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Abstract. Activation of the complement cascade leads to the
generation of multiple breakdown products which bind on to
specific cellular receptors and regulate their function. In this
review, we describe the biochemical and physiological features
of the 7 known complement receptors. Four of them (comple-
ment receptors 1, 2, and 3 and receptors for C3a) bind
cleavage fragments of the third component of the complement
and three have specificity for Clq, factor H and CS5a. In
patients with systemic lupus erythematosus, a unique human
autoimmune disorder, the numbers of CRI on the surface of
the red blood cells are decreased; in this review we discuss the
implications in the pathogenesis of SLE. A number of patients
have now been reported whose cells lack CR3 from their
surface, this deficiency is associated with a number of immune
cell _dysfunctions which_are discussed in detail. Finally, we
discuss aberrations in the expression of complement receptors
in certain human leukemic cells.
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Introduction

Complement, consisting of 18 proteins in plasma and in
extravascular fluids, is an important component of host
defense against foreign substances. Activation of the comple-
ment system leads to the generation of numerous clevage
fragments which interact with specific receptors of the host
cells and regulate their functions. These ligand-receptor
interactions produce cellular responses that can enhance
inflammatory reactions or modulate host defense reactions.
Currently, seven receptors for complement have been identi-
fied, four of which (CR1, CR2, CR3, and C3a) have specific-
ity for the various cleavage fragments of the third component
of complement, and three react with Clq, factor H, or C5a
(Table I). This review considers.the chemistry and biological
activities of these complement receptors and their expression
in several human diseases.

The Structure and Function of Complement Receptors

2.1. C3 Receptors

2.1.1. The Ligand. C3 (mw of 185,000) is the most abundant
complement protein in serum (1.2 pug/ml). It comprises of two
polypeptide chains, a (120,000) and f (75,000) (Figure 1),
linked by disulfide bonds and non-covalent forces. Approx-
imately 2% of its total weight is carbohydrate made up of
N-linked high-mannose-type oligosaccharides (1,2). Clevage
of C3 by the classical (C4b,2a) or alternative (C3b,Bb)
pathway convertases at an Arg-Ser peptide bond between
residues 77 and 78 of the a-chain produces the C3a and C3b
fragments. C3a is a 9,000 mw polypeptide representing the
N-terminus of the intact o-chain of ‘C3, whereas C3b is

- composed of the a” - and p-chains. Following clevage of C3 to

C3 and C3b, C3b undergoes a rapid conformational change
associated with exposure and activation of a thioester bond
located in positions 987-991 of the a-chain of C3 (reviewed in
References 3-an 4,q.v.). The activated thioester mediates the
covalent binding of C3b to hydroxyl or amino groups of cell
surfaces, complex polysaccharides, or inmune aggregates by
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Figure 1. Schematic representation of the physiologic degradation of the C3
molecule.

forming an ester or amide bond. Alternatively, the thioester
bond can be hydrolyzed by water, after which it is unreactive.
Unlike C3, the C3b fragment expresses multiple binding sites
(reviewed in reference 5,q.v.) for other complement proteins
including factors I (6), H (7-9), and B (10,11), properdin (12,
13), and C5 (14). Binding of factor B to C3b makes it
susceptible to factor D cleavage, generating the C3b, Bb
convertase, which is then stabilized by properdin. Binding of
factor H to C3b accelerates the decay/dissociation of C3
convertase and modulates C3b, which then becomes suscepti-
ble to factor I degradation. Many of the activities ascribed to
surface C3b are regulated by the proteolytic fragmentation of
the C3b molecule by factor I in the presence of H or CR1 as
cofactors (15-18). Following binding of H to C3b, Factor I
cleaves the a-chain at an Arg-Ser peptide bond between
amino acid positions 1298-1299, generating 62,500 mw N-
terminal and 41,500 mw C-terminal fragments. A second
cleavage of the 41,500 fragment between positions 1281 and
1282 generates 39,500 mw and 2,000 mw N-terminal frag-
ments. The generated fragment, termed iC3b, has similar
molecular weight to C3b since the units of the 62,500 and
39,500 mw and B-chain are disulfide bonded. In the presence
of CR1, and with slower rate in presence of factor H, factor I
makes a third clevage at an Arg-Asn peptide bond between
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position 932 and 933 of the a-chain, generating two dissoci-
able molecules, C3dg and C3c (16, 17, 19, 20). Fusther
degradation of C3dg by plasmin, elastase, or trypsin, results
in C3d and C3g (16,20). Recently, kallikrein has been shown
to cleave iC3b to C3c and C3dk, a fragment nine more amino
acids toward the N-terminus of C3dg (21).

2.1.2. C3a Receptor. Despite the ability of C3a to induce
several functions in various cell types, no definitive bioche-
mical studies have been performed to prove which cells it
binds to or the nature of its receptor. In fact, the existence of
a C3a receptor is mostly based on biological responses
elicited by purified C3a. The C3a receptor appears to react
with both C3a and C4a but not C5a (received in Reference
22, q.v.). The ensuing responses include: secretion of lyso-
somal enzymes by neutrophils, release of histamine from
mast cells (23, 24), neutrophils, eosinophils, and basophils
(24), and release of thromboxane A from macrophages after
stimulating the cyclo-oxygenase pathway of arachidonic acid
metabolism (25). In addition, C3a has been found to inhibit
certain lymphocyte functions including mitogenesis caused by
pokeweed mitogen, concanavalin a, and phytohematoggluti-
nin as well as polyclonal and specific antibody production
(26). The C3a peptide also increases vascular permeability
and induces contraction of smooth muscle (22).

2.1.3. C3b Receptor (CRI). Nelson discoverd the C3b
receptor (CR1) in 1953, and showed that antibody coated
bacteria treated with complement had the ability to adhere to
human erythrocytes (27). The immune adherence receptor of
erythrocytes was later found to be specific for C3b, iC3b, or
C4b (28, 29), and present on other cell types including
monocytes, macrophages, and some T-lymphocytes, eosi-
nophils, mast cells, and glomerular prodocytes (30-32).
Fearon first isolated the C3b receptor from human erythro-
cytes in 1979, and established it as a glycoprotein of mw
205,000 -250,000 (33, 44). Four genetic forms of the human
C3b receptor have been identified by molecular weight
differences: The more common allele, A, with a mw of
190,000 has a gene frequency of 0.83, the less common, B,
whose mw is 220,000 has a frequency of 0.16, and the two
rarer alleles, C and D, have mws of 160,000 and 250,000 with
gene frequencies of 0.01 and 0.001, respectively (35, 36).

The number of C3b receptor on cells varies among the
different cell types: erythrocytes have 500-600 receptors per
cell, monocytes 30,000, lymphocytes 30,000-40,000, and
neutrophils 5,000-38,000, depending on the purification con-
ditions (34, 37, 38). Experiments with dimeric C3b revealed
that the C3b receptor on erythrocytes, neutrophils, B-lym-
phocytes, and monocytes has an association constant for this .
ligand of 2-6.5 x 107 M! (34, 37). The large number of
functions involving the C3b receptor include a regulating
complement activation by increasing the decay/dissociation o
classical (39) and alternative pathway convertases (33), (b)
acting as a cfactor for factor I cleavage of C3b and C4b (39,
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Table 1. Types of complement receptors.

