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Abstract. We describe the purification and intracellular 
distribution of an antigen present on a subpopulation of 
murine macrophages and recognized by monoclonal an- 
tibody ER-HR3 against bone marrow-derived haemo- 
poietic reticulum cells. Using the ER-HR3 antibody as 
an immobilizing ligand, two proteins were isolated as 
determined by SDS polyacrylamide gel electrophoresis. 
Under non-reducing conditions, there was a major band 
with an apparent molecular mass of 69 kDa and a minor 
band of 55 kDa. Under reducing conditions, the apparent 
molecular mass of each band was estimated as 76 kDa 
and 67 kDa, respectively. Intracellularly, these proteins 
occurred in close association with membranous struc- 
tures, as demonstrated with gold-labelled protein A in an 
electron-microscopic study of the ER-HR3-positive cell 
line AP284. Some of the antigen was present in vesicles. 
To gain further insight into the possible function of the 
ER-HR3 antigen, its tissue distribution was investigated 
under distinct experimental conditions. In mice infected 
with Bacillus Calmette Gur6rin, ER-HR3-positive cells 
were observed in many, but not all, granulomata of the 
spleen, the lung and the liver. The ER-HR3 reactivity in 
these mice clearly differed from that of other anti- 
macrophage monoclonal antibodies, such as F4/80, M5/ 
114 and M1/70. Furthermore, phenylhydrazine-induced 
extramedullary erythropoiesis in the liver was accompa- 
nied by ER-HR3 expression on a subpopulation of 
macrophages. Finally, the addition of ER-HR3 to an 
antigen-specific T cell proliferation assay did not inhibit 
T cell proliferation. 
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Introduction 

Macrophages are a heterogeneous cell population that is 
distributed throughout the body (Dougherty and Mc- 
Bride 1984). They express a variety of surface antigens, 
such as receptors and immunoregulatory molecules 
(Wright and Silverstein 1986; Cordon et al. 1988). The 
development of the hybridoma technique has made it 
possible to produce monoclonal antibodies (mAbs) 
against these antigens. These mAbs can be used to deter- 
mine, for example the tissue distribution and maturation 
state of subclasses of macrophages. However, these histo- 
logical approaches often do not elucidate the function of 
a certain antigen and more sophisticated methods are 
needed. 

We have previously described the distribution of a 
new mAb (ER-HR3) against a subpopulation of 
macrophages in the fetal and adult mouse (de Jong et al. 
1993). Here, we present the results of a number of exper- 
iments carried out in order to obtain more information 
about the function of the antigen recognized by this mAb. 
We have purified the ER-HR3 antigen, determined its 
molecular mass and investigated its intracellular distri- 
bution. Moreover, we have assessed its expression under 
experimental conditions in which macrophages might 
adapt their antigen expression in correlation with altered 
functions. Such adaptive changes may occur after injec- 
tion with phenylhydrazine (PHZ) or sublethal doses of 
pathogenic organisms, such as Bacillus Calmette Cu~rin 
(BCG). Additionally, we have investigated the antigen 
expression on a number of macrophage cell lines and on 
macrophages in bone-marrow cultures in order to sub- 
stantiate the possible relationship between ER-HR3 
antigen expression and macrophage differentiation. 

Materials and methods 

Mice 

Male and female (CBA/Rij x C57BL/Rij) F1 (BCBA) mice were 
obtained from the Radiobiological Institute TNO (Rijswijk, The 
Netherlands) and kept under conventional conditions. 
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Table 1. Cell lines and references 

Cell line Cell type Reference 

M1 Myeloblast Ichikawa (1969) 
RMB-1 Myelocyte De Both et al. (1981) 
RMB-3 Myelocyte De Both et al. (1981) 

WEHI-3B Immature macrophage Warner et al. (1969) 
WEHI-3 Immature macrophage Warner et al. (1969) 

Pu5-1.8 Macrophage Ralph et al. (1974) 
J774-1.6 Macrophage Ralph et al. (1975) 
P388D1 Macrophage Koren et al. (1975) 
RAW264.7 Macrophage Raschke et al. (1978) 
RAW309Cr.1 Macrophage Raschke et al. (1978) 
WR19M.1 Macrophage Raschke et al. (1978) 
AP284 Macrophage Klasen et al. (1988) 

by Laemmli (1970). The separated proteins were electrophoretically 
transferred to nitrocellulose (Towbin et al. 1979) and immunologi- 
cally detected as described below. 

