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Abstract

Background: Cytotoxic T cells seem to be the main effector cells in Stevens—Johnson
syndrome/toxic epidermal necrolysis (SJS/TEN). However, recent data support a
role of the innate immune system in the etiopathology of drug-induced cutaneous
reactions. In this study, we analyzed the expression of a-defensins 1-3 in mononu-
clear cells from patients with SIS/TEN, drug-induced maculopapular exanthema
(MPE), and healthy donors.

Methods: DEFA1A3 gene expression was analyzed by quantitative and end-point
RT-PCR. Intracellular flow cytometry, immunofluorescence and immunohistochem-
istry were carried out to verify o-defensin 1-3 protein expression in mononuclear
cells from peripheral blood and skin infiltrates. o-Defensin 1-3 concentration was
evaluated in plasma and blister fluid samples by ELISA.

Results: We herein describe DEFAIA3 gene expression in peripheral blood mono-
nuclear cells (PBMCs) from patients with drug-induced cutaneous diseases. Gene
expression analysis unveiled transcription in CD4 and CDS peripheral blood T cells.
Protein expression was confirmed by intracellular flow cytometry in mononuclear
cells from the patients, including monocytes, NK cells, and T cells from peripheral
blood and blister fluid. Further analysis of protein content by flow cytometry
revealed higher protein levels in CD56° CD3" lymphocytes from patients with
SJS/TEN when compared to MPE and healthy donors. Immunohistological analysis
was used to confirm expression in dermal infiltrates. o-Defensin levels were esti-
mated by ELISA to be 3- to 175-fold higher in blister fluid when compared to
simultaneously drawn plasma samples.

Conclusion: Upregulation of innate immune molecules such as o-defensins 1-3 in
T cells from patients with SIS/TEN may be involved in the etiopathology of these
life-threatening diseases induced by medications.

Immune-mediated adverse drug reactions, also known as
allergic drug reactions or drug hypersensitivity reactions,
account for about one-seventh of adverse reactions to medica-
tions (1). They can be produced by any of the four immuno-
logical mechanisms proposed by Gell and Coombs. Of these,
type 1V reactions are mediated primarily by T cells and are
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also known as delayed-type hypersensitivity reactions. These
reactions have proven to be more complex than first
perceived, and different type IV reactions can now be catego-
rized according to the cytokine pattern and preferential acti-
vation of different immunocytes (2). Delayed hypersensitivity
reactions to drugs comprise a wide variety of clinical entities
spanning from benign diseases such as generalized maculo-
papular exanthemas (MPE) to life-threatening severe reactions
such as Stevens—Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN). Erythema multiforme (EM) is a less com-
mon drug-induced disease with mucocutaneous involvement
(3). Although several organs may be involved, the skin is the
main target tissue in most of these diseases. SJS and TEN are
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the most severe forms of hypersensitivity reactions affecting
the skin. Both are characterized by blister formation followed
by epidermal detachment that often affects mucous mem-
branes. Death occurs in about 1-5% of patients with SJS and
above 30% of patients with TEN (3, 4). Nowadays SJS and
TEN are best considered as severity variants of a single dis-
ease, on the basis of similar pathology and frequent progres-
sion from SJS to TEN (5). Several mechanisms including
soluble factors such as FasL and granulysin have been pro-
posed to explain the massive apoptosis of keratinocytes that
leads to epidermal necrosis. On the other hand, CD8" cyto-
toxic lymphocytes seem to be the main effectors of severe bul-
lous reactions (6), and the blister fluid is rich in CD8~
CD56" CLA™ cytotoxic T cells (7, 8). Furthermore, a rela-
tionship between the expression of cytotoxicity-related mole-
cules and the severity of the reaction has been observed (9).

