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Abstract

We provide an overview of anti-neutrophil cytoplasmatic auto an-
tibodies (ANCA)-associated vasculitis, in which we present the most
recent information regarding different forms of vasculitis, with a spe-
cific focus on ANCA-associated small vessel vasculitis. After examining
the role of ANCA in the development of ANCA-associated vasculi-
tides, the standard treatment strategies and a number of new possible
treatments—rituximab, TNF-a antagonists, and endoglycosidase—are
detailed, along with their benefits and drawbacks. We argue that rit-
uximab is a suitable alternative to standard therapy, while studies and
treatments involving TNF-«a antagonists, especially etanercept, seem
less convincing. Although research into the workings and effects of
endoglycosidase are still at an early stage, using EndoS may well be
an effective new strategy in treating ANCA-associated vasculitis and
other (auto) antibody-mediated diseases.
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1 Introduction

This paper presents a systemic overview of the auto-immune disease called
anti-neutrophil cytoplasmatic auto antibodies (ANCA )-associated vasculitis,
in which we discuss what is currently known about this disease and provide
a detailed review of current and possible future treatments. This paper is
structured as follows. In Section [2| we outline the most recent information
regarding the different forms of vasculitis, with a particular focus on small
vessel vasculitis and an examination of the role of ANCA in the development
of ANCA-associated vasculitides. Section [3| presents the standard treatment
strategies and discusses their benefits and shortcomings, followed by a dis-
cussion of new possible treatments. The prospectives for these treatments
are discussed in Section @l Section [B] concludes.

2 Vasculitides

2.1 Systemic vasculitides

Vasculitis is a non-specific term for many different disorders; they are all
defined by inflammation of the vessel walls in which leukocytes are present
(Figure[l). Any of the body’s blood vessels can be affected, including arter-
ies, arterioles, capillaries, venules and veins.
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Figure 1: Histological examples of different forms of vasculitis. Source:
Jennette (1997).

There are various forms of vasculitis and the pathogeneses of these dis-
eases are not yet completely understood. Some vasculitides cause systemic
inflammation in multiple sites in the human body, whereas other types only
cause vessel inflammation in specific organs. Because different sites of the



vascular system can be affected, vasculitis presents itself in many different
forms. Inflammation of the vessel wall may lead to increased permeability,
stenosis, aneurysms formation, hemorrhage and formation of thrombosis
(Langford, 2010). Inflammation often leads to necrosis of the blood vessel
walls and sometimes even to necrosis of surrounding tissue, often resulting
in dangerous conditions.

Although the causes of vasculitis are not yet fully known, vasculitides are
generally divided into two groups: primary and secondary vasculitis. Pri-
mary vasculitis involves an unknown cause of the onset of the inflammation.
Secondary vasculitis is provoked by an infection, a toxin, a drug or takes
place as part of another inflammatory disorder or cancer (Fries et al., 1990;
Langford, 2010).

2.2 Classification

Kussmaul and Maier] were the first to describe a form of vasculitis called
polyarteritis nodosa. Their description of the affected arteries is “cord-like
arteries with frequent nodular protrusions” (Kussmaul and Maier| 1866)).
Due to the increased use of light microscopy, it was found that not only
arteries but also venules, capillaries and small arterioles are sensitive to vas-
culitis. |Wegener| described vasculitis involved in the arterial system and the
kidneys, which later became known as Wegener’s disease (Wegener, [1939)).

Over the years, many different forms of vasculitis have been discovered,
resulting in various possibilities to classify them. The American College of
Rheumatology has classified vasculitis based on data derived from patients
with fully developed classic diseases, such as histopathological findings and
clinical symptoms. Definitions for various vasculitides based on the size of
the vessels that are involved have been proposed at the International Con-
sensus Conference in 1994 (Figure[2). Vasculitis in the large vessels includes
diseases such as Takayasu’s arthritis and Giant cell (temporal) arthritis.
Medium sized-vessel vasculitis includes polyarteritis nodosa and Kawasaki’s
disease. Small-vessel vasculitis includes microscopic polyangiitis, Wegener’s
granulomatosis, essential cryoglobulinemic purpura and Churg-Strauss syn-
drome (allergic granulomatous angiitis) (Jenette et al., |1994).

The pathogenesis of the diverse vasculitides varies. In large vessels, such
as the aorta, inflammation occurs in numeral disorders which share their
pathogenic pathways. A cellular immune response takes place, involving
antigen-presenting cells, macrophages and T cells. Medium and small vessel
vasculitis differ in their pathogenesis. Some of them are characterized by
high levels of immune complexes, e.g. Henoch-Schonlein purpura is accom-
panied by high levels of immunoglobuline A (Figure . Another group
of vasculitides is called pauci-immune vasculitides, which are characterized
by the presence of auto antibodies against neutrophil cytoplasmatic com-
ponents, known as anti-neutrophil cytoplasmatic auto antibodies (ANCA).
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Figure 2: Classification of the systemic vasculitides. Source: Jenette et al.

(1999)

The amount of immunogloblin deposition at the site of the inflammation in
pauci-immune vasculitides is small. An example of ANCA-associated vas-
culitis is Churg-Straus syndrome (Figure (Kallenberg et al.,[1994). The
remainder of this paper focuses on a specific group of vasculitides—small
vessel vasculitis—which is associated with the presence of ANCA
land Goronzy, [2003).

2.3 ANCA-associated vasculitis

Diseases involving ANCA-associated vasculitides are: Wegener’s granulo-
matosis (WG), Churg-Strauss syndrome (CSS) and microscopic polyangiitis
(MPA). These are progressive inflammatory autoimmune diseases mainly af-
fecting small blood vessels (Morgan et al., 2006). Neutrophils infiltrate the
capillaries, arterioles and venules in the skin and kidneys and in the alveoli
of the lungs, leading to widespread hemorrhage. This subsection presents
an overview of these diseases and discusses their histopathological findings
and ANCA levels.

2.3.1 Histopathological findings

Wegener’s disease often involves the upper and lower airways. Pulmonary
symptoms are found in 60-80 percent of patients. The patients’ most com-



(a) Purpura caused by SVV, in(b) Skin rashes caused by CSS.
this case Henoch-Schonlein.

Figure 3: Histological examples of different forms of vasculitis. Source:
[Farid-Moayer and Lowe| (2009).

mon manifestations are coughing up of blood or bloody sputum (hemop-
tysis), pulmonary hemorrhage and inflammation of the pleura (pleuritis).
Histological features of lung biopsies from patients regularly show granulo-
matous inflammation and necrosis (Figure [4a)).

The kidneys are also involved with Wegener’s granulomatosis. Renal
involvement is mostly manifested by acute renal failure. Renal illness is
diagnosed in 18 percent of patients at the outset of the disease, but 77 per-
cent develop glomerulonephritis at a later stage (Fauci et al., (1983} Hoffman|
. Microscopic polyangiitis shares many characteristics with WG.
The kidneys are perpetually affected and the pulmonary tract is also often
involved. MPA and WG have comparable features on renal histology, for
example a focal necrotizing and pauci-immune glomerulonephritis
1955).

In patients with WG or MPA, circulating ANCA leads to inflammation
in the kidneys. Histological images of the kidney show an infiltrate of in-
flammatory neutrophils, focal and necrotizing, crescentic glomerulonephritis
and segmental glomerular necrosis reflecting a glomerular capillaritis (Figure
. This is commonly known as necrotizing and crescentic glomerulonephri-
tis (NCGN) (Hauer et al. [2002). Rapidly progressive glomerulonephritis
and the progression to the following end-stage of renal failure are caused by
vasculitis in 80 percent of the cases (Jayne et all |1990; Falk et al., 2000)).

Churg-Strauss syndrome mainly involves the blood vessels in the lungs.
The granulomas in the lungs in CSS, also called allergic granulomas, typi-
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Figure 4: Biopsies from WG patients. Source: |Sarraf and Sneller| q2005D.

cally involves borders of keratin, histiocytes (macrophages) and multinucle-
ated giant cells surrounding a central necrotic zone consisting of the necrotic
eosinophils (Figure [5 and [La)). CSS often starts with severe asthma with 97
percent of patients, later affecting the gastrointestinal tract, cardiovascu-
lar system and the skin’s blood vessels (Figure [3D]). Peripheral nerves are
affected more severely under CSS compared to MPA and WG, but renal
disease occurs less frequently, while NCGC is most commonly found.

2.3.2 Myeloperoxidase and proteinase 3

ANCA-associated vasculitis is typically characterized by the presence of
ANCA. The two most common forms of ANCA are myeloperoxidase (MPO)
and proteinase 3 (Pr3), which are associated with different forms of pauci-
immune vasculitis. Anti-myeloperoxidase antibodies (MPO-ANCA) are pre-
dominantly found in MPA and CSS, whereas ANCA directed to proteinase 3
(PR3-ANCA) are detected mainly in WG. Both PR3 and MPO are situated
in the peroxidase-positive lysosomes of monocytes and in the azurophilic
granules of neutrophils.

Special tests have been developed to detect and illustrate the presence
of ANCA. First, immunofluorescence staining of ethanol-fixed neutrophils is
used to detect the cytoplasmic pattern of c-:ANCA or the perinuclear pat-
tern of p-ANCA. Sera containing PR3-ANCA cause a cytoplasmic pattern
of neutrophil staining, a ¢-ANCA pattern. Sera containing MPO-ANCA,
however, lead to a perinuclear, p-ANCA pattern of staining. After im-
munofluorescense staining, enzyme-linked immunosorbent assay (ELISA) is
used. ELISA is used to check for antibodies specific to the autoantigens PR3
and MPO, to determine whether these correlate with the c- and p-ANCA
patterns (The Merck Manual, 2005)). See Figure [6]
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Figure 5: Allergic granuloma in a CSS patient. Source: |Hernandez| q2009[).

