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Abstract

We have previously demonstrated the induction of a specific anti-IgE response in vivo by parenteral immunisation of rhesus monkeys using
short IgE mimotopes or an anti-idiotypic antibody mimicking an IgE epitope. Such specific anti-IgE responses may be of clinical benefit for
atopic patients. In this study, we examined the potential for a more convenient therapy via mucosal immunisation using live recombinant
Lactobacillus johnsonifLj) as a vaccine delivery vehicle. Either an anti-idiotypic scFv or an IgE mimotope were expressed on the surface of
Lj as fusion proteins using the cell wall anchored proteinase PrtB Eractobacillus delbruecksubspbulgaricus The recombinant Lj were
shown to express the heterologous fusion proteins and were specifically recognised by the corresponding anti-human IgE monoclonal antibod
Subcutaneous and intranasal immunisation of mice with recombinant Lj, expressing these fusion proteins induced a systemic IgG respon:s
against human IgE. Our data suggest that recombinant Lactobacilli expressing IgE epitopes may represent a novel means of vaccination
induce a beneficial anti-IgE response.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction of monoclonal antibodies resulting in high costs. Therefore,
an active immunisation strategy aimed at neutralising IgE
The incidence of atopic disease has increased considerwas envisaged by using IgE epitopes to induce a natural au-
ably in most Western countries during the last 30 years. New toimmune response, resulting in the formation of autoanti-
therapies are required independent of the initiating allergen bodies that may have the same effect as passively admin-
which would have a broader application to many different istered non-anaphylactogenic anti-IgE antibodies. In order
patient groups. A promising approach has been the develop-to isolate therapeutically applicable, immunogenic IgE epi-
ment of non-anaphylactogenic anti-lgE antibodies aimed at topes a non-anaphylactogenic monoclonal anti-IgE antibody
targeting IgE which plays a key role in initiating the symp- BSW17 was used as a screening t@10] on random pep-
toms of atopic disease. These anti-IgE antibodies recognizetide phage display librarigd1,12] Two peptides (€E3mim
epitopes close to the binding site of IgE on the high affinity and G:4mim) were isolated which mimicked part of the IgE
IgE receptor (FeRlI) [1,2]. One of these anti-IgE antibod- epitope recognised by BSW17 and were therefore called IgE
ies, omalizumab is currently used to treat allergic patients by mimotopes. In addition, an anti-idiotypic Fab (Faid-B43)
passive immunisatiof1—8]. However, passive immunisation  was isolated13] which mimicked the same region as the IgE
requires continuous treatments with relatively high amounts mimotopes but in addition covered a larger area on IgE. Both
the mimotope$14] and the anti-idiotypic Fab were used for
* Corresponding author. Tel.: +41 31 632 03 34; fax: +41 31 381 57 35. Parenteral immunisation of rhesus monkeys and were shown
E-mail addressmonique.vogel@dkf6.unibe.ch (M. Vogel). in a passive cutaneous anaphylaxis (PCA) test to completely
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abolish PCA reactivity after allergen challenge (manuscript icus and was isolated from transforméactococcus lactis

in preparation). as described recent]20]. The linker sequences used for the
In this study, we analysed the ability afactobacillus construction of the anti-idiotypic scFv fragments were de-
johnsonii (Lj) to express €@4mim anda-ldscFv2, an anti- signed as described elsewhg2—25](Table 1. All oligonu-

idiotypic single chain Fragment variable (scFv) derived from cleotides were synthesised by Microsynth GmbH (Balgach,

Faba-1d-B43 to induce an anti-IgE response after active, mu- Switzerland).

cosal immunisation_actobacillusstrains are attractive can-

didates as carriers for mucosal vaccination. Since centuries,2.2. Bacteria and reagents

they have been used for food processing and food preserva-

tion and are therefore considered to be safe organisms for Bacterial strain XL-1 Blue was purchased from Stratagene

human consumption. Several systems have been describeSan Diego, USA)L. johnsoniistrain NCC2754 (Lj) were

usingLactobacillusas a carrier for expressing foreign anti- grown in MRS broth (Difco Laboratories, Detroit, USA) con-

gens and for mucosal immunisation. Zegers efld] have taining 1% Glucose. Chloramphenicol (Fluka Chemie AG,

reported the use dfactobacillus caseio express the protec-  Buchs, Switzerland) was used at a concentration @fd/enl.

tive antigen oBacillus anthracisas an oral prototype vaccine  Allrestriction enzymes were purchased from Roche Diagnos-

against anthrax. In addition, the use of tetanus toxin fragmenttics GmbH (Rotkreuz, Switzerland).

