The Rate of Dissociation Between Antibody and Antigen
Determines the Efficiency of Antibody-Mediated Antigen
Presentation to T Cells
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We analyzed the role of Ab affinity on Ab-mediated Ag uptake and presentation to T cells. Hen egg white lysozyme (HEL) was
captured by bifunctional hybrid proteins (Fv-MalE) in which the variable fragment (Fv) of the anti-HEL mAb D1.3 was covalently
linked to the Escherichia coliMalE protein. These complexes were targeted via two anti-MalE mAbs to an APC expressing a
receptor for the Ab constant region. The combination of Fv-MalE and anti-MalE mAbs increased, specifically, HEL presentation.
With this experimental system, we evaluated the impact of six different mutations, affecting the Fv-MalE complementarity de-
termining regions, on the increase of HEL presentation by the corresponding hybrids. These mutations increase the dissociation
rate constant K.g), and, thus, the dissociation constant of the HEL/Fv-MalE interaction, up to 650-fold, as compared with the wt
Fv-MalE. Increasing the k  from 7 x 10™*s~* up to 300 x 10~*s~* did not interfere with the enhancement of HEL presentation.

A mutant with a k., of 600 x 10~* s~ had a reduced enhancement ability, and mutants withk, higher than 5700 x 10~*s™*
did not enhance HEL presentation at all. These results show that affinity determines the efficiency of Ab-mediated Ag presentation
to T cells. One consequence is that affinity maturation in specific B lymphocytes can drastically enhance their ability to collaborate
with T cells in an MHC-restricted way. This may contribute to the selection of high affinity B cell clones. The Journal of
Immunology, 1998, 161: 4542—4548.

tors, the membrane Igs, integrated in the B cell receptorin the late response after booster injections (6). This progressive

complex (BCRJ (1, 2). The interaction of Ag with BCR increase of affinity has not been observed for other T cell-depen-
leads to transmembrane signal transduction and internalization bfent Ag such as monomeric hen egg white lysozyme (HEL). In
endocytosis. During endocytosis, peptides generated by the prenese cases, the Ab affinity reaches a high lekgl< 10~ /10 *°
teolytic degradation of Ag in the endocytic pathway are loadedw) a few days after a primary injection and does not increase after
onto newly synthesized or recycled MHC class Il molecules. Thesggoster injections (7).
comple_xes are then exported to the cell surface where they are | the present study, we analyzed the role of the affinity of Ab
reco_gmzed by the TCR of CD4T cells (3). In return, B CQHS for Ag on the efficiency of Ab-mediated Ag presentation to CD4
receive help from CD4 T cells for Ab production (4). Besides T ¢ojis. We chose to address this question with HEL, which is a
other factors, the recruitment of T cell help is dependent on th&, o meric protein Ag. We have previously demonstrated in vitro
formation of MHC class Il/peptide complexes. This fqrmatlon 'S the enhancing effect of the anti-HEL mAb D1.3 on the presentation
greatly dependent on Ag uptake by the APCs. Ab-mediated uptakgf HEL to a specific T cell hybridoma (anti-HEL 108—116, HE
of Ag by B cells or capture of immune complexes via receptors for, . I
the constant region of IgG (&) by other APC has been shown by an FeyR-expressing APC (P.Guermonprez et al., manuscript in

9 g y preparation). In the present study, HEL was captured by a bifunc-

to increase greatly Ag presentation to T cells (3, 5). . . . .
In the course of the T cell-dependent humoral response to man}'/Onal hybrid protein (Fv-MalE) (8) formed between the variable

haptens, the detailed analysis of Ab affinity (at the serum level, o raglymentb(_F\é)_ of the ar.wtl-HEll_ mAb 51'3 and tIEesc?erlchla (_:0“ |
at the clonal level) revealed a decrease in the dissociation constafft? tose-. inding protein (Ma l_E) In the presence O_ two ant.l-Ma.E
mAbs. Different Fv-MalE hybrids were prepared with mutations in
- the D1.3 complementarity determining regions (CDR), leading to
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isoform of the type Il receptor for the constant region of IgG; HEL, hen egg white presentation to T cells occurred through the interaction of the
lysozyme; MalE, maltose-binding protein dscherichia coli Fv-MalE, hybrid

formed between the MalE protein and the variable regions of the anti-HEL D1.3 mAb;FC regions of the anti-MalE mAbs with the #R of the APC.
Kq, dissociation constank’q, dissociation constant calculated with the BlAcore ap- This experimental system allowed us to show that the affinity of

paratusk.g, rate of dissociationk,,, rate of association; \, V region heavy chain; i . . . _ . )
V., V region light chain; CDR, complementarity determining region; wt, wild-type; anti-HEL Abs determines the efficiency of Ab-mediated Ag pre

EF, enhancement factor. sentation to T cells.

