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Modulation of antigen processing and presentation by covalently linked
complement C3b fragment
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SUMMARY

Ligands such as complement fragments (C3, C4), IgG or a2-macroglobulin, which bind antigen
(Ag) before their uptake by antigen-presenting cells (APC), are likely to modulate the different
steps of Ag processing and presentation. These ligands contribute to internalization and
endosomal targeting of Ag; they also influence its processing and, consequently, the binding of
resulting peptides to major histocompatibility complex (MHC) class II molecules before
presentation to T cells. Complement protein C3 contains, like other members of the a2-
macroglobulin family, an intrachain thiolester bond. Conformational alteration or limited
proteolysis ofC3 into C3b leads to breaking of the thiolester with transient capacity of the revealed
carbonyl group to esterify hydroxyl groups of Ag. Ester-linked complexes including tetanus toxin
(TT) and C3b were prepared to analyse the influence of bound C3b on TT processing and
presentation by APC. Covalent binding of C3b to TT resulted in increased and prolonged
stimulation of specific T-cell proliferation. This effect was observed with non-specific B cells, as

well as with a TT-specific B-cell clone, as APC. On the other hand, SDS-PAGE analysis of
proteolysates ofTT or C3b-TT, obtained with endosome/lysosome-enriched subcellular fractions
prepared from human Epstein-Barr virus (EBV)-transformed B cells, indicated a delay of TT
proteolysis when TT was associated to C3b. Treatment of APC with protease inhibitors, before
and during exposure of the cells to Ag, resulted in differences in the inhibition of TT and C3b-TT
proteolysis. Using purified cathepsins B and D, we demonstrated that covalent binding of C3b to
TT totally abolished TT proteolysis by cathepsin D, while proteolysis by cathepsin B was

preserved. This finding and the absence of cathepsin B in endosomes may explain a delay in TT
processing when it is associated to C3b. Confirming these data, presentation by formaldehyde-
fixed cells of C3b-TT proteolysates showed higher stimulation of specific T-cell clones than
formaldehyde-fixed TT proteolysates.

INTRODUCTION

The antigen (Ag)-specific immune response is largely controlled
by T lymphocytes, which recognize Ag only after they have
been processed by antigen-presenting cells (APC; B lympho-
cytes, macrophages, dendritic cells, etc.) and complexed with
major histocompatibility complex (MHC) molecules. Proces-
sing of exogenous Ag occurs after their internalization,
followed by several intracellular steps generating peptides
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that can then combine with MHC class II molecules. These
steps usually involve Ag denaturation, 1,2 reduction3'4 and/or
limited proteolysis.5 Peptide-MHC class II complexes migrate
to the cell surface, where they contribute to specific T-cell
triggering.6 Processing depends on several factors, such as the
concentration and the structure of extracellular Ag,7 its capture
by APC, the intracellular proteolytic potential and the stability
of peptide-class II complexes. Class II expression and Ag
uptake have been studied in many different APC: low Ag
concentration can be compensated for by high class II molecule
expression,8 or by increased Ag uptake by APC (targeting of
Ag to APC surface receptors such as membrane immuno-
globulin and complement receptors).9-11 This is supported by
the recent evidence that there is involvement of a2-macro-
globulin receptors in enhanced Ag presentation.12

The influence of proteinic assistance on the intracellular
traffic and processing of exogenous Ag in APC, has been less
well documented but has been described for heat-shock protein
70 (hsp 70).13 Greater consideration should be given to ligands
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such as IgG, a2-macroglobulin and C3 and C4 fragments,
which bind Ag before their uptake by APC. Besides their
established role in internalization and endosomal targeting of
Ag, these ligands are likely to influence the processing of Ag
and, consequently, the binding of resulting peptides to MHC
class II molecules before presentation to T cells.

Complement protein C3 is a member of the a2-macro-
globulin family, with an intrachain thiolester bond. 14 Breaking
of this bond, by conformational change or limited proteolysis,
results in a capacity for covalent binding of C3b to diverse
proteins.' 5"6 We have previously demonstrated that C3b is able
to bind soluble Ag such as tetanus toxin (TT). 17"18 Two types of
Ag-C3b complexes were obtained: (1) ester (or accessory
amide) complexes, which involve the carbonyl moiety of the
thiolester; and (2) disulphide complexes, which involve the SH
group of the thiolester.

