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generated with natural antibody and a primary antigen promotes antigen uptake and
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SUMMARY

Previous studies have shown that an optimal humoral response to a primary protein antigen requires C3
and CR2 (CD21). Sera from non-immunized donors contain natural IgM and IgG antibodies to the
primary antigen keyhole limpet haemocyanin (KLH), and these have been previously shown to form
immune complexes (IC) that activate the classical pathway of C, fixing iC3b/C3dg onto the KLH
antigen. Such KLH IC bind to CR2 on KLH-non-specific B lymphocytes, resulting in antigen processing
and MHC class ll-dependent presentation to KLH-specific helper T cells. KLH IC also induce B
lymphocytes to express the CD80 co-stimulatory molecule via simultaneous CR2 ligation with C3 and
FcyRII (CD32) stimulation by IgG natural antibody. The current study demonstrated that KLH IC
ligation to either CR2 or FeRII resulted in activation of a second co-stimulatory molecule, LFA-1
(CD11a, CD18). The possibility of polyclonal B cell stimulation by the presentation of KLH-iC3b/C3dg

by antigen-non-specific B cells was excluded by demonstrationithétro cultivation of peripheral

blood mononuclear cells (PBMC) with KLH-iC3b/C3dg elicited only anti-KLH, and did not stimulate
synthesis of antibodies to hepatitis C virus (HCV) or tetanus toxoid (TT). Of greatest significance, a
specific anti-KLH response was only detectable in cultures stimulated with KLH-iC3b/C3dg and not in
cultures stimulated with KLH alone or KLH-1gG. Thus, iC3b/C3dg that was bound to a primary protein
antigen enhanced recognition and specific immunoglobulin synthesis by antigen-specific B cells, even
though the antigen was taken up and processed via CR2 by both antigen-specific and non-specific B
cells.
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INTRODUCTION C3b-binding site of CR1 [6, 7]. The rCR2/IgG chimaera competed

Over the last 23 years, increasing evidence has indicated a role f6'¥'th B cells for soluble polymerized C3dg V“TO’ anq In mice

C3 and CR2 in the immune response. Both C3-depleted mice [1 uppresseq responses to T ceII-dgpendent antigens in the same way
and individuals with an inherited or acquired deficiency of C3 have rs ?rlr? rint"fc 5]2 [8]. . tﬁecﬁ?th'; h:ﬁbilsclhbezn rtlaporrrt]ecri]t th?t
diminished immune responses to T cell-dependent primary protei{ﬁneea:no:_e Bocellslcviitr\:\gut :ﬁelzztin t;1e : rlirs;]in eof ?:j C;F; Te Tho
antigens such as keyhole limpet haemocyanin (KLH) or bacter- Y 9 P 9 P (Th)

iophagepX-174 [2-5]. Identification of the C3 receptors involved Ce”;r[;]/'io s studies from our laboratory suaaested that immune
in an immune response was facilitated by the development of us stu u y sugg u

MoAbs to murine CR1 and CR2 [6, 7], as well as a soluble rcR2/ €SPONSeS to primary protein antigens might involve C3-fixation to

IgG chimaeric molecule that was bivalent in C3d-binding sitesthe ant|ger_1$ fqllownng immune complex (IC.) formation with
[8]. Both primary and secondary responses to T cell-dependent aﬂ%‘atural antibodies and activation of the classical pathway of C.

- . LH IC formed with normal human serum contained IgM and IgG
independent antigens were suppressed by MOAD that IOIOCkenatural antibody, as well as sufficient iC3b/C3dg for ligation of the
the C3d-binding site of CR2, but not by MoAb that blocked the "~ ' :

¢ y antigen to B cells via CR2. Such KLH IC were taken up and
Correspondence: Dr Gordon D. Ross, Division of Experimental Immu-Processed by all CR2-bearing B cells, regardless of their antigen

nology and Immunopathology, Department of Pathology, University of SPecificity. Furthermore, KLH IC taken up in this way by non-
Louisville, Louisville, KY 40292, USA. specific B cells were shown to be presented to KLH-specific, MHC
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class ll-compatible Th cells [10]. Induction of the B lymphocyte PBMC

co-stimulatory molecule CD80 was shown to result from ligation PBMC, isolated by Ficoll-Hypaque centrifugation from normal

of IC-associated iC3b/C3dg to CR2 followed byRil (CD32) citrated blood, were washed five times in RPMI 1640 and main-

stimulation via IgG natural antibody on the IC [10]. This suggestedtained on ice until use [18].

