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Summary. A monoclonal antibody, M522, reacting
with human monocytes, neutrophils and a proportion
of non-adherent PBL in a pattern similar to OKM-I
and anti-Mo-i, and pecipitating a dimer of MW
165,000 and 100,000 from neutrophils, was shown to
react with C3 at an epitope localized on the alpha-
chain of C3.

F(ab)2- fragments ofM522 stimulate the respiratory
burst of neutrophils and monocytes. M522 differs
from two monoclonal antibodies against the Mo-i
molecule with respect to the capacity to inhibit the
binding of sheep erythrocytes coated with different
C3-fragments to C-receptor carrying cells. It inhibited
the binding of H-coated particles to B-lymphoid cells
and precipitated a 50,000 MW molecule from RAJI
cells and tonsil lymphocytes.
The results obtained suggest an antigenic relation-

ship between the alpha-chain ofC3, the heavy chain of

Abbreviations: B, factor B of the alternative pathway of
complement; BSA, bovine serum albumin; Cl, C2, C3, C4,
C5, C6, C7, C8 and C9, First to ninth component of
complement; C3b, C3bi, C3c and C3d, b, bi, c, d fragment of
C3; EAC3b, EAC3bi, EAC3d: sheep red blood cells coated
with amboceptor, Cl, C4, C2 C3b or C3bi andC3d, respect-
ively; EAC3b-H, EAC3b carrying H; E-H, sheep red blood
cells carrying H attached by CrC13 method; E-M522, sheep
red blood cells carrying M522 attached by CrCl3 method; H,
formerly #lH, C3b-inactivator-cofactor; I, C3b-inactivator.
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a membrane molecule involved in neutrophil/mono-
cyte activation, and a B-cell molecule ofMW 50,000.

INTRODUCTION

In recent years, several of the membrane molecules
involved in the activation of human neutrophils and
monocytes have been identified. One of these struc-
tures, the molecule recognized by monoclonal anti-
bodies Mac-i, OKM-1, anti-Mo-I has been shown to
contain two polypeptide chains of MWs 165,000 and
95,000, and to share this 95,000 chain with two other
leucocyte-membrane molecules LFA-I and gp 150, 95
(Sanchez-Madrid et al., 1983; Todd & Schlossmann,
1983). This molecule, which in immunofluorescence
can be detected on human neutrophils, monocytes/
macrophages and natural killer cells (Springer et al.,
1979; Ho & Springer, 1982), seems to serve as receptor
for iC3b as shown by both inhibition studies with
monoclonal antibodies (Beller, Springer & Schreiber,
1982; Arnaout et al., 1983) and by studies demonstrat-
ing the binding of the Mo- I molecule to iC3b (Wright
et al., 1983). Its importance in the phagocytic function
of neutrophils and monocytes is stressed by the
observation that patients deficient in this molecule are
prone to frequent infections and that their granulo-
cytes show a wide range of defects observable in vitro,
such as decreased ingestion of iC3b-coated particles
and of some IgG-coated particles (Arnaout et al.,
1982; Dana et al., 1983, 1984).
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The presence on human leucocytes of some of the
complement components found in serum has been
reported by several groups. Molecules antigenically
related to Clq, C3, C4, C5, C6, C7, C8, C9, B, P and
factor H have been found on human B lymphocytes
(Osther & Dybkjaer, 1974; Burns & Cawley, 1979;
Curd et al., 1978; Wilson et al., 1982). In the case of
factors B and H, the molecular weight of the mem-
brane molecule from B cells corresponds to the
molecular weight of the serum molecule (Woo &
Lachmann, 1981; Schulz et al., 1984). Evidence for the
existence ofC3 on monocytes (Burns & Cawley, 1979)
and of the C5-9 neoantigen on T lymphocytes and
monocytes has also been reported (Sundsmo, Kolb &
Miiller-Eberhardt, 1978). Whether their presence on
cell membranes serves any function is not quite clear,
although we and others have recently been able to
provide evidence that membrane-associated factor H
and factor I participate in the binding of C3-coated
particles to B lymphocytes (Scheiner et al., 1983;
Schulz et al., 1984; Lambris, Dobson & Ross, 1980).
An earlier finding involved membrane-associated C4
in the human mixed-lymphocyte reaction (Ferrone,
Pellegrino & Cooper, 1976; Burger & Shevach, 1979).
Membrane-associated C5 has been implicated in the
stimulation of monocytes and lymphocytes (reviewed
in Sundsmo, 1982).
A few years ago, Lohmeyer et al. (1981) reported a

monoclonal antibody, M522, raised against a chronic
lymphocytic T-cell leukaemia which was found to
react in immunofluorescence with monocytes, neutro-
phils and 9-17% of non-adherent peripheral blood
leucocytes comprising the subset ofcells with NK-acti-
vity. Its cellular distribution thus corresponds to that
of monoclonal antibodies directed against the Mo- 1
antigen.

