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Recombinant Allergens—gateway to efficient Diagnosis and
Therapy for Atopic Asthma and Rhinitis
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Abstract

Current allergy diagnosis and therapy have problem with regard to quality of allergens. This can be
overcome by availability of recombinant allergens. Over the past 15 years, many allergens from mites,
pollens, fungi, animal danders, insects, and foods have been cloned, sequenced, and protein expressed
using high level expression systems such as bacteria or yeast. Three-dimensional structure of allergens
has been determined and B-cell/T-cell epitopes have been mapped for some proteins. Most of the
recombinant allergens showed comparable IgE binding to their natural counterparts by in vivo and in
vitro tests. Cocktails of recombinant allergens with predetermined and uniform allergen levels offer
innovative, patient-based therapy of allergy replacing natural allergens. There is extensive progress
in developing new forms of allergens such as hypoallergenic variants, synthetic peptides, DNA
vaccines, T-cell epitope vaccines, allergens coupled to IgE suppressive adjuvants etc. to improve
immunotherapy Synthesis and characterization of recombinant allergens and their variants will bring
valuable change in diagnosis and therapy of allergy.
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INTRODUCTION

Type 1 allergy affects more than 25% of the
population worldwide!. Allergen specific
immunotherapy is the only treatment which changes
the immunological profile? of individual from Ty2to
Tyl. A large number of proteins from different
sources are identified as allergens, purified and
characterized. But the diagnosis and immunotherapy
is practiced with commercially available allergen
extracts from natural sources, which contain varying
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amounts of individual allergens in different batches.
The allergen sources usually contain multiple major
and minor allergenic proteins and it is difficult to
standardize mixture of proteins in each extract’. The
quality and quantity of individual allergens varies in
natural extract due to charige in source material,
extraction protocol and/or storage conditions*. Recent
reports suggest that some allergen extracts contain
toxins that may influence allergenic response in
undefined manner and such extracts can not be used
for immunotherapy>-7.

Previous studies demonstrated that allergens have
diverse biologic functions. They may act as enzymes,
enzyme inhibitors, lipocalins, structural proteins etc.
The allergen’s biologic function may be related or
unrelated to their ability to cause or promote IgE
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antibody responses. But their mixing with other
allergens affect efficacy in diagnosis and therapy.
The application of recombinant DNA technology has
facilitated enormously in analysis of allergenic proteins
and production of purified allergenic proteins during
the past decade. Many allergens were identified and
their cDNA cloned and expressed in bacterial and
eukaryotic systems (yeast). Complete amino acid
sequences of only a few allergens of low molecular
weight of 5-15 kDa have been obtained by protein
sequencing®. Application of cDNA cloning followed
by DNA sequencing has yielded complex amino acid
sequences for many allergens including high molecular
weight proteins (15-70 kDa).

The first allergen structure solved by X-ray
crystallography and NMR was for Bet v 1 in the year
1996 9- 10_ Later three dimensional structure of other
recombinant allergens such as Der p1, Der p2, Bla g2,
Equcl, Bos d2 and Ara h1 was determined by NMR
and X-ray crystallography. Recombinant DNA
technology has provided sequence information about
several allergens. At present more than 400 proteins
or nucleotide allergen sequences are available in the
Genbank and other databases !!.

Based on these sequences, molecular modeling,
location of residues involved in IgE binding as well as
epitopes involved in T-cell activation have been
determined. Further B-cell and T-cell epitopes have
been mapped to form allergenic mutants to develop
hypoallergenic variants. Hypoallergenic \}ariants have
almost similar sequence with a little modification of
some amino acid residues’2-18,

The recombinant allergens show scope for
improved allergy diagnosis and immunotherapy due to
use of quality reagents. Besides, modified recombinant
proteins are expected to change dose schedule,
duration and safety of immunotherapy.

PURIFIED NATIVE ALLERGENS

A large number of native proteins from different
sources like mites (e.g. Der pl, Der p 2), fungi (e.g.
Alt al, Alt a 13, Aspfl, Cur 11, Epi pl, Pen chl3),
pollens (e.g. Bet v1, Phl pl, Phl p2, Phl p3), animal
dander (e.g. Fel d1), etc are purified and characterized
in recent years. Despite the knowledge available, the
native proteins could not become popular for clinical

use due to certain disadvantages. The cost of protein
purification is high and the yield is low with most of
the methods. The purified samples from different
chromatographic techniques show variation from one
batch to another. The purified proteins did not show
adequate biologic activity sometimes because of
degradation or conformational changes due to harsh
conditions used for purification. Partially purified
allergens get degraded during long time storage may
be due to inherent proteases!'®.

