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INTRODUCTION



INTRODUCT ION

Several types of cell participate together with immunoglobulins and
a variety of other soluble molecules in the defense system of or-
ganisms. Immunoglobulins are bifunctional molecules, consisting of
a part involved 1n recognition and binding to antigens, and another
part, the Fc moiety, which 1s essential for their biological func-
tion. A special group of membrane receptors which can interact with
this Fc part of immunoglobulins, Fc receptors, provide an important
link between humoral and cellular aspects of immunity. In this way
antigen specificity (provided by antibody) 1s coupled to the effec-
tor mechanisms of Fc receptor-positive cells that by themselves are

not antigen-specific.

The existence of this type of receptor was first reported in the
early sixties (1-3), and the term Fc receptor was suggested by
Paraskevas et al. 1n 1971 (4). Fc receptors have a widespread dis-
tribution. They are found on all types of lymphocytes, on monocyt-
es, macrophages, granulocytes, mast cells, and platelets. Further-
more, they are expressed on a variety of endothelial and epithelial
cells and even on several types of parasites and bacteria. The in-
duction of "Fc receptor-like" structures on cells after infection
by viruses (5,6), and certain strains of mycoplasm (7) 1s also well
known. Interaction of the Fc portion of an antibody with an Fc re-
ceptor can 1nduce a variety of biological effects, e.q. phagocyto-
si1s of opsonized particulate antigens, clearance of i1mmune com-
plexes, degranulation, antibody-dependent cell-mediated cytotoxici-
ty, release of inflammatory mediators (such as prostaglandins and
hydrolytic enzymes), generation of reactive oxygen species, and re-

gulation of immunoglobulin synthesis (for reviews see B-14).

Fc receptors may also be clinically relevant. The expression or
function of Fc receptors has been reported to be abnormal in a num-
ber of human diseases. These include malaria (15), leprosy (16),

autoimmune diseases such as systemic lupus erythematosus (17), and
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different types of cancer (18). Detailed knowledge about Fe recep-
tors may furthermore be essential in view of the i1ncreased interest
in the application of antibodies 1in clinical therapy and because
previous studies have demonstrated that F(ab'), fragments of anti-
bodies were therapeutically ineffective (19,20). Since the intro-
duction of the hybridoma technique by Kdhler and Milstein in 1975
(21), an 1ncreasing number of mouse monoclonal antibodies has been
applied for i1mmunotherapy 1n humans. They have been used 1in the
therapy of cancer (22-24), immunosuppressive therapies after organ
transplantation (25,26), and also in the treatment of autoimmune
diseases such as autoimmune thrombocytopenic purpura (27). As human
complement usually fails to lyse cells coated with mouse monoclo-
nals (28), cellular effector mechanisms are probably important.
Mouse antibodies bind poorly to human granulocytes (29), and cells
of the mononuclear phagocyte system composed of monoblasts,promono-
cytes, monocytes, and macrophages (30) may therefore be the most
important effector cells. Interestingly, monocyte-derived macro-
phages have been found to interact well with mouse anti-tumor anti-
bodies, and were furthermore able to destroy sensitized human can-
cer cells (31),

Mammalian immunoglobulins are at present divided into five classes,
designated IqG, IgA, IgE, IgM, and IgD, which are characterized by
specific antigenic determinants in their heavy chains. Immunoglobu-
lin G, which 1s quantitatively the major serum immunoglobulin and
therapeutically the most interesting one, can furthermore be divid-
ed 1nto several antigemically distinct subclasses. In humans these
are named IgG1, IgG2, IgG3, and IgG4, whereas in the mouse, IgG
subclasses are called IgG1, IgG2a, IqG2b, and IgG3. Receptors whiach
interact with the Fc moiety of IgG, FcyR, on mononuclear phagocytes
have been studied most 1intensively 1n the mouse system. Knowledge
of mouse FcyR has progressed very well, both by the availability of
purified immunoglobulins of the different mouse IgG subclasses and
by the development of monoclonal anti-feyR antibodies. Three diffe-

