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Introduction 

Pathogenesis of systemic sclerosis is complex and still

not fully elucidated. It is probably associated with influence

of many different, mutually cooperating factors [1]. 

The role of disturbances in composition of extracellular

matrix (ECM), especially excessive accumulation of collagens

type I, III, V and VI, fibronectin and tenascin, is postulated

in development of fibrosis associated with systemic sclerosis

[2]. It remains unexplained, however, whether such

disturbances result from increased synthesis or decreased

degradation of ECM components. It is suggested that surplus

of these components may result from disproportion between

degrading proteases and their inhibitors. 

Metalloproteinases belong to the group of enzymes

digesting the components of ECM. Their action depends
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Abstract

Metalloproteinases (MMPs) and their inhibitors (tissue inhibitors of metalloproteinases – TIMPs)
are implicated in variations of extracellular matrix composition. Disregulation of ECM degradation is
considered to play a key role in the pathogenesis of systemic sclerosis (SSc). Influence of MMPs and
TIMPs on ECM composition may result not only from regulation of their production by fibroblasts, but
also their direct role in the inflammatory process. 

The aim of the present study was to investigate the expression of selected MMPs and their inhibitors
in skin lesions of patients with SSc. MMP-1, MMP-2, MMP-9, MMP-10, TIMP-1, TIMP-2 and TIMP-3
were evaluated, by means of immunohistochemistry, in skin biopsies from 10 patients with SSc as well
as 10 age-matched healthy controls. 

Expression of MMPs and TIMPs was elevated in the skin of SSc patients in comparison with healthy
skin. The overexpression of MMPs and TIMPs in SSc specimens is due to the presence of MMP-1, MMP-2,
MMP-9, MMP-10, TIMP-2 and TIMP-3 within inflammatory infiltrate. In addition, certain MMPs (MMP-2
and MMP-9) and TIMP-2 were present in the stromal cells. Evaluation with three-step semiquantitative
scale revealed that in SSc patients TIMPs expression appeared relatively lower when compared with
MMPs. 

The results of this preliminary study indicate that there are local disturbances in the expression of
MMPs and their inhibitors in the skin of patients with SSc. It suggests that altered expression of
MMPs/TIMPs may contribute to the development of local inflammatory infiltrated and tissue fibrosis in
systemic sclerosis. 
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on the presence of active zinc and calcium ions. MMPs are

synthesized and secreted by various cells, such as

fibroblasts, monocytes, granulocytes, T cells, Langerhans

dendritic cells, macrophages, endothelial cells, epithelial

cells, myocytes, neurons, astrocytes, as well as

keratynocytes [3-5]. Literature data suggest that tissue

inhibitors of proteolytic enzymes, produced by the same

types of cells, may play a greater role in fibrosis process

than the enzymes themselves [6]. Tissue inhibitors influence

both the activation process of metalloproteinases and their

already active forms [7]. So far tissue inhibitors of four

metalloproteinases: MMP 1, 2, 3 and 4 were identified, and

function of three of them was fully recognized [8].

Production of MMPs is regulated by cytokines, growth

factors, cell-cell and cell-matrix interactions, as well as

processes controlling gene expression and activation of their

proenzymatic forms. The activity of MMPs is also

modulated by their specific tissue inhibitors. Both matrix

metalloproteinases and their tissue inhibitors have important

role in the course of inflammatory processes [9, 10]. 

Imbalance between enzymes degrading ECM components

and their inhibitors plays a role in pathogenesis of many

diseases, including certain autoimmune dermatoses, such as

pemphigoid and herpetiform dermatitis [11-23]. It was

demonstrated that both soluble and cellular membrane-bound

metalloproteinases have a role in degradation of the basement

membrane and may be the cause of bullae formation [24, 25]. 

Disturbed homeostasis between MMPs and their

inhibitors may be involved in changes of the extracellular

matrix composition. 

The aim of the present study was to investigate the

expression of selected MMPs and their inhibitors in skin

lesions of patients with SSc.

Material and methods

Patients

The studied group comprised 10 patients with systemic

sclerosis (SSc), 6 with limited SSc (lSSc) and 4 with diffuse

SSc (dSSc), 9 women and 1 man, mean age 54.4 years,

range 38 to 72) (table 1). The disease was diagnosed on the

base of American College of Rheumatology (ACR) criteria

for systemic sclerosis [26]. 

