2180 Table 385-2 Potential Mechanisms of Vessel Damage in
Vasculitis Syndromes

Pathogenic immune-complex formation and/or deposition
IgA vasculitis (Henoch-Schönlein)
Lupus vasculitis
Serum sickness and cutaneous vasculitis syndromes
Hepatitis C virus–associated cryoglobulinemic vasculitis
Hepatitis B virus–associated vasculitis
Production of antineutrophilic cytoplasmic antibodies
Granulomatosis with polyangiitis (Wegener’s)
Microscopic polyangiitis
Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)
Pathogenic T lymphocyte responses and granuloma formation
Giant cell arteritis
Takayasu arteritis
Granulomatosis with polyangiitis (Wegener’s)
Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)
Source: Adapted from MC Sneller, AS Fauci: Med Clin North Am 81:221, 1997.
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mechanisms, it is likely that the pathogenesis of individual forms of
vasculitis is complex and varied.

Immune-Mediated, Inflammatory, and Rheumatologic Disorders

PATHOGENIC IMMUNE-COMPLEX FORMATION
Deposition of immune complexes was the first and most widely accepted
pathogenic mechanism of vasculitis. However, the causal role of immune
complexes has not been clearly established in most of the vasculitic
syndromes. Circulating immune complexes need not result in deposition of the complexes in blood vessels with ensuing vasculitis, and many
patients with active vasculitis do not have demonstrable circulating
or deposited immune complexes. The actual antigen contained in the
immune complex has only rarely been identified in vasculitic syndromes.
In this regard, hepatitis B antigen has been identified in both the circulating and deposited immune complexes in a subset of patients who have
features of a systemic vasculitis, most notably in polyarteritis nodosa (see
“Polyarteritis Nodosa”). Cryoglobulinemic vasculitis is strongly associated with hepatitis C virus infection; hepatitis C virions and hepatitis C
virus antigen-antibody complexes have been identified in the cryoprecipitates of these patients (see “Cryoglobulinemic Vasculitis”).
The mechanisms of tissue damage in immune complex–mediated
vasculitis resemble those described for serum sickness. In this model,
antigen-antibody complexes are formed in antigen excess and are
deposited in vessel walls whose permeability has been increased by
vasoactive amines such as histamine, bradykinin, and leukotrienes
released from platelets or from mast cells as a result of IgE-triggered
mechanisms. The deposition of complexes results in activation of complement components, particularly C5a, which is strongly chemotactic
for neutrophils. These cells then infiltrate the vessel wall, phagocytose
the immune complexes, and release their intracytoplasmic enzymes,
which damage the vessel wall. As the process becomes subacute or
chronic, mononuclear cells infiltrate the vessel wall. The common
denominator of the resulting syndrome is compromise of the vessel
lumen with ischemic changes in the tissues supplied by the involved
vessel. Several variables may explain why only certain types of immune
complexes cause vasculitis and why only certain vessels are affected in
individual patients. These include the ability of the reticuloendothelial
system to clear circulating complexes from the blood, the size and
physicochemical properties of immune complexes, the relative degree
of turbulence of blood flow, the intravascular hydrostatic pressure in
different vessels, and the preexisting integrity of the vessel endothelium.
ANTINEUTROPHIL CYTOPLASMIC ANTIBODIES (ANCA)
ANCA are antibodies directed against certain proteins in the cytoplasmic granules of neutrophils and monocytes. These autoantibodies are
present in a high percentage of patients with active granulomatosis
with polyangiitis (Wegener’s) and microscopic polyangiitis, and in a
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lower percentage of patients with eosinophilic granulomatosis with
polyangiitis (Churg-Strauss). Because these diseases share the presence of ANCA and small-vessel vasculitis, some investigators have
come to refer to them collectively as “ANCA-associated vasculitis.”
However, as these diseases possess unique clinical phenotypes in which
