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Abstract

Toxic epidermal necrolysis (TEN) is characterized by an acute detachment and destruction of
keratinocytes, affecting large areas of the skin. It is often related to adverse drug reactions.
Previous studies have shown that effector CD8+ T cells, which accumulate in the blister fluid,
are functionally cytotoxic and act through a classical perforin/granzyme B pathway. It has
recently been shown that these cytotoxic T cells also secrete granulysin peptide, which is
lethal to keratinocytes. These cytotoxic T cells exert their killer activity against autologous
keratinocytes in the presence of the drug. However, they are unlikely to be the only effectors
of toxic epidermal necrolysis. We therefore searched for soluble death factors in the blister
fluids that might kill keratinocytes. We found that the amounts of interferon-y, TRAIL, and
TNF-a proteins were significantly greater in TEN blister fluids than in all controls (normal
sera, TEN sera, burns and Eosinophilic pustular folliculitis blister fluids) and TNF-like weak
inducer of apoptosis (TWEAK) amounts are also greater in all controls except burns. We
showed that these proteins acted in synergy to induce the death of keratinocytes in vitro. We
also found that TRAIL and TWEAK were secreted by CD1a+ and CD14+ cells present in the
blister fluids. Thus, in addition to MHC class I-restricted CTLs, which lyse keratinocytes,
ligands secreted by non lymphoid cells capable of inducing keratinocyte death in an MHC
class I-independent manner, also seem to be present in the blister fluids of patients with toxic

epidermal necrolysis.
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Introduction

The acute detachment and destruction of keratinocytes are hallmark features of two severe
adverse skin reactions, toxic epidermal necrolysis (TEN) and Stevens-Johnson syndrome
(SJS), affecting large areas of the skin and mucous membranes. This process mostly involves
apoptosis (1, 2), with some necrosis (3). TEN and SJS differ only in the proportion of the
body surface area involved. Patients with epidermal detachment involving <10% of body
surface area are classified as having SJS, whereas patients with >30% of body surface area
affected are classified as having TEN. Cases with involvement of between 10 and 30% of the
body surface area are classified as overlap SIS-TEN. Both disorders are frequently related to
adverse drug reactions, but may occasionally occur after infection or in association with acute
graft-versus-host disease. Both are associated with high morbidity and mortality rates and an
unpredictable outcome. Furthermore, clinical diagnosis becomes possible only once the
destruction of epithelial cells is already underway (4, 5). Elucidating the mechanisms
involved in the final pathways of apoptosis should therefore be considered a priority, to
provide potential targets for treatments aiming to blocking the reaction, thereby improving the

prognosis of these diseases.

In the first few days of SJS or TEN, fluid may accumulate for a few hours under the detached
epidermis before the necrotic roof of the blister is breached. Mononuclear cells are present at
a relatively high concentration within this blister fluid (6). These “blister fluid cells” comprise

variable proportions of lymphocytes and monocytes/macrophages (7).

Lymphocytes from blister fluids have been characterized as activated memory CD8+ T cells,

exerting functionally cytotoxic effects through a classical perforin/granzyme B pathway (7,
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8). In four patients from a series of six patients with epidermal necrolysis, the toxicity of these
blister fluid cells was found to be specific for the drug molecule suspected of inducing the
reaction (9). Without re-stimulation, blister fluid cells killed autologous lymphocytes in the
presence of the suspected drug. Similar drug-specific cytotoxicity was also observed against
autologous keratinocytes, but only in the presence of interferon-y (IFN-y) (9). A recent study
has shown that granulysin, which is lethal to keratinocytes, is also secreted by the CD8+
cytotoxic cells and NK cells present in the blister fluids (10). The authors showed that
secreted granulysin can kill disseminated keratinocytes in SJS and TEN and demonstrated a
mechanism for CTL- or NK cell-mediated cytotoxicity that does not require direct cellular

contact.

These drug-specific cytotoxic T cells are unlikely to be the only effectors of epidermal
necrolysis (11). First, only a moderate T-cell infiltrate is present in the lesions (12, 13).
Second, similar drug-specific cytotoxic T cells have also been found in milder drug-related

eruptions with no necrolysis (14).