B cells capture and internalize Ags via their specific recep-(K,) from 10°%/10~° M in the primary response to I6/10 2 M
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Materials and Methods
Ags and mAbs

HEL was purchased from Sigma (St. Louis, MO). Peptide 108-116 from
the HEL sequence (p108-116, WVAWRNRCK) was synthetized by Neo-
system (Strasbourg, France). The D1.3 anti-HEL B cell hybridoma (IgG1,
k) was a kind gift from Dr. Poljak (Center for Advanced Research in
Biotechnology, Rockville, MD) (10). The mAb D1.3 was obtained from
ascitic fluid from BALB/c mice and precipitated with ammonium sulfate,
then resuspended in purified water and extensively dialyzed against PBS.
Protein concentration was determined with a colorimetric assay (Bio-Rad,
Munich, Germany). The anti-MalE mAbs 94.1 and 56.5 (Ig@&jlwere a

kind gift of Dr. J. C. Mazie(Institut Pasteur, Paris, France).

Fv-MalE hybrids and their mutants anti-MalE anti-MalE
mADb 94.1 mAb 56.5

Fully functional variable fragments (Fv) of D1.3, a mouse mAb directed
against HEL (10), were produced as hybrids (Fv-MalE) with the maltose- FcyRIIb2
binding protein ofE. coli (MalE). The production and purification of the
Fv-MalE hybrids and their mutants has been previously described (8, 9). In
the case of Y::V,-MalE hybrids, the variable region of the H chain (V

is genetically coupled to the N terminus of MalE and noncovalently asso-
ciated with the variable domain of the L chain, (VIn the opposite case
(Vy::V -MalE), the variable region of the L chain (Yis genetically cou-

pled to the N terminus of MalE and noncovalently associated with the
variable domain of the H chain (). For both constructs, site-directed
mutations have been constructed in the complementarity determining re-
gions (CDR) of the H or L chain of D1.3. The kinetics of interaction
between HEL and the wt or mutant hybrids have already been described
(9). The characteristics of the different Fv-MalE hybrids used in this study
are summarized in Table I.

MHC Il / HEL peptide complex

Analysis of the binding between the anti-MalE mAbs and
Fv-MalE/HEL complexes with the BIAcore technology IL-2

HEL was covalently immobilized on the carboxymethylated dextran sur- i .
face of a CM5 sensorchip to a level of 2700 resonance units (RU), using L3E10 anti-HEL T cell hybridoma
the Amine Coupling Kit (Pharmacia Biosensor, Uppsala, Sweden). Thq:IGURE 1

resulting derivatized surface, CM5-HEL, was equilibrated with buffer M at o . )
a temperature of 20°C and a flow rate ofumin, conditions that were the L3E10-specific T cell hybridoma (anti-HEL108-116,%) By the A6BO

used in all subsequent steps. Buffer M was 10 mM phosphate buffer (ptP C€! Iym_ph_oma_(H—E, FeyRIIb2™) APC. HEL is captured by nonspecific
7.4), 2.7 mM KCI, 137 mM NaCl, 0.005% detergent P20 (Pharmacia), andPinocytosis in fluid phase (a) or by #RIIb2-mediated endocytosis in pres-
1 mM maltose. The addition of maltose prevents any dimerization of MalEence of anti-HEL Fv-MalE hybrids and the two anti-MalE mAbs 94.1 and
(9). For all binding experiments, samples were diluted in buffer M. 56.5 (b). More details are given Materials and Methods

Experimental system used in this study. HEL is presented to

Cell lines

A20 (AYEY), a B cell lymphoma line originated from BALB/c mice (11), Results

and IIA1.6, an FgR-deficient variant of A20 (12), have been described. . .
AB6B9, a stable transfectant of 11A1.6 for the b2 isoform of the murine type Anti-HEL Fv-MalE enhances HEL presentatiana T cell

Il weak affinity receptor for IgG (FgRIIb2) (13), was used as APC and hybridoma in the presence of anti-MalE mAbs

was kindly provided by C. Bonnerot and S. Amigorena (Institut Curie, . -
Paris, France). The L3E10 T cell hybridoma, which is specific for theIn a previous study, we analyzed the efiect of the anti-HEL mAb

HEL 108-116 T cell epitope (WVAWRNRCK), I-Erestricted, was ~D1.3 and other anti-HEL mAbs on the presentation of HEL to the
produced using BALB/c mice immunized with HEL (14). The CTLL specific T cell hybridoma L3E10 (anti-HEL 108-116, {-Ee-
cell line was purchased from the American Type Culture Collectionstricted) by the A6B9 APC (AEY), which is a B cell lymphoma
(ATCC, Manassas, VA). transfected with the b2 isoform of the type Il murineyRc
Ag presentation assay (FcyRIIb2). FeyRIIb2 is implicated in Ag presentation, unlike

