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Apoptosis is a form of cell death that is claimed to be involved in a number of chronic inflammatory
and malignant skin diseases. The aim of this study was to investigate whether apoptosis may contribute to
the pathogenesis of epidermal changes in dermatitis herpetiformis (DR) and, in particular, whether certain
apoptosis-related markers such as Bax, Bcl-2, Fas and Fas ligand (FasL) take part in this process. For the
detection of apoptotic nuclei, terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate
nick end labelling technique (TUNEL) was employed on cryostat sections. Skin lesions from six and
perilesional skin from four DH patients were stained with monoclonal antibodies to Bax, Bcl-2, Fas and
FasL. The same evaluation was also performed on three patients affected by bullous pemphigoid (BP) and
in two healthy donors. Using TUNEL technique, a remarkable increase in the apoptotic rate within the
epidermal compartment was observed in DH and BP patients in comparison with normal controls. In our
immunohistochemical analysis, Bax/Bcl-2 ratio was almost the same in the epidermis of
perilesional/lesional DH, BP and healthy skin specimens. In DH and BP specimens both Bax and Bcl-2
proteins were increased in the dermal perivascular compartment. Fas showed a prevalently epidermal
staining, both in DH and BP lesions, while FasL was distributed in perivascular and subjunctional dermis;
some FasL+ cells infiltrated the DEJ and the basal layer of epidermis. This study allowed us to highlight
conspicuous apoptotic phenomena in basal and suprabasal keratinocytes within lesional and perilesional
skin ofDH. We conclude that in DH, as well as in BP, apoptosis plays a role in the pathogenesis of cutaneous
lesions in concert with other pathogenetic mechanisms.

Dermatitis herpetiformis (DH) is an autoimmune
subepidermal blistering disease characterized by
chronic and recurrent eruptions of erythematous,
urticarial, papular, vesicular and bullous lesions.
Granular IgA deposits at the dermal papillae
represent the immunological marker of the disease,
that is strictly associated with a gluten-sensitive
enteropathy (GSE), indistinguishable from coeliac
disease (CD) (1). To date, immunopathological

mechanisms that lead to blister formation in DH are
only partially known. In this respect, granular IgA
deposition at the dermo-epidermal junction (DEJ),
neutrophils and eosinophils together with activated
CD4+ Th2 lymphocytes are supposed to represent
the main immune mechanisms involved in the
pathogenesis of the disease (1-2).

Apoptosis is a sequence of events based on
cellular metabolism that lead to cell shrinkage,
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nuclear and cytoplasmic condensation, chromatin
fragmentation and phagocytosis. Cell death with
apoptotic morphology can be triggered by several
stimuli, including intracellular stress and receptor
mediated signaling. These signals feed into
evolutionary-conserved intracellular mechanisms,
which have mainly been traced to the activity of the
caspase family of cysteine-proteases, Three major
pathways have been identified in mammalian cells:
one involving death receptors, one the release of
cytochrome c from mitochondria and one the
disruption of calcium homeostasis and accumulation
of excess proteins in endoplasmic reticulum (3-7).

The death receptor pathway is initiated by some
cytokines of the TNF-a family such as TNF-a and
Fas ligand (FasL). These molecules can act as
extracellular activators of apoptosis upon binding to
their respective receptors, which include TNF
receptor 1 (TNFRl) and Fas, able to trigger
activation of caspase-8 and finally of caspase-3.

The mitochondrial pathway is triggered both by
external and internal cues, such as DNA damage.
Pro- and anti-apoptotic members of the Bcl-2 family
gather at the surface of mitochondria, where they
compete to regulate cytochrome c release. Members
of Bcl-2 family are characterized by one or more
conserved homology Bcl-2 (BH) domains and have
been classified in three functional groups. Members
of group I, such as Bcl-2, possess anti-apoptotic
activity, while members of group II, such as Bax, are
pro-apoptotic. In the event of apoptosis, cytochrome
c is released from mitochondria, leading to the
activation of caspase-9.

