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Background: Lamotrigine is associated with hypersensitivity
reactions, which are most commonly characterized by skin
rash. An immune etiology has been postulated, though the
nature of this is unclear.

Objectives: The aim of this study was to characterize the role
of T cells in lamotrigine hypersensitivity.

Methods: A lymphocyte transformation test was performed on
4 hypersensitive patients. Lymphocytes from 3 of 4 lamotrig-
ine-hypersensitive patients proliferated when stimulated with
lamotrigine. T-cell clones were generated from one patient to
further characterize the nature of the T-cell involvement. Cells
were characterized in terms of their phenotype, functionality,
and mechanisms of antigen presentation and cytotoxicity.
Results: Of the 44 drug-specific T-cell clones generated, most
were CD4+ with occasional CD8* cells. All clones expressed the
of} T-cell receptor; several V3 5.1+ or 9+ T-cell clones were gen-
erated. All clones also expressed the skin-homing receptor cuta-
neous lymphocyte antigen. Lamotrigine-stimulated T cells were
cytotoxic and secreted perforin, IFN-y, IL-5, and macrophage
inflammatory protein 10, macrophage inflammatory protein
1B, RANTES, and I-309. Lamotrigine was present on HLA-DR
and HLA-DQ by antigen-presenting cells in the absence of
drug metabolism and processing. The T-cell receptor of certain
clones could accommodate analogs of lamotrigine, but no cross-
reactivity was seen with other anticonvulsants.

Conclusions: Our data provide evidence that T cells are
involved in the pathogenesis of some lamotrigine-hypersensi-
tivity reactions. The identification of drug-specific cells that
express cutaneous lymphocyte antigen and type 1 cytokines
after T-cell receptor activation is consistent with the clinical
symptoms. Furthermore, identification of large numbers of V(3
5.1+ T cells suggests that polymorphisms within T-cell receptor
genes might act as determinants of susceptibility. (J Allergy
Clin Immunol 2003;111:1393-1403.)
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Lamotrigine (LTG) is a widely used, broad-spectrum
anticonvulsant with efficacy comparable to that of other
major antiepileptic drugs. LTG is associated with a num-
ber of adverse effects, most of which are dose-dependent.
LTG has also been reported to cause skin rashes in up to
10% of patients, the frequency of rashes can be reduced
by a low starting dose and slow dose escalation. The
cutaneous eruptions often occur as part of a generalized
syndrome that is referred to as hypersensitivity! or with
the acronym DRESs (drug rash with eosinophilia and sys-
temic symptoms).2 These reactions are similar to those
reported with the aromatic anticonvulsants phenytoin,
phenobarbital, and carbamazepine.

In general, drug-induced severe skin reactions can be
divided into maculopapular exanthemas, bullous erup-
tions, and pustular eruptions on the basis of their clinical,
cellular, and molecular pathophysiology.3 Demonstration
of drug-specific proliferation of PBMCs from allergic
individuals, but not individuals administered the drug in
the absence of an adverse event, is consistent with
immune system involvement.*> Classical immunochem-
ical theory states that drugs are not antigenic per se but
must covalently modify protein to stimulate an immune
response.®7 For most drugs, metabolic activation, a
process often referred to as bioactivation,$ is a prerequi-
site to protein binding. Once formed, the drug-protein
conjugate is taken up by antigen-presenting cells, and
through a complex series of enzymatic reactions, peptide
fragments are transported to the cell surface and present-
ed to T cells in the context of MHC.%10 However, recent
in vitro evidence suggests that drugs can also be present-
ed directly to T cells in an MHC-restricted manner.!1.12
This pathway apparently avoids the requirement for drug
metabolism and antigen processing.!3

In relation to anticonvulsant hypersensitivity, PBMCs
from patients hypersensitive to carbamazepine, pheno-
barbital, and phenytoin have been shown to proliferate in
the presence of the suspect drugs,!4-16 whereas immuno-
histochemical studies have shown the presence of acti-
vated CD4+ and CD8* T cells.17-18 An increase in the
number of circulating PBMCs that express the skin-hom-
ing molecule cutaneous lymphocyte antigen (CLA) has
also been shown in the acute phase of carbamazepine
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TABLE I. Details of the lamotrigine hypersensitive patients
Time between Time between
start of drug and reaction and
Patient no.  Age (y) Sex development of reaction (d) blood donation (y) Details of reaction
1 32 Female 10 10 Generalized erythematous maculopapular
eruption, fever, lymphadenopathy,
eosinophilia
2 59 Female 30 9 Stevens-Johnson syndrome, fever
3 46 Female 25 9 Maculopapular eruption, fever
4 36 Male 21 5 Toxic epidermal necrolysis, renal failure, adult

