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Abstract The objective of this study was to assess the
importance of the free radical release process in the patho-
genesis of localized scleroderma and compare it with that in
systemic sclerosis. The study was conducted on 20 randomly
collected cases of morphea (4 single plaque, 7 linear, and
9 disseminated), 16 cases of systemic sclerosis, and 10 age-
and sex-matched healthy volunteers. Blood samples and
homogenized skin biopsies from lesional and nonlesional
skin of patients and controls were examined for superoxide
dismutase (SOD) activity using spectrophotometric assay,
and for lipid peroxide level using the thiobarbituric acid
assay. Morphea and systemic sclerosis cases showed signifi-
cant elevation of blood, lesional, and nonlesional skin lipid
peroxide levels and SOD activity compared with normal
controls. When each of the subtypes of morphea were com-
pared with the controls, a significant elevation of SOD was
found in lesional skin in all groups, in plasma of linear and
disseminated morphea, and in nonlesional skin of cases of
disseminated morphea. A comparison of systemic sclerosis
and morphea cases revealed no significant differences in
blood or tissue SOD activity or lipid peroxide level. In both
groups, the degree of skin induration could be correlated
with changes in lesional SOD activity and lipid peroxide
levels, respectively, but no correlation could be found
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between SOD or lipid peroxide and antinuclear antibody
titer. The free radical release process is as important in
the pathogenesis of morphea as it is in systemic sclerosis,
where it appears to be involved in the development of skin
induration.
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Introduction

The etiology and pathogenesis of scleroderma are essen-
tially unknown, but vascular damage, disturbed collagen
formation, and abnormalities in the immune system have all
been strongly incriminated.! The involvement of mast cells
and cytotoxic agents affecting the microvasculature has also
been suggested.” Little is known about the factor or agent
that initiates the series of pathologic processes that lead to
the sclerotic process.' Murrel’ hypothesized that the genera-
tion of free radicals could be a common mechanism through
which different etiological agents can provoke scleroderma
in genetically predisposed individuals.

Oxygen free radicals in high concentrations inhibit
collagen formation and even cause its degradation.* Con-
versely, the repeated release of free radicals in low concen-
trations stimulates fibroblast proliferation with narrowing
of the vessel wall, ischemia, and the release of more free
radicals.” It was therefore suggested that free radicals can
cause sclerosis either through direct tissue damage leading
to vascular endothelial necrosis,” or through the chronic
stimulation of collagen formation.’

Patients with systemic sclerosis were found to have a
greater oxidative metabolic activity in whole blood and
polymorphonuclear leukocytes (PNL),’ as well as increased
susceptibility to oxidative DNA damage,’” and oxidation of
low-density lipoproteins (LDL).* This may be due to a defi-
ciency of micronutrient antioxidants such as ascorbic acid
and selenium,’ or increased superoxide production as de-
tected by elevated plasma superoxide dismutase (SOD) (an
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important antioxidant enzyme) activity in patients with
systemic sclerosis.'” It has been suggested that metal-
catalyzed oxidation reactions play a role in the early patho-
genesis of the disease."" The role of the free radical release
process has also been implicated in cases of scleroderma-
like syndromes caused by environmental agents such as
silica, bleomycin, alcohol, and toxic oil.”? Some authors
suggest that the release of oxygen free radicals and the
associated damage to the vascular endothelium could be
the primary event, which is followed by stimulation of the
immune system.” Others suggest that in those cases their
release is induced by ischemia caused by vascular damage,
or due to an altered immune function.” An increased con-
centration of soluble immune activation markers, such
as soluble interleukin-2 (sIL-2) receptor and gamma
interferon in systemic sclerosis patients,” stimulates endot-
helial cell production of nitric acid and neopterin, the cyto-
toxic effect of which enhances the free radical-mediated
effects."