In this study, we found that M522 reacts with the
alpha-chain of C3, and that its F(ab)2 fragments
stimulate the respiratory burst of human monocytes
and neutrophils. It precipitates a dimer of MW
165,000 and 100,000 from monocytes and neutrophils
reacting with an epitope on the 165,000 MW chain.
These findings could therefore suggest an antigenic
relationship between the alpha-chain of C3 and the
alpha-chain of a member of the family of leucocyte
antigens previously described, possibly the Mo-i
antigen. In addition, M522 differed from two mono-
clonal antibodies to Mo-1 by only inhibiting the
binding of EAC3b-H to RAJI cells and tonsil inter-
phase cells, and it precipitates a 50,000 MW molecule
from these two cell types. Results of experiments

investigating the relationship of this molecule to the
receptor for H are presented.

MATERIAL AND METHODS

Buffers
The following buffers were used: phosphate-buffered
saline (PBS) (140 mm NaCl, 10 mm sodium phosphate,
pH 7 2); veronal-buffered saline containing EDTA
(VBS-EDTA) (140 mm NaCl, 5 mm Na-5,5-diethyl-
barbiturate, 20 mm EDTA, 0-2% gelatin, pH 7 2);
substrate buffer (10 mm potassium phosphate buffer,
pH 6 0); PBS containing 0-05% Tween 20 (SERVA,
Heidelberg, W. Germany) (PBS-Tween), pH 7 4; PBS
containing 0-2 g CaC12, 0-2 g KCI, 0 04 g MgCl2 and 1 g
glucose in 1 litre PBS.

Cells
The cell line RAJI was cultured in RPMI 1640 (Flow,
Bonn, W. Germany) supplemented with glutamine (2
MM), 10% FCS, penicillin (100 U/ml), streptomycine
(100 pg/ml) and fungizone (2-5 yg/ml). Tonsil inter-
phase cells were prepared as described previously
(Schulz et al., 1984). Human neutrophils and mono-
cytes were prepared from 40 ml of freshly drawn
heparinized blood. After density-gradient centrifuga-
tion on Ficoll-Hypaque, the interphase cells were used
as a source of monocytes and the pellet (red cells and
PMN) was resuspended in PBS-glucose containing 2%
gelatine (Sigma, Munich, W. Germany) and the red
cells allowed to sediment for 45 min at 37°. The
supernatant containing the neutrophils was removed
centrifuged at 400 g for 15 min, and the remaining red
cells lysed in 0-84% NH4CI for 10 min at 37°. The
neutrophils were then washed twice in PBS-glucose
and resuspended in either PBS-glucose or VBS-EDTA
at 2 x 106/ml. Sheep erythrocytes were coated with
antibodies Cl, C4, oxidized C2 andC3b (EAC1423b)
and the preparation of EAC3b-H, as well as the
conversion to EAC1423bi and EAC1423d, was per-
formed as described by Schmitt, Mussel & Dierich
(1981). Sheep red blood cells were coated with purified
M522 or H according to Ling, Bishop & Jefferis
(1977), using 100 yl M522 or H (1 mg/ml) in 0 9%
NaCl and 100 y10-025% CrCl3 per 100 p1 packed sheep
red blood cells.

Antibodies
The monoclonal antibody M522 was described pre-
viously (Lohmeyer et al., 1981). In all experiments,
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antibody purified from ascites by chromatography on
S200 was used. F(ab)2 fragments were prepared by
digestion with pepsin. The antibody to Mo-i, VIM-12
was a kind gift from Dr W. Knapp, (Vienna), and
OKM-I was purchased from Ortho Pharmaceuticals,
Raritan, NJ. Antibody I II to C3c (Burger et al., 1982)
was a gift from Dr Burger (Heidelberg, W. Germany).

Purification ofC components and C3 fragments
C3 was purifed as described by Hammer et al. (I981).
Any residual H, C5 and IgG was removed by affinity
chromatography using sepharose 4B-coupled anti-H,
anti-C5, anti-IgG. Purification by preparative SDS-
PAGE of C3c and C3d obtained after cleavage with
elastase, of alpha- and #-chain obtained after reduc-
tion with 2% mercaptoethanol, and of the 40,000MW
C-terminal and 28,000 MW N-terminal elastase-
derived fragments of the alpha-chain of C3b has been
described elsewhere (Lambris et al., 1984).
C I was purified from guinea-pig serum according to

Colten, Borsos & Rapp (1969) by zonal ultracentrifu-
gation. The protocol of Sim & DiScipio (1982) with
some modifications (Alsenz et al., 1984) was used to
purify factor H. Purification of P, B was also per-
formed as described. Functionally pure C2, C4, C5,
C6, C7, C8 and C9 were purchased from Cordis
(Miami, FL). Tritiated H was a gift from Dr J.
Lambris (La Jolla, CA) and had a specific activity of
5 x I04 c.p.m./yg.

