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Assessment of sequence homology and cross-reactivity
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Abstract

Three aspects of allergenicity assessment and are discussed: IgE immunogenicity, IgE cross-reactivity and T cell cross-reactivity, all with

emphasis on in-silico predictability: from amino acid sequence via 3D structure to allergenicity.

(1) IgE immunogenicity depends to an overwhelming degree on factors other than the protein itself: the context and history of the protein

by the time it reaches the immune system. Without specification of these two factors very few foreign proteins can be claimed to be

absolutely non-allergenic. Any antigen may be allergenic, particularly if it avoids activation of TH2-suppressive mechanisms (CD8

cells, TH1 cells, other regulatory T cells and regulatory cytokines).

(2) IgE cross-reactivity can be much more reliably assessed by a combination of in-silico homology searches and in vitro IgE antibody

assays. The in-silico homology search is unlikely to miss potential cross-reactivity with sequenced allergens. So far, no biologically

relevant cross-reactivity at the antibody level has been demonstrated between proteins without easily-demonstrable homology.

(3) T cell cross-reactivity is much more difficult to predict compared to B cell cross-reactivity, and its effects are more diverse. Yet, pre-

existing cross-reactive T cell activity is likely to influence the outcome not only of the immune response, but also of the effector phase

of the allergic reaction.
D 2005 Elsevier Inc. All rights reserved.
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Introduction

The ‘‘allergenic potential’’ of a novel protein is a

reflection of at least two distinct propensities:

(1) to induce IgE antibodies (i.e., IgE immunogenicity, or

‘‘true’’ allergenicity). The interactions of the potential
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allergen involve among others the key cells of the

immune system: antigen-presenting cells (APCs),

various types of T cells and B cells;

(2) to react with IgE antibodies induced by other proteins

(i.e., cross-reactivity). The potential allergen can be

active at two levels: influencing the immune response

in a quantitative or qualitative way or, more common,

interact with cell-bound IgE antibodies and trigger the

effector phase of the allergic reaction.

These two are to a large degree independent. The

prediction or evaluation of first feature, IgE immunogenicity,

is the more difficult one by far. The second feature, cross-

reactivity, is much more amenable to analysis, particularly if

it is restricted to cross-reactivity at the antibody (B cell) level.

A third feature, cross-reactivity at the T cell level is more

complex, but will briefly be discussed as well.
IgE immunogenicity

The debate on ‘‘what makes an allergen an allergen’’ has

stirred large clouds of dust, which has not settled yet. After a

review of structural features of the allergens for which such

information was available at the time (2000), I reached the

conclusion that ‘‘allergens have no characteristic structural

features other than that they need to be able to reach (and

stimulate) immune cells and mast cells. Within this

constraint, any antigen may be allergenic, particularly if it

avoids activation of TH2-suppressive mechanisms (CD8

cells, TH1 cells)’’ (Aalberse, 2000). At the present time, I

would have added ‘‘or other regulatory T cells, or the

production of regulatory cytokines such as IL-10 or

TGFbeta’’. Structural information on additional allergens

has become available, but this does not really alter the

message. A number of papers discuss algorithms to

distinguish allergens from ‘‘non-allergens’’ based on

searches in databases of protein primary sequences (Brusic

and Petrovsky, 2003; Furmonaviciene and Shakib, 2001;

Gendel, 1998a, 1998b, 2002; Ivanciuc et al., 2002, 2003a,

2003b; Li et al., 2004; Soeria-Atmadja et al., 2004; Stadler

and Stadler, 2003). One major limitation of these papers is

the ill-defined nature of the ‘‘non-allergens’’ and the position

of the human homologues of allergens and non-allergens.

Moreover, homology among allergens in the data base is not

always taken into account.

Some of these in-silico analyses come up with potential

would-be allergens. Obviously, it would be of major interest

to find out how these predictions hold up in the real world,

but, equally obvious, there is not much enthusiasm to test

these predictions in humans.

IgE immunogenicity is, to a very large degree, determined

by factors other than the protein itself. One very important

factor is the way we, humans, are exposed to the protein (as a

food, as an airborne protein, or as an injected protein). The

discussion is largely initiated by concerns on the potential
allergenicity of novel proteins introduced into the food chain.

