Cross-reactivity with drugs at the T cell level
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Purpose of review

Cross-reactivity with drugs is an important clinical problem in
drug hypersensitivity. Once a patient is labeled ‘drug-allergic’ all
drugs of the same class are withheld and future therapeutic
interventions are limited. Here we review cross-reactivity with
drugs at the T cell level.

Recent findings

Analysis of T cell recognition of various classes of drugs (f-
lactam antibiotics, sulfonamides, local anesthetics) using T cell
clones suggests that at the T cell level the whole structure, in
particular the core and to a lesser degree side chains, are
recognized.

Summary

It is necessary to differentiate cross-reactivity mediated by T
cells and antibodies as only the latter seem to recognize side
chains exclusively.
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Introduction

Adverse reactions to drugs are a major problem in
pharmacotherapy. Most of them can be related to the
pharmacological/toxicological activity of the drug, but
about 15-20% of all side effects are thought to be
immune mediated [1]. Drug allergic reactions in humans
[2] can be classified as immediate reactions such as
anaphylaxis, urticaria, angioedema, with a predominant
involvement of drug-specific immunoglobulin E anti-
bodies [3]. Other clinical manifestations of drug allergy,
like various forms of exanthema, interstitial lung disease,
drug-induced hepatitis, and nephritis appear delayed
and are thought to involve drug-specific T cells and the
recruitment of various types of effector cells [3,4°,5°]. A
further subgroup of drug-allergic side effects affects
mainly blood cells leading to thrombocytopenia, anae-
mia, leukopenia and is mainly due to immunoglobulin G
or M antibody mediated mechanisms [3].

Cross-reactivity is an important clinical problem in drug
hypersensitivity. It is defined as the finding that a
structurally similar drug, albeit previously not used, may
elicit allergic side effects due to a preexisting immune
response to a structurally related drug, to which the
individual was previously exposed and sensitized. Cross-
reactivity is normally assumed if the symptoms appear
more rapidly, and if a previous drug-allergy is known,
but in theory, a previous exposure without obvious
clinical symptoms may have been sufficient. Symptoms
may be due to cross-reactivity with antibodies (immu-
noglobulins E and G) or T cells. While cross-reactivity
with immunoglobulin E antibodies was extensively
discussed in previous reports [6,7], particularly with
regard to penicillins and cephalosporins, the cross-
reactivity with T cells was less well-documented [8-10].

Many types of drugs belong to certain chemical classes
such as corticosteroids, ff-lactam antibiotics or quinolones,
which have great structural similarity. Moreover, many
newly released drugs are derivatives of well-known,
previously useful drugs. This makes it plausible that
cross-reactions exist within certain classes of drugs and
cause a substantial clinical problem. For example, if a
patient has a hypersensitivity reaction to the antibacterial
drug sulfamethoxazole, at present the whole group of
‘sulfonamides’ — many not belonging to antibacterials —
are recommended for avoidance in further treatments.
This can dramatically limit the therapeutic repertoire.
Therefore, it is of great clinical interest to understand
allergic cross-reactions to drugs to better advise the drug-
allergic patient. Moreover, for the industry and regulatory

261



262 Drug allergy

agencies it is important to exclude or predict the
allergenic potential based on cross-reactivity of a new
drug and to give correct recommendations. In this short
review we will focus on cross-reactivity by 'T" cells to some
drug groups and try to outline certain differences
between T cell and antibody mediated cross-reactivity.

T cell reactions to drugs

Drugs are recognized by T cells. Depending on the
chemical reactivity of the drug two main mechanisms
have been proposed.

Hapten and prohapten concept

Drugs are small-molecular-weight compounds often with
a molecular mass of less than 1 kDa. Therefore, they are
considered to be per se only poorly immunogenic.
However, according to the ‘hapten-carrier-model’ [11],
they can, after covalent binding to serum or cellular
proteins and subsequent uptake and processing, be
presented by major histocompatibility complex (MHC)
class I or II molecules to reactive T cells [2,8,9,12]. This
pathway of drug presentation requires chemically
reactive compounds with the ability to covalently modify
side chains of amino acids and some can even directly
modify the peptide embedded in the MHC-molecule.
Thus, the chemical reactivity of the drug defines the
allergenic potential [12]. This is the case for drugs that
are per se reactive such as f-lactam antibiotics.