respiratory distress syndrome

Abbreviations used
B-LCL: EBV-transformed B-lymphoblastoid cell line
CLA: Cutaneous lymphocyte antigen
LTG: Lamotrigine
MIP: Macrophage inflammatory protein
SI: Stimulation index
TT: Tetanus toxoid

hypersensitivity.!° We have recently shown that carba-
mazepine-specific T-cell clones from hypersensitive
patients were CD4+ and secreted TFN-Y.20 Preliminary
data indicate that LTG hypersensitivity might also be
immune-mediated,2! though the nature of the immune
response and whether it is similar to or distinct from that
observed with the other anticonvulsants is not known.

The aim of this study was therefore to explain the
nature of the T-cell response in LTG hypersensitivity by
characterizing drug-specific T cells in terms of their phe-
notype, functionality, and mechanisms of antigen presen-
tation and cytotoxicity.

METHODS

Donor characteristics

PBMCs were obtained from the peripheral blood of 4 LTG-
hypersensitive patients (Table I). All patients were free of immuno-
suppressive therapy for at least 24 months before blood donation.
Controls were patients administered LTG for a long term without
adverse effects (n = 4) and unexposed individuals (n = 4). Two LTG-
exposed controls were on LTG therapy; 2 had not been exposed to
LTG for greater than 12 months. Approval for the study was
obtained from the local ethics committee, and informed consent was
obtained from each participant.

Culture medium and chemicals

Culture medium consisted of RPMI-1640 supplemented with
10% pooled heat-inactivated human AB serum, HEPES buffer (25
mmol/L), L-glutamine (2 mmol/L), transferrin (25 pg mL-1), strep-
tomycin (100 wg mL-1), and penicillin (100 U mL-1). For culture of
the T-cell lines and clones, the media were enriched with human
recombinant IL-2 (60 U mL-1).

Autologous EBV-transformed B-lymphoblastoid cell lines (B-
LCLs) were generated from drug-allergic donors by transformation
of PBMCs with supernatant from the EBV-producing cell line B9-
58 (obtained from Dr D. Neumann-Haefelin, University of
Freiburg, Freiburg, Germany). B-LCLs were cultured in RPMI-
1640 supplemented with 10% FCS, HEPES buffer (25 mmol/L),
and L-glutamine (2 mmol/L).

LTG and LTG analogs (2-methyl LTG, 3-methyl LTG, 4-methyl
LTG, and LTG N-oxide) were donated by Glaxo Wellcome plc
(Stevenage, United Kingdom). Carbamazepine and phenytoin were
obtained from Sigma Chemical Co (Poole, United Kingdom).
Tetanus toxoid (TT; Serum and Vaccine Institute, Bern, Switzer-
land) was used as a control protein antigen.

Determination of LTG-specific blood
mononuclear cell proliferation in vitro

Freshly isolated PBMCs (1.5 x 105; total volume 0.2 mL) were
incubated with LTG (1 to 100 ug mL-!) or TT (1 pg mL-1) in 96-
well U-bottomed tissue culture plates for 6 days (37°C; 5% CO,).
Proliferation was measured by the addition of [3H] thymidine (0.5
WCi) for the last 16 hours of the incubation. Cells were harvested,
and [3H] thymidine incorporation was measured as counts per
minute on a PB-counter (Perkin Elmer Life Sciences, Cambridge,
United Kingdom). Proliferative responses were calculated as stimu-
lation index (SI; counts per minute in drug-treated cultures/counts
per minute in cultures with dimethyl sulfoxide alone).

In a separate experiment, PBMCs from hypersensitive patient 1
were incubated with LTG (5-100 pg mL-1), structural analogs of
LTG (2-, 3-, and 4-methyl LTG and LTG N-oxide [5-100 pg
mL-1]), and structurally unrelated anticonvulsants (carbamazepine
and phenytoin [5-100 pg mL-1]). Proliferation was measured
through use of the method described previously.

Generation and characterization of LTG-spe-
cific T-cell lines and clones

For generation of T-cell lines, PBMCs (2 x 109; total volume 1 mL)
from hypersensitive patient 1 were incubated with LTG (10 pg mL-1).
On days 6 and 9, IL-2 was added to maintain antigen-specific prolif-
eration. After 14 days, T-cell lines were cloned by serial dilution, as
described previously.!! In addition, PBMCs were incubated with TT
(1 pg mL-1), and IL-2 and TT-specific clones were generated. Hyper-
sensitive patient 1 had a generalized erythematous maculopapular
eruption develop 10 days after starting LTG therapy (Table I).

