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Sirs,

Microscopic polyangiitis (MPA) is included in anti-neutrophil cytoplasmic
antibody (ANCA)-associated vasculitis (AAV) (1, 2). In MPA patients, ANCA for
meyloperoxidase (MPO) is usually present in the serum. It is reported that patients with
AAV, including MPA, have an increased risk of thrombosis (3). However, it remains
elusive why AAV patients are prone to develop thrombosis.

After exhibition of phagocytic activity against invading microbes, neutrophils
undergo cell death. Neutrophils can then release chromatin fibers with decoration of
intra-cytoplasmic antimicrobial proteins, such as MPO, outside of the cells (4). This
process, called neutrophil extracellular traps (NETS), is an innate immune system to trap
and kill the microbes that survive phagocytosis. Interestingly, NETs have been detected
in the glomerular crescents of AAV patients regardless of the absence of infection (5, 6).
MPO-ANCA has shown to induce NETs on neutrophils independent of infectious
agents.

On the other hand, NETs are critically associated with thrombosis because
histones within NETSs can bind platelets and blood coagulants (7). Although the synergy
of antimicrobial and pro-thrombotic functions of NETs is valuable concerning the
inclusion of microbes in the NETSs, an excessive formation of NETs unexpectedly
causes thrombosis. Recently, Nakazawa et al. reported the abundant NETs formation in
the venous thrombus of a patient with MPA (6).

In the present study, the amount of NETs in the thrombus was compared
between MPA patients and controls. Autopsy materials from 3 MPA patients (M1-M3)
and 3 controls (C1-C3) were applied. M1 is a 79-year-old male with MPA, who died of
pulmonary thromboembolism. M2 is a 71-year-old male with MPA, who died of sepsis
due to Candia albicans and Pseudomonas aeruginosa. M3 is a 73-year-old female with

MPA, who died of sepsis due to methicillin-resistant Staphylococcus aureus. C1 is a



49-year-old male with lung adenocarcinoma, who died of disseminated intravascular
coagulation. Autopsy revealed thrombus in the inferior vena cava. C2 is a 51-year-old
male with acute myocarditis, who died of diffuse alveolar damage. Autopsy revealed
thrombus in the superior vena cava. In C1 and C2, acute splenitis suggested the
presence of sepsis. C3 is an 83-year-old female with diffuse large B cell lymphoma,
who died of pulmonary thromboembolism. Severe alveolar pneumonia was present in
C3. Immunohistochemistry for citrullinated histone 3 (Cit H3) was conducted on
specimen sections with thrombi. Since citrullination of histones is an essential process
for generation of NETs (8), this method accurately reflects the amount of NETs (6).
Results demonstrated that the amount of NETs in thrombus was significantly greater in
MPA patients than controls (Figure 1). The collective evidences suggest that
MPO-ANCA induces excessive NETs, and the excessive NETs induce thrombosis in
MPA patients.

Under physiological condition, NETs are adequately digested by serum DNase
I (9). Therefore, it seemed likely that the amount of NETSs in the thrombus was kept in a
relatively low level in controls, though infection was present in these patients. On the
other hand, the large amount of NETs in the MPA thrombus regardless of presence or
absence of infection suggested the high ability for NETs induction by MPO-ANCA
and/or low ability for NETs degradation by DNase I in MPA patients. Although further
studies are needed to clarify the disorders of NETs formation and regulation in MPA
patients and if the feature is specific to MPA among autoimmune diseases, this study has
demonstrated that NETs could link MPA and thrombosis. Since the excessive NETSs are
involved not only in thrombogenesis, but also in production of MPO-ANCA and
subsequent development of MPA (10, 11), active regulation of NETs could be a

promising strategy to treat MPA, as well as thrombosis complicated with MPA.



References

1. TALARICO R, BALDINI C, DELLA ROSSA A et al.: Systemic vasculitis: a
critical digest the recent literature. Clin Exp Rheumatol 2013; 1 Suppl 75: S84-8.

2. JENNETTE JC, FALK RJ, BACON PA et al.: 2012 revised International
Chapel Hill Consensus Conference Nomenclature of Vasculitides. Arthritis Rheum
2013; 65: 1-11.

3. STASSEN PM, DERKS RP, KALLENBERG CG et al.. \enous
thromboembolism in  ANCA-associated vasculitis--incidence and risk factors.
Rheumatology (Oxford) 2008; 47: 530-4.

4. BRINKMANN V, REICHARD U, GOOSMANN C et al.: Neutrophil
extracellular traps kill bacteria. Science 2004; 303: 1532-5.

S. KESSENBROCK K, KRUMBHOLZ M, SCHONERMARCK U et al.: Netting
neutrophils in autoimmune small-vessel vasculitis. Nat Med 2009; 15: 623-5.

6. NAKAZAWA D, TOMARU U, YAMAMOTO C et al.: Abundant neutrophil
extracellular traps in thrombus of patient with microscopic polyangiitis. Front Immunol
2012; 3: 333.

7. FUCHS TA, BRILL A, DUERSCHMIED D et al.: Extracellular DNA traps
promote thrombosis. Proc Natl Acad Sci USA 2010; 107: 15880-5.

8. LI P, LI M, LINDBERG MR et al.: PAD4 is essential for antibacterial innate
immunity mediated by neutrophil extracellular traps. J Exp Med 2010; 207: 1853-62.

Q. HAKKIM A, FURNROHR BG, AMANN K et al.: Impairment of neutrophil
extracellular trap degradation is associated with lupus nephritis. Proc Natl Acad Sci
USA 2010; 107: 9813-8.

10. NAKAZAWA D, TOMARU U, SUZUKI A et al.: Abnormal conformation and

impaired degradation of propylthiouracil-induced neutrophil extracellular traps:



implications of disordered neutrophil extracellular traps in a rat model of
myeloperoxidase antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis
Rheum 2012; 64: 3779-87.

11. NAKAZAWA D, TOMARU U, ISHIZU A. Possible implication of disordered
neutrophil extracellular traps in the pathogenesis of MPO-ANCA-associated vasculitis.

Clin Exp Nephrol 2012; doi: 10.1007/s10157-012-0738-8.



HE * 3k
100
M3
2 80 . M1
Cit H3 S
o o W
5 60
(]
{ et ks
™
T 40
HE =
O
1
20 - z o
+ 3
Cit H3 0 ;
MPA Control

Figure 1. Cit H3" neutrophils in thrombus

Formalin-fixed paraffin-embedded sections with thrombi were allowed to react with
1:100 dilution of anti-Cit H3 antibody (Abcam, Tokyo, Japan) for 60 min at room
temperature.  Immunohistochemistry ~was performed by the conventional
labeled-streptavidin biotin method. The Cit H3" cells in fresh thrombi were counted,
and then the data was standardized by the number of neutrophils in the serial section
with hematoxylin and eosin (HE) staining. (A) Representative figures are shown.
M1-M3 and C3: thrombus in pulmonary artery. C1: thrombus in inferior vena cava. C2:
thrombus in superior vena cava. Original magnification x200. (B) Comparison of the
rate of Cit H3" neutrophils between MPA patients and controls. Closed and open circles
represent the presence and absence of infection, respectively. **p<0.01 in Student’s
t-test.