Evidence is accumulating that tissue damage is recognized
by the immune system at the cell level via the receptor-
mediated detection of intracellular proteins released in
response to pathogen challenge or cell death. The term ‘alar-
min’ has been proposed to categorize those endogenous mole-
cules that signal tissue and cell damage (10). Effector cells of
innate and adaptive immunity can secrete alarmins when they
are activated by Pathogen-associated molecular patterns
(PAMPs) or by other alarmins. Endogenous alarmins and
exogenous PAMPs convey a similar message, and some
authors consider them subgroups of a larger set: the damage-
associated molecular patterns (DAMPs) (11). Among the
common characteristics of alarmins are their production by
immune cells that release them without dying, generally by
using specialized secretion systems, and their ability to recruit
and activate receptor-expressing cells from the innate immune
system. Alarmins may also promote the reconstruction of tis-
sue (11). Alpha defensins have been included in the alarmin
family because, in addition to their microbicidal activity, these
peptides have an immunomodulatory function and have been
involved in the recruitment of immune cells (11, 12).

Most reported data regarding the drug-induced immune
response during cutaneous hypersensitivity reactions are
related to adaptive T-cell responses. However, in a previous
study, we analyzed the gene expression profiles of PBMCs from
patients with nonimmediate drug hypersensitivity reactions and
found that several alarmin-coding genes were over-expressed
during the acute phase of severe reactions. Strikingly, a marked
upregulation of DEFAIA3 was detected in the acute phase
(mean fold DEFAIA3 induction during the acute phase
96 + 156 in SJS/TEN vs 5.5 = 11.9 in nonbullous reactions,
and 2.5 x 10°-fold increased expression levels in patients with
SJS/TEN vs exposed controls) (13). DEFAI and DEFA3 genes
appear to be interchangeable variant cassettes within tandem
gene arrays, so that the locus was revisited to DEFAIA3 (14).
These genes code the human neutrophil peptides (HPN1-3)
also known as o-defensins 1-3. Mature HNP-1 and HNP-3
peptides differ only in their N-terminal aminoacid because of a
single nucleotide difference and are major components of
azurophilic granules in human neutrophils (15). In addition,
a-defensin 1-3 has been detected in peripheral blood mono-
cytes (16), T cells (16, 17) and NK cells (16, 18).
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In this work, we explored the expression of DEFAIA3 at
the gene and protein levels in peripheral blood mononuclear
subpopulations from patients with SJS/TEN. Enhanced
transcription and peptide production was found in peripheral
T cells from patients with SJS/TEN and in affected tissue.

Materials and methods
Patients’ samples

A total of 30 patients with drug-induced delayed hypersensi-
tivity reactions with cutaneous involvement (14 MPE, 2 EM
and 14 SJS/TEN) participated in this study (Table S1).
Samples were obtained from the Allergy and Dermatology
Departments of Hospital La Paz (Madrid, Spain). In all cases,
the patients developed classical cutaneous eruptions at 24 h or
later after drug intake, which resolved upon drug discontinua-
tion. Blood was taken during the period of the reaction. From
some of these, patients a second sample was obtained at least
1 month after the complete remission of symptoms. Skin
biopsy specimens were taken from acute skin eruptions. Fluid
was obtained from tense blisters by puncture aspiration into a
syringe and cells were collected by centrifugation. The patients
had received no systemic corticoids prior to the study. Patients
were classified according to the classification proposed by
Roujeau (3). The study was conducted according to the Decla-
ration of Helsinki principles and was approved by the Ethical
Committee of Hospital La Paz. Informed consent was
obtained from all patients or from their legal representatives.

Magnetic separation and cell sorting of CD3*, CD4*, CD8",
and CD14" subpopulations

For CD8" and CD4" lymphocyte purification, PBMCs were
depleted of CD16" and CD14™" cells by incubation with anti-
human CDI16 and anti-human CD14 monoclonal antibodies
followed by anti-mouse IgG magnetic beads (Miltenyi Biotec,
Bergisch Gladbach, Germany). The remaining population was
then incubated with magnetic beads coated with anti-human
CD8 (Miltenyi Biotec). All magnetic separations were per-
formed using the AutoMACS system according to the manu-
facturer’s instructions (Miltenyi Biotec). The resulting fractions
were checked by flow cytometry, obtaining >90% pure CD4 "
and CD8™ T-cell subsets. PBMCs from patient SIS 5 and EM
2 in the acute phase were sorted in a FACS-Vantage cell sorter
cytometer (BD) to obtain CD4™ and CD8 " T-cell subsets with
a purity >95%. CD3" lymphocytes and CD14" cells were
purified from the mononuclear fraction by positive selection
using anti-human CD3 or CD14 microbeads respectively (Milt-
enyi Biotec). Purity of fractions was at least 95%, as assessed
by flow cytometry.

