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Blood CD3-(CD56 or 16)+ natural killer cell
distributions are heterogeneous in healthy
adults and suppressed by azathioprine in
patients with ANCA-associated vasculitides
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Abstract

Background: Cytotoxic Natural Killer (NK) cells are increasingly recognized as a powerful tool to induce targeted
cell death in cancer and autoimmune diseases. Still, basic blood NK cell parameters are poorly defined. The aims of
this study were 1) to establish reference values of NK cell counts and percentages in healthy adults; 2) to describe
these parameters in the prototype autoimmune disease group ANCA-associated vasculitis (AAV); and 3) to
investigate whether NK cell counts and percentages may be used as activity biomarkers in the care of AAV patients,
as suggested by a preceding study.

Methods: CD3-(CD56 or 16)+ NK cell counts and percentages were determined in 120 healthy adults. Lymphocyte
subset and clinical data from two German vasculitis centers were analyzed retrospectively (in total 407
measurements, including 201/49/157 measurements from 64/16/39 patients with granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis (EGPA), respectively).

Results: CD3-(CD56 or 16)+ NK cell counts and percentages in healthy adults were highly variable, not Gaussian
distributed and independent of age and sex. NK cell percentages ranged from 1.9 to 37.9% of lymphocytes, and
were significantly more dispersed in AAV (0.3 to 57.6%), while the median percentage was not different between
AAV and healthy donors. In contrast, median NK cell counts were significantly lower in AAV compared to healthy
donors. Sub-group analyses revealed that NK cell counts were low independent of AAV entity and disease activity.
Azathioprine therapy was associated with significantly lower NK cell counts and percentages compared to non-
azathioprine therapies. In 13.6% of azathioprine-treated patients, percentages were </= 1% which may be
interpreted as temporary NK cell deficiency. NK cell counts and percentages could not separate active from inactive
AAV.
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Conclusions: NK cell counts and percentages in blood are heterogeneous and can presently not be recommended
as biomarker in clinical care of AAV patients. Azathioprine treatment was associated with significantly low NK cells.
These findings may be relevant for the development of drugs that aim at exploiting NK cell cytotoxicity and may
help to identify patients at risk to develop malignant or infectious co-morbidities.
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Background
Anti-neutrophil cytoplasmatic antibody (ANCA)-associ-
ated vasculitis (AAV) is a rare systemic inflammatory
condition affecting mainly small vessels [1, 2]. Despite
some overlap, AAV comprise clinically, genetically and
pathogenetically different entities. The most common
entity is GPA, followed by MPA and EGPA, the latter of
which is an especially rare condition. All three diseases
are treated depending on activity, severity and the types
of organs involved and often necessitate intense im-
munosuppression, including induction regimens with
cyclophosphamide or the B cell-depleting anti-CD20
antibody rituximab [3].
While relatively specific autoantibodies - ANCAs with

the two main sub-specificities anti-proteinase 3 (PR3)
and anti-myeloperoxidase (MPO) - have some value in
taking the diagnoses in AAV, disease activity and course
cannot reliably be determined by laboratory tests. Treat-
ment decisions are based on the physicians’ judgments
of disease activity and require substantial experience.
Therefore, new activity biomarkers are needed for daily
care in AAV [4]. In a preceding study, NK cell propor-
tions in blood from patients with GPA were significantly
increased in stable remission [5]. The usefulness of NK
cells as activity biomarker has not been investigated in
other studies, and there are currently no data available
on NK cells in MPA and EGPA.
Likewise, the role of NK cells in AAV is poorly under-

stood. Based on their biologically known functions [6],
NK cells may theoretically participate in autoimmune
systemic inflammation by means of antibody dependent
cell cytotoxicity (ADCC), by controlling other immune
cells like CD4+ T lymphocytes [7], by secreting cyto-
kines like interferon-ɣ or by killing neighbor cells ex-
pressing stress-induced ligands [8]. In our prior studies
in GPA, we found that NK cells were mainly mature,
functional cells with maintained cytotoxicity receptors,
recognition of ligand-expressing target cells and ADCC
[5, 9, 10]. However, we also observed several quantitative
differences. For example, NK cells showed signs of acti-
vation, including the expression of CD69, CD54 and
CCR5 and the down-regulation of CD16, in particular in
active GPA.
In the last couple of years, NK cells have become in-

