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Antineutrophil cytoplasmic antibody-associated systemic vasculitis (ANCA-SV) is a group of rare and potentially severe systemic diseases.
The search for reliable methods to assess ANCA-SV activity remains relevant. Among the indicators of neutrophil activation that have emerged
in clinical practice, the level of serum calprotectin (CLP) stands out, which can be a marker for monitoring vasculitis activity and identifying pa-
tients at risk of disease relapse.

Objective: to determine serum CLP levels in patients with ANCA-SV.

Material and methods. The study group comprised 64 patients (37 with granulomatosis with polyangiitis, 11 with eosinophilic granulomatosis
with polyangiitis and 16 with microscopic polyangiitis) aged 18 years and older with a confirmed diagnosis of ANCA-SV. The control group con-
sisted of 30 healthy individuals. ANCA-SV activity was determined using the BVAS index; high activity corresponded to a BVAS value of >3.
Damage was assessed using the VDI index. Depending on ANCA-SV activity, patients were divided into two groups: high activity group (group 1,
n=33) and low activity group (group 2, n=31). In addition to the generally accepted indicators, serum CLP levels were assessed in all patients
with ANCA-SV and healthy donors.

Results and discussion. Statistically significant differences (p<0.001) were found in CLP levels in patients with ANCA-SV in groups 1 and 2.
A significant correlation was found between CLP concentration and leukocyte count, neutrophil count, neutrophil-to-lymphocyte ratio (NLR)
and systemic inflammatory index (SI1). Blood CLP levels in ANCA-SV were associated with creatinine levels and not with glomerular filtration
rate and urinary sediment. Although CLP concentration depended on disease activity, it did not correlate with acute phase indicators, including
ESR and CRP concentration.

Conclusion. Serum CLP concentration is significantly higher in patients with active ANCA-SV and is related to NLR and SII inflammatory

indices, so we consider the possibility of using this indicator to assess disease activity.
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Antineutrophil cytoplasmic antibody (ANCA) associated sys-
temic vasculitides (ANCA-SVs) are a group of rare and potentially
severe systemic diseases characterized by necrotizing vasculitis of
small vessels with autoantibodies directed against neutrophil cy-
toplasm components — proteinase 3 (PR3) and myeloperoxidase
(MPO) [1, 2]. ANCA-SVs include granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA), eosinophilic granulomatosis
with polyangiitis (EGPA) [3], which cause multi-organ damage
and have a fatal prognosis in the absence of timely and adequate
treatment.

Assessment of activity, as well as prediction of relapses and
complications in patients with ANCA-SV remains a complex
task. The value of ANCA as diagnostic markers is beyond doubt,
but their role as a marker of disease activity and relapse remains
controversial [4]. ANCAs are detected in the blood even during
complete clinical remission and are not necessarily detected during
ANCA-SV relapse, despite the high activity of vasculitis [5]. In-
flammatory markers such as CRP and ESR, widely used in clinical
practice, have low sensitivity for monitoring disease activity [4].
Thus, in connection with the key importance of early diagnosis

and timely initiation of adequate treatment, an important task is
to find reliable methods for assessing ANCA-SV activity before
the development of irreversible organ damage.

Neutrophil hyperactivation is believed to play a major role in
the pathogenesis of ANCA-SVs [1, 6]. These diseases can be
considered a model of a disease associated with neutrophil dys-
function. Since the time of I.I. Mechnikov, neutrophil reaction
has been considered a universal sign of inflammation. In the
middle of the last century, a large number of methods for measuring
parameters characterizing neutrophil granulocyte function appeared
[7]. Among the indicators of neutrophil activation used in clinical
practice, we can single out the level of serum calprotectin (CLP).
It belongs to the S100 family of proteins (SI00A8/A9 and
S100A12), released by activated neutrophils and monocytes during
inflammation, and plays a key role in innate immunity [8]. CLP
is a good systemic indicator of local inflammation in chronic
neutrophil-associated inflammatory processes [9, 10]. In ANCA-
SV, phagocytes release this protein after their interaction with
activated inflamed endothelium [11]. CLP enhances inflammation
through activation of Toll-like receptor 4 and Receptor for
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Table 1. Characteristics of patients with ANCA-SV

Indicators GPA (n=37)
Age, years, Me [25th; 75th percentiles] 52 [36; 60]
Gender, male/female, n 13/24

Age of onset, years, [25th; 75th percentiles] 49 [33.5; 56]

Duration of disease, months,
[25th; 75th percentile]

23.5[15; 55.5]

EGPA (n=11) MPA (n=16) Total (n=64) P
53[42; 66] 57[43; 65.5] 53[39.5; 63] 0.3
5/6 2/14 20/44 >0.05
51[37; 65] 51[37.5; 64] 51[35; 59] 0.6
22[15; 50] 43.5[18.5; 64] 29[16; 53] 0.45

Note: ANCA-SV — ANCA-associated systemic vasculitis, GPA — granulomatosis with polyangiitis, EGPA — eosinophilic granulomatosis with

polyangiitis, MPA — microscopic polyangiitis, p<0.05.