Spot-test 

Aliquots of 1 gl of the affinity-purified cellular proteins and control 
solutions were spotted directly onto nitrocellulose sheets. Sheets 
were successively incubated for 15 min in PBS, pH 7.8, supplement- 
ed with 0.02% (w/v) gelatin and 0.05% (v/v) Tween-20 (PBT), for 1 h 
with ER-HR3, rinsed with PBT, and finally incubated for 1 h with 
a 1:40 diluted solution of a peroxidase-conjugated rabbit-anti-rat 
antibody (Dakopatts, Copenhagen, Denmark). They were washed 
twice with PBT and the enzyme activity was visualized with di- 
aminobenzidine. All steps were performed at room temperature (de 
Jong et al. 1993). 

Cell lines 

The classification and original references of the macrophage cell 
lines used are depicted in Table 1. The cells were cultured in RPMI- 
1640 medium supplemented with 10% fetal calf serum (FCS) and 
antibiotics. The cell line AP284-D4 was isolated in our laboratory 
from the spleen of a BCBA mouse. 

Immobilization of ER-HR3 on protein A-Sepharose 

The ER-HR3 antibody was purified and immobilized as described 
by de Jong et al. (1993) and Schneider et al. (1982), respectively. 
Briefy, purified antibody was mixed with protein A-Sepharose CL- 
4B (Pharmacia, Uppsala, Sweden) in 0.1 M borate buffer, pH 8.2, 
and incubated for 30 min at room temperature under gentle shak- 
ing. Beads were successively washed with borate buffer and 0.2 M 
triethanolamine, pH 8.2. They were subsequently resuspended in 
20 ml 50 mM dimethyl pimelimidate dihydrochloride (Pierce, Rock- 
ford, Ill., USA) freshly made up in 0.2 M triethanolamine with the 
pH re-adjusted to 8.2. The mixture was agitated gently at room 
temperature for 1 h. The reaction was stopped by centrifuging the 
beads (500 x g for 1 min) and resuspending them in an equal vol- 
ume of 50 mM ethanolamine, pH 8.2. After 5 min, the crosslinked 
beads were washed three times with borate buffer, pH 8.2, supple- 
mented with 0.02% sodium azide. 

Isolation and characterization of the ER-HR3 antigen 

Cell suspensions of the spleen and terminal ileum were obtained by 
cutting these organs into pieces and pushing them through a mesh 
sieve. After centrifugation (200 x g, 15 rain, 4~ cell pellet was 
dissolved in a lysis buffer of 1% (v/v) Triton X-100, 1 mM phenyl- 
methylsulphonyl fluoride [PMSF, stock: 2 mg PMSF/ml dimethyl 
sulphoxide (DMSO)], 1 mg/ml leupeptin (Sigma, St. Louis, Mo., 
USA) and 1 gg/ml pepstatin (Sigma) in 0.1 M phosphate-buffered 
saline (PBS). The cellular fragments were further homogenized in a 
Dounce homogenizer by 20-30 fast strokes with a tight-fitting 
pestle. The homogenate was centrifuged (1500 x g, 30 rain, 4~ 
and the supernatant was diluted by addition of an equal volume of 
0.1 M phosphate buffer, pH 8.0. Cellular proteins binding to protein 
A-Sepharose were removed by pre-clearance of the solution on a 
protein A-Sepharose column. The eluate was subsequently layered 
onto an ER-HR3-Sepharose column. Bound proteins were re- 
moved with a 0.1 M glycine/HC1 buffer, pH 2.5. The eluate was 
neutralized with 0.1 M TRIS/HC1 buffer (pH 8.5), concentrated in 
an Amicon filtration unit and processed for sodium dodecyl sul- 
phate polyacrylamide gel electrophoresis (SDS-PAGE) as described 