TagMan® Gene Expression Assay-based real-time
quantitative PCR (qQRT-PCR)

Expression of transcripts was measured in CDI4" and
CD14~ PBMCs drawn from patient SJS 2 during acute
disease by real-time PCR using the TagMan® Gene Expres-
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sion Assays on ABI PRISM 7900 HT Sequence Detection
System (Applied Biosystems, Foster City, CA, USA) as pre-
viously described (13).

RT-PCR

Total cellular RNA was isolated using the High Pure RNA
Isolation kit (Roche, Mannheim, Germany) according to the
manufacturer’s instructions and 1 pug was reverse transcribed
with random hexanucleotides and AMV reverse transcriptase
(Promega) in a final volume of 20 pl for 1 h at 42°C. One
micro liter of cDNA was PCR amplified in a total volume of
25 ul following standard procedures. Primers used were as fol-
lows: DEFA1A3 (383 pb) 5-CTA GCT AGA GGA TCT
GTG-3" and 5-GGT ACA GGA GTA ATA GCA ATT CC-3’;
B2M (300 pb) 5-CCA GCA GAG AAT GGA AGG TC-3’
and 5-GAT GCT GCT TAC ATG TCT CG-3".

Flow cytometry analysis

PBMCs were stained with the following antibodies: CD3-
PerCP, CD4-FITC, CD8-FITC, CDI4-FITC, CDS56-APC
and isotype control mouse immunoglobulin IgGl/IgG2-
FITC, PerCP, APC (BD Biosciences, San Jose, CA, USA),
according to standard protocols. For analysis of o-defensins
1-3, upon staining of extracellular antigens, cells were
washed, fixed and permeabilized with FACSTM permeabiliz-
ing solution 2 (BD Biosciences). Defensin expression was
analyzed with a biotin-conjugated anti-human o-defensin 1-3
MADb (D21; HyCult Biotechnology, Uden, the Netherlands)
followed by fluorescent labeling with R-Phycoerythrin-conju-
gated streptavidin (Jackson ImmunoResearch Laboratories,
West Grove, PA, USA). Analysis was performed in a FACS-
Calibur cytometer with PROQUEST software (BD Biosciences).

Immunohistochemistry

Skin biopsy specimens were fixed in formalin and paraffin
embedded. For a-defensin staining, 5-um sections were depa-
raffinized and rehydrated prior to antigen unmasking by boil-
ing in 10 mM sodium citrate pH 6.0 for 3 min. Sections were
blocked in normal serum and stained with mouse anti-human
a-defensin 1-3 MADb (HyCult Biotechnologies). Secondary
antibody staining was performed using the VECTASTAIN
ABC kit (Vector laboratories) and detected with 3,3’-diam-
inobenzidine. Sections were counterstained with hematoxylin
prior to visualization.

ELISA

Alpha defensins 1-3 were quantified in plasma and blister
fluids using a commercially available ELISA kit (Hycult
Biotechnology) according to the manufacturer’s instructions.

Statistical analysis

Data are expressed as the mean + SEM of the data obtained
from the number of patients described in each figure. Statisti-
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cal significance was determined by nonparametric tests using
GRAPHPAD software, and P-values <0.05 were considered
statistically significant.

The procedures for confocal microscopy are presented as
supporting information.

Results

DEFA1A3 expression is upregulated in CD14~ PBMCs from
patients with SJS

We have previously reported a strong upregulation of several
genes encoding endogenous DAMPs or alarmins in PBMCs
from patients with SJS/TEN during acute disease (13). Most
of these genes are reported to be expressed in cells of myelo-
monocytic origin. As neutrophils were not present in the blood
mononuclear fraction used to perform the gene expression
analysis, we explored the expression of alarmin-encoding genes
in peripheral blood monocytes in SIS/TEN. CDI14" and
CD14" cells were isolated from patient SJS 2 during the acute
phase (Fig. S1), and gene expression levels were analyzed by
qRT-PCR. TLR4 was included as a positive control. While
TLR4 and other alarmin-encoding genes were mainly
expressed by CD14 ™" cells, DEFAIA3 and DEFA4 gene expres-
sion was mainly detected within the CD14" fraction (Fig. 1).