) . . FcyRIIb1, and is physiologically expressed by professional APC
HEL and/or anti-HEL Fv-MalE and/or a mixture of the two anti-MalE . . .
mAbs 94.1 and 56.5 were mixed together fch at37°C, in a final volume (Z.LS). We have shpwn that the anti-HEL mAb D1.3 increases sig-
of 0.1 ml of complete medium (RPMI 1640 medium supplemented with nificantly the efficiency of HEL presentation. This effect is HEL
10% FCS, 100 U/ml penicillin, 10@wg/ml streptomycin, 2 mM.-glu- specific, T cell epitope specific, independent of a nonspecific ac-
tamine, and 5< 10~° M 2-ME) in 96-well flat-bottom culture microplates. tjyation of the APC, and dependent omRilb2-mediated uptake

The concentrations used in each experiment are indicated in the figur . .
legends. Then, L3E10 T cell hybridoma cells {t@lls/well) were cocul- EP.Guermonprez et al., manuscript in preparation). In the present

tured with A6B9 (16 cells/well) and the preformed complexes (HEL, anti- re€port, we analyzed the effect of the anti-HEL D1.3 Fv-MalE on
HEL Fv-MalE, and anti-MalE mAbs) for 24 h in 0.2 ml (final volume) of the presentation of HEL to the same T cells by the same APC, in
complete medium. After 24 h, the supernatants were frozen for at least 2 the presence of two anti-MalE mAbs (Fig. 1). Fv-MalE hybrids are

at —70°C. Then, 16 cells/well of the CTLL cell line, which proliferates ; ; .
specifically in response to IL-2 but not IL-4, were cultured with 30®f fo.rmed by genetlca!ly fusing the Fv of the anti-HEL mAb D1.3
with the MalE protein.

supernatant in 0.2 ml final volume. Two days latéH]thymidine (NEN
Life Science, Boston, MA) was added, and the cells were harvested 18 h To assess the effect of the anti-HEL Fv-MalE on the presenta-
later with an automated cell harvester (Skatron, Lier, Norway). Incorpo-tion of HEL, we stimulated an HEL-specific T cell hybridoma in
rated thymidine was detected by scintillation counting. To blocidEdhe the presence of the A6B9 APC. The HEL-specific T cell hybrid-

ABB9 APC were incubated 30 min at 4°C with the antiyRdl/Ill mAb . . . . .
2.4G2 (15) (PharMingen, San Diego, CA) atA@/ml, then washed before oma used in this study, L3E10, recognizes the immunodominant

use for Ag presentation assay. In all experiments, each point was done &EL epitope 108—116 complexed with FEThe titration exper-
least in duplicate and more often in triplicate. iment shown in Figure & revealed that the concentration of HEL
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FIGURE 3. Binding assay performed with the BIAcore apparatus for
the detection of tetramolecular complexes between HEL, anti-HEL
VvV -MalE, anti-MalE mAb 94.1, and anti-MalE mAb 56.5. HEL was
immobilized on a sensorchip as described/iaterials and MethodsEach

curve shown here represents the signal obtained on the HEL surface after
subtraction of the background signal obtained on a mock derivatized con-
trol surface. After each injection, the surface was regenerated by injection
of 5 ul of 50 mM HCI. All curves represent a sequence of six different
serial injections performed at pl/min at 243 s, 609 s, 842 s, 1051 s,
1289 s, and 1382 s. The different curves represent different experiments
with the following sequence for the six injections: curve 1, buffer M/anti-
MalE mAb 94.1/buffer M/anti-MalE mAb 56.5/buffer M/50 mM HCI;
FIGURE 2. Anti-HEL Fv-MalE enhances specifically the presentation curve 2, anti-HEL V,::V -MalE/buffer M/buffer M/buffer M/buffer M/50

of HEL to a specific T cell hybridoma in the presence of anti-MalE mAbs. mM HCI; curve 3, anti-HEL V,::V -MalE/anti-MalE mAb 94.1/buffer

The L3E10 T cell hybridoma (anti-HEL108-116, BEvas cocultured with ~ M/buffer ~ M/buffer  M/50 mM  HCI; curve 4, anti-HEL

the A6B9 B cell lymphoma (H-< FcyRIIb27%) in the presence or absence ViV -MalE/anti-MalE mAb 94.1/buffer M/anti-MalE mAb 56.5/buffer

of various concentrations of AGA( HEL; B, synthetic peptide p108—-116) M/50 mM HCI. Protein samples injected were diluted in buffer M and the
for 24 h. The cultures were done 1) with medium alone, 2) in the presenceoncentrations were 25g/ml for V,;::V, -MalE and 50ug/ml for the anti-

of the anti-HEL mAb D1.3 (at 0.167M), 3) in the presence of an anti- MalE mAbs.

