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Abstract
Introduction. The hallmarks of systemic sclerosis (SSc) include microangiopathy, autonomic dysfunction, as
well as immune disturbance and the widespread fibrosis of the skin and visceral organs. While the significance
of SSc-specific autoantibodies such as anti-centromere and anti-topoisomerase I has long been demonstrated,
the clinical relevance of non-specific autoantibodies remains a matter of debate. Our primary objective was to
assess the relationships between non-SSc-specific antibody titers and the clinical characteristics of scleroderma
patients. Secondary objectives included a comparison between SSc, SLE and healthy controls (HC) with respect
to autoantibody values, as well as the analysis of the immune disturbance in elderly individuals in the 3 groups.
Material and method. We conducted a cross-sectional study in which we recruited 67 adult patients with SSc,
67 age and gender-matched individuals with SLE and healthy controls (HC). Biological samples (venous blood)
were collected in order to determine the levels of anti-SSA/Ro, anti-SSB/La, anti-U1RNP and anti-nucleosome
antibodies (ELISA). We recorded the presence of digital ulcers (DUs), ILD (thoracic X-rays), and PAH (Doppler
echocardiography) in the scleroderma cohort.
Results. The frequency of anti-nucleosome antibody positivity in the scleroderma group exceeded our expectations, resembling that of lupus patients. Moreover, our findings indicate an association between serum anti-nucleosome antibody titers and SSc-related cardiopulmonary involvement. Anti-U1RNP antibodies were linked to PAH.
We did not identify a notable relationship between the 4 autoantibodies studied and DUs. However, the latter were
significantly more frequent in male patients. Although elderly individuals with scleroderma did not demonstrate
a significantly decreased autoantibody production, lupus patients over 60 years of age exhibited a decline in
anti-nucleosome antibody titers.
Discussions. Earlier research reported an association between anti-nucleosome and anti-U1RNP antibodies
with SSc-related cardiopulmonary impairment. Moreover, male gender is currently regarded as an important risk
factor for the development of scleroderma DUs.
Conclusions. Recent research provides new insights on the pathogenic processes of autoimmune rheumatic
diseases, in an attempt to identify potential risk factors for organ involvement. Our study confirms the link between
anti-nucleosome antibodies and cardiopulmonary involvement in the SSc population. Moreover, the impact of
immunosenescence on the dynamics of autoantibody production in connective tissue diseases remains in need
of further investigation.
Keywords: systemic sclerosis, systemic lupus erythematosus, nucleosome, immunosenescence,
pulmonary arterial hypertension

INTRODUCTION
Connective tissue diseases (CTD) constitute a
cluster of autoimmune disorders frequently associated with severe multi-organ involvement. Admitting
that their intricate pathogenic mechanisms are yet to
be fully understood, immune processes remain of
paramount importance. Future directions involve a
possible molecular-based reclassification of systemic autoimmune rheumatic diseases (1,2).

Systemic sclerosis (SSc) is a chronic autoimmune condition exhibiting an elevated risk of morbidity and mortality. The hallmarks of scleroderma
include microangiopathy, autonomic dysfunction, as
well as immune disturbance and the widespread fibrosis of the skin and internal organs (3). The positivity of SSc-specific autoantibodies often indicates
the phenotype of the disease, along with potential
organ involvement. Patients demonstrating high cir-
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culating values of anti-topoisomerase I and anti-RNA polymerase III antibodies most commonly
present with diffuse cutaneous involvement, whereas increased anti-centromere antibodies are typical
of the limited form of disease. Nonetheless, a wide
spectrum of non-specific autoantibodies have been
described in SSc, with uncertain effects on disease
pathomechanisms (4,5). Earlier research reported a
relationship between anti-nucleosome autoantibodies and localized scleroderma (6).
It has been shown that autoantibody production
in CTD is influenced by numerous factors including
the process of aging. In this respect, the concept of
immunosenescence describes a decreased capacity
for antibody production by plasma cells in elderly
populations. However, whether or not these changes
are clinically relevant in CTD currently remains a
subject of debate (7,8).
Regarded as the prototype of autoimmune disease, a great number of studies compared SLE antibody levels to the ones detected in other connective
tissue disorders, reporting discrepant findings (9,10).
The complex immune disturbance associated with
SSc pathogenesis has lead to extensive research in
the field (11). Our primary aim was to assess the relationships between non-SSc-specific antibody titers
and certain clinical characteristics of scleroderma
patients. Secondary objectives included a comparison between SSc, SLE and healthy controls (HC)
with respect to autoantibody values, as well as the
analysis of the immune disturbance in elderly individuals in the 3 groups.