that antigen-non-specific B cells might be able to function as

antigen-presenting cells (APC) for antigen-specific Th cells inGeneration of KLH IC

the same way as macrophages and dendritic cells. Soluble KLH IC were prepared and analysed by ELISA for bound

The current study examined the characteristics of a primaryigM, IgG, and iC3b/C3dg as before [10]. Briefly, free sulfhydryl

immune response to KLH elicitedh vitro by cultivation of  groups were introduced into KLH using SPDP, allowing the KLH

peripheral blood mononuclear cells (PBMC) with KLH-iC3b/ to be coupled to ATS. The KLH-ATS slurry in veronal-buffered

C3dg. Activation of B cell LFA-1 was shown to result from IC saline containing Gd and M¢®* was mixed with fresh human serum

binding to either CR2 via iC3b/C3dg or to Rl via IgG. Even  and incubated at 3T, forming solid-phase immunoglobulin-

though all CR2-bearing B cells bound KLH-IC, the processing andKLH-iC3b IC via the natural antibody to KLH and C present in

presentation of KLH-IC by PBMC only stimulated the production normal serum. Soluble immunoglobulin-KLH-iC3b IC were eluted

of KLH-specific antibody, and did not result in the production of from the ATS matrix withL-cysteine, dialysed, and concentrated.

non-specific antibody. For conversion of complex-bound iC3b into C3dg, ATS-bound IC
were incubated secondarily with serum that was both dialysed to
lower the ionic strength and supplemented with soluble CR1 to

MATERIALS AND METHODS serve as an efficient factor | cofactor.

Reagents

Reagents were obtained from the following sources: fetal cal
serum (FCS; Hyclone Labs, Logan, UT); RPMI 1640 (Whittaker
Walkersville, MD); KLH (Pacific Biomarine, Venice, CA); avidin-
alkaline phosphatase, Ficoll, lipopolysaccharide (LPS), transferrin
Tween 20,n-succinimidyl 3-(2-pyridylthio) propionate (SPDP)
activated thiol Sepharose-4B (ATS), Sephadex G-25,@anitro-
phenyl phosphate (Sigma Chemical Co., St Louis, MO); Hypaqu
M (Winthrop Pharmaceuticals, New York, NY); streptavidin
coupled to PE or FITC (Tago, Inc., Burlingame, CA); DTT
(Kodak, Rochester, NY); hepatitis C virus (HCV) peptide (Dr J.
D. Lambris, University of Pennsylvania, Philadelphia, PA); poke
weed mitogen (PWM; Gco-BRL, Grand Island, NY); tetanus
toxoid (TT) antigen was from Dr M. Hoover (Coriell Institute for
Medical Research, Camden, NJ).