Advanced Glycation Endproducts (RAGE) [12]. Increased levels
of circulating CLP and its expression on the surface of neutrophils
and monocytes have been shown in ANCA-SV patients with
high disease activity [13—17]. In addition, CLP levels do not
normalize during remission [12, 16, 18], which may indicate that
subclinical inflammation persists. In one study, CLP-positive
leukocyte infiltration of the tubules was observed in renal biopsy
specimens from patients with active ANCA-SV [13]. The degree
of tubular inflammation was closely related to the expression of
CLP, confirming its role as a mediator of inflammation in this
disease. The results of some studies suggest that serum CLP is a
prognostic biomarker of subsequent renal function deterioration
and relapse in patients with remission or low activity of ANCA-
SV [15, 16]. These characteristics make CLP a potentially
important mediator of vascular inflammation and tissue damage
in ANCA-SV. Serum CLP is of interest for monitoring vasculitis
activity and identifying patients at risk of disease recurrence
during maintenance treatment.

Objective: to determine serum CLP levels in patients with
ANCA-SV.

Material and methods. Patient characteristics. The prospective
cross-sectional study included 64 patients (37 with GPA, 11
with EGPA, 16 with MPA) with a reliable diagnosis of ANCA-
SV, among whom women predominated (n=44, 69%). The
control group consisted of 30 healthy individuals (22 women
and 8 men). The median age of the patients was 53 [39.5; 63]
years, and that of the control group was 30 [25, 37] years. At the
time of inclusion in the study, none of the patients had active in-
fectious diseases, malignant neoplasms, or other autoimmune
diseases that could also increase the level of CLP. Written
informed voluntary consent was obtained from all participants
before inclusion in the study. The study was approved by the
local ethical committee of V.A. Nasonova Research Institute of
Rheumatology (protocol Nel1 0f 26.09.2023).

The diagnosis of ANCA-SV corresponded to the ACR (Amer-
ican College of Rheumatology) criteria and/or the classification
adopted at the Chapel Hill conference in 2012 [3], the classification
criteria for GPA and EGPA proposed by the ACR in 1990 [19,
20], and the ACR/EULAR (European Alliance of Associations
for Rheumatology) criteria of 2022 [21—23]. The diagnosis was
confirmed by morphologic examination
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in more than one third of patients (37.5%).
The internationally accepted Birmingham
Vasculitis Activity Score (BVAS, version
3) was used to determine the activity of
ANCA-SV [24]. High activity of ANCA-
SV corresponded to BVAS score >3 points.
Damage was assessed using the Vasculitis
Damage Index (VDI) [25]. Demographic
and clinical characteristics of patients with
ANCA-SV at the time of inclusion in the
study are presented in Table 1 and Fig. 1.

Women predominated in all ANCA-
SV groups (see Table 1). The patients did
not differ in age of onset and duration of
the disease. Skin and nervous system in-
volvement was significantly more frequent
in EGPA than in GPA. Renal involvement
was detected significantly more frequent
in MPA (100% of cases) than in GPA
(46%) and EGPA (36%). GPA was char-
acterized by visual organ damage, which
was observed in almost half of the patients.
Upper respiratory tract involvement was
present in the vast majority of patients with

100 120 GPA (97%) and EGPA (82%) and in a

Fig. 1. Clinical characteristics of patients with ANCA-SV
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much smaller proportion of patients with
MPA (44%; see Fig. 1).
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Table 2. Laboratory parameters in patients with ANCA-SV

Parameters GPA (n=37) EGPA (n=11) MPA (n=16) Total (n=64) p
ANCA-PR3.n, % 25 (68) 109 4(25) 30 (47) p12=0.002
p1-3=0.01
p2-3=0.59
ANCA-MPO, n, % 4(11) 7 (64) 11 (69) 22 (34.4) p1—2=0.0011
p1-3<0.001
p2-3=0.89
ANCA positive (no specificity), n, % 2(5) 0 1(6) 3(4.6) p12=0.94
p1-3=0.6
p2-3=0.85
ANCA negative, n, % 6 (16) 3(27) 0  9(14) p1-2=0.7
p1-3=0.22
p2-3=0.11
BVAS, Me [25th; 75th percentiles] 510;7] 310;9] 310; 8.5] 410;7.5] >0.05
VDI, Me [25th; 75th percentiles] 21[1; 3] 11[0; 3] 1.510; 3.5] 210; 3] >0.05

Note: ANCA-SV — ANCA-associated systemic vasculitis, GC — glucocorticoids, n — number of patients, p — reliability, pl1 — between GPA and

EGPA, p2 — between GPA and MPA, p3 — between MPA and EGPA, p<0.05.

