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Chapter 9 

Abstract 
 

[Objectives] Biomarkers for assessing disease activity of patients with anti-
neutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis (AAV) are 
important in identifying relapse and guiding treatment. ANCA-induced 
neutrophil activation and degranulation played an important role in the 
pathogenesis of AAV and neutrophil gelatinase associated lipocalin (NGAL) 
is a biomarker of neutrophil degranulation. The purpose of the current study 
is to investigate whether NGAL is a useful biomarker for assessing disease 
activity of patients with AAV. 
[Methods] Sequential sera from 19 patients with AAV at initial onset, 
remission and relapse were collected. Serum NGAL was detected using 
commercial ELISA kits. The association between serum NGAL and the 
Birmingham Vasculitis Activity Score (BVAS), ESR, CRP as well as serum 
ANCA was further investigated. 
[Results] The 19 patients had 19 relapses. The levels of serum NGAL in 
patients at initial onset and relapse were both significantly higher than that 
at remission (285.5±65.5ng/ml vs. 96.7±22.2ng/ml, P<0.05; 430.3±98.7 
ng/ml vs. 96.7±22.2ng/ml, P<0.05, respectively). It was still the case after 
adjusting for renal function. The levels of serum NGAL closely correlated 
with BVAS as well as the level of ESR, CRP and ANCA. Moreover, serum 
NGAL level had a closer correlation with BVAS than ESR, CRP and ANCA 
did. 
[Conclusion] Circulating NGAL could be used as a useful biomarker for 
assessing disease activity of patients with AAV. 
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Introduction 
Antineutrophil cytoplasmic autoantibody (ANCA)-associated 

vasculitis comprises a group of disorders characterized by necrotizing small-
vessel vasculitis with autoantibodies directed against neutrophil cytoplasmic 
constituents, in particular proteinase 3 (PR3) and myeloperoxidase (MPO). 
ANCA-associated vasculitis (AAV) includes Wegener’s granulomatosis 
(WG), microscopic polyangiitis (MPA), Churg-Strauss syndrome (CSS) and 
renal-limited vasculitis (RLV). Although corticosteroid and 
cyclophosphamide improved the outcome substantially, many patients 
experienced relapses despite long-term immunosuppressive therapy. 
Biomarkers for assessing disease activity are important in identifying 
relapse and guiding treatment.  

The pathogenesis of AAV has not been fully elucidated. Increasing 
evidence suggested that ANCA-induced neutrophil activation and 
degranulation plays an important role in the pathogenesis of AAV. ANCA 
could stimulate neutrophils to undergo a respiratory burst and release free 
oxygen radicals and various proteases, which played a direct pathogenic 
role in vasculitic lesions [1-4]. In an anti-MPO antibody-induced mouse 
vasculitis model, it was suggested that neutrophils were necessary in 
initiation of glomerulonephritis [5].  

Neutrophil gelatinase associated lipocalin (NGAL) is a 25kDa 
protein in secondary granules of neutrophils. NGAL is secreted more readily 
from neutrophils than any other proteins and is considered as a special 
biomarker of neutrophil degranulation [6-8]. Therefore, it is of special 
interests to investigate whether it is a good biomarker for assessing disease 
activity of AAV. 

 
 

