Advances in development of hypoallergenic latex immunotherapy
Jennifer M. Rolland®®, Alexander C. Drew®"° and Robyn E. O’Hehir®"°

Purpose of review

The characterization of clinically relevant latex allergens and
the production of recombinant allergens is now well
advanced, but this knowledge needs to be translated into
new strategies for the safe and effective specific treatment
of latex allergic diseases including asthma and anaphylaxis.
Recent findings

The current status of latex allergy is discussed indicating a
changing demographic paradigm. A new wave of latex
allergy is emerging outside the healthcare setting with the
widespread use of latex products. An increased prevalence
in developing countries is also reported. Limited studies on
current specific immunotherapy for latex allergy are
reviewed, confirming the feasibility but demonstrating an
unacceptable risk of adverse events. The characterization of
latex allergens and the identification of B and T-cell epitopes
point to rational strategies for the generation of
hypoallergenic preparations for specific immunotherapy.
Results to date for latex allergens are reviewed, including
recombinant, chemical modification and synthetic peptide
approaches. Candidate hypoallergenic preparations for
targeting sensitization to the major allergens Hev b 1, Hev b
3, Hev b 5 and Hev b 6.01 have been identified. Further
investigations of optimal regimens for the delivery of
specific immunotherapy to induce regulatory T-cell function
are warranted.

Summary

The findings point to the selection of suitable hypoallergenic
preparations for clinical trials of effective and safe latex
allergy immunotherapy.
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Abbreviations

ELISA enzyme-linked immunosorbent assay
HCW  healthcare worker

NRL natural rubber latex

SPT skin-prick testing
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Introduction

Latex allergy remains an important allergic disease for
which safe and effective immunotherapy is not currently
available [1°,2° 3]. Sensitization to natural rubber latex
(NRL) is common, with an estimated 40 000 medical and
consumer products containing NRL [4,5,6°]. Latex aller-
gens are highly effective at cross-linking effector cell-
bound IgE on mast cells and basophils with subsequent
degranulation. Clinical manifestations of IgE-mediated
latex allergy include eczema, contact urticaria, rthinocon-
junctivitis, asthma, food allergy, angioedema and anaphy-
laxis.

Latex allergy flared into an epidemic after the adoption of
universal precautions for the avoidance of infections, the
increased appreciation of latex allergy and the rise in
atopic disease prevalence. After the recognition that
glove-donning powder contributed to latex allergy patho-
genesis, a decrease in the use of powdered latex gloves in
the healthcare setting resulted in a marked decrease in
the incidence of latex allergy in healthcare workers
(HCWs) [7,8°]. However, there has now been a demo-
graphic paradigm shift from the healthcare industry to
greenhouse workers, food handlers, construction workers,
security personnel, postal workers and domestic consu-
mers through the increased use of NRL gloves for barrier
protection, of real or perceived necessity [2°].

"This review provides a brief update on the latex allergens
of clinical importance that are potential immunotherapy
candidates, particularly because of their cross-reactivities
with fruits/vegetables, and notes progress on B and T-cell
epitope identification. It focuses on strategies for the
development of hypoallergenic latex immunotherapy,
including recombinant mutants, chemically modified
molecules and T-cell epitope-based peptides, but in-
cludes recent advances pioneered with other allergens
that have potential applicability to latex allergens. Earlier
publications are cited when their content is pivotal to
progress in this field.
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Current status of IgE-mediated latex allergy
The reported prevalence of latex sensitization of HCWs
remains at approximately 10% (range 0-40%) with an
estimated prevalence rate of 1% for the wider, minimally
exposed community [1°,2°]. A recent community study
explored the prevalence of latex allergy in the general UK
paediatric population and detected a very low 0.2%
prevalence in healthy 7-year-old children [9], but there
is a high prevalence of latex sensitization and allergy in
particular paediatric populations, such as those with spina
bifida and frequent operative procedures. A recent study
[10] showing a significant association between I1.-13 and
IL.-18 promoter polymorphisms and latex allergy suggests
that the identification of genetic factors that contribute to
latex sensitization will further aid the identification of
high-risk groups.

