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Ovine mononuclear phagocytes in situ: identification by 
monoclonal antibodies and involvement in experimental 
pyogranulomas 
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and Alain Le Papet 
• lnstitut National de la Rechercht Agronomique, Labomtoirr de Pathologie lnjectieuse et Immunologie, Nouzilly; 
t Labomtoirr d!4natomie Pathologique associl a /'/NRA, Ecole Nationale Vltirinairr d!-4/jort, Maisons-Aljort; 
and fCmtrr National de la Recherche Scimti.fique, INSERM U316, Labomtoirr de Biophysique Cel/ulairr, 
Facultl de Midecine, Tours, France 

Abstract: In order to characterize in situ the macrophages 
present in experimental pyogranulomas induced in lambs 
with Corynebacterium pseudotubereulosis, a set of mono­
clonal antibodies (MAbs) was produced following immu­
nization of BALB/c mice with alveolar macrophages from 
healthy sheep. Three MAbs were retained after two steps 
of screening using alveolar macrophages, peripheral 
blood lymphocytes, and polymorphonuclear leukocytes as 
target cells. Their reactivity was tested not only on mac­
rophages in pyogranulomas but also on sections of various 
organs in steady-state conditions. One MAb, termed 
OM1, recognized the monocytes and the majority of cells 
of the mononuclear phagocyte system in lymphoid and 
nonlymphoid organs. The two other MAbs, OM2 and 
OM3, reacted with a subpopulation of alveolar macro­
phages and with other cell types in ti11ues, in particular 
with endothelial cells for the MAb OM2. On sections of 
experimental pyogranulomas that developed in lymph 
nodes draining the C. pseudotuberculosis-injected sites, 
MAb OM1 reacted with all the macrophages distributed 
in a palisade surrounding the necrotic center of the lesion 
from day 6 to day 28 postinoculation. The two other 
MAbs, OM2 and OM3, enabled two types of granulomas 
to be distinguished: one type was characterized by a large 
number of epithelioid cells stained by OM2; and the 
other was characterized by a few OM2-positive macro­
phages, whereas the OMS-positive cells were more 
numerous. These results show that macrophages are pre­
dominant cells in pyogranulomas and suggest two differ­
ent histological patterns in the evolution of pyogranu­
lomas induced by C. pseudotuberculosis, according to the 
immunological status of the host.]. Leukoc. Biol. 51: 
188-198; 1992. 
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INTRODUCTION 

From all hematopoietic stem cell-derived lineages, mono­
nuclear phagocytes constitute the most heterogeneous cell 
population. These cells arise in the bone marrow, pass briefly 
through the blood as monocytes, and then immigrate into 
every tissue, where they may express different phenotypical 
and functional characteristics according to their localization 
in the body and their state of activation (20, 54]. Macro-

phages, whether in steady-state conditions or activated b} 
cellular immune mechanisms, are central cells involved ir 
host defense against intracellular bacterial pathogens [22), 
especially in granulomatous lesions induced by these patho· 
gens (1, 17, 57]. In order to study the interactions betweer 
macrophages and intracellular bacteria, we have developec 
an ovine model in which infectious pyogranulomas can be 
successfully and consistently produced in lymph nodes ai 
well as in the lungs following subcutaneous inoculation 01 
viable Corynebacterium pseudotuberculosis into the dorsum of eai 
[39, 40]. C. pseudotuberculosis, a gram-positive bacillus, is the 
causative agent of caseous lymphadenitis in sheep and goat 
[6]. In previous studies, we have shown that the recruitmen 
of polymorphonuclear leukocytes is important only durin 
the early phases of infection (21 ], and we have hypothesize 
that mononuclear phagocytes should dominate the sites re 
suiting from the transformation of the primary foci into typ· 
cal pyogranulomas. Morphological studies of these p 
granulomas showed that four different parts could 
described in a typical lesion: a necrotic center, two cellul 
layers composed respectively of mononuclear phagocytes an 
lymphocytes, and a fibrous wall [21, 38]. To check the pre 
ence of macrophages in the pyogranulomatous lesions, a s 
of monoclonal antibodies (MAbs) against ovine mac 
phages was produced. 

