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RAPID COMMUNICATION

The influence of complement receptor type 1 (CD35) and decay-accelerating factor
(CDS55) on complement receptor type 2- (CD21) mediated alternative pathway
activation by B cells

R. G. Q. LESLIE Department of Immunology & Microbiology, Institute of Medical Biology, University of Southern Denmark,
Denmark

SUMMARY

The influence of complement receptor type 1 (CR1; CD35) and decay-accelerating factor (DAF;
CDS55), both down-regulators of complement activation, on the complement receptor type 2-
(CR2) mediated alternative pathway (AP) activation of complement on normal B cells, was
assessed. The data indicate that, while neither DAF nor CRI1 hinder the function of the AP
convertase formed on CR2, CRI1 plays a significant role in the remodelling of C3b fragments,
generated by the convertase and deposited at secondary acceptor sites on the B-cell surface, such
that they become suitable ligands for CR2. The significance of this finding is briefly discussed.

The capacity of complement receptor type 2 (CR2; CD21), on
human B cells and cell lines of B-cell origin, to activate
complement via the alternative pathway (AP) has been clearly
established.!? Current evidence indicates that the AP con-
vertase is formed at the ligand-binding site of CR2 and consists
of hydrolysed C3 (iC3), factor B and Properdin.® In our
original study — using polyclonal anti-C3c and anti-C3d
reagants to detect deposition of C3 fragments following in
vitro AP activation — we obtained indirect evidence that C3b
fragments, generated by this convertase, may become coval-
ently deposited at secondary acceptor sites on the cell surface.!

A comparative study of normal B cells and the
Epstein—Barr virus-positive (EBV-positive) Burkitt’s lym-
phoma cell-line, Raji, revealed that, while the efficiency of C3
fragment deposition did not differ significantly between the
two cell types, there was a marked difference in the type of
fragment observed on the cell surfaces.* Thus, the predominant
fragment associated with normal B cells was found to be
C3dg, whereas Raji cells primarily bore C3b/iC3b fragments.
As Raji cells do not express CR1 (CD35), which is the only
known cofactor for factor I-mediated cleavage of iC3b to C3c
and C3dg,® it was concluded that the difference observed in
the type of fragment deposited may be accounted for by the
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fact that CRI1, on normal B cells, participates in the
remodelling of C3b fragments deposited at secondary acceptor
sites on these cells.

The main purposes of the present study were (i) to
re-examine the question of secondary attachment of C3, by
determining the precise stoichiometry of C3 fragment depos-
ition with a monoclonal anti-C3d Ab, and (ii) to examine the
influence of CR1 on the degree and nature of C3 fragment
deposition, following in vitro AP activation at the B-cell
surface. In addition, we deemed it appropriate to investigate
whether the complement regulatory protein, decay-accelerating
factor (DAF; CD55), had any modulatory influence on the
activity of the CR2-generated AP convertase, given that both
B cells and Raji cells express this glycosyl-phosphatidylinositol-
linked (GPI-linked) protein.*

The studies were performed with Raji cells and normal B
cells, in peripheral blood leukocyte (PBL) preparations from
normal healthy donors. In the first phase of the study, the
cells were submitted to in vitro AP activation in 25%
AB-positive pooled normal human serum (NHS) containing
20 mMm EGTA/4-4mm MgCl,, or 10 mm EDTA as negative
control. The cells were then probed with a fluorescein
isothiocyanate- (FITC) conjugated murine anti-huC3d mAb,
of known specific fluorescent activity, and the number of mAb
bound per cell was determined by flow cytometry, using
Quantum 25 Standard FITC beads to calibrate the F11 signal.®
CR2 expression was measured concurrently on untreated cells
using the FITC-conjugated immunoglobulin G,, (1gG,,) anti-
CR2 mAb, HB135. In the second phase, some of the cells were
pretreated with F(ab’), fragments of the function blocking
anti-CR1 mAb, 3D9 (donated by Dr John O’Shea, Frederick
Cancer Research and Development Center, Frederick, MD)’
and then, following AP activation, the deposited C3 fragments
were detected using FITC-conjugated IgG preparations of
rabbit-anti-huC3c and anti-huC3d Ab, reactive with C3, C3b,
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iC3b, and C3c, or C3dg, respectively. Finally, the influence of
DAF was assessed by pretreating PBL with phosphatidylinosi-
tol-specific (PI-specific) phospholipase C (PLC), to cleave the
DAF’s GPI anchor, prior to measurement of AP-dependent
C3 fragment deposition, with rabbit-anti-huC3d, and parallel
determination of residual DAF expression using FITC-labelled
BRIC216 mAb. The data were derived by analysis of 10000
ungated Raji cells or PBL, or 3000 live-gated lymphocytes,
using R-phycoerythrin  (R-PE)-conjugated mouse-anti-
huCD19 mAb to identify the normal B-cell subpopulation.
Following in vitro AP activation, an average of
49200+ 6900 and 188400+25000 anti-C3d mAb molecules
were bound to normal B cells and Raji cells, respectively
(Table 1). Assuming that the mAb reacts monovalently with
its antigen, the figure obtained for C3 fragment deposition on
B cells corresponds well with that previously derived
(30000-50 000 per cell)! using polyclonal anti-C3d as a probe.
The ratios of fragment deposition to CR2 expression were
5-2:1, for normal B cells, and 9-8:1 for Raji cells (Table 1).
Even assuming that all the CR2 binding sites bear AP con-

