
08 March 2024

Hapten-Specific TH17 Cells in the Peripheral Blood of β-Lactam-Induced AGEP / Fili L; Cardilicchia E;
Severino MG; Testi S; Matucci A; Vultaggio A; Paglierani M; Massi D; Maggi E; Parronchi P. - In:
ALLERGOLOGY INTERNATIONAL. - ISSN 1323-8930. - STAMPA. - 63(1):(2014), pp. 129-131.
[10.2332/allergolint.13-LE-0582]

Original Citation:

Hapten-Specific TH17 Cells in the Peripheral Blood of β-Lactam-
Induced AGEP.

Published version:
10.2332/allergolint.13-LE-0582

Terms of use:

Publisher copyright claim:

(Article begins on next page)

La pubblicazione è resa disponibile sotto le norme e i termini della licenza di deposito, secondo quanto
stabilito dalla Policy per l'accesso aperto dell'Università degli Studi di Firenze
(https://www.sba.unifi.it/upload/policy-oa-2016-1.pdf)

Availability:
This version is available at: 2158/833493 since:

Questa è la Versione finale referata (Post print/Accepted manuscript) della seguente pubblicazione:

FLORE
Repository istituzionale dell'Università degli Studi

di Firenze

Open Access

DOI:



Allergology International Vol 00, No0, 0000 www.jsaweb.jp� 1

Dear Editor

Hapten-Specific TH17 Cells in the Peripheral

Blood of β-Lactam-Induced AGEP

Acute generalized exanthematous pustolosis (AGEP)
is a rare adverse drug reaction, frequently due to β-
Lactams, characterized by skin eruption, nonfollicular
sterile pustules, fever and neutrophilia with neutro-
philic and, possibly, eosinophilic infiltrates.1 T cell in-
volvement has been postulated on the basis of posi-
tive in vivo patch tests, positive in vitro lymphocyte
transformation test (LTT) towards the culprit drug,
presence of infiltrating CD4 and CD8 lymphocytes in
lesional skin and increase of neutrophil-recruiting
CXCL8�IL-8-producing drug-specific T cells in the cir-
culation. 1,2 However, as found into certain neutro-
philic inflammatory processes similar to AGEP such
as pustular psoriasis, regulated by the newly defined
TH17 effectors, also in AGEP a marked increase in IL-
17+ cells along with IL-22 levels has been described,
suggesting a downstream release of CXCL8�IL-8.3,4

IL-17+ lymphocytes express retinoid acid related or-
phan receptor (ROR) γt transcription factor, activate
neutrophils and, depending on the microenviron-
ment, can acquire the ability to also produce IFN-γ or
IL-4 differentiating towards a mixed phenotype.5,6

To disclose the possible involvement of IL-17 in
AGEP, we investigated the functional phenotype of
hapten-specific T cell clones (TCCs) derived from the
peripheral blood of a patient with history of β-Lactam-
induced AGEP. As controls, amoxicillin-specific TCCs
from anaphylaxis and Stevens-Johnson syndrome
(SJS) were used. Further, we studied the expression
of the TH17-related transcription factor RORγt in the
skin biopsy from the amoxicillin-specific patch test of
the donor with history of AGEP.

L.P. was a 55 yr woman referring AGEP. F.A. was a
62 yr woman referring anaphylaxis. P.M. was a 35 yr
man referring Stevens-Johnson syndrome (SJS). The
different clinical pictures were all due to the oral in-
take of amoxicillin. All the patients exhibited positive
LTT towards amoxicillin. L.P. and F.A. also showed
amoxicilloyl-specific serum IgE. Informed written
consent was obtained in accordance with the ethical
standards of the responsible regional Committee. T
cell clones were obtained under limiting dilution (0.3
cell�well) from hapten-specific T cell lines generated
stimulating 2 × 106 PBMCs with amoxicillin (0.5 mg�
ml) for 6 days in complete RPMI 1640 containing 5%
autologous serum and expanded with rIL-2 (20 U�ml)
(Novartis Co., ProleukinⓇ).7 Hapten-specificity was
assessed by 3HTdR incorporation (Perkin Elmer) un-
der MHC-restricted conditions. Mitogenic index �2
was considered as positive.7 IL-4, IL-5 (Becton Dickin-
son), IL-17, CXCL8, IL-22 (R&D System) and IFN-γ