Many drugs are not chemically reactive and thus lack
these hapten-like features. Drug metabolism could lead
to reactive metabolites that are highly reactive and as a
consequence, behave like haptens [13-17]. A typical
example for such a prohapten is the reactive metabolite
of sulfamethoxazole. In this case, a nitroso-derivative is
generated after cytochrome P450 dependent oxidation.
Due to its gained reactivity it can covalently modify SH
groups of proteins [18-20].

The pharmacological interaction of drugs with immune
receptors concept-p-i concept

Chemically inert drugs can, in spite of their small size
and in contrast to previous dogmas, also elicit a 'T' cell
mediated immune response [21-23], as they might
stimulate the T cell receptor (TCR) directly, although
MHC interaction is still required: The ensuing immune
response is solely determined by the structure of the
drug that is recognized by T cells in the context of MHC
molecules but not by its chemical reactivity [24°°]. The
concept postulates interaction of the drug with the TCR
or MHC peptide complex in a way similar to drug
binding to pharmacologically relevant receptors (hence
the ‘p-i concept’, pharmacological interaction of drugs
with immune receptors). This interaction is probably of
low affinity, with a binding affinity (Kd) in the millimolar
to micromolar range, as drug binding is easily abolished

by simple washing. It is still sufficient, however, to
trigger T cells resulting in proliferative response,
cytokine secretion, as well as cytotoxicity [21,22].
Neither covalent binding of the drug, nor internalization
and processing or prior drug metabolism is required for
the stimulatory capacity of the drug [21,22,25].

In addition, it is possible that the drug has its primary
affinity for the TCR and not for the MHC molecule that
serves only as a stabilizing scaffold. To fully activate T
cells, antigen-presenting cells are needed [22]. However,
the fact, (1) that up to 30% of drug-specific T cell clones
(TCCs) recognize the drug in a human leukocyte
antigen-dependent but human leukocyte antigen-allele
unrestricted way [23,26] and (2) that the recognition of
the drug is independent of the peptide associated with
the MHC molecule [27°], lead to the assumption that
the TCR 1is the primary binding structure for the drug
and not the MHC molecule, which only completes
activation. This is in contrast to drugs that act as haptens
and are presented to T cells via MHC molecules.

Cross-reactivity

Analysis of peptide-specific TCCs indicated that 'T" cells
might differ in the degree of specificity versus degen-
eracy of peptide recognition [28,29]. To explain this
observation, there are two structural explanations as to
why one TCR can recognize different, not related,
peptides: (1) These different MHC peptide complexes
may have the same surfaces in terms of volume, charge
and hydrophobicity allowing engagement of the TCR in
a similar way. (2) There may be a certain flexibility of
the CDR3 loops that contributes to the T'CR recognition
of different shapes of MHC peptide surfaces
[30,31,32°°]. This concept is important for the under-
standing of cross-reactivity with drugs at the T cell level
as the whole three-dimensional structure of the drug
might be necessary for activation of the TCR as
discussed below.

Sulfonamides

The SO,-NHy structure within a drug makes it a
‘sulfonamide’, which is present in many different drugs.
Some sulfonamides are anti-infectives and are used in
combination with pyrimethamin as an antimalarial/
antiprotozoal drug (together with sulfadoxin or sulfadia-
zin), as an anti-infective drug in eye drops (sulfacetamid)
and in combination with trimethoprim (sulfamethoxazole
in cotrimoxazole). Other drugs also contain a sulfona-
mide structure (celecoxib, furosemide, glibenclamide),
but not the sulfanilamide structure as in anti-infectives
and have no anti-infective capacity.

To analyze the cross-reactivity within different sulfona-
mide derivatives, TCCs obtained from patients with
sulfamethoxazole allergy were generated and analyzed



[33]. The TCCs showed a quite high diversity in their
ability to respond to the different sulfonamide deriva-
tives. On the one hand, one half of the clones was highly
specific and could be stimulated by sulfamethoxazole
only. On the other hand, several clones showed a broad
cross-reactivity as they were responding to up to nine
different compounds sharing only minute structural
similarity of the side chain [33]. But all cross-reactive
compounds had the sulfanilamide-core structure in
common. Quite interestingly, some compounds have
never reached the market and were not used or were
only used in veterinary medicine, but still were able to
elicit a strong immune response in some TCCs.