C (TTFC) as a model antigen for expressiorLactobacillus

plantarum[16,17] or onL. casei[18] and the induction of = 2.3. Antibodies and antigens

an anti-TTFC specific immune response after mucosal im-

munisation has been described. We have reported the use of Affinity-purified rabbit anti-PrtB antibodies were pur-

Lj to express mimotopes fused to the cell wall anchored pro- chased from Eurogentech (Seraing, Belgium). Rabbit anti-

teinase PrtB19] and the induction of a local and a systemic human &4mim [10] and anti-human IgE antibody BSW17

immune response against these heterologous proteins aftef9,26]were prepared in house as previously described. Rabbit

oral immunisatiori20]. anti-a-1d-B43 was prepared in our laboratory by immunis-
In the present study, we show that both an anti-idiotypic ing rabbits using Fab-1d-B43[13]. Horseradish peroxidase

scFv and an IgE mimotope could be expressed as a fusion(HRP) conjugated sheep anti-mouse IgG was purchased from

protein with PrtB on the surface of Lj and induced anti-IgE Cappel (ICN, Switzerland). HRP-conjugated goat anti-rabbit

antibodies after subcutaneous and intranasal administrationantibodies were obtained from Nordic Immunology Labo-

In contrast to other reports, we demonstrate here that Gram-atories (Tilberg, The Netherlands). Human myeloma IgE

positive bacteria expressing anti-idiotypic single chain Frag- Savasal was a kind gift from Dr. V. Savasal (Pilsen, Czech

ment variable (scFv) may be used to act as immunomod- Republic) and was purified on a MonoQ ion exchange column

ulators. A mucosal anti-IgE vaccine based on recombinant using an FPLC system (Pharmacia Biotech AGpBndorf,

Lj would not only be much cheaper than the currently used Switzerland) and used at a concentration of.tyml.

passive administration of monoclonal antibodies, but would

also avoid disadvantages associated with parenterally admin2.4. Production of anti-idiotypic scFv fragments in

istered vaccines. Escherichia coli XL-1 Blue

Vy and L sequences of Falr1d-B43[13] and the linker

2. Materials and methods sequences used for the construction of the anti-idiotypic
scFv fragments were published elsewhg@2-25] and are
2.1. Plasmids and oligonucleotides shown inTable 1 The W and \_ sequences of the anti-

idiotypic scFv fragments were amplified separately from
Plasmid pComb3His was reconstructed based on plasmid pComb3x-1d-B43 using primer pairs specific for
pComb3H[12] by inserting 6His tags at tHepd/Nhd sites. the N- and C-terminal of either thepVor the . regions.
Plasmid pComb3as-1d-B43 contains the sequence coding To assemble M and \{ fragments, overlapping oligonu-
for Faba-1d-B43. Plasmid pMD112 was constructed by in- cleotides encoding different linker3gble ) were inserted
serting into pNZ12421] the cell wall anchored proteinase between heavy and light chain in a PCR reaction. For subse-

(prtB) geng[19] of Lactobacillus delbruecksubspbulgar- quent cloning, the assembled products were PCR amplified
Table 1

Linkers for the construction of anti-idiotypic scFv fragments

ScFv designatich Linker sequence Linker description Reference for linkers
a-ldscFvl GGGGSGGGGSGGGGS Flexible linker [22,23]

a-ldscFv2 PNGASNSGSAPDTSSAPGSQ B-Turn linker [24]

a-ldscFv3 YPRSIYIRRRHPSPSLTT Random linker [25]

a Sequences of Vand Wy of Faba-ld-B43 are already published3].
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with flanking primers containingad and Spé restriction of a-ldscFv2 DNA by PCR and sequencing analysis (data

sites. not shown).
The resulting DNA fragments encoding eithetdscFvl,
a-ldscFv2 or a-ldscFv3 were then digested witBad 2.7. Gel electrophoresis and Western immunoblots
and Spé restriction enzymes and inserted into plasmid
pComb3His digested witlsad and Spé. Ligated plasmid Transformed Lg-ldscFv2 and LjTT bacteria were grown
DNA was used to transfornkscherichia coliXL-1 Blue. overnight in 25ml medium containing 1@/ml chloram-