The effects of drug-specific T cells alone cannot account for the massive destruction of
epidermal cells. Indeed, cytokines activating death receptors, such as TNF-a (15-17) and Fas
ligand (2, 18), may play a key role in amplifying these effects, leading to epidermal
necrolysis. In this study, we searched for other soluble death factors produced locally and
capable of killing keratinocytes. We identified several “death ligand” proteins and the cells

producing these factors, in blister fluids.
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MATERIALS AND METHODS

Patients

All patients included in this study were previously included in the European RegiSCAR study
of SJIS-TEN. All gave written informed consent for samples of blister fluid cells and/or
peripheral blood lymphocytes (PBLs) to be taken and used for in vitro analyses, including the
use of DNA and RNA. The study was approved by an ethics committee from each
participating country. Biological samples were stored in a professional biological resource
center. The diagnosis of SJS or TEN was checked by an international group of experts, based

on anonymized clinical data, clinical pictures and skin biopsies.

Measurement of TNF-a, lymphotoxin o, TRAIL, TWEAK, IFN-qa, FasL. and IFN-y

levels in blister fluids

Proteins of interest were determined, by ELISA, in the blister fluids from patients with TEN
and in control sera from healthy patients, TEN patients, and blister fluids from burns or EPF
patients, with the appropriate kits (Bender MedSystems, Vienna, Austria for TWEAK, IFN-a,

lymphotoxin-o; FasL or Diaclone, Besancon, France for TRAIL, IFN-y and TNF-a).

Recombinant soluble cytokines, normal human keratinocytes and cell lines

We used recombinant soluble TWEAK, TRAIL (Alexis, Lausanne, Switzerland) and IFN-

v (Bender Medsystems) throughout our study.
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HaCaT is a spontaneously immortalized human keratinocyte cell line (19). Cells were
maintained at 37°C in 96-well plates (5000 cells/well) ,in RPMI supplemented with 10%
FCS, and were incubated for 24 h in an atmosphere containing 5% CO,/95% air. Human
recombinant cytokines were then added to the medium at the concentrations indicated.
Normal human keratinocytes (NHKs; Invitrogen) were grown in keratinocyte-SFM medium
(Invitrogen) under the conditions recommended by the manufacturer. For viability tests, cells
were seeded at a concentration of 2500 cells/well in flat 96-well dishes. All plastic flasks and
dishes used were coated either with Coating Matrix (Cascade Biologics, Portland, OR USA)

or with rat tail collagen I (Becton Dickinson, Bedford, MA USA).

Cell viability was assessed with the MTT assay (20), with 20 ul of a solution of 5 mg/ml
MTT (Sigma-Aldrich, Lyon, France) in PBS added to each well. The cells were incubated for
4 h at 37°C, in an atmosphere containing 5% CO,/95% air. Following this treatment, we
added 100 pl of lysis buffer (20% SDS in dimethylformamide (DMF)/H,O (1/1) solution, pH
4.7) per well and incubated the cells overnight at 37°C. The next day we measured the optical

density (OD) at 595 nm. Assays were performed in triplicate.

HaCaT cells and NHK were treated with EDTA and were gently removed by mild treatment
with trypsin. All floating cells were included in the analysis. Apoptosis of the cells was
measured by flow cytometry with an Annexin V/ propidium iodide kit from Bender
MedSystems, in a Beckmann-Coulter Epics XL cytometer. Results were analyzed with the
WinMDI 2.9 program (http://facs.scripps.edu/software.html). All experiments (viability or

apoptosis) were repeated at least once and gave similar results.
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Flow cytometry

Blister fluid cells were incubated for 30 min in PBS with 10% human AB serum and then
with fluorescent labeled monoclonal antibodies (CD19, CD3, CD4, CD8, CD1a, CD14, CD56
and CD207; from Beckman-Coulter, France), at the dilutions indicated by the manufacturer.
Apoptotic and dead cells were stained with 7 aminoactinomycin D (7-AAD) (Sigma-Aldrich,

France). Labeled cells were analyzed with a Beckman-Coulter Cytomics FC 500 cytometer.