ELISA
Different complement components and C3 fragments
were attached to ELISA plates (Nunc, Copenhagen,
Denmark) in the concentrations indicated in 0-1 M
NaHCO3, pH 9-6, (50 Ml/well) for 2 hr. After satu-
ration with PBS containing 1% BSA, 20 p1 M522 (20
ug/ml), VIM 12 (20 Mg/ml) or OKM-I (1: 100 dilution)
were added and the plate incubated at room tempera-
ture for 30 min. Detection of bound monoclonal
antibody was then performed as described (Schulz et
al., 1984).

Rosette inhibition
The rosette inhibition assay has been described else-
where (Schreiner et al., 1983).

Chemiluminescence
One hundred M1 of neutrophils in PBS-glucose
(2 x 106/ml) or peripheral blood interphase cells (as a
source of monocytes) in RPMI (2 x 106/ml), kept on
ice, were mixed with 100 ,l Luminol (Serva, Heidel-

berg, FRG) in PBS or RPMI (0-1 mg/ml). Whereas
neutrophils were preincubated at 370 for 15 min,
monocytes were used immediately. The reaction was
started by adding 100 M1 of M522-F (ab)2, 669G2, a
monoclonal antibody reacting with neutrophils,
kindly donated by Dr Engelberger (Mainz, W. Ger-
many), 40% NH4SO4-precipitate of ascites from a
non-producer cell line or factor H (all at 50Mg/ml) and
the resulting chemoluminescence was measured for 20
seconds every 3 min (monocytes) or 4 min (neutro-
phils) in a Bioluminat (Berthold, W. Germany).

Radioactive labelling of cells
Labelling by 125I was performed as follows: 108 cells in
1 ml PBS were mixed with 100 M1 lactoperoxydase
(Sigma) (2 mg/ml in PBS), 25 il 0 003% H202 and 1
mCi 125I (Amersham, Bucks) and incubated at room
temperature for 20 min. Addition of H202 was
repeated three times at 5 min, 10 min, 15 min, and of
lactoperoxidase once at 10 min. The reaction was
stopped by adding 10 ml 10 mm KI in PBS and
washing three times in 10 mm Tris HCI, 150 mm NaCl,
pH 7-8. For metabolic labelling with 35S-methionine,
200 ml RAJI cells (grown to 5 x 105 cells/ml) were
precultured in 100 ml RPMI without methionine
(Seromed) containing 10% FCS for 30 min, and 1 mCi
S35-methionine (NEN) then added. After 16 hr of
labelling, cells were washed three times in 10 mm
Tris/HCl, 150 mM NaCl, pH 7-8. After labelling, cells
were lysed in 1 ml 10 mM Tris/HCl, 150 mm NaCl, pH
78, 2 mm PMSF, 1 mmDFP 1% NP4for 30 min, 0,
centrifuged at I 1,000 g for 10 min and stored at -80°
until used.

Immunoprecipitation ofmembrane proteins
After centrifugation at 100,000 g for 1 hr, 200 jl of
neutrophil lysate and 500Ml of tonsil interphase cell or
RAJI lysate were preabsorbed twice with 500 il of
human IgG coupled to sepharose (1 mg IgG/ml
sepharose) for 1 hr at 40 under constant agitation, and
then incubated with 100 Ml M522-Sepharose (1 mg
purified M522/ml sepharose) or control sepharose (2
mg 40% NH4SO4 precipitate of ascites of irrelevant
control antibody/ml sepharose) for 2 hr at 40 under
constant agitation. The sepharose beads were then
washed once in 1% NP-40, 10 mm NaH2PO4, 1
mMNaH2 P04, 1 mM PMSF, 1 mm EDTA, 1 mM
EGTA, 0 1% Na-deoxycholate, pH 7-8, once in 200%
sucrose in 10 mM Tris HCl, 150 mm NaCI pH 7-8, once
in 10% sucrose in 10 mm Tris HCl, 150 mm NaCI pH
7-8 containing 0 5% NP40 and again three times in the
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first buffer. After washing once in sample buffer
without SDS, pecipitated membrane proteins were
eluted by boiling the Sepharose beads in sample buffer
(50 mm Tris, 2% SDS, 5% glycerin, pH 6-8) and
elecrophoresed on a 5-20% SDS polyacrylamide
gel (Laemmli, 1970). After impregnation with
ENHANCE® (NEN) as described by the manufac-
turer in the case of RAJI and tonsil cells, the dried gel
was exposed to a Kodak Xromat film for 5-18 days.

Binding of3H-H to RAJI cells
Binding of tritiated (3H-H) to RAJI cells in the
presence or absence of unlabelled H (10 mg/ml) or
M522 (1 mg/ml) was performed as described (Lambris
& Ross, 1982).

