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Abstract
Monoclonal antibodies (mAbs) to cell surface molecules have been proven as a key tool for phenotypic and functional
characterization of the cellular immune response. One of the major difficulties in studying camel cellular immunity
consists in the lack of mAbs that dtect their leukocyte differentiation antigens. In the present study two-parameter
flow cytometry was used to screen existing commercially available mAbs to human leukocyte antigens and major
histocompatibility molecules (MHC) for their reactivity with camel leukocytes. The comparison of patterns of
reactivity obtained after labelling human and camel leukocytes have shown that mAbs specific to human cluster of
differentiation (CD) 18, CD11a, CD11b and CD14 are predicted to be cross-reactive with homologous camel antigens.
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Introduction
The immune system consists of a complex network of
cellular and non-cellular components, which interact
with each other to protect the animal against invading
pathogens like bacteria, fungi, parasites and viruses. In
comparison to several other veterinary species like
cattle (Hussen et al., 2013; Duvel et al., 2014), pigs
(Gerner et al., 2015), sheep (Hopkins et al., 1993) and
horses (Lunn et al., 1998), the immune system of
camels remains to a great extent poorly studied.
Although considerable progress has been made in the
characterization of camel immunoglobulins (HamersCasterman et al., 1993; Muyldermans, 2013), few data
are available on the cellular immunity of camels in
health or disease (Zidan et al., 2000a,b; Al-Mohammed
Salem et al., 2012).
Monoclonal antibodies (mAbs) to leukocyte antigens
are highly important tools for phenotypic and
functional analysis of cellular immunology. The lack of
mAbs that define camel immune cells represents one of
the major difficulties in studying the camel cellular
immune response.
As the production of mAbs is very costly, attempts are
made to study the cross-reactivity of commercially
available mAbs to leukocyte antigens of one species
with leukocytes of other species.
Comparative studies with mAb to leukocyte antigens of
ruminants, swine, horses, and dogs have shown that the
pattern of expression of many molecules is conserved
cross species (Davis et al., 1995). These findings

suggests that it would be useful to use comparative
studies for the identification of mAbs that recognize
conserved epitopes on leukocyte differentiation
antigens in poorly studied species.
The identification of cross-reactive mAbs could reduce
the need to develop reagents for some important
molecules and would provide an opportunity to
compare the immune systems of camel with that of
other species.
The objective of the present study was to screen
existing mAbs to human leukocyte antigens and major
histocompatibility molecules (MHC) for their
reactivity with camel leukocytes. This would help in
identifying mAbs that could be used to study the
immune response of camels to infectious pathogens and
as well as their response to vaccination.
Materials and Methods
Animals
Blood was collected from four camels (Camelus
dromedaries; males aged between 6 and 8 years) at
Omran slaughterhouse, Al Ahsaa, Eastern Province,
Saudi Arabia.
The camels included in the study were apparently
healthy and had no vaccination history. Blood was
obtained by venepuncture of the vena jugularis externa
into vacutainer tubes containing EDTA (Becton
Dickinson, Heidelberg, Germany).
Mononuclear cells and whole leukocytes Separation
Separation of camel mononuclear cells (PBMC) was
performed according to a method used for separating
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bovine blood cells with modification (Hussen et al.,
2016). Blood was layered on Ficoll-Isopaque (SigmaAldrich, Germany) and centrifuged at 10C for 30 min
at 3000 rpm. The interphase containing PBMC was
washed 3 times in PBS (2000, 1500 and 1000 rpm) and
finally suspended in MIF buffer (PBS containing
bovine serum albumin (5 g/L) and NaN3 (0.1 g/L)). For
the separation of human PBMC, human blood was
layered on Ficoll-Isopaque and centrifuged at 10C for
30 min at 3000 rpm. The interphase containing PBMC
was washed 3 times in PBS (2000, 1500 and 1000 rpm)
and finally suspended in MIF buffer. Whole camel and
human leukocytes were separated by hypotonic lysis of
erythrocytes. Blood was suspended in distilled water
for 20 sec and double concentrated PBS was added to
restore tonicity. This was repeated (usually twice) until
complete erythrolysis. Separated cells were finally
suspended in MIF buffer at 5 x 106 cells/ml. Cell purity
of separated PBMC and leukocytes was assessed by
flow cytometry according to their forward scatter (FCS)
and sideward scatter (SSC) properties and always
exceeded 90%. The mean viability of separated cells,
as determined by exclusion of propidium iodide (2
µg/ml, Calbiochem, Germany) ranged 92% ± 4% (Fig.
1).