]Assay for induction of the MoAb 24 activation epitope on B cell
FA-1
' Samples of 5< 10° PBMC in 01 ml RPMI 1640 were monitored
hourly for induction of the MoAb 24 activation epitope on B cells
tollowing cultivation with one of the following stimulating agents
' for 4 h at 37C: 15ug/ml KLH, 10g/ml KLH IC, 50 ug/ml Rab
IgG anti-CR2, or 10Qg/ml Rab F(ah), anti-CR1. To assess the
epotential contribution of FgRIl, IC-associated iC3b/C3dg, or a
possible synergism involving both #RIl and IC-associated iC3b/
C3dg in the activation of B cell LFA-1, either the PBMC or IC
were incubated for 15 min at 3€ before cultivation with various
“blocking antibodies: 10g/ml Fab anti-FgRIl, 10ug/ml Rab
F(ald), anti-C3, or 1Qug/ml of both Fab anti-FgRIl and F(ab),
anti-C3. Optimal concentrations of stimulators or inhibitors were
determined by titrating each agent for the maximum increase or
decrease in intensity of B cell staining by MoAb 24.
Antibodies Following centrifugation of the hourly-@ml cell suspension
Rabbit (Rab) anti-C3c and C3d were generated [11], the IgGsamples, the cells were stained with anti-CD19-FITC (to identify B
fractions isolated by DEAE anion-exchange chromatographycells) and MoAb 24-biotin (to identify activated LFA-1) for 30 min
were mixed together in equal proportions, and Bgaftagments  at #C. Alternatively, B cells were identified by staining with anti-
were purified following digestion with pepsin [12]. This Rab IgM-FITC, instead of anti-CD19-FITC, and similar results were
F(ald), anti-C3c/C3d reagent is referred to as ‘Fatanti-C3’. obtained. The cells were washed by centrifugation through a
Rab anti-CR1 was generated with purified CR1, and the Jab cushion of 4ml of 12% bovine serum albumin (BSA)/PBS/azide
fragments of 1IgG were generated [13]. Rab 1gG anti-CR2 generin 12 x 75 mm glass tubes and double stained by incubation for an
ated with rCR2 was provided by Dr M. Holers (University of additional 30 min at 4C with streptavidin-PE followed by removal
Colorado, Denver, CO). Rabbit anti-KLH were generated withof the unbound stain by centrifugation of the cells through a
purified KLH and the 1gG fraction was isolated [12]. Sheep anti- cushion of 12% BSA/PBS/azide as above. To confirm that
IgM-FITC was from Sigma. The hybridoma-secreting OKM1 anti- MoAb 24 bound primarily to B cell LFA-1 and not to one of the
CR3 (CD11b) was obtained from the American Type Cultureother two ff,-integrins, IC-stimulated PBMC cultures were also
Collection (ATCC; Rockville, MD), and the 1gG2b MoAb was examined in parallel for expression of B cell CR3 or CR4 using
isolated from ascites fluid [14]. Fab AT10 anti-fRIl MoAb [15], anti-CD19-PE to identify B cells and biotinylated OKM1 or 3.9
that blocks the binding site of B cell FRII, was generously MoAb plus streptavidin-FITC to identify CR3 or CR4, respec-
provided by Dr M. J. Glennie (Tenovus Research Laboratorytively. Immunofluorescence staining of small mononuclear cells
Southampton, UK). IgG MoAb 24 specific for a ¥igdependent was evaluated with a Profile Il flow cytometer (Coulter Electro-
activation epitope shared by all three of thgintegrin a-chains  nics, Inc., Miami Lakes, FL). The expression of the MoAb 24
[16,17] and MoAb 3.9 to CR4 (CD11c) were provided by Dr N. activation epitope by CDIYor sigM*) B cells was assessed later
Hogg (Imperial Cancer Research Fund, London, UK). MoAbs 24by analysing the stored list mode data.
and 3.9 were conjugated to biotin for use in immunofluorescence
staining in combination with streptavidin-PE or -FITC. Anti- Assay forin vitro antibody synthesis by PBMC
CD19-PE and anti-CD19-FITC were purchased from BectonPBMC were cultured according to Lawe al. [19] using 5x 10
Dickinson (Mountain View, CA). cells, 12x 75mm plastic tubes, and RPMI 1640/10% FCS
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medium. Cultures were stimulated by addition of the following of LFA-1 by iC3b/C3dg-bearing KLH IC was patrtially blocked by
antigens or mitogens: 2@/ml KLH; 100 ng/ml LPS; 1Qug/ml either F(ab, anti-C3 or Fab anti-FgRIl, showing the additive
TT; 20pug/ml PWM; or 10ug/ml KLH IC. Appropriate antigen effect of bound C3 and IgG (Table 1). Similarly, treatment of
concentrations were determined by titration for maximal stimula-PBMC with anti-FeyRIl MoAb blocked the activation of LFA-1
tion of total immunoglobulin and KLH-specific antibody. The total stimulated by IgM/IgG-bearing KLH IC. Near total inhibition of
volume of each tube was brought to 1 ml with medium and;200 LFA-1 activation by iC3b/C3dg-bearing KLH IC was achieved
aliquots were seeded into 96-well flat-bottomed culture platesvhen both F(al), anti-C3 and Fab anti-F&RIl were used. How-
(Costar, Cambridge, MA). The plates were incubated aC3n ever, Fab anti-FgRIl had no effect on LFA-1 activation stimulated
5% CQ, and supernatants were harvested on day 6. To assess thg Rab IgG anti-CR2, indicating that anti-CR2 activation of LFA-1
contributions of FgRII and IC-associated C3 to antibody produc- was due to antibody ligation of CR2 and notyRil. Thus, CR2
tion, 10p.g/ml Fab anti-FeRII, 10 ug/ml F(ald), anti-C3 or 1Qug/ and FeyRIl can work independently in the activation of LFA-1.
ml of both Fab anti-FgRIl and F(ab), anti-C3 were incubated