More than 90 percent of patients with active Wegener’s granulomatosis
have ANCA in the serum 2009). Most patients with Wegener’s gran-
ulomatosis have c-ANCA, characterized by autoantibodies directed against
PR3; only 10 percent have p-ANCA directed against MPO. Approximately
60 percent microscopic polyangiitis patients are ANCA positive, mainly in-
volving MPO-ANCA. Only a few patients have PR3-ANCA
1999). In Churg-Strauss patients, MPO-ANCA are detected in approxi-
mately 40 to 60 percent, while less than 5 percent have PR3-ANCA
land Beynon, 2000). In idiopathic crescentic glomerulonephritis, 64 percent
of the patients show ANCA-MPO and 30 percent show PR3-ANCA. Pauci-
immune small vessel vasculitis (SVV) is very similar to ANCA-associated
small vessel vasculitis, though it should be noted that some pauci-immune
SVV patients are ANCA negative.

2.4 Are ANCAs pathogenic?

The pathogenesis of progressive inflammatory ANCA-associated vasculitis
still has many unanswered questions. The presence of anti-MPO antibodies
boosts the inflammatory reaction, probably because they can activate neu-
trophils and start an autoimmune response. Activation of these neutrophils
leads to an increased inflammatory response and adhesion to endothelial
cells, causing endothelial cell damage (Falk and Jennette, 2010). But what
proves the pathogenecity of PR3-ANCA and MPO-ANCA?

The direct pathogenic role of MPO-ANCA and PR3-ANCA is observed
in several in vitro and in vivo studies. The interaction of ANCA with neu-




(a) Stained neutrophils of an active Wegener’s(b) Sample of patient with ANCA-MPO, which
patient with PR3-ANCA, showing a granular,shows a perinuclear staining pattern, p-ANCA.

c-ANCA, fluorescent pattern.

Figure 6: Examples of ANCA after immunofluorescense staining. Source:
[Kallenberg et al. (2006).

trophils and endothelial cells causes endothelial damage. After activation
by, for example TNF-«, neutrophils degranulate and express MPO and PR3
on their surface and release proinflammatory molecules such as oxygen rad-
icals, cytokines and other enzymes. This process is demonstrated in various
in vitro studies (Heeringa et al., [1996; [Kallenberg et al. 2006; Falk et al.|
[1990). In vitro studies show that neutrophil activation by ANCA is medi-
ated by the FC-receptor and the binding of ANCA Fab’2 to the antigens at
the surface of neutrophils (Mulder et al., [1994).

There is also evidence that MPO-ANCA has a pathogenic effect in vivo.
In the past decades, several animal models have been introduced and devel-
oped, but all of them have had limitations. Xiao et al.| (2002, 2005) have
been able to develop a mouse model which provides direct and convincing
evidence that MPO-ANCA can cause pauci-immune glomerulonephritis and
vasculitis in mice. By immunization of MPO-deficient mice with murine
MPO, this leads to the development of antimurine MPO antibodies. NCGN
is then induced in approximately 80 percent of the glomeruli by passive
transfer of splenocytes, including anti-MPO B cells, from MPO—/— mice
that have been immunized with murine MPO in Rag2—/— immune deficient
mice (Figure [7)). [Xiao et al| (2005)) report that the development of NCGN
in this experimental model is accompanied by glomerular accumulation of
neutrophils and macrophages. When they depleted neutrophils with NIMP-
R14 rat monoclonal antibodies from the circulation, this resulted in complete
protection from anti-MPO IgG-induced NCGN. These findings point to a
very important role of neutrophils in the pathogenesis of NCGN.
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Figure 7: Strategy for inducing a mouse model of anti-myeloperoxidase
(MPO)-associated glomerulonephritis and vasculitis, including pulmonary
capillaritis. 1. Myeloperoxidase-deficient mice (MPO—/—) are immunized with murine
MPO (muMPO) or bovine serum albumin (BSA). 2. Splenocytes or immunoglobulin
G (IgG) are obtained from immunized MPO—/— mice. 3. Adoptive transfer of BSA+
splenocytes into RAG2—/— or passive transfer of BSA+ IgG into RAG2—/— or wild type
mice induces no disease. 4. Adoptive transfer of muMPO+ splenocytes into RAG2—/—
or passive transfer of muMPO+ IgG into RAG2—/— or wild type mice induces vasculitis

and necrotizing crescentic glomerulonephritis. Source: (2004)).

The pathogenic role of PR3-ANCA is found in in vitro studies, but not
in in vivo experiments. However, WG patients have elevated proportions of

membrane PR3-positive neutrophils that are associated with an increased
frequency of relapse (Witko-Sarsat et al., [1999; [Schreiber et al., [2003).

2.4.1 ANCA’s pathogenic effect

Although the pathogenic effect of ANCA on vasculitis is not fully known,
several elements have been identified that can be associated with the mech-
anism of these diseases. The pathogenic role of ANCA is supported by
a number of findings. First, two drugs, propylthiouracil and hydralazine,
stimulate ANCA and necrotizing glomerulonephritis and vasculitis
lcock and Weatherall, [1981; (Griswold et al.,[1978). Second, increased ANCA
titers can indicate sickness relapses (Boomsma et all, 2000). Third, a new-
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born developed glomerulonephritis after birth from a mother with MPO-
ANCA-associated polyangiitis. The newborn apparently developed glomeru-
lonephritis by transferred MPO-ANCA (Schlieben et al., 2005; Bansal and
Tobin, 2004). This implies that ANCA has a pathogenic role.

2.4.2 Current understanding of the pathogenesis

The current understanding regarding the pathogenesis of ANCA-associated
small vessel vasculitis is that neutrophils are primed by cytokines and chemo-
kines, from a local or systemic infection or from the expression of endothelial
adhesion molecules (see Figure . This priming results in the up regulation
of the expression of neutrophil adhesion molecules and the translocation of
the ANCA antigens to the cell surface. The dimers of the antigen-binding
fragment of ANCA IgG (F(ab’)2) bind with ANCA antigens on the mem-
brane. Now the ANCA Fc tail binds to expressed Fecy receptors (FcyR),
FcyRlIla, and FeyIIIb (Falk et al., [1990; Heeringa et al., 2005; Mulder et al.)
1994; Porges et al.l [1994). These bindings activate neutrophils and lead to
increased transmigration and adherence of neutrophils to vessel walls. The
ANCA-mediated neutrophil activation also provokes production of reactive
oxygen radicals and leads to possible neutrophil degranulation. The release
of proteolytic enzymes leads to a serious inflammation throughout the ves-
sel wall, called vasculitis. The inflammation may eventually lead to organ
damage (reviewed by Van Timmeren et al.| (2009)).

2.5 Origin of ANCA

Which factors contribute to the formation of ANCA, how are they pro-
duced, and why? There are several hypotheses about the initiating factor
of ANCA production. The first factor is exposure to silica in the environ-
ment; this often leads to ANCA-associated glomerulonephritis (Gregorini
et al., |1997)). Secondly, microbial infections such as S.aureus, S. maltophilia
and H. influenzae have been linked with the beginning of ANCA-associated
systemic vasculitis. The presence of lipopolysccharide (LPS) on the outer
membrane of these bacteria probably leads to inflammation. The infections
are easily treatable with antibiotics to prevent e.g. relapses (Park et al.
2004; |Boudewyns et al., |2001)). Genetic predisposition is the third hypoth-
esis. This is a broadly accepted theory because there are several described
familial cases of ANCA-associated vasculitis (Nowack et al., [1999). Using
the thyroid drug propylthiouracil is the fourth cause of increasing ANCA
levels, which can lead to vasculitis (Dolman et al.,[1993). The last hypothe-
sis regarding the onset of ANCA-associated vasculitis is the parvovirus B19,
although supporting evidence is not yet convincing (Finkel et al.l [1994).
The next question that comes to mind is: what is the underlying cause
of the immune response against ANCA? Until now, three theories have been

11
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Figure 8: Representation of ANCA-mediated neutrophil responses that are
putatively involved in the pathogenesis of ANCA-associated small vessel
vasculitis. (a) Neutrophils are primed by cytokines and chemokines (e.g. tumor necro-
sis factor). (b) By priming the up regulation of the expression of neutrophil adhesion
molecules and the translocation of the ANCA antigens to the cell surface is induced. (c)
Activated neutrophils cause increased transmigration and adherence of neutrophils to ves-
sel walls. (d) Activated ANCA-mediated neutrophils release oxygen radicals and possibly
causes neutrophil degranulation. Proteolytic enzymes, released by this process, can lead
to vasculitis. Source: [Heeringa et al. (2005).

put forward about the origin of the ANCA immune response. The first
theory is that neutrophils may be surrounded by neutrophil NETs, which
leads to an autoimmune response due to a high content of PR3 and MPO
(Kessenbrock et al., [2009)). The second theory, autoantigen complementary,
assumes that a protein complementary to human autoantigen PR3 triggers
an ANCA immune response (Pendergraft et al.,|2004). The third, and until
now, last theory regarding the genesis of ANCA disease is the association
with antibodies to lysosome-associated membrane protein 2 (LAMP-2). In
patients with both PR3-ANCA and MPO-ANCA, it has been observed that
they have antibodies to LAMP-2. In vitro it has been showed that LAMP-2
is capable of causing endothelial damage and neutrophil activation. An-
tibodies to LAMP-2 peptides are also capable of inducing NCGN in rats.
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This theory, however, still has to be confirmed (Kain et al.l 2008; Falk and
Jennette, 2010).