Fig. 1. Separation of camel blood PBMC and leukocytes and
gating strategies. Camel PBMC were isolated by density
gradient separation using Ficoll-Isopaque (A). Whole camel
leukocytes were separated by hypotonic lysis of erythrocytes
(B). Cell purity and viability of separated PBMC and
leukocytes was assessed by flow cytometry according to their
forward scatter (FCS) and sideward scatter (SSC) properties
of the cells. The mean viability of separated cells was
determined by exclusion of propidium iodide (PI). Gates were
placed on granulocytes (G), monocytes (M) and lymphocytes
(L) (as displayed in dot plot profile, side light scatter vs
forward light scatter).

Monoclonal antibodies
The full list of mAbs (52 commercially available
antibodies) used in this study are shown in Table 1.
Table 1. List of anti-human monoclonal antibodies.
Antigen
Antibody clone
CD2
S5.2
CD3
SK7 (Leu-4)
CD4
SK3
CD5
L17F12
CD7
M-T701
CD7
4H9
CD8
SK1
CD9
M-L13
CD10
HI10a
CD11a
G43-25B
CD11b
ICRF44
CD11c
S-HCL-3
CD11c
KB90
CD13
L138
CD14
M5E2
CD14
TÜK4
CD14
MφP9
CD15
MMA
CD16
B73.1
CD16
KD1
CD18
42557
CD19
4G7
CD19
SJ25C1
CD20
L27
CD20
B9E9
CD20
2H7
CD22
S-HCL-1
CD33
P67.6
CD38
HB7
CD38
HIT2
CD45
2D1
CD55 (DAF)
JS11KSC2.3
CD56
NCAM16.2
CD58 (LFA-3)
1C3
CD62L
DREG-56
CD64
42379
CD79a
HM47
CD79b
CB3.1
CD95
DX2
CD99
TÜ12
CD126
M5
CD182
6C6
WT31
TCR-
TCR-γ/δ
11F2
IgM
G20-127
Ig-lambda chain
1-155-2
Ig-Kappa chain
TB28-2
MHC-II
L243
MHC-II
G46.2.6
bcl-2
Bcl-2/100
Kappa chain
TB28-2
Lambda chain
1-155-2

Source
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
Dako
BD
BD
Biorad
BD
BD
BD
BD
BD
BD
BD
BD
Coulter
Abcam
BD
BD
BD
BD
BD
Coulter
BD
BD
BD
BD
Coulter
BD
Dako
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD
BD

Isotype
mIgG2a
mIgG1
mIgG1
mIgG2a
mIgG1
mIgG2a
mIgG1
mIgG1
mIgG1
mIgG2a
mIgG1
mIgG2b
mIgG1
mIgG1
mIgG2a
mIgG2a
mIgG2b
mIgM
mIgG1
mIgG2a
mIgG1
mIgG1
mIgG1
mIgG1
mIgG2a
mIgG2b
mIgG2b
mIgG1
mIgG1
mIgG1
mIgG1
mIgG1
mIgG2b
mIgG2a
mIgG1
mIgG1
mIgG1
mIgG1
mIgG1
mIgG2a
mIgG1
mIgG1
mIgG1
mIgG1
mIgG1
mIgG1
mIgG1
mIgG2a
mIgG1
mIgG1
mIgG1
mIgG1