In our lab, clinically important allergenic proteins
have been identified and isolated from tree pollens,
grass pollens, fungi, insects and food materials20-26-
Standardized protocols were used for purification of
major allergens such as 26 kDa glutathione-S-
transferase (Alt a 13) from Alternaria alternata, 12
kDa Cytochrome c, 47 kDa enolase and 31 kDa
serine protease (Cur 1 1) from Curvularia lunata,
33.5 kDa serine protease (Epi p 1) from Epicoccum
purpurascens and 29 kDa serine protease from
Periplaneta americana. Besides, 45 kDa and 65
KDa major allergens from Fusarium solani, 67 kDa
from Imperata cylindrica and 66 kDa from Prosopis
juliflora were identified and characterized?0-2,
Some of the proteins e.g. 26 kDa from 4. alternata
(Alt a 13), 12 kDa Cytochrome c and 47 kDa enolase
from C. lunata have been synthesized as recombinant
isoforms and compared with native counterpart for
clinical use.

The details including basic characteristics like
molecular weight and biological nature of proteins are
available at the website Attp.//www.allergen.org/
List.htm. A brief data on most common allergens are
given in table 1.

RECOMBINANT ALLERGENS

Recombinant allergens are genetically engineered
isoforms representing molecules from different
sources. For preparation of recombinant allergens,
mRNA is isolated from the allergen source and
converted to cDNA by Reverse transcriptase
polymerase chain reaction (RT-PCR). The ¢cDNA is
cloned in suitable vector and allergen encoding clone
is identified by screening with IgE containing patient’s
sera or monoclonal antibodies. Radio-labelled or
fluorescent-labelled specific DNA probe designed by
PCR using degenerate primers can also be used for
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Table 1. List of important allergens derived from Allergen Nomenclature data
(International Union of Immunological Societies)

Allergen source Allergeh Name Molecular C: cDNA References No.
weight(kDa) P: Peptide sequence _and/or Accession No.
A. weeds
Ambrosia Amb a5 C M84987
artemisifolia Amb a 10 18 @ AY 894659
Artemisia vulgaris Artv 2 35 P Q7M1G9
Artv 4 14 C AJ421030
Artv s 10 C AY904434
B. Grasses
Cynodon dactylon Cynd 1 32 C $83343
Cynd 12 14 (& Y08390
Lolium perenne Lolpl 27 C MS57474.
Lolp2 11 C X73363
Phleum pratense Phl p:5 32 C 782986
Phlp 6 C 727082
Phlp 12 C X77583
Imperata cylindrica 67 24
C. Trees
Betula verrucosa Betv 1 17 (© 772436
Betv 2 15 (@) M65179
Castanea sativa Cass | 22 P AAB29092
Olea europea Olee 5 16 P P80740
Olee 8 21 (& AF078679
Juniperus ashei Juna?2 ; AJ404653
Juna3 30 P P81295
Juniperus sabinoides Juns 1 50 P 27
Prosopisjuliflora 66 Unpublished data
D. Mites
Blomiatropicalis Blot1 39 & AF277840
Blot3 24 C AY090091
Blot 1l 110 (& AF525465
Dermatophagoides Der f 1 25 c DQ185509
farinae Der 3 30 (s D63858
Der f 11 98 @ AF352244
Dermatophagoides Der p 1 25 C DQ185508
pteronyssinus Derp 2 14 @ DQ185510
Der p 6 25 P P49277
Der p 10 36 C Y 14906
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Lepidoglyphus
destructor

E. Fungi

Alternaria
alternata

Cladosporium
herbarum

A spergi//t)s
fumigatus

Penicillium
chrysogenum

Penicillium
citrinum

Candida albicans

Epicoccum
purpurascens

Curvularia lunata

Fusarium solani

Fusarium equiseti

F. Insects

Apismellifera
Blattela germanica

Periplaneta
americana

Lepisma
saccharina

Polistes dominulus
Vespula maculifrons

Solenopsis saebvissima
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Lepd 1