The high heterogeneity of the observed cross-reactivity
pattern in addition to the different Vf gene usage of the
tested clones indicates that, although oligoclonal out-
growth of drug-specific T' cells has been described
[10,34,35], the T cell mediated response to sulfamethox-
azole is mainly polyclonal and heterogeneous [33]. This
implies that each of the TCCs generated to sulfamethox-
azole recognizes the drug in a different way. Therefore,
it seems likely that the per se non-reactive drug
sulfamethoxazole has either the possibility to interact
with MHC peptide complexes or TCR in several ways,
generating distinct antigenic determinants or the small
compound fits into various T'CRs. Both options suggest
that already during the induction phase of the allergy
several quite distinct sulfamethoxazole-reactive T cells
were stimulated [28].

Furthermore, more than 300 sulfamethoxazole reactive
TCCs generated from three sulfamethoxazole hypersen-
sitivity patients were tested for cross reactivity with
celecoxib. None of these revealed cross-reactivity with
the sulfonamide celecoxib (Jan P.H. Depta and W.].
Pichler, personal observation). Another sulfonamide,
furosemide, was not cross-reactive with sulfamethoxa-
zole reactive T cells either [21,36]. Both celecoxib and
furosemide do not share the sulfanilamide core structure
of sulfamethoxazole (Fig. 1). Thus, cross-reactivity by T
cells is probably not determined by the presence of an
SO,-NHx-structure within the molecule, but requires a
larger common denominator, such as the sulfanilamide-
structure or similarity in the whole structure.

Local anesthetics

Lidocaine allergy of the delayed type is not uncommon,
if used in a topical ointment. These patients develop a
contact dermatitis to the local anesthetic, but might also
react with subcutanecous applied local anesthetic with
swelling, generalized urticaria and even erythema
exsudativum multiforme-like reactions [34]. The analy-
sis of 55 TCCGCs isolated from two different lidocaine-
allergic patients revealed a consistent cross-reactivity
between lidocaine and mepivacaine [37]. Sixteen che-
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mically related local anesthetics (including ester local
anesthetics, OH- and desalkylated metabolites) were
used to identify structural requirements for T cell
recognition. Each of the four clones examined in detail
was uniquely sensitive to changes in the structure of the
local anesthetic. The obtained data suggest that two
contact residues within the amine side chain are required
to interact with the TCR to induce T cell proliferation.
Compounds with only one residue (primary amines) are
not capable of inducing cell proliferation. None of the
ester compounds stimulated a T cell reaction [37]. The
data confirm findings from previous studies [38] that
ester and amide local anesthetics do not cross-react 7z
vivo and iz vitro. Here again, T cells appear to recognize
the overall structure of the local anesthetics. Side chains
or particular chemical properties are not sufficient for
activation of or cross-reaction with T cells. If cross-
reactions appear, the overall structure of the drug is
involved and has to be similar.

Beta-lactam antibiotics

The specific T cell response to a covalently binding drug
like penicillin G and amoxicillin was analyzed by
Padovan e a/. [9] and Mauri-Hellweg ez a/. [10]. Again,
the reactivity of penicillin G-specific T cell lines and
clones isolated from different donors was evaluated
versus a panel of six different fi-lactam antibiotics. Two
types of f-lactam reactivity of T cells could be
delineated: One group of patients showed a rather
restricted specificity, as 'T' cell lines generated from such
donors proliferated only to penicillin G, but not to other
f-lactam antibiotics including cephalosporins, even if the
side chain was identical (cephadroxil) (Fig. 1). This
indicates that T cells recognize the penicilloyl structure
together with the side chain. The second group
comprised patients with more broadly reactive 'T" cells.
They were stimulated by both penicillin as well as by
related penicillins like amoxicillin  and ampicillin.
Reactivity to amoxicillin and ampicillin always occurred
together, which is in agreement with the close similarity
of these molecules, which differ only in an hydroxyl
group at the side chain in the para-position (Fig. 1).
None of the T cell lines or TCCs reacted with any of the
tested cephalosporins, even if the side chain was
identical (cephadroxil) to amoxicillin and the TCCs
recognized amoxicillin. These findings imply that for T
cells the penicilloyl core structure is of general
importance for recognition and that some TCCs react
with the penicilloyl and side chain structure, while
others react mainly with the penicilloyl core structure,
tolerating quite large modifications in the side chain
[10,39]. Thus, comparing sulfonamide, local anesthetic
and f-lactam reactivity a common motif emerges: T cells
tend to recognize the whole molecule, and not part of it;
some T cells recognize mainly the core structure, and
possibly part of the side chain, but exclusive side chain
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Figure 1. Cross-reactivity: misleading nomenclature
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The chemical property defining the class of drugs is highlighted in grey. (a) Sulfonamides with sulfanilamide-structure with proven cross-reactivity at the
T cell level. (b) p-lactams with penicilloyl structure showing cross-reactivity at the T cell level. (c) Sulfonamides, which lack the sulfanilamide structure,