Ig: Immunoglobulin; m: mouse; MHC-II: Major Histocompatibility
Complex class II.
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Immunofluorescence and flow cytometry
Camel or human cells (PBMC or leucocytes; 4 x 105)
were incubated with mAbs specific for human CD
antigens (Table 1) in PBS containing bovine serum
albumin (5 g/l) and NaN3 (0.1 g/l). After 30 minutes
incubation (4°C), cells were washed twice and analyzed
on the flow cytometer. A Becton Dickinson
FACSCalibur equipped with Cell Quest software
(FACSCalibur (Becton Dickinson Biosciences, San
Jose, California, USA) was used to collect the data. At
least 100 000 cells were collected and analyzed with the
FCS Express software Version 3 (De Novo Software,
Thornton, Ontario).
In order to exclude signals due to non-specific binding
of mouse antibodies, negative isotype controls for
mouse IgG1, IgG2a, IgG2b (from BD) and IgM (from
Beckmann Coulter) were also included as part of the
study.
Results
Flow cytometry was used to determine the reactivity of
camel leukocytes with commercially available mAbs to
human leukocyte markers. PBMC were isolated by
density gradient centrifugation using Ficoll-Isopaque
as standard method for studying the phenotype of
PBMC without interfering effects of granulocytes (Fig.
1A). Whole leukocytes were separated by hypotonic
lysis of erythrocytes (Fig. 1B). Separated camel or
human cells were incubated with mouse mAbs specific
for human leukocyte antigens or with mouse isotype
control antibodies (Table 1) and were analyzed by flow
cytometry. For the analysis of population-specific
pattern of expression, gates were done for lymphocytes
(L), monocytes (M) and granulocytes (G) (Fig.1). The
profiles obtained for each mAb were then compared to
the labeling pattern of reactivity obtained with human
leukocytes.
Reactivity of mAbs to human leukocyte antigens with
camel PBMC
The mAb 555923 (clone 6.7; from BD) is a FITClabelled mouse antibody against human CD18. The
expression pattern of CD18 on human and camel
PBMC is shown in Fig.2. The mAb 555923 stained all
human and camel PBMC, although the expression on
lymphocytes was comparatively lower than monocytes.
Also for both species, a minor subpopulation of
lymphocytes remained negative for mAb 555923.
The mAb 555380 (clone G43-25B; from BD) is a PElabelled mouse antibody directed against human
CD11a. The expression pattern of CD11a on human
and camel PBMC is shown in Fig.3. Although it stained
all population of human leucocytes widely, mAb
555380 indicated a higher expression of CD11a on
human monocytes and a subset of human lymphocytes.
For camel cells, the mAb 555380 stained all cell
populations weekly than human cells.
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Fig. 2. Analysis of the expression pattern of CD18 on camel
and human PBMC. Ficoll-separated camel or human PBMC
were incubated with FITC-labelled mouse isotype control
antibody (A) or the FITC-labelled monoclonal antibody
555923 (clone 6.7) specific for human CD18 (B) and
analysed on the flow cytometer. The expression pattern of
CD18 on camel or human PBMC was analysed by plotting
SSC against CD18 expression. After gating lymphocytes and
monocytes according to their forward and side scatter
characteristics, the expression density of CD18 was shown in
an overlapping histogram (C).