rent types of FcyR are currently recognized on mouse macrophages:
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FcyRI, which binds monomeric mouse (m)IgG2a with high affinity,
FcyRII, which 1interacts with aggregated or complexed antibodies of
the mIgG1 and mIgG2b 1sotypes, and finally a third type of FcyR,
FcyRIII, which 1interacts with mIgG3 antibodies 1in i1mmune complex
form. Beside differences 1in ligand-binding specificity, these re-
ceptors are also differentially sensitive to the protease trypsin.
FcyRI 1s trypsin-sensitive, whereas binding to FeyRII and III are
not affected by this enzyme, a finding of considerable experimental
importance (for reviews see 9,14,32). Furthermore, these types of
FcyR have been observed to be modulated independently, both in vi-
tro and 1n vivo, which demonstrates that they are independently or-

ganized 1n the cell membrane (33).

In May 1985, when we started these investigations, only a single
class of FcyR on human monocytes had unequivocally been demonstrat-
ed, a sialoglycoprotein with a molecular weight of 72 kDa (34),
which 1interacts with high affinity (Ka=10%-10"M-1) with human
IgG. Although all four human (h) IgG subclasses are bound by this
receptor, their affinity was found to vary considerably. The sub-
classes hIgG1 and hIgG3 are bound much more efficiently than eather
h1gG2 or hIgG4 (35,36). On human peritoneal macrophages the exis-
tence of more than one type of FcyR was suggested from binding stu-
dies with hIgG1 dimers (37). Evidence for a comparable multiplicity
of FcyR on human monocytes was derived from a quite different type
of experiments, In these studies the induction of human T cell pro-
liferation by mouse anti-CD3 antibodies in mononuclear cell suspen-
sions was analyzed. Cross-linking of CD3 antigens, via anti-CD3 an-
tibodies, by human monocyte FcyR was found to be essential for T
cell mitogenesis (see Fig.1)., By this type of experiments, human
FcyR can be detected, which can functionally interact with mouse
IgG, resulting in T cell proliferation (for review see 38). Mono-
cytes from essentially all 1ndividuals supported 1induction of T
cell proliferation by mIgG2a antibodies, whereas 1induction of T
cell mtogenesis by mIgG1 antibodies was mediated only by monocytes

from about 70% of Caucasian individuals (39). T cell proliferation
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FeR T3/TCR

Fig.1. Antibodies against CD 3/T cell receptor can induce resting T
cells to proliferate. Fc receptor positive cells (e.g. mono-
cytes) are essential in this process.

induced by mIgG2a antibodies was susceptible to inhibiation by mono-
meric hIgG and heat-aggregated mIgG2a, while mIgGl-induced mitoge-
nes1s could only be inhibited by aqggregated mIgGl and not by either
hlgG or aggregated migG2a (40,41). It was furthermore observed that
monocytes from individuals which supported the mIgG1-induced T cell
proliferation efficiently (high-responder 1individuals; HR) also
formed rosettes with mouse IgGl1-sensitized erythrocytes, whereas
monocytes from the other donors (low-responder 1ndividuals; LR)
failed to do so (41)., These data strongly suggested the presence of
two different types of FcyR on human monocytes, one of them (the
receptor which 1nteracts with mouse IgG1) being polymorphic. The
physiological functioning of both FcyR appeared mysterious. One of
the receptors has an extremely high affinity for hIgG (Ka=108-10%
M-1) and would be expected to be saturated continuously with hlgG,
which 1s present at approximately 10-°M 1n human serum. The other
FcyR seems to interact efficiently with mIgG1 antibodies, but not
with hlgG.
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e objective of this thesis was to study the characteristics, 1n-
rrelation and function of the different types of FcyR on human
nocytes. More specifically, we searched for an answer to the fol-

wing questions:

What 1s the specificity of both FcyR with respect to different
subclasses of human and mouse IgG?

