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Decreased Staining of Heparan Sulfate in Non-lesional Skin of a
Subgroup of Patients with Systemic Lupus Erythematosus
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Heparan sulfate proteoglycans (HSPGs) are components of
the basement membrane of various tissues. They are
composed of a core protein and of the negatively charged gly-
cosaminoglycan side chain heparan sulfate, which is cova-
lently bound to the core protein. We previously found that in
both human and murine lupus nephritis, heparan sulfate stain-
ing in the basement membrane of the glomerulus is almost
completely absent, and that there was an inverse correlation
between heparan sulfate staining and glomerular immunoglo-
bulin deposits.

As immunoglobulin deposits are also present in the skin of
systemic lupus erythematosus patients, we investigated the
heparan sulfate staining pattern in the basement membrane
of the dermal — epidermal junction. Furthermore, we studied
whether there was a correlation between heparan sulfate
staining and deposition of immunoglobulin in the basement
membrane of this junction, and between heparan sulfate stain-
ing and the presence of anti-DNA antibodies in the serum.

Biopsies of non-lesional skin of 21 systemic lupus erythe-
matosus patients (15 anti-DNA positive and 6 anti-DNA
negative patients at the time of biopsy) were stained for the
HSPG-core protein (mAb JM-72), highly sulfated stretches
within heparan sulfate (JM-13), the low sulfated regions of
heparan sulfate (mAb JM-403) and for immunoglobulin
depositions.

Abnormal and discontinuous staining of the low sulfated
parts of heparan sulfate using mAb JM-403 in the basement
membrane was found in skin biopsies of 4 out of 15 systemic
lupus erythematosus patients with anti-DNA antibodies. In
contrast, all specimens of anti-DNA negative patients showed
normal continuous staining. Staining with JM-13 and JM-72
showed normal linear staining in both groups. The decreased
heparan sulfate staining was correlated significantly with the
presence of immunoglobulin deposits in the basement mem-
brane. The subgroup could not be identified by its clinical pic-
ture. Our results suggest similar but not identical pathways in
systemic lupus erythematosus nephritis and skin of systemic
lupus erythematosus patients. Key words: anti-DNA antibo-
dies; basement membrane; dermal epidermal junction; immuno-
globulin; lupus nephritis.

(Accepted March 16, 1998.)
Acta Derm Venereol (Stockh) 1998; 78: 326-330.

M. M. B. Seyger, Department of Dermatology, University
Hospital Nijmegen, P.O. Box 9101, NL-6500 HB Nijmegen,
The Netherlands.

Systemic lupus erythematosus (SLE) is an autoimmune disease
that may effect any organ. Frequent clinical findings are glomer-
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ulonephritis, vasculitis and skin lesions (1). The disease is charac-
terized by the occurrence of antibodies directed at a variety of
auto-antigens. Of these auto-antibodies, anti-nuclear antibodies
predominate, and anti-dsDNA antibodies are regarded as parti-
cularly important mediators in the pathogenesis of the tissue
lesions, especially glomerulonephritis. In lupus nephritis, anti-
DNA titres correlate with disease activity and anti-DNA
antibodies can be eluted from glomeruli (2).

Anti-DNA antibodies, which are complexed to nucleosomal
antigens (DNA /histone), are able to bind to heparan sulfate
(HS) in the glomerular basement membrane (GBM) (3, 4).
HS is the negatively-charged glycosaminoglycan side chain of
HS proteoglycan, present in the basement membrane (BM) of
the kidneys (GBM), blood vessels and skin.

In both human (5) and murine (6) lupus nephritis, HS stain-
ing in the GBM is almost completely absent. This decrease in
staining correlates with the presence of immunoglobulin
deposits in the GBM. Together with the finding that the
amount of HS was unchanged, this suggested that HS is
masked by nucleosome complexed anti-nuclear (anti-DNA)
antibodies (6). Indeed, in kidney biopsies of SLE patients with
nephritis, an inverse correlation was found between HS stain-
ing and histone deposition (7). In addition to the involvement
of anti-DNA antibodies in the development of lupus nephritis,
they are also thought to be important for the evolution of skin
lesions in SLE patients (1).