HEL Fv-MalE hybrid (V,::V -MalE (wt)), corresponding to the variable

regions of the mAb D1.3, used at 0.1¢M and/or of a mixture of two . .
anti-MalE mAbs, 94.1 and 56.5 (0.03M each). The complexes were formed between anti-HEL Fv-MalE and HEL were recognized by

formed before addition to the cultures of A6B9 and L3E10, as described ifh€ anti-MalE mAbs. The reactivity of the anti-MalE mAb 56.5
Materials and MethodsThe IL-2 released by L3E10 after 24 h of culture toward the MalE component of anti-HEL Fv-MalE has already
with A6B9 was assessed by the CTLL proliferation assay. Results ardeen described (9). We further analyzed the ability of the two
expressed in kcpm. different anti-MalE mAbs to bind the complex formed between
anti-HEL Fv-MalE and HEL by using the BlAcore technology
(Fig. 3). The simultaneous recording of signals obtained in each
required to obtain a half optimal T cell stimulation (assessed byexperiment, both on a control surface (mock-derivatized) and on a
IL-2 release) was about 50-fold less in the presence of the antisurface derivatized with HEL, allowed us to subtract the signal,
HEL mAb D1.3 than in its absence. A similar enhancement ofdue only to changes in the refraction index of the buffers and/or to
HEL presentation was obtained with a mixture of an anti-HEL the nonspecific binding of compounds on the dextran matrix of the
Fv-MalE, derived from mAb D1.3, and of the two anti-MalE mAbs sensorchip, from the specific signal obtained on the HEL surface.
94.1 and 56.5. Anti-HEL Fv-MalE alone or the mixture of the The comparison of curves 1 and 2 demonstrated that Fv-MalE
anti-MalE mAbs 94.1 and 56.5 alone was without effect on thespecifically associated with HEL. The comparison of curves 2 and
presentation of HEL to the L3E10 T cell hybridoma. The mixture 3 showed the specific association of the anti-MalE mAb 94.1 to the
of anti-HEL Fv-MalE plus the two anti-MalE mAbs 94.1 and 56.5, HEL/Fv-MalE complex. The comparison of curves 3 and 4 showed
or the anti-HEL mAb D1.3 alone, were without effect on the pre-the specific binding of the anti-MalE mAb 56.5 to the HEL/Fv-
sentation of the synthetic HEL peptide 108—116 to the specific TMalE/94.1 complex. Similar results were obtained when inverting
cell hybridoma L3E10 (Fig. B). These results demonstrated that the order of binding of the two anti-MalE mAbs (data not shown).
the enhancement effect observed with Fv-MalE in the presence dfhese results therefore showed that both anti-MalE mAbs could
anti-MalE mAbs was specific of HEL presentation and involved bind simultaneously to the HEL/anti-HEL Fv-MalE complex.
the antigenic recognition of HEL by the Fv-MalE molecule.

—e— anti-Malk 94.1/56.5

—w— anti-HEL mAb D1.3

—o— Medium

The enhancement of HEL presentation by anti-HEL Fv-MalE in
Tetramolecular complexes are formed between HEL, anti-HEL the presence of anti-MalE mAbs is #lIb2 mediated

Fv-MalE, and anti-MalE mAbs 94.1 and 56.5 We reported above that the enhancement of HEL presentation by
The lack of effect of anti-HEL Fv-MalE on HEL presentation in Fv-MalE depended on the anti-MalE mAbs. In particular, the stim-
the absence of anti-MalE mAbs suggested that the complexeslation of L3E10 by A6B9 at a suboptimal concentration of HEL
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inhibit the Fc/FgR interaction (15). The L3E10 response to the
mixture of 0.1uM HEL, Fv-MalE, and anti-MalE mAbs was com-
pletely abolished by the preincubation of the A6B9 APC with mAb
2.4G2 (Fig. 4). In a previous study, we showed that this mAb also
totally and specifically blocked the D1.3-mediated increase of
HEL presentation by A6B9 (P. Guermonprez et al., manuscript in
-50 preparation). In contrast, the preincubation treatment of A6B9 with
mAb 2.4G2 did not interfere with the stimulation of L3E10 at an
optimal concentration of free HEL (20M). These results showed
that formation of complexes between HEL, anti-HEL Fv-MalE,
and the two anti-MalE mAbs 94.1 and 56.5 resulted in the efficient
25 uptake of HEL via the FgR of APC, which, in turn, led to a more
efficient presentation of HEL to the L3E10 T cell hybridoma.

Kepm

F7 777 77777777778

77777777777 7777 777D

The enhancement of HEL presentation depends on the affinity of

0 Fv-MalE for HEL
*F"C“F‘;“,,,, N IR PR I I P [ To quantitatively measure the contribution of the affinity between
Fv-MalE and HEL to the enhancement of HEL presentation, we
used mutants of the anti-HEL Fv-MalE. The mutations affected
Ev-MalE residues of the light or heavy chain CDRs (Table I). All the mutant
anti-HEL Fv-MalE are derived from the anti-HEL mAb D1.3, they had the
94_*:'/‘:6_5 i ol il Bl el el Bl same specificity, and their reduced affinity for HEL was mainly
anti-MalE due to an increase of their dissociation rate constap) (9). We
measured the stimulation of the L3E10 T cell hybridoma in the
presence of HEL at various concentrations, of each mutant anti-
wMHEL [ o 1010 lo.1]0.1]0.1/20]20 HEL Fv-MalE at a fixed concentration (02M), and of the anti-
MalE mAbs 94.1 and 56.5 also at fixed concentrations (@Q.iB