We report here the first evidence for a role ofC3b covalently
linked to TT in enhancing TT peptide presentation to specific
T-helper (Th) cells. TT-associated C3b delays toxin proteolysis,
contributing to a more gradual generation of immunogenic
peptides. The modulatory role of C3b in Ag processing was
analysed on TT and C3b-TT complex proteolysis and on the
TT peptide-induced T-cell proliferation.

The role of Ag-bound C3b has for a long time been
attributed totally to non-covalent interactions of C3 fragments
with cellular complement receptors (CR1, CR2, CR3, depend-
ing on the cell) and subsequent enhanced capture of C3b-
opsonized Ag. We now propose that covalent binding ofC3b to
TT also modulates intracellular processing of TT and plays a
significant role in Ag presentation.

MATERIALS AND METHODS

Reagents and cell-culture media
Complete RPMI (RPMIc) was RPMI-1640 medium supple-
mented with 2mM L-glutamine, 1 mm sodium pyruvate (Gibco,
Cergy-Pontoise, France), 50 mm 2-mercaptoethanol, 1% non-
essential amino acids (Gibco) and kanamycin (100 pg/ml;
Gibco). RPMIc/FCS was RPMIc supplemented with 10%
heat-inactivated fetal calf serum. RPMIc/HS was RPMIc
supplemented with 10% heat-inactivated human serum.

Antigens and cells
Native TT was generously donated by Dr J. R. Cartier (Institut
Merieux, France) and was further purified as described
previously.'7 C3b-TT complexes were prepared according to
Villiers et al.'7 Purified TT was labelled with 1251 using the
iodogen method.'9 Free iodine was eliminated by filtration
through a Sephadex G50-fine column. Epstein-Barr virus
(EBV)-transformed human B cells were used as APC. The Ag
non-specific B-cell line (LCM) was derived from a donor, CM
(DR3/DRl 1); the TT-specific B-cell clone, 4.2 (DR3/DRl 1),
was kindly provided by Dr A. Lanzavecchia.20 The T-cell line
TCM2 and its derived T-cell clones specific for TT were
obtained as described elsewhere.2' Briefly, peripheral blood
mononuclear cells from a TT-immune donor (DR3/DR 1)
were stimulated in 2 ml of RPMIc/HS by 20 pg/ml ofTT in 24-
well plates (Falcon, Becton Dickinson, Le pont de Claix,
France). After 7 days, the T cells were placed on a discon-
tinuous Percoll gradient (Pharmacia, St Quentin en Yvelines,
France) and separated according to density. The blast cells were

collected in a single band and cultured in RPMIc/HS
supplemented with 25 U/ml recombinant interleukin-2 (IL-2;
Vie 3000), with changes in medium every 3-5 days. Following
3-4 weeks in culture, T cells were restimulated with TT and
autologous irradiated (3500 rads) peripheral blood mono-
nuclear cells. After a further expansion of TCM2 T cells in
IL-2, the cells were cloned by limiting dilution (0.2 cell/well) in
the presence of irradiated heterologous peripheral blood
mononuclear cells (3500 rads), phytohaemagglutinin A (PHA;
2pg/ml; Sigma, La Verpilliere, France) and IL-2 (50 U/ml). A
TCM2 T-cell clone specific for TT, TCM2-10, was cultivated by
periodic stimulations with PHA, in the presence of irradiated
heterologous peripheral blood mononuclear cells, followed by
expansion in the presence of IL-2.

Subcellular fractionation and cathepsin identification
Endosome/lysosome-enriched fractions were obtained by
differential centrifugation of 4.2 cell lysate in homogenization
buffer (pH 7-4) containing 0-25M sucrose, 1 mM EGTA and
3 mm Imidazole, as described elsewhere.22 Further separation
of these two subcellular compartments in Percoll gradient was
according to a modified protocol of Stoorvogel et al.23

Cathepsin B and D activities were determined using
benzyloxycarbonyl-Arg-Arg-2-naphthylamide and benzoyl-
Arg-Gly-Phe-Phe-Pro-4-methoxy-2-naphthylamide (20mm in
50mm acetate buffer, pH 5; Bachem, Interchim, Montfugon,
France), respectively, as substrates. Twenty microlitres of each
fraction from the Percoll gradient was mixed with 75 pl 50mM
acetate buffer (pH 5) containing 0-01% (w/v) Triton X-100 and
6mM cysteine. After addition of substrate (5 p1) and 1 hr incu-
bation at 370, the reaction was stopped with 1 mm iodo-
acetamide (950 p1). Release of 2-naphthylamide was monitored
by its fluorescence at 410nm (excitation = 335 nm) using a
F-2000 Fluorescence Spectrophotometer (Hitachi, Les Ulis,
France).