Table II. Cellular responses elicited by C3 fragments.

Receptor  Specificity Structure Cell Type Monoclonal Fragment Cell Type Responses
Antibodies
C3a Monocytes Stimulation of thrombox-
Clq Clq, collagen Polymeric Granulocytes —_ anc A, and prostaglandin
like region with 70 K Lymphocytes production
chains Platelets Mast Cells Basophils Stimulation of histamine
Fibroblasts Eosinophils Neutrophils  release
C3aR C3a, Cda —_ Mast cells — Neutrophils Stimulation of lysosomal
Granulocytes enzyme release
Monocytes T-cells Inhibition of both polyc-
CR1 C4b, C3b, 4 allotypes Erythrocytes C3RTo5 lonal and specific anti-
iC3b, C3c 160k, 190k Eosinophils  E11, 57H body responses
220k,250k  Monocytes 31D, 44D Macrophages Stiumlation of thrombox-
Macrophages 57F, M710 ane B, release
B/T Lympho- C3b Monocytes Enhancement of pinocy-
cytes Neut- tosis Simulation of pros-
rophils Glom- taglandin E release En-
erular podo- hancement of gram posi-
cytes tive bacteria intracellular
CR2 iC3b, 145K B-lympho- anti-B2 HB-5,' killing
C3dg/C3d cytes OKB7 Macrophages Stimulation of prostag-
CR3 iC3b 165k a-chain  Same as CR1 anti-Macl landin E and thrombox-
95k B-chain  except anti-Mol ane B, production and
erythrocytes  anti-Leu 15 release
OKM1, Promotion of phagocyto-
OKM9 sis by elicited and acti-
OKM10, vated macrophages
. MN41 Release of neutrophil
C5aR C50.C5ades-argd8K Mast cells chemotactic factor and
Granulocytes galactosidase
Monocytes Neutrophils Enhancement of pha-
Macrophages gocytosis, Release of his-
HR Factor H 100K a-chain B-lymphocy- — taminase Induction of re-
50K B-chain  tes, Granulo- spiratory burst
cytes Mono- Mediates leukocyte
cytes Mac- aggregation
rophages Lympocytes Enhancement of ADCC
Inhibition of B-cell dif-
ferentiation
Release of macrophage
. . . . chemotactic factor
40), (c) processing of immune complexes, possibly by direct- Basophils Enhancement of IgE in-
ing the traffic of immune complexes (41-43), and (d) mediat- duced histamine release
ing several biological responses (Table II reviewed in Refer- mast cells Enhancement of ATP in-
ences 30 - 32, q.v.). . duced histamine release
Neutrophils Release of granule-
associated enzymes
2.1.4. C3d Receptor (CR2). The C3d receptor expressed iC3b Same as C3b and C3d
on B lymphocytes was identified in 1973 by three different ~ C3dg/C3d Lymphocytes Inhibition of blastogene-
groups simultaneously (44-46). It is now established that the sis triggered by PMN,
intact C3d receptor is a single chain glycoprotein of mw MLR o tetamus toxoid
140,000 (47, 48). The C3d receptor, as recently shown ?‘h‘bmo“ of IL2 produc-
(49-50), also serves as the receptor for Epstein-Barr virus g:;lamemem of
(EBV). Additionally, the 72,000 mw fragment purified ear- allogeneic CML re-
lier (51) is now considered as the part of CR2 that binds C3d, sponses
but not EBV (32). Studies on the specificity of this receptor Stimulation of B-lympho-
have shown that it bind iC3b, C3dg, and C3d fragments of cytes to enter from G1
. . . phaseto S
C3. Recently, using C3d fragments and overlapping synthetic C3e/C3dk Neutrophils Stimultion of granule-

peptides covering amino acid residues 1209-1236 of the C3
sequence showed that the receptor binding site in C3d is
located between residues 1227-1232 of the C3 sequence (52,
53).

associated enzyme re-
lease

Release of leukocytes
from bone marrow
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Although the C3d receptor is predominantly expressed on
B-lymphocytes, some reports have described its presence on
K-cells (54, 55) and monocytes (56). In a recent study using
the monoclonal antibody HB-5 it has been shown the human
thymocytes but not peripheral T cells express the C3d recep-
tor (Lambris and Tsoukas submitted for publication). The
C3d receptor is involved in the regulation of lymphocyte
proliferative responses (Table II). In 1982, Lambris et al (57)
noted that F(ab’)2 anti-CR2 and soluble C3d fragments
inhibited lymphocyte proliferation induced by the mixed
lymphocyte reaction or tetanus toxoid. Later experiments
showed that the C3dk fragment of C3 suppressed mitogen -
induced B-lymphocyte growth and interleukin 2 synthesis in
mixed lymphocyte culture (21, 58). Recently, in synchronized
murine B-cells, crosslinked C3d replaced a-factor essential
for the cells to progress from growth phase G1 to S. In
contrast, soluble C3d inhibited the action of these factors
(59). 4

2.1.5. iC3b receptor (CR3). The iC3b receptor, known as
CR3, is a member of family whose three membrane proteins
have identical 95,000 B-chains and distinct a-chains. The
a-chain of CR3 is 165,000 in mw and the o chain of the two
other molecules, LFA1 and P150-95, are 185,000 and 150,000
mw, respectively (60-62). The iC3b receptor is found on cell
types such as monocytes, neutrophils, macrophages, eosi-
nophils, and K-cells (30,32,63). The receptor is specific for
the iC3b fragment of C3 (29, 63). The major biological role of
CR3 is the promotion of either antibody dependent or
independent effect or cell functions (Table IT). For example,
the binding of iC3b to CR3 on the surface of K-cells and
polymorphonuclear leukocytes or monocytes enhances the
antibody dependent cytotoxicity of erythrocytes (54, 55)) or
tumor cells (64) and also enhances IgG dependent phagocyto-
sis of microorganisms (65-67). CR3 mediated antibody inde-
pendent phagocytosis by mononuclear cells is regulated by
cellular differentiation and humoral components. Among the
latter are a lymphokine (68), fibronectin, and the amyloid P
component (69).

