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INTRODUCTION

1. Clinical characteristics of primary vasculitis

The primary systemic vasculitides are a group of heterogeneous disorders

of unknown etiology characterized by more or less widespread

inflammation of the vessel wall. A clinical classification of the various

disease entities within this group has been proposed by the American

College of Rheumatology (ACR) and is based on the presence of particular

clinical symptoms and histopathological findings (1). These so-called

ACR-criteria are widely used but have their drawbacks with regard to

disease specificity and sensitivity. A more precise nomenclature and

definitions for the primary vasculitides have therefore been proposed by a

group of experts in this field in 1993 (table 1).

Large vessel vasculitis

Giant cell (temporal) arteritis

|

Takayasu arteritis

Medium-sized

vasculitis

vessel

Polyarteritis nodosa

Kawasaki disease

Small vessel vasculitis

Wegener’s granulomatosis

Churg-Strauss syndrome

Microscopic polyangiitis

Henoch-Schoenlein purpura _

Essential cryoglobulinemic |

vasculitis

Cutaneous leukocytoclastic angiitis

Table 1. Names and definitions of vasculitides adopted by the Chapel Hill

Concensus Conference on the Nomenclature of Systemic Vasculitis



These definitions for the nomenclature of the vasculitides are known as the
Chapel Hill Concensus Conference (CHCC) definitions and are now
widely used as diagnostic criteria, although they were not intended as such.
Based on these definitions new diagnostic and classification criteria have
to be developed (2).

Within the spectrum of the primary vasculitides renal involvement is
common, particularly in the small-vessel vasculitides (3).
Immunopathologically, Henoch-Schoenlein purpura and cryglobulinemic
vasculitis are characterized by immune deposits, which are considered to
play a major and initiating role in the development of renal lesions. The
remaining small-vessel vasculitides show paucity or absence of immune
deposits. These pauci-immune vasculitides, that is Wegener’s
Granulomatosis (WG), Churg-Strauss Syndrome (CSS), microscopic
polyangiitis (MPA) and its renal limited form, are strongly associated with
the presence of anti-neutrophil cytoplasmic antibodies (ANCA). Their
annual incidence in Europe is 10 to 20 per million per year and they
account for at least 5% of the causes of end stage renal failure. There is an
increased incidence with age, with a median age of 56 years in studies over
the past 10 years. Males slightly predominate (4,5).

This work focuses on the ANCA-associated vasculitides (AAV) with renal
involvement - their ethiopathogenesis, clinical presentation and treatment

and the overall and renal outcome of patients with AAV.

2. ANCA-associated vasculitis

2.1. ANCA testing
As stated, the idiopathic pauci-immune necrotizing small-vessel
vasculitides are strongly associated with ANCA. This finding was first

described in 1982 (6). These antibodies were initially believed to be



associated with Ross River virus infections. By 1985, however, ANCA had
been linked to WG (7). Within several more years, a relationship among
ANCA, WG, MPA and renal limited vasculitis (RLV) was established (5,
8). ANCA testing currently plays a critical role in the diagnosis and
classification of vasculitides, even as debate about their ultimate
importance in the pathogenesis and pathophysiology of these conditions
continues.

In vasculitis, ANCA are most often directed to either proteinase 3 (PR3-
ANCA) or to myeloperoxidase (MPO-ANCA). Both PR3 and MPO are
located in the azurophilic granules of neutrophils and the peroxidase-
positive lysosomes of monocytes. PR3 is a cationic protein belonging to
the trypsin family of serine proteases. MPO catalyses the production of
hypochloric acid, which is effective in killing phagocytized bacteria and
viruses.

Two types of ANCA assays are currently widely used — a more sensitive
indirect immunofluorescence (IIA) assay and a more specific enzyme-
linked immunosorbent assay (ELISA). To maximize diagnostic utility,
current guidelines recommend dual testing, to screen with IIA and to
confirm all positive results with ELISAs directed against the vasculitis-

specific target antigens (mainly PR3 and MPO).

2.1.1. Indirect immunofluorescence

When the sera of patients with AAV are incubated with ethanol-fixed
human neutrophils, two major immunofluorescence patterns are observed.
With the C-ANCA pattern (fig 1), the staining is diffuse throughout the
cytoplasm (C-cytoplasmic type of immunofluorescence). In most cases,
antibodies directed against PR3 (detected by ELISA) cause this pattern,
but MPO-ANCA can occasionally be responsible (9,10).

The perinuclear or P-ANCA pattern (fig 1) results from a staining pattern



around the nucleus, which represents an artifact of ethanol fixation. With
ethanol fixation of the neutrophil substrate, positively-charged granule
constituents rearrange themselves around the negatively-charged nuclear
membrane, leading to perinuclear fluorescence (S5). The antibody
responsible for this pattern (detected by ELISA) is usually directed against
MPO (and occasionally PR3).

Figure 1. C-cytoplasmic type of immunofluorescence on the left and P-

perinuclear type of immunofluorescence on the right

There are several reasons for caution in the interpretation of
immunofluorescence results. First of all, they are highly dependent on the
experience of the laboratory personnel. Furthermore, immunofluorescence
results lack specificity (in one study positive C-ANCA were associated
with vasculitis in only 50% of patients) (11). It is frequently difficult to
distinguish the P-ANCA pattern of immunofluorescence from that caused
by antinuclear antibodies (ANA). Individuals with ANA frequently have
false-positive results on ANCA testing by immunofluorescence. The use of
both formalin- and ethanol-fixed neutrophil substrates permits the
distinction between P-ANCA and ANA, because formalin-fixed

neutrophils prevent the rearrangement of charged cellular components

around the nucleus. Morover, ANCA do not react with lymphocytes, and
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therefore the presence of lymphocytes on the test slides enables the
observer to easily distinguish between the presence of ANA and ANCA.
However, most commercially available slides for IIF-ANCA screening

lack these control cells.

Although PR3 and MPO are the two most common targets for ANCA, an
increasing number of cytoplasmic proteins has been identified so far as
minor ANCA target antigens, including bactericidal/permeability-
increasing protein (BPI), lactoferrin, azurocidin, cathepsin G, human
elastase, or lysozyme. Some ANCA-targeted antigens are not the part of
granules but are located directly in the cytoplasm, like a-enolase and
catalase, or even in the nucleus, e.g. non-histone chromosomal proteins
HMG]1 and 2 (high-mobility proteins). In IIA, atypical ANCA patterns
may be confused with P-ANCA pattern (12).

2.1.2. Enzyme-linked immunoassay

Specific ELISAs for antibodies to PR3 and MPO (and in some centers for
other antigens as well) are now available, and should be part of testing for
ANCA. PR3-ANCA and MPO-ANCA are associated with substantially
higher specificities and positive predictive values than the
immunofluorescence patterns to which they usually correspond (C- and P-
ANCA, respectively). There are, however, significant differences in
sensitivity, specificity and predictive value among available commercial
direct ELISA kits. The best practice includes both IIA and ELISA testing,
because it has been shown that a C-ANCA combined with positive PR3-
ANCA was 99% specific for AAV, and similarly, a P-ANCA combined
with a positive MPO-ANCA was 99% specific for AAV (13).
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2.1.3. Newer methods

Fluoroimmunoenzymatic assay (EliA) - a fully automated fluorescent assay
performed on CAPs coated with the corresponding autoantigen. It has a
high sensitivity (82.7%), a very good specificity (97.2%), and a good
correlation with MPO and PR3 ELISAs. Its accuracy in association with
the practicality of the automated EliA system make this method a useful
tool for the diagnosis of AAV (14).

Capture ELISAs - for PR3-ANCA detection, capture ELISAs are reported
to be superior to direct ELISAs. A better interlaboratory correlation in
PR3-ANCA and detection of immunecomplexes have been described as
their major advantages (15). However, standard capture ELISAs, in which
PR3 is anchored by anti-PR3 monoclonal antibodies (the plate is precoated
with a monoclonal antibody to capture the antigen), have two potential
disadvantages. First, the capturing monoclonal antibodies (moAB) may
compete for epitopes recognized by some PR3-ANCA, causing occasional
false-negative results. Second, the capture of recombinant PR3 (rPR3)
mutant molecules becomes unpredictable as modifications of specific
conformational epitopes may not only affect the binding of PR3-ANCA,
but also the affinity of the capturing anti-PR3 moAB. To overcome these
difficulties a new capture ELISA for PR3-ANCA detection was developed
(16). This new assay is based on the standardized capture of a variety of
different carboxy-terminally c-myc tagged recombinant ANCA target
antigens using anti-c-myc coated ELISA plates. Antigen used include c-
myc tagged human rPR3 variants (mature and pro-form conformations),
mouse mature rPR3 and human recombinant neutrophil elastase. The
analytical sensitivity and specificity for PR3-ANCA positive serum
samples were 93% and 100%, respectively, when rPR3 with mature
conformation was used as the target antigen, and 83% and 100% when the

pro-enzyme conformation was employed. In conclusion, this new anti-c-
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myc capture ELISA compares favorably to our standard capture ELISA for
PR3-ANCA detection, enables the unified capture of different ANCA
target antigens through binding to a c-myc tag, and allows capture of rPR3

mutants necessary for PR3-ANCA epitope mapping studies.

2.2. Disease associations

2.2.1. Drug-induced vasculitis

ANCA are associated with certain drug-induced vasculitis syndromes.
Most patients reported with drug-induced vasculitis have MPO-ANCA,
often in very high titres, antibodies to elastase, lactoferrin or other minor
antigens (17). Many cases of drug-induced AAV are associated with
constitutional symptoms, arthralgias/arthritis, and cutaneous vasculitis.
However, a full range of clinical features, including crescentic
glomerulonephritis and alveolar hemorrhage, can also occur. The strongest
links between medications and AAV occur in patients treated with
propylthiouracil, methimazole, hydralazine, and minocycline. Other drugs
occasionally implicated include penicillamin, allopurinol, sulfasalazine,

procainamide, carbimazole, thiamazole, clozapine, and phenytoin (18-20).

2.2.2. Cystic fibrosis

ANCA directed against BPI are typical for a subgroup of patients suffering
from cystic fibrosis and diffuse panbronchiolitis, especially patients with
highly impaired pulmonary function and a lengthy period of colonization
with Pseudomonas aeruginosa. BPI-ANCA have been found to inhibit

neutrophil-mediated killing of Pseudomonas aeruinosa (21-23).

2.2.3. Autoimmune liver diseases
ANCA antibodies are found in some patients with autoimmune hepatitis,
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sclerosing cholangiitis and primary biliary cirrhosis, without the
correlation with the disease status (24). In one study on almost 200
patients, ANCA were present in 74% of patients with autoimmune
hepatitis, 26% of patients with primary biliary cirrhosis, and 60% of
patients with primary sclerosing cholangitis. Major antigens were catalase,
a-enolase, and lactoferrin. The presence of ANCA as detected by indirect
immunofluorescence was associated with the occurrence of relapses in
autoimmune hepatitis, with decreased liver synthesis function in primary
biliary cirrhosis and in primary sclerosing cholangitis, and with increased

cholestasis in primary sclerosing cholangitis (25).

2.2.4. Ulcerative colitis

In patients with inflammatory bowel diseases, the testing for both ANCA
and anti-Saccharomyces cerevisiae antibodies (ASCA) enables clear-cut
differential diagnosis of ulcerative colitis (UC) or Crohn’s disease (CD)
based on the high specificity (ANCA+ ASCA- 92.5% for UC, ANCA-
ASCA+ 93.2% for CD). However, the presence of ANCA does not reflect
any disease activity (26).

2.2.5. Inflammatory rheumatic diseases

In patients with rheumatoid arthritis (RA), ANCA positivity ranges from
10% to 50% with the following target antigens: lactoferrin, MPO and
others (27). ANCA have been reported with many other inflammatory
rheumatic conditions, including systemic lupus erythematosus (SLE),
ankylosing spondilitis, juvenile chronic arthritis, Sjogren’s syndrome,
inflammatory myopathies, and scleroderma. In one study, almost 400
patients with connective tissue diseases (CTD) were tested for the presence

of ANCA. ANCA were detected in 13.9% of patients with SLE, 14.7% of
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patients with RA, 9.5% of patients with systemic sclerosis and 13.1% of
patients with Sjogren’s syndrome. No ANCAs were detected in healthy
individuals (28).

2.2.6. Infections

ANCA are found also in some infectious diseases, like subacute bacterial
endocarditis (anti-PR3) and invasive amoebiasis, and HIV infection (anti-
BPI, anti-MPO) (29-31).

2.2.7. ANCA and anti-GBM double positivity

Between 10 and 40 percent of patients with anti-glomerular basement
membrane (GBM) antibodies have ANCA, usually anti-MPO and about
10% of patients with ANCA antibodies have anti-GBM. The clinical
significance of combined ANCA and anti-GBM antibodies is unclear.
Outcomes in double positive patients with severe disease have generally
been poor. In some, the titres of ANCA are low and there are no clinical
manifestations of vasculitis. Others, however, present with disease features
that are uncommon to anti-GBM antibody disease but quite typical of
systemic vasculitis, including purpura, arthralgias, and granulomatous
inflammation. The most likely explanation for the emergence of two
autoantibodies is that ANCA-related glomerular damage subsequently
mounts an immune response against the exposed and damaged glomerular
basement membrane. In practice, patients with either ANCA-associated
disease or anti-GBM disease, whether diagnosed serologically or by renal
biopsy, should be tested for the second antibody. This approach should

provide better prognosis and guide management (32, 33).
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2.2.8. ANCA associated vasculitides

The clinical manifestation of WG, MPA, and CSS are extremely varied
because they are influenced by the sites of involvement, and the activity
versus the chronicity of the involvement. All three categories of vasculitis
share features caused by the small vessel vasculitis, and patients with WG
and CSS have additional features that define each of these syndromes.
Generalized nonspecific manifestations of systemic inflammatory disease,
such as fever, malaise, anorexia, weight loss, myalgias, and arthralgias, are
often present in all the entities. Many patients trace the origin of their

disease to a ,,flu-like* illness.

