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Determination of interleukin-5 secretion from drug-specific activated ex vivo
peripheral blood mononuclear cells as a test system for the in vitro detection of

drug sensitization
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Introduction

Summary

Background In vitro detection of drug sensitization is still limited. The lymphocyte transformation
test, which determines drug-specific proliferation, is the only in vitro test for detecting drug sensitiza-
tion at the cellular level irrespective of the reaction’s clinical phenotype. Accumulation of eosinophils
following IL-5 secretion from drug-specific stimulated T cells is a characteristic histological feature
of drug-induced skin eruptions.

Objective We determined whether in vitro drug-specific activation of ex vivo peripheral blood
mononuclear cells from 10 patients with drug-induced maculopapular exanthems and three patients
with severe skin reactions results in secretion of IL-5, IL-10 or IFN-y and assessed the sensitivity and
specificity of drug-specific IL-5 secretion as a test system compared with the lymphocyte transform-
ation test and patch tests. Furthermore, the subsets of CD4" and CD8™ T cells involved in drug-
specific proliferation, IL-5 secretion and mRNA expression were examined in three patients.
Methods Drug-specific proliferation of peripheral blood mononuclear cells in the lymphocyte
transformation test was investigated by *H-thymidine uptake, and culture supernatants taken
after 5days were analysed for IL-5, IL-10 and IFN-y concentrations by ELISA technique. IL-5
mRNA expression was determined by RT-PCR.

Results Drug-specific activation of peripheral blood mononuclear cells consistently resulted in
IL-5 and to a lesser extent in IL-10 and IFN-y secretion. The sensitivities of the patch test,
lymphocyte transformation test and assessment of drug-specific IL-5 secretion for the detection of
drug sensitization were 55%, 75% and 92%, respectively.

Conclusion These data suggest a role for the determination of drug-specific IL-5 secretion by ex vivo
peripheral blood mononuclear cells for the in vitro detection of drug-sensitization in drug-induced
maculopapular exanthems.
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tests to drugs of individuals with a history of a drug-allergic
reaction [9], by the demonstration of drug-specific peripheral

In this paper we focus on allergic drug-reactions, which account
for about one-seventh of all adverse drug reactions [1] but
represent a major problem of drug safety because of their
potential severity and unpredictability [2-4]. Due to the clinical
and histological similarities between drug-allergic skin erup-
tions and graft-vs.-host disease it has been hypothesized that
cutaneous drug-induced reactions represent specific immune
responses of T cells against antigens (drugs) that are bonded
to the surface proteins of keratinocytes [5-8]. The involvement
of T cells in drug-allergy has been confirmed by positive patch
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lymphocytes from such patients in the lymphocyte transform-
ation test (LTT) [3,10-12], and by the demonstration of
lymphocytes in the lesions of patients with drug-allergic skin
reactions [10, 13].

Conclusive diagnosis of drug allergy still remains a major
problem in daily clinical practice. In vivo cutaneous tests like
patch, prick and intracutaneous tests often do not yield positive
reactions, even in well-documented histories of drug-allergic
reactions. Final challenge tests, which are considered to be the
‘gold standard’, bear the risk of severe reactions, are frequently
not tolerated by the patients, and do not differentiate between
allergic and pseudo-allergic reactions. In vitro tests, on the other
hand, predominantly refer to the effector phase of immediate-
type drug-allergic reactions, encompassing methods which dir-
ectly or indirectly are based on the presence of specific IgE
antibodies or the activation of basophils like CAST-ELISA®
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[14] and BASO-Test® [15], respectively. Therefore, many drug-
allergic reactions, including the common maculopapular ex-
anthems, which are not mediated by specific IgE antibodies,
cannot be detected by means of these tests.

Currently the lymphocyte transformation test (LTT) is the
only available in vitro test for detecting drug sensitization at
the cellular level, irrespective of the effector mechanisms and the
clinical phenotype of the reaction, as it detects drug-specific
proliferation of sensitized T cells [11]. These T cells, circulating
in the body, emerge from the clonal expansion of naive T cells
having encountered their specific antigens [16]. However, the
LTT includes working with radioactive substances and has its
limitations, such as test-immanent difficulties, and therefore
should be performed in experienced laboratories [10, 11].

Accumulation of eosinophils promoted by IL-5 secretion
from drug-specific activated T cells is a characteristic histo-
logical feature in biopsy specimens of drug-induced skin erup-
tions [17]. These lesional drug-specific T cells expressing the
cutaneous lymphocyte antigen (CLA) descend from the periph-
eral blood and migrate into the skin [7, 17]. Furthermore, drug-
allergic reactions are often accompanied by blood eosinophilia
following IL-5 secretion from drug-specific activated T cells
[18-20]. This prompted us to assess the IL-5 secretion of
in vitro drug-specific activated ex vivo peripheral blood
mononuclear cells (PBMC) from patients with drug-induced
maculopapular exanthems representing delayed-type reactions
and to determine the sensitivity and specificity of drug-specific
IL-5 secretion as a test system compared with the LTT and
patch tests. In addition in vitro IL-10 and IFN-y secretions of
the PBMC were determined in order to investigate whether
these cytokines could also serve as indicating parameters for
drug-specific T cell activation.
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Materials and methods

