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Background: Hypersensitivity is a serious manifestation of

anticonvulsant therapy characterized by infiltration of the

epidermis and dermis by activated CD81 and CD41 T-cells,

respectively. Attempts to characterize drug-specific CD81

T cells have been largely unsuccessful.

Objectives: The aim of these studies was to generate and

characterize CD41, CD81, and CD41CD81 T cells in

patients with carbamazepine hypersensitivity.

Methods: Carbamazepine-specific T-cell clones were

generated from 5 patients by using modified cloning

methodologies. Cell surface receptor phenotype,

functionality, and mechanisms of antigen presentation were

then compared.

Results: Ninety CD41, 23 CD81, and 14 CD41CD81

carbamazepine-specific T-cell clones were generated. CD41

T-cell clones proliferated vigorously with carbamazepine

associated with MHC class II but exhibited little cytotoxic

activity. In contrast, most CD81 T cells proliferated weakly but

effectively killed target cells via an MHC class I or MHC class

II restricted, perforin-dependent pathway. CD41CD81 T cells

displayed characteristics similar to those of CD41 T cells;

however, drug stimulation was demonstrable in the absence of

antigen-presenting cells. Carbamazepine was presented to

CD41, CD81, and CD41CD81 T cells in the absence of antigen

processing. Drug stimulation resulted in the secretion of IFN-g
and IL-5. A panel of CD11a1CD272 clones differentially

expressed the receptors CXCR4, CCR4, CCR5, CCR8,

CCR9, and CCR10.

Conclusion: Carbamazepine-specific CD41, CD81, and

CD41CD81 T cells exist in the peripheral circulation of

hypersensitive patients, often many years after the

resolution of clinical manifestations.

Clinical implications: Carbamazepine-specific CD41, CD81,

and CD41CD81 T cells displaying different effector functions

and homing characteristics persist in hypersensitive patients’

blood for many years after resolution of clinical symptoms.
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syndrome

T-cell–mediated cutaneous hypersensitivity reactions
to drugs are a significant cause of patient morbidity and
mortality. They are associated with a spectrum of clinical
manifestations, brought about by different immunologic
mechanisms.1,2 Blistering reactions such as toxic epider-
mal necrolysis are thought to be caused by the cutaneous
infiltration of cytotoxic CD81 T cells,3-5 whereas exan-
themas seem to be mediated largely by drug-specific
CD41 T cells.4-8 However, this apparent association be-
tween CD41 and CD81 cells and the type of cutaneous
manifestation is not clear-cut. For instance, Kuechler
et al9 identified an additional rare outgrowth of CD81

T cells from patients with several different forms of cuta-
neous hypersensitivity to anti-infective drugs.

To investigate further the role of different T-cell
populations in drug hypersensitivity, we have focused
on carbamazepine for several reasons. First, carbamaze-
pine administration is associated with a high incidence of
clinically well defined immune reactions.10 The features
of these reactions include skin rash, fever, eosinophilia,
and internal organ involvement in some cases. Second,
histologic analyses of skin from hypersensitive patients
reveal an infiltration of recently activated CD41 and
CD81 into the dermis and epidermis, respectively.11,12

Third, detection of drug-specific proliferation of lympho-
cytes from sensitive patients, but not from drug-exposed
controls, has verified the specificity of the T-cell re-
sponse.13-16 Finally, we were recently successful in clon-
ing carbamazepine-specific CD41 T cells from a panel of
hypersensitive patients.14,15 T cells proliferated on drug
exposure by direct interaction of the compound with the
MHC and the T-cell receptor in the absence of antigen
processing, but displayed limited cytotoxicity. Drug stim-
ulation also resulted in the secretion of high levels of the
proinflammatory cytokine IFN-g, and low to moderate
levels of IL-4 and IL-5. Importantly, drug-specific stimu-
lation of CD81 T-cell clones was seen rarely and could
not be fully characterized because the individual clones
could not be expanded in vitro.

It is important to consider why previous studies of carbam-
azepine hypersensitivity have been largely unsuccessful
in generating drug-specific CD81 T-cell clones.14,15 First, it
is possible that CD81 T cells found in skin might not be
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TABLE I. Clinical details of hypersensitive patients

Patient*

Age

(y) Sex

Days to

reaction Details of reaction

Months

since

reaction

Lymphocyte

transformation

test (SI)

1 34 M 21 Exfoliative dermatitis, facial swelling,

fever, and eosinophilia

192 29.8

2 68 F 6 Widespread erythematous rash,

Lymphocytosis, and eosinophilia

192 13.2

3 32 M 28 Eythematous rash, jaundice, and

hepatomegaly

172 8.4

4 34 M 21 Widespread severe skin rash 33 4.1

5 71 M 21 Widespread maculopapular eruption

with tissue eosinophilia

40 9.6

F, Female; M, male.

*Number assigned to patient throughout manuscript.
Abbreviations used

APC: Antigen-presenting cell

B-LCL: B-lymphoblastoid cell line

MFI: Median fluorescent intensity

SI: Stimulation index

UK: United Kingdom

antigen-specific, but are stimulated via some form of
protein antigen, as has been reported recently with CD81

cytomegalovirus-specific T-cell responses in a patient
with tribenoside hypersensitivity.17 Second, antigen-spe-
cific CD81 T cells might become depleted after resolution
of the disease, and most patients have been studied retro-
spectively. Third, it may reflect a technical deficiency in
standard in vitro cell culture cloning methodologies.
This is a likely explanation. CD81 clones are incredibly dif-
ficult to culture because they do not proliferate readily, and
therefore, expansion and determination of antigen specific-
ity are not possible. Furthermore, antigen-specific CD81 T-
cell clones have a propensity to lose specificity after repeated
mitogen stimulation, a procedure that is critical for cloning
T cells.9

Thus, the aim of the current study was to modify the
cloning procedure in 2 ways to generate CD41, CD81,
and CD41CD81 T cells from carbamazepine-hypersen-
sitive patients to assess their phenotype and function
in vitro. First, CD41 or CD81 T cells were purified
from T-cell lines before serial dilution. Second, in certain
experiments, antigen specificity after serial dilution was
determined via analysis of cytotoxicity rather than
proliferation.

