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Abstract

Although the airway granulomata in Wegener’s granulomatosis
were stressed initially by Friedrich Wegener himself, in the last few
decades systemic lesions mainly caused by acute vasculitis have
received the most attention. However, recently, the implication of
granulomatous manifestations in WG has raised much interest. The
present data suggest that an aberrant Th1-type response might
play a role in the initiation of WG, clinico-pathologically characterized by granulomatous inﬂammation rather than vasculitis. Disease
progression to generalized WG with the predominance of vasculitic
manifestations is associated with a “switch” or further complexity
of the collective T cell response with the appearance of another
subset of Th2-type cells and a less prominent Th1-type cytokine
production in the granulomatous lesions of the upper respiratory tract.
However, the clinical signiﬁcance of the granulomatous inﬂammation
is not yet completely understood. Further research will also have
to focus on the role of the granulomata during relapsing disease.
We review present knowledge of granulomatous inﬂammation in
WG. Morphologic aspects, the scale of cytokine alterations as well
as the variety of clinical manifestations are discussed.
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A key question for understanding chronic inﬂammatory and
autoimmune diseases is where the disease actually begins. Wegener’s granulomatosis is a potentially life-threatening chronic
inﬂammatory disease of as yet unknown etiology, characterized
by granuloma formation, vasculitis, and an autoimmune response to “Wegener’s autoantigen“ proteinase 3, a 29 kD neutrophil- and monocyte-derived serine protease [1,2]. Antineutrophil
cytoplasmic autoantibodies speciﬁc for proteinase 3 are detected in about 95% of patients with generalized WG, but only in
about half of those presenting with early localized WG restricted
to the respiratory tract. Apart from their diagnostic value and
correlation with disease activity, PR3-ANCA play a direct pathogenic role in inducing systemic vasculitis by interacting with
PR3 on the surface of cytokine primed neutrophil granulocytes,
as suggested by numerous in vitro and several in vivo studies.
The interaction of ANCA and neutrophils results in premature
neutrophil activation, subsequent endothelial cell damage, and
further leukocyte recruitment [reviewed in 2]. However, it is not
clear whether PR3-ANCA give rise to pathogenic granulomatous
WG = Wegener’s granulomatosis
PR3-ANCA = antineutrophil cytoplasmic autoantibodies speciﬁc for
proteinase 3
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inﬂammation – a deﬁning feature of WG. Instead, there is increasing evidence that WG may start as granulomatous disease
in the respiratory tract and ANCA vasculitis may develop subsequently [2,3]. Moreover, WG relapses are related to granuloma
formation and persistence of granulomata [2]. In this article, we
review current clinical and experimental data on aspects of the
“granulomatous side” of WG.

Morphologic spectrum of granulomatous lesions
The granulomatous lesions seen in WG have a wide morphologic spectrum. Therefore, and due to an often irregular pattern, this form of tissue injury is usually referred to as “granulomatous lesion“ rather than “granuloma.“ The lesions display
different morphologies, such as neutrophilic microabcesses,
necrotizing palisading granulomas, and sometimes epithelioid
cell granulomas. Granulomatous lesions of the respiratory tract
consist of CD4+ T cells, CD8+ T cells, histiocytes, clusters of
CD20+ B cells, neutrophil granulocytes, CD68+ macrophages,
and CD68+ multinucleated giant cells. Scattered eosinophil
granulocytes may be interspersed, making the differential
diagnosis of Churg-Strauss syndrome occasionally difﬁcult.
The central necrosis may be conﬂuent or may show an irregular serpiginous pattern known as “geographic“ necrosis.
A palisade of epithelioid histiocytes may arrange around the
necrotic foci. The center of the necrosis is acellular or in
some instances contains polymorphonuclear leukocytes [4].
The morphologic triad of granuloma formation, “geographic“
necrosis, and small vessel vasculitis is found in about onethird of biopsies, while two-thirds display two or only one
of the features of the morphologic triad. One biopsy series
in a study showed differences in the morphologic ﬁndings
in localized WG and generalized WG [Table 1] [5]. Disease
progression from early, localized WG to generalized WG is
associated with a “switch” or increasing complexity of the
cytokine and cellular proﬁle, as discussed below [6,7]. Rarely,
granulomatous lesions may be found in an organ other than
the respiratory tract, e.g., kidney, parotid gland, retro-orbital
tissues, or meninges [4].
Fienberg`s hypothesis: WG starts as
granulomatous disease
American pathologist R. Fienberg studied open lung biopsies
of WG patients and described the evolution of granulomatous