Patients and controls

During the study period patients that presented to our
Department of Dermatology and Allergology were included in
the study only when the following criteria were fulfilled: (a) the
patient presented with a drug-induced maculopapular ex-
anthem representing a delayed-type reaction; (b) drug-allergy
was confirmed by stringent drug-allergy history-category
A according to Nyfeler et al. [11]; and (c) the patient gave
informed consent, agreeing to participate in the investigations.
Ten such patients with well-documented histories of a maculo-
papular exanthem were included in the present study (Table 1).
Patient 6 developed a maculopapular exanthem, additionally
expressing some target-like lesions similar to an erythema exuda-
tivum multiforme (E.e.m.)-like exanthem. Patient 10 presented
with confluent macules depicting a macular, erythrodermic-like
exanthem following intake of amoxicillin. Although the pheno-
types of these two patients differed slightly from the classical
maculopapular exanthem, with regard to the brevity, the skin
eruptions of all 10 patients are designated as maculopapular
exanthem in the manuscript. Anticonvulsant hypersensitivity
syndrome is defined in addition to the occurrence of skin rash by
organ manifestations [20, 21], which were apparent in patients 8
and 9.

All patients were investigated for atopic status by reference to
their histories, physical examinations and laboratory results for
the ‘Erlanger score for atopy’ [22]. In addition to the 10 patients
with maculopapular exanthem, three patients with severe skin
reactions (bullous maculopapular exanthem, E.e.m., toxic-
epidermal necrolyis, respectively) were investigated, probably

Table 1. Sensitivity and specificity of the different diagnostic procedures patch test, LTT, and detection of drug-specific IL-5, IL-10 and IFN-y secretion

Gender Age Atopy Phenotype of delayed- Causal drugs* Patch LTT Drug- Drug- Drug-
type drug reaction test specific specific specific
result IL-5 IFN-y IL-10
secretion  secretion secretion
1 F 35 no Maculopapular exanthem Amoxicillin pos. pos. pos. pos. neg.
2 F 44 yes Maculopapular exanthem Amoxicillin neg. pos. pos. neg. pos.
3 F 25 no Maculopapular exanthem Amoxicillin pos. pos. pos. pos. pos.
4 F 56 no Maculopapular exanthem Ampicillin pos. pos. pos. neg. pos.
5 F 35 no Maculopapular exanthem Chlorazepate pos. pos. pos. neg. neg.
6 F 39 no Maculopapular exanthem Fenoterol pos. pos. pos. neg. neg.
7T F 26 no Maculopapular exanthem Amoxicillin neg. neg. neg. neg. neg.
8 M 24 no Maculopapular exanthemi Carbamazepine§ n.d. pos. pos. pos. pos.
Phenytoin§ n.d. neg. pos. neg. neg.
Phenobarbital§ n.d. neg. pos. neg. neg.
9 M 9 no Maculopapular exanthemi Carbamazepine neg. pos. pos. n.d. pos.
10 M 30 yes Macular-erythrodermic Amoxicillin neg. pos. pos. pos. pos.
exanthem
n:10 F: 7 Average Atopic: 2; Maculopapular exanthem: 10 Aminopenicillins: 6 Sensitivity: Sensitivity: Sensitivity: Sensitivity: = Sensitivity:
55% 75% 92% 36% 50%
M: 3 Age: 32 non- Various drugs: 4 Specificity: Specificity: Specificity: Specificityq: Specificity{:
atopic: 8 n.d. 100% 100% 60% 100%

*With regard to the stringent history of the drug-induced reaction. TBecause no lymphocyte reactivity could be demonstrated in vivo or in vitro the
patient was offered an oral provocation test with amoxicillin, which she denied. {Patients 8 and 9 presented with a maculopapular exanthem as one
part of an anticonvulsant hypersensitivity syndrome. §Because the patient developed exanthems after intake of carbamazepine, phenytoin and
phenobarbital all three drug were taken into account for the calculation of the sensitivity of the different parameters. §Only PBMC from the five control
persons of the second control group (with exposure to amoxicillin) but not of the first control group were investigated for drug-induced IFN-y and IL-10

secretion.
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representing a different clinical phenotype and entity. No atopy
was investigated and no patch tests were performed in the
patient with toxic-epidermal necrolyis (TEN) due to fatal
course of the disease.

Two control groups were included in the investigation.
A healthy and, where possible, age- and sex-matched control
person without known allergy to the tested drug and without
any intake ever or without intake of the drug in the last 12
months was matched to every patient. PBMC of these control
persons were investigated for drug-induced proliferation and
IL-5 secretion to rule out unspecific stimulating effects of the
drugs. In the second control group PBMC of a further five
individuals who were currently or in the last 3 months exposed
to amoxicillin without clinical signs of a drug-allergic reaction
were investigated for drug-induced proliferation and IL-5,
IL-10 and IFN-y secretion. The present study was approved
by the local ethic committee (EK 824) and all patients gave
informed consent prior to participation.