Table 3. Drug therapy in patients with ANCA-SV at enrolment in the study, n (%)

Parameters GPA (n=37)

GC 35(94.6) 9(82)

Cyclophosphamide 1(2.7) 0

Mycophenolate mofetil 9(24.3) 19)

Methotrexate 3(8) 2 (18)

Azathioprine 3(8) 3(27)

bDMARDs (rituximab) 17 (46)

No therapy 1(2.7) 1(9)

EGPA (n=11)

6 (54.5)

MPA (n=16)
15 (94)

Total (n=64) P

59 (92) p1-2=0.47
p1-3=0.6
p2-3=0.73

2(12.5) 3(4.7) p1-2=0.51

p1-3=0.44

p2-3=0.64

4 (25) 14 (22) p1-2=0.5

p1-3=0.77

p2-3=0.59

0 5(7.8) p1-2=0.69

p1-3=0.6

p2-3=0.37

2(12.5) 8 (12.5) p1-2=0.24

p1-3=0.99

p2-3=0.64

10 (62.5) 33(52) p1-2=0.87

p1-3=0.42

p2-3=0.99

1(6.25) 3(4.7) p1-2=0.94

p1-3=0.87

p2-3=0.64

Note: ANCA-SV — ANCA-associated systemic vasculitis, bDMARDs - biological disease-modifying antirheumatic drugs, n — number of patients, p —
reliability, pl — between GPA and EGPA, p2 — between GPA and MPA, p3 — between MPA and EGPA, p<0.05.

ANCA to PR3 was significantly more frequently detected in
GPA. Antibodies to MPO were more specific for MPA and EGPA.
BVAS and VDI values were not significantly different in these
patient groups (Table 2).

ANCA-SV therapy also showed no significant differences (Table 3).

Laboratory Methods. The examination was carried out on the
basis of V.A. Nasonova Research Institute. Common methods
were used, according to the standards, in addition, neutrophil re-
activity (NEUT-RI), neutrophil granularity (NEUT-GI), immature
granulocytes (IG) levels were determined in the blood test of

patients and control group using an automatic hematological
analyzer XN 1000 (Sysmex, Japan). ESR was assessed according
to Westergren (normal <20 mm/h). Neutrophil to lymphocyte
ratio (NLR) was calculated according to the formula: absolute
neutrophil count/absolute lymphocyte count. Systemic immune
inflammation index (SII) was calculated by the formula:
absolute neutrophil count Y absolute platelet count/absolute
lymphocyte count.

For determination of CLP in ANCA-SV patients and control
group we used a reagent set Bulhmann Laboratories AG (Switzer-
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Table 4. Inflammatory parameters in the study groups, Me [25th; 75th percentile]

Parameters ANCA-SV, n=64

3.66 [2.67; 7.6]

Control group, n=30

Calprotectin, pg/mL 2.912.18; 3.93]

White blood cells, 10%/L 9.05 [6.9; 11.8] 5.65[4.8; 7]
Neutrophils, 10°/L 5.56 [3.5;7.6] 3.06 [2.7; 3.89]
NLR 2.3[1.5;3.6] 174 [1.41; 2]

sl 714.7 [440.4; 1051] 414.97 [293.9; 503.8]
NEUT-RI, FI 4.1 [412.3; 45.4] 42.5[41.3; 44.6]
NEUT-GI, SI 153.5[151.8; 156.4] 149.8 [149.1; 152]
1G, 10/n 0.05 [0.03; 0.11] 0.01 [0.01;0.02]

Note: ANCA-SV — ANCA-associated systemic vasculitis, NLR — neutrophil-lymphocyte ratio,
SII — systemic immunoinflammatory index, NEUT-RI — neutrophil reactivity, NEUT-GI —

neutrophil granularity, IG — immature granulocytes, p<0.05.

land). In patients with ANCA-SV the level of CRP in the serum
(normal <5 mg/1) was studied using a highly sensitive immunoneph-
elometric method on an automatic analyzer Siemens (Germany).
Specificity of ANCA (presence of antibodies to PR3 or MPO)
was studied by enzyme immunoassay. All patients underwent a
standard study of blood biochemical parameters.