•

Vol 7

•

December 2005

Immunology and Allergies
Table 1. Granuloma formation, geographic necrosis, and Th1type response is more frequent and stronger, respectively, in
localized WG compared to generalized WG
Morphologic and
immunohistochemical ﬁndings

Localized
WG

Granuloma
Vasculitis
Geographic necrosis
IFN-γ
TNF-α
CD26+ cells
CD4+ CD28- T cells
CCR5+ cells

5/5
2/5
3/5

↑↑↑
NA

↑↑↑
NA

↑↑↑

Generalized
WG

3/5
3/5
0/5

↑↑
↑↑
↑
↑↑
↑

Synopsis of biopsy ﬁndings of three studies on morphologic aspects [5]
and immunohistochemical characterization of granulomatous lesions in
localized and generalized WG (n=5 per group) [6,7].
CD26 = optional Th1-type marker, CD4+ CD28- T cells = effector memory T
cells, CCR5 = Th1-type CC chemokine receptor 5, NA = not analyzed.

lesions in WG. He claimed that the earliest lesions in the lung
are foci of swollen collagen ﬁbers representing apparent tissue
injury and/or necrosis. Next, mononuclear histiocytes migrate
to the vicinity of the necrosis. Neutrophil granulocytes, lymphocytes, epithelioid cells and multinucleated giant cells appear
subsequently. Finally, the histiocytes become oriented in a pallisading manner around the central necrosis area. Granulomatous lesions in the lung can be found in proximity to inﬂamed
vessels, but also at extravascular sites. Therefore, Fienberg suggested that WG starts as granulomatous disease in the respiratory tract and systemic vasculitis develops subsequently [4].
However, early foci of ﬁbrinoid necrosis could also be a consequence of initial necrotizing capillaritis. Thus, it is speculation
whether PR3-ANCA could give rise to granulomatous lesions or
whether granulomatous lesions represent ectopic lymphoid-like
structures, in which immunity to “Wegener’s autoantigen” PR3 is
sustained [8].
Recently published data from autoimmune animal models underscore the importance of inﬂammation of the target
organ, in which co-stimulatory molecules, cytokines, and the
formation of ectopic lymphoid-like tissue sustain autoantigen
presentation and autoimmune disease [9–11]. The initiating
mechanisms driving granuloma formation and inducing a sustained autoimmune response to PR3 are still obscure [2,8].
Chronic nasal carriage of Staphylococcus aureus is a risk factor for
exacerbation of WG [12]. Staph. aureus produces a number of
superantigens and serine proteases, some of which are strong
T cell activators. Other potential inducing agents of ANCA
could be drugs, in particular antithyroid drugs, and inorganic
chemicals such as hydrocarbons and especially silica [2]. Since
interferon-gamma and T cells play a pivotal role in granuloma
formation, alterations in the T cell response and anomalous
autoantigen presentation in ectopic lymphoid-like structures
could create immunity to PR3 [8,13]. A greater abundance of
neutrophils and monoctyes as a potential source of PR3 was
demonstrated years ago in WG compared to other granuloma-
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tous diseases [14]. Under conditions where local neoformation
of lymphatic tissue can occur, autoantigens could maintain
immunopathologic and autoimmune responses, as long as the
autoantigen is available [15]. Anomalous sustained presentation, recognition, and immune response to PR3 by ectopic
lymphoid-like tissue formation in granulomatous lesions could
explain the clinical observation of a link between relapses and
persistence of granulomata [2,8].

