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Abstract
Objectives To evaluate specificity, level, and avidity of antineutrophil cytoplasmic antibodies (ANCA) in systemic lupus 
erythematosus (SLE). There are no studies of ANCA avidity in SLE.
Methods Level (ELISA) and avidity (ELISA) of myeloperoxidase (MPO-), proteinase 3 (PR3-), lactoferrin (LF-), cathepsin 
G, elastase (EL-), and bactericidal/permeability increasing protein (BPI)-ANCA in 142 SLE patients were studied. SLE 
activity was measured by SLEDAI-2 K. 25/40 ANCA-positive patients were immunoserologically followed (12 ± 2 months).
Results 40/142 (28.2%) SLE patients were ANCA-positive: LF- (21/40), MPO- (19/40), EL- (6/40), PR3- (3/40), and BPI-
ANCA (1/40). Only LF-ANCA were associated with renal manifestations (p < 0.05), and positive predictive value for renal 
involvement in ANCA-positive SLE was 76.2%. LF-ANCA-positive patients had higher SLEDAI-2 K (p < 0.05) and more 
frequently had anti-dsDNA (p < 0.05), low C3 (p < 0.001), and low C4 (p < 0.05) than LF-ANCA-negative patients. LF-ANCA 
level was in a positive correlation with SLEDAI-2 K, anti-dsDNA, and anti-C1q (p < 0.01) and in a negative correlation with 
C3 and C4 (p < 0.05). LF-ANCA avidity was higher than MPO-, EL-, PR3-, and BPI-ANCA avidity (p < 0.01). In LF-ANCA-
positive patients, renal manifestations were associated with higher LF-ANCA level (p < 0.01) and avidity (p < 0.05). Based 
on LF-ANCA level and avidity, the receiver operating characteristic curves for discriminating patients with and without 
renal involvement had areas under the curves of 0.988 (95% CI: 0.949–1.00) and 0.813 (95% CI: 0.607–1.00), respectively. 
After the follow-up period, number of LF-ANCA-positive patients decreased (p < 0.01).
Conclusions In contrast to other ANCAs, only LF-ANCA level correlated with activity and standard serological SLE mark-
ers. LF-ANCA level and avidity might be biomarkers of renal involvement in SLE. LF-ANCA are promising serological 
marker in SLE.

Key Points
• LF- and MPO-ANCA were most frequently found, while EL-, PR3-, and BPI-ANCA were rarely detected in SLE.
• In contrast to other ANCAs, only LF-ANCA were associated with renal involvement, and their level correlated with the activity and standard 

serological markers of SLE.
• LF-ANCA avidity was higher than other ANCAs’ avidity; LF-ANCA level and avidity might be useful biomarkers of renal manifestations in 

SLE.
• Detection of ANCA specificity, level, and avidity may help in the diagnosis of particular clinical SLE phenotypes.
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Introduction

Inadequate clearance of dead cells in systemic lupus ery-
thematosus (SLE) triggers autoimmunity, characterized by 
the production of antibodies specific to nuclear and cyto-
plasmic components [1]. It is well known that various SLE 
biomarkers are neutrophil-related, but the exact importance 
of antineutrophil cytoplasmic antibodies (ANCA) in SLE 
has not been defined.

In SLE, special population of proinflammatory neu-
trophils (low-density granulocytes) displays an increased 
capacity to form neutrophil extracellular traps (NETs) [1]. 
NETs are structures composed of neutrophil dsDNA, his-
tones, and granular proteins which arise by “neutrophil 
explosion,” referred to as NETosis. NETosis, as a specific 
form of neutrophil death, is characterized by the release of 
nuclear and granular contents into the extracellular space 
[2]. NETs, triggered by microbial products, are important 
part of innate immune response, but NETs persistence con-
tributes to the loss of autotolerance [1, 2]. In SLE, NETs are 
poorly cleared and stimulate plasmacytoid dendritic cells 
(pDCs) to produce type I interferon (IFN) through Toll-like 
receptor 9 stimulation [3]. NETs and IL-17 are abundant 
in discoid skin lesions and in kidneys of SLE patients [1]. 
Post-translational modification of nuclear and cytoplasmic 
proteins during NETosis induces the appearance neoepitopes 
that stimulate the acquired immune response and initiate 
autoimmunity [4]. In SLE, neutrophil activation, NETs pro-
duction, and reduced clearance of NETs all together contrib-
ute to persistence of the inflammatory process [1, 3].

Histones, MPO, and elastase (EL) are the main NETs 
components involved in tissue inflammation and destruction 
[5]. On the other hand, lactoferrin (LF), a multifunctional, 
iron-binding protein, was shown to function as an endog-
enous inhibitor of NETs formation [6]. Aggregated NETs 
may degrade inflammatory cytokines, serine proteases, and 
chemokines [7]. Lactoferrin and aggregated NETs have 
important role in termination of the inflammatory response 
[6, 7].

It has been shown that ANCA enhance NETs forma-
tion and activate the complement system [1, 3]. Also, in 
new-onset SLE, there is a correlation between ANCA 
titers, disease activity, and the anti-dsDNA antibody levels 
[8]. ANCA was an independent risk factor for poor renal 
outcome in lupus nephritis (LN); a significant correlation 
between the presence of ANCA and crescent formation has 
been found [9].