However a higher expression could be seen for camel
monocytes and a subset of lymphocytes.
The mAb 557743 (clone ICRF44; from BD) is a PECy7-labelled mouse antibody directed against human
CD11b. The expression pattern of CD11b on human
and camel PBMC is shown in Fig.4. For both human
and camel PBMC the mAb 557743 stained only
monocytes and a minor subpopulation of lymphocytes,
whereas the majority of lymphocytes was negative for
this antibody.
The mAbs, 555398 (clone M5E2; from BD) and
MCA1568PE (clone Tük4; from Bio-Rad) are PElabelled mouse antibodies directed against human
CD14. Both mAbs showed a similar staining pattern for
human and camel PBMC. In both species, only the
monocytes population was stained positively with both
CD14 antibodies. The expression pattern of CD14 (data
shown only for the clone M5E2) on human and camel
PBMC is shown in Fig.5. The mouse mAb 347403
(clone L243; from BD) is an APC-labelled antibody
directed against human HLA-DR antigen.
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Fig. 3. Analysis of the expression pattern of CD11a on camel
and human PBMC. Ficoll-separated camel or human PBMC
were incubated with PE-labelled with mouse isotype control
antibody (A) or the PE-labelled monoclonal antibody 555380
(clone G43-25B) specific for human CD11a (B) and analysed
on the flow cytometer. The expression pattern of CD11a on
camel or human PBMC was analysed by plotting SSC against
CD11a expression. After gating lymphocytes and monocytes
according to their forward and side scatter characteristics, the
expression density of CD11a was shown in an overlapping
histogram (C).

Fig. 4. Analysis of the expression pattern of CD11b on camel
and human PBMC. Ficoll-separated camel or human PBMC
were incubated with PE-Cy7-labelled mouse isotype control
antibody (A) or the PE-Cy7-labelled monoclonal antibody
557743 (clone ICRF44) specific for human CD11b (B) and
analysed on the flow cytometer. The expression pattern of
CD11b on camel or human PBMC was analysed by plotting
SSC against CD11b expression. After gating lymphocytes
and monocytes according to their forward and side scatter
characteristics, the expression density of CD11b was shown
in an overlapping histogram (C).

For human PBMC the mAb 347403 stained only the
monocytes population and a subpopulation of
lymphocytes, which is expected to be B cells. For camel
cells however, monocytes showed only week reactivity
with this mAb. Only a minor subset of camel
lymphocytes stained weekly positive with this mAb.
Reactivity of mAbs to human leukocyte antigens with
camel granulocytes
Camel and human leukocytes were separated by
hypotonic lysis of erythrocytes and were labelled with
mAb to human CD antigens. Camel granulocytes
showed reactivity only to three mAbs to human CD18,
CD11a and CD11b (data not shown). The mAbs
555923 (FITC-labelled mouse anti-human CD18) and
555380 (PE-labelled mouse anti human CD11a) stained
both human and camel granulocytes widely positive.
However, a minor subpopulation of human
granulocytes remained negative for the mAb 555923.
Although the anti-human CD11b mAb 557743 stained
both human and camel granulocytes positively, the
reactivity of camel granulocytes was more weekly than
that of human cells.

Only for human cells, a minor subpopulation of
granulocytes remained negative for the mAb 557743.
Discussion
In comparison to the progress that has been made in the
characterization of camel immunoglobulins (HamersCasterman et al., 1993; Muyldermans, 2013), few data
are available on cellular immunity of camels in health
or disease.
MAbs to leukocyte antigens have been considered as
highly important tools for the analysis of cellular
immunology in human (Maecker et al., 2012) as well
as in different animal species (Hopkins et al., 1993;
Lunn et al., 1998; Schafer and Burger, 2012; Duvel et
al., 2014; Gerner et al., 2015). The lack of mAbs that
define camel immune cells represents one of the major
difficulties in studying the camel cellular immune
response.
As the production of mAbs is very costly, the objective
of the present study was to screen existing mAbs to
human leukocyte antigens, immunoglobulin (Ig) chains
and major MHC for their reactivity with camel
leukocytes.
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Fig. 5. Analysis of the expression pattern of CD14 on camel
and human PBMC. Ficoll-separated camel or human PBMC
were incubated with PE-labelled mouse isotype control
antibody (A) or with the PE-labelled monoclonal antibody
555398 (clone M5E2) specific for human CD14 (B) and
analysed on the flow cytometer. The expression pattern of
CD14 on camel or human PBMC was analysed by plotting
SSC against CD14 expression. After gating on lymphocytes
or monocytes according to their forward and side scatter
characteristics, the expression density of CD14 was shown in
an overlapping histogram (C).

