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Abstract. The clinical manifestation of systemic vasculitis may be postulated as a consequence of immune
response abnormalities in the course of connective tissue diseases (CTD). The aim of this study was to elucidate
the significance of the different autoantibodies and soluble intercellular adhesion molecule 1 (SSCAM-1) being
shed into the circulation in the diagnosis of vasculitis in rheumatic diseases. Sera of 86 patients with rheumatic
diseases (54 with rheumatoid arthritis (RA) and 32 with CTD) were analyzed for the concentrations of sICAM-1
levels by the enzyme-linked immunosorbent assay (ELISA). Control sera were obtained from 30 healthy individ-
uals. Anti-nuclear antibodies (ANA), anti-double-stranded DNA (anti-dsDNA) antibodies and anti-proteinase
3 (PR-3) antibodies (cytoplasmic specific anti-neutrophil cytoplasmic autoantibodies, CANCA) were assessed by
the ELISA method. Fifty out of the 86 patients had systemic lesions. A pathological picture of the vascular loop
under nailfold capillary microscopy was found in 84 patients. In 19 patients the microvascular changes were
advanced, in 35 moderate and in 30 mild. All patients with articular manifestations had pathological changes
under capillary microscopy. Patients with advanced changes under capillary microscopy had longer disease
durations than patients with a mild intensity of vasculitis. The serum concentrations of SICAM-1 were signifi-
cantly increased in RA and CTD patients compared with 30 controls (in both cases p<0.001). Moreover, RA and
CTD patients with systemic vasculitis showed significantly higher levels of SICAM-1 than those without vascular
involvement (p<0.001 and p<0.005 respectively). ANA were observed in significantly elevated concentration
among RA and CTD patients with the systemic damage compared with patients without organ injury (p<0.001
and p<0.05 respectively). Also, cCANCA levels were two-fold higher, but only among CTD patients with systemic
damage (p<0.05). Serum concentrations of SICAM-1 were elevated in the patients showing the presence of ANA
antibodies (p<0.05). Significant correlations between ANA level and disease duration and hemoglobin concen-
tration were observed. The concentrations of CANCA correlated with those of rheumatoid factor and of dsDNA
with patient age. We conclude that systemic lesions in the course of RA and CTD are accompanied by the
microvascular injury observed under nailfold capillary microscopy. Our data suggest that SsICAM-1, ANA and
CANCA serum levels may reflect the extent of the vascular involvement in RA and CTD patients.
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Introduction

Vascular involvement in connective tissue diseases
(CTD) isassociated with awide range of extra-articular
complications and has been implicated in increased
mortality among rheumatoid arthritis (RA) and CTD
patients* 3. Damage of the interna organs occurs
through a widespread disorder of the microvasculature
and, therefore, early detection of the vascular involve-
ment plays a crucial rolein the diagnosis of vasculitis®.
Nailfold capillary microscopy has been used extensive-
ly as a non-invasive method for investigating microvas-
cular involvement in rheumatic diseases™ & °. Further-
more, microvascular capillaroscopic abnormalities have
been shown to be associated with histopathological
changes in skin biopsy specimens of RA patients'®.

Cytokines, adhesion molecules and autoantibodies
are known to be involved in the pathogenic immune
and inflammatory responses in vasculitis syndromes® %,
Cell adhesion molecules have been detected as soluble
circulating forms (SCAM) in human serum, synovial
fluid and synovial membrane in RA and other inflam-
matory arthropathies®. Intercellular adhesion molecule-1
(ICAM-1) is amembrane-bound molecule that plays an
important role in the pathogenic inflammatory respon-
ses observed in vasculitis® > 2, In a previous study we
demonstrated significantly elevated serum levels of so-
luble ICAM-1 (sSICAM-1) in RA patients with systemic
vasculitis'’.

