Pharmacological interaction of drugs with antigen-specific
immune receptors: the p-i concept

Werner J. Pichler

Purpose of review

Drug allergies are examples of immune reactions to small
molecular compounds. In many drug allergies drug specific
CD4+ and CD8+ T-cells can be detected, which recognize
small chemicals via their o-T-cell receptor in a major
histocompatibility complex dependent way. In this review a new
concept of drug presentation to T-cells is presented.

Recent findings

Drugs were stimulatory for T-cells if they bound covalently to
peptides or proteins, but also if the drug had structural features
allowing it to bind in a labile way (noncovalently) to the major
histocompatibility peptide complex. This latter binding method
has some similarities to superantigen stimulations and can
explain allergies to drugs that are not metabolized. It has been
described in patients with maculopapular, bullous and
neutrophilic drug eruption, as well as in contact dermatitis.
Summary

Noncovalent drug presentation leads to the stimulation of
immune cells, namely T-cells. The drug needs two surface
molecules (one inert serving as a scaffold, major
histocompatibility complex, and one reactive, T-cell receptor) to
exert its function. Although two receptor structures are involved,
the process is reminiscent of a pharmacological interaction
between a drug and its receptors and, from the phrase
pharmacological interaction with immune receptors, was thus
termed the p-i concept.
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Introduction

Small chemical compounds gain immunogenicity by
binding to larger molecules (hapten carrier concept). As
the binding can occur to many different structures,
namely soluble proteins, cell bound proteins (e.g.
adhesion molecules, cellular receptors) and even the
major histocompatibility complex (MHC)-molecules
themselves, the ensuing, hapten-specific immune re-
sponse can be very heterogeneous, which is also
reflected in a great heterogeneity of distinct clinical
symptoms.

The multitude of immune reactions that develop against
small compounds might also explain why in the past the
study of hapten-specific immune reactions provided a
constant source of new insights into general principles of
immune reactions. For example, the concept of cellular
immunity was actually developed by studies made with
small chemicals causing contact dermatitis [1]. In
addition, one of the first descriptions of MHC-restric-
tions of T-cell mediated immunity was based on
experiments using trinitrophenyl-modified cellular struc-
tures [2]. The better insights made into the mechanisms
underlying distinct clinical presentations of drug allergies
continue to challenge prevailing concepts of immune
responses [3°].

Hapten and prohapten concept

Until recently the hapten model was the only concept
explaining the recognition of small chemicals like drugs
(mostly <1000 D) by the immune system [3°-5]. It
implied that a small molecule is too small to be recognized
by the immune system. Covalent binding of a drug or
chemical to proteins modifies the latter and renders this
newly generated hapten-carrier-complex immunogenic to
the immune system. These hapten-modified structures
can be recognized by immunoglobulins, or, after proces-
sing to small peptides and presentation on MHC
molecules, by T-cells. However, T cell recognition can
only occur if the modification affects the part of the
protein that is presented to the immune system on MHC
molecules as a 9-14 amino-acid peptide.

Most drugs are, however, chemically not reactive and
thus lack hapten like features. Nevertheless, some of
them stll elicit allergic side effects. It has been
hypothesized that, in these cases, drug metabolism
may lead to metabolites that are chemically highly
reactive and thus behave like haptens and modify
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proteins covalently [4-8]. Some of these metabolites
remain elusive as they are not stable and bind
immediately to proteins; or they might be inactivated
rapidly outside or inside of the metabolizing cells by, for
example, glutathion. Alternatively, they bind to proteins,
but do not elicit an immune response. The reason for
this ‘ignorance’, which seems to be the predominant
type of immune response to most drugs, might be the
missing activation of the innate immune system, as
normally provided by bacteria or viruses which activate
antigen presenting cells e.g. by binding to TOLL-like
receptors [6]. In the absence of such a danger signal, the
immune system may not react [5].

