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Background: Cathelicidin (LL-37), an endogenous antimicrobial peptide, has recently been
involved in the pathogenesis of autoimmune diseases. To assess whether LL-37 reflects disease
activity, we measured serum levels of it in systemic lupus erythematosus (SLE) patients with
active and inactive disease compared to healthy controls. LL-37 was also compared between
new and old cases. Moreover, the correlation of LL-37 and pro-oxidant, antioxidant balance
(PAB) was measured. Methods: The study population consisted of 50 SLE patients and 28
healthy controls. Of those, 39 patients had active and 11 patients had inactive disease. Serum
levels of LL-37 were measured by ELISA and PAB values by a special method. Results: There
was no difference in levels of LL-37 between patients and healthy controls (50.9� 20.8 vs.
67.7� 43.3 ng/ml, P¼ 0.31). LL-37 did not correlate with SLEDAI and its items in total
patients. LL-37 had a positive correlation with SLEDAI in active patients (P¼ 0.01,
r¼ 0.4). In active patients (78% of patients), multivariate regression analysis showed signifi-
cant negative correlation between LL-37 and C3 (P¼ 0.01, standardized beta –0.50). No dif-
ference was found in levels of PAB between patients and controls (90.4� 34.1 vs.
86.9� 25.6HK, P¼ 0.4).There was no difference in the levels of PAB between patients with
active and inactive disease (93.2� 34.1 vs. 80.2� 33.7HK, P¼ 0.27). No correlation was
found between levels of PAB and SLEDAI items and total score. However, a positive correl-
ation between the levels of LL-37 and PAB in SLE patients was found (r¼ 0.3,
P< 0.01). Conclusion: Based on this study, serum LL-37 and PAB did not increase in lupus
compared with healthy individuals. LL-37 serum values rose in parallel with SLEDAI in active
disease. Positive correlation between serum PAB and LL-37 could be a great achievement
of this study that may suggest the role of antioxidants in controlling NETosis. Lupus (2017)
0, 1–8.
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Introduction

Systemic lupus erythematosus (SLE) is recognized
as one of the human autoimmune diseases.1 Many
genetic and epigenetic factors contribute to SLE
pathogenesis and both adaptive and innate

immunity alter in lupus.2 Recent studies have
pushed neutrophils to the forefront of the patho-
genesis of SLE.2 Neutrophils are the main immune
cells in the circulation and are recognized as the
frontline of host defence against pathogens. After
activation, neutrophils release bactericidal peptides,
proteolytic enzymes, reactive oxygen species
(ROS), neutrophil extracellular traps (NETs) to
destroy pathogens.3,4 In recent years, several inter-
esting studies have connected NETs to the patho-
genesis of SLE.5–10 NETs are made through a
unique cell death mechanism, called ‘NETosis’. It
consists of condensed chromatin DNA in associ-
ation with histones, granular proteins and a few
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cytoplasmic proteins (cathelicidin; LL-37).2

Therefore, the detection of LL-37 in tissue or serum
can be a signature of NETosis. In some patients with
SLE, degradation of NETs is impaired as a result of
DNAase-I inhibitors or antibodies to NETs.11

Although several studies in vitro have supported the
role of NETosis in SLE pathogenesis, its functional
importance is unclear.5–10 In 2010, Hakkim et al.
reported that a higher level of anti-NET and anti-
dsDNA autoantibodies were found as well as a
higher frequency of lupus nephritis in patients with
defective NET degradation.5 In 2011, Lande et al.1

andGarcia-Romo et al.6 found that neutrophils from
SLE patients are more prone to release NETs. They
showed that interferon (IFN)-alpha can be produced
byLL-37 and human neutrophil peptide in SLE.1 In a
similar study, Garcia-Romo et al. showed that SLE
neutrophils are releasing NETs that contain DNA as
well as large amounts of LL-37.6 Villanueva et al.
reported that expression of the LL-37 gene in lupus
low density granules was 3.5 and 4.6-fold higher than
controls.7 Reviews on cutaneous lupus patients
demonstrated that LL-37 expression is significantly
higher in patients with chronic cutaneous or active
lupus.8,9 All of the above studies were conducted
in vitro. Just one in-vivo study has been conducted
that projected that serum LL-37 had no relation with
organ involvement or disease activity in lupus.10