Growing evidence points to the pathophysiologic
and diagnostic value of various anti-nuclear antibodies
(ANA) and anti-neutrophil cytoplasmic autoantibodies
(ANCAS) in rheumatic diseases” % 3. Over the past
decade, ANCASs have been analyzed as markers for the
underlying immunopathogenic disturbancesin systemic
vascular disorders* %, To date, there is mounting evi-
dence that ANCAS can induce the expression of ICAM-1
on endothelial cells'? and the adhesion of neutrophilsto
cultured endothelial cells, and that endothelial cells
stimulated by cytokines express ANCA antigens'.
Data regarding the diagnostic value of ANCAs and
their pathophysiological role in rheumatic diseases are
controversial. In RA, associations between ANCAs and
disease activity and extra-articular manifestations, in-
cluding rheumatoid vasculitis, have been observed* 2 %,
but not confirmed by others®,

The aim of this study was to determine whether the
levels of soluble ICAM-1 (SICAM-1) being shed into
the circulation reflect the vascular injury found in the
nailfold capillaroscopy as well as systemic vasculitisin
patients with RA and CTD. Furthermore, to determine
the presence of autoantibodiesin patients with systemic
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vasculitis, we investigated the incidence of ANA, anti-
-double-stranded DNA (anti-dsDNA) and cANCA in
RA and CTD patients and their relationships to the
clinical severity of the disease and extra-articular invol-
vement.

Materials and Methods

Patients and controls. The study was carried out on
54 patients with RA and 32 with CTD (7 patients with
systemic lupus erythematosus (SLE), 15 with scleroder-
ma, 1 with dermatomyositigpolymyositis (DM/PM),
7 with overlap syndrome (SLE/RA) and 2 with mixed
connective tissue disease (MCTD)), who met the diag-
nostic criteria of the American Rheumatism Associ-
atior? . There were 2 males and 84 females with ages
ranging from 18 to 70 years (mean 50.0+12.0 years).
The duration of the disease ranged from 0.5 to 30 years
(mean 8.4+7.2 years). Thirty heathy volunteers
matched for sex and age were included in the study as
a control group.

Clinical evaluation. Clinical disease manifestations,
namely skin involvement (cutaneous vasculitis), no-
dules, joint involvement, heart, lung and renal involve-
ment determined by pulmonary or renal function tests,
as well as treatment status were recorded at the time of
sampling. In addition, a chest X-ray, rena and heart
sonography and bronchoscopy were used for the asses-
sment of the extent and severity of the visceral mani-
festations.

All patients were classified into 2 groups according
to the presence of extra-articular manifestations: those
with the clinical and laboratory signs of systemic vas-
culitis (RA: n=23, CTD: n=27) and those without data
suggestive of systemic vascular involvement (RA:
n=31, CTD: n=5). Five of the 50 RA and CTD patients
with the systemic manifestations showed renal involve-
ment indicated by the presence of hematuria or pro-
teinuria (3 patients with mesangial glomerulonephritis,
2 with amyloidosis, proven histologically). Seven pa-
tients suffered from dysphagia with esophagus involve-
ment, 8 had cardiopulmonary involvement, 5 had
hypertensive cardiovascular disease, 3 had fibrosing al-
veolitis, 4 had peripheral neuropathy, 1 had gastroin-
testinal manifestations and 4 RA patients had nodules.
Five patients demonstrated constitutional features of
fever, weight loss, fatigue, arthralgiaand myalgia. Vas-
culitis of the skin was found in 8 patients in the form
of palpable purpura, reticular livedo or digital ulcera-
tions. All 50 patients had clinical, laboratory and/or
morphologica evidence of systemic involvement.
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All patients were receiving treatment at the time of
blood collection, including nonsteroidal anti-inflamma-
tory drugs with or without other anti-rheumatic medi-
cation: methotrexate (33), sulphasalazine (9), IM gold
(20 mg/week) (1) cyclosporine (2), chloroquine (6), cy-
clophosphamide (4) and prednisolone (5-10 mg/day in
8 cases and 1545 mg/day in 8 others).

Nailfold capillary microscopy. Nailfold capillaros-
copy examination was performed using a stereomicro-
scope SZ 4045 (Olympus, Germany). All fingers except
the thumbs were examined.

