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The IL-8 release from cultured human keratinocytes, mediated by antibodies to

bullous pemphigoid autoantigen 180, is inhibited by dapsone
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SUMMARY

Bullous pemphigoid (BP) is a subepidermal blistering disease associated with autoantibodies to the
hemidesmosomal 180 kD BP autoantigen (BP180). However, the binding of autoantibodies to BP180
alone is not sufficient for blister formation in this disease and the infiltration of neutrophils into the skin
is required. Dapsone and nicotinamide inhibit neutrophil chemotaxis and are used effectively in treating
BP. IL-8 is a known chemoattractant for neutrophils and has been implicated in the inflammatory
process of both human and experimental murine BP. We have recently shown that antibodies to BP180
mediate a dose and time-dependent release of IL-6 and IL-8 from cultured normal human epidermal
keratinocytes (NHEK). In the present study, we addressed the question whether dapsone or nicotinamide
influence this cytokine release. We demonstrate that dapsone, but not nicotinamide, in its
pharmacological range, inhibits the IL-8, but not the IL-6 release from NHEK, induced by anti-
BP180 IgG, in a dose-dependent fashion as detected by ELISA. IL-8 mRNA levels, as determined by
RT-PCR, were the same in cells treated with BP IgG alone compared to cells treated with BP IgG plus
dapsone. This observation suggests that dapsone inhibits the BP IgG-induced IL-8 release from cultured
NHEK by mechanisms at the post-transcriptional level. Our findings contribute to the understanding
how dapsone leads to a reduced influx of neutrophils into BP lesions and, finally, to the cessation of

blister formation in this disease.
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INTRODUCTION

Bullous pemphigoid (BP) is a subepidermal blistering disease
associated with autoantibodies to the hemidesmosomal proteins
BP180 and BP230 [1]. The hemidesmosome connects the
cytoskeleton of the basal keratinocyte with fibres of dermal
collagen thus attaching epidermis and dermis. Intracellular
proteins of the hemidesmosomal plaque, such as BP230,
mediate interaction between keratin intermediate filaments and
the transmembrane proteins BP180 and 684 integrin. Latter
then interact via laminins 5 and 6 with type VII collagen that
finally connects with the dermal collagens [reviewed in 2].
The binding of autoantibodies alone, however, is not
sufficient for blister formation in BP. In addition, activation
of complement, infiltration of neutrophil granulocytes into BP
lesions, and the release of proteinases are essential for blister
formation [3-7].

Dapsone (4,4'-diaminodiphenyl sulphone) has been used
successfully in the treatment of subepidermal blistering
autoimmune diseases associated with neutrophil infiltration,
including BP [8,9]. Dapsone is thought to exhibit its anti-
inflammatory effect by the suppression of various neutrophil
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and eosinophil functions. It leads to a reduction of neutrophil
infiltration into the skin and inhibition of chemotaxis of these
cells is considered as a major effect of this drug [10]. In
addition, in wvitro studies indicate that dapsone inhibits the
activity of myeloperoxidase and other lysosomal enzymes, and
the production of toxic oxygen intermediates in neutrophils
[10-13]. Nicotinamide is another drug that is used in the
treatment of BP, frequently in combination with tetracyclines
[14-16]. Like dapsone, nicotinamide is thought to exhibit its
anti-inflammatory action by interfering with neutrophil func-
tions, including chemotaxis [15].

IL-8 is a known chemoattractant for neutrophils [17] and
dapsone has been found to suppress the IL-8-mediated neutrophil
chemotaxis in vitro [10]. In BP, IL-8 has been implicated to be
important for the inflammatory response in both human and
experimental murine BP. In blisters and sera of BP patients,
abnormally high levels of IL-8 were detected [18], and in the
experimental mouse model of BP, IL-8 injections facilitated
blister formation in C5-or mast cell-deficient mice that were
otherwise resistant to the induction of blisters [4,19]. In addition,
we have recently shown that antibodies to BP180 mediate a dose-
and time-dependent release of IL-6 and IL-8 from cultured normal
human epidermal keratinocytes (NHEK) [20]. In the present
study, we demonstrate that dapsone inhibits this release in a
dose-dependent manner.
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MATERIALS AND METHODS

