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Abstract

Background: The role of anti-idiotypic antibodies in allergic disease is still poorly understood. According to Jerne, anti-idiotypic antibodies to IgE
should represent internal images of an allergen. Our aim was to ultimately prove whether this hypothesis holds true in allergy. Here, we desc
the selection of anti-idiotypic antibodies against Phl p 5a-specific IgE directly from the B-cell repertoire of a grass pollen allergic individual.
Methods: Taking Phleum pratense grass pollen allergen Pp 5 as amodel, we selected anti-idiotypic antibodies against allergen-specific IgE
directly from the B-cell repertoire of an allergic individual. We screened a combinatorial phage display library of human monovalent antiboc
heavy and light chain fragments (Fabs) with anti-Phl p 5a-IgE to identify and characterize Fabs with anti-idiotypic specificity.

Results: Five different Fab clones with anti-idiotypic specificity for anti-Phl p 5a-IgE were identified. Their hypervariable regions revealed partia
sequence homology with solvent accessible antigenic sites of Phl p 5a, which have been identified by our previous mimotope approach. Phag
DNA derived from the phage clones was used to produce two soluble recombinant anti-idiotypic Fab clanesiimrAs a proof of molecular
mimicry, both Fabs induced anti-Phl p 5a-specific antibodies in immunized BALB/c mice. Molecular modeling of the heavy and light chail
hypervariable loops of the anti-idiotypic Fabs illustrated structural similarity with dominant IgE epitopes of Phl p 5a.

Conclusion: In this straightforward phage technology approach, antibodies with anti-idiotypic specificities could be isolated from a huma
allergic’s repertoire. As predicted by the immune network hypothesis, their hypervariable domains mimic IgE epitopes like internal images ar
more importantly, induce allergen-specific immune responses in the absence of the allergen.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction the original antigen (Ab2). Moreover, upon immunizations with
anti-lds, anti-anti-lds may be generated (Ab3), again directed
In his immune network theorylerne (1974proposed that towards the initial antigen and possibly potentiating protective
the immune system responds to a given antigen besides tlimmune responses\{sonoff and Lamoyi, 1981; Roitt et al.,
production of antibodies (Abl) with the appearance of anti-1981). Since then, several models of immune networks have
idiotypic antibodies (anti-lds) presenting “internal images” of been proposed, and it has been shown experimentally that
immunologic memory can be maintained by idiotypic network
- interaction {Meisbuch et al., 1990
Abbreviations: anti-ld, anti-idiotypic antibody; IgE, immunoglobulin E; Phl Also in the field of allergy, the relevance of anti-lds to