The intensity of the morphological changes was
evaluated on the basis of a semiquantitative method
which included the parameters: loop density, percent of
loops with architectural derangement, and the presence
of extravasations into perivascular tissue. The intensity
of capillaroscopic changes was expressed according to
a scale from O to 3, where: 0 — indicated no vascular
changes, 1 — mild vasculitis (30-50% morphologically
changed capillaries with diminished loop density and
without perivascular changes), 2 — moderate vasculitis
(more than 50% morphologically changed loops with
low capillary density without extravasations and clearly
visible subpapillar venous plexus), and 3 — severe vas-
culitis (more than 75% of the loops with extravasations
into perivascular tissue and extensive visible subpapil-
lar venous plexus).

Laboratory studies. Comprehensive |aboratory
studies were performed on all patients. These included:
complete blood count, Westergren erythrocyte se-
dimentation rate (ESR), serum levels of C-reactive pro-
tein (CRP), hemoglobin, urea, creatinine, urine analysis
and urinary protein excretion, al according to standard
techniques. Presence of the rheumatoid factor was as-
sessed by the latex fixation test.

Serum levels of SICAM-1 were measured with
a sandwich enzyme-linked immunosorbent assay
(ELISA) (Biomedica GmbH, Austria).

Screening for the presence of ANCA was performed
by indirect immunofluorescence microscopy on cytocen-
trifuged dides of ethanol and formalin-fixed human neu-
trophils according to the recommendations of the First
International ANCA Workshop®. Serial dilutions of the
sera were tested (dtarting at 1:20) and a cCANCA titer
greater than or equal to 1:80 was considered to be positive
(The Binding Site LTD, England). Fluorescence patterns
were classified as classc CANCA, perinuclear ANCA
(PANCA), or atypicad (neither cANCA nor pANCA).

Levels of autoantibodiesto nuclear antigens (ANA),
dsDNA and proteinase 3 (PR-3) (CANCA) were as-
sessed using commercia ELISA kits (Cogent Diagnos-
tics Autostat™ for ANA and dsDNA, and Shield Dia-

425

gnostics LTD Diastat™ for anti PR-3, Scotland,
UK).

Satistical analysis. The significance of the differen-
ces between abnormally distributed clinical variables
and immunological parameters were assessed by the
Mann-Whitney U test. The frequencies were compared
by the Fisher exact test. The correlations between the
variables were analyzed using the Spearman rank test.
P values of <0.05 were considered statistically signifi-
cant.

Results

Clinical features of the RA and CTD patients

The characteristics of both the RA and CTD groups
with and without clinical signs of systemic vasculitis
are shown in Table 1. There were no significant dif-
ferencesin age, sex and the number of tender or swol-
len joints between the two groups with different clinical
features. The duration of disease was significantly
longer in the group of RA patients with systemic invol-
vement (p<0.05). No significant differences in disease
activity between patients with and without extra-articu-
lar manifestations were observed (Table 2).

Capillaroscopy findings in RA and CTD patients
and in controls

Morphological abnormalities of nailfold capillary
loops in RA and CTD patients are shown in Table
3. Capillary abnormalities were observed in 83 out of
the 86 RA and CTD patients (96.5%). Architectural
changes, such as tortuous or meandering patterns were
observed. Mild capillaroscopic changes were found in
33.7% (29 out of 86), moderate in 40.7% (35 out of 86)
and severein 22.1% (19 out of 86) of the RA and CTD
patients (data not shown). Patients in the group with
severe capillaroscopic changes had a longer disease
duration (9.7+6.9 years) than did those in the group
with mild vasculitis (6.0+6.0 years p<0.05 data not
shown). On the other hand, no significant differences
in age, sex, morning stiffness, the number of tender or
swollen joints, ESR and steroid use between the three
groups could be demonstrated. Only the CRP value in
the sera of RA patients with severe vasculitis was sig-
nificant higher (16.4+35.3 mg/dl) than in patients with
mild vascular capillaroscopic changes (7.5+16.4 mg/dl)
(datanot shown). All patients with extra-articular mani-
festations showed pathological changes under capillary
microscopy. Interestingly, 38 out of the 50 patientswith
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Table 1. Charecteristics of RA and CTD patients and controls (mean = SD)

Number Age Sex Disease duration
(years) (male/female) (years)

Controls 30 484 + 14.3 6/24 -

All RA 54 50.0 £ 12.0 1/53 84 %69
with systemic vasculitis (a) 23 499 + 13.6 0/23 104 + 6.4*
without systemic vasculitis (b) 31 501+ 111 1/30 6.8+ 7.0%

All CTD 32 498+ 121 131 84+74
with systemic vasculitis 27 495+ 130 1/26 86+79
without systemic vasculitis 5 516+ 44 0/5 6831

* p (ab) < 0.05 Mann-Whitney U test.