METHODS

Materials and cell culture

Basal cell culture medium has been described elsewhere.14,15 For

culture of the T-cell lines and clones, the media was enriched with

human recombinant IL-2 (120 U/mL; Peprotech, London, United

Kingdom [UK]). B-lymphoblastoid cell lines (B-LCLs) were gener-

ated by transformation of lymphocytes with supernatant from the
EBV-producing cell line B9-58. Fresh stock solutions of carbamaze-

pine (10 mg/mL) were prepared in a mixture of culture media and

dimethyl sulfoxide (4:1 vol/vol) and diluted before use. Unless other-

wise stated, reagents were obtained from Sigma Chemical Co (Poole,

Dorset, UK).

Patients’ characteristics and lymphocyte
transformation test

Blood lymphocytes were obtained from 5 carbamazepine-

hypersensitive patients and 5 carbamazepine-exposed nonhypersen-

sitive controls (3 men, 2 women; age, 42.0 6 14.7 years; minimum

length of carbamazepine exposure, 6 months). Clinical characteristics

for each hypersensitivity reaction are described in Table I. Approval

for the study was obtained from Liverpool Local Research

Ethics Committee, and informed consent was obtained from each

participant. Proliferation of patients’ lymphocytes on exposure

to carbamazepine (10-100 mg/mL) was measured by using the

lymphocyte transformation test, as described previously.18 Prolifera-

tive responses were calculated as stimulation indices (SIs; cpm

in drug-treated cultures/cpm in cultures with dimethyl sulfoxide

alone).

Generation of CD41, CD81, and CD41CD81

T-cell clones

In initial experiments, T-cell lines were generated by incubating

lymphocytes (2 3 106; total volume, 1 mL) from 5 carbamazepine-

hypersensitive patients (patients 1-5) with carbamazepine (10 mg/

mL). On days 6 and 9, IL-2 was added to maintain proliferation.

On day 14, T cells were cloned by serial dilution as described previ-

ously.14 To test the specificity of the clones, T cells (5 3 104; total

volume, 0.2 mL) were incubated with autologous irradiated (60

Gy) B-LCLs (1 3 104) and drug (10 and 25 mg/mL). After 48 hours,

[3H]-thymidine was added and proliferation measured by scintillation

counting. Clones with an SI greater than or equal to 2 were restimu-

lated, expanded in IL-2–containing medium, and assayed for pheno-

type and functionality.

In subsequent experiments, CD81 and CD41 T cells were posi-

tively selected from T-cell lines derived from patients 4 and 5 by incu-

bating cells with immunomagnetic microbeads coated with anti-CD41

or anti-CD81 antibody and magnetic cell sorting (Miltenyi Biotec,

Bisley, UK) before serial dilution. The purity of the sorted T-cell lines

was determined by flow cytometry (Coulter EPICS XL-MCL

flow cytometer; Beckman Coulter Inc, Fullerton, Calif) with conju-

gated CD31, CD41, and CD81 antibodies (BD Biosciences,

Oxford, UK).
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The specificity of T-cell clones was determined by analysis of

antigen-specific proliferation, as outlined, or by immune-mediated

killing through the use of a 4-hour [51Cr] release assay.14 Briefly,

[51Cr] loaded B-LCL (5 3 103; total volume, 0.2 mL) were incubated

with T cells (5 3 104) in the presence or absence of carbamazepine

(10 and 25 mg/mL). Specific lysis was calculated as 100 3 (experi-

mental release 2 spontaneous release)/(maximal release 2 spontane-

ous release).

Determination of the phenotype and
functionality of T-cell clones

Antigen-specific T-cell clones were characterized in terms of CD

phenotype and T-cell receptor Vb expression by flow cytometry

through the use of a previously described protocol.14 Cell surface re-

ceptor (CD11a, CD18, CD27, cutaneous lymphocyte antigen) and

chemokine receptor expression were also measured by flow cytome-

try using a panel of 13 antibodies (CXCR4 [12G5; Serotec, Oxford,

UK], CXCR6 [56811; R&D Systems, Minneapolis, Minn], CCR3

[61828.111; R&D Systems], CCR4 [1G1; BD Pharmingen,

Oxford, UK], CCR5 [45531.111; Serotec], CCR7 [3D12; BD

Pharmingen], CCR8 [Alexis Biochemicals, Nottingham, UK],

CCR9 [112509; R&D Systems], CCR10 [clone 37; kind gift from

Dr E. Bowman, DNAX Research, Palo Alto, Calif], CD11a [38;

Serotec], CD18 [YFC118.3; Serotec], CD27 [LT27; Serotec], cutane-

ous lymphocyte antigen [HECA-452; BD Pharmingen]), and relevant

isotype controls.

The functionality of T-cell clones was investigated by measure-

ment of carbamazepine-specific (1-100 mg/mL) proliferation by

thymidine incorporation. To measure immune-mediated killing,

[51Cr] loaded B-LCLs (2.5 3 103) were incubated with T cells at

effector:target ratios of 5:1 to 50:1 in the presence or absence of

carbamazepine. Mechanisms of killing were determined by the

addition of brefeldin A (10 mg/mL; an inhibitor of FAS-mediated

cytotoxicity) and concanamycin A (100 nmol/L; an inhibitor of

perforin-mediated cytotoxicity) to certain incubations. ELISA was

used to determine cytokine (IL-4, IL-5, IL-10, and IFN-g) levels

in cell culture supernatant 48 hours after drug stimulation of the

clones.