In this study, we first analysed the HS staining in the BM
of the dermal —epidermal junction of non-lesional, light-
protected skin in SLE patients. Because immunofluorescence
of non-lesional skin in SLE patients shows the same deposits
of immunoglobulins (8) as in lesional skin, and because
lesional skin of SLE patients shows great clinical and histo-
logical variability, we chose to investigate specimens from
non-lesional skin. As light-exposed areas can show false
positive deposits (9), biopsies were taken from non-lesional,
light-protected areas. Three monoclonal antibodies were
used and directed against different parts of the HS proteo-
glycan molecule. Secondly, we investigated whether there
was a correlation between HS staining and deposition of
immunoglobulin in the BM of the dermal — epidermal junc-
tion. To further investigate the influence of immunoglobulin
deposits on the BM zone, the epidermal and dermal layers
adjacent to the BM were studied. Therefore, the basal layer
of the epidermis was stained using the monoclonal antibody
(mAb) MIB-1, a marker for proliferation. The high papillary
dermis was studied by staining the dermal glycoprotein
tenascin, expression of which is known to be increased in
slight disturbances of the BM zone (10). Furthermore, we
analysed whether there was a correlation between HS stain-
ing and the presence of anti-DNA antibodies in the circula-
tion.
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Table 1. Clinical characteristics of SLE patients
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Patient Sex/Age  Duration of  Anti-ds Urinary protein Discontinuous ARA criteria®
n disease DNA (g/24 h)* HS staining
(years) (ku/n? 1 2 3 4 5 6 7 8 9 10 11
1 F/29 6 139 - i ¥ + 4
3 F/69 21 56 - + + + o+ + o+ +
4 M/40 8 91 - + o+ o+
5 F/25 9 20 0.4 + + o+ o+ + + + 4+ +
6 F/34 7 77 - + + + + +  + +
7 F/71 18 31 1.1 + n " + o+ o+
9 M/50 16 59 - ¥ + 4+ .
12 F/50 12 64 - + + +
13 F/43 31 20 - o+ 4+ + o+ o+ o+
14 F/23 5 37 - o+ + o+ o+
15 F/40 10 78 - + + n T + o+
17 F/15 0.5 225 - + n " o+
19 F/27 13 331 0.3 + + o+ o+ ox +
20 F/47 10 454 - i ¥ + o+ o+
21 F/33 7 250 - + 4+ 4+ o+ + + o+ 4+ +
2 F/32 8 0 - i i " + o+
8 M/44 8 0 23 + + 4+ + + +
10 M/67 8 0 1 + 4+ o+ + +
11 F/31 2 0 - + + o+ + + +
16 F/48 28 0 - T i + o+ o+
18 F/22 6 0 1 + + o+

2 At time of biopsy.

5 Numbers 1—11 correspond to numbers given in ARA classification criteria: 1 =Malar rash, 2= Discoid rash, 3 = Photosensitivity, 4 = Oral ulcers,
5= Arthritis, 6 = Serositis, 7=Renal disorder, 8 =Neurologic disorder, 9 =Haematologic disorder, 10 =Immunologic disorder, 11 = Antinuclear

antibody. HS =heparan sulfate.

MATERIALS AND METHODS

Patients and biopsies

Twenty-one patients with SLE participated in this study. Anti-DNA
antibodies were detected in the serum of all patients at least once dur-
ing their disease. They all fulfilled the American Rheumatism Associa-
tion revised 1982 criteria for SLE (11) and gave their informed consent.
After local anaesthesia, a 4-mm punch biopsy was taken from the non-
lesional skin of the abdomen, which, in all cases, was not exposed to
sunlight. Normal skin was taken as control.