each). A representative experiment is shown in Figétehe two
FIGURE 4. Enhanced presentation of HEL in the presence of the anti-Wt hybrids, which have virtually the same affinity for HEL, gave an
HEL Fv-MalE and of the anti-MalE mAbs 94.1 and 56.5 isyR¢lb2 identical enhancement of HEL presentation. These hybrids have
dependent. The L3E10 T cell hybridoma (anti-HEL108-116%xgas co-  the Fv of the anti-HEL mAb D1.3 in different configurations,
incubated for 24 h with the A6B9 B cell lymphoma (H; FcyRIIb2™) in ViV -MalE (wt) or V, ::V,4-MalE (wt). Thus, the fusion of

the presence or absence of various concentrations of HEL (0.1@M}0  eijther the \/, or the V, region to the N terminus of MalE does

of anti-HEL Fv-MalE (\::V, -MalE (wt), at 0.2uM) plus a mixture of  nn¢ jnterfere with the enhancement of HEL presentation by the
two anti-MalE mAbs, 94.1 and 56.5 (0.1 each). In some experiments, o HE| Fy-MalE hybrids. We then examined the effects of

the A6B9 APC was preincubated 30 min at 4°C with the antyfe/11l L . . .
mAb 2.4G2 (10ug/ml) and then washed before the incubation with L3E10 six different mutations in Y (Y50F Ot: Y32E or W92A) Ofr In
and HEL. The IL-2 released by L3E10 after 24 h of coculture with A6B9 Vi (Y101F or DIOON or D54A). The enhancement of HEL

was assessed by the CTLL proliferation assay. Results are expressed Rf€Sentation observed in the presence gf:V, -MalE(Y50F) or
kcpm. V:V -MalE(Y32F) or V_::V,-MalE(D54A) was similar to that
induced by V,::V -MalE (wt) or V,_::V-MalE (wt) (Fig. 5A and
data not shown for \::V,,-MalE(D54A)). The enhancement was
(0.1 uM) was fully dependent on the presence of the Fv-MalE/significantly lower for \{ ::V,,-MalE(Y101F) than for the wt hy-
anti-MalE mAb complex (see FigA). This dependence suggested brids. V, ::V,,-MalE(D100N) and V,::V -MalE(W92A) virtually
that the complex formed between Fv-MalE and HEL was effi- did not enhance the HEL presentation (Fig.dnd data not shown
ciently captured by the APC via the #RIIb2 receptor. To test this  for V;::V -MalE(W92A)). In these experiments, the internaliza-
hypothesis, we blocked FRIIb2 by preincubating the A6B9 APC tion of the different Fv-MalE mutants by the APC did not vary
with the anti-Fe/RII/lll mAb 2.4G2. This mAb has been shown to since it depended on the complexation of the Fv-MalE with the

Table I. Anti-HEL Fv-MalE hybrids

Type of Mutation Kon Kot ty,° K' €

Construct Mutation Location Mty (10 %s™ (s) (nM)
V.,V -MalE wt none 7.84+ 0.45 6.66+ 0.79 1,036 8.46- 0.73
ViV -MalE wit none 8.66+ 1.02 7.51+ 0.29 919 8.96+ 0.91
ViV -MalE Y50F L-CDR2 8.76+ 0.37 17.7£ 0.5 390 20.3: 0.3
V ::V,-MalE D54A H-CDR2 11.8- 0.7 186+ 12 37 163+ 22
ViV -MalE Y32F L-CDR1 8.24+ 0.16 294+ 6 23 357+ 12
V ::V,-MalE Y101F H-CDR3 9.68- 0.31 622+ 27 11 643+ 43
V., :V,-MalE D100N H-CDR3 20.7- 3.6 10,300+ 1,000 0.7 5,00 400
ViV -MalE W92A L-CDR3 11.1+ 0.6 5,700+ 400 1.2 5,120 590

2In the V_::V-MalE (V::V -MalE) hybrid, Vj; (V) is covalently linked to MalE and non covalently associated with(V ).

Pt,,., The half life of complexes between hybrids and HEL, = Ln(2)/kyg

¢K'4 The equilibrium dissociation constant between Fv-MalE and HEL measured at 20°C with the BIAcore apparatus at the heterogeneous interfaue lmptidgerase
and the sensorchip.