Table 2. Comparison of the immunologica parameters in the sera of RA and CTD patients with different clinica features and in controls

(mean = SD)
Parameters
ESR CRP SICAM-1 ANA dsDNA ANCA
(mm/h) (mg/d!) (ng/ml) (1U/ml) (1U/ml) (1U/ml)

Controls 120+ 3.8 - 2579 + 434 - - -

All RA 733+421 145+ 295 3789 + 747 49.1 + 935 55.9 + 54.5 69.1 + 67.3
with vasculitis (a) 86.2 + 455 224 +39.7 4179 %8038 100.0 + 108.1* 67.1+77.4 875+ 772
without vasculitis (b) 63.8 £ 37.3 9.6+ 210 295.1 +57.0 25.7 £ 12.8* 504 + 284 58.6 = 63.0

All CTD 49.2 + 39.3 93+57 381.8 + 95.9 433 + 87.7 57.6 + 39.0 105.0 £ 73.2
with vasculitis (c) 49.9 + 42.6 121 +£52 437.1 £ 97.2** 711 +487** 60.8 %418 137.8 £ 87.0***
without vasculitis (d) 458 + 12.8 6.5+42 2914 +935** 200+ 125** 406 6.7 46.7 + 31.5%**
* p (ah)<0.001, ** p (c—d)<0.005, *** p (c—d)<0.05 Mann-Whitney U test.

Table 3. Morphological abnormalities of nailfold capillary loops in patients with RA and CTD

Vascular abnormality RA Scleroderma SLE Other CTD

(n=54) (n=15) (n=7) (n=10)

Tortuous loops (in >1 digit) 39 12 6 9

Meandering vessels 9 5 6 9

Large dilated capillaries 0 12 0 4

Disorganized vascular pattern 4 3 4 8

Prominent subpapillary plexus 46 7 4 6

Avascularisation 0 15 5 6

Capillary hemorrhages 9 2 5 3

extra-articular manifestations (76%) showed moderate
or severe vascular changes under nailfold capillaros-
copy. In the group without extra-articular involvement
severe vascular capillaroscopic abnormalities were
found in only 3 patients (data not shown).

The capillaroscopic feature in the control group
showed hairpin capillaries in a parallel arrangement.
Isolated tortuous capillary loops or meandering vessels
were found in 17% of the controls (data not shown).

Comparison of immunological parameters
in the sera of RA and CTD patients with different
clinical features and capillaroscopy findings

Serum levels of SICAM-1 and autoantibodies were
determined in the 54 RA patients, 32 CTD patients and
the 30 healthy subjects (Figs 1-4, Table 2). The RA
and CTD patients had significantly elevated concentra-
tions of SICAM-1 compared with age-matched healthy
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Fig. 1. The serum levels of SICAM-1 in RA and CTD patients
depending on systemic involvement
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Fig. 2. The concentration of ANA in serum of RA and CTD patients
with and without extraarticular manifestations

controls (in both cases p<0.001) (Fig. 1). Also, the
mean serum levels of SICAM-1 were significantly
higher in the RA and CTD patients with systemic in-
volvement than in the groups without any evidence of
extra-articular manifestations (p<0.001 and p<0.005 re-
spectively).

Comparison between both RA groups, with and
without systemic vasculitis, showed a significantly
higher ANA concentration in the sera of patients with
systemic involvement (p<0.001) (Fig. 2). Within the
group of CTD patients, the ANA level was also signi-
ficantly higher in the group with systemic vasculitis
compared with non-vasculitis patients (p<0.05) (Fig. 2).
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Fig. 4. The serum concentrations of SsICAM-1 in serum of RA and
CTD patients with and without presence of ANA antibodies

In the RA group, 8 out of the 54 patients (14.8%)
were CANCA (anti-PR-3 antibodies)-positive (only in
one RA patient was a high titer (1:640) of the CANCA
pattern observed). Among the 32 CTD patients, CANCA
antibodies were found in 9 samples of serum (28.1%)
(data not shown).