2.2 C5d Receptor. C5 is an N-terminus CS5 fragment of mw
11,40 released from CS5 after clevage of Arg 74-Leu 75 by the

classical or alternative pathway C5 convertases [C4b, 2a3b-

and C3b(n)Bb] received in Reference 22, q.v.). Complete
chemical analysis of human C5a has identified it as a 74
residue polypeptide of 8,400 mw carrying a complex type
oligosaccharide moiety of 3,000 mw. In contrast to C3a and
C4a, which lose their biological activity upon removal of
C-terminal arginines by serum carboxypeptidase N, CSa
retains a significant degree of its capacity to interact with the
C5a receptor and stimulate responses. Receptors for C5a are
present in mast cells, basophils, neutrophils, eosinophils,
monocytes, and macrophages (24). Specificity studies with
C5a derivatives and analogues indicate that C5a contains two
binding sites for its receptor, one within the 69 N-terminal
residues reactive with a recognition domain and a second
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Table III. C5a Receptor functions.
Cell Type

Ligand Cellular Response

CSa/C5a des Arg Chemotxis
Induction of leukotriene

synthesis

Monocytes
Macrophages

Enhancement of polyc-
lonal and specific anti-
body responses

Stimulation of IL-1 re-
lease

Induction of leukotriene
synthesis

Mast cells

Induction of vasoactive
amine release
Chemotacis
Enhancement of C3b re-
ceptor expression

Neutrophils

Induction of cell adher-
ence and aggregation
reactions

Induction of c-glucoroni-
dase and myeloperox-
idase release

Table 1V. Factor H Receptor Functions

Ligand Cell Type Cell responses

Polymeric forms of B-Lymphocytes Increases Factor I secre-
Factor H tion

Inhibits B-cell dif-
ferentiation

Monocytes Induces respiratory burst

Macrophages Induces release of pros-
taglandin E and throm-
boxane

composed of the five C-terminal residues and reactive with an
“activation” domain on C5 (70). Preliminary studies on the

~structure of C5a receptor of neutrophils using crosslinking

reagents have shown that its molecular wight is approximate-
ly 48,000 (71). Several cellular functions have been attributed
to the binding of C5a to its receptor (Table ITT). For instance,
the binding of C5 to mast cells and basophils has long been
known to induce release of their granules and histamine (24).
In addition, recent results have shown that C5a induces the
release of leukotrienes from mast cells and macrophages,
thereby broadening the potential pathobiologic consequences
of complement activation (72,73). The binding of C5a to
neutrophils induces several cellular reactions including: che-
motaxis, cell adherence, aggregation specific granule release,
superoxide production, and enhanced expression of C3b
receptors (38,74-76). Moreover, recent studies suggest that
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C5a enhances both polyclonal and specific responses in vitro
by stimulating release of interleukin-1 from macrophages
926,77), thus indicating an immunoregulatory role of the C5a
receptor.

2.3. Factor H Receptor. Factor H is a 150,000 mw gly-
coprotein consisting of a single polypeptide chain and present
in serum at a concentration of about 500 pg/ml. Two different
forms of factor H have been recently isolated from serum,
using hydrophobic affinity chromatography, and found to
differ distinctly in their ability to aggregate (78). The very
important regulatory role factor H plays in the alternative
pathway, is binding to the C3b molecule and acting as
antagonist for the interaction of factor B with C3b. This can
lead either to the inhibition of the preformed enzyme
(C3b,Bb) or its formation. In addition, factor H acts as a
cofactor for the clevage of C3b by factor I. Recently the
binding sites on C3b for H and on H for C3b have been
localized in C3d and a 38,000 N-terminal H fragment, respec-
tively (8, 79, 80). Receptors for factor H have been found so
far on B-lymphocytes, neutrophils, and monocytes (81-83).
To date, the nature of ligands that bind to the H receptors is
unclear, but they may be polymeric, The use of antibody
specific for the idiotype of anti-H antibody and affinity
chromatography on an H-agarose column showed that the
lymphocytes’ H receptor consists of two polypeptides of
* 100,000 and 50,000 mw (82). Among the cellular functions
attributed to the binding of H to its receptor (Table IV) is the
release of endogenous factor I from Lymphocytes by aggre-
gated H-or H bound to C3b-(81). H also stimulates the
respiratory burst in human monocytes 983) and release of
prostaglandin E and thromboxane by macrophages (84). In a
recent study, factor H was found to inhibit B cells differentia-
tion in vitro without blocking their proliferation (85).

2.4. Clq Receptor. Clq is a protein with mw 410,000 and
complexes eith Clr and Cls to form a trimolecular complex
known as C1 (reviewed in Reference 86, s.v.). Under the
electron microscope, the Cl1q moleccule appears as six globu-
lar heads linked through collagen-like stalks forming a stem-
med structure. The globular heads of Clq bind to the Fc
region of IgM and IgG and the collagen-like regions to Clr
and Cls. Upon complement activation, C1q remains bound
to the activators with the collagen-like regions exposed,
which enables the molecule to interact with the cellular Clq
receptors. Clq receptors have been found on a number of
cells including B-lymphocytes, neutrophils, and fibroblasts
and on a small proportion of T-cells, and null cells (87-89).
Cellular responses attributed to the binding of Clq to its
receptor include stimulation of neutrophil oxidative metabol-
ism (90), aggregation of platelets and release of serotonin by
them (91) as well as induction of cytotoxicity toward chicken
erythrocytes (92) (Table V).

Table V. Clq receptor functions.

Ligand Cell Type Cellular Responses
Collagen likere-  Neutrophils Stimmulation of oxida-
gion of Clqg. tive mctabolism
Monocytes Enhancement of ADCC
Lymhocytes Induction of cytotoxicity
toward chicken erythro-
cytes
Platelets Induction of cell aggrega-

tion and serotonin re-
lease

3. Pathopysiology of Complement Receptors

3.1. The C3b receptor in system Lupus Erythematosus (SLE)
and Other Diseases. SLE is a prototype of human autoim-
mune disease, characterized by an abundance of circulating
autoantibodies and immune complexes. The specificities of
the autoantibodies are quite diverse, including but not res-
tricted to DNA, nuclear proteins and cell surface antigenic
structures. Both the autoantibodies and immune complexes
have been variably associated with clinical features of the
disease. Cellular mechanisms that lead to the uncontrolled
production of autoantibodies, although extensively studied,
remain unclear: among the most prominant theories are
failure of the suppressor cell circuit to block the production of
immunoglobulin by B-cells, failure of cytotoxic cells to eli-
minate autoreactive B-cell clones, presence of viral infection
that leads to clonal expansion of autoreactive B-cells, and
finally, continuous, excessive stimulation of B-cells by exoge-
nous stimuli (reviewed in Reference 93, q.v.).