2.2.8.1. Wegener's granulomatosis

According to the CHCC nomenclature (2), WG is a systemic necrotizing
vasculitis affecting small to medium-sized vessels (e.g. capillaries,
venules, arterioles, and arteries). It typically produces granulomatous
inflammation of the upper and lower respiratory tracts and necrotizing,
pauci-immune glomerulonephritis in the kidneys. A ,limited* form, with
clinical findings confined to the upper respiratory tract or the lungs, occurs
in approximately one-fourth of cases. However, this subdivision is
somewhat artificial because approximately 80 percent of such patients
eventually have renal involvement.

The ACR proposed four clinical criteria for the classification of WG in
1990, before the routine availability of ANCA testing (1):

- nasal or oral inflammation (painful or painless oral ulcers or purulent or
bloody nasal discharge)

- abnormal chest radiograph showing nodules, fixed infiltrates, or cavities

- abnormal urinary sediment (microscopic hematuria or red cell casts)

- granulomatous inflammation on biopsy of an artery or perivascular area.

The presence of two or more of these criteria yielded a sensitivity of 88%
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and specificity of 92%.

At present, the diagnosis of WG is suggested from the clinical and
laboratory findings and from the presence of ANCA that are more often
directed against PR3 (70%) then to MPO (25%). About 5% are ANCA
negative (34). As previously mentioned, renal disease is common (80%),
manifested by acute renal failure and/or active urinary sediment with red
cells, red cell and other casts, and proteinuria. Lung involvement is found
in up to 90% of patients with WG, while E.N.T involvement also occurs in
about 90%. Other organ systems that may become involved include (35,
36):

musculoskeletal system (myalgias, arthralgias, arthritis) — 60%

skin (vesicular, palpable purpuric, ulcerative, and hemorrhagic lesions,
ischemic lesions, livedo reticularis) — 40%

nervous system (motor mononeuritis multiplex, sensory peripheral
neuropathy, cranial nerve palsy, cord lesion, palsy, central nervous system
mass lesions, organic confusion/dementia, seizures, hearing loss) — 30-
50%

eyes (conjunctivitis, corneal ulceration, episcleritis, optic neuropathy,
nasolacrimal duct obstruction, proptosis, diplopia, retinal vasculitis, and
uveitis) — 15-30%

heart (pericarditis, myocarditis, coronary arteritis, cardiac valve
involvement, arrhythmias, conduction disorders, congestive heart failure) —
5-50%

less commonly, the gastrointestinal tract, subglottis or trachea, lower
genitourinary tract, parotid glands, thyroid, liver, or breast. Basically, any

organ may be affected.

2.2.8.2. Microscopic polyangiitis
According to the CHCC nomenclature (2), MPA is a necrotizing
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vasculitis, with few or no immune deposits, affecting small vessels
(capillaries, venules, or arterioles), although necrotizing arteritis involving
small and medium-sized arteries may be present. Necrotizing
glomerulonephritis is very common (90%). Pulmonary capillaritis often
occurs (50%), but, by definition, patients with MPA do not have
granulomatous respiratory tract lesions. Similarly, E.N.T. lesions may
occur in MPA (35%), but they are caused by angiitis alone, without
granulomatous inflammation. Destruction of bone, for example resulting in
septal perforation and saddle nose deformity, appears to require
necrotizing granulomatous inflammation (as in WG and CSS) and,
therefore, does not occur in MPA. Nodular cutaneous lesions caused by
dermal or subcutaneous arteritis and by the necrotizing granulomatous
inflammation of WG and CSS, are very rare with MPA, other skin lesions
occur often, in up to 40% of patients. Neurologic, musculoskeletal and
other organ involvement is similar to those with WG, eye involvement is
less frequent than in WG.

Patients with MPA have MPO-ANCA in 50%, PR3-ANCA in 40%, and
are ANCA negative in 10% (36).

2.2.8.3. Churg-Strauss syndrome

According to the CHCC nomenclature (2), CSS is a necrotizing vasculitis
with eosinophil-rich and granulomatous inflammation affecting small to
medium-sized vessels, involving the respiratory tract, and is associated
with asthma and eosinophilia.

The following six criteria have been formulated by the ACR for the
diagnosis of the CSS in patients with documented vasculitis (1):

- asthma

- eosinophilia of >10% on differential white blood cell count

- mononeuropathy (including multiplex) or polyneuropathy
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- migratory or transient pulmonary opacities detected radiographically
- paranasal sinus abnormality
- biopsy containing a blood vessel showing the accumulation of

eosinophils in extravascular areas

The presence of four or more of these criteria yields sensitivity of 85% and
specificity of 99.7% for the CSS.

Patients with CSS have MPO-ANCA in 60%, PR3-ANCA in 10%, and
they are ANCA negative in 30%. The vasculitis typically involves the
arteries of the lung (70%) and skin (60%), but may be generalized. Renal
involvement is less frequent in CSS (45%), E.N.T. involvement occurs in
about 50% of patients. On the other hand, neurologic manifestation
(usually with a mononeuritis multiplex) is most frequent in CSS compared
to other AVV.

2.2.8.4. Renal-limited vasculitis

RLV, or isolated (idiopathic) pauci-immune necrotizing/crescentic
glomerulonephritis is distinguished from MPA and WG by the absence of
extrarenal symptoms of vasculitis. It is more often MPO-ANCA positive

and therefore considered a renal limited form of MPA.

2.3. Disease scoring

AAV is now viewed as chronic disease rather than a fatal condition due

to improvement in survival by treating with immunosuppressants.
Consequently, it is no longer appropriate to use death as the main study
outcome. Therefore, the European Vasculitis Study Group (EUVAS)
developed 3 assessment tools that are used for the outcome of clinical
trials in vasculitis. Birmingham Vasculitis Activity Score (BVAS) is used

to document current disease activity. It consists of a set of items divided
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into nine organ based systems. The scoring sheet simply records the
presence or absence of new or worsening features due to active vasculitis.
Each item is weighted and the total score on all nine organ systems gives
an indication of the disease activity in each patient at the time of scoring.
Vasculitis Damage Index (VDI) is a scoring system to document those
features, which are due to persistent systemic damage where there is no
current disease activity. It is a cumulative assessment of organ dysfunction,
damage or scarring. Finally, the Short Form 36 patient questionnaire is
designed to assess the patient’s perspective on the impact of the disease on

their lives (37).

2.4. Disease stages
The EUVAS group also defines disease stages of AAV based on clinical
and pathologic considerations (table 2) (38):

Subgroup Organ involvement Constitutional ANCA
symptoms

Localised Upper and/or lower respiratory |no
tract

Early systemic | Any except renal/imminent yes usually +
organ failure

Generalized |creatinine < 500 pmol/l and/or |yes +
other imminent organ failure

Severe renal | creatinine > 500 pmol/l yes +

Refractory Progressive despite therapy yes +/-

Table 2. Clinical subgroups of AAV according to the definitions of the
European Vasculitis Study Group (EUVAS). Constitutional symptoms are:
fever, night sweats, weight loss, malaise, and fatigue. Imminent organ
failure includes progressive lung, eye, nervous system, or gastrointestinal

involvement.
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2.5. Diagnostic tools

Routine laboratory tests are generally nonspecific in AAV. Common
abnormalities include leukocytosis, thrombocytosis, marked elevation of
the erythrocyte sedimentation rate (ESR) and C- reactive protein (CRP),
and normochromic, normocytic anemia (35). Like ANCA, the markers of
inflammation (ESR and CRP) fluctuate with vasculitis activity (39).

The diagnosis of AAV is generally confirmed by tissue biopsy at the site of
active disease. Biopsy of a nasopharyngeal lesion is relatively noninvasive,
but very often non-diagnostic, as the amount of tissue from this site is
often small. Granulomatous inflammation is commonly present, but actual
vasculitis is only detected in about one-third of cases. The granulomatous
lesions of Wegener’s granulomatosis are built up by CD4+ T-cells, CD8+
T-cells, histiocytes, CD20+ B-lymphocytes, neutrophil granulocytes,
CD68+ macrophages, and CD68+ multinucleated giant cells surrounding a
central necrosis. Scattered eosinophil granulocytes may be interspersed
and do not necessarily automatically support the diagnosis of CSS. The
central necrosis may be confluent or show an irregular serpiginous pattern
coined “geographic” necrosis. A palisade of epitheloid histiocytes may
arrange around the necrotic foci. The center of the necrosis is acellular or,
in some instances, contains polymorphonuclear leukocytes. Apart from the
respiratory tract granulomatous lesions may be found in virtually any
organ, including for example retroorbital tissues or meninges. However,
renal granulomas are rare.

If there is no lesion in the upper respiratory tract, the next step is biopsy of
an affected organ such as kidney or lung. Renal biopsy is preferred
because it is easier to perform, safer and often more diagnostic. To a
certain extent, it provides us with additional information on renal
prognosis (discussed later). Kidney biopsy typically reveals a segmental

necrotizing glomerulonephritis with little or no immunoglobulin
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deposition (pauci-immune) on immunofluorescence or electron
microscopy. This finding is essentially diagnostic of an AAV. However,
the histopathological features vary among patients from mild focal
segmental extracapillary proliferation to diffuse crescentic necrotizing
glomerulonephritis with granulomas and tubular intra-epithelial infiltrates.
In some cases, extensive glomerulosclerosis is found (40).

If performed, the lung biopsy reveals vasculitis and granulomatous
inflammation in WG. Special stains and cultures have to be performed to
exclude the presence of infections that can produce granulomas, vasculitis
or necrosis. Lung biopsy most often requires open or thoracoscopic lung
biopsy. In a small number of cases (<10%), sufficient tissue for diagnosis
can be obtained by transbronchial biopsy; however, negative result in this
case does not exclude the diagnosis of vasculitis (41).
Modern imaging techniques including computed tomography, magnetic
resonance imaging, echocardiography and sometimes positron-emission
tomography are essential tools for disease management.

Gallium scans are clinically helpful as a negative scan virtually excludes
active WG. However, because of positive scans in cases of bacterial and
viral infections, specificity is low (42). For research purposes,
somatostatin receptor (SSTR) scintigraphy was used for the assessment of
disease activity and extent in the upper and lower respiratory tract, and
treatment efficacy. The specificity for active versus non-active disease was
96% for pulmonary disease and 100% for ENT involvement, while
sensitivity was 86% and 68%, respectively (43).

Bronchoalveolar lavage (BAL) may disclose inflammatory neutrophilic
(usually < 20%) or lymphocytic cell (median 40%) profiles suggestive of
alveolitis and pulmonary hemorrhage. BAL will also be helpful in
excluding opportunistic  infections in patients treated with

immunosuppressants (44, 45).
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2.6. Etiology and pathogenesis of AAV

AAV is a complex, immune-mediated disorder in which tissue injury
results from the interplay between an initiating inflammatory event and a
highly specific pathogenic immune response to previously shielded
epitopes of neutrophil granule proteins. This generates high titer ANCA
directed against antigens within the primary granules of neutrophils and
monocytes. These antibodies produce tissue damage via interactions with
primed neutrophils and endothelial cells. Inflammatory cytokine
production and adhesion molecule activation or upregulation are important
determinants of the pathogenic inflammatory responses noted in vasculitis.
The exact mechanisms by which ANCA arise and their role in the etiology
of AAV remain unclear. The exact events leading to the initiation of the
disease are obscure. Infectious, genetic, and environmental risk factors and

combinations of all three have been entertained (46).

2.6.1. Etiology - environmental factors

2.6.1.1. Infection

An infection is thought to be one of triggering factors in AAV. A seasonal
variation of WG with the onset being the highest in winter supports this
hypothesis (47,48) even if this has not been observed by other authors
(35). The development of ANCA and vasculitis in a rat immunized with
bacterial (S. aureus and E. coli) proteins supports the relationship between
infections and ANCA (49). In WG, respiratory tract infections frequently
precede or accompany initial symptoms. There is clear evidence that
chronic nasal carriage of Staphylococcus aureus is approximately three
times higher in Wegener’s granulomatosis compared to healthy and disease
controls and constitutes a risk factor for disease exacerbation of Wegener’s

granulomatosis  (50). Prophylactic treatment with trimethoprim-
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sulfamethoxazole reduces respiratory and non-respiratory tract infections
and the risk of relapses in Wegener’s granulomatosis and may also induce
remissions in localized Wegener’s granulomatosis (51). How S. aureus
may induce (re)activation of disease activity has not been fully established.
S. aureus produces a cationic protein, staphylococcal acid phosphatase,
which can bind to endothelial cells, by charge interaction, in vitro (52), and
has been demonstrated in glomeruli of some patients with WG. Antibodies
to this phosphatase are present in the sera of patients with WG and
controls, albeit at higher levels in the patients (53). It has been
hypothesized that focal immune complex formation, possibly consisting, at
least in part, of the phosphatase and its cognate antibodies, occurs in the
vessel wall which attracts neutrophils. In the presence of ANCA, this focal
inflammatory reaction is strongly enhanced resulting in necrotizing lesions
and degradation of the immune complexes that were initially present.
Indeed, immune complexes have been demonstrated in early skin lesions
of patients with WG (54). Other S. aureus-related mechanisms of disease
activation have been suggested as well, in particular autoreactive PR3-
producing B-cells activation within granulomatous lesions of the
respiratory tract resulting from stimulation with S. aureus-derived
superantigens, such as staphylococcal protein A. Antigenic mimicry is
suspected to be an important factor in triggering ANCA formation. S.
aureus genome directly encodes a variety of serine proteases, which may
be cross-reactive with C-ANCA (56). As mentioned above, a translocation
of intracellulary hidden antigens during nonspecific activation of
neutrophils during any inflammation may also be involved. When released
from the cell they may become easily accessible to ANCA, or may induce
ANCA formation (57).
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2.6.1.2. Drugs and chemicals
The existence of drug-induced AAV has been already discussed. Given

the frequency with which the first symptoms of WG occur in the
respiratory tract, exposure to noninfectious agents or toxins is another
possible inciting event. The possible candidates are silica dust and organic
solvents. Since 1960, several patients with pulmonary silicosis have been
described to develop pauci-immune  necrotizing  crescentic
glomerulonephritis. Later it was reported that these patients have ANCAs
that in most cases are directed to myeloperoxidase. The exposure to silica
dust has been therefore repeatedly studied in patients with ANCA and
AAV. It has been reported to be significantly higher than in healthy
controls, lupus nephritis or other conditions. Recently, a case report was
published of a patient who developed and died of MPA after silicone
breast implantation (58). Silica is thus one of the first well-documented
environmental triggers in these diseases, although the mechanisms by
which silica may induce AAV are not well known. Silicon-containing
compounds have a pronounced adjuvant effect on immune responses, and
silica particles are potent stimulators of lymphocytes and monocytes or
macrophages. Further, silica may induce apoptosis of monocytes or
macrophages and possibly neutrophils (59-61).