Statistical methods. Statistical data processing was performed
on a personal computer using Statistica 10.0 for Windows statistical
data analysis package (StatSoft Inc., USA). Numerical data are
presented as mean and standard deviation (M%0; minimum-
maximum value) or as median and interquartile range (Me [25th;
75th percentile]) in case of non-normal distribution. Categorical

values are expressed as percentages. The
p Shapiro-Wilk test was used to assess inde-
pendent groups to determine whether the

0.078 distribution of variables was normal. Com-
<0.001 parison of quantitative data of two groups
was performed using Student's T-test or
<0.001 Mann-Whitney's U-test. To compare two
0.0078 or more groups, the Kruskal-Wallis test
was used for parameters whose distribution
<0.001 differed from normal. Correlation analysis
was performed using Spearman's rank cor-
0.069 relation coefficient. The X2 criterion with
<0.001 Yates' correction was used to evaluate cat-
egorical data. The 95th percentile of the
<0.001 control group (healthy individuals) was

used to determine the cutoff value for high
levels of CLP. Differences were considered
statistically significant at p<0.05.

Results. Blood CLP levels in patients
with ANCA-SV. The 95th percentile CLP
level in 30 healthy donors was 7.17 ug/mL, a higher concentration
was considered elevated. Depending on the value obtained, patients
with ANCA-SV were divided into two groups. Group 1 included
19 patients with CLP levels >7.17 ug/mL; group 2 included 45
patients with CLP levels <7.17 ug/mL. Elevated CLP levels (>7.17
ug/ml) were detected in 12 patients with GPA (32%), in 2 patients
with EGPA (18%), and in 5 patients with MPA (31%). When
comparing ANCA-SV phenotypes, no statistically significant dif-
ferences in CLP levels were found. This suggests that neutrophil
activation occurs at similar levels. Laboratory parameters and
clinical manifestations in patients with normal and elevated levels
of CLP were almost identical.

Table 5. Characteristics of patients and drug therapy depending on ANCA-SYV activity

Parameters

Age, years, Me [25th; 75th percentiles]
Gender, male/female, n
Age of onset, years, [25th; 75th percentiles]
Duration of disease, months, [25th; 75th percentile]
ANCA-PR3, n (%)
ANCA-MPO, n (%)
ANCA positive (no specificity), n (%)
ANCA negative, n (%)
BVAS, Me [25th; 75th percentiles]
VDI, Me [25th; 75th percentiles]
Current drug therapy at the time of inclusion, n (%):
g}ilophosphamide
Mycophenolate mofetil
Methotrexate
Azathioprine

bDMARD:s (rituximab)
No therapy

Active form of Inactive form of P
ANCA-SV, n=33 ANCA-SV, n=31

54 [36; 63] 52 [41; 63] 0.95
14/19 6/25 0.085
51.5[34.5;61.5] 50 [36; 57] 0.83
18 [5.5; 50.5] 42 [10; 63] 0.012
18 (55) 12 (39) 0.3

11 (33) 11 (35) 0.9

2 (6) 1(3) 0.96

2 (6) 7 (23) 0.12
716; 12] 010; 1] <0.001
110; 3] 3[1;4] 0.0036
29 (88) 30 (97) 0.39
309) 0 0.26

4 (12) 10 (32) 0.1
309) 2 (6.5) 0.94
4(12) 4 (13) 0.9

7 (21) 26 (84) <0.001
2 (6) 1(3) 0.96

Note: ANCA-SV — ANCA systemic vasculitis, GC — glucocorticoids, bDMARDs — biological disease-modifying antirheumatic drugs, p<0.05.
I ——————————————————————
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The level of CLP in the blood of patients with ANCA-SV and
healthy donors did not differ significantly (p=0.078) and did not
depend on gender and age (p=0.4. r=0.107), disease duration
(p=0.8. r=0.03) and ANCA specificity (p=0.63). Statistically sig-
nificantly higher levels of leukocytes, neutrophils, IG, NLR, SII,
NEUT-GI were observed in ANCA-SV compared to those in the
control group (Table 4).

There was a correlation between the blood CLP level and
the total number of leukocytes (p=0.006, r=0.34), neutrophils
(p=0.004, r=0.36), NLR (p=0.004, r=0.35), SII (p=0.007,
r=0.33). The blood CLP level in ANCA-SV also correlated
with creatinine concentration (p=0.026, r=0.28), but there
was no association with glomerular filtration rate — GFR
(p=0.51, r=-0.085), urinary sediment and acute-phase indices
including ESR and CRP (p=0.17, r=0.17 and p=0.056, r=0.254
respectively).

Blood CLP level, activity and damage index. The activity and
damage indices in the groups of patients with ANCA-SV are pre-
sented in Table 2. The active form of ANCA-SV (BVAS >3) was
registered in 33 (52%) patients (Table 5). Patients with high and
low ANCA-SV activity were comparable in age and gender.
Patients with active course had a significantly shorter duration of
the disease. Clinical manifestations throughout the disease were
comparable in the two groups. The damage index (VDI) was sig-
nificantly higher in the group with low disease activity. Patients
with the “inactive” form of ANCA-SV received RTM significantly
more often (see Table 5).