Skin changes in localized scleroderma or morphea show
a marked histological and electron microscopic resem-
blance to systemic sclerosis apart from a lack of involve-
ment of the muscle capillaries in morphea. The two
disorders rarely occur together. Morphea cases may occa-
sionally reveal Raynaud’s phenomenon, gastrointestinal
manifestations, and nail-fold capillaroscopy changes similar
to those of systemic sclerosis.” Autoimmunity, disturbed
fibroblast functions, and changes in small dermal blood ves-
sels are common factors in the pathogenesis of the two
conditions.' Since the role of free radicals is strongly sug-
gested in the pathogenesis of systemic sclerosis, we would
also expect them to be involved in the pathogenesis of
morphea.

In this work, the role of the free radical release process in
morphea was studied and compared with that in systemic
sclerosis. The blood, lesional, and nonlesional skin SOD
activity and lipid peroxide levels were measured to deter-
mine the degree of free radical production and to asses the
degree of free radical-mediated tissue damage in both
groups. Antinuclear antibody (ANA) positivity and its titer
were measured to detect the relation between the free radi-
cal release and the process of autoantibody production in
both diseases.

Patients and methods

Two groups of patients were enrolled in the study. The first
group included 16 cases of systemic sclerosis (14 female,
87.5%) diagnosed according to the criteria of the American
Rheumatism Association." This group was subdivided
according to clinical type into acrosclerosis (14 cases) and
progressive systemic sclerosis (2 cases). Twelve cases had
systemic sclerosis only, and four had other collagen diseases
in addition to systemic sclerosis: two had polymyositis and
two had rheumatoid arthritis. All patients had Raynaud’s
phenomenon, 11 (68.8%) had esophageal dysmotility, 4
(25%) had telangiectasia, 10 (62.5%) had dyspnea on exer-

tion, and 3 (18.8%) had pulmonary hypertension. Their
drug treatments included nifedipine (3 patients), diltiazem
(2 patients), and methotrexate (3 patients).

The second group included 20 cases of morphea (16
female, 80%). This group was further subdivided accord-
ing to clinical type into single-plaque morphea (4 cases),
linear morphea (7 cases), and disseminated morphea (9
cases).

Each case had a clinical examination and a complete
medical history was taken. The degree of skin induration
was assessed by rating the thickness of the skin on a scale
of 03" in all the lesions of morphea cases, and in at
least four sites in cases of systemic sclerosis. A rating of 0
meant normal, while 1 meant minimal involvement, 3 meant
severe involvement, and 2 was intermediate between 1
and 3.

Ten healthy volunteers served as a control group. A
serum sample was collected from each patient and control
and examined for ANA and its titer by immunofluores-
cence,'® as well as for lipid peroxide level. In addition,
plasma samples were examined for SOD activity. Two skin
biopsies were taken from each patient (one from lesional
and one from nonlesional skin), and one biopsy was taken
from the covered skin of normal controls. All the skin biop-
sies were examined for SOD activity and lipid peroxide
levels. Written informed consent was obtained from all
patients and controls.

Preparation of samples

Skin biopsy

Skin biopsies were taken with a 4-mm punch from the af-
fected and normal covered skin of patients and the normal
covered skin of controls.”” The biopsy was washed in ice-
cold 0.25M sucrose and weighed. It was then homogenized
in 0.25M sucrose in a homogenizer. The tissue homogenate
was centrifuged at 8500g for 10min and then stored at
—70°C until the lipid peroxide assay was performed. The
supernatant was collected, and 400ul ice-cold extraction
reagent (ethanol/chloroform, v/v) was added to 250ul of
supernatant in a glass test tube, vortexed for at least 30s,
centrifuged at 3000 g, and the upper layer was collected for
the SOD assay.

Plasma

Blood was collected in heparinized tubes, and centrifuged
at 2500 g and 40°C for Smin.”” Supernatent plasma was col-
lected and stored at —70°C. When the assay was performed,
400ul of extraction reagent (ethanol/chloroform) was
added to 250l of plasma in glass test tubes, vortexed for
30s, centrifuged at 3000g for 10min, and the upper layer
was collected for the SOD assay.

Serum

Serum samples were separated by centrifugation at 3000g
for S5min and stored at 40°C for examination for lipid
peroxides and ANA.