Immunogold labelling 

Cells of the cell line AP284 were collected by centrifugation and 
fixed for 1 h at 4~ in 0.1 M phosphate buffer (PB), pH 7.3, contain- 
ing 1% acrolein (Sigma, St.Louis, Mo., USA) and 0.4% glutaralde- 
hyde (grade II, Polyscience, Warrington, USA). Cells were rinsed 
twice with 0.1 M PB, resuspended in 10% (w/v) gelatin in 0.1 M PB 
at 37~ and centrifuged. The pellet was solidified on ice and pro- 
cessed as described previously (de Jong et al. 1993). 

BCG infection of mice 

Mice were intravenously injected with 6 x 106 viable BCG (strain 
601A) suspended in PBS, pH 7.4. Twenty-one days after infection, 
the spleen, lung and liver were removed and processed for im- 
munostaining according to de Jong et al. (1993). 

Enzyme-linked immunosorbant assay 

The expression of the ER-HR3 antigen by macrophage cell lines 
was quantitatively assessed by means of a micro-enzyme-linked 
immunosorbent assay (ELISA) (Leenen et al. 1990). In short, cells 
were coated on Terasaki trays with 0.05% glutaraldehyde, incubat- 
ed for 1 h with ER-HR3, rinsed with PBT, incubated for 1 h with 
optimally diluted [3-galactosidase-coupled anti-rat Ig, rinsed again, 
and finally incubated for 1 h at 37~ with the fluorogenic substrate 
4-methylumbelliferyl galactopyranoside. The amount of generated 
fluorescent product was then determined with a scanning microflu- 
orometer. The fluorescent product generated in a Terasaki tray 
saturated with purified rat Ig was used as a positive internal control. 
Antigen expression was denoted in arbitrary units (AU), implying 
that, for 100 AU, a fluorescence signal was obtained that equalled 
this positive control. 

Bone marrow cultures 

Macrophages were cultured from murine bone marrow under the 
following conditions. Bone marrow was flushed from femurs with a 
23-gauge needle and collected in 6 ml s-medium containing 5% 
FCS. The cells were centrifuged and resuspended in s-medium sup- 
plemented with 10% FCS and 20% L-cell-conditioned medium, the 
latter as source of monocyte colony-stimulating factor (M-CSF). 
The cell concentration was adjusted to 5 x 10  4 cells/ml medium, 
and 1-ml aliquots were plated in 24-well plates (Costar, Cambridge, 
Mass., USA) on Lux polystyrene coverslips (Lux, Naperville, Ill., 



USA) and cultured at 37~ in a humidified atmosphere consisting 
of 5% CO2 in air. Both the non-adherent and adherent cell fractions 
were collected every two days until day 12 of culture; the cells were 
immunostained as described by Leenen et al. (1987). 

Antigen presentation 

The antigen presentation assay was performed in vitro as described 
by Klasen et al. (1988). In short, an methylated bovine serum albu- 
mine-specific T cell clone was cultured for three days in serum-free 
medium with or without antigen together with irradiated 
macrophages. Proliferation of the T cells was measured by 3H- 
thymidine incorporation during the last 8 or 18 h of culture. The 
effect of the ER-HR3 antibody in this assay was investigated by 
addition of increasing amounts of the mAb to the culture medium. 
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SDS-PAGE. Under  non-reducing conditions a major  
protein band with an apparent  molecular mass of 69 kDa  
and a minor band at 55 k D a  were observed (Fig. la, lane 
1). Under  reducing conditions, their apparent  molecular 
mass was estimated as 76 kDa  and 67 kDa,  respectively 
(Fig. la, lane 2). Only the largest of these proteins was 
present in the culture supernatant  of cell line AP284 (not 
shown). Electrophoretic transfer of the proteins to nitro- 
cellulose and successive incubation with ER-H R3  did 
not result in immunostaining of the protein bands, irre- 
spective of whether the proteins were reduced or not. 
However, direct spotting of the unreduced purified 
proteins on nitrocellulose and successive immunostain-  
ing revealed positive spots (Fig. lb). 