RESULTS

(i) Binding of M522 to C3
In an ELISA, the binding of M522 to several comple-
ment components and fragments of C3 was assessed.
Figure la shows that M522, but not VIM12 and
OKM-1, binds to C3. The binding of M522 was
weaker than that of the monoclonal antibody pro-
duced against C3 (Burger et al., 1982). Its maximum
binding ranged from 30% to 50% that of antibody 11 1
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(Fig. la). M522 did not show significant binding to
any of the other complement components tested (Fig.
lb). By producing fragments of C3 by cleavage with
elastase, reduction and separation on preparative
SDS-PAGE, we could localize the epitope binding to
M522 on the 40,000 c-terminal fragment of the
alpha-chain ofC3 (Fig. lc). The fact that M522 bound
to the isolated alpha- chain, to C3c and to the 40,000
MW fragment of C3 more weakly than to whole C3
(Fig. lb vs fig. Ic) is due to these fragments originating
from preparative SDS-polyacrylamide gels. Treat-
ment of C3 with 0.1% SDS reduced its binding to
M522 (not shown).

(ii) Molecular weight analysis of the membrane proteins
recognized by M522
As M522 showed a different pattern of rosette inhibi-
tion with neutrophils, tonsil interphase cells and
B-lymphoid cells (see below), lysates of these three cell
types were immunoprecipitated with M522 after meta-
bolic (RAJI cells) and lactoperoxydase-catalysed
external labelling (neutrophils, tonsil cells). Figure 2
(lane b) demonstrates that M522 pecipitates a dimer of
about 165,000 and 100,000 from externally labelled
neutrophils. Freezing and thawing the labelled lysate
three times before immunoprecipitation only yields

( c)

N..

:: ;;;.I
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Figure 1. Binding of M522 to different complement components and fragments of C3. (a) Fifty p1 of C3 in the concentrations
indicated were attached to ELISA-plates and the binding ofM522 (0 0), VIM 12 (A A), ab 111 (0 o (all 20 Ag/ml)
and OKM-I (t ^) (1: 100 dilution of commercial source) assessed as detailed in Materials and Methods. (b) Different
complement components at 50 ug/ml were attached to the plates and the binding of M522 (50 ,g/ml) measured. (c) Ten pl C3
fragments prepared and eluted from preparative SD-gels were attached to ELISA-plates and the binding ofM522 assessed. The
results from one of four typical experiments are shown. Background binding (i.e. binding to BSA) averaged 0 05 (OD414).
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Figure 2. Molecular weight analysis of membrane proteins recognized by M522 as demonstrated on autoradiographs of 5-20%
SDS-polyacrylamide gels: lanes a and b, neutrophils i251-labelled; lane c and d, neutrophils, i2II-labelled, pecipitation performed
after freezing and thawing the lysate three times; lanes e and f, RAJI 35S-methionine labelled; lanes g, h, i and j, tonsil interphase
cells, 125I-labelled (two independent experiments). lanes b, d, f, h, and j show precipitates obtained with purified M522 bound to
sepharose at 1 mg/ml; lanes a, c, e. g, and i show the precipitates performed with a 40% NH4SO4 precipitate of a control
monoclonal ascites (2 mg/ml sepharose). MW markers: myosin (200,000), ,-galactosidase (110,000), phosphorylase B (92,000),
BSA (66,000), ovalbumin (45,000).

the 165,000 MW band (lane d). Thus, M522 reacts
with the 165,000 band which seems to be non-cova-
lently attached to the 100,000 MW band.
On RAJI cells, however, M522 seems to react with a

50,000MW molecule immunoprecipitated after meta-
bolic labelling (lane f). Lanes h and j (two independent
experiments) demonstrate that the same molecule
could be precipitated from i25I-labelled tonsil inter-
phase cells. In one experiment (lane h), an additional
95,000 band was seen, which could, however, not be
observed in all experiments (lane j). In keeping with
the low amount ofM522 antigen on RAJI cells, which
could only be observed by a rosetting technique using
M522 bound to CrCl3-treated sheep erythrocytes (see
Table 2) but not in immunofluorescence (Lohmeyer et
al., 1981), these two bands required enhancement by
'ENHANCE' and long exposure times to be visua-
lized, especially after external labelling.
From externally labelled monocytes, M522 precipi-

tated a similar 165,000/100,00 dimer as it did from
neutrophils (data not shown).

(iii) Capacity of M522 to activate the oxydative burst of
human neutrophils and monocytes
In order to ascertain whether the membrane molecule
defined by M522 on neutrophils and monocytes was
involved in the activation of these cells, we investi-
gated whether F(ab)2 fragments of M522 would
stimulate the respiratory burst of these phagocytic

cells. As shown in Fig. 3, M522-F(ab)2 produced
noticeable stimulation, in the case of monocytes, of
similar magnitude as that produced by factor H, which
we have previously shown to trigger the respiratory
burst of human peripheral blood monocytes (Schopf
et al., 1982). Another monoclonal antibody, 669G2,
reacting with human neutrophils, kindly provided by
Dr Engelberger, (Mainz, W. Germany), and a 40%
NH4SO4 precipitate of ascites from a non-producer
cell line did not stimulate. The stimulation produced
by M522 F(ab)2 in the case of neutrophils was about
20% of that produced by zymosan and was dose-
dependent, with 50 pg/ml producing optimal stimula-
tion (data not shown).

