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Abstract

CD163 is a 130 kDa, type | transmembrane protein belonging to group B of
the cysteine-rich scavenger receptor family. Expression of CD163 is
constitutive and/or induced by some stimuli on circulating monocytes and
most tissue macrophages. An approximately 130 kDa soluble form of human
CD163 is released from the cell surface by proteolysis after oxidative stress
or inflammatory stimuli. Thus, elevated level of circulating soluble CD163
(sCD163) has been reported in diabetes mellitus, which is one of oxidative
conditions. We have already acknowledged that scleroderma (SSc) is one of
oxidative conditions. Therefore, we conducted to measure serum sCD163 in
SSc patients. After receiving the informed consents, 56 SSc patients were
examined, and 20 dermatomyositis (DM) patients as disease controls and 40
persons were used as healthy controls. Blood samples were collected and the
concentration of serum sCD163 was measured by ELISA (Human CD163,
R&D Systems). Other parameters in blood of SSc patients were also
examined. Statistical analyses were performed using Mann-Whitney’s U-test
and the relationship between parameters was statistically examined by
Spearman’s rank test. Serum sCD163 levels were elevated in SSc patients
compared with normal controls (p<0.01), with similar levels between limited
SSc and diffuse SSc patients. SSc patients with pulmonary fibrosis had
increased serum levels of sCD163 than those without pulmonary fibrosis
(p<0.05). SSc patients with elevated sCD163 levels had increased serum
levels of IgG than those with normal sCD163 levels (p<0.05). Serum
sCD163 levels correlated positively with pulsatility index in SSc patients
(p=0.0009, r=0.534). These results suggest that the oxidative stress may play
an important role in immunological abnormalities, renal circulation and
pulmonary fibrosis of SSc.



Introduction

Systemic sclerosis (SSc) is a multi-system disorder of connective tissue
characterized by sclerotic changes in the skin and internal organs.
Furthermore, many immunologic abnormalities, including the presence of
autoantibodies and hyper- v -globulinemia, have been detected in SSc
patients, suggesting that SSc has an autoimmune background. In fact,
SSc-specific Abs, including anti-topoisomerase | Abs, anti-centromere Abs,
and anti-RNA polymerase Abs have been identified[1-3].

Although the pathogenesis of this disease remains unclear, oxidative stress
has been suggested to contribute to clinical manifestations associated with
SSc, such as vascular damage, fibrosis and immunological
abnormalities[4-7]. We have already reported high values of serum
8-isoporstane, that is one of the markers of lipid peroxidation, in SSc
patients[8]. To further assess the role of oxidative stress in the development
of SSc, a new marker that directly reflects oxidative damages in vivo would
be expected.

Meanwhile, CD163 is a 130 kDa, type | transmembrane protein belonging to
group B of the cysteine-rich scavenger receptor family[9-11]. Expression of
CD163 is constitutive and/or induced by some stimuli on circulating
monocytes and most tissue macrophages. An approximately 130 kDa
soluble form of human CD163 is released from the cell surface by
proteolysis after oxidative stress or inflammatory stimuli. Thus, elevated
level of circulating soluble CD163 (sCD163) has been reported in diabetes
mellitus, which is one of oxidative conditions[12]. However, there have been
no studies examining the involvement of sCD163 in SSc patients to our
knowledge.

Therefore, we conducted the present study to measure serum sCD163 levels
in SSc patients and examine the correlation between serum sCD163 and
clinical findings in order to determine the contribution of the tissue damage
induced by oxidative stress to the development of SSc.



Patients and methods

Serum samples

Serum samples were obtained from 56 Japanese patients with SSc (49.2 +
16.8 years old, 6 males and 50 females). All patients fulfilled the criteria
proposed by LeRoy et al[13]. The disease duration of patients with SSc was
5.6 £ 7.2 years. Patients were classified into the following 2 subgroups: 24
patients with limited SSc (ISSc; 1 males and 23 females) and 32 patients
with diffuse SSc (dSSc; 6 males and 26 females). None of the SSc patients
were treated with steroids, D-penicillamine, prostanoids, calcium channel
blockers or other immunosuppressive therapy, and none of them had a recent
history of infection and abnormal liver function at the time of serum
sampling. Antinuclear Ab was determined by indirect immunofluorescence
using HEp-2 cells as the substrate and autoantibody specificities were
further assessed by enzyme linked immunosorbent assay (ELISA) and
immunoprecipitation. Anti-centromere Ab was positive for 21 patients,
anti-topoisomerase | Ab for 23, anti-U1RNP Ab for 2, anti-U3RNP Ab for 3,
anti-RNA polymerase Ab for 5, anti-centromere Ab and anti-topoisomerase
Ab for 1, autoantibody with unknown specificities for 2 and negative for 1.