Positive clones were tested for the presence of the corre-phenicol. Bacterial cells were harvested by centrifugation
spondinga-ldscFv DNA by PCR and sequencing analysis at 3000 x g for 15min at £C and washed with 5ml
(data not shown) and were subjected to large-scale produc-TBS. After recentrifugation, the bacterial pellet was resus-
tion. Transformed XL-1 Blue were cultivated in 1000 ml of pended in 45@.1 TBS and 15Qul 4x non-reducing sample
super broth (SB) at pH 7.0 in the presence of ampicillin buffer (80 mM Tris—HCI, pH 6.8, 2.5% SDS, 0.15% glycerol,
(50g/ml) at 37°C untilan OD at 600 nm of 1.0 wasreached. 0.005% bromophenol blue). Aliquots (a0 were analysed
Subsequently, protein synthesis was induced by 1 mM IPTG by SDS—polyacrylamide gel electrophoresis (SDS—-PAGE)
(isopropyl-p-thiogalactopyranoside; Promega, Madison, (6% acrylamide, 0.5M Tris—HCI, pH8.8) andrunina25mM
WI). The bacteria were further cultured by shaking (220 rpm) Tris, 192 mM glycine buffer (pH 8.3) at 100V for 60 min.
for 4h at 37C. The culture supernatant was collected and The gels were stained with Bio-Safe Coomassie Stain (Bio-

purified on a BD TALONM Metal Affinity Resin (BD Bio- Rad Laboratories, Reinach, Switzerland) or transferred elec-
sciences, San Jose, CA, USA) according to the manufac-trophoretically onto Protran BA 83 nitrocellulose membranes
turer’s instructions. (Schleicher & Schuell, Dassel, Germany). After transfer, the
membranes were blocked with PBS/5% BSA for 2h at RT
2.5. Screening of anti-idiotypic scFv fragments by and incubated with affinity purified rabbit anti-PrtB antibod-
anti-human IgE antibodies ies (1:2000) overnight at RT followed by incubation for 3 h at

RT with a 1:1000 dilution of HRP-conjugated goat anti-rabbit
The anti-idiotypic scFv fragments were tested by ELISA 1gG. Immunoblots were developed with 4-chloro-1-naphtol
using Costar EIA/RIA half-well plates (Costar, Cambridge, for 2 min.
MA) coated for 4h at 37C with a-ldscFvl, a-ldscFv2
or a-ldscFv3 at a concentration of @/ml. IgE Savasal = 2.8. Catching ELISA using recombinant Lj
coated at the same concentration was used as a con-

trol. Wells were blocked for 2h at 3T with PBS/5% Transformed bacteria (kjldscFv2, Lg4 and LjTT) and
BSA and incubated with either BSW17 (p@/ml), rab- wild type Lj were grown overnight in 50 ml medium con-
bit anti-human @4mim (10pg/ml) or rabbit antie-1d-B43 taining 10pg/ml chloramphenicol. Bacterial cells were har-

(1:1000) for 4h at 37C. Bound antibodies were detected vested by centrifugation at 3009 g for 15min at 4C,

by using HRP-conjugated sheep anti-mouse 1gG (Fc) or washed with 5ml TBS and recentrifuged. Finally, the bacte-
HRP-conjugated goat anti-rabbit IgG (Fc) antibodies incu- rial pellet was resuspended in 1 ml TBS/10% (v/v) PBS/2%
bated for 1.5h at 37C. Tetramethylbenzidine (3,5,5- FCS/0.05% Tween 20. Fifty microliters of this bacterial sus-
tetramethylbenzidine, Fluka, Buchs, Switzerland) was used pension (approximately 5 10 cells) were overlain on
as substrate. The absorbance was read after 5min at 450 nnCostar EIA/RIA half-well plates (Costar, Cambridge, MA)
on a Molecular Devices ELISA reader (Paul Bucher, Basel, coated with 5qQug/ml anti-human IgE BSW17 overnight at

Switzerland). 4°C. Unbound bacteria were washed off the wells using
PBS/0.1% Tween 20. Wells were then incubated with rabbit

2.6. Generation of Lj transformants expressing PrtB anti-PrtB antibodies diluted 1:2000 in PBS/2% FCS/0.05%

fusion proteins Tween 20 for 4 h at 37C. Bound antibodies were detected

using HRP-conjugated goat anti-rabbit IgG (Fc) antibodies.
Recombinant Lj expressing either a tetanus mimotope Tetramethylbenzidine (Fluka) was used as substrate. The ab-
(LjTT) or a Cedmim (Lje4), recognised by the monoclonal sorbance was read after 5 min at 450 nm on a Molecular De-
mouse anti-human IgE antibody BSW[9] have been de-  vices ELISA reader (Paul Bucher).
scribed elsewherf20]. Recombinant Lj expressing ai
IdscFv2-PrtB fusion protein (kj-ldscFv2) was produced by  2.9. Immunisation of mice
first subjecting DNA encoding-ldscFv2 to a PCR reaction