Measurement of lipid peroxidation®

Malonaldehyde (MDA) is an end product derived from
the breakdown of polyunsaturated fatty acids and related
esters. The measurement of such aldehydes provides a
conventional index of lipid peroxidation. MDA was mea-
sured using the thiobarbituric acid (TBA) assay.

TBA 0.2mg/dl, 2.5ml, was added to 0.5ml serum and/or
tissue homogenate (= 100 mg skin biopsy). The mixture was
centrifuged at 3500 r.p.m. for 10min, and the precipitate was
washed once with 0.05M H,SO,. Then 2.5ml 0.05M H,SO,
and 3ml of TBA 0.2mg/d]l were added, and the mixture was
boiled for 30min. The resulting chromogen was extracted
with n-butyl alcohol, and the absorbency of the organic
phase was determined at a wavelength of 530 nm.

SOD spectrophotometric assay

SOD was assayed spectrophotometrically at a wavelength
of 525nm.* The kit was supplied by Oxis International
Incorporation Bioxytech SOD-525 (Portland, OR, USA).
The biosynTech SOD-525 method is based on the
SOD-mediated increase in the rate of autooxidation of
tetrahydrotrihydroxybenzofluorene (R1) in an aqueous
alkaline solution to yield a chromophore with maximum
absorbance at 525nm. A kinetic measurement of the 525-
nm absorbance change is performed after the addition
of R1. SOD activity is determined from the ratio of the
autooxidation rates in the presence (V) and absence (V) of
SOD. The V/V_ ratio as a function of SOD activity is inde-
pendent of the type of SOD being measured. One SOD 525
activity unit is defined as the activity that doubles the
autooxidation rate of the central blank (V/V, = 2).

Statistical methods

To compare the different groups we used the ANOVA test
for multiple groups and Student’s #-test for two groups. The
relations between the different variables in this study were
studied by the Pearson correlation method and by step-wise
regression analysis.

Results

Clinical profiles of all the patients are shown in Table 1.
Systemic sclerosis group

Systemic sclerosis patients showed statistically significant
elevations in plasma and lesional and nonlesional skin
SOD activity, and in and lesional and nonlesional skin
serum lipid peroxide levels, when compared with normal
controls (Fig. 1). The lesional skin showed a statistically
significant elevation of SOD activity and lipid peroxide
levels when compared with the nonlesional skin from the
same patients.
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No significant differences could be detected in blood,
lesional, and nonlesional skin SOD activity or lipid per-
oxide levels when cases of acrosclerosis were compared
with those of progressive systemic sclerosis, or when cases
of systemic sclerosis alone were compared with those asso-
ciated with polymyositis or rheumatoid arthritis.

ANA was positive in 13 cases (81.3%). No statistically
significant correlation could be detected between the tissue
or blood SOD activity or lipid peroxide levels and the ANA
titer.

By using step-wise regression analysis, 75.4% of changes
in the occurrence of Raynaud’s phenomenon could be ex-
plained by changes in the nonlesional lipid peroxide levels
[R-SQ (adj) = 0.754], and 49.4% of changes in the occur-
rence of ulceration of the fingertips could be explained by
changes in the lesional lipid peroxide levels [R-SQ (adj) =
0.494], while 76.9% of changes in the occurrence of skin
induration could be explained by changes in the lesional
skin SOD levels [R-SQ (adj) = 0.769].