2.6 Summary

Vasculitis is a severe disease and sometimes even fatal. It requires punctual
recognition and treatment. Symptomatic involvement of affected organs may
take place in isolation or in combination with multiple organ involvement,
e.g. renal failure, pulmonary infiltrates, skin rashes, neurological manifes-
tations such as peripheral neuropathy or constitutional symptoms (Seo and
Stonel, 2004; [Mansi et al., [2002; Jennette and Falkl 1997).

Progression of ANCA-associated vasculitis, e.g. glomerulonephritis, can
be prevented by immunosuppressive and steroid therapy (Booth et al., 2003).
However, current treatments are associated with adverse effects, without
preventing the occurrence of relapses. Therefore, more effective and less
toxic therapies are needed.

The remainder of this paper is structured as follows. First, we identify
the present treatments of ANCA-associated vasculitis and discuss their ben-
efits and shortcomings. We then turn to an overview of a discussion of new
possible medicines and treatment strategies, followed by a discussion of the
most viable options for treatment and future research.

3 Theories and Results

Until the late 1970s, ANCA-associated small vessel vasculitis (SVV) was
fatal with 80 percent of patients surviving less than two years. However,
patients’ life expectancy has increased significantly since the introduction
of cyclophosphamide (CYC) and the immunosuppressor prednisolone. In a
study of 246 patients with ANCA-associated vasculitis and renal involve-
ment, the b-year mortality was 76 percent. The cause of death, however,
is often infection (50 percent) in the first year after diagnosis. Active vas-
culitis itself causes 14 percent of deaths. In prolonged immunosuppressive
therapy, many patients also die due to an infection. This reinforces the need
for improved long-term immunosuppressive therapy or other new treatments
(Booth et al.l 2003; Mukhtyar et al., 2008; Turnbull and Harper, [2009).

3.1 Standard treatment strategies

The treatment of ANCA-associated SVV is divided into several phases. The
initial phase is aimed at inducing remission and the second phase at main-
taining the remission and preventing relapse. A combination of prednisolone
and cyclophosphamide is used in standard induction therapy, inducing re-
mission in up to 90 percent of the patients. In less severe cases cyclophos-
phamide is often replaced by the drug methotrexate. Maintenance therapy
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is able to limit the rate of relapses to 18-40 percent, cyclophosphamide is
then often replaced by azathioprine or methotrexate (Jayne et al., 2003; De
Groot et al., 2005; (Ozaki, 2007). In extreme cases of ANCA-associated SVV,
plasma exchange is used. But how do these drugs work and what are their
side effects?

3.1.1 Cyclophosphamide

Cyclophosphamide is a pro-drug that must be metabolized in the liver to
be active. It is often used as an immunosuppressor. It is an alkylating drug
that inhibits division of cells, leading to programmed cell death. The use of
cyclophosphamide often results in lymphopenia, particularly of B cells and
results in the suppression of humoral responses (Mukhtyar et al., 2008 Hall
and Tilby, (1992; Up To Date, 2010a).

Unfortunately, patients using cyclophosphamide may suffer additional
adverse effects. After starting the treatment, nausea and vomiting usually
occur after 6-10 hours and diarrhea accompanied by other gastrointestinal
side effects. Alopecia (hair loss) occurs in 40 to 60 percent of the cases.
Hair loss generally begins 3-6 weeks after the therapy has been started.
Hair growth generally returns to normal after the patient stopped using
cyclophosphamide, though it may be a different color and/or texture. En-
docrine and metabolic functions are also often disturbed. The drug interferes
with oogenesis and spermatogenesis; this can be irreversible in some patients
and leads to sterility. In women it often leads to amenorrhea, ovarian fail-
ure occurs in 57 percent of previously menstruating women (Hoffman et al.|
1992; Watson et al. [1985). The urinary tract also suffers from side effects.
Severe, potentially fatal acute hemorrhagic cystitis develops in 7-40 percent
of the users. It may also lead to bladder cancer (Talar-Williams et al., [1996)).

3.1.2 Prednisolone

Prednisolone is an anti-inflammatory agent in the group of corticosteroids.
It decreases inflammation by suppressing migration of polymorphonuclear
leukocytes and reversal of augmented capillary permeability. Prednisolone
suppresses the immune system by reducing the activity and volume of the
lymphatic system; this decreases the harmful response of the body to the
disease.

Unfortunately, prednisolone causes unwanted side effects. Patients using
prednisolone have a high risk of infection, which is an important cause of
death. Bacterial infections are, however, usually easily treated with antibi-
otics. A high dosis of prednisolone, especially in the initial phase, leads to
metabolic changes. In the first year the frequency of steroid-induced diabetes
was 8 percent, whereas, overall, 9.4 in 100 patients became diabetic. Other
metabolic changes lead to hypertension, hyperglycaemia, fluid retention and,
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in the long run, serious consequences for the cardiovascular system (Hoffman
et al.l 1992). The hypothalamic-pituitary-adrenal axis is also frequently af-
fected through corticosteroid use. Patients experience adrenal insufficiency
and weight gain which contributes to the risk of cardiovascular disease. 1 in
every 5 patient gained more than 10kg and maintained that weight for at
least 1 year (Domsic et al., [2006; Wung et al., 2008). The central nervous
system is also often involved. Side effects like vertigo, seizure, headache and
nervousness take place. Psychiatric effects such as depression and mania
occur with doses above 40mg per day. Severe reactions occur in 5 percent
of the treated patients. When prednisolone is used in chronic treatment,
it results in osteoporosis. This is because the corticosteroids interfere with
the osteoblast process, hormonal axes and calcium homeostasis, leading to
weakened bones (Clowes et al., 2001)).

3.2 Plasma exchange therapy

When severe vasculitis is presented in patients including renal failure and
serum creatine > 500umol/L, additional plasma exchange therapy can be
used. Plasmapheresis is a blood purification procedure that can be used
to remove antibodies from the bloodstream. Blood is removed from the
bloodstream, after which blood cells are separated from plasma. The blood
is then diluted with fresh plasma or a substitute and returned into the
bloodstream. An important advantage of this technique is the ability to
remove harmful antibodies and proinflammatory factors from the patient’s
blood. However, it is a temporary benefit because the body still produces
antibodies.

Jayne et al.| (2007) study renal recovery when additional plasma exchange
therapy has been used beside oral prednisolone and cyclophosphamide, fol-
lowed by azathioprine for maintenance (De Lind Van Wijngaarden et al.,
2006)). The additional therapy resulted in better renal recovery compared
to additional intravenous methylprednisolone. Plasma exchange therapy is
a good alternative in ANCA-associated vasculitis that is presented with re-
nal failure, especially with pulmonary hemorrhage (Klemmer et al., 2003).
Plasmapheresis has some risks, involving anaphylaxis, a (severe) allergic
reaction, and bacterial infection is also possible.

3.3 Challenges

The key to reducing the burden of the existing therapies is to learn more
about the diseases mechanisms. Prevention of the adverse effects that are
associated with therapy will improve the outcome of new therapies, since
25 percent of patients suffer from severe adverse events such as infections
and malignancy. Furthermore, the high rate of relapse, 50 percent, should
be decreased to prevent accumulating damage from treatment and scars
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(Booth et al., [2004; Hoffman et al., [1992)). The medicines that are already
in use, such as prednisolone, cyclophosphamide and azathioprine, have to
be optimized to reduce therapy-related mortality and morbidity. Especially
when remission is achieved, the use of immunosuppressants other than pred-
nisolone may decrease adverse effects.

3.4 Rituximab

One of the new promising treatments of ANCA-associated vasculitis is the
drug rituximab. Rituximab is a chimeric, monoclonal IgG1 autoantibody
directed against CD20; it leads to the destruction of B cells via complement
mediated lysis and antibody dependent cellular cytotoxicity. Rituximab
leads to a quick depletion of circulating B cells for at least 6 months, making
them undetectable in peripheral blood (Reff et al.l [1994). CD20 is a trans-
membrane surface antigen of B cells, but the role of the antigen is not yet
known. On plasma cells and pre-B cells the CD20 antigen is not expressed
and thus these cells are not affected by the therapy.

B cell depletion with rituximab has proved effective in autoimmune dis-
eases like systemic lupus erythematosys, rheumatoid arthritis and ANCA-
associated vasculitis (Keogh et al., 2005). The drug rituximab was originally
developed as an agent for the treatment of non-Hodgkin lymphoma (Mal-
oney et al.l|1997)). A patient with both lymphoma and arthritis was treated
with rituximab and showed a remarkable improvement: after three weeks
he noticed improvement in joint pain and stiffness; three months later he
was virtually symptom free (Protheroe et al., |1999). This incident sparked
interest in using rituximab in anti-B cell therapy and several trials were set
up for a variety of autoimmune diseases.

