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Abstract
Background: Systemic sclerosis (SSc) is an autoimmune disease characterized by fibrosis of skin and lung as well as
involvement of kidney, gastrointestinal system and heart. Aetiology and exact mechanism of disease is poorly
understood. The association between antimicrobial peptides (AMPs) and other diseases such as idiopathic
pulmonary fibrosis, diffuse panbronchiolitis, pulmoner alveolar proteinosis and psoriasis have been reported. A small
number of studies have examined the role of AMPs on autoimmune diseases which has not been studied in
scleroderma yet. We aimed to investigate AMP serum levels and their association with disease characteristics of SSc.
Methods: Forty-two patients (40 female, mean age 42 years) and 38 healthy subjects (32 female, mean age 38
years) were enrolled. For SSc patients, the following data were recorded: disease subset (limited/diffuse),
autoantibodies (antinuclear, anti-centromere (ACA), and anti-SCL-70), blood tests, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP), modified Rodnan skin score, presence and history of digital ulcers, kidney,
gastrointestinal disease and lung involvement assessed by computed tomography and pulmonary function tests.
Association between serum AMPs and disease characteristics were analysed.
Results: Twenty-nine of the patients had diffuse (69%) and 13 of the patients had limited (31%) systemic sclerosis.
Average disease duration was 5.5 years. Pulmonary involvement was detected in 20 patients (47.6%). Serum
concentration of alpha defensin was higher than healthy subjects (563 ± 415 vs 377 ± 269 ng/mL, p = 0.02).
However, no difference was observed for beta-1 and beta-2 defensins in SSc patients and healthy controls. In subgroup analysis patients with interstitial lung disease had higher levels of alpha defensin than those without lung
involvement (684 ± 473 vs 430 ± 299 ng/ml, p = 0.04). There was also correlation between alfa defensin serum
concentrations and CRP (r = 0.34).
Conclusions: Alpha defensin levels are increased in scleroderma patients and correlated with lung involvement
indicating a role in the pathogenesis of disease.
Trial registration: This study is not a clinical trial study.
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Introduction
Systemic sclerosis (SSc) is a chronic multisystemic autoimmune disease manifested by diffuse fibrosis of the skin
and internal organs [1]. Although the pathogenesis of
the disease is largely unknown, three major pathologic
changes take part in its evolution; fibrosis, vasculopathy
and inflammation. SSc is largely considered as an autoimmune disease with activation of both innate and adaptive components of immune system [2].
One of the critical components of innate immune system is antimicrobial peptides (AMPs). There are hundreds of structurally different peptides with
antimicrobial properties which are found in all
eukaryotic organisms. AMPs are particularly synthesized
in mucosal epithelial cells and neutrophils that are constantly in contact with microorganisms in the body. In
humans, there are three main family of AMPs; defensins,
cathelicidin (LL37) and histatin [3]. Alpha-defensins
(HNP1) are primarily expressed in neutrophils, while
beta-defensins and LL37 are constitutively synthesized
and secreted from epithelial surfaces, therefore called as
epithelial AMPs [4]. AMPs have direct microbicidal effects and play critical role in cleaning intracellular microorganisms and fighting against cancer cells [5, 6].
Besides having direct antimicrobial effects, AMPs can incite inflammation by activating immune effector cells
and chemotaxis of neutrophils [4]. Epithelial AMPs may
stimulate production of pro-inflammatory cytokines
such as IL-17, IL-22, and TNF alpha [7]. Another important role of AMPs involves the maintenance of the
host microbiota besides their antimicrobial functions.
To date, limited number of studies have investigated
the relationship between antimicrobial peptides and
autoimmune/inflammatory diseases. In patients with systemic lupus erythematosus (SLE), alpha defensin and
beta-2 defensin levels were found elevated and related
with disease activity [8, 9]. There is not much literature
on the potential role of AMPs in SjS; however, some
studies suggest that cathelicidin and defensins may have
a role in the pathophysiology of the disease [10]. The
role of AMPs in pulmonary diseases have been shown in
idiopathic pulmonary fibrosis, diffuse panbronchiolitis
and pulmonary alveolar proteinosis. The role of AMPs
are scarcely studied in scleroderma and there is downregulation of LL-37 in diffuse SSc patients [11] and tissue beta defensin of localized scleroderma after UVA-1
treatment [12]. Herein, we aimed to investigate alpha
and beta defensin serum concentrations in patients with
SSc and their association with disease characteristics.

