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A b s t r a c t

IInnttrroodduuccttiioonn::  Bullous pemphigoid (BP) and dermatitis herpetiformis (DH) are
skin diseases associated with eosinophilc and neutrophilic infiltrations. Although
chemokines are critical for the selective attraction and activation of various
leukocyte subsets in the inflammatory process, there are few findings concerning
the link between chemokines and their receptors and pathogenesis of
autoimmune blistering disease.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Skin biopsies were taken from 10 patients with DH, 
14 with BP and from 10 healthy subjects. The localization and expression of
eotaxin, TARC, MCP-1, CCR-1, CXCR-1 and CXCR-2 in skin lesions and perilesional
skin were examined by immunohistochemistry. In addition, the serum
concentration of selected cytokines was measured by immunoassays method.
RReessuullttss::  Expression of eotaxin and TARC was detected in skin biopsies from BP
and DH patients both in the epidermis and in inflammatory influx cells of dermis.
Expression of MCP-1 was observed in the same areas, hovewer exclusively in
specimens for BP patients. Chemokines expression was detected in both
perilesional and lesional skin areas but it was much lower in the former one.
CCR-1, CXCR-1 and CXCR-2 expression was confirmed in lesional as well as
perilesional skin. The expression of the examined chemokines and their receptors
was not observed in biopsies from healthy people.
CCoonncclluussiioonnss::  Our research leads to the assumption that chemokines may play
a role in the activating and recruiting eosinophils and neutrophils and suggest
that difference in chemokine expression pattern may contributes to variations
of the cellular infiltration and tissue damage in DH and BP patients.

KKeeyy  wwoorrddss:: chemokines, chemokine receptors, pemphigoid, dermatitis herpetiformis.

Introduction

Dermatitis herpetiformis (DH) is one of the subepidermal autoimmune
bullous diseases (ABD) characterized by polymorphic skin lesions include
accompanied by severe pruritus [1]. Diagnosis of DH is established on the
results of direct immunofluorescence test (DIF) revealing of IgA granular
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deposits in the papillae and the presence of IgA
circulating antibodies against endomysium and/or
tissue and epidermal transglutaminase (tTG, eTG)
[2, 3]. Skin lesions in DH are histologically
characterized by neutrophilic infiltration leading to
destruction of basement membrane zone (BMZ),
anchoring fibers and to blister formation [4-6].

Bullous pemphigoid (BP) is a blistering disease,
characterized by inflammatory infiltrate on the
dermis, presence of IgG and C3 deposits along the
basement membrane zone and circulating IgG auto-
antibodies. Autoantibodies binding to autoantigens
(glycoproteins: 230 kD – BPAG1 and 180 kD –
BPAG2) localized in the basement membrane of the
epidermis activate a series of immunological and
enzymatic phenomena leading to destruction of
basement membrane components and anchoring
fibers and to blister formation as in DH [7, 8].

Ultrastructural studies confirmed also the
presence of intensive inflammatory infiltration at
dermo-epidermal junction, as well as destruction of
hemidesmosomes and components of extracellular
matrix [9].

Formation of influx is preceded by early
accumulation of leukocytes, depending on activi-
ty of adhesion molecules. The complex of
autoantibodies and antigens triggers activation of
keratinocytes which release interleukin 6 and
interleukin 8. It also activates C5 component of the
complement and metalloproteinases – the enzymes
produced by eosinophiles and neutrophiles
attracted to the basement membrane by selectins
and integrins and chemokines [10, 11]. Chemokines
are important chemoatractants for both
eosinophiles and neutrophiles and take part in
many processes through their receptors. Some of
them are highly specific whereas others may
interact with more than one ligand [12, 13].

Only a few studies available suggested the
chemokines’ role in generating the inflammatory
influx in autoimmune blistering diseases. Eotaxin
(CCL11) is a chemoatractant for eosinophils, pre-
dominant in the skin lesions in BP [14]. Receptors
for the other chemokine – TARC (thymus and
activation-regulated chemokine/CCL17) are located
e.g. on neutrophiles, which are the are main influx
cells in skin lesions in DH [15]. MCP-1 (monocyte
chemoattractant protein-1, CCL-2) is vital for
monocytes, lymphocytes and basophiles function
[16]. For our research we have chosen the following
chemokines’ receptors: CCR-1 receptor for RANTES
(CCL5/RANTES – regulated upon activation normal
T lymphocyte expressed and secreted) [17], CXCR-1
and CXCR-2 – receptors for IL-8 [18]. There are
literature data confirming contribution of RANTES
and IL-8 in pathogenesis BP and DH [11, 16, 18]. That
is why we haven’t focused on it in our studies.