creasingly interesting as targets of cancer therapies, as

recently summarized in Nature [11]. One example is the
introduction of new checkpoint inhibitors that target in-
nate immune cells including NK cells which are cur-
rently investigated in clinical trials. By virtue of the high
expression of CD16 (Fc-ɣ-Receptor IIIa), NK cells can
also be targeted via the Fc-part of therapeutic antibodies,
which induces ADCC [6, 12]. NK cells thus play a role
in the treatment with cell-depleting antibodies [13–16].
Accordingly, rituximab activates NK cells in vivo in pa-
tients with AAV [10]. A recent improvement of cell-
depleting antibodies was achieved by engineering anti-
bodies with an enhanced affinity to Fc receptors, such as
the type 2 anti-CD20 antibody obinutuzumab [17],
which is superior to rituximab in the treatment of
lymphomas [18]. Obinutuzumab is also a promising
treatment strategy in systemic inflammatory diseases
and has successfully passed a phase II trial in systemic
lupus [19]. We have recently shown that obinutuzumab
is highly effective in depleting B cells and activating NK
cells within PBMCs from GPA patients in vitro [10].
However, formal proof of whether NK cell-targeting
therapies aside rituximab work in systemic inflammatory
diseases is pending.
The possible usefulness of NK cells as biomarker in

AAV and the increased interest in NK cell-targeting
therapies prompted us to investigate NK cells in AAV in
more detail. While preparing this study, we frequently
found the notion that NK cells comprise “about 5 to
10(or 15 or sometimes 20) percent of peripheral blood
lymphocytes”. However, amazingly few state-of-the-art
studies sustained these statements. In a study from 2004,
“CD3-CD56+ CD16+” NK cells from 51 healthy Cauca-
sian individuals ranged from 51 to 652/μl, corresponding
to 2 to 31% of lymphocytes [20]. A similar result was ob-
tained in a representative Swiss cohort of 70 adults in
which “CD3−/(CD16+/CD56+)” NK cells ranged from
77 to 427/μl, corresponding to 5.35 to 30.93% of lym-
phocytes [21]. Notably, the definition of NK cells varies
between studies. While many antibody panels used in
clinics to determine lymphocyte subsets by flow cytome-
try rely on commercial kits determining NK cells as
“CD3 negative CD16/56 positive”, the consented defin-
ition of NK cells among immunologists is “CD3 negative
and CD56 positive” [22]. In some studies, it remains un-
clear whether “CD16/56 positive” means CD16 or CD56
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positive (e.g., both antibodies are linked to the same
fluorochrome) or CD16 and CD56 positive (i.e., double-
positive, meaning that CD56bright CD16negative NK
cells are excluded) [20]. In addition, studies vary in
whether other cell types are excluded from the NK cell
gate. Today, CD14+ monocytes and CD19+ B cells are
usually excluded next to CD3+ T cells prior to gate on
CD56+ NK cells [22]. In particular in older studies, NK
cells were determined by using only CD16 as single
marker [23], or using two-color flow cytometry [21].
Analysis strategies of NK cells may further be variable
based on whether they were determined in whole blood
or in isolated peripheral blood mononucleated cells
(PBMCs) after density gradient centrifugation. Finally,
PBMCs can be used either freshly or after a freezing-
thawing cycle. These analytical differences may be re-
sponsible for the confusion about “normal” NK cell
counts and percentages in peripheral blood. We did not
find data on the statistical type of distribution of NK cell
parameters (e.g. Gaussian). Re-analysis using state-of-
the-art multicolor flow cytometry is therefore needed to
establish standard ranges and distributions. To this end,
we analyzed NK cell data from 120 healthy individuals
in the present study. The method we used is a current
diagnostic standard in German clinics. With the same
protocol, we analyzed blood NK cell counts and percent-
ages from patients with AAV.