(iv) Comparison of the capacity ofM522 and OKM-1 to
inhibit C3-dependent rosetting with neutrophils, tonsil B
lymphocytes and B-lymphoblastoid cells
As antibodies to Mo- I had been reported to block the
rosette formation between EAC3bi and human neu-
trophils, we investigated the effect of M522 and two
anti-Mo- I antibodies on the binding of EAC3b,
EAC3b-H, EAC3bi, and EAC3d to neutrophils, tonsil
lymphocytes and the B-lymphoid cell line RAJI. In
Table 1, the results obtained with M522 and OKM-1,
a commercially available anti-Mo-I monoclonal anti-
body are depicted. Whereas OKM-1 blocked the
binding of EAC3b-H and EAC3bi to neutrophils,
tonsil interphase cells and ofEAC3b and EAC3b-H to
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Figure 3. Effect ofM522 on the respiratory burst ofhuman monocytes and neutrophils. Chemoluminescence ofmonocytes and
neutrophils was measured in response to stimulation with 100 p1 ofM522-F(ab)2, 50 pg/ml (0 0), purified factor H, 50 pg/ml
(A A), 40% NH4SO4 precipitate of a control monoclonal ascites, 50 pg/ml (A RPMI 0 O. the anti-neutrophil
monoclonal antibody 669G2, 50 pg/ml (0 o).

Table 1. Comparison of the effects of M522 and OKM-I on the rosette formation

Neutrophils Tonsil lymphocytes RAJI
Dilution of
antibody M522 OKM-i M522 OKM-i M522 OKM-i

EAC3b 1:50 58* 54 51 26 30 30
1:200 58 38 43 24 35 15
1:800 50 46 40 34 41 40
Buffer 56 35 40

EAC3b-H 1:50 38 15 0 11 5 9
1:200 40 17 4 12 24 14
1:800 44 25 5 14 38 20
Buffer 57 28 30

EAC3bi 1:50 51 15 51 15 71 77
1:200 51 20 38 30 70 78
1:800 43 26 50 35 73 76
Buffer 50 50 71

EAC3d 1:50 ND ND 35 32 70 80
1:200 ND ND 37 33 73 77
1:800 ND ND 48 44 68 77
Buffer ND 42 79

* Values given denote % rosette formation and represent a typical experiment of two to four
experiments performed. Rosette inhibition tests comparing M522 and OKM-I were always done
simultaneously. The source of M522 contained 5 mg purified antibody/ml. OKM-i was a
commercial preparation which gave good immunofluorescence with neutrophils in a 1:100
dilution.
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RAJI cells, M522 did not affect rosette formation with
neutrophils at all, and only blocked the binding of
EAC3b-H but not ofEAC3bi to tonsil interphase cells
and RAJI cells. VIM- 12, another anti-Mo- I antibody,
kindly donated by Dr Knapp (Vienna) behaved
similarly to OKM-l (results not shown).

(v) Inhibition by M522 of the binding of H coupled to
CrClrtreated erythrocytes but not of tritiated H
In order to further analyse the inhibitory effect of
M522 on rosette formation, M522 and purified factor
H in the absence of C3 were coupled to CrCl3-treated
sheep erythrocytes. Table 2 demonstrates that E-H
and E-M522 bind to RAJI cells and that their binding
can be blocked by free H and M522, respectively. As
an additional control, E-M522 were reacted with T
lymphoblasts (JURKAT) and found to bind to 7% of
these cells, which was considered as the unspecific
background. In addition, free M522 is capable of
reducing the binding of E-H to RAJI cells, whereas
free H does not affect the binding of E-M522.

However, the binding of tritiated H to RAJI cells
was not blocked by an excess offree M522. Cross-link-
ing M522 by means of a polyclonal anti-mouse IgG
also did not produce an inhibition (data not shown).

DISCUSSION

Human peripheral blood leucocytes have been shown
to possess membrane-associated molecules which are

antigenically related to, and in some cases possibly
identical with, C4, C3, H, C6-9 and B (see introduc-
tion). On the other hand, a membrane molecule, the
receptor for factor H, has been shown to be antigeni-
cally related to, but to differ in molecular weight from,
serum C3 (Lambris & Ross, 1982). This molecule
seems to be involved in the activation of monocytes
(Schopfet al., 1982) and B lymphocytes (Hammann et
al., 1981; Tsokos et al., 1984). Here, we report
observations made with a monoclonal antibody M522
which was originally produced against cells from a

chronic lymphocytic leukaemia of T-cell phenotype
and which was found to react with monocytes,
neutrophils and 9-17% of non-adherent peripheral
blood lymphocytes, including the NK-cells (Loh-
meyer et et., 1981). Thus, it showed a pattern of
distribution similar to the Mo-l antigen (Sanchez-
Madrid et al., 1983; Todd & Schlossmann, 1983).