The serum cANCA concentrations did not differ be-
tween RA patients with and without extra-articular
manifestation (Fig. 3). However, it was higher in CTD
patients with systemic vasculitis than those without this
complication (p<0.05).

The concentration of SICAM-1 in serum was higher
inall patients (RA and CTD) with the presence of ANA
antibodies (p<0.05) (Fig. 4).
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Tabel 4. Correlations among immunologica parameters in the sera of CTD patients

r p
ANA disease duration 0.169 0.002
hemoglobin -0.445 0.008
CcANCA rheumatoid factor 0.47 0.03
dsDNA age -0.21 0.05
sICAM a1-globulins 0.42 0.01

Data expressed as r vaue (correlation coefficient) according to Spearman’s rank correlation.

Furthermore, in cANCA-positive patients, the
SICAM-1 level was significantly higher (449.7+176.6
ng/ml) than that of the CANCA-negative group (293.4
+92.4 ng/ml, p<0.05) (data not showed).

Cytoplasmic specific ANCA were not found in the
serum of RA patients without extra-articular manifes-
tation of the disease. All cCANCA-positive patients suf-
fering from CTD showed systemic involvement. Vas-
culopathy was observed in 87.5% of the ANA-positive
patients and was rare (12.5%) among ANA-negative
patients (data not showed).

Serum levels of SICAM-1, ANA, dsDNA and
CANCA did not differ significantly between the RA and
CTD groups with various capillaroscopic scores (data
not shown).

Relationships between autoantibody levels and
clinical or laboratory parameters in the patients
studied

The correlations among autoantibody concentra-
tions and other parametersin the RA and CTD patients
are shownin Table 4. A significant correlation between
ANA level and duration of the disease (positive) and
hemoglobin concentration (negative) were found.
Double-stranded DNA concentration correlated signifi-
cantly with patient age, and cANCA with the rheuma-
toid factor in RA patients (Table 4). In CTD patients,
negative correlations between cANCA and hemo-
globin concentration (r= —0.66, p<0.02), and erythro-
cyte blood count (r=—0.78, p<0.002) and blood plates
count (r=—0.67, p<0.02) were demonstrated. Moreover,
in CTD patients, a correlation between the level of anti-
bodies against dsDNA and the duration of the disease
(r=0.44, p<0.02) was found (data not showed).

No other correlations between serum autoantibodies
and clinical parameters or laboratory indices of the dis-
ease activity were found.

Discussion

Systemic vasculitis is a rare but potentially serious
complication of RA and CTD and is associated with

increased mortality?* 3. Therefore, early detection of
vascular involvement is very important. Nailfold capil-
lary microscopy is widely used for the investigation of
microvascular involvement in rheumatic diseases™ & *°.
But there are still no satisfactory clinical and laboratory
parameters that would provide a quantitative assessment
of the vascular damage in patients with vasculitis. Des-
pite the heterogeneity of the clinical manifestations of
particular connective tissue diseases, the immunopa-
thogenesis of vasculitis demonstrates several common
elements. Among these are cytokines, adhesion mole-
cules and autoantibodies which are known to be in-
volved in the immunopathology of vasculitis> 1> 1 % 2
¥ The aim of this study was to determine whether the
levels of SICAM-1 and autoantibody profiles may re-
flect the vascular injury found in nailfold capillaros-
copy as well as the systemic vasculopathy in patients
with RA and CTD.

In the present study all patients with extra-articular
manifestations showed the pathological changesin nail-
fold capillary microscopy. Among them, 76% of the
patients with systemic involvement showed moderate
or even severe vascular changes under capillaroscopy.
In the group without the extra-articular manifestations
severe vascular capillaroscopic abnormalities were
found in only 3 patients (8%). Therefore it may be sug-
gested that microvascular injury seen in nailfold
capillary microscopy may be predictive of systemic
vasculopathy in patients with the extra-articular mani-
festations of rheumatic diseases.