Previous studies were focused on the association between 
ANCA and clinical manifestations of SLE [10], but few or 
no studies have investigated the target antigens and avid-
ity of ANCA in SLE patients. The clinical relevance of 
the autoantibody avidity has been found in patients with 

anti-phospholipid syndrome (anti-beta2-glycoprotein I) and 
SLE (anti-dsDNA) [11, 12].

Although earlier studies have demonstrated that 
LF-ANCA-positive SLE patients had higher disease activity 
than LF-ANCA-negative patients [13–15], the exact preva-
lence, level, LF-ANCA avidity, and the clinical phenotype of 
LF-ANCA-positive SLE patients have not been investigated.

The primary objective of this study is to evaluate the clin-
ical relevance of the presence, specificity, level, and avidity 
of ANCA in SLE. We studied the frequency and the profile 
of ANCA: myeloperoxidase (MPO), proteinase-3 (PR3), LF, 
EL, cathepsin-G (CAT-G), and bactericidal/permeability-
increasing protein (BPI) and the association of ANCA with 
clinical and serological parameters of SLE activity.

To the best of our knowledge, this is the first study of 
ANCA avidity in SLE. Our study demonstrated that the 
LF-ANCA level and avidity might be biomarkers of renal 
involvement and disease activity of SLE.

Patients and methods

Patients

Serum samples from 142 consecutive adult patients (118 
F, 24 M, aged 40.7 ± 15.9 years, range 18–78) with idi-
opathic SLE and 20 healthy individuals (15 F, 5 M, aged 
43.5 ± 13.1 years) were collected between 2014 and 2018, 
at the Clinical Center of Serbia (CCS). SLE was diagnosed 
according to the ACR criteria [16]. Patients had met the 
following inclusion criteria: (1) newly diagnosed disease 
44/142 (31%) or (2) SLE relapse 98/142 (69%), not treated 
with cyclophosphamide or methylprednisolone pulses for 
at least 3 months before the inclusion in the study. At the 
point of blood sampling, maximal prednisone doses were 
20 mg/48 h. Lupus flare was defined as any increase in SLE-
DAI-2 K score by at least 3 points compared to the previ-
ous control [17]. None of our patients had ulcerative colitis 
(UC), autoimmune hepatitis (AIH), primary sclerosing chol-
angitis (PSC), and a history of propylthiouracil, isoniazid, 
or hydralazine use (drugs that might induce ANCA positiv-
ity). The study was approved by the Ethics Committee of 
the CCS.

The patients’ demographic, clinical, and serological data, 
as well SLE duration and current therapy, were reviewed ret-
rospectively (Table 1). Disease activity index (SLEDAI-2 K) 
was determined based on the presence of symptoms and 
signs and laboratory parameters [18]. The value of SLE-
DAI-2 K ≥ 7 indicated moderately to highly active disease, 
whereas SLEDAI-2 K < 7 indicated a low SLE activity [19]. 
25/40 ANCA-positive patients were immunoserologically 
followed for 12 ± 2 months.
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Table 1  Demographic, clinical, and immunoserological parameters of ANCA-positive and ANCA-negative SLE patients

SLE systemic lupus erythematosus, DLE discoid LE, SCLE subacute cutaneous LE, ANA antinuclear antibody, ds-DNA At double-stranded DNA 
antibody, aCL anticardiolipin antibodies
Values represent numbers of patients or MV ± SD or median (range) *p < 0.05 *

Clinical manifestations and immunoserological parameters ANCA-positive n = 40 ANCA-negative n = 102 p