Human and rabbit sera

Rabbit serum R594 was raised against GST-NC16A2-4 containing a
42 amino acid stretch of human BP180 NCI16A [21] which
represents the immunodominant region within the BP180
ectodomain [22]. Serum/IgG preparations from R594 stained the
epidermal side of NaCl-split human skin by indirect immuno-
fluorescence (IF) microscopy at a titre of 5,120/10 240 and
reacted with recombinant BP180 NC16A by Western blotting at a
dilution of 1 : 20,000/1 : 64 000. In addition, serum samples were
obtained from a BP patient with linear deposits of IgG and C3 at
the basement membrane zone (BMZ) by direct IF of perilesional
skin before treatment was initiated. By indirect IF on 1 m NaCl-
separated normal human skin, autoantibodies in the patient’s
serum/purified IgG preparations bound to the epidermal side of
the artificial split with a titre of 2,560/5120. By immunoblotting of
epidermal extracts [23], the patient’s IgG preparation exclusively
labelled BP180 but not BP230 and by Western blotting with
recombinant BP180 NCI16A, specific reactivity was detected at
dilutions of 1 : 60 000. Within the NC16A domain, the patient’s
autoantibodies strongly bound to regions 1 and 2, and weaker to
regions 2-5 and 3. No reactivity was observed with regions 4 and 5
[20]. Normal human and preimmune rabbit sera were used as
controls.

Keratinocyte culture

Normal human epidermal keratinocytes (NHEK) were isolated
from human neonatal foreskin and grown in tissue culture flasks
(Becton Dickinson Labware, Franklin Lakes, NJ, USA) in
keratinocyte growth medium (KGM; Clonetics, La Jolla, CA,
USA) containing 0-15 mm Ca** at 37°C in a humidified
atmosphere containing 5% CO, [20]. Serum R594 and the BP
patient’s serum were previously shown to stain third passage
NHEK with a membrane binding pattern by indirect IF [20].

Isolation of IgG

IgG was isolated from human and rabbit sera by Protein G
Sepharose 4 Flow affinity column chromatography (Pharmacia
AB, Uppsala, Sweden) [20]. Eluted IgG fractions were concen-
trated under extensive washing with PBS (pH 7-2) using an
Ultrafree-15 filter device (Millipore, Bedford, MA, USA).
Concentrated IgG was sterile filtered (Schleicher & Schuell,
Dassel, Germany) and the final concentration determined by
photometry at 280 nm and Bradford protein assay (BioRad,
Hercules, CA, USA). IL-6 and IL-8 levels in IgG preparations
were below the detection limit of our ELISA.

Stimulation of keratinocytes

Third passage keratinocytes were grown to 70-80% confluence in
24-well plates (Becton Dickinson Labware). Hydrocortisone was
omitted 12 h prior to stimulation to exclude interference with IL-8
production. For optimal IL-8 release, NHEK were treated with
4 mg/ml IgG for 12 h as reported [20]. At the beginning of this
incubation, dapsone and nicotinamide were added to the culture
medium. Dapsone (Fatol, Schiffweiler, Germany) and nicotin-
amide (Nicobion®, Merck, Darmstadt, Germany) were solubilized
in PBS by over-night rotation at room temperature [12] to stock
solutions of 4000 wg/ml (dapsone) and 20 000 pg/ml (nicotin-
amide). Additional dilutions were prepared in KGM for both
dapsone and nicotinamide. Culture supernatant or cells from three

wells were pooled and then subjected to ELISA or RT PCR
analysis.

Cell proliferation assay

To test for chemosensitivity of the different dapsone and
nicotinamide dilutions on cultured NHEK, a cell proliferation
assay was performed (CellTiter 96® AQyeous Non-Radioactive
Cell Proliferation Assay, Promega, Madison, WI, USA). Briefly,
after a 12-h treatment of NHEK, grown in 200 nl KGM in 24-
well plates (Becton Dickinson Labware), with various concentra-
tions of dapsone or nicotinamide plus 4 mg/ml normal IgG, 40 wl
of a mixture of the tetrazolium compound (3-(4,5-di-
methylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophe-

nyl)-2H-tetrazolium (MTS) and the electron coupling reagent
phenazine methosulphate (PMS) was added to each well.
After a second incubation time of 4h at cell culture
conditions, the formazan production in the culture supernatant
was measured at 490 nm using an ELISA plate reader. To
analyse cell viability, ODy4y readings of the dapsone and
nicotinamide containing culture supernatants were compared
to those with medium alone.

