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INTRODUCTION

In the last few decades of biological sciences Immunology has represented one of the fastest 
growing disciplines. Immunological research has always been strongly motivated by medi
cal problems. In the pathomechanisms of most diseases the immune system plays either a 

primary, causative or a secondary role. The various immunological techniques that have 

been developed and the knowledge gained through basic research in immunology has had an 

exspecially great impact in Clinical Dermatology. Many dermatological diseases are known 

now to be directly related to disorders of the immune system.

The understanding of the autoimmune pathomechanism and the application of immunologi
cal methods in the everyday medical practice have greatly improved patient care. It has 

been a very rewarding experience for me, a biologist, to set up a laboratory for special im
munological investigations at the Department of Dermatology of Szeged, which has helped 

clinical research as well as everyday clinical practice. The first part of this dissertation 

briefly describes results related to Immunodermatology.

It has long been suspected based on clinical experiences that the nervous system may also 

play a crucial role in the pathomechanism of certain skin diseases. At present there is very 

little that we know about possible neurological regulatory mechanisms of skin biology. Dif
ferent neuropeptides, that are released at the sensory neuronal endings and are kown to par
ticipate in the development of neurogenic inflammation and exert growth-factor-like effects, 
are likely candidates as regulatory molecules. The second part of the dissertation contains 

my recent work regarding the investigation of the effects of different neuropeptides on the 

biology of the important cellular components of the skin, keratinocytes and fibroblasts.
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I. Investigations of autoantibodies in patients with systemic autoimmune
diseases and in autoimmune bullosus dermatoses

A. Antibody investigations in systemic autoimmune diseases

Background
In a number of autoimmune diseases, the presence of the so-called antinuclear antibodies 

(ANA) is a dominant feature. These diseases include systemic lupus erythematosus (SLE), 
mixed connective tissue disease (MCTD), polymyositis, dermatomyositis, scleroderma and 

Sjogren's syndrome. The autoantigens that are targets of such antibodies are often large 

cellular complexes containing protein and nucleic acid components (1,2).
Autoantibodies reacting with various common cellular constituents are detected in sera from 

many patients with systemic autoimmune disorders. In 1948 Hargraves et al. (3) described 

the LE cell test as a first serological method for the diagnosis of systemic lupus erythemato
sus (SLE), which is the prototype of such diseases. The LE cell test covers only one of 

many autoantibodies collectively termed ANAs. Up till now ANA, anti-ENA (Extractable 

Nuclear Antigen) and other autoantibodies have become an important diagnostic tool for the 

diagnosis of autoimmune disorders and for defining certain subgroups of these diseases. 
Remarkable associations between specificities of ANAs and clinical expression of the dis
ease have already been described (4).
In recent years a panel of techniques has been developed which allowing one to distinguish 

autoimmune diseases by their characteristic serological profile.
The types of autoantibodies, that occur most frequently, are demonstrated in Table I.
Most of them are directed to DNA-protein complexes or RNA-protein complexes, ribo- 

nucleoproteins (RNPs). Anti-Sm antibodies seemed to be highly specific for SLE, while 

anti-RNP antibodies have been associated with MCTD, but have also been found in SLE 

and less frequently in other diseases. Both antigens are RNA-protein complexes and play an 

essential role in mRNA splicing processes.
SSA/Ro and less frequently SSB/La antibodies are considered to be important in relation to 

annular erythema and photosensitivity. SSA/Ro antibodies are highly characteristic for a 

special clinical type of SLE (subacute cutaneous lupus erythematosus; SCLE) and in new
born infants with neonatal LE. Anti-cardiolipin and anti-mitochondrial antibodies may also 

have some diagnostic and prognostic importance.

During the last ten years we adopted and modified some methods for the identification of 

autoantibodies in our patients with different autoimmune diseases and gradually established 

these methods in our laboratory diagnostics. Meanwhile we tried to evaluate the clinical im
portance of these investigations.
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Table 1

Autoantibodies against 
autoantigens:

Disease specificity References

ENA complex LE, MCTD 5

DNA (double-stranded) 6SLE

Sm SLE 7

8RNP MCTD, LE

SSA/Ro 9,10SLE, SCLE, NLE

SSB/La SLE, SCLE 9

М2 PBC 11
(mitochondrial inner membrane)

M4, M8
(mitochondrial outer membrane)

PBC 11

Phospholipids (cardiolipin) SLE, vasculitis 12

Aims

to establish new screening and typing methods for identifying different autoantibody 

types and subtypes;
to correlate the occurrence of different antibodies with disease specificity and the 

clinical status;
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Methods

Immunofluorescence studies
Direct immunofluorescence (DIF)

The standard technique was used. Each specimen was sectioned into 5 цт sections on a 

cryostat. Specimens were stained for IgG, IgA, IgM and C3 by incubation of the sections 

with monospecific FITC-labelled antibodies.
Indirect immunofluorescence (IIF)

All serum samples were examined by using cryostat sections of rabbit organs or in the cases 

of bullous dermatoses rabbit oesophagus and normal human skin were used as substrates. 
Sera were routinely diluted 1:32 in phosphate-buffered saline (PBS). The sections were in
cubated with the patients' serum and then examined for the presence of circulating autoanti
bodies by using anti-human FITC-labelled immunoglobulins.

Isolation of extractable nuclear antigens (ENA)
Acetone-precipitated protein extracts of newborn calf thymus nuclei (extractable nuclear 

antigen; ENA) served as antigen substrate, prepared to Sönnichsen et al (13). It contains 

many different nuclear antigens.

Detection of anti-ENA antibodies by counter-immunoelectrophoresis
This is another important screening test for the detection of ANAs. This method involves 

electrophoresis of antigens and antibodies towards each other.
Autoantibodies from patients' sera are identified by formation of specific precipitation lines 

with their antigens using electrophoresis in agarose gel (14).
This method was especially important when purified autoantigens were not available.

Isolation and investigations of circulating immune complexes (CIC)
CIC were isolated from patients' sera by means of polyethylene-glycol (PEG) precipitation. 
The precipitation was performed using 2% PEG 6000 solution at 4 °C for 24 h. After 

washing and centrifugation, the pellet was used for further measurements. The total protein 

content and levels of main immunoglobulin classes (IgG, IgA, IgM) were determined by 

radial immunodiffusion.

Isolation of mitochondrial autoantigens
Intact mitochondria were isolated from rat liver. For the preparations of mitochondrial sub
fractions, isolated mitochondria were treated by digitonin (15) to remove the outer mem-
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brane and then mitoplasts (consisted of mitochondrial inner membrane and matrix) were 

separated from the outer membrane fraction by differential centrifugation.

Detection of different autoantibodies by using enzyme linked immunosorbent assay (ELISA)
Nowadays, a great variety of different purified autoantigens are available for ELISA inves
tigations and for rapid screening tests.
At the beginning SSA/Ro and SSB/La antigens were isolated from calf thymus and human 

spleen (16), later highly purified autoantigens were used. Antigens were solved in PBS pH 

7.4 in 0.1-1 fjLg/100 /Л concentration. 100 /Л-s were brought into wells of microplate 

(Biohit; high binding capacity) and allowed to coat overnight at 4 °C. Plates were washed 

two times with distilled water and remaining binding sites were blocked by 1% bovine 

serum albumin (BSA) in PBS for 1.5 h at 37 °C. Plates were washed again three times with 

PBS-Tween (PBS, contained 0.05% Tween-20) and 100 /Л of 200x diluted serum samples 

were added per well, incubated for 1 h at 37 °C and washed extensively with PBS-Tween. 
100 /Л of peroxydase-conjugated antihuman IgG, 1:5000 diluted in PBS-Tween, were then 

added to each well and incubated for 1 h at 37 °C. Subsequently the plates were washed 

again with PBS-Tween and then 100 /Л substrate solution (17 mg ortho-phenylene diamine, 
OPD, solved in 50 ml phosphate-citric acid buffer pH 5, 20 /Л H2O2) was added into each 

well and the color allowed to develop for 10 minutes at room temperature in the dark. The 

reaction was stopped by adding 50 /Л 4N H2SO4 to each well. Plates were read on an 

ELISA reader at 492 nm. Serum samples were tested in triplicate and the results averaged. 
Ten healthy control sera were always involved in each microplate. Autoantibody positivity 

was accepted when the special ELISA optical density (OD) was higher than the mean value 

(X) increased by two standard deviations (SD).