Interestingly, the proportion of active smokers in AAV patients was
significantly lower than in the entire population in one study on almost 200
patients. Cigarette smoking may be associated with a reduced risk of AAV
(62).

2.6.2. Etiology - genetic factors
WG is more predominant among Caucasians and the genetic predisposition
appears quite complex. A number of familial cases of AAV have been

described, and suggested candidate genes include, among others, cytotoxic
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T-lymphocyte-associated protein 4 (CTLA-4), interleukin-1 receptor
antagonist (IL-lra), IL-10, and FcyRII/FcyRIIl (63). Fcy-receptor
polymorphism seems to be involved in disease expression (64). The
PTPN22 620W allele is a risk factor for Wegener’s granulomatosis (65).
The PR3 gene itself shows polymorphism and an association was
demonstrated for the A-564G polymorphism in the PR3 promoter,
affecting a putative transcription factor binding site, with WG (66). It has
been shown that, in some persons, PR3 is expressed on the cell surface of a
varying percentage of resting peripheral blood neutrophils. This so-called
bimodal expression of PR3 was more frequently seen in patients with WG
as well as in their healthy relatives (67).

Mutations in the gene encoding a-1 antitrypsin (AAT), the primary in vivo
inhibitor of PR3, are found more frequently in patients with AAV (68).
This observation suggests a potential pathogenic role in this disease for
deficient PR3 clearance from the sites of inflammation. Decreased local
concentrations of AAT caused by genetic polymorphisms or alterations in
the enzyme’s functionality induced by inflammation may therefore lead to
protease/anti-protease imbalance in the disease microenvironment. AAT
phenotypes leading to decreased levels of functional AAT have been
associated with an increased risk of WG as well as with increased
morbidity (69). Although unproven, these events may be responsible for
generating immunogenic forms of PR3 in these patients. However, no case
of AAV was found among a group of patients having a heterozygous
mutation of this gene (70).

Suspected polymorphisms of the TNFa promoter were excluded as risk
factors for the disease in a cohort of German patients (63), but the same
authors described polymorphism in adhesion molecule CD18 to be
associated with various forms of AAV (71). As to HLA class II, alleles
DQw7 and DR4 haplotypes were found to be associated with the
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persistence of ANCA in vasculitis (72). However, so far, no particular
narrow HLA phenotype has been identified to convey susceptibility to
Wegener’s granulomatosis.

In summary, as in other autoimmune diseases, the etiology of AAV is
heterogeneous and principally unknown. Different predisposing factors

play probably differential etiopathogenic roles in various groups of AAV.

2.6.3. Pathogenesis
The pathogenesis of systemic vasculitis is complex and is likely to involve

many mechanisms.

2.6.3.1. Neutrophil activation and ANCA

Although ANCA antigens are normally in the cytoplasm of neutrophils and
monocytes, preactivation (priming) of these cells, as occurs following
exposure to low amount of pro-inflammatory cytokines such as TNFa,
TNFp, granulocyte-macrophage colony-stimulating factor (GM-CSF), IL-
1, IL-8 results in the release of small amounts of ANCA antigens at the cell

surface.

TGFB is a multifunctional cytokine modulating onset and course of
autoimmune diseases. The possible interactions of TGFp with lysosomal
enzymes identified as ANCA autoantigens (e.g. PR3) were studied. This
included TGFp effects on the translocation of the lysosomal enzymes to
cell surface of polymorphonuclear cells (PMN), and the presumed
activation of latent TGFB by these enzymes. Flow cytometry analysis
showed TGFf1 to be a potent translocation factor for PR3 comparable
with other neutrophil activating factors such as IL-8. The PR3 membrane
expression on primed PMN increased by up to 51% after incubation with
TGFB1. PR3 itself was revealed as a potent activator of latent TGFp, thus

mediating bioeffect of this cytokine. Patients with various types of
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systemic vasculitis showed marked TGFB overexpression correlating with
disease (73).

During priming the target antigens of ANCA, i.e. PR3 and MPO, are
expressed at the cell surface and become accessible for interaction with
ANCA.

ANCA-induced neutrophil activation involves not only binding of the
antibodies via their F(ab")2-fragments to surface expressed PR3 or MPO,
but also interaction of their Fc-fragments with Fc-receptors on neutrophils,
particularly with FcyRIIa-receptor (74, 75). It has been demonstrated that
ligation of FcyRlla and FcyRIIIb is necessary for ANCA-induced
neutrophil activation, but that the signaling cascades used by ANCA were
different from the signal pathways used by FcyR engagement only,
suggesting that ANCA require other not yet identified membrane cofactors
for neutrophil activation than FcyR engagement alone (76). The FcyRlIa is
the only Fc-receptor that interacts with IgG2 whereas this receptor also has
a particular affinity for the IgG3 subclass. Interestingly, the increase in
neutrophil activating capacity of serum IgG fractions from remission to
relapse in patients with PR3-ANCA positive WG correlated with increases
of levels of IgG3 subclass ANCA in those fractions and not with that of
other subclasses (77). In addition, renal relapses of WG are particularly
associated with increases of the IgG3 subclass of ANCA, although IgGl-
and IgG4 subclasses of ANCA are present as well (78). It should be,
however, stated that measuring the IgG3 subclass of PR3-ANCA
concomitantly with the total IgG PR3-ANCA did not improve the
predictive value of a rise in ANCA for ensuing relapses (79). Nevertheless,
these data suggest that the IgG3 subclass of ANCA may play a particular
role in neutrophil activation via Fcy receptor interactions.

The interaction of ANCA and target antigens is followed by activation of

neutrophils.
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It has been demonstrated on the neutrophils from MPO-deficient donors by
the absence of superoxide anion production that the presence of MPO is a
condition sine qua non for neutrophil activation by anti-MPO antibodies
(80). In vitro, ANCA-IgG causes cytokine-primed neutrophils to undergo a
respiratory burst and degranulation (81). The degranulation of neutrophils
and release of chemoattractants and cytotoxic oxygen free-radicals causes
tissue damage (82). The activation of neutrophils in AAV was established
in vitro by reactive oxygen species (ROS) production and the ability of
superoxide anion to reduce ferrocytochrome c (83). ANCA are able to
induce stable adherence of rolling neutrophils to layers expressing
adhesion molecules (84).

In addition, primed neutrophils not only damage endothelial cells, but
attract additional neutrophils to the site of damage, thereby creating an
auto-amplifying loop. The release of MPO, PR3, elastase and other
proteases from activated neutrophils also contributes directly to the local
inflammatory process. Released enzymes can bind to the surface of
unprimed neutrophils, facilitating subsequent recognition by ANCA and
amplifying ANCA-potentiated neutrophil activation. It has been
demonstrated that not only ANCA, but also their F(ab")2-fragments,
although to a lesser extent, could induce the release of lytic enzymes.

The activation of the neutrophils only occurs when they are adherent to a
surface, a process in which beta2-integrins are involved (85). In vivo, this
process is assumed to occur at the endothelial surface. Indeed, activated
neutrophils, adherent to the epithelium, are observed in renal biopsies from
patients with ANCA-associated necrotizing crescentic glomerulonephritis
(86). ANCA-antigen complexes adsorb onto endothelial cells where they
can participate in in situ immune-complex formation. Persistent ANCA
binding to neutrophils on the endothelial surface can enhance the degree of

vascular injury (87).
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Endothelial cells are the target of the initial injury resulting in swelling,
necrosis and deadherence of endothelial cells. Lysed neutrophil
granulocytes are found within affected vessels. In the lung, capillaries,
venules and arterioles are infiltrated by polymorphonuclear leukocytes.
Pulmonary microvascular necrotizing vasculitis (capillaritis) is the cause of
pulmonary hemorrhage. In the kidney, rupture of the basement membrane
subsequent to neutrophil degranulation gives rise to glomerular capillary
thrombosis followed by a cascade of events leading to focal segmental

crescentic glomerulonephritis.

2.6.3.2. Monocyte activation and ANCA

Besides neutrophils, also monocytes can be activated by ANCA. Affinity-
purified PR3-ANCA and MPO-ANCA were able to induce monocytes to
produce oxygen radicals. Blocking of the FcyRIla reduced the formation of
oxygen radicals but F(ab")2-fragments of ANCA were still able to activate
monocytes suggesting that activation occurs along several lines (88). The
complex of PR3 and ANCA leads to an increased expression of CD18,
CD14 and an elevated synthesis of cytokines and chemokines such as IL-1,
IL-8 in monocytes. Patients with active WG have higher levels of CD4+ T
cell and monocytic activation markers (TNFa, INFy, IL-12) than patients
in remission and healthy controls. IL-10 treatment (which inhibits Thl
pathway by impairing the production of IL-12) of mononuclear cells from

active WG patients impairs the production of INFy in vitro (89-91).

In both monocytes and granulocytes apoptosis finally occurs (92).

2.6.3.3. The role of T cells
There is growing evidence that T cells may contribute to the pathogenesis

of AAV. In active AAV, the cellular infiltrates in kidney, lung, and nasal
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tissue mainly consist of macrophages, T and B cells (immunohistochemical
examinations of nasal biopsies from untreated patients with active WG
revealed the presence of CD3+, CD4+, CD8+, CD20+, CD38+, CD68+
cells) (93-97). Patients with AAV have abnormal expansion of T cells,
especially in CD4+ subset, compared with T-cell expansions in healthy
individuals (98). Although the presence of T cells strongly suggests a
pathogenic role, the antigenic specificity of the infiltrating T cells has not

been identified.

T lymphocyte proliferation was observed by in vitro stimulation with an
extract of human neutrophil alpha granules, containing PR-3 in patients
with C-ANCA and active disease. However, at least some degree of
proliferation has also also been observed in PR3-stimulated T cells from
healthy controls. Thus, a pathogenic role for T cells in the effector phase of
AAV, at least in WG, seems likely, but has not been fully established (99).

The predominant IgG subclasses of ANCA in patients with WG are 1gGl
and IgG4. Isotype switching from IgGl to IgG4 depends on repeated
antigenic stimulation and also on T-cell cytokines such as IL-4, which
suggests that the production of the antibodies is T-cell-dependent (100-
101). Furthermore, several studies found increased serum markers of T cell
activation, including soluble IL-2 receptor, soluble CD4, and soluble CD8
in AAV. In patients with WG, the levels of soluble IL-2 receptor (sIL-2R)
correlate well with disease activity and may indicate imminent relapse.
Levels of sIL-2R increased in the moment of major relapse, correlated with
CRP and with the disease activity score. The rise of the ANCA titer
preceded the rise in sIL-2R by at least 1 month. The authors concluded
that major relapses of WG were accompanied by systemic T cell activation,
which, however, did not appear to precede the rise in ANCA titers (102).
Percentages of activated CD4+ and CD8+ T cells in peripheral blood were

higher in patients with active WG than in healthy individuals. However,

31



this increase was also observed in patients in remission, which might
indicate that T cell activation persists during remission (103-105).

CSS was found to be associated, in its active state, with markedly
increased levels of sIL2-R and eosionophil cationic protein (ECP)
indicating T cell and eosinophil activation, and elevated soluble
trombomodulin (sTM) as a sign of endothelial cell damage (102).

Based on their cytokine profile and related functions, CD4+ T-helper
lymphocytes are classified into two distinct types: type 1 (Thl) and type 2
(Th2) (table 3). When no polarization of the response is present the
resultant phenotype is designated as type 0 (ThO). The main inducer of the
Th1 profile is macrophage-derived cytokine IL-12 (106). In general, Thl
cells characteristically produce IFNy and are involved in cell-mediated
inflammatory reactions (107). Th2 cells, producing IL-4, IL-5 and IL-10,
are associated with phagocyte-independent host responses, encouraging
antibody production and enhancing eosinophil proliferation and function.
Of the Th2-related cytokines, IL-4 promotes differentiation of naive CD4+
cells into Th2 cells, whereas IL-10 inhibits Thl cytokine synthesis (108-

110).

Property | Thl Th2
Cytokine secretion
IFNy J{-H—
TNF-a 4+
IL-2 1++
IL-13 | -
IL-10 + +
IL-4 r ++
IL-5 |+
Surface expression
CD26 ++ +/-
CCRS ++ | +/-
CCR3 - |++
CD30 ;+/- [t
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Property Thli Th2
Release in biological fluids
sCD26 ++ +/-
sCD30 +/- ++

Table 3. Thl and Th2 characteristics (110).

In the granulomatous lesions of patients with Crohn’s disease and
tuberculosis, a clear-cut Thl cytokine profile was found, with high
numbers of CDA4+ cells producing IFNy, but no IL-4 (111-112). In
localized WG, T cells in nasal inflammatory infiltrates were found to
express the Thl marker CD26 and higher numbers of INFy-positive cells
than in generalized disease (113). This was accompanied by increased
spontaneous INFy and IL-10 production by peripheral blood mononuclear
cells of patients with localized WG compared to generalized WG, whereas
in nasal inflammatory infiltrates in generalized WG IL-4 mRNA was
detected in higher amounts. Another study confirmed this Th2
environment in nasal granuloma in generalized WG. By
immunohistochemistry, IL-4 was found to be upregulated, while INFy was
not detected in nasal biopsies of 10 patients with generalized active WG
(114). Predominance of Thl- type chemokine receptor CCRS expression
on T-cells is seen in localized Wegener’s granulomatosis and may favor
stronger recruitment of Thl-type cytokine-secreting cells into
inflammatory lesions in localized as compared to generalized Wegener’s
granulomatosis in response to its CCchemokine ligand RANTES
(regulated on activation, normal T-cell expressed and secreted/CCL5). In
contrast to localized Wegener’s granulomatosis, a fraction of Th2-type
CCR3+ T-cells is also seen in generalized Wegener’s granulomatosis
(115).
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Activation of T cells involving cytokine production and proliferation
requires at least one costimulatory signal. A subset of circulating T-cells
lacking the co-stimulatory molecule CD28 is expanded in Wegener’s
granulomatosis. The expansion of CD28- T-cells starts early in the disease
process and is already evident in localized Wegener’s granulomatosis. The
expansion of CD28- T-cells correlates with the organ involvement.
Circulating peripheral blood as well as CD4+CD28- T-cells within
granulomatous lesions are a major source of Thl-type cytokine secretion
which is mainly restricted to TNF-o and IFN-y. The Thl-type CD28-T-cell
subset displays features of effector memory T-cells. A lower Thl-type
CCRS expression on CD4+CD28- T-cells in generalized as compared to
localized Wegener’s granulomatosis suggests further differentiation of this
T-cell subset during disease progression. These studies suggest that an
aberrant Thl-type response might play a role during the initiation and
progress of the disease process (116-118). On the other hand, plasma
levels of sCD30 have been shown to be significantly increased and
correlate with disease extent and activity in generalized WG. These
findings suggest that sCD30 can act as a useful marker for evaluation of
disease extent and activity, and that generalized WG may be associated
with Th2-type immune response (119).