To test the specificity of the clones, T cells (0.5 x 105; total vol-
ume, 0.2 mL) were incubated with autologous irradiated (60 Gy) B-
LCLs (0.1 x 105) and LTG (10 and 25 g mL-!) or TT (1 and 10 ug
mL-1). After 48 hours, [3H] thymidine was added and proliferation
was measured by scintillation counting, as described previously. T-
cell clones with an SI greater than or equal to 2.5 were restimulat-
ed and expanded in IL-2—containing medium.

LTG-specific T-cell clones were characterized in terms of CD
phenotype and T-cell receptor VP expression by flow cytometry
through use of a previously described protocol.22 Measurement of
skin-homing receptor CLA expression was also measured by flow
cytometry through use of a rat IgM anti-CLA antibody conjugated
to FITC (Pharmingen, San Diego, Calif). Expression of CLA on the
surface of LTG-specific clones was compared with CLA expressed
on the surface of T-cell clones from the same patient that proliferate
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in the presence of the recall antigen TT. TT-specific T-cell clones
expressed a single VP chain and, as described previously,!! prolif-
erated in the presence of TT and irradiated, but not fixed, B-LCLs.

Determination of the functionality of LTG-
specific T-cell clones

The functionality of the T-cell clones was investigated by mea-
surement of LTG-specific (1-100 pg mL-1) proliferation by thymi-
dine incorporation (see earlier) and cytotoxicity through use of a 4-
hour [3!Cr] release assay (LTG, 10-50 pug mL-1).23 To measure
immune-mediated killing, autologous B-LCLs (1 x 100) were
labeled with [3!Cr] (50 uL; rt) for 1 hour. B-LCLs were washed (3
% 50 mL) to remove free [3!Cr] and incubated (2.5 x 103; total vol-
ume 0.2 mL) with T cells at effector/target ratios of 3:1, 10:1, and
30:1 in the presence and absence of LTG (10 and 50 ug mL). Spe-
cific lysis was calculated as 100 X (experimental release — sponta-
neous release)/(maximal release — spontaneous release). Direct tox-
icity of LTG was excluded by incubating LTG (50 ug mL-!) with
[51Cr]-loaded B-LCLs (2.5 x 103) for 4 hours in the absence of T
cells. To investigate the mechanism of immune-mediated killing,
brefeldin A (10 pg mL-!; inhibitor of FAS-mediated cytotoxicity)
and concanamycin A (100 nmol/L; inhibitor of perforin-mediated
cytotoxicity) were added to certain incubations. Perforin release by
LTG-stimulated T-cell clones was confirmed by immunostaining
with a mouse anti-perforin antibody (Pharmingen, San Diego,
Calif) through use of a previously described protocol.24

ELISA was used to measure cytokine levels in cell culture super-
natants of LTG-stimulated T-cell clones. Cell culture supernatant
from incubations containing T cells and B-LCLs in the absence of
LTG was taken as a control. The following ELISA kits were used: IL-
4, IL-10, IFN-y (Diaclone, Besancon, France), and IL-5 (PharMin-
gen, San Diego, Calif). The detection limits were 1 pg mL-! for IL-4,
8 pg mL-! for IL-5, and 13 pg mL~! for IL-10 and IFN-y.

Chemokine mRNA expression in resting and LTG-stimulated T-
cell clones was measured by RNase protection. T cells (1 x 109;
total volume, 4 mL) were stimulated with LTG (25 ug mL-!) or sol-
vent alone and autologous irradiated (60 Gy) B-LCLs (2 x 10%).
Control incubations contained irradiated B-LCLs and LTG without
T cells. After 4 and 16 hours, cells were harvested and dissolved in
Trizol reagent (Gibco, Paisley, United Kingdom). RNA was pre-
pared according to the manufacturer’s instructions and hybridized
overnight with the RiboQuant human chemokine hCKS multiprobe
template set, which detects Ltn, RANTES, IP-10, macrophage
inflammatory protein (MIP) lo, MIP-1f, monocyte chemoattrac-
tant protein 1o, IL-8, and 1-309. A custom-made template set that
detects eotaxin in addition to the chemokines in the standard hCKS5
kit was used in certain experiments. Densitometric analysis was car-
ried out through use of Image 1.6.1 software (National Institutes of
Health, Bethesda, Md). Quantitative data were expressed as a per-
centage of the RNA species derived from glyceraldehyde-3-phos-
phate dehydrogenase.