P 5a,Phieum pratense allergen 5a; WT, wild-type allergen-specific human IgE has been demonstrated early by in
* Corresponding author. Tel.: +43 1 40400 5104; fax: +43 1 40400 5130. itro downreaulation of specific IaE using “anti-laE Id” purified
E-mail address: erika.jensen-jarolim@meduniwien.ac.at vi wnreguiati specinc IgE using I-19 purm
(E. Jensen-Jarolim). from human seraMalley and Dresser, 1982, 1983Viore-
URL: http:/iwww.allergology.at. over, the induction of natural anti-lds was observed in patients
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successfully treated with allergen immunotherapgn(ir and  2.5% BSA for 2 h at room temperature. Wells were washed 10
Pick, 1988 and may explain the inhibition of allergen—IgE times with PBS, 0.1% Tween-20, and 10 times with PBS. Bound
interaction after grass pollen immunotheraBinjon, 2004; phages were eluted with acidic buffer (0.1 M glycine, pH 2.2)
Wachholz et al., 2003It can be speculated that anti-lds directed or competitively, using 1Q.g/ml recombinant Phl p 5a in PBS,
against IgE B-cell receptor could regulate allergen-specific B2.5% BSA. Eluted phages were used for infection of logarith-
lymphocytes as the degree of crosslinking may be decisive famic E. coli XL-1Blue under coinfection with 1% pfu of helper
their activation Echll et al., 2005 or, on the other hand, apop- phage VCSM13 (Stratagene, La Jolla, CA) and were precipi-
tosis Mouhamad et al., 2004The involvement of anti-lds in tated from supernatants with 2.5% polyethylene glycol 8000,
basophil mediator release has not been clarified so far, probab0:4 M NacCl.
due to methodological difficulties when using purified antibod-
ies Weyer et al., 1995; Wheeler et al., 19900 circumvent  2.3. Characterization of IgE-reactive Fab phage clones
this chimeric monoclonals Abl and Ab2 were created recently
from murine templates, representing surrogates for investigating After the third panning round, 100 colonies of each elution
the idiotypic—anti-idiotypic interaction between Der p 1-specificmethod were randomly chosen and grown in g@b8B-medium
IgE and its Ab2 on a molecular basitado etal., 2000, 2002 in microtiter plates overnight. Phage containing supernatants
In this study we aimed to generate anti-lds by selecting thervere used directly for specificity ELISA on plates coated with
directly from a human antibody repertoire with allergen-specificPhl p 5a-IgE (0.00p.g/ml in NaHCQ-buffer, pH 9.6). After
IgE. The library used was derived from a grass pollen sensitizediashing and blocking phage supernatants were added in dupli-
individual (Vogel et al., 1994 The timothy grass allergen Phl p cates to wells at 4C overnight. Bound phages were detected
5 was considered a good model as it is an important and highlwith HRP-labeled mouse anti-M13 mAb (Amersham Pharma-
crossreactive major allergen. It binds IgE with outstanding affincia, Uppsala, Sweden). Washing and developing was done as
ity, being likely a reason for the great clinical significance of thisdescribed beforayers et al., 200D Phages giving OD values
allergen Hantusch et al., 2005In a previous study this journal above the mean + 3S.D. of the background control were consid-
we reported the localization of the IgE epitopes of isoallergerered to be specifically reactive with capturing IgE. Specificity
Phl p 5a by means of mimotopes (epitope-mimics) selected frorELISAs of reactive phage clones compared to WT phage were
a phage display libraryHantusch et al., 2004In this study, we  essentially performed as described above, adjusting phage titers
investigated whether anti-lds could truly mimic these IgE epi-to 2 x 10 cfu/ml and testing on Phl p 5a-specific IgE or control

topes like internal images. IgEs PS- and SUS11 in serial dilutions.
2. Methods 2.4. Fab sequence analysis and alignments with Phl p 5a
2.1. IgE antibodies Phagemid double-stranded DNA was purified from bacterial

cells (Biorad, Hercules, CA) and subjected to sequencing

Human polyclonal IgE specific for Phl p 5a and Cyp ¢ 1on an automated LI-COR 4000L DNA sequencer (LI-COR,
(carp parvalbumin) were purified from sera of grass pollen otincoln, NE), applying the Sanger dideoxy nucleotide method
fish allergic patients by affinity chromatography on recombi-(SequiTherm Excelll DNA Sequencing Kit-LC, Epicentre,
nantallergens (Biomay, Vienna, Austria) as described previousliMadison, WI). Primers Hfwd: 'sggattgttattactcgctgccc-3
(Hantusch et al., 2005Human myeloma IgE PS (a kind gift and CHyl: 5-cgctgtgcccccagaggt-3were used for the
from Drs. T. Ishizaka and K. Ishizaka, La Jolla, CA) and humanheavy chains, and Lfwd: 'fytggaattgtgagcggataa&-3Ch.:
monoclonal IgE SUS11Zurcher et al., 1996were used for 5'-gagacacaccagtgtggé-and Gc: 5'-cacaacagaggcagttce-3
control. IgE amounts were determined with the UniCAP Sys{MWG-biotech, Ebersberg, Germany) for the light chains.

