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ABSTRACT 

TAIWO, V.O., ANOSA, V.O. & OLUWANIYI, J.O. 2000. Differential expression of surface membrane 
antigens on bovine monocytes activated with recombinant cytokines and during Trypanosoma con
golense infection. Onderstepoort Journal of Veterinary Research, 67:289-296 

The expression of surface membrane antigens on peripheral blood monocytes (PBM) of cattle of the 
Boran and N'Dama breeds activated with recombinant cytokines (TNF-a and IFN-y) and during ex
perimental infection with Trypanosoma congolense was investigated using monoclonal antibodies 
(MoAbs) and fluorescein-activated cell sorter (FACS). The surface antigens investigated were C3bi 
receptor, major histocompartibility (MHC) II complex (Ia antigen) and two monocyte/macrophage (M<\>) 
differentiation antigens. 

The study revealed that both cytokines caused the enhancement of the expression of all the PBM 
surface antigens studied. rBoiFN-y at low concentrations was more efficient in causing the activation 
of PBM. While the PBM of Boran cattle were more significantly activated to express the C3bi receptor 
vis-a-vis the Ia antigen than N'Dama cattle, the reverse was the case with the PBM of N'Dama cattle 
which expressed more Ia antigens than Boran PBM. Similar results were observed during T. congo
tense infection in the two breeds of cattle. 

The significantly higher expression of C3bi receptor and correspondingly lower Ia antigen expression 
by the PBM of Boran cattle, both during trypanosomosis and in vitro may be responsible for the higher 
rate of erythrocyte phagocytosis, hence the development of more severe anaemia by Boran cattle 
during trypanosomosis than N'Dama. In addition, the expression of significantly higher numbers of Ia 
antigen by N'Dama M<\>, hence are more able to process, present and initiate better trypanosome 
antigen-specific immune response than Boran cattle during infection . These two attributes are known 
genetic characteristics of trypanotolerance in cattle. 
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INTRODUCTION 

Cells of the mononuclear phagocytic system (MPS) 
are found in different body compartments with con
siderable variations in maturity and functions (Gor
don, Starkey, Hume, Ezekowitz, Hirsch & Austyn 
1986). The central cell of this system, the macro
phage (M<j>), is derived from the peripheral blood 
monocyte (PBM) which itself arose from precursors 
in the bone marrow (Lasser 1983). Tissue M<j> remain 
relatively inactive and non-dividing except when 
stimulated to proliferate and show increases in size 
and activities when stimulated by various types of 
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antigens, mitogens and cytokines in their micro
environment (Gordon 1986). This phenomenon is 
termed "activation" (Adams & Hamilton 1984). Once 
activated, M<j> undergo a series of morphological, bio
chemical and functional changes wh ich culminate in 
varying increases (and decreases in some cases) in 
phagocytic and secretory activities as well as surface 
antigen/receptor expression (Adams & Hamilton 
1984, 1987; Nathan 1987). Among more than 30 
specific antigens/receptors expressed by resting or 
activated M<j> are the major histocompartibility (MCH) 
class II, also known as immune-associated (Ia) an
tigen (Unanue & Allen 1987), and the receptor for the 
third component of complement (C3bi receptor) (Gor
don eta/. 1986; Ross 1989). 
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Mononuclear phagocytes participate in host defense 
against cancer and many infections by acting inde
pendently (direct cytotoxicity) and in association with 
lymphocytes (Douglas & Musson 1986). While pha
gocytosis is mediated through complement (C3bi) 
and immunoglobulin Fe receptors on M<j> (Ross 1989), 
specific immune responsiveness is mediated through 
cooperation with T and B lymphocytes by virtue of 
their ability to process and present antigens in con
junction with Ia antigens on their surface membrane 
(Unanue & Allen 1987). Both of these M<j> character
istics are reportedly enhanced during human and 
animal trypanosomosis (Nathan, Nogueira, Juang
bhanich, Ellis & Cohn 1979; Grosskinsky, Ezekowitz, 
Berton, Gordon & Askonas 1983). 