Both death receptor and mitochondrial pathways
converge at the level of effector caspase-3
activation. Activated caspases can be considered the
central executioners of the apoptotic pathway by
activation of the caspase-activated DNase (CAD),
which enters the nucleus and cleaves DNA to
produce DNA laddering. Such process is detectable
by terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate nick end labelling
technique (TUNEL).

Apoptosis is a key mechanism allowing
multicellular organisms to tightly regulate cell
growth, preventing pathological processes such as
cancer, immunodeficiency and autoreactivity (8).
Furthermore, programmed cell death plays an
important role during many inflammatory and

malignant pathological processes (9), including skin
diseases (10). In particular, Fas-induced keratinocyte
apoptosis plays a recognized pathogenetic role in
eczematous dermatitis (11), toxic epidermal
necrolysis (12), acantholytic bullous dermatosis (13)
and cutaneous lupus erythematosus (14).

No previous data are reported in literature
concerning the putative participation of apoptosis in
DH. Nevertheless, ultrastructural changes of DH
basal keratinocytes, consisting of desmosomal
alterations and a various degree of cytolysis, leading
to the so-called "ghost cells", has been described
since the sixties (15). Such cellular changes might
now be interpreted as the morphological expression
of an irreversible cellular damage. Moreover,
apoptotic mechanisms, such as the activation of
Fas/FasL pathway, play a major role in mucosal
flattening and remodeling in CD, as demonstrated
by several authors (16-17).

Thus, the aim of this study was to investigate if
apoptotic alterations might also be present in the
skin lesions of DH and to hypothesize which
mechanisms could lead to the activation of
keratinocyte death program.

The extent of apoptosis was also analyzed in DH
patients by detection of apoptotic nuclei by TUNEL
technique. Expression of apoptosis-associated
molecules such as Bc1-2, Bax, Fas and FasL was
then examined by immunohistochemical methods
and compared with normal skin and with bullous
pemphigoid (BP) specimens.

MATERIALS AND METHODS

Patients
Thirteen patients (eight males and five females; age

range 12-49; mean age 31.2), presenting clinical and
histological features typical of DR, were studied. All
cases had granular deposits of IgA at the tips of dermal
papillae and/or along the basement membrane of normal
appearing skin, as well as circulating IgA antibodies to
endomysium (EMA), gliadin (AGA) and to tissue
transglutaminase (anti-tTG antibodies).

Five patients affected by BP (age range 62-86, mean
age 75.6) and three healthy donors (two females, one
male) were also included in the study.

Biopsies
Upon informed consent, 4-mm punch biopsies were

performed under local ring anaesthesia on the bullous
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and/or peribullous skin of recent onset DH lesions, of not
less than 48 hours. None of the patients were undergoing
a gluten-free diet or taking dapsone or other
immunosuppressive drugs.

Thirteen samples (eight from bullous skin, five from
peri-bullous skin) were fixed with formalin for the
immunohistochemical procedure; eleven peri-bullous
specimens were immediately frozen in liquid nitrogen and
stored at -80° C until used for the in situ study ofapoptosis
with the TUNEL procedure. Additional samples were
obtained from five patients affected by BP; peri-bullous
skin was processed for TUNEL procedure while bullous
specimens for immunohistochemistry. Three more samples
from healthy donors were used as further control.

In situ detection ofapoptotic cells (TUNEL)
Skin cryostat sections were fixed with acetone for 15