Quantification of IL-8 mRNA expression by RT PCR

IL-8 mRNA levels were quantified using a previously reported
RT-PCR protocol in which samples were normalized on beta-actin
mRNA levels [20,24]. Quantification of IL-8 mRNA was done
semiquantitatively. A low threshold cycle (Ct) corresponded to
a high concentration of IL-8 mRNA and vice versa. Slopes
of standard curves for various target sequences were in the range
of —3-4 to —3:6, i.e. a difference in Ct of 3-4-3-6 between
two samples corresponded to a 10-fold difference in cDNA
concentration. Samples were assayed in triplicate.

ELISA protocol

IL-6 (Pharmingen, San Diego, CA, USA) and IL-8 (Biosource,
Fleurus, Belgium) were measured by ELISA according to the
manufacturer‘s instructions. Samples were run in quadruplicate.

Statistics
For statistical analysis, the Mann—Whitney U-test was used.

RESULTS

In their pharmacological range, dapsone and nicotinamide do not
reduce viability of NHEK

To study a possible effect of dapsone and nicotinamide on cell
viability, NHEK were treated with various concentrations of the 2
drugs together with 4 mg/ml IgG, affinity-purified from a healthy
control subject. No statistically significant difference in cell
viability was observed between NHEK that were stimulated with
dapsone concentrations ranging from 0-04 to 40 wg/ml or
nicotinamide concentrations between 10 and 1000 wg/ml com-
pared to NHEK stimulated with BP IgG, normal IgG or medium
alone (Fig. 1). However, when NHEK were treated with 400 wg/ml
dapsone or 10 000 wg/ml nicotinamide, cell viability was reduced
by approximately 50%.

Dapsone inhibits the IL-8, but not the IL-6 release from NHEK,
mediated by rabbit or human IgG against human BP180, in a
dose-dependent fashion

NHEK were stimulated with 4 mg/ml rabbit R594 IgG (raised
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Fig. 1. In their pharmacological range, dapsone or nicotinamide do not reduce cell viability of NHEK. NHEK were stimulated with 4 mg/
ml IgG from a BP patient (BP IgG), IgG from a healthy volunteer (Normal IgG), and with medium alone (Medium). In addition, 4 mg/ml
normal human IgG was incubated with various concentrations of dapsone or nicotinamide (pharmacological ranges are indicated with ) for
12 h. Cell viability was analysed by a nonradioactive cell proliferation assay. Samples were tested in duplicate, bars show mean * SD.
*statistical significant difference in cell viability compared to normal IgG-treated NHEK (P < 0-01). O BP IgG; O Normal IgG; B Medium.

against GST-BP180 NC16A2-4) or with BP IgG, affinity-
purified from the BP patient’s serum, that contained antibodies
to BP180 but not to BP230. At the same time, dapsone in
concentrations of 40, 4, 0-4, and 0-04 wg/ml or nicotinamide in
concentrations of 1,000, 100, and 10 wg/ml were added to the
culture medium. After a 12-h incubation time, a dose dependent
inhibition of the IL-8, but not the IL-6 release into the culture
medium of dapsone-treated cells compared to normal rabbit or
human IgG-treated cells or medium alone was observed (data in
response to BP IgG shown in Fig. 2 and Fig. 3). In contrast,
nicotinamide concentrations of 1,000, 100, and 10 wg/ml did
not reduce the IL-6 and IL-8 release from NHEK treated with
IgG from R594 or from the BP patient (Fig. 2 and Fig. 3; data
not shown for R594 IgG).

Dapsone does not reduce the IL-8 release from NHEK that were
stimulated with normal IgG

When NHEK were treated with the combination of 4 mg/ml IgG
from a healthy control subject or preimmune rabbit IgG and
together with various dapsone concentrations, no difference of the
IL-8 release into the culture medium was observed compared to
treatment with normal IgG, but without any dapsone, or with
medium alone (data not shown).