In summary, T cells appear to be involved in the pathogenesis of systemic
vasculitis, but their specific role is still uncertain. The immunopathological
process is T-cell-driven and ANCA production appears to be T-cell
dependent. Peripheral blood T-cell responses to PR3-ANCA are seen in
patients and to a lesser extent in controls. Selection of particular TCRs in
patients with systemic vasculitis may suggest the existence of a specific
vasculitis-associated T-cell antigen. Understanding the mechanisms
resulting in loss of tolerance in patients with systemic vasculitis may be of

importance for prognosis and the development of new immunotherapies
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(120).

2.6.3.4. The role of the endothelial cell

Endothelial cells may actively recruit inflammatory cells in the early stages
of active disease, and enhance their adhesion to sites of vascular injury.
They may synthesize PR3 (unproven), which could participate in in situ
immunecomplex formation (121).

Endothelial cells may be targeted by anti-endothelial cell antibodies
(AECA) and are central targets of numerous proinflammatory cytokines.
To define mechanisms of vascular injury in WG and MPA, AECA were
sought in serum from 168 patients, all of whom had ANCA. Using an
ELISA with human umbilical vein endothelial cells (HUVEC), IgG AECA
were demonstrated in 59% and IgM AECA in 68% patients. Pre-treatment
of HUVEC with TNF, IL-1 or INFy led to increased binding. A widespread
endothelial cell damage was suggested from a marked elevation of vWF
antigen levels. These data suggest that patients with WG or MPA can
develop AECA to constitutively expressed but cytokine modulated
determinants on HUVEC. These antibodies did not appear to support
complement-mediated cytotoxicity, but rather antibody-dependent cellular
cytotoxicity, suggesting that they may contribute to vascular injury (122).
The soluble endothelial leucocyte adhesion molecule-1 (ELAM-1) has
been shown to act as a neutrophil chemoattractant and may also represent a
specific marker of endothelial cell damage or activation. Nine patients with
AAV were prospectively monitored for disease activity, serum ELAM-1,
C-reactive proteins (CRPs), von Willebrand factor (vVWF) and ANCA
levels. The abnormally high ELAM-1 levels at presentation fell within
normal limits a week following pulse methylprednisolone therapy. This
preceded a fall in CRP, vWF and subsequent clinical remission. One

patients relapsed with rising ELAM-1 levels. These findings suggest a
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possible role of ELAM-1 in monitoring of AAV (123).

Since the expression of E-selectin and the production of IL-6 by
endothelial cells is an early step in the sequence of events leading to
vascular injury, the extent of HUVEC activation by ANCA-positive sera
was measured by the lectin expression by flow cytometry and the
production of IL-6 by ELISA. The positive results suggest that the
activation of endothelial cells in patients with WG and MPA can be
induced by circulating antibodies. Both ANCA and AECA can be
responsible for this effect (124).

Whether endothelial cells themselves express ANCA-antigens such as
PR3, has been a subject of controversy. Some data suggest that endothelial
cells express PR3, particularly when activated, and that subsequently,
ANCA can bind to surface expressed PR3 resulting in upregulation of
adhesion molecules and further activation of those cells (125). Other
authors, however, have not been able to confirm PR3 expression by
endothelial cells but demonstrated that PR3 binds to endothelial cells via a

specific receptor (126).

2.6.3.5. Pathogenicity of ANCA

A direct evidence for pathogenicity of ANCA is a recently described case
of a woman with a history of MPA who relapsed during pregnancy. Forty-
eight hours after delivery the newborn developed pulmonary hemorrhage
and renal abnormalities. The newborn’s cord blood showed an
immunoglobulin G MPO-ANCA level identical to that of the mother’s
serum, indicating passive transfer of the antibody to the neonate (127). A
mouse model that shows that MPO-ANCA alone may induce vasculitis in
mice, deficient in both T and B lymphocytes (Rag2-/-), was also described
(128).

Indirect evidence lies in the correlation of ANCA (and surface expression
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of PR3 on neutrophils) with the disease activity (39, 129), even though
even situations when high titers of ANCA do not correlate with active
disease are not rare (130). The different epitopes on PR3 and MPO
recognized by ANCA and their relation to disease activity remain to be
explained. The potential of ANCA to bind to target antigens and modify
their physiologic function (induction of oxygen radical release,
degranulation, inhibition of microbicidal function, defective apoptotic
process), thereby contributing to tissue damage (82), or the potential of
ANCA to bind to planted antigen on endothelial cell and induction of
endothelial cell injury (131) are another indirect proofs of the

pathogenicity of ANCA.

2.7. Treatment of ANCA-associated vasculitis

2.7.1. Natural History

Prior to the introduction of immunosuppressive therapy, the outcome of
the patients with AAV was fatal, with most patients dying in less than a

year due to a vital organ failure (36).

2.7.2. Induction therapy
2.7.2.1. Cyclophosphamide

In the early 1980s, Fauci and Wolff introduced a regimen combining daily
cyclophosphamide (CYC) therapy given for one year after remission with
prednisone therapy initiated at a dose of 1 mg/kg/b.w./day and tapered on
an alternate-day schedule. This treatment ("Fauci-scheme") has been found
to induce remission in 80-100 % of patients and can result in long-term
survival. It was an empirical regimen and therefore entailed considerable
therapy-related morbidity and mortality. Furthermore, when therapy is
tapered and discontinued, relapses are common (in up to 50% of cases).

Although CYC treatment is effective in managing the relapses, repeated
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courses of CYC are associated with bone marrow suppression, infection,
cystitis, infertility, myelodysplasia, and transitional-cell carcinoma of the
bladder and other secondary malignancies. As a result, the introduction of
immunosuppressants has changed the natural history of an acute,
progressive and life-threatening disease into a chronic, often grumbling
one with progressive accumulation of tissue damage due to disease scars
and adverse effects of the therapy (132) .

For all the above mentioned reasons, a number of clinical trials aimed at
improvement of induction and maintenance treatment of AAV has been
launched. In Europe, EUVAS was created gradually during the first half of
the 1990s and focused first on diagnostic role of ANCA, followed by the
standardization of ANCA testing, histological assessment and
classification of AAV. It was assumed that despite their different
clinicopathological characteristics, AAV could be studied together, but, for
treatment purposes, subclassified based on their severity at presentation
(see Disease scoring) (133).

The optimal induction treatment of induction of remission in patients with
generalised, but not immediately life-threatening AAV was tested in the
CYCLOPS trial, where the standard daily oral CYC (2 mg/kg b.w./day for
months 0-3 and 1.5 mg/kg b.w./day for months 3-6) was compared with
pulsed CYC (10 iv pulses 15 mg/kg b.w. during 6 months), in both limbs
with corticosteroids (CS), with the aim to reduce the cumulative dose of
CYC and thereby the toxicity of the treatment. According to published
preliminary results of CYCLOPS, the intermittent pulse administration of
CYC proved to be as efficient as the pulse administration with significant
reduction of cumulative dose and both short-term and long-term toxicity of
CYC (134).
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2.7.2.2. Methotrexate

The NORAM trial compared the effect of methotrexate (MTX) (15-25 mg
weekly) and CYC (at a standard dose 2 mg/kg b.w./day) on the remission
rate in early AAV. At 6 months, the remission rate in patients treated with
MTX (89.8%) was not inferior to that in patients treated with CYC
(93.5%). In the MTX group, remission was delayed among patients with
more extensive disease or pulmonary involvement. Relapse rates at 18
months were 69.5% in the MTX group and 46.5% in the CYC group.
Leukopenia was less frequent in the MTX versus the CYC group, liver
dysfunction was more frequent in the MTX group. The authors conclude
that MTX can replace CYC for initial treatment of early AAV. The MTX
regimen used in the present study was less effective for induction of
remission in patients with extensive disease and pulmonary involvement
and was associated with more relapses than the CYC regimen after
termination of treatment. The high relapse rates in both treatment arms
support the practice of continuation of immunosuppressive treatment

beyond 12 months (135).

2.7.2.3. Plasma exchange

The role of plasmapheresis has been studied in the MEPEX trial, where the
patients with acute renal failure due to AAV were randomized to
adjunctive therapy with either seven plasma exchange treatments (each 60
ml/kg b.w.) or three pulses of intravenous methyprednisolone (each 15
mg/kg b.w.). Although the mortality in both trial arms was the same, renal
survival was much better in patients with plasma exchange (136). These
data confirmed meta-analysis of several smaller studies and strongly
suggest that plasma exchange should be used as an adjunctive treatment to
CYC in patients with AAV with acute renal failure (137). Also patients

presenting with hemoptysis and pulmonary infiltrates causes by diffuse
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alveolar hemorrhage benefit from prompt initiation of plasmapheresis

therapy coupled with aggressive immunosuppresion (66).

2.7.2.4. Recommendations for induction treatment

In summary, most physicians favor a CYC-CS combination regimen in the
initial treatment of most patients with AAV. This is particular indicated in
those with life-threatening disease, including patients with a serum
creatinine concentration above 177 umol/l, pulmonary involvement, CNS
disease, and/or bowel perforation/infarction. Pulsed CYC will get
preference over daily oral CYC as it is a comparably effective and safer
alternative. The initial dose of CS is usually 1 mg/kg per day of oral
prednisone and is gradually tapered. CYC and CS are continued until
stable remission is induced (usually 3-6 months). A methotrexate-based
regimen is an option in patients with active but not immediately life-
threatening disease and normal or near normal renal function (with a serum
creatinine concentration below 177 pmol/1). Prednisone alone is not
recommended (139). Plasmapheresis should be added in patients with
dialysis-dependent renal failure and life-threatening pulmonary
hemorrhage at presentation, especially in those with high titer ANCA
and/or anti-GBM antibodies.

2.7.3. Maintenance therapy

2.7.3.1. Azathioprine

The CYCAZEREM (cyclophosphamide vs azathioprine for early remission
phase of vasculitis) examined whether azathioprine (AZA) was as effective
as CYC in maintaining remission and preventing relapses in AAV, but
with fewer side effects. One hundred and forty-one patients with
threatened vital organ function and creatinine levels <500 umol/l1 were

randomized after induction of remission (with daily oral CYC + CS usually
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for 3 months) to either treatment with continued oral CYC (1.5 mg/kg
b.w./day) for 12 months, or AZA (2 mg/kg b.w./day). Both treatments were
found to be equally effective (a comparable mortality, relapse rate, renal
outcome, and short-term adverse effects). Given the known long-term
safety profile of AZA compared with CYC, this trial has clearly
established the superiority of AZA over CYC in preventing relapse after
initial induction of remission in AAV. The results support the concept of
aggressive treatment of active disease and lower-intensity therapy for the
maintenance of remission. The possible need for further CYC treatment for
late relapse adds to the importance of minimizing the initial level of

exposure (140).

2.7.3.2. Mycophenolate

Encouraged by a preliminary experience with mycophenolate (MMF) in
smaller studies (141), the EUVAS has launched the IMPROVE trial
comparing MMF and AZA as a maintenance therapy in patients in
remission. MMF could have a place not only in the treatment of patients in
remission, but also in patients with chronic active disease unresponsive to
CYC, or in whom further courses of CYC would be inappropriate. It will
also be assessed for induction treatment in patients with moderately

extended disease.

2.7.3.3. Methotrexate

MTX has been given for maintenance treatment of AAV with good
success. The French collaborative vasculitis research group has compared
low-dose MTX to AZA in a large randomized controlled trial which
showed similar relapse rates in both arms. A trial comparing MTX to
leflunomide by the German Rheumanet study group was terminated

prematurely because of an unexpected high relapse rate in the MTX group.
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However, the better results seen with leflunomide were offset by more
adverse events (134). In one controlled study, MTX has been shown

superior to trimethoprim-sufamethoxazole in maintaining remission (142,

143).

2.7.3.4. Trimetoprim-sulfamethoxazole (co-trimoxazole)

It has been shown in a double blind, placebo-controlled, multicentric trial,
that treatment with co-trimoxazole (in a dose of 800 mg of
sulfamethoxazole and 160 mg of trimethoprim given twice daily for 24
months) reduces the incidence of relapses in patients with AAV in
remission. The reduction of the number of relapses was especially evident
with respect to relapses involving the upper airways. In addition, fewer
respiratory and non-respiratory tract infections were found in the treated
group. These findings suggest that the drug exerts its protective effect by
preventing infections. Given the reported association between nasal
carriage of Staphylococcus aureus and an increased risk of relapse of WG,
it is tempting to postulate that co-trimoxazole reduces the frequency of
relapses by eliminating or reducing S. aureus in the upper airways. On the
other hand, co-trimoxazole, through its antagonism of folic acid
metabolism or other yet unknown mechanisms, may have
immunosuppressive  properties  (144).  Moreover, trimethoprim-
sulfamethoxazole induces remissions in localized Wegener’s

granulomatosis.

2.7.3.5. Cyclosporin A

Little data is available on the use of cyclosporin A. Haubitz et al. treated 7
patients for one year after inducing remission and none of the patients
suffered a relapse during the year of follow-up. This is a very small and

short-term study, but supports data showing low rates of relapse in patients
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with vasculitis receiving cyclosporin A after renal transplantation (145).