Alterations in the cytokine and T cell response
Abundant IFN-γ, CD26 (optional Th1-type marker), and Th1-type
CC chemokine receptor CCR5 expression is seen in granulomatous lesions of the respiratory tract in localized WG, while IFN-γ
expression and CD26 expression is less strong in generalized
WG [6]. Another study failed to demonstrate IFN-γ expression
in nasal tissues of generalized WG patients, but it was not explicitly stated whether granulomatous and/or vasculitic lesions
were present [16]. Furthermore, a different antibody was used
for IFN-γ staining. In generalized WG, but not in localized WG,
a fraction of Th2-type CCR3+ T cells and interleukin-4 expression is seen in tissue lesions [15]. The CC chemokine RANTES
is expressed in granulomatous lesions of the respiratory tract.
RANTES is one of the ligands for both Th1-type CCR5 and Th2type CCR3 and thus could favor migration of different T cell
subsets into granulomatous lesions over time [17]. These data
suggest that an aberrant Th1-type response might play a role
during initiation of WG [3]. After a variable period, generalized
PR3-ANCA-positive WG usually develops. Disease progression is
associated with a “switch” or further complexity of the collective
T cell response with the appearance of another subset of Th2type cells and a less prominent Th1-type cytokine production
in granulomatous lesions of the upper respiratory tract. This
“switch” or increasing complexity of the cytokine proﬁle might
be a consequence of further B cell expansion and T cell-dependent PR3-ANCA production during disease progression [8].
Phenotype and function of T cells are altered in WG. Skewing of the T cell phenotype affects the whole CD4+ and CD8+
T cell population and might reﬂect a profound generalized
alteration in T cell differentiation. A fraction of T cells lacking
the co-stimulatory molecule CD28 – so-called late differentiated or effector memory T cells – is expanded in WG and some
other chronic inﬂammatory and autoimmune diseases such as
rheumatoid arthritis. The expansion of CD28- T cells starts early
in the disease process and is already evident in localized WG.
With disease progression to generalized WG, further expansion
of CD28- T cells is seen [5]. The expansion is independent
of age and immunosuppressive treatment, and it correlates
with organ involvement [7,18]. CD28- T cells are enriched in
bronchoalveolar ﬂuid and are a major source of T cell tumor
necrosis factor-alpha and IFN-γ production in granulomatous
lesions [7,19]. Circulating CD4+ CD28- T cells express CD57
(differentiation marker), CD18 (activation marker and adhesion molecule β2-integrin), and Th1-type CCR5. They produce
IFN-γ = interferon-gamma
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Th1-type cytokines TNF-α and IFN-γ, but not IL-2. Furthermore,
CD4+ CD28- T cells show intracytoplasmic perforin expression,
indicating a cytotoxic potential of these cells [7]. Expansion of
CD28- effector memory T cells could be a consequence of cytokine effects, genetically determined, or due to an antigen-driven
process; but what causes their expansion in WG remains unresolved. It has been suggested that escape of effector memory T
cells from regulatory control could sustain chronic inﬂammation
and autoimmune responses as a result of their cytokine production or bystander activation of autoreactive T and B cells [20].

WG granuloma: ectopic lymphoid tissue
sustaining an immune response to PR3?
Alteration of the T cell and cytokine response and abundance
of PR3 in granulomatous lesions could sustain chronic inﬂammation and autoimmune responses as described above, but
there is scarce information on the role of antigen-presenting
cells. Granulomatous lesions contain macrophages, histiocytes,
and giant cells – all of which could function as (auto-)antigenpresenting cells in WG granulomatous lesions. There is some
evidence that inactivation and processing of PR3 from apoptotic
neutrophils via antigen-presenting cells is aberrant in vitro [21].
Furthermore, neutrophil granulocytes acquire characteristics of
antigen-presenting cells such as HLA-DR expression in WG.
Clusters of CD20+ B cells are present in granulomatous lesions [6,22]. There is preliminary evidence of immunoglobulin
heavy chain usage and afﬁnity maturation in loco similar to that
found in circulating PR3-ANCA-producing B cells [22]. However,
it is unclear whether follicular structures are formed and plasma
cells generated in granulomatous lesions in WG. Moreover, de
novo formation of ectopic lymphoid tissue could be incomplete
in the presence of a strong pro-inﬂammatory cytokine response.
Follicular hyperplasia is seen in Hashimoto’s thyroiditis, in
salivary glands of patients with Sjögren’s syndrome, in the
thymus of patients with myasthenia gravis, and in synovitis in
rheumatoid arthritis. Such structures could represent a common feature of many autoimmune diseases and a “fast track
to autoimmunity” [23]. So far, the evidence that granulomatous
lesions are ectopic lymphoid-like tissues in which an autoimmune response to PR3 is sustained is indirect and comes from
immunhistochemical analysis and in vitro data. Since animal
models reproducing both granulomatous lesions and vasculitis
of WG are lacking, deﬁnite proof of this concept is not possible.
However, this situation is not much different from that of other
autoimmune diseases.
Clinico-pathologic disease stages:
granulomatous inﬂammation vs. vasculitis
In his original report on three patients with an unknown systemic disease that would later be known as WG, Friedrich
Wegener emphazised the vasculitic features of the disease, but
TNF-α = tumor necrosis factor-alpha
IL = interleukin
ENT = ear, nose and throat
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Table 2. Wegener’s granulomatosis as deﬁned by EUVAS
Clinical
subgroup

