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Colocalization of ANCA-antigens and fibrinoid necrosis in The basic assumption is that somehow the vessel wall is
ANCA-associated vasculitis. A variety of antineutrophil cyto- damaged in the process of degranulation [5], and this
plasmic auto-antibodies (ANCAs) are known to be associated requires the primed PMN with ANCA antigens on itswith small vessel vasculitides such as Wegener’s granulomatosis

surface to be at the site of the lesion. In line with thisand microscopic polyangiitis. To visualize colocalization pat-
hypothesis, it was recently reported that if Fc�RIIIb isterns of the fibrinoid necrotic lesions and ANCA-antigens more

accurately, we have developed a double staining technique activated on the surface of PMN by ANCA IgG, l-sel-
in which an immunohistochemical staining is followed by a ectin expression is maintained, making it possible for the
histological staining. Instead of using sequential biopsy slides PMN to adhere to the endothelium in an activated stateof histologically and immunohistochemically stained sections,

[6], leading to vessel damage.which may lead to an underestimation of the number and size
In renal tissue fibrinoid necrosis mainly occurs as aof the lesions, our technique permits the visualization of the

colocalized patterns of fibrinoid necrosis with an ANCA-anti- segmental intraglomerular lesion, representative of vas-
gen in a single slide. The double staining procedure is presented culitis of the glomerular capillaries. Some years ago, it
in this Technical Note. was shown that the amount of primed neutrophils and

of human elastase (HE)-bearing cells, but not of Pr3 and
MPO-bearing cells, correlated with the severity of renal

In 1985, antineutrophil cytoplasmic auto-antibodies impairment as measured by serum creatinine levels [7].
(ANCAs) were first reported to occur in patients with However, whether ANCA-antigens were actually pres-
Wegener’s granulomatosis, one of the small vessel vascu- ent at the site of the necrotic lesion was left unques-
litides [1]. Today, a variety of ANCA antigens are tioned. Following current theories on primed neutrophils
known, of which proteinase-3 (Pr3) is most closely associ- bearing ANCA-antigens on their surface and causing
ated with Wegener’s granulomatosis, and myeloperoxi- vessel damage as depicted in Figure 1, colocalization of
dase (MPO) with other small vessel vasculitides such as the ANCA-antigens with the necrotic lesion is to be ex-
microscopic polyangiitis [2]. The detection of ANCA in pected. In traditional immunohistochemical techniques,
these syndromes heralded a new era of hypotheses on antigens are detected against a hematoxylin background
the etiology of systemic vasculitis. For several years it in which the necrotic lesion is barely visible. Using
has been known that ANCA can stimulate primed poly- consecutive biopsy slides of histologically and immuhis-
morphonuclear cells (PMN) to degranulate and produce tochemically stained sections to solve the inadequate
increased reactive oxygen species [3, 4]. This finding es- detection of fibrinoid necrosis in the hematoxylin back-
tablished it was only a small step to suggest that the ground staining may lead to an underestimation of the
necrotizing vasculitic lesion most likely would be the colocalization rate of the necrotic lesion and the antigen,
result of a disturbed neutrophil-endothelial interaction. because the size of the fibrinoid necrotic lesion varies

considerably between consecutive sections, and the le-
sion is so focal that it may even disappear from the

Key words: Wegener’s granulomatosus, small vessel vasculitides, pro-
glomerulus from one section to another [8]. With theseteinase-3, myeloperoxidase, microscopic polyangiitis, polymorphonu-

clear cells. techniques, testing the colocalization hypothesis is there-
fore not possible.Received for publication February 3, 2000

We now report a double staining procedure by whichand in revised form May 17, 2001
Accepted for publication June 19, 2001 immunohistochemical detection of ANCA-antigens is

followed by a histological staining in which fibrinoid ne- 2001 by the International Society of Nephrology
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Fig. 1. Theoretical pathogenic scenario lead-
ing to antineutrophil cytoplasmic antibody
(ANCA)-induced vasculitis. (A) Circulating
quiescent neutrophils contain ANCA antigens
not accessible to interaction with ANCA. (B)
Priming of neutrophils by cytokines such as
interleukin (IL)-1 and tumor necrosis factor
(TNF), resulting in the expression of ANCA
antigens at the cell surface. (C) ANCA bind
to target antigens at the cell surface. (D) Neu-
trophils release toxic oxygen metabolites. (E)
Neutrophils adhere to endothelial cells via ad-
hesion molecules and ligands. (F) Vessel wall
injury leading to fibrinoid necrosis (repro-
duced with kind permission of J.C. Jennette
and R.J. Falk).