using primers containingvu andNhd restriction sites. Plas- Groups of five female BALB/c mice (8 weeks old) were
mid pMD112 was digested witRvu andNhd, gel purified immunised subcutaneously with8ve LjTT, Lj &4 or Lja-
and ligated to the PCR product encodiagdscFv2. Lig- IdscFv2 at days 0, 21 and 43. The bacterial suspension used

ated DNA was used to transform electrocompetent Lj and for the immunisation was mixed 1:2 with Al(OKl)For in-
transformants were plated on MRS plates containing chlo- tranasal immunization, three weekly doses of e LjTT,
ramphenicol (1Qug/ml). Clones were tested for the presence Lje4 or Lja-ldscFv2 were administered at days 0, 1 and 2 to
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three groups, each of five non-anaesthetized mice in a volume

of 12pl/mouse. Booster immunisations were given at days

21, 22,23 and 43, 44, 45. Sera were collected by retro-orbital
bleeding at days 52 (subcutaneous immunisations) and 56

(intranasal immunisations), respectiv§ly].

2.10. Evaluation of antibody responses

The antibody response was measured by ELISA. Costar

EIA/RIA half-well plates (Costar, Cambridge, MA) were
coated overnight at 37TC with either 1Q.g/ml human IgE
Savasal or 1Q.g/ml solublea-ldscFv2. Sera were tested at
dilutions of 1:50, 1:100 and 1:200 by incubation on the coated
wells at 37C for 4 h. Bound antibodies were detected us-
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Fig. 1. Detection of the anti-idiotypic scFv fragments by anti-human IgE
antibodies. Wells were coated withrldscFv1, a-ldscFv2, a-ldscFv3 or

ing HRP-conjugated sheep anti-mouse IgG (Fc) incubated yith hyman IgE Savasal at a concentration ofutml. Wells were subse-

for 1.5 h at 37C. Tetramethylbenzidine (Fluka) was used as

quently incubated with either 50g/ml of monoclonal mouse anti-human

substrate. The absorbance was read after 6 min at 450 nm orgE (BSW17, white bars), with a rabbit anti-humas4tnim serum (diluted

a Molecular Devices ELISA reader (Paul Bucher). Serum of

non-immunised mice were used as negative controls (back-

1:1000, grey bars) or a rabbit artid-B43 serum (BSW17-like, diluted
1:1000, black bars). Bound antibodies were detected by using either HRP-
conjugated sheep anti-mouse IgG (Fc) or HRP-conjugated goat anti-rabbit

ground) and subtracted from serum S'gnals- Absorbance Mantibodies. Bars represent mean valueS.0.) from three individual ex-

these samples was never higher than OD 0.1.

3. Results

3.1. Production of soluble anti-idiotypic scFv fragments
in E. coli XL-1 Blue

We have previously isolated an anti-idiotypic Fab (Fab
a-1d-B43), mimicking part of the third and fourth constant
domains of human IgEL3]. In order to develop a mucosal
anti-lgE vaccine, we expressed Feltd-B43 on the surface
of Lj. The binding site of Fala-1d-B43 was constructed as
a single chain fragment variable-{dscFv), because Gram-
positive bacteria lack an oxidative site, where heavy and light
chain of an Fab could assemble.

As the linker used for the construction of a scFv influ-
ences its correct foldingR4,25] three anti-idiotypic scFv

periments.

coating antigens in an ELISA. Human IgE was used as a
control and was analysed on the same ELISA plaig. 1
shows the recognition of the anti-idiotypic scFv fragments
by different antibodies reacting with human IgkeldscFv2,
a-ldscFv3 and the control IgE were well recognised by
the monoclonal anti-human IgE BSW17 and slightly recog-
nised by the rabbit anti-humare@mim serum, whereas the
recognition ofa-ldscFv1 was only minimal. In contrast, the
rabbit antie-1d-B43 serum (BSW17-like) only recognised
a-ldscFv2 and the control IgE, but natldscFvl anda-
IdscFv3. As the control IgE showed the same pattern of recog-
nition asa-ldscFv2, onlya-ldscFv2 was used in the further
experiments.