with either the PBMC or IC for 30 min at room temperature beforeHumoraI immune response of PBMC to KLH IC

cultivation. . . N
Specific and total immunoglobulin in culture supernatants WerePrewous investigation had suggested that any CiZell could

measred by ELISA [19]. Brief, flatbotiomed micro-ELISA Pro°2%%and present 2 ¢3 bearing antigen to an anigen specic Th
plates (Dynatech, Alexandria VA) were coated with &fml of : - tapp P P 9

KLH, HCV, TT, or Rab anti-human polyvalent immunoglobulin presentation by non-specific B (_:ells ml_ghF result in polyclo_nal B
) . . . cell stimulation. To evaluate this possibility, PBMC were incu-
(Sigma) in carbonate-bicarbonate buffer pt8,®vernight at 4C. . . - :
) : bated with various concentrations of KLH IC and other agonists
After washing and blocking, 20@ of culture supernatant were .
: i.e. LPS, PWM, TT) and culture supernatants were screened by
added to each well, and the plates were incubated for 2 h at roo o )
! . . LISA for the presence of specific antibody to KLiersus
temperature. Alkaline phosphatase-conjugated goat anti-human ..~ . . - .
. . : . antibodies to HCV peptide (a primary antigen), TT (a secondary
immunoglobulin (Sigma) was added and incubated for 2 h at__. . ' . ;
e antigen), and for total immunoglobulin synthesis (Fig. 2). KLH-
room temperature, followed by colour development wathitro-
phenyl phosphate in carbonate-bicarbonate buffer H Bhe
plates were evaluated by micro-ELISA reader (Dynatech MR-
600) and 410nm absorbance values were convertegdgial
immunoglobulin by parallel analysis of a pooled human serum
standard (Cappel, West Chester, PA).

80—

RESULTS

CR2- or FeyRII-dependent activation of B lymphocyte LFA-1
B cell antigen presentation requires induced expression of B ce
CD80 (B7/BB1) that binds to T cell CD28 and an activation of cell :
surface LFA-1 molecules that exposes their high-affinity binding<g
sites for T cell intercellular adhesion molecule-1 (ICAM-1) 2
(CD54) [20,21]. The current investigation sought to determine if ©
iC3b/C3dg-bearing KLH IC could induce LFA-1 activation on
normal B lymphocytes. PBMC were incubated with KLH IC for up
to 4 h and monitored hourly for activation of B cell LFA-1 by two-
colour flow cytometry using anti-CD19-FITC (or anti-IgM-FITC)
to identify B cells and the reporter MoAb 24 (-biotin/streptavidin-
PE) to identify thea-subunit activation epitope corresponding to
acquisition of the high-affinity ICAM-1 binding site shared by all
of the fo-integrins [16,17]. Since B cells express little CR3 or CR4, Time (h)
th_ls ass.ay should be Spec'f'c for activation of LFA-1 unless IC:Fig. 1. Two-colour flow cytometry analysis of B lymphocytes for induction
§t|mu|g’[|on of B cells induced CR3 or CR4 expression. IC- of the MoAb 24 activation epitope on LFA-1 following cultivation of
induction of B cell CR3 and CR4 was excluded when flow cyto- peripheral blood mononuclear cells (PBMC) with keyhole limpet haemo-
metry showed < 5% of CD19 B cells expressed either CR3 or cyanin (KLH) immune complex (IC). Samples of PBMC cultured in media
CR4, and that incubation of PBMC with KLH IC for 4 h did not containing KLH IC were analysed at the indicated time intervals for the
increase B cell expression of these otfigintegrins (not shown).  proportion of anti-CD19-FITC- or anti-lgM-FITC-stained B cells that were
KLH IC bearing iC3b/C3dg activated B cell LFA-1 within 1 h double-stained by MoAb 24-biotin plus streptavidin-PE. Biotinylated
(Fig. 1). IgM/IgG-KLH (generated with heat-inactivated serum) MOPC-21 1gG myeloma protein plus streptavidin-PE was employed as a
stimulated a lower level of LFA-1 activation, suggesting a role for "egative control for MOAD 24 staining. The experiment was done twice in
IC-associated natural 1gG antibody and B cellyR¢l. This was Wh!Ch B cells were '.dem'.f'.ed v_vnh am"C.Dlg'F.ITC and threg times in
confirmed using KLH IC prepared with Rab IgG anti-KLH (Rab which B cells were identified instead with anti-lgM-FITC with nearly