Skin tests

The patients were patch tested on the upper part of their back
using Haye’s test chambers® (Haye’s Service B.V., the
Netherlands), employing the drugs of interest and the
German standard series. Results were read after 48, 72 and
168 h according to the International Contact Dermatitis
Group scale. The drugs were tested in concentrations accord-
ing to the recommendations of the European Network for Drug
Allergy.

Cultures and reagents

1640 RPMI culture medium (Life Technologies, Paisley, UK)
containing 5% autologous heat-inactivated plasma supple-
mented with sodium pyruvate (1 mMm), L-glutamine (2mm),
non-essential amino-acids (1X) and penicillin-streptomycin
(50IU/mL) (all Gibco, Paisley, UK) was used. Penicillin-free
culture medium was used in the cases of patients with penicillin
allergy. Amoxicillin, carbenicillin, phenoxymethyl-penicillin
(penicillin V), carbamazepine, doxycyclin and fenoterol were
purchased from Sigma-Aldrich Chemicals (Steinheim,
Germany). Ampicillin (Binotal®) and benzyl-penicillin (penicil-
lin G) (Penicillin Griinenthal®) were purchased from
Grilinenthal (Stolberg, Germany). Propranolol (Dociton®) was
bought from Astra-Zeneca (Wedel, Germany). Phenytoin
(Phenhydan®) and phenobarbital (Luminal®) were purchased
from Desitin (Hamburg, Germany). Terbutalin (Bricanyl®) was
bought from Pharma-stern (Wedel, Germany) and chloraze-
pate (Tranxilium®) from Sanofi Winthrop (Miinchen,
Germany). Flucloxacillin (Staphylex®) was purchased from
SmithKline Beecham (Biihl, Germany) and celexocib was pro-
vided by Pharmacia (Erlangen, Germany).

All drugs were dissolved in phosphate buffered saline (PBS)
and diluted to the concentrations used prior to employment in
the LTT. Except for the penicillins, the drugs were tested in up
to six different concentrations in order to cover the range of
antigen-responsiveness and to identify toxic concentrations.
The penicillins, except for flucloxacillin (0.01, 0.1, 0.5 mg/mL),
were included in concentrations of 0.1, 0.5 and 1 mg/mL, which
have been proved to be optimal for the stimulation of PBMC in
the LTT in preceding experiments.

LTT

The LTT was performed according to a standard protocol, as
described elsewhere [11,23]. Briefly, PMBC from patients and
controls were isolated from heparinized whole blood by gradi-
ent centrifugation over Ficoll-Hypaque solution (Pharmacia,
Uppsala, Sweden) and cultured for 6days in 96-well round-
bottom plates (Becton Dickinson, Le Pont de Claix, France)
as triplicate or sixfold cultures (200 uL/well containing 2 x 10°
PBMC) with various concentrations of the indicated drug dis-
solved in PBS or with PBS alone. Incubations of the PBMC
with the mitogen phytohemagglutinin and tetanus toxoid
served as positive controls for mitogen-induced and memory
cell antigen-specific proliferative and secretory lymphocyte re-
activity. In certain experiments with prohaptens (chlorazepate,
carbamazepine, phenobarbital, phenytoin), PBMC and the
drugs were pre-incubated with pooled human liver microsomes
(20 mg/mL protein; NatuTec, Frankfurt, Germany) in parallel
cultures in order to generate the ultimate neoantigen by drug
metabolism, as described elsewhere [12]. For the last 18 h, 0.6
nCi *H-thymidine (NEN, Vilvoorde, Belgium) was added to
each well. Cells were then harvested and incorporated radio-
activity reflecting T-cell proliferation was measured in a scintil-
lation counter (1214 Rackbeta, LKB Wallac, Diisseldorf,
Germany) as counts per minute (cpm) and presented as mean
plus standard deviation. Stimulation index (SI) represents the
ratio of average cpm in cultures with PBMC from one individ-
ual with and without antigen.

Isolation and depletion of CD4" and CD8" T cells

Prior to incubation with the drugs in the LTT, CD4%" or CD8™
T cells were isolated or depleted from PBMC with anti-CD4 or
anti-CD8 monoclonal antibody-coated magnetic beads (Dynal,
Hamburg, Germany) in three patients, according to the manu-
facturer’s recommendations, as described elsewhere [19,24].
Depletion of CD4" and CD8" T cells was approved by flow
cytometry analysis (FACScan, Becton Dickinson, Heidelberg,
Germany), resulting in a depletion of > 98% using FITC- or
PE-conjugated anti-CD3",-CD4",-CD8" and IgG1 and IgG2a
isotype control antibodies (Simultest™ IMK-Lymphocyte,
Becton Dickinson). After depletion, cell numbers were adjusted
prior to employment of the PBMC fractions in the LTTs.