tem (Pharmacia, Uppsala, Sweden). Comparison of derived amino acid sequences with germline

sequences was performed with the IgBLAST database of NCBI.
2.2. Panning of human immune Fab library with anti-Phl p Sequences for the heavy and light chains were deposited in
Sa-IgE GenBank. Sequence-comparisons of the CDR regions with Phl

p 5a (Gl: 1171011) were done by the alignment algorithm of
The combinatorial Fab-library “LB” was used for screen- Vector NTI Suite (InforMax Inc., Frederick, MD), which uses

ing with Phl p 5a-specific IgE. In this library, IgG heavy and a modified Clustal W algorithm to create multiple sequence
light chain PCR products derived from mRNA of PBMCs of a alignments Thompson et al., 1994
grass pollen allergic donor have been inserted int&tad/ Spel-
andSacl/Xbal-sites of phagemid vector pCombBdrbas etal., 2.5. Purification of soluble Fab fragments from E. coli
1991; Vogel et al., 1994 Three rounds of biopanning were per- periplasm
formed essentially as described befokeither et al., 1998
Briefly, anti-Phl p 5a-IgE was coated at a concentration of pComb3 phagemid DNA was digested wiipel andNhel to
0.05pg/ml on microtiter plates (Maxisorp, Nunc, Roskilde, remove the phage gene lll sequenBarpas et al., 1991 The
Denmark). After blocking and washing, wells were incubatedDNA was religated and transformed into competent XIE:1
with 20l library LB (1.08 x 10'%cfu) diluted in 28Qul PBS,  coli cells. Positive transformants were grown in SB containing
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50pg/ml carbenicillin until OBp=0.2. IPTG was added to interface and examined for unfavorable van der Waals overlaps
1mM final concentration and induction continued at°@7 and side chain intersections, which were removed by minimal
for 3h. Bacterial pellets were resuspended with Tris—bufferotation around side chain torsion angles. Resulting models
(20mM Tris, pH 8.0, 1mM EDTA), 0.ug/ml lysozyme and were converted to XYZ format using the TINKER implemented
were French-pressed, applying 1000-1500psi. The lysate8PLSAA force field parameter set. An energy minimization
were centrifuged, supernatants were diluted 1:10 with PBSvas performed to a RMS of 10 using the MINIMIZE function
and transferred directly onto an anti-Fab antibody coupleaf TINKER. Then, a short rigid body molecular dynamics was
(Accurate Chemical, Westbury, NY) CNBr-Sepharose affinityapplied to the models to relax the interface side chains, followed
column (Amersham-Pharmacia, Uppsala, Sweden). Bounby a further energy minimization to a RMS gradient of 1. All
Fabs were eluted with 3M KSCN, pH 7 and tested in Westerrcalculations were done in vacuo. The quality of the models
blotting using a HRP-conjugated goat anti-human F{ab)was evaluated manually and with a variety of computational

antibody (Accurate Chemical, Westbury, NY, USA). techniques in the WHATCHECK validation packageHooft
et al.,, 1999. The C-terminal half of Phl p 5a was modeled
2.6. Mouse immunizations as described previoushH@ntusch et al., 20Q4based on the

crystallographic structure of Phl p 5WR#jashankar et al.,

Mouse studies were performed according to European Con2002.
munity Rules of Animal CareWaldegrave, 1986with permis-
sion 66009/117-Pr/4/00 of the Austrian Ministry of Science.3. Results
Three-month-old BALB/c mice (Charles River, Sulzfeld, Ger-
many) @ =5 per group) were immunized intraperitoneally with 3.1. Selection of human Fab Abs against Phl p 5a-specific
rPhl p 5a (41g/100l 0.9% NacCl per dose) and with affinity- IgE
purified Fab fragments C29 and E39 (P.g/100p.| per dose)
adsorbed to 501 AI(OH) 3 on days 0, 14 and 28. Blood samples  Affinity-purified human polyclonal Phl p 5a-specific IgE
were taken from the tail vein on days 7, 21 and 35. Antibodywas used to select ligands from a combinatorial M13 phage
titers against Phl p 5a, B& 1 (Biomay) and Dep 1 (akind library displaying Fab fragments at the N-terminus of surface
gift by Prof. Jean-Marie Saint-Remy, University of Leuven, Bel- protein plll (Leitner et al., 1998 After three rounds of pan-
gium)were determined in ELIS/AScHdll etal., 2003. Statistical  ning, a 300-fold enrichment of Phl p 5a-IgE specific phage
significance of the results was calculated by Studestést. Dif-  titers was observed when ligands were eluted by low pH, while

ferences of) < 0.05 were considered significant. with the competitive method an even 8000-fold enrichment
was observedl@able J). Biopannings with parvalbumin-specific

2.7. Molecular modeling of variable Fab heavy and light IgE did not achieve phage selections from this library obvi-

chains ously due to its bias towards grass pollen specificity (data not
shown).