In the first International Leucocyte Differentiation
Antigen Workshop, M522 was assigned to the same

cluster of monoclonal antibodies as OKM-I (Bernard
et al., 1984).

Table 2. Inhibitory effect ofM522 on the binding of H-coupled to
CrCl3-treated SRBC and of tritiated H to RAJI cells

C.p.m. bound
% rosette formation to 106 RAJI

Ligand Inhibitor (± SEM) cells

E-H BSA (1 mg/ml) 42+1-8*
E-M522 BSA (1 mg/ml) 33 +1 2
E-BSA BSA (1 mg/ml) 7+2-5
E-H H (1 mg/ml) 21+1 35
E-M522 M522 (1 mg/ml) 12+40
E-H M522 (1 mg/ml) 29+ 33
E-M522 H (1 mg/ml) 36+ 1-6
3H-Ht BSA (1 mg/ml) 618
3H-H H (10 mg/ml) 257
3H-H M522 (1 mg/ml) 666

* The results of the rosette-inhibition experiments represent the
mean of four independent experiments + SE of the mean.
t 3H-H (14,000 c.p.m.) was added to 106 RAJI cells in the
presence ofBSA (1 mg/ml), H (10 mg/ml) or M522 (1 mg/ml). The
results shown are from one of two similar experiments. The value
obtained in the presence of unlabelled H (257 c.p.m.) represents
background binding.
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As shown in Fig. 2 (lane b), M522 also precipitated a
dimer of about 165,000 and 100,000 MW from
externally labelled neutrophils and could, therefore,
react with the Mo-I molecule.
Whether identical to Mo-I or not, the molecule

defined by M522 seems to be important for the
activation of neutrophils and monocytes, since its
F(ab)2 fragments stimulate the respiratory burst of
these cells. Our findings suggest that its 165,000 MW:
chain is related to the alpha-chain of C3. It seems
unlikely that these two molecules are very closely
related, since F(ab)2 fragments of polyclonal anti-
bodies to serum C3 do not stain neutrophils and
monocytes in immunofluorescence, nor do they pre-
cipitate anything like the M522 molecule from labelled
neutrophils (T. F. Schulz, unpublished observations.)
However, as C3, C4 and x2-macroglobulin show a
certain amount of sequence homology without mani-
festing antigenic cross-reactivity detectable by polyc-
lonal antibodies (Tack, 1983), the cross-reactivity
between C3 and the M522-membrane antigen may be
indicative of a similar relationship between these two
molecules. Whether the C3-like molecule previously
observed on human monocytes by means of immune
adherence to monkey, but not to human, erythrocytes
(Burns & Cawley, 1979) could be the M522 antigen is
unclear at present.

Unlike two antibodies to Mo-i, M522 did not
inhibit the binding ofEAC3bi to neutrophils and only
blocked the rosette formation between EAC3b-H and
RAJI cells or tonsil interphase cells. While this
observation does not necessarily argue against the
identity of Mo-I and the membrane molecule defined
by M522 on neutrophils-a monoclonal antibody to
CR1 not inhibiting C3b-dependent rosette formation
has been described (Hogg et al., 1984)-it prompted us
to investigate the relationship between the molecule
recognized by M522 on B cells and the H-receptor
previously reported to be antigenically related to H
(Lambris & Ross, 1982). Low amounts of a molecule
binding to M522 are present on B cells, as shown by
both the rosette formation with CrCl3-treated,
M522-coupled sheep erythrocytes and the precipi-
tation of a 50,0000 MW molecule on unreduced gels
after external as well as metabolic labelling. M522
weakly inhibits the binding to RAJI cells ofH coupled
to CrCl3-treated erythrocytes, but not of tritiated H.
The H receptor has been reported to be a
100,000/50,000 dimer on unreduced, and a 50,000
monmomer on reduced, gels and to be present on
RAJI cells in about 4-2 x 106 copies/cell (Lambris et

al., 1980; Lambris & Ross, 1982). Therefore, in spite of
the suggestive finding that both the M522 antigen and
the H receptor are antigenically related to C3, these
data do not prove that they are, in fact, identical.
Neither do they prove the contrary, however, since a
monoclonal antibody could fail to block the binding of
tritiated H to its receptor if reacting with an epitope at
a certain distance from the binding site for H. The fact
that we could not always precipitate the 100,000 chain
of the H receptor could be explained by M522 only
binding to its 50,000 chain. Finally, as M522 reacted
with C3 more weakly than did a monoclonal antibody
produced by immunization with C3, it might also react
weakly with the H-receptor and, therefore, not be the
ideal reagent to precipitate or visualize the H-receptor
in immunofluorescence.
Whether the antigenic relationship between the

alpha-chain of C3 and a neutrophil/monocyte acti-
vation molecule extends to the H-receptor, a B-cell
activation molecule, is therefore not yet clear.
Our finding that a 50,000 molecule from B lympho-

cytes is antigenically related to C3 raises the question
as to whether the 50,000 molecule is identical to the
C3-like molecule previously reported on B cells.