The goal of this study was to assess
aforementioned chemokines and chemokines
receptors expression in skin lesions and perilesional
area in patients with BP and DH. The recruitment
and activation of leucocytes in the skin lesions are
thought to be a critical stage in the pathogenesis
of BP and DH diseases. As chemokines are specific
and potent leukocyte chemoatractants, they make
good candidates to be the molecular regulators
responsible for attracting the specific immune
autoantigen and for activating leukocyte influx in
the skin.

Material and methods

PPaattiieennttss

Twenty four patients with newly diagnosed
disease were included in the study (10 with DH and
14 with BP). Ten untreated patients with DH 
(5 women, 5 men average 44.8 years; ranging: 
18-58 years) were in an active stage of the disease.
Eight out of 10 patients had skin lesions
characterized by vesicles and itching papules, the
others had erythematous papules. In all cases
histological pictures showed perivascular
neutrophilic infiltration, presence of Pierrard’s
abscesses, and in all patients small subepidermal
blisters. In 8 out of 10 samples large unilocular
blisters displaying multiple neutrophilic papillary
microabscesses were found. The histopathologic
findings in all cases were fully in accordance with
Ackerman criteria as unilocular blisters along with
influx and small vesicles were founded [19]. Direct
immunofluorescence tests revealed the presence
of granular deposits of IgA in skin papillae and
indirect immunofluorescence test were positive
for IgAEmA (Oesophagus monkey IgAEmA,
Medizinische Labordiagnostica) in all the patients
(titer 1 : 10 – 1 : 320, average 1 : 40). Anti-tissue
transglutaminase antibodies measured using an
immunoassay (Celikey, Pharmacia & Upjohn) were
present in 6 out of 10 cases (average 4.3 IU/ml
(range: 0.0-156.3 IU/ml). Diagnosis of DH was
established based on both the clinical presentation
and results of histological and immunological
examination.

Fourteen untreated patients (6 women, 8 men,
average 68,5 years, ranging: 58-84) with BP
entered the study. Pemphigoid was diagnosed
based on clinical picture, and histological and
immunological findings [7]. The patients were at
an active stage of the disease. In 12 out of 14 pa-
tients skin blisters, vesicles and itching papules
where observed, whereas the others had only
small vesicles and urticarial papules. Typical
histological features of BP, including neutrophilic
infiltration, eosinophiles, lymphocytes and in 
12 cases – subepidermal blisters supported the
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clinical diagnosis. In all the patients direct
immunofluorescence test revealed IgG/C3 linear
deposits along BMZ. In the salt split test, deposits
were observed in epidermal part of the blister.
Using the indirect immunofluorescence test,
circulating IgG antibodies were found in all 14/14
patients however ELISA test showed the anti-
NC16 a autoantibodies (MBL, Nagoya, Japan)
present in the serum in 12 out of 14 patients.

The control group consisted of 10 healthy
persons (5 women and 5 men, age range between
19 and 49 years, average: 42 years). These subjects
were carefully matched both patient groups as far
as the age and sex.

All the patients were fully informed before
signing a prior to entering the study and the study
protocol (RNN/132/07/KB) was approved by The
Local Ethical Committee of the Medical University
of Lodz.

TTiissssuuee  ssppeecciimmeennss

The biopsies were taken from the buttock or
trunk skin before administration of any (topical or
systemic) treatment. The skin lesions had been
developing for a period ranking from 2 weeks to 
3 months. The biopsy specimens were taken from
buttock skin of the healthy volunteers too.

IImmmmuunnoohhiissttoocchheemmiissttrryy

Paraffin-embedded sections (3-4 µm thick) 
were used for routine H+E staining and 
for immunohistochemistry with DAKO EnVision
detection system using immunoperoxidase method.
The following primary monoclonal antibodies were
used: anti-eotaxin (clone 43911), TARC (clone
124302), MCP-1 (clone 23002), CCR-1 (clone 53504),
CXCR-1 (clone 42705) and CXCR-2 (clone 48311); all
of them obtained from R&D, United Kingdom.