Determination of IL-5, IL-10 and IFN-y in the culture
supernatants

After 5 days, or at days 1 to 6, for investigation of the time
course, 100 uL culture supernatant of triplicate or sixfold cul-
tures with PBMC from patients and controls were collected and
stored at —20°C until use. After thawing, supernatants were
diluted when high cytokine concentrations were expected.
Concentrations of IL-5, IL-10 and IFN-y were determined
using commercially available specific sandwich enzyme-linked
ELISAs (Immunotech, Marseille, France) with a sensitivity of
1 pg/mL, 5pg/mL and 0,081U/mL, respectively, according to
the manufacturer’s recommendations. The mean concentration
of each sample duplicate was calculated from the standard
curve and the standard deviation of the duplicates was deter-
mined. Mean value and standard deviation were then multiplied
by the dilution factor. Mathematically negative values were
regarded as negative results.
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IL-5 mRNA preparation and RT-PCR

mRNA was extracted from at least 2 x 10° PBMC with the
Oligotex Direct mRNA-purification kit (Qiagen, Hilden,
Germany) using a mRNA-enrichment protocol. mRNA con-
centration of each sample was measured using the Eppendorf
BioPhotometer (Eppendorf, Hamburg, Germany) and equal
amounts of mRNA were used for reverse transcription. Drug-
stimulated and PBS-incubated PBMC were referred to mRNA
extraction after 1 to 5 days for investigation of the time course.
Reverse transcription and PCR was performed with the
GeneAmp RNA PCR kit (Perkin Elmer, Weiterstadt,
Germany) according to the manufacturer’s instructions.
Primers used for IL-5 amplification were 5'-
GCTTCTGCATTTGAGTTTGCTAGCT—3’(sense) and 5'-
TGGCCGTCAATGTATTTCTTTATTAAG-3' (antisense),
which resulted in a 294-bp product. B-Actin was used as an
internal standard as described before. Amplification was carried
out with 35 cycles of 1 min denaturation at 93°C, 1 min
annealing at 54 °C and 1 min extension at 72 °C. Amplification
was terminated with an extension step of 5min duration after
the last cycle. PCR products were separated on 1.0% agarose
gels (1 x TBE) and stained with ethidium bromide. With regard
to the detection of IL-5 mRNA expression in CD4% and CD8™
T cells, PBMC were incubated for 3 days with PBS or amoxicil-
lin prior to isolation of CD4" and CD8™ T cells from PBMC. In
addition to the isolated CD4" and CD8™ T cell fractions the
PBMC fractions depleted of CD4" and CD8" T cells were
referred to mRNA extraction for IL-5 RT-PCR.

Statistical analysis

With regard to the LTTs, a SI exceeding 2.5 (cut-off) was
considered a significant positive result, in accordance with the
international literature [25,26]. In contrast, no consensus exists
regarding which cytokine ratio (average cytokine concentration
in cultures with and without antigen (background)) can be
designated as positive. We therefore decided arbitrarily for the
present investigation that a ratio exceeding 3 should be
regarded as a positive result. As with the LTT, the ratio was
also referred to as SI. The sensitivity of drug-specific prolifer-
ation in the LTT, drug-specific cytokine secretion and patch
tests were determined with regard to a stringent history of a
drug-allergic skin reaction described as category A according to
Nyfeler et al. [11]. Considering the potential risk of an iatrogen
sensitization, the healthy controls were not patch tested with the
drugs and hence the specificity of the patch-tests could not be
determined. PBMC from patients of the first control group were
not investigated for IL-10 and IFN-y secretion.

Results

IL-5, IL-10 and IFN-y secretion from drug-specific
stimulated PBMC is time-dependent, peaking on days 4 to 6

The preceding experiments were carried out in order to assess
the IL-5, IL-10 and IFN-y secretion time course of in vitro
drug-specific activated PBMC in primary cultures. The super-
natants of LTTs from three patients (1,3,10) were taken at
various time points between days 1 and 6. We found that
drug-specific IL-5, IL-10 and IFN-y secretion from PBMC
gradually increased from day 2 to day 3, until reaching maximal
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concentrations on days 4 to 6, whereas no significant cytokine
concentrations could be measured in cultures without antigen
(data not shown). In the subsequent experiments the super-
natants were collected on day 5, as this time-point was con-
sidered to allow reliable detection of considerable amounts of
the three cytokines. The cytokine secretion time course was
paralleled by the drug-specific proliferation time course, ex-
hibiting strongest proliferations between days 5 to 7 (data not
shown). In analogy to the determination of IL-5 on the protein
level, drug-specific IL-5 mRNA expression was assessed on
days 1 to 5 by RT-PCR in patient 3 sensitized to amoxicillin.
Signals detected on days 1, 2 and 4 were weaker than on day 3,
whereas no signal was seen on day 5 (data not shown).