ANCA may be absent, it remains our opinion that granulomatosis with
polyangiitis (Wegener’s), microscopic polyangiitis, and eosinophilic
granulomatosis with polyangiitis (Churg-Strauss) should continue to
be viewed as separate entities.
There are two major categories of ANCA based on different targets
for the antibodies. The terminology of cytoplasmic ANCA (cANCA)
refers to the diffuse, granular cytoplasmic staining pattern observed
by immunofluorescence microscopy when serum antibodies bind to
indicator neutrophils. Proteinase-3, a 29-kDa neutral serine proteinase present in neutrophil azurophilic granules, is the major cANCA
antigen. More than 90% of patients with typical active granulomatosis
with polyangiitis (Wegener’s) have detectable antibodies to proteinase-3 (see below). The terminology of perinuclear ANCA (pANCA)
refers to the more localized perinuclear or nuclear staining pattern of
the indicator neutrophils. The major target for pANCA is the enzyme
myeloperoxidase; other targets that can produce a pANCA pattern
of staining include elastase, cathepsin G, lactoferrin, lysozyme, and
bactericidal/permeability-increasing protein. However, only antibodies to myeloperoxidase have been convincingly associated with vasculitis. Antimyeloperoxidase antibodies have been reported to occur in
variable percentages of patients with microscopic polyangiitis, eosinophilic granulomatosis with polyangiitis (Churg-Strauss), isolated
necrotizing crescentic glomerulonephritis, and granulomatosis with
polyangiitis (Wegener’s) (see below). A pANCA pattern of staining
that is not due to antimyeloperoxidase antibodies has been associated with nonvasculitic entities such as rheumatic and nonrheumatic
autoimmune diseases, inflammatory bowel disease, certain drugs,
and infections such as endocarditis and bacterial airway infections in
patients with cystic fibrosis.
It is unclear why patients with these vasculitis syndromes develop
antibodies to myeloperoxidase or proteinase-3 or what role these
antibodies play in disease pathogenesis. There are a number of in vitro
observations that suggest possible mechanisms whereby these antibodies can contribute to the pathogenesis of the vasculitis syndromes.
Proteinase-3 and myeloperoxidase reside in the azurophilic granules
and lysosomes of resting neutrophils and monocytes, where they are
apparently inaccessible to serum antibodies. However, when neutrophils or monocytes are primed by tumor necrosis factor α (TNF-α) or
interleukin 1 (IL-1), proteinase-3 and myeloperoxidase translocate to
the cell membrane, where they can interact with extracellular ANCA.
The neutrophils then degranulate and produce reactive oxygen species that can cause tissue damage. Furthermore, ANCA-activated
neutrophils can adhere to and kill endothelial cells in vitro. Activation
of neutrophils and monocytes by ANCA also induces the release of
proinflammatory cytokines such as IL-1 and IL-8. Adoptive transfer
experiments in genetically engineered mice provide further evidence
for a direct pathogenic role of ANCA in vivo. In contradiction, however, a number of clinical and laboratory observations argue against a
primary pathogenic role for ANCA. Patients may have active granulomatosis with polyangiitis (Wegener’s) in the absence of ANCA; the
absolute height of the antibody titers does not correlate well with
disease activity; and patients with granulomatosis with polyangiitis
(Wegener’s) in remission may continue to have high antiproteinase-3
(cANCA) titers for years (see below).
PATHOGENIC T LYMPHOCYTE RESPONSES AND GRANULOMA FORMATION
The histopathologic feature of granulomatous vasculitis has provided
evidence to support a role of pathogenic T lymphocyte responses and
cell-mediated immune injury. Vascular endothelial cells can express
HLA class II molecules following activation by cytokines such as
interferon (IFN) γ. This allows these cells to participate in immunologic reactions such as interaction with CD4+ T lymphocytes in a
manner similar to antigen-presenting macrophages. Endothelial cells
can secrete IL-1, which may activate T lymphocytes and initiate or
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