Circulating immune complexes are believed to be cleared
by the reticuloendothelial system after binding to Fc recep-
tors or complement receptors on the surface membranes of
cells belonging to this system. Clearance of C3b or anti-
erythrocyte antibody coated autologous erythrocytes is defi-
cient in patients with SLE and other autoimmune rheumatic
diseases (94, 95). Comparing CR1 molecules on the surface
membranes of the erythrocytes in normal humans and pa-
tients with SLE indicates that these patients have significantly
fewer CR1. In a report describing of a fairly large sample of
patients with SLE, erythrocytes from 667 failed to bind to
aggregated y-globulin in the presence of complement (96).
This defective immune adherence did not correlate with
disease activity, and in certain patients studied serially the
defect persisted through various phases of the disease. Furth-
ermore, some family members with no evidence of clinical
disease similarly lacked immune adherence. Enumeration of
the CR1 molecules on membrane surfaces of erythrocytes
with a murine anti-CR1 monoclonal antibody showed that
patients who had SLE exhibited 600 + 307 CR1/E, whereas
normal persons had 1410 £ 620 CR1/e (97). In addition,
patients with rheumatoid arthritis had significantly decreased
numbers of CRI/E (930 & 417). In the group of patients with
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SLE, the numbers of CR1/E correlated with the hemolytic
titers of C4 and the levels of immune complexes estimated by
the Clq binding assay. The contribution of disease activity to
the expression of CR1 on erythrocyte surface membranes is
unproven. Masking of the CR1 by either immune complexes
or C3 breakdown products which are abundant during disease
activity (3), could be partially responsible for the defective
immune adherence in these patients. The use of immune
adherence hemagglutinination methods to measure CR1 in
patients with SLE and other connective tissue diseases (98),
as well as insulin dependent diabetes mellitus (99), has
disclosed a correlation between CRI1 levels and various
comlement factors. Support for the hypothesis that deficient
CR1 expression on the surface membranes of the SLE
erythrocytes is an epiphenomenon, comes from the report of
a single patient with SLE whose circulating autoantibody was
CR1 specific (100). High titers of the autoantibody at diferent
time points during the disease correlated with absence of CR1
on E. Although similar cases are rare, one can assume that
circulating anti-CR1 autoantibodies are responsible for the
decreased CR1/E in some patients with SLE. Ross et al (101)
reported that the erythrocytes from pateints with rheumatoid
arthritis, cryoglobulinemia, Sijogren’s syndrome, autoim-
mune idiopatichic anemia and paroxysmal noctural hemoglo-
bulinuria, as in SLE exhibit in addition to low numbers of
CRI1/E, significant numbers of fixed to C3dg/E molecules. In
255 individuals (normal controls and patients), a significant
correlation (r=0.498) was found between (CR1/E and cell
bound C3dg/e. Estimation of C3dg/E and CRI/E in indi-
vidual patients further confirmed the reverse association
between bound C3dg/E and CR1/E. In a recent study (102),
the low numbers of CR1/E, in patients with SLE, rheumatoid
arthritis, Sjorgren’s syndrome, and paracoccidiomycosis, esti-
mated by the use of '**I F(ab’), anti-CR1 antibody, failed to
correlate with the levels of circulating immune complexes.
This finding is of pa}ticular importance, since highly sensitive
assays were used for the detection of circulating immune
complexes.

Evidence that the deficient CR1/E in SLE patients is not
an epiphenomenon but rather a genetically determined
feature, comes from studies of family members and the
patients among them for expression of the various CR1
alleles in cell surface membranes. Using radiolabeled anti-
CR1 antibody Wilson et al (103) enumerated the CR1/E in 38
patients with SLE and 47 family members. Patients had 2804
+ 241 and the family members had 3187 + 196 CRI/E
compared to normal individuals, 5014 = 155 CRI1/E. The
numbers of the receptor sites in spouses of these patients did
not differ from those of other normal individuals. The
authors constructed a trimodel distribution pattern for the
numbers of CRE1/E: a high CR1/E phenotype (HH), an
intermediate phenotype (HL), and a low phenotype (LL).
Only 12% of the normal individuals had the LL hemotype
whereas 53% of the patients with SLE were LL. Pedigree
analysis demonstrated that the H or L numbers of CR1/E are
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ingerited in an autosomal co-dominant manner. The genetic
nature of both murine and human SLE has been stressed
emphatically in the literature and has been reviewed else-
where (104). Clinical studies in twins, studies on the preva-
lence of certain HLA antigens, and studies of certain cellular
and humoral features have provided clear evidence of the
hereditary (multigenetic) nature of the disease (104, 105).

The decreased number of CR1/E in patients with SLE and
other diseases associated with complement activation
apparently has no single cause. As the data reviewed above
indicate, both genetic and disease activity-related factors play
important roles in the final expression of CR1 on the surfaces
of erythrocytes. Autioimmunity, in general, has been consi-
dered the outcome of both genetic and environmental fac-
tors. It seems that for our area of discussion, the expression
of CR1, the same general rule is applicable.

3.2. CR3 Deficiency in Man. In clinical immunology, a
newly recognized group of immunodeficiencies includes dis-
ease entities in which cell surface membrane molecules are
either numerically decreased or not expressed. Examples
include: (a) chronic granulomatous disease, (b) bare leuko-
cyte syndrome, (c) interleukin-1 receptor deficiency, and (d)
Mol glycoprotein (CR3) deficiency. We will present studies
performed on patients with CR3 deficiency. Recently, a
clinical immunodeficiency syndrome has been recognized
that is characterized by recurrent bacterial and fungal infec-
tions, progressive periodontitis, persistent leucocytosis, sev-
erely depressed neutrophil adherence, chemotaxis, and pha-
gocytic function. These patients have in common the de-
ficiency of a certain neutrophil surface membrane glycopro-
tein (105, 106). A patient with the above clinical characteris-
tics was reported to be deficient in both subunits of CR3 on
the granulocytes (107). Monocytes and granulocytes were
defective in IgG- and C3-dependent phagocytosis. Natural
killer activity was normal. In normal leukocytes the express-
ion of both LAF-1 and CR3 is regulated by the state of
activation of the cell. Upon mitogenic or alloantigenic stimu-
lation, LFA-1, which is expressed in small amounts by
peripheral T-lymphocytes, a marked increase can be de-
tected. In normal unstimulated granulocytes, a major portion
of CR3 is located intracellularly in a specific granule fraction.
Degranulating stimuli such as the calcium ionophore A23187,
chemotactic peptide (ce-Met-Leu-Phe, or C5a), and PMA
induce a 3- to 10-fold increase of surface CR3 (108). Arnaout
et al (108) reported two patients with normal cytolytic T-
lymphocytes generated in mixed lymphocyte culture and
natural killer-cell activity but deficient responses to phy-
tohemagglutinin. LFA-1 was undetectable in the patient’s
resting T-lymphocytes either by immunoprecipitation or im-
munofluorescence, altouhgh their mitogen and alloantigen
stimulated cells expressed small but detectable amounts of
the LFA-1 heterodimer. Similarly, the expression of CR3 on
the patients monocytes was dependent on the state of cellular
activation. CR3 expression was decreased on resting granu-



Lambris and Tsokos: Biology and Pathophysiology of Complement Receptors

locytes, but increased after stimulation with the ionopohore
A23187. Similar cellular abnormalities, i.e., normal T-cell
associated functions but deficient granulocyte function, were
reported by Miedema et al (109).

The mode of inheritance of the CR3 deficiency has not
been established. In one family, both parents had reduced
levels of CR3 (105). The mother of another patient had
decreased CR3 (110). Elsewhere, both parents of a CR3/
LFA-1 deficient patient had decreased expression of both
CR3 and LFA-1 glycoproteins (109).

3.3 Expression fo Complement Receptors on Leukemic
Cells. Complement receptors have been studied in patients
with lymphocytic leukemias; the majority of the studies have
utilized erythrocyte antibody-complement cellular intermedi-
ates as indicator cells. The methodological drawbacks are
similar to those which have arisen when these cellular in-
termediates have been used for the study of the expression of
complement recepotrs on normal cells (111). The current
availability of monoclonal antibodies directed against com-
plement receptors will certainly shed light on the expression
of these receptors on the leukemic cells. In this section, we
will summarize the available information on the expression of
complement receptors on leukemic cells by using cellular
intermediates as indicator cells.