In the present study, C. pseudotuberculosis-induced p 
granulomatous lesions were investigated immunohistoche 
ically with three murine MAbs raised against ovine mac 
phages. These MAbs were obtained after immunization wi 
ovine alveolar macrophages. Their reactivities were co 
pared in different tissues and in pyogranulomas at vario 
stages of development. One MAb, OMl, recognized 
majority of macrophages in lymphoid and nonlymphoid o 
gans and labeled all the macrophages distributed in a p 
sade surrounding the necrotic center of pyogranulomas. 
two other MAbs, OM2 and OM3, which recognized oth 
cell types, reacted with subsets of macrophages infiltrat' 
the pyogranulomas. 

Abbreviations: APAAP, complex of alkaline phosphatase and monoclo 
mouse anti-alkaline phosphatase; ELISA, enzyme-linked immunoso 
assay; lg, immunoglobulin; MAb, monoclonal antibody; MHC, ma 
histocompatibility complex; PBS, phosphate-buffered saline; P I, postin 
lation; PMN, polymorphonuclear leukocyte; P NPP, p-nitrophenyl p 
phate; TBS, Tris-buffered saline. 
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MATERIALS AND METHODS 

Animals and E xperimental Infections 

Experimental pyogranulomas were induced in 3-month-old 
male Prealpes du Sud lambs inoculated subcutaneously in 
the dorsum of the right ear with 1.8-3.0 x 108 viable bacteria
of C. pseudotuherculosis, strain 19R [39, 40). Prior to ex­
perimental infection, lambs were verified to be free from 
clinical abscesses and were negative for antibodies against 
C. pseudotuherculosis exotoxin [ 40). Growth, storage, and 
preparation of strain 19R for inoculum procedures were as 
previously described (37). 

Cells and normal tissues were obtained from healthy adult 
sheep. 

BALB/c mice (lffa-Credo. L�rbresle, France) were used 
for immunization with ovine alveolar macrophages and pro­
duction of ascites. 

Histochemical Reagents and Antibodies 

Naphthol AS-TR phosphate (No. N-6000), Fast Red TR salt 
(No. F-1500), levamisole (No. L-9756), p-nitrophenyl phos­
phate, disodium (PNPP; No. 104-105), naphthol AS-BI phos­
phate (sodium salt; No. N-2250), Fast Red Violet LB salt 
(No. F-3381), glycerol gelatin (No. GG-1), hematoxylin solu­
tion (No. HHS-1-16), and mounting medium (No. 1000-4) 
were obtained from Sigma Chemical Co. (St. Louis, MO). 
Rabbit immunoglobulins (lg's) to mouse lg (No. Z259), 
complex of alkaline phosphatase and monocfonal mouse 
anti-alkaline phosphatase (APAAP; No. D651) were ob-

1 tained from Dakopatts S/A (Glostrup, Denmark). Fluorescein­
conjugated goat F(ab')2 anti-mouse IgG was obtained from 
Cappel (No. 1311-0085, Malvern, PA). 

An MAb obtained from Melbourne University (Australia) 
and raised against sheep major histocompatibility complex 
(MHC) class II molecules was used [ 43). 

Obtention of Alveolar Macrophages and Blood 
Polymorphonuclear Leukocytes and Lymphocytes 

Alveolar macrophages were harvested from healthy sheep by 
bronchoalveolar lavage as described by Charley et al. (9). 
Immediately after slaughtering, a plastic tube was passed via 
the trachea to one lobe of isolated lung. A total of 180-240 ml 
of sterile phosphate-buffered saline (PBS; pH 7 .2) minus 
Ca2+ and Mg2+ (PBS-A) was introduced in 60-ml aliquots.
The lobe was gently massaged and the lung washing was col­
lected into a sterile glass bottle on ice. The same procedure 
was repeated for other lobes. Thereafter, the lung washings 
were filtered on sterile gauze to remove mucus strands and 
then centrifuged at 250 g for 30 min to separate the cells. The 
supernatant fluid was removed and, if necessary, red blood 
cells were lysed by suspending the cell pellet for 45-60 s in 
sterile distilled water. Lysis was stopped by adding PBS­
N aCl 2.7%. The cells were washed twice with PBS-A and 
resuspended at a concentration of 2 x 107 cells/ml in PBS.
The number and the viability of cell suspension were deter­
mined by the trypan blue exclusion test. Viability was always 
greater than 80%. 