Gender: F (%) 33 (82.5) 85 (83.3) p = 0.905
Age, years: average ± SD (range) 46.1 ± 16.65 (18–76) 38.6 ± 15.2 (18–78) p = 0.011*
Age F, years: average ± SD (range) 43.5 ± 16.3 (18–76) 38.95 ± 15.2 (18–78) p = 0.157
Age M, years: average ± SD (range) 58.4 ± 12.6 (37–75) 36.9 ± 15.6 (18–64) p = 0.04*
SLEDAI-2 K: average ± SD (range) 10.9 ± 6.3 (4–28) 10.2 ± 6.2 (1–34) p = 0.579
SLEDAI-2 K ≥ 7 (%) 27 (67.5) 56 (63.6) p = 0.671
Newly diagnosed SLE (%) 17 (42.5) 27 (26.5) p = 0.063
Duration of SLE (years): average ± SD (range) 6.5 ± 5.6 (0.08–16) 4.5 ± 4.6 (0.08–20) p = 0.342
Fever > 38.5 °C (%) 9 (22.5) 31 (30) p = 0.340
Mucocutaneous manifestations (%) 17 (42.5) 66 (65) p = 0.018⃰
Malar erythema (%) 10 (25) 39 (38) p = 0.143
DLE (%) 3 (7.5) 14 (14) p = 0.317
SCLE (%) 0 (0) 3 (3) p = 0.237
Purpura, urticaria-like vasculitis, ulcerations 5 (12.5) 5 (5) p = 0.910
Urticaria (%) 1 (2.5) 2 (2) p = 0.937
Oral ulcerations (%) 2 (5.0) 8 (8) p = 0.719
Arthralgias (%) 20 (50) 58 (57) p = 0.441
Synovitis (%) 22 (55) 57 (56) p = 0.901
Renal involvement (%) 24 (60) 57 (56) p = 0.717
Cytopenia (%) 18 (45) 49 (48) p = 0.727
Leukopenia (%) 14 (35) 46 (45) p = 0.290
Hemolytic anemia (%) 6 (15) 12 (12) p = 0.856
Thrombocytopenia (%) 3 (7.5) 9 (9) p = 0.766
Polyserositis (%) 5 (12.5) 20 (20) p = 0.343
ANA (IIF) (%) 38 (95) 99 (97) p = 0.621
ANA 1/titer, median (range) 640 (0–640) 320 (0–640) p = 0.996
Anti-dsDNA (IIF) (%) 25 (62.5) 61 (60) p = 0.767
Anti-dsDNA 1/titer, median (range) 40 (0–1280) 20 (0–640) p = 0.260
Low C3 or C4 (%) 22 (55) 54 (53) p = 0.825
Low C3 (%) 16 (40) 40 (39) p = 0.931
Low C4 (%) 17 (42.5) 42 (41) p = 0.886
C3 (g/L), median (range) 0.86 (0.33–2.26) 0.91 (0.29–2.15) p = 0.796
C4 (g/L), median (range) 0.13 (0.03–0.47) 0.14 (0.03–0.8) p = 0.899
Anti-histone (%) 16 (40) 31 (30) p = 0.440
Anti-histone (U/mL), median (range) 15.5 (1.1–200.0) 10.8 (1.3–200.0) p = 0.099
Anti-nucleosomal (%) 37 (92.5) 90 (88) p = 1.0
Anti-nucleosomal (U/mL), median (range) 200 (6.5–200)* 94.8 (2.2–200.0) p = 0.047*
Anti-C1q (%) 17 (42.5) 57 (56) p = 0.122
Anti-C1q (U/mL), median (range) 7.9 (0.9–200.0) 10.4 (1.3–200.0) p = 0.203
aCL (%) 10 (25) 22 (22) p = 0.677
aCL IgG (%) 9 (22.5) 15 (15) p = 0.303
aCL IgM (%) 7 (17.5) 13 (13) p = 0.594
Anti-β2-glycoprotein (%) 5 (12.5) 10 (10) p = 0.544
Anti-β2-glycoprotein IgG (%) 1 (2.5) 4 (4) p = 1.0
Anti-β2-glycoprotein IgM (%) 5 (12.5) 7 (7) p = 0.271
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Serological parameters

ANCA level

IgG ANCA to six different antigens, MPO, PR3, LF, EL, 
BPI, and CAT-G, were detected in patients’ sera using a 
semi-quantitative commercial enzyme-linked immunosorb-
ent assay (ELISA) (ANCA Profile, Euroimmun, Lübeck, 
Germany). ANCA index was calculated as the ratio of the 
patient sample optical extinction/calibrator extinction × 0.2 
(ratio for PR3-ANCA index, multiplied by 1.4). Based on 
the value of obtained indices for each antigen, ANCA levels 
were interpreted as negative (< 1.0), weakly positive (≥ 1.0 
to < 2.0), moderately positive (≥ 2.0 to < 5.0), and strongly 
positive (≥ 5.0). Twenty healthy controls were ANCA-neg-
ative for all six antigens (index < 1.0).

ANCA avidity

Avidity was tested using the ANCA Profile immunosorbent 
assay (ELISA) (Euroimmun, Lübeck, Germany), as previ-
ously described [20]. Briefly, 100 μL of serum diluted 1:100 
in sample buffer was added in duplicate to each well coated 
with PR3, MPO, LF, EL, Cat G, and BPI. After an incu-
bation of 30 min at room temperature and washing, wells 
were exposed to 200 μL of 5M urea solution, or phosphate-
buffered saline (PBS) for 10 min. After washing three times, 
wells were incubated with 100 μL peroxidase-labelled 
anti-human IgG for 30 min at room temperature, followed 
again by three washing cycles. One hundred microliters of 
a chromogenic substrate solution was added, and the reac-
tions were stopped after 15 min by addition of 100 μL stop 
solution per well. The reactions were read immediately at 
a wavelength of 450 nm, using a reference wavelength of 
650 nm. ANCA avidity was expressed as a relative avid-
ity index (RAI) that was calculated for each specimen. RAI 
was calculated as the percentage of reactivity remaining in 
the urea-treated wells according to formula: extinction of 
the patient sample with 5 M urea/extinction of sample with 
PBS × 100. To calculate RAI, the optical extinction of sam-
ple with PBS must be higher than 0.150. ANCA avidity was 
not calculated in sera of healthy controls because extinctions 
with PBS to six ANCA antigens were below 0.150.

Other autoantibodies

Presence and titer of antinuclear antibodies (ANA) were 
measured by indirect immunofluorescence (IIF) using 
HEp-2 cells (Euroimmun, Lübeck, Germany). Anti-dsDNA 
IgG antibodies were detected by IIF using the Crithidia 
luciliae test (Euroimmun, Lübeck, Germany). Anti-his-
tone, anti-nucleosomal, anti-C1q, anticardiolipin G/M, and 
anti-β2-glycoprotein I G/M antibodies were measured by 

quantitative ELISA, according to the protocols provided by 
the manufacturer (Euroimmun, Lübeck, Germany). Normal 
value for all ELISA tests was < 20 U/mL.

Complement components

C3 and C4 levels of complement were measured by neph-
elometry. Reference values for C3 were 0.8–2.1 g/L and for 
C4 0.1–0.4 g/L.