Material and methods  
Patients and sera  

Nineteen patients with AAV diagnosed in our hospital were recruited 
as the disease group in this study. All the patients met the criteria of the 
Chapel Hill Consensus Conference definition for AAV [9]. For each patient, 
three sera were collected respectively: (1) active phase of initial onset 
before initiation of immunosuppressive therapy, (2) remission stage after 
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immunosuppressive therapy, and (3) active phase of relapse. “Remission” 
was defined as “absence of disease activity attributable to active disease 
qualified by the need for ongoing stable maintenance immunosuppressive 
therapy”. “Major relapse” is defined as “recurrence or new onset of potentially 
organ- or life-threatening disease attributable to active vasculitis”. “Minor 
relapse” is defined as “recurrence or new onset of disease attributable to 
active vasculitis that is neither potentially organ- nor life-threatening” [10]. 
None of them was suffering from clinical evident bacterial or viral infections. 
Treatment protocols of AAV including induction and maintenance therapy 
were described previously [11]. Sera from all subjects were obtained in 
EDTA and kept in -30°C until use. Disease activity was assessed in 
accordance with the Birmingham Vasculitis Activity Score (BVAS) [12]. 
Since all the 19 patients with AAV in the disease group had renal damage, 
sera from another 10 AAV patients in active stage and without renal 
damage (BVAS 5-13, mean 7.3) were employed as disease control. Another 
disease control group was 15 patients with lupus nephritis, with an 
estimated glomerular filtration rate (eGFR) [13] of 74.6±63.9ml/min/1.73m2. 
Sera from 10 healthy blood donors were collected as normal controls. The 
research was in compliance of the declaration of Helsinki and approved by 
the ethic committee of the local hospital. Inform consent was obtained from 
each patient.  
Detection of ANCA 

ANCA tests were performed by both indirect immunofluorescence 
(IIF) assay and antigen-specific ELISAs. Standard IIF assay were performed 
according to the manufacturer [EUROIMMUN, Lübeck, Germany]. Two 
highly purified known ANCA antigens, proteinase 3 (PR3) and 
myeloperoxidase (MPO), purified as previously reported [14], were used as 
solid phase ligands in ELISA. The results of ELISA were expressed as 
percentage of a known positive control. 
Measurement of serum NGAL  

Serum NGAL was measured according to the instruction of NGAL 
ELISA kit (ANTIBODYSHOP, DK-2820 Gentofte, Denmark). Sera were 
diluted in 1:2000. Each calibrator, diluted specimens and normal controls 
were pipetted into the corresponding positions in the microwell plates. The 
volumes of this step and subsequent steps were 100 μl. All incubations 
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were carried out at room temperature for 1hr on a shaking platform at 200 
waves/min, and the plates were washed three times with 300μl diluted 
Wash Solution between stages. The binding was detected using 
Biotinylated NGAL Antibody and HRP-Streptavidin Conjugate. The reaction 
was revealed using TMB Substrate in dark and was stopped with 100μl Stop 
Solution. The color intensity was read at 450nm in an ELISA reader. The 
results of the calibrators were used to construct a calibration curve from 
which the concentrations of NGAL in the test specimens were read. 

 
Table 1. Clinical data of the 19 patients with AAV at initial onset, remission and relapse 

BVAS 
No Age sex ANCA Diagnosis Organ Involved initial 

onset 
remission relapse 

1 63 M C/PR3 WG con,  eye, ENT,  sk, j,  ki, l 23 0 18 

2 47 F C/PR3 WG eye, ENT, sk, ki, j 12 0 16 

3 69 F P/MPO WG eye, sk, ki, l, con 16 0 12 

4 57 M P/MPO MPA eye, j, ki, l, ner, con 23 0 12 

5 63 F P/MPO MPA ki, l, eye 12 0 13 

6 52 M P/MPO MPA ki, con 12 2 15 

7 68 F P/MPO MPA ki, l, con, j, ner 19 2 23 

8 50 F C/PR3 WG ki, l, j, ENT 17 0 18 

9 64 F P/MPO MPA ner, ki, l 20 2 16 

10 67 F P/MPO MPA ner, sk, ki, l, con 14 2 30 

11 66 M P/MPO MPA eye, con, sk, j, ki, l 15 2 15 

12 61 F P/MPO MPA con, ki, l, eye 13 1 11 

13 48 F P/MPO WG skin, ki, l 14 1 10 

14 55 F P/MPO WG con, ENT, ki 15 0 7 

15 68 M P/MPO WG ENT, j, ki, l 24 0 22 

16 83 M P/MPO MPA eye, ki, l, ner 23 2 22 

17 51 F P/MPO MPA ki, con, l, eye, j, ner 19 2 30 

18 73 F P/MPO MPA con, ki, l, sk, j 21 2 17 

19 68 M P/MPO MPA con, ENT, ki, l, j, ner 22 2 29 
[Abbreviations] con: constitutional symptoms, ENT: ear, nose and throat, j: joint, ki: kidney, l: lung, ner: nerve, 
sk: skin 

