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Chapter 7 
 

Abstract 
 

Crescentic glomerulonephritis is a severe form of glomerular injury 
that is characterized by disruption of the glomerular basement membrane, 
cellular proliferation within Bowman's space, and (often) fibrinoid necrosis. 
Pauci-immune crescentic glomerulonephritis, which is so called because it 
involves little or no glomerular immunoglobulin deposition, is one of the 
most common causes of rapidly progressive glomerulonephritis. In the 
majority of patients, pauci-immune crescentic glomerulonephritis is a 
manifestation of antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis. However, some patients with pauci-immune crescentic 
glomerulonephritis lack ANCA. This Review compares the prevalence, 
clinical manifestations, histopathology, and outcomes of ANCA-negative 
pauci-immune crescentic glomerulonephritis with that of ANCA-positive 
disease. We also discuss the possible pathogenesis of ANCA-negative 
pauci-immune crescentic glomerulonephritis, paying particular attention to 
the mechanisms and role of neutrophil activation.  
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Introduction  
Crescentic glomerulonephritis is a severe form of glomerular injury 

that is characterized by disruption of the glomerular basement membrane 
(GBM); this disruption leads to cellular proliferation within Bowman’s space 
and is often accompanied by fibrinoid necrosis. The disruption of glomerular 
capillaries allows inflammatory mediators and leukocytes to enter Bowman’s 
space where they induce epithelial cell proliferation and macrophage 
maturation, which leads to the formation of cellular crescents [1, 2]. Patients 
with crescentic glomerulonephritis often experience rapid loss of renal 
function, accompanied by oliguria and anuria; typical features of 
glomerulonephritis, including proteinuria and dysmorphic hematuria, are 
commonly present. Crescentic glomerulonephritis must be diagnosed 
promptly and precisely to facilitate timely treatment. Delay in diagnosis and 
treatment can have a major negative impact on prognosis. 

Crescentic glomerulonephritis is classified into three main 
categories on the basis of direct immunofluorescence microscopy. Anti-
GBM crescentic glomerulonephritis is characterized by the presence of 
circulating antibodies to GBM and linear deposition of IgG along the GBM; 
immune-complex-mediated crescentic glomerulonephritis— the most 
common cause of rapidly progressive glomerulonephritis in children [3]—is 
characterized by the deposition of immune complexes in the glomeruli; and 
pauci-immune crescentic glomerulonephritis presents as focal necrotizing 
glomerulonephritis with little or no glomerular staining for immunoglobulins. 
Pauci-imune crescentic glomerulonephritis is the most common cause of 
rapidly progressive glomerulonephritis in adults and elderly patients [3]. 

Most cases of pauci-immune crescentic glomerulonephritis can be 
attributed to systemic small-vessel vasculitides, including Wegener’s 
granulomatosis, microscopic polyangiitis and Churg-Strauss syndrome, 
although some cases involve only the kidneys (so-called renal-limited 
vasculitis) [4]. These primary small-vessel vasculitides are collectively 
known as antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis, 
in reference to their serological hallmark. However, a subgroup of patients 
with pauci-immune crescentic glomerulonephritis is persistently negative for 
ANCA.  
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Prevalence  
Table 1 Studies that compared patients with ANCA-negative or ANCA-positive pauci-
immune crescentic glomerulonephritis 
Study Location 

and design 
Number of 
patients (% of 
pauci-
immune 
crescentic 
GN) 

Age and 
gender of 
ANCA-
negative vs. 
ANCA-
positive 
patients  

Extrarenal 
manifestations of 
ANCA-negative vs. 
ANCA-positive 
patients 

Renal 
manifestations 
of ANCA-
negative versus 
ANCA-positive 
patients 

Outcomes of 
ANCA-
negative vs. 
ANCA-
positive 
patients 

Hedger 
et al. [8] 

UK, 
population-
based 

35 (27) Comparable  Less upper-airway 
involvement  

Comparable  Comparable  

Eisenb
erger et 
al [9], a 

France, 
three-center 

20 (unknown) Unknown  Less ear-nose-
throat involvement  

Chronic lesions 
were more 
severe   

Comparable 

Chen et 
al.[10]  