R identical results. A typical experiment in which anti-IlgM-FITC was used to
IgG-KLH) that promoted LFA-1 activation in the absence of IC- identify B cells is shown, and results are expressed as the percentage of B

bound IgM or C3. However, an independent ability of CR2 t0 \ymphocytes that were MoAb 24+, IgM/IgG-KLH-iIC3B/C3dg; ¢, Rab
activate LFA-1 was demonstrated by the finding that Rab anti4gG-KLH; m, IgM/IgG-KLH; O, Rab anti-CR2®, KLH; 0, MOPC-21;x,
CR2, but not Rab anti-CR1, also activated LFA-1. The activationRab anti-CR1.

4B lymphocytes

Percentage
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Table 1. Blockade of keyhole limpet haemocyanin (KLH) immune complex (IC) mediated activation of LFA-1 on peripheral
blood IgM* B lymphocytes by anti-C3 and anti-fRlI

Percentage of IgN/MoAb 24" B cells following cultivation with*

IgM/IgG-KLH-
Blocking agent iC3b/C3dg IC Rab IgG-KLH IC IgM/1IgG-KLH IC Rab anti-CR2
None 734+ 717 562+ 67 364+39 297+ 46
F(ald), anti-C3 275+ 44 553492 302472 ND
Fab anti-FgRII 239+29 58+20 64+19 303+72
F(ab), anti-C3 and
Fab anti-FgRII 5-3+19 54+17 54432 ND

*B cells identified with anti-IgM-FITC were evaluated for activation of LFA-1 by double staining with MoAb 24-PE as in
Fig. 1, following cultivation of peripheral blood mononuclear cells (PBMC) with KLH IC or Rab IgG anti-CR2 for 1 h°aL. 37
To determine the specificity of IC stimulation, either the PBMC or the KLH IC bearing iC3b/C3dg were treated wahml®f
either AT10 Fab anti-FgRII or F(ald), anti-C3, respectively, for 30 min af@ before the 37C cultivation period.

T Values are meatt s.e.m. of at least three experiments.

ND, Not done.

iC3b/C3dg IC did not stimulate significant production of non- activation of the classical pathway of C. This promotes the
specific antibody to either HCV peptide or TT, whereas stimulationattachment of C3 onto the antigen, most of which is broken
of PBMC with polyclonal activating agents (LPS, PWM) did down into C3dg, promoting antigen uptake by cells bearing CR2.
stimulate synthesis of antibodies to both HCV peptide and TTThe current investigation showed that KLH-iC3b/C3dg IC stimu-
(Fig. 2). It was significant that almost no antibody response toated most B cells to express the MoAb 24 activation epitope on
KLH was stimulated by cultivation with pure KLH or KLH IC LFA-1, and previous work [10] had shown that these same
lacking iC3b/C3dg, and that a specific anti-KLH antibody responsecomplexes also induced most B cells to express the CD80 co-
was only detectable in the cultures stimulated with KLH IC- stimulatory molecule. These data indicate that all of these B cell-
bearing iC3hb/C3dg. This specific response to KLH was inhibitedactivating events are insufficient to elicit immunoglobulin synth-
by treatment of the KLH-iC3b/C3dg IC with F(3p anti-C3, but  esis in the absence of mig binding to specific antigen.