The recognition of latex allergy by the community
shifted the diagnosis and management from allergy
specialists largely to primary care physicians [2°], perhaps
resulting in false perceptions of decreased clinical
importance. More than 20 foods and plants are immuno-
logically cross-reactive with latex, and the simple avoid-
ance of NRL, if feasible, would not remove risks from
these foods. In general, the primary sensitization to latex
precedes the development of latex—fruit syndrome.
Furthermore, a second epidemic of latex allergy is pre-
dicted to follow the technological revolution in countries
including China, Taiwan, Turkey and Poland with
marked increases in the usage of latex products
[11°,12—14]. The recognized high prevalence of latex
allergy in certain sections of the population, together
with the extremely high potency of latex allergens,
emphasizes the desirability of a specific hypoallergenic
immunotherapy preparation.

Conventional latex immunotherapy

To date, there have only been five reports of successful
specific immunotherapy for latex allergy, all using unfrac-
tionated NRL extracts [15-19]. Two were controlled
studies using subcutaneous protocols [17,19], one was a
study of rush sublingual immunotherapy [16] and the
other two were small case studies [15,18]. Although some
clinical efficacy was demonstrated, there was a high in-
cidence of local and systemic adverse events. Latex aller-
gen desensitization by percutaneous exposure to latex
gloves was recently reported [20], but further verification
is indicated and the wider applicability to different
patient subgroups and the sustainability of this approach
over time would need evaluation.

Together, studies to date confirm the feasibility of
specific immunotherapy for latex allergy to induce
clinical tolerance, but reinforce the concern that the high
anaphylactic potency of unfractionated NRL extracts
presents an unacceptable risk of adverse events. There

is clearly a need for safer, hypoallergenic preparations of
high efficacy.

Allergenic components of natural rubber latex
The refinement of latex preparations for safer and effec-
tive specific immunotherapy requires knowledge of the
allergenic components of NRL. The improved specificity
of latex allergy diagnosis would also allow improved
patient management. Thirteen latex allergens have
officially been designated to date (www.allergen.org)
(Table 1) [21,22,23%,24°,25-28,29°°-31°%,32-35,36"",
37,38], but several other allergen candidates have been
observed by IgE immunoblotting of two-dimensional gel
electrophoresis of latex extracts [39°]. The reported
frequencies of serum IgE binding to latex allergens differ
widely, according to subject group, assay method and the
use of natural or recombinant allergens [11°]. The recent
identification of the highly IgE-reactive latex allergen
Hev b 13, a 43 000 M, lipolytic esterase [36°°], resolved
conflicts regarding the similarly sized Hev b 7, now
assigned as a minor latex allergen. As reports on the
frequency of serum IgE binding to latex allergens by
well-characterized subject groups are published, consen-
sus patterns of reactivity are emerging [11°,37]. Latex
allergens of major clinical importance are Hev b 1 and
Hev b 3 (cross-reactive with Hev b 1 [21]) for spina bifida
patients, and Hev b 5, Hev b 6.02 and Hev b 13 for latex-
allergic HCWs. The clinical importance of Hev b 2 and
Hev b 4 remains unclear, requiring further studies. The
different reactivity patterns between subject groups pre-
sumably reflect the different latex allergen content in
latex products to which individuals are exposed, and
possibly different exposure routes and cofactors. For
example, Hev b 1 and Hev b 3 are rubber particle-bound
proteins present in solid rubber products such as
catheters [40], whereas Hev b 5, Hev b 6.02 and Hev
b 13 are relatively abundant in dipped latex products,
particularly latex gloves [41,42,43°].