Basic laboratory tests and the following additional

examinations were performed in all patients: esophageal

scintigraphy, 24-hour ECG monitoring, Doppler echo-

cardiography, chest X-ray, lung spirometry, X-ray of feet

and hand bones. Antinuclear antibodies serum levels (ANA)

were identified by the indirect immunofluorescence and

precise identification of antibodies was performed by the

double immunodiffusion method (DID) according to

Outchterlony [27]. 

Mean duration of Raynaud’s phenomenon was 

9.7 years, range 4 to 20, and duration of skin sclerosis was

5.4 years, range 1-16. Mean Total Skin Score was 15 points,

range 10 to 28. Number of internal organs involved was

from 1 to 3. Scl 70 antibodies were present in sera of 5/10

SSc patients, U3RNP in 1 patient with lSSc and in 4 another

noncharacteristic antinuclear anibodies were found.

Patients with diffuse form of SSc were treated with low

doses of prednisone (20 mg/day) and/or immunosuppressive

drugs (cyclophosphamid 50 mg/day). All medication was

continued during our study because of severe course of the

disease and ethical concerns. 

Vasodilatory drugs and vitamin E were administered

for patients with lSSc.

Control group consisted of 10 healthy volunteers 

(5 women and 5 men), aged between 19 and 49 years (mean

42 years), without skin disease. 

Before entering the study all the patients and controls

gave written informed consent and the study was approved

by Bioethics Committee of Medical University of Lodz. 

Tissues

Punch biopsies were taken from indurated skin on

dorsal aspect of the hands in SSc patients. The specimens

were formalin-fixed and paraffin-embedded prior to

examination. Punch biopsy specimens from the wrist region

were also obtained from 10 healthy volunteers.

Immunohistochemistry

Paraffin-embedded sections (3-4 μm thick) were used for

routine H+E staining and for immunohistochemistry in

DAKO EnVision detection system using immunoperoxidase

method. The following primary mouse monoclonal antibodies

were used: anti-MMP 1, anti-MMP 2, anti-MMP 9, 

Table 1. Clinical characteristics of examined group

Parameter Statistical SSc Control group

parameters (n=10) (n=10)

Sex (F/M) 9/1 5/5

Age (years) mean 54.4 42

range 38-72 19-49

Duration of  Raynaud's mean 9.7 –

phenomenon (years)
range 4-20

Duration of skin sclerosis mean 5.4 –

(years)
range 2-16

TSS (points) mean 15 –

range 10-28

Number of involved mean 2 –
internal organs

range 1-3

ANA 10 0

Expression of metalloproteinases and their inhibitors in skin lesions of systemic sclerosis (SSc) patients
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anti-MMP 10 and anti-TIMP 1, anti-TIMP 2 and anti-TIMP 3

(Novocastra). In order to avoid non-specific staining

background blocking antibodies from control set (DAKO)

were used. For immunohistochemistry, the paraffin-

embedded sections were placed on adhesive plates and dried

at 56°C for 24 hours, later deparaffinated in a series of

xylens and alcohols of decreasing concentrations (96%,

80%, 70%, 60%). Activity of endogenous peroxidase was

inhibited with 3% hydrogen peroxide solution in methanol

for 5 minutes.

In order to retrieve the antigenicity of tissues and allow

them to react with antibodies, specific procedures were used

for each antibody, according to manufacturers’ instruction.

After incubation with diluted antibodies for 60 minutes at

room temperature, slides were washed with TRIS buffer

twice. Then, DAKO EnVision double-step visualization

system was applied to visualize the antigen-antibody

reaction. In cases of positive immunohistochemical reaction

cellular nuclei were stained with Meyer’s haematoxylin for

2 minutes. After dehydratation and processing through

series of acetones and xylenes, as described above, the

sections were fixed in Canadian balm.

The three-step semiquantitative scale was applied for

evaluation of the intensity of immunohistochemical reaction

with examined markers. The first step (weak intensity) –

immunohistochemical reaction was limited to the single

epithelial cells and/or was only focally present in the stroma.