3.3. Transformation of lactic acid bacteria

fragments were tested using different linkers. Thus, annealed

overlapping oligonucleotides encoding the different linkers
for a-ldscFvl ((Gly-Serk-linker [22,23)), a-ldscFv2 -
turn-promoting linker[24]), or a-ldscFv3 (random linker
[25]) were used for assembly offvand . of a-1d-B43

in a PCR reactionTable J). In a subsequent PCR reaction,

For development of an oral vaccine usihgjohnsonii
(L)), the plasmid pMD112 was chosen as the expression
vector. This plasmid contains the entire structural gene of
the cell wall anchored proteinase (PrtB) framdelbrueckii
subspbulgaricus DNA encodinga-ldscFv2 was amplified

restriction sites were added and the final PCR products encod!n @ PCR using primers containirfgvu and Nhel restric-

ing the threex-ldscFv1, 2 and 3 were inserted into t8ad
andSpé restriction sites of pComb3His, which contains 6His

tags. The recombinant plasmids were transformed into elec-

trocompetenkE. coli XL-1 Blue. Soluble anti-idiotypic scFv
fragments were produced and isolated on a nickel affinity
column.

3.2. Screening for correctly folded anti-idiotypic scFv
fragments

Analysis of the isolated anti-idiotypic scFv fragments was
performed usingx-ldscFvl, a-ldscFv2 anda-ldscFv3 as

tion sites. The final PCR product coding f@fldscFv2 was
inserted at thé&lhd and Pvu restriction sites which are lo-
cated in the active site of PrtB. In addition, &4 mimotope
(Ced mim), an IgE decapeptid&0] and for control purposes
a tetanus toxin mimotope (TTmim), a peptide of 11 amino
acids derived from tetanus toxin were all cloned in the same
way asa-ldscFv2, as described recenfB0]. The resulting
plasmids pMD11&-ldscFv2, pMD1124 and pMD112TT
thus code for proteins inserted into the sequence of PrtB that
are expressed as fusion proteins on the bacterial cell surface.
Lj was transformed with the recombinant plasmids
pMD112x-ldscFv2, pMD1124 and pMD112TT {able 2.
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Table 2

Bacterial clones and designations

Clone designation Bacterial strain Plasmid used for transformation Peptide fused to PrtB Expressed fusién protein
Lj Lactobacillus johnsonii None None None

LjiTT Lactobacillus johnsonii pMD112TT TTmim TTmim-PrtB

Ljed Lactobacillus johnsonii pMD112:4 Cedmim Cedmim-PrtB

Lja-ldscFv2 Lactobacillus johnsonii pMD112x-ldscFv2 a-ldscFv2 a-ldscFv2-PrtB

2 Expression was monitored by Western blot and ELISA (see Se8tibig. 2 and[20]).

DNA was prepared from chloramphenicol resistant transfor-
mants and tested by PCR and sequencing analysis for the 250kDa=—

presence of the recombinant plasmids using primers specific - —
for the different peptides and the wild type proteinase PrtB 160kDa— -
(data not shown). : - X
_ | — > -
3.4. Expression of the recombinant PrtB fusion proteins > an -
in Lj —
75kDa=—
— -

The expression of tha-ldscFv2-PrtB fusion protein in
Lj was analysed by SDS—PAGE Western blot and ELISA.
Both Lje4 and LjTT were already shown to express recom-
binant PrtB fusion proteinf20] and were used as controls
in addition to wild type Lj.Fig. 2A demonstrates that-
IdscFv-PrtB fusion protein was substantially less expressed
than TTmim-PrB. This in contrast t&dmim-PrtB which has (A) 1 2 ® 1 2
been shown in a previous study to be expressed in a com-
parable amount as TTmim-PrtB. However, breakdown prod-
ucts with molecular weights between 90 and 210 kDa were
observed in either recombinant LjTT ord-ldscFv2 trans-
formants. On the Western blot, these bands showed reactiv-
ity with rabbit-anti PrtB serumKig. 2B), indicating that the
PrtB protein was expressed by the Lj bacteria and that these
bands correspond to full length (MW 190 kDa for LjTT and
212 kDa for Lp-ldscFv2) and to fragments of PrtB. As
IdscFv2is a conformational epitope, the bacterial clones were
tested for correctly folded-ldscFv2-PrtB fusion proteinin a
catching ELISA. BSW17 was coated onto ELISA plates and
was overlaid with either Lj, LjTT, L§4 or Lja-ldscFv2. Un- 0.0°%
bound bacteria were washed off the wells, and bound bacteria ©)
were detected using rabbit anti-PrtB antibodies. As shown in
Fig. 2C (third and fourth bar), only lg4 and Ljx-ldscFv2 Fig. 2. Recombinant expression@fdscFv2-PriB fusion protein in Lj. (A
bound to BSW17 coated on the solid phase, indicating that and B) Whole bacterial cell lysates from overnight cultures of LjTT (lane
a-ldscFv2 was expressed as a fusion protein with PrtB. Only 1) or Ljo-ldscFv2 (lane 2) were separated by SDS-PAGE 6% and stained

a marginal reactivity was observed with either wild type Lj with ‘Bio-Safe qumassje Stai_r! (A) or t_ransf_erred to pitrogellulose filters
. . and incubated with affinity purified rabbit anti-PrtB antibodies (B). Bound
or recombinant LjTT.