MATERIAL AND METHODS
We conducted a cross-sectional study in which
we recruited 67 adult patients with SSc hospitalized
in our center between september 2014 and september 2017, 67 age and gender-matched individuals
with SLE and healthy controls (HC). For the SSc
group, the inclusion criteria were the following: age
≥ 18 years and confirmed diagnosis of systemic sclerosis. The exclusion criteria were age < 18 years,
overlap syndromes and scleroderma sine scleroderma. The corresponding SLE (definite diagnosis) and
HC groups were matched to the scleroderma cohort
with respect to age and gender. We excluded SLE
patients with overlap syndromes.
Biological samples (venous blood) were collected in order to determine the levels of anti-SSA/Ro,
anti-SSB/La, anti-U1RNP and anti-nucleosome anti-
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bodies. All autoantibodies were assessed by enzyme-linked immunoassay (ELISA). We recorded
the presence of DUs, ILD (thoracic X-rays), and
PAH (Doppler echocardiography). The analysis of
the data was performed using Microsoft Office Excel and IBM SPSS Statistics v20 for Windows. We
used either parametric or non-parametric tests depending on variable distribution. In the contingency
tables, we applied the chi2 test and Fisher‘s exact test
(where chi2 did not demonstrate statistical consistency).

RESULTS
Our cohort consisted of 67 patients with scleroderma, of which 32 were classified as dcSSc (47.8%)
while 35 persons presented with lcSSc (52.2%). The
group was composed of 56 women (83.6%) and 11
men (16.4%). We identified the presence of ILD in
24 patients (35.8%), PAH in 5 patients (7.5%) and
DUs in 29 patients (43.3%).
Male participants were more likely to present
with digital trophic lesions than females (72.7% vesus 37.5%, p=0.031), while elderly patients (≥ 60
years of age, 19 patients) demonstrated an increased
risk of ILD by 113.8% (RR = 2.138, 95% CI: 1,1713,903) and 910,5% for PAH (RR = 10,105, 95% CI:
1,206-84,690).
The values of the four autoantibodies tested are
illustrated in Table 1. With regard to disease phenotype, we found statistically significant discrepancies
between the dcSSc and lcSSc patients in relation to
the serum levels of anti-SSA antibodies (student
t-test, p=0.014). Furthermore, patients with dcSSc
were more likely to exhibit anti-SSA positivity
(34.4% versus 5.7%, p=0.003).
TABLE 1. Autoantibody values in patients with scleroderma
Autoantibodies
(U/ml)
Anti-SSA
dcSSc
lcSSc
Anti-SSB
dcSSc
lcSSc
Antinucleosome
dcSSc
lcSSc
Anti-RNP/Sm
dcSSc
lcSSc

Range

Mean

SD

0.00-932.00
0.00-905.00
0.00-932.00
0.00-938.00
0.00-938.00
0.00-614.00
0.00-367.00
0.00-367.00
0.00-349.00