An auto-immune therapy directed towards B cells is a promising ap-
proach for several reasons. B cells are efficient antigen presenting cells;
they activate cells that lead to cytokine production. Cytokines can have
both pro- and anti-inflammatory effects. B cells themselves produce some
pro-inflammatory cytokines, interleukin 6 (IL) and tumor necrosis factor
a (TNF-«) (Mitchison) 2004) and can produce auto-antibodies. Patients
with active vasculitis have a higher number of activated B cells compared to
healthy people or patients in the remission phase (Popa et al. [1999). Rit-
uximab decreased inflammation through the low level of activated B lym-
phocytes; they can no longer contribute to pro-inflammatory signals and
processes.

Keogh et al.| (2005) were one of the first to publish a study of 11 patients
with ANCA-associated vasculitis to be treated with glucocorticoids and rit-
uximab. The combination of glucocorticoids and rituximab has shown to
give direct synergistic antiproliferative and apoptotic effects (Rose et al.,
2002)). All patients had been treated with maximum tolerated doses of cy-
clophosphamide and glucocorticoids, but this treatment did not improve the
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patient’s condition and remission was not achieved. The patients were then
treated with rituximab and low doses of glucocorticoids. This gave promis-
ing results. First, all patients stayed in remission during B cell depletion,
indicating that that B lymphocytes have a central role in the pathogenesis of
ANCA-associated vasculitis (Cupps et al., [1982)). Second, the trial empha-
sized the fact that the accumulation of ANCA is a predictor of relapse. All
patients remained in remission, also after restoration of B cells (Boomsma
et al.l 2000). |[Keogh et al.| (2005) conclude from their trial that either B
lymphocytes or short-lived plasma cells (or both) are the cellular source of
ANCA, because all the patients’ ANCA titers decreased during treatment.

Rituximab therapy was tolerated well by all 11 users and unpleasant
effects were uncommon, one patient suffered from dizziness, another from
angioedema and three patients suffered from (mild) respiratory tract in-
fections (Keogh et al., 2005). Although the negative effects seem to be
minimal, they include fever, headache, rash, prutitus and angioedema. Ab-
dominal pain and nausea also often occur. Moreover, the therapy results
in temporary hematological changes such as cytopenias, lymphopenia, leu-
copenia, neutropenia and thrombocytopenia. Infusion-related side effects
were observed in a few patients, being of mild intensity and not requiring
discontinuation of treatment. Most of the adverse effects can be attributed
to specific contributors and circumstances (Up To Date, [2010d).

B lymphocyte depletion may be a safe, effective therapy with few short-
term side effects; effects on the long term have to be investigated. The
peripheral B cell depletion leads to a fall in IgM serum levels and elimi-
nates pathogens in the premature stages of B cell mediated (humoral) im-
munity before there is an excess level of IgG. IgG levels, however, were only
marginally reduced, which may explain the small number of occurrences of
serious infections.

Theoretically, there is a risk that users of rituximab develop antibodies
against the chimeric, monoclonal IgG1 autoantibody, which are called hu-
man anti-chimeric anti-antibodies (HACA). Development of HACAs is an
unpleasant side effect of rituximab; it could lead to infusion reactions or
abrogate the effectiveness the next time the medicine is used. In a study
in rheumatism arthritis patients, however, only 4 percent developed HA-
CAs and no clinically adverse effects were noticed (Edwards et al., 2004}
Flossmann et al., 2006)).

Stasi et al.| (2006) report their observations of a long-term study of
ANCA-associated vasculitis patients who were treated with rituximab. All
10 patients experienced a fast clinical improvement due to the use of rit-
uximab; in one patient, however, relapse occurred after six months. After
33.5 months three patients relapsed, but retreatment with rituximab again
resulted in good responses. In all patients ANCA titers decreased signifi-
cantly and only one had benign infusion-related side effects. They conclude
that rituximab is an effective and well-tolerated treatment for patients with
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ANCA-associated vasculitis and should be strongly considered for severely
affected patients who do not respond to standard therapy or for those to
whom cytotoxic therapy bears a high risk of morbidity.

Unfortunately, these results and conclusions were obtained from retro-
spective case series and small prospective uncontrolled studies. Next, we
consider recent randomized, controlled trials to determine whether these
promising results are consistent.

Stone et al. (2009) present a randomized controlled trial in which they
investigate whether there is a difference in outcome between the use of rit-
uximab or cyclophosphamide for induction of remission in ANCA-associated
vasculitis. 197 patients were enrolled in the study who suffered from WG or
MPA. For the induction of remission in severe ANCA-associated vasculitis,
they found that rituximab is not inferior to cyclyphosphamide. Adverse
events were similar between groups, but fewer patients on rituximab expe-
rienced at least one adverse event. The authors conclude that rituximab is
to be recommended as an alternative treatment.

Rituximab also shows promising effects as a maintenance therapy. These
results come from a retrospective study with 39 patients where continuous
use of anti-B cell therapy in patients with AAV in complete or partial remis-
sion is reported. The percentage of patients on cytotoxic immunosuppres-
sion or prednisolone decreased significantly. This extends the potential role
of rituximab beyond induction to include maintenance therapy. However,
more data are required regarding the delayed adverse effects of rituximab in
randomized controlled trials (Rhee et al. 2010]).

Rituximab seems to be a good complement in the standard therapy,
but its role as a potential drug in ANCA-associated vasculitis and tool to
help determine the role that B cells play in the disease requires further
investigation.

3.5 TNF-a targeted medicines

One of the pro-inflammatory cytokines that B cells secrete is TNF. In vitro
and in vivo experiments show evidence that TNF-a plays a central role in
the pathogenesis of ANCA-associated vasculitis. TNF-a levels are increased
in patients with active disease and are back to normal during remission
(Noronha et al., [1993; Tesar et al., [1998)). In vitro TNF-a and other cy-
tokines are important for endothelial activation and neutrophil priming in
ANCA-mediated vascular damage (Falk et al., [1990).

Two animal models show that anti-TNF-a antibodies can prevent and
attenuate already established ANCA-induced NCGN (Huugen et al., 2005}
Little et al. |2005). Inhibition of TNF-« could be an interesting drug target
in different stages of ANCA-associated vasculitis. Several pilot and con-
trolled studies of TNF-« blockade treatments have been performed with the
drugs infliximab and etanercept.
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The drug known as etanercept is a recombinant DNA-derived protein
composed of TNF-receptor linked to the Fc¢ portion of human IgG1. Etan-
ercept binds predominately soluble TNF and blocks its interaction with
cell surface receptors. The medicine infliximab is a high-affinity chimeric
monoclonal anti-TNF-a antibody that blocks cytokine receptor ligation and
neutralizes biological activity (Knight et al.l [1993). Both drugs are used to
treat diseases including Crohn’s disease, psoriatic arthritis and rheumatoid
arthritis (Up To Date} 20100).

Like rituximab, the positive results in other autoimmune diseases led
to the question whether these drugs are also effective in ANCA-associated
vasculitis patients. The results of the different trials in patients with active
ANCA-associated vasculitis are variable.

In a controlled trial with 180 WG patients, a combination of etanercept
and CYC showed no benefit compared to other commonly used immuno-
suppressants. 6 patients (7 percent) in the etanercept group developed solid
cancers within 2 years compared to 0 in the control group (p = 0.01). The
combination use of CYC and etanercept may increase the risk of cancers
than the use of CYC alone. This led to the conclusion that etanercept is
not effective for the maintenance of remission in patients with Wegener’s
granulomatosis (Stone et al., [2006; Wegener’s Granulomatosis Etanercept
Trial (WGET) Research Groupl 2005).

A pilot study with 32 WG and MPA patients treated with additional
infliximab gave moderately positive results but need to be confirmed in
larger randomized trials. There were 2 deaths (6.7 percent) among patients
with ANCA-MPO-associated renal vasculitis. One of the deaths was caused
by diffuse pulmonary hemorrhage attributed to pulmonary vasculitis, the
other caused by bronchopneumonia related with cyclophosphamide-induced
leucopenia. Infliximab was successful at inducing remission in 88 percent
of patients. Infections were seen in 21 percent of patients, and despite
continued infliximab, 14 percent of initial responders experienced relapses
after treatment (Booth et al., [2004)).

3.6 IgG glycan hydrolysis

Rituximab and infliximab are both existing medicines that appear to have
varying degrees of success in limiting the inflammatory reactions in ANCA-
associated vasculitis and remission. Besides finding new applications of ex-
isting medicines, another approach is to develop an altogether new treat-
ment that targets ANCA-associated vasculitis. Indeed, there is a need for
a more directed treatment of ANCA-associated vasculitis to prevent total
body immune suppression and other dangerous side effects. With increasing
knowledge on the pathogenesis and effector mechanism of ANCA-associated
vasculitis, new more specific treatments might be developed. Specifically,
neutrophil activation leads to an augmented inflammation due to binding of
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ANCA to ANCA antigens on the membrane of the neutrophil together with
the binding of the ANCA Fc tail to the expressed FcyR on the neutrophil
membrane. One way to prevent neutrophil activation due to ANCA IgG is
to incapacitate this connection. A number of promising experiments in this
field are currently underway. Due to the scope of this paper, we focus on
one such experiment involving endoglycosidase (EndoS).

3.6.1 EndoS

Streptococcus pyogenes is a human pathogen that can cause serious infections
and invasive diseases (Cunningham,|2000). But can these bacteria only harm
humans, or can they also be put to other uses? Hayano and Tanakal (1967))
described that the bacteria Streptococcus pyogenes can release an enzyme
that works on glycoproteins. The secreted enzyme, EndoS, is able to release
the terminal sialic acid residues from the glycoprotein immunoglobulin G
(IgG). We are interested in de IgG glycoprotein because (Collin and Olsen
(2001)) showed that EndoS activity is specific for human IgG, while IgA and
IgM were not affected.