Forty Japanese healthy persons (45.2 + 10.1 years old, 5 males and 35
females) that were matched for age and sex with SSc patients were used as
normal controls. Twenty patients with dermatomyositis (DM) (48.3 £ 14.6
years old, 3 males and 17 females) were included as disease controls and
they fulfilled the criteria for DM proposed by Bohan & Peter[14],
respectively. None of them were treated with immunosuppressive therapy at
the time of first evaluation. Smokers were excluded in this study. Fresh
venous blood samples were centrifuged shortly after clot formation. All
samples were stored at -70°C prior to use. The protocol was approved by our
institutional review board and informed consent was obtained from all
patients.



Clinical assessment

Complete medical histories, physical examinations, and laboratory tests
were conducted for all patients at their first visit. Out of 56 SSc patients
studied for serum sCD163 levels, clinical and laboratory correlation was
examined for 50 patients because of the limited available data. Organ system
involvement was defined as described previously[15-17]: lung = bibasilar
fibrosis on chest radiography and high resolution computed tomography;
esophagus = hypomotility shown by barium radiography; joint =
inflammatory polyarthralgias or arthritis; heart = pericarditis, congestive
heart failure, or arrhythmias requiring treatment; kidney = malignant
hypertension and rapidly progressive renal failure without any other
explanation; and muscle = proximal muscle weakness and elevated serum
creatine kinase. Pulmonary function test, including vital capacity (VC) and
diffusion capacity for carbon monoxide (DLco), was also tested. There were
no patients with pulmonary hypertension without pulmonary fibrosis. Renal
vascular damage was determined as a pulsatility index (PI), that was a
parameter for renal vascular resistance determined by colour-flow Doppler
ultrasonography of the renal interlobar arteries of both kidneys[18].
Rheumatoid factor (RF) (IgM) was measured by nephelometric method (N
Latex RF kit 1l; Dade-Behring BN 1I, Marburg, Germany) and values>20
IU/ml were considered positive. RF (IgG) was measured by ELISA kits
(Eitest IgGRF; Eisai, Tokyo, Japan) and normal cut-off value was defined as
2.0 Index.

Enzyme-linked immunosorbent assay (ELISA) for serum sCD163

The concentrations of serum sCD163 were measured by an ELISA kit (R&D
Systems, Mineapolis, MN). ELISA for sCD163 was performed according to
the manufacturer’s procedure. 1:10 diluted serum samples were tested in
duplicate.

Statistical analysis
Statistical analysis was performed using Mann-Whitney’s U test for
comparison of SCD163 levels, Fisher's exact probability test for comparison



of frequencies, and Bonferroni’s test for multiple comparisons. Spearman's
rank correlation coefficient was used to examine the relationship between
two continuous variables. A p value less than 0.05 was considered
statistically significant. All data were presented as means * standard
deviation (SD).



3. Results

Serum sCD163 levels in SSc

Serum sCD163 levels were significantly elevated in total SSc patients
compared to normal controls (p<0.01; Fig. 1). DM was shown as a disease
control, and the serum sCD163 levels were also significantly elevated in DM
patients compared to normal controls (p<0.0001; Fig. 1). Concerning the
SSc subgroups, there was no significant difference in serum sCD163 levels
between dSSc and ISSc patients. Values higher than the mean + 3 SD
(807.057 ng/mL) of the control serum samples were considered to be
elevated in this study. Elevated sCD163 levels were observed in 32 %
(18/56) of total SSc patients. Regarding the subsets of SSc, serum sCD163
levels were elevated in 56 % (17/32) of dSSc patients and 44 % (10/24) of
ISSc patients. By contrast, none of normal controls showed elevated sCD163
levels. Thus, serum sCD163 levels were elevated in SSc patients with
similar levels between dSSc and ISSc.