Patients and methods
120 healthy individuals served to establish reference
values of CD3-(CD56 or CD16) + NK cell percentages
and counts in healthy adults. To describe these parame-
ters in ANCA-associated vasculitis and to test their po-
tential use as disease activity biomarker, we
retrospectively analyzed existing lymphocyte subset data
from two German vasculitis centers [24]. Between 2011
and 2017 (vasculitis center 1) and 2016 and 2020 (vascu-
litis center 2), CD3-(CD56 or CD16) + NK cells and
matching Birmingham vasculitis activity scores (BVAS)
were determined repeatedly from consenting patients
that were at least 18 years old and met current ACR
classification criteria. In the retrospective analysis, all pa-
tients with available data on NK cell parameters were in-
cluded; there were no exclusion criteria (ethics
committee of Freiburg University, file no. 191/11, 46/
04). All experiments were performed in accordance with
relevant guidelines and regulations. In vasculitis center
1, we analyzed 151/49/157 measurements from 40/16/39
patients with GPA, microscopic polyangiitis (MPA) and
eosinophilic granulomatosis with polyangiitis (EGPA),
respectively. Unless otherwise stated, all measurements
were included in the analyses, i.e. in re-examined pa-
tients with more than one flow cytometric determination
of NK cell counts and percentages at different time

points, all determinations were included. Vasculitis cen-
ter 2 contributed 50 measurements from 24 GPA pa-
tients; these results were analyzed separately (Fig. 6
only). Descriptive parameters are shown in Tables 1 and
2.

Lymphocyte subpopulation phenotyping
Phenotyping of T-, B- and NK cells within the lympho-
cyte population was performed by a whole blood stain-
ing lyse-no wash protocol (Optilyse B, Beckman-
Coulter) using six colour flow cytometry with the follow-
ing fluorochrome-conjugated antibodies: BV421 anti-
CD3 (clone UCHT1; Biolegend), APC anti-CD4 (clone
SK3;Becton Dickinson), FITC anti-CD8 (clone B9.11;
Beckman Coulter Immunotech), PE anti-CD16 (clone
3G8; Beckman Coulter Immunotech), PE-Cy7 anti-CD19
(clone J3–119; Beckman Coulter Immunotech), PerCP
anti-CD45 (clone HI30; Biolegend), PE anti-CD56 (clone
N901; Beckman Coulter Immunotech). Fixed antibody
labelled cells were analyzed within 24 h by flow cytome-
try (Navios; Beckman Coulter). Absolute cell counts
were calculated using a two-platform method with
leukocyte and lymphocyte counts determined by a
hemocytometer. Flow cytometric data analysis was per-
formed with the help of Kaluza Software 1.5a (Beckman
Coulter). A representative gating strategy for definition
of analyzed cell populations performed in vasculitis cen-
ter 1 is described in Fig. 1.

Statistical analysis
Exploratory statistical analysis was performed using
Graph Pad Prism (versions 5 and 8). p values < 0.05 were
considered significant and have to be interpreted de-
scriptively. *, **, *** and **** in graphs represent p values
of < 0.05, < 0.01, < 0.001 and < 0.0001, respectively. Nor-
mal distribution was generally not assumed, tests were
two-sided and graphs show medians, if not stated other-
wise. Mann-Whitney or Kruskal Wallis tests in conjunc-
tion with post tests were used to compare two or more
groups, respectively. Further specific tests used are indi-
cated in figures or the results text. The strategy to
analyze distributions of NK cell parameters (Fig. 3 and
supplement) was discussed with and approved by a
statistician.

Results
Blood CD3-(CD56 or CD16) + NK cell counts and
percentages in healthy adults
To establish standard ranges under normal conditions,
data from 120 healthy adults were analyzed (Fig. 2). The
youngest donor was 19, the oldest 71 years old (median
41.2 years). NK cell counts ranged from 43/μl to 768/μl
(median 180.5/μl). Percentages ranged from 1.9 to 37.9%
of lymphocytes (median 11.05%) (Fig. 2a). Neither
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counts nor percentages were Gaussian distributed
(D’Agostino & Pearson omnibus normality test). We ob-
served no differences between the two genders (Fig. 2b).
Age did not correlate with NK cell counts and percentages
(Spearman’s r = 0.12 and 0.10, respectively) (Fig. 2c).