The second step (moderate intensity) – immunohistochemical

reaction was observed in part of epithelial cells and/or was

present in some areas of the stroma. The third step (strong

intensity) – immunohistochemical reaction was observed in

numerous epithelial cells and/or was present in large areas

of the stroma.

Expression of MMPs and TIMPs was assessed by two

independent pathologists using Nikon Microfob FXA

microscope (Nikon LTD, Japan).

Results

In all patients histological examination (H + E) revealed

changes typical for scleroderma. 

Expression of examined metalloproteinases and their

tissue inhibitors is presented in table 2.

Matrix metalloproteinases 

in SSc biopsy specimens

Collagenase (MMP-1)

Moderate expression of MMP-1 was found in 10 out of

10 specimens. In 7 biopsies expression of MMP-1 was

detected in perivascular and parenchymal infiltrates

(monocytes and lymphocytes) and in 2 also in hair follicles.

In 3 out of 10 specimens it was localized in basal

keratinocytes (figure 1).

Gelatinase (MMP-2)

A very intensive signal for gelatinase was detected in

all samples. In all of them it was observed in stromal cells

Bo¿ena Dziankowska-Bartkowiak et al.

Table 2. Expression of examined metalloproteinases and their

tissue inhibitors in skin biopsies

Loca- Kerati- Stromal  Peri- Paren-  Hair

lization nocytes cells vascular chymal follicles

infiltrate infiltrate

Patients (n=10) 

MMP 1 3 nd 7 10 2

MMP 2 3 10 7 10 nd

MMP 9 5 3 8 10 nd

MMP 10 1 1 7 10 nd

TIMP 1 7 nd 1 10 nd

TIMP 2 9 nd 9 10 1

TIMP 3 8 nd 10 10 nd

Controls (n=10 )

MMP 1 sk 4 nd nd nd

MMP 2 sk 4 nd nd nd

MMP 9 sk 4 nd nd nd

MMP 10 sk 4 nd nd nd

TIMP 1 sk 4 nd nd nd

TIMP 2 sk 4 nd nd nd

TIMP 3 sk 4 nd nd nd

sk – single keratinocytes; nd – non detectable.

Fig. 1. Collagenase (MMP 1) (100x). Skin lesions. Immuno-

histochemistry. Moderate expression of collagenase (MMP 1)

in basal keratinocytes and perivascular infiltrate (mag. 100x)
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(fibrocytes, fibroblasts, mastocytes) and in 7 out 

10 specimens MMP-2 expression was also detected in

perivascular infiltrates (figure 2). Gelatinase expression was

present also in basal keratinocytes (3 out of 10). 

92 kD gelatinase (MMP-9)

In all of 10 biopsies strong expression of MMP-9 was

observed. In 8 out of 10 biopsies expression of this

metalloproteinase was found in perivascular infiltrates, in 5

of them in basal keratinocytes (figure 3) and in 3 specimens

it was present also in stromal cells. Only in 2 out of 10

biopsies expression of this metalloproteinase was observed

only in basal keratinocytes. The most distinct expression of

this gelatinase was found in parenchymal infiltrate in 1 out

of 10 specimens. 

Stromelysin (MMP-10)

High expression of MMP-10 was observed not only in

perivascular infiltrates (7 out of 10) but also in basal

keratinocytes and in the whole epidermis (1 out of 10) (figure

4). Only in 1 specimen it was also detected in stromal cells

and parenchymal infiltrates of monocytes and lymphocytes. 

Tissue inhibitors of metalloproteinases

In contrast to metalloproteinases expression of their

tissue inhibitors was assessed as moderate or weak in all

examined biopsies

TIMP 1

Expression of TIMP 1 was found not only in basal

keratinocytes but also in cells of the whole epidermis (7 out

of 10) (figure 5). Only in 1 out of 10 specimens positive

signal for TIMP 1 was observed also in perivascular

infiltrate. No expression of this tissue inhibitor was found

in stromal cells.

TIMP 2

Moderate signal for TIMP 2 was observed in perivascular

infiltrates and in the whole epidermis in 9 out of 10 specimens

(figure 6). In 1 biopsy moderate positive staining for this tissue

inhibitor was present in hair follicles.

