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Abstract
In response to antineutrophil cytoplasmic antibody (ANCA), activated neutrophils release decon-
densed chromatin associated with cytoplasmic granular proteins composed of proteolytic
enzymes and myeloperoxidase (MPO); these complexes are named neutrophil extracellular traps
(NETs). NET formation requires peptidylarginine deiminase 4 (PAD4) to citrullinate chromatin his-
tones and also MPO and neutrophil elastase to aid in decondensation and release of chromatin.
Immunostaining of renal biopsy revealed that NET components of citrullinated histone, MPO and
PAD4 were concurrently deposited both around fibrinoid necrosis in necrotizing glomerulonephritis
in the early focal phase of ANCA-associated polyangiitis and along an interlobular arterial wall.
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Background

Antineutrophil cytoplasmic antibodies (ANCAs) are gener-
ated mostly against myeloperoxidase (MPO) and protein-
ase 3, and are associated with systemic small-vessel
vasculitis. ANCA-associated vasculitis (AAV) is an auto-
immune disease [1]. In renal tissue, fibrinoid necrosis
mainly occurs as a segmental lesion, representative of
vasculitis of the glomerular capillaries and interlobular
arteries [2]. In vitro and animal studies have given
compelling evidence that ANCA interacts with and acti-
vates cytokine-primed neutrophils to cause endothelial
damage. Whether ANCA acts on the site of the necrotizing
lesions remains unanswered. Recently, NETosis, a unique
type of cell death of neutrophils, has been discovered. It is
characterized by the active release of chromatin fibers, so-
called neutrophil extracellular traps (NETs) that trap and
kill invading microbes [3]. The unfolded chromatin is com-
plexed with bactericidal proteins (e.g. proteinases and
MPO) [3]. Kessenbrock et al. [4] noted ANCA-dependent
NET formation and deposition of NETs in the small-vessel
vasculitis-inflamed kidney. For NET formation, nuclear lo-
calizing peptidylarginine deiminase 4 (PAD4)-mediated
histone citrullination is associated with chromatin decon-
densation and release [5–8]. We investigated the associ-
ation of NEToccurrence with the foci of MPO-AAV. Here, we
describe concurrent presentations of the NET components
of citrullinated histone, PAD4 and MPO around fibrinoid
necrotic foci in a glomerulus and along an interlobular ar-
terial wall with the focal class of MPO-ANCA-associated
glomerulonephritis [9].

Case report

A 70-year-old man who had a low-grade fever was treated
with antibiotics and a nonsteroidal anti-inflammatory
drug. About 1 week after a fall, general malaise and per-
ipheral edema appeared. He was admitted to our renal de-
partment and his condition was diagnosed as rapidly
progressive glomerulonephritis. He had no family history of
kidney disease. Physical examination findings included the
following: height 160 cm; weight 45 kg; body temperature
37.2°C; blood pressure 137/72 mmHg; edema present in
both of the lower legs. The rest of the physical examination
was unremarkable. A further clinical workup indicated
kidney failure with MPO-ANCA-positive vasculitis, sup-
ported by the following laboratory data: serum creatinine
2.19 mg/dL (200 µmol/L), eGFR 23.7 (mL/min/1.73 m2);
eGFR (mL/min/1.73 m2) = 194 × serum creatinine−1.094 ×
age−0.287) [10] urea nitrogen 48.0 mg/dL (19 mmol/L),
C-reactive protein 7.39 mg/dL, MPO-ANCA 276 EU (refer-
ence <20 EU), negative serologic tests for PR-3-ANCA and
anti-glomerular basement membrane antibodies, and uri-
nalysis showed protein (+) and blood (3+). Microscopic
examination of urine showed numerous erythrocytes and
casts. A percutaneous kidney biopsy was performed 1 day
after the admission. In light microscopy, 15 glomeruli were
included. The renal specimen shows a fibrinoid necrosis
with cellular crescent and apoptosis-like appearance of
neutrophils (Figure 1A). Then, the serial sections were im-
munostained for citrullinated histone using anti-citrulli-
nated histone H3 peptide antibodies [8], for MPO using an
antiserum against MPO and for PAD4 using anti-PAD4
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antibodies in a coupled reaction with peroxidase-conju-
gated goat anti-rabbit IgG antibodies (Figure 1B–D). Strong
positivities for citrullinated histone, MPO and PAD4 were
distributed throughout the foci. The three antibodies were
recognized to be distributed in cytoplasmic and extracellu-
lar sites, as well as the nuclei of the cells of the foci. More
exactly, double immunofluorescence staining of the
section revealed the codistribution of significant signals of
MPO and citrullinated histone in the fibrinoid necrosis of
the cellular crescent in the lesion (Supplementary Figure
S1). The three other glomeruli with fibrocellular crescents
showed no immunostaining for citrullinated histione, MPO
and PAD4 (Figure 2). In the 11 glomeruli showing only
minor abnormalities, almost no signals were found
throughout the sections. The other view field of the sec-
tions exhibited a typical fibrinoid necrosis of the interlobu-
lar artery (Figure 3A). Some immunostains for citrullinated
histone, MPO and PAD4 were distributed in the extracellular
and cytoplasmic sites, as well as in the nuclei, of the cells
throughout the lesion (Figure 3B–D). More directly, double
immunofluorescence staining of the section indicated the
codistribution of MPO and PAD4 in the fibrinoid necrosis of
the interlobular artery (Supplementary Figure S2). MPO-
AAV was recognized as belonging to the focal class,
according to the histopathologic classification [9]. No im-
munoglobulin or complement deposition was found. Im-
munostaining of renal biopsy sections from a patient with
anti-glomerular basement membrane glomerulonephritis
revealed no signals of PAD4, citrullinated histone and MPO
in the cellular crescent of glomerulus in the lesion (Sup-
plementary Figure S3). The occurrence of NET components
is likely to be specific for a type of renal disease.