Determination of the mechanism of drug
presentation to T cells

Specific anti-HLA blocking antibodies (BD Biosciences) were

added to proliferation and cytotoxicity assays to assess the involve-

ment of MHC in drug presentation to CD41, CD81, and CD41CD81

T-cell clones. Certain incubations contained T cells and drug in the

absence of B-LCL.

The role of processing in drug presentation to CD41, CD81, and

CD41CD81 T-cell clones was determined by chemical fixation of

B-LCL with glutaraldehyde (0.05%; 30 seconds).19 Fixed antigen-

presenting cells (APCs) express MHC molecules and actively pres-

ent antigenic peptides and drugs that interact directly with MHC;

however, their ability to process and present protein antigens is

completely inhibited.19,20

To evaluate the role of covalent binding in the presentation of

carbamazepine to T cells, pulsing experiments that involved the

incubation of carbamazepine with B-LCLs (0.2 3 106) for 2 hours,

followed by repeated washing steps to remove noncovalently bound

drug, before the addition of the B-LCLs to T cells, were performed as

described previously.14,15

Statistical analysis

The Mann-Whitney test was used for comparison of control and

test values, accepting P < .05 as significant.
RESULTS

In vitro stimulation of lymphocytes with
carbamazepine

Lymphocytes from all 5 carbamazepine-hypersensitive
patients proliferated in vitro after drug stimulation (Table
I). Lymphocytes from volunteers exposed to carbamaze-
pine without hypersensitivity did not proliferate (SI less
than 1.5).

Phenotypic characteristics and functionality
of carbamazepine-specific CD41, CD81,
and CD41CD81 T-cell clones

Cloning of T-cell lines from 5 patients produced 94 ab

clones that were stimulated with carbamazepine and
irradiated B-LCL as APCs (Table II). Approximately
90% (n 5 84) of these clones expressed high levels of
the CD41 coreceptor (13.2 6 4.0; median fluorescence in-
tensity [MFI], with isotype subtracted), but low levels of
CD81 (MFI < 0.3). Seven T-cell clones preferentially
expressed CD81 (CD81 MFI, 19.1 6 11.1; CD41 MFI,
< 0.3), whereas 3 clones expressed high levels of both
receptors (CD41 MFI, 8.8, 9.7, and 8.4; CD81 MFI,
11.2, 18.5, and 30.1).

To increase the likelihood of generating CD81 clones,
CD41 and CD81 T cells were purified from T-cell lines of
patients 4 and 5 before serial dilution (patients were se-
lected on the basis of their willingness to donate additional
blood). From equal numbers of seeded CD41 and CD81 T
cells, 6, 15, and 11 CD41 (CD41 MFI, 16.4 6 4.6; CD81

MFI, < 0.3), CD81 (CD41 MFI, < 0.3; CD81 MFI, 17.6
6 7.8) and CD41CD81 (CD41 MFI, 9.4 6 5.1; CD81

MFI, 16.3 6 7.4) antigen-specific T-cell clones were pro-
duced, respectively (Table II). Most CD41CD81 T-cell
clones expressed high to moderate levels of both CD41

and CD81 receptors; however, 2 clones expressed high
levels of CD81 and low but detectable levels of CD41,
and 2 clones expressed high levels of CD41 and low but
detectable levels of CD81 (Fig 1).

Nineteen T-cell clones with a good growth pattern were
selected for more detailed phenotypic analysis and de-
termination of functionality. Without exception, concen-
tration-dependent stimulation of carbamazepine-specific
CD41 T-cell clones was detected as a function of incorpo-
rated [3H]-thymidine (SI, 2.6-15.9; Table III). No correla-
tion was observed between the level of CD41 expression
and degree of elevation of proliferation with carbamaze-
pine. Furthermore, detection of CD41 T-cell proliferation
was not associated immune-mediated killing of [51Cr]
loaded B-LCL. In fact, carbamazepine-specific cyto-
toxicity at a low level was detected in only 3 of the 8
CD41 T-cell clones, and only at a high effector:target cell
ratio (Table IV). By contrast, carbamazepine-stimulated
CD81 T-cell clones displayed strong cytotoxicity against
[51Cr] loaded B-LCL (Table IV). The strength of the pro-
liferative response with the CD81 clones was particularly
variable. A strong carbamazepine-specific proliferative
response was observed with a number of CD81 clones
(eg, clones 45 and 50), but not with others (eg, 49 and
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TABLE II. Generation of CD41, CD81, and CD41CD81 T-cell clones from patients hypersensitive to carbamazepine

Patient

Treatment

before cloning CD

No. of

clones*

Mean proliferative response (cpm)

0 10 mg/mL 50 mg/mL

Standard cloning procedure (serial dilution of CBZ-stimulated lymphocytes)

1 No treatment CD41 19 6896 6 8323� 23,680 6 21,042 17,527 6 14,552

CD81 1 17,094 28,265 29,181

CD41CD81 1 5426 9041 8593

CD41 42 2566 6 2912 8203 6 6915 6595 6 6071

2 No treatment CD81 4 7778 6 8934 14,781 6 13,900 9274 6 10,314

CD41CD81 1 4199 8872 6000

CD41 7 10,792 6 2629 21,971 6 7305 13,455 6 8920

3 No treatment CD81 1 31,849 54,679 56,268

CD41CD81 0 — — —

CD41 10 3386 6 3405 7158 6 5275 6656 6 5506

4 No treatment CD81 1 271 2131 1078

CD41CD81 0 — — —

CD41 6 3183 6 2029 32,866 6 19,784 32,791 6 21,339

5 No treatment CD81 0 — — —

CD41CD81 1 845 9617 8960

Revised cloning procedure (serial dilution of CBZ-stimulated CD41 or CD81 lymphocytes)

4 CD41/CD81

purification

CD41 2 548 6 205 967 6 289 1514 6 278

CD81 11 2235 6 3006 6095 6 4433 4923 6 4256

CD41CD81 9 4727 6 6983 13,140 6 16,729 10,498 6 15,949

5 CD41/CD81

purification

CD41 4 1781 6 464 11,926 6 8064 10,328 6 8024

CD81 4 12,434 6 8658 19,434 6 12,426 15,760 6 11,834

CD41CD81 2 7486 6 453 16,068 6 2166 19,983 6 3639

CBZ, Carbamazepine.