ICAM-1 is a membrane-bound molecule that plays
an important role in the pathogenic inflammatory re-
sponses observed in vasculitis® & > % %2 The interac-
tions of adhesion proteins with other cells culminate in
three important cellular functions: homing to the lym-
phoid tissues, migration to the inflammatory sites and
costimulation of the cellular activation?’. We aready
showed that RA patients had significantly elevated le-
vels of serum sICAM-1 compared with healthy con-
trols'. In the present study we demonstrated the same
phenomenon also in the case of CTD patients. Further-
more, we found that the concentration of SICAM-1 was
significantly higher in the serum of RA and CTD pa
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tients with systemic involvement than in the groups
without any evidence of extra-articular manifestation.
Since sSICAM-1 production by mononuclear cells re-
flects the state of the cells' activation, its increased
serum level might also reflect the degree of vascular
damage® > . It can be supposed that by involving
larger vessels, the endothelia cells may, in the course
of systemic vasculitis, release more ICAM-1 antigen
into the circulation. Therefore, the increased levels of
SICAM-1 might reflect a general vascular involvement
rather than a local vascular injury in the course of RA
or CTD.

Anti-nuclear antibodies and antibodies against PR-3
(cCANCA) are dso involved in the pathogenesis of vas-
culitis' 20 223336 |t was shown that ANCAs may serve
as a serological marker for systemic vascular disorders
and the disease activity in CTD® and RA patients® % °,
FonT et al. ® suggest that ANCA positivity is associated
with the presence of clinical manifestations attributable
to vascular involvement, such as cutaneous vasculitis
or peripheral neuropathy, in patients with primary
Sjogren’s syndrome. But the data regarding the diag-
nostic value of ANCAs and their pathophysiological
role in rheumatic diseases are controversia. In RA, an
association of ANCAs with the disease activity and the
extra-articular manifestations, including rheumatoid
vasculitis, was observed by some researchers® 2 2 3336,
Other investigators were not able to confirm any asso-
ciation between ANCAs and RA disease activity® 3,
In some studies, the presence of ANCAs was not able
to predict the vascul opathy™?. It was even suggested that
ANCAs have the potential to mislead a physician to-
wards a misdiagnosis of vasculitis'®.

In our study we showed significantly higher ANA
concentrationsin the seraof RA and CTD patientswith
systemic involvement compared with to the patients
without vasculopathy. ANA concentration correlated
with disease duration and hemoglobin level. Vasculitis
under nailfold capillaroscopy was present in most
(78.6%) of the ANA-positive patients, but was very
rare (21.4%) in the ANA-negative group (data not
showed). Also, the serum cANCA level was increased
in CTD patients with systemic vasculitis compared with
those without. It did not differ between RA patients
with and without extra-articular manifestation. It should
be underlined that systemic vasculitis was observed in
the all the cANCA-positive patients. Therefore, we sug-
gest that both ANA and cANCA serum concentration
may reflect systemic vascular involvement in the rheu-
matic patients.

We also observed higher serum concentrations of
SICAM-1 in al patients (RA and CTD) with the
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presence of ANA antibodies. This may be explained by
the capacity of ANA and cANCA to up-regulate the
expressions of the adhesion molecules on the endothe-
lial cells'? and the adhesion of neutrophils to the cul-
tured endothelial cellst’. Furthermore, it is known that
endothelial cells, stimulated by cytokines, express
ANCA antigens'®. Taken together, our data show the
associations of sSICAM-1, ANA and cANCA with vas-
culopathy involvement and suggest that ANA and
ANCA testing may alert the clinician to the possibility
of underlying vasculitis and should be included in ara
tiona diagnostic scheme.

This study confirms the concept that a widespread
vascular involvement in RA and CTD affects not only
the arteries and veins, but the capillaries as well. It was
also shown that the microvascular capillaroscopic ab-
normalitieswererelated to extra-articular manifestation
in the course of RA and CTD. Increased serum levels
of SsSCAM-1, ANA and cANCA in patients with sys-
temic vasculopathy suggest an important role of im-
mune response abnormalities in the pathogenesis of
microvascular damage. The concentrations of these
serological markers may aso reflect the extent of the
vascular involvement in RA and CTD patients.
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