Most importantly, when neutrophils are properly
activated, they can generate a massive amount of
superoxide by activating the nicotinamide adenine
dinucleotide phosphate (reduced form) oxidize
enzyme complex.11 The extreme production of react-
ive oxygen species (ROS), whichmay cause abnormal
activation of apoptosis, are demonstrated as vital fac-
tors involved in the production of antibody in SLE.
Several studies have shown the role of ROS in
increased apoptosis and delayed clearance of apop-
totic cells. The delay in clearance of apoptotic cells
may prolong interaction between ROS and nuclear
debris and generate neo-epitopes that subsequently
stimulate a broad spectrum of autoantibody forma-
tion leading to inflammation and organ damage in
SLE.12 The aim of this study was to evaluate serum
LL-37 in lupus patients, its correlation with
serological and clinical parameters and with pro-oxi-
dant antioxidant balance (PAB).

Materials and methods

Patients and controls

In this case–control, cross-sectional study 50 con-
secutive SLE patients and 28 healthy controls were

enrolled. The study was approved by ethics com-
mittee of Mashhad University of Medical Sciences.
All participants gave written informed consent
before entering the study. Inclusion criteria were
patients with a diagnosis of SLE according to the
1997 update of the 1982 American College of
Rheumatology revised criteria for classification.
Patients were recruited regardless of pharmaco-
logical treatment. Exclusion criteria were as
follows: guidelines for both patients and controls:
individuals with infection within 1 month prior to
the study, a history of major physical trauma or
recent surgery in the past 3 months, permanent
skin lesions such as psoriasis, overlap syndromes,
antibiotic therapy within 1 month prior to the study
and pregnancy. For all the patients checklists
containing demographic data and disease activity
(systemic lupus erythematosus disease activity
index; SLEDAI) were completed. Blood samples
were taken and specimens were centrifuged and
refrigerated at 80�C. All samplings in active lupus
patients were carried out before glucocorticoid
pulse therapy or cytotoxic induction therapy.
Most of our active patients were newly diagnosed
without any immunomodulatory therapy. Healthy
individuals that are eligible in terms of age and sex
match with controls were selected as the control
group. This group was selected by interview and
self-reporting about their medical history from
medical students, nurses and some non-lupus
patients’ relatives. SLE patients were categorized
into active (SLEDAI� 4) and inactive
(SLEDAI< 4) groups. Moreover, we analyzed
some data in newly diagnosed (before starting any
treatment, including most of our active patients)
and established patients.

The LL-37 marker has been measured by
ELISA kits (Hycult Biotech, the Netherlands)
according to manufacturer’s instructions. Other
SLEDAI-related laboratory tests were performed
by related methods; anti-dsDNA was reported as
this ratio: patient’s anti-dsDNA/reference anti-
dsDNA.

Method of PAB calculation

Different methods have been developed in order to
measure the total oxidants or antioxidants separ-
ately, which need more time and cost. Balance is
then calculated indirectly by the data of two assays
through which the inaccuracy increases signifi-
cantly. The PAB test can define the oxidants and
antioxidants simultaneously in one experiment and
give a redox index. A modified PAB was applied
based on a previously described method.13,14
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The standard solutions were prepared by mixing
varying proportions (0–100%) of 250 mM hydrogen
peroxide with 3mM uric acid (in 10mM sodium
hydroxide). Sixty milligrams of tetramethylbenzi-
dine (TMB) powder was dissolved in 10mL
dimethyl sulphoxide (DMSO); for the preparation
of TMB cation, 400 mL of TMB/DMSO was added
to 20mL of acetate buffer (0.05M buffer, pH 4.5),
and then 70mL of fresh chloramine T (100mM)
solution was added to this 20mL, mixed well, incu-
bated for 2 hours at room temperature in a dark
place; 25U of peroxidase enzyme solution was
added to 20mL TMB cation, dispensed in 1mL
and kept at 20�C. In order to prepare the TMB
solution 200 mL of TMB/DMSO was added to
10mL of acetate buffer (0.05M buffer, pH 5.8);
the working solution was prepared by mixing
1mL TMB cation with 10mL of TMB solution,
incubated for 2minutes at room temperature in a
dark place and used immediately. Ten microlitres
of each sample, standard or blank (distilled water)
were mixed with 200L of working solution, in each
well of a 96-well plate, which was then incubated in
a dark place at 37�C for 12minutes. At the end of
the incubation time, 100L of 2N HCl was added to
each well, and measured in an ELISA reader at
450 nm with a reference wavelength of 620 or
570 nm. It should be emphasized that hydrogen
peroxide and uric acid do not interact with each
other, and do not neutralize the activity of each
other. A standard curve was provided from the
values relative to the standard samples. The
values of the PAB are expressed in arbitrary HK
units, which are the percentage of hydrogen perox-
ide in the standard solution (used by inventors of
the PAB method (Hamidi and Koliakos)). The
values of the unknown samples were then calcu-
lated based on the values obtained from the
above standard curve.

