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Abstract Toxic epidermal necrolysis (TEN) and Stevens-
Johnson syndrome (SJS) are considered to be drug-in-
duced diseases, and are characterized by extensive
mucocutaneous disorder and epidermal necrosis which
result in the detachment of the epidermis. Inactive and
active forms of metalloproteinases (MMP2 and MMP9)
secreted by skin explants maintained in organ culture for
72 h and in blister fluid from two TEN and three SJS
patients were investigated. Interestingly, lesional skin
from both the TEN and the SJS patients cultured for
3 days in conditioned medium showed high levels of
both 72 kDa progelatinase A and 66 kDa activated
gelatinase A, and the 66 kDa activated form was not
observed in cultures of skin from control individuals.
Furthermore, indirect immunodetection showed the
presence of MMP2 and MMP9 in TEN and SJS pa-
tients’ skin. Increased gelatinase activity in the culture
medium of TEN and SJS skin maintained in organ
culture and in blister fluid indicates that these gelatinases
may be responsible for the detachment of the epidermis
in these drug-induced necrolyses.
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Introduction

Toxic epidermal necrolysis (TEN) was first described by
Lyell in 1956 who reported four patients with a ““scalded
skin” appearance. TEN, also known as Lyell’s syn-
drome, is characterized by extensive mucocutaneous
disorder, particularly epidermal necrosis, which results
in the detachment of the epidermis. This severe drug-
induced disease, despite progress in intensive care, re-
mains severe with a non-negligible mortality and con-
stitutes a dermatological emergency. Stevens-Johnson
syndrome (SJS) is also considered a drug-induced dis-
ease. It has been put forward that SJS and TEN are
related mucocutaneous disorders, which can overlap
[18]. There is no clear distinction between TEN and SJS
because these two pathological states include a wide
range of clinical presentations [1].

The term “‘acute disseminated epidermal necrosis”
(ADEN) was presented during the International Sym-
posium on Drug-Related Skin Reactions, which was
held in Créteil in 1994. ADEN was defined as follows:

— Group I (60% of patients). Includes those with SJS.
Cutaneous detachment affects less than 10% of the
body area.

— Group II (30% of patients). Includes syndromes be-
tween TEN and SJS. Cutaneous detachment affects
between 10% and 30% of the body area.

— Group III (10% of patients). Includes those with
TEN. Cutaneous detachment affects more than 30%
of the body area.

Because histological investigations conducted on skin
from patients suffering from TEN have revealed
detachment of the entire epidermis, Paquet et al. [15]
have suggested that the detachment of epidermal basal
cells is caused by proteolytic processes mainly involving
metalloproteinases. Keratinocytes which synthesize the
macromolecular components of the dermoepidermal



basement membrane have also been shown to express
metalloproteinases such as gelatinase A (MMP2) and
gelatinase B (MMP9) which are able to degrade mac-
romolecular components of the basement membrane.

These enzymes are secreted in the form of latent
zymogens that need to be activated in the extracellular
compartment or in the vicinity of the cell membrane by
other MMPs or serine proteinases [11]. So we decided to
investigate inactive and active forms of metalloprotein-
ases (MMP2 and MMPY) secreted by skin explants
maintained in organ culture for 72 h and in blister fluid
from two TEN and three SJS patients, to ascertain
whether we could draw a parallel between MMPs (active
and inactive forms) secreted in organ culture medium
and blister fluid. We also compared the results obtained
with skin explants from TEN and SJS patients with
those obtained from two healthy control volunteers.
Furthermore, by indirect immunodetection we sought
evidence for the presence of MMP2 and MMP?9 in skin
from TEN and SJS patients and the results were com-
pared with those obtained from the skin of two healthy
subjects.

Materials and methods
Blister fluid collection

The fluid from intact blisters was collected and kept
frozen at —80°C until used.