Immunofluorescence

Blister cells were immobilized on glass slides by cytospin centrifugation and fixed in acetone.
Cells were rehydrated in PBS containing 1% BSA and 0.05 % saponin and incubated for one
hour with appropriate primary antibodies. Cells were then washed three times in the same
buffer and incubated for 30 min with the labeled anti-Ig antibodies. They were then washed
again three times. Finally, the cells were rinsed with PBS and mounted in a glycerol/PBS
solution (Citifluor, London, UK) containing 3 ug/ml DAPI. Controls were stained with

irrelevant primary antibodies,followed by the corresponding labeled secondary antibody.

The primary antibodies, polyclonal goat anti-TRAIL (sc-6079), anti-IFN-y (sc-1377), anti-
TWEAK (sc-12405) and rabbit anti-granulysin (sc-28821) antibodies were purchased from
Santa Cruz Biotechnology, Europe. We also used biotinylated monoclonal antibodies against
CD14 (clone 8G3, Diaclone, Besangon, France), CD8 (Dako), CD1a (Immunotech-
Beckman), CD56 (Novocastra-Menarini), CD163 (Novocastra-Menarini) and granzyme B
(Novocastra-Menarini). All primary antibodies were used at a 1/100 dilution for
immunofluorescence tests. Texas Red-conjugated donkey anti-goat F(ab’),, Texas Red-

conjugated donkey anti-rabbit F(ab’),, FITC-conjugated donkey anti-mouse F(ab’), (all three
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purchased from Jackson Immunoresearch Europe, Suffolk, UK) or streptavidin FITC-
conjugated antibody (Beckman-Coulter) were used as secondary antibodies. Photographs of
stained cells were obtained with a Carl Zeiss LSM 510 Meta microscope and the AxionVision
Rel 4.7 program. For immunocytochemical analyses, primary antibodies against CD8 (1/200)
CDl1a (1/2 (pre-diluted)), CD56 (1/50), CD163 (1/400) and granzyme B (1/50) were used
after antigen retrieval by heating in pH 9 EDTA buffer (CD8, CD56) or pH 6 citrate buffer
(CDl1a, CD163 and granzyme B). Slides were stained automatically (Nexes, Ventana), with

secondary biotinylated antibodies, avidin-peroxidase and diaminobenzidine chromogen.

Statistical analysis
All statistical tests were performed with R software (R version 2.10.1

http://cran.cict.fr/. Correlations were considered significant when p<0.05.
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RESULTS

TRAIL, TNF-a, TWEAK and IFN-y protein levels increase significantly in theblister
fluids of SJS/TEN patients

We used ELISA to measure the concentrations of TRAIL, IFN-y, TNF-a, IFN-a.,
lymphotoxin-o, FasL. and TWEAK proteins in the blister fluids of SJS/TEN patients. TRAIL,
IFN-y, TNF-o and lymphotoxin-o were already known to be cytotoxic or cytostatic to
keratinocytes. Normal sera from healthy subjects and SIS/TEN patients and blister fluids
from burns and EPF ptients were used as controls. We detected very low levels of IFN-a and
traces of lymphotoxin-a and FasL in a few samples of the blister fluids. However, in most
samples, IFN-a, FasL and lymphotoxin-a were present at concentrations undetectable by this
method. The amounts of TRAIL (n=16), IFN-y (n=24), TNF-a (n=16) and TWEAK (n=25)
in blister fluids were higher than those in the sera of healthy subjects (TRAIL: n=9; IFN-y:
n=11; TNF-a: n=5; TWEAK: n=11), in the sera of patients with acute SJS/TEN (n=4), in the
blister fluids of burns (n=4) and EPF patients (n=3). However, one exception was identified.
The mean TWEAK content of SJS/TEN blister fluids was lower of that of the blister fluids of
burns patients. Mean and median cytokine levels for all these samples are shown in Table 1.
The mean concentrations of TRAIL and TNF-a in SJS/TEN blister fluids were 10 times
higher than those in control sera. These data are shown in figure 1, after nonparametric
analysis (Mann-Whitney-Wilcoxon) with R software. The P-values of this statistical analysis
are presented in Table 2. All these results indicate that the cytokines investigated are present
at significantly higher concentrations in blister fluids than in all control sera, with the
exception of TWEAK described above. They show that, like TNF-o and IFN-y, which have

already been shown to be present at high concentrations in blister fluids (15, 16, 21), the TNF
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ligands TRAIL and TWEAK are also present at high concentrations in the blister fluids of

SJIS/TEN patients.