First, the patient received steroid pulse therapy con-
sisting of a series of three intravenous infusions of 1 g
methylprednisolone plus 40 mg/day oral prednisolone for
30 days, and then (for induction therapy) 50 mg/day oral

cyclophosphamide. After 60 days, the patient successfully
entered into complete remission, as evidenced by the fol-
lowing laboratory findings: serum creatinine 0.62 mg/dL
(60 µmol/L); eGFR 80.5 (mL/min/1.73 m2); C-reactive
protein 0.2 mg/dL, MPO-ANCA 20 EU (reference < 20 EU)
and urine protein (−) and blood (−). He has remained in re-
mission for 3 years without intermittent relapse.

Immunohistochemistry and double
immunofluorescence staining

Sections (2 μm thick) of paraffin-embedded tissue from
the renal biopsy were prepared. For antigen retrieval, the
sections were microwaved in boiling 10 mM citrate buffer
(pH 6.5) for 3 min three times at 1-min intervals and then
cooled to room temperature. Endogenous peroxidase was
blocked with 3% H2O2 in water for 5 min at room tempera-
ture. The sections were immunostained with the following
antibodies: 1 μg/mL rabbit anti-human PAD4 IgG [11] in
phosphate-buffered saline (PBS) including 0.1% Tween 20
and 1% bovine serum albumin (BSA) and incubated over-
night at 4°C, rabbit antiserum against human MPO [12]
diluted 1:8000 in PBS including 0.1% Tween 20 and 1%
BSA and incubated for 2 h at room temperature, 0.2 μg/
mL rabbit anti-citrullinated histone (Abcam, rabbit poly-
clonal Cit H3 to histone H3: citrulline 2+8+17, -ChlP grade)
in PBS including 0.1% Tween 20 and 1% BSA and incu-
bated overnight at 4°C. The bound rabbit antibody was de-
tected using a peroxidase-labeled polymer conjugated to
goat anti-rabbit and goat anti-mouse IgG (Envision kit/
HRP; DAKO) for 30 min at room temperature and a diami-
nobenzidine substrate for 10 min at room temperature.
For counterstaining, specimens were immersed in a sol-
ution of Mayer’s hematoxylin for 1 min at room

Fig. 1. Immunomicrograph of fibrinoid necrosis of the cellular crescent with the early focal phase of MPO-ANCA-associated glomerulonephritis.
Consecutive sections of a renal biopsy from a patient with MPO-AAV were stained with periodic acid-Schiff, and immunostained with anti-PAD4 IgG, anti-
citrullinated histone IgG and antiserum against MPO. (A) Periodic acid-Schiff stain; (B) PAD4 stain; (C) citrullinated histone stain; (D) MPO stain. Note that
the signals appear concurrently with PAD4, citrullinated histones and MPO, distributed in fibrinoid necrosis of the cellular crescent. A–D: ×20.
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temperature, and then mounted with Malinol medium
(Muto Pure Chemicals Co., Ltd.).