The Swiss-PdbViewer program suite Gyex and

Peitsch, 199y and TINKER molecular modeling package 3.2. Phage clones display anti-idiotypic Fabs
(http://www.dasher.wustl.edu/tinkénvere used for compara-

tive modeling of C29 and E39 Fab heterodimers. Homologous Ten highly reactive phage clones from both elution methods
molecules deposited in the Brookhaven Protein Data Bankf the third selection round were analyzed further in terms of
(Bernstein et al.,, 19%7were aligned with C29 and E39 specificity and binding strength towards IgE in capturing ELISA.
and submitted to ProModll for model building. The models Five of them (A23, B36, C29, D32, E39) reacted strongly with
were structurally aligned with the GAbackbone of a Fab Phl p 5a-IgE and less or not with the control IgEs. Three of the
heterodimer model origin to obtain an approximate contactlones derived from the acidic (A23, B36, E39), and two from

Table 1
Enrichment of Fab-clones from the LB-library in three panning rounds
Elution method Round Phage inpcfu/ml) Phage outp8it(cfu/ml) Ratio (output/input) Phage enrichm&nt
Acidic 1 1.0x 101 40x 10° 4.0x10°®
2 1.5x 101 2.0x 10° 1.3x10°° 3
3 5.0x 10° 7.0x 10° 1.4% 1073 108
324
Competitive 1 1.0¢ 101 3.0x 10* 3.0x 1077
2 5.0x 10° 1.0x 10° 2.0x10°° 67
3 2.0x 10° 5.0x 10° 25x 1073 125
8375

@ Phage input means the titer of the phage amplificate applied in the respective panning round.
b Phage output denominates the titer of the phage eluate of the respective panning round.
¢ The phage enrichment is calculated as the multiplier of the output/input ratio from one round to the next.
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1.6 1 & Phip Sa-leE 3.4. Alignments of Fab CDRs with the primary sequence of
1.4 4 @ SUSI-IgE Phlp 5a
g 124 0O PS-1gE
£ 10 Fab CDR sequences were compared separately with the linear
= sequence of Phl p 5a by using a modified Clustal W algorithm.
§ 064 CDR residues aligned to, or were in close vicinity of the IgE epi-
2 041 topes of Phlp 5a previously identified by our mimotope approach
- (Fig. 2) (Hantusch et al., 2004High score alignments could
il mainly be detected in the C-terminal half of Phl p 5a, preferen-
A23  B36 €29 D32 E39 WT tially with the IgE epitope 3 and with the alanine-rich C-terminus
(A) Clone number of the molecule containing IgE epitope 4. Matches were pref-

erentially found within the CDR2 and CDR1 or CDRS3 regions

of the heavy and light chains, respectively. No similarities were
observed with CDR2 of light chains. VH-CDR3 of Fab C29

revealed 43% identity and 21% similarity with aa 201-214 of
Phl p 5a. VL-CDR3 of Fab E39 showed 33% identity versus
44% similarity with Phl p 5a aa 193-201. In the same region,
VH-CDR2 of Fab A23 matched with 38% identity and 38% sim-

ilarity. An additional alignment spot with the CDRs of the heavy

and light chains of B36 was detected in a loop region of Phl p
5a comprising aa 222-235.