Chronic lymphocytic leukemia (CLL) is considered to be
of B-cell origin although not restricted to mature B-lym-
phocytes, but including earlier phases of differentiation.
B-cells from peripheral blood, spleen cells and lymph node
cells-from. patients.-with. CLL. have been described with
decreased C3b binding and increased C3d binding (112).
Lymph node cells from patients with nodular lymphoplastic
non-Hodgkin’s lymphomas also had increased binding of
EAC3d indicator cells. Using EAC3b/EAC3d indicator cells,
Cossman and Jaffe (113) described three different lymphocy-
tic subpopulations in normal human individuals depending on
the expressions of CR1 and / or CR2. CR1, CR2* cells
predominated in tissues from patients with CLL, will-diffe-
rentiated and intermediately differentiated lymphocytic lym-
phomas. A clinical study has shown that B-cell lymphomas
with more than 10% EAC forming cells, have a statistically
significant longer survival than those that form less than 10%
EAC rosettes (114).

In a number of studies, the existence of leukemic cells
bearing both T- and B-lymphocyte markers has been stres-
sed. Such leukemias have caused researchers to consider the
cellular origin of these malignancies (possibly they originate
from a «primitive» cell not yet committed to the T- or B-cell
lineage) and the functional status of these «double» cells. A
patient whose disease clinically resembled CLL was reported
to possess peripheral blood cells that formed sheep erythro-
cyte rosettes as well as complement receptor rosettes (115).
Subsequently, more patients with CLL were described as
carrying markers for both T-lymphocytes (positive staining
with anti-T-cell antibodies) and B-lymphocytes (surface im-

munoglobulin and EAC rosettes) (116). This simultaneous
presence of T- and B-cell markers has also been reported on
cells from individuals with acute lymphonlastic leukemias
(117-119). The physiological significance of these «double»
cells remains speculative. Moreover, the clinical implications
in patients with leukemias have not been analyzed. Usage of
currently available monoclonal antibodies in documenting
the differential expression of complement receptor and other
markers on leukemic cells, will certainly imporve our under-
standing of these leukemias, particularly with respect to their
cellular biology.

References

1 Hirani S, Lambris JD, and Muller-Eberhard HJ: Localization of the conglutinin
binding site on the third component of human complement. J Immunol 134:
1105-1109, 1985

2 Hirani S, Lambris JD, and Muller-Eberhard HJ: Structural analysis of asparagine
linked oligosaccharides of human C3. Biochem J, 233: 613-616, 1985

3 Pangburn MK Muller-Eberhard HI: The alternative pathway of complement.
Springer-Semin Immunopathol 7: 163-192, 1984.

4 Tack BF: The 6-Cys-y-Glu thiolester bond in human C3 and C4. Springer Semin
Immunopathol 6: 259-282, 1983.

5 Lambris JD and Muller-Eberhard HJ: The multifunctional role of C3: Structural
analysis of its interactions with physiological ligands. Mol. Immunol, 1986 (in
press).

6 Vogt W, Dames W, Schmidt G, and Dieminger L: Complement activation by the
properdin system: Formation of a stoichiometric C3 cleaving complex of prop-
erdin factor B and C3b. Immunochemistry 14: 201-205, 1977.

7 Whaley K and Ruddy S: Modulation of the alternative complement pathway by
BH globulin. J Exp Med 144: 1147-1163, 1976.

8 Weiler JM, Daha MR, Austen KF, and Fearon DT: control of the amplification
convertase of complement by the plasma protein 6H. Proc Natl Acad Sci USA
73: 3268-3272, 1976.

9 Lambris JD, Becherer D, and Muller-Eberhard HJ: Localization of the factor H
binding site on the third component of complement. Complement (abstract). 2:
48, 1985

10 Fearon DT, Austen KF, and Ruddy S: Formation of a hemolytically active
cellular intermediate by the interaction between properdin factor B and D and
activated third component of complement. J Exp Mcd 138: 1305-1313, 1973.

11 Brade V, Lee GD, Nicholson A. Shin H, and Mayer MM: The reaction of

Zymosan with the properdin system in normal and C4-deficient guinea pig serum.

J Immun 111: 1389-1400, 1983.

Chapitis J and Lepow IH: Multiple sedimenting species of properdin in human

serum and interaction of purified properdin with the third component of

complement. J Exp Med 143: 241-257, 1976.

Lambris JD, Alsenz J Schulz TF, and Dierich MP: Mapping of the properdin-

binding site in the third component of complement. Biochem J 217: 323-326,

1984.

14 Vogt W, Schmidt G, von Buttlar B, and Diemingr I: A new function of the

activated third component of complement: Binding to C5 an essential step for C5

activation. Immunology 34: 29-40, 1978.

Harrison RA and Lachmann PJ: The physiological breakdown of the third

component of human complelent. Molec Immun 17: 9-20, 1980.

16 Ross GD, Lambris JD, Cain JA, and Newman, Sl: Generation of three different
fragments of bound C3 with purified factor I or serum, I. Requirements for factor
h vs CR1 cofactor activity. J Immun 129: 2051-2060, 1982.

17 Lachmann PJ, Pangburn MK, and OLdroyd RT: The breakdown of C3 following
complement activation: Identification of a new fragment, C3g, using monoclonal
antibodies. J Exp Med 156: 205-216, 1982.

18 Medicus RG, Melamed J, and Arnaout MA: Role of human factor i and C3b
receptor on the cleavage of surface, bound C3bi molecules. Eur J Immun 13:
465-470, 1983.

19 Davis AE and Harrison RA: Structural characterizaion of Factor I mediated
cleavage of the third compnent of complement. Biochemistry 21: 5745-5749,
1982.

20 Davis AE, Harrison RA, and Lachmann PJ: Physiological inactivation of fluid

phase C3b: Isolation and structural analysis of C3c, C3dg (a2D), and C3g. J

Immunol 132: 1960-1966, 1984.

Meuth JL, MOrgan EL, Discipio RG, and Hugli TE: Supression of lymphocyte

functions by human C3 fragments. I Inhibition of human T-cell proliferative

responses by a Kallikrein cleavage fragment of human iC3b. J Immunol 130:

2605-2611, 1983.

22 Hugli TE: Structure and function of anapylatoxins. Springer Semin Immuno-
pathol 7: 193-219, 1984.

23 Johnson AR, Hugli TE, and Muller-Eberhard HJ: Release of histamine from rat
mast cells by the complelent peptide C3a and C5a. Immunology 28: 1067-1080,
1975.

—_
[

1

w

1

[

2

[

521



ANTICANCER RESEARCH 6: 515-524 (1986)

24

2!

th

26

27

28

29

30

31

32

33

34

35
36

3

~

38

39

41

2

4

@

45
46
47

49

50

5

-

52

53

Glovsky MM, Hugli TE, Ishizaka T, Lichtenstein LM, and Erickson BW:
Anapylatoxin- induced histamine release with human leukocytes. J Clin Invest
64: 804-811, 1979.

Hartung H-P, Bitter-Suermann D, and Hadding U: Inducnon of thromboxane
release from macrophages by anaphylatoxic peptide C3a of complelent and
synthetic hexapeptide C3a 72 - 77. J Immunol 130: 1345-1349, 1983.

Weigle WO, Goodman MG, Morgan EL, Hugli TE: Regulation of immune
response by components of the complement cascade and their activated frag-
ments. Springer Semin Immunopathol 6: 173-194, 1983.