Table 1. Clinical data sity of Minnesota, Minneapolis, MN, USA). The poly-
clonal antibodies against MPO, HE, and LF were kindlyANCA: ELISA

Serum (anti-Pr3 or provided by Professor M.R. Daha (Department of Ne-
Age creatinine anti-MPO phrology, Leiden University Medical Center, the Neth-Patient M/F years lmol/L ANCA: IIF antibodies)

erlands). Peroxidase-conjugated rabbit anti-mouse Ig
1 F 32 192 cANCA anti-Pr3

(RAM) and swine anti-rabbit Ig (SWAR) were obtained2 M 49 710 cANCA anti-Pr3
3 M 65 110 cANCA anti-Pr3 from Dako (Glostrop, Denmark).
4 M 54 1200 cANCA anti-Pr3 Four-micrometer sections of frozen renal biopsies
5 F 53 77 cANCA anti-Pr3

were mounted on Starfrost glasses, air-dried at room6 M 61 126 cANCA both weakly
positive temperature, and then fixed in acetone for three minutes.

7 M 67 145 cANCA both negative After three washings with phosphate-buffered saline
8 F 66 190 cANCA anti-MPO

(PBS) of five minutes each, the first antibody was incu-9 F 75 207 pANCA anti-MPO
10 M 57 113 pANCA anti-MPO bated in a dark moisturized box for one hour. After

three washings with PBS, the second antibody was ap-
plied: swine anti-rabbit IgG or rabbit anti-mouse IgG
(Dako) with 10% human IgG as a blocking agent. All

crosis is clearly detectable, making it possible to visualize antibodies were diluted in bovine albumin solution (Bos-
co-localization patterns of fibrinoid necrosis with the eral; Organon Technika) and PBS. The second step
ANCA-antigens Pr3, MPO, HE, and lactoferrin (LF) in lasted 30 minutes, after which the sections were washed
one single slide. again with PBS. They were incubated with 3,3-diamino-

Renal biopsies were selected from patients with benzidine (DAB; 2.5 mg; Fluka) in 50 mL 0.5 mol/L
ANCA-associated systemic vasculitis with renal involve- Tris-HCl at pH 7.6 for five minutes, briefly washed in
ment. Their clinical data are listed in Table 1. An indirect PBS, and rinsed in running tap water for five minutes.
immunofluorescence test for ANCA was performed by As a negative control, an irrelevant isotype- and species-
using an IgG-specific FITC-conjugate, and the results were matched first step Ig (goat antiserum to human uromu-
scored as cytoplasmic (cANCA), perinuclear (pANCA), coid; Organon), followed by labeled detection (second
atypical, or negative staining. Sera were tested for the step) Ig. Also, RAM and SWAR were applied to all
presence of anti-PR3 and anti-MPO antibodies in an sections in the absence of primary antibodies. These
ELISA format. controls gave negative test results on all biopsy speci-

The monoclonal antibody against Pr3 was kindly pro- mens used in this study.
The Picro-Mallory staining method for paraffin sec-vided by Dr. Hoidal (Department of Medicine, Univer-
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Fig. 2. (A) Glomerular fibrinoid necrosis in
trichrome Gomori staining, and (B) consecu-
tive section in the modified Mallory staining.
(C) Modified Mallory staining preceded by a
peroxidase/DAB procedure, and (D) modi-
fied Mallory staining on the consecutive sec-
tion showing that the specificity for fibrinoid
necrosis is unaltered (all magnifications �40).
The publication of the color illustrations was
financially supported by the Dutch Arthritis
Association and by the Dutch Friedrich Weg-
ener Foundation (www.vasculitis.nl).

Fig. 3. (A) Glomerulus without fibrinoid ne-
crosis, proteinase-3 (Pr3) present in the inter-
stitium. (B) Glomerulus without fibrinoid ne-
crosis, Pr3 present in the glomerulus. (C)
Fibrinoid necrosis in a glomerulus (carmine
red, big arrow) with Pr3 in its near vicinity
(brown DAB staining, small arrows). (D) Pr3
present inside the fibrinoid necrotic lesion: ne-
crosis stains carmine red, and brown DAB
blots indicated by small arrows (all magnifica-
tions, �40). The publication of the color illus-
trations was financially supported by the
Dutch Arthritis Association and by the Dutch
Friedrich Wegener Foundation (www.vasculi-
tis.nl).

tions was originally described by Lendrum et al [9] and slides were incubated in the Orange G solution for 15
minutes and then quickly washed in aquadest. After incu-later modified for cryostat sections [10]. To make the

staining adaptable as a background staining after an im- bation in acid Fuchsin for five minutes, they were imme-
diately put in the phosphotungsten acid solution for amunohistochemical procedure, each dye was dissolved in

a separate solution and the concentrations were adjusted few seconds and without washing incubated in the aniline
blue solution for one minute. Then they were dehydratedaccordingly: 1.5 g Orange G (Merck, Darmstadt, Ger-

many) in 150 mL aquadest; 0.5 g acid Fuchsin (Fluka in short washings of ethanol 70, 95, and 100%, dipped
in xylol and mounted with mannitol. The various stepsChemika, Germany) in 150 mL aquadest; 0.1 g Aniline