Morphea group

Morphea patients showed statistically significant eleva-
tions in plasma and lesional and nonlesional skin SOD
activity and in serum and lesional and nonlesional skin
lipid peroxide levels when compared with normal controls
(Fig. 1, Table 2). Lesional skin revealed statistically
significant elevations of SOD activity and lipid peroxide
levels when compared with nonlesional skin from the same
patients.
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Fig. 1. Lip per, lipid peroxide in nmol/ml; SOD, superoxide dismutase
in U/ml; P, plasma; S, serum; LS, lesional skin; NLS, nonlesional skin;
black bars, systemic sclerosis; stippled bars, morphea; open bars, con-
trols. SOD P (9.9 £3.9,8.7 £4.6,1.6 £ 0.3),SOD LS (10.8 =4.9,11.5
+5.7),SOD NLS (3.8 =1.9,4.9 =3.7,2.0 = 0.3), Lip per S (6.4 = 2.9,
5.8+23,2.6 £0.3), Lip per LS (8.3 £3.1,84 +3.4),and Lip per NLS
(3.1 £1.5,3.9 = 1.7, 1.8 = 0.9) in patients with systemic sclerosis or
morphea and in controls, respectively. When either disease was com-
pared with controls, the difference in both SOD and lipid peroxide
level was statistically significant in nonlesional skin (P < 0.01) and in
serum, plasma, and lesional skin (P < 0.001)
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Table 1. Clinical profiles of patients

Age Sex Diagnosis Overlapping Duration Course Ind Dist Type R U D ANA HEP2
(years) autoimmune disease (years)
+/— Pat Titer 1/
1 45 F Systemic sclerosis — 12 ST 1 Acr Acr + + + + H 160
2 39 F  Systemic sclerosis Polymyositis 5 PR 1 Acr Acr + - + + SP 320
3 29 F Systemic sclerosis — 0.5 PR 3 Acr Acr + + - + SP 160
4 37 F Systemic sclerosis — 0.5 PR 3 Acr Acr + - + + N 100
5 15 F  Systemic sclerosis — 5 PR 2 Acr Acr + + + -
6 24 F Systemic sclerosis — 12 ST 1 Acr Acr + + - + SP 160
7 54 M  Systemic sclerosis — 1 PR 1 Acr Acr - + - -
8 26 M  Systemic sclerosis — 2 PR 3 Tr&Acr Pss + - + + SP 80
9 21 F Systemic sclerosis — 5 ST 2 Acr Acr + + + + H 80
10 50 F Systemic sclerosis — 7 ST 1 Acr Acr + + - + H 160
11 37 F  Systemic sclerosis — 15 ST 1 Acr Acr + + + + SP 80
12 48 F Systemic sclerosis Rheumatoid A 0.3 PR 1 Acr Acr - - - + H 320
13 30 F Systemic sclerosis Rheumatoid A 20 ST 3 Acr Acr + - + + H 160
14 38 F  Systemic sclerosis — 10 ST 2 Acr Acr + - + -
15 18 F Systemic sclerosis — 7 PR 2 Acr Acr + - - + SP 60
16 30 F Systemic sclerosis Polymyositis 0.7 PR 3 Tr&Acr Pss + - + + SP 100
17 38 F  Morphea - 1.5 ST 2 Tr Single - - — + Sp 60
18 38 F Morphea - 1.5 PR 3 Limb Linear — — — + SP 80
19 60 M  Morphea - 2 PR 2 Tr&limb Diss - - = -
20 14 F  Morphea - 1 PR 3 Face Single - - — + H 60
21 38 M  Morphea - 2 PR 3 Tr&limb Diss - - - + H 160
22 28 F Morphea - 0.25 PR 2 Tr&limb Diss - - = -
23 10 F  Morphea - 2 ST 1 Limb Linear — - — + Sp 120
24 56 F Morphea - 1.5 Reg 1 Tr Single - - - -
25 6 M  Morphea - 2 PR 2 Tr&limb Diss - - + + H 60
26 20 F  Morphea - 2 ST 1 Face Linear — - — + H&SP 80
27 15 F Morphea - 1.5 ST 3 Limb Linear — — - -
28 50 F Morphea - 0.3 PR 3 Limb Linear — — - -
29 32 F  Morphea - 2 ST 1 Tr&limb Diss - - - -
30 38 F Morphea - 1 PR 2 Limb Linear — — - -
31 56 F Morphea - 1 PR 2 Tr&limb Gen - - + -
32 12 F  Morphea - 3 PR 1 Tr&limb Diss - - - -
33 39 M  Morphea - 0.2 PR 3 Limb Single - - - -
34 12 F Morphea - 0.3 Reg 0 Limb Diss - - = -
35 27 F  Morphea - 0.7 PR 3 Limb Linear — - -— -
36 12 F Morphea - 2 ST 1 Limb Diss - - = -