The distribution of NK cell counts and percentages in
ANCA-associated vasculitis
Using the same analysis method, measurements in pa-
tients with AAV were performed in vasculitis center 1.
Compared to the healthy group, AAV patients were
older (18 to 86 years, median 59.5 years; p < 0.0001 using

Mann-Whitney test) and their NK cell percentages in-
creased with age (Fig. 2d). In Fig. 2d, AAV patients from
both vasculitis centers were pooled and the relationship
between NK cell parameters and age is shown.
Compared to healthy individuals, the distributions

of NK cell counts and percentages were different in
AAV, as determined by significant Kolmogorov-
Smirnov tests and visualized by distribution histo-
grams (Fig. 3). In AAV, NK cell counts ranged from
1/μl to 687/μl (median 106/μl), and percentages
ranged from 0.3 to 57.6% of lymphocytes (median
10.8%). The median absolute count was significantly

Table 1 Descriptive statistics: AAV entities, numbers of individuals and counts. HC, healthy control; GPA, granulomatosis with
polyangiitis; MPA, microscopic polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis; BVAS, Birmingham vasculitis activity
score; AAV, ANCA-associated vasculitis. “Measurements” refers to existing flow cytometry data on NK cell counts and percentages at
a given time point
Vasculitis center Entity individuals, n measurements, n measurements per individual, mean measurements per individual, range

1 HC 120 120 1 1

GPA, total 40 151 3,8 1–8

_inactive, BVAS =0 40 126 3,2 1–7

_active, BVAS > 0 15 25 1,7 0–3

MPA, total 16 49 3,1 1–7

_inactive, BVAS =0 15 38 2,5 0–6

_active, BVAS > 0 8 11 1,4 0–3

EGPA, total 39 157 4,0 1–9

_inactive, BVAS =0 36 121 3,4 0–8

_active, BVAS > 0 21 36 1,7 0–4

2 GPA, total 24 50 2,1 1–3

_inactive, BVAS =0 24 41 1,7 1–3

_active, BVAS > 0 9 9 1,0 0–1

1 + 2 all patients with AAV 119 407 3,4 nd

Table 2 Descriptive statistics: Organ involvement in GPA and sex. GPA, granulomatosis with polyangiitis; MPA microscopic
polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis

Vasculitis center Entity Characteristics Measurements, n Percentages

1 GPA systemic 135 89%

localized 16 11%

female 84 56%

male 67 44%

MPA female 25 51%

male 24 49%

EGPA female 43 27%

male 109 69%

not determined 5 3%

2 GPA systemic 50 100%

localized 0 0%

female 28 56%

male 22 44%
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lower in AAV than in HC, and the frequency distri-
bution curves shifted towards low values, accordingly
(Fig. 3a). The median percentage of NK cells was
not different from HC, but the frequency distribu-
tion curves shifted towards relatively more values on
both extremes while values around the median were
less frequent (Fig. 3b).
One caveat in the analysis shown in Fig. 3 is that all

measurements, meaning a variable number of multiple
measurements per patients (see Table 1), were included.
This could have led to a bias if values in individual pa-
tients had been tightly similar. However, we observed a
high intra-individual variability in patients with multiple

measurements. Figure 3c shows one example patient
for each GPA, MPA and EGPA, respectively. It was
therefore not possible to pick a single representative
value per patient without causing other biases. In an
attempt to use one random measurement per patient,
we grouped the first and last measurements per-
formed in each patient, respectively, and observed
similar distributions as with all measurements (sup-
plementary Fig. 1). Together, these data showed that
the distributions of CD3-(CD56 or CD16)+ NK cell
counts and percentages in AAV patients were differ-
ent from that in healthy individuals, with a tendency
towards more extreme values.