Clinical correlation of sCD163 levels in SSc

SSc patients with elevated serum sCD163 levels had significantly elevated
serum levels of 1gG (p<0.05) than those with normal sCD163 levels (Table
1). Furthermore, serum sCD163 levels correlated positively with Pl
(p=0.0009, r=0.534, n=40; Fig. 2) in patients with SSc. Although there was
no correlation between serum sCD163 levels and lung function tests
including %VC and %DL.co, SSc patients with pulmonary fibrosis (PF) had
significantly elevated serum levels of sCD163 as comparison to those
without PF (p<0.05, Fig. 3). Furthermore, SSc patients with elevated
sCD163 levels showed higher levels of immunoglobulin (Ig)G (p<0.05, Fig.
4). Thus, elevated sCD163 levels were associated with elevated serum levels
of IgG.



Discussion

Using Abs to sCD163, examinations of SCD163 levels have been reported in
some diseases[19-21]. We have already reported high values of serum
8-isoprostane, that is one of the markers of lipid peroxidation, in SSc
patients[8]. Although SSc is considered to be one of oxidative stresses, there
have been no reports concerning SCD163 in SSc patients to our knowledge.
Therefore, we conducted the present study, which was the first to reveal that
serum sCD163 levels were significantly increased in SSc patients compared
to healthy controls. Furthermore, we confirmed the positive correlation
between serum 8-isoprostane levels and serum sCD163 levels (p=0.0026,
r=0.460, Data not shown). Therefore, it was strongly confirmed that
oxidative stress levels were enhanced and that sSCD163 was related to the
level of oxidative stress in SSc patients. However, SCD163 levels did not
correlate with the extent of skin sclerosis since sCD163 levels were similar
between dSSc and ISSc patients.

It has been reported that serum factors including heterophilic antibodies can
bind to coating and detection antibodies in some ELISA systems using a pair
of antibodies and cause the falsely elevated results[22-24]. Actually, we
measured serum sCD163 using a sandwich ELISA in the present study.

As RF was a representative heterophilic antibody, we measured serum levels
of RF (IgM and IgG) in SSc patients examined. However, no correlation was
confirmed between RF (IgM) and sCD163 and between RF (IgG) and
sCD163 in the present study (Table 1). Therefore, it was assumed to be less
likely that increased serum levels of sSCD163 in SSc patients were falsely
elevated results.

We demonstrated that serum sCD163 levels were significantly elevated not
only in SSc but also DM patients, as compared to normal controls. We also
confirmed the positive correlations in SSc patients between serum sCD163
levels and IgG. On the other hand, SSc patients with elevated serum sCD163
levels had significantly elevated serum levels of 1gG (p<0.05) than those
with normal sCD163 levels. There were some reports showing that oxidative
stress could cause damage of 1gG and led to the production of IgM[25]. Thus,



it was considered that oxidative stress which was induced in SSc, could
cause the damage of Ig and that the activity of Ig became less effective.
Therefore, negative feedback mechanisms induced by ineffective Ig activity
might stimulate production of lg, leading to hyper- y -globulinemia that is
one of immunologic abnormalities in SSc.

The present association of elevated serum sCD163 levels with IgG suggests
that oxidative injury may play a role in the immunologic abnormalities in
SSc. It has been hypothesized that immune responses to autoantigens are
induced by cryptic self-epitopes that are generated by modification of the
self-antigens (for example, novel cleavage, altered conformation, or tertiary
structure) [26]. The exposure of cryptic self-epitopes activates potentially
autoreactive T cells that have not previously encountered the cryptic self,
thereby breaking T cell tolerance. In this regard, reactive oxygen species
have been shown to induce modification of the self-antigens, such as
metal-dependent cleavage of SSc-related autoantigens[27]. Therefore, the
increase of 1gG may be related to the modification of 1gG by oxidative
injury.

We confirmed that SSc patients with PF had significantly elevated serum
levels of sSCD163 than those without PF in the present study. Furthermore, it
was strongly confirmed that oxidative stress levels were enhanced and that
sCD163 was related to the level of oxidative stress in SSc patients as
mentioned before. Although there was no correlation between serum
sCD163 values and lung function tests, it can be speculated that oxidative
injury may contribute to lung damage, which result in pulmonary fibrosis in
SSc. Exact mechanism is still unclear. Further examination should be
expected in the near future.