Trypanosomosis is a devastating disease of livestock 
in more than a third of the African continent where 
profitable livestock production is still a problem due 
to it (Murray & Gray 1984; lkede 1989). However, 
there exist in some parts of this region breeds of 
cattle that are relatively more tolerant to the disease 
than are others (Chandler 1952). A typical example 
is the N'Dama cattle which are known to develop less 
severe anaemia and remain productive in areas 
where the zebu cattle usually do not (Roberts & Gray 
1973a, b; Njogu, Dolan, Wilson & Sayer 1985; Pal
ing, Moloo, Scott, Getinby, McOdimba & Murray 
1991 ). Excessive erythrocyte destruction with attend
ant complications of severe anaemia and the devel
opment of less effective trypanosome-specific im
mune response by zebu vis-a-vis N'Dama cattle 
during trypanosomosis have been reported by vari
ous workers (Murray, Morrison & Whitelaw 1982; Pin
der, Ribeau, Tamboura, Hauck-Sauer & Roelants 
1984; Paling eta/. 1991 ). 

PBM and M<j> of both Baran (an East African zebu) 
and N'Dama cattle have been reported to be acti
vated both in vitro and during trypanosome infections 
(Anosa & Kaneko 1983; Bancroft, Sutton, Morris & 
Askonas 1983; Grosskinsky eta/. 1983; Anosa, Lo
gan-Henfrey & Wells 1997; Taiwo & Anosa 2000). 
The objective of this study was to determine the 
dynamics of the expression of Ia antigens and C3bi 
receptors on Baran and N'Dama PBM activated in 
vitro with recombinant cytokines (rBoiFN-y and 
rHuTNF-a) and during Trypanosoma congolense 
infection. 

MATERIALS AND METHODS 

Isolation of PBM from animals 

Two groups of animals were used for this study. The 
first group consisted of 16 cattle, eight Boran and 
eight N'Dama cattle which had been used in the study 
of the effects of extraneous factors on erythrophago
cytic activity of cultured PBM (Taiwo & Anosa 2000). 
The second group consisted of ten cattle, five Baran 
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and five N'Dama, which had been used for the de
termination of in vitro erythrophagocytosis by cul
tured PBM during Trypanosoma congolense infec
tion (Taiwo & Anosa 2000). 

PBM was isolated from the anti-coagulated jugular 
vein blood of each animal as previously described 
(Taiwo & Anosa 2000). Two separate experiments 
were carried out. In the first experiment, recombinant 
BoiFN-y and HuTNF-a at 0, 10, 100 and 1 000 U/mQ 
concentrations were used to stimulate isolated PBM 
in culture medium for 18 h (Taiwo & Anosa 2000). 
Thereafter, the cultured cells were gently removed 
from tissue culture plates using the Titertek Cell Har
vester (Flow Laboratories, USA). This experiment 
was carried out thrice at weekly intervals using the 
same animals. In the second experiment, PBM iso
lated directly from the blood of each T. congolense
infected animal on 0, 14, 28, 42 and 56 days post
infection (DPI) were used. 

Staining of PBM with monoclonal antibodies 

Four monoclonal antibodies (MoAbs)-IL-A 15 (lgG1), 

IL-A21 (lgG28), IL-A24 (lgG 1) and I L-A 109 (lgM), 
recognizing respectively CD11 b (anti-Mac-1, C3bi 
receptor; Ellis, Davis, Machugh, Emery, Kaushall & 
Morrison 1988), MHC class II antigen (Baldwin, Teale, 
Naessens, Goddeeris, Machugh & Morrison 1986), 
and macrophage differentiation antigens (Ellis eta/. 
1988; Naessens 1991) were used for this study. All 
the MoAbs were prepared at the International Live
stock Research Institute (formerly ILRAD), Nairobi, 
Kenya as ascitic fluids in mice against peripheral 
blood leukocytes. Each PBM sample consisted of 1 06 

cells in 25 j.JQ of culture medium. A combination of two 
MoAbs per staining protocol, i.e. I L-A 15 and IL-A21, 
and IL-A24 and IL-A109 was carried out in both ex
periments. I L-A 15 and IL-A24 were conjugated with 
fluorescein isothiocyanate (FITC) while IL-A21 and 
I L-A 109 were conjugated with trans-rhodamine iso
thiocyanate (TRITC). Immunofluorescent staining of 
the cells was carried out following the procedures de
scribed by Lalor, Morrison, Goddeeris, Jack & Black 
(1986). 