Determination of the mechanism of LTG pre-
sentation to T cells

LTG presentation to T cells was characterized in terms of (1) the
nature of the drug antigen (ie, metabolism-dependent or -indepen-
dent), (2) the role of antigen-presenting cells (ie, processing-depen-
dent or -independent and HLA restriction), and (3) the interaction
between LTG and the T-cell receptor. The role of metabolism in
LTG presentation to T cells was studied by prepulsing B-LCLs (1 x
106; total volume 1 mL) with LTG (25 pg mL-1) for 2 to 16 hours.
Pulsed B-LCLs, which present covalently bound antigen but not
parent drug,25 were washed (3 x 4 mL), suspended in drug-free
media, and added to the proliferation assay. In some experiments,

Naisbitt et al 1395

reduced glutathione (1 mmol/L), which binds irreversibly to pro-
tein-reactive LTG metabolites,26 N-acetyl cysteine (1 mmol/L), or
both were added.

The involvement of MHC in LTG presentation was assessed by
the addition of specific anti-HLA-blocking antibodies (anti-class 1,
anti-DR, anti-DP, and anti-DQ [all obtained from Dr E. Padovan,
University of Basel, Switzerland]) to the proliferation assay at con-
centrations known to inhibit MHC-restricted stimulations of CD8+
and CD4+ T-cell clones.? To exclude self-presentation by HLA+ T
cells, certain incubations contained T cells and LTG in the absence
of antigen-presenting cells.

The role of processing in LTG presentation was determined first
by chemical fixation of antigen-presenting cells?” and second by
measurement of the kinetics of T-cell receptor downregulation,
which is an early parameter of antigen T-cell receptor engage-
ment.!3 B-LCLs (2 x 109; 0.5 mL) were fixed by the addition of glu-
taraldehyde (2%; 12.5 uL) for 30 seconds at room temperature. To
determine the kinetics of T-cell receptor downregulation, T-cell
clones (0.5 x 105; total volume, 0.2 mL) and B-LCLs (0.25 x 105)
were incubated with LTG (10 and 50 pg mL-1) in 96-well U-bot-
tomed tissue culture plates. After 1, 4, and 16 hours, cells were har-
vested, washed, and stained for 30 minutes at 4°C with an FITC-
labeled anti-CD3 mAb (Serotec Ltd., Oxford, United Kingdom).
CD3 fluorescence was measured by flow cytometry (Coulter Epics,
XL software; Beckman Coulter, Luton, United Kingdom). One hun-
dred percent values represent the mean CD3 fluorescence of T cells
incubated with B-LCLs in the absence of LTG.

The specificity of the interaction between LTG and the T-cell
receptor was studied by incubating T-cell clones (0.5 x 105; total
volume 0.2 mL) and B-LCLs (0.1 x 105) with LTG (10-75 pg
mL-1), structural analogs of LTG (2-, 3-, and 4-methyl LTG and
LTG N-oxide [10-75 g mL-1]), and structurally unrelated anticon-
vulsants (carbamazepine and phenytoin [10 and 50 pg mL-!]). Pro-
liferation was measured 2 days after antigen stimulation through
use of the method described previously.

Statistical analysis

Values to be compared were analyzed for non-normality by
means of the Shapiro-Wilks test. Because the data were found to be
non-normally distributed, we used the Mann-Whitney test for com-
parison of the 2 groups, accepting P < .05 as significant.

RESULTS

In vitro stimulation of blood mononuclear
cells by LTG

PBMC:s from 3 of 4 LTG-hypersensitive patients prolif-
erated after in vitro stimulation with LTG (1-100 pg mL-L;
Fig 1, a). No proliferation was seen with PBMCs from
hypersensitive patient 4 or the 2 control groups (Fig 1, b).
PBMC:s from the patients and controls also proliferated in
the presence of TT used as a positive control (1 ug mL-1).

PBMCs from LTG-hypersensitive patient 1 also pro-
liferated in the presence of LTG-N-oxide (Fig 1, ¢). No
cross-reactivity was seen with 2-, 3-, and 4-methyl LTG,
carbamazepine, or phenytoin.

Phenotype of LTG-specific T-cell clones

Forty-four LTG-specific T-cell clones were generated
from PBMCs of hypersensitive patient 1. Most of the T-
cell clones were CD4+ (SI, 11.8 = 11.1 [range, 2.9-55.0];
50 ug mL-! LTG) with occasional CD8* (SI, 2.5 and 8.9;
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FIG 1. a and b, Proliferation of PBMCs from LTG-hypersensitive
patients and controls. ¢, Proliferation of PBMCs from patient 1
with LTG and related compounds. Statistical analysis compares
incubations with and without antigen (*P < .05).