Nelson RN Jr: The immune adherence phenomenon: An immunologically
specific reaction between microorganism and erythrocytes leading to enhanced
phagocytosis. Science 118: 733-73, 1953.

Dobson NJ, Lambris JD, and Ross GD: Characteristics of isolated erythrocyte
complement receptor type one (CR1, C4b receptor) and CR1:specific antibodies.
J Immunol 126: 693-698, 1981.

Ross GD, Newman SL, Lambris JD, Devery-Pocius JE, Cain JA, and Lachmann
PJ: Generation of three different fragments of bound C3 with purified factor I on
serum. II. Location of binding sites in the C3 gragments for factors B and h
complement receptors. J Exp Med 158: 334-352, 1983.

Fearon DT and Wong WW: Complement ligand-receptor interactions that
mediate biological responses. Annu Rev Immunol 1: 243-271, 1983.
Schreiber RD: The chemistry and biology of complement receptors. Spring
Semin in Immunopath 7: 221-249, 1984.

Ross and Medof ME: Membrane complement receptors for bound fragments of
C3. Adv Immunol 37: 217-267, 1985.

Fearon DT: Regulation of the amplification C3 convertase of human complement
by an inhibitory protein isolated from human erythocyte membrane. Proc natl
Acad Sci USA 76: 5867-5871, 1979.

Fearon DT: Identification of the membrane glycoprotein that is the C3b receptor
of the human erythocyte, polymorphonuclear leukocyte, B lymphocyte, and
monocyt. J Exp Med 752: 20-30, 1980.

Dykman TR, Cole JL, lida K and, Atkinson JP: Polymorphism of human
erythrocyte C3b/C3b receptor. Proc Natl Acad Sci USA 80: 1698-1702, 1983.
Dykman TR, Hatch JA, and Atkirison JP: Polymorphism of the human C3b/C4b
receptor: Identification of a third allelle and analysis of receptor phenotypes in
families and patients with systemic lupus erythematosus. J Exp Med 195: 691-703,
1984.

Arnaout MA, Melamed J, Tack BF, and Colten HR: Characterization of the
human complement (C3b) receptor with a fluid phase C3b dimer. J Immunol 127:
1348-1354, 1981.

Fearon DT and Collins LA: Increased expression of C3b receptors on polymor-
phonuclear leukocytes induced by chemotactic factors and by purification proce-
dures. J Immunol 130: 370-375, 1983.

Tida K and Nussenzweig V: Functional properties of membrane-associated
complement receptor CR1. J. Immunol 130: 1876-1880, 1983.

Ross GD, Lambris JD, Cain JA, and Newman, SL: Generation of three different
fragments of bound C3 with purified i or serum. I. Requirements for Factor h
versus CR1 cofactor activity. J Immunol 7129: 2051-2060, 1982.

Mdof ME, Iida K, Mold C, and Nussenzweig B: Unique role of the complement
receptor CR1 in the degradation of C3b associated with immune complexes. J
Exp Med 156: 1739-1754, 1982.

Medof ME, Lam T, Prince GM, and Mold C: Requirement for human red blood
cells in inactivation of C3b in immune complexes and enhancement of binding to
spleen cells. J Immunol 130: 1336-1340, 1983.

Cornacoff JB, Hebert LA, Smead WL, Van Aman ME, Birmingham DJ and
Waxman FJ: Primate erythrocyte-immune complex-clearing mechanism. J Clin
Invest 71: 236-247, 1983.

Ross GD, Polley MJ, Rabellino EM, and Grey RM: Two different comlement
receptors on human lymphocytes. One specific for C3b and one specific for C3b
inactivator-cleaved C3b. J Exp Med 138: 798-811, 1983.

Eden A, Miller GW, and Nussenzweig V: Human Lymphocytes bear membrane
receptors for C3b and C3d J Clin Invest 52: 3239-3242, 1973.

Okada H and Nishioka K: Complement receptors on cell membranes. i.
Evidence for two complement receptors. J Immunol 111: 1144-1149, 1973.
lida K, Nadler L, and Nussensweig V: Identification of the membrane receptor
for the complement fragment C3d by means of a monoclonal antibody. J Exp
Med 158: 1021-1033, 1983.

Barel M, Charriaut C, and Frade R: Isolation and characterization of a C3b
receptor-like molecule from membranes of a human b-lymphoblastoid cell line
(Raji). FEBS Lett 136: 111-114, 1981.

Fingeroth JD, Wells JJ, Tedder TF, Strominger JL, Vird PA, and Fearon DT:
Epstein-Barr virus receptor of human B-lymphocytes is the C3d receptor CR 2.
Proc Natl Acad Sci USA 81: 4510-4514, 1984.

Frade R, Barel M, Ehlin-Henriksson B, and Klcin G: Gp140, the C3d receptor of
human lymphocytes, is also the Epstein-Barr virus receptor. Proc Natl Acad Sci
USA 82: 1490-1493, 1985.

Lambris JD, Dobson NJ, and Ross GD: Isolation of lymphocyte membrane
complelent receptor type two (the C3d receptor) and preparation of receptor-
specific antibody. Proc Natl Acad Sci USA 78: 1828-1821, 1981.

Lambris JD, Hirani S, Ganu V, Becherer D, and Muller-Eberhard HJ: Synthetic
peptides predicted from the nucleotide sequence of C3, bind to C3d receptor and
monoclonal antibody 130. Advances in Gene Technology: «Molecular Biology of
the Immune System» 2: 213-214, 1985.

Lambris JD, Ganu V, Hirni S, and Muller-Eberhard HJ: Mapping of the C3d
receptor (CR) bmdmg site and a neoantigenic site in the C3d domain of the third
component of complement. Proc natl Acad. Sci USA 82 4235-4239, 1985.

522

54

5.

vy

5

(=)

57

5

&

59

61

62

63

6

v

67

68

69

7

<

7

—_

72

7

w

74

75

76

~

3

78

7

K=}

81

Perlmann H, Perlmann P, Schreiber RD, and Muller-Eberhard HJ: Interaction
of target cell-bound C3bi and C3d with human lymphocyte receptors. Enhance-
ment of antibody-mediated cellular cytotoxicity. J Exp Med 153: 1592-1602, 1981.
Wabhlin B, Perlmann H, Perlmann P, Schreiber RD, and Muller-Eberhard HJ. C3
receptors on human lymphocyte subsets and recruitment of ADCC effector cells
by C3’fragments. J Immunol 130: 2831-2838, 1983.

Reynolds HY, Atkinson JP, Newball HH, and Frank MM: Receptors for
immunoglobulin and complement on human alveolar macrophages. J Immunol
114: 1813-1819, 1975.

Lambris JD, Cohen PL, Dobson NJ, Wheeler PW, Papamichail M, and Ross
GD: Effect of antibodies to CR2 (C3d receptors) on lymphocyte activation. Clin
Res 30: 514A (abstract), 1982.

Thoman L, Meuth L, Morgan EL, Weigle WO, and Hugli TE: C3d-K, a
kallikrein cleavage fragment of iC3b is a potent inhibitor of cellular proliferation.
J Immunol 133: 2629-2633, 1984.