For immunohistochemistry, the paraffin-
embedded sections were placed on adhesive plates
and dried at 56°C for 24 h, later deparaffinated in
a series of xylens and alcohols with decreasing
concentrations (96, 80, 70, 60%). Activity of
endogenous peroxidase was inhibited with 3%
hydrogen peroxide solution in methanol for 5 min.

In order to retrieve the antigenicity of tissues
and allow them to react with antibodies, specific
procedures were used for each of the tested
antibody, according to the manufacturer’s
instructions. After incubation with diluted
antibodies for 60 min at room temperature, they
were washed with TRIS buffer twice. DAKO
EnVision double-step visualization system was
then applied in order to visualize the antigen-
antibody reaction. In cases of positive im-
munohistochemical reaction cellular nuclei were
stained with Meyer haematoxylin for 2 min. After
dehydratation and processing through series of

acetones and xylenes the sections were fixed in
Canadian balm.

SSeemmiiqquuaannttiittaattiivvee  aannaallyyssiiss

In each specimen staining intensity of eotaxin,
in the epidermis and inflammatory infiltrations and
CCR-1, CXCR-1 as well as CXCR-2 in inflammatory
infiltrations were recorded by two independent
observers in 7-10 adjacent high power fields and
graded on the scale from 0 (staining not detectable)
through 1 (minimal immunostaining in some cells)
and 2 (weak immunostaining intensity in all cells)
to 3 (strong staining in all cells). The mean grade
was calculated by averaging grades assigned by the
two authors and approximating the arithmetical
mean to the nearest unity.

MMoorrpphhoommeettrryy

Histological morphometry of the immuno-
expression of TARC, in epidermal and inflammatory
cells and MCP-1 in inflammatory cells only was
performed by using an image analysis system
consisting of a PC computer equipped with an optical
mouse, Indeo Fast card (frame grabber, true-colour,
real-time), produced by Indeo (Taiwan), and colour TV
camera Panasonic (Japan) coupled to a Carl Zeiss
Jenaval microscope (Germany). This system was
programmed (MultiScan 8.08 software, produced by
Computer Scanning Systems, Poland) to calculate:
• the number of objects (semi-automatic function),
• the surface area of a structure using stereological

net (with regulated number of points).
The percentage of TARC and MCP-1 im-

munopositive inflammatory cells was estimated
by counting in each slide 100-120 inflammatory
cells in 7-10 adjacent high power fields (semi-
automatic function). The staining for TARC in
epidermal cells was measured using point-
counting method, which is an adaptation of the
principles of Weibel [20]. The point spacing was
16 µm. The total number of the points of a net
was 169, and the total area was 36864 sq. µm.
Under the net described above, 7-10 randomly
selected adjacent fields of the epidermis were
investigated. The percentage of TARC positive
staining was an expression of the number of
points overlying TARC positive areas as 
a percentage of the total points counted.

SSeerruumm  cchheemmookkiinnee  lleevveellss

Selected chemokine levels were measured in
the serum of all patients and the healthy controls
who had undergone skin biopsy. Five cm3 of
venous blood were drawn from the ulnary vein
and after centrifugation the serum was stored at
–20°C for an immunoassay procedure. Protease
inhibitor was added to sera after their collection
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(Protease Inhibitor Cocktail, Calbiochem, San
Diego, USA).

The enzyme-linked immunoassays were used to
measure TARC, MCP-1 and eotaxin. Immunoassays
were obtained from R&D, United Kingdome.

SSttaattiissttiiccaall  aannaallyyssiiss

Parametric data were expressed as mean ± SD
whereas nonparametric data as median (low and
upper quartile). Differences between groups were
tested using unpaired Student’s t-test preceded by
evaluation of normality and Levene’s test. The
Mann-Whitney U test was used where appropriate.
Results were considered statistically significant
when p < 0.05.

Results

CChheemmookkiinnee  eexxpprreessssiioonn  iinn  sskkiinn  bbiiooppssiieess  

In skin lesion biopsies, most of BP patients
revealed strong expression of eotaxin (n = 9) (mean
0.92, ± SD 0.78). In five patients eotaxin expression
was assessed as moderate (Figure 1A).

