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Abstract

Interleukin-21 (IL-21) is a pleotropic cytokine that plays an important role in the regulation of both innate and adaptive immune
responses. In the present study, we investigated whether serum IL-21 positivity is associated with disease activity in patients with
all variants of antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV). Sixty patients with AAV from a
monocentric prospective cohort were enrolled from November 2016 to May 2018 in this study. On the day of visit, clinical
manifestations including Birmingham vasculitis activity score (BVAS) were assessed, routine laboratory tests were performed,
and blood samples were collected. Isolated sera were stored at — 80 °C on the same day to measure serum IL-21. The definition of
generalised AAV set by the European Vasculitis Study group was adopted. In addition, serum IL-21 positivity was compared
between patients with different autoimmune diseases and healthy controls. The mean age was 59.3 years, and 39 patients (65.0%)
were women. Of patients, 23 (38.3%) had new-onset AAV, whereas 28 (46.7%) had generalised AAV. Serum IL-21 was detected
in 16 patients (26.7%). Patients with serum IL-21 positivity exhibited a higher risk of having generalised AAV than those without
(relative risk 5.250, p=0.012). No difference in serum IL-21 positivity was observed among patients with AAV, rheumatoid
arthritis, and systemic lupus erythematosus and healthy controls. Among patients with serum IL-21 positivity, serum IL-21
became negative at initial visit following the decrease in BVAS. Serum IL-21 positivity might be a useful biomarker to indicate
the disease activity of AAV.
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Introduction

Interleukin-21 (IL-21), which is mainly produced and secreted
by T helper 17 (Ty17) cells and T follicular helper (Try) cells,
plays an important role in the regulation of both innate and
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adaptive immune responses [1]. IL-21 stabilises and expands
Ty17 cells and enhances IL-23 receptor expression.
Furthermore, IL-21 inhibits regulatory T (Treg) cell survival
and induces B cell differentiation to plasma cells, leading to an
increase in the production of antibodies, including autoanti-
bodies [2]. Based on these mechanisms of action of IL-21 in
the immune system, IL-21 has been reported to be involved in
the initiation and progression of autoimmune diseases. A pre-
vious study showed the accumulation of IL-21-producing Ty
cells and the involvement of the IL-21 receptor in pathogene-
sis in an animal model of systemic lupus erythematosus (SLE)
and reported a reduction in disease progression in lupus-prone
mice via IL-21 receptor blockade [3]. In addition, arthritis did
not develop when the IL-21 receptor was knocked out, and IL-
21 produced by T cells was required for the induction of ar-
thritis in K/BxN autoimmune mice [4, 5]. Furthermore, sev-
eral studies have reported elevated serum IL-21 levels in pa-
tients with rheumatoid arthritis (RA), SLE, psoriasis, and
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inflammatory bowel diseases compared with those in controls
and the correlation between serum IL-21 and disease activity
[6-9].

Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is an autoimmune disease characterised by
necrotizing vasculitis affecting the small blood vessels [10].
AAV is classified into the following three variants based on
histological features (e.g., eosinophilic infiltration, granuloma
formation): microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (GPA), and eosinophilic GPA (EGPA).
Pathogenic ANCAs, primed and activated neutrophil, macro-
phages, and complement 5a are the major immunologic fac-
tors in the pathogenesis of AAV [11]. However, advances in
the understanding of AAV elucidated that T cells and B cells
may also play important roles in the pathogenesis of AAV
[12]. Furthermore, among T cells, it was recently reported that
Ty 17 and Ty cells, which produce IL-21, are also implicated
as a mediator for the initiation and exacerbation of AAV. Thus,
it is convincible to assume that serum IL-21 might be associ-
ated with the disease activity of AAV. Thus far, only two
previous studies have evaluated the effect of IL-21 and the
frequency of IL-21-producing Ty cells in patients with GPA
[13, 14]. However, there exists no report on the clinical impli-
cation of serum IL-21 in patients with all AAV variants.
Hence, we investigated whether serum IL-21 positivity is as-
sociated with disease activity in patients with all AAV
variants.