Melchers F, Erdei A, Schulz T, and Dierich MP: Growth control of activated,
synchronized murine B-cells by the C3d fragment of human complement. Nature
318: 264-267, 1985.

Kurzinger K, Ho MK, and Springer TA: Structural homology of a macrophage
differentiation antigen and an antigen involved in T-cell mediated killng. Nature
296: 668-670, 1982.

Sanchez-Madrid F, Simon P, Thompson S, and Springer TA: Mapping of
antigenic and functional epitopes on the alpha and beta subunits of two related
glycoproteins involved in cell interactions, LFA-1 and Mac-1. J Exp Med 158:
586-602, 1983.

Wright SD, Rao PE, Van Voorhis WC, Craigmyle LS, lida K, Talle MA,
Westberg EF, Goldstein, G, and Silverstein SC: Identification of the C3bi
receptor of human monocytes and macrophages with monoclonal antibodies.
Proc Natl Acad Sci USA 80: 5699-5702, 1983.

Ross GD and Lambris JD: Identification of a C3bi-specific membrane comple-
ment receptor. that is expressed on lymphocytes, monocytes, neutrophils and
erythrocytes. J Exp Med 155: 96-110, 1982.

Schreiber RD, Pangburn MK, Bjornson AB, Vrothers MA, and Muller-
Eberhard HJ: The role of C3 fragments in endocytosis and extracellular cytotoxic
reactions by polymorphonuclear leukocytes, Clin Immunol Immunopathol 23:
335-357, 1982.

Ehlenburger AG and Nussenzweig V: The role of membrane receptors for C3b
and C3d in phagocytosis J Exp Med 145: 357-371, 1977.

Griffin FM, Griffin JA, Leider JE, and Silverstein SC: Studies on the mechanism
of phagocytosis. 1. Requirements for circumferential attachment of particle
bound ligands to specific receptors on the macrophage plasma membrane. J Exp
Med 142: 1263-1282, 1975.

Rothlein R and Springer TA: Complement receptor type three-dependent
degradation of osonized erythrocytes by mouse macrophages. J. Immunol. 135:
2668-2672, 1985.

Griffin FM Jr and Mulinax PJ: Augmentation of macrophage complement
receptor function in vitro. III. C3b receptors that promote phagocytosis migrate
within the plan of the macrophage plasma membrane. J Exp Med 154: 291-305,
1981.

Wright SD, Craigmyle LS, and Silverstein SC: Fibronectin and serum amyloid P
component stimulate C3b- and C3bi-mediated phagocytosis in cilutred human
monocytes. J Exp Med 158: 1338-1343, 1983.

Chenoveth DE and Hugli TE: Human CS5a and C5a analogs as probes of the
neutrophil C5a receptor. Mol Immunol 17: 151-161, 1980.

Huey R and Hugli TE: Characterization of a C5a receptor on human polymor-
phonuclear leukocytes (PMN). J Immunol 135: 2063-2068, 1985.

Stimler, NP, Broklehurst WE, Bloor CM, and Hugli TE: Anaphylatoxin
mediated contraction of guinea pig lung strips: nonhistamine tissue response J
Immunol 126: 2258-2261, 1981.

Stimler NP, Bach MK, Bloor CM, and Hugli TE: Release of leukotrienes from
guinea pig lung stimulated by C5a desArg anaphylatoxin. J immunol 128:
2247-2252, 1982.

Ward PA, Hugli TE, and Chenoweth DE: Complement and chemotaxis. In:
Handbook of Inflammation, Vol 1 Glynn LE, Houck JG, eds) New York;
Springer, 19, pp 153-178.

Fernandez HN, Henson PM, Otani A, and Hugli TE: Chemotactic response to
human C3a and C5a anaphylatoxins. I. Evaluation of C3a and C5a leukotaxis in
vitro and under stimulated in vivo conditions. J Immunol 120: 109-116, 1978.
Henson PM, Zanolari B, Schwartman NA, and Hong SR: Intracellular control of
human neutrophil secretion. I C5a induced stimulus-specific desensitization and
the effects of cytochalasin b J Immunol 121: 851-855, 1978.

Morgan EL, Thoman ML, Weigle WO, and Hugli TE: Anaphylatoxin-mediated
regulation of the immune response. II. C5a-mediated enhancement of human
huoral- and T-cell-mediated immune responses J Immunol 130: 1257-1261, 1983.
Rpoche J, Salihi A, Rousseaux J, and Fontaine M: Isolation of two molecular
populations of human complement factor h by hydrophobic affinity chromatogra-
phy. Biochem J 221: 89-96, 1984.

Alsenz J, Lambris JD, Schulz TF, and Dierich MF: Locahzatlon of the
C3b-binding site and the cofactor activity for factor I in the 38 kDa tryptic
fragment of factor H. Biochem J 224: 389-398, 1985.

Alsenz J, Lambris JD, Sim RB, Schulz TF, and Dierich MF: Structural and
functional studies on the complement component factor h with different enzymes
and monoclonal anti-factor h antibodies. Biochem J, 232: 841-850, 1985
Lambris JD, Dobson NJ, and Ross GD: Release of endogenous C3b inactivator
from lymphocytes in resonse to triggering membrane receptors for $1H globulin J
Exp Med 152: 1625-1644, 1980.



Lambris and Tsokos: Biology and Pathophysiology of Complement Receptors

8

5]

8

@

84

85

86
87
88
89

90

91

92
93

94

9

[y

96

97

9

==

9

Lambris JD and Ross GD: Characterization of the lymphocyte membrane
receptor for factor H (BH-globulin) with an antibody to anti-factor H idiotype. J
Exp Med 155: 1400-1411, 1982.

Schopf E, Hammann KP, Scheiner O, Lemmel E-M, and Dierich MP: Activation
of human monosytes by both B1H ad C3b. Immunology 46: 307-312, 1982.
Hartung HP, Hadding U, Bitter-Suermann D, and Gemsa D: Release of
prostaglandin E and thromboxane from macrophages by stimulation with factor
H clin Exp Immunol 56: 453-458, 1984.

Tsokos GC, Inghirami g, Tsoukas CD, Balow JE, and Lambris JD: Regulation of
immunoglobulin secretion by factor h of human complement. Immunology 55:
419-426, 1985.

Ziccardi RJ: The first component of human complement (C1): Activation and
control. Springer Semin Immunopathol 6: 213-230, 1983.

Tenner AJ and Cooper NR: Identification of types of cells in human peripheral
blood thtat bind Clq. J Immunol 726: 1174-1179, 1981.

Bordin S, Kolb WP, and Page RC: Clq receptos on cultured human gingival
fibroblasts: analysis of binding properties. J Immunol 130: 1871-1875, 1983.
Sobel AT, Bokisch VA Receptors for C4b and Clq on human peripheral
lymphocytes and lymphoblastoid cells. /n: Membrne receptors of lymphocytes
(Selismann M, Preud’homm JI, and Kourilsy FM, eds). New York, American
Elsevier Publishing, 1975, p 151.

Tenner AJ and Cooper NR: Stimulation of a human polymorphonuclear
leukoocyte oxidative response by eht Clq subunit of the first complement
component. J Immunol 128: 2547-2552, 1982.