P H Z  treatment 

Mice were intraperitoneally injected with 1 mg PHZ (Merck, Darm- 
stadt, Germany) dissolved in PBS, on four subsequent days. Three 
days after the last injection, some mice were intravenously injected 
with carbon particles 30 rain before the removal of their spleens and 
livers. These organs were removed, sectioned and immunostained 
with the ER-HR3 monoclonal antibody. Carbon injection and im- 
munostaining were performed as previously described (de Jong et 
al. 1993). 

Results 

Purification of the ER-HR3 antigen 

The first part  of this study (de Jong et al. 1993) demon- 
strated that the spleen and the terminal ileum were sites 
at which ER-HR3-pos i t ive  cells were abundantly 
present. We used tissue from these organs to prepare cel- 
lular lysates in order to determine the molecular mass of 
the antigen recognized by ER-HR3.  In addition, a cellu- 
lar lysate of the macrophage cell line AP284 was used. 
After affinity purification, samples were analysed by 

Intracellular distribution of the ER-HR3 antigen 

The intracellular distribution of the antigen was investi- 
gated by immunogold labelling of the cell line AP284. 
Some of the antigen is present on the outer cell mem- 
brane (Fig. 2a). Moreover,  most  of the antigen present in 
the cytoplasm is membrane-associated (Fig. 2a). The 
antigen is also stored in vesicles (Fig. 2b,c). 

The ER-HR3 antigen as a macrophage differentiation 
marker 

The question of whether the antigen recognized by ER- 
HR3 was a differentiation marker  was approached in two 
ways. First, we determined the number  of positive cells in 
ageing M-CSF-st imulated bone mar row cultures. At the 
initiation of the culture, 50% of the total cell populat ion 
possessed the ER-HR3  antigen. In time, their number  
increased and, at day 10 of culture, all cells expressed the 
marker  (Fig. 3a). Secondly, we investigated the expres- 
sion of the antigen on distinct macrophage lines. These 
lines could be ordered in a linear matura t ion sequence 

Fig. 1. a SDS-PAGE pattern of a 
cellular lysate from the spleen af- 
ter affinity chromatography with 
the ligand ER-HR3. Lane 1, Non- 
reduced; lane 2, reduced; lane 3, 
marker proteins, b Spot test of 
protein A and ER-HR3 affinity- 
purified cellular lysates from the 
spleen and the cell line AP284. 
Positive spots were observed only 
in protein fractions obtained after 
ER-HR3 affinity chromatography 
(Spleen; ER-HR3 and AP284; ER- 
HR3). Non-specific binding of ER- 
HR3 to protein A-affinity purified 
proteins was not observed (Spleen; 
prot A and AP284; Prot. A). BSA 
(10% BSA) was used as a negative 
control. ER-HR3 (ER-HR3-mAb) 
and the horseradish peroxidase- 
conjugated rabbit-anti-rat im- 
munoglobulin (ReRa-HRPO) were 
used as positive controls 
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Fig. 2a-e. Intracellular distribution of the ER-HR3 antigen in the 
cell line AP284. Gold particles are present on the plasma membrane 

and cytoplasmic membranous structures (a) or within vesicles (b,e). 
x 60 000 

depending on the antigens that they expressed (Leenen et 
al. 1986). The ER-HR3 antigen was expressed by many of 
these cell lines. In general, lines with a more mature phe- 
notype tended to show a higher expression of the antigen 
(Fig. 3b) Hence, in both models, expression of the ER- 
HR3 antigen appeared to correlate with macrophage 
maturity. 