In biopsies of perilesional skin, eotaxin
expression was present in all patients with BP
(mean 0.27, ± SD 0.17). In majority of patients (n = 8)
moderate intensity of eotaxin expression was
present, where as in six patients strong eotaxin
expression was observed.

Similar data were obtained from lesion biopsies
in patients with DH (mean 0.82, ± SD 0.94).
Although eotaxin expression was present in all
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FFiigguurree  11AA..  Expression of eotaxin in lesional skin 
of bullous pemphigoid. Original magnification 400×

FFiigguurree  11BB..  Expression of eotaxin in lesional skin 
of dermatitis herpetiformis. Original magnification
400×

FFiigguurree  11CC..  Expression of eotaxin in perilesional skin
of bullous pemphigoid. Original magnification 400×

FFiigguurree  11DD.. Expression of eotaxin in perilesional skin of
dermatitis herpetiformis. Original magnification 400×



Arch Med Sci 3, September / 2009 479

Eotaxin (CCL11), TARC [thymus and activation-regulated chemokine (CCL17)], MCP-1 (CCL2) and CCR-1, CXCR-1, CXCR-2 expression 
in dermatitis herpetiformis and bullous pemphigoid

FFiigguurree  22AA..  Expression of TARC in lesional skin 
in dermatitis herpetiformis. Original magnification 400×

FFiigguurree  22CC.. Expression of TARC in perilesional skin
in dermatitis herpetiformis. Original magnification 400×

FFiigguurree  22BB..  Expression of TARC in lesional skin 
in bullous pemphigoid. Original magnification 400×

patients, in all but one patient the expression was
low (Figure 1B). Eotaxin expression was detected
predominantly in subepidermis area, especially in
damaged tissues.

In skin biopsies of perilesional area taken from
patients with DH, eotaxin expression was much
weaker than in patients with BP (mean 0.14, ± SD
0.2, p = 0.46) (Figure 1C, 1D). Eotaxin expression
in perilesional skin was present only in 3 out of 10
patients. Eotaxin expression was limited to lower
parts of epidermis and to influxed inflammatory
cells in the dermis. In skin biopsies from patients
with BP and DH eotaxin expression was detected
both in epidermal cells and in influxed
inflammatory cells located mostly in dermis.

Eotaxin expression was not present in skin
biopsies from healthy individuals.

In patients with DH, TARC expression was much
lower than in patients with BP (mean 3.8 ± SD 8.7,
p < 0.05) (Figure 2A). In biopsies taken within area
of the lesions, TARC expression was low and
detected in keratinocytes in two patients and
strongly detected in keratinocytes and inflammatory
cells in one out of 10 patients. When skin biopsies
from perilesional skin were analyzed in 3 out of 
10 patients TARC expression in keartinocytes was
low (one patient showed low TARC expression only
in inflammatory cells).

In 10 out of 14 biopsies taken within skin
lesions areas TARC expression was present in cells

FFiigguurree  22DD..  Expression of TARC in perilesional skin 
in bullous pemphigoid. Original magnification 400×
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located in lower part of epidermis (mean 11.64 ±
SD 1.9). In 6 out of 14 patients with BP TARC
expression was also present in single in-
flammatory cells located in the subepidermis
(Figure 2B). In skin biopsies taken from skin in
regions surrounding the lesions in BP patients,
low TARC expression was found. TARC expression
was not limited to keratinocytes but also was
present in subepidermal inflammatory cells
(Figure 2C, 2D).

TARC expression in healthy subjects was very
low, localized mostly in single keratinocytes in
lower part of the epidermis.

Strong MCP-1 expression was present in 2 out of
14 patients with BP and moderate expression was
detected in 4 out of 14 individuals in skin lesions (mean
7.7 ± SD 10.9). In patients with BP in perilesional skin,
MCP-1 was strongly expressed in inflammatory cells
in 2 out of 14 patients and the moderate expression
was detected in 3 out of 14 patients.

MCP-1 expression was not detected in any
patients with DH neither in perilesional area and
was very low in skin lesions (BP vs. DH, p = 0.63)
(Figure 3A, 3B). MCP-1 expression was not present
in healthy individuals.