Expression of a-defensin 1-3 peptides in peripheral blood
mononuclear cells from patients with drug-induced delayed
hypersensitivity reactions

We used intracellular flow cytometry analysis to explore the
expression of o-defensin 1-3 peptides in subpopulations of
mononuclear cells from patients with drug-induced hypersen-
sitivity reactions and in healthy donors. While we did not
find substantial amounts of a-defensins in peripheral blood
T cells from healthy individuals, we detected intracellular
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Figure 1 Quantitative RT-PCR analysis of gene expression. PBMCs
were isolated from patient Stevens—Johnson syndrome (SJS) 2 dur-
ing the acute reaction (A) and upon resolution of clinical symptoms
(R) and the expression levels of several alarmin-encoding genes
were analyzed. The ratio between expression levels in acute and
resolution samples is shown (white bars). CD14* and CD14~ cells
were isolated from PBMCs during acute disease and gene expres-
sion was analyzed as above (black bars).



Overexpression of a-defensins in T cells during SJS/TEN

Morel et al.

A HD Patient MPE 7  Patient MPE 2 Patient SJS10
PBMCs PBMCs PBMCs PBMCs blister
A
cp3t
@ | 1057707 102 105 10%00 10" 102 10° 10¢ 10° 10' 102 10° 104100 10' 102 10° 10410° 10 107 10° 10°
2
s 1 & .
5 CD3~CDh14
2
£
= ;
Zo | 105107 102 10° 10400 101 102 10° 10¢ 1@ 10 1¢ 1G 16 105 107 102 105 104105 101 107 10° 10*
E " - +
CD3~ CD56
10010 107 10 104109 10" 102 10° 10¢ 1@ 1d  1G 1¢ 16 10° 10" 102 10° 10410° 10' 107 10° 10¢

a-Defensinl-3

B Patient EM 1 Patient SJS 12
A
. CD3*Cp4”
E
:‘5_‘ 100 10" 102 10% 104 10° 10" 102 103 104
2
£
z 1 f?
cp3tcpst
100 10" 102 10%® 104 10° 10' 102 10% 104
»

a-Defensinl-3

Figure 2 Expression of a-defensin 1-3 in mononuclear cells from
patients. Intracellular flow cytometry was performed to analyze the
production of a-defensin 1-3 peptides in PBMCs and blister fluid
mononuclear cells. (A) Production of a-defensin peptides in T cells
(CD3"), monocytes (CD3~ CD14%), and NK cells (CD3~ CD56%) from
a healthy donor (HD), two MPE patients and from blister fluid cells

o-defensin 1-3 peptides in peripheral blood T cells from all
patients with SJS/TEN analyzed, as well as in peripheral
blood monocytes and NK cells (Figs 2A and 3A). Alpha-de-
fensin 1-3 peptides were also detected in T cells from MPE
patients at significantly lower levels (Figs 3B and 2A, MPE7),
although a few patients showed protein levels comparable to
those observed in SJS/TEN (Fig. 2A, MPE 2). Protein levels
were downregulated upon resolution of the disease in T lym-
phocytes and NK cells, but remained elevated for at least
1 month in monocytes from some patients (Fig. 2A). Tense
blisters in patients with SIS/TEN contain T lymphocytes that
are thought to be the effector cells of the cutaneous reaction
(8). Moreover, NK cells (19) and monocytes are found in

and PBMCs from a representative Stevens—Johnson syndrome
patient during the acute phase (thick line) and upon resolution of
the disease (thin line). (B) Intracellular o-defensin staining of CD4*
and CD8" T lymphocytes from patients during the acute phase is
shown. Filled gray histograms represent background streptavidin-
PE staining in the absence of a primary antibody.

blister fluid (7). Mononuclear cells in blister fluids also pro-
duced a-defensin 1-3 peptides (Fig. 2A).