syndromes, infections, immunodeficiency, chronic liver
and kidney dysfunction were excluded from the study.
Patients receiving corticosteroids and immunosuppressive drugs were excluded from the study. Control
group consisted age- and sex-matched healthy subjects.
Written consent was obtained and included in the study.
All participants were informed about the objectives of
the study and gave their signed consent for inclusion.
The study was approved by the local ethics committee
(Ethics committee approval ID: 28.09.2015/3).
Demographic and clinical features of SSc patients were
obtained by patient interviews and hospital file records.
Detailed physical examination was performed for each
patient and skin fibrosis was assessed by an experienced
physician. Laboratory parameters, acute phase reactants
and serologic tests including anti-nuclear antibodies,
anti-scl-70 and anti-centromere antibodies were retrieved from computer based hospital records. Pulmonary function tests, high resolution thorax computed
tomography (HRCT) and echocardiographic findings
were recorded. Interstitial lung disease was defined as
interstitial fibrosis, reticulation or alveolitis on highresolution computer tomography. Pulmonary hypertension was defined as mean pulmonary artery pressure ≥
25 mm/Hg. Gastrointestinal involvement was evaluated
in all subjects with oesophageal manometry and considered positive if there was consistent findings. Finally, SSc
patients were categorized by LeRoy’s classification system as diffuse and limited SSc [14].
Blood samples were taken from antecubital vein after
overnight fasting at morning hours and immediately
centrifuged. Sera was separated and stored at − 80 °C
until they studied. Serum alpha defensin (HNP1), betadefensin 1 and 2 levels were determined by using commercial enzyme-linked immunosorbent assay (ELISA)
kits (Assay Biotech, USA).
Statistical Package for the Social Sciences software
v16.0 (SPSS Inc., Chicago, IL) was used for statistical
analysis. Categorical data were expressed as numbers
and percentages. Chi square test was used to compare
categorical variables. Normality distribution of continuous variables were evaluated with using KolmogorovSmirnov test. Continuous variables are expressed as median [Interquartile range (IQR)] values since they did
not show normal distribution. Continuous variables of
groups were compared with Mann-Whitney U and
Kruskal-Wallis tests. Spearman Rho was used for correlation analyzes. Differences between groups were considered significant at the 5% level (p < 0.05).

Materials and methods
The study included consecutive SSc patients over 18
years of age who met the diagnostic criteria for SSc [13].
Patients with other autoimmune disease or overlap

Results
A total of 80 individuals, 42 SSc patients and 38 healthy
control subjects were included in the study. Forty patients were female and mean age of patients was 42 ± 11
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Table 1 Clinical manifestations of systemic sclerosis patients
Clinical manifestations

N (%)

Lung Involvement

20 (47.6)

Pulmonary hypertension

11 (31.4)

Esophageal involvement

13 (31)

Intestinal involvement

2 (4.8)

Renal involvement

2 (4.8)

Telangiectasia

20 (48.8)

Raynaud’s phenomenon

41 (97.6)

Digital ulcer

16 (36.8)

Autoantibodies
ANA

42 (100)

Anti-Scl-70

27 (67.5)

Anti- centromere

10 (25)

RNP

0

SS-A

9 (25.7)