TIMP 3

Weak or moderate expression of TIMP 3 was present in

perivascular infiltrates in all of 10 specimens and also in the

basal keratinocytes (8 out of 10) (figure 7) and only in 2 out

of 10 specimens weak signal for TIMP 3 was observed in the

whole epidermis.

Fig. 2. Gelatinase (MMP 2) (100x). Skin lesions. Very intensive

expression of gelatinase (MMP 2) in stromal cells and

perivascular infiltrate (mag. 100x)

Fig. 3. 92 kD gelatinase (MMP 9) (100x). Skin lesions. Strong

expression of 92 kD gelatinase (MMP 9) in basal keratinocytes

(mag. 100x)

Fig. 4. Stromelysin (MMP 10) (100x). Skin lesions. Intensive

expression of stromelysin (MMP 10) in whole epidermis and

in perivascular infiltrates (mag. 100x)
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Infiltrate

In parenchymal cellular infiltrate (monocytes and

lymphocytes) expression of all the MMPs and TIMPs was

observed. It was the most distinct for MMP 1, MMP 2 and

MMP 10, as well as for TIMP 2. In stromal cells no

expression of TIMP 1 and TIMP 3 was found. The most

intense signal was noted for MMP 2 and MMP 10 (table 2).

Controls

Expression of MMP 1, MMP 2, MMP 9, MMP 10 and

TIMP 1, TIMP 2, TIMP 3 was examined using the same

method in 10 skin samples obtained from healthy

volunteers. In all biopsies only few basal keratinocytes

showed moderate expression of all the studied proteins

(figure 8). In 4 biopsies weak positive staining for the above

enzyme was present in hair follicles. 

Discussion

Fibrosis process in the course of systemic sclerosis

depends on many factors. It results not only from immune

and vascular disturbances, but also from increased

production and deposition of collagen and other ECM

components in connective tissue. Results of numerous

studies point to certain role of metalloproteinases and their

inhibitors in this process [3, 28-30]. 

Enzymes degrading the components of ECM include:

collagenases, gelatinases, elastases, stromelysins and

membrane metalloproteinases [31]. It was demonstrated that

the following metalloproteinases: MMP 1, MMP 8 and MMP

13 possess the ability to cleave fibers of type I, II and III

collagens [30]. Gelatinases, MMP 2 and MMP 9, degrading

denaturated collagen and cellular membrane components also

significantly influence the composition of extracellular matrix

Fig. 5. TIMP 1 (400x). Skin lesions. Moderate expression of

TIMP 1 in whole epidermis (mag. 400x)

Fig. 7. TIMP 3 (100x). Skin lesions. Weak expression of TIMP 3

in perivascular infiltrates and in basal keratinocytes (mag. 100x)

Fig. 8. Control (100x). Control. Moderate expression of MMP 1

the epidermis (mag. 100x)

Fig. 6. TIMP 2 (100x). Skin lesions. Moderate expression of

TIMP 2 in perivascular infiltrates and in the whole epidermis

(mag. 100x)
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[20, 32]. MMP 2, produced by fibroblasts and macrophages,

cleaves gelatins, type VI collagen, fibronectins and

proteoglycans [3]. 

Previous studies aimed at explanation of the role of

metalloproteinases and their tissue inhibitors in pathogenesis

and activity of systemic sclerosis were based on

determination of their serum concentrations or expression

in fibroblast cultures. 

Literature data stress the important role of tissue

inhibitors of metalloproteinases in development of fibrosis

in the course of systemic sclerosis. Kikuchi et al. [29, 33]

observed a correlation between serum TIMP concentration

and disease activity in SSc patients. These authors also

suggest that tissue inhibitor of metalloproteinase 1 has an

important, autocrine role in fibrosis process. Matilla et al.

[30] indicate a certain role of TIMP-3 in the process of

degradation of extracellular matrix fibers in SSc. Yazawa

et al. [3], on the other hand, observed an association

between elevated concentration of tissue inhibitor of

metalloproteinase 2 and pulmonary lesions in patients with

systemic sclerosis. 

Up to date, however, no studies were aimed at

determination of degree of MMPs and TIMPs expression in

lesional skin biopsies obtained from systemic sclerosis patients. 