The concentration of CLP in the active course of ANCA-SV
was significantly higher than in low activity (p<0.001; Fig. 2). At
the same time, 40% of patients with high vasculitis activity had a
high level of CLP (>7.17 pug/mL). The concentration of CLP in
patients with low ANCA-SV activity and healthy donors was
comparable (see Fig. 2).

Table 6. Laboratory parameters in relation to ANCA-SYV activity

Parameters

Calprotectin, ug/mL, Me [25th; 75th percentile]
‘White blood cells, 10°/L, Me [25th; 75th percentile]
Neutrophils, 10°/L, Me [25th; 75th percentile]
Lymphocytes, 10°/L, Me [25th; 75th percentile]
NLR, Me [25th; 75th percentile]

SII, Me [25th; 75th percentile]

NEUT-RI, FI, M*

NEUT-GI, SI, M*

1G, 10°/L, Me [25th; 75th percentile]

CRP, pg/L, Me [25th; 75th percentile]

ESR, mm/h, Me [25th; 75th percentile]
Creatinine, pmol/L, Me [25th; 75th percentile]

GFR, Me [25th; 75th percentile]

12 -
p<0,001
10 —— |
8
p>0,05
36 —
O
o
4
a a
11
|
Me2,9(2,18;3,93]  Me2,97[1,55;5,16] Me 5,34[3,62;9,94]
0 o Me
Healthy controls Low activity High activity 25%-75%
Patient groups Min—Max

Fig. 2. CLP levels in patients with ANCA-SV and in the control group.
High activity of ANCA-SV — BVAS >3, low activity — BVAS <3

Patients with active ANCA-SV showed statistically significantly
higher levels of IG, ESR and CRP than patients with low activity
(Table 6).

Discussion. Neutrophils play a key role in vascular endothelial
damage in ANCA-SV [6]. ANCA are directed against neutrophil
autoantigens, causing degranulation and release of cytokines and
molecules that damage the endothelium [16, 26]. CLP released
from neutrophils has shown promise as a biomarker for several
autoimmune diseases [9, 10], including ANCA-SV [13—17, 27].
Failure to suppress serum CLP activity was a predictor of disease
relapse in a cohort of patients with acute ANCA-SV, positive for
antibodies to PR3. receiving RTM [27]. The aim of our study was

Active form of Inactive form of ]
ANCA-SV, n=33 ANCA-SV, n=31

5.34[3.62;9.94] 2.97 [1.55;5.16] <0.001
10.2[6.9;12.1] 8.5[7.1;9.9] 0.12
6.23.98;7.72] 5.08 [3.42;6.9] 0.22
2.06 [1.45;2.63] 2.4[1.9;3.01] 0.18
2.6[1.8;3.6] 1.8 [1.5;3.3] 0.18
852.8 [548.1;1144.3] 625.3[399.6;934.3] 0.97
45.04+3.2 43.1£2.2 0.1
154.9£3.5 153+4.7 0.28
0.11[0.025;0.195] 0.04 [0.03;0.05] 0.0445
4.1[1.6;29.4] 1.85[1.0;5.1] 0.025
30 [16;48] 16 [6;20] <0.001
85 [71;113] 81.4[74;99] 0.46
78 [53;95] 70.5 [60.5;99.5] 0.95

Note: ANCA-SV — ANCA systemic vasculitis, NLR — neutrophil-lymphocyte ratio, SII — systemic immune-inflammatory index, NEUT-RI — neu-
trophil reactivity, NEUT-GI — neutrophil granularity, IG — immature granulocytes, CRP — C-reactive protein, ESR — erythrocyte sedimentation rate,
GFR — glomerular filtration rate (according to the CKD-EPI formula, ml/min/1.73m?), p<0.05.
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to evaluate serum CLP levels in ANCA-SV and its association
with neutrophil parameters and inflammatory markers. The results
of the analysis confirmed the feasibility of neutrophilic parameters
of inflammation in ANCA-SYV, in which significantly higher levels
of leukocytes, neutrophils, IG, NLR, SII, NEUT-GI were observed
compared to those in the control group, which is consistent with
the literature data [28, 29]. This emphasizes the key role of the
neutrophil link in the pathogenesis of ANCA-SV.

In the present study, the relationship between CLP and neu-
trophil granulocyte indices was investigated for the first time. A
significant correlation with the parameters of inflammation, such
as the number of leukocytes, neutrophils, NLR, SII was revealed.
Indeed, the results of an earlier study [30] show that in ANCA-
MPO-associated vasculitis, CLP in the area of tissue damage
attracts more ANCA-activated neutrophils, thereby enhancing
the inflammatory response. CLP can increase neutrophil chemotaxis
and migration, which also increases the severity of the disease.
However, since ANCA are neutrophil activators, it can be assumed
that ANCA-activated neutrophils serve as important sources of
CLP and can account for its increased serum levels in ANCA-SV.
In vitro experiments have demonstrated that ANCA MPO-con-
taining IgG is able to mediate dose-dependent stimulation of
CLP release by neutrophils [30].

