Veterinary World, EISSN: 2231-0916
Available at www.veterinaryworld.org/Vol.14/July-2021/18.pdf

RESEARCH ARTICLE
Open Access

Development of lymphocyte subpopulations in local breed chickens

Adil Sabr Al-Ogaili*"2 and Samer Sadeq Hameed?

1. Department of Medical Laboratory Techniques, Kut Technical Institute, Middle Technical University, Baghdad, Iraq; 2.
Department of Pathology and Poultry Diseases, College of Veterinary Medicine, University of Baghdad, Baghdad, Iraq.
Corresponding author: Adil Sabr Al-Ogaili, e-mail: akarsabradil@gmail.com
Co-author: SSH: samer.hameed@covm.uobaghdad.edu.iq
Received: 09-03-2021, Accepted: 01-06-2021, Published online: 19-07-2021

doi: www.doi.org/10.14202/vetworld.2021.1846-1852 How to cite this article: Al-Ogaili AS, Hameed SS (2021)
Development of lymphocyte subpopulations in local breed chickens, Veterinary World, 14(7): 1846-1852.

Abstract

Background and Aim: Local breeds of chicken are known to have relatively higher disease resistance to many endemic
diseases and diseases that are highly virulent in commercial chickens. This study aimed to address the lymphocyte
subpopulations in three constitutive immune system organs (thymus, bursa of Fabricius, and spleen) in 30, 8-week-old,
male local breed chickens.

Materials and Methods: The T (CD3") and B lymphocytes (Bu-1') were identified through one-color, direct
immunofluorescent staining of the thymus, bursa, and spleen lymphocytes. Likewise, two-color, direct immunofluorescent
staining was performed to identify the CD4- and/or CD8-defined T lymphocytes. The proportions of T and B lymphocytes
and CD4- and/or CD8 defined chicken lymphocyte subsets in lymphoid suspensions prepared from the thymus, bursa, and
spleen were determined by flow cytometry.

Results: CD3" cells, particularly those positive for CD4'CD8", were dominant in the thymus, whereas cells expressing the
Bu-1 marker were predominant in the bursa of Fabricius. The proportion of T and B cells was almost equal in the spleen,
with more cells expressing the CD4-CDS8* marker in the red pulp.

Conclusion: These findings indicate that local breeds of chicken could serve as a reliable model for studying the immune
system of commercial light chicken breeds, due to the similarity in the presence and the distribution of the immune cells.
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Introduction

Lymphocytes are responsible for acquired
immune responses in higher vertebrates. As in other
vertebrates, the lymphocytes in chickens are divided
into B and T lymphocytes, depending on their origin
and function [1,2]. Both cell lineages are further sub-
divided into distinct subpopulations depending on the
presence of specific markers on the cell surface [3].
However, the traditional methods for the examination
and differentiation of these cells are not sufficient to
recognize the major and minor subpopulations. At
present, molecular-based methods appear to be most
accurate to distinguish between the cell types [4]. In
chickens and many domesticated avian species, Bu-1
is a constant B lymphocyte marker (in pre-plasma B
cells) before maturation [5,6]. On the other hand, T
lymphocytes express CD3* complexes (T cell recep-
tor). Subsets of T lymphocytes express additional
surface markers such as CD4, a common marker of
T helper lymphocytes (T ), whereas CD8 is the com-
mon surface marker of cytotoxic T lymphocytes [7,8].
In the thymus, the precursor thymocyte population
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expresses CD4 CD8, which later develops into
CD4°CD8" or CD4CDS8" T lymphocytes. These sin-
gle positive T lymphocytes respond specifically to
certain antigens. The CD4"CDS§" cell, better known
as CD4 cell, is responsible for inducing an immune
response against exogenous antigens. On the other
hand, the CD4 CDS8" cell, also known as CD8 cell,
is responsible for orchestrating an immune response
against exogenous antigens [9,10]. Tag-labeled spe-
cific monoclonal antibodies are used to distinguish
these cell markers [11].

Local breeds of chickens are more refractory to
many highly pathogenic diseases that cause serious
outbreaks among commercial poultry [12]. Yet, pub-
lished reports on the development of a lymphocyte
subpopulation in these breeds are scarce.