Table 1. C3 fragment deposition on normal B cells, Raji and
CR2-transfected K562 cells*

Cell type
B cells Raji cells
No. of experiments 6 9
CR2/cell 9500+ 1100 1920042200
C3 frag./cell 49200+ 6900 188400425000
C3 frag.: CR2 ratio 5:1940-72:1 9-814+0-74:1

*Human PBL, prepared by isotonic NH,CI lysis of whole blood
from healthy donors, and the EBV-positive Burkitt’s lymphoma cell
line, Raji [American Type Culture Collection (ATCC), Rockville,
MD], were washed twice with PBS and once with VBS (4 mm
Na-barbiturate, 145 mm NaCl, pH 7-4, supplemented with 0-8 mm
MgCl,). The cells (ca. 1 x 10°) were suspended in 400 pl VBS contain-
ing 25% pooled AB, Rh* human sera (NHS) and 20 mm
EGTA/4-4 mm MgCl, or 10 mm EDTA for 30 min at 37°. The reaction
was stopped by adding 2 ml of cold EDTA (20 mm) in PBS. After
three washes with PBS containing with 0-05% NaNj, 0-5% bovine
serum albumin and 10 mm EDTA (PBS/BSA), the cells were incubated
with FITC-conjugated murine anti=huC3d mAb (1 pg/ml, F:P
ratio=4:1, Quidel, San Diego, CA) and 5 mg/ml hulgG (Kabi
Pharmacia, Stockholm, Sweden) in 400 ul PBS/BSA, for 2 hr on ice.
In the case of PBL, 5pul R-PE anti-huCD19 (DAKO, Glostrup,
Denmark) was also added to the incubation mixture. CR2 quantitation
was performed by incubating untreated cells with 1 pg/ml of FITC-
HB135 (F:P ratio=2-7:1) for 2 hr on ice.

Analyses were performed with a FACScan flow cytometer (Becton
Dickinson, San Jose, CA) using Lysis II software. Data were acquired
on 10000 ungated Raji cells or on 3000 lymphocytes, in the PBL
preparations, by live gating on their forward scatter versus side scatter
dot plots. B cells, in the latter samples, were identified with R-PE
anti-CD19. FL1 (FITC) intensities were converted to soluble fluor-
escein equivalents (SFE) using Quantum 25 Standard FITC beads
(Flow Cytometry Standards Corp., Leiden, the Netherlands), and the
numbers of deposited C3dg fragments, or expressed CR2, were
determined from the known specific fluorescence activities of the
probing mAb.® The AP activity was measured as the difference in Fl1
signal between cells incubated in NHS-Mg/EGTA and in
NHS-EDTA. The results are given as the mean+1 SD.

vertases, and that the relevant epitope in the C3dg region of
the i1C3 component of the convertase is fully accessible to the
anti-C3d mAb, this finding implies that 80—-90% of the detect-
able C3 fragments are deposited at secondary acceptor sites
on these cells; either on the CR2 molecules themselves or on
other cell surface glycoproteins. Furthermore, the data indicate
that C3 fragment deposition occurs with a significantly greater
efficiency (1-9-fold, P<0-001) on Raji cells than on B cells. A
similar trend (1-5-fold difference) was previously observed,
using polyclonal anti-C3d as a probe, although the difference,
in that case, was not significant; reflecting, perhaps, a lack of
precision in measurements with the polyclonal reagent. The
question of whether the difference in CR2 performance on
Raji cells versus normal B cells reflects greater stability of the
AP convertase on Raji cells, or a higher efficiency of secondary
deposition of C3b fragments generated by the convertase,
remains to be resolved.