Expression of the ER-HR3 antigen in BCG-infected mice 

At day 21 of BCG infection, we investigated ER-HR3 
antigen expression by cells in the lung, liver and spleen. 
For a comparison, we also judged the expression of the 
CR3 antigen (Mac-l; mAb M1/70), MHC class II anti- 
gens (Ia; mAb M5/114) and F4/80 antigen. Control lungs 
of uninfected mice contained only a few cells positive for 
F4/80, M1/70 and M5/114. ER-HR3-positive cells were 
not present in the lungs. Within BCG-infected lungs, 
granulomata were mainly located near to the bronchi 
and large arteries. M5/114 staining was not restricted to 
these sites but was observed throughout the lung 
(Fig. 4a). Within the granulomata, most cells were heavily 
stained by M1/70 (Fig. 4c). Macrophages within the le- 
sions showed weak expression of F4/80 (Fig. 4b). ER- 
HR3 antigen expression was restricted to cells present in 

the granulomata around the arteries but not in the 
bronchi (Fig. 4d). 

In control livers, most, if not all, Kupffer cells stained 
with monoclonal antibody F4/80. Approximately 10% of 
these cells were Ia-positive. The ER-HR3 and Mac-1 
antigens were not expressed by cells in the liver. In BCG- 
infected livers (Figs. 4e-h), the Ia antigen was expressed 
by many cells, i.e., the sinusoid lining cells, Kupffer cells 
and by most cells present in the granulomata (Fig. 4e). 
The F4/80 antigen was present on macrophages in the 
granulomata and on Kupffer cells (Fig. 4t). Expression of 
the F4/80 antigen on the latter cell type was strongly 
increased when compared with uninfected livers. The 
markers Mac-1 and ER-HR3 were mainly confined to 
the granulomata (Fig. 4g,h). ER-HR3 staining was less 
intense than M1/70. In control spleens, F4/80 and ER- 
HR3-positive cells were confined to the red pulp. M1/70 
strongly stained the granulocytes and weakly stained 
some large macrophages in this region. Moreover, the 
antigen appeared to be expressed by cells in the marginal 
zone. Ia expression was restricted to cells in the follicle 
centre and to some cells in the red pulp. In BCG-infected 
spleens, the architecture was disrupted by the formation 
of granulomata. The region surrounding the marginal 
zone was especially affected. Infiltrated cells weakly ex- 
pressed the antigens recognized by ER-HR3 and F4/80. 
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Fig. 3. a ER-HR3 and F4/80 antigen expression on M-CSF-stimu- 
lated bone marrow cells. Data are presented as a percentage of the 
total cell population, b ER-HR3 antigen expression by macrophage 
cell lines. These are arranged in order of maturation according to 
Leenen et al. (1986). M1 exemplifies the most immature and AP284 
the most mature cell line 

The Ia and the Mac-1 antigen were both strongly ex- 
pressed on cells throughout the spleen. 

Expression of the ER-HR3 antigen in PHZ-treated mice 

Mice injected with PHZ are known to develop haemolyt- 
ic anemia. They show splenomegaly and extramedullary 
erythropoiesis in the liver. In PHZ-treated mice, the 
splenic structure was disrupted because of a marked en- 
largement of the red pulp. The increase in erythropoietic 
activity was readily visualized because of the presence of 
many erythroblasts. Moreover, there was a large increase 
in the number of ER-HR3-positive cells (Fig. 5a) in the 
spleen. Positive cells appeared to be larger compared 
with those in control mice. They were often surrounded 
by erythroid precursors (Fig. 5b). The most striking dif- 
ference between control and PHZ-treated mice with re- 
spect to the distribution of the ER-HR3 antigen was the 
appearance of ER-HR3-positive cells in the liver 
(Fig. 5c). They were mainly present in the liver sinusoids. 
Occasionally, they were surrounded by a number of ery- 
throblasts (Fig. 5c, insert). Injection of carbon after PHZ 

treatment resulted in carbon staining of all ER-HR3-pos- 
itive cells of the liver, including the central macrophages 
surrounded by erythroblasts (Fig. 5d). 