Dapsone does not effect IL-8 mRNA levels of NHEK that were
stimulated with BP IgG

NHEK were cultured with 4 mg/ml R594 or BP patient’s IgG
together with dapsone concentrations between 0-04 and 40 pg/ml
for an incubation period of 12 h. Samples were then analysed
semiquantitatively by RT PCR. A difference of 3-5 cycles
corresponds to a 10-fold difference in cDNA concentration. IL-8
mRNA levels of NHEK that were treated with R594 IgG or
patient’s IgG were 6-0-fold (R594 IgG) and 5-1-fold (patient’s

IgG) higher compared to levels of cells treated with normal IgG or
with medium alone. When NHEK were stimulated with IgG
from R594 or the BP patient together with various dapsone
concentrations, IL-8 mRNA levels were not significantly different
compared to levels in NHEK treated with the same IgG
preparations but without dapsone (Fig. 4).

DISCUSSION

Dapsone is used effectively in treating subepidermal autoimmune
bullous diseases, including dermatitis herpetiformis and BP
[8,9,25]. The drug does not influence the deposition of IgA or
complement in the skin of patients with dermatitis herpetiformis
[25,26], but critically reduces the number of neutrophils in skin
lesions [11]. IL-8 is a strong chemoattractant for neutrophils and
dapsone was shown to reduce the IL-8-induced chemotaxis in
vitro [10]. Subsequently, suppression of neutrophil chemotaxis, at
least in part mediated by IL-8, has been suggested as the major
mode of action in the treatment of dermatitis herpetiformis
[10,27]. Neutrophils have also been shown to be crucial for
blister formation in both human and experimental murine BP
[3,5]. In addition, the biological importance of IL-8 in the
pathogenesis of BP has been implicated by i) the presence
of abnormally high IL-8 levels in blister fluid and sera of
BP patients [18] (ii) the observation that CS5-deficient [4] or
mast cell-deficient mice [19], that were otherwise resistant to
the pathogenic effect of antimurine BP180 IgG, could be
made susceptible to the IgG-mediated blistering by intradermal
injections of IL-8.

We have recently demonstrated that antibodies to human
BP180 NC16A mediate a dose-and time-dependent release of IL-
6 and IL-8 from cultured human keratinocytes [20]. In the present
study, we tested the effect of dapsone on the IL-8 release in this in
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Fig. 2. Dapsone inhibits the IL-8 release from NHEK, induced by IgG from a BP patient, in a dose-dependent manner. NHEK were
incubated with a combination of 4 mg/ml IgG, affinity-purified from the BP patient’s serum, and various concentrations of dapsone (BP
IgG + dapsone) or nicotinamide (BP IgG + nicotinamide) for 12 h. IL-8 levels after stimulation with BP IgG alone (BP IgG), IgG from a
healthy volunteer (Normal IgG), and culture medium alone (Medium) are shown on the left. IL-8 levels in the culture supernatant were
analysed in quadruplicate by ELISA. Bars show mean * SD (pg/ml). Asterisks indicate a statistical significant difference of the IL-8 release
compared to BP IgG-treated NHEK (P < 0-01). This pattern is representative of the patterns seen in three separate experiments with
keratinocytes from different donors. [J BP IgG; O Normal IgG; B Medium.
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Fig. 3. Dapsone does not inhibit the IL-6 secretion from NHEK, induced by IgG from a BP patient. NHEK were incubated with a
combination of 4 mg/ml IgG, affinity-purified from the BP patient’s serum, and various concentrations of dapsone (BP IgG + dapsone) or
nicotinamide (BP IgG + nicotinamide) for 12 h. IL-6 levels after stimulation with BP IgG alone (BP IgG), IgG from a healthy volunteer
(Normal IgG), and culture medium alone (Medium) are shown on the left. IL-6 levels in the culture supernatant were analysed in
quadruplicate by ELISA. Bars show mean * SD (pg/ml). Asterisks indicate a statistical significant difference of the IL-6 release compared
to BP IgG-treated NHEK (P < 0-01). O BP IgG; O Normal IgG; B Medium.
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Fig. 4. Dapsone does not inhibit the BP180-mediated increase of IL-8 mRNA levels in NHEK as analysed by RT PCR. NHEK were treated
with 4 mg/ml R594 (raised against recombinant human BP180 NC16A), preimmune rabbit IgG (Normal rabbit IgG), medium without any
IgG (Medium), and with the combination of R594 IgG together with various dapsone concentrations (left side). In addition, NHEK were
stimulated with 4 mg/ml IgG affinity-purified from a BP patient (BP IgG) or from a healthy volunteer (Normal human IgG), with medium
alone (Medium), and with the combination of patient’s IgG together with various dapsone concentrations (right side). Threshold cycles (Ct)
for amplification of IL-8 mRNA are presented, bars show means of triplicate determinations = SD. RT-PCR analysis was performed
semiquantitatively. A difference in Ct of 3-5 cycles corresponds to a 10-fold difference in mRNA concentration. Asterisks indicate a
statistical significant difference of the IL-8 release compared to R594 or BP IgG treated NHEK (P < 0-01). [J Anti-BP180 IgG; O Normal

