finally, the cells were washed twice with 1
ml of D-PBS (500 ×g, 5 min). To identify the T cell sub-
set, the cells were resuspended in 300 μl of D-PBS con-
taining 5% FBS and incubated by 30min in the dark at
room temperature. Subsequently, the cells were centri-
fuged (500 ×g, 5 min) and prepared for the staining step.

Antibodies and flow cytometry reagents
Mouse Anti-Chicken CD4-Alexa Fluor® 647 (clone CT-
4, Catalog # 8210–31), Mouse Anti-Chicken CD8α PE
(clone 3–298, Catalog # 8405–09) were purchased from
SouthernBiotech company (AL, USA). The viability de-
termination reagent, 7AAD, was purchased from BD
Biosciences (CA, USA, Catalog # 559925).

Fluorescent cell staining
Cells were labeled with directly conjugated monoclonal
antibodies. Before cell staining, the cells were blocked
for 10 min at 4 °C with 15 μl of 2.5% normal mouse
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serum (Abcam, MA, USA, Catalog # ab7486) prepared
in ice-cold D-PBS containing 5% of FBS (FACS buffer).
Subsequently, the cells were incubated with 35 μl of
Anti-Chicken CD4 or Anti-Chicken CD8α antibodies di-
luted in ice-cold FACS buffer for 20 min at 4 °C. Cells
were then washed with 500 μl of ice-cold FACS buffer
followed by centrifugation at 300 ×g for 5 min (staining
before click reaction) or 500 ×g for 5 min (staining after
click reaction). Previously for flow cytometric acquisi-
tion, the cells were resuspended in 500 μl of FACS buffer
and filtered through a 44 μM nylon mesh (Sigma-Al-
drich, Catalog # NY4100010) into Falcon® 5 ml polystyr-
ene round-bottom tubes (Corning, NY, USA, Catalog #
352054). All antibodies were titrated to the optimal con-
centration before use.

Flow cytometry
Flow cytometry was performed on FACSMelody (BD
Biosciences, CA, USA), which is equipped with two la-
sers: 488 nm and 635 nm, and on FACSCanto II (BD
Biosciences, CA, USA), which is equipped with three la-
sers: 488 nm, 635 nm and 405 nm. Cytometer Perform-
ance was checked with CS&T beads (BD) before each
acquisition, according to the manufacturer’s instructions.
To establish the EdU protocol 30,000 events were

acquired. In antigen-specific stimulation experiments
50,000 events were collected. The data were analyzed
using FlowJo software v10.6.1 (BD Biosciences).

Recall proliferation
Four chickens from 16 weeks of age were inoculated
with the vectorized vaccine FARMUNE® (HVT-IBDV-
ILTV) on day 0 of age. To prepare the recall antigen, in-
fectious bursal disease virus (IBDV) was obtained from
infected cell cultures and was concentrated using a PEG
kit (Abcam, Catalog # ab102538) according to the manu-
facturer’s instructions. Subsequently, the virus was heat-
inactivated in a water bath (56 °C, 1 h) aliquoted and
stored at − 20 °C. To evaluate the antigen-specific prolif-
eration, spleen mononuclear cells isolated as described
above were cultured in presence of 1 × 107 copies/ml of
the inactivated IBVD. The IBDV concentration was pre-
viously determined by qPCR. To evaluate the basal pro-
liferation the cells were cultured with only medium and
as a positive control we used ConA at a final concentra-
tion of 1 μg/ml.

Statistical analysis
All quantitative data were analyzed using the software
GraphPad Prism version 6.1 (GraphPad Software, San
Diego, CA). Mann-Whitney test was utilized to assess
the differences between groups. p ≤ 0.05 was considered
statistically significant.
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