Polymorphonuclear leukocytes (PMNs) and lymphocytes 
were obtained from blood of healthy sheep as already de­
scribed [7, 21, 35). Percentages of PMNs or lymphocytes in 
these cell suspensions were always greater than 85% with a 

"ability greater than 95%. Cells were finally resuspended at 
a concentration of 108/ml in PBS. 

Alveolar macrophages, PMNs, or lymphocytes were used 
ither to obtain cytospin preparations (2 x 105 cells per slide

fixed in acetone at 20°C for 10 min and stored at - 70°C be­
fore use) or to coat 96-well plates for the cell-enzyme-linked 
immunosorbent assay (cell-ELISA) technique (see below). 
Alveolar macrophages were also used for immunization of 
BALB/c mice. 

Monoclonal Antibody Production 

Female BALB/c mice aged 8-10 weeks were immunized in­
traperitoneally with 107 alveolar macrophages suspended in 
0.5 ml of PBS. This was repeated three times at 3-week inter­
vals. Fusion of the mouse spleen cells and SP2/0 myeloma 
was performed as described elsewhere [18). Briefly, 3 days 
after the last booster injection performed via the intravenous 
route, splenic cells of mice were fused with an equal number 
of cells of the nonsecreting myeloma cell line X63-Ag8.653. 
Fused cells were distributed into 24-well fusion plates (Becton 
Dickinson, Meylan, France) at a concentration of 1 x 10&
cells/well using 1 x 105 BALB/c thymocytes per well as
feeder layer. Screening of the supernatants was performed 
in two steps: first by using a cell-ELISA technique for 
a rapid screening (see below) and thereafter by a three­
step immunoalkaline phosphatase stain on different cell 
suspensions (alveolar macrophages, PMNs, or lympho­
cytes) or on cryostat sections of ovine lymph nodes (see 
below). Selected hybridoma colonies were subjected to 
limiting dilution procedures, processed for mass culturing, 
and harvested as ascites from incomplete Freund's adju­
vant-primed (Difeo, Detroit, MI) BALB/c mice. Monoclo­
nality and the isotype of selected antibodies were determined 
by hemagglutination with a commercial kit (Serotec-Realef, 
Paris, France). 

Cell-E LISA for the Selection of Monoclonal Antibodies 

A cell-ELISA technique as described by Baumgarten [5) was 
adapted for the first screening of antibodies. Falcon 96-well 
culture plates (AES, C::ombourg, France) were coated with 
alveolar macrophages, PMNs, or lymphocytes at a concen­
tration of 3 x 105 cells/well in PBS. Plates were centrifugated
at 700 g for 2 min. Supernatant was discarded and cells were 
fixed in cold 80% acetone (200 µVwell) for 10 min, air dried, 
and stored at - 70°C before use. After thawing at 20°C, 
plates were gently washed twice in 0.05 M Tris-buffered saline 
(TBS; 200 µVwell), pH 7.6, with 0.0025% levamisole for in­
hibition of endogenous alkaline phosphatase for 15 min. 
Thereafter, they were incub�ted for 45 min with culture 
supernatant (100 µVwell) at 37°C. After washing in TBS, 
plates were covered with a 1:30 dilution of rabbit anti-mouse 
lg (Dako; 70 µVwell) in TBS for 45 min at 37°C. Plates were 
washed twice again in TBS and incubated with a 1:60 dilu­
tion of APAAP complex (Dako) in TBS for 45 min at 37°C. 
After washing in 0.05 M Tris-HCl buffer, pH 8.2, immune 
alkaline phosphatase was visualized by adding 100 µI/well of 
substrate (5 mg PNPP, 500 µI Tris-HCI buffer, pH 8.2, and 
4.5 ml 1.5 M NaCl). After incubation for 1 h at 37°C, plates 
were read at 410 nm. Controls were incubated in the same 
way, omitting the first step, or using a negative serum ob­
tained from naive BALB/c mice before immunization. 