IgG; B Medium.

vitro model which involved the treatment of NHEK with purified
IgG from a rabbit (immunized against recombinant human BP180
NC16A2-4) and from a BP patient. The patient’s serum reacted
with the N-terminal 45 amino acid segment of BP180 NC16A that
has previously shown to habor major antigenic sites for most BP
sera [20] and was unreactive with BP230.

In a first set of experiments, NHEK were incubated with
affinity-purified IgG from R594 and the BP patient in combina-
tion with various dapsone concentrations. Previously, stimulation
of NHEK with 4 mg/ml IgG and an incubation period of 12 h
have been determined as optimal conditions for the IL-8 release in
our experimental model [20]. Background levels of cytokines that
we saw with longer incubation periods in both medium alone and
medium containing normal human or normal rabbit IgG may
reflect the culture conditions on a plastic surface (and not human
dermis), or may result from unspecific stimuli produced by the
keratinocytes after some incubation time. The therapeutic serum
concentration of dapsone ranges from 0-5 to 5 wg/ml but may
reach higher levels in the skin [28]. In the present study, we
observed a dose-dependent suppression of the IL-8 release,
mediated by rabbit and human antibodies to BP180, at dapsone
concentrations within the pharmacological range. In contrast, the
IL-6 release was not decreased in response to the dapsone
treatment under these conditions. Therapeutic serum concentra-
tions of nicotinamide range from 1 to 40 wg/ml [29]. Unlike
dapsone, pharmacological doses of nicotinamide did not affect the
IL-8 release in our system. To exclude the possibility that dapsone
alone, without costimulation with IgG to BP180, suppresses the

IL-8 secretion, NHEK were stimulated with IgG affinity-purified
from a normal human serum together with various dapsone
concentrations. No effect on the IL-8 release was seen under these
conditions. In addition, cell viability was affected only by
unphysiological concentrations of dapsone or nicotinamide as
high as 400 wg/ml or 10 000 wg/ml, respectively. At these drug
concentrations, the reduced IL-8 secretion of NHEK compared to
treatment of NHEK with anti-BP180 IgG but without drugs may
be due to the decreased viability of NHEK. These findings suggest
that the IL-8 release from NHEK, in response to antibodies to
BP180, is suppressed by therapeutic concentrations of dapsone.
The reduction of the IL-8 release appears to be mediated by a
specific effect of this drug on NHEK.

In a final set of experiments, we investigated the effect of
dapsone on IL-8 mRNA levels of NHEK treated with rabbit or
human antibodies to BP180. Interestingly, dapsone did not
influence IL-8 mRNA levels in response to any of the 2 antibody
preparations. This finding suggests that dapsone exhibits its effect
on the post-transcriptional level in our system. Although IL-8
secretion is regulated primarily at the level of gene transcription
[30], post-transcriptional gene regulation of IL-8, including
influence on mRNA stability, has also been reported [31].

In summary, our data demonstrate that pharmacological doses
of dapsone inhibit the IL-8 release from cultured human keratino-
cytes, mediated by antibodies to BP180, in a dose-dependent fashion.
We further show that this inhibition may involve post-transcriptional
gene regulation. Our findings contribute to understand the mode
of action of dapsone in the treatment of BP.
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