Constitutional
symptoms

ANCA
status

Threatened vital
organ function

Localized
Early systemic
Generalized
Severe renal
Refractory

No
Yes
Yes
Yes
Yes

Negative/positive
Positive
Positive
Positive
Positive/negative

No
No
Yes
Yes
Yes

Deﬁnition of disease stages by the European Vasculitis Study Group
(EUVAS) by clinico-pathologic criterias. It was agreed that the level of
immunosuppression should reﬂect the severity of vasculitis.

also stressed the importance of the characteristic granuloma
formation. For WG patients having a predominantly granulomatous involvement of the lungs in the absence of (renal) vasculitis, Carrington and Liebow introduced the term limited WG [24].
Later, Fienberg suggested the chronological sequence of initial
granulomatous inﬂammation and subsequent development of
systemic vasculitis, as discussed above [25]. Following this idea,
the European Vasculitis Study Group (EUVAS) reﬁned previous
deﬁnitions and deﬁned disease stages according to clinical
and pathologic considerations [Table 2]. Localized WG has been
deﬁned as WG restricted to the upper and/or lower respiratory
tract. Patients are characterized by a predominantly granulomatous inﬂammation of the respiratory tract in the absence of
other systemic manifestations, i.e., clinically apparent vasculitis.
Early systemic WG includes any organ involvement except renal
or imminent vital organ failure in contrast to generalized WG,
which is characterized by renal involvement and/or imminent
vital organ failure [Table 1].

Clinical aspects of the granulomatous
inﬂammation in WG
Upper respiratory tract

Granulomatous ear, nose and throat manifestations represent
the classic clinical symptoms of WG and are reported in more
than 70% of patients as the initial symptom [26]. Later in the
course of the disease, almost 100% of patients will have some
manifestation of the ENT tract. Granulomatous inﬂammation of
the nasal mucosa is often accompanied by scattered vasculitis
and leads to nasal obstruction caused by diffuse mucosal
swelling, crusting and bloody nasal discharge. Necrosis of the
nasal cartilage may involve the entire cartilage or only parts of
it. Perforation of the nasal septum or development of the typical
saddle nose deformity often ensues. Frequently, perforation
of the nasal septum does not become apparent until disease
activity ceases and the diseased tissue is absorbed. The saddle
nose deformity and perforated nasal septum are therefore not
necessarily signs of active disease. Paranasal sinus involvement
is another granulomatous manifestation of major importance,
but it has received relatively little attention in the past decade.
Headache, serosanguineous discharge and sensitive paranasal
sinuses may reﬂect acute granulomatous inﬂammation.
Chronic cough and nasal congestion are suggestive of chronic
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Figure 1. A 52 year old patient with
known WG and new development of
polyuria and polydipsia. Contrast-enhanced
T1-weighted MR image shows enlarged
pituitary gland and enhanced inﬂammatory
mass in the sphenoid sinus.