Other drugs might be metabolized to more stable
intermediates. An interesting example is sulfamethox-
azole, whose metabolism has been well analyzed [5,9]. It
might be a typical example for a prohapten, which gains
its immunogenicity by intracellular metabolism. Whilst
the drug itself is chemically not reactive, a cytochrome
p450 dependent metabolism leads to sulfamethoxazole
hydroxylamine. This compound is still not chemically
reactive and can be found in the urine of sulfamethox-
azole-treated patients [8]. However, a simple (extracel-
lular) oxidation can transform it to sulfamethoxazole
nitroso, a chemically reactive compound able to act as a
hapten and to bind covalently to proteins or peptides [5].
Besides liver cells, other cells, such as keratinocytes, may
also transform the drug to sulfamethoxazole hydroxyla-
mine and generate this antigen locally, which might be
an explanation for extrahepatic manifestations of drug
allergy [9]. Similar concepts have been elaborated for
other compounds, such as lamotrigine and carbamaze-
pine [10,11]. These compounds are known to elicit so
called drug (anticonvulsive) hypersensitivity, which is a
severe drug allergy with high eosinophilia, often invol-
ving skin and causing rather severe liver cell damage
[12,13]. Indeed, the prohapten concept might be highly
relevant for those drug allergies that go along with liver
cell damage. It is well documented for tielenic acid [14].

The prohapten concept has recently been experimen-
tally supported by animal experiments: While immuni-
zation of rats with sulfamethoxazole failed to elicit an
immune reaction, immunization with the hapten sulfa-
methoxazole-nitroso consistently elicited a B and T-cell
immune response. However, if sulfamethoxazole was
given in complete Freund’s adjuvant, the rats developed
an immune response to the nitroso form but not to
sulfamethoxazole. This clearly indicates that metabolism
can give rise to a new antigenic structure and can elicit a
metabolite specific immune response under special
circumstances [15°°].

On the other hand, the majority of T-cell clones
obtained from three patients with sulfamethoxazole-

allergy recognized exclusively sulfamethoxazole and
only few of the nitroso form [16]. Thus, in such
patients, both an immune response to the inert parent
compound and possibly also to the metabolite might
develop. This would be compatible with the clinical
observation, that sulfamethoxazole can elicit antibody
and T cell mediated drug allergies, whereby the
antibody mediated reactions would be due to the
nitroso metabolite, which indeed is binding to proteins
after SMX uptake [17].

A further interesting aspect of the prohapten concept
comes from consideration of its pharmacogenetic proper-
ties, which might explain individual susceptibility to
developing drug hypersensitivity [18°]. The drug
metabolizing enzymes are inherited in different allelic
forms with distinct functional activities. Thus, depen-
dent on the individual pharmacogenetic disposition,
rapid or slow acetylation may occur or a higher or lower
amount of a reactive metabolite might be generated, for
example. In addition, the generation of a toxic
metabolite might also provide some stimulation of the
innate immune system [6] providing a so called ‘danger
signal’ [19], which facilitates an immune response to the
metabolite [5].

The pharmacological interaction of drugs
with immune receptors concept

During the past years our group elaborated a new
possibility for drug presentation, namely a pharmacolo-
gical interaction of drugs with immune receptors, termed
the p-i concept [20-22]. Chemically inert drugs, unable
of covalently binding to peptides or proteins, can
nevertheless associate with the MHC—peptide complex,
albeit in a rather labile way (first step). The drug binding
is easily removed by simple washing. In pharmacological
terms, this means that the binding of the drug to the
MHC-peptide complex has a low affinity, probably in
the millimolar to micromolar range.

It is likely that this labile binding to MHC-peptide
complexes is not stimulatory for the cell per se; but it
may serve as a scaffold for a second receptor, namely the
T-cell receptor (TCR) (second step). Part of the very
heterogeneous pool of T cells with distinct TCRs may
interact with this peculiar drug-MHC complex (Fig. 1).
This TCR interaction can be of relatively high affinity
[23,24°] and is capable of generating a receptor-mediated
signal, which is interpreted as immunological, as a T-cell
is reacting.