Although substantial quantities of a-defensin peptides were
detected in nearly 100% of CD3" cells in all patients with
SJS/TEN analyzed, heterogeneous expression was detected in
CD3" lymphocytes from some patients, suggesting a differ-
ent expression in CD4" and CD8" T-cell subpopulations.
Nonetheless, o-defensin 1-3 intracellular staining was
detected in both CD4" and CD8" T cells from the patients
(Fig. 2B). Transcription of DEFAIA3 was confirmed in
T cells by conventional RT-PCR. Fig. 4A shows that
DEFAIA3 specific transcripts were absent in mature neu-
trophils (PMNs). Similarly, o-defensin 1-3 transcripts were

© 2010 John Wiley & Sons A/S
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Figure 3 Expression of o-defensin 1-3 in patients and healthy
donors. Flow cytometry data from different patients are expressed
as mean fluorescence intensity (MFI) of intracellular a-defensin 1-3
staining in selected subpopulations. (A) Mean values + SEM from
patients with SUS/TEN (N = 9) and healthy donors (HD) (N = 3) (B)
o-defensin expression in patients SJS/TEN (N =9) and MPE
(N =11). *P < 0.05 (Mann-Whitney U-test). TEN, toxic epidermal
necrolysis.

not detected in CD14™ cells isolated from patients SJS 2 and
SJS 10 as previously reported in healthy donors (15, 16),
although protein expression was detected in CDI14" cells
from both patients (Figs 2 and S2). On the other hand,
specific a-defensin 1-3 mRNA was amplified in the CD14~
subpopulation, as well as blister fluid cells from the same
patients and in purified CD3" lymphocytes from two differ-
ent patients with EM and MPE (Fig. 4A). Transcription in
both CD4" and CD8" T-cell subpopulations was confirmed
in three independent patients with MPE, SJS, and EM
(Fig. 4B,C).

Immunofluorescence and confocal microscopy analysis
showed a-defensin 1-3 staining in the cytoplasm of CD4 and
CD8 lymphocytes (Fig. S3).

Differential expression of a-defensin 1-3 peptides in CD3*
CD56~ and CD3* CD56" peripheral blood T cells from
patients with drug-induced delayed hypersensitivity reactions

Expression and secretion of a-defensin 1-3 has been previ-
ously described in the CD56" subpopulation of CD3"
T cells in healthy subjects (18). Flow cytometry analysis of
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Figure 4 Gene expression of DEFATA3 in T cells from patients
during acute reactions. (A) RT-PCR analysis of DEFATA3 expression
in neutrophils (PMNs) and mononuclear cells from patients with
drug-induced hypersensitivity reactions CD14*, CD14~ subpopula-
tions and blister fluid cells were isolated from patients Stevens—
Johnson syndrome (SJS) 10 and SJS 2. CD3* lymphocytes were
purified from patients EM1 and MPE10 (B) RT-PCR analysis of
DEFA1A3 expression in CD4* and CD8* T cells from patients MPE
4 and SJS 5. An analysis of B2ZM was included as a positive
control. (C) Quantitative RT-PCR analysis of DAFA1A3 in cell sorted
CD4 and CD8 T cells from patients SJS 5 and EM2.
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the CD3" CD56" subpopulation in SJS/TEN, MPE and
control PBMCs showed that there is a predominant expres-
sion of a-defensin peptides in this subpopulation during the
acute phase of drug-induced cutaneous diseases when com-
pared to CD3" CD56~ lymphocytes in the same patients;
however, expression levels were found to be considerably
higher in bullous diseases (Fig. SA,B). Blister fluid cells from
some patients also showed increased o-defensin 1-3 peptide
levels in the CD3" CDS56" subpopulation (Fig. 5A). In
parallel with the rest of the CD3" cells, a-defensin levels in
CD3" CD56" cells decreased dramatically upon resolution
of the clinical symptoms although they remained above the
mean expression levels found in CD3" CD56" lymphocytes
from control healthy donors (not shown).
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Figure 5 Flow cytometry analysis of a-defensin 1-3 peptides in
CD56" lymphocytes from patients. (A) Intracellular flow cytometry
analysis of a-defensin 1-3 peptide content in T cells (CD3*), and
in CD3" CD56~ and CD3* CD56"* subpopulations of T cells from
a healthy donor (HD), patient Stevens—Johnson syndrome (SJS) 6
during the acute phase, and blister fluid cells from patient SJS
2. Filled gray histograms represent background streptavidin-PE
staining in the absence of a primary antibody. (B) Data from
PBMCs are shown as mean fluorescence intensity (MFI) of o-de-
fensin intracellular staining in selected CD3* CD56~ and CD3™*
CD56" subpopulations. Mean values + SEM from SJS/TEN
patients (N =8), MPE patients (N=05), and HD (N=3) are
shown *P < 0.05 (Mann-Whitney U-test). TEN, toxic epidermal
necrolysis.