OD (405-490) nm

3.5. Recombinant production of anti-idiotypic Fabs C29
and E39

05 0.2 0.1 0.01 0.001 Because of their high-score homologies with an epitopic
(B) Phage dilution region of Phl p 5a and because they resembled the two Fabs

Fig. 1. Fab clones bind specifically to Phl p 5a-specific IgE, but not control IgE.mOSt dIStantly related concerning their VH a”‘?' VL genes,’ F:ques
(A) Individual phage clones (2 10™ cfu/ml) were added to wells coated with C29 and E39 were chosen for fu_rth_er an_aIySIS: The purification
Phl p 5a-specific IgE or with the control isotypes SUS11- and PS-IgE. Boundf Fab fragments from phagemid libraries using the pComb3
phages were detected with a HRP-labeled mouse monoclonal anti-M13 Ab. (B)ector, which allows the export of recombinant fragments to
Dose-dependent titration of phage clones. ELISA plates coated with Phl p Sathe periplasm has been described in several repBetEb(as et
specific IgE were incubated with serial dilutions of the five phage clones startin%ll o . . . .

. ) ., 1991; Siegel and Silberstein, 1994 he integrity of Fab
at an equipotent titer of 2 10* cfu/ml of all clones. ! v . - 1" o .

fragments in the periplasmic and affinity purified fractions were

determined by SDS-PAGE and Western bleig( 3). The pro-

the competitive elution method (C29, D32). Among them, C29j,,ction yields of Fabs varied between 15 and.80Fab/l of
and E39 showed the highest binding capacity, and clone E39 1 re.

the highest specificity for Phl p 5a-IgE in comparison with WT
phage Eig. ). 3.6. Fabs C29 and E39 induce Phl p 5a-specific Ab

responses
3.3. Sequence analysis of anti-idiotypic Fabs
Fabs C29 and E39 were tested for their ability to induce anti-

Phagemid DNA of the five Phl p 5a-IgE specific phage cloneshl p 5a antibodies (Ab3). BALB/c mice immunized with Fabs
was sequenced and the Fab amino acids and nearest germli@29 and E39 formed significant levels of IgG that bound specif-
sequences were determindélle ). The Fab sequences have ically to Phl p 5a, but not to the unrelated control allergens Bet
been depositedin GenBank under accession numbers AY950789 and Der p 1Fig. 4). Compared to immunizations with rPhl
until AY950798. For the heavy chain genes, usage of the largp 5a, the response was relatively weaker, but equally specific.
VH3 and VH4 gene families was observed. Four clones useds expected from the initial experiments, highest Ab titers were
the VH4-39 gene, with mutations accumulating in FR1, CDR2achieved with clone E39, which obviously had the best speci-
and FR3. The fifth clone (C29) exhibited a VH3-53 sequencdicity and mimicry potential.
with few mutations in FR1, CDR2 and FR3. Concerning the
light chain genes, four clones (A23, C29, D32, E39) displayed.7. Fab clones C29 and E39 image IgE epitopes of Phl p
\-chains, whereas one clone (B36) possessedlaain. Three 5a
clones (A23, D32, E39) had aN gene, but derived from
different germlines, namely 1-&9and 1-1%. Again, clone To visualize the anti-idiotypic interface responsible for the
C29 diverged from the other four clones by usage of 8V observed biological mimicry, we applied computational molec-
gene. ular modeling of anti-lds C29 and E39. These structural models
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Table 2
Deduced amino acid sequences ¢f &d \{ genes of phage clones selected with Phl p 5a-specific IgE from the LB Fab library

Heavy Chains

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

VH4-39 QLQLOESGPGLVKPSETLSLTCTVSGGSIS SSSYYWG WIRQPPGKGLEWIG  SIYYSGSTYYNPSLKS RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR QADNWFDP WGQGTLVTVSS
A23 B K-—mmmmmmmm o L N-=-N-N--==8==== ———-————c N----= N-Q--====-= M-—=—=