50 ug mL-! LTG) cells. A significant increase in the
expression of the skin-homing receptor CLA was seen on
the surface of LTG-specific T-cell clones when resting
LTG- and TT-specific T cells were compared (Fig 2).

All clones expressed the of T-cell receptor. Flow cyto-
metric analysis was used to assess T-cell receptor V3
chain expression of 22 clones, and these clones were
used in all subsequent experiments. Seventeen clones
expressed a single VP chain. The V[3 chain of 4 clones
was not detected with our panel of 25 antibodies, and 1
clone contained 50% V[ 17-positive and 50% VJ
19—positive cells and is hereinafter referred to as a cell
line (these cells did not stain double-positive for Vf 17
and 19). T-cell receptors VP 5.1 and 9 were expressed on
the surface of 6 and 4 clones, respectively.

Despite repeated attempts, we could not generate T-
cell clones from hypersensitive patient 2. Hypersensitive
patients 3 and 4 refused to donate second blood samples.

Functionality of LTG-specific T-cell clones

Proliferation of the CD4+ and CD8*+ LTG-specific T-
cell clones was dose-dependent. Maximal proliferation
was observed with 10 to 100 ug mL-1 LTG (Fig 3, a); LTG
concentrations greater than 100 g mL-! inhibited prolif-
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FIG 2. Cell surface expression of the skin-homing molecule CLA
on LTG- and TT-specific T-cell clones.

eration (results not shown). CD8* T-cell clones could not
be expanded with phytohemagglutinin and, except for T-
cell receptor characterization, were not analyzed further.

The cytotoxic activity of 4 CD4+ T-cell clones was
tested through use of a 4-hour [3!Cr] release assay. Three
LTG-stimulated (10 and 50 pg mL-1) T-cell clones killed
[>!Cr]-loaded autologous B-LCLs at an effector/target
ratio of 10:1 and above (Fig 3, a). No [3!Cr] release was
seen when B-LCLs were incubated with LTG (50 ug
mL-1) in the absence of T cells, which rules out a direct
drug-mediated effect. Concanamycin A, which inhibits
perforin-mediated killing, but not befeldin A (inhibitor of
Fas-mediated killing), inhibited cytotoxicity (Fig 3, b). In
accordance with this, immunostaining revealed perforin
staining in the cytoplasm of LTG-specific T-cell clones
(Fig 3, ¢ and d).

When culture supernatants from incubations contain-
ing T cells, B-LCLs, and LTG were analyzed for the
presence of cytokines, high concentrations of IFN-y
(8118 = 17105 pg mL-1; range, 0-56200; n = 10 T-cell
clones; P < .05), IL-5 (674 + 659 pg mL-!; range, 0-
1760; n = 10 T-cell clones; P < .05), and IL-10 (807 =
1213 pg mL-1; range, 0-3750; n = 10 T-cell clones; P <
.05) but not IL-4 (39 + 82 pg mL-!; range, 0-214; n = 10
T-cell clones), were observed (Table II).

In preliminary experiments, chemokine mRNA expres-
sion from LTG-stimulated T-cell clones was measured at
4 and 16 hours. Chemokine mRNA levels were higher
after 4 hours (results not shown); therefore, in all subse-
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FIG 3. a, Phenotype, proliferation, and cytotoxicity of LTG-specific T-cell clones. b, Cytotoxicity was inhibit-
ed by concanamycin A, an inhibitor of perforin killing. ¢, Perforin was secreted by LTG-stimulated T-cell
clones. d, No staining was found in incubations without T cells. Statistical analysis compares incubations

with and without antigen (*P < .05).

quent experiments chemokine expression was quantified
at 4 hours. Five of 6 T-cell clones expressed high levels of
MIP-1a,, MIP-1B, and 1-309 (Fig 4). RANTES was
expressed constitutively in activated and resting T-cell
clones. No chemokines were found in B-LCLs (in the
presence or absence of LTG). The T-cell clone that did not
produce chemokine mRNA with LTG stimulation no
longer proliferated (results not shown). Eotaxin expres-
sion was not demonstrated (results not shown).