Figure 2. Patient with WG and severe frontal cephalgia due to pachymengitis and
orbital granulomata with penetration from the sinus ethmoidales. T1-weighted MRI with
gadolinium appears to be the most sensitive but not highly speciﬁc method for detecting
thickening and enhancement of the meninges.

sinusitis [27]. Examination may reveal mucosal irregularity
(“cobblestone” or “granular” appearance), ulcers, thick crusts, or
friable mucosa. An excellent target for a representative biopsy
is inﬂammation of the nose or maxillary and ethmoid cells.
Granulomatous inﬂammation and diffuse mucosal thickening is
best documented by magnetic resonance imaging, but erosions
and destruction of the ethmoid sinuses or even complete
bony obliteration of the maxillary, frontal or sphenoid sinuses
are better illustrated by computed tomography scan. The
granulomata can be detected as low signal intensity lesions on
T1- and T2-weighted sequences. Granulomatous inﬂammation of
the mastoids or, less frequently, the dacrocystitis can also be
detected.
Granulomatous lesions resulting from continuous invasion
from nasal or paranasal sinus may involve the orbita, meninges,
brain or pituitary [Figure 1] and are present in 5–20% of
patients. The development of a retro-orbital granuloma may be
accompanied by symptoms such as decreased vision, diplopia
or facial pain, whereas the main clinical signs are proptosis
and immobility of the eyeball [28] [Figure 2]. Progression
is often marked by an increased incidence of bilaterality or
other systemic features. Similar to retro-orbital granulomatous
inﬂammation, involvement of the meninges is uncommon.
Interestingly, about 40% of patients with granulomatous
leptomeningitis are ANCA-negative. Moreover, the majority
of patients with generalized WG and a negative ANCA test
reported in the English literature have cerebral and/or
meningeal involvement [29]. Cerebrospinal ﬂuid ﬁndings are
often inconsistent, but a neuro-imaging procedure such as MRI
with gadolinium appears to be the most sensitive, although
not highly speciﬁc method for detecting thickening and
enhancement of the meninges [30]. The differential diagnosis
for diffuse symmetric linear meningeal thickening is broad
and includes neurosarcoidosis. Central diabetes insipidus and
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hyperprolactinemia are rare complications of WG and are caused
by granulomatous involvement of the pituitary gland. Typical
imaging ﬁndings are pituitary enlargement and a homogenous
enhancement seen in T1-weighted images [30]. Although the
source of the hyperintense signal in the posterior pituitary gland
on T1-weighted images remains controversial, published data
suggest that it is a functional marker of the neurohypophysis
and is absent in central diabetes insipidus. Histopathologic
examination of invasive biopsies of the intrasellar masses were
performed in two WG patients and revealed necrotic tissue
containing polymorphnuclear cells with connective tissue
inﬁltrated by lymphocytes, polymorphonuclear cells and plasma
cells [31]. Usually, the introduction of immunosuppressive
therapy, mainly cyclophosphamide plus glucocorticoids, results
in reduction of the polyuria and polydipsia and thereby
indirectly indicates the inﬂammatory nature of pituitary changes.
The occurrence of compartmentalization with an isolated
granulomatous manifestation of the meninges, the orbitae or
subglottic region without active systemic disease is of particular
clinical interest, but therapeutically often frustrating [32].
Lower respiratory tract