4546 ANTIBODY AFFINITY AND ANTIGEN PRESENTATION

100 A
A 3 1 J 1 1 1 L
25f 2 ER
75 8 o 8
—_ 2f o % P ER
L st ES
g. 504 QJ_’ 2
& g T ! T
= 05+ § ° 3
254 ok o 1
-0.5 . '
ol == 05 {1 15 3 25 3 35 4
T T T T T T T log( K'
0.0000 0.0000° 0.0001 00010 00100 0.1000 1.0000 9(Ky)
1M HEL total 3 bbb e
100
25% o o 8 ES
~ 2Fe s Lo ES
754 E 1.5 3 1
E 3 R
5 50 L osf 1 o 1
* o0+ o 3
254 -0.5
05 1 15 2 255 3 35 4 45
N c log( k)
T T T T T T T 3 L L L L L L L
0.0000 0.0000 0.0001 0.0010 0.0100 0.1000 1.0000 25L o :_
UM HEL theoretically complexed to the different anti-HEL Fv-MailE ‘2 Pw—a_g ‘; 2 E
-~ T [©o EY
B VH:VL-MalE WT O VL:VH-MalE WT L g5t ¢ +
(Kd = 8.96 nM) (Kd = 8.96 nM) “g Wk ? El
A VH:VL-MalEYS0F v VH:VL-MalE Y32F L st o© 7 3
(Kd = 20.3 nM) (Kd = 357 nM) N eamm
<4 VL:VH-MalEY10iF ¢  VL:VH-MalE D10ON 0.5 ,
(Kd = 643 nM) (Kd = 5000 nM) 05 6 05 1 185 3 25 3 35
[ ] Medium log( t1/2 )

) ) FIGURE 6. Relationship between the enhancement of HEL presenta-
FIGURE 5. The enhancement of HEL presentation by anti-HEL FV- tion and the binding parameters of the anti-HEL Fv-MalE. For each inde-
MalE in the presence of anti-MalE mAbs is dependent on the affinity of hangent experiment in which the HEL presentation efficiency was com-
Fv-MalE for HEL. The L3E10 T cell hybridoma (anti-HEL108-116, HE pared in the presence or absence of the anti-HEL Fv-MalE and anti-MalE

was_cocultured for 24 h with the A6B9 B cell lymphoma (M2 mAbs (as described in Fig.A5, an EF was calculated as follow: EF
FcyRI1Ib2™) and various concentrations of HEL alone or in the presence Of(HEL concentration required for 50% maximal IL-2 release by L3E10 in

0.2 uM of different wt or mutant anti-HEL Fv-MalE hybrids, correspond- {he absence of anti-HEL Fv-MalE)/(HEL concentration required for 50%
ing to the variable regions of the anti-HEL mAb D1.3 or different mutants yavimal IL-2 release by L3E10 in the presence of anti-HEL Fv-MalE at

described in Table I (V::Vy-MalE(D54A) and \(;:V -MalE(W92A) are g 2 ;M plus a mixture of the 2 anti-MalE mAbs 94.1 and 56.5 at Q.18
not shown for clarity), plus a mixture of two anti-MalE mAbs, 94.1 and gach). Each point represents an independent experiment. The same data are

56.5 (0.13uM each). IL-2 released by L3E10 after 24 h of culture with piotteq in three different ways: log(EF) is plotted against Kig( (n"M) (A),
A6B9 was assessed by the CTLL proliferation assay. The same EXPerpg(k.q) (1074 s7%) (B), or logt,,,) (s) (C) of the different anti-HEL Fv-

mental results are plotted in two ways. The L3E10 IL-2 release (kcpm)  \alE. The data shown i, B, andC were fitted to the following equations

is plotted against the total HEL concentration present in the cult@es. (hin curves) using the Kaleidagraph software=Ym1 + m2 x [1—1/(1

The L3E10 IL-2 release (kcpm) is normalized against the HEL con- exp(m3x (m4 — X)))] in AandB and Y = m1 + m2/[1 + exp(m3Xx

centrationtheoretically complexed to the different anti-HEL Fv-MalE (4 — x))]in C. The correlation coefficientsobtained with these fittings

hybrids ([Q]). For thl_s calculation, we resolved, for each point of the plot, \yere equal to 0.899 for the three plots. In these equationsmi2) and

the following equation: K'q = [HEL]pee X [Fv-MalE]yd[C]) Where 1 define the maximal and minimal log(EF) values. m3 defines a coop-

([HEL] free = [HEL] 1o — [C]) @nd ([Fv-MalE} e = [Fv-MalE] ;oo — [C])- erativity factor that is related to the sharpness of the transition between
(m1) and (m1+ m2). m4 defines the X value for half transition. IfXm4,

then Y= (m1+ m2/2). The values of the m1, m2, m3, and m4 parameters
anti-MalE mAbs as shown above. TKg values of the interaction  are given in Table II.

between mAbs 94.1 and 56.5 and MalE are, respectively, equal to

7 X 107°M and 8 10~ *° M. Thus, assuming two independent

equilibriums in solution between Fv-MalE and each anti-MalE showed clearly that, for the same concentration of complexed
mAb, we calculated that, under the experimental conditions used;lEL, the Fv-MalE mutants did not increase HEL presentation to
100% of the Fv-MalE molecules were complexed by at least onghe T cell hybridoma with the same efficiency (Fid3)5In par-
anti-MalE mAb and that 42% were simultaneously complexed byticular, V, ::V,,-MalE(Y101F) and V:V,-MalE(D100N) were

the two anti-MalE mAbs. Thus, our experimental system was apsignificantly less efficient in stimulating HEL presentation than the
propriate for evaluating the role of the affinity between Fv-MalE other Fv-MalE hybrids tested.

