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Dermatitis herpetiformis (DH) is a subepidermal autoimmune disease characterized by skin and intestinal lesions consistent with
coeliac disease. There are also some data that metalloproteinases (MMPs) are involved in the development of skin lesions in DH,
however their exact role in this process is not fully understood. The aim of the study was to investigate whether MMPs and their
inhibitors are involved in pathogenesis of DH. Skin biopsies were taken from 13 patients with active DH and from 10 healthy
subjects. The localization and expression of MMPs and TIMPs were examined by immunohistochemistry. MMPs expression was
detected in basal keratinocytes and in the whole epidermis in all of the DH subjects. Neutrophils in microabscesses and in blister
fluid were also positive for MMPs. Expression of TIMPs was moderate or weak in all examined biopsies. Our results allow us to
conclude that imbalance between these enzymes takes an important role in the pathogenesis of DH.

INTRODUCTION

Dermatitis herpetiformis (DH) is one of the subepi-
dermal autoimmune diseases characterized by skin and
intestinal lesions. Skin lesions include polymorphic erup-
tion (papules, vesicles) accompanied by severe pruritus.
Intestinal lesions, consistent with coeliac disease, are char-
acterized by atrophy of intestinal villi resulting in im-
munological process. In most cases intestinal disturbances
are subclinical, however a few patients have been pre-
sented with diarrhoea, malabsorption, and loss of body
weight. Diagnosis of DH is established on the base of
the results of direct immunofluorescent test (granular de-
posits of IgA in the papillae) and the presence of circulat-
ing IgA antibodies directed against endomysium and/or
tissue transglutaminase. Skin lesions in DH are histolog-
ically characterized by neutrophilic inflammatory infil-
trate leading to destruction of basement membrane zone
proteins. Impairment of type IV collagen, laminin, and
entactin results in degradation of anchoring fibers and
blister formation [1].

Correspondence and reprint requests to Agnieszka Zebrowska,
Department of Dermatology and Venereology, Medical Univer-
sity of Lodz, 5 Krzemieniecka Street, 94 017 Lodz, Poland; ze-
browskaaga@wp.pl

Recent data sugested that the main autoantigen in DH
is tissue transglutaminase. This enzyme has two isoforms:
tissue and epidermal [2, 3]. Binding of circulating anti-
tissue transglutaminase IgA antibodies with the antigen
causes formation of deposits in skin papillae and activa-
tion of complement followed by influx of neutrophiles
and release of proinflammatory cytokines [4, 5]. Various
inflammatory agents, including cytokines, are involved
in many biological processes, among others in overpro-
duction of metalloproteinases, especially stromelysins,
gelatinases, and matrilysins [6].

Matrix metalloproteinases (MMPs) and their in-
hibitors (tissue inhibitors of matrix proteinases, TIMPs)
are known to play a significant role in a number of phys-
iological and pathological processes. MMPs are a family
of zinc-dependent endopeptidases and their main func-
tion is the degradation of all components of extracellu-
lar matrix. Balance between MMPs and TIMPs is required
for morphogenesis, homeostasis, and tissue repair. An in-
creased expression of MMPs and a decreased expression
of TIMPs may occur in cancer, artheriosclerosis, and con-
nective tissue diseases [7].

Although metalloproteinases might be involved in the
development of skin lesions in DH, their precise role
in this process is not fully understood [8]. The goal of
the study was to investigate matrix metalloproteinases
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and their inhibitors expression and involvement in the
pathogenesis of DH. Collagenase (MMP1), gelatinase
(MMP2), 92 kd gelatinase (MMP9), and stromelysin 2
(MMP10) and TIMP1, TIMP2, TIMP3 tissue expression
and localization were examined by immunohistochem-
istry in lesional skin biopsies. Understanding the role of
these enzymes in the mechanisms of skin lesion forma-
tion may contribute to the development of new therapeu-
tic strategies.

MATERIAL AND METHODS

Patients

Thirteen patients (5 women, 8 men, mean age 44.78
years, range 18 to 64) in active stage of DH entered the
study. Seven out of 13 patients had skin lesions character-
ized by vesicles and itching papules, whereas others had
only erythematous papules.