Drug-specific activation of PBMC consistently resulted in
drug-specitic proliferation and IL-5 secretion

Ten patients with maculopapular exanthems were included in
the investigation. In each LTT, up to six concentrations of one
drug were used, resulting in different amounts of drug-specific
proliferations and IL-5 secretions per drug. Some patients
showed proliferative and secretory lymphocyte reactivity to
chemically related drugs (e.g. amoxicillin and ampicillin),
resulting in a multitude of drug-specific proliferations and
IL-5 secretions. Hence, a total of over 60 drug-specific prolif-
erations and IL-5 secretions were observed. With regard to the
ST of the LTTs, mainly moderate responses, rarely exceeding 10,
were observed. In general, when drug-specific proliferation of
PBMC was detected to a drug in different concentrations, se-
cretion of IL-5 could also be demonstrated, often paralleling the
proliferation. However, interindividual or drug-specific differ-
ences with regard to the total amount of IL-5 secreted were
observed (Figs la and b).

Drug-specific proliferation and IL-5 secretion of PBMC from
the patients were antigen-specific

The observed in vitro proliferative and secretory (IL-5) lympho-
cyte reactivity to the drugs was antigen-specific. In case of side
chain-specific drug-sensitization to aminopenicillins [27] (pa-
tient 1,3,4) different penicillins were included in the in vitro
tests and drug-specific proliferation and IL-5 secretion were
only seen with the aminopenicillins (Figs 2a and b), confirming
the specificity of both in vitro tests. In patient 6, incubation of
the PBMC with the culprit drug fenoterol, but not with the
chemically related propranolol, resulted in proliferative and
secretory lymphocyte reactivity.

Detection of drug-specific IL-5 secretion of PBMC proved a
sensitive parameter

Detection of drug-specific proliferation in the LTT and IL-5
secretion from the PBMC of the 10 patients proved reliable
sensitive parameters for the detection of drug-sensitization as
compared with patch tests (Table 1). Differences in the calcu-
lated sensitivity of the LTT (75%) and the IL-5 secretion (92%)
resulted only from the diverse proliferative and secretory (IL-5)
lymphocyte reactivity of the PBMC from patient 8. This patient
had a history of a maculopapular exanthem as part of an antic-
onvulsive hypersensitivity syndrome following intake of carba-
mazepine, phenobarbital and phenytoin, which is in accordance
with the definition of this syndrome [20, 21]. Hence, with regard
to the calculation of the sensitivity all three anamnestic events
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Fig. 1. Invitro drug-specific proliferation is associated with IL-5
secretion. PBMC from patient 8 with history of an anticonvulsant
hypersensitivity syndrome after intake of carbamazepine, phenytoin and
phenobarbital (a) and PBMC from patient 5 with chlorazepate-induced

were taken into account. In the LTT only positive reactions
to carbamazepine were detected, whereas drug-specific IL-5
secretion was additionally observed to phenytoin and pheno-
barbital, although only at a single concentration, respectively.
If the sensitivity was calculated only with regard to the carba-
mazepine-induced exanthem, excluding the phenytoin and
phenobarbital-induced skin eruptions, the sensitivity would be
90% for both methods.

Neither PBMC from control persons of the first (without
exposure to the drug) nor of the second (with exposure to the
drug without clinical symptoms) control group proliferated or
secreted IL-5 when incubated with the various drugs. However,
proliferation and IL-5 secretion was detectable following stimu-
lation with tetanus toxoid or the mitogen phytohemagglutinin.
Hence, the specificity of drug-specific proliferation (LTT) and
IL-5 secretion was 100% for both test systems (Table 1).

No consistent secretion of IL-10 and IFN-y by drug-specific
activated PBMC

In contrast to drug-specific proliferation and IL-5 secretion,
drug-induced activation of PBMC from the 10 patients with
maculopapular exanthems did not consistently lead to the se-
cretion of significant amounts of IL-10 and IFN-y with regard
to a positive SI, resulting in a poor sensitivity of these para-
meters (50%, 36%, respectively). Considering the calculation of
the specificity, only PBMC from persons of the second control
group (with exposure to the drug) were investigated. Whereas
no drug-specific secretion of IL-10 was observed following
incubation of the PBMC from the control persons with the
drugs, significant amounts of IFN-y were secreted from
PBMC of two control persons, resulting in a specificity of
100% and 60% for these parameters, respectively.

Demonstration of drug-specific lymphocyte reactivity failed
in three patients with severe drug reactions

In the three additional patients with severe drug-reactions
differing from the clinical entity of maculopapular exanthems
no drug-specific lymphocyte reactivity could be demonstrated
either in vivo by patch tests or in vitro by LTT or detection of
drug-specific IL-5 secretion (data not shown). As two patients
suffered from a bullous drug-induced skin reaction suggesting
involvement of cytotoxic lymphocytes their PBMC were also
investigated for in vitro drug-specific IFN-y secretion, which
could not be detected.