In this study, we sought to determine the presence
of any shift in the density and distribution of profes-
sional immune cells in a local breed of male chickens
at the molecular level. The presence and density of
T and B lymphocytes in 8-week-old local breed male
chickens were examined by determining the specific
surface markers through immunohistochemistry and
flow cytometry.

Materials and Methods

Ethical approval

The study and all tests and procedures were
approved by the Scientific and Animal Care
Committee, Department of Pathology and Poultry
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Disease, College of Veterinary Medicine, University
of Baghdad.

Study period and location

This study was conducted from March to June
2020. Fertile eggs hatchery were kept in and the
hatched birds were raised in the premises of Kut-Tech
Institute, Middle Technical University, Kut, Wasit,
Iraq.

Chickens

Thirty, 8-week-old male local breed chick-
ens were used. Only male chickens were selected to
exclude the effect of sex on the immunity of these
birds. The breeding process was started by incubat-
ing the eggs from local breeds in a hatchery using the
1-day sex protocol. The birds were raised under sterile
conditions with water and feed ad libitum; no vaccines
or antibiotics were used. At the age of 8 weeks, the
birds were euthanized and the immune system organs
were collected under sterile conditions.

Weights and weight percentages of the birds and
their primary and secondary lymphoid organs

The chickens were euthanized and weighed. The
primary lymphoid organs (thymus and bursae) and
spleens were dissected and weighed. The average of
the total weights of the lymphoid organs and their per-
centages in relation to the average of the total body-
weight were calculated as previously described [13].
Preparation of single cell suspension from the spleen,
thymus, and bursa of Fabricius

The splenocytes were separated by density gra-
dient centrifugation using the Ficoll-Paque method
(Fico/Lite LymphoH™, Atlanta Biologicals, USA;
density 1.077). Slices of the spleen (about 0.2-
0.25 g/organ/bird) stored in icy 1x phosphate-buff-
ered saline (1xXPBS; pH 7.4). These slices were passed
through a nylon mesh (pore size, 60 wm; Tetko,
Elmsford, NY) and were collected in a sterile beaker
This was followed by the immediate addition of cold
1xPBS to cover the tissue pieces. The contents of the
beaker were transferred to a sterile, screw-capped
tube. The splenocyte suspension was washed by
spinning at 250xg, at 4°C for 8 min. The supernatant
fluid was discarded, and the pellet was re-suspended
in 5 mL of 1xPBS at room temperature (RT). Next,
5 mL of the spleen cell suspension was carefully lay-
ered over 5 mL of the Ficoll 1077 at RT. The mixture
was centrifuged at RT, 400xg for 30 min. After cen-
trifugation, the cells at the PBS/Ficoll interface were
aspirated using a Pasteur pipette and placed into a tube
containing 8 mL of cold 1xPBS [14-16]. The spleno-
cytes were washed 3% by centrifugation at 250xg and
4°C, for 8 min. The pellet formed was re-suspended in
2 mL of cold 1xPBS and placed on ice.

The 1xPBS was treated with 0.1% sodium azide
to prevent the cells from internalizing the markers and
labels; 1% bovine serum albumin was used to block
and prevents the non-specific binding of the antibod-
ies [14].

As with the spleens, the bursae and thymi were
dissected and weighed. One thymic lobe and a piece
of bursa of Fabricius were collected from each bird
(~0.2 g/organ/bird). The samples were cut into pieces
and stored in 1xXPBS on ice. The tissue pieces were
forced through a nylon mesh as described earlier. Cold
1xPBS was immediately added until the tissue pieces
were covered by the solution. However, the thymo-
cyte cell suspension has a high fat content; therefore,
fat was completely removed from the suspension after
the third wash (by centrifugation as described for the
splenocytes). The pellet was re-suspended in 5 mL of
cold 1xPBS. After washing the cells again, the super-
natant was discarded, and the pellet was re-suspended
in 5 mL of ice-cold 1xPBS [17-19].

Determination of the cell concentrations

The concentrations of the splenocytes, thymo-
cytes, and bursa cells were determined using a hemo-
cytometer (stage-objective, 40x). Then, 20 uL of the
cell suspension was added to 180 uL of Trypan blue-
PBS (0.04% w/v in 1xPBS) in a microcentrifuge tube
and mixed well. The stain penetrates dead cells and
stains the proteins blue. The cells were diluted with
IxPBS until a final concentration of 4x107 cell/mL
was reached [20].