112.42
182.84
48.03
59.34
95.47
26.69
109.18
110.69
107.80

227.83
270.46
158.53
182.94
238.77
103.22
96.44
102.69
91.83

0.00-126.00
0.00-126.00
0.00-114.00

21.40
23.72
19.28

36.37
24.14
28.44

*SD = standard deviation

P
(student
t-test)
0.014

0.125

0.904

0.493
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Anti-SSB, anti-U1RNP, and anti-nucleosome antibodies had slightly higher titers in dcSSc patients
compared to the opposing subgroup. However, these
findings did not demonstrate statistical significance.
We found higher circulating anti-nucleosome antibodies in persons with PAH (186.60 ± 55.66 U/ml
versus 102.92 ± 96.57 U/ml; Mann-Whitney,
p=0.030) (Figure 1). Moreover, patients wih positive
anti-nucleosome antibodies were likely to have PAH
(Fisher‘s exact test, p=0.018). The same was true for
anti-U1RNP antibody positivity and PAH (Fisher‘s
exact test, p=0.013), as well as ILD (Fisher‘s exact
test, p=0.042). Patients with DUs also demonstrated
elevated anti-nucleosome antibody titers (132.52 ±
111.81 U/ml versus 91.37 ± 79.84 U/ml), but results
were not statistically significant (p=0.099).
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ti-nucleosome antibodes, while anti-SSB titers did
not differ significantly. Moreover, all antibody titers
were higher in SSc compared to HC (Table 3).
TABLE 3. Autoantibody titers in patients with
scleroderma compared to SLE and HC
Minimum
Age (years)
SSc
33.00
SLE
31.00
HC
33.00
Autoantibodies (U/ml)
Anti-SSA
SSc
0.00
SLE
0.00
HC
0.00
Anti-SSB
SSc
0.00
SLE
0.00
HC
0.00
Antinucleosome
SSc
0.00
SLE
0.00
HC
0.00
Anti-U1RNP
SSc
0.00
SLE
0.00
HC
0.00

Maximum

Mean

SD

p
(student
t-test)

80.00
77.00
79.00

51.51
51.30
51.21

11.54
11.50
11.28

0.917
0.88

932.00
977.00
62.00

112.42 227.83
252.61 292.42
14.69 13.42

0.002
0.001

938.00
1061.00
83.00

59.34
74.64
8.19

182.94
183.06
14.92

0.634
0.025

367.00 109.18 96.44
1654.00 233.21 403.91
92.00
13.39 21.83

0.017
<0.001

126.00
867.00
106.00

<0.001
0.03

21.4
36.37
154.19 209.95
12.7
18.89

*SD = standard deviation

FIGURE 1. Anti nucleosome antibodies in scleroderma
patients with/without PAH

We did not identify a notable relationship between age and specific autoantibody titers in the SSc
group, with similar values in patients over and under
60 years of age (Table 2).
TABLE 2. Autoantibody titers in scleroderma patients
over and under 60 years of age
Autoantibody titer
(U/ml)

Range

Mean SD

Anti-SSA

0.00-932.00
0.00-905.00
0.00-614.00
0.00-938.00
0.00-349.00
0.00-126.00
0.00-114.00
0.00-367.00

72.47
128.23
48.79
63.79
133.32
99.63
19.74
22.06

≥ 60 years
< 60 years
Anti-SSB
≥ 60 years
< 60 years
Anti≥ 60 years
Nucleosome < 60 years
Anti-U1RNP ≥ 60 years
< 60 years

p
(student
t-test)
211.88 0.352
234.09
144.43 0.733
197.33
104.19 0.770
92.59
30.49
0.228
24.88

Anti-U1 RNP antibodies, SSA and SSB were significantly more frequent in the SLE group compared
to SSc (Figure 2). However, anti-nuclesosme antibodies demonstrated similar frequencies in the the
two aforementioned groups (chi2 test, p=0.547).
Elderly patients in the entire cohort (patients with
SSc, SLE and HC) did not demonstrate significantly
lower autoantibody titers (student t-test, SSA:
p=0.058, SSB: p=0.258, nucleosome: p=0.118,
U1RNP: p=0.851). Anti-SSA antibodies approached
statistical significance and were found to be higher
in persons under 60 years of age (146.28 ± 249.96 U/
ml versus 76.77 ± 182.54 U/ml).
Moreover, elderly patients with lupus exhibited
significantly lower anti-nucleosome antibody values
compared to younger individuals belonging to the
same group (296.83 ± 456.69 U/ml versus 72.47 ±
125.64 U/ml, p=0.039).