Fig. 1 Gating strategy for NK cells in vasculitis center 1. a Definition of leucocyte subpopulations of monocytes and lymphocytes by CD45 and
sideward scatter (SS). b Exclusion of contaminating monocytes in the lymphocyte subpopulation by gating out CD3-CD4dim cells. c Identification
of CD19+ B-cells and CD3+ T-cells by CD3 versus CD19 staining. d Identification CD16+ or CD56 + NK cells by co-staining of CD16 and CD56
versus CD3
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Fig. 2 (See legend on next page.)
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Next, we analyzed the three AAV entities separately
and found that NK cell counts and percentages were sig-
nificantly different (Fig. 4a). The most prominent differ-
ences were the relatively low counts and percentages in
EGPA. We observed that 13 measurements (8.2%) in
EGPA corresponding to 7 different patients (18%) re-
vealed a percentage of 1% of lymphocytes or below. As
we observed weak correlations of NK cell counts and
percentages with age in AAV (Fig. 2d) and differences of
these parameters between AAV entities, we compared
the age between HC and AAV entities. EGPA patients
were younger than GPA and MPA patients, but older

then HC (Fig. 4b). Therefore, age discrepancies alone
did not explain low NK cell counts and percentages in
EGPA.

NK cells in relationship to AAV activity
A previous study found that NK cell percentages may be
used as disease activity biomarker in the most common
form of AAV, granulomatosis with polyangiitis (GPA)
[5]. In order to control this finding, we defined AAV ac-
tivity based on Birmingham vasculitis activity scores
(BVAS). BVAS = 0 defined inactive and BVAS> 0 active

(See figure on previous page.)
Fig. 2 CD3-(CD56 or CD16)+ NK cell counts and percentages in 120 healthy human adults and patients with ANCA-associated vasculitis. a-c, data
derived from vasculitis center 1. a, total healthy cohort. In b, healthy men (M, n = 63) and women (W, n = 57) are plotted separately. In c and d,
counts and percentages are shown in relationship to age in healthy individuals (c) and AAV patients (d; all patients from both centers
are combined)

Fig. 3 The distribution of NK cell counts and percentages in AAV. a, b HC, n = 120 healthy controls; AAV, n = 357 measurements in 95 AAV
patients. The Kolmogorov-Smirnov test revealed different distributions of NK cell counts (a) and percentages (b) in AAV compared to HC (###,
p < 0.0001; ##, p = 0.0018). The medians were compared using Mann Whitney test (***, p < 0.0001; NS, not significant). The middle graphs show
the cumulative relative frequencies and the right graphs the actual relative frequencies as histograms, respectively; the bin width was 50 counts/
μl and 5%, respectively. In c, the course of three patients with GPA, MPA and EGPA over several consecutive measurements (1 to 9) are shown to
demonstrate examples of intra-individual variability of NK cell counts (left) and percentages (right). All data derived from vasculitis center 1
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disease. BVAS reflects the presence of clinical symptoms
and is therefore relevant for treatment decisions.
After sorting the data from vasculitis center 1 accord-

ing to AAV entity and activity, we found that NK cell
counts were

� significantly lower in all active AAVs compared to
healthy controls,

� significantly lower in inactive GPA and EGPA
compared to healthy controls,

� not significantly different between active and
inactive AAVs (Fig. 5).

NK cell percentages were

� significantly higher in inactive MPA compared to
healthy controls,

� significantly lower in inactive EGPA compared to
healthy controls,

� not significantly different between active and
inactive AAVs (Fig. 6).

In EGPA, both counts and percentages were decreased
compared to healthy controls, especially in inactive dis-
ease (Figs. 5c and 6c). We did not observe any correl-
ation between CRP or anti-Proteinase 3 autoantibody
concentration and NK cell counts or percentages (Spear-
man’s r < 0.3, respectively).
In contrast to the previous study [5], we did not ob-

serve a difference between active and inactive GPA in

Fig. 4 NK cell counts and percentages in GPA, MPA and EGPA. HC, n = 120 healthy controls; GPA, n = 251 measurements in 40 patients; MPA, n =
49 measurements in 16 patients; EGPA, n = 157 measurements in 39 patients. a NK cell counts and percentages. b Age. The Kruskal Wallis test
was significant in all graphs (p < 0.0001, respectively). Dunn’s post tests were significant where indicated in graphs. Data derived from vasculitis
center 1