Immunohistochemistry

Frozen sections of spleen (thickness, 6 wm)
were obtained using a cryostat (temperature, —22°C)
(Thermo Fisher Scientific, USA). The sections were
fixed in acetone for 5 min using poly-L lysine-coated
slides (Sigma-Aldrich). Inside a humidifying cham-
ber, the tissues were stored in PBS/10% horse serum
([HS] to prevent non-specific staining) (Thermo
Fisher Scientific) overnight at RT. After incubation
and three washes with 1xPBS, 80 uL of a primary
antibody/diluent was added and the sections were
incubated for 30 min at RT. The sections were washed
again and 80 pL of biotinylated horse anti-mouse
immunoglobulin (Ig) G was added as the secondary
antibody (Thermo Fisher Scientific).

The sections were incubated for 30 min at RT
followed by 5 washes with PBS. Then, 80 uL of avi-
din-biotin complex reagent was immediately added
and the sections were incubated for 30 min at RT.
The sections were washed (5 times) and 100 uL of
“charged” DAB (3, 3’-diaminobenzidine) (Abcam,
USA) was added to each slide for color development.
After a final course of washing, methyl green was
added to the sections, which were then incubated for
1 h. The slides were dipped in tap water and passed
through a series of dehydrating baths of ethanol as
follows: 70%, 95%, and 100% for 30 s, 100% etha-
nol-100% Americlear (50:50 mix) for 15 s, and 100%
Americlear for 1 min [21,22].

Flow cytometry

Cell suspensions from primary and sec-
ondary lymphoid organs, that is, thymus, bursa
of Fabricius, and spleen, were subjected to flow
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cytometry procedure. For the one-color, direct immu-
nofluorescent staining procedure, mouse anti-chicken
CD3-fluorescein isothiocyanate (FITC)-conjugated
monoclonal antibody (mouse IgGl) (Southern
Biotech, Alabama, USA), and mouse anti-chicken
Bu-1-phycoerythrin (PE)-conjugated mAb (mouse
IgG1) (Southern Biotech) were used to determine
the percentages of T (CD3") and B (Bu-17) cells in
the three cell suspensions, respectively. Alternatively,
mouse anti-chicken CD4-FITC-conjugated mAb
(mouse IgG1) (Southern Biotech) and mouse anti-
chicken CDS8-PE-conjugated mAb (mouse IgGl)
(Southern Biotech) were used in the two-color, direct
immunofluorescent staining procedure to identify the
CD4" and/or CD8" markers, respectively, on the T
lymphocytes.

Fifty microliters of each cell suspension
(2 10° cells) were added to a 96-well round-bottom
microtiter plate (four columns were used/organ). The
first column was used as the isotype control with
FITC- and PE-conjugated mouse IgG1 that does not
express any chicken molecules specificity (Sigma).
Fifty microliters each of mouse anti-chicken CD3-
FITC mAb and mouse anti-Bu-1-PE mAb were added
to the second and third columns, respectively. A mix-
ture (50 puL) of mouse anti-CD4-FITC and mouse
anti-chicken CD8-PE mAb (ratio 1:1) was added to
the fourth column. The procedure was conducted as
previously described [3,4].

Results

Weight and weight percentage of the organs

The total bodyweights of the chickens and the
weights of the primary and secondary lymphoid
organs were measured. The average bodyweight was
1128 g. The proportion of each lymphoid organ was
calculated depending on the individual organ in rela-
tion to the total bodyweight (Table-1).
Viable/dead cells in the primary and secondary lym-
phoid organs

The average percentages of viable and dead cells
per gram of tissue and the percentages of viable and
dead cells in relation to the weight of the whole organ
are shown in Table-2.

Immunohistochemistry

Thymus and bursa of Fabricius

Sections from the thymus showed dense cell
populations expressing both CD4 and CD8 mark-
ers (Figure-1c and d). On the other hand, the bursa
of Fabricius cells demonstrated dense populations
of lymphocytes, which expressed the Bu-1 marker
(Figure-1b).

Spleen

Lymphocytes with CD8 (CD4CD8") marker
were dominant in the red bulb of the spleen (Figure-2b).
Other lymphocytes expressing, the CD3 (Figure-2c)
and Bu-1 (Figure-2d) markers were detected over

Table-1: Measurement of the total weight and percentage
of bodyweight of the thymus, bursa of Fabricius and
spleen in 8-week old males local breed of chickens*.