Antigen presentation 

ER-HR3 antibody had no effect on mBSA presentation 
by the ER-HR3- -positive cell line AP284 to mBSA 
primed T cells (data not shown). However, mAb M5/114 
(anti-Ia), used as a positive control, greatly diminished 
antigen-specific T cell proliferation. 

Discussion 

In a previous paper, we have reported the distribution of 
the antigen recognized by an antibody ER-HR3 that is 
directed against a subpopulation of macrophages located 
predominantly in lympho- -haemopoietic organs (de 
Jong et al. 1993). Here, we give details concerning the 
purification of the antigen recognized by ER-HR3 and its 
expression under different experimental conditions. ER- 
HR3 recognizes two proteins with apparent molecular 
masses of 69 kDa and 55 kDa, respectively (Fig. lb). The 
observation that these molecular masses increase under 
reducing conditions is indicative of the presence of in- 
tramolecular disulphide bridges. Since both proteins 
share this property, they may be related in structure. The 
intracellular distribution of the antigen, i.e., membrane- 
associated and vesicle-stored (Fig. 2), together with the 
isolation of only the 69 kDa protein from the superna- 
tant of a monocytic cell line favour the hypothesis that 
the antigen is present in a membrane-associated and in a 
soluble form, a phenomenon also observed for IL-1 
(Kurt-Jones et al. 1985). The membrane-associated oc- 
currence of the antigen correlates well with observations 
from our in vivo study (de Jong et al. 1993). However, 
macrophages in situ lack the antigen-loaded vesicles as 
observed in AP284 cells. The assumption that the secre- 
tion rate of the antigen under in vivo conditions is much 
higher, preventing the storage of the protein in the vesi- 
cles, may explain this observation. 

The data from our differentiation studies indicate that 
the antigen recognized by ER-HR3 is probably expressed 
by the more mature cells of the mononuclear phagocyte 
system. In cultures of M-CSF-stimulated bone marrow, 
the number of ER-HR3-positive cells increases gradually 
with time (Fig. 3a). Additionally, when distinct 
macrophage cell lines are arranged in a differentiation 
sequence (Leenen et al. 1986), the antigen is predomi- 
nantly present on cell lines with a more mature pheno- 
type (Fig. 3b). For example, cells of the AP284 cell line 
possess a number of macrophage-specific antigens, are 
able to phagocytose carbon and stain positively for the 
enzymes acid phosphatase and non-specific esterase 
(Klasen et al. 1988). 

To obtain more information about the functional 
properties of the antigen, we have investigated its expres- 
sion under different experimental conditions, i.e., BCG 
infection and PHZ treatment. In BCG-infected mice, the 



Fig. 4a-h. Distribution of macrophage antigens in the lung (a-d) 
and liver (e-h) of BCG-infected mice. Antigens investigated were Ia 
(a,e), F4/80 (b,f), Mac-1 (e,g), and ER-HR3 (d,h). Arrowheads (b, d) 

indicate the sites of positive staining, x 60. a Artery; br bronchio- 
lus; cv central vein; v vein 



Fig. 5a-d. Distribution of ER-HR3-positive cells in the spleen (a,b) 
and liver (c,d) of PHZ-treated mice. a ER-HR3-positive cells are 
abundant in the red pulp. x 125. b High-power magnification of 
erythrocyte-loaded ER-HR3-positive macrophages (m~) sur- 
rounded by erythroblasts, x 650. c Distribution of ER-HR3-posi- 
tire cells in liver, x 140. Insert High-power magnification of ER- 