Two-parameter flow cytometry has been proven as a
useful tool to study the cross-reactivity of mAbs
developed against leukocyte differentiation antigens of
one species with leukocyte antigens of other species
(MacHugh et al., 1991; Naessens et al., 1993; Maecker
et al., 2012). The specificity of a mAbs to a given
antigen can be predicted according to the flowcytometric pattern of expression of that molecule on
labeled leukocytes (MacHugh et al., 1991; Naessens et
al., 1993; Davis et al., 2007; Davis and Hamilton,
2008).
CD18 is the common β2-chain (β2-integrin) for all three
forms of CD11 (a, b, c) (Harris et al., 2000). It has been
shown that CD18 is expressed on all human leukocytes
(Drbal et al., 2000) which is in accordance with our
results of staining human PBMC and granulocytes with
the mouse mAb 555923 (clone 6.7). Similar to their
human counterparts, camel PBMC and granulocytes
showed expressed CD18. As the patterns of reactivity
for camel and human PBMC and granulocytes were
identical so the homology of the proteins stained may
be assumed.
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Human CD11a is expressed together with CD18 as a
hetero-dimer termed as leukocyte function antigen 1
(LFA-1). LFA-1 is the most important integrin
expressed by all human leukocytes that regulate cell
migration through binding to ICAM-1,-2 or-3 (van
Kooyk and Figdor, 2000). As camel PBMC and
granulocytes stained weekly than their human
counterparts with the mAb 555380 (clone G43-25B)
specific for human CD11a, it is likely that this mAb has
a lower affinity for camel CD11a. However, the
staining pattern of cell populations in both species with
a higher staining density for human and camel
granulocytes, monocytes and a subset of lymphocytes
indicates that this antibody detects CD11a in camels.
CD11b is expressed as a hetero-dimer with CD18 (also
termed Mac-1 or CR3) mainly on myeloid cells
(granulocytes and monocytic cells) (Imhof and
Aurrand-Lions, 2004; Nicholson et al., 2007) with a
lower expression on lymphocytes like NK cells,  T
cells and a small subset of CD8+ T cells (Fiorentini et
al., 2001; Graff and Jutila, 2007). The higher staining
intensity of human and camel granulocytes and
monocytes with the mAb 557743 (clone ICRF44)
specific for human CD11b and the weaker staining of
lymphocytes indicates that this mAb recognizes CD11b
in both species.
CD14 is a co-receptor for bacterial lipopolysaccharides
and is mainly expressed on blood monocytes (Hussen
et al., 2013). Three clones of antibodies specific to
human CD14 have been tested for cross-reactivity with
camel leukocytes. Only the two mAbs 555398 (clone
M5E2) and MCA1568PE (clone Tük4) stained camel
monocytes but not granulocytes or lymphocytes, which
indicates that these mAbs recognize camel CD14.
Human MHC class II antigen (HLA-DR) is
constitutively expressed on professional antigenpresenting cells like dendritic cells, B cells, and
monocytes (Abeles et al., 2012). The mAb 347403
(clone L243), which stained human monocytes and a
population of lymphocytes, induced only a weak
staining response in camel monocytes and
lymphocytes. It is likely that this mAb has a low affinity
to camel MHC-II molecules.
In summary, the present study aimed at providing the
field of immunology with new antibodies to camel
leukocyte antigens. Although some useful mAbs (about
10 % of studied 52 mAb) have been identified in the
present study, which may contribute to fill the gap of
available reagents for studying the immune response of
camels to infectious pathogens and their response to
vaccination, there is a clear need for developing mAbs
to more camel leukocyte antigens. Also further crossreactivity studies using mAbs against leukocyte
antigens of animals with close sequence homology to
camels like cattle or pigs could be helpful in identifying
more cross-reactive antibodies.
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