(Endogen) were measured by ELISAs into 36 h su-
pernatants of amoxicillin-specific clones following
polyclonal stimulation with PMA (20 ng�ml) (Sigma)
plus 50 ng�ml anti-CD3 mAb (UCHT1, Becton Dick-
inson).7 Formalin fixed-paraffin embedded skin speci-
mens from the amoxicillin-positive patch test from do-
nor L.P. and, as control, pustular psoriasis were cut
into 4 μm thick sections, stained with anti-CD3, CD4,
CD8 (Dako, DK) or RORγt (R&D System) mAbs and
finally labelled with DAP (Dako). Statistical analysis
was performed using Student’s t test and χ2 with p
values < 0.05 as significant.

Twenty-seven amoxicillin-specific T-cell clones
were obtained from the peripheral blood of donor
L.P. with history of AGEP. From donor F.A. (anaphy-
laxis ) and P. M. ( SJS ) , 48 and 22 hapten-specific
clones were derived, respectively. Ten amoxicillin-
specific clones derived from the peripheral blood of
donor L.P. produced IL-17 (37%) whereas 3 IL-17+
specific clones were obtained from donor F.A. (6%)
and only 1 (4.5%) from donor P.M. (p < 0.01) (Fig. 1
A). Hapten-specific clones from AGEP also produced
significantly higher levels of IL-17 in comparison with
TCCs from anaphylactic shock and SJS (mean ± SE
0.68 ± 0.7 vs 0.1 ± 0.2 and 0.005 ± 0.001 ng�ml, respec-
tively, * p < 0.05).

As TH17 cells can easily shift to other phenotypes
depending on the cytokine milieu5,6 and mixed phe-
notypes might explain the presence of activated
eosinophils in AGEP,1 we looked at other cytokines
co-produced by amoxicillin-specific TCCs. Interest-
ingly, in AGEP all the IL-17 + clones also released
high amounts of IL-4 (and IL-5) or IFN-γ, thus show-
ing a TH2�TH17 (5�10 clones) or TH1�TH17 pheno-
type (5�10). None of the clones from anaphylactic
shock exhibited the TH1 phenotype, most being TH2
(19�48, 39%), whereas 5�27 clones from AGEP pro-
duced IL-4 (and IL-5) exclusively (19%), a large num-
ber being TH1 (10�27, 37%) similarly to SJS (11�
22, 50%) (Fig. 1B). Significantly higher amounts of
CXCL8 were produced by drug-specific clones from
AGEP than from anaphylaxis (mean ± SE 7.03 ± 2.22
vs 4.0 ± 2.7 ng�ml; p < 0.05) irrespectively of IL-17 re-
lease, thus confirming previous data2 and further sup-
porting the central role of these cells in the neutro-
phil accumulation.8 IL-22 production was highly vari-
able among clones (not shown).

To confirm the relevance of IL-17+ lymphocytes in
AGEP, the expression of the TH17-related transcrip-
tion factor ROR was evaluated in the skin. As shown
in Figure 1C, RORγt+ cells were found, along with a
robust CD3+ cell infiltrate, in the skin biopsy of the
amoxicillin-induced patch test of patient L.P. at high
numbers as pustular psoriasis itself9 used as positive
control (10 ± 2�5 HPF and 4 ± 2�5 HPF, respectively).