 
Statistical analysis 

Student’s t-test was used to compare means as appropriate. 
Pearson test was used for correlation analysis. An analysis of covariance 
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model (ANCOVA) was used for adjust: the model regarded the 
concentration of NGAL as a dependent variable, group as a factor while Scr 
and eGFR value as covariate respectively. It was considered significant 
difference if the P value was less than 0.05. The statistical analysis was 
performed in SPSS statistical software package (version 11, Chicago, Ill, 
USA). 
 
 
Results 
General data of the patients 

Among the 19 patients with AAV in the disease group, 7 were male 
and 12 were female, with an average of 61.7 (range 47-83) years old at the 
time of initial onset. Three patients were cytoplasmic ANCA (cANCA) 
positive and all the sera recognized PR3; the other 16 patients were 
perinuclear ANCA (pANCA) positive and all the sera recognized MPO. 
Seven and twelve patients were classified as WG and MPA, respectively 
(Table 1). 
NGAL levels of patients in different phases 

In the disease group, the concentration of serum NGAL in the 19 
patients at initial onset was 285.5±65.5 (range 48.7-1165.2) ng/ml, while 
those at remission and relapse were 96.7±22.2 (range 15.9-345.2) ng/ml 
and 430.3±98.7 (range 30.3-1405.3) ng/ml, respectively. The level of serum 
NGAL in normal controls was 17.6±14.6 (range 1.8-44.8) ng/ml. The levels 
of NGAL in the 19 patients with AAV at initial onset, remission and relapse 
were all significantly higher than that in normal controls (P<0.001, 
respectively). The levels of NGAL in patients at initial onset and relapse 
were both significantly higher than that at remission (P<0.05, P<0.05, 
respectively). For every patient, the level of serum NGAL in remission was 
lower than that in initial onset and relapse (Figure 1). After adjusting for the 
eGFR value, the levels of serum NGAL in patients at initial onset and 
relapse were still significantly higher than that at remission (346.3±65.5 
ng/ml vs. 112.8±65.6 ng/ml, P<0.05; 448.1±65.5 ng/ml vs. 112.8±65.6 
ng/ml, P<0.05, respectively). After adjusting for the Scr value, the levels of 
serum NGAL in patients at initial onset and relapse were also significantly 
higher than that at remission (319.7±65.7 ng/ml vs. 143.8±66.2ng/ml, 
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P<0.05; 443.8±64.5 ng/ml vs. 143.8±66.2ng/ml, P<0.05, respectively). The 
level of serum NGAL in AAV patients without renal involvement was 
67.1±53.4 ng/ml, which was significantly higher than that in normal controls 
(P<0.05). The level of serum NGAL in patients with lupus nephritis was 
74.6±63.9 ng/ml. It is significantly lower than that in AAV patients at initial 
onset and it is also the case after adjusted for renal function. 

 
 

Figure 1. The serum concentrations of NGAL in patients at initial onset, remission and 
relapse phase. 

 
 

 
Figure 2. The correlation of serum level of NGAL and BVAS in patients with AAV. 
 
 

 145 



Chapter 9 

The correlation between serum level of NGAL and BVAS 
Correlation analysis showed that the levels of serum NGAL closely 

correlated with the level of BVAS (r=0.726, P<0.001) (Figure 2); while the 
correlations between ESR and BVAS, CRP and BVAS, ANCA and BVAS 
were r=0.450, P<0.01; r=0.266, P<0.05; and r=0.387, P<0.05, respectively. 
The correlation between serum level of NGAL and ESR 

Correlation analysis showed that the levels of serum NGAL 
correlated with ESR value (r=0.341, P<0.01) (Figure 3). 
The correlation between serum level of NGAL and the level of ANCA 

Since there were only three patients with positive PR3-ANCA, only 
the correlation between serum level of NGAL and the level of MPO-ANCA 
was investigated. Correlation analysis showed that the levels of serum 
NGAL correlated with the levels of ANCA (r=0.435, P<0.01) (Figure 4). 
The correlation between serum level of NGAL and CRP 

Correlation analysis showed that the levels of serum NGAL 
correlated with CRP value (r=0.306, P<0.05) (Figure 5). 