China, 
single-
center 

28 (33) Younger  Less constitutional  
symptoms  and 
involvement lungs, 
eyes and ear-nose-
throat  

Higher level of 
proteinuria, 
more severe 
glomerular 
lesions  

Poorer renal 
outcome 

Hung et 
al.[11]  

China 
(Taiwan), 
single-
center 

15 (38) Younger  Less systemic 
involvement  

Less acute 
glomerular 
lesions and 
higher 
prevalence of 
chronic 
glomerular 
lesions  

Marginally 
poorer renal 
outcome 

aPatients with ANCA were not from the same centers as those without ANCA. Abbreviation: ANCA, 
antineutrophil cytoplasmic antibody. 

 
Limited data are available on ANCA-negative pauci-immune 

crescentic glomerulonephritis [5-11]. To our knowledge, four series that 
focus on the clinical spectrum of affected patients, including one study by 
our group that was conducted in China, have been published (Table 1) [8-
11]. The only population-based study of pauci-immune rapidly progressive 
glomerulonephritis was conducted by Hedger et al [8]. in the UK. This 10-
year retrospective analysis found that the annual average incidence rate of 
the condition was 3.9 patients per million (range 3.3-4.7 patients per 
million). Overall, 27% of affected patients (35 of 128) lacked ANCA. A study 
conducted by Hung et al [11]. in Taiwan suggested that 38% (15 of 40) of 
patients with pauci-immune crescentic glomerulonephritis were ANCA-
negative [11]. The lack of unified definitions for ‘crescentic’ and ‘pauci-
immune’, (i.e. the varying cut-off levels used to define the presence of 
crescents and the intensity of immunoglobulin staining in renal biopsy 
specimens) limits the comparability of these results. In our study, both terms 
were strictly defined as “over 50% of glomeruli having crescent formation in 
the renal specimen” and as “intensity of glomerular immunoglobulin staining 
by direct immunofluorescence assay in renal sections being 0 to 1+ on a 
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scale of 0 to 4+”, respectively [10]. Patients without ANCA constituted 33% 
(28 of 85) of patients with pauci-immune crescentic glomerulonephritis in our 
cohort.  

The inclusion of only small numbers of patients in the above studies 
precludes the exclusion of selection bias. In studies conducted by the 
European Vasculitis Study Group, 10-20% of patients with Wegener’s 
granulomatosis, microscopic polyangiitis, Churg-Strauss syndrome or 
idiopathic rapidly progressive glomerulonephritis were reported to be ANCA-
negative [12]. In a large cohort of 213 patients with crescentic 
glomerulonephritis who were studied by the Chapel Hill group in the US, the 
likelihood of ANCA negativity was approximately 10-20% and 20-30% when 
the intensity of staining for immunoglobulins was 0 and 1+, respectively (on 
a scale of 0 to 4+) [13]. Taken together, the above data imply that around 
10-30% of patients with pauci-immune crescentic glomerulonephritis lack 
ANCA. 

 
 

Clinical and pathological characteristics  
We found that patients with ANCA-negative pauci-immune 

crescentic glomerulonephritis presented at a much younger age than those 
with ANCA-positive disease [10]. Hung et al. reported similar results in their 
Chinese patients [11]. However, the UK study found no major differences in 
the ages of the two groups at presentation [8]. This discrepancy indicates 
that variations in disease susceptibility with age might differ between 
patients of different ethnicities. 