CChheemmookkiinnee  rreecceeppttoorrss  eexxpprreessssiioonn

In patients with DH, CXCR-1 expression was
higher (Figure 4A). CXCR-1 was expressed in all
patients when lesions areas were studied and in 
5 out of 10 patients with DH in perilesional areas.
One DH patient revealed high CXCR-1 expression
as assessed by a pathologist.

CXCR-1 positive cells were found in lesion areas
in 8 out of 14 BP patients (Figure 4B). Some CXCR-1
positive cells were found in perilesional areas in
biopsies from BP patients, however expression of
CXCR-1 was weak.

Patients with DH revealed much higher CXCR-1,
expression in skin lesions as compared to BP subjects
(0.67 ±0.18 vs. 0.15 ±0.24 respectively, p < 0.001) as
shown in Figure 4C. None of the healthy subjects
revealed CXCR-1 expression.

In skin lesions in patients with BP, CXCR-2
expression was found in all patients and was
assessed as a strong one in one patient (Figure 5A).
In patients with BP only few cells revealing CXCR-2
expression were found in biopsies taken from
lesions surrounding areas.

When biopsies taken in areas of skin lesions
were analyzed, CXCR-2 expression was present in
all subjects, and was assessed as strong in half of
patients with DH (Figure 5B). Only 4 patients with
DH revealed weak CXCR-2 expression in areas
surrounding lesions.

CXCR-2 expression was not found in any tissue
obtained from healthy subjects (Figure 5C). Patients
with DH revealed much higher CXCR-2 expression
in skin lesions as compared to BP subjects (1.1 ±0.87
vs. 0.31 ±0.24, respectively, p < 0.001) as shown in
Figure 5D.

CCR-1 expression was weak in cells from skin in
biopsies taken from areas containing lesions (5 out
of 14 patients) (Figure 6A) and similarly in patients
with BP perilesional skin (4 patients out of 
14 studied) (p = 0.4).

Patients with DH had even lower CCR-1
expression (Figure 6B). CCR-1 expression was
detected in two cases when biopsies from lesions
were investigated, and in one patient out of 
10- when areas surrounding lesions were studied.

CCR-1 expression was not detected in any tissue
specimens obtained from healthy subjects.

SSeerruumm  cchheemmookkiinneess  lleevveellss

These nonparametric data were expressed as 
a median (upper and lower quartile) The TARC levels
were similar in DH and BP patients as well as in
healthy controls (220 pg/ml, 14.6-438.5 vs. 249.4
pg/ml, 174.7-454.8 and 158.6 pg/ml, 93.4-276.6)
respectively. MCP-1 levels were statistically higher
in BP patients (368.0 pg/ml, 274.0-466) as com-
pared to patients with dermatitis herpetiformis
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FFiigguurree  33AA..  Expression of MCP-1 in lesional skin 
in dermatitis herpetiformis. Original magnification
400×

FFiigguurree  33BB..  Expression of MCP-1 in lesional skin 
in bullous pemphigoid. Original magnification 400×
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(301.6 pg/ml, 189.4-367.1 respectively, p < 0.05)
(Figure 7), although no differences as compared to
healthy subjects were detected. Both the patient
groups (DH and BP) and healthy controls did not
differ in eotaxin serum concentrations (148.0 pg/ml,
108.9-196.2 vs. 157.9 pg/ml, 117.8-207.0 vs. 119.4
pg/ml, 112.2-136.8, p > 0.05).

Discussion

Pathogenesis of bullous diseases is not well
known, although several aspects of their
pathogenesis has already been elucidated [1, 3, 7,
10]. BP and DH are diseases characterized by
inflammatory changes in the area surrounding skin

lesions typical for the disease including (but not
limiting to) an increase of adhesion molecules
expression, in vessel and connective tissue, an
influx of various inflammatory cells, and local
increase in proinflammatory cytokine synthesis. Due
to differences in composition of inflammatory cells
in both DH and BP, it was of interest to analyze the
chosen chemokines and chemokine receptors
expression in skin lesions, which might play an
important role in selective recruitment of leukocytes
to the skin.