In this study, serum sCD163 levels correlated with renal vascular damage in
SSc. Vascular endothelial dysfunction is one of the central events in SSc, and
cold- and stress-induced vasospasm (Raynaud’s phenomenon) is the most
characteristic sign that reflects this dysfunction. Raynaud’s phenomenon
occurs not only in the fingers and toes but also in the internal organs, such as
the kidney[28]. Ischaemia and reperfusion injury following Raynaud’s



phenomenon can generate reactive oxygen species that may result in
vascular endothelial damage[29, 30]. Therefore, the finding that serum
sCD163 levels correlated with renal vascular resistance in SSc suggests that
excessive oxidative stress is related to vascular damage in SSc.

In conclusion, serum sCD163 levels were increased in patients with SSc as
compared to normal controls and showed a positive correlation with Pl and
IgG in SSc patients in the present study. These results led us to the
possibility that oxidative stress may be involved in immunologic
abnormalities in SSc. Therefore, more detailed and sensitive examination
will become possible by adding the measure of serum sCD163 to going
examinations.
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Table 1. Clinical and laboratory data of patients with SSc showing elevated serum

sCD163 levels at the first evaluation.

Elevated serum sCD163

Normal serum sCD163

(n=18) (n=38)

Age at onset (yr) means = SD 50.0+ 16.3 435+ 174
Sex (male: female) 1:17 5:33
Duration (yr) means + SD 6.1+8.7 53+6.8
Clinical features:

dSSc 56 58

ISSc 44 42

Pitting scars 50 42

Contracture of phalanges 56 39
Organ involvement:

Lung 50 34

%VC means + SD 87.4+30.0 99.4 +23.0

%DLco  means = SD 57.4+19.7 59.5+18.1

Oesophagus 50 55

Heart 14 8

Kidney 6 0

Joint 11 18

Muscle 17 13
RF (IgM)

Prevalence (ratio) 3/18 4/38

Titer (IU/ml) means £ SD 98+17.9 6.2+21.0
RF (1gG)

Prevalence (ratio) 1/18 2/38

Titer (Index) means + SD 18+ 04 16+ 0.1
Autoantibodies:

Anti-topoisomerase | Ab 50 37

Anti-centromere Ab 39 37
Immunoglobulin:

IgG (ng/dl) means + SD 1898.8 + 532.8* 1609.2 £ 543.4
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IgA (ng/dl) means = SD 353.9 +180.2 317.0 £ 136.9
IgM (ng/dl) means + SD 2359+ 174.9 175.6 £ 80.0

Values of clinical features and organ involvement are percentages unless otherwise
indicated. All the clinical and laboratory parameters and serum CD163 levels were
obtained at the first evaluation. *P<0.05 or **P<0.01 vs SSc patients with normal
CD163 level

12



Legends

Table 1. Clinical and laboratory data of patients with SSc showing elevated serum
sCD163 levels at the first evaluation. Values of clinical features and organ involvement

are percentages.

Fig. 1. Serum levels of sSCD163 in patients with dSSc or ISSc and DM as compared to
normal controls at the first evaluation. Serum sCD163 levels were determined by a
specific ELISA. In the box and whisker plots, the 25™ to 75™ percentiles are represented
by the horizontal lines of the box; the median is indicated by the internal horizontal line
across the box, and the whiskers on each box represent the 10™ to 90™ percentiles. The
numbers of subjects examined and mean values + SD are indicated in parentheses. A

broken line indicates the cut-off value (mean + 3SD of the control samples).

Fig. 2. The positive correlation of serum sCD163 levels against Pl in patients with SSc at
the first evaluation. Serum levels of sSCD163 were determined by a specific ELISA.

The Pl is a parameter for renal vascular resistance determined by color-flow Doppler
ultrasonography of the renal interlobular arteries of both kidneys.

Fig. 3. Serum levels of sSCD163 in SSc patients with or without pulmonary fibrosis at the
first evaluation. In the box and whisker plots, the 25" to 75" percentiles are represented
by the horizontal lines of the box; the median is indicated by the internal horizontal line
across the box, and the whiskers on each box represent the 10™ to 90™ percentiles. The

numbers of subjects examined and mean values = SD were indicated in parentheses..

Fig. 4 Serum levels of IgG in patients with SSc showing elevated and normal serum
sCD163 levels at the first evaluation. In the box and whisker plots, the 25" to 75"
percentiles are represented by the horizontal lines of the box; the median is indicated by
the internal horizontal line across the box, and the whiskers on each box represent the 10™
to 90" percentiles. The numbers of subjects examined and mean values + SD are

indicated in parentheses.
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