2.7.3.6. Recommendations for maintenance therapy

Once complete remission is achieved, CYC is discontinued and either
MTX (which is an option only in those with a serum creatinine < 177
umol/L) or AZA is initiated. Maintenance therapy is usually continued for
12 to 24 months. Slow tapering of CS is initiated once there is a significant
response, which usually occurs after one month. A low-dose (5-10 mg per
day of prednisone), possibly in an alternate day regimen, is maintained for

as long as immunosuppressive therapy is continued.

2.7.4. Treatment of relapse

Treatment of relapse is determined by severity and by whether or not the
patient is still being treated. Among those with minor relapses determined
clinically or by biopsy who are still receiving maintenance therapy, a trial
of increasing the dose of CS and immunosuppressive agents can be
considered. By comparison, reinstitution of the initial induction regimen is
warranted in patients with more severe disease and in those who are no
longer on immunosuppressive therapy (34). Thus, treatment of recurrent
vasculitis is largely similar to that of the primary disease. Given the
increased drug exposure, greater attention must be paid to potential
toxicity. In terms of maintenance therapy, the duration after reinduction is
prolonged to two years after remission. In addition, if relapse occurred
while on maintenance therapy, a different drug should be used (eg. MMF

rather than AZA in a patient with renal disease).
2.7.5. Other therapeutic approaches
2.7.5.1. Intravenous immunoglobulin

A number of studies have reported beneficial effects of intravenous
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immunoglobulin (IVIG) in patients with chronic grumbling vasculitis
despite more conventional treatments or in patients with acute disease.
Jayne et al. conducted a small controlled trial of IVIG given as a single
dose of 2 g/kg b.w. in patients with chronic active disease. Fourteen of 17
patients given IVIG showed improvement compared with only 6 of 17
given placebo, but the effect was short-lived (146). Schoenfeld et al. used
monthly IVIG (2g/kg b.w.) given over 5 days in 13 patients with vasculitis,
after other treatments had failed to control disease; 8 patients had a

beneficial outcome, but relapses were common (147).

2.7.5.2. Deoxyspergualin

The mechanism of action of deoxyspergualin (DSG) includes inhibition of
IL-1 synthesis and anti-proliferative effects. It appears to be an effective
and safe agent to treat patients with AAV refractory or with
contraindications to standard immunosuppressants. The experience with
this drug is very limited so far and further studies are warranted (and
already under way) to investigate DSG as secondary or even primary agent

in patients with AAV (148).

2.7.5.3. Leflunomide

Leflunomide inhibits pyrimidine nucleotide synthesis, inhibits proliferation
of activated lymphocytes, and reduces IL-2, TGFa and antibody
production. Unlike in rheumatoid arthritis, in AAV there is only a single
report of the use of leflunomide in the maintenance phase with very good
results (149).

2.7.5.4. Etoposide
According to a report by Danish authors and our unpublished experience

with two patients, treatment with cyclic etoposid can result in complete
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remission in patients resistant to and non-tolerant of standard

immunosuppressive therapy (150).

2.7.6. New therapeutic approaches

Lymphocyte depletion using monoclonal antibodies (CAMPATH 1H-anti-
CD52 pan lymphocyte antigen, or anti-CD4) has been reported in a
handful of patients with relapsing or persistent disease (151). Fifteen
patients with histologically proven active refractory Wegener's
granulomatosis were treated with anti-thymocyte globulin (ATG) by a
protocol (SOLUTION protocol) designed by EUVAS. Thirteen of 15
patients showed a favorable response to ATG. During a follow-up of 21.8
months, seven patients relapsed. Two patients died, 1 and 3 days following
the first dose of ATG, due to pulmonary hemorrhage and infection.
Although further immunosuppressive treatment was required in all
surviving patients, a less intensive regimen could be applied in 12. Beside
fever and chills associated with the first gift of ATG, ATG was well
tolerated, with infections being observed in five cases and serum sickness
in two. The authors conclude that anti-T-cell-directed treatment with ATG
may be a therapeutic option for severe refractory Wegener's

granulomatosis (152).

Elimination of B cells by anti-CD20 chimeric antibody (rituximab)
induced stable remissions in patients with AAV refractory to conventional
therapy in several smaller studies. Safety did not appear to be a major
problem, but continued vigilance is warranted. To prevent formation of
antibodies to rituximab, an immunosuppressive agent has to be added or
continued (153). At least 5 patients have been treated with an anti-CD18
monoclonal antibody (anti-adhesion molecule directed therapy) with
clinical improvement in four (154). More specific approaches include co-

stimulation blockade (with anti-CD40 ligand for example) to prevent
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antigen-driven immune responses. The expansion of circulating TNF-o-
producing Thl-type CD28- T-cell effector memory T-cells and their
presence as Thl-type cytokine profile-driving cell population within
granulomatous lesions provide the rationale for using TNF-a-blocking
agents in refractory AAV. Both the chimeric monoclonal anti-TNF-a
antibody infliximab and the human soluble p75 TNF-a receptor fusion
protein etanercept have been successfully applied in refractory Wegener’s
granulomatosis and anti-TNF antibody therapy. In view of the importance
of ANCA in the pathogenesis of AAV, semispecific removal of these
antibodies has been attempted using L-tryptophan immunoadsorbtion
(155), and more specifically with MPO-bound immunosorbent columns to
remove anti-MPO ANCA (156). Finally, a few patients with severe disease
have received immunoablation with autologous bone marrow stem cell

transplant, with only short-term benefit (149).

2.7.7. Supportive treatment

Together with an aggressive immunosuppression, a prophylaxis against
corticosteroid-induced gastritis, fungal infection, and Pneumocystis carinii
pneumonia is strongly recommended. Patients >50 years usually receive
calcium and vitamin D tablets for bone protection. With high-dose CYC in
iv pulses, uromitexan is used. Special attention is paid to those in fertile
age before CYC is initiated. Trimethoprim-sulfamethoxazole and nasal
mupirocin ointment are used in eliminating chronic nasal carriage of

Staphylococcus aureus.

2.8. PR3-ANCA and MPO-ANCA disease — is there a difference?

It has been noted that PR3-ANCA are predominantly found in patients
with WG and MPO-ANCA in patients with MPA, its renal limited form, or
CSS. Nevertheless, patients with WG incidentally have MPO-ANCA and
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PR3-ANCA do occur in patients with MPA and RLV. These associations
led to the question whether patients with PR3-ANCA differ from those
with MPO-ANCA with respect to clinical presentation, histopathological
findings and clinical outcome. Franssen et al. (157) retrospectively
analyzed clinical features, pattern of pre-treatment renal function loss,
renal morphology and outcome in a consecutive series of 46 patients with
PR3-ANCA and 46 patients with MPO-ANCA. Patients with MPO-ANCA
had a higher median age than patients with PR3-ANCA (63 and 56 years,
respectively). The prevalence of renal involvement did not significantly
differ between PR3-ANCA and MPO-ANCA positive patients (83% and
67%, respectively), but, prior to treatment, renal function deteriorated
significantly faster in PR3-ANCA. Moreover, kidney biopsies showed a
higher activity index (cellular and fibrocellular crescents, necrosis,
insudation, infiltration by inflammatory cells) and a lower chronicity index
(glomerulosclerosis, interstitial fibrosis, and tubular atrophy) than biopsies
from patients with MPO-ANCA. However, although PR3-ANCA positive
patients showed a more active renal disease, kidney survival did not differ
between PR3-ANCA positive patients (73%) compared to MPO-ANCA
positive patients (61%). The authors suggest that the more acute clinical
presentation of patients with PR3-ANCA results in the earlier institution of
immunosuppressive treatment explaining the comparable or even better
renal outcome. These data are in agreement with other studies (158).

In order to explain the observed difference in inflammatory activity of the
lesions between PR3-ANCA and MPO-ANCA positive vasculitis,
Franssen et al. compared the neutrophil activating capacity of IgG
fractions of PR3-ANCA and MPO-ANCA and indeed, PR3-ANCA
positive IgG fractions induced more oxygen radical release from donor
neutrophils and generated more neutrophil degranulation of -

glucuronidase than MPO-ANCA positive IgG fractions. These
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observations may, at least in part, explain the clinical and histopathological
differences between PR3- and MPO-ANCA positive patients (159).
Franssen et al. also evaluated their patients with PR3-ANCA and MPO-
ANCA associated vasculitis for extrarenal involvement. They found that,
at diagnosis, patients with PR3-ANCA had a higher vasculitis activity
index and a higher number of affected organs. Involvement of both
kidneys and the respiratory tract was far more common in patients with
PR3-ANCA than in patients with MPO-ANCA (78.3% vs 23.9%). RLV
occurred exclusively in patients with MPO-ANCA (160).

Taken together, PR3-ANCA and MPO-ANCA are markers of different

disease entities within the spectrum of AAV.

2.9. Factors involved in relapse of AAV

AAV is a relapsing disease. The reported relapse rate differs from 16% in
18 months of follow-up (140) to up to 50% in long-term observations (50).
It has been noted by several groups that PR3-ANCA relapse more
frequently than patients with MPO-ANCA associated vasculitis (39, 157,
161, 162). The reason for this difference is not clear. In patients with PR3-
ANCA persistence of (PR3-)ANCA after induction of remission is a risk
factor for relapse. Longitudinal observations made by several groups (39,
163, 164) showed that relapses of WG were preceded by rises in ANCA
titres. It has been even suggested that rising titers of ANCA may be used
as a guideline for the institution of immunosuppressive therapy, but this
has not been proven beneficial to the patient as the amount of
cyclophosphamide required to prevent relapses may be harmful to the
patient in the long term due to its toxicity (165). A prospective study of
pre-emptive therapy with AZA and prednisone or no preemptive therapy
once a rise in ANCA titer had occurred, was recently performed by

Boomsma et al. (166) and proved, that early relapses could be prevented
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with pre-emptive treatment but that late relapses occurred in many cases
after stopping preventive treatment. Thus, rising titers of ANCA are
frequently followed by relapses, but the use of an elevation in ANCA titer
as the sole parameter to justify immunosuppressive therapy cannot be
endorsed; the patients with rising titers should be followed closely for
signs of clinical activity.

Besides rising titers of ANCA, persistence of ANCA after induction of
remission in WG has also been identified as a risk factor for an ensuing
relapse (144, 164, 167), which suggests that long-term maintenance
treatment should be instituted in patients who are persistently positive for
ANCA after induction of remission. On the other hand, a persistently
ANCA-negative status is not an absolute proof of remission. This was
illustrated in a report, where 8% of patients were ANCA negative at the
time of relapse (168).

A second factor relevant for relapse in WG is chronic nasal carriage of
Staphylococcus aureus. Stegeman et al. observed that 63% of patients with
WG were chronic nasal carriers of S. aureus and that relapses occurred
almost exclusively in these patients. In agreement with these data,
maintenance treatment with co-trimoxazole resulted in a reduction of
relapses in WG, as it was already previously mentioned (144). Several
hypotheses of the mechanisms involved in relapse induction by nasal
carriage of S. aureus, have been suggested — S. aureus derived
superantigens may activate the immune system, S. aureus derived cationic
proteins may adhere to (glomerular) basement membrane, induce a
subclinical vasculitis/glomerulonephritis which, in the presence of ANCA,
develops into clinically overt disease (169, 170).

Genetic risk factors have also been implicated in the occurrence of
relapses. Patients with polymorphic forms of Fc-gamma receptors that

exhibit low affinity for certain IgG-subclasses were more prone to relapses

49



in WG in the first 5 years after diagnosis (171); high membrane expression
of PR3 on resting circulating neutrophils was associated with a
significantly increased risk for relapse (172).

In conclusion, a frequent monitoring of ANCA levels, a closer follow-up
of those with rising titers and an eradication of S. aureus are necessary.
The increased relapse rate in PR3 disease should be probably taken into

consideration in the length of maintenance treatment.

2.10. Outcome of patients with AAV

2.10.1. Morbidity and mortality

AAV is a life-threatening disease that requires prompt recognition and
therapy. Prognosis is an especially important tissue as the disease process
is aggressive and the therapeutic options are inherently dangerous. Since
the introduction of CYC and CS in the treatment of AAV, mortality has
significantly decreased from 82% in 1 year to 59-95% in various patients
groups during various follow-up periods, and remission rates have
increased to up to 93% (39). Different authors have reported following
survival periods in their cohorts of patients: Little et al. 85.5% at 1 year
and 63% at 5 years, Aasard et al. 88% at 2 years and 74% at S years (173),
Slot et al. 73% at S years and 62% at 10 years (174), Booth et al. 84% at 1
year and 76% at S years (175). At the time of disease presentation,
clinicians are faced with several factors that may influence the outcome of
the patients. The treatment used in AAV is toxic and carries the potential
risk of life-threatening infection. Additionally, cytotoxic agents are
associated with cancerogenesis, mutagenesis, infertility, and interstitial
cystitis. Significant prognostic factors for mortality were found to be the
entry age (162, 173-175), the serum creatinine level and dialysis-
dependence at presentation (162, 173-175), the developing dialysis-

dependence during follow-up (174), the multi-system manifestation and
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the presence of pulmonary hemorrhage (176); however, the latter was not
confirmed by others (174). Some authors reported higher mortality in C-
ANCA disease and WG (176), whereas others did not confirm this finding
(162, 173, 175). The male gender was sometimes (174) associated with
increased mortality, again not confirmed by others (175). Factors unrelated
to vasculitis, such as functional status (as quantified by Karnofsky score)
and non-vasculitic co-morbidity were, not-surprisingly, found to be potent
predictors of poor outcome (173). Some authors report low-intensity
immunosuppression to be associated with a worse outcome (173, 176),
whereas others stress the treatment-associated leukopenia and ensuing
sepsis as an independent risk factor for death (175), which indicates the
need for more effective better targeted therapy. Overall, the morbidity and
mortality results from several factors. In the early phase of the disease it is
associated with irreversible organ dysfunction because of inflammatory
injury (within days), further on with aggressive immunosuppressive
therapy and its short-term adverse effects, namely infections (within
months), and long-term sequellae, such as secondary tumors,

myelodysplastic syndrome, accelerated atherosclerosis etc. (162, 174).