*If SI less than 2, antigen specificity confirmed by using cytotoxicity assay.

�Data presented as means 6 SDs of all clones with a given phenotype (coefficient of variation consistently less than 20% for individual clones).
140; Table III). There was no correlation between CD81 ex-
pression and the strength of the proliferative response or
cytotoxicity. CD41CD81 T-cell clones proliferated strongly
after carbamazepine stimulation, but exhibited only low
levels of cytotoxicity (Tables III and IV).

CD41, CD81, and CD41CD81 mediated carbamaze-
pine-specific killing of B-LCL (32.2 6 19.4% killing;
n 5 6 clones) was inhibited with concanamycin A (3.2
6 3.4% killing), but not brefeldin A (28.8 6 17.8% kill-
ing), which is indicative of perforin-mediated cytotoxicity.

FIG 1. Expression of CD41 and CD81 receptors on T-cell clones

generated from hypersensitive patients.
TABLE III. Characteristics of carbamazepine-specific

T-cell clones

Mean proliferative response (cpm)

Carbamazepine (mg/mL)

Clone ID CD 0 5 10 25 50 100

45 8 1061 31,353 32,775 30,630 23,773 15,438

49 8 507 793 528 765

80 8 1054 3226 3178 2934 2948 1600

140 8 446 424 574 482

52 8 1106 3335 3506 2783 945

77 8 1025 1864 1786 927 762

50 8 294 2844 4040 5838

44 4 810 1658 1910 2086

7 4 875 13,096 12,901 9322 4742

135 4 334 614 966 1188 1271 666

25 4 974 2943 6046 10,545 15,520 11,935

56 4 884 774 1979 3759 4208 1017

21 4 815 2936 3684 3562 3006 126

108 4 626 2183 3432 5236

198 4 509 1366 1992 3002

91 Dual 1565 15,939 14,179 14,096 6009 8073

21b Dual 979 1929 3106 5173 4812

20 Dual 7034 13,902 23,826 16,444 6945

7b Dual 1499 5148 3418 2817 1817 2167
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TABLE IV. Characteristics of carbamazepine-specific T-cell clones

Cytotoxicity (%)

Phenotype Carbamazepine (25 mg/mL)

Clone ID CD CD4* expression CD8* expression 5:1y 10:1 25:1 MHC restriction

45 8 <0.3 11.9 60.9 86.3 85.2 II

49 8 <0.3 12.2 65.0 77.9 83.6 NP

80 8 <0.3 11.4 47.9 54.5 70.9 I

140 8 <0.3 47.9 22.3 38.4 57.9 I

52 8 <0.3 24.7 32.4 39.7 55.3 NP

77 8 <0.3 6.6 6.7 11.3 13.0 I

50 8 <0.3 16.9 10.9 23.5 19.8 II

44 4 6.8 <0.3 0 0 0 II

7 4 12.5 <0.3 0 0 2.3 NP

135 4 18.0 <0.3 5.9 5.1 10.1 NP

25 4 14.2 <0.3 5.3 3.0 6.7 NP

56 4 14.9 <0.3 1.6 0 2.0 II

21 4 18.8 <0.3 5.5 10.1 13.5 II

108 4 19.5 <0.3 0 9.3 33.4 II

198 4 15.6 <0.3 3.0 14.5 19.5 II

91 Dual 7.6 14.6 15.1 14.7 28.0 Neither

21b Dual 2.1 32.2 5.9 1.1 8.7 Neither

20 Dual 17.9 3.3 2.7 1 0.1 NP

7b Dual 10.0 13.2 0.3 2.4 3.5 NP

NP, Not performed.

*CD41/CD81 data expressed as median fluorescence intensity with isotype control subtracted.

�Effector:target cell ratio.
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A panel of T-cell clones was found differentially to
express 6 chemokine receptors (CXCR4, CCR4, CCR5,
CCR8, CCR9, CCR10; minimum fold change 1.4 com-
pared with isotype control; Table V). All clones expressed
high levels of CCR8, CD11a, and CD18. CCR4, CCR9,
and CCR10 were expressed at lower levels on most clones,
whereas the expression of CXCR4 and CCR5 was more
variable (Table V). Expression levels of CXCR6, CCR3,
CCR7, cutaneous lymphocyte antigen, and CD27 were
not distinguishable from isotype controls. Furthermore,
no clear chemokine receptor pattern was discernible when
CD41, CD81, and CD41CD81 clones were compared.

As reported previously with CD41 clones,14 stimula-
tion of T-cell clones resulted in the secretion of IFN-g
(CD41, 361.9 6 384.8 pg/mL [n 5 4]; CD81, 435.0 6

581.9 pg/mL [n 5 4]; CD41CD81, 1320 pg/mL [n 5 1])
and/or IL-5 (CD41, 398.5 6 700.5 pg/mL [n 5 4];
CD81, 493.5 6 706.9 pg/mL [n 5 4]; CD41CD81,
1335 pg/mL [n 5 1]). IL-4 and IL10 were not detected
in culture supernatant.