PR, progressive; ST, stationary; Reg, regressive; Acr, acrosclerosis; Pss, progressive systemic sclerosis; SP, speckled; H, homogenous; N, nuclear;
Ind, induration; R, Raynaud’s; U, ulceration of the fingertips; D, dysphagia; ANA HEP 2, antinuclear antibodies on HEP 2 cells; Pat, pattern;
Dist, distribution; Tr, trunk; Diss, disseminated; Gen, generalized

Table 2. Comparison of the SOD activity and lipid peroxide levels in different groups of morphea with each other and with normal controls

Single plaque Linear Diss & Gen Controls
SOD in plasma 6.34 £ 2.07 AB 997 =147 A 8.87 + 1.77 A 1.52 = 0.116 B
P < 0.001* P <0.01*
SOD in lesional skin 839 =817 A 11.14 = 0.64 A 13.11 =213 A 1.92 = 0.112 B
P < 0.05* P < 0.001* P < 0.001*
SOD in nonlesional skin 321 £1.01 AB 3.77 £ 1.34 AB 6.72 + 1.27 A 1.92 = 0.112 B
P <0.01*
Lipid peroxide in serum 4.68 =0.26 A 694 = 1.05 A 538 =071 A 245 +0.14B
P <0.01* P <0.01* P <0.01*
Lipid peroxide in lesional skin 633 £1.05 A 889 122 A 8.99 + 129 A 1.5+021B
P < 0.05* P < 0.001* P < 0.001*
Lipid peroxide in nonlesional skin 428 £ 028 A 39072 A 413 £ 0.61 A 1.5+021B
P <0.01* P < 0.05% P <0.01*

* Difference is statistically significant
Lipid peroxide, lipid peroxide in nmol/ml serum or tissue homogenate; SOD, superoxide dismutase in SOD 525U/ml plasma or tissue

homogenate

Mean values with the same letter code are not significantly different



ANA was positive in 7 cases (35%) and negative in 13
cases (65%). No statistically significant correlation could be
detected between the tissue or blood SOD activity or lipid
peroxides and the ANA titer.

When the three groups of morphea patients (single-
plaque, linear, and disseminated) were compared with each
other, no significant differences could be detected in blood
or tissue SOD or lipid peroxide (Table 2).

When each of these groups was compared with the nor-
mal controls, it was found (Table 2) that lesional skin SOD
activity was higher than that in normal controls in all
groups. This difference was statistically significant in the
single-plaque group, and highly significant in the dissemi-
nated and linear morphea groups. The nonlesional skin
SOD activity was significantly higher than that in normal
controls only in the group with disseminated morphea. The
plasma SOD activity was found to be significantly higher
than that in controls in the disseminated and linear mor-
phea groups. The lipid peroxide levels in the serum, and in
lesional and nonlesional skin were found to be significantly
higher in each group than that in normal controls.

By using step-wise regression analysis, 76.6% of the
changes in skin induration could be explained by changes in
levels of lesional lipid peroxide (R-SQ (adj) = 0.766), while
66.1% of the changes in skin atrophy could be explained by
changes in plasma SOD levels (R-SQ (adj) = 0.661).

Findings in both groups

When the blood, and lesional and nonlesional skin in
cases of morphea and systemic sclerosis were compared
with each other, no significant differences could be detected
(Fig. 1).

SOD activity levels were found to be elevated in the
lesional skin of cases with a progressive disease course when
compared with those of cases with stationary or regressive
disease courses both in the group with morphea (12.02 *
5.7U/ml vs. 10.63 = 5.3U/ml, respectively, with P = NS)
and in the group with systemic sclerosis (11.85 * 4.9U/ml
vs. 9.54 + 43 U/ml, respectively, with P = NS).