Statistical analysis

The statistical analyses were performed by the
SPSS-16 program (SPSS Inc., Chicago, IL, USA).
Values are described as mean (SD) for normally
distributed variables. The Kolomogrov–Smirnov
test was used to evaluate variables that are not nor-
mally distributed. Patients’ clinical characteristics
were analyzed using Student’s t-test and one-way
analysis of variance for continuous variables with
normal distribution, the Mann–Whitney test and
Kruskal–Wallis test for non-parametric variables
without normal distribution, and the chi-square
test for categorical variables. The correlation
coefficient between LL-37 and PAB with other

variables was calculated in SLE patients according
to Pearson and Spearman’s rank correlation coeffi-
cient test based on the data type. Finally, multivari-
ate linear regression analysis was performed in
active SLE patients to assess the relationship
between LL-37 (dependent variable) with C3 and
other clinical and laboratory variables (independ-
ent variables). P values of less than 0.05 were con-
sidered statistically significant.

Results

Demographics

A total number of 59 SLE patients and 33 healthy
controls were invited to participate in the study.
Nine (15%) patients and five (15%) controls were
excluded. Finally, 78 women participated in this
study including 50 patients and 28 healthy controls.
The mean (SD) age of patients was 31.38 (9.04)
years and for controls was 32.82 (9.16) years
(P¼ 0.5). Thirty-nine out of 50 SLE patients
(78%) were in the active phase of disease and the
remaining 22% were in the inactive phase of SLE
according to SLEDAI. Demographic and sero-
logical characteristics of patients are shown in
Table 1.

The drug history of our patients is summarized
here: as most of our active patients were newly
diagnosed, and were sampled before prescribing
medications, despite high disease activity, 29 out
of 39 patients in this group did not receive any
cytotoxics, glucocorticoid or hydroxychloroquine.
In 10 remaining active patients, five of them were
treated with mycophenolate mofetil, one with
cyclophosphamide, one with methotrexate and
one with azathiopirine. In the inactive group, five
out of 11 patients did not receive any cytotoxics,
four of them were treated with mycophenolate
mofetil, one with methotrexate and one with
azathiopirine. All inactive disease patients and
10 active patients received 6.5� 0.4mg/day of pred-
nisolone and 400mg/day of hydroxychloroquine.

As far as the duration of disease was concerned,
patients were categorized into 25 old and 25 newly
diagnosed groups.

Cathelicidin

The mean serum level of LL-37 in the total partici-
pants was 56.99� 31.64 ng/ml. There was no
significant difference in levels of LL-37 between
SLE patients and controls (50.99� 20.86 vs.
67.71� 43.36 ng/ml, P¼ 0.31). Our results showed

Cathelicidin (LL-37) and its correlation with PAB and disease activity in SLE
M Sahebari et al.

3

Lupus



significantly lower levels of LL-37 in active SLE
patients (47.91� 19.81 ng/ml) compared with inac-
tive patients (61.91� 21.78 ng/ml, P¼ 0.04). Figure
1 shows the levels of LL-37 in controls as well as
active and inactive SLE patients.

Table 2 also shows correlations between the
levels of LL-37 and SLEDAI indicators in active
and inactive patients, which reveal no correlation
between them. However, LL-37 had a positive cor-
relation with SLEDAI in active patients (P¼ 0.01,
r¼ 0.4) (Figure 2). In addition, the results of
univariate analysis showed a significant negative
correlation between the levels of LL-37 and C3 in

active SLE patients (Figure 3). There was no sig-
nificant relationship between the levels of LL-37
and SLEDAI items in inactive SLE patients
(Table 2).

Table 3 shows the results of multivariate analysis
for assessing the relationship between LL-37 with C3
and other clinical and laboratory variables in active
SLE patients. It suggests a significant relationship
between C3 and LL-37 in active SLE patients after
adjustment for other clinical and laboratory vari-
ables (standardized beta –0.50, P¼ 0.01).