are not cross-reactive with sulfonamides in (a). Cross-reactivity within (c) not analyzed in detail. (d)

p-lactams (cephalosporins) that are not cross-

reactive with (b) (penicillins). Cross-reactivity of T cells within (d) is likely but not yet analyzed in detail. For T cells neither a sulfonamide-structure (a,c)
nor the presence of a ff-lactam-structure (b,d) defines putative cross-reactivity. Most T cells appear to recognize more global structures.

reactivity seems to be rare. This would be in contrast to
antibody-mediated reactions, as immunoglobulin E
antibodies might react quite exclusively with the side
chain, while the core structure might be altered (Fig. 2)
[40]. This concept implies that one should strictly differ
between T cell mediated and antibody mediated
reactions when advising a patient with regard to cross-
reactivity. However, this concept is largely based on in-
vitro studies and further in-vivo analysis would be
required to prove this hypothesis.

Cross-reactivity in vivo

Based on the clonal analysis of T cell reactions to drugs,
it is quite clear that in most instances the T cell reaction
to a drug is polyclonal and also comprises TCCs able to
react with a structurally related compound. Clinical
reactivity does not always appear, however; and different
factors might account for this (Fig. 3).

The structural relationship to the sensitizing compound
A large part of the T cell reaction seems to be
exclusively directed to the eliciting compound. Cross-
reactivity was often not detectable at the whole T' cell
level (stimulation of peripheral blood lymphocytes), but
only after cloning, where less than 60% of the TCCs
were cross-reactive. Only part of the TCCs have a cross-
reactive potential, even if the cross-reactivity might be
directed to different compounds, often only less than 5%
of the TCCs are cross-reactive with a certain single
related compound (Fig. 3). This cross-reactive potential
might differ in different individuals. Nevertheless, it is
logical to assume that the closer the structures are, the
more likely cross-reactivity might occur.

The strength of the immune reaction
The stronger the immune reaction is, the more likely a
reaction might become clinically relevant: if the first




Figure 2. Differences in recognition of drugs by B and T cell receptors
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The core-structure of the drug sulfamethoxazole
is highlighted in grey. The side-chain is given by | (a)
a dotted line. The strength of the T or B cell
receptor interaction is shown by the size of
arrows. (a) TCRs interact with the whole
structure, some TCRs tolerate changes in the
side-chain. (b) B cell receptors recognize only
drug-protein conjugates and some may even
interact preferentially with the side chain of a
drug. Changes in the core-structure might be
tolerated.
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Figure 3. Relevance of structurally related drugs in clinical manifestation of cross-reactivity

Schematic representation of a pool of TCCs
sensitized to drug A (gray shadow). T cells
partially gray and densely dotted are specific for
drug A and cross-reactive to drug A1, whereas
lightly dotted T cells are cross-reactive to drug
A2. The structure of drug A1 is very similar to A,
while the structure of drug A2 is less related to
drug A. If the patient would be sensitized to drug
A, administration of drug A1 could lead to a
clinically relevant cross-reaction, as it is more
probable that TCCs exist that are cross-reactive
to the structurally similar drug A1. Administration
of drug A2 could be tolerated by the patient as
only few TCCs react, which are not sufficient to
elicit clinical symptoms. If the immune response
to A is strong and thus many TCCs are
generated, the likelihood of cross-reactivity is
also greater than if the immune response is weak

Pool of T cell clones sensitized to drug A
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Stimulation with
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Quantitative distribution of
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immune reaction was already scarcely causing symptoms,
the restimulation of fewer TCCs by the second
compound will not be sufficient to cause any symptoms.
In contrast, if the first immune reaction activated a wide
pool of TCCs, the chances that a related drug also
activates more T'CCs is high.