Control group consisted of 10 patients (5 women and
5 men, mean age 42 years, range 19–49), recruited from
volunteers. Control group has not skin lesions.

DH diagnosis was established based on history, clini-
cal and histological features, and immunological tests [9].
Before entering the study all the patients and controls gave
written informed consent and the study was approved by
the local Ethics Committee of Medical University of Lodz.

Skin pathology. In all study, subject histological ex-
amination showed neutrophilic infiltrates, the presence
of Pierard’s abscesses, and—in some cases—subepidermal
blisters. In 7 samples, unilocular blisters displaying mul-
tiple neutrophilic papillary microabscesses were found.
Typical papillary microabscesses and very small vesicles
were observed in 4 biopsies.

Immunological characteristics of the patients. Direct
immunofluorescence test revealed the presence of granu-
lar deposits of IgA in skin papillae. Indirect immunoflu-
orescence test was positive for IgAEmA (Oesophagus
monkey IgAEmA, Medizinische Labordiagnostica, Den-
mark), in all the patients (titer 1:10–1:320, median 1:40).
Anti-tissue transglutaminase antibodies measured using
ELISA (Celikey, Pharmacia & Upjohn Freiburg, Ger-
many) method were present in 4 out of 13 cases (median
4.3 JU/mL).

Tissues

Formalin-fixed, paraffin-embedded biopsy specimens
(n = 13) lesions from buttock skin were taken. Addi-
tionally biopsy specimens were taken from buttock skin
from 10 healthy volunteers, age- and sex-matched with
patients.

Immunohistochemistry. Paraffin-embedded sections
(3–4 µm thick) were used for routine H+E staining and
for immunohistochemistry in DAKO EnVision detection
system using immunoperoxidase method. The following
primary mouse monoclonal antibodies were used: anti-
MMP1, anti-MMP2, anti-MMP9, anti-MMP10 and anti-
TIMP1, anti-TIMP2, and anti-TIMP3 (Novocastra).

For immunohistochemistry, the paraffin-embedded
sections were placed on adhesive plates and dried at
56◦C for 24 hours, later they were deparaffinated in a
series of xylen and alcohol with decreasing concentra-
tions (96%, 80%, 70%, 60%). Activity of endogenous
peroxidase was inhibited with 3% hydrogen peroxide so-
lution in methanol for 5 minutes.

In order to retrieve the antigenicity of tissues and al-
low them to react with antibodies, specific procedures
were used for each antibody, according to manufactur-
ers’ instruction. After incubation with diluted antibodies
for 60 minutes at room temperature, slidos were washed
with TRIS buffer twice. Then, DAKO EnVision double-
step visualization system was applied to visualize the
antigen-antibody reaction. In cases of positive immuno-
histochemical reaction, cellular nuclei were stained with
Meyer’s haematoxylin for 2 minutes. After dehydratation
and processing through series of acetone and xylene as de-
scribed above, the sections were fixed in Canadian balm.

The three-step semiquantitative scale was applied in
the evaluation of the intensity of immunohistochemical
reaction of markers used. The first step (weak intensity):
immunohistochemical reaction was limited to the sin-
gle epithelial cells and/or was only focally present in the
stroma. The second step (moderate intensity): immuno-
histochemical reaction was observed in part of epithelial
cells and/or was present in some areas of the stroma. The
third step (strong intensity): immunohistochemical reac-
tion was observed in numerous epithelial cells and/or was
present in large areas of the stroma.

Expression of four MMPs and TIMPs was assessed by
two independent pathologists using Nikon Microfob FXA
microscope (Nikon LTD, Japan).

RESULTS

Immunohistochemistry

Detailed characteristic of staining is presented in
Table 1.

Collagenase (MMP1)

A signal for collagenase was detected in basal ker-
atinocytes in all of the samples; in 8 out of 13 it was
very intensive. Collagenase expression was not only lim-
ited to basal keratinocytes but it was also detected in the
whole epidermis and its intensity was moderate (Figure
1). Polymorphonuclear lymphocytes in microabscesses (4
out of 13) and in blister fluid (5 out of 7) showed posi-
tive staining as well. Signal for MMP1 was detected also in
infiltrates of neutrophiles located around microabscesses
and in perivascular infiltrates. A moderate expression for
MMP1 was also found in stromal cells in 5 out of 13 biop-
sies.