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS), version 21.0 for 
Windows. The methods of measurement of central ten-
dency (arithmetic mean and median), variability (varia-
tion interval, standard deviation and interquartile rank, and 
relative numbers), and methods of inferential statistics were 
used. Statistical methods used for related and independent 
samples included χ2 test, Fisher’s exact probability test, 
McNemar’s test, Mann–Whitney U test, Wilcoxon test of 
equivalent pairs, Kruskal–Wallis test, and t-test. Receiver 
operating characteristic (ROC) curve and the area under the 
curve (AUC) were used to assess the diagnostic value of 
LF-ANCA level and avidity in discriminating SLE patients 
with and without renal involvement. Spearman’s rank-order 
correlation coefficient was determined for the investigation 
of correlation between LF-ANCA levels with SLEDAI-2 K 
and immunoserological parameters (antibody and comple-
ment levels).

Distribution of values was verified using the Shap-
iro–Wilk test.

Results

Comparison of demographic, clinical, 
and immunoserological parameters between SLE 
patients with and without ANCA

40/142 (28.2%) SLE patients were ANCA-positive, while 
102/142 (71.8%) were ANCA-negative (using ELISA 
ANCA Profile test: LF, MPO, PR3, EL, BPI, and CAT-G). 
Demographic and clinical data of these patients are shown in 
Table 1. We found that SLE patients in the ANCA-positive 
group were older, due to older male patients (Table 1). There 
was no statistically significant difference in frequency of 
newly diagnosed SLE between ANCA-positive (42.5%) and 
ANCA-negative (26.5%) SLE patients (p > 0.05). ANCA-
negative SLE patients statistically significantly more fre-
quently had mucocutaneous manifestations (p < 0.05); there 
was no difference in the frequency of other clinical mani-
festations. No statistical significance was observed in the 

712 Clinical Rheumatology (2022) 41:709–720



1 3

presence of ANA, anti-dsDNA, and decreased complement 
levels between these two study groups (p > 0.05) (Table 1). 
Only the concentrations of anti-nucleosome antibodies were 
statistically significantly higher in ANCA-positive SLE 
patients (p < 0.05), while there was no difference in the fre-
quency of anti-histone and anti-nucleosome antibodies in 
the study groups (p > 0.05). There was no difference in the 
presence and median of anti-C1q, aCL G/M, and anti-beta2-
GPI G/M antibodies in ANCA-positive and ANCA-negative 
SLE patients (p > 0.05).

ANCA level and ANCA avidity in SLE patients

31/40 (77.5%) ANCA-positive SLE patients had monospe-
cific ANCA, while 8/40 (20%) had ANCA specific to two 
target antigens, and only one patient (2.5%) had ANCA spe-
cific to three target antigens.

In 40 ANCA-positive SLE patients, LF-ANCA had 21/40 
(52.5%), MPO-ANCA had 19/40 (47.5%), EL-ANCA had 
6/40 (15%), and PR3-ANCA had 3/40 (7.5%) patients. 
Only one patient (2.5%) had BPI-ANCA, and no patients 
had CAT-G-ANCA (Fig. 1a). 17/21 (80.9%) had monospe-
cific LF-ANCA, while 2/21 (9.5%) patients simultaneously 
had MPO- and LF-ANCA, 1/21 (4.7%) had polyspecific 
MPO-, EL-, and LF-ANCA, and 1/21 (4.7%) had BPI- and 
LF-ANCA. However, there was no statistically significant 
difference between ANCA levels (expressed as index) spe-
cific to MPO and LF (p > 0.05). LF-ANCA levels in SLE 
patients (n = 21) were significantly higher (median 1.8, 
range 1.02–7.39) than LF-ANCA level (median 0.06, range 
0.02–0.29) in healthy controls (n = 20) (p < 0.001). Fur-
thermore, LF-ANCA avidity (expressed as RAI) (median 
42.12, range 16.67–90.0%) was statistically significantly 
higher than MPO-ANCA (median 10.15, range 4.0–14.61%), 
EL-ANCA (median 8.4, range 4.6–12.5%), PR3-ANCA 
(median 6.8, range 5.5–8.5%), and BPI-ANCA (6.4%) avid-
ity (p < 0.01) (Fig. 1b).

Comparison of clinical and immunoserological 
parameters between SLE patients 
with and without LF‑ANCA

There was no statistically significant difference in fre-
quency of newly diagnosed SLE between LF-ANCA-
positive (38%) and LF-ANCA-negative (47%) SLE 
patients (Table 2). SLEDAI-2 K in LF-ANCA-positive 
persons was statistically significantly higher than SLE-
DAI-2  K in LF-ANCA-negative patients (p < 0.05). 
LF-ANCA-positive SLE patients statistically signifi-
cantly more frequently had renal involvement (protein-
uria > 0.5 g/24 h and/or urinary casts and/or hematuria 
and/or leukocyturia) (p < 0.05). For ANCA-positive SLE 
patients, positive predictive value (PPV) of LF-ANCA 

for renal involvement was 76.2%. LF-ANCA-positive 
patients with renal manifestations (n = 16) had a sta-
tistically significantly higher LF-ANCA index (median 
1.57, range 1.21–7.39) than LF-ANCA-positive patients 
(n = 5) without renal manifestations (median 1.12, range 
1.02–1.25) (p < 0.01). LF-ANCA index at the cutoff 
value of 1.23 has sensitivity of 93.8% and specificity 
of 80% for renal involvement; AUC was 0.988 (95% 
CI: 0.949–1.00). Furthermore, LF-ANCA-positive 
patients with renal manifestations (n = 16) had higher 
LF-ANCA avidity (median 45.37, range 21.0–90.0%) 
than LF-ANCA-positive patients (n = 5) without renal 
manifestations (median 23.5, range 16.67–45.0%) 
(p < 0.05) (Fig.  1c). LF-ANCA avidity at the cutoff 
value of 31.35% has sensitivity of 81.3% and specific-
ity of 80% for renal involvement. Based on LF-ANCA 
avidity, the ROC curve for discriminating patients with 
renal involvement showed that the AUC is 0.813 (95% 
CI: 0.607–1.00) (Fig. 1d).