T-cell proliferation assays
2 x 104 LCM or 4.2 B cells irradiated at I0000rads were
incubated in 96-well flat-bottomed microtitre plates (Falcon)
with Ag-IT (66nM) or C3b-TT (0-66nM) and 2 x 104
TCM2-10 cells in a final volume of 200 p1. After 48 hr, the
cultures were pulsed for 20 hr with 1 4uCi of [3H]thymidine and
the incorporated radioactivity counted. Cultures were in
triplicate, including a blank without Ag. For experiments
with protease inhibitors, 2 x 104 B cells (4.2) were preincubated
in 96-well flat-bottomed microtitre plates (Costar) in the
presence or absence of different protease inhibitors for 6 hr
before addition of IT (66 nM) or C3b-TT (0'66 nM).

In TT proteolysate presentation to the TCM2-10 cell clone,
4.2 cells were fixed according to Casten & Pierce.24 2 x 104
fixed cells were incubated in 96-well round-bottomed microtitre
plates (Costar) in the presence of 50 1 digested TT or C3b-TT
for 2 hr at 37°. The plates were centrifuged before addition of
2 x 104 TCM2-10 T cells. Proliferation of these cells was
analysed as described before.

In vitro proteolysis of 1251-TT or 125I-TT-C3b by purified
cathepsins and endosome/lysosome-enriched B-cell subcellular
fractions
'25I-TT or 125I-IT-C3b (0-1 pM) was incubated at 37° for differ-
ent times in the presence of 5 pg cathepsin B (Novabiochem,
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France Biochem, Meudon, France) or 10Opg cathepsin D
(Novabiochem), in 50mm sodium acetate buffer, pH 5 5 (final
volume 50 p1). For cathepsin B, sodium acetate buffer was 8 mm
in L-cysteine to optimize thiol proteolysis. The reactions were

stopped by adding 10mM iodoacetamide (cathepsin B) or

10mm pepstatin A (cathepsin D), followed by a further
incubation of 30 min at 370 before cooling to 00. Proteolysates
were analysed by SDS-PAGE (8% acrylamide gels) under non-
reducing conditions;25 the gels were then dried and exposed to

Hyperfilm-MP (Amersham, Amersham, UK) at -70°. Ag
proteolysis by B-cell endosome/lysosome-enriched subcellular
fractions was analysed as follows: 1 pg 125i-T- or 1251-TT-C3b
was incubated for different times at 370 in the presence of 30 p1

of endosome/lysosome-enriched fractions prepared from
10 x 106 4.2 B cells in 50mM sodium acetate buffer, pH 55
(final volume 50p1). The proteolysis was stopped by cooling
samples to 00, before analysis of the proteolysates as described
before.

Proteolysis of 125I-TT by TT-specific B-cell clone 4.2
10 x 106 4.2 cells were incubated at 40 for 1 hr in the presence of
'251TT (O~ 1 pM). After centrifugation to eliminate unbound
TT, cells were then incubated in RPMI containing 20mm
HEPES for different times at 37°. The proteolysis was stopped
by cooling samples to 00. Membrane-associated 125I-TT was

removed by acidic treatment (25mm glycine, 150mm NaCl,
pH 2-75) during 15min at 40; the cells were then lysed in
phosphate-buffered saline containing 0-1% Nonidet P-40,
200 U/ml aprotinin and 5mM di-isopropyl fluorophosphate
(DFP). Lysates were analysed by SDS-PAGE (8% acrylamide
gels) under non-reducing conditions as described before.

RESULTS

C3b binding to TT up-regulates the B-cell mediated presentation
of TT peptides to T cells

The influence of covalent binding of C3b to TT on Ag
presentation was assessed first. The ability of TT alone or

preformed TT-C3b complexes (C3b-TT) to induce human
TT-specific TCM2 T-cell line proliferation was compared.
Presentation of TT was analysed using two types of EBV-
transformed B cells [the Ag non-specific line (LCM) or the TT-
specific clone (4.2)] (Fig. 1). Both TT and C3b-TT induced a

dose-dependent TCM2 T-cell response when they were

presented by LCM or 4.2 cells. TT presentation by the specific
B-cell clone 4.2 was more efficient than TT presentation by the
non-specific B-cell line LCM. As expected, the efficiency of
C3b-TT over TT to stimulate T cells was higher with
presentation by the non-specific LCM cells: a similar T-cell
stimulation was observed with 100-fold less C3b-TT than FT
with the LCM line as APC, or with 10-fold less C3b-TT than
TT with 4.2 cells as APC.