Gelatinase (MMP2)

In skin samples (13 out of 13), high expression of
MMP2 was found in basal keratinocytes, while in other
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Table 1. Expression of MMPs and TIMPs in examined tissues. ND: nondetectable.

Localization

Positive biopsies/all biopsies

Enzyme
Basal Whole

Microabscesses Infiltration
Stromal Hair Blister

keratinocytes epidermis cells follicle fluid

Patients (N = 13) (N = 7)

MMP1 13/13 13/13 4/13 13/13 5/13 ND 5/7

MMP2 13/13 13/13 4/13 1/13 3/13 ND 5/7

MMP9 13/13 9/13 7/13 2/13 3/13 ND 6/7

MMP10 13/13 12/13 7/13 9/13 2/13 ND 5/7

TIMP1 13/13 13/13 9/13 5/13 2/13 ND 7/7

TIMP2 13/13 13/13 7/13 4/13 3/13 ND 4/7

TIMP3 13/13 13/13 6/13 4/13 3/13 ND 3/7

Controls (N = 10)

MMP1
Single — — — — 4/10 —

keratinocytes

MMP2
Single — — — — 4/10 —

keratinocytes

MMP9
Single — — — — 4/10 —

keratinocytes

MMP10
Single — — — — 4/10 —

keratinocytes

TIMP1
Single — — — — 4/10 —

keratinocytes

TIMP2
Single — — — — 4/10 —

keratinocytes

TIMP3
Single — — — — 4/10 —

keratinocytes

Figure 1. Skin lesions. Immunohistochemistry. Moderate ex-
pression of MMP1 in the whole epidermis and in blister fluid
(magnification: ×100).

layers of the epidermis MMPs expression was moderate.
Positive staining was also observed in polymorphonuclear
lymphocytes in microabscesses (4 out of 13) and in blister
fluid (5 out of 7). Only in one biopsy, MMP2 expression
was detected in infiltrates of neutrophiles located around
microabscesses and in perivascular infiltrates. In 3 out of
13 biopsies a moderate expression of MMP2 in stromal
cells was also found.

92 kd gelatinase (MMP9)

High expression of MMP9 was found in 3 out of 13
specimens in basal keratinocytes and in other biopsies the
expression of that metaloproteinase in basal keratinocyte
was moderate. In 9 out of 13 biopsies, its expression
was observed in the whole epidermis. Polymorphonu-
clear lymphocytes in microabscesses (7 out of 13) and in
blister fluid (6 out of 7) revealed positive staining as well.
In 2 biopsies, expression of MMP9 was detected in infil-
trates of neutrophiles located around microabscesses and
in perivascular infiltrates. A moderate signal for MMP9
was also found in stromal cells in 3 out of 13 biopsies.

Stromelysin 2 (MMP10)

In 4 out of 13 biopsies, the expression of MMP10
in basal kerationocytes was high (Figure 2) and in the
rest 9 moderate. In 12 biopsies the moderate expression
was observed in the whole epidermis. Polymorphonuclear
lymphocytes in microabscesses (7 out of 13) and in blis-
ter fluid (5 out of 7) showed positive staining as well.
In 9 biopsies a signal for MMP10 was detected in infil-
trates of neutrophiles located around microabscesses and
in perivascular infiltrates. A moderate signal for MMP10
was also found in stromal cells in 2 out of 13 biopsies.
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Figure 2. Skin lesions. Immunohistochemistry. High expression
of MMP10 in the whole epidermis and in blister fluid (magnifi-
cation: ×100).

Figure 3. Skin lesions. Immunohistochemistry. Weak expres-
sion of TIMP1 in the whole epidermis (magnification: ×100).

TIMP1

In contrast to metaloproteinases, expression of TIMPs
was assessed as moderate or weak in all examined biopsies
(Figure 3).