Effect of recombinant TRAIL,TWEAK and IFN-y on the proliferation and

apoptosis/necrosis of primary human keratinocytes

We tested the effect of these death factors on primary human keratinocytes. We found that the
addition of recombinant TRAIL resulted in a dose- and time-dependent decrease in NHK
viability, due to the apoptosis of the cells as it has been shown previously (22). 10 ng/ml of
TRAIL are required to obtain a 30%=+6% decrease in viability at 24 hours (figure 2A). The
addition of recombinant IFN-y and TWEAK also decreased the viability of normal human
keratinocytes (figure 2B). The addition of a combination of IFN-y and TWEAK (10 ng/ml
each) resulted in an 80% =+ 11% decrease (96 hours) in viability, suggesting a cooperative

effect.

Finally, we examined the effects of IFN-y and TWEAK on the apoptosis of NHKs (figure
2C). We found a slightly higher percentage of late apoptotic cells in cultures treated with 10
ng/ml of IFN-y and TWEAK for 48 hours than in controls (9.76%+2.3% control,
23.26%=+7.24% IFN-y, 13.03%+6.5% TWEAK), with no difference in the proportion of early
apoptotic cells or in the percentage of living and dead cells. Only 36% of cells remained alive
(28% necrotic, 35% late apoptotic) after 48 hours of treatment with a combination of IFN-y
and TWEAK (10 ng/ml each), highlighting the synergistic effect of IFN-y and TWEAK on

human keratinocyte apoptosis.
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Characterization of cells present in blister fluids from SJS/TEN patients

Cells were isolated from blister fluids by centrifugation and were either analyzed by May-
Griinwald-Giemsa staining after cytospin centrifugugation, or stained with fluorescent
antibodies and analyzed by flow cytometry to determine the relative percentage of each type

of cell.

One representative experiment, showing the results of May-Griinwald-Giemsa staining, is
shown in figure 3A. In addition to the lymphocytes present in the blister fluids, we found
abundant neutrophil cells, together with monocytes, macrophages, dendritic cells and
eosinophils. We also stained the cells with specific antibodies and demonstrated the presence
of CDla+, CD8+, CD56+, CD163+ cells and cells secreting granzyme B or granulysin (figure
3B). We detected no B lymphocytes (CD20) or keratinocytes (anti-pan keratin antibody) in

any of the TEN blister fluid cell preparations studied.

Flow cytometry analyses of fresh cells from three samples of TEN blister fluids showed the
presence of CD8+, CD4+, CD1a+, CD14+, and CD56+ cells. Again, we observed no CD19+
cells in any of the three blister fluid samples analyzed (Table 3). In all three samples, CD56+
cells were present in only small amounts (1-6 % of all cells present in blister fluids), whereas
other recent studies have reported these cells to account for more than 40% of the cells
present (10). Our results are more consistent with previous analyses of gated lymphocytes
from blister fluids (7). We also report, for the first time, the presence of a small percentage of

CD1a+ dendritic cells in blister fluids.

TRAIL and TWEAK are secreted by CD1a+ and CD14+ cells present in blister fluids

from SJS/TEN patients
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We identified cells in the blister fluids that produced the death ligands. We used double
immunofluorescence staining of blister fluid cells immobilized by cytospin centrifugation and
fixed in acetone, as described in the Materials and Methods. The results obtained showed that
TRAIL and TWEAK were secreted by both CD1a+ cells and CD14+ cells in the blister fluids
(figure 4). Most CD8+ cells seemed to secrete IFN-y, with only some of these cells producing
granulysin. Similar results were obtained for investigations of the blister fluid cells of six

patients. We present the most representative photomicrographs here.
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DISCUSSION

Cell death is common in many skin diseases, such as sunburn, contact dermatitis, lupus
erythematosus, lichen planus and many others (23). Toxic epidermal necrolysis, however, is
unique in terms of the aggressiveness and extent of destruction of keratinocytes and also in
mostly being caused by the adverse effects of medication. Previous studies have established
the link between drugs and the apoptosis of keratinocytes, by demonstrating the presence of
drug-specific memory cytotoxic T cells within the skin lesions. These cells kill autologous
lymphocytes and keratinocytes in a perforin-mediated, HLA class I-restricted pathway (8, 9).
Similar drug-specific CTLs are also present in much less severe reactions (14). The number of
these cells does not seem to be higher in epidermal necrolysis lesions than in mild cutaneous

drug eruptions.