IgG is a key player in the human immune response and also in ANCA-
associated vasculitis. It has two identical light and heavy chains. The
heavy chain contains one variable domain Vg and three constant domains
(Cul — 3). The light chain consists of one variable domain and a constant
domain. The Cy2 domain has a conserved N-glycosylation site at Asn297.
A complex biantennary oligosaccharide is attached to the Asn297 site in
human IgG. The oligosaccharide has an important functional relevance, as
indicated by a number of studies. If the oligosaccharide has been removed
from, e.g., murine IgG by hydrolyses, it can no longer activate complement,
induce antibody-dependent cellular cytotoxity or bind to Fc-receptors on
macrophages (Figure @ Moreover, deglycosylated IgG also diminishes the
elimination of antibody-antigen complexes from the circulation (Nose and
Wigzell, 1983} |Collin and Olsen, [2001). IgG glycan hydrolysis might be an
effective new strategy in treating (auto) antibody-mediated diseases (Collin
et al., 2008).

3.6.2 Trials

In vitro treatment of mouse and human IgG subclasses with EndoS results
in a severely reduced affinity to cellular FcyRs (Allhorn et al., [2008). In
mice models of arthritis and immune thrombocytopenic purpura, pretreat-
ment of the pathogenic auto-antibodies with EndoS abolishes development
of the disease. Also in established immune thrombocytopenic purpura, sys-
temic injection of EndoS has a protective effect on mice (Collin et al., 2008;
Nandakumar et al., 2007)). |Albert et al. (2008)) demonstrated that EndoS
injection in vivo resulted in an efficient removal of the IgG-associated sugar

20



Sial Gal GlcNAc Man Asnz97

alb
GlcNAc Fuc
l + EndoS
Asnzg?
al,6

Figure 9: Hydrolysis of the IgG-associated glycan moiety by EndoS. Shown
is the fully processed Asn-297 attached sugar moiety of IgG. Source: [Albert
et al.| (2008).

domain, and interferes in various autoimmune models with autoantibody-
mediated pro-inflammatory processes. After injection in mice, IgG com-
pletely becomes hydrolyzed and it stays in the mice’s circulation for quite
a few days. The therapeutic agent impairs the function of the IgG1l and
IgG2b subclass in vivo in mice; other glycosylated proteins are not affected.

IgG glycan might also have a positive effect on ANCA-associated glomeru-
lonephritis/vasculitis. [Van Timmeren et al.| (2010) hypothesize that Fc gly-
cans of ANCA IgG are important in the development of the disease, therefore
glycan hydrolysis by EndoS disables ANCA’s pathogenic effect. To verify
their hypothesis, the authors first investigated the effect of ANCA IgG-
induced neutrophil activation in wvitro. They isolated IgG from 11 ANCA
positive patients and 5 controls. It was ruled out that the antigen-binding ca-
pacity of ANCA IgG is affected by EndoS treatment. Removal of the F(ab’),
fragments of ANCA resulted in a disability to induce ANCA-mediated ox-
idative bursts. Deglycosylation of MPO- and Pr3-ANCA IgG by the use of
EndoS resulted in less ANCA IgG-induced neutrophil degranulation, prob-
ably due to a strong attenuation of the neutrophil-activation capacity of
ANCA IgG.

Next, [Van Timmeren et al| (2010]) tested whether the use of EndoS
also had positive results in vivo. They used a mouse model of anti-MPO
IgG/LPS-induced NCGN, in which an acute inflammation leading to NCGN
was caused by co-administration of murine anti-MPO antibodies and LPS.
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This model, however, is limited because the disease is passively induced and
results in a rapid monophasic renal disease (Huugen et al., [2005). The results
were quite promising. First, EndoS-mediated deglycosylation of anti-MPO
IgG resulted in decreased urinary abnormalities. Second, it clearly reduced
early glomerular neutrophil influx. Third, it practically avoids glomerular
crescent formation in anti-MPO IgG/LPS-induced NCGN. Fourth, early (3
hours) systemic application of EndoS saved mice from disease progression.

The use of EndoS seems to be a promising therapeutic agent in ANCA-
associated vasculitis, but there is a need for improved models to better
mimic the true chronic and progressive nature of the disease. In addition,
further research needs to be done to investigate concerns regarding toxicity
in humans and a possible development of immunity against EndoS.

4 Discussion

We now turn to summarizing the medicines discussed in this paper and, in
highlighting their main advantages and drawbacks, argue what we consider
to be the most promising venues for further research.

The standard therapy of ANCA-associated vasculitis with cyclophos-
phamide and prednisolone has improved the outcome of ANCA-associated
vasculitis. However, two important disadvantages of these treatments are
their high relapse rates and side effects, including a high risk of developing
infection, diabetes, leucopenia and malignancy due to nonspecific immuno-
suppressant. Renal failure caused by the disease increases toxicity, which
is particularly problematic in case of MPO-ANCA related NCGN. In such
cases, plasma exchange is a good additional treatment to reduce the damage
to the kidneys and the need for future dialysis. To improve insight regarding
patients with ANCA-associated vasculitis and standard therapy, the Euro-
pean League Against Rheumatism (EULAR) advises that patients should
be treated by a group of ANCA specialists consisting of rheumatologists,
nephrologists and specialists in internal medicine (Mukhtyar et al., |2008]).

A number of new, promising drugs are available as alternatives to the
standard therapy discussed above. One such a drug is rituximab. The
results from the first trials are promising, although it should be noted that
this medicine and other drugs were administered simultaneously, which may
have influenced the results. [Stone et al. (2009) show that rituximab can be
used as an alternative treatment for ANCA-associated vasculitis, in that the
drug leads to B cell depletion, which often leads to reduced inflammation and
remission. Compared to cyclophosphamide, rituximab’s advantage is that it
is able to eliminate ANCA more directly. Rituximab in maintenance therapy
also shows good results but needs additional research to better understand
possible long-term effects. The exact working mechanism of rituximab is not
fully understood yet, either. Rituximab may be a useful drug in performing
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additional research to determine the exact role of B cells in general, and more
specifically in the pathogenesis of ANCA-associated vasculitis. A number of
studies are currently underway to shed light on these issues, especially with
regard to the drug’s long-term effects, including a randomized double-blind
trial (RAVE) (see, e.g., [Rose et al.| (2010)). Overall, rituximab has received
much attention from the research community and has gained much support
as a viable alternative to standard therapy. Although it does not perform
significantly better than standard treatment, it is a suitable alternative for
certain patients who do not respond to standard treatment.

Another possible new treatment involves TNF-« antagonists. Compared
to standard therapy, it has been found to be a more directed way to decrease
endothelial activation and neutrophil priming in ANCA-mediated vascular
damage. Studies with one such TNF-« antagonist, etanercept, did not prove
to be more appropriate than standard therapy on account of 6 patients dying
of severe side effects, all involving cancer. These results are sufficiently
discouraging to render etanercept an unlikely candidate as an alternative
treatment for ANCA-associated vasculitis. Of the TNF-« antagonists, only
infliximab appeared to be promising in initial trials. However, treatments
with infliximab present high rates of (severe) infection and as successful as
other (standard and rituximab) treatments in causing remission. Moreover,
confirmation is needed in randomized and long-term studies. So, although
future research may provide new insights, the prospects seem limited.

Finally, a new strategy to interfere with the ANCA-mediated inflamma-
tory process involves the drug EndoS. A major advantage is that the most
potent pro-inflammatory subclass of IgG, that is crucial for the clearance
of viral and bacterial infections, remains functional, also after EndoS treat-
ment. EndoS, contrary to the known immunosuppressive drugs, will not
impair the humoral defense mechanism completely. This might result in a
decreased risk for the patients of having opportunistic infections, which are
an important cause of death.

However, using glycan modification by EndoS as a treatment for ANCA-
associated vasculitis needs further research in at least four areas. First, it
must be examined how EndoS, a bacterial enzyme, can be safely adminis-
tered to humans. Second, it must be determined that EndoS only affects
glycans on human IgG, and not those on other proteins. Third, it remains
to be established that EndoS discriminates between autoantibodies and nat-
urally occurring protective antibodies so as not to compromise the immune
defense system. Finally, studies have so far relied on mouse models with
induced NCGN, while this condition is chronic and progressive in humans.
Improvements to this model are needed to better mimic the disease. Over-
all, although this line of research may still be at an early stage, using EndoS
may well be a promising treatment due to its specific working mechanism.

In arguing that there is considerable room for further studies in ANCA-
associated vasculitis, we recommend that future clinical trials are performed
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according to the EULAR’s guidelines in order to further enhance trans-
parency and consistency of studies and results.

5 Conclusion

We have provided an overview of ANCA-associated vasculitis, in which we
presented the most recent information regarding different forms of vasculitis,
with a particular focus on ANCA-associated small vessel vasculitis. After
examining the role of ANCA in the development of ANCA-associated vas-
culitides, the standard treatment strategies and a number of new possible
treatments—rituximab, TNF-«a antagonists, and endoglycosidase—were dis-
cussed, along with their advantages and disadvantages. We have argued that
rituximab is a suitable alternative to standard therapy, while studies and
treatments involving TNF-a antagonists, especially etanercept, seem less
promising. Although research into the workings and effects of endoglycosi-
dase are still in their infancy, using EndoS may well be an effective new
strategy in treating ANCA-associated vasculitis and other (auto) antibody-
mediated diseases.