B36 ~VK-L-========= O D--- -V--N-N-------Q- -L-M-A------L--S-Q--

D32 ~VK-L-=-QR-=========—~ S---A--R ----D---H-DSW-RN -L---L---Q-HM--T-T--

E39 -VK-T----R-----K----K-F---A--R —==-D==-H-D§=-RN  =L==-T===Q-HT==T-T-=======—==———  —————e —oo
VH3-53 EVQLVESGGGLIQPGGSLRL-SCAASGFTVS ~ SNYMS WVRQAPGKGLEWVS ~ VIYSGGSTYYADSVKG RFTISRDNSXNTLYLOMNSLRAEDTAVYYCAR WGQGTLVTVSS
€29 Q-=-L==V==mmmm—m———— L-——-—- LS-=  ===-N  —mmmmmmmmm AL----N----—--- I SF--——- P------ R DGGTGDRWESWFDP ~ ——-—-==—=——

Light Chains

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4

V1-19 A VLTQPPSVSAAPGQKVTISC SGSSSNIGNNYVS WYQQLPGTAPKLLIY DNNKRPS GIPDRFSGSXSGTSATLGITGLQTGDEADYYC  GTWDSSLSAG  FGGGTKLTVL
a23 SVmmmmmmmmmmmmmmmom oo §---=  —————- E---———-- e e G-——-—- Ammmmmmm o -S--G--N-WV —----- V-
02 x  QMIQSPSSLSASVGDRVTITC ~ RASQSISSYLN WYQQKPGKAPKLLIY AASSLQS GVPSRFSGSGSGIDFTLTISSLQPEDFATYYC — QQSYSSRP FGGGTKVEIK
B36 R e o mmmmmem o Tommmm oo m oo IT  ---—--L-R-
V3-2 A QTVVTQEPSLTVSPGGTVTLTC ASSTGAVTSGYYPN  WFQQKPGQAPRALIY  STSNKHS WTPARFSGSLLGGKAALTLSGVQPEDEAEYYC — LLYYGGAQ FGGGTKLTVL
c29 R R A T-T--  ——mmmmmmm oo SA-T---  —mmmmmm————- D-————mmmmmmmm T--- ————— WV —mmmmmmm-
V1-17 A QSVLTQPPSASGTPGQRVTISC SNNQRPS ~ GVPDRFSGSKSGTSASLATSGLRSEDEADYYC ~ AAWDDSLSGP  FGGGTKLTVL
D32/E39 .. =Voooooommmoommmmoom mommmmoooooo oo = Remmmmm  mmmmm oo oo — A ————————

FR, framework region; CDR, complementary determining region. The most upper sequences in bold are given for comparison and represent therdeduced a
acid sequence of the closest published germline gene sequence. Dashes indicate identities with germline gene sequence. Heavy chains:aménfirsicidsee
(QVQ) are determined by the vector sequence of pComb3. Sequence data are available from GenBank under accession numbers AY950789, AY950391, AY95(
AY950795, AY950797 for the heavy chains, and AY950790, AY950792, AY950794, AY950796, AY950798 for the light chains, respectively.

allowed a direct comparison of the anti-lds C29 and E39 with thelosed patch located in the central part of the binding groove
Phl p 5a-IgE epitopesg. 5. Regions of homology between (Fig. 5B).

anti-ld and allergen are given in yellow, blue and red. The lin-

ear alignments of C29 with Phl p 5&i§. 2) had indicated that 4. Discussion

VH-CDR3 exhibited a high homology with IgE epitope 3 of

the allergen, and VL-CDR1 with IgE epitope 4. The models in  Only recently, murine antibodies with De 1 specificity were
Fig. 5A show that these two regions are located in the bindingranslated into chimeric variants, representing excellent tools for
groove of C29 Fig. 5A). For E39, VH-CDR2 and VL-CDR3, analyzing the molecular interface between Abl and Ab 2 at a
which had aligned with IgE epitope 3 of Phl p 5a, form onemolecular level Furtado et al., 2002 However, the mimicry

Fab clone/allergen/IgE-epitope CDR
c29 SALYSGGNTYYADSVK VH CDR2
Phl p 5a ADLGYGPATPAAPAAGYTPATPAAPAEAAPAGKATTEEQKLIEKINAGFKAALAAAAGVQPADKYRTFVATFGAASNKA

IgE-epitope epitope 1 epitope 2

ruler 1==——=—==== 10-=======~— 20==——==—=== 30-——=———=-== 40————=———== 50==——=———== 60— ——==————— 70====—==== 79