Covalent binding of C3b to TT slows down the proteolysis of 1T
by subcellular fractions from presenting cells

The favoured TT presentation by associated C3b observed even

with the specific 4.2 B cells suggested that associated C3b was

likely to modify Ag proteolysis in the APC. As a first line of
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Figure 1. Comparative efficiency of the non-specific B-cell line (LCM)
or the TT-specific B-cell clone 4.2 to present TT or C3b-TT. 2 x 104
TCM2 cells were cultured with 2 x 104 irradiated (1O 000 rads) EBV-
transformed B cells, in the presence of increasing concentrations of IT
or C3b-TT. T-cell proliferation was estimated, as described in the
Materials and Methods.

investigation, we compared the proteolysis ofTT and C3b-TT
by APC subcellular fractions.

Proteolysis of Ag by endosome/lysosome-enriched sub-
cellular fractions prepared from the human B-cell clone 4.2 was
analysed by SDS-PAGE. Kinetic analysis of fragments
released from 1251-TT and C3b-1251-TT complexes (Fig. 2a,
b) revealed an inhibition of TT proteolysis of more than 50%
when TT was associated with C3b; this inhibition was

evaluated from the amount of uncleaved TT, as shown in
Fig. 2b. There was no apparent alteration in the specificity of
TT cleavage from the proteolytic patterns of TT and C3b-TT,
as proteolytic fragments of similar sizes were detected on

SDS-PAGE (Fig. 2a). The major products were 135000 and
120000MW fragments, with smaller fragments migrating at
the front.

Cathepsin B- and D-mediated 1T proteolysis is inhibited by
associated C3b

Inhibition of FT proteolysis by bound C3b may result from
reduced accessibility or availability of TT to various intracel-
lular proteases. To test this hypothesis, the ability of non-

cytotoxic protease inhibitors to block the toxin presentation to
the TCM2-10 clone was analysed (Fig. 3). Puri & Factorovich26
have previously demonstrated that these inhibitors are effective
against Ag processing at low concentration, as their small mw
facilitates their penetration into presenting cells. Among the
five inhibitors tested, three inhibited thiol proteases (leupeptin
235 pg/ml, E-64 100 pg/ml, antipain 200 pg/ml), one inhibited
aspartyl proteases (pepstatin A 100 pg/ml) and one serine
proteases (chymostatin 100 pg/ml). To optimize their action,
each inhibitor was first preincubated for 6 hr with APC, before
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Figure 2. Kinetic analysis of TT or C3b-TT proteolysis by endosome/
lysosome-enriched subcellular fractions from the B-cell clone 4.2. (a)
SDS-PAGE analysis of Ti (left) or C3b-TT (right) proteolysates
obtained after 0, 2, 4, 6 and 24 hr of incubation at 370, as described in
the Materials and Methods. (b) Percentage uncleaved TT calculated
from gel radioactivity scanning, as a function of time.

Ag addition (TT at 66 nm and C3b-TT at 0-66 nM). In each
case, the results are expressed as the percentage of T-cell
response in the absence of inhibitors.

As illustrated, inhibitors like leupeptin inhibited proteolysis
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Figure 3. Effect of protease inhibitors on TT or C3b-TT presentation
by B-cell clone 4.2 to TCM2-I0 cells. 2 x 104 irradiated (1O 000 rads)
EBV-transformed B cells (clone 4.2) specific for TT were preincubated
in the presence ofdifferent protease inhibitors for 6 hr. Then TT (66 nM)
or C3b-TT (0-66 nM) was added. After 48 hr of culture with 2 x I0O
TCM2-I0 cells, T-cell proliferation was estimated from [3H]thymidine
incorporation, as described in the Materials and Methods.
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Figure 4. Kinetics of TT or C3b-TT proteolysis by purified cathepsins.
(a) SDS-PAGE analysis in non-reducing conditions of TT digests by
cathepsins D and B, at 15 min, 30 min, 1, 2, 3 and 5 hr at 37°. (b) SDS-
PAGE analysis in non-reducing conditions of C3b-T1 digests by
cathepsins D and B, at 15 min, 30min, 1, 2, 3 and 5 hr at 37°.

of TT as well as C3b-TT by 78% and 94%, respectively,
while others were more specific: antipain inhibited only the
presentation of C3b-TT (92% inhibition); pepstatin A blocked
TT presentation by 64% and C3b-TT presentation by 12%.
Chymostatin did not alter presentation of either Ag. The
addition of each inhibitor after TT or C3b-TT processing did
not modify Ag presentation to T cells, suggesting that: (1) thiol
and aspartyl protease inhibitors act at the level of processing,
most probably on proteases such as cathepsin B and D; and
(2) these inhibitors are not toxic for T-cell proliferation.