lmmunofluorescent Labeling 

Positive culture supernatants were tested on live alveolar 
macrophage, granulocyte, or lymphocyte suspensions by in­
direct immunofluorescence (28). Cells were incubated with 
supernatants for 45 min at 4°C followed by an incubation 
with a fluorescein-conjugated goat F(ab')2 anti-mouse IgG 
(Cappel) for 45 min at 4°C. After three washes in PBS, cells 
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were then resuspended with a few drops of mounting 
medium and examined with an epiftuorescence microscope 
(Leitz Aristoplan, Wetzlar, Germany). 

lmmunohistochemistry and Enzyme Histochemistry 

The specificity of positive culture supernatants in cell-ELISA 
was characterized by immunocytochemistry on various cell 
populations. The selected MAbs were then tested on various 
lymphoid and nonlymphoid organs of healthy sheep and on 
ovine lymph nodes where the C. pstudotubtmJosis-induced 
pyogranulomas developed. 

Immediately after necropsy of carcasses of healthy adult 
sheep or experimentally infected lambs, pieces of various ti�­
sues or infected lymph nodes were removed and mounted m 
embedding compound (OCT, Tissue Tek; Miles, Elkhart, 

_
KS 

USA) on aluminum stubs. These samples were slowly im­
mersed in liquid nitrogen and thereafter stored at - 70°C 
before use. Sections 5-7 µm thick were cut in a Leitz cryostat 
(Wetzlar, Germany), placed on clean slides, air dried over­
night, and fixed in acetone at 20°C for 10 min. Slides were 
wrapped in aluminum foil and stored at -70°C before use. 

After thawing, cryostat sections or, in the case of cell sus­
pensions, cytospin preparations were fixed again in acetone 
and thereafter rehydrated for 15 min with TBS, pH 7.6. Sec­
tions were incubated with culture supernatant for 4-5 min in 
a humid chamber. After three washes in TBS, the immuno­
histochemistry procedure was performed as described by 
Cordell et al. (11) by using the same steps and reagents 
described for the cell-ELISA (see above) except for visualiz­
ing the immune alkaline phosphatase. After washing in TBS, 
pH 8.2, the slides were stained with the filtered substrate 
(20 mg naphthol AS.!J'R phosphate, 2 ml dimethylforma­
mide, 30 µg levamisole, 100 ml 0.1 M TBS, pH 8.2, and 100 
mg Fast Red TR salt) for 20 min. Sections were washed in 
distilled water for 10 min, counterstained with hematoxylin, 
and mounted in glycerol gelatin. 

Acid phosphatase activity was demonstrated as described 
by Dannenberg and Suga (13). Briefly, the cell smears or 
frozen tissue sections, fixed in acetone, were incubated with 
the filtered substrate (10 mg naphthol AS-BI phosphate, 1 ml 
dimethylformamide, 100 ml 0.1 M acetate buffer, pH 5.2, 
20 mg Fast Red Violet LB salt, 50 µl 10% MnC12) at 20°C 
for 60 min. After incubation, the rinsing, counterstaining, 
and mounting procedures were the same as for immuno­
histochemistry. 

Fig. 1. lmmunocytochemical staining with MAb OMJ on ovine alveolar 
macrophages. Note the presence of neutrophils (arrowhead) and lympho­
cytes (arrow), which arc negative. ( >< 500; APAAP). 

Fig. 2. Dendritic morphology of a OMJ-positive cell (arrow) in the paracor­
tical area of a lymph node. The MAb stains a membrane component. 
I)( 500; APAAP).