The biopsies were washed in phosphate-buffered saline (PBS)
(NPBI, Emmer-Compascuum, The Netherlands), embedded in Tissue
Tek OCT compound (Miles Scientific, Naperville, USA), snap frozen
in liquid nitrogen and stored at —80°C. They were sectioned at 6 mm
and fixed for 10 min in acetone/ether (60/40 vol.%) for MIB-1, or in
acetone (0°C) for staining with the other antibodies, and again stored
at —80°C until use. At the time of biopsy, blood was taken to determine
the amount of anti-dsSDNA antibodies in the serum. Anti-dsDNA
levels were determined by '>°I Farr assay (anti-dsDNA kit IM77,
Amersham International).

Antibodies

For immunohistochemical staining of HS proteoglycan, three mouse
monoclonal antibodies were used: mAb JM-403 (12-14), mAb JM-
13 (15) and mAb JM-72 (14). The antibody JM-403 is directed against
unmodified/low sulfated domains of the HS side chains, JM-13 against
the sulfated domains of the HS side chains and JM-72 against the core
protein of BM-associated HS proteoglycan core protein. For the stain-
ing of immunoglobulin deposits at the dermal —epidermal junction,
FITC-labelled rabbit anti-human immunoglobulin was used (DAKO,
Copenhagen, Denmark). For immunohistochemical staining of tenas-
cin, the monoclonal antibody T2H5 was used (10) (kindly provided by
Dr. A. A. Verstraten, The Netherlands Cancer Institute, Amsterdam,
The Netherlands). The monoclonal antibody MIB-1, which detects

the nuclear antigen Ki-67 present in the late Gy, S and G, +M phases
of the cell cycle, was used as a marker for proliferation (Immunotech,
Marseilles, France).

Immunohistochemical staining

For staining with the antibodies JM-403 (1:250), JM-72 (1:250 in
PBS), T2HS (1:2000) and MIB-1 (1:50), an indirect peroxidase tech-
nique was used. After thawing at room temperature for 30 min, sec-
tions were fixed again in acetone (0°C), or in acetone/ether (60/40
vol.%) for MIB staining, for 10 min. They were washed in PBS and
incubated for 1 h with the primary antibody. After being washed twice
in PBS, the slides were incubated for 30 min with a solution of perox-
idase conjugated rabbit anti-mouse immunoglobulins 1:50 (DAKO-
PATTS, Copenhagen, Denmark) in phosphate buffer containing 5%
human AB serum. After two further washes in PBS, slides were stained
in a solution of 3-amino-9-ethyl-carbazole (AEC) in sodium acetate
buffer containing 0.01% H,0O, for 10 min.

Staining with the antibody JM-13 was carried out using the vecta-
stain elite ABC kit (Vector Laboratories, Burlingame, USA). Sections
were preincubated for 20 min with 20% normal horse serum, and after
removal of excess serum, sections were incubated with an undiluted
hybridoma culture supernatant for 60 min. After two washing steps,
sections were incubated for 30 min with a solution of horse anti-mouse
immunoglobulins, diluted 1:200 in PBS containing 1% bovine serum
albumin (BSA). This was followed by a washing step and incubation
with Vectastain elite ABC Reagent for 30 min. After two further
washes in PBS, slides were stained in a solution of 3-amino-9-ethyl-car-
bazole (AEC) in sodium acetate buffer containing 0.01% H,O, for 10
min. All slides were counterstained with Mayer’s haematoxylin (Sigma,
St. Louis, MO, USA) mounted in glycerine gelatine (Sigma, St. Louis,
MO, USA) and studied by light microscopy.

A direct immunofluorescence method was used for staining of immu-
noglobulins. Slides were incubated with FITC-labelled rabbit anti-
human Ig (DAKO, Denmark) diluted in 1:100 PBS containing 1%
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1a

Fig. 1. Immunohistochemical detection of HS side chains by mAb
JM-403. (a) Discontinuous staining in patients with anti-ds-DNA
antibodies (200 x ). (b) Continuous staining (200 x ).

(w/v) BSA for 1 h at room temperature. Slides were embedded in Aqua-
mount (BDH Ltd., Poole, UK) and examined with a Zeiss fluorescence
microscope.