In conclusion, although CXCL8-producing T cells
were claimed to mediate drug-induced AGEP, the in-
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Fig.　1　(A) IL-17 production from polyclonally stimulated amoxicillin-specifi c TCCs. Straight lines: 

mean production (ng/ml) by all the TCCs. *p < 0.05. (B) IL-17 and IL-4 production from polyclonally 

stimulated amoxicillin-specifi c clones of AGEP (total 27). Dotted lines represent the mean cytokine con-

centration (±5 SD) produced by stimulated irradiated feeder cells (plot). Hapten-specifi c T cell clones 

derived from AGEP, anaphylactic shock and Stevens-Johnson syndrome (SJS) were categorized as 

TH1 and TH2 as producing IFN-γ or IL-4 alone, respectively (Table). (C) Immunohistochemistry of skin 

specimens from the amoxicillin-positive patch test of AGEP and pustular psoriasis. Original magnifi ca-

tion ×40, scale bar 20 μm.
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volvement of IL-17 was recently proposed on the ba-
sis of increased serum levels or production after
PBMC polyclonal activation.3,4 Despite our data come
from a single patient due to the rarity of the disease
thus representing a concern to provide a more gen-
eral pathogenic mechanism, our study suggests the
possible role of hapten-specific TH17 cells in AGEP
which was not provided so far. The simultaneous pro-
duction of IFN-γ or, more interestingly, IL-4 (and IL-
5) together with IL-17 by amoxicillin-specific clones
may also explain the presence of neutrophils, acti-
vated eosinophils and culprit drug-specific circulating
IgE, thus combining apparently contrasting findings.

ACKNOWLEDGEMENTS
LF and EC gave the same contribution to the work.

Lucia Filì1, Elisa Cardilicchia1, Maurizio G Severino2,
Sergio Testi2, Andrea Matucci1,
Alessandra Vultaggio1, Milena Paglierani3,
Daniela Massi3, Enrico Maggi1 and Paola Parronchi1
1Center of High Excellence, Transfer and Education
DENOTHE, 2Nuovo Ospedale San Giovanni di Dio
and 3Department of Surgery and Translational Medi-
cine (DCMT), University of Florence, Florence, Italy
Email: paola.parronchi@unifi.it
Conflict of interest: No potential conflict of interest
was disclosed.

REFERENCES

1. Speeckaert MM, Speeckaert R, Lambert J, Brochez L.
Acute generalized exanthematous pustulosis: an overview
of the clinical, immunological and diagnostic concepts.
Eur J Dermatol 2010;20:425-33.

2. Britschgi M, Steiner UC, Schmid S et al. T-cell involve-
ment in drug-induced acute generalized exanthematous
pustulosis. J Clin Invest 2001;107:1433-41.

3. Kabashima R, Sugita K, Sawada Y, Hino R, Nakamura M,
Tokura Y. Increased circulating Th17 frequencies and se-
rum IL-22 levels in patients with acute generalized exan-
thematous pustulosis. J Eur Acad Dermatol Venereol 2011;
25:485-8.

4. Nakamizo S, Kobayashi S, Usui T, Miyachi Y, Kabashima
K. Clopidogrel-induced acute generalized exanthematous
pustulosis with elevated Th17 cytokines levels as deter-
mined by a drug lymphocyte stimulation test. Br J Derma-
tol 2010;162:1402-3.

5. Annunziato F, Romagnani S. The transient nature of the
Th17 phenotype. Eur J Immunol 2010;40:3312-6.

6. Cosmi L, Maggi L, Santarlasci V et al. Identification of a
novel subset of human circulating memory CD4 ( + ) T
cells that produce both IL-17A and IL-4. J Allergy Clin Im-
munol 2010;125:222-30.e1-4.

7. Brugnolo F, Annunziato F, Sampognaro S et al. Highly
Th2-skewed cytokine profile of beta-lactam-specific T
cells from nonatopic subjects with adverse drug reac-
tions. J Immunol 1999;163:1053-9.

8. Pelletier M, Maggi L, Micheletti A et al. Evidence for a
cross-talk between human neutrophils and Th 17 cells.
Blood 2010;115:335-43.

9. Nakajima K. Critical role of the interleukin-23�T-helper 17
cell axis in the pathogenesis of psoriasis. J Dermatol 2012;
39:219-24.