min at room temperature, and washed with phosphate
buffered saline (pBS, pH 7.4) for 20 min. Endogenous
peroxidase was inactivated by incubating slides with
0.3% HP2 in methanol (v/v) for 30 min at room
temperature. TUNEL staining was carried out by using an
"In situ Apoptosis Detection kit" (Takara Bio Inc., Shiga,
Japan). Briefly, sections were permeabilized for 5 min at
4°C and then incubated with terminal-deoxynucleotidyl
transferase (TdT) in the presence of fluorescein
conjugated dUTP (TdT incubation buffer) for 90 min at
37°C in a humified incubator; and as negative control
reaction, one section from each patient was incubated in
the presence of TdT incubation buffer without TdT.
Sections were then washed three times with PBS for 5
min each wash and incubated with anti-FITC horse radish
peroxidase conjugated antibody for 30 min at 37°C:
sections were then washed three times with PBS and
stained with 3,3' -diaminobenzidine as the chromogen
(DAB Substrate System, Lab Vision Corp. Fremont, CA,
USA) for 15 min at room temperature. DAB staining
reaction was stopped by washing with distilled water, and
slides were counterstained with 3% methyl green.
Negative control was obtained for each sample by
replacing the primary incubation with a fluorescein
conjugated dUTP mixture without TdT. Sections were
then analyzed using a Leica DM-R microscope (Leica
Microsystems, Wetzlar, Germany).

Immunohistochemical procedure
The specimens were fixed in 10% formalin before

being processed in paraffin. Hematoxylin-eosin stained
sections from each histological specimen were reviewed
by two pathologists to confirm the histological diagnosis.
For immunohistochemical analysis, a representative
section for each specimen was selected. All sections were
deparaffined in Bio-Clear (Bio-Optica, Milan, Italy) and

hydrated with grade ethanol concentration until distilled
water; then they were placed in 3% hydrogen peroxide for
blocking endogenous peroxidase. Antigen retrieval was
routinely performed by microwave pre-treatment
(Microwave Micro Med TIT Mega, Milestone, Bergamo,
Italy) in citrate buffer 10mM pH 6.0 for 30 minutes. As
primary antibodies we used commercial mouse
monoclonal and rabbit polyclonal antibodies: anti-Bax
(rabbit polyclonal, Dako, Carpinteria, CA), anti-Bcl-2
oncoprotein (clone bcl-2/100/D5, Ventana Medical
Systems, Tucson, AZ), anti-Fas (clone GM30,
Novocastra, U.K.) and anti-Pas ligand (clone 5Dl,
Novocastra). All tissue sections were placed on the
Ventana Nexes automated stainer using as revelation
system IVIEW DAB Detection Kit (Ventana Medical
Systems). After the staining run was complete, tissue
sections were removed from the stainer, counterstained
with haematoxylin, dehydrated and mounted with
Permount. Negative controls were included with each run
by substituting the primary antibodies with no immune
mouse sera. A positive control was used for each
antibody: reactive lymph node (germinal center and
interfollicular lymphocytes) for Bax, hyperplasia and
follicular lymphoma for Bcl-2, small intestine for Fas and
prostate for Fas ligand. The control sections were treated
in parallel with the samples in the same run. Two
indipendent "blind" observers evaluated serial sections.
Stainings were quantitated using the following
nomenclature to indicate the cell number per field: weak
between 0 and 9, moderate between 10 and 19 and strong
greater than 20.

For statistical analysis, the stained cells were counted
in three consecutive microscopic fields (250X) and
statistical significance (p < 0.05) was assessed by
Student's t test.

RESULTS

In situ detection ofapoptotic cells
Using the TUNEL method, apoptotic cells were

found in basal and suprabasa11ayersofthe epidermis
in DR patients; such cells were even more numerous
near the dermo-epiderma1 detaching sites. Few
apoptotic cells were also present in the perivascular
areas of the dermis (figs. 1-2). Similar findings were
obtained in BP 1esiona1 skin, while neither epidermis
nor dermis of the healthy subjects and negative
control reactions showed TUNEL-positive cells.

Immunohistochemical findings
In DR 1esiona1 specimens, Bax protein was

moderately expressed along the basal epidermis,
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Fig. 1 (TUNEL 200)(, lesional DH) : DNAfragmentation
is detected within the nuclei giving a dark staining,
evidences apoptotic cells in basal and suprabasal layers
of the epidermis, and in the perivascular areas of the
dermis (black arrows). Such finding suggests
hyperactivation ofapoptosis in DH lesions.