Chemical characterization, cloning, sequencing and mod-
eling of latex allergens allows B-cell [44°,45] and T-cell
[22,26,27,29°°,46°°] epitope mapping, as well as the
elucidation of the molecular basis for cross-reactivity
between latex allergens and food and plant pollen aller-
gens (Table 1). IgE cross-reactive components identified
recently include the carbohydrate moiety of Hev b 13,
which cross-reacts with a similar grouping of the potato
tuber patatin [36°°]. Hev b 2, a 1,3-B-glucanase, cross-
reacts with homologous proteins in bell pepper [23°], and
is implicated in the cross-reactivity of latex with proteins
of olive, ash and birch pollens, and of tomato, potato and
banana [24°,25]. Hev b 6.02, the N-terminal hevein-like
domain of Hev b 6.01, cross-reacts with similar domains
in banana and avocado [31°°]. The latter IgE reactivity
was shown to be associated with the isolated domains
rather than the intact endochitinases, emphasizing the
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importance of molecular form for IgE binding. Recent,
but as yet uncharacterized, cross-reactivities with latex
include chickpea [47] and a Japanese cedar pollen
chitinase [48]. This accumulating knowledge is guiding
the development of latex allergy vaccines of appropriate
allergen mix to target major clinical sensitizations as well
as allergens responsible for the latex—fruit—pollen syn-
drome. The elucidation of dominant IgE and T-cell-
reactive sites and the identification of critical residues
for secondary, tertiary or quaternary structure on which
conformational IgE epitopes depend will allow the rational
design of hypoallergenic immunotherapy preparations.

Hypoallergenic latex immunotherapy
strategies

Adverse events experienced during conventional immu-
notherapy are largely IgE mediated, suggesting that
the abrogation of the IgE reactivity of allergens should
generate safer reagents. Critically, to achieve efficacy,
dominant CD4 T-cell epitopes should be retained. Identi-
fied mechanisms of immunotherapy include T-cell
anergy, immune deviation from T helper type 2 to type
1-predominant response and the induction of regulatory
T'-cell subsets with the increased production of the
regulatory cytokines IL.-10 and transforming growth fac-
tor beta [49]. Different strategies for generating hypo-
allergenic preparations and for producing these for
clinical use have been reviewed [50-53]. The reported
approaches used to date for latex allergens are summar-
ized in Fig. 1, and are discussed below together with
other potential strategies that could be utilized in the
development of latex allergen immunotherapy.

Hypoallergenic recombinant mutants

Recombinant DNA techniques can selectively alter aller-
gen sequences to ablate IgE reactivity. As IgE epitopes
are generally conformation dependent, one strategy is to

disrupt higher order structure. For allergens whose ter-
tiary structure is stabilized by disulphide bonds, this can
be achieved by the mutagenesis of cysteine residues. In a
recent report [30°%], the alanine substitution of cysteine
residues to disrupt the four disulphide bridges of the
highly IgE-reactive Hev b 6.02 domain of rHev b 6.01
generated a hypoallergenic variant. On the basis of this
result, a synthetic peptide comprising the substituted
Hev b 6.02 was prepared and was shown to lack IgE
reactivity completely in a basophil activation assay while
retaining T-cell stimulatory ability.

Another recombinant approach to disrupt conformational
IgE epitopes is to express fragments of allergens in cases
in which the IgE epitope requires folding of the entire
molecule for correct conformation. This has been applied
successfully for Bet v 1 [54]. Alternatively, different
allergens can be expressed together as one molecule.
For example, a fusion protein of the bee venom allergens
Api m 1 and Api m 2 failed to bind IgE as a result of a
disrupted tertiary structure [55]. These approaches have
not yet been described for latex allergens.

The IgE-allergen interaction site itself can be targeted
by the co-mutation of specific residues. IgE-reactive
regions are first identified by methods such as the phage
display of random peptides [56], or a chimera-based
strategy in which segments of an allergen molecule are
inserted into a non-IgE-binding, structurally similar
carrier molecule [57]. The latter approach was used to
identify conformational B-cell epitopes of Hev b 6.02,
and then critical amino acid residues of these epitopes
were subsequently determined by scanning the Hev b
6.02 sequence using site-specific mutations [32]. A com-
binatory mutant with six critical residue substitutions
showed markedly decreased IgE binding in inhibition
enzyme-linked immunosorbent assay (ELISA) and no

Figure 1. Strategies for the generation of hypoallergenic latex preparations.

Summary of schema that have been utilised for reducing
IgE reactivity of latex allergens, including targeting of the
IgE antibody binding site as well as structural
modification.