Altal
Alta6
Alta 13

Claho
Clah9

Asp f 1
Aspf3
Asp f 6
Asp f 8
Asp f 13
Asp f 18
Asp f 22w

Pench 13
Pench 18

Pénc 13
Pen ¢ 22w

Cand a3

Epip 1

Curll
Enolase
Cytochrome ¢

Apim 1
Apim 2

Blag2
Blag5

Pera l
Pera3
Pera 7
Serine Protease

Leps 1

Pold 4
Vesm2

Sol s 2

15

28
45
26

46
55

18
19
26.5
11
34
34
46

34
32

33
46

29
335

3l
48
12

45
65

16
A

36
22

47
72-78
37
29

36

32-34

C

aOnoOnNn oo oo

(>

a0

ana. aag aa

(]

"

X83876

U82633
U82437
AY514673

X78226
AY787775

M83781,S39330
U20722

U53561
AJ224333
Z11580

28

AF284645

AF321100
AF263454

29
AF254643

AY136739

P83340

20
AY034826
AY 034827

22
23

NM_001011614
NM_001011619.

U28863
U92412

U69957
L40819
Y 14854
Unpublished data

AJ309202

AY285998
30
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G. Foods

Gadus callarias Gadcl 12

Bos domesticus Bosd 5 18.3

Gallus domesticus Gald1 28

Penaeus aztecus Penal 36

Brassica juncea Bral 1 14

Brassica napus Bran 1 15

Brassica rapa Brar 1 10,14

Triticum aestivum Tria 18

Zea mays Zeam 14 9

Daucus carota Dauc 1/1 16

Corylus avellana Cora?2 14

Malus domestica Mal d 1

Arachis hypogaea Arah 1 63.5
Arah 2 17
Arah3 60

Ricinus communis Ricc 1

Carica papaya Carp 1 23

H. Latex

Hevea brasiliensis Hevb 1 58
Hev b 6.01 20
Hev b 6.02 5
Hevb9 51
Hevb 12 9.3

P02622
X14712
»P01005
DQ151457
X65972
P80208
CAA46782

G B 0000 O Q O

P19656

784376
AF327622
X83672, Z48969

134402
L77197
AF093541

P01089
M15203

o Qe f O O oW

P15252
M36986
M36986
AJ132580
AY057860

elololiels-)

screening. The screened cDNA is sequenced and
cloned in a suitable vector to express recombinant
protein.

Recombinant allergens are produced mainly by
expression of cDNA in prokaryotic systems
(Escherichia coli) and tested for IgE and IgG
binding3!-33 and also for specific activation of T-
cell34-38 and histamine release from basophils39-41,

The journey of recombinant allergens started in
1988 when first cDNA for a major allergen from
Dermatophagoides pteronyssinus was sequenced.
The sequence of events occurred in progress of
recombinant allergens are presented in figure 1.

RECOMBINANT PURIFIED ALLERGENS
FOR ALLERGY DIAGNOSIS

Allergen extracts from natural sources are
heterogeneous mixtures containing proteins and other
macromolecules which vary in allergen composition
and contents. The extracts are contaminated
sometimes with allergens from other sources and
therefore give false positive reactions. The extracts
contain certain proteolytic enzymes which can
deteriorate the quality of product. Some of the natural
allergens may contain denatured proteins during their
extraction and/or storage (eg. Apple) and lack
requisite potency to be used for allergy diagnosis. In
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2005
Fusion peptide for T cell epitopes from
non-cross reactive proteins

i ) 00

2004
Fusion proteins for diagnosis, immunotherapeutic &
vaccine candidate

e

2002
Allergens immobilized on microchips for
multi-test allergen system diagnosis

4

: 2000
Recombinant allergens and hypoallergenic variants
in Immunotherapy

e r

1999
In-vivo studies with hypoallergenic variant

</¥

1996
Structure of recombinant allergen analyzed by NMR
and X-Ray crystallography.

1994
Recombinant allergen used in skin prick tests for
allergy diagnosis

1991
Recombinant allergen used for IgE binding and
cellular assays

1988
First time cDNA for allergen identified and
sequenced

Fig 1. Sequence of events in the Journey of recombinant
allergens® 4

contrast recombinant allergens are homogenous
preparations and give better results in allergy
diagnosis.