Demonstration of anti-epidermal antibodies by means of Western blot technique
(immunoblotting)
Immunoblotting studies were performed according to Hashimoto et al. (17) with slight 
modifications.
Normal human skin was obtained from patients undergoing plastic surgery. The skin pieces 

were incubated in a mixture of 1M NaCl, 1 mM EDTA and 10/iM phenylmethylsulfonyl- 

fluoride (PMSF) at 4 °C for 72 hours. The epidermis was then easily separated from the 

dermis and homogenized in a solution containing 31.2 mM TRIS-HC1, 2% SDS, 1 mM 

PMSF, 2 mM EDTA and 0.1 M dithiotreitol. After a 24-hour incubation at 4 °C, the ho- 

mogenizate was centrifuged at 15 000g and the supernatants were stored at -70 °C until 
needed.
The constituent proteins of the epidermal extracts were separated by Sodium-Dodecyl-



10

Sulphate-Polyacrylamide-Gel-Electrophoresis (SDS-PAGE) with 6% separating gel (18) and 

then transferred to nitrocellulose (19) before probing the test sera. All sera were used to 

probe immunoblots at a dilution of 1:40. Specific binding by the sera was detected by using 

peroxidase-linked class-specific second antibodies (goat antihuman IgG and IgA) and visu
alized with diamino-benzidine.

Results and discussion

А/l. The occurrence of circulating anti-ENA antibodies among dermato
logical patients

First we have elaborated, based on the relevant data from the literature, a simple and reli
able method for the demonstration of circulating anti-ENA antibodies. Antigen was isolated 

from newborn calf thymus. To measure antibodies from the serum counter-immunoelec- 

trophoresis was used. Out of 250 sera of dermatological patients anti-ENA antibodies could 

be shown in 15 cases (Table 2).
The majority of positive sera belongs to the group of autoimmune disorders (3 SLE, 3 

DLE, 2 Raynaud's syndrome, 1 PSS, 2 vasculitis, 1 idiopathic thrombocytopenic purpura, 
1 sterile eosinophil pustulosis). In one case of each, lichenoid dermatitis and polymorphous 

light eruption, anti-ENA antibodies in the serum could also be identified. According to the 

biochemical feature of Sm autoantigen (its immunogenicity is RNase resistant) we could 

make a distinction between anti-Sm and anti-RNP antibodies (20). We identified anti-Sm 

antibodies in one SLE and one DLE patients. It was remarkable, that in our anti-Sm posi
tive DLE patient the disease later become systemic.

We concluded that the occurrence of anti-ENA antibodies may reflect a severe autoimmune 

disease in most cases. Especially patients with DLE who have circulating anti-ENA anti
bodies appear to be at an increased risk for systematization of their diseases.
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Table II
The occurrence of anti-ENA antibodies in different dermatological diseases

Diagnosis Examined cases Positive cases
(n) (n)

Chronic urticaria
Porphyria cutanea tarda
Bullous pemphigoid
Vasculitis
Pemphigus
SLE
DLE
Erythema nodosum
Erythema exsudativum multiforme
Erythema gyratum repens
Erythema elevatum
PSS
Eczema
Polymorphous light eruption
Alopecia
Dermatitis
Raynaud' syndrome
Lichen
Necrobiosis lipoidica 

Scleroderma
Idiopathic thrombocytopenic purpura
Sterile eosinophilic pustulosis
Quincke oedema
Allergodermia
Parapsoriasis
Drug allergy
Lichenoid dermatitis
Other

42
37
10

214
15
5 3
8 3
7
2
2
2
6 1

11
6 1
6
8
2 2
4
4
4
1 1
1 1
2
3
2
3
2

41

250Total 15
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A/2. The demonstration of anti-mitochondrial antibodies and the distinc
tion of their subtypes; the diagnostic and prognostic importance

Primary biliary cirrhosis (PBC) is a chronic autoimmune disorder characterized by progres
sive destruction of the intrahepatic bile ducts, leading to cholestasis, cirrhosis and hepatic 

failure.
First Walker et al. described the occurrence of circulating antimitochondrial antibodies 

(AMA) in the patients with PBC (21). Later it became clear that 90-95% of patients with 

PBC have AMA and the detection of AMA is one of the most important diagnostic factor 

for this disease. Moreover, AMA positivity was demonstrated in some cases of scleroderma
(22).
Four major mitochondrial antigens related to PBC have been described. М2 antigen on the 

inner mitochondrial membrane; M4, M8 and M9 antigens on the outer mitochondrial mem
branes. Various combinations of antibodies to these antigens have been found in PBC pa
tients and utilized to categorize the patients according to their specific profiles with 

potential clinical and prognostic relevance (11).
We have studied the occurrence of AMA in 20 patients with PBC, in 30 with autoimmune 

diseases and in 28 patients with porphyria cutanea tarda, accompanied by a secondary anti- 

hepatomitochondrial autoaggressive process caused by toxic accumulation of porphyrins in 

the liver.
Sonicated rat liver mitochondria fractions were used as antigens. Ouchterlony immunodiffu
sion and ELISA investigations were performed with different mitochondrial subfractions. It 
was demonstrated that in all 20 patients with PBC, where immunofluorescence also 

revealed AMA, there was an increase (Fig 1) in the quantity of antibodies against 
mitochondrial inner membrane fractions (it contains the disease specific М2 autoantigen) 

and in 7 cases even against the outer membrane fractions (Fig 2). These 7 were the most 
serious cases clinically. Two of them died within half a year because of liver insufficiency. 
The others also had an extreme high levels of serum bilirubin (more than ten times the 

normal value).
AMA could not been found in the other groups of patients, except for one case of SLE. 
These investigations allowed the differentiation of AMA subtypes and promoted the estab
lishment of the diagnosis and prognosis of PBC.
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A/3. Circulating autoantibodies in patients with polymorphous light 

eruption

Continuing the investigations of the occurrence of anti-ENA antibodies in different disease 

conditions, we experienced that ENA positivity in patients with polymorphous light erup
tion is not so rare.
Polymorphous light eruption (PMLE) is an idiopathic, acquired syndrome characterized by 

a delayed abnormal response to light and a varied morphology of recurrent erythema, 
papules, vesicles or plaques on light exposed areas of skin. Because lupus erythematosus 

(LE) is often exacerbated by sun exposure and because the cutaneous lesions of LE may 

show some clinical similarities to those of PMLE, the possible relationship of those two 

diseases has often been discussed (23,24).
Our study demonstrated the occurrence of antinuclear, anti-SSA/Ro and anti-SSB/La anti
bodies in a certain proportion of 22 patients with PMLE. Twenty-two patients (9 males and 