Fig. 5 NK cell counts in relationship to disease activity. a granulomatosis with polyangiitis (GPA), b microscopic polyangiitis (MPA) and c
eosinophilic granulomatosis with polyangiitis (EGPA). The Birmingham Vasculitis Activity Score (BVAS) was used to differentiate active (> 0) and
inactive (=0) AAVs. An exploratory statistical analysis was performed using Kruskal-Wallis test (p < 0.0001; =0.0023; < 0.0001 in GPA; MPA; EGPA,
respectively). Dunn’s post tests were significant as indicated by stars. All data derived from vasculitis center 1
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vasculitis center 1. As the definition and gating strategy
of NK cells varied between the two studies, we next ex-
amined data from GPA patients from another vasculitis
center (center 2 in the present study, Tables 1 and 2),
which used a similar gating strategy to that used in vas-
culitis center 1. Similar to the data from vasculitis center
1, NK cell counts and percentages were highly variable
in GPA patients from vasculitis center 2 and ranged
from 8/μl to 718/μl (median 171.5/μl) and from 1.3 to
46.9% (median 14.85%), respectively (Fig. 7). NK cell
counts were significantly higher in inactive GPA. Per-
centages tended to be increased in inactive GPA, with-
out reaching significance. The median age from GPA
patients from vasculitis center 2 was 70.3 years and
ranged from 27.7 to 91.8 years, which was not statisti-
cally different from GPA patients from center 1.

NK cells in relationship to therapeutic agents
Next to disease subtype and activity, therapeutic agents
may alter lymphocyte subsets. In vasculitis center 1, we
found no correlation between NK cell counts and per-
centages with the time span after induction therapy.
This indicates that there is no major impact of whether
a patient is treated for remission induction (usually high
dose glucocorticoids combined with cyclophosphamide
or rituximab) or for maintenance of remission (Fig. 8a).
When sorting data according to treatments during data
acquisition, we found that azathioprine was associated
with significantly lower NK cell percentages and counts
compared to other drugs (Fig. 8b-d). Higher azathioprine
dosages were associated with lower NK cell values, when
using a threshold of 100 mg daily (Fig. 8c), suggesting a
dose-dependent effect of azathioprine on NK cell

Fig. 6 NK cell percentages in relationship to AAV activity. a GPA, b MPA and c EGPA. Kruskal-Wallis tests were not significant in the case of GPA,
but significant in MPA and EGPA (p = 0.0012 and p = 0.0020, respectively). Dunn’s post tests were significant where indicated. Data derived from
vasculitis center 1

Fig. 7 NK cell counts and percentages from GPA patients from vasculitis center 2. BVAS = 0, n = 41; BVAS> 0, n = 9. Statistical analysis was
performed using Mann Whitney test (*, p < 0.05). All data derived from vasculitis center 2
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parameters. In 15 of 110 (13.6%) measurements during
azathioprine therapy, NK cells were below or equal to
1% of lymphocytes.
With the available retrospective dataset, we were not

able to perform correlations with the daily or cumulative
dose of prednisone.
In vasculitis center 2, no patient received azathioprine

at the time of blood donation, all patients were treated
with rituximab.

Discussion
Given the paucity of state-of-the-art studies describing
NK cell counts and percentages under normal condi-
tions, we analyzed data from 120 healthy adults. To the
best of our knowledge, this is the largest study on nor-
mal NK cell counts and percentages so far. Another
study comprising 253 healthy people counted 82 to 594
NK cells/μl blood (mean 253/μl), but percentages among
lymphocytes were not provided [25]. We did not find
differences dependent on age or gender within this adult
cohort with a maximum age of 71 years. Our data

instead show a heterogeneous distribution and variability
of NK cells in blood, and add the information that NK
cells are non-normally distributed.
This NK cell variability was further increased in pa-