Two studies compared the extrarenal manifestations of patients with 
ANCA-negative pauci-immune crescentic glomerulonephritis and their 
ANCA-positive counterparts in more detail. Hedger et al [8]. found that 
patients who were ANCA-negative had fewer respiratory symptoms than 
those who were ANCA-positive. Our data showed that patients without 
ANCA had much fewer constitutional symptoms (including fever, weight 
loss, myosalgia and arthragia) and much less extrarenal (including lung, eye 
and ear-nose-throat) involvement than patients with ANCA (Table 2) [10]. 
ANCA could be a marker of generalized vasculitis in patients with pauci-
immune crescentic glomerulonephritis. 
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Table 2 Clinical features of patients with pauci-immune crescentic glomerulonephritis 
with and without ANCA in our study [10]  
 

 Without ANCA (n=28) With ANCA (n=57) P 
Age of onset of disease 

(mean±SD) 
39.7±17.0 57.6±14.0 <0.001 

Fever 6 (21.4%) 38 (66.7%) <0.001 
Weight loss 2 (7.1%) 20 (35.1%) <0.01 
Muscle pain 2 (7.1%) 15 (26.3%) <0.05 
Arthralgia 2 (7.1%) 23 (40.4%) <0.01 

Pulmonary involvement 3 (10.7%) 21 (36.8%) <0.05 
Ophthalmic involvement  1 (3.6%) 14 (24.6%) <0.05 

Otic involvement  0  18 (31.6%) <0.001 
Nasal involvement  0  10 (17.5%) <0.05 

BVAS 45 13.9±2.4 20.1±5.0 <0.001 
Abbreviations: ANCA, antineutrophil cytoplasmic antibody; BVAS, Birmingham vasculitis activity score.  
 
 

We found that patients who were ANCA-negative had a greater 
degree of proteinuria (5.47±3.32 g/24hr vs. 2.23±2.27 g/24hr, P<0.001) and 
a higher prevalence of nephrotic syndrome (46.4% vs. 8.8%, P<0.001) than 
patients who were ANCA-positive [10]. Patients who lacked ANCA had 
slightly more-severe glomerular lesions than their ANCA-positive 
counterparts [10]. Eisenberger et al [9]. found that chronic lesions, including 
interstitial fibrosis and glomerulosclerosis, were particularly severe in 
patients without ANCA. Similar results were also reported by Hung et al.[11]; 
however, this finding might be attributable to the delay in diagnosis caused 
by the absence of ANCA.  

 
Pathogenesis  

The pathogenesis of ANCA-negative pauci-immune crescentic 
glomerulonephritis is unclear, because studies of pauci-immune crescentic 
glomerulonephritis have focused mainly on patients with ANCA. Substantial 
in vitro and in vivo evidence suggests that ANCA have an important role in 
the pathogenesis of vasculitis in these individuals, and are not simply a 
serologic marker of the disease. Cytokines such as tumor necrosis factor or 
interleukin (IL)-18 stimulate neutrophils to express ANCA target antigens at 
their surface. When exposed to ANCA, these cells undergo a respiratory 
burst to release free oxygen radicals and proteases, which are thought to 
have direct pathogenic roles in vasculitis [14-18]. Anti-myeloperoxidase 
antibodies (a common form of ANCA [12] induce lesions in mice that 
resemble those of ANCA-associated vasculitis [19]. The most direct clinical 
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evidence that ANCA are pathogenic was the development of 
glomerulonephritis and pulmonary hemorrhage shortly after birth in a 
neonate whose mother had microscopic polyangiitis; these complications 
were apparently caused by the transplacental transfer of anti-
myeloperoxidase ANCA [20, 21]. Furthermore, patients with new diagnoses 
of ANCA-associated vasculitis and serum creatinine levels >500 μmol/l who 
were treated with plasma exchange had a lower risk of progression to end-
stage renal disease at one year than those who received 
methylprednisolone pulses, supporting a pathogenic role for ANCA [22].  

 

The role of neutrophils  
Neutrophils are major effector cells in crescentic glomerulonephritis. 