LL-37 was also compared between old and newly
diagnosed patients. There was no significant

Figure 1 Serum levels of LL-37 in active and inactive systemic lupus erythematosus (SLE) patients as well as in healthy controls.

Table 1 Demographics and serological characteristics of lupus patients

Important parameters Active patients Inactive patients
Statistical difference
(P value)

Disease duration (months) 18.48 (30.75) 47.27 (38.95) 0.61

Age (years) 30.92 (9.31) 33.00 (8.18) 0.49

SLEDAI 11.28 (8.05) 1.63 (0.80) 0.001

WBC (n/mL) 5951.28 (2654.19) 7154.54 (2267.8) 0.58

Lymphocyte (n/mL) 2308.36 (830.07) 1959.51 (1067.08) 0.61

Haemoglobin (g/dl) 11.41 (1.8) 12.13 (1.25) 0.13

Platelet (n/mL) 222.94 (110.87) 268.27 (64.22) 0.21

Creatinine (mg/dl) 0.99 (0.39) 0.78 (0.29) 0.13

C3 (mg/dl) 87.80 (36.42) 95.90 (29.06) 0.62

C4 (mg/dl) 17.10 (4.61) 21.35 (8.92) 0.10

24 h urine protein excretion (mg) 723.64 (1397.26) 89.00 (35.99) 0.004

Anti-dsDNA (R) 4.98� 2.8 4.93� 3.2 0.96

SLEDAI: systemic lupus erythematosus disease activity index; WBC: white blood cell count.
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difference between new (52.5� 20.3 ng/ml) and old
(49.4� 21.7 ng/ml) lupus patients (P¼ 0.6, t¼ –0.5)
in LL-37 serum levels.

Pro-oxidant antioxidant balance

The mean serum level of PAB in study subjects was
89.62� 32.25HK. We found no significant
difference in levels of PAB between SLE
patients (90.42� 34.16HK) and controls (86.97�
25.69HK, P¼ 0.41). Besides, there was no signifi-
cant relationship between the levels of PAB and
active (93.29� 34.16HK) and inactive disease
(80.26� 33.72HK, P¼ 0.27). Table 3 projects cor-
relations between the levels of PAB, SLEDAI score
and its indicators in active and inactive SLE

patients. We found no significant correlation
between the levels of PAB and SLEDAI score as
well as its indicators.

The Pearson correlation coefficient test suggested
a significant positive correlation between the levels
of LL-37 and the levels of PAB in our SLE subjects
(P< 0.01, r¼ 0.31) (Figure 4).

PAB was also compared between newly diag-
nosed (97.4� 38.2HK) and old (83.4� 28.5HK)
lupus patients. There was no statistical difference
between those mentioned groups (P¼ 0.1, t¼ –1.4).

Discussion

The main result of this study was a positive correl-
ation between LL-37 and PAB in lupus patients.
Moreover, neither LL-37 nor PAB had correlations
with SLEDAI in total patients. Only in active
patients was LL-37 positively correlated with
SLEDAI. In addition, serum values of LL-37 and
PAB were not statistically different in newly diag-
nosed SLE patients and established patients. LL-37
and PAB did not show any difference between
patients and healthy controls.

The pthogenesis of SLE is a heterogeneous not
completely understood scenario, in which auto-
immunity was activated through complex pathways
of cellular and humeral immunity malfunction. The
IFN-1b pathway seems to be an implicated factor
in this scenario. The role of NETosis and LL-37 as
a product of NETosis has recently been

Figure 2 Correlation between serum levels of LL-37 and SLEDAI score in active systemic lupus erythemathosus (SLE) patients.