Materials and methods
Patients and clinical data

Sixty patients with AAV from the Severance Hospital ANCA-
associated VasculitidEs (SHAVE) cohort from November
2016 to May 2018 were enrolled. The SHAVE cohort is a
prospective observational cohort that included patients with
MPA, GPA, and EGPA, which first started in November
2016. AAV was initially classified in all patients at the
Department of Rheumatology, Yonsei University College of
Medicine and Severance Hospital. All cases of AAV met the
definition set by the 2007 European Medicines Agency and
2012 Chapel Hill Consensus Conference Nomenclature of
Vasculitides [15, 16]. On the day of visit every 3 to 6 months,
blood were collected and isolated sera were stored, clinical
manifestations were reviewed, and routine laboratory tests
were performed. In particular, on the day of visit for blood
sampling, patients with serious medical conditions other than
AAV were excluded from this study. This study was approved
by the institutional review board of Severance Hospital (4-
2016-0901).

On the day of visit for blood sampling, Birmingham vas-
culitis activity score (BVAS) (version 3) was used as an index
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to assess vasculitis activity [17]. Because BVAS/GPA and
BVAS (version 3) have different scoring systems, we evenly
applied BVAS (version 3) to patients with MPA, GPA, and
EGPA to unify the scoring system. In addition, we divided our
patients into those with generalised AAV and without based on
the definitions set by the European Vasculitis Study group
[18]. Disease relapse and clinical remission were defined in
accordance with the recommendations of the European
League Against Rheumatism [19]. Moreover, administration
of immunosuppressive drugs on the same day of blood sam-
pling was identified using the Korean Drug Utilization
Review system [20].

Laboratory data and blood sampling

Laboratory data included white blood cell and platelet counts
(/mm?), haemoglobin (g/dL), erythrocyte sedimentation rate
(mm/h), C-reactive protein (mg/L), creatinine (mg/dL), serum
albumin (g/dL), aspartate aminotransferase (IU/L), and ala-
nine aminotransferase (IU/L). Perinuclear (P)-ANCA and
cytoplasmic-ANCA were detected using immunofluorescence
assay. Myeloperoxidase (MPO)-ANCA and proteinase 3-
ANCA were measured using enzyme-linked immunosorbent
assay (ELISA) kits. Sera was obtained from whole blood in
each patient with AAV, and stored at — 80 °C on the same day
of clinical and laboratory data collection. Measurement of IL-
21 level in stored serum samples from patients with AAV was
performed using ELISA kits (BioLegend, San Diego, CA,
USA) according to the instructions provided. For comparison,
serum samples from patients with RA (n =28), patients with
SLE (n=31), and healthy controls (n =21) were used.

Statistical analyses

Continuous variables were presented as mean with standard
deviation, whereas categorical variables were expressed as
frequencies and percentages. Significant differences in vari-
ables between the two groups were analysed using chi-square
test, Fisher’s exact test, and Student’s ¢ test. Relative risk (RR)
was calculated using contingency tables and the chi-square
test. p values less than 0.05 were considered statistically sig-
nificant. All statistical analyses were performed using SPSS
version 23 (IBM Corp., Armonk, NY, USA).