LF-ANCA-negative patients more frequently had arthral-
gia and synovitis (p < 0.05). LF-ANCA-positive patients 
significantly more frequently had anti-dsDNA antibodies 
(p < 0.05) and decreased C3 (p < 0.001) and C4 comple-
ment components (p < 0.05) and lower concentration of C3 
(p < 0.05) (Table 2). The presence of MPO-ANCA and EL-
ANCA, unlike LF-ANCA, were not associated with renal 
lesions, decreased C3 and C4 complement levels, or a posi-
tive anti-dsDNA.

Correlation between LF‑ANCA levels and studied 
parameters in 40 ANCA‑positive SLE patients

The correlations between specific immunoserological 
parameters in 40 ANCA-positive SLE patients are shown 
in Table 3. In ANCA-positive patients, a highly significant 
positive correlation was found between LF-ANCA index 
and anti-dsDNA titers (p < 0.001, Spearman’s coefficient 
0.526) (Fig. 1e) and SLEDAI-2 K score (p < 0.01). Also, 
a statistically significant, moderately positive correlation 
between LF-ANCA level and anti-histone antibody concen-
tration (p < 0.05) and a highly statistically significant mod-
erately positive correlation between LF-ANCA levels and 
anti-C1q concentration (p < 0.01) have been found. In addi-
tion, a statistically significant moderately negative asso-
ciation was found between LF-ANCA and C3 (p < 0.05) 
and C4 concentrations (p < 0.05) and MPO-ANCA level 
(p < 0.05). Furthermore, in 21 LF-ANCA-positive patients, 
a significantly positive correlation was found between LF-
ANCA index and anti-dsDNA titers (p < 0.01, Spearman’s 
coefficient 0.656) (Fig. 1f). We did not find correlation 
between LF-ANCA avidity and anti-dsDNA, anti-nucleoso-
mal, anti-histone, C3, and C4 concentrations, respectively 
(p > 0.05).
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Immunoserological parameters after the follow‑up 
period

In 25/40 ANCA-positive SLE patients, after the follow-up 
period of 12 ± 2 months, immunoserological parameters 
were re-assessed. There was a highly statistically signifi-
cant decrease in the number of LF-ANCA-positive patients 
(p < 0.01) (Table 4). 8/11 patients with LF-ANCA became 
negative, while no patients with strong positivity were 
noted after the follow-up period. The number of patients 
with anti-dsDNA and low C3 significantly decreased 
(p < 0.05). A highly statistically significant decrease in anti-
dsDNA antibody titers (p < 0.01) was observed, as well as a 

highly statistically significant increase in C3 concentration 
(p < 0.01) (Table 4).

Discussion

PR3-ANCA and MPO-ANCA are standard serological 
markers of the subset of small vessel vasculitides, known 
as ANCA-associated vasculitides (AAV) [21]. Further-
more, ANCA are also present in patients with drug-
induced vasculitis and in lupus-like syndrome [22] and 
may be found in idiopathic connective tissue diseases, 
such as rheumatoid arthritis and SLE [8, 10]. Atypical 
pANCA are commonly detected in patients with inflam-
matory bowel diseases, mainly in UC, and some autoim-
mune liver diseases such as AIH and PSC [23]. In our 
previous study, we demonstrated higher concentrations of 
multi-specific ANCA in long-lasting (p < 0.05), left-sided 
UC (p < 0.001), and we found association of multi-spe-
cific ANCA with ANA and anti-smooth muscle antibodies 
(ASMA) in PSC [24]. Although the main target antigen 
of pANCA still remains to be identified, LF-ANCA were 
found in 3–50% of patients with UC and in 22–50% of 
patients with PSC [23].

Fig. 1  a ANCA Profile in 40 ANCA-positive SLE patients (ANCA 
levels expressed semi-quantitatively by ANCA index values: slightly 
positive (≥ 1.0–2), positive (≥ 2.0–5.0), and strongly positive (≥ 5.0)). 
b The median of the relative avidity index (RAI) of different ANCA 
specificities in 40 ANCA-positive SLE patients. c The median of LF-
ANCA RAI in SLE patients with and without renal involvement. d 
ROC curve with AUC values for discriminating SLE patients with 
and without renal involvement based on LF-ANCA avidity. e Posi-
tive correlation between LF-ANCA index and anti-dsDNA titers in 
40 ANCA-positive patients. f Positive correlation between LF-ANCA 
index and anti-dsDNA titers in 21 LF-ANCA-positive patients

◂

Table 2  Clinical and immunoserological parameters of ANCA-positive SLE patients with and without LF-ANCA

SLE systemic lupus erythematosus, LF lactoferrin, ds-DNA double-stranded DNA, aCL At anticardiolipin antibodies
# Renal involvement: proteinuria > 0.5 g/24 h, and/or urinary casts, and/or hematuria, and/or pyuria
Values represent numbers of patients or MV ± SD or median (range). *p < 0.05, ** < 0.01, *** < 0.001