ACKNOWLEDGMENTS

This work was supported by grants of the Deutsche
Forschungsgemeinschaft SFB 107, A5 and the Fond
zur Fdrderung der Wissenschaftlichen Forschung.

REFERENCES

ALSENZ J., LAMBRIS J.D., SCHULZ T.F. & DIERICH M.P.
(1984) Localization of the complement component C3b-
binding site and the cofactor activity for factor I in the 38
kDa tryptic fragment of factor H. Biochem. J. 224, 389.

ARNAOUT M.A., PITT J., COHEN H.J., MELAMED J., ROSEN
F.S. & COLTEN H.R. (1982) Deficiency of a granulocyte
membrane glycoprotein (gp 150) in a boy with recurrent
bacterial infections. New Engl. J. Med. 306, 693.

ARNAOUT M.A., TODD R.F., DANA N., MELAMED J.,
SCHLOSSMANN S. & COLTEN H. (1983) Inhibition of
phagocytosis ofC3 and IgG coated particles and of C3bi
binding with monoclonal antibodies to a monocyte
granulocyte membrane glycoprotein (Mo-i). J. clin.
Invest. 72, 171.

BELLER D.I., SPRINGER T.A. & SCHREIBER R.D. (1982)
Anti-Mac-i selectively inhibits the mouse and human
type three complement receptor. J. exp. Med. 156, 1000.

BERNARD A., BOUMSELL L., DANSSETT J., MILSTEIN C. &
SCHLOSSMANN S.F. (1984) Leucocyte Typing. Human



Relationship between C3 and a neutrophil/monocyte and B-cell antigen 799

Leucocyte Differentiation Antigens Detected by Mono-
clonal Antibodies. Springer Verlag, Berlin, Heidelberg,
New York.

BURGER R. & SHEVACH E.M. (1979) Evaluation of the role of
C4 in the cellular immune response in vitro. J. Immunol.
122, 2388.

BURGER R., DEUBEL U., HADDING U., & BITrER-SUERMANN
D. (1982) Identification of functionally relevant deter-
minants on the complement component C3 with mono-
clonal antibodies. J. Immunol. 129, 2042.

BURNS, G.F. & CAWLEY J.C. (1979) The detection of
membrane-associated complement components (C3 and
C4) on circulating human normal and leukemic leuko-
cytes and on cultured cells with monkey erythrocytes.
Eur. J. Immunol. 9, 791.

COLTEN H.R., BoRsos T. & RAPP H.J. (1969) Purification of
the first component of complement by zonal ultracentri-
fugation and of the second by electrofocussing. J. im-
munol. 102, 1336.

CURD J.G., SuNDsMo J.S., KOLB W.P., BLUESTEIN H.G. &
MULLER-EBERHARDT H.J. (1978) Neoantigen ofthe mem-
brane attack complex of human complement on periph-
eral blood leukocytes from patients with systemic lupus
erythematosus. Arthr. Rheum. 21, 177.

DANA N., PITT J., TODD R.F., MELAMED J., COLTEN H.R. &
ARNAOUT M.A. (1983) Deficiency of Mo-l antigen in
man. Clin. Res. 31, 489.

DANA N., TODD R.F., PIT- J., SPRINGER T.A. & ARNAOUT
M.A. (1984) Deficiency of a surface membrane glycopro-
tein (Mo-l) in man. J. Clin. Invest. 73, 153.

FERRONE S., PELLEGRINO M.A. & COOPER N.R. (1976)
Expression of C4 on human lymphoid cells and possible
involvement in immune recognition phenomena. Science,
193, 53.

HAMMANN K.P., RAILE A., SCHMITrT M., MUSSEL H.-H.,
PETERS H., ScHEINER 0. & DIERICH M.P. (1981) fl1H
stimulates mouse spleen B-lymphocytes as demonstrated
by increased thymidine incorporation and formation of
B-cell blasts. Immunobiology, 160, 289.

HAMMER C.H., WIRTZ G.H., REUTER L., GESHAM H.D. &
TACK B.F. (1981) Large scale isolation of functionally
active components of the human complement system. J.
biol. Chem. 256, 3995.

Ho M.K. & SPRINGER T.A. (1982) Mac-l antigen: quantita-
tive expression in macrophage populations and tissues,
and immunofluorescent localization in spleen. J. Im-
munol. 128, 2281.

HoGG N., Ross G.D., JONES D.B., SLUSARENKO M., WAL-
PORT M.J. & LACHMANN P. (1984) Identification of an
anti-monocyte monoclonal antibody that is specific for
membrane complement receptor type one (CR1). Eur. J.
Immunol. 14, 236.

LAEMMLI U.K. (1970) Cleavage of structural protein during
the assembly of the head of bacteriophage T4. Nature
(Lond.), 227, 680.