not by treatment of the B cells with MoAb to FRII. Further Although prior experiments had demonstrated antigen presen-
evidence for the KLH specificity of the response to KLH-iC3b/ tation to specific Th cells by Epstein—Barr virus (EBV)-trans-
C3dg was the finding that the total immunoglobulin synthesis waformed B cell lines that had bound KLH-IC via CR2 [10], it was
within the sameug/ml range as the anti-KLH antibody (Fig. 2). unclear whether such presentation could also occur with normal B
Thus, the iC3b/C3dg-bearing KLH IC were only capable of lymphocytes. Antigen presentation requires that B cells become
stimulating KLH-specific B cells to produce antibody, despite activated by antigen to express co-stimulatory molecules that bind
their ability to bind via CR2 to the majority of B cells, elicit to specific counter ligands on Th cells [22]. This study examined
appropriate co-stimulatory molecule expression on the majority olLLFA-1, a co-stimulatory molecule expressed by APC that must be
B cells, and promote the presentation of antigen by non-specific Bictivated to expose its high-affinity binding site for the Th cell
cells to antigen-specific Th cells [10]. counter ligand ICAM-1 [23]. LFA-1 activation was explored with
reporter MoAb 24 that recognizes a cryptic activation epitope
shared by all three of thg-integrina-subunits and corresponding

to exposure of a common high-affinity ICAM-1-binding state
This study sought to define further the mechanisms of the C3- anfil6,17]. Activation of B cell LFA-1 was shown to require either
CR2-mediated enhancement of the immune response to primanZ3b/C3dg ligation to CR2 or IgG natural antibody ligation to
protein antigens. A major finding was that antigen—iC3b/C3dgFcyRIl. This finding supports previous reports showing that anti-
complexes elicited only specific antibody in a primanyvitro CR2 [24] or C3d-beads [25] stimulated B cell homotypic aggrega-
humoral response, despite the demonstration of antigen uptake vign, an event thought to involve both the activation of LFA-1 for
CR2 [10] that stimulated most B cells to express co-stimulatorybinding to ICAM-1 [26], as well as the adhesion of CR2 to CD23
molecules. These findings support the hypothesis that C promotd&7]. Furthermore, the signalling of CR2 for such adhesion events
the humoral immune response largely by enhancing the uptake a§ known to be dependent upon a membrane complex consisting of
antigens by antigen-specific B cells. However, a secondary role fo€ER2, CD19, and TAPA-1 (CD81), in which TAPA-1 forms a
iC3b/C3dg attached to antigen may be to promote the expansion afritical part of the signalling complex [28, 29]. The high percen-
antigen-specific Th cells through antigen presentation by nontage of B cells responding to KLH IC by activating LFA-1 rules out
specific B cells that bind and process antigen via CR2 [10]. Thisghe possibility that only KLH-specific B cells are responding, and
pathway requires the presence of low levels of natural antibody tsuggests that the entire CR2-bearing B cell subset may be involved
the primary antigen that are sufficient for IC formation and in the response. The current data indicate that CR2 anBFFcan

DISCUSSION
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work additively in the activation of LFA-1. Nevertheless, when IC the CR2 contained in CR1/CR2 membrane complexes [30], such
bore only IgG and no C3, anti-F&II alone completely inhibited CR2 complexes with CR1 are known to exclude CD19 and TAPA-
LFA-1 activation. Likewise, when anti-CR2 was used to ligate 1 signalling capability [29]. The ability of CR2 and #RlIl to
CR2 in the absence of RFRII stimulation, LFA-1 activation function independently in the activation of LFA-1 is in contrast to
occurred but anti-FeRIl was not inhibitory. Although B cell the previously demonstrated mechanism for induction of B cell
CR1 can also participate in the uptake of iC3b/C3dg-IC, ligationCD80 expression by IC [10]. Although IC binding to B cell CR2
of CR1 with Rab F(al), anti-CR1 failed to activate LFA-1. viaiC3b/C3dg enhanced the expression of B cell CD80, induction
Although such CR1 ligation would be expected to involve alsoof membrane CD80 required simultaneous stimulation offHt

PBS Anti-KLH response

TT

KLH

Rab IgG-KLH
IgM/IgG-KLH

LPS

PWM
IgM/IgG-KLH-iC3b/C3dg
+ Rab F(ab'), anti-C3

+ AT10 Fab anti-FcyRII

+ anti-FcyRIl + anti-C3

PBS
™
KLH
Rab IgG-KLH
IgM/IgG-KLH
LPS

PWM

IgM/IgG-KLH-iC3b/C3dg

Anti-HCV response

PBS

TT

KLH

Rab IgG-KLH
IgM/IgG-KLH
LPS

PWM

IgM/IgG-KLH-iC3b/C3dg

Anti-TT response

PBMC agonists

PBS Total immunoglobulin
TT synthesis
KLH
Rab IgG-KLH
IgM/IgG-KLH

LPS

PWM
IgM/IgG-KLH-iC3b/C3dg
+ Rab F(ab’), anti-C3

+ AT10 Fab anti-FcyRII
+ anti-FcyRIl + anti-C3

" " " J

0 10 20 30 40

Immunoglobulin (pg/ml)