Presentation of LTG to T-cell clones is HLA-
DR- and HLA-DQ-restricted and processing-
independent and metabolism-independent

T-cell clones did not proliferate in the absence of B-
LCLs (results not shown). To study whether the LTG T-

cell receptor interaction is MHC-restricted, proliferation
assays were performed with 12 T-cell clones and B-LCLs
in the presence of specific HLA-blocking antibodies. Pro-
liferation of LTG-specific T-cell clones was blocked by
the addition of antibodies against HLA-DR and HLA-DQ
(Fig 5, a and b). By contrast, antibodies against HLA-DP
and MHC class I had no effect. LTG was presented to 11
clones on HLA-DR and to 1 clone on HLA-DQ.

To study the role of oxidative metabolism in the pre-
sentation of LTG to T cells, 12 T-cell clones were incu-
bated with LTG, B-LCLs, and glutathione or N-acetyl
cysteine, or LTG-pulsed B-LCLs. Pulsing B-LCLs (ie, B-
LCLs are washed free of drug before T-cell co-incuba-
tion) with protein-reactive drug (metabolites) generates a
B-LCL drug conjugate, which might activate T cells.25
By contrast, nonreactive drugs are easily removed from
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FIG 4. a, Proliferation and chemokine secretion (b and ¢) by LTG-specific T-cell clones. Statistical analysis
was performed by comparing proliferation or chemokine release in the presence and absence of antigen (*P

< .05).

the surface of MHC by washing.25 LTG-specific T-cell
clones did not proliferate in the presence of B-LCLs
pulsed with LTG for 2 or 16 hours (Fig 5, ¢). In addition,
proliferation of LTG-specific T-cell clones, which is seen
when LTG is present for the duration of the experiment,
was not inhibited by co-incubation with glutathione (Fig
5, d) or N-acetyl cysteine (results not shown). To deter-
mine whether LTG presentation to T cells requires pro-
cessing, B-LCL was fixed with glutaraldehyde. After fix-
ing, B-LCL was still able to present LTG (Fig 5, ¢). To
confirm this finding, downregulation of T-cell receptor
expression after LTG stimulation was measured at 1, 4,
and 16 hours. Downregulation of T-cell receptor expres-
sion was seen within 1 hour, which is indicative of pro-
cessing-independent presentation (Fig 5, f).

Cross-reactivity of LTG-specific T-cell clones

To study the structural requirements for T-cell receptor
activation, we analyzed the cross-reactivity of 10 LTG-
specific T-cell clones with structural analogs of LTG and
the anticonvulsants carbamazepine and phenytoin. Four
clones proliferated weakly in the presence of LTG-N-
oxide, and 1 clone proliferated with 3-methyl LTG (Fig
6). No cross-reactivity was seen with 2- and 4-methyl
LTG, carbamazepine, or phenytoin.

DISCUSSION

Anticonvulsant hypersensitivity syndrome, which can
be severe and cause deaths, is characterized clinically by
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FIG 5. Mechanism of LTG presentation to T-cell clones. a and b, LTG is presented on HLA-DR and HLA-DQ
by HLA-matched antigen-presenting cells. ¢ and d, LTG is presented to T cells by B-LCLs in the absence of
drug metabolism. e and f, LTG is presented by B-LCLs in the absence of antigen processing. Statistical
analysis compares incubations with and without antigen (*P < .05).
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individual clones.

skin rash (of variable severity), fever, arthralgia, lymph-
adenopathy, and eosinophilia.! The demonstration of
drug-specific clonal proliferation of lymphocytes from
hypersensitive patients!4-17.21.28 ig indicative of the
requirement of immune system activation in the develop-

ment of the clinical symptoms. In this study, we have
shown the presence of LTG-specific proliferation of lym-
phocytes taken from 3 of 4 LTG-hypersensitive patients.
Lymphocyte proliferation was dose-dependent and seen
at therapeutic concentrations of LTG. Positive lympho-
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FIG 7. Scheme depicting the chemical, cellular, and molecular pathophysiology of LTG hypersensitivity.
TABLE II. Proliferation, phenotype, and cytokine profile of lamotrigine-specific T-cell clones
T-cell clone Sl (control cpm) CD phenotype IL-4 IL-5 IL-10 IFN-y
1 7.3 (2159)* 4 nd 462 nd 2,426
2 13.3 (1205) 4 nd 321 nd 4,458
3 21.9 (1850) 4 nd 23 nd 4,162
4 19.4 (851) 4 nd 1,609 1,118 310
5 103.6 (152) 4 nd 1,210 nd nd
6 19.2 (900) 4 nd 881 270 35
7 10.5 (1258) 4 nd 1,763 1,797 219
8 2.8 (1305) 4 214% 512 1,069 7,511
9 2.1 (2854) 8 176 nd 68 5,860
10 5.9 (7890) 4 nd nd 3,750 56,200

nd, Not detectable.