24



References

Albert, H, Collin, M, Dudziak, D, Ravetch, JV and Nimmerjahn, F. 2008.
‘In vivo enzymatic modulation of IgG glycosylation inhibits autoimmune

disease in an IgG subclass-dependent manner’. Proc Natl Acad Sci USA
105(39), 15005-150009.

Allhorn, M, Olin, AI, Nimmerjahn, F and Collin, M. 2008. ‘Human
IgG/FcyR interactions are modulated by streptococcal IgG glycan hy-
drolysis’. PLoS ONE 3(1).

Bansal, PJ and Tobin, MC. 2004. ‘Neonatal microscopic polyangiitis sec-
ondary to transfer of maternal myeloperoxidase-antineutrophil cytoplas-
mic antibody resulting in neonatal pulmonary hemorrhage and renal in-
volvement’. Ann Allergy Asthma Immunol 93(4), 398-401.

Boomsma, MM, Stegeman, CA, Van Der Leij, MJ, Oost, W, Hermans,
J, Kallenberg, CG, Limburg, PC and Tervaert, JW. 2000. ‘Predic-
tion of relapses in Wegener’s granulomatosis by measurement of antineu-
trophil cytoplasmic antibody levels: a prospective study’. Arthritis Rheum
43(9), 2025-2033.

Booth, AD, Almond, MK, Burns, A, Ellis, P, Gaskin, G, Neild, GH,
Plaisance, M, Pusey, CD and Jayne, DR. 2003. ‘Outcome of ANCA-

associated renal vasculitis: a 5-year retrospective study’. Am J Kidney
Dis 41(4), 776-784.

Booth, AD, Harper, L, Hammad, T, Bacon, P, Griffith, M, Levy, J, Savage,
C, Pusey, CD and Jayne, DR. 2004. ‘Prospective study of TNFa block-
ade with infliximab in anti-neutrophil cytoplasmic antibody-associated
systemic vasculitis’. J Am Soc Nephrol 15(3), 717-721.

Boudewyns, A, Verbelen, J, Koekelkoren, E, Van Offel, J and Van De Heyn-
ing, P. 2001. ‘Wegener’s granulomatosis triggered by infection?’. Acta
Otorhinolaryngol Belg 55(1), 57-63.

Clowes, JA, Peel, N and Eastell, R. 2001. ‘Glucocorticoid-induced osteo-
porosis’. Curr Opin Rheumatol 13(4), 326-332.

Collin, M and Olsen, A. 2001. ‘EndoS, a novel secreted protein from Strep-
tococcus pyogenes with endoglycosidase activity on human IgG’. EMBO
J 20(12), 3046-3055.

Collin, M, Shannon, O and Bjorck, L. 2008. ‘IgG glycan hydrolysis by a
bacterial enzyme as a therapy against autoimmune conditions’. Proc Natl
Acad Sci USA 105(11), 4265-4270.

25



Conron, M and Beynon, HL. 2000. ‘Churg-Strauss syndrome’. Thorax
55, 870-877.

Cunningham, MW. 2000. ‘Pathogenesis of group A streptococcal infections’.
Clin Microbio Rev 13(3), 470-511.

Cupps, TR, Edgar, LC and Fauci, AS. 1982. ‘Suppresion of human B lym-
phocyte function by cyclophosphamide’. J Immunol 128(6), 2453-2457.

De Groot, K, Rasmussen, N, Bacon, PA, Tervaert, JW, Feighery, C, Gre-
gorini, G, Gross, WL, Lugmani, R and Jayne, DR. 2005. ‘A randomized
trial of cyclophosphamide in versus methotrexate for induction of remis-

sion in early systemic antineutrophil cytoplasmic autoantibodies’. Arthri-
tis Rheum 52(8), 2461-2469.

De Lind Van Wijngaarden, RAF, Hauer, HA, Wolterbeek, R, Jayne, DR,
Gaskin, G, Rasmussen, N, Noel, LH, Ferrario, F, Waldherr, R, Hagen,
EC, Bruijn, JA and Bajema, IM. 2006. ‘Clinical and histologic deter-
minants of renal outcome in ANCA-associated vasculitis: a prospective

analysis of 100 patients with severe renal involvement’. J Am Soc Nephrol
17(8), 2264-2274.

Dolman, KM, Von dem Borne, AEGKr, Gans, RDB, Donker, AJM, Vervaat,
ThJ, Zevenbergen, G, Maingay, D, Nikkels, RE and Goldschmeding, R.
1993. ‘Vasculitis and antineutrophil cytoplasmic autoantibodies associ-
ated with propylthiouracil therapy’. Lancet 342(8872), 651-652.

Domsic, R, Maksimowicz-McKinnon, K and Manzi, S. 2006. ‘Prevention

of cardiovascular disease in patients with rheumatic diseases’. Best Pract
Res Clin Rheumatol 20(4), 741-756.

Edwards, JC, Szczepanski, L, Szechinski, J, Filipowicz-Sosnowska, A,
Emery, P, Close, DR, Stevens, RM and Shaw, T. 2004. ‘Efficacy of B-
celltargeted therapy with rituximab in patients with rheumatoid arthritis’.
N Engl J Med 350(25), 2572-2581.

Falk, RJ and Jennette, JC. 2010. ‘ANCA disease: where is this field head-
ing?’. J Am Soc Nephrol 21, 745-752.

Falk, RJ, Nachman, PH, Hogan, SL and Jennette, JC. 2000. ‘ANCA
glomerulonephritis and vasculitis: A Chapel Hill perspective’. Semin
Nephrol 20(3), 233-243.

Falk, RJ, Terrell, RS, Charles, LA and Jennette, JC. 1990. ‘Anti-neutrophil
cytoplasmic autoantibodies induce neutrophils to degranulate and pro-
duce oxygen radicals in vitro’. Proc Natl Acad Sci USA 87(11), 4115-4119.

26



Farid-Moayer, M and Lowe, ST. 2009. ‘Churg-Strauss syndrome’. http:
//emedicine.medscape.com/article/333492-overview.

Fauci, AS, Haynes, BF and Wolff, SM. 1983. ‘Wegener’s granulomatosis:
prospective clinical and therapeutic experience with 85 patients for 21
years’. Ann Intern Med 98(1), 76-85.

Finkel, TH, Torok, TJ, Ferguson, PJ, Durigon, EL, Zaki, SR, Leung,
DY, Harbeck, RJ, Gelfand, EW, Saulsbury, FT and Hollister, JR. 1994.
‘Chronic parvovirus B19 infection and systemic necrotizing vasculitis: Op-
portunistic infection or aetiological agent?’. Lancet 343(8908), 1255-1258.

Flossmann, O, Jones, RB, Jayne, DR and Lugmani, RA. 2006. ‘Should
rituximab be used to treat antineutrophil cytoplasmic antibody associated
vasculitis?’. Ann Rheum Dis 65(7), 841-844.

Fries, JF, Hunder, GG, Bloch, DA, Michel, BA, Arend, WP, Calabrese, LH,
Fauci, AS, Leavitt, RY, Lie, JT and Lightfoot, RW. 1990. ‘The American
College of Rheumatology 1990 criteria for the classification of vasculitis’.
Arthritis Rheum 33(8), 11135-1136.

Gregorini, G, Tira, P, Frizza, J, D’'Haese, PC, Elseviers, MM, Nuyts, G,
Maiorca, R and De Broe, ME. 1997. ‘ANCA-associated diseases and
silica exposure’. Clin Rev Allergy Immunol 15(1), 21-40.

Griswold, WR, Mendoze, SA and Johnston, W. 1978. ‘Vasculitis associ-
ated with propylthiouracil: evidence for immune-complex pathogenesis
and response to therapy’. West J Med 128(6), 543-546.

Guillevin, L, Durand-Gasselin, B, Cevallos, R, Gayraud, M, Lhote, F,
Callard, P, Amouroux, J, Casassus, P and Jarrousse, B. 1999. ‘Micro-
scopic polyangiitis: clinical and laboratory findings in eighty-five patients’.
Arthritis Rheum 42(3), 421-430.

Hall, AG and Tilby, MJ. 1992. ‘Mechanisms of action of, and modes of
resistance to, alkylating agents used in the treatment of haematological
malignancies’. Blood Rev 6(3), 163-173.

Hauer, HA, Bajema, IM, Van Houwelingen, HC, Ferrario, F, Noel, LH,
Waldherr, R, Jayne, DR, Rasmussen, N, Bruijn, JA and Hagen, EC.
2002. ‘Renal histology in ANCA-associated vasculitis: Differences between
diagnostic and serologic subgroups’. Kidney Int 61(1), 80-89.

Hayano, S and Tanaka, A. 1967. ‘Streptococcal sialidase. I. Isolation and
properties of sialidase produced by group K Streptococcus’. J Bacteriology
93(6), 1753-1757.

27


http://emedicine.medscape.com/article/333492-overview
http://emedicine.medscape.com/article/333492-overview

Heeringa, P, Brouwer, E, Klok, PA, Huitema, MG, Van den Born, J, Weenig,
JJ and Kallenberg, CG. 1996. ‘Autoantibodies to myeloperoxidase aggra-

vate mild anti-glomerular-basement-membrane-mediated glomerular in-
jury in the rat’. Am J Pathol 149(5), 1695-1706.

