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Type I allergy represents a hypersensitivity occurring
in almost 2oo/o of the population that is based on the
recognition of innocuous airborn antigens (pollen,
mite, mould and pet allergens) by specific immunoglo-
bul in E. Al lergic symptoms (e.g.al lergic rhini t is ,  con-
junctivit is, asthma) are caused by the release of bio-
logical mediators from effector-cells after allergen-
inciuced crosslink ol receptor-bound lgE. Here we dis-
cuss strategies to obtain recombinant allergen-spe-
cific antibody fragments (Fabs) from mouse and hu-
man cell l ines as well as directly from allergic patients
lymphocytes via the combinatorial l ibrary technology.
It is suggested to use recombinant allergen-specific
Fabs for the standardization of allergen extracts cur-
rently used for diagnosis and treatment, to determine
allergen contents in allergen sources and the environ-
ment to allow preventive measures and to use aller-
gen-specific Fabs as therapeutic tools to intedere
with the allergen-lgE interaction. The latter appears
possible because lgE represents the least abundant
class of immunoglobulins and there is increasing evi'
dence for a l imited diversity among allergens and their
B-cell epitopes. Moreover, allergic effector reactions
are mostly confined to accessible target organs so
that a local application of competing Fabs prior to al-
lergen exposure might represent a feasible therapeu-
tic approach.
Key words: Allergen / Allergen-specific antibody
fragments-Fab /Combinatorial l ibraries / Diagnosis /
Prevention /Therapy /Type I allergy/lgE.

lntroduction

Type I allergy represents an immunoglobulin-E (lgE)-me-
diated hypersensitivity reaction towards otherwise harm-

less ant igens (e.9.  pol len-,  insect- ,  animal- ,  and mould
proteins). With a prevalence of almost 20%io,lgE-mediated
diseases represent a health threat of increasing impor-
tance in industr ia l ized countr ies (Miyamoto, 1993).  In sen-
sit ized patients, innocuous environmental allergens can
immediately induce a cascade of allergic reactions by
crosslinking of effector-cell bound lgE-antibodies (Segal

et  a\ . ,1977).  Al lergic symptoms comprise al lergic rhini t is ,
conjunctivit is, dermatit is, asthma and even anaphylactic
shock. Diagnosis of Type I allergy is currently performed
by serological measurement of specific lgE-antibody lev-
els and in vivo testing (skin prick reactivity) using allergen
preparations obtained from various allergen sources.
These crude extracts are diff icult to standardize regarding
their allergen contents. Recent progress in the field of mo-
lecular allergen characterization by recombinant DNA
technology has brought about two major achievements.
First  of  a l l ,  sequence, structural  and immunological  s imi-
larit ies among the relevant allergens indicate a l imited di-
versity of allergens and their B-cell epitopes. Second, a con-
stantly increasing panel of recombinant allergens has
become available for diagnosis and specific therapy of
Type I allergy (reviewed in: Scheiner and Kraft, 1995;
Valenta and Kraft, 1995). While diagnosis with allergen ex-
tracts at best permitted to identify the allergen source
against which a patient is sensitized, recombinant aller-
gens allow the precise determination of the patients indi-
vidual lgE-reactivity profi le (allergogram) (Valenta et al.,
1991; Valenta et al., 1992; Menz et al., 1996, Pauli et al.,
1996). The knowledge about a l imited diversity of aller-
gens together with the possibil i ty to determine sensitivity
to defined components with the aid of recombinant aller-
gens led us to consider the interaction of allergens and pa-

tients lgE antibodies as a possible target for the treatment
of Type I allergy. Allergen-specific lgG antibodies present

in sera of patients who had received successful immuno-
therapy are long known as naturalcompetitors of lgE anti-
bodies and therefore represent suitable candidates for
specific passive blocking therapy of Type I allergy. In the
present contribution we describe strategies to obtain al-
lergen-specific antibodies and recombinant antibody
fragments and their use for diagnosis, prevention and
therapy of Type I allergy.
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Obtaining Allergen-Specific Antibodies and
Antibody Fragments (Fabs)

For the production of allergen-specific antibodies and an-
tibody fragments at least three approaches may be pur-
sued. Animals (e.9.  mice)can be immunized with al lergens
to establish hybridomas that secrete monoclonal anti-
bodies, Alternatively it is possible to isolate directly peri-
pheral lymphocytes from allergic patients to establish hu-
man allergen-specific cell l ines or as a source to construct
combinatorial l ibraries that can be screened for clones
with specificity to a given allergen (Figure 1). Allergen-spe-
cif ic antibodies or recombinant antibody fragments (Fabs)
may be used for different purposes. They can be applied
for the detection and quantif iaction of certain allergens in
allergen-sources and extracts that are currently used for
diagnosis and therapy, but also for the detection of aller-
gens in the environment and food.