IgE epitope
modification

Chemical
modification
Hev b 6.02 [45]

Latex allergens

Structural
modification

Conformational Fragmentation

variants
Multiple point Disulphide bond CD* T-cell
mutations disruption epitope peptides
Hev b 5 [28] Hev b 6.01/6.02 [30"] Hev b 1[22]
Hev b 6.02[32] Hev b 3[26]
Hev b 5[27]

Bacterial expression
Hev b 13[36*]

Hev b 6.01 [29*]
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reaction on skin-prick testing (SP'T). Of importance for
potential as an immunotherapeutic agent would be
whether the mutant stimulated T cells. As the substi-
tutions were in previously identified T-cell-reactive sites
of Hev b 6.02 [29°°], a key issue is whether these residues
correspond to MHC class I anchor or T-cell receptor
contact residues [58].

For allergens with a predominantly random secondary
structure, IgE binding sites and critical residues for IgE
binding can be mapped using short overlapping pep-
tides followed by point mutations. The proline-rich
Hev b 5 is one such molecule in which this approach
has proved successful [28]. Alanine substitution of 14
residues within IgE epitopes decreased IgE binding
4500-fold, but T-cell reactivity of the hypoallergenic
mutant was not tested. Again, many of the substituted
residues are within T-cell epitopes of Hev b 5 [27], and a
balance may be required between the substitution of
residues to abolish IgE binding and the need to retain
functional T-cell epitopes.

For the glycosylated allergen Hev b 13, bacterial expres-
sion alone may be sufficient, because predominant IgE
reactivity resides with the carbohydrate moiety [36°°].
Natural Hev b 13 is reactive by SPT [37], but IgE
reactivity is lost after periodate treatment [36°°]. In the
case of Hev b 13, the carbohydrate component appears to
be clinically significant, unlike the cross-reactive carbo-
hydrate components of many other plant allergens. Hev b
2 is also a glycoprotein, with three reported isoforms of
differing IgE reactivities and evidence of non-carbo-
hydrate-dependent as well as carbohydrate-dependent
IgE binding sites [59]. A recombinant Hev b 2 was
produced in Escherichia coli with very low reactivity by
SPT [60], but it is not clear which isoform was cloned.
More investigation of the three Hev b 2 isoforms is
required, including their cloning and testing for T-cell
reactivity, before a clinically useful hypoallergenic form

of Hev b 2 can be produced.

Whereas the above approaches aim to disrupt direct
IgE binding by an allergen, a different strategy is to
inhibit cell surface IgE cross-linking by an allergen. A
recombinant trimer of Bet v 1 retained IgE binding but
showed a marked decrease in the activation of allergic
effector cells compared with the monomeric protein [61].
To date, this strategy has not been reported for a latex
allergen.

Although many allergens have been altered in these
ways, to date only one clinical study using a recombin-
ant allergen has been published. In an important double-
blind placebo-controlled clinical trial, recombinant frag-
ments and trimers of Bet v 1 induced Bet v 1-specific
IgG antibodies correlating with an improvement of

symptoms in birch pollen-allergic individuals [62]. This
study supports the feasibility of successful immuno-
therapy with recombinant allergens. It is important to
note that recombinant proteins for clinical use must meet
strict manufacturing criteria [53].

One issue that should be considered for hypoallergenic
preparations is whether the alteration of IgE epitopes
prevents the induction of IgG4 blocking antibodies and
thus reduces specific immunotherapy efficacy. IgG4 anti-
bodies are believed to promote the clinical efficacy of
specific immunotherapy by competing with IgE for aller-
gen binding, skewing T-cell responses to 'T" helper 1 type
(via altered antibody-facilitated antigen presentation)
and reducing inflammatory cell activation [49]. As proof
of concept, Bet v 1 fragments lacking the ability to bind
IgE because of conformation changes, did produce block-
ing IgG antibodies when used to immunize mice [63]. In
addition, serum from patients in the clinical trial of rBet v
1 fragment immunotherapy inhibited allergen-induced
basophil histamine release [62].