Heeringa, P, Huugen, D and Tervaert, JW. 2005. ‘Anti-neutrophil cyto-
plasmic autoantibodies and leukocyte-endothelial interactions: a sticky
connection?’. Trends Immunol 26(11), 561-564.

Hernandez, C. 2009. ‘Churg-Strauss syndrome (allergic granulomato-
sis): Multimedia’.  http://emedicine.medscape.com/article/
1083013-medial

Hoffman, GS, Kerr, GS, Leavitt, RY, Hallahan, CW, Lebovics, RS, Travis,
WD, Rottem, M and Fauci, AS. 1992. ‘Wegener’s granulomatosis: an
analysis of 158 patients’. Ann Intern Med 116(6), 488-498.

Huugen, D, Xiao, H, Van Esch, A, Falk, RJ, Peutz-Kootstra, CJ, Buurman,
WA, Tervaert, JW, Jennette, JC and Heeringa, P. 2005. ‘Aggravation
of anti-myeloperoxidase antibody-induced glomerulonephritis by bacte-
rial lipopolysaccharide: role of tumor necrosis factor-alpha’. Am J Pathol
167(1), 47-58.

Jayne, DR, Gaskin, G, Rasmussen, N, Abramowicz, D, Ferrario, F,
Guillevin, L, Mirapeix, E, Savage, CO, Sinico, RA, Stegeman, CA, West-
man, KW, Van Der Woude, FJ, De Lind Van Wijngaarden, RA and Pusey,
CD. 2007. ‘Randomized trial of plasma exchange or high-dosage methyl-
prednisolone as adjunctive therapy for severe renal vasculitis’. J Am Soc
Nephrol 18(7), 2180-2188.

Jayne, DR, Marshall, PD, Jones, SJ and Lockwood, CM. 1990. ‘Autoanti-
bodies to GBM and neutrophil cytoplasm in rapidly progressive glomeru-
lonephritis’. Kidney Int 37(3), 965-970.

Jayne, DR, Rasmussen, N and Pusey, CD. 2003. ‘A randomized trial of
maintenance therapy for vasculitis associated with antineutrophil cyto-
plasmic autoantibodies’. N Eng J Med 349(1), 36-44.

Jenette, JC, Falk, RJ, Andrassy, K, Bacon, PA, Churg, J, Gross, WL, Hagen,
EC, Hoffman, GS, GG, GG Hunder and Kallenberg, CG. 1994. ‘Nomen-
clature of systemic vasculitides. Proposal of an international consensus
conference’. Arthritis Rheum 37(2), 187-192.

Jennette, JC. 1997. ‘Pathologic features, nomenclature and diagnosis of
small vessel vasculitis’. http://www.hdcn.com/symp/lund/jenn.htm.

Jennette, JC and Falk, RJ. 1997. ‘Small-vessel vasculitis’. N Engl J Med
337(21), 1512—-1523.

28


http://emedicine.medscape.com/article/1083013-media
http://emedicine.medscape.com/article/1083013-media
http://www.hdcn.com/symp/lund/jenn.htm

Kain, R, Exner, M, Brandes, R, Ziebermayr, R, Cunningham, D, Alderson,
CA, Davidovits, A, Raab, I, Jahn, R, Ashour, O, Spitzauer, S, Sunder-
Plassmann, G, Fukuda, M, Klemm, P, Rees, AJ and Kerjaschki, D. 2008.
‘Molecular mimicry in pauci-immune focal necrotizing glomerulonephri-

tis’. Nat Med 14(10), 1088-1096.

Kallenberg, CG, Brouwer, E, Weening, JJ and Tervaert, JW. 1994. ‘Anti-
neutrophil cytoplasmic antibodies: current diagnostic and pathophysio-
logical potential’. Kidney Int 46(1), 1-15.

Kallenberg, CG, Heeringa, P and Stegeman, CA. 2006. ‘Mechanisms of
disease: pathogenesis and treatment of ANCA-associated vasculitides’.
Nat Clin Pract Rheumatol 2(12), 661-670.

Keogh, KA, Wylam, ME, Stone, JH and Specks, U. 2005. ‘Induction of re-
mission by B lymphocyte depletion in eleven patients with refractory an-
tineutrophil cytoplasmic antibody-associated vasculitis’. Arthritis Rheum
52(1), 262-268.

Kessenbrock, K, Krumbholz, M, Schonermarck, U, Back, W, Gross, WL,
Werb, Z, Grone, HJ, Brinkmann, V and Jenne, DE. 2009. ‘Netting neu-
trophils in autoimmune small-vessel vasculitis’. Nat Med 15(6), 623-625.

Klemmer, PJ, Chalermskulrat, W, Reif, MS, Hogan, SL, Henke, DC and RJ,
RJ Falk. 2003. ‘Plasmapheresis therapy for diffuse alveolar hemorrhage in
patients with small-vessel vasculitis’. Am J Kidney Dis 42(6), 1149-1153.

Knight, DM, Trinh, H, Le, J, Siegel, S, Shealy, D, McDonough, M, Scallon,
B, Moore, MA, Vilcek, J and Daddona, P. 1993. ‘Construction and ini-
tial characterization of a mouse-human chimeric anti-TNF antibody’. Mol
Immaunol 30(16), 1443-1453.

Kussmaul, A and Maier, R. 1866. ‘About a not previously described peculiar
arterial disease (Periarteris nodosa), that coincides with Morbus Brightii
and rapidly progressive muscular palsy [in German|’. Deutsches Arch Klin
Med 1, 484-518.

Langford, CA. 2010. ‘Vasculitis’. J Allergy Clin Immunol 125(2 Suppl
2), 216-225.

Little, MA, Smyth, CL, Yadav, R, Ambrose, L, Cook, HT, Nourshargh,
S and Pusey, CD. 2005. ‘Antineutrophil cytoplasm antibodies directed
against myeloperoxidase augment leukocyte-microvascular interactions in

vivo’. Blood 106(6), 2050-2058.

Maloney, DG, Grillo-Lopez, AJ, White, CA, Bodkin, D, Schilder, RJ, Nei-
dhart, JA, Janakiraman, N, Foon, KA, Liles, TM, Dallaire, BK, Wey, K,

29



Royston, I, Davis, T and Levy, R. 1997. ‘IDEC-C2B8 (rituximab) anti-
CD20 monoclonal antibody therapy in patients with relapsed low-grade
non-Hodgkin’s lymphoma’. Blood 90, 2188-2195.

Mansi, IA, Opran, A and Rosner, F. 2002. ‘ANCA-associated small-vessel
vasculitis’. Am Fam Physician 65(8), 1615-1620.

Mitchison, NA. 2004.  ‘T-cell-B-cell cooperation’. Nat Rev Immunol
4(4), 308-312.

Morgan, MD, Harper, L, Williams, J and Savage, C. 2006. ‘Anti-neutrophil
cytoplasm-associated glomerulonephritis’. J Am Soc Nephrol 17(5), 1224~
1234.

Mukhtyar, C, Flossmann, O, Hellmich, B, Bacon, P, Cid, M, Cohen-
Tervaert, JW, Gross, WL, Guillevin, L, Jayne, D, Mahr, A, Merkel, PA,
Raspe, H, Scott, D, Witter, J, Yazici, H and Lugmani, RA. 2008. ‘Out-
comes from studies of antineutrophil cytoplasm antibody associated vas-
culitis: a systemic review by the European League Against Rheumatism
systemic vasculitis task force’. Ann Rheum Dis 67(7), 1004-1010.

Mulder, AH, Heeringa, P, Brouwer, E, Limburg, PC and Kallenberg, CG.
1994. ‘Activation of granulocytes by anti-neutrophil cytoplasmic anti-
bodies (ANCA): a Fc gamma RII-dependent process’. Clin Ezp Immunol
98(2), 270-278.

Nandakumar, KS, Collin, M, Olse, A, Nimmerjahn, F, Blom, AM, Ravetch,
JV and Holmdahl, R. 2007. ‘Endoglycosidase treatment abrogates IgG

arthrito-genicity: Importance of IgG glycosylation in arthritis’. Fur J
Immunol 37(10), 2973-2982.

Noronha, IL, Kruger, C, Andrassy, K, Ritz, E and Waldherr, R. 1993. ‘In
situ production of TNF-alpha, IL-1 beta and IL-2R in ANCA-positive
glomerulonephritis’. Kidney Int 43(3), 682-692.

Nose, M and Wigzell, H. 1983. ‘Biological significance of carbohydrate chains
on monoclonal antibodies’. Proc Natl Acad Sci 80(21), 6632-6636.

Nowack, R, Lehmann, H, Flores-Suarez, LF, Nanhou, A and Van Der
Woude, FJ. 1999. ‘Familial occurrence of systemic vasculitis and rapidly
progressive glomerulonephritis’. Am J Kidney Dis 34(2), 364-373.

Ozaki, S. 2007. ‘ANCA-associated vasculitis: Diagnostic and therapeutic
strategy’. Allergol Int 56(2), 87-96.

Park, J, Banno, S, Sugiura, Y, Yoshikawa, K, Naniwa, T, Wakita, K,
Hayami, Y, Sato, S and Ueda, R. 2004. ‘Microscopic polyangiitis as-
sociated with diffuse panbronchiolitis’. Intern Med 43(4), 331-335.

30



Peacock, A and Weatherall, D. 1981. ‘Hydralazine-induced necrotizing vas-
culitis’. Br Med J (Clin Res Ed) 282(6270), 1121-1122.