tients with inflammatory disease. In AAV, the frequency
distributions of NK cell counts were shifted towards
more extremely low values, and the frequency distribu-
tion of NK cell percentages was shifted towards both ex-
tremes. Accordingly, very high and very low percentages
can be encountered in patients with AAV. This circum-
stance should be considered when planning trials with
therapeutic antibodies that bind to FcɣRIIIA with high
affinity (such as obinutuzumab), or when established NK
cell-targeting therapeutics are administered in order to
treat cancers in patients with systemic inflammatory dis-
eases. So far, it is unknown whether NK cell counts or
percentages affect the outcome of NK cell-based thera-
peutics or cancer incidence.
In contrast to healthy individuals, we found a weak,

yet significant correlation of NK cell percentages and
age in AAV patients; relatively numerous NK cells were

Fig. 8 NK cells in relationship to therapeutic agents. Measurements in AAV from vasculitis center 1. a NK cell parameters depending on the
period of time after induction therapy. b NK cell percentages and counts were separated according to drug intake. AZA, azathioprine (n = 110
measurements); MMF, mycophenolate mofetil (n = 37); MTX, methotrexate (n = 62); RTX, rituximab (n = 27); CYC, cyclophosphamide (n = 21,
including three patients with concomitant RTX therapy); other (n = 46), including not determined (n = 19), no immunosuppressive therapy (n = 5),
treatment naïve (n = 10) and prednisone monotherapy (n = 9, from 2.5 to 10 mg, mean 5mg daily). Kruskal Wallis tests confirmed significance
(p < 0.0001), the stars indicate significant Dunn’s post tests with azathioprine as reference. c Measurements under azathioprine therapy separated
according to dosages of 100 mg or > 100mg daily (n = 32 and n = 76, respectively). In two patients the dosage was not determinable. Note the
logarithmic scale on the y axes. d Comparison of azathioprine or other drug intake depending on AAV entity. AZA, n = 19, 20, 68; other drugs,
n = 133, 42, 79 for GPA, MPA and EGPA, respectively. Statistical analysis was performed in (c) and (d) using Mann Whitney test. ns, not significant
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found in very old patients with an age > 70 years. This
finding is in line with the statement of two reviews con-
cluding that NK cell percentages and counts are in-
creased in the elderly [26, 27]. However, it needs to be
noted that, if present, correlations were overall weak or
borderline and differences between age groups were
small [28, 29]. In addition, some studies compared very
young to very old individuals (e.g., 21–30 years vs. 74–
96 years) [29, 30]. Therefore, even though there is a
chance that NK cell percentages and possibly counts
may be increased in the elderly, the variability of these
parameters – as described in the present study – rules
out conclusions from age on NK cell parameters.
Another aim of the study was to describe and compare

NK cell parameters in all three entities of AAV. No data
on NK cell counts and percentages were available in the
literature for MPA and EGPA so far. The type of retro-
spective analysis of data from AAV patients we used has
several limitations. One is the diverging numbers of
measurements per patient. Individual patients might be
over- or under-represented. However, NK cell parame-
ters were often variable within individual patients, so
that it was impossible to pick out one measurement per
patient without causing biases. The strengths of this
study lie in the huge number of measurements - it is the
largest published cohort on NK cell counts and percent-
ages in ANCA-associated vasculitides - and in its inde-
pendency from study conditions. Based on our data, we
conclude that NK cells are differently distributed in
AAV compared to healthy adults, with a tendency to-
wards more extreme values.
The most striking finding of the present study is the

association between azathioprine therapy and low blood
NK cells. The data suggest that azathioprine significantly
influences the NK cell compartment, possibly in a dose-
dependent manner. Low NK cell counts during azathio-
prine therapy were previously reported in patients with
inflammatory bowel disease [31, 32].
Some AAV patients had NK cell percentages below

1%, which may be interpreted as a secondary, numer-
ical NK cell deficiency in analogy to the definition of
primary NK cell deficiency. The latter is defined by
the inherited persistent lack of NK cells (< 1%) in ab-
sence of other NK cytopenia-inducing factors (and al-
ternatively by the lack of NK cell cytotoxicity against
K562 target cells) [33, 34]. Symptoms occur in child-
hood and are mainly caused by Herpes virus infec-
tions. Whether low NK cells predispose to viral
infections and/or tumors in AAV has not been inves-
tigated. However, in our previous study, we showed
that NK cell percentages correlated with the cytotox-
icity against K562 target cells [9], indicating that ex-
tremely low NK cells may be associated with a
reduced clearance of NK cell targets.