13 females, age range 20-62 years, mean 36 years) participated in this study. To exclude 

other diseases with light sensitivity such as LE and porphyrias, immunoflourescence inves
tigations and appropriate laboratory tests were performed. PMLE diagnosis was supported 

by phototesting and histological examinations. Twenty healthy blood donors served as con
trols, none complaining of light sensitivity.
Antinuclear antibodies were not demonstrated at all by indirect immunofluorescence in our 

patients with PMLE. 4 sera from 22 patients were found to have precipitating antibodies to 

calf thymus extract (ENA). The enzyme digestion studies with trypsin and ribonuclease, re
vealed that in each anti-ENA positive case the antigen(s) proved to be trypsin and ribo- 

nuclease-sensitive. We think that these antibodies must be of anti-RNP type.
The serum levels of anti-SSA/Ro antibodies in the patients were mildly but significantly el
evated as compared to the healthy controls (Fig. 3). In 3 cases, the titres of anti-SSA/Ro 

antibodies exceeded our control limit (x+2SD).
We could find no significant difference between the patients and controls in the serum lev
els of anti-SSB/La antibodies (Fig. 4). Two patients proved to be anti-SSB/La positive.
All serological findings are summarized in Table III.
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Table III

Serological findings in patients with polymorphous light eruption (n=22)

anti-SSA/Ro anti-SSB/LaPatients anti-ENAANA

P.G. +

Sz.A. ++

R.Z. + +

K.F. + ++

J.J. +

Others

Antibodies against RNA protein molecules SSA/Ro, SSB/La and nuclear RNP occur fre
quently in patients with systemic lupus erythematosus (SLE) and in patients with other au
toimmune disorders (25). In spite of the fact that none of our patients with PMLE showed 

any sign of LE by laboratory, clinical and immunohistological investigations, we demon
strated serological abnormalaties in some cases with PMLE similar to autoimmune disor
ders.
In a 7-year follow-up study, Jansén and Karvonen (26) concluded that PMLE is not a pre
disposing condition for the development of SLE or other collagen diseases. This view coin
cides with that of several previous investigators (27,28). Our long-term clinical practice 

also supports this opinion.
However, there must be an explanation for the common presence of special antibodies in 

both conditions. Photosensitivity is a common precipitating factor and some clinical and ex
perimental data confirmed the relationship between the photosensitivity and the presence of 

circulating anti-SSA/Ro antibodies.
A humoral autoimmune response to the SSA/Ro antigen is seen in several disease states that 
involve the skin. Circulating anti-SSA/Ro antibodies can be found in the majority of pa
tients with different autoimmune disorders (25) and many of them were accompanied by 

photosensitivity. It has also been demonstrated that medium and short-wave ultraviolet light 
exposure produces an increased expression of SSA/Ro antigen in the cytoplasm and plasma 

membrane of human epidermal keratinocytes in vitro (29).
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Our finding, that the serum levels of anti-SSA/Ro antibodies were mildly but significantly 

elevated in the patients with PMLE is a new evidence for the relationship of 

photosensitivity and anti-SSA/Ro antibodies.
It must be considered that a late autoimmune course is not excluded, especially in those 

patients who have both anti-ENA and anti-SSA/Ro antibodies.

A/4. The occurrence of circulating autoantibodies in the immune complex 

precipitates of patients with autoimmune diseases

The natural history of systemic autoimmune diseases is one of relapses and remissions that 
occur at irregular intervals. These characteristics have prompted the search for serological 
factors which would serve as markers of clinical activity.
It is well-known that the titers of circulating immune complexes (CIC) are generally high in 

patients with different autoimmune diseases and the CIC may be involved in the elimination 

processes. The direct pathogenetic role of the immune complex deposits has already been 

proved in certain disorders.
Therefore, we investigated the possible connection between the occurrence of different au
toantibodies in the serum and the immune complex precipitates of the patients. We were 

also interested if the autoantibody content of CIC has prognostic importance.
Antibodies against ENA, SSA/Ro and SSB/La were investigated in parallel in the serum 

and the immune complex precipitates of 41 patients with autoimmune disorders (10 SLE, 
23 DLE, 3 SCLE, 5 PSS). In the majority of patients the protein content of isolated 

immune complexes was increased and the increase attributed solely to IgG.
In the majority of patients the antibodies could also be detected in the immune complex pre
cipitates (Fig. 5 and Fig. 6). However, it was demonstrated that in some cases the autoanti
body spectrum of the serum didn't coincide with that of the immune complex precipitate. 
Anti-ENA antibodies were demonstrated in the sera of 18 patients (9 SLE, 5 DLE, 2 SCLE 

and 2 PSS) and could be detected in 5 patients with SLE, 1 with DLE and 2 with PSS in 

the immune complex precipitate as well. In some patients antibodies appeared not only in 

the serum but also in immune complexes, even in 4 patients (2 SLE, 1 SCLE, 1 PSS) 
antibodies were detected only in the immune complex precipitate. These patients were 

symptom-free at the time of the antibody measurements. During the careful clinical 
controlling it was revealed that the disease soon exacerbated in three of them.
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В. Investigations of autoantibodies in patients with autoimmune bullous der
matoses — pemphigus vulgaris and bullous pemphigoid

The diseases of pemphigus group and bullous pemphigoid are characterized by autoanti
bodies to antigens expressed by keratinocytes or constituents of the dermal-epidermal junc
tion, which can be demonstrated by DIF. Bullous pemphigoid (BP) is a subepidermal blis
tering disease characterized by circulating autoantibodies which react with antigens in the 

lamina lucida of the basement membrane zone (BMZ). The attachment of the basal ker
atinocytes to the underlying basement membrane is stabilized by hemidesmosomal com
plexes. The two BP antigens (the 230 kD and 180 kD proteins, or BPAG1 and BPAG2, re
spectively) are major constituents of these hemidesmosomes (30,31). Recent molecular 

cloning of complementary and genomic DNA sequences of BPAG1 and BPAG2 has demon
strated that these two proteins are distinct gene products (32,33). Specifically, the 230 kD 

BP antigen is a noncollagenous intracellular protein, in contrast the 180 kD BP antigen is a 

collagenous transmembrane protein. Some 50-70% of BP sera recognize the BPAG1 anti
gen, but a minority of BP sera recognize other lower molecular weight bands, most com
monly BPAG2. Pemphigus is an intraepidermal blistering disease group characterized by 

autoantibodies reactive with antigens located in the intercellular spaces or on the surface of 

epidermal cells. In patients with pemphigus vulgaris (PV) autoantibodies are directed 

against a 130 kD antigen (a member of cadherin protein family) that forms a complex with 

a protein of desmosomal and adherent junctions, called plakoglobin (34,35). In pemphigus 

foliaceus (PF), the autoantibodies are specific for a 160 kD antigen, called desmoglein I.

Immunoblot studies for the detection of anti-epidermal antibodies 

Our study included the determination of target antigen specificity of the sera of 34 patients 

with BP and 15 patients with PV by immunoblotting methods, and the results were corre
lated with immunofluorescence pictures. In addition, the Western blot patterns of the pa
tients with BP were correlated with certain clinical data. Western immunoblotting with its 

great sensitivity provided a new possibility for the detection of different antiepidermal anti
bodies in patients with bullous dermatoses. In 60% of our BP patients and 60% of our PV 

patients with negative IIF results, molecular weight specific antigen-antibody reactions were 

demonstrated by Western blotting on salt-split epidermis extracts. The Western blot patterns 

of a group of BP patients are demonstrated in Fig. 7. All sera including healthy controls 

yielded a diffuse reactivity in the range of 30-60 kD. The strong specific bands with per
oxidase-labelled antihuman IgG show the reaction between the 230 kD BP antigen and the 

antibody of patients' sera. In this group of patients specific reactivity can be demonstrated 

only against the "major", BPAG1 antigen. In another group of BP patients, multiple spe
cific bands were seen on Western blotting (Fig. 8).

B/l.
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► 200 kD

► 116 kD

ABCDEFGH 
Blots of BP sera showing one dominant band at 230 kD with peroxidase- 
labelled antihuman IgG. Lane A: Blot of epidermal extract stained with 
Coomassie brilliant blue, Lane B: normal serum, Lane C-F: positive BP 
sera, Lane G: negative BP serum, Lane H: migration of standard molecu
lar weight markers.