RESULTS 

Production of Monoclonal Antibodies 

Two hundred and seven hybridomas were obtained after two 
fusions, and 112 clones (54-%) were positive in the cell-ELISA 
technique using microplates coated with alveolar macro­
phages. Following subsequent characterization of these positive 
supernatants by testing their reactivity (1) on microplates 
coated with lymphocytes or granulocytes and (2) on cytospots 
of alveolar macrophages, lymphocytes, or granulocytes, three 
MAbs were retained because of their selective specificity for 
alveolar macrophages. They were named respectively OMl, 
OM2, and OM3. These MAbs were found to be mouse lgG1 
antibodies as determined by hemagglutination. 

Distribution of OM1-, OM2-, and OM3-Positive Cells 
in Normal Tissues 

Using different cell suspensions on cytospots, the MAb OMl 
was found to react with all alveolar macrophages (Fig. 1) and 
monocytes, but not with lymphocytes as determined by im-

TABLE 1. Distribution of OMJ-Positive Cells in Sheep Normal 
(Lymphoid and Nonlymphoid Organs) and Abnormal 

(Pyogranuloma) Tissue 

Tissue 

Lymph node (n • 8)" 

Spleen (n - 2) 

Thymus (n • 2) 

Peyer's patches ( n • 2) 

Villi (n - 4) 
Liver (n - 2) 

Lungs (n - 2) 

Skin (n - 3) 

Pyogranuloma (n • 9) 

Cell suspensions ( n - 7) 

Position and type of positive cells 

Subcapsular sinus; scarce positive cells in fol­
licles; paraconical area, mcdu11a 

Red pulp, marginal zone macrophages; pcri­
ancriolar lymphocyte sheath; scarce positive 
cells in follicles 

Medu11a; scarce positive cells in conical area 
Dome; interfollicular area 
Lamina propria 

Kupffer cells 

Alveolar macrophages; tissue macrophages 

Histiocytes in dermis 

Palisade of macrophages and epithelioid cells 
around the necrotic center 

Aveolar macrophages; blood: monocytes, 
eosinophils 

"Number of samples examined. 
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munohistochemistry. This MAb reacted weakly with eosino­
phils as suggested by indirect immunoftuorescence. The 
staining of OMl on monocytes was not as strong as on alveolar 
macrophages. The distribution of antigen recognized by OMl 
showed membrane staining, and this was confirmed by indirect 
immunoftuorescence on live, unfixed alveolar macrophages. 

In lymphoid tissues, MAb OMl reacted with resident 
macrophages. This finding was based on the morphology 
(Fig. 2) and the localization of positive cells in the various 
compartments of the lymphoid organs (Table 1) and on the 
comparison of immunohistochemical staining with OMl 
and the demonstration of acid phosphatase activity. Thus. 

wp 

c 

OMl-positive cells and acid phosphatase-positive cells had 
comparable distributions on serial sections in lymph nodes 
and in spleen (Fig. 3), except for two features: (1) in lymph 
nodes, the number of OMl-positive cells in the cortical area 
was greater than the number of acid phosphatase-positive 
cells, and (2) the large tingible body macrophages present in 
follicles and strongly positive with the acid phosphatase 
staining were negative with MAb OMl. 

In thymus, the OMl-positive cells were distributed pre­
dominantly in medulla (Fig. 4). 

In nonlymphoid organs, MAb OMl reacted with cells 
known to be members of the mononuclear phagocyte system 

Fig. 3. Tissue distribution of MAb OMt• cells stained by an APAAP technique on sections of lymph nodes and spleen. (A; x 100) Lymph node stained 
with OM!; (B; x 400) detail. Comparison of tissue distribution of MAb OMI + cells stained by a APAAP technique and cells containing acid phosphatase 
on serial sections of spleen: (C; x 320) Spleen section stained with OMI; and (D; x 320) spleen section stained for acid phosphatase activity. f: follicle; 
c: conex; wp: white pulp; rp: red pulp. Note the presence of acid phosphatase-positive cells in white pulp [arrow]. 
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(Table 1�. In the liver, Kupffer cells were positive (Fig. Sa). 
In the lung, all alveolar macrophages and tissue macro­
phages stained positive with OM1 (Fig. Sb). In the skin, der­
mal histiocytes were positive but epidermal Langerhans cells 
were not stained by MAb OM1. 