LAMBRIS J.D., DOBSON N.J. & Ross G.D. (1980) Release of
endogenous C3b inactivator from lymphocytes in re-
sponse to triggering membrane receptors for PIH globu-
lin. J. exp. Med. 152, 1625.

LAMBRIS J.D. & Ross G.D. (1982) Characterization of the
lymphocyte membrane receptor for factorH (13 H-globu-

lin) with an antibody to anti-factor H idiotype. J. exp.
Med. 155, 1400.

LAMBRIS J.D., ALSENZ J., SCHULZ T.F. & DEERICH M.P.
(1984) Mapping of the properdin-binding site in the third
component of complement. Biochem. J. 217, 323.

LING N.R., BISHOP D. & JEFRLUS R. (1977) Use of antibody-
coated red cells for the sensitive detection of antigen and
in rosette tests for cells bearing surface immunoglobulins.
J. Immunol. Meth. 15, 279.

LOHMEYER J., RIEBER P., FEUCHT H., JOHNSON J., HADAM M.
& RIETHMULLER G. (1981) A subset of human natural
killer cells isolated and characterized by monoclonal
antibodies. Eur. J. Immunol. 11, 997.

OSTHER K. & DYBKJAER E. (1974) Complement components
on the surface of normal human lymphocytes. Scand. J.
Haematol. 13, 24.

SANCHEZ-MADRID F., NAGY J.A., ROBBINS E., SIMON P. &
SPRINGER T. (1983) A human leucocyte differentiation
antigen family with distinct a subunits and a common
fl-subunit. J. Exp. Med. 158, 1785.

SCHEINER O., SCHULZ T.F., SCHMID H.-U., LAMBRIS J.D.,
ALSENZ J. & DIERICH M.P. (1983) Importance of factors
H and I for the adherence of C3b-coated erythrocytes to
cells. Immunobiology, 165, 211.

SCHMITr M., MUSSEL H.-H. & DIERICH M.P. (1981) Qualita-
tive and quantitative assessment of C3-receptor reactivi-
ties on lymphoid and phagocytic cells. J. Immunol. 126,
2042.

SCHOPF R.E., HAmMANN K.P., SCHEINER O., LEMMEL E.M. &
DIERICH M.P. (1982) Activation of human monocytes by
both human PIlH and C3b. Immunology, 46, 307.

SCHULZ TH.F., SCHEINER O., ALSENZ J., LAMBRIS J.D. &
DIERICH M.P. (1984) Use of monoclonal antibodies
against factor H to investigate the role of a membrane-
associated protein antigenically related to H in C3b-
receptor function. J. Immunol. 132, 392.

SIM R.B. & DISCIPIO R.G. (1982) Purification and structural
studies on the complement-system control protein ,1H
(factor H). Bichem. J. 205, 285.

SPRINGER T., GALFRE G., SECHER D.S. & MILSTEIN C. (1979)
Mac-l: macrophage differentiation antigen identified by
monoclonal antibody. Eur. J. Immunol. 9, 301.

SuNDSO J.S., KOLB W.P. & MULLER-EBERHARDT H.J. (1978)
Leucocyte complement: neoantigens of the membrane
attack complex on the surface of human leucocytes
prepared from defibrinated blood. J. Immunol. 120, 850.

SuNDSMO J.S. (1982) The leucocyte complement system. Fed.
Proc. 41, 3094.

TACK B.F. (1983) The ,B-Cys-y-Glu thiolesther bond in
human C3, C4 and a2-macroglobulin. Springer Semin. in
Immunopathol. 6, 259.

TODD R.F. & SCHLOSSMANN S.F. (1983) Differentiation
antigens on human monocytes and macrophages defined
by monoclonal antibodies In: Mononuclear Phagocyte
Biology (ed. A. Volkman). Marcel Oekker Inc., New
York.

TsoKOS G.C., INGHIRAMI G., BALOW J., TSONKAS C.D. &
LAMBRIS J.D. (1984) Regulation of immunoglobulin
secretion by human B cells in vitro by factor H (PlIH)
(abstract). Fed. Proc. 43, 1763.

WILSON A.B., PRIcHARD-THoMAs S., GURNER B.W., LACH-



800 T. F. Schulz et al.

MANN P.J. & COOMBS R.R.A. (1982) Complement com-
ponents on human lymphocytes. Clin. Immunol. Immuno-
pathol. 22, 118.

Woo P. & LACHMANN P.J. (1981) The detection and charac-
terization of a membrane protein with factor B-like
activity on human lymphoid cells. Immunology, 44, 629.

WRIGHT S.D., RAO P.E., VAN VOORHIS W.C., CRAIGMYLE
L.S., IIDA K., TALLE M.A., WESTBERG E.F., GOLSTEIN G.
& SILVERSTEIN S.C. (1983) Identification of the C3bi
receptor ofhuman monocytes and macrophages by using
monoclonal antibodies. Proc. natn. Acad. Sci. U.S.A. 80,
5699.