► 200 kD

► 116 kD

ABCDEFGH 
Blots of BP sera showing multiple bands with peroxidase-labelled antihu
man IgG. Lane A: Blot of epidermal extract stained with Coomassie bril
liant blue, Lane B: normal serum, Lane C-F: positive BP sera, Lane G: 
negative BP serum, Lane H: migration of standard molecular weight 
markers.
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Specific reactions were demonstrated against the BPAG2 antigen (180 kD) and some other 

epidermal components.
The Western blotting patterns of the patients with BP were compared with certain clinical 
findings (Table IV), but no specific correlation was found.
In 4 patients with BP, DIF revealed IgA deposition besides C3 along the BMZ. IgA anti
bodies against the BPAG1 antigen were demonstrated in 2 of them by means of Western 

blotting (Fig. 10).
For PV patients, the results revealed that 11 sera yielded a specific 130 kD protein band 

against the PV antigen (Fig. 11). Most of the sera gave additional specific bands at 210 and 

80 kD, with lower intensity. The sera of 4 patients did not give any specific bands, and it is 

noteworthy that 3 of them were in clinical remission. This finding, together with experi
mental and clinical evidences supports the fact that pemphigus antibodies play a direct role 

in the pathogenesis of the disease.
There was considerable diversity in the patients' immunoblotting patterns, especially in BP 

cases. Although the number of our patients is limited, it seems that each patient yields an 

individual Western blot pattern besides the common reaction against the 230 kD BPAG1. A 

similar opinion has been reported by Shapiro et al. (36) who demonstrated that healthy in
dividuals and patients with autoimmune diseases have antibodies, some tissue-specific and 

some not, which are present in a pattern that is unique to each individual.
Western blot is an excellent technique to identify circulating autoantibodies in different au
toimmune bullous dermatoses. In our study, Western immunoblotting proved to be a more 

sensitive assay than IIF for the identification of different antibodies (Fig. 9). Moreover, it 
provides a new possibility for the distinction of linear IgA dermatosis (LAD) and BP. LAD 

is characterized by circulating IgA antibodies against a 285 kD antigen of dermal extracts 

but patients with LAD lack the reactivity against the 230 kD BPAG1 epidermal antigen.

BloWIlF- 
60 % / BloWIIF- 

60 % /

BloWIIF- 
15 %

BloWIIF- 
27 %

BI0WIIF+ 
13 %

BI0WIIF+ 
25 %

Pemphigus vulgarisBullous pemphigoid

Correlation between Western immunoblotting and IIF results
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> 200 kD

> 116 kD
> 97 kD

> 78 kD

ABCDEFG
Blots of BP sera showing one dominant band at 230 kD with peroxidase- 
labelled antihuman IgA. Lane A: Blot of epidermal extract stained with 
Coomassie brilliant blue, Lane B: normal serum, Lane D-E: positive BP 
sera, Lane C, F: negative BP sera, Lane G: migration of standard molec
ular weight markers.

Fig. 11

ABCDEF GH 
Blots of PV sera showing dominant bands at 130 kD and 85 kD with per
oxidase-labelled antihuman IgG. Lane A: Blot of epidermal extract stained 
with Coomassie brilliant blue, Lane B: normal serum, Lane C-F: positive 
PV sera, Lane G: negative PV serum, Lane H: migration of standard 
molecular weight markers.
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Table IV
Correlation between Western blotting patterns and clinical picture of patients with BP

Clinical findings Single 230 kD 
(n = 8)

Multiple bands 
(n = 9)

Blot negative 
(n = 3)

Age at onset (years) 60-82 48-82 60-72

Male/Female 5/3 4/5 2/1

Lesion
morphology

3 typical 
3 atypical

5 typical 
4 atypical

1 typical 
1 atypical

Severity 2 mild 
2 moderate 

2 severe
6 moderate 

3 severe
2 moderate

Mucosal lesions 2 2 1

No clinical data available: 3 patients 

B/2. Development of an ELISA system for the rapid diagnosis of BP

As the BP autoantigen structures (BPAGl, BPAG2) and their amino acid sequences are well 
known, we have addressed the question of whether the demonstration of circulating anti
bodies against major (BPAGl; 230 kD) and minor (BPAG2; 180 kD) antigens is possible 

by means of an ELISA technique with synthetic antigenic peptides. With the help of 

PeptideStructure software, two-two matched antigenic epitopes were chosen and syn- 
thetized. The sera of 33 patients with BP were investigated in parallel by the Western blot 
method and by the ELISA technique with the synthetic peptides.
Summarized results of the correlation between ELISA and immunoblotting investigations 

are demonstrated in Table V.
Among the patients with BP, 24 sera proved positive for at least one synthetic peptide. 
Positive reactions with the major BP antigen were found in 21 patients with the immunoblot 
technique and in 20 patients by ELISA with the synthetic peptides, and positive reactions 

were found in 9 patients by the immunoblot technique and 18 patients by the ELISA using 

the synthetic antigenic epitopes of the minor BPAG2 antigen (Table VI). All control sera 

were negative for both antigens in ELISA investigations. In 3 patients with PV, character
istic bands against pemphigus vulgaris antigen were identified by means of the immunoblot 
technique, but all other cases were negative. In our investigations with synthetic antigenic 

epitopes the ELISA technique revealed serum positivity in 68% of the patients with BP. 
Our results suggest that the epitope of the BPAG2 antigen gaves much higher positivity than 

that of the 230 kD BPAGl protein by ELISA respective to immunoblotting method. There-
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fore, to increase the usefulness of the 230 kD antigen as a diagnostic tool, other epitopes 

within the protein should be learned.

Table V
Correlation between ELISA and immunoblotting investigations for the detection of 

characteristic autoantibodics in patients with BP

ELISA
negative

ELISA
positive

6Blot positive 15

4Blot negative 8

10DIF positive 23

Table VI
Correlation of the results of ELISA and immunoblotting according to different anti
gens

Bullous
pemphigoid

(n=34)

230 kD 

BP antigen
180 kD 

BP antigen

ELISA positive 20 18

Blot positive 21 9

We consider that this Lind of investigation offers new possibilities to determine the circu
lating antibodies in patients with BP. By using a mixture of these synthetic antigenic epi
topes, it is possible to diagnose patients with BP in a relatively simple way by means of an 

ELISA system, which is much cheaper, and doesn't require a highly equipped laboratory.
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Conclusions

Autoantibodies have become an important diagnostic tool for the diagnosis of systemic au
toimmune disorders and autoimmune bullous dermatoses and for defining certain subgroups 

of these diseases.
Therefore, we adopted and modified some methods for the identification of autoantibodies 

in our patients with different autoimmune diseases and gradually established those methods 

in our laboratory diagnostics. Meanwhile we tried to correlate the occurrence of different 
antibodies with disease specificity and the clinical status.

Main consequencies of our work were as follows;

1) A simple and reliable method for the demonstration of circulating antibodies against 
extractable nuclear antigens (ENA) is very useful in everyday clinical practice of au
toimmune disorders. Based on the investigation of the 250 sera of dermatological pa
tients we concluded that the occurrence of anti-ENA antibodies may reflect a severe 

autoimmune disease in most cases. Especially in patients with DLE who have circu
lating anti-ENA antibodies appear to be at an increased risk for systematization of their 

diseases.