Table 2 Correlation between SLEDAI items and serum

values of LL-37 in active and inactive SLE patients

SLEDAI
score/items

Correlation with serum levels of LL-37

Active patients Inactive patients Total patients
P value (r) P value (r) P value (r)

SLEDAI score <0.01 (0.4) 0.57 (–0.19) 0.2, (0.16)

C3 <0.01 (–0.4) 0.53 (0.2) 0.08 (–0.26)

C4 0.60 (–0.09) 0.56 (0.21) 0.88 (0.02)

24 h urine protein 0.1 (0.27) 0.18 (–0.44) 0.28 (0.16)

WBC 0.10 (–0.21) 0.13 (0.49) 0.83 (0.03)

Lymphocyte 0.60 (0.09) 0.43 (0.27) 0.29 (0.15)

Anti-dsDNA (R) 0.7 (–0.14) 0.7 (0.05) 0.8 (–0.03)

SLE: systemic lupus erythematosus; SLEDAI: systemic lupus erythe-

matosus disease activity index; WBC: white blood cell count.
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investigated in SLE.15 Different studies have
revealed several proinflammatory actions for LL-
37, especially activation of inflammasome to pro-
duce interleukin (IL)-1 and IL-18. In addition,
upregulation of that marker in lupus skin manifest-
ations have been reported.15 Despite some reports
about the role of NETosis and expression of LL-37
in lupus, there are few data on LL-37 serum values
and its correlation with disease activity and PAB in
lupus.1,2,4–9 According to our data, only Kienhöfer
et al.10 measured serum values of LL-37 and
anti-LL-37 in SLE patients and healthy controls.

They did not find any association between LL-37
serum levels and disease activity and organ
damage; however, in patients’ serum anti-LL-37
levels were higher than controls. In conclusion,
the results were in line with our research that
LL-37 is not a good indicator of lupus occurrence
or disease activity.

The important point of our results is the positive
correlation of LL-37 with disease activity in active
lupus patients, who made up 78% of our patients.
Also, LL-37 is one of the important products of
NETosis, related factors to its final serum changes
in a complex disease such as lupus are not clear yet.
Most of the studies on LL-37 belong to infectious
diseases, which have different pathogenesis to
lupus.16–18 Some other studies on LL-37 and
NETosis in familial Mediterranean fever and psor-
iasis also found no association with those disease
activities.19,20 NETosis in SLE may influence earlier
stages of disease development, before clinical mani-
festations or LL-37 degrades by cytokine burst in
clinical lupus. As we mentioned before, all patients
with active lupus were sampled before drug pre-
scribing or change in treatment options.
Therefore, in this group serum levels of LL-37
were not influenced by treatment.

Another finding of this study was a negative cor-
relation between LL-37 and C3 in active patients
(Tables 2 and 3). C3 consumption is an important

Figure 3 Correlation between serum levels of LL-37 and C3 in active systemic lupus erythematosus (SLE) patients.

Table 3 Multivariate linear regression analysis was performed
in active SLE patients to assess the relationship between LL-37
and other clinical and laboratory variables

Unstandardized
beta

Standardized
beta P value

Age 0.41 0.19 0.28

Duration 0.07 0.11 0.58

C3 –0.28 –0.50 0.01

WBC 0.00 –0.13 0.52

DNA –1.21 –0.16 0.41

Protein 0.00 0.07 0.78

SLEDAI 0.68 0.28 0.29

Lymph 0.01 0.24 0.25

SLE: systemic lupus erythematosus; SLEDAI: systemic lupus erythe-

matosus disease activity index; WBC: white blood cell count.
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marker of disease activity in lupus. In one study on
ANCA-associated vasculitis, LL-37 and C3 did not
have any correlation.18 The positive correlation
between LL-37 and PAB in this study was in line
with other studies on NETosis and ROS that were
conducted in vitro.11,12 This study is probably the
first study on human samples for LL-37 and PAB.
As was mentioned before, overproduction of ROS
stimulates apoptotic cascade and tissue damage. Our
findings may suggest that antioxidants may protect
patients from organ damage by control of NETosis.

This study has some limitations. Because of its
cross-sectional design, it may not be concluded that
LL-37 has no correlation with lupus disease activity
in a long-term period. Moreover, we could not
measure anti-LL-37 in this study to compare it
with serum levels of LL-37. The low sample size,
especially the limited number of new incident
patients, was another weakness of this study.

In conclusion, multivariate analysis showed no
significant relationship between LL-37 and
SLEDAI. So our results proposed that LL-37
serum level may not represent disease activity in
lupus patients. In addition, the association between
oxidative stress and NETosis that was found in in-
vitro studies is also reliable in the sera of lupus
patients. Future studies on NETosis and its role
in the pathogenesis and progression of lupus will

provide more details on the action of this pathway
in treatment strategies.
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Figure 4 Correlation between serum levels of LL-37 and pro-oxidant antioxidant balance (PAB) in systemic lupus erythematosus
(SLE) patients.
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