Amplification of cell death may therefore be important in TEN. Earlier studies focused on
TNF-a (15, 16) or FasL(2). Both are often present at high concentrations in the blister fluid
and serum of patients with SIS/TEN. However, one study showed that neither factor was
produced by the mononuclear cells present in the lesions (21). FasL levels have also been
found to be high in both the serum of patients with mild drug rashes and in the serum of
patients with epidermal necrolysis (24). Furthermore, in 76 Japanese SJS/TEN patients with
complications affecting the surface of the eye, a strong inverse relationship was shown
between four FASL SNPs and SJIS/TEN (25). However, a recent immunohistochemical study
provided evidence for the presence of granzyme B and TNF-a, but not FASL, in SJS/TEN
samples (26). Another study showed TNF-a to induce cell-cycle arrest, but not the death of
keratinocytes (27). Other factors should also therefore be investigated, to determine their

precise roles in the pathogenesis of SJS and TEN (28). A recent report found high



O©oOoONOOPAWN =

Page 14 of 34

14

concentrations of granulysin in the blister fluids of SIS/TEN patients (10).The authors

concluded that granulysin is a key mediator of keratinocyte death in SJS/TEN.

In this study, we investigated whether soluble molecules known to be death mediators for
keratinocytes were present in blister fluid. IFN-y and TRAIL have already been shown to
induce the death of keratinocytes (22, 29-33). Keratinocyte proliferation has also been
reported to decrease following the addition of LTA (34), possibly due to the death of
keratinocytes. We therefore tested blister fluids for the presence of lymphotoxin o protein.
We also determined the levels of TNF-o, which is known to inhibit keratinocyte proliferation
(27), and of IFN-a, which kills keratinocytes highly efficiently at low concentrations (1-10
ng/ml) (data not shown). We detected no LTA or IFN-a or FasL in SJS/TEN blister fluids
tested in this study. However, in addition to IFN-y and TNF-a, which are already known to be
produced by blister cells, we found, for the first time, that two more ligands of death
receptors, TRAIL and TWEAK, were also produced. The presence of these two factors has
not previously been investigated in studies of the effector mechanisms involved in TEN. We
found higher concentrations of both TRAIL and TWEAK in SJS/TEN blister fluid cells than
in controls (healthy and SJIS/TEN patient sera and blister fluids from burns or EPF patients).
These proteins were present in the SIS/TEN blister fluids at mean concentrations of 5.9 ng/ml
for TRAIL and 697 pg/ml for TWEAK. We also demonstrated the inhibition of proliferation
and induction of death in normal human keratinocytes (NHKs) incubated with recombinant

IFN-y, TRAIL and TWEAK, alone or in combination.

The concentrations measured by ELISA strongly underestimate the real concentrations of

death ligands, due to consumption and degradation of the molecules. Nonetheless, the mean
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concentrations of TRAIL in blister fluids were similar to those found to be effective at killing

keratinocytes in vitro.

O©oOoONOOPAWN =

The rate of cell death resulting from incubation with TRAIL at concentrations as low as 10
13 ng/ml suggests that this ligand may play a major role in vivo. TRAIL is constitutively

15 expressed in NK cells and markedly upregulated by activation in T cells, NK cells and

18 macrophages. It has a well documented role in mediating cytotoxicity against tumors and

20 virus-infected cells (35), but was more recently shown to induce the apoptosis of non

22 transformed cells, including hepatocytes (36). TRAIL has also been shown to kill HaCaT

o5 cells and, to a lesser extent, normal human keratinocytes in vitro, in synergy with IFN-y (22,
27 29-32). We report here the presence of TRAIL in the blister fluids of SJS/TEN patients. The
high concentrations of TRAIL in all blister fluids suggest that this molecule is probably a

32 mediator of keratinocyte cell death in toxic epidermal necrolysis.