Drug-specific proliferation can be attributed to CD4" or
CD8" T cells

It has been shown that in primary cultures both CD4 " and CD8*
T lymphocytes are activated by drugs [28]. However, drug-
specific proliferating T cell clones generated in vitro were
reported to either express a CD4" or CDS8' phenotype
[25,29,30]. We found that depletion of CD8™ cells of the PBMC
from two patients (1, 3) with sensitization to amoxicillin did not
reduce amoxicillin-specific proliferation, whereas depletion of

maculopapular exanthem (b), were incubated with carbamazepine or
chlorazepate, respectively, and drug-specific proliferation and IL-5
secretion were determined. Carbamazepine-stimulated PBMC of patient
8 secreted about 10 times more IL-5 than the chlorazepate-stimulated
PBMC of patient 5, suggesting interindividual or drug-specific
differences.
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Fig. 2. (a) and (b). Drug-specific proliferation and IL-5 secretion was
antigen-specific. PBMC from three patients with side chain-specific
sensitization to aminopenicillins were incubated with various penicillins
and drug-specific proliferation and IL-5 secretion were determined.
Drug-specific proliferation and IL-5 secretion were only seen to
aminopenicillins, confirming the specificity of both invitro tests.

A representative experiment with PBMC from patient 3 at one penicillin
concentration (0.5mg/mL) is shown.

CD4" cells abrogated drug-specific proliferation, suggesting
that drug- specific proliferation was mediated by CD4" T cells
(Fig. 3a). In contrast, depletion of CD4 ™ cells from the PBMC
of patient 10 obviously enhanced drug-specific proliferation
(SI=26.3), suggesting a suppressive role for the CD4™ T cells,
whereas depletion of CD8™ cells reduced drug-specific prolifer-
ation (SI'=2.3), resulting in a negative result with regard to the
definition of the SI. Hence, drug-specific proliferation of the
PBMC from patient 10 was attributed to CD8™ T cells (Fig. 3b).

CD4" and CD8" T cells may contribute to drug-specific IL-5
secretion

In two patients (1,3) with drug-specific proliferation mediated
by CD4% T cells, depletion of CD4" T cells abrogated
drug-specific IL-5 secretion (Fig. 4a). Depletion of CD8*
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Fig. 3. Drug-specific proliferation can be attributed to CD4™" or CD8"

T cells. PBMC from three patients with known sensitization to
aminopenicillins were either depleted of CD4" or CD8™ T cells and
incubated with amoxicillin or the solvent PBS. Depletion of CD4 " cells
from the PBMC of patients 1 and 3 abrogated drug-specific T cell
proliferation, whereas depletion of CD8™ cells did not suppress drug-
specific T cell proliferation significantly (a). In contrast, depletion of CD4™"
T cells from PBMC of patient 10 enhanced drug-specific proliferation,
whereas depletion of CD8™ T cells reduced drug-specific proliferation of
PBMC (b).

T cells also decreased drug-specific IL-5 secretion to some
extent, suggesting that besides the CD4" T cells, CD8" T cells
could be involved in drug-specific IL-5 secretion. In patient 1 the
IL-5 background secretion of CD8*-depleted PBMC was below
the detection limit, hence IL-5 secretion in amoxicillin-stimu-
lated CD8"-depleted PBMC was divided by the detection limit
of the IL-5 specific ELISA (1.5pg/mL). In patient 10, drug-
specific proliferation was attributed to CD8" T cells. Depletion
of CD4*" T cells from his PBMC resulted in increased drug-
specific IL-5 secretion (SI=6.9), whereas depletion of CD8*
T cells reduced drug-specific IL-5 secretion (SI = 3.2). However,
it should be noted that the definition of the SI indicated a
positive result for the IL-5 secretion (Fig. 4b). In summary,
unlike drug-specific proliferation, drug-specific IL-5 secretion
could not exclusively be attributed to a distinct T cell subset,
suggesting that both CD8' and CD4" T cells may contribute to
drug-specific IL-5 secretion.

Drug-specific IL-5 mRNA expression was found in both
CD4" and CD8" T cells

PBMC from two patients (3,10) with drug-specific pro-
liferation mediated by CD4% or CD8" T cells, respectively,
were investigated for drug-specific IL-5 mRNA expression.
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Fig. 4. Drug-specific IL-5 secretion may be attributed to CD4" or CD8™
T cells. PBMC from three patients with known sensitization to
aminopenicillins were either depleted of CD4" or CD8™ T cells and
incubated with amoxicillin or the solvent PBS. Depletion of CD4™ T cells
from the PBMC of patients 1 and 3 resulted in abrogation of IL-5 secretion,
whereas depletion of CD8" T cells reduced IL-5 secretion (a). In contrast,
depletion of CD4™ T cells from patient 10 enhanced drug-specific IL-5
secretion, whereas depletion of CD8™ T cells slightly reduced IL-5
secretion resulting in a Sl of 3.2 (b). In patient 1 the IL-5 background
secretion of CD8"-depleted PBMC was below the detection limit, hence
IL-5 secretion in amoxicillin-stimulated CD8"-depleted PBMC was
divided by the detection limit of the IL-5-specific ELISA (1.5 pg/mL)(*).