Skin biopsies

Skin biopsies were taken from the edge of blisters of two
patients suffering from TEN (one male and one female
aged 57 and 76 years, respectively), from three patients
suffering from SJS (two males and one female aged 33,
39 and 55 years, respectively), and from two healthy
control volunteers (one male and one female aged 25
and 26 years, respectively). After obtaining the subjects’
consent, the biopsies were obtained under local lidocaine
anaesthesia. The biopsies were cut into two parts, one
for organ culture and the other for histology and im-
munostaining.

Biochemical studies

Organ culture

Skin biopsies cut into small pieces were maintained for
up to 3 days in Dulbecco’s modified Eagle’s medium
(DMEM) containing 1.5 mmol/l Ca®", supplemented
with 0.2% lactate hydrolysate (Sigma, St Louis, Mo.),
2 mmol/l L-glutamine,100 U/ml penicillin and 100 pg/
ml streptomycin (Boehringer, Mannheim, Germany) at
37°C in an atmosphere of 95% air and 5% CO,. Cell
viability was evaluated in terms of lactate dehydrogenase
activity in conditioned medium.
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Enzyme assays

The presence of MMP2 and MMP9 in organ culture
medium and in blister fluid was checked by zymography
using 0.1% sodium dodecyl sulphate (SDS) polyacryl-
amide gels impregnated with 1 mg/ml type I gelatin [2].
Gelatinolytic activities appeared on the zymogram as
unstained lysis bands. Protein standards were subjected
to a parallel electrophoresis to determine the molecular
weight of the lysis bands. To assign these bands to a
proteinase class, the following reagents (all obtained
from Sigma) were added to the incubation buffer: EDTA
(15 mmol/l) or 1,10-phenanthroline (15 mmol/l) for
metalloproteinases, phenylmethyl sulphonyl fluoride
(PMSF, 2 mmol/l) or Pefablock (2 mmol/l) for serine
proteinases, and N-ethylmaleimide (2 mmol/l) for cys-
teine proteinases.

MMP2 and MMP9 were identified immunologically
in culture conditioned medium by Western blotting
using monoclonal antibodies directed against these en-
zymes (Valbiotech, France).

Quantification of gelatinolytic activities

The average surface area of the lysis bands on the zy-
mograms was determined semiautomatically following
their contour with a calibrated electronic slide. They
were then viewed with a video camera and black and
white images were converted into 256 different grey
levels using a Sophretec MVM 600 image memory,
transferred to a BFM microcomputer and analysed
using mathematical morphology software [24]. Gelati-
nase activities detected on zymograms were derived from
the expression surface area of the lysis band in pixels x
grey level in arbitrary units per milligram of tissue.

Morphology and immunostaining

Skin biopsies were fixed in paraformaldehyde before
being embedded in paraffin by routine procedures. Serial
tissue sections, 5 pm thick, were stained with haemat-
oxylin-eosin to visualize the tissue quality.

For immunostaining, primary monoclonal antibodies
directed against human MMP2 and MMP9 both from
Calbiochem (La Jolla, Calif.) were used, and the avidin-
biotin method was applied with appropriate secondary
antibodies. Nonspecific reactivity of the antibodies was
checked by omitting the primary antibody; we also
checked the nonspecific reactivity of the antibodies by
using irrelevant secondary antibodies.

ELISA

MMP2 and tissue inhibitor of MMP2 (TIMP2) levels
were determined in the blister fluid and after 48 h in the
culture medium of organ cultures of biopsies from
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patients suffering from TEN and SJS. MMP2 and
TIMP?2 protein levels were determined using an ELISA
kit (R&D Systems, Minneapolis, Minn.). All samples and
standards were assayed twice. The results are reported as
nanograms of cytokine per millilitre of blister fluid.