B36 ASQ-SISSYL VL CDR1
Phl p 5a FAEGLSGEPKGAAESSSKAALTSKLDAAYKLAYKTAEGATPEAKYDAYVATLSEALRITIAGTLEVHAVKPAAEEVKVIP

IgE-epitope epitope 1

ruler 80— —=———=——=—~— 90————————— 100-————=—=--— 110-————=——— 120-————=———— 130———————-— 140————————— 150————=—— 158

A23 YNSSILK-S VH CDR2
E39(=D32) /B36 AAWDDSLSG QSYSSRPLT VL CDR3/3
E39/C29 DGSTHYDSS GGTGDRWESW-FDP VH CDR2/3
Phl p 5a AGELQVIEKVDAAFKVAATAANAAPANDKFTVFEAAFNDATIKASTGGAYESYKFIPALEAAVKQAYAATVATAPEVKYT

IgE-epitope epitope 3

ruler 159=——=——=—=—— 170———=—=——~— 180————————— 190-——————=— 200———=——=—=-— 210————————— 220————————— 230—————-— 237

C29/A23 ASSTGAVTSTYT GSWDGSLNA VL CDR1/3
Phl p 5a VFETALKKAITAMSEAQKAAKPAAAATATATAAVGAATGAATAATGGYKV

IgE-epitope epitope 4

ruler 23— —————————— 250————————— 260————————— 270———————=— 280—————— 287

Fig. 2. Homology between CDRs of Fabs and Phl p 5a. A linear homology alignment of isolated CDRs of several Fab clones with the amino acid sequence of P
5a, using Vector NTI Suite, is shown. Previously identified IgE epitopes of Phl p 5a are underlined. Fab clone numbergaigifetmd are indicated at the left
margin in the order of their appearance. The respective CDRs of the Fabs are listed at the right margin. Residues present in the CDRs that aitb &E@imizal w
acids of Phl p 5a are indicated in bold, physicochemically related amino acids are drawn in bold-italics. GenBank accession number of Phl p 584GI: 1171
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Fab C29 FFab E39 2.5 1 —&— Phlp 5a
Phl p 5a * ¥
kDa ! ! iy l! F P —A—Betv 1
! 4 & ] —%— Der pl
50 — [ y— ! - . - 20
350 ' g
T — - - S 1.5 4
R el [B 3 * %
25 — ] | e i
; F
Y = 1.0 1
— a
15 5 ; @)
(A) 05

kDa 0 ;§

50 — Day

R~ %
35 —
a—0 { s <& VG 061 Fab 29 *
25 2 . ikl ‘ ‘ e 4

15

(B) A B C D E

Fig. 3. Analysis of affinity purified recombinant Fab fragments C29 and E39.
(A) SDS-PAGE analysis of Fab purified frof coli periplasm by affinity chro-
matography. Proteins were analyzed on a 12% gel under reducing conditions
and silver stained. (B) Examination of the integrity of produced Fab fragments
on Western blot using an anti-human (Fabpecific antibody. Lane A, French
press lysates df. coli; lane B, column load before Fab-elution; lane C, column
load after elution of Fab for control of elution efficiency; lane D, purified Fab
protein; lane E, control IgG for size comparisons of Fab fragments. Day

0OD(405-490)nm

potential of a natural human anti-IgE Id with the original antigen 12 -
has so far not been analyzed. In this straightforward approach,
we applied phage libraries displaying Fab antibody fragments
from the B-cell repertoire of agrass pollen allergic pati®btfel

et al., 2000 for retrieving anti-ld specificities against allergen-
specific IgE.