Drug presentation to carbamazepine-specific
CD41, CD81, and CD41CD81 T-cell clones

The importance of MHC in carbamazepine presentation
to clones was assayed in antibody blocking experiments.
First, carbamazepine stimulation of CD41 T-cell clones
was MHC class II restricted; second, carbamazepine was
presented to some CD81 T-cell clones in the context
of MHC class I and others in the context of MHC
class II; and third, carbamazepine stimulation of certain
CD41CD81 T-cell clones was not inhibited by antibodies
against MHC class I or II, or when both antibodies were
added together (Table IV). These data are indicative of di-
rect presentation of carbamazepine to T cells. To explore
this possibility further, a panel of T-cell clones were stim-
ulated with carbamazepine directly in the absence of
B-LCL. Carbamazepine did not directly stimulate CD41

or CD81 T-cell clones; however, CD41CD81 T-cell
proliferation was detectable with carbamazepine in the
absence of B-LCL (Fig 2, A).

Carbamazepine-specific CD41, CD81, and CD41CD81

T-cell clones did not proliferate in the presence of B-LCLs
pulsed with carbamazepine. Furthermore, B-LCLs fixed
with glutaraldehyde were able to present carbamazepine to

TABLE V. Receptor expression on the surface of

carbamazepine-specific T-cell clones

CD41 CD81 CD41CD81

Receptor 21 45 77 80 21b 91

CXCR4* 2.8 1.0 1.6 1.7 1.2 1.3

CXCR6 1.0 0.9 0.9 1.1 1.0 0.9

CCR3 1.2 1.0 1.1 1.2 1.2 1.1

CCR4 1.2 1.6 1.7 1.6 1.0 1.8

CCR5 0.9 7.1 1.1 16.5 1.1 13.4

CCR7 1.4 0.8 1.0 1.1 0.8 0.9

CCR8 3.5 10.4 1.4 10.6 3.7 2.4

CCR9 1.1 1.4 1.9 1.8 1.8 1.8

CCR10 1.4 2.9 1.4 1.1 1.1 1.6

CLA 1.0 1.1 1.1 1.0 1.1 1.0

CD11a 21.4 126.8 202.3 147.0 150.0 232.0

CD18 11.7 27.5 15.1 11.6 11.7 16.5

CD27 1.1 1.0 1.1 1.3 1.0 1.2

*Receptor expression expressed as fold change in MFI.
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FIG 2. A, Carbamazepine (CBZ) stimulates proliferation of CD41CD81 T-cell clones in the absence of B-LCL. B,

CBZ is presented to CD41, CD81, and CD41CD81 T-cell clones directly, in the absence of processing. Prolifer-

ation was determined by incorporation of [3H]-thymidine. Statistical analysis compares incubations in the

presence and absence of drug (*P < .05). Coefficient of variation was consistently less than 20%.
CD41, CD81, and CD41CD81 T-cell clones, which is indic-
ative of processing-independent drug presentation (Fig 2, B).

DISCUSSION

Carbamazepine hypersensitivity syndrome is a severe
delayed-type immune-mediated adverse drug reaction.
Patients usually present with skin rash and fever, and may
also manifest a multitude of phenomena including eosin-
ophilia, lymphadenopathy, viral reactivation, and internal
organ involvement. Data presented herein, using T-cell
clones generated with traditional cloning methods from
the blood of 5 patients with hypersensitivity and a
positive lymphocyte transformation test to carbamaze-
pine (Table I), show that the vast majority of carbamaze-
pine-specific clones preferentially express the CD41

coreceptor (Table II). Approximately 10% of clones
expressed high levels of CD81, which is in agreement
with our previous findings.14,15 Nevertheless, carbamaze-
pine-specific CD81 T-cell clones were generated in high
numbers by depleting CD41 T cells before serial dilution.
Approximately 50% of carbamazepine-specific T-cell
clones generated by using this revised methodology
preferentially expressed the CD81 coreceptor (patients
4 and 5; Table II). Importantly, by monitoring [3H] thy-
midine incorporation and immune-mediated killing of
[51Cr] loaded B-LCL as markers of antigen specificity
simultaneously, certain CD81 clones were identified as
antigen-specific exclusively on the basis of killing of tar-
get cells (Table III). These data draw attention to the fact
that previous studies that have used T-cell clones gener-
ated by serial dilution are most likely to have underesti-
mated the frequency and importance of CD81 T-cells.

Antigen-specific immune tolerance or anergy is a
feature of repeatedly stimulating cloned CD81 T cells.
Approximately 25% of CD81 clones were found to con-
vert to this nonresponsive state rapidly and/or were resis-
tant to mitogen-mediated expansion in vitro. Therefore,
only minimal functional analyses could be performed on
these clones. An additional atypical fraction of CD81

clones (approximately 10% of all CD81 clones) showed
expansion in high numbers in the presence of only IL-2
for as long as 6 months. Such clones retained antigen
specificity throughout this culture period (eg, clone 45;
Tables III and IV).

In contrast with CD41 clones that proliferate readily
but display limited cytotoxicity after carbamazepine
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FIG 3. Scheme depicting functionality and mechanisms of CBZ presentation to CD41, CD81, and CD41CD81

T-cell clones. CBZ, Carbamazepine.
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stimulation, CD81 clones were found to kill autologous
target cells (Table IV), often at very low effector:target
cell ratios (0.05:1-1:1; results not shown). Cytotoxicity
was inhibited with concanamycin A, which suggests a per-
forin-mediated killing. Although these data were derived
from a small cohort of carbamazepine-hypersensitive
patients, identification of CD81 clones was not patient-
specific and did not seem to be related to the severity of
disease (Table I). This provides evidence that carba-
mazepine-specific CD81 T cells are the mediators of the
cytotoxic response in hypersensitive patients. Previously,
carbamazepine-specific CD41 clones have been shown to
secrete IFN-g and variable levels of IL-5.14 To compare
cytokine secretion from CD41 and CD81 clones, levels
of TH1-type and TH2-type cytokines (IFN-g, IL-4, IL-5,
and IL-10) were compared after carbamazepine stimula-
tion. CD41 and CD81 secreted similar levels of IFN-g
and IL-5, but IL-4 and IL-10 secretion was not observed.
IFN-g is a cytokine that drives cell-mediated immune re-
sponses by increasing basal keratinocyte expression of
MHC class I and II, rendering them more susceptible to
T-cell–mediated cytotoxicity.5 IL-5 secretion is thought
to mediate the prominent eosinophilia associated with
carbamazepine hypersensitivity.