*SD = standard deviation

DISCUSSION

Compared to the SLE group, patients with scleroderma exhibited lower anti-SSA, U1RNP and an-

Our study aimed to analyze the relationship between non-specific antibodies and clinical presenta-
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FIGURE 2. The frequency of autoantibody positivity in patients with SSc versus SLE

tion in SSc patients. Recently, the issue of finding
new biomarkes in scleroderma has been gathering
attention from the scientific community (12,13). We
recorded a higher prevalence of anti-U1RNP antibodies in our scleroderma group compared to other
studies (9). The link between anti-U1RNP antibodies in CTD-related PAH (including SSc) has been
described in previously published research (14,15).
Furthermore, the enhanced expression of anti-nucleosome antibodies in SSc patients exceeded our
expectations. Although the mean anti-nucleosome
values were found to be lower in scleroderma patients compared to SLE in our study population, circa 46% of the SSc group were positive for these antibodies, similar to the SLE cohort. Whereas their
importance in lupus has long been demonstrated,
studies describing their high specificity for SLE, as
well as their notable nephritogenic potential, the significance of anti-nucleosome antibody positivity in
SSc is yet to be fully elucidated (16).
Admitting that our findings could be due to the
potentially non-discriminative nature of anti-nucleosome antibodies and their consequent cross-reactivity with other structures, we also found an association with PAH in our cohort, suggesting a possible
involvement in disease pathogensis (17).
Previous studies have described elevated anti-nucleosome antibody levels in SSc-related lung fibrosis (18-20). We did not identify a significant relationsip between anti-nucleosome antibodies and
ILD in our SSc cohort. However, knowing that ILD
may coexist with PAH in SSc and that high resolution computed tomography for ILD and right heart

angiography for PAH demonstrate higher sensitivity
in the detection of SSc-related cardiopulmonary involvement compared to the methods used in the
present study, we recognise this as a limitation of our
research (21).
In our population, anti-SSA antibodies demonstrated higher values in patients with diffuse cutaneous involvement. However, we did not find significant associations with organ involvement in
scleroderma patients, similar to other studies (22).
Male patients appeared more prone to the development of DUs in our SSc cohort. These findings
mirror those found in recent litterature, male gender
being a known risk factor for SSc-related digital
trophic lesions (23,24).
Senescence is a biological process affecting all
organs and systems. In light of recent discoveries,
telomere alterations consequent to repeated cell divisions are responsible for the age-related decline of
cell function. In this regard, the immune system also
suffers from age-related changes, elderly patients
demonstrating a reduced capability of antibody production resulting in a reduced response to vaccination and an increased risk of infection (25).
The impact of immunosenescence on the dynamics of autoantibody production in CTD remains in
need of further investigation. Although elderly patients with SSc did not demonstrate a significantly
decreased autoantibody production, lupus patients
over 60 years of age exhibited lower anti-nucleosome antibody titers in the present study (26).
Moreover, elderly scleroderma patients were
more likely to exhibit PAH and ILD in our cohort.
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These findings resemble those described by other research teams (27,28).

CONCLUSIONS
Connective tissue diseases constitute a complex
group of conditions in which immune disturbance is
invariably present. Recent research provides new insights on the pathogenic processes of autoimmune
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rheumatic diseases, in an attempt to identify potential risk factors for organ involvement. Our study
identified a possible link between anti-nucleosome
antibodies and cardiopulmonary involvement in the
SSc population, similar to other studies. Nevertheless, this relationship is currently gathering interest
from the scientific community.
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