Results

Qualitative and quantitative analysis of gelatinases
secreted from skin explants

Gelatinolytic activities were determined by gelatin zy-
mography and further quantified by image analysis as a
function of time of culture. The amount of enzymes
increased in a quasilinear manner during the first 72 h of
culture then reached a plateau phase. For this reason the
data reported are those obtained after 72 h of organ
culture. For all species the activities were proportional
to the amount of conditioned medium (0.5-5 pl)
deposited onto the gel (not shown).

Following 72 h of culture, skin explants from the two
healthy donors showed gelatinolytic activity, which ap-
peared as faint bands at 92 kDa (progelatinase B) and
72 kDa (progelatinase A; Fig. 1, lanes f, g). The inten-
sity of these bands was much greater on the zymograms
of the culture conditioned medium of the explants from
the three SJS patients (Fig. 1, lanes b, ¢, d). On the zy-
mograms of the conditioned medium of the explants
from the five patients, three SIS and two TEN, a gela-
tinolytic band was present with an apparent molecular
mass of 66 kDa corresponding to the activated form of
MMP2 (Fig. 1, lanes a—e), and on the zymogram for SJS
patient no. 1 a gelatinolytic band was present with an
apparent molecular mass of 88 kDa corresponding to
the activated form of gelatinase B (MMP9). All activities
were suppressed by supplementing the incubation buffer
with EDTA (15 mmol/l) but remained unaffected by
Pefablock (not shown).

The metalloproteinase secreted (progelatinase B,
92 kDa; activated gelatinase B, 88 kDa; progelatinase

lanea laneb lanee¢ laned lanee lanef
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Fig. 1 Gelatin zymography following 72 h of incubation in organ
culture medium of skin biopsies from TEN and SJS patients and
two control subjects. Lane a TEN patient 1, lane b SJS patient 1,
lane ¢ SJS patient 2, lane d SIS patient 3, lane e TEN patient 2, lane
f control 1, lane g control 2; 72 kDa progelatinase A (proMMP2),
66 kDa activated gelatinase A (MMP2), 92 kDa progelatinase B
(proMMP9), 88 kDa activated gelatinase B (MMPY)

A, 72 kDa; activated gelatinase A, 66 kDa) were dem-
onstrated by gelatin zymography and were confirmed by
Western blotting (not shown).

Levels of gelatinase normalized to tissue weight
were quantified in the conditioned medium from all
skin explants after 72 h of culture. The distributions in
percentage of the latent and activated forms of MMP9
and MMP2 were evaluated (not shown). The main
difference between control skin and pathological skin
from the two TEN and the three SJS patients con-
cerned MMP2 which appeared as the latent (72 kDa)
and activated forms (66 kDa) in the skin from the five
patients while in control skin only a zymogen form of
MMP2 (72 kDa) was seen (Fig. 2). Furthermore,
activated MMP9 (88 kDa) was observed in the skin of
only one SJS patient and not in the skin of the other
patients (see Fig. 1).

Qualitative analysis of gelatinases secreted
in blister fluid

Gelatinolytic activities identified by gelatin zymography
appeared as unstained bands on the zymograms. In the
lesional skin with blisters of the one TEN and two SJS
patients, gelatinolytic activities migrating with an
apparent molecular mass at 92 kDa (progelatinase B), at
72 kDa (progelatinase A), and at 66 kDa (activated
gelatinase A) were observed (Fig. 3). Due to the pres-
ence on the gelatin zymograms of proteins stained by
Coomassie blue with an apparent molecular masses be-
tween 72 and 66 kDa interfering with the lysis bands at
72 kDa and 66 kDa, no quantitative analysis was pos-
sible (Fig. 3).
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Fig. 2 Quantification of gelatinolytic activity of latent proMMP2
and activated MMP2 expressed in skin biopsies from two TEN
patients and three SJS patients and from two controls in
conditioned medium of organ cultures following 72 h of incuba-
tion. The gelatinolytic activity was derived from the expression
surface area of the lysis band in pixels x grey level in arbitrary
units/mg of tissue weight
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Fig. 3 Gelatin zymography performed with blister fluid from three
SJS patients and two TEN patients. Lane a TEN patient 1, lane b
SJS patient 3, lane ¢ TEN patient 2; 72 kDa progelatinase A
(proMMP2), 66 kDa activated gelatinase A (MMP2), 92 kDa
progelatinase B (proMMP9)