For further characterization of proteases involved in Ag
processing, we carried out kinetic studies of TT or C3b-TT
processing by purified cathepsins D and B, and confirmed the
purity and the specificity of these two proteases by addition of
leupeptin (for cathepsin B) or pepstatin A (for cathepsin D) in
control tests (data not shown). As shown in Fig. 4a, these two
cathepsins were able to digest TT alone but with different
kinetics: the proteolysis by cathepsin D was more rapid than
the proteolysis by cathepsin B. The major proteolytic products
were also different: 69 000 and 40 000MW fragments and
peptides which migrated at the front upon SDS-PAGE for
cathepsin D, major fragments of 135000, 120000, 115000 and
81 000MW for cathepsin B. The covalent association ofC3b to
TT completely protected TT from proteolysis by cathepsin D,
as shown in Fig. 4b. In contrast, cathepsin B was still active
with C3b-TT, with the generation of similar fragments.

(a)
Time (hr) 0 2 4 6 24
C3b-Tr * i e,..-.;
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PAGE analysis in non-reducing conditions of TT digests after

endocytosis by 4.2 cells for 30min, 1, 2, 4 and 6hr at 37O.

However, the 135 000 and 120 000MW bands that were quite

dense at 15 min with TT alone, were not even apparent until

30 min with C3b-TT' and were prominent at 2 hr. Cathepsin B

processing of covalently associated to COb seems to involve

two steps: (1) esterolysis of C3b-TT complexes, releasing free

toxin; (2) proteolysis of the available free toxin. Kinetic analysis

of the intracellular proteolysis ofTT in 4.2 live B cells, indicated
that in vitro proteolysis of 125IcoT by purified cathepsins
mimicked the intracellular processing of this Ag (Fig. 5). In this

case, Ag degradation occurred between 15 and 30 mn after
internalization, with the production of major bands at 140 000,

135000, 120000, 81000, 69000, 40000 and 20000MW, in
addition to small peptides. These results confirmed involvement
of cathepsins B and D in TT and C3b-TT processing.

The intracellular localization of cathepsins B and D was
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Figure 6. Subcellular localization of cathepsins D and B. Cells were

lysed and fractionated on Percoll gradient as described in the Materials
and Methods. In each fraction cathepsin D and B activities were

estimated as described in the Materials and Methods. Endosomes and
lysosomes were identified using transferrin (endosomes) and fl-
galactosidase activity (lysosomes) as markers, their position on the
gradient is indicated by horizontal bars.
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Figure 7. Presentation of TT or C3b-TT digests to T cells by fixed B
cells. Conditions were as described in the Materials and Methods.

investigated after Percoll gradient purification of endosomes
and lysosomes. Specific markers (transferrin and galactosami-
nidase) were used to characterize these compartments, which
were located in the gradient from fractions 13-17 and 2-5,
respectively (data not shown). As represented in Fig. 6,
cathepsin D activity was detected in endosomes as well as in
lysosomes where the highest peak was observed, whereas
cathepsin B activity was detected only in lysosomes. The fact
that only cathepsin B was able to process TT in C3b-TT
complexes, and its particular localization in lysosomes, explain
a transfer of non-degraded C3b-TT complexes in endosomes
and thus a delay in TT processing, which starts only in
lysosomes.

Delay in C3b-TT proteolysis leads to enhanced specific T-cell
proliferation

The link between delayed processing of TT in C3b-TT
complexes and improved T-cell proliferation was investigated
as follows: TT and C3b-TT complexes were incubated for
different times, in the presence of endosome/lysosome-enriched
subcellular fractions from B cells. The resulting proteolysates
were then presented to TT-specific T cells by formaldehyde-
fixed B cells. T-cell activation and proliferation were maximum
at 6 hr with proteolysates ofTT and then declined, whereas they
were still preserved at 24 hr with proteolysates of C3b-TT
(Fig. 7). Again, the binding of C3b to TT prolonged and
optimized Ag presentation, as reflected by [3H]thymidine
uptake in T cells.