LF-ANCA-positive n = 21 LF-ANCA-negative n = 19 p

Newly diagnosed SLE (%) 8 (38) 9 (47) p = 0.554
SLEDAI-2 K: average ± SD (range) 15.81 ± 7.5 (4–28) 10.63 ± 7.2 (4–28) p = 0.027*
Fever > 38.5 °C (%) 4 (19) 5 (26) p = 0.583
Cutaneous changes (%) 8 (38) 9 (47) p = 0.554
Arthralgias (%) 7 (33) 13 (68) p = 0.027*
Synovitis (%) 8 (38) 14 (74) p = 0.024*
Renal involvement (%)# 16 (76.2) 8 (42) p = 0.028*
Proteinuria > 3.5 g/24 h (%) 14 (67) 11 (58) p = 1.0
Cytopenia (%) 39 (43) 9 (47) p = 0.775
Polyserositis (%) 4 (19) 1 (5) p = 0.345
Anti-dsDNA (IIF) (%) 17 (81) 8 (42) p = 0.011*
Anti-dsDNA1/titer, median (range) 160 (0–1280) 0 (0–640) p = 0.953
Low C3 (%) 14 (67) 2 (10.5) p = 0.000***
Low C4 (%) 12 (57) 5 (26) p = 0.049*
C3 (g/L), median (range) 0.65 (0.33–2.26) 1.43 (0.41–2.19) p = 0.045*
C4 (g/L), median (range) 0.07 (0.03–0.42) 0.21 (0.04–0.47) p = 0.627
Anti-C1q (%) 12 (57) 3 (16) p = 0.064
aCL IgG (%) 4 (19) 5 (26) p = 0.521
aCL IgM (%) 1 (5) 6 (31.5) p = 0.089
aCL IgG (U/mL), median (range) 5.15 (1.6–11.0) 6.05 (1.2–39.3) p = 0.375
aCL IgM (U/mL), median (range) 2.2 (0.09–19.2) 5.75 (0.3–41.9) p = 0.844
LF-ANCA index, median (range) 1.8 (1.02–7.39) 0.17 (0.06–0.78) p = 0.000***
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Previous studies were focused on clinical manifestations 
in ANCA-positive SLE patients, but only a few have inves-
tigated the clinical importance of ANCA specificity and the 
potential role of “esoteric” or “minor” target ANCA anti-
gens. According to the literature, the prevalence of ANCA 
in SLE patients ranges between 16.4 and 42% [8, 10, 25–31]. 
Table 5 shows the literature overview, together with our 
results in 142 SLE patients.

In our ANCA-positive group, SLE patients were older, 
due to older male patients (Table 1). It is well known that 
AAV are characterized by a slight male predominance and 
that the incidence of AAV increases with age [21].

Some studies have demonstrated that ANCA-positive 
patients had a higher incidence of certain clinical manifes-
tations (serositis, renal and CNS involvement, myocarditis, 
pulmonary hemorrhage, livedo reticularis, venous throm-
bosis, and arthritis) [8, 10, 14, 32].

Kidney lesions were found in more than half of SLE 
patients with ANCA and contribute significantly to mor-
bidity [8, 9]. Pan et al. and Pradhan et al. found that ANCA 
positivity was higher in patients with LN compared to 
patients without nephritis (p < 0.01, p < 0.05, respectively) 
[8, 31]. Yu et al. established that most of ANCA-positive 

patients (67.9%) had type IV LN, with a higher mortality 
rate compared to ANCA-negative patients; also, ANCA-
positive patients more frequently had anti-dsDNA antibod-
ies [33]. The rare presentation of SLE/AAV overlap syn-
drome has been recently described, in patients who fulfill 
both SLE and AAV classification criteria. AAV may occur 
before, after, or concomitantly with SLE. Most patients are 
women; rapidly progressive glomerulonephritis (with or 
without alveolar hemorrhage) is the most frequent pres-
entation [34].

Additionally, positive anti-dsDNA, along with decreased 
C3 and C4 levels, were significantly more frequently 
detected in ANCA-positive than in ANCA-negative SLE 
patients, which is explained by the fact that the production of 
anti-chromatin and ANCA antibodies simultaneously occur 
following NETosis [1, 2, 35].

In our study, mucocutaneous lesions were more fre-
quent in ANCA-negative patients (Table 1). Affection of 
joints, serous membranes, and hematological disorders were 
equally present in ANCA-positive and ANCA-negative SLE 
patients. Also, considering renal involvement, there was no 
statistically significant difference between ANCA-positive 
and ANCA-negative patients (Table 1), but further analy-
sis revealed that the LF-ANCA-positive patients more fre-
quently had renal lesions than LF-ANCA-negative patients 
(Table 2).