Moderate expression of TIMP1 was found in the
whole epidermis including basal keratinocytes in all biop-
sies as well as in 9 out of 13 specimens in polymorphonu-
clear lymphocytes in microabscesses. It was also revealed
in all (7 out of 7) biopsies in blister fluid. In 5 biop-
sies, a signal for TIMP1 was detected in infiltrates of neu-
trophiles located around microabscesses and in perivas-
cular infiltrates.

TIMP2

Moderate expression of TIMP2 was found in the
whole epidermis including basal keratinocytes in all biop-
sies (13 out of 13). Polymorphonuclear lymphocytes in
microabscesses (7 out of 13) and in blister fluid (4 out
of 7) also showed positive staining. In 4 biopsies, expres-
sion of TIMP2 was detected in infiltrates of neutrophiles
located around microabscesses and in perivascular infil-
trates. Moderate expression of TIMP2 was also found in
stromal cells in 3 out of 13 biopsies.

Figure 4. Healthy skin. Immunohistochemistry. Expression of
MMP1 in single basal keratinocyte. Biopsy from healthy indi-
vidual (magnification: ×400).

TIMP3

Weak expression of TIMP3 was found in the whole
epidermis including basal keratinocytes in all biopsies
(13 out of 13). Polymorphonuclear lymphocytes in mi-
croabscesses (6 out of 13) and in blister fluid (3 out of
7) showed positive staining; however it was significantly
weaker when compared to TIMP1 or TIMP2. In 4 biop-
sies, expression of TIMP3 was detected in neutrophil infil-
trates located around microabscesses and in perivascular
infiltrates and in 3 specimens in stromal area.

Controls

Expression of MMP1, MMP2, MMP9, MMP10 and
TIMP1, TIMP2, TIMP3 was examined using the same
method in 10 skin samples obtained from healthy volun-
teers. In all biopsies, only few basal keratinocytes showed
moderate expression of all the proteins (Figures 4 and 5).
In 4 hair-follicle biopsies, positive weak staining for the
above enzymes was present.

DISCUSSION

Both soluble and membrane-anchored metalopro-
teinases participate in degradation of extracellular ma-
trix (ECM) and might be involved in the development
of skin lesions which are present in various subepidermal
bullous diseases such as dermatitis herpetiformis, pem-
phigoid, and pemphigus [7, 10, 11].

Although pathogenesis of DH is still not fully eluci-
dated, there is an increasing evidence for primary role
of tissue transglutaminase. Recent studies suggested that
antibodies deposits formation in skin papillae directed
against tissue transglutaminase activates complement and
leads to accumulation of neutrophils with subsequent in-
flammation and degradation of extracellular components
[12, 13]. These phenomena are followed by formation
of characteristic histological and clinical features, that is,
subepidermal bullae and vesicles. It has been postulated
that formation of blisters might be a result of local metal-
loproteinases [12, 13].
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Figure 5. Healthy skin. Immunohistochemistry. Expression of
TIMP1 in single keratinocyte (magnification: ×400).

Moreover, the neutrophiles present in microabscesses
release IL-1β stimulating keratinocytes and fibroblasts to
produce collagenase [14]. On the other hand, experimen-
tal studies revealed that transglutaminase crosslinking to
anchoring fibres in the epidermis may also significantly
contributes to impairment of dermo-epidermal junction
[15].

There are some data on the localization and intensity
of expression of various MMPs in skin lesions obtained
from DH patients.

Airola et al [16] found that interstitial collagenase is
expressed only by basal keratinocytes in experimentally
induced DH lesions. According to our results, although
MMP1, MMP2, MMP9, and MMP10 expression is not re-
stricted only to basal keratinocytes, the strongest expres-
sion was detected just in this layer of the epidermis. In-
creased amounts of matrix metalloproteinases have been
demonstrated also in blister fluid. Several authors [10, 17]
revealed that collagenase and elastase released by poly-
morphonuclear neutrophiles, in addition to keratinocyte
metaloproteinases, are involved in the development of DH
skin lesions. It is possible that neutrophiles might be the
main source of collagenase activity in DH lesions [11, 18].

We have shown the presence of MMP1 in whole epi-
dermis and in infiltrates of neutrophils and microab-
scesses in all (13/13) biopsies; however in some cases it
was also present in blister fluid and stromal cells (5/13,
3/13 resp).