2.10.2. Renal outcome

The reported renal survival in patients with AAV with renal involvement
differs according to the severity of renal disease at presentation, from 65%
at 5 years and 51% at 10 years (174), to 44% at 48 months (176). The
strongest predictors of long-term renal outcome are the entry serum
creatinine level and dialysis-dependence and the occurrence of renal
relapses (162, 174-176). Booth et al. found the older age to be associated
with an increased renal death (175); Westman et al. (162) reported a worse
renal survival in patients with very high titers of PR3-ANCA and in those

with low blood thrombocytes and Slot et al. (174) in those with proteinuria
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at diagnosis and during follow-up (only in MPO-ANCA). Proteinuria was
confirmed as a determinant of poor renal prognosis in another study (177).
Recently, the occurrence of an increased amount of IgM in urine at
presentation was found to be a strong marker of poor renal outcome, as it
is in other forms ofiglomerular diseases (178). Hogan et el. (176) stressed
the importance of the race with a worse renal outcome in African
Americans and arterial sclerosis on renal biopsy. Bajema et al. (179)
evaluated the predictive value of renal biopsy findings for renal outcome in
ANCA-associated necrotizing glomerulonephritis. The percentage of
normal glomeruli in the biopsy was the best predictor for renal recovery
and outcome. Reversely, glomerular sclerosis, diffuse interstitial infiltrates,
tubular necrosis and athrophy were each associated with a worse recovery
and outcome. Also, this study shows that the extent of chronicity, and not
the activity of glomerular lesions, in the renal biopsy at presentation is the
major factor for renal outcome. The latter, apparently, are largely

reversible once adequate immunosuppressive therapy has been instituted.
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OWN OBSERVATIONS - AIMS AND RESULTS

1. An abridged version of the introduction to this thesis was the subject of
"ANCA - associated renal vasculitis — epidemiology, diagnostics and
treatment" published in Prague Medical Report (annex 1). A lot has
changed in this field since the article was first published in 2004, and an
update was therefore desirable. An increased understanding of the

pathogenesis and a confirmation of the pathogenicity of ANCA has led to

the use of a range of biologic therapies. There is now an unprecedented
opportunity to develop novel therapies for AAV targeted at the
pathophysiologic mechanism involved.

The predictive value of ANCA as markers of clinical activity of AAV is
more and more controversial. The final decision concerning an
introduction of immunosuppressive therapy has to be based on both
clinical and laboratory markers. A search for new markers of imminent
relapse is therefore underway. It is possible that, for instance, the
differences in Th response might modify disease manifestations and the
occurence of relapses. A more frequent assesment of the Th1/Th2 balance
in patients might lead to a better monitoring of disease activity and more
adequate therapeutic strategies. One possible therapeutic approach of the
Th response is the administration of IL-10, which has been proposed as a
potential therapeutic cytokine in WG.

The results of the EUVAS studies demonstrated the benefits of tailoring
therapy according to the stage of the disease and inherent risk factors of
the patients such as their age. They warrant further attempts at an early
diagnosis of AAV and early therapeutic intervention in order to preserve
the function of organs, prolong the patients” survival and minimize

exposure to CYC.
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2. The diagnostics of AAV was described in "Multiple Extrarenal
Complications of Wegener’s Granulomatosis" published in Case Report
and Clinical Practice Revue (annex 2). It is a case report of a patient with
WG with an unusually high number of extrarenal complications. The
patient had a two-year history of intermittent bloody nasal discharge;
subsequently she developed a ‘saddle’ nose. After a febrile episode and
arthralgias, the disease directly presented with a corneal perforation. The
conjunctival, ENT and renal involvement were verified histologically. The
peculiarities of this case included a double cardiac involvement - an acute
myocardial infarction due to coronal arteritis and a vasculitis of the aortic
valve - and gastrointestinal bleeding. Another relatively infrequent
complication was the development of a very tight subglottic stenosis
during the remission of the disease. Since all markers of pathologic activity
were normal, we considered the development of stenosis as a result of

reparative changes.

3. The etiologic factors of AAV were discussed in two papers - "Silica and
Asbestos Exposure in ANCA-Associated Vasculitis with Pulmonary
Involvement" published in Renal Failure (annex 3) and "Two Familial
Cases of antineutrophil cytoplasmic antibody (ANCA)- associated
vasculitis" published in Rheumatology (annex 4).

First we carried out a study to find out whether patients with pulmonary
involvement attributable to AAV have been exposed to silicon-containing
materials. We included a total of 31 patients with AAV with pulmonary
and renal involvement diagnosed in our center between the years 1993 and
2002. The patients were asked to complete questionnaires designed by the
occupational health physicians to evaluate their exposure to silica-
containing chemicals and estimate their extent. Seven AAV patients

(22.6%) had at one time been exposed to silicon-containing chemicals
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(12.9% to SiO2, 9.7% to asbestos). The mean length of exposure was
almost 4 years. In all cases the exposure was considered as low. We
explored the possibility that the exposure was more likely to be associated
with sex, smoking, and specific ANCA pattern or disease category. None
of these was proven significant, although there was a tendency towards
higher exposure in the MPO group. The results were compared to those of
30 age, sex, and residence-matched controls, where no patients were found
to have any previous occupational exposure to silicon-containing
materials. The difference was statistically significant (p<0.05). Exposure
to smoking was comparable in the AAV and control groups (41.9% vs.
43.3% of smokers). It is largely accepted that AAV is genetically based but
environmentally triggered, and there is an increasing evidence of a
pathophysiologic role of silica in AAV, although the mechanisms by which
silica may induce AAV are not well known. We were able to show a
significantly higher anamnestic exposure to silicon-containing compounds
in our group of AAV patients compared to the control group.

Morover, the patterns of pulmonary involvement in AAV _ not yet
satisfactorily described in literature _ were discussed in this paper. The
majority of our patients had an obstructive disease on spirometry and either
normal or reduced TLCO. However, as the tests were mostly performed in
remission, these findings reflect the consequences of pulmonary AAV
attributable to vasculitis damage, and not the vasculitis activity.
Subsequently, the role of a genetic predisposition to AAV was addressed
in a description of two familial cases of AAV. In the first family, the father
presented with an acute renal failure due to PR3-ANCA-associated disease
three years before his daughter had exactly the same manifestation.
However, at the time of her admission to our ward she had already had
EN.T. involvement, which was Ilater attributed to Wegener's

granulomatosis. The second family involved two sisters, who were
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diagnosed with microscopic polyangiitis with a more gradual decline of
renal function within four months of each other. The younger sister
actually suggested the diagnosis of her sibling based on her symptoms and
probably saved her a significant portion of renal function.

To our best knowledge, these are the first two familial cases of AAV from
the Czech Republic described so far. They illustrate several very important
aspects of the AAV from both theoretical and practical points of view.
They show that the clinical manifestation of the different AAV are
extremely varied because they are influenced by the sites of involvement
and the activity versus the chronicity of the involvement. Generalized
nonspecific manifestations of systemic inflammatory disease are often
present in all entities. These contitutional and frequent E.N.T. or
respiratory symptoms make the diagnosis difficult and lead mostly to a
treatment with a variety of antibiotics. The detection of blood in the urine
very often prompts another course of antibiotics for a presumed urinary
infection and subsequently, as the finding does not resolve, an extended
urologic work-up is done. Another tricky feature of the disease is the
possibility of temporary spontaneous withdrawal of the symptoms, which
further confuses and delays the diagnosis. As the disease reappears or
persists, it may start to resemble a malignancy. We have had several
patients in whom the diagnosis of WG was established from a kidney or
lung lobe removed because of a mass in the organ, and morphological
features of a necrotizing granulomatous inflammatory disease made the
situation clear (unpublished data). Admittedly, there are patients with an
isolated mass and no other symptoms in whom the invasive procedures
seem to be justified, but they are rare. An erroneous clinical and histologic
diagnosis of carcinoma with a subsequent oncologic treatment in the
setting of a histological diagnosis of cutaneous vasculitis _ as happened to

the female patient of the first family is a grave mistake.
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However varied the AAV may be, their clinical presentation in the two
families described was in some aspects remarkably similar. Both the father
and daughter from the first case study had WG with ANCA directed
against PR3. In both of them a history of E.N.T. involvement preceded the
presentation with dialysis requiring renal failure. The renal biopsies in
both had some corresponding features. The two sisters had both MPA with
MPO-ANCA. Their clinical presentation with nonspecific constitutional
symptoms and the histological and laboratory evidence of a rather slower
decline in the renal function was the same. The disease in the older sister
was detected earlier thanks to the younger one. Her morphological features
were more active without chronic changes and her symptoms were
therefore presumably lesser pronounced. We were unable to obtain
additional objective data on their father’s illness. Nevertheless, the
daughters decribed a suggestive picture of AAV with pulmonary
involvement that resembled that of WG. The difference in the disease
presentation in the two families shows that PR3-ANCA and MPO-ANCA
are markers of different disease entities within the spectrum of AAV.

Last, but not least, the presented case reports raise the question of a
familial predisposition in AAV. Our patients within the two families
shared a similar genetic background with the HLA haplotype A 01, B 57,
Cw 06, DRBI1 07/11 in the affected members of the first family and A
02/30, B 8/62, Cw 03, DRB1 04 in the two sisters. The healthy members
of both families were thoroughly checked, including for ANCA, and no

signs of AAV were found. Mutations in the gene encoding [J-1 antitrypsin
(AAT), the natural in vivo inhibitor of PR3, are more frequently found in
patients with AAV. All our patients had AAT levels within the normal
range. The patients described in our study did not share the same
environment. The fact that two members of the two families fell ill with the

same disease and their similar HLA support the hypothesis that genetic
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predisposition plays an important, although not yet fully understood role.

4. Inflammatory cytokine production and adhesion molecule activation or
upregulation are important determinants of the pathogenic inflammatory
responses noted in vasculitis. The role of T cells was addresses in
"Regulatory Cytokines in ANCA-associated Vasculitis" published in
proceedings from the 11th European Meeting on Cardionephrology (annex
5). We examined 48 peripheral blood samples of patients with AAV and
21 peripheral blood samples of age- and sex-matched healthy controls.
Using flow cytometry, the following markers were assessed: T
lymphocytes activation markers (HLA DR+, CD28+, chemokine receptors
CXCR3 and CCRS), surface molecules CD4, CD8, CD3, CD19,
costimulation molecule CD80 on B lymphocytes, and intracellular
cytokines: interferon gamma (IFNy), tumor necrosis factor alpha (TNFa),
interleukin 2 (IL-2), interleukin 4 (IL-4) in CD3+ T cells, and interleukin
10 (IL-10) and interleukin 12 (IL-12) in monocytes.

We found higher IL-2 and activation markers on T lymphocytes (DR+) and
B lymphocytes (CD80+) in the patients when compared with healthy
subjects. This activation of the immune system persisted even during
remission. The IL-2 production was significantly lower in MPA when
compared with WG suggesting less inflammation in MPA. On the other
hand, the patients had lower IL-10 and IL-12, most probably as a result of
previous or ongoing immunosuppressive treatment. Morover, the patients
had higher levels of IFNy and CCRS when compared with healthy
controls, which represents a significant shift towards Thl population. The
higher number of CD8 positive cells and lower number of CD4 positive
cells indicates that cytotoxic T lymphocytes are involved in the
pathogenesis of AAV. The number of DR positive activated T

lymphocytes and TNFa production increased with advanced renal failure.
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In conclusion, our study supported the hypothesis of AAV being a Thl
mediated disease. The difference in the IL-2 production between WG and
MPA patients suggests a different cytokine regulation of immune reaction

in these patients.

5. Although the incidence of AAV is increasing, it is still low and therefore
necessitates multicentric studies on its treatment and prognosis to
responsibly address these issues. We discussed the treatment of AAV in
two papers. The subclassification of AAV based on the disease severity at
presentation, and the two EUVAS waves of clinical trials were reviewed
in "Current treatment strategies in ANCA-positive renal vasculitis -
lessons from European randomized trials." The first wave of randomized
clinical trials had the aim of optimizing the existing therapeutic regimens.
The second wave concentrated on testing of some newer therapeutic
approaches (annex 6).

Our centre closely cooperates with EUVAS and repeatedly includes a
considerable number of patients in the studies. Between years 1995 and
2001 we contributed a total of 40 patients to the trials CYCAZAREM
(cyclophosphamide versus azathioprine during remission for generalised
vasculitis), MEPEX (plasma exchange versus methylprednisolone for
severe renal vasculitis) and CYCLOPS (daily oral versus pulse
cyclophosphamide during induction phase for generalised vasculitis). We
continue to randomize our patients to subsequent studies such as the
IMPROVE trial comparing mycophenolate and azathioprine as a
maintenance therapy in patients in remission. So far, most of the patients
have been included in the international randomized trial CYCLOPS, the
aim of which was to optimise the treatment of induction of remission in
patients with generalized, but not immediately life-threatening AAV,
which is the stage of the disease where most of our patients are diagnosed.

The intent was to reduce the toxicity of induction therapy by reducing the
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overall dose of CYC during the induction period by using it in intermittent
pulsed form.

We published the results of patients included in our center in "Daily oral
versus pulse intravenous cyclophosphamide in the therapy of ANCA-
associated vasculitis — preliminary single center experience" in Prague
Medical Report (annex 7). Our center included 28 patients from Dec.
1999-Nov. 2001. Eighteen (12 women, 6 men) were evaluable at the
moment of analysis. The mean age at presentation was 54.6 years. Seven
patients were randomised to the pulse limb. Eleven patients were
randomised to the oral limb. The cumulative dose of CYC in pulse limb
was approximately 150 mg/kg body weight/6 months. In the oral limb the
cumulative dose of CYC was more than two-fold, 315 mg/kg body
weight/6 months. All the patients in the pulse limb (100%) achieved
remission, contrary to only 55% of patients in the oral limb. During the
whole period studied, there was only one relapse in the pulse limb, which
occurred 5 months after the cessation of immunosuppressive treatment.
The number of infectious complications in immunosuppressive treatment
was comparable in both limbs (pulse 43% vs. oral 45%). However, there
were only 14% _ one patient _ of serious (i.e. requiring hospitalization)
events in the pulse limb. The patient had leukopenia (1,7.10°/L) caused by
CMV infection and was succesfully treated with ganciclovir. In the oral
limb, 27% of infectious complications _ two patients _ were severe and
unfortunately resulted in the death of both. All three patients died during
the induction treatment, even though CYC was always stopped as soon as
leukopenia and infection were ascertained. The overall mortality was also
higher in the oral limb (36%) compared to the pulse limb (14%). Apart
from the three patients from the oral limb who died of infectious
complications there was one more death in this group, not related to the

diagnosis or therapy. This patient died in a local hospital due to bleeding
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caused by an overdose of coumarine. In the pulse limb, only one death was
recorded. This patient died of pulmonary embolism while on a
maintenance dose of CS (prednisolone 10mg/day). We cannot confidentaly
exclude that the therapy did not contribute to the fatal complication.