Activated neutrophils that generate reactive oxygen species are present in 
the glomeruli of patients with ANCA-positive crescentic glomerulonephritis 
[23]. Neutrophils were necessary for the induction of ANCA-positive pauci-
immune crescentic glomerulonephritis in mice by injection of anti-
myeloperoxidase autoantibodies [19]. Depletion of neutrophils in the mice 
prevented the development of vasculitis following the administration of anti-
myeloperoxidase antibody [24]. Neutrophil accumulation in the glomerular 
lesions is not unique to pauci-immune crescentic glomerulonephritis but is a 
common feature of many forms of proliferative and crescentic 
glomerulonephritis. Neutrophils are involved in the pathogenesis of 
glomerulonephritis at several levels, as reviewed by Kitching et al. [25] and 
Couser [26]. For example, neutrophil recruitment, via FcγRIII and 
complement, is essential for the development of anti-GBM nephritis [27, 28].  

Neutrophils are also thought to be major effector cells in ANCA-
negative pauci-immune crescentic glomerulonephritis. Eisenberger et al [9] 
observed that neutrophil infiltration was prominent in the glomerular lesions 
of individuals with this disease. Two studies conducted by our group are 
relevant in this respect. One study, as yet unpublished, analyzed neutrophil 
infiltration in pauci-immune crescentic glomerulonephritis, by using two 
neutrophil markers, CD15 and myeloperoxidase. Immunohistochemical 
staining for these markers was much more prominent in active lesions than 
in inactive lesions, especially cellular crescents. In the glomeruli and 
interstitium, the degree of neutrophil infiltration was greater than that in 
ANCA-positive crescentic glomerulonephritis (Xing GQ, et al. unpublished 
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data). The second study [29] analysed neutrophil degranulation by 
measuring serum levels of neutrophil gelatinase-associated lipocalin and 
lactoferrin. Neutrophil gelatinase-associated lipocalin, a 25kDa protein, is 
found in the secondary granules of neutrophils, and is secreted more readily 
by neutrophils than is any other protein; it is considered a specific marker of 
neutrophil degranulation [30]. Lactoferrin, an 80kDa iron-binding 
glycoprotein that belongs to the transferrin family, is another major 
constituent of the secondary granules of neutrophils [31, 32]. Serum 
lactoferrin is predominantly neutrophil-derived; thus it is also considered to 
be a biomarker of neutrophil activation and degranulation. We found that 
serum levels of neutrophil gelatinase-associated lipocalin and lactoferrin 
were significantly higher in patients with ANCA-negative pauci-immune 
crescentic glomerulonephritis than in patients with ANCA-positive disease 
[29]. This finding indicates that neutrophil activation and degranulation 
occurs in patients with pauci-immune crescentic glomerulonephritis in the 
absence of ANCA, and might be even more prominent than that which 
occurs in the presence of ANCA. The resultant release of oxygen radicals, 
lytic enzymes, and inflammatory cytokines could be responsible for the 
damage to glomerular endothelial cells [33, 34].  

 

Mechanisms of neutrophil activation  
Neutrophils could become activated in two ways. Firstly, via 

antibodies other than ANCA, such as anti-endothelial cell antibodies 
(AECA). AECA have been detected in various autoimmune and vasculitic 
diseases, and they might have a pathogenic role in ANCA-associated 
vasculitis [35, 36]. We observed that more than 50% of patients (10 of 19) 
with ANCA-negative pauci-immune crescentic glomerulonephritis had AECA 
in their serum, although the prevalence of these antibodies was significantly 
lower than that in patients with ANCA (88%; 23 of 26) [37]. It was 
speculated that AECA bind to endothelial cells, which facilitates the 
interaction of neutrophils with these cells via neutrophils’ Fc and C3b 
receptors [38]. 