Co-factors
Sensitization to drugs might often not be clinically
apparent. Only if co-factors like an underlying general-

ized viral infection or an ongoing generalized auto-
immune disease are present then the clinical symptoms
might appear. If this co-factor is missing during the
second exposure, no symptoms might arise.

Multiple drug hypersensitivities

Multiple drug hypersensitivities are not so rare and are
well documented by history, patch test or lymphocyte
transformation tests and are thought to occur in about
10% of well-documented patients with drug allergy [41].
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Thus, some cases of presumed cross-reactivity might
actually represent a double sensitization and are not due
to cross-reactivity.

Predicting cross-reactivity

Many newly developed drugs belong to a class of
compounds with some allergenic potential. It would be
of great value to predict the allergenic potential of a drug
and its level of cross-reactivity with other compounds. For
this purpose it is favorable to develop an assay that
addresses cross-reactivity on the level of T cell responses
[42]. To address this issue we transfected human drug-
specific TCRs into mouse TCR negative T cell
hybridomas [43°,44]. These transfectants (generated to
drugs such as fluoroquinolones, sulfonamides and radio
contrast media) are stable and suitable tools for in-depth
analysis of TCR-drug interactions because they are easy
to handle and unlimited in growth compared with primary
human TCCs. Furthermore , a battery of drug-specific
TCR transfected hybridomas would give the possibility
to test for putative cross-reactions. For example, sulfa-
methoxazole-specific TCRs can be used for analysis of
cross-reactivity to non-anti-infective sulfonamides such as
cyclooxygenase-2 selective drugs or diuretics. This would
be of great advantage for patients, such as those labeled
‘sulfonamide-allergic’, which gives the erroneous impres-
sion that all sulfonamide-containing drugs are contra-
indicated in such individuals.

Conclusion

Recent studies revealed that one has to distinguish
between B and T cell mediated drug-cross-reactions.
Whereas B cells can sometimes react exclusively with
the side chain, T cells tend to recognize the global
structure, which includes the core structure. These
findings demonstrate that the classification of drug by a
small chemical property such as SO,-NHyx can be
misleading in the context of T cell mediated cross-
reaction. In the development of a drug these features
should be better considered and be included in the
licensing. In addition, the physicians should become
more aware of this problem and obtain tests to rule out
cross-reactivity in a sensitized individual.

Acknowledgements

We gratefully acknowledge the collaboration with all present and past
coworkers of the Drug Allergy Group in the Division of Allergology at the
Inselspital.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

*  of special interest

** of outstanding interest

1 Hoigne R, Schlumberger HP, Vervloet D, et al. Epidemiology of allergic drug
reactions. Monogr Allergy 1993; 31:147-170.

2 Mauri-Hellweg D, Bettens F, Mauri D, et al. Activation of drug-specific CD4+
and CD8+ T cells in individuals allergic to sulfonamides, phenytoin, and
carbamazepine. J Immunol 1995; 155:462-472.

3 Pichler WJ, Schnyder B, Zanni MP, et al. Role of T cells in drug allergies.
Allergy 1998; 53:225-232.

4 Pichler W, Yawalkar N, Schmid S, et al. Pathogenesis of drug-induced
*  exanthems. Allergy 2002; 57:884-893.
This review gives an updated overview of the pathomechanism underlying drug-
induced skin-reactions and proposes a subdivision of type IV reactions according
to the involvement of different effector cells.

5 Pichler WIJ, Yawalkar N, Britschgi M, et al. Cellular and molecular

*  pathophysiology of cutaneous drug reactions. Am J Clin Dermatol 2002;
3:229-238.

The authors describe the pathophysiology of drug-induced skin diseases such as

maculopapular exanthema, bullous exanthem and acute generalized exanthema-

tous pustolosis.