Very similar results refer to MMP2 (see Table 1); how-
ever its expression in neutrophils and in perivascular infil-
trates was observed only in one specimen. We have shown
that MMP2, similarly to MMP1, was highly expressed in
all keratinocytes. It was also observed in microabscesses,
blister fluid, and stromal cells (similarly to MMP1). Many
authors showed that MMP2 may originate from multi-
ple types of cells, mainly from dermal fibroblasts [19],
but also from macrophages [20], keratinocytes [21], T
lymphocytes [22], endothelial cells [23], and vascular

smooth muscle cells [24]. Therefore it is possible that large
amount of neutrophils in DH lesions was the reason for
weaker expression of MMP2 in our samples.

Gelatinase (MMP2) is a potent degradating enzyme of
the basement membrane. Most studies [25], including our
results, showed its expression in the whole epidermis. The
localization of MMP2 signal correlates with collagenase
and stromelysine signals.

A strong expression of MMP9 and MMP10 was seen
in basal keratinocytes only in 3 and 4 (resp) out of 13
biopsies. In almost all specimens a moderate expression
for those proteins was detected in upper layers of ker-
atinocytes and in case of MMP10 in infiltrates of neu-
trophils around microabscesses and in perivascular in-
filtrates. A moderate expression of MMP9 and MMP10
was detected in microabscesses (7/13, 7/13, resp) and blis-
ter fluid (6/13, 5/13, resp). In stromal cells, only in 2/13
biopsies moderate expression for MMP9 and MMP10 was
found.

MMP9 and MMP10 probably contribute to the for-
mation of DH blisters by degrading basement membrane
components [26]. We are in favour of this suggestion as
we observed their high expression in basal keratinocytes
and areas of intensive accumulation of neutrophils. Our
results may suggest that not only basal keratinocytes are
able to stimulate production of metalloproteinases.

Some authors [8, 16] found that overexpression of
matrix metalloproteinases may be due to the release of
cytokines by neutrophiles or by disregulation of plasmin
system.

In previous studies [27] it was demonstrated that blis-
ter fluid obtained from various bullous dermatoses con-
tains active proteases able to degrade collagen and elastin.
Particularly high levels of metalloproteinases (collagenase,
elastase) expression were present in DH blister fluids
[27, 28]. Increased collagenase activity in blister fluid was
detected by Oikarinen et al [6], which is consistent with
our results.

In this study we observed high expression of all ex-
amined MMPs in blister fluids. So we suppose that blister
fluid may be a good material for the assessment of con-
centration of MMPs in skin lesions.

One of the hypothesis on DH lesion development in-
volves the stimulation of collagenase inhibitor synthesis
by dermal fibroblasts. Interleukin-1 and other cytokines
released by epidermal and migrating cells under inflam-
matory process stimulate fibroblasts to produce both col-
lagenase [29] and its inhibitor [30]. Disregulation be-
tween these two enzyme families subsequently may result
in blister formation [31]. TIMPs block the activity of a
number of matrix metalloproteinases [32, 33]. That is why
it is possible that their low expression might play a role in
the development of subepidermal blistering diseases.

Intensity of expression of TIMP1, TIMP2, and TIMP3
in DH lesional biopsies was significantly lower as com-
pare to MMPs; however expression of these enzymes was
detected in all keratinocytes as well as in most of mi-
croabscesses and blister fluids. Less often, it was observed
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in infiltrates of neutrophiles around microabscesses, in
perivascular infiltrates, and in stromal cells.

Based on our results we may suggest that TIMPs’ ex-
pression in active DH lesions is significantly lower than
MMPs. It is not clear whether overexpression of MMPs or
low expression of TIMPs plays more important role in DH
skin lesion formation. Our results allow us to conclude
that imbalance between these groups of enzymes occurs
and it may play an important role in the pathogenesis of
the disease.

According to Liu et al [34] we also hope that therapeu-
tic methods targeted on this subject might be an option to
commonly used treatment.

More studies focused on this topic are needed to elu-
cidate the role of MMPs and TIMPs in DH pathogenesis.
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