This p—i model has been demonstrated for sulfamethox-
azole, lidocaine, mepivacain, celecoxib, carbamazepin
[20,22,25°¢,26,27°]. It is relevant for maculopapular drug
eruption, erythema exsudativum multiforme, contact
dermatitis, acute generalized exanthematous pustulosis



and was recently shown to be relevant for toxic
epidermal necrolysis as well [27°] (Table 1). How (i.c.
by van der Waals, hydrogen bonds) and where on the
MHC-peptide complex the drug binding occurs is still
unresolved.

There is good evidence that the type of peptide
embedded in the MHC groove is not relevant for drug
binding: alteration of the peptide by adding other
peptides in excess did not alter the ability of the antigen
presenting cell to present the drug (Burkhart ¢7 @/., in
preparation). Even different human leukocyte antigen-
DR alleles, which surely bear different peptides, are able
to present the drug to certain T-cell clones. Thus,
neither the type of peptide nor the MHC allele is a
limiting factor for peptide presentation [22°].

Figure 1. The pharmacological interaction of drugs with immune
receptors concept

TCR k)

A drug, such as sulfamethoxazole (SMX), binds to major histocompat-
ibility complex (MHC)-peptide complexes (and probably to other
molecules as well). This binding is of low affinity, and has no functional
consequence (a). However, if a T-cell with a fitting T-cell receptor (TCR),
on its way to screen the MHC molecules, passes by, a stabilization of
the binding by this ‘sandwich’ may occur and the TCR transmits a signal
to the cell (b). Thus, a pharmacological interaction with an immune
receptor leads to cell activation, which is interpreted as antigenic
stimulation, as only those immune cells react, which bear fitting TCRs.
HLA, human leukocyte antigen.

Table 1. Clinical examples of noncovalent drug presentations

Drug Clinical reaction

MPE [16]

Toxic epidermal necrolysis [27°]
Contact dermatitis [22]

Acute generalized exanthematous
pustulosis [25°]

Carbamazepin Drug hypersensitivity syndrome
Ciproxin MPE

Sulfamethoxazole

Lidocain/mepivacain
Celecoxib

MPE, maculo-papular exanthema
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Differences between covalent and
noncovalent drug presentation

A comparison of drug and peptide specific T-cell clones
did not reveal differences in the Kkinetics of TCR
activation [21]. On the other hand, drugs gaining
immunogenicity by their hapten characteristics or by
their ability to noncovalently interact with MHC—peptide
complex differ considerably in two aspects: (1) Haptens
are primarily immunogenic due to their chemical features.
Their chemical reactivity enables them to stably modify
proteins and peptides. In contrast, drugs, which bind in a
labile way to MHC molecules, are immunogenic, based
only on their structural features, which enables them to
interact with immune receptors (MHC and TCR). This
latter feature has not yet been considered in the
development of a drug but may account for a substantial
portion of unforeseen side effects [28°]. (2) The ability of
a drug to bind to proteins, based on chemical or structural
features, has a major impact on the type of immune
reaction and consequently on the evolving clinical
picture. A hapten-like drug (e.g. amoxicillin) is able to
alter many different proteins, either soluble or cell bound,
and it can even modify different MHC molecules and
their embedded peptides directly; this may elicit
seemingly all types of immune reactions. Indeed,
penicillins are reported to cause different antibody
mediated diseases, but also various T-cell mediated
reactions. If the drug acquires immunogenicity only by
labile binding to MHC molecules, the immune reaction
will be restricted to T-cell but not B-cells. This model
would explain exclusive T-cell reactions, as it is not
infrequently seen with drug reactions. For example,
carbamazepine is known to elicit maculopapular exanthe-
ma (MPE) and so called drug hypersensitivity syndromes,
two typical T-cell mediated diseases, but not anaphylaxis.

Both labile and hapten like presentations of a drug might
occur together and lead to distinct symptoms. This
might be the case in sulfamethoxazole allergy, where the
antibody immune response might be directed to
sulfamethoxazole-nitroso, while the exanthems might
be due to presentation of sulfamethoxazole itself.