SS-B

2 (5.7)

years. Mean age of control group was 38 ± 11 years and
32 were female.
Twenty-nine (69%) patients had diffuse and 13 patients (31%) had limited systemic sclerosis. The mean
disease duration was 5.5 ± 4.8 years. Organ involvements
of the patients are presented in Table 1. Pulmonary involvement on HRCT was evident in 20 (47.6%) patients.
Serum alpha defensin levels of SSc patients were significantly higher than control subjects (563 ± 415 vs
377 ± 269 ng/mL,p = 0.02). However no differences were
observed in serum concentrations of epithelial defensins
─ beta-1 and beta-2 between SSc patients with healthy
subjects (beta-1 defensin 235 ± 178 vs 185 ± 24 pg/mL,
p = 0.08 and beta-2 defensin 253 ± 453 vs 152 ± 101 pg/
ml, p = 0.1). There were no statistically significant differences in alpha, beta-1 and beta-2 defensin levels between
diffuse and limited forms of SSc (p = 0.08, p = 0.56, p =
0.57; respectively). In sub-group analysis, with regard to
organ involvements, patients with interstitial lung disease had remarkably higher levels of alpha defensins
than those without lung involvement (684 ± 473 vs

430 ± 299 ng/mL, p = 0.04, Table 2). However any association was found between organ manifestations and
serum concentrations of epithelial defensins ─ beta-1
and beta-2 in patients with SSc. There was a correlation
between CRP (r = 0.345, p = 0.03), modified Rodnan
Score (r = 0.296 p = 0.07) and % forced vital capacity
FVC (r = 0.306 p = 0.07).

Discussion
In this cross-sectional study, we investigated serum
levels of the one of the major antimicrobial peptide family, defensins. We found that serum concentrations of
alpha defensins are increased in SSc patients. Moreover,
elevation in serum alpha defensin (HNP-α) was more remarkable in SSc patients with pulmonary involvement.
AMPs are part of the innate immunity with capability
of activating adaptive immune system [15]. The level of
AMP expression varies among individuals, and it has
been suggested that this variation is due to genetic differences in the genes encoding defensins. These peptides
are also known as danger signals or” alarmins” playing
important roles in inflammation and immunity [16].
AMPs can be released into the extracellular area following granulocyte activation as a consequence of degranulation, cell death, leakage, and lysis during inflammation
[17]. Recent studies show that the abnormal production
of AMPs produced by neutrophils or epithelial cells promotes inflammation by supporting the autoimmune response. However, there are not enough studies related to
the significance of abnormal levels of AMPs in SSc.
AMP levels have been studied in some inflammatory
diseases such as rheumatoid arthritis, SLE, inflammatory
bowel disease, psoriasis, atopic dermatitis and familial
Mediterranean fever (FMF). These studies showed that
AMPs expression were irregular in diseases such as systemic lupus erythematosus (SLE), psoriasis, rheumatoid
arthritis (RA), type 1 diabetes (T1D), Sjögren’s disease
(SjS) and multiple sclerosis (MS) [10]. Hiroyuki Tamiya
et al. reported significantly higher defensin and cathelicidin levels in active SLE patients [18]. Tufan et al. found
similar results in FMF patients that increased alphadefensin and cathelicidin levels with no significant

Table 2 Alpha defensin levels according to clinical manifestations of systemic sclerosis
Clinical manifestations

No involvement

Involvement present

P values

Interstitial lung disease

430 [140–595] (n = 22)

684 [324–1152] (n = 20)

0.04*

Pulmonary hypertension

503 [139–888] (n = 31)

624 [300–991] (n = 11)

0.4

Raynaud’s phenomenon

512 (n = 1)

564 [157–890] (n = 41)

0.95

Telangiectasia

621 [388–894] (n = 22)

498 [135–879] (n = 20)

0.29

Digital Ulcer

583 [165–938] (n = 26)

529 [164–813] (n = 16)

0.56

Esophageal Involvement

588 [352–890] (n = 29)

506 [124–933] (n = 13)