*Numbers in parenthesis refer to cpm in control incubations that contained T cells and irradiated B-LCLs but no LTG.

FCytokine levels are expressed as pg mL~! subtracted from control levels.

cyte proliferation in LTG hypersensitivity has been
reported,2!-29 though the nature of the immune response
was not characterized. Therefore, to assess the cellular
and molecular features of LTG hypersensitivity, we
cloned T cells from one LTG-hypersensitive patient who
had maculopapular exanthema develop as part of a gen-
eralized hypersensitivity reaction.

T-cell clones stimulated with LTG in vitro secreted
high levels of the pro-inflammatory cytokine IFN-y.
These data agree with our previous study in carba-
mazepine-hypersensitive patients.20 IFN-y-producing T
cells also secreted the chemokines MIP-1c., MIP-1f3, and

RANTES. Co-secretion of IFN-y, MIP-1c¢., MIP-13, and
RANTES alongside activation-induced, T-cell-derived,
and chemokine-related cytokine is thought to constitute a
group of “type 1 cytokines” that act together as a func-
tional unit on cells of the innate and adaptive immune
system to drive antigen-specific responses in vivo.30 I-
309, which was also secreted by LTG-specific T cells,
functions as an antiapoptotic factor3! and attracts regula-
tory CD4+ T-cells expressing the receptors CCR4 and/or
CCR8. Thus, a combination of these effects might gener-
ate a potent signal that controls the strength and duration
of the IFN-y response in LTG hypersensitivity.



J ALLERGY CLIN IMMUNOL
VOLUME 111, NUMBER 6

Eosinophilia and cytotoxicity, which are common fea-
tures of anticonvulsant hypersensitivity syndrome, are
thought to be due to the secretion of IL-5 and perforin,
respectively.18:32.33 The LTG-stimulated T cells also
secreted perforin and killed autologous target cells (Fig
3); the specificity of the cytotoxic mechanism was con-
firmed by the use of concanamycin A, an inhibitor of per-
forin secretion. LTG-stimulated T-cell clones also pro-
duced moderate levels of IL-5, which might be sufficient
to account for the eosinophilia that is observed in LTG
hypersensitivity. In the clones that we generated, we did
not demonstrate secretion of eotaxin, which is also asso-
ciated with eosinophilia33; clearly, it is possible that there
might be other clones that we did not characterize that
did secrete eotaxin.

Most LTG-specific T cells were CD4+; however, detec-
tion of 2 CD8&* T-cell clones suggests that CD8*+ T cells
might also be involved in the pathogenesis of the hyper-
sensitivity reaction. Indeed, in similar studies from phe-
nobarbital-hypersensitive patients with bullous skin erup-
tions (Stevens-Johnson syndrome [n = 3]/toxic epidermal
necrolysis [n = 1]), Hashizume et al34 have recently
shown the presence of drug-specific CD4+ and CD8+ T-
cells. Interestingly, and in contrast to our findings, the
phenobarbital-stimulated T cells secreted IL-4 but not
IEN-y. The implication of these findings is unclear but
might be related to differences in the implicated drug,
ethnicity, or clinical manifestations between the 2 studies.
In contrast to the findings with phenobarbital, lympho-
cytes from our LTG-hypersensitive patient with toxic epi-
dermal necrolysis did not proliferate in vitro in the pres-
ence of LTG (Fig 1). This phenomenon has been observed
previously in patients with drug-induced toxic epidermal
necrolysis, in which the sensitivity of the test has been
quoted to be approximately 10%.18.35

It is becoming increasingly apparent that cellular traf-
ficking plays a key role in tissue-specific inflammatory
diseases. CLA is a skin-homing receptor expressed on T
cells involved in targeting sites of chronic inflamma-
tion.30 Several groups have reported increased levels of
CLA on the surface of activated T cells from drug-hyper-
sensitive patients, which parallels the severity of the
cutaneous eruption.!9:37-39 However, these studies did
not identify whether the CLA* T cells were drug-specif-
ic and/or caused tissue damage. Our findings confirm the
expression of CLA on most CD4+ LTG-specific T-cell
clones but, importantly, also show a significant increase
in CLA expression on LTG-specific T-cell clones com-
pared with TT-specific T-cell clones from the same
patient (Fig 2). It is important to note, however, that not
all LTG-specific T-cell clones expressed CLA. It is pos-
sible that these cells might be involved in other aspects of
the immune response against LTG (ie, eosinophilia,
hepatitis, and immune regulation), though this requires
further investigation.