Measurement’ Bursa

Weight (g)
% of BW!*

Thymus Spleen

4.107+0.292 3.64+0.14 2.48+0.206
0.213+0.009 0.322+0.007 0.131+0.012

Average of organ weights were calculated in grams and
weight percentages. "Bodyweight-adjusted lymphoid
organs weight. "Data correspond to the arithmetic
means=*SE of the results (n=30). ‘The average
bodyweight (BW/gm) 1128+46.2

Table-2: Number of viable cells per gram of tissue or per
the whole organ.

Measurement” Thymus Bursa Spleen
Cells/gram?” 1.25x10° 2.22x10° 6.27x108
Cells/organ® 4.,59x10° 3.89x10° 1.53x10°
Average dead cells (%)" 19 14.9 29.7

The percentage of dead cells in thymus, bursa of Fabricius
and spleen has been calculated in 8 week-old male local
breed chickens, "Cell suspension was prepared differently
according to the organ evaluated. In case of spleen,
density gradient centrifugation over Ficoll was performed.
Thymocytes suspension did not require further purification
steps. "Average was taken after two readings in two
chambers of the hemocytometer

‘ " v on i) -‘,;__-‘ R o q 3. 2 .‘.‘.F,V_:.
Figure-1: Thymus and bursa of Fabricius sections showing
(a) isotype control. (b) Bursa of Fabricius cell showing
lymphocytes expressing Bu-1 marker (brown in color).
(c) Thymocytes expressing CD4 marker (brown-stained
cells). (d) Thymocytes expressing CD8 marker (brown-
stained cells). Primary antibody and biotinylated horse
anti-mouse IgG secondary antibody were the first to
treat the section. A “charged” DAB (Abcam, USA) was the
primary stain to develop color and methyl green was the
counterstain.

scattered batches within the red and white bulbs of the
spleen.

Flow cytometry

The data obtained showed that T lymphocytes
(particularly those with the CD8 marker) were dom-
inant in the spleen (Figure-3/spleen). Thymocytes
showed that the CD3 marker was the denser marker
expressed among all the cells in thymus. Moreover,
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Figure-2: Spleen section showing: (a) Isotype control.

(b) CD8 (CD4CD8*) Ilymphocyte stained in brown
color especially in red bulb (RP) 40x. (c) Lymphocytes
expressing CD3 marker 100x. (d) Lymphocytes expressing
Bu-1 marker 100x. Primary antibody and biotinylated
horse anti-mouse IgG secondary antibody were the first to
treat the section. A “charged” DAB (Abcam, USA) was the
primary stain to develop color and methyl green was the
counterstain.

all the lymphocytes in the thymus expressed both
CD4 and CDS8 (CD4"CDS8*) with traces of CD4"
CD8§-, CD4"CD8", and CD4CDS8" (Figure-3/thymus).
Conversely, the Bu-1 marker was highly expressed
by the lymphocytes in the bursa (Figure-3/bursa).
However, the vast majority of the lymphocyte pop-
ulation in the bursa was not expressing any marker
(i.e. CD4 CDg8). Thus, various lymphocyte subpop-
ulations were identified within each lymphoid organ
using both flow cytometry and immunohistochemis-
try. These two procedures, i.e., flow cytometry and
immunohistochemistry, have been applied to cell sus-
pension obtained from the lymphoid organs (Table-3).

Discussion

Several attempts are being made to understand
the immune cells and immune pathways in com-
mercial chickens due to the economic importance of
these breeds [7,23]. However, it is equally import-
ant to understand the immune regulation system in
local breeds of chicken, particularly in developing
countries. Indigenous breeds of chickens stand in an
intermediate position between wild and commercial
breeds [24].

Despite being cosmopolitan, rural or local breeds
of chickens show significant refraction for most infec-
tions [25,26]. In the present study, we sought to deter-
mine the presence and density of the acquired immune
system cells, that is, lymphocytes and their popula-
tions, in the primary and peripheral lymphoid organs.
The lymphocyte viability was observed and the viable

Table-3: Determination of lymphocyte population subsets
in lymphoid organs.