CD41 T-cell clones were stimulated by carbamazepine
exclusively in an MHC class II restricted manner (Table
IV).14 In contrast, carbamazepine was presented to indi-
vidual CD81 T-cell clones in the context of either MHC
class I or MHC class II. MHC class I and class II restricted
drug presentation to CD81 T-cell clones has been
reported previously with sulfamethoxazole and amoxicil-
lin.4,9 Keuchler et al9 suggest that MHC class I restricted
drug presentation to CD81 clones might be more damag-
ing, whereas killing by CD81 T cells recognizing drugs in
association with MHC class II might be more limited. Data
presented herein do not support this hypothesis (carbam-
azepine presentation in the context of MHC class I and
II stimulated similar levels of cytotoxicity); however, the
importance of these 2 different forms of drug presentation
to CD81 T cells requires further investigation.
An unforeseen observation of our study was the
frequent outgrowth of CD41CD81 carbamazepine-spe-
cific T-cell clones (Fig 1; Table III). Such T cells are
distinguished and characterized on the basis of levels
of receptor expression. T cells expressing high levels of
one receptor and low levels of the other are thought to
be produced as a consequence of repetitive stimulation
and long-term in vitro expansion,21 and as such, their rel-
evance to human disease appears limited. However, T
cells expressing high levels of both coreceptors are more
interesting because they exist in vivo, presumably by evad-
ing thymic deletion, and their frequency is increased in
pathogenic conditions such as rheumatoid arthritis and
atopic dermatitis.22,23 The majority of carbamazepine-spe-
cific CD41CD81 T-cell clones described in our patients
expressed moderate to high levels of CD41 and CD81;
these levels were comparable to those seen in single
positive clones (Fig 1). They exhibited functional charac-
teristics similar to CD41 T cells in that antigen stimulation
was associated with a strong proliferative response and
IFN-g and IL-5 secretion, but only low levels of cytotox-
icity (Table IV). Interestingly, stimulation of certain
CD41CD81 T-cell clones was not inhibited by anti-
MHC class I and II blocking antibodies, and antigen-stim-
ulated proliferation was detected when carbamazepine
was incubated with T cells alone, in the absence of
APCs. Previous studies have shown that prenyl pyrophos-
phate antigens can be presented to gd T cells through a di-
rect pathway that requires neither processing nor known
antigen-presenting molecules;24-26 however, to the best
of our knowledge, the results outlined are the first to
show drug antigen-specific proliferation of ab T cells in
the absence of APCs and MHC.

Carbamazepine stimulates CD41 and additionally
CD41CD81 and CD81 clones in the absence of any ap-
parent covalent binding or antigen processing (Fig 2),
which adds to the growing body of evidence that certain
drugs/chemicals can mimic the binding interaction of pep-
tides with specific T-cell receptors via a series of thus far
undefined weak reversible binding interactions.7,20,27-30
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The migration of immune cells to sites of inflammation
is known to be a critical determinant of allergic disease,
including drug hypersensitivity. Leyva et al12 previously
reported increased T-cell expression of the skin homing
receptor, cutaneous lymphocyte antigen, in skin and blood
of patients with anticonvulsant hypersensitivity, which
paralleled the severity of the disease. We have also shown
high expression of cutaneous lymphocyte antigen on
T-cell clones from a patient hypersensitive to the anticon-
vulsant lamotrigine.31 Somewhat surprisingly, a panel of
CD41, CD81, and CD41CD81 T-cell clones expressing
CD11a1CD272 and thus referred to as effector memory
T cells according to Hamann et al32 were found not to ex-
press cutaneous lymphocyte antigen. Additional pathways
may also explain cell selective cutaneous migration, par-
ticularly expression of chemokine receptors such as
CCR4, CCR8, and CCR10. CCR8 is responsible for the
steady-state trafficking of memory T cells into healthy
skin,33,34 whereas chemokine receptors CCR4 and
CCR10 orchestrate selective entry of T cells into inflamed
skin. Increased expression of CCR4 and CCR10 is associ-
ated with susceptibility to allergic diseases such as contact
dermatitis, atopic dermatitis, and psoriasis.35-39 We found
high expression of CCR8 on all carbamazepine-specific
CD41, CD81, and CD41CD81 clones (Table V), indicat-
ing a potential pathway for cutaneous migration of car-
bamazepine-specific T cells. Interestingly, the ligand for
CCR8, I-309, is constitutively expressed in skin, whereas
stimulated CCR81 T cells secrete significant quantities of
I-309. This will lead to further recruitment of CCR81 T
cells through a positive feedback mechanism.33 Indeed,
we have previously shown increased expression of I-309
mRNA in activated T-cell clones isolated from patients
with lamotrigine hypersensitivity.31 Carbamazepine-spe-
cific T cells were also found to express detectable levels
of CCR4 and/or CCR10, which highlights that multiple
pathways are involved in cutaneous T-cell infiltration.
These data also agree with previous studies showing
elevated CCR10 mRNA levels in lesional skin during
the acute phase of a drug hypersensitivity reaction.40

Certain T-cell clones were found differentially to express
additional chemokine receptors (eg, CXCR4, CCR5,
and CCR9) not associated with cutaneous migration.
Whether these homing receptors are involved in the migra-
tion of carbamazepine-specific T cells to other internal
organs is not known and is an area that warrants further
investigation.