What 1s the affinity of both types of FcyR for their respective

ligands?

Are these FcyR indeed independent membrane structures (or, alter-
natively, 1s there a single structure with two independent bind-

ing sites)?

Are both FcyR functionally active (e.g. 1n antibody-dependent

cell-mediated cytotoxicity)?

Are the two types of FcyR different with respect to protease-sen-

sitivity?

What 1s the physiological significance of the FcyR which can in-
teract with mouse IgG1 but apparently not with human IgG?
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A new photometric method for the quantitation of Fc receptors
for murine IgG1 on human monocytes and cell lines

J.G.J Van de Winkel !, W J M. Tax !, M CJ. Van Bruggen !, C.E.P. Van Roozendaal !,
H.W. Willems 2, J L.P Van Dugynhoven !, P.J.A. Capel ! and RA.P Koene '

! Department of Medicine, Dwision of Nephrology, and ° Department of Pathology, St Radboud Hospural, Uniwersity of Nymegen,
Nymegen, The Netherlands

(Received 10 February 1987, accepted 17 March 1987)

We have previously shown a polymorphism of human Fc receptors for mouse IgG1 using an EA rosette
technmique 1n which human erythrocytes sensitized with a murine IgGl monoclonal antibody against
glycophorin A acted as indicator cells We now describe a method to quantitate thus EA rosetting using the
pseudoperoxidase activity present in erythrocytes Th:s photometric assay allows the sensitive quantitative
determination of Fc receptor expression on human monocytes and cell ines Not only the human Fc
receptor for murine IgGl can be studied 1n this way, but the method can also be applied to other Fc
receptors An important factor in this type of rosette assay appears to be the amount of negauive charge
present on the surface of the indicator erythrocytes. Using alcian blue as a probe, we found that this
negative charge 1s higher on human erthyrocytes than on sheep erythrocytes, which may contribute to a
better signal-to-noise ratio. The method described facilitates the charactenzauon of Fc receptors and

permuls the rapid screening of monoclonal anti-Fc receptor anuibodies

Key words  Fc receptor, human, Monocyte, Cell line, Photometnc assay, Pseudoperoxidase activity

Introduction

Membrane-associated receplors, recogmzing the
Fc portion of immunoglobulins (FcR), play im-
portant roles 1n the immune system (for review,
see Unkeless et al. 1981) Because of the growing
interest 1n the clinical use of murine monoclonal

Correspondence 1o JGJ Van de Winkel Department of
Medicine Division of Nephrology. St Radboud Hospital, Geert
Grooteplein Zuid 8, 6525 GA Nymegen, The Netherlands

Abbremanons  ASA, 5°-aminosahicylic acid, BSA, bovine
serum alburmin, FcR. receptor(s) for the Fc region of im-
munoglobulins, FCS, foetal calf serum, HRBC. human
erythrocytes, IF, immunofluorescence, m, munne, OD, optical
density, PBS. phosphate-buffered saline, RBC erythrocytes,
SRBC, sheep erythrocytes

antibodies for immune therapy, 1t 1s 1mportant tc
gain more insight into the structures on humar
effector cells which can mediate interactions with
murine immunoglobulins The interaction of mIgC
with human FcR has been analyzed primanly ir
studies on the monocyte-dependent induction o
human T-cell proliferation by anu-CD3 mono
clonal antibodies From these studies 1t was con
cluded that wvirtually all individuals have monocyt:
FcR for mIgG2a and that the monocyte FcR fo
mlgGl (Tax et al, 1983, 1984), as well as th
human FcR [or mIgG2b antibodies (Tax et al
1985) are polymorphic.

There are various methods for studying Fcl
expression directly (reviewed by Kerbel et al
1983) Of these methods EA rosetting 1s a we
established and sensitive assay to study FcR. Vis
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