Histology and immunohistology

The skin biopsies of the healthy subjects appeared his-
tologically normal without an inflammatory infiltrate.
The biopsies from the TEN patients showed epidermal
detachment with a slight inflammatory infiltrate. The skin
from the two healthy subjects showed very faint labelling
for MMP2 and MMP9 in the dermis and epidermis by
indirect immunodetection. The epidermis of the two TEN
and three SJS patients was positive for MMP2 and
MMP9 with a more intense labelling located at the level
of the detached epidermis, and the dermal extracellular
matrix of these five patients showed a very faint positivity
for MMP?2 as well as for MMP9, and the intensity of this
labelling was comparable to that observed in the dermis
of the two healthy subjects (see Fig. 4).

ELISA

In organ culture (Fig. 5), the amounts of MMP2 were
estimated at 33.81, 14.64, 98.5, 198.2, 34.58, 336.65 and

Fig. 4a, b Immunostaining of the skin biopsy from a TEN patient
(TEN patient 1) using primary monoclonal antibodies directed
against (a) human gelatinase A (MMP2) and (b) human gelatinase
B (MMPY) (* staining of the epidermis, ** Dermis; x70)

—— —— o~
— P .--"_“ « .4.
f 7 A )" k
P~ ¥ &N
~ * >
;¢ N
- ""*“
& -
e
~ =Y
Ll
' Xk
4 -
a 5 F e %
. L -

223

153,15 ng/ml, and the amounts of TIMP2 at 36.76, 8.4,
36.86, 17.43, 17.68, 6.46 and 47.98 ng/ml for control 1,
control 2, TEN patient 1, SJS patient 1, SIS patient 2,
SJS patient 3 and TEN patient 2, respectively.

In blister fluids (Fig. 6), the amounts of MMP2 were
estimated at 2645.77, 1876.7 and 2062.26 ng/ml, and the
amounts of TIMP2 at 423.2, 287.33 and 434.77 ng/ml
for TEN patient 1, SIS patient 3 and TEN patient 2,
respectively.

Discussion

TEN represents 1% of all drug-related skin reactions
requiring hospitalization. Epidemiological studies have
shown an identical rate of 1 to 1.3 new cases per million
of population annually [20, 22, 27]. Clinically, lesions are
heralded by a brief prodromal phase with symptoms
strongly resembling those of influenza. It is followed by
an eruptive phase occurring between 12 and 14 days
after drug administration, shorter in the exceptional
cases of recurrence. Some patients show haematological
disorders with variable frequencies [4, 17, 19]. The drugs
most frequently involved are sulphonamides, anticon-
vulsants, allopurinol, phenylbutazone derivatives and,
less frequently, other NSAIDs. Most of the visceral
manifestations observed in TEN are identical to those
seen in extensive burns. Without any emergency treat-
ment the disease can be fatal within 2 to 3 days. The
disease responds favourably to rapid and appropriate
management, with reepithelialization of most of the skin
within 2 to 3 weeks.

In this work we demonstrated by indirect immun-
odetection, using monoclonal antibodies directed
against MMP2 and MMPY, positivity for these two
metalloproteinases in the epidermis of patients suffering
from TEN (two patients) and SJS (three patients) com-
pared to the skin of two healthy donors.