Pendergraft, WF, Preston, GA, Shah, RR, Tropsha, A, Carter, CW, Jen-
nette, JC and Falk, RJ. 2004. ‘Autoimmunity is triggered by cPR-3(105-
201), a protein complementary to human autoantigen proteinase-3’. Nat
Med 10(1), 72-79.

Popa, ER, Stegeman, CA, Bos, NA, Kallenberg, CG and Tervaert, JW.
1999. ‘Differential B- and T-cell activation in Wegener’s granulomatosis’.
J Allergy Clin Immunol 103(5), 885-894.

Porges, AJ, Redecha, PB, Kimberly, WT, Csernok, E, Gross, WL and Kim-
berly, RP. 1994. ‘Anti-neutrophil cytoplasmic antibodies engage and ac-
tivate human neutrophils via Fc gamma RIla’. J Immunol 153(3), 1271
1280.

Protheroe, A, Edwards, JCW, Simmons, A, Maclennan, K and Selby, P.
1999. ‘Remission of inflammatory arthropathy in association with anti-
CD20 therapy for non-Hodgkin’s lymphoma’. Rheumatology 38(11), 1150~
1152.

Reff, ME, Carner, K, Chambers, KS, Chinn, PC, Leonard, JE, Raab, R,
Newman, RA, Hanna, N and Anderson, DR. 1994. ‘Depletion of B cells
in vivo by a chimeric mouse human monoclonal antibody to CD20’. Blood
83(2), 435-445.

Rhee, EP, Laliberte, KA and Niles, JL. 2010. ‘Rituximab as maintenance
therapy for anti-neutrophil cytoplasmic antibody-associated vasculitis’.
Clin J Am Soc Nephrol 5(7), forthcoming.

Rose, AL, Smith, BE and Maloney, DG. 2002. ‘Glucocorticoids and ritux-
imab in vitro: synergistic direct antiproliferative and apoptotic effects’.
Blood 100(5), 1765-1773.

Rose, BD, Appel, GB and Stone, JHJ. 2010. ‘Alternative agents in the
treatment of Wegener’s granulomatosis and microscopic polyangiitis’.
http://www.utdol.com.

Sarraf, P and Sneller, MC. 2005. ‘Features of Wegener’s granulomatosis’.
Expet Rev Mol Med 7(8), 1-19.

Savage, CO, Winearls, CG, Evans, DJ, Rees, AJ and Lockwood, CM. 1985.
‘Microscopic polyarteritis: presentation, pathology and prognosis’. @ J
Med 56(220), 467-483.

Schlieben, DJ, Korbet, SM and Lewis, EJ. 2005. ‘Pulmonary-renal syndrome
in a newborn with placental transmission of ANCAs’. Am J Kidney Dis
45(4), 758-761.

31


http://www.utdol.com

Schreiber, A, Busjahn, A, Luft, FC and Kettritz, R. 2003. ‘Membrane
expression of proteinase 3 is genetically determined’. J Am Soc Nephrol
14(1), 68-75.

Seo, P and Stone, JH. 2004. ‘The antineutrophil cytoplasmic antibody-
associated vasculitides’. Am J Med 117(1), 39-50.

Stasi, R, Stipa, E, Del Poeta, G, Amadori, S, Newland, AC and Provan, D.
2006. ‘Long-term observation of patients with anti-neutrophil cytoplas-
mic antibody-associated vasculitis treated with rituximab’. Rheumatology
(Ozford) 45(11), 1432-1436.

Stone, JH, Holbrook, JT, Marriott, MA, Tibbs, AK, Sejismundo, LP, Min,
Y1, Specks, U, Merkel, PA, Spiera, R, Davis, JC, St Clair, EW, McCune,
WJ, Ytterberg, SR, Allen, NB and Hoffman, GS. 2006. ‘Solid malignan-
cies among patients in the Wegener’s Granulomatosis Etanercept Trial’.
Arthritis Rheum 54(5), 1608-1618.

Stone, JH, Merkel, PA, Seo, P, Spiera, R, Langford, CA, Hoffman, GS and
Kallenberg, CGM. 2009. ‘Rituximab versus cyclophosphamide for induc-

tion of remission in ANCA-associated vasculitis: A randomized controlled
trial (RAVE)’. Arthritis Rheum 60(Suppl), forthcoming.

Talar-Williams, C, Hijazi, YM, Walther, MM, Linehan, WM, Hallahan, CW,
Lubensky, I, Kerr, GS, Hoffman, GS, Fauci, AS and Sneller, MC. 1996.
‘Cyclophosphamide-induced cystitis and bladder cancer in patients with
Wegener granulomatosis’. Ann Intern Med 124(5), 477-484.

Tesar, V, Masek, Z, Rychlik, I, Merta, M, Bartunkova, J, Stejskalova, A,
Zabka, J, Janatkova, I, Fucikova, T, Dostal, C and Becvar, R. 1998. ‘Cy-
tokines and adhesion molecules in renal vasculitis and lupus nephritis’.
Nephrol Dial Transplant 13(7), 1662-1667.

The Merck Manual. 2005. Medisch handboek. second edn. Bohn Stafleu van
Loghum. Houten-Antwerpen.

Travis, WD. 2004. ‘Pathology of pulmonary vasculitis’. Semin Respir Crit
Care Med 25(5), 475-482.

Turnbull, J and Harper, L. 2009. ‘Adverse effects of therapy for ANCA-
associated vasculitis’. Best Pract Res Clin Rheumatol 23(3), 391-401.

Up To Date. 2010a. ‘Cyclophosphamide: Drug information’. http://www.
utdol.com.

Up To Date. 2010b. ‘Etanercept: Drug information’. http://www.utdol.
com.

32


http://www.utdol.com
http://www.utdol.com
http://www.utdol.com
http://www.utdol.com

Up To Date. 2010c¢. ‘Rituximab: Drug information’. http://www.utdol.
com.

Van Timmeren, MM, Chen, M and Heeringa, P. 2009. ‘Review article:
Pathogenic role of complement activation in anti-neutrophil cytoplasmic
auto-antibody-associated vasculitis’. Nephrology (Carlton) 14(1), 16-25.

Van Timmeren, MM, Van Der Veen, BS, Stegeman, CA, Petersen, AH,
Hellmark, T, Collin, M and Heeringa, P. 2010. ‘IgG glycan hydroly-
sis attenuates ANCA-mediated glomerulonephritis’. J Am Soc Nephrol
forthcoming.

Watson, AR, Rance, CP and Bain, J. 1985. ‘Long term effects of cyclophos-
phamide on testicular function’. Br Med J (Clin Res Ed) 291(6507), 1457~
1460.

Wegener, F. 1939. ‘About a peculiar rhinogenic granulomatosis with
marked involvement of the arterial system and kidneys’. Beitr Pathol Anat
102, 36-68.

Wegener’s Granulomatosis Etanercept Trial (WGET) Research Group. 2005.
‘Etanercept plus standard therapy for Wegener’s granulomatosis’. N Engl
J Med 352(4), 330-332.

Weyand, CM and Goronzy, JJ. 2003. ‘Medium- and large-vessel vasculitis’.
N Engl J Med 349(2), 160-169.

Wiik, A. 2009. ‘Clinical and pathophysiological significance of anti-
neutrophil cytoplasmic autoantibodies in vasculitis syndromes’. Mod
Rheumatol 19(6), 590-599.

Witko-Sarsat, V, Lesavre, P, Lopez, S, Bessou, G, Hieblot, C, Prum, B,
Noel, LH, Guillevin, L, Ravaud, P, Sermet-Gaudelus, I, Timsit, J, Grun-
feld, JP and Halbwachs-Mecarelli, L. 1999. ‘A large subset of neutrophils
expressing membrane protein kinase 3 is a risk factor for vasculitis and
rheumatoid arthritis’. J Am Soc Nephrol 10, 1224-1233.

Wung, PK, Anderson, T, Fontaine, KR, Hoffman, GS, Specks, U, Merkel,
PA, Spiera, R, Davis, JC, St Clair, EW, McCune, WJ and Stone, JH.
2008. ‘Effects of corticosteroids on weight change during the treatment of
Wegener’s granulomatosis’. Arthritis Rheum 59(5), 746-753.

Xiao, H, Heeringa, P, Hu, P, Liu, Z, Zhao, M, Aratani, Y, Maeda, N, Falk,
RJ and Jennette, JC. 2002. ‘Antineutrophil cytoplasmic autoantibod-
ies specific for myeloperoxidase cause glomerulonephritis and vasculitis in
mice’. J Clin Invest 110(7), 955-963.

33


http://www.utdol.com
http://www.utdol.com

Xiao, H, Heeringa, P, Liu, Z, Huugen, D, Hu, P, Maeda, N, Falk, RJ and
Jennette, JC. 2005. ‘The role of neutrophils in the inductions of glomeru-

lonephritis by anti-myeloperoxidase antibodies’. Am J Pathol 167(1), 39—
45.

34



	Introduction
	Vasculitides
	Systemic vasculitides
	Classification
	ANCA-associated vasculitis
	Histopathological findings
	Myeloperoxidase and proteinase 3

	Are ANCAs pathogenic?
	ANCA's pathogenic effect
	Current understanding of the pathogenesis

	Origin of ANCA
	Summary

	Theories and Results
	Standard treatment strategies
	Cyclophosphamide
	Prednisolone

	Plasma exchange therapy
	Challenges
	Rituximab
	TNF- targeted medicines
	IgG glycan hydrolysis
	EndoS
	Trials


	Discussion
	Conclusion
	References