Fig. 2 (TUNEL 250)(, lesional DH): Detail ofFig. 10. It is
shown that the dark staining is more evident at the detaching
sites. with particular enhancement at the papillar tips (black
arrows). The notable increase of apoptotic keratinocytes
would determine a damage ofthe dermoepidermaljunction.
contributing to split formation.
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Fig. 3: Diagram showing the quantitative expression of pro- and anti-apoptotic molecules investigated by
immunohistochemistry. Bax and Bcl-2 levels almost overlap. suggesting that the mitochondrial pathway is not
relevant in the induction ofapoptosis. Instead, the high expression ofepidermal Fas and dermal FasL indicates that
the death receptor pathway may play a significant role in the development of cutaneous lesions of dermatitis
herpetiformis and bullous pemphigoid.
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Fig. 4 (peroxidase 250X. lesional DH): Expression of the
pro-apoptotic protein Bax. Ba.x+ cells can be observed as
dark elements scattered in the perivascular and papillary
dermis (black arrows). In particular, the dermal papilla
on the left side of the picture shows an intense Bax
positivity given by the neutrophilic infiltration.

being significantly overexpressed (p < 0.0001) than
in perilesional sites, while no difference was seen
with respect to healthy controls (Fig. 3 and Table I).
Both in lesional and perilesional skin, Bax showed a
strong expression with a perivascular distribution in
the upper dennis (Fig. 4); the number of positive
cells was significantly higher than in healthy skin (p

Fig. 6 (peroxidase 250X. lesional DH): This image shows
that the anti-Fas antibody diffusely stains the cell surface
of the keratinocytes (black arrows). Since Fas receptor
may trigger an intracellular cascade that results in the
activation of apoptosis, this finding suggests that Fas
expressing keratinocytes are susceptible of programmed
cell death.

Fig. 5 (peroxidase 250X. perilesional DH): BcI-2+ cells
infiltrating perivascular dermis (black arrows). Bel-2 is
expressed in the same sites and with similar intensity of
Bax, indicating that the Bax/Bcl-Z ratio is balanced and
the mitochondrial pathway of apoptosis is not so
pathogenetically relevant in cutaneous lesions ofDH.

= 0.0037 and 0.0073, respectively).
Bcl-Z, mainly detected in basal keratinocytes

(Fig. 5), was more expressed in lesional than in
perilesional epidermis (p = 0.0002), while no
statistical difference could be highlighted in
comparison to healthy controls. In contrast, Bcl-2
dermal staining was strong in DH specimens,
showing a perivascular and interstitial pattern and

Fig. 7 (peroxidase 250X. lesional DH): Many FasL+
cells. appearing as intensely dark elements. infiltrate the
perivascular and subjunctional dermis. as well as the
epidermis (black arrows) . The topographic
correspondence between Fas+ keratinocytes and FasL+
cells allows to hypothesize that ligation of FasL to Fas
may activate the death receptor pathway ofapoptosis
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Table I: Immunohistochemical results
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DH lesional DH perilesional BP HS i o! Iv2 Iv3 v-l v5 Iv6
I Bax E 10.83 ± 5.23 266 ± 2.93 20.33 ± 9.89 11.0±3.0 < 0.0001 0.0026 NS < 0.0001 < 0.0001 0.0183

D 35.23 ± 23.35 27.25 ± 16.33 44.4 ± 11.51 10.11 ± 5.69 NS NS 0.0037 NS 0.0073 < 0.0001
BcI-2 E 13.73 ± 6.65 4.13 ± 5.60 19.82 ± 9.59 8.44 ± 3.68 0.0002 0.048 NS < 0.0001 NS 0.0035

D 35.86 ± 28.89 19.0±15.15 45.2 ± 16.38 8.44 ± 3.09 NS NS 0.0088 0.0004 NS < 0.0001

I Fas E 23.20 ± 14.62 1125 ± 7.06 18.0 ± 14.38 Negative NS NS NS
D 0.83 ± 1.61 10.66 ± 5.0 Negative Negative < 0.0001