antibodies were detected with HRP-conjugated goat anti-rabbit 1I9G (Fc)
antibodies. The arrow indicates the height of full-lengtdscFv2-PrtB.
3.5. Subcutaneous immunisation of mice with (C) Wells were coated with BSW17 (anti-human IgE) at a concentration of
LjOL-IdSCFVZ 50g/ml and overlaid with 5< 107 wild type Lj (Lj wt), or recombinant
Lj bearing either a tetanus-derived mimotope (LjTT), an Ige4)derived
L . . . mimotope (Lg4) or a-ldscFv2 fused to PrtB (ly-ldscFv2). Unbound bac-
Sera of mice immunised subcutaneously with wild type teria were washed off and wells were incubated with affinity purified rabbit

and recombinarit. johnsoniibacteria were tested by ELISA  anti-PrtB antibodies. Bound antibodies were detected with HRP-conjugated
52 days after the firstimmunisation using soluitdscFv2 goat anti-rabbit IgG (Fc) antibodies. Bars represent mean vati8sX,)
(Fig. 3A) or human myeloma IgE (“Savazal”) on the solid from three individual experiments.
phase Fig. 3B). Fig. 3A shows that different dilutions of
sera of mice immunised with kjldscFv2 recognise soluble
a-ldscFv2. Weaker reactivities to solubieldscFv2 were

e
1

o
&
1

o
w
1

Sandwich ELISA (OD 450nm)
o
1)

e
o
.

Lj wt Ljed Ljo-ldscFv2
Bacterlal Overlay
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Fig. 3. Binding specificities of serum IgG from mice subcutaneously im-
munised with Lix-ldscFv2, Lg4, or LjTT. Wells were coated with either
10g/ml solublea-ldscFv2 produced iEscherichia coliXL-1 Blue (A)

or with human IgE Savasal at a concentration of.ydml (B). Wells were
incubated with different dilutions of sera collected from mice immunised
subcutaneously with either &jldscFv2 (triangles), g4 (squares) or LjTT

(circles). Bound antibodies were detected using HRP-conjugated sheep-anti-

mouse IgG (Fc) antibodies. Values represent mean vati8dy.) for five
mice. In (A) values obtained with the three dilutions (1:50, 1:100, 1:200)
of sera of mice immunized with either &jldscFv2 ¢ < 0.01) or L4 (p

< 0.01) are significantly higher than those obtained with LjTT. In (B) only
the value obtained with one dilution (1:50) of sera of mice immunised with
Lja-ldscFv2 p < 0.01) is significantly higher than that obtained with LjTT.

also observed with sera of mice immunised either witdL |
or with the control strain LjTT. According to the Student’s

1131

IgE was induced only upon immunisation of mice withuL |
ldscFv2.

3.6. Intranasal immunisation of mice withd-jdscFv2
Sera of mice immunised intranasally with wild type and
recombinant. johnsoniibacteria were tested by ELISA 52

days after the first immunisation using solulelddscFv2

0.6

o e o o
N w EN o
. . . .

Specific Serum IgG (OD 450nm)
o

o
=)

1:50 1:100

Serum Dilution

1:200

=

o
o

o o 1N o
N w IS o
\ . . .

Specific Serum IgG (OD 450nm)
I

o
=)

1:50 1:100

Serum Dilution

1:200
(B)

Fig. 4. Binding specificities of serum IgG from mice intranasally immunised
with Lja-ldscFv2, Lg4, or LjTT. Wells were coated with either 1@/ml
solublea-ldscFv2 produced iescherichia coliXL-1 Blue (A) or with hu-
man IgE Savasal at a concentration ofudfml (B). Wells were incubated

t-test the reactivities observed with sera of mice immunised Wwith different dilutions of sera collected from mice immunised intranasally

with either Lja-ldscFv2 or Lg4 were significantly different
from the ones observed with sera of mice immunised with

with either Ljx-ldscFv2 (triangles), g4 (squares) or LjTT (circles). Bound
antibodies were detected using HRP-conjugated sheep-anti-mouse IgG (Fc)
antibodies. Values represent mean valueS.0.) for five mice. In (A) val-