37 TWEAK was present at lower concentrations than TRAIL in blister fluids. TWEAK is

39 produced principally by monocytes and macrophages after stimulation with IFN-y, inducing
apoptosis by interacting with a specific receptor, fibroblast growth factor-inducible 14 (Fn14).
44 TWEAK can also promote the cell death by necrosis (37, 38) of tumor cell lines. This is the
46 first time that TWEAK has been shown to induce the death of normal human keratinocytes.
49 Although less marked than the effects of TRAIL, the pro-apoptotic effect of TWEAK alone

51 was significant and this molecule acted in synergy with IFN-y.

56 FN-y also plays a key role. This cytokine, produced by activated T lymphocytes, activates

monocytes and macrophages (39), but also has a direct effect on apoptosis in the human
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HaCaT cell line (33) and in normal human keratinocytes. IFN-y also acts in synergy with

TWEAK in the apoptosis/necrosis of keratinocytes.

The cytotoxic effect of drug-specific CTLs has previously been observed only in autologous
keratinocytes subjected to prior incubation with IFN-y and the corresponding drug (9). IFN-y
was assumed to be necessary for keratinocyte activation, enhancing their expression of HLA
class I molecules. IFN-y is also the principal mediator of monocyte/macrophage and dendritic
cell activation, which results in the production of the TRAIL and TWEAK found in blister

fluids (38, 40, 41).

The presence of neutrophils in the blister fluids may result from the chemotaxis of these cells,
driven by the high concentrations of IL-8 reported previously (42). IL-8 predominantly

recruits neutrophils (43), but also recruits monocytes and T lymphocytes (44).

These and previous findings thus allow us to propose the following model for the final
effector mechanisms involved in epidermal necrolysis. Drug-specific CTLs secreting large
amounts of IFN-y initiate the MHC-restricted lysis of keratinocytes involving perforin and
granzyme B. IFN-y promotes the recruitment and activation of macrophages, monocytes and
dendritic cells. These cells in turn produce TRAIL, TWEAK and, possibly, other cytokines.
Large numbers of keratinocytes are then killed through the cooperative action of these factors
with the IFN-y present in blister fluids, through an MHC-independent pathway. Our results
clearly demonstrate the production of TRAIL and TWEAK by CD1a+ and CD14+ cells in the

blister fluid of SIS/TEN patients.
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Our findings suggest that severe cutaneous adverse reactions, such as SJS/TEN, do not arise
due to the action of one factor alone. Indeed, no single factor appears sufficient to explain the
complex pathogenesis. Instead, a combination of many factors, some of which have been
identified before (perforin, granzyme B, granulysin, IFN-vy), together with TRAIL and

TWEAK, may underlie the aggressive epidermal destruction in TEN.

Several questions concerning the pathophysiology of this disease remain unsolved. One recent
paper described endothelial cell apoptosis during TEN (26). This new finding is important for
determining factors that may worsen skin damage. Its relevance may also extend to other
organs, generating additional unanswered questions. In particular, it remains unclear why the
epithelial cells of the skin and mucous membranes are the major targets of the reaction and
why the reaction is so aggressive in epidermal necrolysis, but not in mild drug eruptions in

which drug-specific CTLs are also present in the skin.

Most studies on TEN have characterized the cells and molecules involved in keratinocyte
destruction. All the cells and molecules described are the end products of a long process
starting several days before the appearance of skin blisters, when the drug is ingested. Several
gaps remain in our understanding of the early steps of the immune reaction leading to
destructive epidermal necrolysis. Once blisters appear, the phenomenon cannot be reversed.
Withdrawal of the drug implicated (45) and early treatment with an immunosuppressant, such
as cyclosporin A (46), or human immunoglobulins (2)may halt the progression of epidermal
detachment. We need to elucidate the role of each type of cell present in the blister fluid
during the progression of epidermal necrolysis, to improve our understanding of this disease.
In particular, the role of CD4+ cells in initiating the phenomenon, the role of Treg cells in

controlling the response (47) and the role of the dendritic cells and monocytes present in the
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blister fluids should be addressed. A recent study has shown that Treg cells, although present
in normal numbers, display strong functional impairment in TEN, with normal function
restored on recovery. These findings suggest that a transient impairment of Treg cells function
during the acute stage of TEN may be related to severe epidermal damage (48). This
pioneering work should be continued, to elucidate the precise mechanisms underlying this
impairment, thereby helping to resolve the unanswered questions relating to toxic epidermal

necrolysis.
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TEN, toxic epidermal necrolysis