FasL E 10.44 ± 6.88 9.33 ± 1.03 Negative Negative NS
D 48.73 ± 13.14 9.66 ± 2.25 33.55 ± 19.89 Negative < 0.0001 NS NS

pI: Dermatitis herpetiformis (DH) lesional versus (vs) DHperilesional
p2: DH lesionalvs Bullous pemphigoid (BP)
p3: DH lesional vs Healthy skin (HS)
p4: DHperilesional vs BP
p5: DHperilesional vs HS
p6: BPvsHS
E: number ofpositive epidermal cells (mean ± standard deviation from the mean)
D: number ofpositive dermal cells (mean ± standard deviation from the mean)
NS: not significant

being statistically over expressed in lesional than in
healthy skin (p = 0.0088).

Expression of Fas in basal layers of epidermis
resulted moderate both in lesional and perilesional
DH (Fig. 6), while there was no staining in healthy
skin specimens. Few Fas+ cells were detected in
perilesional DH skin within perivascular superficial
dermis,while no stainingwas evident in lesionalDH and
healthy skin dermis.

A moderate amount of infiltrating FasL+ cells was
demonstrable within basal keratinocytes either in lesional
or in perilesional DH epidermis, healthycontrols resulting
negative. Moreover, in lesional skin FasL expression was
very strong in superficial perivascular and subjunctional
dermis, with enhanced staining in correspondence to
papillartips (Fig.7). In perilesional DH specimens FasL+
cell infiltration was significantly lower(p< 0.0001)than in
lesional ones.Healthycontrols alwaysresultednegative.

With regard to BP findings, Bax was strongly
expressed both in basal epidermis and papillar dermis;
epidermal expression resulted significantly higher than
DH lesional(p = 0.0026)and perilesional specimens(p <
0.0001).Bcl-2 protein was overexpressedif comparedto
DH specimens either in basal epidermis (p = 0.0026 for
lesional and p < 0.0001 for perilesional ones) or in
perivascular superficial dermis (p = 0.0004 for
perilesional site).

Finally, Fas molecule was present in basal
keratinocytes, while FasL+ cells were localized at the
subjunctional level; no statistical differences could be
highlighted in comparison with DH specimens. Fas

dermal and FasL epidermalstainingsresulted negative.

DISCUSSION

To date, DH is considered an immune-based
dermatosis, although its pathogenesis is not
completely understood. A genetic background
(HLA-DQ2, -DQ8) seems to allow an immune
hyperactivity that induces specific humoral and cell
mediated responses when DH patients are stimulated
by environmental factors such as the ingestion of
gluten (18). Polyclonal IgA 1 antibodies are
detectable as junctional granular deposits in
perilesional DH skin; they seem to be able to
activate the complement cascade and subsequently
to enhance neutrophil chemotaxis and cytokine
elaboration. Some studies suggest that Th2
lymphocytes also play an important role in the DH
immunoinflammation (19).

Bearing in mind that apoptosis plays an
important role in immune-mediated dermatoses (11
14), we analyzed whether such process takes part in
the development of DH cutaneous lesions. The first
step of our study was the detection of DNA
fragmentation (the final process of all apoptotic
pathways) by TUNEL technique. We identified
numerous apoptotic cells in the basal layer of
epidermis in DH lesions, with enhancement in
correspondence of detaching sites, while no
TUNEL-positive cells were detectable in healthy
specimens. Thus, we demonstrated hyperactivation
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of apoptosis in DR and we speculated that such
process may take a part in the development of
cutaneous lesions. Such hypothesis is supported by
the conspicuous presence of apoptosis in another
autoimmune subepidermal blistering disease, i.e. BP.

Then, we investigated activation of the two major
apoptotic pathways, i.e. mitochondrial (by Bax and
Bcl-2 intracellular expression) and death receptor
ones (by Fas and FasL expression on cell surface).