Detection of o-defensin 1-3 in affected skin from patients
with drug-induced delayed hypersensitivity reactions

In order to determine whether o-defensin-expressing cells
were also present within the cutaneous mononuclear infil-
trate, we performed immunohistochemical analyses on paraf-
fin-embedded sections of skin biopsies from patients with
MPE and SJS. While no specific staining was detected in
healthy skin samples (not shown), a-defensin 1-3 protein was
detected within the dermal infiltrate in affected skin
from both clinical entities (Fig. 6A). Secreted a-defensin 1-3
levels were measured in the blister fluid and compared to
plasma levels in patients with SIS/TEN. Elevated concentra-
tions of soluble a-defensin 1-3 were found in plasma

Morel et al.

from patients with SJS/TEN when compared to healthy
donors (Fig. 6B). Moreover, the concentration of o-defensin
1-3 was further increased in blister fluids when compared to
plasma samples simultaneously obtained from the patients
(Fig. 6C).

Discussion

We have previously reported that several alarmins or endoge-
nous DAMPs are upregulated during the acute phase of
bullous drug-induced reactions. Among them, expression of
DEFAIA3 and DEFA4, coding for o-defensins 1-3 and
a-defensin four antimicrobial peptides, increased dramatically
during the acute phase of severe bullous diseases (13). In this
study, we confirmed the expression of DEFAIA3 in mononu-
clear cells from patients with SIS/TEN during the acute dis-
ease at the mRNA and protein levels. We performed
intracellular flow cytometry studies to verify o-defensin 1-3
protein expression in T lymphocytes, NK cells, and mono-
cytes during the acute phase in the patients with drug-
induced, delayed hypersensitivity reactions. Lower quantities
of intracellular peptides were detected upon resolution of the
disease, which suggests a transient upregulation of gene
expression in lymphocytes associated with the pathology. In
this regard, we did not detect o-defensin 1-3 mRNA in
CDI14" monocytes from two patients with SJS, in agreement
with previous data from healthy donors reporting the absence
of gene transcription in mature phagocytes cells (15, 16).
However, specific mRNAs were found in CD4" and CD8"
T cells from patients with MPE and SJS as well as in blister
fluid cells, in agreement with flow cytometry data. Although
HNPs have been detected in lymphocyte nuclei (20) immuno-
fluorescence analysis of CD4 and CDS8 lymphocytes shows
preferential localization within the cytoplasm. Expression
and secretion of o-defensin peptides has been reported in
CD37CD56" NK cells and in the CD3" CD56" subpopula-
tion of T lymphocytes from healthy donors in response to
PAMP recognition (18). Along these lines, we detected a
higher intensity of a-defensin intracellular staining in CD3™
CD56" PBMCs from patients during the acute phase when
compared to the mean fluorescence intensity of the total
CD3" population or their CD3" CDS56 counterparts.
Higher expression levels in life-threatening cutaneous reac-
tions when compared to benign exanthemas suggest that
a-defensin expression levels in this particular subpopulation
might be related to the severity of the disease. Blister fluid
cells from most patients with SJS/TEN are enriched in the
CD3" CD56" subpopulation (21). Along these lines, the
identification by mass analysis of HNP-3 as a marker in
peripheral blood lymphocytes of patients with cutaneous
T-cell lymphomas is of particular interest (22). It is tempting
to speculate that in certain diseases, upregulation of
DEFAIA3 gene expression may occur in T cells with cutane-
ous tropism. On the other hand, a-defensin 1-3 peptide
production has been detected in CD8" T cells from
HIV™" donors (17, 23). In this sense, it is of note that patients
who are HIV"' are at higher risk of developing SJS/TEN
(24).