LiTT. These results indicate that a specific response was in-yes obtained with two dilutions (1:50 and 1:100) of sera of mice immunized

duced against-ldscFv2 after immunisation with eitherd;j
IdscFv2 or Lg4. As shown inFig. 3B only sera of mice
immunised with Lix-ldscFv2 react with human IgE. The re-
activity observed with the sera of mice immunised with4 j

with Lja-ldscFv2 p < 0.01 for 1:50 ang < 0.05 for 1:100) and with one
dilution (1:50) of sera of mice immunized with ¢4 (p < 0.05) are signif-
icantly higher than those obtained with LjTT. In (B) values obtained with
the three dilutions (1:50, 1:100 and 1:200) of sera immunized with either
Lja-ldscFv2 p < 0.01 for 1:50 and 1:100 ari< 0.05 for 1:200) or L§4

was not statistically different from that obtained using sera of (p < 0.01 for dilutions 1:50, 1:100 and 1:200) are significantly higher than

mice immunised with LjTT. Thus, a specific reaction against

those obtained with LjTT.
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(Fig. 4A) or human IgE Savazal on the solid phaBay( 4B). anti-Ce4 serum was made against a linear peptide of nine
As shown inFig. 4A solublea-ldscFv2 reacts with sera of amino acids which carries a different conformational struc-
mice immunised intranasally with &fldscFv2 but alsotoa  ture compared to the to the full-length native IgE molecule.
lesser extentto sera of mice immunised with eithedlgr the This conformational difference might prevent the translation
control strain LjTT. Based on the Studertt¥st, only seraof  of anti-peptide reactivity into specific recognition of native
mice immunised with either kj-ldscFv2 or Lg4 showed a IgE.

specific reaction to soluble-IdscFv2. Lp-ldscFv2 induced This is the first report of engineering gram-positive bac-
a stronger specific antibody responseittiiscFv2 than Lg4 teria to express an anti-idiotypic scky-({dscFv2) that can
as shown by serial dilution of the serum. In contr&é, 4B be used for active immunisation. Other recent reports have

shows that human IgE was better recognised by sera of micealso described the use of Gram-positive bacteria as carriers
immunised with L§4 than with Lix-ldscFv2 indicating that ~ for the expression of scFv proteins. Gunneriusson ¢83].
intranasally Lg4 induced a stronger anti-IgE response than have reported the use 8faphylococdio surface display scFv
Lja-ldscFv2. Sera of mice immunised with the control strain antibodies in order to develop a whole-cell diagnostic device
LjTT also reacted weakly with human IgE but according to and for using as an alternative to filamentous phages in scFv
a Student'st-test reactivities to IgE were specific for sera libraries[32]. More recentlyLactobacillus zeagroducing
immunised with either lg-ldscFv2 or Lg4. scFv antibodies, recognising the streptococcal antigen /11
were used to deliver passive immunityStreptococcus mu-
tansin a rat model of caries developmdB8]. However, in

4. Discussion contrast to these studies we were interested to use the recom-
binant Lj for active immunisation.
We have previously described the usd_ofohnsoniias a Both recombinant bacterial clones {-jdscFv2 and