and HEL on the presentation of HEL since the capture of the dif- To clarify the relationship between affinity and HEL presenta-
ferent Fv-MalE hybrids by the Ré&R-bearing APC was identical tion, we analyzed the enhancement effect of the six Fv-MalE mu-
for all the hybrids tested. We then examined whether the efficiencyant hybrids. We calculated an EF equal to the ratio between the
of presentation to the T cells depended only on the concentratioRlEL concentrations required for half-optimal stimulation of the T
of bound HEL or also on the specific mutation of Fv-MalE. To cell hybridoma in the absence and in the presence of the complex
address this question, the results of Figutevere plotted vs the  between Fv-MalE and the anti-MalE mAbs. All the mutants shown
amount of HEL theoretically complexed to the different Fv-MalE in Table | were tested in at least two independent experiments.
hybrids, assuming an equilibrium in solution. This representatiorFigure 6 represents a synthesis of the results obtained with the
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Table Il. Parameters obtained by fitting the variation of the finity for HEL corresponding to &', below a transition value
enhancement of HEL presentation (enhancement factor) plotted againstequal to 643 nM enhanced the presentation of HEL with a maximal
various binding parameters of the anti-HEL Fv-MalE'(Kk.s, or t,,,) efficiency. In this range oK'y, the maximum EF was approxi-
mately 148-fold. We found similar thresholds fioy; andt,,, due

to the weak changes ik, between the different hybrids tested.
Type of Plot ~ Maximal EF Minimal EF  Cooperativity Half transion ~ The saturation of the EF at the lowdst, values likely stemmed

Parameters of the Fittifflg

and Fitting = 10M*™M2 = 10" factor=m3 value= 10" from a limitation of the Fv-MalE uptake by the A6B9 APC. In-
EF = f(K')°  148-fold Twofold 75 643 nM deeql, we observeo_l, in the same antigenic sy_s_tem (HEL and L3E10
EF = f(K,q)° 148-fold Twofold 137 622 10% s 1 hybridoma) and with the same APC, EFs rising up to 1000-fold
EF = f(ty,,)° 148-fold Twofold 45 11s when HEL was captured by a mixture of two anti-HEL mAbs of
2 The equations and the m1 to m4 parameters used for these fittings are describgug_h affinity (P. Guermonprez Et_ a_ll_" manuscript in preparatlon).
in Figure 6 legend. This last result rules out the possibility that the saturation of the EF
b,cd it i P o ) . e e
Plots and fittings shown in Figure 8, B, andC, respectively. observed here comes from a limitation of the sensitivity of the T

cell assay that we used.
The K’y andk,; of the Fv-MalE hybrids could affect the pre-

d::ferten; Fr\nl-l\lﬂi?/"i/lh?/Et)EdE.riEa(;]hHFI)—Zolimrreprr?ts?im: tE? i?ln:emc";lgsentation at several levelK', determines the efficiency of HEL
_e ectorone Fv- "’? y 0 presentation o 6_‘ € a complexation with Fv-MalE in the culture medium and, thus, the
independent experiment. The EFs observed for the different anti-

HEL Fv-MalE hvbrid lotted inst thei tive di “amount of HEL that is internalized. However, we found that, for a
c'at'onvcos tant{’n(sl\\/ll\;e;? plo (ioiga,"l)s or telr r(esjprizgve relzso given amount of bound HEL, some hybrids triggered HEL pre-
V\;ithl the BIAScore ;pparatus l;;';fg 8B SandC régpectively)sqrhe sentation with lower efficiencies. This finding suggested strongly
. ) ' ' X that the mutations influenced not only the level of HEL complex-
EFs corresponding to the lowest valueskdf, (between 8.6 and y P

. . ation but also later steps of its uptake and intracellular processing
357 nM) were comparable and |nd_uced a150-to 20_O-fold_ 'ncreasgy the APC. Therefore, the binding characteristics of Fv-MalE and
of HEL presentation. The EF rapidly decreased with affinity for

. . . HEL could interfere either with the endocytosis or with the intra-
intermediate values d{’,. For the highest values &', (around y

. cellular targeting and delivery of HEL.
5000 nM), the presentation of HEL was almost not affected by u geting very
Fv-MalE. A similar relation between the EF akg) was observed.
This similarity is due to the fact that the increaseKity is mainly Binding characteristics of Fv-MalE and HEL endocytosis

due to an increase 8¢y (see Table I). The half-lifet()) of the The half-life of the interaction between the Fv-MalE/anti-MalE

dlfferen'ilcc_)mplexels |Sllrlvzrfeli/hpr(éiortlonalkg}f and was con- complex and FgR at the surface of the APC could constrain the
sequently inversely related to the . rate of dissociation between Fv-MalE and HEL. The internaliza-

The enhancement effect on HEL presentation was at least tWq—ion of the Fv-MalE/anti-MalE complex by the APC occurred at a