Histological examination

Coded sections were examined by three independent investigators. The
intensity of the fluorescence staining in the dermal — epidermal junction
was scored semiquantitatively on a scale of 0 —3. The scale was defined
as follows: 0=no staining at all, 1=mild staining of the dermal -
epidermal junction, 2=moderate staining and 3 =strong staining.
Staining of HS proteoglycan with the various antibodies JM-403, JM-
13 and JM-72 in the BM of the dermal — epidermal junction and BM of
blood vessels was graded using a 02 scale: 0=staining not present,
1 =discontinuous staining, 2=continuous staining. Tenascin expres-
sion of the dermis was assessed using an 8-point scale: 0 =no staining,
1 =sporadic staining in the upper dermis adjacent to the BM of the der-
mal —epidermal junction, 2 =a patchy distribution in the upper dermis
adjacent to the BM, but not present in all dermal papillae, 3 =a patchy
expression in the tips of a// dermal papillae, but not continuous, 4=3
but extended deeper into the dermis, S=a thin but continuous layer
adjacent to BM, 6=a continuous layer, adjacent to BM and in the
papillary dermis, 7 =staining extended in the reticular dermis. Epider-
mal proliferation was measured by counting the number of MIB-1-
positive nuclei per mm length of section. All methods of assessment
have been published before (16, 17).

Statistical analysis

In linear regression analysis, the Spearman correlation was used. The
level of significance was p <0.05. For statistical analysis, the Mann-
Whitney U-test was used.
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RESULTS

The clinical characteristics of the 21 SLE patients (4 men and
17 women) from whom the skin biopsies were evaluated are
listed in Table I. The duration of the disease ranged from
0.5-31 years (mean 11.1 years). Although all patients had
serum anti-DNA antibodies at some point during their disease,
at the time of biopsy, only 15 out of the 21 patients had positive
titres. Therefore, the patients were divided into two groups:
those with anti-DNA antibodies at time of biopsy (n=15),
and patients with no detectable anti-DNA antibodies at eva-
luation (n=6).

HS proteoglycan staining

Staining with the mAb JM-403, directed against the low sul-
fated domains of the HS side chain of HS proteoglycan,
showed a discontinuous pattern in 4 out of 15 biopsies of
patients with anti-DNA antibodies (Fig. 1a). The other 9 speci-
mens of the anti-DNA positive group showed continuous, lin-
ear staining restricted to the BM of skin and blood vessels (Fig.
1b). All biopsies from the anti-DNA negative group (n = 6) dis-
played strong, continuous staining.

Staining with JM-13, directed against the high sulfated HS
side chains of the HS proteoglycans, and with JM-72, directed
against the core protein of HS proteoglycan, was positive in all
specimens. Both in the anti-DNA positive and negative
patients, staining was continuous and restricted to the BM of
the dermal — epidermal junction (JM-72 and JM-13) and blood
vessels (JM-72). In normal skin, studied extensively in previous
studies (16, 17), we never found a discontinuous staining pat-
tern with any of the three mAbs directed against HS proteogly-
can (JM-403, JM-13, JM-72); they all showed strong and
continuous staining of the BM.

Immunoglobulin staining

For the patients with positive anti-DNA antibodies, in 6 out of
15 specimens, immunoglobulin depositions were found at the
dermal — epidermal junction. In 2 specimens, this staining was
mild, in 1 biopsy staining was moderate and in 3 biopsies a
strong fluorescence was observed (Fig. 2). No immunoglobulin
depositions were found in biopsies from patients without anti-
DNA antibodies. The 4 specimens with discontinuous JM-403
staining had immunoglobulin depositions at the dermal — epi-
dermal junction, except the one from patient no. 6. The sub-
groups identified by this procedure had no specific clinical
picture.

Tenascin and MIB expression

In both the anti-DNA positive and negative groups, the
tenascin expression was distributed discontinuously, varying
from sporadic to patchy. In two specimens, a thin but contin-
uous staining adjacent to the BM was found. This distribu-
tion pattern is comparable to the pattern of tenascin found
in normal human skin (17). The mean number of MIB-
positive nuclei per mm length of section was 12.2+1.2
(SEM), which is within the range of MIB distribution for nor-
mal human skin.