In our study pronounced expression of both metallo-

proteinases and their tissue inhibitors was demonstrated in

skin biopsies from SSc patients in comparison to biopsies

from healthy volunteers. Localization of examined enzymes

was quite characteristic, concerning mostly dermal blood

vessels and epidermis. Such expression of MMPs and TIMPs

may be explained by their production by keratinocytes and

inflammatory cells in the course of systemic sclerosis, while

the presence of examined enzymes in the dispersed,

parenchymal infiltrates in the dermis may confirm their role

in degradation of ECM. 

It would be interesting to explain why expression of

selected metalloproteinases in SSc biopsies was observed

in the same localization in the epidermis as Fas-APO1 in

earlier studies [34]. It was demonstrated that both MMPs

and their tissue inhibitors play a role not only in ECM

degradation, but also other important processes, such as

apoptosis [35]. In focal cerebral ischemia, for example,

MMP 9 directly influenced the process of apoptosis in

neurons, thus causing brain damage [36]. Authors of the

other study demonstrated that intracellular gelatinases,

MMP 2 and MMP 9, possess the ability to cut certain

substrates, necessary for cell survival [37]. These

observations may point to presence of distinct relation of

metalloproteinases with suicidal cell death. 

Intensity of gelatinase (MMP 2) and stromelysin (MMP

10) expression was strong, while MMP 1 and MMP 9 were

moderately expressed. Expression of tissue inhibitors of

MMPs was moderate or weak. It can be suspected that

increased expression of most examined metalloproteinases

in dermal blood vessels confirms their significant role in

degradation of components of subendothelial basement

membrane. This phenomenon may in turn facilitate migration

of T cells into surrounding tissues, where they can indirectly

influence increased production of ECM components by

fibroblasts. Other studies reveal that expression of gelatinases

(MMP 2 and MMP 9) facilitates migration of T cells through

subendothelial basement membrane [38]. Activated T cells

may directly, through cell-cell interaction, induce expression

of metalloproteinase 9 in fibroblasts, neutrophils and

monocytes [39-41]. 

In our study no association between intensity of

expression of metalloproteinases 1, 2, 9 and 10 and

duration of the Raynaud’s phenomenon or duration of

diseases was found. Results of other studies confirm the

existence of such association between serum concentrations

of metalloproteinases. Kuroda and Shinkai [42] revealed

the presence of relationship between expression of genes

for metalloproteinases and disease duration (in vitro studies

– comparison of fibroblasts from systemic sclerosis patients

and healthy persons). 

No correlation between expression of MMPs/TIMPs

and disease subset nor phase of disease was observed (data

not shown). 

Mechanism of disturbed balance between metallo-

proteinases and their tissue inhibitors causing excessive

fibrosis in systemic sclerosis cannot be fully explained. It is

suggested that excessive production of ECM may result from

inhibition of MMPs’ activity. Results of some studies

demonstrate the role of antibodies directed against

metalloproteinases 1 and 3, found in serum of systemic

sclerosis patients [43-46]. 

Few studies evaluating the role and expression of

metalloproteinases and their tissue inhibitors were so far

conducted in bullous dermatoses [24, 47] and neoplastic

diseases [48]. 

The hypothesis stating that influence of MMPs and

TIMPs on ECM composition results not only from

regulation of their production by fibroblasts, but also their

direct role in the inflammatory process, may be confirmed

by the fact of presence of significant MMP 1, MMP 2,

MMP 10 and TIMP 2 expression in cells forming the

inflammatory infiltrate – monocytes and lymphocytes. It

seems also that lower expression of tissue inhibitors in

comparison to metalloproteinases may indicate that

imbalance between these enzymes influences increased

tissue fibrosis in the course of systemic sclerosis. Similar

disproportions in expression of MMPs and TIMPs were

also found in studies on patients with Crohn disease [49],

pemphigoid and Duhring disease [24], allowing the authors

to form a hypothesis of their certain role in pathogenesis of

these diseases. 

The obtained results, although performed on a relatively

small group of patients with systemic sclerosis, reveal the

necessity of further explanation. They confirm the important

role of imbalance between factors degrading the components
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of extracellular matrix and their inhibitors, determined not

only in sera, but also in tissue, in development of tissue

fibrosis in systemic sclerosis. 
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