The final results of the multicentric randomized trial CYCLOPS have not
been yet published. Our preliminary results of a small group of patients
confirm the higher toxicity of oral CYC that resulted in higher morbidity
and mortality in this group. Surprisingly, in our hands, the efficacy of
pulse CYC seemed to be better. This was certainly due to the small number
of patients and the high mortality in the oral limb. There was no early
relapse in the followed-up period (18 months after enrollment). In the
pulse limb, one patient relapsed later on. The preliminary results of the
patients from all centers proved the intermittent pulse administration of
CYC to be as efficient as the pulse administration with a significant
reduction of the cumulative dose and both short-term and long-term

toxicity of CYC.

6. The presenting features, response to therapy and the overall and renal
survival of patients with AAV with renal involvement were studied in
"Long-Term Outcome of Patients with Antineutrophil Cytoplasmic
Autoantibody-Associated Vasculitis with Renal Involvement" published in
Kidney and Blood Pressure Research (annex 8). This retrospective analysis
involved patients who were diagnosed and followed in our center between
1986 and 1997. Special attention was paid to the impact of age, diagnostic
subgroups, level of renal function and type of ANCA on the outcome of
the patients.

Sixty-one patients were included in the study (54.1% had WG, 23% RLV,
16.4% MPA and 4.9% CSS). The median age was 54 years, and 60.7%

were men. Patients with RLV and MPA were significantly older then
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patients with WG. ANCA was detected in 85.2% (C-ANCA in 57.4%, P-
ANCA in 42.6%). The median follow-up was 90.5 (range 1-168) months.
All patients received homogenous induction treatment according to the
treatment guidelines in the respective years. It consisted of oral continuous
CYC and CS. Plasma exchange was used in 29.3% of patients. In 45.2% of
patients CYC was switched to AZA after reaching stable remission. More
than three quarters of the patients had generalized disease at presentation.
By definition, all patients had a renal involvement, which was biopsy-
proven in 87%. The median serum creatinine level of patients dialysis-
independent at diagnosis was 221.5 pmol/l, and 32.8% were dialysis-
dependent. Initial renal function did not differ according to sex, age or C-
ANCA/P-ANCA.

Remission was achieved in 87% of the patients, more often in patients with
independent renal function at presentation. All the patients who did not
achieve remission died. Relapses occurred in 44.7%. The median disease-
free interval was 58 months, the median renal disease-free interval was
62.5 months. The relapse rate was higher in C-ANCA-associated disease
when compared to P-ANCA, although the difference was of borderline
significance. For the group of 61 patients, the estimated patient survival at
5 and 10 years was 78.3 and 62.2%, respectively. The estimated survival
depended on age. I did not depend on sex, initial proteinuria, Creactive
protein or hemoglobin level. Patients who had to be initially hemodialyzed
had significantly worse estimated survival compared to patients who were
dialysis-independent. Pulmonary involvement did not have any impact on
estimated survival, nor did the use of plasma exchange in the initial
treatment. Nineteen of 61 patients (31%) died. The median time to death
was 41.3 months. Six patients died of infectious complications related to
immunosuppressive treatment; 7 patients due to cardiovascular events; 2 of

exsanguination from a gastric ulcer; 2 of cancer; | of multi-organ failure,
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and 1 cause of death is unknown. No patient died of active vasculitis. Nine
patients presented with lung hemorrhage, and none of them died of this
condition. The estimated renal survival at 5 and 10 years was 69.2 and
55.8%, respectively. None of the variable studied had any impact on the
renal prognosis. Twenty-five of 61 patients (41%) suffered from adverse
effects of their therapy. A severe bacterial infection requiring hospital
admission occurred in 16 patients (26%). A severe viral infection requiring
hospital admission occurred in 5 patients (8%). Solid tumors occurred in 3
patients. However, in only 1 of them (lung cancer 5 years after the
diagnosis of WG) the malignancy may have been secondary to the
immunosuppression.

In conclusion, our retrospective study comprised a high number of patients
from one center treated in principle with a uniform induction regimen and
followed for a long period of time. All patients had a relatively severe
renal involvement, most of them were biopsied. The demographic data in
our cohort confirmed that at presentation, patients with RLV and MPA
were older compared to WG patients, possibly due to the more indolent
course of the disease leading also to the higher serum creatinine level at
presentation in the RLV group. AAV is a life-threatening disease that
requires prompt recognition and therapy. Prognosis is an especially
important issue as the disease process is aggressive and the therapeutic
options are inherently dangerous. The cumulative 5- and 10-year patient
survival in our cohort was 78.3 and 62.2%, respectively, which is
comparable to the findings of other investigators. Mortality was associated
with age over 50 and advanced renal failure at presentation. No patient
died of active vasculitis. The causes of early mortality were related to the
adverse effects and toxicity of the treatment (infections, gastrointestinal
bleeding). Infections remained the main cause of morbidity as well. Late

mortality was mainly due to cardiovascular events. In view of the severity



of the renal disease at presentation and the length of follow-up, the renal
survival in our study was very satisfactory. In this study, a relapse rate of
44.7% was noted with the median renal disease-free interval of more than
5 years; the vast majority of patients were no longer on
immunosuppressive treatment at the time of relapse. Renal relapses
probably have a major impact on the loss of independent renal function in
the course of the disease. However, some of our patients progressed to
end-stage renal failure without experiencing any relapse. In these cases, the
non-immunologic progression of renal disease was probably involved,
which highlights the importance of optimal conservative care, in particular
careful blood pressure control, preferentially using ACE inhibitors, or
angiotensin-II antagonists. Consistent with previous reports we noticed an
increased relapse rate in C-ANCA-associated disease, which should
probably be taken into consideration, especially in the length of

maintenance treatment.



CONCLUSION

AAV is a multi-factorial disease with an increasing incidence. Although
our knowledge of etiopathogenesis is increasing rapidly, the environmental
and genetic factors involved in the etiology and the exact pathogenetic
mechanisms remain to be elucidated. In a case-control study, we were able
to show a significantly higher anamnestic exposure to silicon-containing
compounds in our group of AAV patients with pulmonary involvement
compared to the control group. In keeping with the published data, we
found a tendency to higher exposure in the P-ANCA subgroup. None of
the other factors studied (sex, diagnosis, smoking) were significant. The
question of familial predisposition in AAV was raised in the first two
familial cases of AAV from the Czech Republic described so far. The
families shared a similar genetic background with the HLA haplotype A
01, B 57, Cw 06, DRB1 07/11 in the affected members of the first family
and A 02/30, B 8/62, Cw 03, DRB1 04 in the second. The patients
described in our study did not share the same environment. The fact that
two members of the two families fell ill with the same disease and their
similar HLA typing seem to favor the role of a genetic predisposition to
AAV.

The issue of AAV pathogenesis was addressed in a study comparing
cytokine profile in patients and healthy controls. The higher activation of
the immune system observed in AAV patients persists even during
remission. The IL-2 production was significantly lower in MPA when
compared with WG suggesting less inflammation in MPA. The patients
had higher levels of IFNy and CCRS when compared with healthy
controls, which represents a significant shift towards Thl population. The
higher number of CD8 positive cells and lower number of CD4 positive

cells indicates that cytotoxic T lymphocytes are involved in the



pathogenesis of AAV.

The last two decades, with the advent of cytotoxic therapy, have brought
greatly increased survival probability, but a significant risk of infective
complications in particular and many other problems with the management
of chronic grumbling and relapsing disease with accumulating morbidity
and mortality. The vasculitides are relatively rare and are heterogeneous in
their presentation; hence the importance of well conducted, multi-centre
collaborative trials to identify promising new therapies and to maximize
the benefit of existing treatment regimens. Our preliminary results of
patients recruited for the CYCLOPS trial confirm the higher toxicity of
daily oral CYC with a double cummulative dose of the drug when
compared to the intermittent pulse administration. In our hands, the
efficacy of pulse CYC was at least as good as in the oral limb.

In our outcome analysis of 61 patients with renal AAV we were able to
demonstrate a difference in age and initial renal function between the
patients with RLV, MPA and WG. The estimated cumulative 5- and 10-
year patient survival in our cohort was 78.3 and 62.2%. Mortality was
associated with age and renal failure at presentation. Infection were the
main cause of early morbidity and mortality. Late mortality was mainly
due to cardiovascular events. The estimated renal survival at 5 and 10
years was 69.2 and 55.8%, respectively. In this study, a relapse rate of
44.7% was noted with the median renal disease-free interval of more than
5 years. Consistent with previous reports we noticed an increased relapse
rate in C-ANCA-associated disease, which should probably be taken into
consideration, especially in the length of maintenance treatment. Our data
confirm that despite effective induction treatment, the long-term outcome
of patients with AAV remains unsatisfactory with a relatively high overall
mortality (with standardized mortality ratio compared to the common

population of about 2.5) and dialysis dependence due to a high relapse rate



and toxicity of current treatment. Search for newer, more effective and less
toxic modes of treatment is therefore warranted. As the outcome in AAV
was found to be related to age and the level of renal function at
presentation, a diagnostic delay may have a major influence on the
outcome. An increased awareness ofil AAV with subsequent rapid ANCA
testing, recognition ofi the presence ofi organ involvement and a quick
referral of the patient to a specialist is therefore warranted.

The study of AAV therefore remains a challenge in all aspects.
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Primary vasculitides

The primary systemic vasculitides are a group of heterogeneous disorders of
unknown etiology characterized by more or less wide-spread inflammation of the
vessel wall. A clinical classification of the various disease entities within this group
has been proposed by the American College of Rheumatology (ACR) and is based
on the presence of particular clinical symptoms and histopathological findings [1].
These so-called ACR-criteria are widely used but have their drawbacks with
regard to disease specificity and sensitivity. Therefore, a more precise
nomenclature for the primary vasculitides has been proposed by a group of
experts in this field in 1993 (Tab. 1) [2]. These definitions for the nomenclature of
the vasculitides are known as the Chapel Hill Consensus Conference (CHCC)
definitions and are now widely used as diagnostic criteria although they were not
intended as such. Based on these definitions new diagnostic and classification
criteria have to be developed.

Within the spectrum of the primary vasculitides (Tab. 1) renal involvement is
common, particularly in the small-vessel vasculitides [3]. Immunopathologically,
Henoch-Schoenlein purpura and cryglobulinemic vasculitis are characterized by
immune deposits which are considered to play a major and initiating role in the
development of renal lesions. The remaining small-vessel vasculitides show paucity
or absence of immune deposits. These pauci-immune vasculitides, that is
Wegener’s Granulomatosis (WG), Churg-Strauss Syndrome (CSS), microscopic
polyangiitis (MPA) and its renal limited form, are strongly associated with the
presence of anti-neutrophil cytoplasmic antibodies (ANCA). Their annual incidence
in Europe is 10 to 20 per million per year and they account for at least 5% of the
causes of end stage renal failure. There is an increased incidence with age, with a
median age of 56 years in studies over the past 10 years. Males slightly
predominate [4, 5].

Table 1 - Names of vasculitides adopted by the Chapel Hill Concensus
Conference on the Nomenclature of Systemic Vasculitis

Large vessel vasculitis Giant cell [temporal] arteritis
Takayasu arteritis

Medium-sized vessel vasculitis Polyarteritis nodosa
Kawasaki disease

Small vessel vasculitis Wegener's granulomatosis
Churg-Strauss syndrome
Microscopic polyangiitis
Henoch-Schoenlein purpura
Essential cryoglobulinemic vasculitis
Cutaneous leukocytoclastic angiitis
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ANCA-associated vasculitis

ANCA testing

As stated, the idiopathic pauci-immune necrotizing small-vessel vasculitides are
strongly associated with ANCA. This finding was first described in 1982 [6]. These
antibodies were initially believed to be associated with Ross River virus infections.
By 1985, however, ANCA had been linked to WG [7]. Within several more years,
a relationship among ANCA, WG, MPA and renal limited vasculitis (RLV) had been
established [5, 8]. ANCA testing currently plays a critical role in the diagnosis and
classification of vasculitides, even as debate about their ultimate importance in the
pathogenesis and pathophysiology of these conditions continues.

In vasculitis, ANCA are most often directed to either proteinase 3 (PR3-ANCA)
or to myeloperoxidase (MPO-ANCA). Both PR3 and MPO are located in the
azurophilic granules of neutrophils and the peroxidase-positive lysosomes of
monocytes. Two types of ANCA assays are currently in wide use — a more sensitive
indirect immunofluorescence (l1A) assay and a more specific enzyme-linked
immunosorbent assay (ELISA). The optimal approach to clinical testing for ANCA is
therefore to screen with |IA and to confirm all positive results with ELISAs directed
against the vasculitis-specific target antigens (mainly PR3 and MPO).

Indirect immunofluorescence: When the sera of patients with AAV are incubated
with ethanol-fixed human neutrophils, two major immunofluorescence patterns
are observed:

= With the C-ANCA pattern (Fig. 1), the staining is diffuse throughout the
cytoplasm (C-cytoplasmic type of immunofluorescence). In most cases,
antibodies directed against PR3 (detected by ELISA) cause this pattern, but
MPO-ANCA can occasionally be responsible [9, 10].

s The perinuclear or P-ANCA pattern results from a staining pattern around the
nucleus (figure 2). With ethanol fixation of the neutrophil substrate, positively-
charged granule constituents rearrange themselves around the negatively-
charged nuclear membrane, leading to perinuclear fluorescence [5].

The antibody responsible for this pattern (detected by ELISA) is usually
directed against MPO (and occasionally PR3).

There are several reasons for caution in the interpretation of immunofluorescence
results:

= They are highly dependent on the experience of the laboratory personnel.

» Immunofluorescence results lack specificity (in one study positive C-ANCA
were associated with vasculitis in only 50% of patients) [11].

» A frequent difficulty in distinguishing the P-ANCA pattern of
immunofluorescencce from that caused by antinuclear antibodies (ANA).