Although screening of the phage library was performed with
polyclonal IgE, only five clones with anti-ld specificity were
selected, possibly indicating a dominant idiotope on Phl p 5a-
IgE (Abl). A sequence analysis of the VH and VL genes of our

Fab E39 ¥

OD(405-490)nm

clones revealed favorable usage of the VH4-39 gene in four out 0
of five clones, with differences between the clones through sev- 0 10 20 0 20
eral mutations mainly located in CDR2 and FR3. Interestingly, Day

foranti-lds no preferentlal usage of ImmunoglObu“ne gene famT:ig. 4. Fabimmunization leads to production of Phl p 5a-specific IgG antibodies

ilies has been. descripe_d pefo@r(eng etal., 1988 . _ in mice. lgGreactivity of BALB/c mice immune sera elicited by Phl p 5a, Fabs
As the antigen-mimicking sites have been localized in thec29 and E39 were tested against Phl p 5a and control antigénsiBed Der p

hypervariable regions of anti-Ids in other studieayne et al., 1. Thex-axis shows the time-schedule of blood taking. Results are expressed on
2000: Pride et al.. 1992: Spendlove et al. Z)OQOhomology theY-axis as OD (405-490) nm of mean IgG reactivities and standard deviations

. . f mouse groupsi(=5). Mouse sera were tested individually at a 1:100 dilution
allgnment of our Fab CDRs with the Phl p 5a sequence Wa%n Phl p 5a and on control antigens Bet v 1 and Der'pi-Value < 0.01 of Phl

done. Significant similarities of several CDRs with previously ; 5, and y-value <0.05 of Fab C29 and Fab E39 immune sera from days 21
identified IgE epitopes 3 and 4 of Phl p S#¢e(ntusch etal., 2004  and 35 compared to the respective signals obtained on the control antigens.
were seen. They may thus provide the motifs for mimiétside
et al., 1992; Williams et al., 1988although antigenic mimicry
can also occur independent from sequence homoloBieslén  p 5a-specific antibody responses (Ab3). C29 induced, however,
et al., 1996. a relatively weaker antibody response, maybe due to the rela-
According to Jerne, and as a proof of principle the identifiedtively lower density of homology regions across its Fab binding
anti-lds should also immunologically mimic the original aller- groove. Importantly, these experiments immunologically proved
gen Phl p 5a. The anti-idiotypic Fabs with the highest (C29) andhe principle of molecular mimicry of a human IgE antibody
most specific (E39) binding capacity towards Phl p 5a-IgE weravith an extrinsic allergen, and demonstrated that Fab E39 was
chosen for mouse immunizations, and did indeed both elicit Phhe best anti-idiotypic candidate.
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C29 VH-CDR2 VL-CDRI

Fig. 5. Molecular models of Fabs C29 (A) and E39 (B), each shown together with models of Phl p 5a AR repeats 1 and 2. Ribbon models are shown on the left,
the Conolly surfaces on the right. The backbone structures of the Fabs are represented in dark and light grey for the heavy and light chaihg, Aesipeciviels

of CDRs exhibiting similarities with Phl p 5a are indicated in red and orange on the heavy chains versus blue on the light chains. The correspdondimgshomo
sites on Phl p 5a are indicated in the same colors. (For interpretation of the references to color in this figure legend, the reader is referredacstbe ofehe
article.)

Several conclusions can be drawn from the existence of antiA cknowledgements
Ids in the repertoire of an allergic individual. Firstly, the anti-
idiotypic Fabs generated in this work are true internal images of Supported by grant F1808-B04 of the Austrian National
the IgE epitopes of Phl p 5a, just as predicted by Jerne’s networRcience Foundation (FWF) and by the Anniversary Funds of
theory. Second, their presence could maintain B-cell memoryhe Austrian National Bank grant 10326.
during the off-season of grass pollen dissemination. And third,
the anti-lds against allergen-specific IgE could serve as tools f
epitope-specific immunotherapy of type | allergy, because th
risk of crosslinking IgE on effectorcellsin asensiti;gd_indiv_idual Barbas 3rd., C.F., Kang, A.S., Lerner, R.A., Benkovic, S.J., 1091. Assembly
would be greatly reduced with the monovalent anti-idiotypic Fab ot combinatorial antibody libraries on phage surfaces: the gene il site.
fragments Ganglberger et al., 2001; Sahhet al., 2005. Proc. Natl. Acad. Sci. U.S.A. 88, 7978-7982.
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