Both types of MHC-dependent drug presentations, based
on covalently or labile bound drugs, can elicit quite
heterogeneous T-cell responses. It is still an enigma as to
why the same drug, such as amoxicillin or sulfamethox-
azole, elicits maculopapular exanthemy in one patient
and a bullous skin eruption in another individual. Possibly
the human leukocyte antigen allele or differences in the
drug metabolism play a role [18°,25°%,29°°].

Similarities of the p-i concept to
superantigen stimulations

Drugs are peculiar antigens for T cells. They are clearly
distinct from normal peptide antigens, but may have
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some similarities to metals (nickel), which are well
known contact-sensitzers and able to elicit T-cell
responses [30,31,32]. On the other hand, there are some
similarities to superantigens such as Staphylococcal
enterotoxin B or toxic shock syndrome toxin-1, which
may be also relevant for understanding some clinical
symptoms [32] (Fig. 2): (1)Drugs, like superantigens,
bind from the outside of MHC and TCR without the
need for processing [20,21,22]. (2) Superantigens and
drugs can be ‘recognized’ by T-cells after binding to
different MHC alleles. While the majority of drug
specific T-cell clones are human leukocyte antigen-
allele restricted, there are exceptions to the MHC
restriction of hapten specific T-cell responses [24°]. If
the TCR is interacting with the drug (a hapten or an
inert substance) in a high affinity manner, the binding
energy provided by the interacting carrier molecules
(peptide and MHC) is of minor importance. Under such
circumstances the hapten specific immune response is
not MHC-allele-restricted. This has been documented
for penicillin G, trinitrophenyl and sulfamethoxazole
responses [24°,33], and occurs, when the hapten binds in
a central position of the peptide (amino acid at position
four, five, six of the nine amino acid peptide) [33]. (3) In
some instances, drug reactive T-cells show a use of a
particular TCR-Vf. Such an oligoclonal T-cell reaction
i vitro could be observed with amoxicillin [34].
Oligoclonality, namely the rapid expansion of T-cells
bearing certain TCR-Vf elements, can occur during the

Figure 2. Similarities of superantigen and drug stimulation of T-cells

APC
it MHC-molecule
CD3-TCR Drug
complex

Some peculiar features of T-cell stimulations by drugs are shown, which
are in agreement with superantigen stimulations. They include allele
unrestricted presentation [22], CD8 reactions with major histocompat-
ibility complex (MHC)-class Il [20], oligoclonal T-cell receptor (TCR) Vfj
expansion [34], stimulation of both CD4 and CD8 cells by the same
‘antigen’ [20,26], binding from the outside to the MHC—-peptide complex
[20,21] and a high incidence of alloreactivity [24°]. APC, antigen
presenting cell.

initial phase of a strong immune response (e.g. to HIV or
Epstein-Barr virus peptides [35,36], but is also a typical
feature of superantigen stimulations [32]. The occasion-
ally observed oligoclonality of T-cell reactions to drugs is
also reminiscent of nickel-stimulated T-cell cultures.
Nickel (nickel sulphate), which is a common contact
sensitizer, can preferentially stimulate T-cells expressing
TCR-Vp17 [30]. It binds, like certain drugs, in a
noncovalent way to MHC—peptide complexes. Nickel
sulphate and drugs might thus share some common
features in the way they stimulate T-cells. (4) There are
also, however, some arguments against a direct compar-
ison of T-cell stimulations by drugs with those by
superantigens. Drugs are far smaller than superantigens
and are unable to consistently activate T-cells. A
previous expansion of the responsive T-cell subset
seems to be required to allow measurement of a reaction,
and can also be observed 7z vivo, as the second response
frequently occurs more rapidly. Moreover, no in-vivo
data are yet available for such an oligoclonal T-cell
reaction during an acute, severe drug allergy.