Results

Comparison of variables between AAV patients
with and without serum IL-21

The mean age was 59.3 years, and 39 patients (65.0%) were
women. The mean disease duration was 21.4 months, and 23
patients (38.3%) had new-onset AAV. The mean BVAS was
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Table 1 Comparison of variables between AAV patients with and without serum IL-21

Patients with serum IL-21 (n=16) Patients without serum IL-21 (n =44) p value
Demographic data
Age (years) 61.4 (14.2) 58.5 (14.3) 0.494
Female gender (N (%)) 12 (75.0) 27 (61.4) 0.377
Disease duration (months) 16.2 (35.3) 23.3 (45.6) 0.578
AAV-related parameters (N (%))
New-onset AAV 9 (56.3) 14 (31.8) 0.088
Generalised AAV 12 (75.0) 16 (36.4) 0.010
Disease relapse 3(18.8) 13 (29.5) 0.520
Clinical remission 1(6.3) 13 (29.5) 0.086
BVAS 13.9 (6.7) 7.3 (6.1) <0.001
Clinical manifestations (N (%))
General 8 (50.0) 9 (20.5) 0.026
Cutaneous 2(12.5) 5(11.4) 0.999
Mucous membrane and eye 0(0.0) 3(6.8) 0.558
Ear, nose, and throat 10 (62.5) 15 (34.1) 0.050
Pulmonary 14 (87.5) 23 (52.3) 0.016
Alveolar haemorrhage 0(0.0) 2(4.5) 0.999
Other pulmonary involvement 14 (87.5) 21 (47.7) 0.007
Cardiovascular 1(6.3) 2(4.5) 0.999
Abdominal 0 (0.0) 1(2.3) 0.999
Renal 11 (68.8) 23 (52.3) 0.259
Nervous system 3(18.8) 8 (18.2) 0.999
AAV variants (N (%))
MPA 9 (56.3) 22 (50.0) 0.617
GPA 3(18.8) 15 (34.1) 0.346
EGPA 4(25.0) 7 (15.9) 0.462
Laboratory data
White blood cell count (/mm?) 9268.1 (3862.0) 7930.9 (3586.7) 0.216
Haemoglobin (g/dL) 11.3 (2.7 11.8 (2.0) 0.430
Platelet count (x1000/mm?) 286.3 (105.1) 281.5 (96.3) 0.868
ESR (mm/h) 479 (39.4) 38.0 (29.8) 0.301
CRP (mg/L) 17.0 (27.6) 10.3 (26.7) 0.402
Cr (mg/dL) 1.9 (1.7) 1.9 (2.0) 0.981
Serum albumin (g/dL) 3.5(0.7) 3.8 (0.6) 0.072
AST (IU/L) 18.1 (4.4) 22.8 (16.9) 0.096
ALT (IU/L) 21.5(10.0) 21.6 (15.2) 0.974
IL-21 (pg/mL) 60.4 (93.9) 0.0 (0.0) <0.001
ANCA positivity (N (%))
ANCA double positive 0 (0.0) 1(2.3) 0.999
MPO-ANCA or P-ANCA positive 13 (81.3) 23 (52.3) 0.072
PR3-ANCA or C-ANCA positive 1(6.3) 6 (13.6) 0.663
ANCA negative 2 (12.5) 16 (36.4) 0.112
Immunosuppressive agents (N (%))
Glucocorticoid 8(50.0) 34 (77.3) 0.043
Glucocorticoid dosage (mg/day)"[ 15.0 (23.9) 29.6 (94.5) 0.546
Cyclophosphamide 4(25.0) 5(11.4) 0.230
Azathioprine 3 (18.8) 11 (25.0) 0.740
Rituximab 0 (0.0) 1(2.3) 0.999
Methotrexate 1(6.3) 1(2.3) 0.466
Tacrolimus 0 (0.0) 3(6.8) 0.558
Mycophenolate mofetil 0(0.0) 2 (4.5) 0.999

Values are expressed as mean (standard deviation) or number (percentages)
T Glucocorticoid dosage was calculated in equivalent dose for prednisolone

AAV ANCA-associated vasculitis, ANCA antineutrophil cytoplasmic antibody, /L interleukin, BVAS Birmingham vasculitis activity score, MPA micro-
scopic polyangiitis, GPA granulomatosis with polyangiitis, EGPA eosinophilic granulomatosis with polyangiitis, £SR erythrocyte sedimentation rate,
CRP C-reactive protein, Cr creatinine, AST aspartate aminotransferase, ALT alanine aminotransferase, MPO myeloperoxidase, P perinuclear, PR3
proteinase 3, C cytoplasmic