On cell suspensions, MAbs OM2 and OM3 reacted with 
nearly all alveolar macrophages but did not stain lympho­
cytes, monocytes, or PMNs. In lymphoid or nonlymphoid 
tissues, the distribution of these two MAbs was different 
from that of MAb OMl. MAb OM2 labeled vascular endo­
thelial cells in all tissues examined (Fig. 6a). MAb OM3 did 
not stain any cell in most of the tissues examined except in 
the liver, where the hepatocytes strongly reacted with this 
MAb (Fig. 6b ). 

Distribution of Macrophages in Experimentally Induced 
Pyogranulomas in Lambs 

Using the three MAbs described above, we checked the pres­
ence of mononuclear phagocytes in the pyogranulomas in­
duced by C. pstudotuberculosis in lambs. Serial sections of 
parotid or lateral retropharyngeal lymph nodes sampled on 
days 6, 12, and 28 postinoculation (PI) from nine infected 
lambs (three lambs/day) were examined. 

On day 6 PI, numerous OM1-positive cells were d(:tected 
in the pyogranulomatous lesions. These cells were strongly 
stained and were distributed around the necrotic center in 
the inner layer (Fig. 7). The OM1-positive cells were scattered 
in the second layer among a predominant lymphoid popula­
tion. The cells positive for MAbs OM2 and OM3 were 
scarce at this stage of development of pyogranuloma. MAb 
SBU-II, which reacted with ovine MHC class II antigens, 
stained only a few cells in close contact with the necrotic 
center, whereas the numerous cells expressing class II anti­
gens in the second cellular layer were mainly lymphocytes. 

On day 12 PI, the OM1-positive cells were always mainly 
distributed around the necrotic center, but some positive 
cells also infiltrated the lymphoid cell layer (Fig. 8a). The 
distribution ofOMl-positive cells was comparable to that ob­
served with the acid phosphatase activity (Fig. 8b ). The 
staining by MAb SBU-II showed that most macrophages in 

Fig. 4. Distribution of OM I-positive cells in thymus ( x 100; APAAP). c: cor· 
tex; m: medulla. 

Fig. 5. Distribution of OMl-positive cells in the liver and the lung. (A) 
Liver; the Kuppfer cells (arrow) arc positive with OMJ; (B) lung; the alveo­
lar macrophages (arrow) arc strongly stained with OMJ ( x 80; APAAP). 

the pyogranuloma expressed class II antigens, as did numer­
ous lymphocytes. When the lesions present in the three 
lambs necropsied on day 12 were analyzed, the other two 
MAbs enabled two types of pyogranulomas to be distin­
guished. The first was characterized by the presence o 
numerous macrophages strongly stained by MAb OM2 and 
distributed around the necrotic center, whereas the very 
scarce OM3+ cells were disseminated throughout the wall o 
the pyogranuloma. In contrast, the second type was charac­
terized by the presence of numerous OM3• cells dissemi­
nated throughout the wall of the pyogranuloma, where 
OM2• cells were scarce. 

On day 28 PI, a palisade of macrophages and epithelioid 
cells in close contact with the necrotic center was very 
strongly stained by MAb OM1 (Figs. 9a and 10a). The pat­
tern of staining by MAb SBU-II was slightly different fro 
that observed on days 6 and 12 PI because all cells constitut-
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ig. 6. Immunohistochemical staining with MAbs OM2 (A) and OM3 (8). 
�) Spleen section; endothelial structures are stained with OM2; wp: white 
Jlp; rp: red pulp [ x 50; APAAP); (B) liver section; hepatocytes are stained 
ith OM3. Ix 1-0; APAAP). 

ig the macrophage palisade were positive, as were most cells 
1 the lymphoid layer (Figs. 9b and lOb). The two histologi-
11 patterns observed for MAbs OM2 and OM3 (Figs. 9 and 
>) were identical to those observed on day 12 PI, with two 
1ain features: (1) the epithelioid cells, easily recognizable 
ecause of their typical morphology, were strongly stained by 
IAb OM2, whereas they were negative with OM3 (Figs. 9c 
ld 9d); and (2) the typical distribution of macrophage sub­
:ts stained by OM2 and OM3 was that OM2-positive cells 
ere distributed only in close contact with the necrotic 
:nter (Figs. 9c and lOc), whereas OM3-positive cells were 
stributed throughout the pyogranuloma (Fig. lOd). 
The surface phenotype of the cells in the centers of pyo­

·anulomas could not be evaluated because these necrotic 
enters stained nonspecifically with most of the antibodies 
sed or were lost during the immunohistochemical procedure. 