Antibodies represent also valuable research tools to in-
vestigate the interaction of allergens and patients lgE anti-
bodies.  Those ant ibodies which compete wi th the binding
of lgE antibodies either bind to/or close to lgE-epitopes or
induce conformational changes in the allergen that pre-
vent lgE-recognition. Unexpectedly mouse and human
monoclonal antibodies were discovered which increased
lgE-binding to al lergens, most l ikely by causing a confor-
mational change that makes additional lgE-epitopes avai-
lable (Visco et al., '1 996; Laffer et al., 1 996; Lebecque et al.,
1997). While at present there is no evidence that such an-
tibodies may cause disease exacerbation, the beneficial
role of antibodies that compete with the allergen-lgE inter-
action is well established. In order to obtain blocking anti-
bodies, mouse monoclonal antibodies may be tested rn
vitro for their abil ity to block lgE-binding (Lebecque et al.,
1997). lf mouse monoclonal antibodies are considered for
therapy it wil l be necessary to modify them by humaniza-
tion or to produce them as Fabs to reduce their immuno-
genicity. Human monoclonal antibodies may represent
even better candidates for antibody based therapy, how-
ever s imi lar  as for  the mouse ant ibodies,  product ion v ia
tissue culture methods is rather labor intensive and sets l i-
mits as to the number of different antibodies that can be
obtained and screened. We therefore suggest to employ
combinatorial l ibrary technology for the production of re-
combinant allergen-specific antibody fragments. Using
per ipheral  b lood mononuclear cel ls f rom al lergic indiv idu-
als it is possible to generate cDNAs coding for heavy chain
fragments and light chains by reverse transcription and
PCR. Heavy chain and l ight  chain cDNAs can then be
combined and co-expressed in bacterial expression sys-
tems to represent the complete humoral diversity of the
donor (Huse et  a\ . ,1989).  Clones producing al lergen-spe-
cif ic Fabs can then be selected using defined allergens by
direct  immunoscreening (Huse et  a l . ,  1989) or panning
(McCaffedy et  a l . ,  1990; Barbas et  a\ . ,1991).  In the last
decade considerable advances were achieved regarding
the expression of functional antibody fragments in
Escherichia coli. Basically two systems allow the presen-

tation of heavy and light chain variable regions on the
surface of f i lamentous phage. The pCANTAB system
(Pharmacia, Uppsala, Sweden) is designed to express
single-chain variable fragments (Fvs) of heavy and light
chain which are art i f ic ia l ly  jo ined with a neutral  l inker
(Winter and Mi lstein,  1991).  In contrast ,  the pCOMB sys-
tem co-expresses heavy chain fragments including a por-
t ion of  their  constant region together wi th the l ight  chain
(Barbas et  a\ . ,1 991).  Both systems al low the ef f ic ient  iso-
lation of antigen-specific scFvs or Fabs by panning of the
phage to a given antigen. The advantage of both systems
over conventional cell culture technique lies in the fact
that both Fabs and scFvs can be produced in E. coli
(Hoogenboom ef al., 1992; Plùckthun 1992; Soderlind ef
a| . ,1992: Winter et  a| . ,1994; Harr ison et  a| . ,1996).  The re-
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Fig.1 Obtain ingAl lergen-Speci f ic  Recombinant Fabs.
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Fig.2 A Phl p 2-Specif ic Human lgE Fab Crossreacts with
Group 2 Al lergens in Pol len from Different Grass Species.
Comparable amounts of pollen extracts from ten monocots (Ant
o: Anthoxantum odoratum, Ave s: Avena sativa, Cyn d: Cynodon
dactylon, Lol p: Lolium perenne, Phr a: Phragmites australis, Poa
p: Poa pratensis, Sec c: Seca/e cereale, fri s: Triticum sativum,
Zea m'. Zea mays, Phl p: Phleum pratense) were separated by
SDS-PAGE, blotted onto nitrocel lulose and probed with a human
lgE-Fab with specif ici ty for the major t imothy grass pol len al ler-
gen Phl  p  2  (Doleceket  a | . ,1  993) .
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combinant antibody fragments are small and hence less
immunogenic and can be subjected to in vitro manipula-
tion (in vitro affinily maturation by mutagenesis, shuffling
of heavy and light chains orthe corresponding variable re-
gions or other manipulat ions) (Gram et a| . ,1992; Pack ef
a/ . ,  1995; Low ef a/ . ,  1996; Hoogenboom, 1997).  Since re-
combinant antibody fragments lack the major part or the
complete constant region they wil l not elicit effector reac-
tions which are mediated via Fc receptors. Using appro-
priate oligonucleotide primers, recombinant antibody
fragments can be produced starting from spleen, cell
l ines,  hybr idomas of  human or animal or ig in or by con-
structing combinatorial l ibraries directly from patients B-
lymphocytes.