In conclusion, data presented herein show that carbam-
azepine-specific CD41, CD81, and CD41CD81 T cells
displaying different effector functions (Fig 3) persist
in the circulation of hypersensitive patients’ blood for
many years after resolution of clinical symptoms. Addi-
tional studies are planned to clone T cells directly from in-
flamed skin of carbamazepine-hypersensitive patients. We
intend to compare the phenotype, function, and expression
of skin homing receptors on cutaneous and blood-derived
T cells, focusing particularly on (1) differences in prolifer-
ation and cytotoxicity; (2) migration of T cells toward
chemokines released from inflamed skin; and (3)
differential cytokine secretion by analysis of a wider array
of cytokines.

We thank the Departments of Immunology and Tropical Medicine

(University of Liverpool) for use of equipment and the various

clinicians for identifying carbamazepine-hypersensitive patients.

REFERENCES

1. Pichler WJ, Yawalkar N, Britschgi M, Depta J, Strasser I, Schmid I, et al.

Cellular and molecular pathophysiology of cutaneous drug reactions.

Am J Clin Dermatol 2002;3:229-38.

2. Naisbitt DJ. Drug hypersensitivity reactions in skin: understanding

mechanisms and the development of diagnostic and predictive tests.

Toxicology 2004;194:179-96.

3. Hertl M, Jugert F, Merk H. CD81 dermal T cells from a sulphamethox-

azole-induced bullous exathem proliferate in response to drug-modified

liver microsomes. Br J Dermatol 1995;132:215-20.

4. Hari Y, Frutig-Schnyder K, Hurni M, Yawalkar N, Zanni MP, Schnyder

B, et al. T cell involvement in cutaneous drug eruptions. Clin Exp

Allergy 2001;31:1398-408.

5. Nassif A, Bensussan A, Boumsell L, Deniaud A, Moslehi H, Wolken-

stein P, et al. Toxic epidermal necrolysis: effector cells are drug-specific

cytotoxic T cells. J Allergy Clin Immunol 2004;114:1209-15.

6. Schnyder B, Mauri-Hellweg D, Zanni MP, Bettens F, Pichler WJ. Direct,

MHC-dependent presentation of the drug sulfamethoxazole to human

alphabeta T cell clones. J Clin Invest 1997;100:136-41.

7. Britschgi M, Steiner UC, Schmid S, Depta JP, Senti G, Bircher A, et al.

T-cell involvement in drug-induced acute generalized exanthematous

pustulosis. J Clin Invest 2001;107:1433-41.

8. Depta JP, Altznauer F, Gamerdinger K, Burkhart C, Weltzien HU, Pichler

WJ. Drug interactions with T-cell receptors: T-cell receptor density deter-

mines degree of cross-reactivity. J Allergy Clin Immunol 2004;113:519-27.

9. Kuechler PC, Britschgi M, Schmid S, Hari Y, Grebscheid B, Pichler WJ.

Cytotoxic mechanisms in different forms of T-cell-mediated drug aller-

gies. Allergy 2004;59:613-22.

10. Gogtay NJ, Bavdekar SB, Kshirsagar NA. Anticonvulsant hypersensitiv-

ity syndrome: a review. Expert Opin Drug Saf 2005;4:571-81.

11. Friedmann PS, Strickland I, Pirmohamed M, Park BK. Investigation of

mechanisms in toxic epidermal necrolysis induced by carbamazepine.

Arch Dermatol 1994;130:598-604.

12. Leyva L, Torres MJ, Posadas S, Blanca M, Besso G, O’Valle F, et al.

Anticonvulsant-induced toxic epidermal necrolysis: monitoring the

immunologic response. J Allergy Clin Immunol 2000;105:157-65.

13. Mauri-Hellweg D, Bettens F, Mauri D, Brander C, Hunziker T, Pichler

WJ. Activation of drug-specific CD41 and CD81 T cells in individuals

allergic to sulfonamides, phenytoin, and carbamazepine. J Immunol

1995;155:462-72.

14. Naisbitt DJ, Britschgi M, Wong G, Farrell J, Depta JPH, Chadwick DW,

et al. Hypersensitivity reactions to carbamazepine: characterization of the

specificity, phenotype, and cytokine profile of drug-specific T cell clones.

Mol Pharmacol 2003;63:732-41.

15. Wu Y, Sanderson JP, Farrell J, Drummond NS, Hanson A, Bowkett E,

et al. Activation of T cells by carbamazepine and carbamazepine metab-

olites. J Allergy Clin Immunol 2006;118:233-41.

16. Beeler A, Engler O, Gerber BO, Pichler WJ. Long-lasting reactivity and

high frequency of drug-specific T cells after severe systemic drug hyper-

sensitivity reactions. J Allergy Clin Immunol 2006;117:455-62.

17. Hashizume H, Takigawa M. Drug-induced hypersensitivity syndrome as-

sociated with cytomegalovirus reactivation: immunological characteriza-

tion of pathogenic T-cells. Acta Derm Venereol 2005;85:47-50.

18. Pichler WJ, Tilch J. The lymphocyte transformation test in the diagnosis

of drug hypersensitivity. Allergy 2004;59:809-20.

19. Zanni MP, Mauri-Hellweg D, Brander C, Wendland T, Schnyder B, Frei

E, et al. Characterization of lidocaine-specific T cells. J Immunol 1997;

158:1139-48.

20. Schnyder B, Burkhart C, Schnyder-Frutig K, von Greyerz S, Naisbitt DJ,

Pirmohamed M, et al. Recognition of sulfamethoxazole and its reactive

metabolites by drug-specific CD41T cells from allergic individuals.

J Immunol 2000;164:6647-54.