SIS, Stevens-Johnson Syndrome

EPF, Eosinophilic pustular folliculitis
TWEAK, TNF-related weak apoptosis inducer
LTA, lymphotoxin-a
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GRB, granzyme B

GRN, granulysin

7-AAD, 7-amino-actinomycin D

MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
TX, Texas Red
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Figure legends

Figure 1. Analyses of cytotoxic proteins in the blister fluids. Amounts of TRAIL, TNF-a.,
IFN-y and TWEAK in the blister fluid (BF) of subjects with SIS/TEN, in the serum of healthy
subjects (NHS), in the serum of Lyell (SJS/TEN) patients (SL), in blister fluids of burns
patients (BU) and in blister fluids of EPF patients (EPF), as measured by ELISA. We
investigated the correlation between cytotoxic protein levels in blister fluids of SJS/TEN
patients and cytotoxic protein levels in the serum of controls by non parametric analysis
(Man-Whitney-Wilcoxon), using the R statistical program. The P values obtained are shown
(* P<0.05, ** P<0.005, *** P<0.0005). The horizontal lines indicate the median values

obtained.

Figure 2. Viability of normal human keratinocytes in the presence of various amounts of
TRAIL alone (A), in the presence of 10 ng/ml TWEAK or 10 ng/ml IFN-y, and in the
presence of 10 ng/ml IFN-y plus 10 ng/ml TWEAK (B). Apoptotic NHKs (C) (stained with
AnnexinV-FITC and PI) after 48 hours of incubation in the presence of medium, 10 ng/ml
IFN-y, 10 ng/ml TWEAK and 10 ng/ml each of IFN-y plus TWEAK. UL dead cells, UR late

apoptotic cells, LL living cells and LR early apoptotic cells.

Figure 3. (A) May-Griinwald-Giemsa staining of blister fluid cells. Arrows indicate
characteristic cells of the blister fluid. D dendritic cell, N neutrophil, E eosinophil, L
lymphocyte, M® macrophage, Mo monocyte and R red blood cell. Bar 20 pm. (B) Blister
fluid cells were stained with antibodies against CD1a, CD8, CD56, CD163, granzyme B

(GRB) and granulysin (GRN), as described in Materials and Methods.
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Figure 4. Immunofluorescence staining of blister fluid cells with mAb against CD1a, CD14
and CD8 immunotypes (FITC). Cells were also stained with goat polyclonal antibodies
against TRAIL, TWEAK, IFN-y or granulysin (Texas Red, TX). Bar 20 um. (A)
CD1a+(FITC), TWEAK+ (TX); (B) CD1a+ (FITC), TRAIL+ (TX); (C) CD14+ (FITC),
TWEAK+ (TX); (D) CD14+ (FITC), TRAIL+ (TX); (E) CD8+ (FITC), IFN-y + (TX); (F)

CD8+ (FITC), granulysin+ (TX).
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Figure 1. Analyses of cytotoxic proteins in the blister fluids. Amounts of TRAIL, TNF- , IFN- and
TWEAK in the blister fluid (BF) of subjects with SJS/TEN, in the serum of healthy subjects (NHS), in
the serum of Lyell (SJS/TEN) patients (SL), in blister fluids of burns patients (BU) and in blister
fluids of EPF patients (EPF), as measured by ELISA. We investigated the correlation between
cytotoxic protein levels in blister fluids of SJS/TEN patients and cytotoxic protein levels in the serum
of controls by non parametric analysis (Man-Whitney-Wilcoxon), using the R statistical program.
The P values obtained are shown (* P<0.05, ** P<0.005, *** P<0.0005). The horizontal lines
indicate the median values obtained.
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Figure 2. Viability of normal human keratinocytes in the presence of various amounts of TRAIL alone