Cell phenotype Thymus Spleen Bursa of

(%) (%) Fabricius

(%)
CD3* (T-Cell) 24.4 62.3 2.04
Bu-1* (B-Cell) 0.27 34.1 98.2
CD4+CD8- (T-helper) 0.36 16.2 0.39
CD4-CD8* (Cytotoxic T-Cell) 3.91 39.5 0.2
CD4+CD8* 91 13.5 0.4
CD4-CD8™ 4.76 30.9 99
Total CD4+* 91.36 29.7 0.79
Total CD8** 94.91 53 0.6
Small mononuclear cellss 73.1 60.2 58.4

Flow cytometry procedure has been applied for cell
suspensions from thymus, bursa of Fabricius and spleen.
Depending on the lymphocyte cell markers, the proportion
of each cell was calculated in 8-week-old local breed male
chickens (n=30). *Very immature thymocytes, fincludes
CD4+CD8- and CD4+CD8*, fincludes CD4-CD8* and
CD4+CD8

cells were counted within the lymphoid organs. The
data showed similarity to those in genetically diver-
gent breeds of chicken (Table-1). In addition, the
weights and weight percentage of the primary and
secondary lymphoid organs were within the normal
range when compared to those of their commercial
counterparts (light breeds in particular) (Table-2) [27].
Like other vertebrates, avian lymphocytes are distrib-
uted in the primary lymphoid organs; they migrate to
the secondary lymphoid organs where they encounter
the antigen. The lymphocytes are divided into B and T
lymphocytes, based on their sites of origin and matu-
ration [28]. In the present study, T and B lymphocytes
were detected in the thymus with the balance shifted in
favor of the T lymphocytes. Furthermore, CD3" cells
were dominant in the thymus and spleen (Figures-1
and 3 and Table-3). In the bursa of Fabricius, lympho-
cytes expressing the Bu-1 marker were predominant
(Figures-1 and 3). Around 98% of the lymphocyte
population in this primary lymphoid organ expressed
the Bu-1 marker (Table-3). In the spleen, the propor-
tion of the two cells was almost equally distributed
with more cells expressing the CD4-CD8" marker in
the red pulp (Figure-2). This could be attributed to the
main function of the spleen as a secondary immune
organ. The T lymphocytes encounter their cognate
antigen-presenting cells in the spleen. In addition, B
lymphocytes have the tendency to relocate over the
zones according to their activation status [29-31].
Analysis of the lymphocyte subpopulations
in the thymus revealed that all the various markers
(CD4 CDS8", CD4"CDS8", CD4 CD&*, and CD4*CD8")
were expressed by the cells. However, the proportion
of each cell type was different (Figure-3). Thymocytes
with CD4*CD8™ markers were predominant, whereas
the marker CD4"CD8" was the least marker expressed
by these cells. This is consistent with the findings of
Bucy et al. [30]. The CD4CDS8 marker was highly
expressed in the bursa (Figures-1 and 3). On the other
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Figure-3: Flow cytometry results of cell suspension from spleen, thymus, and bursa of Fabricius. T lymphocytes (CD8 in
particular with CD4-CD8* marker) were the dominant cells in the spleen. Thymocytes show that the CD3 marker is denser
than that in bursa. Conversely, the Bu-1 marker is highly expressed by the lymphocytes in bursa. All the lymphocytes in
the thymus were expressing both CD4 and CD8 markers (CD4+CD8*) with traces of CD4-CD8-, CD4+CD8-, and CD4-CD8*.
In the bursa, almost all the lymphocytes are expressing no marker (CD4-CD8*).

hand, the spleen, which is a secondary lymphoid
organ, harbored dense populations of both T and B
lymphocytes, with a relative dominance of T lym-
phocyte (particularly the CD8 type of cells), which
might be attributed to the fact that the CDS8 cytotoxic
T cells encounter the endogenous antigens (Figure-3
and Table-3) [27,32]. However, these proportions are
changeable due to several factors, including the pres-
ence of an infection.

Conclusion

Our results showed that despite genetic diver-
gence, local breeds of chicken could serve as a good

and reliable model for studying the immune system of
commercial breeds of chicken due to similarities in the
presence and distribution of the immune cells [33,34].
No significant variations in the presence of these
immune cells and their distribution within the primary
or secondary immune organs have been recorded when
compared to their commercial counterparts (commer-
cial light breeds in particular) [35]. Therefore, there is
no detectable immune variability in favor of the local
breed when confronted by infections. The natural rel-
ative resistance of these breeds could be attributed to
hygiene practices. Therefore, these birds might have
undergone long-term natural selection [36].
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