In this paper we were investigating the
expression of selected chemokines and its receptors
in the well described patients with BP and DH. We
compared the patients’ results with healthy

Eotaxin (CCL11), TARC [thymus and activation-regulated chemokine (CCL17)], MCP-1 (CCL2) and CCR-1, CXCR-1, CXCR-2 expression 
in dermatitis herpetiformis and bullous pemphigoid

FFiigguurree  44BB..  Expression of CXCR-1 in lesional skin 
in bullous pemphigoid. Original magnification 400×

FFiigguurree  44AA..  Expression of CXCR-1 in lesional skin 
in dermatitis herpetiformis. Original magnification
400×

FFiigguurree  55BB..  Expression of CXCR-2 in lesional skin 
in dermatitis herpetiformis. Original magnification 400×

FFiigguurree  55AA..  Expression of CXCR-2 in lesional skin 
in bullous pemphigoid. Original magnification 400×
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subjects. In our study only TARC expression was
detected in the healthy subjects, because TARC
(Thymus and activation-regulated chemokine/CCL17),
SLC (secondary lymphoid tissue chemokine), BCA-1
(B-cell activating chemokine 1) and MDC (macro-
phage-derived chemokine) are constitutive
chemokines [21, 22]. Noteworthy, its expression was
very weak and limited to single keratinocytes in the
lower part of epidermis. All these data put together,
may suggest that chemokines and chemokine
receptors expression is localized within the area of
skin lesions and it is tightly regulated.

Eotaxin (CCL11) involvement in pathology of BP
and DH was studied by several authors [14, 23-26].
Typical inflammatory changes in BP involve
eosinophiles and neutrophiles accumulation within
skin lesions. Eotaxin probably is the chemokine
responsible for eosinophiles presence. Its expression
in tissue and presence in bullous fluid was
investigated by Wakugawa et al. [14], Abdelilah 
et al. [23] and Frezzolini et al. [24]. Our data may

suggest that eotaxin expression is higher in patients
with BP as compared to patients with DH. The
immunoreactivity for eotaxin was found to be
localized mostly in the upper dermis of lesional and,
to a lesser extent, perilesional skin. Eotaxin
immunostaining was observed to be expressed by
both eosinophiles and lymphocytes at perivascular
sites and was also widespread throughout the upper
and middle dermis. This phenomenon is probably
connected with eosinophilic influx characteristic for
BP. Although eotaxin was also found in skin biopsies
from patients with DH, some authors did not find
its increase in serum obtained from patients with
DH as compared to healthy subjects [25, 26].

Some researches show that eotaxin serum
concentration is elevated in BP patients [16, 24, 27]
but our results are different. Frezzolini et al. [24] and
Shrikhande et al. [27] used ELISA the same method
as ours, but the groups were smaller than ours.
Nakashima et al. [16] however they used a different
method a sandwich immunoassay-based protein
array system, had the biggest group (38 BP
patients). Large amounts of eotaxin were detected
both in serum and blister fluids of BP patients in
Frezzolini et al. results. In this paper mean serum
levels of eotaxin in BP were significantly increased
when compared to both healthy and pemphigus
vulgaris donors. In our results both the patients and
control groups did not differ in eotaxin serum
concentrations. More studies on bigger groups are
needed in our opinion.

There is a vast amount of data supporting the role
of TARC in pathogenesis of Th2 – like diseases (e.g.
atopic dermatitis [21]). In our study TARC expression
was higher in patients with BP as compared to
patients with DH. Kakinuma et al. [15] delivered similar
data studying TARC expression in epidermal
keratinocytes. Our findings are in contrast with
Kakinuma et al. [15] data concerning TARC
concentration in sera in patients with BP in
comparison to patients suffering from pemphigus
vulgaris and in healthy subjects. Although the same
method (ELISA) was used, but from other
manufacturer (Genzyme Corp., USA), in our study
there was no significant difference in serum
concentration between BP patients and control group.

According to our knowledge, no published data
are available about TARC expression in DH. In our
patients with DH TARC expression was very low and
mostly limited to single keratinocytes and influx
inflammatory cells.