Lipid peroxide levels were found to be elevated in the
lesional skin of cases with a progressive disease course when
compared with those of cases with stationary or regressive
disease courses both in cases with morphea (10.1 =
2.7nmol/ml vs. 6.03 = 2.5nmol/ml, respectively, with P <
0.01) and in those with systemic sclerosis (8.7 * 3.2nmol/ml
vs. 7.9 * 2.8nmol/ml, respectively, with P = NS).

Discussion

The free radical release process appears to play an impor-
tant role in the pathophysiology of systemic sclerosis™ as
well as in scleroderma due to exogenous factors.'""
Owing to the known pathological and electron micro-
scopic similarities of skin changes in morphea and systemic
sclerosis, as well as the items of etiopathogenesis that they
have in common,” we studied the role of the free radical
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release process in the pathogenesis of morphea and of sys-
temic sclerosis.

The study included 16 cases of systemic sclerosis and 20
cases of morphea. In the systemic sclerosis cases there were
significant elevations of plasma SOD activity and serum
lipid peroxide when compared with normal controls. This
was consistent with the findings of Morita et al.,' who ex-
plained this as a reflection of the increased superoxide activ-
ity in such cases. The significant elevation of SOD activity
and lipid peroxide levels in the lesional skin compared with
that in the normal controls as well as that in the normal skin
of the same patients probably reflects the importance of the
free radical release process and the resulting tissue damage
in the development of local tissue changes. This might be
supported by the improvement in skin hardening which is
found on the topical application of SOD cream in cases of
systemic sclerosis.” The significant elevation of SOD activ-
ity and the lipid peroxide levels in the nonlesional skin of
patients when compared with that of controls, together with
higher plasma SOD and serum lipid peroxide levels, could
reflect a state of increased oxidative activity in these cases.
This may be due to excess free radical release,” which may
transfer and accumulate in healthy skin, or to an increased
susceptibility to oxidation.”

Using step-wise regression analysis revealed that the
changes in lesional skin lipid peroxides levels could explain
49.4% of the changes in the occurrence of ulceration of the
finger tips, and changes in nonlesional skin lipid peroxidase
levels could explain 75.4% of the changes in Raynaud’s
phenomenon in patients with systemic sclerosis. This may
suggest a role of free-radical-mediated tissue damage in the
ischemic changes in scleroderma. It has been suggested that
ischemia stimulates the release of IL-1. IL-1 enhances
oxygen-centered free radicals and stimulates the elabo-
ration of plasminogen activator-1 inhibitor and type-1
collagen in cardiac microvascular endothelial cells, thus
leading to the persistence of microvascular thrombi and
thus the persistence of tissue ischemia.** This could also be
the case in systemic sclerosis and the peripheral blood
vessels, where ischemia and free radical release may each
lead to the other in a vicious circle. This role of free radicals
release in vascular changes is suggested in systemic
sclerosis, but not in localized scleroderma.

Oxygen free radicals have been found to impair wound
healing in ischemic skin,” which may be related to the
persistence of fingertip ulceration in systemic sclerosis. A
positive relation between plasma SOD and the incidence of
Raynaud’s phenomenon was detected by Morita et al. in
1996." Studying cases of morphea revealed the same finding
as for cases of systemic sclerosis. A significant elevation of
plasma SOD, serum lipid peroxides, and nonlesional skin
SOD and lipid peroxide compared with normal controls
reflects increased free-radical release and radical-mediated
tissue damage in cases of morphea. The increase in lesional
SOD activity and lipid peroxide levels compared with those
in nonlesional skin from the same patients and the skin of
controls suggests an important role of free-radical release
and radical-mediated tissue damage in the pathogenesis of
local tissue changes in cases of morphea.
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The significant elevation of tissue SOD activity in all
morphea groups (single linear and disseminated) compared
with that of controls stresses the importance of the role of
the free-radical release process in the pathogenesis of local-
ized tissue changes in all types of morphea. The significant
elevation of tissue SOD activity in nonlesional skin in cases
of disseminated morphea may indicate that skin lesions may
occur at any site.