6 Saxon A, Hassner A, Swabb EA, et al. Lack of cross-reactivity between
aztreonam, a monobactam antibiotic, and penicillin in penicillin-allergic
subjects. J Infect Dis 1984; 149:16-22.

7 Adkinson NF Jr, Saxon A, Spence MR, et al. Cross-allergenicity and
immunogenicity of aztreonam. Rev Infect Dis 1985; 7 (Suppl 4):S613-S621.

8 Brander C, Mauri-Hellweg D, Bettens F, et al. Heterogeneous T cell
responses to beta-lactam-modified self-structures are observed in penicillin-
allergic individuals. J Immunol 1995; 155:2670-2678.

9 Padovan E, Bauer T, Tongio MM, et al. Penicilloyl peptides are recognized as
T cell antigenic determinants in penicillin allergy. Eur J Immunol 1997;
27:1303-1307.

10 Mauri-Hellweg D, Zanni M, Frei E, et al. Cross-reactivity of T cell lines and
clones to beta-lactam antibiotics. J Immunol 1996; 157:1071-1109.

11 Landsteiner K, Jacobs J. Studies on the sensitization of animals with simple
chemical compounds. J Exp Med 1935; 61:643-656.

12 Weltzien HU, Moulon C, Martin S, et al. T cell immune responses to haptens.
Structural models for allergic and autoimmune reactions. Toxicology 1996;
107:141-151.

13 Park BK, Pirmohamed M, Kitteringham NR. Role of drug disposition in drug
hypersensitivity: A chemical, molecular, and clinical perspective. Chem Res
Toxicol 1998; 11:969-987.

14 Naisbitt DJ, Gordon SF, Pirmohamed M, et al. Immunological principles of
adverse drug reactions: the initiation and propagation of immune responses
elicited by drug treatment. Drug Saf 2000; 23:483-507.

15 Knowles SR, Uetrecht J, Shear NH. Idiosyncratic drug reactions: the reactive
metabolite syndromes. Lancet 2000; 356:1587-1591.

16 Pirmohamed M, Kitteringham NR, Park BK. The role of active metabolites in
drug toxicity. Drug Saf 1994; 11:114-144.

17 Cribb AE, Spielberg SP. Sulfamethoxazole is metabolized to the hydroxyl-
amine in humans. Clin Pharmacol Ther 1992; 51:522-526.

18 Naisbitt DJ, Hough SJ, Gill HJ, et al. Cellular disposition of sulphamethox-
azole and its metabolites: implications for hypersensitivity. Br J Pharmacol
1999; 126:1393-1407.

19 Schnyder B, Burkhart C, Schnyder-Frutig K, et al. Recognition of
sulfamethoxazole and its reactive metabolites by drug-specific CD4+ T cells
from allergic individuals. J Immunol 2000; 164:6647-6654.

20 Reilly TP, Lash LH, Doll MA, et al. A role for bioactivation and covalent
binding within epidermal keratinocytes in sulfonamide-induced cutaneous
drug reactions. J Invest Dermatol 2000; 114:1164-1173.

21 Schnyder B, Mauri-Helweg D, Zanni M, et al. Direct, MHC-dependent
presentation of the drug sulfamethoxazole to human alphabeta T cell clones. J
Clin Invest 1997; 100:136-141.

22 Zanni MP, von Greyerz S, Schnyder B, et al. HLA-restricted, processing- and
metabolism-independent pathway of drug recognition by human alpha beta T
lymphocytes. J Clin Invest 1998; 102:1591-1598.

23 Zanni MP, von Greyerz S, Schnyder B, et al. Allele-unrestricted presentation
of lidocaine by HLA-DR molecules to specific ab+ T cell clones. Int Immunol
1998; 10:507-515.

24 Pichler WJ. Pharmacological interaction of drugs with antigen-specific

** immune receptors: the p-i concept. Curr Opin Allergy Clin Immunol 2002;
2:301-305.

This article summarizes the finding that inert drugs interact with TCR, which has

major implications for an understanding of drug hypersensitvity reactions.



25 Burkhart C, von Greyerz S, Depta JP, et al. Influence of reduced glutathione
on the proliferative response of sulfamethoxazole-specific and sulfamethox-
azole-metabolite-specific human CD4+ T-cells. Br J Pharmacol 2001;
132:623-630.