In contrast to the otorhinolarnygologic manifestations, subglottic stenosis may lead to acute respiratory failure and is an
acute life-threatening disease if not treated appropriately. The
incidence of subglottic stenosis ranges between 10% and 20% in
WG patients [33]. Depending on the type and activity of stenosis, systemic immunosuppression may be needed. Interestingly,
the clinical course of subglottic stenosis may run independent
of systemic WG activity. Clinical experience has demonstrated
favorable results when intervention was avoided during active
disease. Only if subglottic stenosis causes severe acute respiratory failure or if scarred stenosis persists after systemic immunosuppression should intratracheal dilation be implemented.
Wegener’s Granulomatosis
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Because of recent advances, tracheotomy is usually not required.
Granulomatous involvement of the lungs may be asymptomatic or present with unproductive cough. At the time of diagnosis, 50–70% of WG patients have abnormal chest radiographs. In
the last few years the use of chest CT has revealed lesions that
were undetectable on conventional X-rays. In total, more than
two-thirds of patients with WG and lung disease have nodular
shadows on the chest radiograph [34]. The noduli consist of
round lesions with well-deﬁned margins and are more often
multiply distributed, predominantly bilateral and subpleural
[35]. The granuloma size varies between 0.5 and 10 cm, but
most (>65%) are small (<2 cm). Cavitation occurs in 50% of
cases during the disease, frequently in the largest nodules.
The cavitated noduli usually have thick to medium-sized walls
and are rarely ﬁlled with ﬂuid, but they may ﬁnally calcify after
secondary infection. Open surgical biopsies of the pulmonary
granuloma may reveal the characteristic triad of WG – namely,
granuloma, geographic necrosis and vasculitis – that is seen
less frequently in other biospy specimens [36]. For clinical
management, the early detection and recognition of changes in
the pulmonary granulomata is of particular signiﬁcance, but the
mere existence of granulomata does not automatically reﬂect
active disease. With treatment, nodules regress without scarring
in most cases, but in some patients a single granuloma may
persist for years without clinical or immunologic signs of persistent disease activity.
Other rare locations of granulomatous inﬂammation in WG

The upper and lower respiratory tract as well as the adjacent
tissues are primarily involved in WG, but granulomatous inﬂammation has been described in almost every organ and may also
be the single manifestation of WG. Since the manifestations are
rare and reported only in case reports, the diagnosis must be
meticulously veriﬁed.
Salivary gland involvement is detected more frequently
than other uncommon manifestations in WG. Painful unilateral
or bilateral parotid swelling or submandibular salivary gland
enlargement may attract attention and cause facial palsy [37].
Recurrent acute pancreatitis, histopathologically described as
granulomatous pancreatitis, has been reported in WG [38].
Granulomatous inﬂammation of the urogenital tract has also
been noted. Prostata involvement, orchitis, granulomatous
inﬂammation of the uterus, ureteral stenosis or bladder pseudotumors may be the presenting symptoms in WG, leading to
an odyssey through various medical departments for decades
[39].

Conclusions
The clinical manifestations of granulomatous inﬂammation
have a broad range in WG. In contrast to knowledge about the
pathogenesis of the vasculitic component of the disease, far
less is known about the granulomatous component of WG. Discovering the trigger mechanisms behind the persistence of the
granulomata and the shift from localized to generalized WG will
be of major interest in the future. Elucidating the mechanisms
772
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behind granulomatous inﬂammation in WG will help to identify
new targets for more speciﬁc therapies of WG.