Isolated CD4" and CD8™ T cells of PBMC from both patients
showed IL-5 mRNA expression when incubated with amoxicil-
lin but not when incubated with PBS. In addition, IL-5 mRNA
expression could also be detected in the CD4% and CD8™ de-
pleted PBMC fractions following incubation with amoxicillin
but not with PBS, suggesting that drug-specific activation of
PBMC results in IL-5 mRNA expression in both T-cell subsets
(Fig. 5). No drug-specific IL-5 mRNA expression could be
detected in PBMC from a healthy control person (data not
shown).

Discussion

In the present study we could demonstrate that in vitro drug-
specific activation of ex vivo PBMC from nine patients with
drug-induced maculopapular exanthems consistently results in
drug-specific IL-5 secretion by the PBMC. Furthermore, deter-
mination of drug-specific IL-5 secretion turned out to be a more
sensitive parameter (92%) for the in vitro detection of drug-
sensitized T cells than the LTT (75%) or patch tests (55%)
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300 bp— -
200 bp—- 290 bp
100 bp—
112|3|4|5/6|7|8|9]|10 11|12 | 13
IL-5
v RT-PCR-
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200 bp—p- |
100 bp—p

Fig. 5. Drug-specific IL-5 mRNA expression can be attributed to CD4"
and CD8™ T cells. PBMC from two patients sensitized to penicillins were
incubated with amoxicillin, benzyl-penicillin or the solvent PBS. After

3 days one part of the PBMC was frozen directly, whereas CD4" and CD8™
T cells were isolated from the other part before both isolated and depleted
cell fractions were frozen. With regard to the patients’ PBMC, IL-5 mRNA
expression could not be detected in PBMC, nor in CD4" or CcD8" isolated
and CD4" and CD8" depleted cell fractions incubated with PBS. Drug-
specific IL-5 mRNA expression was observed in PBMC incubated with
amoxicillin, in CD4" and CD8™ isolated T cell fractions and in the CD4™
and CD8" depleted cell fractions. Lane 1 = molecular weight marker; lane
2 =PCR negative control; lanes 3, 4 and 5=PBMC incubated with PBS,
amoxicillin, benzyl-penicillin; lanes 6 and 7 = CD4" isolated cells
incubated with PBS, amoxicillin; lanes 8 and 9 = CD4" depleted PBMC
fraction incubated with PBS, amoxicillin; lanes 10 and 11 =CD8" isolated
cells incubated with PBS, amoxicillin; lanes 12 and 13=CD8" depleted
PBMC fraction incubated with PBS, amoxicillin. One representative
experiment from patient 3 with side chain-specific sensitization to
aminopenicillins is shown.

with regard to a stringent history of a drug-allergic reaction.
In addition, drug-specific IL-5 mRNA expression could be
detected after 3 days, thus offering a saving of time compared
with the LTT. Hence, in vitro detection of drug-specific IL-5
secretion proved a non-radioactive, sensitive alternative, for
the in vitro detection of drug-sensitization in patients with macu-
lopapular exanthems in the present investigation. This method
was not confined to beta-lactams, which reliably induce in vitro
activation of sensitized T cells, but also worked with different
drugs.

In vitro 1L-5 production of drug-specific T cells, T cell lines
and clones has been described before [12, 28, 31-33] but mainly
in conjunction with other cytokines (IFN-y, IL-4, 1L-10) in
order to classify T cell responses according to a Thl, Th2 or
ThO pattern. However, the determination of drug-specific IL-5
secretion with regard to the identification of a diagnostic
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parameter for the in vitro detection of drug sensitization in
patients with the distinct phenotype of maculopapular ex-
anthems has not yet been studied.

In addition, IL-5 secretion of polyclonal PBMC was assessed
after 5days following antigen (drug)-specific instead of unspe-
cific stimulation [23, 25, 34, 35], which may explain the lower IL-
5 concentrations detected in our system compared with stimu-
lations with mitogen. Beyond that, in the present study, poly-
clonal peripheral lymphocytes were used, whereas in several
studies describing cytokine release oligoclonal T cell lines and
monoclonal T cell clones were investigated [23, 25].

The observed drug-induced IL-5 secretion was antigen-
specific. Incubations of the patients’ PBMC with irrelevant
antigens like benzyl-penicillin in case of side chain-specific sen-
sitization to aminopenicillins [27] did not result in proliferation
or IL-5 secretion (Fig. 2a, b). Furthermore, PBMC from control
persons with and without exposure to drugs did not secrete IL-5
when incubated with the drugs, resulting in a specificity of
100%.

In our experiments drug-specific IL-5 secretion was time
dependent. Highest IL-5 concentrations in the supernatants
were detected about day 5, as has been reported by others
[18, 28, 31]. One reason for the in vitro IL-5 concentration reach-
ing maximum levels later than, for example IL-4, which was
reported to decrease after 3 days [36], may be that IL-5 is, unlike
the in vivo situation, not consumed by eosinophils. The ob-
served IL-5 time course following drug-specific proliferation
in vitro may therefore reflect an IL-5 accumulation.