0.34

Values represent median with 25–75 percentiles in square brackets and the number of patients in parentheses
*p value <0,05
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difference for beta-2-defensin [19]. In another study on
psoriasis patients, use of serum beta-2-defensin levels
are suggested as a marker reflecting psoriasis disease activity [20]. Cathelicidin and human beta-defensins 2 and
3 (hBD2/3) have been shown to be highly expressed in
the psoriatic skin of patients [21, 22]. The expression of
human neutrophil peptides (HNPs) 1–3 was significantly
increased in the synovial cavity of patients with RA and
related with joint erosion [23].
Previous studies have demonstrated increased AMP
levels in inflammatory lung diseases. It was shown that
HNP levels were 50 times higher in bronchoalveolar lavage samples of ARDS patients [24]. In a study by Noriho
Sakamoto et al., AMP levels were studied in patients
with interstitial pneumonia (IP). Their study included 21
acute attack IP, 44 stable IP, 9 infected IP patients and
23 healthy controls. The level of alpha-defensin was
found to be significantly increased in patients with acute
exacerbation. Beta- defensin-2 was found to be higher in
patients with stable IP than in healthy controls [25].
Mukae et al. found that serum alpha-defensin levels
were higher in patients with idiopatic pulmonary fibrosis
(IPF) compared to control group. But no difference was
found between bronchoalveolar lavage levels [26]. In another study, Mukae et al. compared defensin levels of
IPF, cryptogenic organized pneumonia (COP), pulmonary alveolar proteinosis PAP), sarcoidosis, and idiopathic
nonspecific interstitial pneumonia (NSIP) patients and
defensin levels were significantly higher than the control
group. There was a significant difference between the
diseases as well. Beta defensin-1 levels were significantly
higher in IPF, COP, NSIP and sarcoidosis patients compared to the control group. Beta-2 defensin levels were
significantly higher in sarcoidosis and IPF patients compared to the control group [27].
Defensin family AMPs have not been thoroughly studied in patients with SSc. In our study, we aimed to determine serum levels of main defensins and their
association with disease characteristics. We found significantly increased serum alpha defensin levels particularly in those with interstitial lung involvement. Alphadefensin is mainly released from neutrophils and activate
neutrophils with a positive feedback loop and they might
contribute lung inflammation observed in SSc and other
pathologies. Supporting this hypothesis, serum alpha
defensin levels were correlated with acute phase reactants. Interestingly, serum alpha defensin levels were also
correlated with skin fibrosis suggesting a role in the
pathogenesis of fibrosis. An in vitro study investigated
effects of alpha defensin in lung tissue that it enhanced
expression of IL-8 in epithelial cells as well as transforming growth factor-beta and vascular endothelial growth
factor expressions in lung fibroblasts [28]. Another study
confirmed that alpha-defensin contribute neutrophilic
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lung inflammation via inducing synthesis of a strong
neutrophil chemoattractant, IL-8, in airway epithelial
cells [29].
In a previous study, Kuzumi et al. reported decreased
serum beta-2 defensin levels in SSc patients which was
highly dependent on duration of disease [30]. In that
study they found significant associations between beta-2
defensin and telangiectasia, pitting scars and digital ulcers suggesting its contribution to pathogenesis of vasculopathy observed in SSc. However they did not find an
association with lung involvement [30]. In our study, we
did not find a difference for beta-1 and beta-2 defensin
levels in SSc patients compared to healthy subjects. Discrepancy between results of studies can be explained by
differences in clinical manifestations of patients and duration of disease.
We have several limitations in our study. First, we did
not assess serum cytokine levels in SSc patients which
might demonstrate association between defensins and
inflammatory and fibrotic mediators. Second, number of
SSc patients are relatively small and inclusion of more
patients might reveal better results.

Conclusions
In conclusion, serum alpha defensin concentrations are
increased in SSc patients and associated with lung involvement and skin fibrosis. Further studies involving
more patients and detailed molecular tests are needed to
determine whether these molecules contribute to the
course and pathogenesis of systemic sclerosis.
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