9.1. Twenty-eight patients had generalised AAV, and 16 and  of 60 patients (26.7%), with the mean serum IL-21 level being
14 patients experienced disease relapse and was in clinical 16.1 pg/mL. Patients with AAV were divided into two groups
remission, respectively. Serum IL-21 was detected in 16 out  according to serum IL-21 positivity, and the results of
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Fig. 1 Relative risk of serum IL-21 positivity for generalised AAV. The
frequency of generalised AAV was five and nine times higher in patients
with serum IL-21 positivity than in those without in a all AAV variants
and b MPA and GPA, respectively. IL, interleukin; AAV, ANCA-

comparison analysis are summarised in Table 1. No differ-
ences in demographic data were noted between the two
groups. Generalised AAV was more frequently observed in
patients with serum IL-21 than in those without (75.0% vs.
36.4%, p =0.010). Furthermore, in all AAV variants, the risk
of having generalised AAV was significantly higher in pa-
tients with IL-21 positivity than in those without (RR 5.250,
p=0.012) (Fig. 1a). The relatively higher risk of having gen-
eralised AAV was consistent when subgroup analysis was
performed for patients with MPA and GPA (RR 9.231, p=
0.008) (Fig. 1b). Among clinical manifestations, general and
pulmonary manifestations were more commonly detected in
patients with serum IL-21 than in those without (50.0% vs.
20.5%, p=10.026, and 87.5% vs. 52.3%, p=0.016, respec-
tively). There were no differences in laboratory data including
ANCAs between patients with and without serum IL-21.
Glucocorticoid was more frequently administered in patients
without serum IL-21 than in those with serum IL-21; however,
the mean glucocorticoid dose did not differ between the
groups.

Comparison of serum IL-21 positivity
between patients with autoimmune diseases
and healthy controls

To clarify whether there is a difference in serum IL-21 posi-
tivity among autoimmune diseases, we measured serum IL-21
levels in patients with RA (n = 28), patients with SLE (n =31),
and healthy controls (z=21). The mean serum IL-21 level
was 29.4, 155.9, and 89.8 pg/mL in patients with RA, patients
with SLE, and healthy controls, respectively. Furthermore, the
mean serum IL-21 level was higher in patients with SLE and
healthy controls than in patients with AAV (p =0.002 and p =
0.035, respectively). However, no difference in the proportion
of patients with serum IL-21 positivity was observed among

@ Springer
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associated vasculitis; ANCA, antineutrophil cytoplasmic antibody;
MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis;
RR, relative risk.

the groups (AAYV, 26.7%; RA, 42.9%; SLE, 45.2%; healthy
controls, 38.1%; p =0.260) (Fig. 2).

Changes in serum IL-21 positivity along with reduced
AAV activity

Serum samples at follow-up visit were available in 13 patients
in whom BVAS decreased after 3 months or more. Serum IL-
21 at initial visit was positive in only 5 patients (38.5%).
Among these patients, 3 had MPA, whereas 2 had GPA. All
5 patients had generalised AAV and MPO-ANCA or P-
ANCA. In these patients, serum IL-21 positivity became neg-
ative following the decrease in BVAS. Serum IL-21 at follow-

p =0.260
100% -
80% -
54.80%
57-10% ° 61.90%
60 73.30%
.
40%
20% 1 A Mande 38.10%
26.70%
0%
AAV RA SLE Healthy control

MIL-21 positivity OIL-21 negativity

Fig. 2 Comparison of IL-21 positivity among patients with AAV, RA,
SLE, and healthy controls. There was no difference in the proportion of
patients with serum IL-21 positivity among the AAV, RA, SLE, and
healthy control groups. IL, interleukin; AAV, ANCA-associated
vasculitis; ANCA, antineutrophil cytoplasmic antibody; RA,
rheumatoid arthritis; SLE, systemic lupus erythematosus.
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up visit remained negative at initial visit in 8 out of 13 patients
without serum IL-21.