J ALLERGY CLIN IMMUNOL

VOLUME 119, NUMBER 4

Wu et al 981
21. Paliard X, Malefijt RW, de Vries JE, Spits H. Interleukin-4 mediates

CD8 induction on human CD41 T-cell clones. Nature 1988;335:

642-4.

22. Bang K, Lung M, Wu K, Mogernsen SC, Thestrup-Pedersen K. CD41

CD81 (thymocyte-like) T lymphocytes present in blood and skin from

patients with atopic dermatitis suggest immune dysregulation. Br J

Dermatol 2001;144:1140-7.

23. De Maria A, Malnati M, Moretta A, Pende D, Bottino C, Casorati G,

et al. CD3-4-8-WT31- (T cell receptor gamma1) cells and other unusual

phenotypes are frequently detected among spontaneously interleukin 2-

responsive T lymphocytes present in the joint fluid in juvenile rheuma-

toid arthritis: a clonal analysis. Eur J Immunol 1987;17:1815-9.

24. Lang F, Peyrat MA, Constant P, Davodeau F, David-Ameline J, Poquet

Y, et al. Early activation of human Vg9Vd2 T cell broad cytotoxicity and

TNF production by nonpeptidic mycobacterial ligands. J Immunol 1995;

154:5986-94.

25. Morita CT, Beckman EM, Bukowski JF, Tanaka Y, Band H, Bloom BR,

et al. Direct presentation of nonpeptide prenyl pyrophosphate antigens to

human T cells. Immunity 1995;3:495-507.

26. Morita CT, Li H, Lamphear JG, Rich RR, Fraser JD, Mariuzza RA, et al.

Superantigen recognition by gammadelta T cells: SEA recognition site

for human Vgamma2 T cell receptors. Immunity 2001;14:331-44.

27. Hashizume H, Takigawa M, Tokura Y. Characterization of drug-specific

T cells in phenobarbital-induced eruption. J Immunol 2002;168:5359-68.

28. Sieben S, Kawakubo Y, AI Masaoudi T, Merk HF, Blomeke B. Delayed-

type hypersensitivity reaction to paraphenylenediamine is mediated by 2

different pathways of antigen recognition by specific ab1human T-cell

clones. J Allergy Clin Immunol 2002;109:1005-11.

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

immune receptors: the p-I concept. Curr Opin Allergy Clin Immunol

2002;2:301-5.

30. Schmid S, Depta JPH, Luthi M, Pichler WJ. Transfection of drug specific

T cell receptors into hybridoma cells: tools to monitor drug interaction
with T cell receptors and evaluate cross-reactivity to related compounds.

Mol Pharmacol 2006;70:356-65.

31. Naisbitt DJ, Farrell J, Wong G, Depta JP, Dodd CC, Hopkins JE, et al.

Characterization of drug-specific T cells in lamotrigine hypersensitivity.

J Allergy Clin Immunol 2003;111:1393-403.

32. Hamann D, Baars PA, Rep MH, Hooibrink B, Kerkhof-Garde SR, Klein

MR, et al. Phenotypic and functional separation of memory and effector

human CD81 T cells. J Exp Med 1997;186:1407-18.

33. Schaerli P, Ebert L, Willimann K, Blaser A, Roos RS, Loetscher P, et al.

A skin-selective homing mechanism for human immune surveillance

T cells. J Exp Med 2004;199:1265-75.

34. Clark RA, Chong BF, Mirchandani N, Brinster NK, Yamanaka K, Dow-

giert RK, et al. The vast majority of T-cells are resident in normal skin.

J Immunol 2006;176:4431-9.

35. Homey B, Alenius H, Muller A, Soto H, Bowman EP, Yuan W, et al.

CCL27-CCR10 interactions regulate T cell-mediated skin inflammation.

Nat Med 2002;8:117-8.

36. Moed H, Boorsma DM, Tensen CP, Flier J, Jonker MJ, Stoof TJ.

Increased CCL27-CCR10 expression in allergic contact dermatitis:

implications for local skin memory. J Pathol 2004;204:39-46.

37. Vestergaard C, Deleuran M, Gesser B, Gronhoj Larsen C. Expression of

the T-helper 2-specific chemokine receptor CCR4 on CCR10-positive

lymphocytes in atopic dermatitis skin but not in psoriasis skin. Br J

Dermatol 2003;149:457-63.

38. Soler D, Humphreys TL, Spinola SM, Campbell JJ. CCR4 versus

CCR10 in human cutaneous TH lymphocyte trafficking. Blood 2003;

101:1677-82.

39. Hudak S, Hagen M, Liu Y, Catron D, Oldham E, McEvoy LM. Immune

surveillance and effector functions of CCR10(1) skin homing T cells.

J Immunol 2002;169:1189-96.

40. Tapia B, Padial A, Sanchez-Sabate E, Alvarez-Ferreira J, Morel E,

Blanca M, et al. Involvement of CCL27-CCR10 interactions in drug-

induced cutaneous reactions. J Allergy Clin Immunol 2004;114:335-40.
B
a
si

c
a
n
d

cl
in

ic
a
li

m
m

u
n
o
lo

g
y


	Generation and characterization of antigen-specific CD4+, CD8+, and CD4+;CD8+; T-cell clones from patients with carbamazepine hypersensitivity
	Methods
	Materials and cell culture
	Patients’ characteristics and lymphocyte transformation test
	Generation of CD4+, CD8+, and CD4+CD8+ T-cell clones
	Determination of the phenotype and functionality of T-cell clones
	Determination of the mechanism of drug presentation to T cells
	Statistical analysis

	Results
	In vitro stimulation of lymphocytes with carbamazepine
	Phenotypic characteristics and functionality of carbamazepine-specific CD4+, CD8+, and CD4+CD8+ T-cell clones
	Drug presentation to carbamazepine-specific CD4+, CD8+, and CD4+CD8+ T-cell clones

	Discussion
	References