© 2010 John Wiley & Sons A/S
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Figure 6 (A) Immunostaining of MPE-affected skin from patient
MPE 3 (a, b, d, e) and Stevens-Johnson syndrome (SJS) 11 (c, f).
Specific a-defensin 1-3 staining is shown (b, ¢, e, f). Original mag-
nification 200x (a—c) and 400x (d-f). (B) Concentration of a-defensin

In addition to their antimicrobial activity, recent studies
have implicated a-defensins in the regulation of inflammatory
and immunologic processes including cytotoxicity, chemo-
taxis of T cells and monocytes, induction of epithelial
cytokine release, and wound repair (15). However, a-defensins
can be cytotoxic to mammalian cells in a dose- and time-
dependent manner (25, 26). Alternatively, alarmins are char-
acterized by their in vivo immunostimulatory activities (10),
which may exacerbate the immune response in SIS/TEN. The
high a-defensin levels found in serum and blister fluid could
contribute to the pathology in both ways. Although soluble
peptides could stem from neutrophil damage or degranula-
tion, defensin mRNA analyses suggest that neutrophils are
not the sole factor leading to elevated defensin levels in the
sera of patients. Moreover, increased concentrations in blis-
ters suggest a contribution of the mononuclear infiltrate to
the local quantity of peptides. In this sense, HNP 1-3 have
been identified by mass spectrometry from T- and NK-cell
culture supernatants (16) and by immunofluorescence in gran-
ules of NK cells (18). The same authors reported increased
expression and secretion of o-defensins upon stimulation with
PAMP ligands in the presence of cytokines. We have not been
able to detect the release of defensins to cell culture media of
PBMC s from patients in the presence or in the absence of the
suspected drugs. It has been suggested that alarmins use
special nonclassical secretory pathways and/or are released
upon cell death. As acute lymphopenia has been described in
SJS/TEN, it is possible that defensins are released by dying
lymphocytes.

Although HNP 1-3 were detected in the affected skin of
patients with MPE and SJS/TEN, assessment of a-defensin

© 2010 John Wiley & Sons A/S
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1-3 was measured by ELISA in plasma from healthy donors (HD)
(N =13) and SJS patients (N = 10). P = 0.0236; Mann-Whitney
U-test. (C). Concentration of a-defensin 1-3 in plasma and blister
fluid. P = 0.0625, Mann-Whitney U-test.

1-3 protein expression levels in peripheral blood mononu-
clear cells from patients with benign and severe diseases con-
firmed a relationship between o-defensin 1-3 upregulation
and severity of the disease. Increased transcription and
expression of defensins in CD4 and CD8 T cells from
the patients indicates that in severe reactions a massive
activation of T cells occurs. The elevated levels found in a
few patients with MPE may reflect a predisposition to
develop a more severe reaction, as in some patients MPE
may evolve to SJS.

Altogether, the data show that in severe cutaneous reactions
induced by drugs such as SJS/TEN, T lymphocytes may
acquire functions of innate immune cells such as the produc-
tion of a-defensin peptides. The data suggest an involvement
of the innate immune system and in particular of a-defensin
peptides, among other alarmins, in the pathogenesis of life-
threatening bullous cutaneous diseases induced by drugs.
Further research is needed to test whether o-defensin 1-3
expression levels could serve as a tool for differential diagnosis
of cutaneous bullous diseases, to unravel the mechanisms
responsible for increased expression of DEFATA3 in severe
reactions and to elucidate the precise contribution of T cells to
the increased serum and blister fluid levels of a-defensins.
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Methods