Fig. 2. Direct immunofluorescence of Ig deposition at the dermal —
epidermal junction in the biopsy of a patient with anti-DNA antibo-
dies (250 x ).

Correlations

An inverse correlation was found between JM-403 staining and
the presence of immunoglobulins in the BM of the dermal -
epidermal junction (r;=—0.466, p <0.04). However, no correla-
tion was found between the presence of serum anti-DNA anti-
bodies and JM-403 staining, nor between the presence of
serum anti-DNA antibodies and immunoglobulin deposits.
No correlations were found between JM-403 staining and
tenascin or MIB staining. The presence of immunoglobulin
deposits was correlated with many clinical parameters (e.g.
nephritis, urinary protein, arthritis), but no significant correla-
tions could be found.

DISCUSSION

In this study, we investigated HS proteoglycan and HS stain-
ing intensity in the BM zone in skin biopsies taken from SLE
patients and its relation to the presence of circulating anti-
DNA antibodies. In a subgroup of patients with anti-DNA
antibodies (4 out of 15 biopsies), an abnormal, discontinuous
staining of HS, as assessed by JM-403, was found. This pat-
tern differs from that seen in the biopsies taken from patients
without anti-DNA antibodies, where all biopsies showed a
normal, continuous linear staining of JM-403. A positive
correlation between the presence of immunoglobulin deposi-
tions and discontinuous JM-403 staining was found. This
correlation could be due to masking of the JM-403 epitope
by immunoglobulins, as demonstrated in kidney biopsies
from SLE patients (6). In the GBM, the binding of anti-
nuclear antibodies to HS is mediated via bound complexes
containing both DNA and histones (i.e. nucleosomes) (3, 4).
In addition, the presence of nucleosomes and histones was
demonstrated in glomerular deposits, and their presence
was correlated with a loss of HS staining in the GBM (7). It
is unclear whether the JM-403 epitope in the BM of the skin
is also blocked by nucleosome anti-nuclear antibody com-
plexes. To further investigate this possibility, we stained for
nucleosomes and histones using nucleosome-specific mono-
clonal antibody #34 and the polyclonal rabbit antihistone
antiserum, as described previously (7). We were unable to
detect nucleosomes or histones in the BMZ, although in the
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skin biopsies, this analysis was hampered by a high back-
ground staining.

Several studies have indicated a significant correlation
between cutaneous immunoglobulin deposition and the pre-
sence of anti-DNA antibodies (18, 19). In addition, anti-
nuclear activity has been found with antibodies eluted from
the skin of SLE patients (20). Another study suggested that
serum anti-DNA antibodies could bind to dsDNA released
locally from epidermal nuclear breakdown (21). It was thus
concluded by Furukawa et al. that anti-DNA containing com-
plexes may be one of the causes of immunoglobulin deposition
at the dermal — epidermal junction (22). Based on these facts, it
is striking that only 6 of the 15 patients with serum anti-DNA
showed immunoglobulin depositions at the dermal — epidermal
junction. On the other hand, we found no immunoglobulin
depositions in SLE patients without serum anti-DNA antibo-
dies. The presence of immunoglobulins did not have any influ-
ence on the expression of MIB-1, a marker for proliferation,
nor on tenascin, a dermal glycoprotein, present adjacent to
the BM. Recently, we have found that reactive oxygen species
are able to depolymerize HS at least in vitro and in the GBM
(23). That this mechanism is also operative in non-lesional skin
of SLE patients is unlikely, since we found no signs of inflam-
mation in any of the skin specimens.

In conclusion, a decreased HS staining was observed in the
non-lesional skin of a subgroup of SLE patients. This
decreased staining correlated with the presence of immunoglo-
bulin deposits in the dermal — epidermal junction. This is in line
with our previous studies on kidney biopsies (6), which makes
it likely that similar mechanisms, i.e. masking of HS by immu-
noglobulin deposits, are at work in the skin and kidneys of SLE
patients.
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