The use of recombinant allergens identifies -
sensitization against specific allergen molecule in the
extract instead of the source. Furthermore, the use of
single recombinant allergen may function as effective
marker of atopy and provide a useful clue to
characterize a patient’s sensitivity**, Skin prick test
with recombinant allergens was started during 1994-
1996 with rAsp f 1/a, rBet v1 and rBet v 238:43:46,
The skin testing with these allergens*’748 confirmed
the previously conducted serological tests and the in
vivo reactivity was comparable to natural allergen.
The accuracy of diagnostic tests with recombinant
allergens has improved significantly as revealed by
IgE binding assay, skin prick test and basophil

degranulation 4°,

In near future, microarray technology with purified
proteins / peptides will be used effectively for allergy
diagnosis. Here the purified allergen molecules
(mainly recombinant protein) are microarrayed on
glass slides to obtain allergen microchips that allow
determination of patient’s IgE reactivity profile using
very small amount of serum. The microarrays with
purified allergens will provide an effective multi
allergen test system and may substitute painful skin
tests and save time required in current serological
tests49-51,

RECOMBINANT PREPARATIONS FOR
SPECIFIC IMMUNOTHERAPY

Immunotherapy does immunomodulation or the
induction of robust specific immunity against disease-
causing antigens. Presently immunotherapy involves
repeated injection of increasing doses of whole mass
allergen extracts and it exhibits variable efficacy>?2,
Allergen extracts also contain irrelevant proteins,
which may develop additional sensitivities in patients
during therapy. The fungal extracts cause severe
systemic reactions, therefore it is difficult to achieve
optimal maintenance dose. The purified recombinant
allergens are likely to overcome these problems
associated with natural extracts. Attempts have been
made to develop modified recombinant forms viz.
allergen fragments®3-59, deletion or substitution
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mutants®0-76, hypoallergenic isoforms’’, and defined
allergen oligomers’8-80

Some hypoallergenic variants may exhibit low
immunogenicity, but fusion of different antigens in the
form of hybrid molecules strongly increases their
immunogenicity®! . Hybrid allergens consisting of
different allergen molecules have been produced®2.
For example hybrid of yellow jacket and paper wasp
venom allergen (antigen 5s) which shows reduced
allergenicity but retains immunogenicity of natural
allergen.

Further T-cell epitope duplication and disulfide bond
disruption approaches have been used to reduce IgE
reactivity and basophil degranulation but increased T-
cell proliferation leading towards tolerance against
allergen!3. There are reports of synthesizing fusion
proteins of more than one allergenic protein by PCR
and using those in diagnosis and therapy33.84,
Recently, a rice-based edible vaccine expressing

multiple T cell epitopes showed oral tolerance in mice
model®?,

Clinical trials with DNA vaccines produced by
genetic engineering could inhibit .infiltration of
inflammatory cells®¢-88, Injection of plasmid DNA
encoding clinically relevant allergens induced immune
responses with Tj;1 bias and promoted formation of
IFN-y producing CD4+ T cells8%. These IFN-y
secreting Tyl cells could stimulate B cells to
synthesize IgG2a antibodies and inhibited IgE
production®?. Further DNA vaccines conjugated with
immunostimulatory DNA to the principal allergenic
moiety of allergen are also made and tested”?:%!.

There is opportunity to construct live vaccines
using recombinant DNA technology. cDNA encoding
for allergens can be inserted into non-pathogenic
microorganisms and orally applied. Allergens
produced by these microorganisms could be released
at immunocompetent sites in the gut and influence the
immune response by selecting Ty1 like response.
Recently a novel approach has been used for specific
allergy treatment. Here a fusion protein CrSbSC-Bet
v1 containing bacterial cell surface protein (S-layer)
and major birch pollen allergen Bet v1 was produced,
that showed reduced allergenicity with
immunomodulating capacity?2.

CURRENT STATUS AND LIMITATION OF
RECOMBINANT ALLERGENS

Structural and immunological similarities between
recombinant and natural allergens indicate that a panel
of recombinant allergens will be sufficient for
effective diagnosis and therapy of allergic diseases.
The recombinant allergens enable characterization of
IgE binding sites of allergens, T-cell epitopes etc.
This opens the possibility of using recombinant
allergens in various immunotherapeutic approaches
based on synthetic peptides, allergen fragments, T-
cell epitope multiplication, allergen isoforms,
hypoallergenic variants and DNA vaccines. In
countries like Austria, Brazil, Canada, France,
Singapore, Spain, Sweden, Switzerland, Taiwan and
Venezuela recombinant allergens are already in clinical
use*8. In spite of benefits recombinant allergens are
not much popular due to some shortcomings
associated with them. For example, identification and
cloning of all relevant allergens from complex allergen
source can be very time and resource consuming.
There is a chance of contamination with DNA or
endotoxin depending on host where recombinant
allergens are produced. Products of genes expressed
in foreign hosts may deviate structurally, biologically
or immunologically from their natural counterparts?8.
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