When the morphea group as a whole was compared
with the systemic sclerosis group no significant differences
were detected in blood, and lesional and nonlesional
skin SOD activity or lipid peroxide levels. This indicates
that the free-radical release process is involved in the
pathogenesis of morphea as well as in that of systemic
sclerosis. There were no significant differences in SOD
levels in serum between localized scleroderma and sys-
temic sclerosis, and there seems to be little relationship
between susceptibility to oxidation and the extent of skin
involvement.®

It has been found that oxidative stress is often associated
with fibrogenesis in different tissues of the body. Lipid
peroxidation and certain lipid peroxidation products in-
duce genetic overexpression of fibrogenic cytokines such
as transforming growth factor beta (TGF-B) and platelet-
derived growth factor,” which are suggested to be involved
in the pathogenesis of scleroderma. Free-radical-mediated
damage to collagen interferes with the normal process of
collagen remodeling, i.e., it may interfere with the quality of
the newly formed collagen.”

By using step-wise regression analysis in both morphea
and systemic sclerosis groups, changes in lesional skin SOD
activity and lipid peroxide levels could be correlated with
the changes in skin induration. It was found that progressive
cases have higher lesional skin levels of SOD activity and
lipid peroxides than cases with stationary or regressive
courses, suggesting that the free-radical-release process and
radical-mediated tissue damage are probably involved in
the pathogenesis of skin changes in both morphea and
systemic sclerosis. This is consistent with the results of
Morita et al.,"” who found a significant correlation between
the degree of sclerosis of the skin and the plasma SOD
activity.

No statistically significant correlation could be detected
between the blood and tissue levels of SOD or lipid per-
oxides and ANA positivity or titer in cases of morphea or
systemic sclerosis. The same finding was reported by Morita
et al.,’ who found no correlation between ANA and Scl 70
titers and serum SOD activity in cases of systemic sclerosis.
This would suggest the absence of a direct relationship
between the process of autoantibody production and the
release of free radicals.

We may therefore conclude that the free-radical-release
process is important in the pathogenesis of morphea as it
is in systemic sclerosis, where it appears to be involved in
the development of skin induration. Free-radical-mediated
tissue damage is also suggested to play an important role
in the pathogenesis of vascular changes in systemic
sclerosis.

References

1. Sontheimer RD, Euwer RL, Geppert TD, Cohen SB. Connective
tissue diseases. In: Moschella SL, Hurley HJ, editors. Dermatol-
ogy. 3rd ed. Philadelphia: WB Saunders; 1993. p. 1215-56.

2. Rowell NR, Goodfield MD. The connective tissue disease. In:
Champion RH, Burton JL, Bursner DA, Breathnach SM, editors.
Textbook of dermatology. 5th ed. Blackwell Science, UK; 1998. p.
2003-71.

3. Murrel FD. A radical proposal for the pathogenesis of sclero-
derma. J Am Acad Dermatol 1995;28:78-86.

4. Riley DJ, Kramer MJ, Kerr JS, Chae CU, Yu SY, Berg RA.
Damage and repair of lung connective tissue in rats exposed to
toxic levels of oxygen. Am Rev Resp Dis 1987;135:441-7.

5. Murrel GAC, Francis MJO, Bromley L. Modulation of fibroblast
proliferation by oxygen free radicals. Biochem J 1990;265:659-65.

6. Lau CS, O’'Dowd A, Belch JJ. White blood cell activation in
Raynaud’s phenomenon of systemic sclerosis and vibration-
induced white finger syndrome. Ann Rheum Dis 1992;51:249-52.

7. Wolff DJ, Needleman BW, Wasserman SS, Schwartz S. Spontane-
ous and clastogen-induced chromosomal breakage in scleroderma.
J Rheumatol 1991;18:837-40.

8. Bruckdorfer KR, Hillary JB, Bunce T, Vancheeswaran R, Black
CM. Increased susceptibility to oxidation of low-density lipo-
proteins isolated from patients with systemic sclerosis. Arthritis
Rheum 1995;38:1060-7.

9. Herrick AL, Rieley F, Schofield D, Hollis S, Braganza JM, Jayson
MI. Micronutrient antioxidant status in patients with primary
Raynaud’s phenomenon and systemic sclerosis. J Rheumatol
1994;21:1477-83.