DISCUSSION 

Distribution of the MAbs in Normal Tissues 

We have described the obtention and cell binding of three 
MAbs raised against ovine macrophages. The tissue distri­
bution of MAbs, OMl, OM2, and OM3 was determined in 
various sheep organs before testing their reactivity with 
inflammatory macrophages recruited in experimentally in­
duced pyogranulomatous lesions of lambs inoculated with 
C. pseudotubtrculosis. 

MAb OMl recognizes a membrane antigen expressed by 
most macrophages of the sheep, as determined by tissue dis­
tribution, morphology of the cells, and comparison with the 
acid phosphatase staining in lymphoid organs. MAb OMl 
staining intensity increases with the differentiation stage of 
the monocyte/macrophage lineage, as already described with 
other MAbs such as MOMA-2 in mouse (32) and BRL-Ml, 
CM-1, and mAb-24 in humans (23, 24). The possibility that 
this MAb recognizes other hematopoietic cells in tissues can­
not be excluded because of its observed reactivity with 
eosinophils in cell suspensions of peripheral blood leukocytes 
(Table 1). Among the resident macrophage subpopulations 
tested, a few did not react with OMl, such as the cortical 
macrophages in the thymus or tingible body macrophages in 
follicles of lymphoid organs. This differential expression of 
macrophages markers according to their tissue location has 
been described in thymus (10), spleen (15), lymph nodes (8, 
15 ), and nonlymphoid organs of different species (3, 46). 
Other macrophage populations were not tested in this study, 
in particular the microglial cells of the brain and the resident 
bone marrow macrophages. Except for the foregoing reser­
vations, MAb OMl resembles EDl in the rat (15), F4/80 in 
mouse (26, 34), and CM-1 and RFD2 in humans (23, 42) 
and can be proposed as a panmacrophage marker in sheep. 

The tissue distribution of the two other antibodies showed 
that (1) they recognized a subpopulation of alveolar macro­
phages and (2) they were not specific for the monocyte/mac­
rophage lineage. Thus, MAb OM2 appeared to label vascular 
endothelium; this antigenic similarity between the vascular 
endothelium and subsets of macrophages has already been 

Fig. 7. Immunohistochemical staining with MAb OMI on a lymph node 
with a 6-day-old pyogranuloma. Note the distribution of OM I-positive mac· 
rophagcs which are predominantly distributed in a mantle surrounding the 
necrotic center (n) [ x 32; APAAPJ. 
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Fig. 8. Distribution of OMl-positive macrophages (arrow) and positive cells for acid phosphatase (arrow) in a lymph node with a 28-day-old pyogranulom
(A; APAAP) Pyogranuloma stained with OM!; (8) serial section stained for acid phosphatase activity. n: necrotic center [ x 160). 

described in humans with MAbs OKM5, UCHMl, and 
SM<t> (25, 30); in rat with MAbs R2-2Bl and MRC OX-43 
[27, 45); and in mice (29). Moreover, it has been shown that 
endothelial cells and macrophages have some functional 
similarities despite their separate embryologic origins. More 
surprising was the staining of hepatocytes by MAb OM3; to 
our knowledge, there has been no previous report of such 
cross-reactivity between a subset of macrophages and 
hepatocytes. 

Thus, two conclusions can be drawn from these results: (1) 
the three MAbs do no label the dendritic cells, suggesting 
that either the Langerhans-dendritic cell lineage is distinct 
from the mononuclear phagocyte system in sheep, as already 
suggested in other species (4, 31, 44, 56), or that the capacity 
of these cells to bind the MAbs is lost in the process of 
differentiation; and (2) there is great heterogeneity in the 
ovine mononuclear phagocyte system, which made it possi­
ble to use these MAbs to analyze the cellular composition of 
pyogranuloma. 