HR3-positive cell surrounded by erythroblasts, x 650. d Distribu- 
tion of carbon-loaded cells in the liver. Small spots indicate Kupffer 
cells; large spots indicate carbon-loaded ER-HR3-positive cells. 
x 140. Insert High-power magnification of a carbon-loaded ER- 
HR3-positive cell surrounded by erythroblasts, x 650. cv Central 
vein; eb erythroblasts; RP red pulp; WP white pulp 
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number  and size of g ranulomata  in the various organs 
reach maximal  values at day 21 (Nibbering et al. 1989). 
Differences in the localization and expression of the dis- 
tinct macrophage  antigens under these conditions are 
most  profound in the liver (Fig. 4). Ia  and F4/80-positive 
cells are present throughout  the organ. In contrast, Mac- 
1 and ER-HR3-posi t ive  cells are confined to the granulo- 
mata.  These latter macrophages  are possibly recruited 
from other sites. Such recruitment of Mac-l-posi t ive cells 
has also been described after infection of mice with Plas- 
modium yoelii or Listeria monocytogenes (Gordon et al. 
1988). However, it is also possible that pro- inf lammatory 
cytokines, present in the granulomata,  induce antigen ex- 
pression on local macrophages.  The observation that 
ER-HR3-posi t ive  cells are exclusively present in granulo- 
ma ta  a round the pulmonary  arteries, but not the bronchi, 
of BCG- -infected mice favours the hypothesis that  only 
the migratory macrophages  express this marker.  Other 
studies with infectious agents indicate that the expression 
of M H C  class I I  antigens is correlated with macrophage 
activation (Ezekowitz et al. 1981; Adams and Hamil ton 
1987). In our study, we have demonstrated that the ex- 
pression of E R - H R 3  and Ia  does not co-exist. Therefore, 
it is unlikely that the E R - H R 3  antigen is involved in the 
process of activation. 

E R - H R 3  antigen expression has also been investigat- 
ed after P H Z  injection. In adult mice, repeated injections 
of P H Z  cause haemolytic anemia that is accompanied by 
extramedullary erythropoiesis in the liver (Ploemacher 
and van Soest 1977). Interestingly, after P H Z  treatment,  
many  cells in the liver are stained positively by E R - H R 3  
(Fig. 5). They occur in the liver sinusoids and veins. Some 
of them are surrounded by a rim of erythroblasts and are 
considered to be central macrophages.  Carbon injection 
after P H Z  treatment  results in carbon labelling of all ER- 
HR3-posi t ive cells, including the central macrophages.  
Although an influx of macrophages  from other sites can- 
not be excluded, this result suggests that P H Z  treatment 
induces ER-HR3-express ion on a subpopulat ion of 
Kupffer cells. The observation that Kupffer cells under 
anoxic conditions are able to produce erythropoietin 
(Paul et al. 1984), together with our observation that  ER- 
HR3-posi t ive Kupffer cells are surrounded by erythro- 
blasts, argues for a possible role of the E R - H R 3  antigen 
in erythropoiesis. Moreover,  the antigen is expressed by 
renal medullary interstitium cells (de Jong et al. 1993); 
under physiological conditions, erythropoietin is pro- 
duced at this site (Schuster et al. 1987). Other indications 
for the presumed function of the E R - H R 3  antigen in ery- 
thropoiesis are the occurrence of erythropoietic islands 
with ER-HR3-posi t ive  central macrophages  in the fetal 
and adult spleen, the fetal liver and adult bone mar row (de 
Jong et al. 1993). Nevertheless, ER-HR3-posi t ive  cells al- 
so occur at other locations and it cannot  be excluded that 
the antigen is involved in other processes. For example, 
the presence of ER-HR3-posi t ive  cells in the T-cell-asso- 
ciated regions of lymph nodes may  be indicative of a 
function in the immune response. Our observation that 
E R - H R 3  is unable to inhibit antigen-specific T cell prolif- 
eration makes it unlikely that  the E R - H R 3  epitope is 
directly involved in antigen presentation. 
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