2) The detection of anti-mitochondrial antibodies (AMA) is one of the most important di
agnostic factor for primary biliary cirrhosis (PBC), a chronic autoimmune liver disor
der. Moreover, AMA positivity was demonstrated in some cases of scleroderma. We 

have studied the occurrence of AMA in 20 patients with PBC, in 30 with autoimmune 

diseases and in 28 patients with porphyria cutanea tarda, accompanied by a secondary 

anti-hepatomitochondrial autoaggressive process. AMA were demonstrated in all 20 

patients with PBC but could not been found in the other groups of patients. In all pa
tients with PBC antibodies were found against mitochondrial inner membrane fractions 

(it contains the disease specific М2 autoantigen) and in 7 cases even against the outer 

membrane fractions. These 7 were the most serious cases clinically. These investiga
tions allowed the differentiation of AMA subtypes and promoted the establishment of 

the diagnosis and prognosis of PBC.

3) We demonstrated the occurrence of antinuclear, anti-SSA/Ro and anti-SSB/La anti
bodies in a certain proportion of 22 patients with polymorphous light eruption 

(PMLE). This is an idiopathic, acquired syndrome characterized by a delayed abnor
mal response to light and the cutaneous lesions of PMLE show some similarities to
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those of lupus erythematosus. Our finding, that the serum levels of anti-SSA/Ro anti
bodies were mildly but significantly elevated in the patients with PMLE is a new evi
dence for the relationship of photosensitivity and anti-SSA/Ro antibodies.

4) It is well-known that the titers of circulating immune complexes (CIC) are generally 

high in patients with different autoimmune diseases and the CIC may be involved in 

the elimination processes. Therefore, we investigated the possible connection between 

the occurrence of different autoantibodies in the serum and the immune complex pre
cipitates of 41 patients with autoimmune disorders. In the majority of patients the pro
tein content of isolated immune complexes was increased and the increase attributed 

solely to IgG. In some patients antibodies appeared not only in the serum but also in 

immune complexes, even in 4 patients antibodies were detected only in the immune 

complex precipitate. Convincing clinical correlation couldn't be demonstrated because 

of the limited number of patients.

5) We demonstrated that the immunoblot technique is an excellent method to identify cir
culating anti-epidermal antibodies in patients with autoimmune bullous dermatoses 

(pemphigus vulgaris or bullous pemphigoid) and its sensitivity is better than that of the 

indirect immunofluorescence. Immunoblotting studies with salt-split human epidermis 

were performed on sera from 15 patients with pemphigus vulgaris (PV) and 20 patients 

bullous pemphigoid (BP). As concerns the 15 PV patients, 11 sera yielded a 130 kD 

specific protein band against the PV antigen. The sera of 4 patients did not yield spe
cific bands; 3 of them were in clinical remission. 17 sera of the 20 BP patients yielded 

a 230 kD protein band against the major BP antigen and 4 of them gave another spe
cific band at 180 kD against the minor BP antigen. The immunoblot pattenrs correlated 

only weakly with the clinical findings in BP patients.

6) As the major (230 kD) and the minor (180 kD) BP autoantigen structures and their 

amino acid sequences are known, with the help of PeptideStructure software, two-two 

antigenic epitopes were chosen and synthetized. The sera of 33 patients with BP were 

investigated parallel by the immunoblot method and by the ELISA technique with the 

synthetic peptides. Among the patients with BP, 24 sera proved positive for at least 
one synthetic peptide. We consider that this kind of investigation offers new possibili
ties to determine the circulating antibodies in BP patients. By using a mixture of syn
thetic antigenic epitopes, it is possible to diagnose patients with BP in a relatively sim
ple way.
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II. The role of neuropeptides in the skin

Background

There is increasing evidence that the nervous system can modulate various immunological 
responses, including certain inflammatory events in the skin, through the secretion of neural 
cytokines termed neurokines or neuropeptides (37,38). The discovery over the past two 

decades of more than 50 biologically active polypeptides in the central and peripheral ner
vous system has transformed our knowledge of neurotransmission and its regulation. In ad
dition to neurotransmitter and neuroendocrin roles, neuropeptides have mitogenic actions in 

tissues and can modulate responses of the immune system and can also modulate the func
tions of different cell types of the skin.
A number of neuropeptides have been demonstrated in cutaneous nerves: substance P (SP), 
neurokinin A, neuropeptide K, calcitonin gene related peptide (CGRP), somatostatin, va
soactive intestinal polypeptide (VIP) (39,40,41,42,43,44). Proopiomelanocortin related 

peptides (ACTH, a-, /З-melanocyte stimulating hormone) were also demonstrated histo- 

chemically in human skin (45). The human keratinocytes in vitro can express mRNA for 

the proopiomelanocortin (46). This suggests that the skin can produce opioid peptides 

regulating emotion and the sensation of pain or discomfort.
Neuropeptides mediate their effects on cells by interacting with specific cell surface recep
tors. In accordance with this, SP receptors have been demonstrated on mast cells, polymor
phonuclear leukocytes and macrophages (47,48,49). Furthermore, the specific binding of 

SP has been detected on mouse keratinocytes and recently on human keratinocytes as well 
(50,51). VIP receptors were also demonstrated on the keratinocye surface (52).
The exact mode of actions of neuropeptides in skin is not yet known. The vasodilatator ef
fect may be due to to a direct effect of cutaneous vasculature (53) or to action on mast cells, 
since these peptides are known to be potent releasers of histamine from mast cells.

Substance P
Of all neuropeptides, the tachykinins, especially the ubiquitous 11-amino-acid SP is perhaps 

the best characterized and considered an important neurotransmitter in primary sensory neu
rons. The innervation of SP in the skin has been investigated by a number of studies using 

immunocytochemistry (54,55). Innervation with SP-flbers is generally scanty in human 

skin, with the densest innervation being on palms, soles and axillary skin. SP is a potent 
immunomodulator as well. It has been shown to stimulate the proliferation of human T
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lymphocytes (56) and the phagocytosis and chemotaxis of neutrophils (57). It was recently 

found that SP is able to stimulate the proliferation of the PAM 212 mouse transformed ker- 

atinocyte cell line (58), to stimulate murine keratinocytes to secrete IL-1 and GM-CSF (59) 
and to induce cytokine secretion from macrophages (60). Capsaicin, which induces the re
lease of SP from nerve endings (61), inhibits immunoglobulin secretion in the rat (62), and 

also inhibits the stimulation of human В lymphocyte differentiation by SP and neurokinin A
(63).
SP has been presumed to play a role in a variety of inflammatory skin diseases, such as 

psoriaisis — Neukarinnen et al. (64) demonstrated a significantly increased length of thin 

epidermal SP fibres in psoriatic lesional skin — urticaria (65), atopic dermatitis (66), and 

increased levels of SP were found in tissue extracts from psoriatic lesional skin, urticaria 

and atopic dermatitis.