The relevance of low NK cells during azathioprine
therapy remains undefined; however, it may be interest-
ing to investigate in the future whether the reduction of
systemic NK cells contributes to the therapeutic effect of
this immunosuppressive drug. Even though not yet for-
mally proven in AAV, NK cells can be regarded as the
extended arm of an adaptive, antibody-mediated im-
mune response by virtue of their Fc-receptor CD16. NK
cells and antibody-producing B cells/plasma cells form a
functional group, with the common goal to eliminate an-
tigens or pathogenic cells [6, 10]. While B cell depletion
with rituximab is a highly efficient treatment in AAV pa-
tients, strategies to deplete Fc-receptor bearing cells
such as NK cells have so far not been in the focus of
clinical researchers.
Based on their physiologic functions as a first line bar-

rier against malignancies and infectious diseases [6], es-
pecially in the defense against herpes viruses [33], low
NK cells may be a risk factor for malignant diseases or
viral infections. Increased cancer risk in post-transplant
and possibly inflammatory disease patients treated with
azathioprine is a clinically relevant concern [35–37]. A
randomized controlled trial confirmed that azathioprine
increases the risk to develop warts and herpes simplex
infections in patients with inflammatory bowel disease
[38, 39]. It remains to be investigated whether these
azathioprine-intrinsic risks are in part due to low blood
NK cells, and whether low NK cells in AAV patients
treated with azathioprine are clinically relevant.
The third aim of the present study was to find out

whether NK cell percentages and/or counts can be used
to distinguish active from inactive GPA. While recom-
mendations prefer a strict definition of “remission” in
clinical trials - requiring a detailed evaluation of the pa-
tient (> 6months absence of symptoms, absence of in-
creased immunosuppression, low and stable doses of
prednisone) - [40], we here used an approach based
solely on the presence or absence of symptoms (BVAS =
0 vs. BVAS> 0). This approach was supposed to have the
highest clinical practicability, especially with respect to
treatment decisions which are based on the actual pres-
ence of symptoms. In contrast to the previous study [5],
in vasculitis center 1, NK cell counts and percentages
were not significantly different between active and in-
active disease (BVAS > 0 vs. BVAS =0). However, in vas-
culitis center 2, we observed higher counts in inactive
GPA, a finding similar to the previous study [5]. These
discrepancies in GPA may be explained by several fac-
tors, including different definitions and gating strategies
of NK cells between the pilot study and the present
study, different study populations between the vasculitis
centers, possible regional treatment habits, diverging im-
munosuppressive therapy, and different clinicians judg-
ing activity (BVAS), but also the fewer measurements in

Merkt et al. BMC Immunology           (2021) 22:26 Page 11 of 13



center 2. It is also known that environmental factors
have an impact on AAV [41]. However, we explicitly
waived these factors in the present evaluation of an asso-
ciation between NK cell parameters and AAV activity,
because these factors are, in their complexity, impossible
to be evaluated in retrospective analyses. The results
therefore allow the statement that in routine clinical
care, i.e. in an undefined cohort as met by treating phy-
sicians, CD3-(CD56 or 16)+ NK cells are currently not
helpful to exclude or include disease activity. Note-
worthy, the data presented here do not exclude a poten-
tial utility of other NK cell parameters like the
expression of surface molecules as biomarkers [9].

Conclusion
In conclusion, NK cells are highly variable in healthy
adults, especially in patients with systemic inflammatory
disease like AAV. Particularly low NK cell parameters in
azathioprine-treated patients warrant further clinical and
pathophysiological evaluation. Despite differences com-
pared to healthy controls, CD3-(CD56 or 16)+ NK cell
counts and percentages in AAV patients can presently
not be recommended as disease activity marker in “real
life” clinical practice.
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