We have found MCP-1 expression only in
patients with BP and in none of the subjects
suffering from DH. Monocyte chemoattractant
protein-1 (MCP-1) is a member of the CC family and
is a potent agonist for monocytes, T lymphocytes,
natural killer cells, and basophiles but not
neutrophiles [22]. Nakashima et al. [16] report serum

A. Żebrowska, A. Erkiert-Polguj, M. Wągrowska-Danilewicz, M. Danilewicz, R. Pawliczak, A. Sysa-Jędrzejowska, E. Waszczykowska

FFiigguurree  55CC..  Expression of CXCR-2 in healthy subjects.
Original magnification 100×
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FFiigguurree  55DD.. Expression of CXCR-2 in patients with BP
and DH. Morphometric analysis. PL – perilesional
skin, L – skin lesions. Data from 11 patients with BP,
7 patients with DH and 4 healthy volunteers
*p < 0.02 as compared to BP
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levels of chemokines, including RANTES, eotaxin,
MCP-1, MCP-2 and MCP-3 in patients with BP. In
their paper serum of levels MCP-1 were significantly
increased in patients with BP as compared to
healthy controls. Furthermore, serum levels of IP-10
(interferon-inducible protein-10), MIG (monokine
induced by IFN-γ), MCP-1 and eotaxin in patients
with BP significantly increased depending on the
disease severity and the volume of affected skin
area. This study suggests that, while various
chemokines are involved in the pathomechanism
of BP, MCP-1 has a significant contribution in
eosinophiles and leucocytes recruitment [16]. In DH
the infiltration consists of neutrophiles which can
be related to the absence of MCP-1 in skin lesions.

CCR1 is a chemokine receptor for RANTES.
RANTES seems to be involved in BP pathogenesis
mostly due to its chemotactic activity of attracting
the eosinophiles [12, 13]. Prominent CCR1 expression
in skin lesions and surrounding area in patients with
BP may directly suggest both RANTES and CCR1 role
in BP pathogenesis. Our finding goes along with the
earlier data suggesting RANTES prominent role in
skin inflammatory changes in BP [17]. Interestingly
CCR1 is far less expressed in skin lesions in DH as
compared to BP. This may suggest that eosinophilc
infiltration present in both BP and DH [14], has 
a different underlying mechanism. RANTES is one
of many cytokines and chemokines [e.g. IL-2
(interleukin-2), IL-3, IL-8, MCP-2, MCP-3, MCP-4]
acting as eosinophiles chemoatractants [12].

CXCR1 is one of a few a receptors for IL-8
(CXCL8). The role of IL-8 in pathogenesis of BP has
been validated in several papers [18, 28-31]. Albeit,
the role of IL-8 is well documented in DH, there are
some controversial data regarding its synthesis 
[31-33]. We clearly demonstrated that the CXCR1
expression pattern is higher in DH than in patients
with BP in skin lesions and in perilesional skin.

IL-8 is a major ligand for CXCR2 [36]. In our paper
similarly as for CXCR1, CXCR2 expression was similar
in perilesional skin in patients with BP and DH but
much higher in skin lesions in patients with DH.
Again this may suggest that aforementioned
diseases may differ not in IL-8 expression but in 
IL-8 receptor expression in lesion area. IL-8 is 
a major chemoatractant for neutrophiles, present
in skin lesions in both BP and DH. This also may
suggest a role of other than IL-8 cytokines in an
inflammatory influx in DH and BP.

In conclusion, BP and DH are diseases with
unknown pathogenesis, varying in clinical
presentation and have many common issues
regarding the inflammatory changes in skin lesions.
MCP-1 is a chemoattractant and activator of
monocytes, lymphocytes and basophiles, but is not
active towards neutrophiles and eosinophiles 
[34, 35]. Because CCR-2 – receptor of MCP-1 – is

increased in chronically inflamed skin lesions in
psoriasis and atopic dermatitis [36], Nakashima 
et al. suggest that MCP-1 may play an essential role
in prolonged inflammation of BP lesions [16].

Inflammatory changes in skin in both studied
diseases are probably related not only to
neutrophilic influx but also to eosinophiles
aggregation within the area of involved skin [19].
Several papers discussed the role of various factors
in eosinophilic infiltration. Our data may suggest
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that different CCR1 expression may take part in
eosinophiles infiltration in BP.

Due to the fact that many cytokine and
chemokines are involved in BP and DH
pathogenesis further studies are needed to
elucidate the role of soluble proteins and against
chemokines antibodies and their receptors in
pathogenesis of bullous diseases.
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