In the literature, the prevalence of LF-ANCA was 10 
to 59%, while MPO-ANCA were reported in 0 to 54.5% 
of SLE patients (Table 5). As in the literature [10, 14, 15, 
36], in our study, the most frequently detected antibodies 
were LF-ANCA (in 14.8% of all SLE patients and in 52.5% 
of ANCA-positive patients), MPO-ANCA (in 13.4% and 
47.5%, respectively), and EL-ANCA (in 4.2% and 15%, 
respectively) (Fig. 1a). In contrast to our study, Manolova 
et al. found the predominance of PR3-ANCA (12.7%) and 
BPI-ANCA (23.6%) [37]. Turner-Stokes et al. demonstrated 
the predominance of MPO-ANCA (82%) and PR3-ANCA 
(7%) [38]. In other studies, as well as in ours, PR3-ANCA 

Table 4  Comparison of 
immunoserological parameters 
after the follow-up period, 25 
ANCA-positive SLE patients

* Follow-up time (months): average ± SD (range) 12 ± 2
Values represent numbers of patients or MV ± SD or median (range) *p < 0.05, ** < 0.01

At the beginning of 
study n = 25

After the follow-up* n = 25 p

LF-ANCA (%) 11 (44) 3 (12) p = 0.008**
MPO-ANCA (%) 13 (52) 12 (48) p = 1.00
Anti-dsDNA (%) 17 (68) 13 (48) p = 0.125
Anti-dsDNA 1/titer, median (range) 160 (0–1280) 10 (0–640) p = 0.001**
Low C3 (%) 11 (44)* 5 (20) p = 0.031*
Low C4 (%) 12 (48) 10 (40) p = 0.625
C3 (g/L), median (range) 0.87 (0.33–2.1) 1.18 (0.36–2.9) p = 0.006**
C4 (g/L), average ± SD 0.151 ± 0.069 0.142 ± 0.093 p = 0.459

Table 3  Correlation between LF-ANCA index and studied param-
eters in 40 ANCA-positive SLE patients

SLE systemic lupus erythematosus, ds-DNA double-stranded DNA 
antibody, LF lactoferrin, MPO myeloperoxidase
* p < 0.05, **p < 0.01, ***p < 0.001

Spearman s coefficient p

Anti-dsDNA 0.526 0.000***
SLEDAI-2 K 0.596 0.009**
C3 g/L  − 0.566 0.014*
C4 g/L  − 0.584 0.011*
Anti-histone 0.714 0.047*
Anti-C1q 0.659 0.006**
MPO-ANCA level  − 0.546 0.019*
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and BPI-ANCA were found only in a minority of SLE 
patients (2.1% and 0.7%, respectively). In our study, no 
patients were positive for CAT-G-ANCA (Fig. 1a). Signifi-
cant differences in prevalence and specificity of ANCA in 
SLE published in the literature (Table 5) imply that more 
accurate characterization of target antigens and more sensi-
tive and specific ELISA assays regarding ANCA classes and 
IgG subclasses distribution are necessary.

According to the results of numerous studies, there is no 
consensus regarding the association between the LF-ANCA 
and the disease activity. Chikazawa et al. showed that the 
presence of IgG LF-ANCA was associated with higher SLE-
DAI [15]. Spronk et al. found that levels of LF-ANCA, PR3-
ANCA, and BPI-ANCA did not correlate with SLEDAI [27]. 
Caccavo et al. found that IgG LF-ANCA in medium/high 
concentrations were associated with higher disease activ-
ity, assessed by Systemic Lupus Activity Measure (SLAM) 
[14]. Similar to these results, we found a positive correlation 
between LF-ANCA level and SLEDAI-2 K (Table 3). Lee 
et al. showed a correlation between LF-ANCA positivity 
and both the disease duration and clinical flare-ups. After 
the follow-up period, we also demonstrated that LF-ANCA, 
but not MPO-ANCA, was associated with active SLE [13].

Spronk et al. found that ANCA prevalence was higher in 
patients who developed relapse than in those who did not 
(p < 0.01) [27].

IgG LF-ANCA in medium and high concentrations cor-
related with anti-dsDNA antibodies and anticardiolipin anti-
bodies [14]. Furthermore, these antibodies were associated 

with specific clinical manifestations, such as skin involve-
ment and serositis, and in medium/high concentrations, 
with Raynaud’s phenomenon, renal involvement, serositis, 
and a history of thrombosis [1]. On the other hand, Chika-
zawa et al. found no association of LF-ANCA and MPO-
ANCA with any specific clinical manifestations [15]. Other 
authors demonstrated that ANCA-positive patients had 
significantly higher incidence of renal involvement. Anti-
dsDNA and anti-Sm antibodies were significantly higher, 
while C3 and C4 were significantly decreased in ANCA-
positive patients [8, 31]. In the study of Turner-Stokes et al., 
the ANCA-positive group had significantly higher anti-
dsDNA and significantly lower serum C4 concentrations 
[38]. ANCAs influence the histological pattern of LN, and 
ANCA positivity has been associated with worse baseline 
renal function and more severe disease [38]. We demon-
strated that LF-ANCA-positive patients more frequently 
had renal involvement, while LF-ANCA-negative patients 
more frequently had arthralgia and synovitis (Table 2). Chin 
et al. found that LF-ANCA were positive in 12/51 (23%) 
LN patients, and MPO-ANCA were positive only in 1/51 
(1.9%) LN patients, suggesting that LF-ANCA is the most 
important antigen for renal involvement [39], similar to our 
findings (Table 2). In our study, in the group of ANCA-
positive SLE patients, PPV of LF-ANCA for renal involve-
ment was 76.2%. In 40 ANCA-positive SLE patients, we 
demonstrated a significantly positive correlation between 
LF-ANCA levels and anti-dsDNA titers (Fig. 1e), anti-his-
tone, and anti-C1q antibodies, while a significantly negative 

Table 5.  ANCA specificities 
in SLE patients in different 
studies, including our present 
study