Kain et al.[39,40] found that autoantibodies to human lysosomal 
membrane protein-2 (LAMP-2) are present in over 90% of individuals with 
active pauci-immune focal necrotizing glomerulonephritis. These antibodies 
can activate neutrophils and cause apoptosis of endothelial cells in vitro. 
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When injected into rats, the antibodies induced pauci-immune necrotizing 
crescentic glomerulonephritis. More importantly, the investigators showed 
that a major epitope of human LAMP-2 recognized by the autoantibodies 
has strong homology with FimH, an adhesin commonly found in Gram-
negative bacteria. When they immunized rats with FimH, most animals 
developed both cross-reactive antibodies to LAMP-2 and pauci-immune 
crescentic glomerulonephritis. These data collectively suggest that bacterial 
infection in a susceptible person might induce autoantibodies that result in 
pauci-immune crescentic glomerulonephritis [40, 41]. However, almost all 
the patients with anti-LAMP-2 antibodies also had anti-myeloperoxidase or 
anti-proteinase-3 antibodies [39]. Whether patients without ANCA have 
antibodies to LAMP-2 is presently not clear. In addition, anti-LAMP-2 
produce neutrophil staining by indirect immunofluorescence; thus, patients 
with these antibodies are not categorized as ANCA-negative when the 
absence of neutrophil staining by indirect immunofluorescence, rather than 
just the absence of anti-proteinase-3 or anti-myeloperoxidase ANCA, is 
used as a criterion for this term. The role of anti-LAMP-2 antibodies in the 
pathogenesis of ANCA-negative pauci-immune crescentic 
glomerulonephritis needs further investigation. 

Secondly, cell-mediated immunity could lead to neutrophil 
activation. The production of IL-8 by neutrophils within the intravascular 
compartment might encourage intravascular stasis of these cells, and 
contribute to bystander damage of glomerular endothelial cells [42]. The IL-
17-producing T helper cell lineage is involved in the pathogenesis of 
Wegener’s granulomatosis [43], and Laan et al. [44] showed that IL-17 can 
specifically and selectively recruit neutrophils via the release of IL-8. The 
exact role of such cell-mediated immunity in ANCA-negative pauci-immune 
crescentic glomerulonephritis has not been studied, but is an important 
subject for further investigation. 

In summary, neutrophils are likely to have a major role in ANCA-
negative pauci-immune crescentic glomerulonephritis. Neutrophil activation 
in this setting could be accomplished by autoantibodies other than ANCA or 
by cell-mediated immune mechanisms. 
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Treatment and outcomes  
No controlled prospective studies have been conducted of the 

treatment of patients with ANCA-negative pauci-immune crescentic 
glomerulonephritis. Treatment protocols are, therefore, usually based on 
those for patients who are ANCA-positive [8-11]. 

We observed that patients with ANCA-negative pauci-immune 
crescentic glomerulonephritis had poorer renal outcomes than their ANCA-
positive counterparts (Figure 1) [10]. Similar data were reported by Hung et 
al.[11], despite the fact that their ANCA-negative patients had relatively mild 
lesions at presentation. Renal outcomes were comparable between the two 
groups in the Hedger and Eisenberger studies [8, 9]. However, the survival 
of patients without ANCA did not differ from that of individuals with ANCA in 
any of the three studies that reported this data [8-10]. 

 

 
Figure 1. Renal survival of patients in our study with pauci-immune crescentic glomerulonephritis with and 
without ANCA [10].  
The solid line represents ANCA-negative patients; the dashed line represents ANCA-positive patients. 
Abbreviation: ANCA, antineutrophil cytoplasmic antibody.  
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Conclusions  

The proportion of patients with pauci-immune crescentic 
glomerulonephritis who lack ANCA is not inconsiderable, and the existence 
of these individuals has important implications for the understanding of 
crescentic glomerulonephritis. Patients who have ANCA-negative pauci-
immune crescentic glomerulonephritis present a different clinical spectrum 
to those with ANCA-negative disease, with fewer constitutional and 
extrarenal symptoms. These differences might be a consequence of the 
absence of ANCA. ANCA negativity seems to be associated with increased 
severity of glomerular lesions and poor renal outcomes; therefore, when 
prognosticating or treating patients with pauci-immune crescentic 
glomerulonephritis, ANCA negativity should be taken into account. Although 
the pathogenesis of ANCA-negative pauci-immune crescentic 
glomerulonephritis is unclear, neutrophils are thought to have a major role. 
Ongoing studies on ANCA-negative pauci-immune crescentic 
glomerulonephritis are being carried out on the factors leading to neutrophil 
activation.  
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