Discussion

In the present study, we investigated whether serum IL-21
positivity is associated with the disease activity of AAV in
patients with all AAV variants. We observed that the frequen-
cy of generalised AAV was five times higher in patients with
serum IL-21 than in those without (RR 5.250). Similar results
were acquired when subgroup analysis was performed for
patients with MPA and GPA. Furthermore, we provided a
dynamic result that serum IL-21 at follow-up visit became
negative at initial visit in all patients with serum IL-21 posi-
tivity following the decrease in BVAS. These findings suggest
that serum IL-21 could indicate the disease activity of AAV.

Ty cell polarisation towards an inflammatory phenotype in
patients with AAV has been reported to date: (i) Tyl cell
polarisation was observed in patients with localised GPA,
whereas (ii) T2 polarisation was predominantly detected in
patients with generalised GPA, MPA, and EGPA [21]; (iii)
moreover, a functional defect of Treg cells was observed in
patients with AAV while the absolute number of Treg cells did
not decrease. Conversely, abnormalities in Ty17 cells have
recently been suggested to play a crucial role in the pathogen-
esis of AAV [22]. The number of autoantigen-specific Tyy17
cells increased in patients with AAV [23], and the expansion
and skewed response of Ty17 cells were observed in patients
with GPA [24]. In addition to Ty;17 cells, several studies have
investigated the contribution of Tgy cells and IL-21-producing
Ty cells in patients with AAV. The number of circulating IL-
21-producing Ty and Tgy cells was reported to increase in
patients with GPA [13, 25]. Because IL-21 is mainly produced
by Ty17 and Ty cells and IL-21 could promote Tyx17 and
Ty cell differentiation, serum IL-21 might reflect the extent
of T17 and Ty cell polarisation. Furthermore, it could per-
petuate and aggravate the inflammatory process in relation to
the disease activity of AAV.

Previous studies have reported elevated serum IL-21 levels
in various autoimmune diseases. However, when we com-
pared the proportion of patients with serum IL-21 positivity
among the AAV, RA, SLE, and healthy control groups, no
significant differences were observed. This might be related
to the difference in methods employed to detect serum IL-21
and to the discrepancy in patient characteristics included in
our study. Further investigations evaluating the clinical impli-
cation of serum IL-21 in various autoimmune diseases are
required.

Serial measurement of serum IL-21 in patients with AAV
indicated that serum IL-21 at follow-up visit became negative
at initial visit proportional to the improvement in disease ac-
tivity among all patients with serum IL-21. Notably, in 8

patients in whom no serum IL-21 was initially detected, serum
IL-21 remained undetectable. We believe that these results
might support our assumption that serum IL-21 could indicate
the disease activity of AAV, despite the partial discordance
between serum IL-21 positivity and generalised AAV.

The strength of our study is that it showed for the first time
the association between serum IL-21 positivity and disease
activity of AAV in a prospective cohort. However, our study
also has several limitations. First, the number of patients in-
cluded in our study was relatively small. Second, we could not
elucidate the direct mechanism as to how elevated serum IL-
21 level is associated with disease activity. Third, we could not
investigate the association between serum IL-21 and progno-
sis of AAV owing to the short follow-up duration. Future stud-
ies with a larger number of participants and longer follow-up
period will further clarify the clinical implication of serum IL-
21 in patients with AAV.

In conclusion, serum IL-21 positivity might be a useful
biomarker to indicate the disease activity of AAV.

Compliance with ethical standards
Disclosures None.

Ethical standards This study was approved by the institutional review
board of Severance Hospital (approval no. 4-2016-0901), and written
informed consent was obtained from all patients at the time of blood
sampling.
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