Calcitonin gene related peptide (CGRP)
CGRP is another important neuropeptide, structurally resembling to calcitonin and it en
coded by the calcitonin/CGRP multigene complex, has been implicated in neuromodulation 

and in the physiological regulation of blood flow. It is a potent vasodilalator, presents in 

peripheral neurons and is released at the local sites of inflammation, and can act as an im- 

munomodulator. CGRP has been shown to colocalize with SP in human skin peripheral 
nerve endings. CGRP inhibits both mitogen-stimulated T lumphocyte proliferation and 

Langerhans cell antigen presentation (67,68).
There is some indirect data, that CGRP may be involved in the pathogenesis of some skin 

diseases, such as psoriasis, atopic dermatitis and Raynaud's syndrome (69).

a-Melanocyte stimulating hormone (ar-MSH)
The melanocyte stimulating hormones, also referred to as melanocortins or melanotropins 

were first identified by their ability to stimulate vertebrate pigmentation (70). The 

melanocortin peptide family consists of a-MSH, 0-MSH, gamma-MSH and ACTH, all 
characterized by a common heptapeptide core. These peptides and some endorphins, 
lipotropins are generated from a common precursor, the proopiomelanocortin (POMC). 
POMC is transcribed predominantly in pituitary gland, but its expression has also been de
tected in the central nervous system (CNS) and in a variety of peripheral tissues, in cells of 

the immune system and has recently been found in skin (45,71).
Melanocortins appear to be involved as regulators in an ever growing number of physiolo
gical processes in cells and tissues of diverse functions. Depending on the site of their pro
duction and target tissue, they can either act as hormones, neurotransmitters, growth factors
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or biological response modifiers. The skin is a recognized target tissue for a-MSH and 

other POMC derived peptides (72,73). Patients with pathologically increased plasma con
centrations of ACTH reveal hyperpigmentation and skin atrophy. Elevated concentrations of 

a-MSH are also associated with skin hyperpigmentation (74).
Recently POMC peptides (predominantly gamma-MSH and ACTH) were demonstrated in 

paraffin-embedded histological skin samples from different pathological conditions (45) and 

human cultured keratinocytes were shown to be able to produce a-MSH and ACTH. Ul
traviolet В (UVB) irradiation highly stimulated a-MSH synthesis (75). Cell surface recep
tors for a-MSH have been detected and characterized in normal human melanocytes (76) 
and a-MSH binding sites were also demonstrated in an immortalized keratinocyte cell line 

(77). However, melanocortin receptors have not yet been demonstrated on human dermal 
fibroblasts.

There is increasing evidence that keratinocytes and fibroblasts may participate in inflam
matory processes and immune responses of the skin by the production of biological media
tors or cytokines. Keratinocytes can be induced to express various immunocompetent cell 
surface molecules (78). In addition, they are capable of phagocytosis (79) and motility re
sponse to certain chemotactic stimuli (80) and secrete a number of cytokines with potent 
immunological inflammatory and proliferative processes (81).
Thus neuropeptides are present in human skin, they can modulate the functions of immune 

cells, keratinocytes and fibroblasts in the skin. Accordingly, since only limited data is 

available on the interaction of neuropeptides with these cell types, it appeared important to 

study the effects of neuropeptides on human keratinocytes and dermal fibroblasts. 
Interleukin-8 (IL-8) is a chemotactic cytokine with proinflammatory and growth-promoting 

activities. Recently it has been shown to influence several functions of keratinocytes in
cluding HLA-DR expression, chemotaxis and proliferation. We could detect mRNA homol
ogous to neutrophil IL-8 receptor (IL-8R) in a human epidermal cell line as well as specific 

IL-8 binding to the cells (82). Elevated IL-8 and IL-8R mRNA levels have been demon
strated in lesional psoriatic skin (83).
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Aims

Because of the well-known role of a-MSH in UV-mediated skin alteration, we ad
dressed the question whether a-MSH was able to regulate interstitial collagenase/ 
matrix metalloproteinase-1 (MMP-1) in mRNA and protein levels in human dermal 
fibroblasts. This enzyme and the other MMPs are responsible for the breakdown of 

dermal interstitial collagen and can play a role in the cutaneous photoaging.

to study the effects of the or-MSH on the expression of IL-8 and IL-8 receptor in hu
man dermal fibroblasts.

to study the effects of neuropeptides SP, CGRP and a-MSH on the expression of IL-8 

and IL-8 receptor in human keratinocytes.

Methods

Cell culture

Fibroblast cultures were established by outgrowths from foreskin biopsies of healthy human 

donors, with an average age of 5 years. The cells were maintained in DMEM supplemented 

with sodium ascorbate (50 /ig/ml), glutamine (300 /ig/ml), penicillin (400 U/ml), strepto
mycin (50 /ig/ml), 10% FCS and grown on plastic petri dishes in a humidified atmosphere 

of 5% C02 and 95% air at 37 °C (84).
A spontaneously immortalized, nontumorigenic human skin keratinocyte cell line "HaCat" 

was used for the experiments. Cells were maintained in RPMI 1640, with glutamine (300 

/ig/ml), penicillin (400 U/ml), streptomycin (50 /ig/ml), 10% FCS in the same conditions 

as fibroblasts.

Neuropeptide treatment

Confluent keratinocyte and fibroblast monolayer cultures were used for the experiments, a- 

MSH was dissolved in distilled water and added to the medium to a final concentration of 

10‘5 M, 10'8 M or 10'11 M a-MSH for 30 min. SP and CGRP was added to the medium to 

the final concentration of 10"8 M. Total RNA was isolated immediately and at 1, 3, 6, 12,
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24 h after the neuropeptide treatment. Total RNA from mock controls were isolated at 0 

and 24 h. There was no effect of different neuropeptide concentrations on cell morphology 

and viability as determined by phase contrast microscopy and trypan blue exclusion assay.

RNA extraction and Northern blot analysis

Total RNA was isolated from cells following established procedures (85). For Northern blot 
analysis, 4 peg of total RNA were separated by electrophoresis on 1% agarose gels under 

denaturating conditions and subsequently blotted onto nitrocellulose. Hybridizations with 

specific cDNA probes were carried out using deoxy-cytosine-5-32P-triphosphate oligola- 

belled cDNA probes for interstitial collagenase, tissue inhibitor of matrix metalloproteinases 

(TIMP-1) and /З-actin as published elsewere (86,87). Following hybridization, filters were 

washed and then exposed with intensifying screens to X-ray film (Kodak X-Omat AR) at - 
80 °C. After development, the collagenase/0-actin and collagenase/TIMP-1 mRNA ratios 

were densitometrically determined and plotted against the post-incubation period.

Reverse transcription (RT) - Polymerase chain reaction (PCR) analysis

Samples (9 pd; 1 fig) of total RNA were heated to 65 °C for 10 min and cooled on ice. Re
verse transcription of RNA was performed for 1 h at 37 °C in 20 pd with 10 U M-MLV re
verse transcriptase (Gibco BRL) and 0.2 pcg/pd oligo-dT primer per sample in 1 x RT buffer 

and 1 mM of each of dATP, dTTP, dGTP and dCTP. After reverse transcription the mix
ture was heated to 94 °C for 10 min to inactivate the enzyme, then diluted lOx with sterile 

distilled water.
PCR amplifications were carried out in 30 pd volumes overlayed by mineral oil. Each 30 pd 

reaction mixture contained 0.25 fig of each primer (specific for IL-8 or IL-8 receptors re
spectively) 0.5 U Taq polymerase, 0.125 mM of each of dATP, dTTP, dGTP and dCTP in 

1 x PCR buffer, 10 pel of diluted cDNA sample and 12 pd sterile distilled water. Amplifica
tion was performed in an automatic thermocycler (Hybaid). The amplification products 

were electrophoresed in 2% agarose gels, and the bands were visualized with ethydium 

bromide.
The results were evaluated densitometrically.

Immunofluorescence studies for the detection of collagenase in fibroblasts

Human fibroblasts were seeded on slides at a density of 104 cells/cm2 in 100 pci DMEM 

with 10% FCS. After 24 h cells were incubated with 10'5 -8 M a-MSH for 30

4 %
%Г4 «Ö
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min at 37 °C in a humidified atmosphere of 5% CC>2. Fibroblasts were washed twice with 

PBS and fed with fresh DMEM. After 48 h the cells were fixed. Slides were washed twice 

with PBS and the cells were incubated with the monoclonal antibody against MMP-1 at a 

concentration of 2 yLglyX for 30 min at 4 °C in a humidified chamber. An antibody (mouse 

IgGO directed against MMP-1 was utilized. Subsequently, cells were extensively rinsed 

with PBS and then incubated with a dichlorotriacinyl aminofluorescein (DTAF)-conjugated 

secondary antibody (rabbit anti-mouse IgG; Dianova) at a dilution of 1:100 for 20 min at 4 

°C. The slides were analyzed by means of fluorescence photomicroscope (Zeiss, Axioplan, 
Germany) at a magnification of 50x and 250x, respectively.