Briefly, a mixture of an equal volume of the fluoro
chrome-conjugated combination MoAbs were used. 
Twenty-five microlitres of the prescribed working dilu
tions of the MoAbs (containing 0,2% sodium azide) 
were added to triplicate PBM samples in 96-well V
bottomed sera-cluster plates (Costar, Cambridge, 
MA 02140, USA). The plates were vortexed gently 
on a rotamixer and then incubated for 40 min at 4 °C. 
Thereafter, the cells were washed twice in 200 j.JQ of 
cold IFA buffer (L 15 medium) by centrifugation at 
200 gat 4 oc for 5 min. The cells were fixed with 2% 
formaldehyde and dispensed homogenously into 
sample cuvettes containing 5 mQ of phosphate-buff
ered saline (PBS). 



Sorting of 5 x 1 05 stained PBM from each sample 
was carried out on a fluorescein-activated cell sorter 
(FACStar-Pius, Bectin Dickinson, USA) with the ar
gon ion laser (Model 2025, Spectra Physics, USA) 
set at 488 nm and 500 mW. Dual fluorescein chan
nels were used for green (FITC; 530 nm) and red 
(TRITC; 600 nm) for fluorescent light detection. The 
photomultiplier was set at 500 V. The parameters 
used for sorting are narrow angle forward light scat
ter properties (size) of the cells, and the amount of 
bound fluorochrome (F1.1 for FITC and Fl.2 for 
TRITC) were jointly assessed on an attached com
puter and recorded in numbers and in 1- or 2-param
eter histograms. 

RESULTS 

Assays using recombinant cytokines 

The patterns of the expression of the C3bi receptor 
(I L-A 15), MHC class II (Ia) antigen (IL-A21) and two 
monocyte/M<j> differentiation antigens (IL-A24 and I L
A 1 09) on bovine PBM stimulated in vitro with differ
ent concentrations of rBol FN-y and rHu-TN F-a are 
shown on Tables 1 and 2, respectively, and on Fig. 1. 
The results showed that both rBoiFN-y and rHu
TNF-a are potent activators of bovine PBM for in
creased expression of the C3bi receptor, Ia antigen 
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and the antigen recognized by IL-A24 on PBM. 
rBoiFN-y appeared to be a more potent stimulant of 
bovine PBM than rHu-TNF-a (Tables 1 and 2). In
creasing concentrations of both cytokines caused 
significant enhancement in the expression of the 
C3bi receptor on Baran PBM than those of N'Dama 
cattle. Conversely, the expression of the Ia antigen 
was more pronounced on the stimulated PBM of 

· N'Dama than those of the Baran cattle. These en
hancements were expressed as both increases in 
PBM population and mean fluorescence expressed 
per cell (an indicator of number of epitopes per cell). 
Fig. 1 shows the differential graphical expression of 
the C3bi receptor on stimulated PBM of one N'Dama 
steer (ND 15) and one Baran cow (F 81) using dif
ferent concentrations of both cytokines. The results 
also showed that 1 0 U/m~ of rBol FN-y and 1 00 U/m~ 
of rHuTNF-a were optimal for effective stimulation of 
bovine PBM for the expression of these surface an
tigens. A 10 U/mQ concentration of rBoiFN-y specifi
cally caused a 2-3 fold expression of the C3bi 
receptor on the PBM of F 81 (Fig. 1 ). 