DISCUSSION

Beyond the well-known role of C3b in the non-specific immune
response, as illustrated by bacterial opsonization and phago-
cytosis, we present here evidence that covalent binding of C3b
to Ag modulates different steps of a specific immune response.

TT associated to C3b was more efficiently presented to T
cells than free TT. The efficiency of C3b-TT presentation was
best observed with a non-specific B-cell line, LCM; this effect
relied in part on the increase of uptake ofAg mediated by C3b
receptors present on LCM cells.9 The influence of C3b
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receptors can also occur on other non-specific cells, such as B
cells, monocytes or dendritic cells.27 Enhanced stimulation, but
at a lower level, was observed when C3b-TT complexes were
presented by the TT-specific B-cell clone 4.2, expressing
membrane immunoglobulin specific for TT (Kd = 10-9M)
and complement receptors.18

Analysis ofAg proteolysis showed that covalent binding of
C3b to TT delays toxin proteolysis by subcellular fractions
from presenting cells, without affecting the specificity of TT
cleavage. Using protease inhibitors we demonstrated that
serine and thiol proteases such as cathepsin B or L, and
aspartyl proteases such as cathepsin D, are involved in TT
processing. These results agree with the observations of
Rodriguez & Diment28 and Diment et al.,29 who showed that
cathepsins D and B, respectively, are the major endosomal and
lysosomal proteases involved in intracellular Ag cleavage. The
involvement of these proteases in TT processing was assessed
from in vitro proteolysis of TT or C3b-TT in the presence of
purified cathepsins: fragments produced in vitro by cathepsins
B and D were very similar to fragments detected in specific B
cells after endocytosis (the apparent molecular weight of
the major fragment was 135 000, 120 000, 81000, 69000 and
40 000MW) (Figs 4 and 5). However, differences were observed
between the two cathepsins: (1) in their kinetics, (2) in the size
of some fragments produced and, more importantly, (3) in their
different ability to proteolyse TT in TT-C3b complexes. In
fact, free TT was more rapidly degraded by cathepsin D than
cathepsin B, whereas C3b-associated TT was proteolysed only
by cathepsin B. These results indicate that Ag processing
involves several proteases with a concerted cleavage by the
main endolysosomal cathepsins.30

Taken together, these results lead us to propose that C3b
alters the intracellular processing of associated TT in C3b-TT
complexes: the Ag is exposed to different proteases as it
progresses through cell subcellular compartments. Free TT
could be processed by cathepsin D in endosomes, the first
compartment it enters, while C3b-TT must reach lysosomes
before being processed. The protective role of C3b relies on
good stability of the TT-C3b ester bond at acidic pH.'7'3' In
lysosomes, cathepsin B contributes to free TT delivery and,
together with cathepsin D also present in this compartment, to
TT proteolysis. Gradual Ag availability is essential for optimal
production of peptides, which can bind MHC class II molecules
and stimulate T cells (Fig. 7). Peptides generated in endosomes
may bind to class II that are internalized from and recycled to
the cell surface,32 or to newly synthesized class II.33 Peptides
generated in lysosomes bind exclusively to newly synthesized
class II.

Comparable experiments, not reported here, have shown
that S-S bonding occurs between TT and C3b on TT-specific
presenting B cells, involving a membrane thioredoxin-like
protein'8 which has been described elsewhere in S-S bond
formation catalysis.34'35 The role of the S-S bond may be
similar to that of the ester link, as significant stability of S-S
bonds in endosomal fractions was observed.4 This role is
presently under study on TT processing and presentation. A
more general role of S-S bonding of C3b to SH-bearing Ag in
the handling and presentation of these Ag to T cells can be
envisaged.

The abundance of C3 in serum and of C3b in inflammatory
areas where various proteinases cleave C336 and lead to

complex formation with Ag, emphasizes a new biological role
for C3b which may be acting as a chaperone. Non-covalent
binding of Ag-C3b complexes to complement receptor C3b
enhances Ag uptake by APC on one hand, and covalent
binding ofAg to C3b optimizes Ag processing and presentation
on the other hand. We think that extracellular and intracellular
routing of Ag by covalently associated C3b, which could
influence Ag processing and presentation, may be of interest in
various inflammatory pathologies as well as in engineering new
vaccines. This role of C3b could also be shared by the highly
polymorphic complement protein C4b, as well as by a2-
macroglobulin.
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