Therefore, oral exposure is usually (even if implicitly)

assumed which introduces the important aspects of thermal

stability upon food preparation and digestibility in relation to

gastric or intestinal fluids (Thomas et al., 2004). Yet, the

databases used for in-silico allergenicity prediction usually

include not only food allergens, but also allergens derived

from airborne particles (pollen grains, mites, animal dan-

druff). Another factor is the environment in which the protein

is introduced to the immune system, be it the food matrix or

the intestinal milieu of the consumer. This may prevent or

promote loss of structure and/or steer the immune system

away from the TH2 pathway.

Prediction of IgE immunogenicity in a well-defined

context (i.e., the same food matrix, the same immunization

route, same host) thus depends largely on structural stability

and only to a minor degree on intrinsic immunogenicity.

The predictive value of even a combination of various

assessment protocols (in-silico, in-vitro and animal models)

is disappointingly low.
IgE cross-reactivity

IgE cross-reactivity can be much more reliably assessed

by a combination of in-silico homology searches and in-vitro

IgE antibody assays (Aalberse and Stapel, 2001; Aalberse et

al., 2001). The in-silico homology search is unlikely to miss

potential cross-reactivity with sequenced allergens. False

warnings (i.e., protein pairs identified as homologous by

structural analysis, but not obviously cross-reactive) will be

found, but these can be subjected to serological cross-

reactivity assays (which, obviously, requires access to a

high-quality serum bank). So far, no biologically-relevant

cross-reactivity at the antibody level has been demonstrated

between proteins without easily-demonstrable homology.

By focusing on the relation between primary sequence

and cross-reactivity, one important source of cross-reactivity

is easily overlooked: post-translational modification. These

processes are not hard-coded in the DNA sequence, but are

determined by the host in which the protein is expressed.
Cross-reactivity of T cells

T cell cross-reactivity is much more difficult to predict

than B cell cross-reactivity, and its effects are more diverse.

So, it has conveniently been largely ignored. Yet, pre-

existing cross-reactive T cell activity is likely to influence

the outcome not only of the immune response, but also of

the effector phase of the allergic reaction.

Most work on T cell cross-reactivity stems from research

on autoimmune disorders. In this context, molecular

mimicry is the term most commonly used. It specifically

relates to T cell cross-reactivity between microbial antigens

and auto-antigens. There is an impressive body of data
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showing the striking lack of specificity (i.e., degeneracy) of

many examples of the T cell–peptide–MHC interaction

[see, for example, Ford and Evavold, 2004; Hunig and

Bevan, 1981; Nino-Vasquez et al., 2004; Parnes, 2004;

Scherer et al., 2004; Wilson et al., 2004; Wucherpfennig,

2004; Zhou and Hemmer, 2004). Despite the well-estab-

lished fact that longer peptides are involved in the TH cell–

MHC class II interaction compared to the TC–MHC class I

interaction, the specificity of the former (CD4+ T cell–

MHC class II) interaction is even lower than that of the

latter. Using larger combinatorial peptide libraries, it has

been found that cloned CD4+ T cells can in some case be

stimulated by peptides (in MHC class II context) without

recognizable homology.

There are several messages in relation to IgE-mediated

allergy, of which I will mention just two: (1) we have to be

extremely careful in translating allergen-induced T cell

activation (proliferation or cytokine production) into evi-

dence of prior contact between the allergen and the immune

system; (2) the accidental history (type of infections, etc) of

the T cell branch of the immune system in an individual may

markedly influence (positively or negatively) the outcome of

a subsequent contact with, e.g., a food allergen that happens

to generate a peptide that cross-reacts on the T cell level. This

may sound as a re-phrasing of the hygiene hypothesis, but it is

important to appreciate that in this case, the infectious agent

acts in an immunologically specific (if degenerate) way,

rather than by stimulating a TH2-suppressive milieu in a non-

specific way.
Conclusions
(1) Intrinsic allergenicity of a protein can be predicted

only to a very limited degree and is strongly

influenced by extrinsic factors.

(2) Cross-reactivity at the level of the B cell or the IgE

antibody is much more easy to predict (and the

discussion on the value, or lack of value, of 6, 7 or 8

contiguous peptides is by now obsolete), with the

restriction that the in-silico homology search can work

only for allergens that are in the database. For

allergens without known sequence (largely minor

allergens), serum-screening protocols may be useful.

(3) T cell cross-reactivity in relation to allergic sensitiza-

tion has not (apparently ‘‘not’’ should be included

here) been studied in sufficient detail (because it is a

very complicated subject), but may have a major

impact on IgE-dependent allergenicity.
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