Immunofluorescence staining and confocal microscopy analysis of a-defensins 1-3

Purified PBMCs from a MPE patient with high levels of a-defensins expression as
assessed by intracellular flow cytometry were affixed onto microscope slides using a
cytocentrifuge. Cells were first fixed with 4% paraformaldehyde for a minimum of 15
minutes. Then the slides were washed three times with PBS. After washing, cells were
blocked with PBS, 5% goat serum, 5% human y-globulin, 1% BSA and 2% saponin,
and stained for a-defensins using anti-human-defensin monoclonal antibody (D21 from
HyCult Biotechnology) at 5Sug/ml overnight, followed by washing three times with
PBS. Control slides without antibody were also prepared. Alexa Fluor 594 Goat Anti-
mouse SFX Kit was used for fluorescence labelling at 10ug/ml for 1 hour at RT,
followed by washing. The blocking solution: PBS, 5% human y-globulin, 0.5% BSA
and 10% mouse serum, was used before surface labelling. CD4-FITC and CD8-FITC
(Miltenyi Biotec) were used for surface labelling at 10ug/ml for 1 hour at RT. After
washing, cells were counterstained using Hoechst 33258 (1pg/ml).

Slides were analyzed using Leica UV/VIS SPE DMI 4000 CSQ V-VIS confocal
microscope and Leica LAS AF SPE software.
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Table S1 Clinical data of Patients

Patient Code
and Drug(s) involved Sex | Age Study
Clinical Entity*
MPE 1 Amoxicillin, Clavulanic acid M 4 FCM
MPE 2 Cefotaxime, Vancomycin, Metamizole | M 2 FCM
MPE 3 Carbamacepine M 17 Immunohistochemistry
MPE 4 Phenytoin F 67 RT-PCR
MPE 5 Vancomycin, levofoxacin F 73 FCM
MPE 6 Amoxicillin F 32 FCM
MPE 7 Ibuprofen F 46 FCM
MPE 8 Pseudoephedrin F 39 FCM
MPE 9 Ciprofloxacin M 41 FCM
MPE 10 Amoxicillin, Clavulanic acid F 35 RT-PCR, FCM
MPE 11 Acetylsalicylic acid F 57 Immunofluorescence, FCM
MPE 12 trimetoprim-sulfametoxazol M 46 FCM
MPE 13 Amoxicillin M 2 FCM
MPE 14 Metamizol M 53 FCM
EM 1 Diclofenac M 46 RT-PCR, FCM
EM 2 Allopurinol, levofloxacin, nystatin M 79 RT-PCR, FCM
SIS 1 Spiramycin, Metronidazole, Ibuprofen F 27 FCM, ELISA
SIS 2 Undetermined F 64 Q-PCR, RT-PCR, FCM
SJS 3 Anticonvulsant F 17 FCM
SIS 4 Allopurinol F 71 FCM
SIS 5 Isoniazide M 62 RT-PCR, FCM
SIS 6 Phenytoin, F 60 FCM,
Immunohistochemistry
SIS 7 Anticonvulsant M 8 FCM, ELISA
SJS 8 Phenytoin M 67 FCM, ELISA
SJS9 Amoxicillin F 74 FCM, ELISA
SIS 10 Amoxicillin, Paracetamol F 39 FCM, ELISA
SJS 11 Clindamycin F 42 Immunohistochemistry
SIS 12 Undetermined F 39 ELISA, FCM
SJS 13 Paracetamol F 82 ELISA
TEN Ibuprofen M 37 FCM, ELISA

MPE: maculopapular exhanthema, FDE: fixed drug eruption, DRESS: drug reaction with eosinophilia
and systemic symptoms, SJS: Stevens-Johnson sindrome, TEN: toxic epidermal necrolysis, EM,

erythema multiforme, Q-PCR: quantitative RT-PCR, FCM, flow cytometry
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Figure S1: isolation of CD14™ and CD14" PBMCs from patient SJS 2. CD14+ cells
were isolated from PBMCs by positive selection using CD14- magnetic beads. Flow
cytometry analysis of CD14 expression in the positive and negative fractions is shown
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Figure S2: Intracellular flow cytometry analysis of a-defensin 1-3 in CD14+ cells
from patient SJS 2
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Figure S3: Confocal microscopy analysis of a-defensin 1-3 in CD4 and CD8+ cells
from patient MPE 11. Confocal microscopy images showing a-defensin 1-3 staining
(red) in CD4 and CD8 lymphocytes (green) Control slides without primary antibody are
shown Nuclei were counterstained with Hoechst in blue. Merge images are shown in the
last column.