Iﬁld t?ng \ilriai 1b48t\-l\floldnatthsat\;1i:?tlc;n (bTal:;Ie II).ch;]rhths thr:]eenfloftrs’ctonstant rate since Fv-MalE and the anti-MalE mAbs were at fixed
aned tt?espI:teaueva(Iauee Wai higliflay Socfse::aii\c/)e eTh: h(;elf t(raans‘iati:)ar(]%oncentrations in the presentation experiments. Therefore, HEL

' was internalized efficiently only if it did not dissociate before the
values wereK'y = 643 nM, k¢ = 622 10 *s * andt,,, = 11 s. y ony

These values corresponded precisely to the binding parameters |r}tgrnallzat|on of the Fy-MaIE{antl-MaIE immune complexes via
V, V. -MalE(Y101F) (Table I) gntl-MqlE mAps/Fc/R interactions. Thus,.the rate of HEL/Fv-

L PH ’ MalE dissociation should be compared with the rate of the clear-
. . ance of immune complexes (Fv-MalE/anti-MalE mAbs) from the
Dlscqss_|on L . membrane by the Rd&R-mediated endocytosis. If thg,, of the
Th_e_blndlng characterlstlcs_of Fv-MalE and HEL determine the HEL/Fv-MalE complex is inferior to the, , of the Fv-MalE/anti-
efficiency of HEL presentation MalE mAbs complex at the surface of the cell (before endocytosis
In the present study, we analyzed the role of Ab affinity on Ab-by FcyRIIb2), some of the Fv-MalE/anti-MalE mAbs complexes
mediated Ag uptake and presentation by APC using a new expewould not participate in HEL uptake, and, therefore, some HEL
imental system. In this system, the Ag (i.e., HEL) was captured bymolecules that have been complexed with Fv-MalE/anti-MalE
an anti-HEL Fv-MalE hybrid, which, in turn, was captured by mAbs and fixed to FgRIIb2 would not be internalized. Mellman
anti-MalE mAbs via the FgRIIb2 cellular receptor (Fig. 1). The etal. (16) have found that thg, of polyvalentimmune complexes
subsequent RRIIb2-mediated endocytosis of these complexes re-bound to the FgR of macrophages is approximately 105 s. The
sulted in the presentation of HEL by MHC Il molecules. Indeed, half transition values of,,, that we found here for the HEL/Fv-
the complexes formed between the T cell epitope (HEL 108—-116MalE complex is 11 s. The comparison of these two values
and the |- molecule are recognized by the specific T cell hy- strongly suggests that the half-life of the complexes between the
bridoma L3E10. Fv-MalE hybrids and HEL could be a factor limiting the internal-

The stimulation of the T cells was measured as a function of thézation of HEL by the constitutive endocytosis of the Fv-MalE
concentration of HEL present in the culture, using fixed concen-ybrids. This parameter could also influence the BCR-mediated
trations of anti-HEL Fv-MalE hybrids and anti-MalE mAbs. For internalization of Ag by specific B cells. Indeed, Watts and Da-
these reasons, we could consider that the internalization of theidson (17) have determined that the half-life of membrane Ig in
Fv-MalE by the anti-MalE mAbs was constant and independent ohuman EBV-B cell lines is 8 min (480 s). This half-life would
HEL capture. We calculated an EF to compare the efficiencies otorrespond to a limitindq of 14 X 10~* s~ *. If the hypothesis
HEL presentation by the R&llb2-mediated endocytosis of the developed above for the internalization of Fv-MalE through anti-
anti-MalE/Fv-MalE/HEL complex (arrow b in Fig. 1) and by the MalE mAbs and FgRIIb2 can be extrapolated to the internaliza-
pinocytosis of HEL in fluid phase (arrow a in Fig. 1). We used tion through BCR, then it would impose a rather high affinity for
Fv-MalE mutants with different affinities for HEL to analyze the the BCR-mediated internalization of monovalent and soluble Ag
relationship between their binding parameters and the EF. They specific B cells for presentation to T cells at the beginning of a
results showed that only Fv-MalE hybrids having a sufficient af-T cell-dependent humoral response.



4548 ANTIBODY AFFINITY AND ANTIGEN PRESENTATION

Binding characteristics of Fv-MalE and intracellular targeting  the monomeric HEL to specific anti-HEL T helper cells to receive
or delivery of HEL help for Ab production. Thus, priming of high affinity B cells in

The fate of internalized HEL could differ between the different primary response CQUId be a more general feature of §trictly mono-
Fv-MalE mutants, and this could influence the efficiency of HEL valent Ags (which is not the case of the well-described hapten-

presentation. There still exists a controversy on the exact comparE/er systems as discussed above). The identification of this kind
ment where Ag processing takes place, and the physico-chemicgf constraint, even in an unphyS|oqu|c experimental system like
environment where HEL is processed is not precisely known (3)_the one we used, thus appears particularly relevant for the under-
Nevertheless, the mutations in the Fv regions of the hybrids coultanding of the dynamic of the Ab response.
differentially affect the dynamics of intracellular HEL release. In-
deed, Aluvihare et al. (18) showed that the quality of the Ag/BCRReferences
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