Several studies have evaluated the serum level of CLP as a
promising biomarker of activity in ANCA-SV and found it to be
elevated in the acute phase of the disease [13—17, 30]. A pronounced
expression of this protein by neutrophils and macrophages was
observed in areas of necrotizing extracapillary damage [13]. On
the contrary, no CLP expression was observed in chronic inflam-
matory lesions (i.e., in sclerotic glomeruli) or in normal renal
glomeruli [13]. In the present study, the level of CLP was also
higher in patients with high disease activity than in those with low
disease activity (p<0.001). Elevated CLP levels were observed in
40% of patients with high vasculitis activity. Some studies have
shown that in patients in clinical remission the level of CLP
remained elevated [13, 16, 18], which may be due to the persistence
of subclinical disease activity and latent (low-intensity) vascular
inflammation in systemic vasculitis. We did not detect such a rela-

tionship, in contrast to X. Bai et al. [30]. This may be explained by
the fact that our patients received immunosuppressive therapy,
which could affect the result of CLP detection. We believe that
further monitoring of this indicator in dynamics may be promising.

In contrast to CRP, a classical acute-phase protein produced
by the liver, CLP is released locally in the focus of inflammation,
so it is a good systemic indicator of local inflammation in chronic
inflammatory processes associated with neutrophils [9, 10]. Our
data are in agreement with the results of L. Martinez Valenzuela
et al [16], who showed the association of this marker with disease
activity, but not with the level of CRP and ESR. The lack of cor-
relation with inflammatory markers may be due to the non-
specificity of these parameters.

In addition, CLP is of interest as a biomarker of organ-specific
damage in patients with ANCA-SV. In some studies, serum CLP
was considered a potential biomarker of renal prognosis in ANCA-
SV [15, 16]. It is important to note that in our study, the CLP level
in ANCA-SV correlated with creatinine concentration, but was
not associated with GFR and urinary sediment, which was also
noted by other authors [16, 18]. This allows to use this biomarker
in ANCA-SV patients with impaired renal function. An increase
in the level of CLP in the blood of patients with ANCA-SV during
the first 6 months after the start of maintenance therapy is associated
with a high risk of renal function decline [15].

In addition, it has been shown that a change in CLP levels
after diagnosis is a prognostic factor for relapse [27]. Elevated
serum CLP levels at 2 or 6 months compared to baseline in
patients with active PR3-ANCA receiving induction therapy with
CYP or RTM were associated with a higher risk of relapse during
18 months of follow-up, whereas baseline CLP values did not
indicate the possibility of subsequent relapse [27].

Conclusion. The results of the study of serum CLP in ANCA-
SV indicate that its concentration was significantly higher in
patients with active ANCA-SV and correlated with the NLR and
SII inflammation indices indicating the possibility of using CLP
to assess disease activity. Therefore, further study of the dynamics
of CLP levels in the blood and urine in patients with ANCA-SV
seems relevant.

1. Kitching AR, Anders HJ, Basu N, et al.
ANCA-associated vasculitis. Nat Rev Dis
Primers. 2020 Aug;6(1):71. doi:
10.1038/s41572-020-0204-y.

2. bekerosa TB. AJIroput™ 1MarHoCTUKU CU-
CTEeMHBIX BACKYJIUTOB, ACCOLIMUPOBAHHBIX C
AHTHMHEHTPOMUIBHBIMU LIUTOTIIA3MATIAYEC-
CKMMU aHTUTeaMu. TepaneBTuUecKuii ap-
xuB. 2018;90(5):13-21.

[Beketova TV. Diagnostic algorithm for anti-
neutrophil cytoplasmic antibody-associated
systemic vasculitis. Terapevticheskii arkhiv.
2018;90(5):13-21. (In Russ.)].

3. Jennette JC, Falk RJ, Bacon PA, et al. 2012
revised International Chapel Hill Consensus
Conference Nomenclature of Vasculitides.
Arthritis Rheum. 2013 Jan;65(1):1-11.

doi: 10.1002/art.37715.

4. Tomasson G, Grayson PC, Mahr AD, et al.
Value of ANCA measurements during remis-

n

sion to predict a relapse of ANCA-associated
vasculitis — a meta-analysis. Rheumatology
(Oxford). 2012 Jan;51(1):100-9. doi: 10.1093/
rheumatology/ker280.

5. Wiik A. Clinical and pathophysiological sig-
nificance of anti-neutrophil cytoplasmic au-
toantibodies in vasculitis syndromes. Mod
Rheumatol. 2009;19(6):590-9. doi: 10.1007/
s10165-009-0219-4.