Pre-incubation of PBL with 3D9 resulted in a significant
increase in the reactivity of the B cells with FITC anti-C3c,
after both 10 and 30 min of AP activation, without significantly
altering their reactivity with FITC anti-C3d Ab (Fig. 1).
Similar pretreatment of Raji cells did not alter their reactivity
with anti-C3c (data not shown). The lack of change in B-cell
reactivity with anti-C3d, which recognizes all the membrane-
bound C3 fragments (i.e. C3b, iC3b and C3dg) indicates that
the efficiency of the AP convertase associated with CR2 is not
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Figure 1. The effect of CR1 blockade on C3 fragment deposition on
normal B cells, following in vitro AP activation. The reactivity, with
rabbit-anti-huC3c or anti-C3d Ab, of C3 fragments deposited on B
cells preincubated with the blocking mAb, 3D9, are expressed as a
percentage of the reactivity of fragments on untreated cells, following
10 or 30 min of AP activation.*The vertical bars denote the 95%
confidence intervals. *The murine IgG, anti-huCR1 mAb, 3D9,” was
cleaved with pepsin to yield F(ab’), fragments, for use in the blockade
of CRI1 function, and FITC-conjugated IgG preparations of rabbit—
anti-huC3c and anti-huC3d Ab (DAKO, Denmark) were digested
with papain to generate their Fab fragments. PBL or Raji cells (ca.
1 x 10° were preincubated with or without the 3D9 F(ab’), fragments
(1 pg/ml) in phosphate-buffered saline/bovine serum albumin
(PBS/BSA; 400 pl) for 1 hr at 4°. AP activation was performed for
10 or 30 min as described in Table 1. The cells were then washed and
incubated with saturating concentrations of polyclonal FITC-anti-C3c
or -anti-C3d, R-PE anti-huCD19 and hulgG in PBS/BSA for 2 hr on
ice. Flow cytometric analysis was performed essentially as described
in Table 1, although in this case the data was expressed as:

% of control=

Staining intensity (in RFI) with anti-C3 antibody for pre-treated B cells

100.
Staining intensity (in RFI) with anti-C3 antibody for untreated cells A

where RFI=relative fluorescence intensity units.
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Table 2. The influence of DAF on the activity of the CR2-generated AP convertase*

Cell type % reduction in DAF expression AP activity of untreated cellst Relative activity of DAF-depleted cells}
B cells 62:-1+64 23-1+6°1 9374267
Monocytes 831434 27+1-3 1264291
Granulocytes 67-3+4-4 69442 118+32-5

*Human PBL suspended in PBS (500 pl) were incubated with or without Pl-specific PLC (0-5 units, Sigma, St Louis, MO) for 2 hr at 30°.
AP activation was carried out on these cells as described under Table 1, and C3 fragment deposition was measured using FITC-conjugated
rabbit anti-huC3d as a probe. DAF expression was measured on separate samples using FITC-conjugated BRIC216 (10 pg/ml, BPL Bio-
products, Elstree, UK. Data were acquired on 10000 ungated PBL or 3000 lymphocytes, and the leucocyte subpopulations were defined for
analysis using either forward scatter versus side scatter (for monocytes and granulocytes) or side scatter versus FL2 (B cells) dot plots. The
results are expressed as the means+ 1 SD for five experiments. Since T cells display no AP activity, either with or without PLC treatment, they

have not been included in Table 2.
TExpressed as relative fluorescence intensity units (RFI).
iExpressed as a percentage of the untreated controls.

altered by functional blockade of CR1. Thus it would appear
that CR2 effectively protects the convertase against the decay
acceleration and co-factor activities of CR1. Furthermore, this
finding effectively rules out the possibility that the stability of
the AP convertase on Raji cells is enhanced by the absence,
from these cells, of CR1. On the other hand, the rise in
reactivity with anti-C3c indicates that an increased proportion
of unprotected C3 fragments, bound to secondary acceptor
sites on the cell surface, remain as C3b or iC3b, confirming
our previous assumption that the presence of CR1 on the cell
surface is required for the conversion of these fragments to
their terminal cleavage product, C3dg.

Treatment of PBL with PLC resulted in the removal of 62,
67 and 83% of the membrane bound DAF from B cells,
granulocytes and monocytes, respectively (Table 2). On the
other hand, the AP-activating capacity of B cells was unaffected
by this depletion, while the low-grade activation, seen with
the other two cell subpopulations, displayed a marginal, but
non-significant, increase. Thus, DAF does not appear to
regulate the activity of the CR2-generated AP convertase.

In conclusion, it would appear that AP activation on
normal B cells results in substantial deposition of C3b frag-
ments at secondary acceptor sites on the cell surface, where
they become degraded to C3dg fragments, under the influence
of CR1 and factor I, and are, thereby, converted to a form
capable of binding to unoccupied CR2 receptors. The physio-
logical relevance of this phenomenon may be two-fold. On the
one hand, it may provide a mechanism for enhancing the
interaction of B cells and other CR2-bearing cells involved in
an immune response, such as follicular dendritic cells or
activated T cells. Evidence for this mechanism is provided in
a recent study, using the murine B lymphoblastoid cell line,
A20, or concanavalin A-stimulated murine peritoneal macro-
phages (which also activate the AP) as antigen-presenting
cells, where it has been shown that the T-cell proliferative
response to suboptimal antigen doses is significantly enhanced
when the presenter cells bear C3 fragments on their surface.’
On the other hand, it could constitute a mechanism for cross-
linking CR2, which is a co-stimulatory receptor for B-cell
activation by antigen (reviewed in ref. 9), to C3 fragment-
bearing B-cell glycoproteins (i.e. secondary acceptor mol-
ecules), with either positive or negative signalling activities
(e.g. sIgM or Fc'R11b, respectively). The possibility that such
interactions might play a role in modulating B-cell responsive-
ness to external stimuli remains to be investigated.
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