The cellular sources of gelatinases A and B are mul-
tiple. Gelatinase A (also named type IV collagenase or
MMP2) is produced by dermal fibroblasts [23], kerati-
nocytes [9], Langerhans cells [16], lymphocytes T [28],
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Fig. 5 MMP2 and TIMP2 secretion after 48 h in the culture
medium of organ cultures of biopsies from TEN and SJS patients.
PI TEN patient 1, P2 SIS patient 1, P3 SJS patient 2, P4 SIS
patient 3, P5 TEN patient 2, T/ control 1, T2 control 2
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Fig. 6 MMP2 and TIMP2 secretion from blister fluid of TEN and
SJS patients. A TEN patient 1, B SJS patient 3, C TEN patient 2

macrophages [6] and neutrophils [5]. None of these cel-
lular sources can be excluded except neutrophils, which
have been shown to be absent in TEN lesions [15].

Gelatinase B (also referred to as 92 kDa type IV
collagenase or MMPY) was originally classified as a
macrophage collagenase. MMP9 appears to be ex-
pressed by a variety of cell types such as keratinocytes [8]
and fibroblasts [10]. During TEN and SJS syndromes
the overexpression of MMPs by keratinocytes via a
particular mechanism cannot be excluded. For example,
contact between inflammatory cells and keratinocytes
could lead to mutual stimulation. Precise localization of
MMP2 and MMP9 by in situ hybridization, for exam-
ple, could provide important extra information to
identify the different cell types involved in such gelati-
nase expression.

By zymography we demonstrated that MMP2 and
MMPY9 were liberated in the organ culture of control
and pathological skin. This suggests skin necrosis. But as
mentioned in Materials and Methods, the culture med-
ium contained 1.5 mmol/l Ca”?". It has been demon-
strated by Variani [25] that tissue degeneration is
preserved in organ culture when the Ca®" concentra-
tions are at least 1.4 mmol/l. Under these conditions the
cultured skin is maintained in a histologically and bio-

chemically active state for 12-20 days without degener-
ation. Furthermore, lactate dehydrogenase was not
detected in our organ culture medium following 5 days
of culture.

Interestingly, all conditioned culture media after
3 days of culture of lesional skin from the two TEN and
three SJS exhibited high levels of both 72 kDa progel-
atinase A and 66 kDa activated gelatinase A, and the
66 kDa activated form was not observed in cultures of
control skin. We showed that active MMP2 was present
in the blister fluid of patients suffering from TEN, in
accordance with previously reported results [12, 15] and
in patients with burn wounds [29].

As well as gelatin zymography showing the presence
of the active MMP?2 in blister fluid and in organ culture
medium, large amounts of MMP2 compared to TIMP2
were also shown by ELISA. Increased activation of
gelatinase A may be caused by increased membrane type
I MMP (MT1-MMP) expression or downregulation of
TIMP2, or both [3]. ELISA showed unchanged secretion
of TIMP2 in skin of SJS and TEN patients compare to
secretion in control skin, while secretion of MMP2 was
considerably increased, and these findings are in favour
of an altered balance of MMP2 and TIMP2 in SJS and
TEN patients. Gelatinase A in its activated form, and
also activated MMP9, could jointly act in epidermal
detachment observed during SJS and TEN. The role of
MMPs has to be correlated with the main pathogenic
mechanism in TEN which involve FAS-FASL kerati-
nocyte apoptosis [26].

Another interesting point concerns cytokines. It has
been reported that TNFu is involved in the pathogenesis
of TEN [13, 14]. The presence of MMP2 and MMP9 has
been shown to favour the liberation of the active cyto-
kine by proteolytic processes from the membrane-an-
chor precursor [7]. TGFf, which has been shown to
upregulate type IV collagenase expression by human
keratinocytes in culture [21], could be involved in such a
pathological process.

In conclusion, increased gelatinase activity in the
culture medium of skin from TEN and SJS patients
maintained in organ culture and in blister fluid may be
responsible for the detachment of the epidermis in these
drug-induced necrolyses. Further experiments are nee-
ded to establish and investigate the correlation if any
between cytokines and gelatinases, and also between
collagenases and extracellular matrix degradation
products which result in epidermal necrolyses.
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