Further experiments in this study were aimed at
explaining the mechanism of antigen presentation and
processing. First, assessment of the T-cell receptor phe-
notype showed that all of the LTG-specific T-cell clones
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had the off T-cell receptor phenotype, and polyclonal
activation was confirmed by the T-cell receptor V[ use.
T-cell receptor VP 5.1 and 9 were expressed on the sur-
face of 6 and 4 clones, respectively. Use of V[ 5.1 seems
to be of particular importance in anticonvulsant hyper-
sensitivity, because a number of T-cell clones from car-
bamazepine-hypersensitive and phenobarbital-hypersen-
sitive patients have also been shown to be T-cell receptor
VB 5.1-positive.20.33

Second, antibody-blocking experiments highlighted
the critical role of antigen-presenting cells and MHC in
the LTG T-cell receptor interaction; antibodies against
HLA-DR and HLA-DQ, but not HLA-DP or MHC class
I, inhibited proliferation. HLA-DR-restricted antigen
presentation is a common feature of allergic drug reac-
tions?-11.24.34; however, drug presentation in the context
of HLA-DQ has so far been found only with the anticon-
vulsants LTG and carbamazepine.20 These observations
are consistent with the recently observed MHC gene
polymorphisms in patients with severe anticonvulsant
hypersensitivity.40

Third, it has been proposed that metabolic activation
and formation of a covalently linked LTG-protein adduct
is a prerequisite for the development of clinical symp-
toms.! Furthermore, it is feasible that the small amount of
metabolism seen in skin might generate sufficient quanti-
ties of a reactive species to haptenate protein and initiate
an immune response. In support of this hypothesis,
Wolkenstein et al*! demonstrated covalent binding of car-
bamazepine metabolites to CYP3A4, which is present in
skin. We have previously shown that LTG undergoes
metabolic activation of the dichlorophenyl ring in an in
vivo rodent model.26 However, though LTG did accumu-
late in skin,2¢ it was not possible to measure oxidative
drug metabolism. In this study, we show that T cells from
LTG-hypersensitive patients recognize LTG in the
absence of any apparent drug metabolism, covalent bind-
ing, or antigen processing (Fig 5). These results add LTG
to the increasing number of drugs (sulfamethoxazole,!1:42
lidocaine,43 and celecoxib)?? that have been shown to
directly stimulate T cells from hypersensitive patients. It
is possible that further studies might reveal T cells that
proliferate in the presence of LTG haptenated protein;
however, these studies will require either a synthetic, pro-
tein-reactive LTG metabolite(s) and/or a modification of
the present assay so that it incorporates a metabolite-gen-
erating system. We are currently pursuing both avenues.

Fourth, the specificity of T cells for LTG itself was
exemplified by the fact that PBMCs and the T-cell clones
did not proliferate in the presence of the anticonvulsants
carbamazepine and phenytoin. Furthermore, the N-
methyl and N-oxide LTG derivatives, which represent
minor structural modifications to the core structure of
LTG, were not associated with a strong proliferative
response (Fig 6). These data illustrate that the T-cell
receptor of our LTG-specific T cells was highly specific
for the diaminotriazine ring structure. Interestingly, these
minor structural modifications are distal to the site of
metabolic activation of LTG, which involves conjugation
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of proteins to the dichlorophenyl side chain.26 Although
the orientation of LTG within the MHC-restricted T-cell
receptor and the nature of the bidirectional bridging
interaction are not known, recent studies showing that
docking of MHC and the T-cell receptor is largely inde-
pendent of the nature of the antigen** provide a frame-
work to explain how a reversible drug interaction acti-
vates T cells.

In summary, our study highlights several important
features of LTG hypersensitivity. Skin-homing CD4+ T-
cell clones (from a patient that had an LTG-mediated
maculopapular skin reaction develop) that proliferated in
the presence of LTG that was noncovalently bound to the
MHC and secreted perforin and high levels of type 1
cytokines were identified. These cells are likely to be
crucial in the development of the clinical symptoms of
LTG hypersensitivity (Fig 7). Interestingly, identification
of a large number of drug-specific V@ 5.1+ T cells from
a patient hypersensitive to LTG (see the Results section),
as well as patients hypersensitive to carbamazepine20 and
phenobarbital, 33 suggest that T-cell receptor gene poly-
morphisms might act as determinants of susceptibility to
anticonvulsant hypersensitivity.

We thank the Departments of Immunology and Tropical Medi-
cine (University of Liverpool) for the use of equipment. We also
thank all blood donors.
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