In summary, while drug stimulation may in certain
circumstances be comparable with oligoclonal super-
antigen-like stimulations, the vast majority of drug
specific T-cells actually show a heterogencous TCR
repertoire [23,34]. 'This implies that many different
TCRs (TCR-Va and Vf) can react with the same drug
presented by MHC molecules, and that the stimulation
of a certain TCR-Vf by a drug is more the exception
than the rule.

Conclusion

The p-i concept of drug presentation postulates that
chemically inert drugs can bind to MHC-peptide
complexes and happen to fit into certain TCRs and
thereby elicit an immune response. This manifests itself
as drug allergy. This new concept can explain some
peculiar, clinical features of drug allergy: an immune
response to an inert substance, the manifestation of drug
allergies in organs without known drug metabolism, the
sometimes selective T-cell stimulation, without antibody
response, the vigorous immune response to inert drugs 77
vitro or in skin tests. The process plays a role in different
forms of drug induced exanthems. Since such reactions
can elicit severe, life threatening side effects, the
pharmaceutical industry should develop tests to predict
the potential of drugs to interact with TCR based on
structural requirements. The great variability of TCR
seems to make such a prediction a ‘heroic’ undertaking.
But the fact that the majority of side effects are due to a
small group of drugs makes it likely that they have a
certain motif, which fits into TCRs and could be
elucidated. This could reduce such side effects and
prevent the extremely expensive withdrawal of drugs
from the market soon after their launch.



Acknowledgements
This work was supported by Swiss National Science foundation Grant
Nr. 31-61452.00 and Foundation 3R, Switzerland, grant Nr 80/01.

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

2 Shearer GM. Cell-mediated cytotoxicity to trinitrophenyl-modified syngeniec
lymphocytes. Eur J Immunol 1974; 4:527-533.

3 Pichler WJ, Yawalkar N, Britschgi M, et al. Cellular and molecular
pathophysiology of cutaneous drug reactions. Am J Clin Dermatology
2002; 3:229-238.

4 Park BK, Pirmohamed M, Kitteringham NR. Role of drug disposition in drug
hypersensitivity: a chemical, molecular, and clinical perspective. Chem Res
Toxicol 1998; 11:969-988.

5 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.

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

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

8 Cribb AE, Spielberg SP. Sulfamethoxazole is metabolized to the hydro-
xylamine in humans. Clin Pharmacol Ther 1992; 51:522-526.

9 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.

10 Maggs JL, Naisbitt DJ, Tetey JN, et al. Metabolsim of lamotrigine to a reactive
arene oxide intermediate. Chem Res Toxicol 2000; 13:1075-1081.

11 Knowles SR, Shapiro LE, Shear NH. Anticonvulsant hypersensitivity
syndrome: incidence, prevention and management. Drug Saf 1999;
21:489-501.

12 Carroll MC, Yueng-Yue KA, Esterly NB, Drolet BA. Drug-induced
hypersensitivity syndrome in pediatric patients. Pediatrics 2001; 108:485-
492.

13 Kuldvee R, Thormann W. Determination of carbamazepine and carbamaze-
pine-10,11-epoxide in human serum and plasma by micellar electrokinecit
capillary chromatography in the absence of electroosmosis. Electrophoresis
2001; 22:1345-1355.

14 Dansette PM, Bonierbale E, Minoletti C, et al. Drug-induces immunotoxicity.
Eur J Drug Metab Pharmacokinet 1998; 23:443-451.

15 Naisbitt DJ, Gordon SF, Pirmohamed M, et al. antigenicity and immunogenicity

** of sulfamethoxazole: demonstration of metabolism-dependent haptenation and
T-cell proliferation in vivo. Br J Pharmacol 2001; 139:295-305.

This was the first experimental demonstration of the prohapten concept in a rat

model: after immunization with sulfamethoxazole in complete Freund's adjuvant, an

immune response to the metabolite (sulfamethoxazole-nitroso) could be detected.