Determination of the collagenolytic activity in the cell culture supernatants

Fibroblasts were cultured and treated with a-MSH as described. At 24, 48, and 72 h after 

a-MSH treatment cell culture supernatants were collected.
The collagenolytic activity of fibroblast supernatants were measured by an established pro
cedure (88). Briefly, microplate (Dynatech) wells were covered with collagen type I 
(Seromed, Berlin, Germany) at a concentration of 10 /xg/well. In order to determine the 

collagenolytic activity, cell culture supernatants were serially diluted, subsequently 100 ц 1 
of each sample was pipetted into 96 well microplates coated with collagen type I and incu
bated at 37 °C for 20 h. After incubation microplates were stained with Coomassie Brilliant 
Blue for 1 h at room temperature. Following extensive washing with distilled water, mi
croplates were dried and extinctions were measured by an ELISA reader at 630 nm. Statis
tical analysis was done with the Student t test.

Measurement of IL-8 secretion

IL-8 concentrations of cell culture supernatants were assessed by a specific enzyme-linked 

immunosorbent assay (R&D system).
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Results and discussions

The effect of a-MSH on the colIagenase/MMP-1 expression in human dermal 
fibroblasts

A.

The chronic exposure to UV light is accompanied by skin pigmentation and guantitative and 

qualitative alterations of dermal extracellular matrix proteins, among them collagen type I 
as the major structural component of the dermis. The interstitial fibroblast-derived collage- 

nase (MMP-1) (EC 3.4.24.7.) belongs to a family of matrix degrading metalloproteinases 

and is characterized by its distinctive ability to cleave а-chains of interstitial collagens. 
Collagenase/MMP-1 activity is inhibited by its tissue inhibitor of metalloproteinases 

(TIMP-1). Thus, the net enzyme activity is at least partly regulated by the balanced synthe
sis of these two components.
We provided the first evidence that a-MSH was able to increase the expression of steady 

state mRNA levels of collagenase/MMP-1 in cultured human dermal fibroblasts.

In order to study the effect of a-MSH on the steady state levels of collagenase/MMP-1 and 

TIMP mRNAs time course experiments were performed. Total RNA was isolated at 0, 1, 
3, 6, 12, and 24 h following a-MSH treatment and subjected to Northern blot analysis. 
Treatments of fibroblasts at a concentration of 10'5 M of a-MSH resulted in a time depen
dent induction of steady state levels of collagenase/MMP-1 mRNA (Fig. 12/A). This in
duction occurred already at 6 h and was 9-fold at 24 h compared to the mock treated con
trols. At an a-MSH concentration of 10'8 M, a 4-fold induction was detected at 24 h post
treatment (Fig. 12/B), suggesting that a-MSH induction of collagenase mRNA levels was 

concentration-dependent (Fig. 13/A). An a-MSH concentration of IO'11 M did not effect 
specific collagenase mRNA levels. TIMP mRNA levels were only slightly induced at an a- 

MSH concentration of 105 and IO8 M, but the induction was less than that of collage
nase/MMP-1 mRNA when normalized to the 0-actin (Fig. 13/B).
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Determination of Specific mRNAs from Cultured Human 
Dermal Fibroblasts by Northern Blot Hybridization.
After treatment with 10-5м a-MSH (A) and with 10_8м a-MSH (В). 
Total RNA from fibroblast cultures was isolated at 0, 1, 3, 6, 12, 
and 24 h after treatment with a-MSH (10_5m) for 30 min and also 
at 3, 6,12, 24 h after treatment with a-MSH (10~8m) for 30 min. ‘C’ 
represents the untreated control. The RNA was fractionated by 
gelelectrophoresis under denaturating conditions and blotted 
onto nitrocellulose. After sequential hybridization with cDNA 
probes for human collagenase/MMP-1, ß-actin and TIMP-1, the 
filter was processed for autoradiography. The Northern blots 
show representative experiments.
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Densitometrie Evaluation of the Steady State Specific 
mRNA Levels in a-MSH Treated Fibroblasts.
The analysis of Figure 2 makes use of the data of independent ex
periments including those of Figure 1. Collagenase/ß-actin 
mRNA ratios (A) and TIMP/ß-actin mRNA ratios (B) in a-MSH 
treated human dermal fibroblasts. The relative amounts of specif
ic mRNAs coding for interstitial collagenase and TIMP-1 were de
termined densitometrically and plotted against the time (h) of the 
post-incubation period. The standard deviations did not exceed 
20% or 30% respectively.
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Collagenase protein expression and localization were studied in a-MSH treated cells using a 

monoclonal antibody against collagenase (Fig. 14). In untreated cells there was only a weak 

diffuse staining in the cytoplasms of fibroblasts (Fig. 14/C,E). Following treatment with a- 

MSH staining was more intense, and in contrast to the diffuse staining pattern of the con
trol, revealed a pronounced perinuclear staining pattern (Fig. 14/D,F).
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In order to study whether the increased collagenase mRNA was translated into the corre
sponding protein and to analyze the secretion and activation, the overall collagenolytic ac
tivity in fibroblast supernatants was determined and expressed as a percent of the mock- 

treated controls. At 24 h post-treatment, there was no difference in the collagenolytic activ
ity of the fibroblast supernatants from a-MSH treated cells compared to the untreated con
trols. However, at 48 h post treatment a significant increase in the collagenolytic activity 

was found in the supernatants of a-MSH treated cells compared to the untreated controls. 
The differences between the controls and treated cells became more pronounced after 72 h 

(Fig. 15).
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Collagenolytic Activities of Cell Culture Supernatants from 
a-MSH Treated Human Dermal Fibroblasts.
After a-MSH treatment fibroblasts were cultured for 24,48 and 72 
h in DMEM with 0.2% lactalbumin hydrolisatum without FCS.The 
collagenolytic activity of supernatants was determined as de
scribed in Materials and Methods and were expressed as % of 
time-matched controls. Significant differences were found in the 
collagenolytic activity of supernatants between controls and a- 
MSH treated fibroblasts in both 10-5m and 10Jsm concentrations 

at 48 h and 72 h post incubation, respectively (p < 0.001).
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In this study we have demonstrated that a-MSH is able to induce collagenase/MMP-1 

mRNA steady state levels in human dermal fibroblasts, followed by an increase in transla
tion of collagenase mRNA and secretion of the collagenolytic activity in fibroblast culture 

supernatants. Collagenase/MMP-1 mRNA up-regulation by a-MSH was detected as early as 

24 h post treatment, an increase in collagenolytic activity observed at 48 h and to a higher 

extent at 72 h. Gronovitz et al. (89) have found the same kinetics of collagenase/MMP-1 

expression and activation in tumor necrosis factor-a-treated fibroblasts.
When human skin is exposed to UV irradiation, a highly complex cascade of events occurs 

and there is growing evidence that melanocortins, among them the a-MSH, play a central 
role in these UV-mediated skin processes. Accordingly, a-MSH can act on tyrosinase ac
tivity — a rate limiting enzyme of the melanin pathway — via a cAMP dependent pathway 

in both normal melanocytes and melanoma cells (90). Clinical investigations have also sug
gested a synergism between MSH or/and ACTH and UV exposure in increasing melanin 

content (91). In this report we added a new aspect of a-MSH effects in that a-MSH modu
lates connective tissue metabolism by the induction of interstitial collegane/MMP-1.
Even though the actual concentration of a-MSH in the dermis after UV irradiation as well 
as rnelanocortin receptors have not yet been identified on human dermal fibroblasts, we 

would like to suggest that a-MSH — by the induction of fibroblast-derived collagese — 

contributes to the loss of interstitial collagen — the major pathological hallmark of pho
toaging.