Recombinant Al lergen-Speci f ic  Fabs as
Tools to Explore the Allergen-lgE Interaction:
Cloning Al lergen-Speci f ic  I  g E

The understanding of the interaction of allergens and pa-
t ients lgE-ant ibodies requires structuralanalysis of  the al-
lergen and its lgE-epitopes as well as the characterization
of allergen-specific lgE-antibodies (Fedorov et al., 1997).
The latter has been a major obstacle because of the extre-
mely low levels of serum lgE, and the low frequency of lgE-
secreting B-cells. In order to characterize allergen-spe-
ci f ic  human lgE ant ibodies on a molecular level ,  we have
chosen the combinator ia l  l ibrary approach. A combina-
torial lgE library was constructed from peripheral blood
lymphocytes obtained from a grass pollen allergic patient
during the grass pollen season (Steinberg er et al., 1 996).
Using recombinant major t imothy grass pollen allergens
Phl p 1 (Laffer eta 1., 1 994), Phl p 2 (Dolecek et al., 1993) and
Phl p 5 (Vr la la et  a| . ,1993) for  panning, phage expressing
specific lgE-Fabs could be isolated. cDNAs coding forthe
lgE heavy chain f ragments and their  corresponding l ight
chains were sequenced and recombinant soluble lgE

lgE-Fab oPhl  p  5
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Fig.3 A Phl p S-Specif ic Human lgE Fab (Steinberger et al. ,
1996) Crossreacts with Group 5 Al lergens in Pol len from Different
Grass Soecies.
Comparable amounts of pollen extracts from ten monocots were
separated by SDS-PAGE, blotted onto nitrocel lulose and probed
with a human lgE-Fab with specif ici ty for the major t imothy grass
pollen al lergen Phl p 5 (Vdala et al. ,  1993). Abbreviat ions are as in
F igure 2 .
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Fabs with specificity for the major grass pollen allergens
could be expressed and pur i f ied up to mi l l igram amounts.
As is shown in Figures 2 and 3,  human lgE-Fabs with spe-
cif icity for the major t imothy grass pollen allergens Phl p 2
and Phl p 5 crossreact with homologous allergens present
in several  other grass species,  thus explaining al lergic
symptoms of grass pollen allergic patients after contact
with different grass species as being based on immuno-
logical crossreactivity. Further molecular and structural
analysis of the interaction of lgE-Fabs and their corre-
sponding al lergens wi l l  provide knowledge regarding their
mode of interaction, and help to device specific forms of
therapy that are based on the interruption of this contact.
Recombinant allergen-specific lgE Fabs lack most parts

of their constant region and in particular their Fce receptor
I binding site and therefore are unable to activate allergic
effector cells (e.9. mast cells, basophils)to release media-
tors. As lgE-Fabs contain the variable region needed for
al lergen-binding they wi l l  compete wi th complete lgE-an-
tibodies for binding to allergens and represent possible

therapeutic tools.

Recombinant Allergen-Specific Fabs for

the Standardization of Natural Allergen Extracts

Used for Diagnosis and Therapy

Diagnosis and specific therapy (specific immunotherapy)
of Type I allergy are currently performed with natural aller-
gen extracts. Natural allergen extracts are used for biolog-
ical (i.e. elicitation of immediate type skin reactions) as
wel l  as for  serologicaldiagnosis ( i .e.  detect ion of  lgE-ant i -
bodies with specificity for a certain allergen extract) of
Type I allergy. The application of increasing doses of aller-
gen extracts by injection (i.e. specific immunotherapy) is
known since 19'11 as an effective treatment of Type I al-
lergy (Noon, 19'1 1). For both, diagnosis and treatment of
Type I allergy, naturalextracts are sti l l  prepared from the al-
lergen sources and, in addition to allergens, contain a se-
ries of other i l l  defined components. Moreover, extracts
prepared from complicated tissues lack certain allergens
due to inefficient extraction and degradation. The estima-
tion of the contents of individual allergens in allergen ex-
tracts represents therefore a diff icult problem that needs
to be addressed by standardization procedures. Allergen
extracts are currently standardized by biological methods
(i.e. by testing their capacity to elicit immediate type skin
reactions)and their allergen content is evaluated with an-
t ibodies (e.9.  serum lgE from al lergic pat ients,  polyclonal