 
 

Figure 3. The correlation of serum level of NGAL and ESR in patients with AAV. 
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Figure 4. The correlation of serum level of NGAL and level of ANCA in patients with AAV 

 
 

 
Figure 5. The correlation of serum level of NGAL and CRP in patients with AAV. 

 
 

Discussion 
ANCA-associated vasculitis (AAV) is a group of relapsing-remitting 

diseases. Relapses are associated with subsequent progression to end-
stage renal disease [15] and the number of relapse is a strong predictor of 
damage during follow-up [16]. In this context, biomarkers of assessing 
disease activity have become necessary for guiding appropriate treatment. 
Since neutrophil activation and degranulation played an important role in 
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the pathogenesis of AAV and NGAL is regarded as a special biomarker of 
neutrophil degranulation, it is reasonable to speculate that serum level of 
NGAL is associated with disease activity of AAV. 

For patients with AAV in the current study, serum levels of NGAL 
were detected in sequential serum samples at different stages of the 
disease, i.e. initial onset, remission and relapse. Since the increase of 
serum NGAL has also been reported in several diseases (reviewed by 
Bolignano D, et al. [17] and Devarajan P [18]) especially bacterial infections 
[19] and acute renal tubular injury [20-25], these circumstances were 
excluded clinically in the current study. It was found that serum levels of 
NGAL were significantly higher in active stage of AAV (initial onset and 
relapse) than in remission stage. It was reported that decrease of renal 
function also influence the serum level of NGAL [8, 26] and serum NGAL 
significantly correlated with eGFR [26]. Therefore, serum levels of NGAL 
were adjusted for renal function in the current study. After such adjustment, 
serum NGAL was still significantly higher in active stage of disease than in 
remission stage. These results further confirmed that neutrophil activation 
and degranulation played an important role in the pathogenesis of ANCA-
associated vasculitis. It was also found in the current study that serum levels 
of NGAL correlated well with levels of disease activity biomarkers including 
ESR, CRP and ANCA, suggesting that serum NGAL is a useful biomarker 
for assessing disease activity of AAV. 

BVAS is a widely accepted standard assessment tool for scoring 
disease activity in systemic vasculitis. It serves as a precise record of the 
extent of disease activity [27, 28]. However, disease assessment scores do 
not obviate the need for looking for biomarkers of the disease activity. 
Among these currently available biomarkers, ESR, CRP and ANCA were 
the prototypes (reviewed by Tse WY, et al. [29]). Interestingly, it was found 
in this study that the level of serum NGAL closely correlated with BVAS. 
Moreover, serum NGAL levels had a closer correlation with BVAS than 
ESR, CRP and ANCA did, indicating that serum NGAL might be a more 
accurate and sensitive biomarker for assessing disease activity of AAV. 

There are some limitations for circulating NGAL in assessing 
disease activity of AAV. Serum NGAL could be affected by several other 
factors, the most important of which is infection especially bacterial 
infection [7], since neutrophil activation also participates in these entities. 
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On the other hand, distinguishing infection from active AAV is also 
sometimes difficult simply by some laboratory tests including ESR and 
CRP. In such circumstance, integrating clinical profiles is crucial for 
identifying relapse [30]. Nevertheless, serum NGAL provided another 
useful biomarker to reflect disease activity of AAV.  

In conclusion, circulating NGAL is a useful and alternative biomarker 
for assessing disease activity of ANCA-associated vasculitis. A large 
prospective study is required to confirm these findings. 
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