mucosal vaccine delivery vehicle. The cell surface proteinaseLje4) induced after subcutaneous or intranasal immunisation
PrtB isolated froni. delbrueckiisubspbulgaricuswas used a specific anti-IgE response. However, the magnitude of the
as amodel antigen as our previous studies had shown that PrtEanti-IgE response was strongly influenced by the route of im-
was immunogenic after intragastric delivery of recombinant munisation and depended on the recombinant bacterial clone
Lj [20]. Inthis study, Ljwas engineered to express PrtB linked used. Thus, both recombinant bacterial clonea-ldscFv2
to either an anti-idiotypic single chain fragment varialkle ( and Lje4) were first tried by feeding mice intragastrically. In
IdscFv2), or a €4 mimotope (@4 mim). Both the G4mim that case, an antibody response was induced against Lj but
and the binding site of-ldscFv2 were recognised by the only low antibody titers against scFv and suggesting that
protective monoclonal anti-IgE antibody, BSW17 and were both proteins fragments were weakly immunogenic via the
able to induce a systemic anti-human IgE antibody responseoral route. In this study, upon subcutaneous immunisation, the
after subcutaneous and intranasal immunisation. a-ldscFv2 expressing clone (&jldscFv2) induced a higher
The original antibody providing the starting point for the anti-lgE immune response than thedtnim expressing clone
a-ldscFv2 was our previously isolated anti-idiotypic Fab (Lje4) indicating that thex-ldscFv2 is more immunogenic
(Fab a-1d-B43) which mimics the epitope on human IgE than the small € mim. However, after intranasal immuni-
recognised by BSW1[13]. Additionally, parenteral immu-  sation the opposite was the case. This is consistent with the
nisation of rabbits using Fab-ld-B43 was shown to in-  data obtained by oral delivery of phage particles express-
duce high-affinity antibodies with the same characteristics ing the same antigeri84]. In this study, G4mim express-
as BSW17. In order to target an antibody molecule onto the ing M13 bacteriophages also induced a higher anti-IgE titer
surface of Lj, the binding site of Fatk-1d-B43 was con- than Faba-1d-B43 expressing phages. These results might
structed as a single chain fragment varialklddscFv), be- be explained by the more complex conformational structure
cause Gram-positive bacteria lack an oxidative site, where of the anti-idiotypic antibody fragments in comparison to
heavy and light chain of an Fab could assemble. However, the Ge4 mim. Correctly folded anti-idiotypic antibodies are
there are many examples in the literature describing scFv'stherefore more dependent on the route ofimmunisation where
which were unstable or showed suboptimal binding proper- different conditions prevail. The nasal route of immunisation
ties[27-29] In addition, it is also known, that the nature of is thought to be especially restrictive for antibody structures,
the linker may have an influence on the correct folding of as the nasal cavity is known to harbour proteases specific for
a scFv[30,31] Thus, three different linkers were tested for antibody structure§35]. Such proteases, produced by res-
optimal assembly of the variable heavy and light chain re- ident aerobic bacterig86], might lead to the digestion of
gions of Faba-1d-B43. The linker ofa-ldscFv2, bearing a  «-ldscFv2. Thus, Poethke et 487] have shown the pres-
B-turn motif on both end$24], proved to be the most ap- ence in various human secretions such as the nasal mucus
propriate for cloning the anti-idiotypic scFv into PrtB as it of a proteolytic enzyme which reacts with the Fab portion
was the only scFv recognised by both BSW17 and the rabbit of immunoglobulin G and inhibits the binding of IgG to its
anti- Faba-1d-B43 (BSW17-like) antibodies. Interestingly, antigen.
IgE Savazal only weakly reacted with the rabbit anti-human  Our results show the induction of an anti-IgE response af-
Cedmim serum. This might be explained by the fact that ter intranasal immunisation with recombinant Lj, expressing
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IgE epitopes. The question remains however, whether thesg13] Vogel M, Miescher S, Kuhn S, Zurcher AW, Stadler MB, Ruf C, et
antibodies are protective and result in reduction of allergic al. Mimicry of human IgE epitopes by anti-idiotypic antibodies. J
symptoms in atopic patients. Immunisation of monkeys using _ . Mol Biol 2000;298:729-35.

. [14] Kricek F, Ruf C, Rudolf MP, Effenberger F, Mayer P, Stadler BM.
soluble G:4mim or Fabu-Id-B43 have shown that both IgE IgE-related peptide mimotopes. Basic structures for anti-allergy vac-

epitopes behaved as surrogate antigens and induced an anti-  ¢ine development. Int Arch Allergy Immunol 1999;118:222—3.
IgE response able to inhibit an in vivo passive cutaneous ana-{15] Zegers ND, Kluter E, van Der Stap H, van Dura E, van Dalen
phylaxis tes{38]. Thus, it can also be expected that recom- P, Shaw M, et al. Expression of the protective antigerBatillus

binant Lj bearing the same antigens on their surface would anthracisby Lactobacillus caseitowards the development of an oral
vaccine against anthrax. J Appl Microbiol 1999;87:309-14.

induce a qualitatively similar anti-IgE immune response pre- [16] Grangette C, Muller-Alouf H, Goudercourt D, Geoffroy MC, Turneer

venting binding of IgE to the FRI, and consequently inhibit M, Mercenier A. Mucosal immune responses and protection against
the sensitisation of the effector cells implicated in allergic tetanus toxin after intranasal immunization with recombirlzatto-
disease. bacillus plantarum Infect Immun 2001;69:1547-53.

[17] Shaw DM, Gaerthe B, Leer RJ, Van Der Stap JG, Smittenaar C,
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activated draining cervical lymph nodes following mucosal applica-
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