Assays during T. congolense infection 

Freshly isolated PBM were used for these assays on 
two-weekly basis during the infection. The results are 
as shown on Table 3 and Fig. 2. Progressive in
creases were observed in the expression of the C3bi 

TABLE 1 Surface membrane antigen expression by cultured bovine PBM stimulated with rBoiFN-y 

MoAb 
N'Dama PBM 

(stimulant cone. ; U/mQ) 
%positive Mean fluorescencea 

I L-A 15 (C3bi receptor) 

0 51 ,9 ± 2,6b 521 
10 73,6 ± 1,8 650 

100 76,2 ± 3,3 722 
1 000 81 ,5±2,4 900 

IL-A21 (Ia antigen) 

0 53,2 ± 2,0 499 
10 83,6 ± 4,8 1 325 

100 90,3 ± 2,7 1 498 
1 000 86,8 ± 2,5 1 612 

IL-A24 

0 42,2 ± 2,6 161 
10 72,9 ± 3,9 209 

100 82,1 ± 4,3 435 
1 000 93,6 ± 8,1 507 

I L-A 109 

0 49,2 ± 1,9 67 
10 53,1 ± 3,2 120 

100 72,0 ± 3,7 128 
1 000 68,9 ± 2,6 159 

a An indicator of approximate number of epitopes of the antigen per PBM surface 
b Data presented as mean ± standard error of three separate experiments 

IL-A24 & IL-A109 recognize monocyte/Mij> surface differentiation antigens 

Baran PBM 

%positive Mean fluorescence 

69,2 ± 2,2 499 
83,1 ± 3,1 1 092 
88,9 ± 3,6 1 301 
93,3 ± 2,7 1 242 

35,6 ± 1,8 487 
68,2 ± 4,1 666 
70,8 ± 3,6 739 
81,3 ± 2,3 882 

38,6 ± 3,0 182 
76,2 ± 2,8 336 
92,8 ± 2,1 582 
89,9 ± 3,3 661 

43,8 ± 1,3 73 
59,2 ± 3,2 132 
73,1 ± 1,9 129 
74,3 ± 2,8 163 
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TABLE 2 Surface membrane antigen expression by cultured bovine PBM stimulated with rHuTNF-a 

MoAb 
N'Dama PBM 

(stimulant cone.; U/mQ) 
%Positive Mean fluorescencea 

IL-A15 (C3bi receptor) 

0 52 ,1 ± 3,3b 509 
10 56,6 ± 2,2 615 

100 62,1 ± 0,8 667 
1 000 44,8 ± 2,9 825 

IL-A21 (Ia antigen) 

0 50,4 ± 2,6 515 
10 82 ,7 ± 8,1 809 

100 93,1 ± 3,9 920 
1 000 50,5 ± 2,8 1 019 

IL-A24 

0 39,2 ± 1,5 145 
10 64,3 ± 2,6 252 

100 78,1 ± 1,9 333 
1 000 72,0 ± 2,4 269 

IL-A109 

0 43,4 ± 3,8 88 
10 52 ,2 ± 8,3 11 1 

100 59,0 ± 2,7 143 
1 nnn 40? .f;f; 10A 

a An indicator of approximate number of epitopes of the antigen per PBM surface 
b Data presented as mean ± standard error of three separate experiments 

IL-A24 & IL-A109 recognize monocyte/M<jl surface differentiation antigens 

Boran PBM 

%Positive 

68,6 ± 3,1 
79,3 ± 5,0 
86 ,1 ± 3,2 
76,2 ± 2,5 

38,5 ± 2,3 
58,1 ± 3,9 
67,3 ± 2,0 
62 ,8 ± 3,7 

43,1 ± 3,9 
63,6 ± 2,2 
89,3 ± 1,6 
76,1 ± 2,1 

41,1 ± 3,2 
49,3 ± 1,8 
57,1 ± 2,2 
~q q ~ 1 

TABLE 3 Surface membrane antigen expression by PBM isolated from T. congolense-infected cattle 

MoAb Days post-infection 

(cattle breed) 
0 14 28 42 

IL-A15 (C3bi receptor) 

N'DAMA PBM 43,2 ± 2,1 (522)a 52,4 ± 2,6 (608) 59 ,3 ± 3,4 (653) 57,8 ± 2,2 (721) 
BORAN PBM 41,6 ± 3,4 (601) 63,6 ± 1 ,2 (722) 72,4 ± 2,8 (802) 78,1 ± 1,9 (904) 

IL-A21 (Ia antigen) 