For double immunofluorescence staining, the sections
were prepared in the same way as described above and
were treated with the solution containing 5% donkey

serum and 1% BSA in PBS-0.01% Tween 20 for 1 h at room
temperature. They were immunostained with the mixture
of 25 µL of 1 µg/mL rabbit anti-human PAD4 IgG in PBS in-
cluding 1% BSA, and 25 µL of 1 µg/mL mouse anti-human
MPO monoclonal antibody 3-2H3 [11, 13] in PBS including

Fig. 2. Immunomicrograph of a fibrocellular crescent with the early focal class of MPO-ANCA-associated glomerulonephritis. The view field of fibrocellular
crescent for the sections described in Figure 1 is shown. (A) Periodic acid-Schiff stain; (B) PAD4 stain; (C) citrullinated histone stain; (D) MPO stain. No
signals for PAD4, citrullinated histones and MPO in fibrocellular crescent were found. A–D: ×20.

Fig. 3. Immunomicrograph of fibrinoid necrosis of the interlobular artery with the early focal class of MPO-ANCA-associated glomerulonephritis. The view
field of necrotizing interlobular artery is shown for the sections described in Figure 1. (A) Periodic acid-Schiff stain; (B) PAD4 stain; (C) citrullinated histone
stain; (D) MPO stain. The signals appear concurrently with PAD4, citrullinated histones and MPO, distributed in fibrinoid necrosis of the interlobular artery.
A–D: ×20.

310 M. Yoshida et al.



1% BSA overnight at 4°C or with the mixture of 25 µL of
0.2 µg/mL rabbit anti-human citrullinated histone in PBS
including 1% BSA and 25 µl of 1 µg/mL mouse anti-
human MPO monoclonal antibody overnight at 4°C and
then the bound antibodies were detected by incubation
with the mixture of 25 µL of 10 µg/mL Alex Fluor 594-
labeled donkey anti-rabbit IgG (Invitrogen), and 25 µL of
10 µg/mL Alex Fluor 488-labeled donkey anti-mouse IgG
(Invitrogen) for 60 min at room temperature. DNA was
stained with 0.17 µg/mL Hoechst 33342 for 5 min at room
temperature. The sections were mounted by coverslips
using a Prolong Gold antifade reagent (Life technologies).
Immnofluorescence detected was displayed in pseudo-
color.

Discussion

On the basis of the immunostaining results, this work pro-
vided convincing evidence for the concurrent appearance
of NET components of citrullinated histone, MPO and PAD4
in necrotizing lesions of the early focal phase of ANCA-
associated polyangiitis. In NET, neutrophil elastase and
MPO cooperatively enhance chromatin decondensation,
leading to cell rupture and NET release [13]. MPO com-
ponent acts cell-autonomously and in part contributes to
host defense for innate immunity [14]. Kessenbrock et al.
[4] noted netting neutrophils and the deposition of NETs
in small-vessel vasculitis-inflamed kidney. These findings
together give further evidence for the hypothesis that
netting neutrophils [5, 14, 15] are responsible for vessel
wall damage in AAV syndromes, characterized by fibrinoid
necrotic lesions. As shown in Figures 1 and 3, immunos-
taining of sections of kidney biopsy highlighted the spon-
taneous deposition of the NET components of citrullinated
histone, PAD4 and MPO in fibrinoid necrotic lesions con-
sisting of cellular crescents with many apoptosis-like neu-
trophils and fibrinoid necrotic lesions of interlobular
arterial walls. However, some signals of citrullinated his-
tones, MPO and PAD4 are not always simultaneously
found in both the glomerular capillary tuft and the inter-
lobular artery, suggesting that degradation of NET com-
ponents in the lesion may occur in a different way and at
a different rate. The NET components sustained in the
lesions might be involved in developing further immuno-
genic responses. In particular, MPO could act as an auto-
antigen in acquired immune response and in innate
immunity. To date, no measurable immune complex of
MPO has been observed in the kidney tissue in cases of
MPO-AAV. This means that NET components should be
rapidly cleared. As for substantial NET involvement in sys-
temic lupus erythematosus, delayed clearance of NET is
associated with development of lupus nephritis and with
the onset of the disease early in childhood [16, 17]. The
rate of NET formation in vitro is stimulated by ANCAs. In
addition, MPO-ANCAs of individuals have recognition prop-
erties with several epitopes of MPO and also different affi-
nities for MPO [18, 19]. Recently, Nakazawa et al. reported
that NETs are involved in the pathogenesis of thrombosis,
in a patient with microscopic polyangiitis [20]. Determin-
ing whether NEToccurrence in lesions of AAV is associated
with MPO-ANCAs or not will require further research.

In summary, we report that the NET components of ci-
trullinated histone, PAD4 and MPO appear concurrently in
fibroid necrosis of both the glomerular capillary tuft and

the interlobular artery from a kidney biopsy classified as a
focal class from patients with MPO-ANCA-associated glo-
merulonephritis.

Supplementary data

Supplementary data is available online at http://ckj.
oxfordjournals.org.
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