6. Walulik A, Lysak K, B aszkiewicz M, et al.
The Role of Neutrophils in ANCA-Associated
Vasculitis: The Pathogenic Role and Diagnos-
tic Utility of Autoantibodies. Int J Mol Sci.
2023 Dec 7;24(24):17217. doi: 10.3390/
ijms242417217.

7. bazapnbrit BB. BoamoxxHoCcTH aBTOMaTH-
3UPOBAHHOTO aHAIM3a KPOBU B OLIEHKE Heii-
TPO(UIBHBIX TPAHYJIOLUTOB (0030p JIUTEPA-
Typbl). KnuHuueckast tabopatopHasi AMarHo-
ctuka. 2023;68(11):686-693.

[Bazarnyi VV. Possibilities of automated cell
blood count procedures in the evaluation of
neutrophil granulocytes (review of literature).
Klinicheskaya Laboratornaya Diagnostika.
2023;68(11):686-693. (In Russ.)].

8. Nacken W, Roth J, Sorg C, Kerkhoff C.
S100A9/S100A8: Myeloid representatives of
the S100 protein family as prominent players
in innate immunity. Microsc Res Tech. 2003
Apr 15;60(6):569-80. doi: 10.1002/jemt.10299.
9. Romand X, Bernardy C, Nguyen MVC,

et al. Systemic calprotectin and chronic in-
flammatory rheumatic diseases. Joint Bone
Spine. 2019 Nov;86(6):691-698. doi: 10.1016/
j.jbspin.2019.01.003.

10. Manfredi M, van Hoovels L, Benucci M,
et al. Circulating Calprotectin (cCLP) in au-
toimmune diseases. Autoimmun Rev. 2023
May;22(5):103295. doi: 10.1016/j.autrev.
2023.103295.

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2024;18(4):66—73



COBPEMEHHAA PEBMATONOTIUNA Ned’24

11. Frosch M, Strey A, Vogl T, et al. Myeloid-
related proteins 8 and 14 are specifically se-
creted during interaction of phagocytes and
activated endothelium and are useful markers
for monitoring disease activity in pauciarticu-
lar-onset juvenile rheumatoid arthritis. Arthri-
tis Rheum. 2000 Mar;43(3):628-37.

doi: 10.1002/1529-0131(200003)43:3
<628::AID-ANR20>3.0.CO;2-X.

12. Viemann D, Barczyk K, Vogl T, et al.
MRP8/MRP14 impairs endothelial integrity
and induces a caspase-dependent and -inde-
pendent cell death program. Blood. 2007 Mar
15;109(6):2453-60. doi: 10.1182/blood-2006-
08-040444.

13. Pepper RJ, Hamour S, Chavele KM, et al.
Leukocyte and serum S100A8/S100A9 ex-
pression reflects disease activity in ANCA-
associated vasculitis and glomerulonephritis.
Kidney Int. 2013 Jun;83(6):1150-8.

doi: 10.1038/ki.2013.2.

14. Anton-Pampols P, Martinez Valenzuela L,
et al. Combining neutrophil and macrophage
biomarkers to detect active disease in ANCA
vasculitis: a combinatory model of calpro-
tectin and urine CD163. Clin Kidney J. 2022
Dec 7;16(4):693-700. doi: 10.1093/ckj/
sfac257.

15. Romand X, Paclet MH, Chuong MV,

et al. Serum calprotectin and renal function
decline in ANCA-associated vasculitides:

a post hoc analysis of MAINRITSAN trial.
RMD Open. 2023 Oct;9(4):¢003477.

doi: 10.1136/rmdopen-2023-003477.

16. Martinez Valenzuela L, Draibe J,

Quero Ramos M, et al. Calprotectin as a
smoldering activity detection tool and renal
prognosis biomarker in ANCA associated vas-
culitis. PLoS One. 2018 Oct 22;13(10):
€0205982. doi: 10.1371/journal.pone.
0205982.

ORIGINAL INVESTIGATIONS

17. Van Hoovels L, Bossuyt X. Serum calpro-
tectin as promising diagnostic aid in predic-
ting relapse in proteinase 3-antineutrophil cy-
toplasmatic antibodies-associated vasculitis.

J Lab Precis Med. 2017;2:10. doi: 10.21037/
jlpm.2017.03.04.

18. Michailidou D, Duvvuri B, Kuley R, et al.
Neutrophil activation in patients with anti-
neutrophil cytoplasmic autoantibody-associ-
ated vasculitis and large-vessel vasculitis.
Arthritis Res Ther. 2022 Jun 29;24(1):160.

doi: 10.1186/s13075-022-02849-z.