N'DAMA PBM 48,5 ± 1,5 (438) 92,1 ± 4,1 (625) 89,8 ± 3,8 (806) 97,2 ± 2,6 (798) 
BORAN PBM 43,2 ± 5,1 (471) 65,5 ± 3,8 (502) 72,4 ± 1 ,8 (622) 80,8 ± 4,8 (603) 

IL-A24 

N'DAMAPBM 39,1 ± 1,4 (159) 50,3 ± 2,1 (225) 68,1 ± 2,2 (328) 71 '1 ± 2,8 (355) 
BORAN PBM 41 ,8 ± 2,2 (161) 63,2 ± 1 ,8 (380) 69 ,3 ± 3,8 (422) 79,3 ± 4,2 (438) 

IL-A109 

N'DAMA PBM 32,8 ± 2,6 (90) 42,4±2,1 (108) 52,2 ± 1,5 (121) 38,2 ± 2,6 (68) 
BORAN PBM 37,2 ± 1,8 (75) 43,1 ± 1 '7 (88) 48,1 ± 2,2 (130) 40,1 ± 3,2 (80) 

a Mean ±standard error (mean fluorescence per PBM); n = 5 
IL-A24 & IL-A109 recognize monocyte/M<jl surface differentiation antigens 

Mean fluorescence 

524 
993 
806 

1 099 

482 
649 
732 
602 

211 
282 
486 
461 

92 
108 
155 
1?7 

56 

62,1 ± 1,1 (622) 
82,3 ± 3,9 (832) 

89,8 ± 2,5 (932) 
81 ,2 ± 3,1 (728) 

68,0 ± 3,8 (421) 
72,5 ± 2,7 (528) 

43,9 ± 3,2 (124) 
45,8 ± 2,9 (132) 

receptor, Ia antigen and the antigen recognized by 
IL-A24 on the PBM of both breeds of cattle during 
infection. However, while the PBM of Boran cattle 

showed more significant increases in the expression 
of the C3bi receptor with increasing days post-infec
tion than N'Dama cattle, a highly significant increase 
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FIG. 1 FAGS profile of bovine PBM stimulated with different concentrations of rHuTNF-a and rBoiFN-y for the expression of the C3bi 
receptor (I L-A 15). ND 15 and F 81 are N'Dama steer & Baran cow, respectively 

in Ia antigen expression was observed to be more 
on the PBM of N'Oama cattle than those of the Baran. 
As in the in vitro stimulation assays, the increases 
were expressed as both increases in the number of 
PBM positive for the antigens and mean fluores
cence expressed per cell. 

Fig. 2 shows the FAGS profile of PBM isolated from 
one N'Oama bull (NO 28) and one Baran cow (BH 
40) stained with the four MoAbs on 14 and 28 days 
post-infection (OPI). This figure reveals an earlier (14 
OPI) and more intense expression of the Ia antigen 
on a majority (94,4 %) of the PBM of NO 28 than on 
those of BH 40 (76,4%). Conversely, BH 40 showed 
a consistently more intense expression of the C3bi 
receptor as revealed by a more forward horizontal 
placement of the cells than those of NO 28 on both 
days. This pattern was more or less the same for all 
the individual animals of both breeds used in this 
experiment. 

The expression of the antigens recognized by IL-A24 
and I L-A 109 were similar in both breeds of cattle 

throughout the course of infection . However, Baran 
cattle showed a consistently higher level of expres
sion of the antigen recognized by IL-A24 than N'Oama 
cattle (Table 3; Fig. 2). 

DISCUSSION 

This study has shown that the PBM of both Baran 
and N'Oama cattle could be activated for enhanced 
C3bi receptor and MCH class II (Ia antigen) expres
sion both in vitro (using cytokines) and during T con
golense infection. IFN-y is a lymphokine (Trinchieri 
& Perussia 1985) and a potent activator of macro
phages (Steeg, Johnson & Oppenheim 1982; Keller, 
Jailer, Keist, Binz & van der Meide 1988). It is re
ported to cause enhanced phagocytosis of opso
nized sheep erythrocytes (Pontzer & Russell, 1989), 
destruction of many parasitic protozoa (Nathan et at. 
1979; Bancroft et at. 1983; Kelly 1986; Pentreath 
1991) and antigen presentation to immune T cells as 
a result of enhanced expression of Ia antigens (Koer
ner, Hamilton & Adams 1987) by M<j>. It is not surpris-
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FIG. 2 FACS profile of the expression of surface antigens on PBM of T. congolense-infected Boran and N'Dama cattle on 14 and 28 
days post-infection. NO 28 and BH 40 are N'Dama bull and Baran cow, respectively. Each dot represents the placement of 
one stained cell on each axis 