antisera and monoclonal antibodies raised against de-
fined allergens). Recombinant allergen-specific Fabs wil l
represent extremely useful tools for the standardization of
natural allergen extracts. Among the recombinant Fabs,
human lgE-Fabs are of particular interest for standardiza-
tion procedures because they mimick the reactivity of pa-

tients serum lgE most closely.
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Use of Recombinant Allergen-Specific Fabs
for the Measurement of Allergens in
Allergen Sources and the Environment;
Tools to Prevent Allergen Exposure

Sensitization is believed to occur early in childhood in ge-
netically prone individuals after increased exposure to al-
lergens. The exact measurement of the presence of aller-
gens in ourenvironment ( i .e.  a i r ,  bui ld ings,  and food)might
therefore represent a relevant f irst l ine for allergy preven-
tion. The generation of allergen-specific antibodies and
recombinant antibody fragments wil l allow the precise de-
tection of allergens and their amount in the environment
and in various food products. Preventive measures may
comprise the elimination of certain allergen sources (e.9.
mites), the selection of 'hypoallergenic' plants and crops
and the identif ication of food products with low allergen
contents. The latter application may be also of interest re-
garding the analysis of food which has been modified by
genet ical  engineer ing.

Allergen-Specific Antibodies and Antibody
Fragments for Passive Therapy

There is good reason to expect that allergen-specific Fabs
which interfere with the allergen-lgE interaction might be
used for therapeutic purposes. Experimental data which
indicate a l imited diversity of allergens and their B-cell epi-
topes (reviewed in: Valenta and Kraft, 1995; Valenta et al.,
1 996) as well as the observation that the lgE-reactivity pro-
fi le in allergic patients is subjected to l itt le variations en-
courage to consider passive therapy with blocking antibo-
dies. lgE antibodies represent the least abundant class of
immunoglobul ins and i t  should therefore be possible to
apply excess doses of competitors. lt is further notable
that allergic symptoms (allergic rhinits, conjunctivit is,
asthma, dermatit is, food intolerance) are mostly confined
to certain target organs that are easily accessible and
hence allow local therapy instead of systemic application.

Our contention that therapy with blocking allergen-spe-
cif ic Fabs might be a realistic approach is further support-
ed by a body of experimental data on the effectiveness of
blocking antibodies. The occurrence of allergen-specific
antibodies which did not belong to the 'reaginic' class was
reported early (Cooke ef a/., 1935). lt was demonstrated
that certain allergen-specific lgG antibodies were able to
inhibit anaphylactic reactions (Loveless, 1940; Lichten-
stein ef a/., 1968). Moreover it was speculated that
blocking ant ibodies,  in part icular those belonging to the
lgGa subclass might be induced by speci f ic  immuno-
therapy (Aalberse et a\.,1983). lt was recently shown in a
defined experimental system that human monoclonal an-
tibodies with specificity for the major birch pollen allergen,
Bet v '1 (Brei tenederef  a/ . ,  1989),  b locked lgE-binding to
Betv 1 and inhibi ted the Betv 1- induced histamine release
(Visco eta\ . ,1996).

We suggest to use recombinant allergen-specific Fabs,
ei ther human lgG or lgE Fabs, for  passive (blocking)
therapy of Type I allergy. Bacterially expressed Fabs can
be modif ied by standard molecular biological techniques
and engineered according to the desired application. To
reduce the immunogenicity of the Fabs it is possible to f ur-
ther reduce their size as well as to remove immunogenic
parts. Alternatively, mouse monoclonal antibodies can be
humanized to reduce their immunogenicity.By in vitro ma-
turation, using mutagenesis or CDR rearrangements it is
possible to improve the affinity of a recombinant Fab to its
ant igen. Such a manipulat ion might even increase the
blocking activity of allergen-specific Fabs. Molecular and
structural analysis of blocking Fabs might f inally provide
templates to build synthetic competitors of the allergen-
lgE interaction.
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