(A), in the presence of 10 ng/ml TWEAK or 10 ng/ml IFN-

, and in the presence of 10 ng/ml IFN-

plus 10 ng/ml TWEAK (B). Apoptotic NHKs (C) (stained with AnnexinV-FITC and PI) after 48 hours
of incubation in the presence of medium, 10 ng/ml IFN- , 10 ng/ml TWEA
IFN- . plus TWEAK. UL dead cells, UR late apoptotic cells, LL living cells and LR early apoptotic cells.
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48 Figure 3. (A) May-Griinwald-Giemsa staining of blister fluid cells. Arrows indicate characteristic cells
49 of the blister fluid. D dendritic cell, N neutrophil, E eosinophil, L lymphocyte, M . macrophage, Mo
50 monocyte and R red blood cell. Bar 20 pm. (B) Blister fluid cells were stained with antibodies
against CD1a, CDS8, CD56, CD163, granzyme B (GRB) and granulysin (GRN), as described in
Materials and Methods.
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Figure 4. Immunofluorescence staining of blister fluid cells with mAb against CD1a, CD14 and CDS8
immunotypes (FITC). Cells were also stained with goat polyclonal antibodies against TRAIL, TWEAK,
IFN- or granulysin (Texas Red, TX). Bar 20 um. (A) CD1a+(FITC), TWEAK+ (TX); (B) CDla+
(FITC), TRAIL+ (TX); (C) CD14+ (FITC), TWEAK+ (TX); (D) CD14+ (FITC), TRAIL+ (TX); (E) CD8+
(FITC), IFN-  + (TX); (F) CD8+ (FITC), granulysin+ (TX).
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1
:23 Table 1A. Estimation, by ELISA, of the quantity of TRAIL, TNF-q, IFN-y, and TWEAK

. TRAIL pg/ml TNF-a._pg/ml IEN-y pg/ml TWEAK pg/ml
6 SJS/TEN 5,968.4 +4,269.8 795.3 +1,329.9 174 £ 198.9 697.8 + 603.3
7 blister median= 4,565 median=154.5 median=81.5 median=412
8 fluids

?0 Normal 535 +283 57.05 +126.8 1.8 +4.1 294.4 +229.2
11 human median=409 median=0 median=0.2 median=310
12 serum

13 SJS/TEN 818+203 ND 2.25+4.5 127453

14 patients’ median=860 median=0 median=105.5
_112 sera

17 Burns 548+606 0.75£1.5 1+£0.8 1020£592
18 patients median=316.5 median=0 median=1 median=1019.5
19 EPF 0 ND 11£11 294+141
g? patients median=0 median=6 median=291
gg Table 1B. Estimation of p-values

24

25 p-values

26 TRAIL TNF-o IFN-y TWEAK
2; BF/NHS 0.000006358 0.03125 0.0001008 0.02475

29 BF/LS 0.002890 ND 0.00767 0.0007628
30 BF/BU 0.002890 0.007913 0.01139 0.1927

31 BF/EPF 0.008488 ND 0.064 0.2532

gg NHS/LS 0.1483 ND 0.5711 0.5714

34 NHS/BU 0.6042 0.771 0.6847 0.02637

35 NHS/EPF 0.01549 ND 0.02579 0.8846

36 Significative value when p<0.05,

g; BF= SJS/TEN blister fluids, NHS= normal human serum, LS= SJS/TEN serum, BU= Burns’ blister
39 fluids, EPF= Eosinophilic pustular folliculitis blister fluids.
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Table 2. Imnmunophenotypes of blister cells from patients with Stevens-Johnson
syndrome/toxic epidermal necrolysis

Case 1 Case 2 Case 3
CDla+ 1.59 % 433 % 0.41 %
CD3+ lymphocytes 45.86 % 3.37 % 22.87 %
CD4+ lymphocytes 10.58 % 4.92 % 4.55%
CD8+ lymphocytes 36.17 % 1.09 % 15.61 %
CD14+ 18.62 % 31.32% 1.35 %
CD56+ 4.63 % 0.37 % 3.03 %
CD207+ 0.08 % 0.14 % 4.43 %
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