References
1. Jenne DE, Tschopp J, Lüdemann J, Utecht B, Gross WL. Wegener‘s autoantigen decoded. Nature 1990;346:520.
2. Bacon PA. The spectrum of Wegener‘s granulomatosis and disease relapse. N Engl J Med 2005;352:330–2.
3. Sneller MC. Granuloma formation, implications for the pathogensis of vasculitis. Cleveland Clin J Med 2002;69(Suppl 2):SII-40-2.
4. Fienberg R. A morphologic and immunohistologic study of the
evolution of the necrotizing palisading granuloma of pathergic
(Wegener’s) granulomatosis. Semin Respir Med 1989;10:126–32.
5. Lamprecht P, Brühl H, Erdmann A, et al. Differences in CCR5
expression on peripheral blood CD4+CD28- T-cells and in granulomatous lesions between localized and generalized Wegener’s
granulomatosis. Clin Immunol 2003;108:1–7.
6. Müller A, Trabandt A, Glöckner-Hofmann K, et al. Localized Wegener‘s granulomatosis: predominance of CD26 and IFN-γ expression. J Pathol 2000;192:113–20.
7. Komocsi A, Lamprecht P, Csernok E, et al. Peripheral blood and
granuloma CD4+CD28- T-cells are a major source of IFN-γ and
TNF-α in Wegener's granulomatosis. Am J Pathol 2002;160:1717–24.
8. Lamprecht P. Off balance: T-cells in antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides. Clin Exp Immunol
2005;141:201–10.
9. Lang KS, Recher M, Junt T, et al. Toll-like receptor engagement
converts T-cell autoreactivity into overt autoimmune disease. Nat
Med 2005;11:138–45.
10. Zinkernagel RM, Hengartner H. Regulation of immune response
by antigen. Science 2001;293:251–3.
11. Popa ER, Stegeman CA, Kallenberg CGM, Cohen Tervaert JW.
Staphylococcus aureus and Wegener‘s granulomatosis. Arthritis Res
2002;4:77–9.
12. Moyron-Quiroz JE, Rangel-Moreno J, Kusser K, et al. Role of inducible bronchus associated lymphoid tissue (iBALT) in respiratory immunity. Nat Med 2004;10:927–34.
13. Ehlers S, Benini J, Held HD, Rock C, Alber G, Uhlig S. αβ TCR+
cells and IFNγ, but not iNOS are critical for granuloma necrosis
in a mouse model for mycobacteria-induced pulmonary immunopathology. J Exp Med 2001;194:1847–59.
14. Braun MG, Csernok E, Gross WL, Muller-Hermelink HK. Proteinase 3, the target antigen of anticytoplasmic antibodies circulating
in Wegener’s granulomatosis. Immunolocalization in normal and
pathologic tissues. Am J Pathol 1991;139:831–8.
15. Zinkernagel RM. On ‘reactivity’ versus ‘tolerance’. Immunol Cell Biol
2004;82:343–52.
16. Balding CE, Howie AJ, Drake-Lee AB, Savage CO. Th2 dominance
in nasal mucosa in patients with Wegener’s granulomatosis. Clin
Exp Immunol 2001;125:332–9.
17. Coulomb-L’Hermine A, Capron F, Zhou W, et al. Expression of
the chemokine RANTES in pulmonary Wegener’s granulomatosis.
Hum Pathol 2001;32:320–6.
18. Moosig F, Csernok E, Wang G, Gross WL. Costimulatory molecules in Wegener’s granulomatosis (WG): lack of expression of
CD28 and preferential up-regulation of its ligands B7-1 (CD80)
and B7-2 (CD86) on T cells. Clin Exp Immunol 1998;114:113–18.
19. Lamprecht P, Moosig F, Csernok E, et al. CD28 negative T cells
are enriched in granulomatous lesions of the respiratory tract in
Wegener’s granulomatosis. Thorax 2001;56:751–7.
20. Weyand CM, Fulbright JW, Goronzy JJ. Immunosenescence, autoimmunity, and rheumatoid arthritis. Exp Gerontol 2003;38:833–41.
21. Moosig F, Csernok E, Kumanovics G, Gross WL. Opsonization of
apoptotic neutrophils by anti-neutrophil cytoplasmic antibodies

•

Vol 7

•

December 2005

Immunology and Allergies

22.
23.
24.
25.
26.
27.
28.
29.

30.
31.

(ANCA) leads to enhanced uptake by macrophages and increased
release of tumor necrosis factor-alpha (TNF-alpha). Clin Exp
Immunol 2000;122:499–503.
Voswinkel J, Müller A, Lamprecht P. Is PR3-ANCA formation initiated in Wegener’s granulomatosis lesions? Ann N Y Acad Sci
2005;1050:1–8.
Weyand CM, Kurtin PJ, Goronzy JJ. Ectopic lymphoid organogenesis: a fast track for autoimmunity. Am J Pathol 200;159:787–93.
Carrington CB, Liebow AA. Limited forms of angiitis and granulomatosis of Wegener’s type. Am J Med 1966;41:497–527.
Fienberg R. The protracted superﬁcial phenomenon in pathergic
(Wegener’s) granulomatosis. Hum Pathol 1981;12:458–67.
Reinhold-Keller E, Beuge N, Latza U, et al. An interdisciplinary
approach to the care of patients with Wegener‘s granulomatosis:
long-term outcome in 155 patients. Arthritis Rheum 2000;43:1021–32.
Papadimitraki ED, Kyrmizakis DE, Kritikos I, Boumpas DT. Earnose-throat manifestations of autoimmune rheumatic diseases.
Clin Exp Rheumatol 2004;22:485–94.
Perry SR, Rootman J, White VA. The clinical and pathologic constellation of Wegener granulomatosis of the orbit. Ophthalmology
1997;104:683–94.
Reinhold-Keller E, de Groot K, Holl-Ulrich K, et al. Severe CNS
manifestations as the clinical hallmark in generalized Wegener’s
granulomatosis consistently negative for antineutrophil cytoplasmatic antibodies (ANCA). A report of 3 cases and a review of
the literature. Clin Exp Rheumatol 2001;19:541–9.
Murphy JM, Gomez-Anson B, Gillar JH, et al. Wegener granulomatosis: MR imaging ﬁndings in brain and meninges. Radiology
1999;213:794–9.
Roberts GA, Eren E, Sinclair H, et al. Two cases of Wegener’s
granulomatosis involving the pituitary. Clin Endocrinol 1995;42:
323–8.