26 von Greyerz S, Bultemann G, Schnyder K, et al. Degeneracy and additional
alloreactivity of drug-specific human alpha beta(+) T cell clones. Int Immunol
2001; 13:877-885.

27 Burkhart C, Britschgi M, Strasser |, et al. Non-covalent presentation of

*  sulfamethoxazole to human CD4+ T cells is independent of distinct human
leucocyte antigen-bound peptides. Clin Exp Allergy 2002; 32:1635-1643.

Exchanging the peptide within MHC molecules did not alter drug recognition.

28 Hausmann S, Wucherpfennig KW. Activation of autoreactive T cells by
peptides from human pathogens. Curr Opin Immunol 1997; 9:831-838.

29 Mason D. A very high level of crossreactivity is an essential feature of the T-
cell receptor. Immunol Today 1998; 19:395-404.

30 Loftus DJ, Chen Y, Covell DG, et al. Differential contact of disparate class I/
peptide complexes as the basis for epitope cross-recognition by a single T
cell receptor. J Immunol 1997; 158:3651-3658.

31 Garboczi DN, Biddison WE. Shapes of MHC restriction. Immunity 1999;
10:1-7.

32 Reiser JB, Darnault C, Gregoire C, et al. CDR3 loop flexibility contributes to
** the degeneracy of TCR recognition. Nat Immunol 2003; 4:241-247.

The authors prove cross-reactivity by the flexibility of antigen-contact-site of the
TCR through crystallographic studies.

33 von Greyerz S, Zanni MP, Frutig K, et al. Interaction of sulfonamide
derivatives with the TCR of sulfamethoxazole-specific human of+ T cell
clones. J Immunol 1999; 162:595-602.

34 Zanni MP, Mauri-Hellweg D, Brander C, et al. Characterization of lidocaine-
specific T cells. J Immunol 1997; 158:1139-1148.

T cell cross-reactivity with drugs Depta and Pichler 267

35 Vollmer J, Fritz M, Dormoy A, et al. Dominance of the BV17 element in nickel-
specific human T cell receptors relates to severity of contact sensitivity. Europ
J Immunol 1997; 27:1865-1874.

36 Phipatanakul W, Adkinson Jr NF. Cross-reactivity between sulfonamides and
loop or thiazide Diuretics: Is it a theoretical or actual risk? Allergy and Clinical
Immunology International 2000; 12:26-28.

37 Zanni MP, von Greyerz S, Hari Y, et al. Recognition of local anesthetics by
alphabeta+ T cells. J Invest Dermatol 1999; 112:197-204.

38 Bircher AJ, Messmer SL, Surber C, et al. Delayed-type hypersensitivity to
subcutaneous lidocaine with tolerance to articaine: confirmation by in vivo and
in vitro tests. Contact Dermatitis 1996; 34:387-389.

39 Padovan E, Mauri-Hellweg D, Pichler WJ, et al. T cell recognition of penicillin
G: structural features determining antigenic specificity. Eur J Immunol 1996;
26:42-48.

40 Fernandez M, Warbrick EV, Blanca M, et al. Activation and hapten inhibition
of mast cells sensitized with monoclonal IgE anti-penicillin antibodies:
evidence for two-site recognition of the penicillin derived determinant. Eur J
Immunol 1995; 25:2486-2491.

41 Pichler WJ. Multiple drug hypersensitivity. In: Marone G, editor. Clinical
immunology and allergy in medicine. Bologna, Monduzzi; 2003. pp. 193-198.

42 Pichler WJ. Predictive drug allergy testing: an alternative viewpoint.
Toxicology 2001; 158:31-41.

43 Lu L, Vollmer J, Moulon C, et al. Components of the ligand for a Ni++
* reactive human T cell clone. J Exp Med 2003; 197:567-574.

This study shows on the molecular level how the non-peptide antigen nickel can
interact with MHC-peptide molecules and the TCR at the same time.

44 Vollmer J, Weltzien HU, Dormoy A, et al. Functional expression and analysis
of a human HLA-DQ restricted, nickel-reactive T cell receptor in mouse
hybridoma cells. J Invest Dermatol 1999; 113:175-181.