ANCA - Associated Renal Vasculitis
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Individuals with ANA frequently have false-positive results on ANCA testing
by immunofluorescence. The use of both formol- and ethanol-fixed neutrophil
substrates permits the distinction between P-ANCA and ANA, because
formalin-fixed neutrophils prevent the rearrangement of charged cellular
components around the nucleus.

s Although PR3 and MPO are the two most common targets for ANCA, an
increasing number of cytoplasmic proteins has been identified so far as minor
ANCA target antigens, including bactericidal/permeability-increasing protein
(BPI), lactoferrin, cathepsin G, human elastase, or lysozyme. Some ANCA-
targeted antigens are not the part of granules but are located directly in the
cytoplasm, like a-enolase and catalase, or even in the nucleus, e.g. non-histone
chromosomal proteins HMG?1 and 2 (high-mobility proteins). In lIA, atypical
ANCA patterns may be confused with P-ANCA pattern [12].

Enzyme-linked immunoassays: Specific ELISAs for antibodies to PR3 and MPO (and
in some centers for other antigens as well) are now available, and should be part
of testing for ANCA. PR3-ANCA and MPO-ANCA are associated with substantially
higher specificity and positive predictive values than the immunofluorescence
patterns to which they usually correspond (C- and P-ANCA, respectively). There
are, however, significant differences in sensitivity, specificity and predictive value
among available commercial direct ELISA kits. The best practice includes both IIA
and ELISA testing, because it has been shown that a C-ANCA combined with
positive PR3-ANCA was 99% specific for AAV, and similarly, a P-ANCA combined
with a positive MPO-ANCA was 99% specific for AAV. [13, 14].

Disease associations

ANCA are associated with many cases of WG, MPA, CSS, RLV, and certain drug-
induced vasculitis syndromes. In these conditions, ANCA consistently have
specificity for either PR3 or MPO, but almost never for both. Most patients
reported with drug-induced vasculitis have MPO-ANCA, often in very high titre,

Fig. 1 — C-ANCA pattern - cytoplasmic type Fig. 2 — P-ANCA pattern — perinuclear type
of immunofluorescence. of immunofluorescence.

Rihova Z.; Jandova E.; Merta M.; Tesaf V.



Prague Medical Report / Vol. 105 (2004) No. 3, p. 237-260 2 )

antibodies to elastase, lactoferrin or other minor antigens [15]. Many cases of drug-
induced AAV are associated with constitutional symptoms, arthralgias/arthritis, and
cutaneous vasculitis. However, the full range of clinical features, including crescentic
glomerulonephritis and alveolar hemorrhage, can also occur. The strongest links
between medications and AAV are with propylthiouracil, hydralazine, and
minocycline. Other drugs occasionally implicated include penicillamin, allopurinol,
procainamide, carbimazole, thiamazole, clozapine, and phenytoin [16-18]. The
spectrum of diseases associated with ANCA is not limited solely to the above
mentioned vasculitides. ANCA directed against BP| are typical for a subgroup of
patients suffering from cystic fibrosis [19]. Additionally, anti-BPI or other ANCA
antibodies are found in some patients with autoimmune hepatitis, ulcerative colitis,
sclerosing cholangiitis, without the correlation with the disease status [20]. In
patients with rheumatoid arthritis, ANCA positivity ranges from 18% to 50% with
the following target antigens: lactoferrin, MPO and others [21]. ANCA have been
reported with many other inflammatory rheumatic conditions, including systemic
lupus erythematosus, Sjogren’s syndrome, inflammatory myopathies, scleroderma
and others. ANCA are found also in some infectious diseases, like bacterial
endocarditis and invasive amoebiasis, and in HIV infection [22-24].

Between 10 and 40 percent of patients with anti-glomerular basement
membrane (GBM) antibody disease are ANCA-positive. The clinical significance
of combined ANCA and anti-GBM antibodies is unclear. In some, the titre of
ANCA is low and there are no clinical manifestations of vasculitis. Others,
however, present with disease features that are uncommon to anti-GBM
antibody disease but quite typical of systemic vasculitis, including purpura,
arthralgias, and granulomatous inflammation, suggesting the concurrence of two
disease processes [25].

ANCA-associated vasculitides

The clinical manifestation of WG, MPA, and CSS are extremely varied because
they are influenced by the sites of involvement, and the activity versus the
chronicity of the involvement. All three categories of vasculitis share features
caused by the small vessel vasculitis, and patients with WG and CSS have additional
features that define each of these syndromes. Generalized nonspecific
manifestations of systemic inflammatory disease, such as fever, malaise, anorexia,
weight loss, myalgias, and arthralgias, are often present in all the entities. Many
patients trace the origin of their disease to a “flu-like” illness.

Wegener’s granulomatosis: According to the CHCC nomenclature [2], WG is a
systemic necrotizing vasculitis affecting small to medium-sized vessels. It typically
produces granulomatous inflammation of the upper and lower respiratory tracts
and necrotizing, pauci-immune glomerulonephritis in the kidneys. A “limited” form,
with clinical findings isolated to the upper respiratory tract or the lungs, occurs in
approximately one-fourth of cases and represents often a diagnostic dilemma. It is
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often misdiagnosed as an infection or tumor. However, this subdivision is
somewhat artificial because approximately 80 percent of such patients eventually
have renal involvement. The diagnosis of WG is suggested from the clinical and
laboratory findings and from the presence of ANCA that are more often directed
against PR3 (70%) then to MPO (25%). About 5% are ANCA negative [26]. As
previously mentioned, renal disease is common (80%), being manifested by acute
renal failure and/or active urinary sediment with red cells, red cell and other casts,
and proteinuria. Lung involvement have up to 90% of patients with WG, E.N.T.
involvement about 90% (Fig. 3), as well. Other organ systems that may become
involved include [27, 28] musculoskeletal system, skin, nervous system, eyes, heart
and less commonly gastrointestinal tract, subglottis or trachea, lower genitourinary
tract, parotid glands, thyroid, liver, or breast.

Microscopic polyangiitis: According to the CHCC nomenclature [2], MPA is a
necrotizing vasculitis, with few or no immune deposits, affecting small vessels,
although necrotizing arteritis involving small and medium-sized arteries may be
present. Necrotizing glomerulonephritis is very common (90%). Pulmonary
capillaries (Fig. 4) frequently occur (50%), but, by definition, patients with MPA do
not have granulomatous respiratory tract lesions. Similarly, E.N.T. lesions may
occur in MPA (35%), but they are caused by angiitis alone, without granulomatous
inflammation. Destruction of bone, for example resulting in septal perforation and

saddle nose deformity, appears to require
necrotizing granulomatous inflammation (as in
WG and CSS) and, therefore, does not occur
in MPA. Nodular cutaneous lesions caused by
dermal or subcutaneous arteritis and by the
necrotizing granulomatous inflammation of
WG and CSS, are very rare with MPA, other
skin lesions occur often, in up to 40% of
patients. Neurologic, musculoskeletal and
other organ involvement is similar to those
with WG, eye involvement is less frequent
than in WG. Patients with MPA have MPO-
ANCA in 50%, PR3-ANCA in 40%, and are
ANCA negative in 10% [28].

Churg-Strauss syndrome: According to the
CHCC nomenclature [2], CSS is a necrotizing
vasculitis with eosinophil-rich and
granulomatous inflammation affecting small to
medium-sized vessels, involving the
respiratory tract, and is associated with asthma

Fig. 3 — A typical saddle nose deformity in and eosinophilia. In addition to that,
a patient with Wegener s Granulomatosis. neuropathy, migratory or transient pulmonary
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opacities detected radiographically, paranasal sinus abnormalities and a biopsy
containing a blood vessel showing the accumulation of eosinophils in extravascular
areas belong to the diagnostic criteria. Patients with CSS have MPO-ANCA in 60%,
PR3-ANCA in 10%, and they are ANCA negative in 30%. The vasculitis classically
involves the arteries of the lung (70%) and skin (60%), but may be generalized.
Renal involvement is less frequent in CSS (45%), E.N.T. involvement occurs in
about 50% of patients. On the other hand, neurologic manifestation (usually with a
mononeuritis multiplex) is most frequent in CSS compared to other SVV,

Renal-limited vasculitis: RLV or isolated (idiopathic) pauci-immune necrotizing/
crescentic glomerulonephritis is distinguished from MPA and WG by the absence
of extrarenal symptoms of vasculitis. It is more often MPO-ANCA positive and
therefore, considered a renal limited form of MPA.

Routine laboratory tests and tissue biopsy

Routine laboratory tests are generally nonspecific in AAY Common abnormalities
include leukocytosis, thrombocytosis, marked elevation of the erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), and normochromic,
normocytic anemia [27]. As well as ANCA, the markers of inflammation (ESR and
CRP) fluctuate with vasculitis activity [29].

The diagnosis of AAV is generally confirmed by tissue biopsy at a site of active
disease. Biopsy of a nasopharyngeal lesion is relatively noninvasive, but very often
non-diagnostic, as the amount of tissue from this site is often small. Granulomatous
inflammation is commonly present but actual vasculitis is seen in only about one-
third of cases. If there is no lesion in the upper respiratory tract, the next step is
biopsy of an affected organ such as kidney or lung. Renal biopsy is preferred
because it is easier to perform, safer and often more diagnostic. To a certain
extent, it provides us with an additional information on renal prognosis (discussed
later). Kidney biopsy typically reveals a segmental necrotizing glomerulonephritis

Fig. 4 — Chest x-ray — alveolar shadowing caused by pulmonary hemorrhage in a patient with microscopic
polyangiitis, improved after immunuosuppression and plasma exchange therapy
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2 ) Prague Medical Report / Vol. 105 (2004) No. 3, p. 237-260

with crescents with little or no immunoglobulin deposition (pauci-immune) on
immunofluorescence or electron microscopy (Fig. 5). This finding is essentially
diagnostic of an AAV. However, the histopathological features vary among patients
from mild focal segmental extracapillary proliferation to diffuse crescentic
necrotizing glomerulonephritis with granulomas and tubular intra-epithelial
infiltrates. In some cases, extensive glomerulosclerosis is found [30].

If performed, the lung biopsy reveals vasculitis and granulomatous inflammation in
WG. Special stains and cultures have to be performed to exclude the presence of
infections that can produce granulomas, vasculitis or necrosis. Lung biopsy most
often requires open or thoracoscopic lung biopsy. In a small number of cases
(<10%), sufficient tissue for diagnosis can be obtained by transbronchial biopsy;
however, negative result in this case does not exclude the diagnosis of vasculitis [31].

Etiology and pathogenesis of ANCA-associated vasculitis

AAV.is a complex, immune-mediated disorder in which tissue injury results from the
interplay between an initiating inflammatory event and a highly specific pathogenic
immune response to previously shielded epitopes of neutrophil granule proteins.
This generates high titer ANCA directed against antigens within the primary
granules of neutrophils and monocytes. These antibodies produce tissue damage via
interactions with primed neutrophils and endothelial cells. The exact mechanisms
by which ANCA arise, their role in the etiology of AAV. and the events leading to the
initiation of the disease remain unclear. Infectious, genetic, and environmental risk
factors and combinations of all three have been entertained [32].

Etiology of AAV — environmental factors
Infection: An infection is thought to be one of triggering factors in AAV. A seasonal
variation in the onset of WG supports this hypothesis [33, 34] even if this has not

Fig. 5 — Kidney biopsy — cellular
crescent in a glomerulus from a
patient with Wegener s
Granulomatosis.
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been observed by other authors [27]. Coxsackie B3 and parvovirus B19 were
implicated as infectious triggers for ANCA and/or WG [34]. An association of
chronic nasal carriage of Staphylococcus aureus with higher relapse rate in WG was
reported [35]. However, microbial pathogens in patients with new onset of WG
have not been identified [36]. Antigenic mimicry is suspected to be an important
factor in triggering ANCA formation. S. aureus genome directly encodes a variety
of serine proteases, which may be cross-reactive with C-ANCA [37]. As
mentioned above, a translocation of intracellulary hidden antigens during
nonspecific activation of neutrophils during any inflammation may also be involved.
When released from the cell they may become easily accessible to ANCA, or may
induce ANCA formation [38].

Drugs and chemicals: The existence of drug-induced AAV has been already
discussed. Given the frequency with which the first symptoms of WG occur in the
respiratory tract, exposure to noninfectious agents or toxins is another possible
inciting event. The possible candidates are silica dust and organic solvents. The
exposure to silica dust has been repeatedly reported to be significantly higher in
patients with ANCA and AAY than in healthy controls, lupus nephritis or other
conditions [39-41].

Etiology of AAV - genetic factors

A number of familial cases of WG have been described, and suggested candidate
genes include, among others, cytotoxic T-lymphocyte-associated protein 4
(CTLA-4), interleukin-1 receptor antagonist (IL-1ra), IL-10, and FcgRII/FcgRIll
[42]). Mutations in the gene encoding a-1 antitrypsin (AAT), the primary in vivo
inhibitor of PR3, are found more frequently in patients with AAV [43]. This
observation suggests a potential pathogenic role in this disease for deficient PR3
clearance from the sites of inflammation. Decreased local concentrations of
AAT caused by genetic polymorhisms or alterations in the enzyme’s
functionality induced by inflammation may therefore lead to protease/anti-
protease imbalance in the disease microenvironment. Although unproven, these
events may be responsible for generating immunogenic forms of PR3 in these
patients. However, no case of AAV was found among a group of patients having
a heterozygous mutation of this gene [44].

Suspected polymorphisms of the TNFa promoter were excluded as risk
factors for the disease in a cohort of German patients [42], but the same
authors described polymorphism in adhesion molecule CD18 to be associated
with various forms of AAV [45]. As to HLA class Il, alleles DQw7 and DR4
haplotypes were found to be associated with the persistence of ANCA in
vasculitis [46].

In summary, as in other autoimmune diseases, the etiology of AAV is
heterogeneous and principally unknown. Different predisposing factors play
probably differential ethiopathogenic roles in various groups of AAV
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Pathogenesis

Mechanisms of ANCA production: The autoantibody response that produces
ANCA is probably generated against newly exposed epitopes of the target
autoantigen. Following the production of ANCA, the antibody response may then
generalize to the rest of the molecule or to other components of a
macromolecular protein complex via the process of epitope spreading. This
hypothesis is supported by a significant role of mononuclear cells in AAV: patients
with active WG have<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>