In contrast to IL-5, no consistent secretion of significant
amounts of IL-10 and IFN-y were detected in the culture super-
natants following stimulation with the appropriate drug
(Table 1), resulting in a sensitivity of 50% and 36%, respectively.
In addition, PBMC from two control persons of the second
control group secreted significant amounts of IFN-y when in-
cubated with amoxicillin. Hence, differing from other findings
[37], the Thl-like cytokine IFN-y did not prove a helpful par-
ameter for the in vitro detection of drug sensitization in our test
system, although patients with delayed-type drug-allergic reac-
tions were investigated. IL-10 was included in our test battery
because it is considered a Th2-like cytokine that can skew the
lymphocyte response from a Thl to a Th2 pattern. However,
the observed poor in vitro secretion of IFN-y following chal-
lenge of the patients’ PBMC with the culprit drug could not be
attributed to IL-10 secretion, which occurred infrequently.

In contrast to the 10 patients with maculopapular exanthems,
no specific lymphocyte reactivity in the three additional patients
with severe drug-induced skin eruptions could be demonstrated
by patch tests, LTT and determination of drug-specific IL-5, as
reported by other investigators [38]. The reason for this obser-
vation remains speculative. Severe bullous drug-eruptions are
also regarded as T cell-mediated reactions but may involve
different T cell subsets exerting distinct pathogenic mechan-
isms, which may end up with keratinocyte-induced apopto-
sis by the up-regulation of Fas and FasL on keratinocytes
[39]. Therefore, the appropriate diagnostic tools should be
selected with regard to the clinical phenotype of the drug-
induced skin reaction, which often represents a distinct
pathophysiology.

IL-5 is considered a Th2-like cytokine and in vitro IL-
S-secretion of PBMC from patients with immediate-type
immune reactions could be attributed to Th2-skewed effector
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mechanisms. In the present investigation only patients with
maculopapular exanthems representing delayed-type drug-
allergy were included, which, in contrast to immediate-type
reactions, was reported to be associated with a Thl in vitro
cytokine profile [24]. However, we observed that PBMC from
nine patients with delayed-type drug-allergic reactions irrespect-
ive of an atopic status secreted significant amounts of IL-5 upon
specific antigen challenge in vitro, suggesting that in vitro
secretion of IL-5 occurs in delayed-type and immediate-type
drug-allergic reactions. This, at first sight contradictory finding,
suggests that drugs as non-peptide small molecular weight com-
pounds may exert distinct T cell reactions, e.g. secretion of IL-5,
which rather reflect a general mechanism following T cell acti-
vation by drugs and cannot be attributed to a certain clinical
phenotype or an atopic status of the individual.

In the present investigation PBMC from three patients with
sensitization to amoxicillin were referred to CD4" and CD8"
isolation and depletion experiments. Drug-induced proliferation
attributed to CD4 " cells was found with PBMC of patients 1 and
3, whereas drug-specific proliferation from PBMC of patient 10
was attributed to CD8" T cells (Figs 3a and b). The results
obtained with regard to drug-specific IL-5 secretion and mRNA
expression of CD4" or CD8™ T cells were more heterogeneous,
suggesting that both T cell subsets could be involved. These
findings are supported by the data of others describing specific
activation of both CD4" and CD8" T cells by drugs depending
on the nature of the antigen [28]. Whereas stimulation of
drug-specific T cells with drug-protein conjugates induced
activation of CD4" T cells only, challenge with the free drug
resulted in stimulation of CD4" and CD8" T cells [24,25].
These results were brought in relation to MHC restriction and
processing requirements of free or protein-conjugated drugs [28].
However, the ex vivo PBMC employed in our investigation rep-
resentasection of the in vivo circulating drug-specific T cell clones,
which may either be of the CD4 " or the CD8 " phenotype[25, 29].

With regard to our experimental design, the free drug amox-
icillin was added to LTT cultures enriched with 5% autologous
plasma, instead of the fetal calf serum used by other investi-
gators [24]. The reactive free drug amoxicillin may rapidly bind
to some extent to the autologous plasma proteins contained
in the in vitro cultures, resulting in immunogenic protein-
conjugated antigen and unconjugated free amoxicillin antigen,
which could activate both CD4" and CD8* T cells. In sum-
mary, it may be speculated that drug-specific proliferation,
probably representing a more distal effector mechanism, was
attributed to CD4" or CD8* T cells, whereas drug-specific IL-5
mRNA expression and to a lesser extent IL-5 secretion, prob-
ably reflecting an earlier stage of T cell activation, could be
attributed to both subsets. Hence, drug-specific proliferation
and IL-5 secretion could be considered as two independent
read-out parameters, both of which — although consistently
associated — may not be linked in a causal sense such as drug-
specific proliferation and IL-2 secretion.
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