19. Leavitt RY, Fauci AS, Bloch DA, et al.
The American College of Rheumatology 1990
criteria for the classification of Wegener's
granulomatosis. Arthritis Rheum. 1990 Aug;
33(8):1101-7. doi: 10.1002/art.1780330807.
20. Masi AT, Hunder GG, Lie JT, et al.

The American College of Rheumatology 1990
criteria for the classification of Churg-Strauss
syndrome (allergic granulomatosis and angi-
itis). Arthritis Rheum. 1990 Aug;33(8):
1094-100. doi: 10.1002/art.1780330806.

21. Robson JC, Grayson PC, Ponte C, et al.
2022 American College of Rheumatology/
European Alliance of Associations for
Rheumatology classification criteria for
granulomatosis with polyangiitis. Ann Rheum
Dis. 2022 Mar;81(3):315-320. doi: 10.1136/
annrheumdis-2021-221795.

22. Grayson PC, Ponte C, Suppiah R, et al.
2022 American College of Rheumatology/
European Alliance of Associations for
Rheumatology Classification Criteria for
Eosinophilic Granulomatosis with Polyangi-
itis. Ann Rheum Dis. 2022 Mar;81(3):309-314.
doi: 10.1136/annrheumdis-2021-221794.

23. Suppiah R, Robson JC, Grayson PC, et al.

2022 American College of Rheumatology/
European Alliance of Associations for
Rheumatology classification criteria for mi-

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2024;18(4):66—73

croscopic polyangiitis. Ann Rheum Dis. 2022
Mar;81(3):321-326. doi: 10.1136/
annrheumdis-2021-221796.

24. Mukhtyar C, Lee R, Brown D, et al.
Modification and validation of the Birming-
ham Vasculitis Activity Score (version 3).

Ann Rheum Dis. 2009 Dec;68(12):1827-32.
doi: 10.1136/ard.2008.101279.

25. Exley AR, Bacon PA, Lugmani RA, et al.
Development and initial validation of the Vas-
culitis Damage Index for the standardized
clinical assessment of damage in the systemic
vasculitides. Arthritis Rheum. 1997 Feb;40(2):
371-80. doi: 10.1002/art.1780400222.

26. Thieblemont N, Wright HL, Edwards SW,
Witko-Sarsat V. Human neutrophils in auto-
immunity. Semin Immunol. 2016 Apr;28(2):
159-73. doi: 10.1016/j.smim.2016.03.004.

27. Pepper RJ, Draibe JB, Caplin B, et al. As-
sociation of Serum Calprotectin (S100A8/A9)
Level with Disease Relapse in Proteinase
3-Antineutrophil Cytoplasmic Antibody-
Associated Vasculitis. Arthritis Rheumatol.
2017 Jan;69(1):185-193. doi: 10.1002/art.39814.
28. Liu C. Detection of serum interleukin-18
level and neutrophil/lymphocyte ratio in pa-
tients with antineutrophil cytoplasmic anti-
body-associated vasculitis and its clinical sig-
nificance. Open Life Sci. 2024 Feb 5;19(1):
20220823. doi: 10.1515/biol-2022-0823.

29. Lee LE, PyoJY, Ahn SS, et al. Systemic
inflammation response index predicts all-
cause mortality in patients with antineutrophil
cytoplasmic antibody-associated vasculitis. Int
Urol Nephrol. 2021 Aug;53(8):1631-1638.

doi: 10.1007/s11255-020-02777-4.

30. Bai X, Xu PC, Chen T, et al. The potential
pathogenic roles of SI00A8/A9 and S100A12
in patients with MPO-ANCA-positive vas-
culitis. BMC Immunol. 2022 Sep 10;23(1):42.
doi: 10.1186/s12865-022-00513-4.

72



COBPEMEHHAA PEBMATONOTIUNA Ned’24

ORIGINAL INVESTIGATIONS

Received/Reviewed/Accepted
04.04.2024/14.06.2024/17.06.2024

Conflict of Interest Statement
The article has been conducted within basic scientific topic No 122040400024-7.
The investigation has not been sponsored. There are no conflicts of interest. The authors are solely responsible for submitting the final

version of the manuscript for publication. All the authors have participated in developing the concept of the article and in writing the
manuscript. The final version of the manuscript has been approved by all the authors.

13

Vorkel E.N. https://orcid.org/0000-0001-8864-7623
Reshetnyak T.M. https://orcid.org/0000-0003-3552-2522
Nurbaeva K.S. https://orcid.org/0000-0001-6685-7670
Cherkasova M.V. https://orcid.org/0000-0002-3246-1157
Tarasova G.M. https://orcid.org/0000-0001-9933-5350
Egorova O.N.https://orcid.org/0000-0002-4846-5531
Lila A.M. https://orcid.org/0000-0002-6068-3080

Sovremennaya Revmatologiya=Modern Rheumatology Journal. 2024;18(4):66—73