32. Aries PM, Both M. Destructive eye lesions in Wegener’s granulomatosis. N Engl J Med 2005;352:392.
33. Lebovics RS, Hoffmann GS, Leavitt RY, et al. The management
of subglottic stenosis in patients with Wegener’s granulomatosis.
Laryngoscope 1992;102:1341–5.
34. Lohrmann C, Uhl M, Kotter E, Burger D, Ghanem N, Langer M.
Pulmonary manifestations of Wegener granulomatosis: CT ﬁndings in 57 patients and review of the literature. Eur J Radiol
2005;53:471–7.
35. Papiis SA, Manoussakis MN, Drosos AA, Kontogiannis D, Constantopoulos SH, Moutsoupoulos HM. Imaging of thoracic Wegener’s granulomatosis: the computed tomographic appearance.
Am J Med 1992:93:529–36.
36. Travis WD, Hoffmann GS, Leavitt RY, Pass HI, Fauci AS. Surgical pathology of the lung in Wegener’s granulomatosis. Review
of 87 open lung biopsies from 67 patients. Am J Surg Pathol
1991;15:315–33.
37. Chegar BE, Kelley RT. Wegener’s granulomatosis presenting as
unilateral parotid enlargement. Larnygoscope 2004;114:1730–3.
38. Matsubayashi H, Seki T, Niki S, et al. Wegener’s granulomatosis
with onset of acute pancreatitis and rapid progress. Pancreatology
2001;1:263–6.
39. Huong DL, Papo T, Piette JC, et al. Urogenital manifestations of
Wegener’s granulomatosis. Medicine (Baltimore) 1995;74:152–61.

Correspondence: Dr. P.M. Aries, Dept. of Rheumatology, University
Hospital of Schleswig-Holstein, Campus Luebeck, and Rheumaklinik
Bad Bramstedt, Ratzeburger Allee 160, 23538 Luebeck, Germany.
Phone: (49-4192) 90-2576
Fax: (49-4192) 90-2189
email: aries@rheuma-zentrum.de

Capsule
Glial cells control neurotransmission
How do glial cells modulate or even control neurotransmission?
Pascual et al. created transgenic mice in order to conditionally
suppress release of transmitters from astrocytes. Basal synaptic transmission was increased, and long-term potentiation
decreased, in the hippocampus of the transgenic animals.
Pharmacologic studies further supported the hypothesis that

adenosine, derived from adenosine triphosphate released by
astrocytes, is a critical modulator of synaptic activity in these
experiments.
Science 2005;310:113
Eitan Israeli

Capsule
Carry-on chromosome
One approach to dissecting human diseases with multiple
interacting loci has been to try and express large numbers of
genes on human transchromosomal fragments or constructed
artiﬁcial chromosomes in mice. Down syndrome (DS) depends
on trisomy in chromosome 21, and several attempts have been
made at recapitulating the disease through a transchromosomal
approach. O’Doherty et al. report the germline transmission
of a transchromosomal fragment carrying 91% of chromosome
21 genes. At least 58 of these were transcriptionally active,
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and although the fragment was not expressed uniformly in
all somatic cells, the transchromosomal animals displayed a
phenotype sharing similarities with DS, including behavioral
and physiologic abnormalities. The ability to transmit such a
large human chromosomal fragment in mice should also allow
the exploration of other complex genetic diseases.
Science 2005;309:2033
Eitan Israeli
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