The Mononuclear Phagocytes in Pyogranulomatous 
Inflammation 

From the immunohistochemical examination of infectious 
pyogranuloma induced in lambs, the major finding that 
emerges is that cells of the mononuclear phagocyte system, 
recognized by MAb OMl, massively infiltrate the lesion 

from day 6 to day 28 Pl. The importance of macrophage 
surrounding a suppurative center in such lesions agrees wi 
results of earlier studies (14, 16, 19, 33, 52) and emphasize 
the denominations of pyogranuloma or suppurative granu 
Joma used to designate these lesions (21, 38). Obviously, thi 
does not exclude the participation of other cells such 
eosinophils stained by MAb OMl, which have been de 
scribed in granulomas induced by parasites (22), or dendriti 
cells (41, 55). 

Following the recruitment of monocyte-derived cells t 
the inflammatory sites, two progressions could be observe 
leading to two types of pyogranulomas. In the first, a Jar 
proportion �f epithelioid cells (36, 49, 50, 53) stained 
MAbs OMl and OM2 could be observed early, from day 
PI, and increased in size and number until day 28. In thi 
case, the OM3• cells were scarce. The second was character 
ized by a low proportion of epithelioid cells, whereas numer 
ous OM3• macrophages could be observed throughout th 
pyogranuloma. These results suggest that these differen 
histological patterns in C. pstudotuberculosis-induced p 
granulomas may depend on the immunological status of th 
host. This histological spectrum could be compared wi 
that described in mycobacterial diseases (12, 47, 48, 50). 

Another picture that emerges from this study is that mac 
rophages involved in the pyogranuloma express high levels o 
MHC class II antigens in the late phases of development o 
the lesions as observed on day 28 Pl. Although the presenc 
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Fig. 9. Macrophage subsets and MHC class II-positive cells on serial sections of a lymph node with a 28·day·old pyogranuloma. (A) S1aining with MAb 
OMl. All the macrophages distributed in a palisade around the necrotic center (n) arc positive; (B) Staining with MAb SBU·ll raised against the class 
II antigens. Macrophages and numerous lymphocytes arc positive; (C) Staining with MAb OM2. The numerous positive cells arc distributed in close con· 
tact with the necrotic center and have an epithelioid cell morphology; (D) Staining with MAb OM3. The OM3·positive (arrow) cells arc very scarce in 
comparison with the OM2·positivc cells. L: cellular layer predominantly composed of lymphocytes [ x 160; APAAP). 
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Fig. 10. Macrophage subsets and MHC class II-positive cells on serial sections of a lymph node with a 28·day·old pyogranuloma. (A) Staining with MAb 
OMI. All the macrophages distributed in a palisade around the necrotic centcr (n) arc positive; (B) Staining with MAb SBU-11 raised against the class 
II antigens. Macrophages and numerous lymphocytes arc positive; (C) Staining with MAb OM2. The scarce positive cells arc distributed in close contact 
with the necrotic ccntcr and have an cpithelioid cell morphology (arrow); (D) Staining with MAb OM3. The numerous OM3 positive (arrow) cells arc 
distributed throughout the pyogranuloma. L: cellular layer predominantly composed of lymphocytes [ x 80; APAAP). 
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>f these immunoregulatory molecules is not a marker for 
'activation" per se, the intensity and extent of class II antigen 
�pression, as described in naturally occurring C. pseudotuber­
;ulosis lesions [16] or in hepatic granulomas [2], illustrate the 
[>articipation of monocyte-derived cells in accessory cell 
l'unctions (51]. 

Although the nature of the antigens recognized by MAbs 
DM1, OM2, and OM3 and their roles in functional aspects 
>f cells of the ovine mononuclear phagocyte system need fur­
ther study, the present results show that these MAbs are very 
11seful for examining the heterogeneity and the involvement 
>f macrophages in granulomatous lesions. 
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