Chemically modified molecules

The chemical modification of amino acids, the addition of
side chains, and the conjugation and polymerization of
allergens have all been shown to mask IgE epitopes. For
example, the conjugation of immunostimulatory DNA to
the ragweed allergen Amb a 1 resulted in decreased
allergenicity [64], and glutaraldehyde-induced polymer-
ization of Parietaria judaica pollen extract showed marked
reduction in IgE binding but the retention of human
peripheral blood mononuclear cell proliferative capacity
and IgG antibody induction in rabbits [65]. During a
study of a potential conformational epitope of Hev b 6.02
[45], the chemical modification of two tryptophan resi-
dues resulted in a modified Hev b 6.02 with no SPT
reactivity, but there was no report of testing for T-cell
stimulatory activity.

T-cell epitope-based peptides

Pathogenic T cells may also be targeted without associ-
ated IgE-mediated side effects by using short synthe-
tic peptides representing dominant T-cell epitopes. This
strategy has been trialled for cat, bee venom and ragweed
allergy with encouraging results [66]. There was evidence
for the induction of T-cell tolerance and IgG, blocking
antibodies [49,66]. To date, T-cell epitopes have been
identified for Hev b 1 [22], Hev b 3 [26], Hev b 5 [27] and
Hev b 6.01 [29°°]. As described previously, for molecules
without a ‘rigid’ secondary or tertiary structure, short
linear peptides containing T-cell epitopes may be IgE
reactive [28,67], but these would be too short to cross-link
mast cell or basophil surface IgE.

In general, allergens contain multiple T-cell reactive
regions, and although sites of dominance are identifiable,
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peptide ‘cocktails’ may be required. Encouragingly,
population studies of T-cell epitope mapping for latex
and other allergens support the promiscuity of peptide
binding across a diverse array of MHC class II alleles (e.g.
Eusebius e al. [68]). After screening using nested pep-
tide sets, further testing with truncated peptide series
is required to clearly define core T-cell epitopes (e.g.
Burton ez a/. [58]). Candidate peptides should then be
confirmed as lacking IgE binding by inhibition ELISA,
and, importantly, by functional basophil activation tests
[30°°] before the consideration of clinical trials. Of con-
cern after peptide immunotherapy for other allergens
were reports of T-cell cytokine-mediated late reactions,
but cat peptide studies suggested that these are avoidable
by careful updosing [66].

Conclusion

Latex allergy remains an important clinical condition.
Latex allergens are potent and effective hypoallergenic-
specific immunotherapy is clearly needed. Advances in
the identification of clinically relevant latex allergens for
particular high-risk groups, together with the character-
ization of dominant T and B-cell-reactive sites of these
allergens provides a rational basis for the development of
suitable preparations for immunotherapy. The first clini-
cal trial of a recombinant hypoallergenic preparation
for birch pollen-specific immunotherapy has yielded
encouraging results, and peptide immunotherapy has
been successful for several allergens.

Considerable progress has been made in developing
hypoallergenic preparations of the major latex aller-
gens Hev b 5 and Hev b 6.01. T-cell-reactive peptides
of Hev b 1 and Hev b 3 have also been identified.
Bacterially expressed recombinant Hev b 13 is likely
to be a suitable hypoallergenic form for targeting reac-
tivity to this more recently defined major allergen. Of
particular importance for developing specific immuno-
therapy for the latex-allergic population is the targeting
of allergenic components identified as cross-reacting
with homologous proteins in fruits, vegetables and
pollens to prevent adverse reactions on exposure to
these substances.

The use of purified recombinant molecules or synthe-
tic peptides from defined latex allergens offers advan-
tages of the ease of standardization and preparation of
clinical grade reagents. The risk of sensitization to minor
allergens present in current unfractionated NRL extracts
is also avoided. Given the current awareness of the
importance of inducing regulatory T-cell function dur-
ing specific immunotherapy [49], the final challenge
will be to devise optimal strategies for administering
hypoallergenic preparations to expand regulatory T cells
to downregulate adverse T helper types 1 and 2 res-
ponses. The testing of new approaches using murine

models of latex allergy [69] should precede clinical
evaluation.
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