With regard to mitochondrial pathway, in DR and
BP specimens both Bax and Bcl-2 proteins resulted
increased in dermal perivascular compartment.
Nevertheless, since TUNEL technique evidenced
only a few apoptotic cells in the dermis, it could be
speculated that balance of pro- and anti-apoptotic
mechanisms is almost maintained and that this
pattern would reflect an augmented turnover of
infiltrating cells within inflammatory sites (20). In
the epidermis, Bax/Bcl-2 ratio was almost the same
in perilesional/lesional DR, BP and healthy skin
specimens. The statistically significant differences
between perilesional DR, lesional DR and BP
specimens might be related to quantitative
differences in cell activation induced by diverse
amounts of inflammatory stimuli in the various
considered sites. Thus, we suggest that the
mitochondrial pathway of apoptosis would not be
relevant in DR.

The most important findings of our study
regarded the activation of apoptosis by death
receptor pathway in cutaneous lesions of DR. In
particular, we analyzed the expression of Fas and
FasL; binding of FasL to Fas induces intracellular
signals that eventually result in activation of
caspases that cause nuclear fragmentation,
beginning apoptotic cell death (21). As known,
coexpression of Fas and FasL sets the conditions for
spontaneous Fas-mediated cell death in the basal and
suprabasal layer of normal epidermis, although
keratinocyte apoptosis is very seldom observed
under physiological conditions (22). By contrast,
Fas-FasL system plays a major role in some skin
diseases such as toxic epidermal necrolysis (12).

In our immunohistochemical analysis, Fas
showed a prevalently epidermal staining both in DR
and BP lesions, while FasL was mainly distributed in
the dermis, some FasL+ cells also infiltrating the
DEI and the basal layer of the epidermis. Epidermal

Fas expression can be significantly upregulated by
different stimuli, including ultraviolet, cytokines
(IL-l~, TNF-a, IL-15 and IFN-y) (23) and viral
infection (24). Nevertheless, since no previous
studies were made on apoptosis in DR, trigger
factors of Fas hyperexpression in DR lesional
epidermis remain to be clarified.

Main infiltrating cell populations in DR lesional
skin are constituted by T lymphocytes and
neutrophils (19). Although FasL expression was
initially confined to activated T cells, recent studies
indicated that FasL can be expressed by neutrophils
and other cell types (24). Thus, in DR lesions FasL
might be prevalently expressed by neutrophils and
by T lymphocytes; such cells would then interact
with Fas+ basal keratinocytes, which would undergo
programmed cell death.

Besides Fas/FasL-mediated apoptosis, we
suppose that almost two other mechanisms, related
to dermo-epidermal detachment, can contribute to
apoptosis of basal keratinocytes: first, vesicle fluid
would exert mechanic compression and then cause
hypoxic damage (25-26), second, loss of connection
between the basal layer and the dermis below would
further enhance the apoptotic process (27-28).
Furthermore, similar results were obtained in
another subepidermal blistering disease such as BP,
where analogous mechanisms can be supposed to be
effective in the induction of programmed cell death.

To sum up, TUNEL technique and
immunohistochemistry allowed us to highlight pro
apoptotic protein expression and occurring apoptotic
phenomena in basal and suprabasal keratinocytes
within lesional and perilesional skin of DR. In
particular, quantitative and qualitative analysis of
some major pro-apoptotic proteins did evidence
early activation of programmed cell death, as
demonstrated by TUNEL-positivity in perilesional
DR skin with respect to healthy specimens.
Significantly lower expression of such molecules in
perilesional than in lesional DR skin could be
attributed to pathological processes related to the
later development of skin damage, i.e. cell
infiltration and blister formation.

Thus, we conclude that in DR, as well as in BP,
apoptosis plays a significant role in the pathogenesis
of cutaneous lesions in concert with the over
mentioned pathogenetic mechanisms.
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