10. Morita A, Minami H, Skakibara N, Sato K, Tsuji T. Elevated
plasma superoxide dismutase activity in patients with systemic
sclerosis. J Dermatol Sci 1996;11:196-201.

11. Rosen A, Casciola-Rosen L, Wigley F. Role of the metal catalyzed
oxidation reactions in the early pathogenesis of scleroderma. Curr
Opin Rheumatol 1997;9:538-43.

12. Biasi D, Carletto A, Caramaschi P, Pacor ML, Spinaci E, Bambera
LM. Role of free radicals in the pathogenesis of scleroderma
induced by chemical agents. Description of a case and a review of
literature. Recenti Prog Med 1995;86:155-62.

13. Bulpitt KJ, Clemets PJ, Lachenbruch AP, Paulus HU, Peter JB,
Agopian MS. Early undifferentiated CT disease. III. Outcome and
prognostic indicators in early scleroderma (SSc). Ann Intern Med
1993;118:602-9.

14. Zangerele R, Wachter H, Fuchs D. Activated macrophages and
radicals in scleroderma. J Am Acad Dermatol 1993;30:1045-7.

15. Maricq HR. Capillary abnormalities in Raynaud’s phenomenon
and systemic sclerosis in patients with localized scleroderma. Arch
Dermatol 1992;128:630-2.

16. Diagnostic and Therapeutic Criteria Committee (Masi AT, Rodan
GP, Medsgar TA, et al.). Preliminary criteria for classification of
systemic sclerosis (scleroderma). Subcommittee for scleroderma
criteria of the American Rheumatism Association. Arthritis
Rheum 1980;23:581-90.

17. Rook AH, Freundlich B, Jegasothy BV, Perez MI, Barr WG,
Jimenez SA. Treatment of systemic sclerosis with extracorporial
photochemotherapy. Arch Dermatol 1992;128:337—41.

18. Thn H, Sato S, Tamaki T. Clinical evaluation of scleroderma
spectrum disorders using a point system. Arch Dermatol Res
1992;284:391-5.

19. Shindo Y, Witt E, Packer L. Antioxidants defense mechanisms in
murine epidermis and their response to ultraviolet light. J Invest
Dermatol 1993;100:260-5.

20. Nebot C, Moutet M, Huet P, Xu JZ, Yadan JC, Chaudiere J.
Spectrophotometric assay of SOD activity based on the activated
autooxidation of tetracyclic catechol. Anal Biochem 1993;214:442—
51.

21. Satoh K. Serum lipid peroxides in cerebrovascular disorders deter-
mined by a new colorimetric method. Clin Chim Acta 1987;90:37—
43.

22. Komosinska K, Olczyk K, Winsz K. The role of free radicals in the
etiopathogenesis of systemic sclerosis. Postepy Hig Med Dosw
1997;51:285-303.



23.

24.

Mizushima Y, Hosh K, Yanagwa A, Takano A. Topical application
of superoxide dismutase cream. Drugs Exp Clin Res 1991;17:127-
31.

Okada H, Woodcock-Mitchell J, Mitchell J, Sakamoto T,
Marutsuka K, Sobel BE, Fujii S. Induction of plasminogen activa-
tor inhibitor type I and type I collagen expression in rat microvas-
cular endothelial cells by interleukin-1 and its dependence on
oxygen centered free radicals. Circulation 1998;97:2175-82.

25.

26.

217.

327

Senel O, Cetinkal O, Ozbay G, Achioglu F, Bulan K. Oxygen free
radicals impair wound healing in ischemic rat skin. Ann Plast Surg
1997;39:516-23.

Polig J, Parola M. Oxidative damage and fibrogenesis. Free
Radical Biol Med 1997;22:287-305.

Arisawa S, Arisawa T, Ohashi M, Nilla Y, Ikeya T, Asui J. Effect
of hydroxyl radicals on fibroblast-mediated collagen remodeling in
vitro. Clin Exp Pharmacol Physiol 1996;23:222-8.



	metapress.com
	321-327