-   Not done

MPO, % LF,% EL, % PR3, % BPI, % CAT-G,%  Studies

0 10  5  -  -  0 Schnabel et al, 1995
10.9 18.2 1.8 12.7 23.6  - Manolova et al, 2001
 - 55  - -   - -  Caccavo et al, 2005
 - 59  -  -  -  - Chikazawa et al, 2000
 - 39.2  -  -  -  - Lee et al, 1992
 - 20  -  -  -  - Sinico et al, 1993

9.3 14.3  - 1.7  -  - Galeazzi et al, 1998
24.4  -  - 7.3  -  - Molnar et al, 2002
16 32 0  -  - 3 Nishiya et al, 1997
 8.3 15.4  -  -  - 11.9 Spronk et al, 1996
 -  8.4  -  -  - 62.1 Zhao et al, 1998

54.5 -  - -  - 13.6 Pradhan et al, 2004
1 27 - 0 - - Fu et al, 2001
2 25.5 - - - - Chin et al, 2000
15.6 - - 1.3 - - Wang et al, 2016
82 - - 7 - - Turner-Stokes, et al, 2017
37.3 - - - - - Su et al, 2017
12.1 - - 1.1 - - Pyo et al, 2019
13.4 14.8 4.2 2.1 0.7 0 The present study
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correlation between LF-ANCA levels and C3 and C4 levels 
was found (Table 3). In addition, in 21 LF-ANCA-positive 
SLE patients, we found a significantly positive correlation 
between LF-ANCA levels and anti-dsDNA titers (Fig. 1f). 
In our study, contrary to LF-ANCA, MPO-ANCA and EL-
ANCA were not associated with renal lesions, decreased C3 
and C4 levels, or anti-dsDNA.

Furthermore, LF-ANCA level was higher in LF-ANCA-
positive patients with renal manifestations in comparison 
with LF-ANCA-positive patients without renal manifesta-
tions (p < 0.01). In contrast to other ANCA specificities, only 
LF-ANCA had high avidity (Fig. 1b); patients with renal 
involvement had higher LF-ANCA avidity than LF-ANCA-
positive patients without renal involvement (p < 0.05) 
(Fig. 1c), which imply a pathogenic potential of high-avidity 
LF-ANCA. To detect ANCA avidity in sera of our patients, 
5 M urea treatment was used, allowing low-affinity antibod-
ies to dissociate from their cognate antigen, while higher-
affinity antibodies remained bound. RAI was calculated as 
the percentage of reactivity remaining in the urea-treated 
wells. This method has already been published [20, 40]. The 
importance of ANCA avidity has been already demonstrated 
in AAV. High avidity MPO-ANCA were associated with 
high AAV activity [41]. In granulomatosis with polyangii-
tis, PR3-ANCA avidity is increased only in patients with 
relapsing renal disease [20]. Zeng et al. [40] used 40% as the 
cut-off level for RAI of ANA; on the other hand, we used the 
ROC curve to calculate the cut-off RAI value of LF-ANCA 
in order to discriminate SLE patients with or without renal 
involvement.

The ROC curve analysis demonstrated that quantifica-
tion of LF-ANCA level and avidity (Fig. 1d) could be used 
to predict renal involvement in SLE. It has been shown that 
LN patients with ANCA have a higher chronicity index than 
those without ANCA [42]. After the follow-up period, most 
of our LF-ANCA-positive patients became LF-ANCA-neg-
ative; also, anti-dsDNA significantly decreased, while C3 
and C4 increased (Table 4).

It is known that LF has a physiological role in binding 
iron ions (as antioxidant), reducing the production of proin-
flammatory  OH− ions. Therefore, LF-ANCA in SLE patients 
may inhibit these important protective functions of LF and 
lead to an increase in  OH− ion production and, consequently, 
to inflammation. LF inhibits the release of proinflamma-
tory cytokines such as IL-6 and TNF-alpha. In addition, LF 
inhibits IL-8 production and modifies the complement cas-
cade by preventing C3 deposition in the immune complexes 
[1, 2]. On the other hand, since LF is a cationic glycoprotein, 
it is quite likely that LF-anti-LF immune complexes might 
be pathogenic by itself [1, 6].

Additionally, LF-ANCA may induce, like other ANCAs, 
oxidative stress and PMN degradation, with the release of 
reactive oxygen intermediates and the consecutive tissue 

damage. It has not been shown that heterogeneous epitopes 
of LF are responsible for the broad spectrum of clinical 
manifestations associated with LF-ANCA [43].

Our study has some limitations. The number of our 
healthy controls is relatively small. Also, a higher num-
ber of patients might be necessary to confirm our results. 
Nevertheless, to the best of our knowledge, this is the first 
study of ANCA avidity in SLE; the exact clinical signifi-
cance of LF-ANCA avidity needs to be further elucidated 
in long-term follow-up studies, in large number of patients. 
The methods we used for determination of RAI have been 
already published [20, 40], are reproducible, and relatively 
easy to perform in laboratory practice.

In conclusion, detection of ANCA specificity, level, 
and avidity may help in the diagnosis of particular clini-
cal phenotypes of SLE. In contrast to other ANCAs, only 
LF-ANCA level correlated with disease activity and stand-
ard serological SLE markers. We are the first to report the 
positive correlation between LF-ANCA levels with both 
anti-histone and anti-C1q antibodies. In addition, we are 
the first to demonstrate that LF-ANCA avidity was higher 
than avidity of other ANCAs. LF-ANCA level and avidity 
might be used as valuable serological biomarkers for renal 
involvement in SLE.
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