The effect of a-MSH on the IL-8 and IL-8R expression in human dermal 
fibroblasts

B.

Recently we have shown that the a-MSH is able to induce fibroblast-derived collagenase 

mRNA and protein production in human dermal fibroblasts.
Moreover, recent reports have suggested that a-MSH plays an important role in ultraviolet 
(UV) irradiation mediated skin changes, including pigmentation, connective tissue damage 

and inflammation. a-MSH is known to be able to regulate production of cytokines in differ
ent tissues.
Human fibroblasts can produce the chemotactic cytokine IL-8 and it has been shown that fi
broblasts produce much higher amounts of IL-8 than keratinocytes to different stimuli (92). 
It was also demonstrate that IL-8 was able to influence the collagen turnover in the dermis 

by the down-regulation of collagen biosynthesis (93).
Thus, we have investigated whether a-MSH could regulate the IL-8 production in human 

fibroblasts. The cells were treated with 108 M a-MSH for 30 min then cells were fed by
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fresh medium, their total RNA was isolated in different time intervals. After reverse 

transcription, PCR reactions were performed using IL-8 and IL-8R specific oligonuc- 

leotid primers with /3-actin as an internal control (Fig. 16). a-MSH caused a consider
able induction in IL-8 mRNA expression in fibroblasts 3-6 h post treatment (Fig. 17).

Fig.16

PCR of IL-8 mRNA from 

10‘8 M cr-MSH treated fibroblasts

M = Molecule weight marker

1 = Untreated control cells (0 h)
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3 = a-MSH treated fibroblasts (3 h)

PCR of /?-actin mRNA from 4 = a MSH treated fibroblasts (6 h)
10-8 M a-MSH treated fibroblasts Ц ^ ^ “ £ “
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7 = Untreated control cells (24 h)
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IL-8/beta-actin mRNA ratios 

in ce-MSH treated dermal fibroblasts0.3

0.2

0.1

Control 
24 h

24 h12 h6 h3 h1 hControl
0 h after the treatment

IL-8R mRNA was not detected in control fibroblasts at all, but IL-8R specific bands also 

appeared 3-6 h a-MSH post treatment (Fig. 18).

Fig.18

CM1 2 3 4 5 6 7

Legends for the figure see Fig. 17



41

The IL-8 content of the cell culture supernatants was increased dramatically with a maxi
mum at 48 h after the treatment (Fig 19).

Fig.19

IL-8 concentrations of cell culture supernatants from 

G'-MSH treated human dermal fibroblasts
pg/ml
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Control 12 h 48 h Control 
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A variety of dermatoses is characterized by the infiltration of neutrophils into skin, induc
tion of IL-8 production in fibroblasts may play an important role in inflammatory skin dis
eases. Since IL-8 can down-regulate the collagen production in fibroblasts and cr-MSH is 

able to induce their interstitial collagenase production and activity, it seems that both a- 

MSH and IL-8 may be important in the regulation of collagen turnover as well.

■■
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The effects of SP, CGRP and a-MSH on the IL-8 and IL-8R expression of hu 

man keratinocyt.es
C.

Neurogenic mechanisms are implicated in inflammatory skin diseases, particularly in psori
asis. Neuropeptides can be found in the skin of healthy subjects and have been presumed to 

play a role in a variety of inflammatory skin diseases. SP and CGRP coexist in human skin 

and the SP binding capacity of human keratinocytes was also demonstrated (51).
We studied the effects of neuropeptides SP and CGRP on the mRNA expression of IL-8 

and IL-8R in a human transformed keratinocyte cell line HaCat.
SP and CGRP at IO8 M concentration caused a considerable induction of the IL-8R mRNA 

expression in HaCat cells (Fig. 20). In untreated controls the IL-8R mRNA expression was 

under the detection limit. The induction started 1-3 hours after the treatment with neu
ropeptides and lasted approximately 12 hours. In contrast, a constitutive IL-8 expression 

was found in all samples and was uneffected by neuropeptide treatment of cells (Fig. 21). 
No effect of a-MSH was found on the IL-8 and IL-8R mRNA expression in keratinocytes.
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PCR of IL-8R mRNA from 10'8 M CGRP treated HaCat cells
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Fig-21
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Conclusions

In this study we have demonstrated that a-MSH is able to induce collagenase/MMP-1 

mRNA steady-state levels in human dermal fibroblasts, followed by an increase in transla
tion of collagenase mRNA and secretion of collagenolytic activity in fibroblast culture su
pernatants. Collagenase/MMP-1 mRNA up-regulation by a-MSH was detected as early as 

24 h post treatment, an increase in collagenolytic activity observed at 48 h and to a higher 

extent at 72 h.
Even though in our in vitro experiments the proteolytic enzyme activity of collagenase was 

induced only by 35% of the control, extrapolation to the in vivo situation with repeated a- 

MSH release following UV irradiation may result in profound connective tissue damage of 

the skin. This possibility is supported by the clinical experience that photoaging results 

from chronic UV exposure of the skin over years and decades.
Interestingly, UVB can stimulate the production and secretion of a-MSH and ACTH from 

human keratinocytes (75). Thus, paracrine effects of a-MSH released by keratinocytes fol
lowing UV irradiation might play a crucial role in UV induced alterations of collagen 

metabolism in fibroblasts. The induction of collagenase synthesis and activation is a novel 
a-MSH effect, and so far has not been reported for other proopiomelanocortin peptides, 
such as ACTH. Hence, besides its immunomodulatory capacities a-MSH play an important 
role in the UV mediated regulation of connective tissue metabolism of the skin.
Even though the actual concentration of a-MSH in the dermis after UV irradiation as well 
as melanocortin receptors have not yet been identified on human dermal fibroblasts, we 

would like to suggest that a-MSH — by the induction of fibroblast-derived collagenase — 

contributes to the loss of interstitial collagen — the major pathological hallmark of pho
toaging.

We provided the first evidence that a-MSH was able to upregulate the IL-8 mRNA produc
tion in human dermal fibroblasts. Moreover, the IL-8 content of the cell culture super
natants was increased dramatically with a maximum at 48 h after the a-MSH treatment. IL- 
8R mRNA was not detected in control fibroblasts at all, but IL-8R mRNA also appeared a- 

MSH post treatment.
a-MSH is known to be able to regulate production of cytokines in different tissues. Human 

fibroblasts can produce the chemotactic cytokine IL-8 and it has been shown that IL-8 can 

influence the collagen turnover in the dermis.
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A variety of dermatoses is characterized by the infiltration of neutrophils into skin, induc
tion of IL-8 production in fibroblasts may play an important role in inflammatory skin dis
eases. Since IL-8 can down-regulate the collagen production in fibroblasts and a-MSH is 

able to induce their interstitial collagenase production and activity, it seems that both a- 

MSH and IL-8 may be important in the regulation of collagen turnover as well.

IL-8 is a potent chemotactic and proinflammatory cytokine, produced in the skin by a vari
ety of cells in response to inflammatory stimuli. The effects of IL-8 are mediated by bind
ing specific high-affinity receptors. The effects of IL-8 may be modulated in receptor level. 
Recently, increased expression of epidermal IL-8R has been observed in psoriasis, an in
flammatory and hyperproliferative skin disease.
We demonstrated that both SP and CGRP could upregulate the IL-8R mRNA expression in 

a keratinocyte cell line HaCat, but no effect on IL-8 production was found. In contrast, a- 

MSH influenced neither IL-8 nor IL-8R expression in HaCat cells. These findings shed new 

light on the interaction of the nervous system and inflamatory cells contributing to 

neurogenic inflammation in skin.
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