ing that rHuTNF-a activated bovine Mlj> for enhanced 
in vitro erythrophagocytosis (Taiwo & Anosa 2000) 
and surface membrane antigen expression in this 
study because rHuTNF-a is reported to have about 
80% protein homology with rBoTNF-a (Marmenout. 
Franson, Tavernier, Van den Heyden, Tizard, Kawa
shima, Shaw, Johnson, Semon, Muller, Ruysschaert, 
Van Vliet & Fiers 1985; Pennica, Hayklick, Bringman, 
Palladian & Goedde! 1985). TNF-a is a very potent 
autocrine stimulator of Mlj> (Beutler & Cerami 1986). 
Its production by Mlj> is known to be induced by par
ticulate and soluble antigens, tumour cells and cyto
kines such as interleukin (IL) 1, IL6 and IFN-y (Le & 
Vilcek 1987; Bate, Taverne & Playfair 1988; Titus, 
Sherry & Cerami 1991 ). While TN F-a is reported to 
activate Mq> for increased phagocytosis of latex beads 
(Shalaby, Aggarwal, Rinderknecht, Svedersky, Finkle 
& Palladino 1985), it was reported to suppress IFN
induced Ia antigen expression on Mlj> (Steeg et at. 
1982). 

In this study, a significantly higher number of the PBM 
of Boran cattle were activated by the two cytokines 
and during T. congotense infection to express more 
epitopes of the C3bi receptor than N'Dama PBM. 
Conversely, there was a much higher expression of 
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the Ia antigen by a larger population of N'Dama PBM 
than those of Boran. The implications of these find
ings are firstly, with the expression of significantly 
higher number of C3bi receptors, activated Boran 
PBM will have a higher phagocytic potential than 
equally activated N'Dama PBM. This implies that 
Boran Mq> will destroy more erythrocytes at any given 
time during trypanosome infection or in vitro erythro
phagocytosis assays than N'Dama Mq>. Secondly, 
N'Dama Mq> will be more proficient in processing and 
presenting antigens toT and B cells for a more anti
gen-specific cell and antibody-mediated immune 
response by virtue of the higher expression of the Ia 
antigens on their surface than Boran Mq>. The corol
lary then will be that Boran cattle will suffer a more 
severe anaemia and be less able to produce specific 
anti-parasite immune response (with subsequent 
higher parasitaemia) during trypanosomosis. N'Da
ma cattle, on the other hand, will suffer from less 
severe anaemia and will be better able to mount a 
more specific anti-parasite immune response during 
trypanosomosis. In previous studies (Dargie, Murray, 
Murray, Grimshaw & Mcintyre 1979a, b; Paling et at. 
1991; Pinder, Bauer, Melick & Fumoux 1988; Authie, 
Muteti & Williams 1993} , N'Dama cattle were re-



ported to have been able to effectively control trypa
nosome parasitaemia, produced more trypanosome 
antigen-specific antibodies (of the lgG class) and 
developed less severe anaemia than correspond
ingly infected West African and East African zebu 
cattle. These attributes have been reported to be 
under heritable polygenic control mechanisms that 
characterize the N'Dama cattle as being trypano
tolerant (Dolan 1987). 

The results of the present study have shown that 
cytokine production, especially of IFN-y and TN F-a, 
and responsiveness to such cytokines may modulate 
activation of bovine M<jl in different breeds of cattle 
for the enhancement (or suppression) different M<jl 
functions during an infection. The differential re
sponse to cytokine activation by the PBM of cattle 
of the N'Dama and Boran breeds used in this study 
may be related to genetic influences determining the 
level of tolerance or susceptibility to trypanosome in
fection in these animals. 
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