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

17 Meekins CV, Sullivan TJ, Gruchalla RS. Immunochemical analysis of
sulfonamide drug allergy: identification of sulfamethoxazole-substituted hu-
man serum proteins. J Allergy Clin Immunol 1994; 94:1017-1024

18 Pirmohamed M, Park BK. Genetic susceptibility to adverse drug reactions.
*  Trends Pharmacol Sci 2001; 22:298-305.

This is a well written review of the different genetic factors contributing to altered
drug metabolism and drug presentation.

Pharmacological interaction with immune receptors Pichler 305

19 Gallucci S, Matzinger P. Danger signals: SOS to the immune system. Curr
Opin Immunol 2001; 13:114-119.

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

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

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

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

24 von Greyerz S, Biltemann G, Schnyder K, et al. Degeneracy and additional

¢ alloreactivity of drug-specific human «f+ T cell clones. Int Immunology 2001;
7:877-885.

This provides a demonstration that drug reactive T cells show a high degeneracy

of their TCR, which is also reacting in a high frequency with alloantigens.

25 Britschgi M, Steiner U, Schmid S, et al. T cellinvolvement in drug-induced acute
** generalized exanthematous pustulosis. J Clin Investig 2001; 11:1433-1441.
Investigating the pathophysiology of acute generalized exanthematous pustulosis
revealed a first demonstration of an antigen driven, T cell mediated process
leading to a (sterile) neutrophilic inflammation. These drug specific T cells are
peculiar as they secrete a high level of interleukion-8 and recognize the drugs
either as hapten or presented in a labile form.

26 Zanni MP, Mauri-Hellweg D, Brander C, et al. Characterization of lidocaine-
specific T cells. J Immunol 1997; 158:1139-1114.

27 Nassif A, Bensussan A, Dorothée G, et al. Drug-specific cytotoxic T

*  lymphocytes in the skin lesions of a patient with toxic epidermal necrolysis. J
Invest Dermatol 2002:118:728-7383.

T cells obtained from the lesions of a patient with TEN were cytotoxic, had NK cell

markers, killed in a perforin dependent way and recognized the parent compound

directly.

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

This summarizes clinical and experimental data which demonstrate the insuffi-
ciency of present predictive drug allergy testing. The relevance of the p-i concept
for predictive drug allergy testing is demonstrated.

29 Mallal S, Nolan D, Witt C, et al. Association between presence of HLA-B*5701,

** HLA-DR7, and HLA-DQ3 and hypersensitivity to HIV-1 reverse-transcriptase
inhibitor abacavir. Lancet 2002; 359:727-732.

The until now most convincing demonstration of an HLA-association of a

presumable drug allergic reaction, namely abacavir hypersensitivity; HLA-B57+

individuals have a > 100 fold risk to develop side effects to abacavir than HLA-

B57 negative individuals.

30 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. Eur J
Immunol 1997; 27:1865-1874.

31 Traidl C, Sebastiani S, Albanesi C, et al. Disparate cytotoxic activity of nickel-
specific CD8+ and CD4+ T cell subsets against keratinocytes. J Immunol
2000; 165:3058-3064.

32 Choi Y, Lafferty JA, Clements JR, et al. Selective expansion of T cells
expressing V beta 2 in toxic shock syndrome. J Exp Med 1990; 172:981-
984.

33 Kohler J, Hartmann U, Grimm R, et al. Carrier-independent hapten
recognition and promiscuous MHC restriction by CD4 T cells induced by
trinitrophenylated peptides. J Immunol 1997; 158:591-597.

34 Mauri-Hellweg D, Zanni M, Frei E, et al. Cross-reactivity of T cell lines and
clones to beta-lactam antibiotics. J Immunol 1996; 157:1071-1079.

35 Pantaleo G, Demarest JF, Soudeyns H, et al. Major expansion of CD8+ T
cells with a predominant V beta usage during the primary immune response
to HIV. Nature 1994; 370:463-467.

36 Pichler WJ, Mauri-Hellweg D, Baumann K, Bettens F. Selective expression of
T-cell receptor-V beta in acute infectious mononucleosis. Arch Intern Med
1995; 165:1555-1556.