Fig. 2. Assay for anin vitro humoral immune response to keyhole limpet haemocyanin (KLH). Peripheral blood mononuclear cells (PBMC) stimulated by
cultivation with KLH, KLH immune complex (IC), tetanus toxoid (TT), or the polyclonal B cell activators lipopolysaccharide (LPS) and pokeweed mitogen
(PWM) were analysed by ELISA for synthesis of antibodies specific for KLH, hepatitis C virus (HCV) peptide, or TT, and also for total immunoglobulin
synthesis. On day 6, supernatants were harvested and tested by ELISA on plates coated with KLH, HCV, TT, or anti-human immunoglobulin. The results
were correlated with a standard curve generated with known concentrations of isolated human immunoglobulin to determine the concentration of antibody
synthesized inug/ml. The results represent the meias.e.m. of three or more experiments.
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via IC-associated IgG natural antibody, and was not stimulated bgo-stimulatory molecules necessary for effective antigen presenta-
Rab anti-CR2 alone. tion. Nevertheless, antigen-iC3b/C3dg did not induce terminal
A major concern was whether the non-specific B cells thatdifferentiation of antigen-non-specific B cells, and KLH-iC3b/
processed CR2-bound antigen might be stimulated to secret€3dg elicited only KLH-specific antibodies. While C-mediated
immunoglobulin by their interaction with antigen-specific Th antigen recognition is able to enhance responses to antigens present
cells. It was thus important to show that the KLH IC elicited at low levels, it is not essential for an immune response. These
only a specific antibody response to KLH. It is also significant thatresults suggest that C provides an important enhancement of
IC enhancement of the humoral response required the presence afitigen recognition that may be essential for responses to some
iC3b/C3dg on the antigen. The KLH-specific response to KLH ICantigens when only a few B cells with low affinity mig are
bearing both C3 and IgG was inhibited by Rab Fahnti-C3 but  available [40,41].
not by Fab anti-FgRIl. Thus, while stimulation of FgRIl can
induce the expression of CD80 and activate LFA-1, antigen uptake
mediated only by FgRIl did not stimulate a specific antibody
response. B cell F@RII has long been recognized as an important
receptor mediating the down-regulation of immunoglobulin synth-The authors thank Dr D. T. Fearon of Cambridge University, UK, for
esis [31]. These data suggest that simultaneous mig/CR2 stimulgeveral helpful discussions. This work was supported by research grants
tion may override the negative signal generated by IC-associateflom the American Cancer Society, Inc. (IM-308H) and the University of
natural IgG antibody binding to F&I!. Louisville School of Medicine. The authors are grateful for the generous

. - . . . donation of MoAbs from Dr N. Hogg and D. M. Glennie. They also thank
During a primary immune response, iC3b/C3dg on antlgenSDr M. Holers for the donation of Rab anti-CR2 serum, and Dr J. D. Lambris

may promote .recognltlon by .CRZ-bea.rlng nalve. B C,e"S thatfor synthesizing the 17 amino acid peptide from HCV. Finally, the authors

express mig with too low an affinity to bind the antigen Indepen'acknowledge the excellent technical assistance Ms Jahackeva

dently of CR2. This might explain the observation that neonates,

who have few antigen-specific B cells [32], have a high proportion

of CD5" B cells [33,34], which are associated with the production

of low-affinity polyreactive natural antibody [35,36]. According to REFERENCES

this model, \,Nheh neohates were chgllenged with ah antigen tha'l Pepys MB. Role of complement in induction of the allergic response.

formed IC with circulating natural antibody, the classical pathway — natire [New Biol ] 1972237:157-9.

of C would be activated, and the resulting antigen-bound iC3b/ » kjaus GGB, Humphrey JH. The generation of memory cells. I. The role

C3dg would promote antigen uptake by CRD5" B cells [37]. of C3 in the generation of B memory cells. Immunology 193331
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