Suba EA and Csako G: (C1) receptor on human platelets: inhibition of
collagen-induced platelet aggregation by Clq (1) molecules. J Immunol 117:
304-309, 1976.

Ghebrehiwet, B and Muller-Eberhard HJ: Lysis of Clqg-coated chicken erythro-
cytes by human lymphoblastoid cell lines. J Immunol 120: 27-32, 1978.
Tsokos G and Balow JE: Cellular immune responses in systemic lupus erythema-
tosus. Prog Allergy 35: 93-161, 1984.

Frank MM, Hamburger MI, Lawley TJ, Kimberly RP, Ana Plotz PH: Defective
reticuloendot helial system Fe-receptor function in systemic lupus erythematosus.
N Engl J Med 300: 518-523, 1983.

Frank MM, Lawley TJ, Hamburger, MI, and Brown EJ: Immunoglobulin G Fc
receptor-mediated clearance in autoimmune disease. Ann Intern Med 98:
206-218, 1983.

Miyakawa Y, Yamada A, Kosaka K, Tsuda F, and Mayumi M: Defective
immuni-adherence (C3b) receptor on erythrocytes from patients with systemic
lupus erythematosus. Lancet 2: 493-497, 1981.

Tida K, Mornaghi R, and Nussenzweig V: Complement receptor (CR1) deficien-
cy in erythrocytes from patients with systemic lupus erythematosus. J Exp Med
155: 1472-1438, 1982.

Yukiyama YY, Hirose S, and Miyamoto T: The change in C3b receptors on
erythrocytes from patients from patients with systemic lupus erythematosus. Clin
Exp Immunol 60: 613-621, 1985.

Ruuska P, Illonen J, Mustonen A, and Tiilikainen A: Defective erythrocyte C3b
receptor function associated with low serum complement (C3, C4) concentrations
in insulin-dependent diabetes mellitus. Clin Exp Immunol 57: 12-16, 1984.

100 Wilson JG, Jack RM, Wong WW, Schur PH, and Fearon DT: Autoantibody to

the C3b/C4b receptor and absence of this receptor from erythrocytes of a
patient with systemic lupus erythematosus. J Clin Invest 76: 182-190, 1985.

101 Ross GD, Yount WJ, Walport MJ, Windield JB, Parker J, Fuller C, Taylow

RP, Myones BL, and Lachmann PJ: Diesease- associated loss of erythrocyte
complement receptors (CR!, C3b receptors) in patients with systemic lupus
erythematosus and other diseases involving autoantibodies and / or comlement
activation J Immunol 135: 2005-2014, 1985.

102 Aguado MT, Lambris JD, Tsokos GC, Burger R, Bitter-Suermann D, Tamer-

ius JD, Dixon FJ, and Theofilopoulos AN: Monoclonal antibodies against C3

103

104

105

107

108

109

110

111

112

113

114

115

116

117

118

119

neoantigens for detection of immune complexes and complement activation. J
clin Invest 76: 1418-1426, 1985.

Wilson JG, Wong WW, Schur PH, and Rearon DT: Mode of inheritance of
decreased C3b receptors on eythrocytes of patients with systemic lupus erythe-
matosus. N Engl J Med 307: 981-986, 1982.

Theofilopulos AN and Dixon FJ: Murine models of system lupus erythemato-
sus. Adv Immunol 37: 269-390, 1985.

Crowley CA, Curnutte JT, Rosin RE, Andre-Schwartz J, Gallin JI, Klempner
M, Snyderman R, Sothwick FS, Stossel TP, and Babior BM: An inherited
abnormality of neutrophil adhesion: Its genetic transmission and its association
with a missing protein. N Engl J Med 302: 1163-1168, 1980.

Bowen TI, Ochs HD, Altman LC, Price TH, Brautigan DL, Rosin RE, Perkins
WD, Babior BM, Klebanoff SJ, and Wegdewood RJ: Severe recurrent bacterial
infections associated with defective adherence and chemotaxis in two patients
with neutrophils deficient in a cell-axxociated glycoprotein J Pediatr 101:
932-940, 1982.

Dana N, Todd RF III, Pitt J, Springer TA, and Arnaout MA: Deficieny of a
surface membrane glycoprotein (Mo1) in man. J clin Invest 73: 153-159, 1984.
Arnaout MA, Spits H, Terhorst C, Pitt J, and Todd RF III: Deficiency of a
leukocyte surface glycoprotein (LFA-1) in two patients with Mol deficiency. J
Clin Invest 74: 1291-1300, 1984.

Miedema F, Tetteroo AT, Terpstra FG, Keizer G, Ross M, Weening RS,
Weemaes MR, Roos D, and Melief JM: Immunologic studies with LFA-1- and
Mol-deficient lymphocytes from a patient with recurrent bacterial infections. J
Immunol 134: 3075-3081, 1985.

Anderson DC, Shmalstieg FC, Arnaout MA, Kohl S, Tosi MF, Dana N,
Buffone GJ, Hughes BF, Brinkley BR, Dickey WD, Abramson JS, Springer T,
Boxer LA, Hollers JM, and Smith CW: Abnormalities of polymorphonuclear
leukocyte function associated with a heritable deficiency of high molecular
weight glycoproteins (GP 138): common relationship to diminished cell adher-
ence. J clin Invest 74: 546-551, 1984.

Ross GD: Analysis of the different types of leukocyte membrane complement
receptors and their interaction with the complement system. J Immunol
methods 37: 1979-211, 1980.

Jonsson V, Christensen BE, and Videbeak A: Quantitation of complement C3b
and C3d surface receptors on neoplastic IgM positive B-lymphocytes. Acta
Pathol Microbiol Scand 89: 269-274, 1981.

Cossman J and Jaffe ES: Distribution of complement receptor subtypes in
non-Hodgkin’s lymphomas of B-cell origin. Blood 58: 20-26, 1981.

Gold EJ, Mertelsmann RH, Filippa DA Szatrowski TH, Koziner B, and
Clarkson B: Prognostic significance of receptors for the third component of
complement and heavy chain phenotype in diffuse B-cell lymphomas. Blood 62:
107-111, 1983.

Toben HR and Smith RG: T-lymphocytes bearing complement receptors in a
patient with chronic lumphocytic leukaemia Clin Exp Immunol 27: 292-302,
1977.

Foon KA, Billing RJ, and Terasaki PI: Dual B- and T-marker in acute and
chronic lymphicytic leukemia. Blood 55: 16-21, 1980.

Semanzato G, Milano A, Pezzutto A, Basso G, Cocito MG, Amadori G, and
Gasparotto G: D-cells with cytotoxic activity in acute lymphoblastic leukemia.
Clin Immunol Immunopathol 26: 238-244, 1980.

Gopal R, Satam MN, Nair CN, Talwalkar GV, Nadkarni JS, Nadkarni JJ, and
Advani SH: Dual receptors in acute lymphoblastic leukemias. Acta Haematol
67: 166-169, 1982.

Corwin DJ, Kadin ME, and Andres TL: T-cell prolymphocytic leukemia. 2
cases having a postthymic helper phenotype with complement receptors and
14q* chromosome abnormality. Acta Haematol 70: 43-49, 1983.

Received November 15, 1985
Accepted January 10, 1986

523