Blue (Anilinblau, wasserlöslich; Fluka AG) in 150 were monitored microscopically to achieve an optimal
result. The Orange G stains the fibrinoid necrosis in aaquadest; 0.75 g phosphotungsten acid (Wolframatopho-

sphorsäure-Hydrat; Merck) in 150 mL aquadest. The negative background (all other structures remain un-
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Fig. 4. Co-localization patterns of four ANCA antigens. Antigens were stained individually. For each staining, the total number of glomeruli is
divided into: those without fibrinoid necrosis (FN) with the antigen either present or absent in the glomerulus; and those with fibrinoid necrosis
with the antigen present inside the lesion or in its direct vicinity, or with the antigen absent. The number of sclerosed glomeruli is indicated
separately. (A) Proteinase 3 staining. (B) Elastase staining. (C) Myeloperoxidase staining. (D) Lactoferrin staining.

stained). The acid Fuchsin highlights the fibrinoid necro- scored on the presence of antigens in their walls. The
distribution patterns were compared by means of thesis in bright red while it stains the surrounding areas in

a faint red. The phosphotungsten acid etches the Orange �2 test. A semiquantitative scoring was performed of
intraglomerular DAB-positive dots, and a comparisonG with the acid Fuchsin at the site of the lesion, and

washes away most of the acid Fuchsin in the surrounding was made between the median number of dots in glomer-
uli with and without fibrinoid necrosis by means of theareas. The Aniline Blue provides a light blue back-

ground. Figures 2 A and B illustrate that the modified Median test.
Figure 3 shows various combination patterns ofMallory staining has the same specificity for fibrinoid

necrosis as traditional trichrome stainings on paraffin ANCA-antigens in the presence or absence of fibrinoid
necrosis. The frequency of occurrence of the varioussections. Figures 2 C and D show that the specificity

of the modified Mallory staining for detecting fibrinoid colocalization patterns of ANCA antigens with fibrinoid
necrosis is demonstrated in Figure 4 for the total numbernecrosis is not altered by the preceding peroxidase/DAB

procedure. of glomeruli in all biopsies. In the majority of glomeruli
with fibrinoid necrotic lesions, ANCA antigens wereFor each of the antigen stainings, the glomeruli were

categorized as follows: antigens present in the glomerular present either inside the lesion or in its direct vicinity,
but this colocalization pattern was significantly strongernecrotic lesion, antigens present in the vicinity of the

glomerular necrotic lesion, no antigens present in a glo- for Pr3 and HE than for MPO and LF. Pr3 and HE,
more than MPO and LF, occurred more frequently insidemerulus with fibrinoid necrosis, antigens present in a

glomerulus without fibrinoid necrosis, and no antigens the lesion itself than in its vicinity (�2 test, P � 0.05).
Also in the Pr3- and the HE-staining, the number ofpresent in a glomerulus without fibrinoid necrosis. The

presence of antigens in the interstitium was semiquanti- DAB-positive dots was significantly higher in glomeruli
with fibrinoid necrosis than in glomeruli without fi-tatively scored as �, �, or ��. Arteries were separately
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Table 2. Median number of DAB-positive dots in glomeruli with for example, on the endothelium. To some extent, this
and without fibrinoid necrosis

discussion remains outside our study, which investigates
Median number of positive cells the expression of ANCA-antigens in the necrotic lesions

Glomeruli with Glomeruli without they are assumed to induce. If, for instance, the antigens
Antigen fibrinoid necrosis fibrinoid necrosis P value are expressed on the endothelium as well as on PMN,
Pr3 8 2 �0.001a

that should be detected by the antibodies used in this
HE 6 2 �0.001a

study. The aim of the present study was to provide aMPO 2 1 NS
LF 4 2 NS staining procedure by which patterns of ANCA-antigen

Abbreviations are: Pr3, proteinase-3; HE, human elastase; MPO, myeloperoxi- expression in the necrotic lesion could be visualized.
dase; LF, lactoferrin. The present study illustrates a double-staining proce-a Median test

dure that makes it possible to envisualize the colocaliza-
tion patterns of ANCA antigens and the vasculitic lesion
they are assumed to induce. We investigated whether

Table 3. ANCA-antigens present in the interstitium and in arteries
the ANCA antigens colocalized with the vasculitic lesion,

Interstitial score bearing in mind that perhaps some, but not all, ANCA-Number of arteries with antigennumber of biopsies
in the vessel wall/total number of antigens would do so, in view of previous publications

Antigen � � �� arteries present
on the variation in histopathological lesions in patients

Pr3 0 3 7 3/25 with either antibodies against Pr3 or MPO [12]. OurHE 2 5 3 0/30
findings indicate that although Pr3, MPO, HE, and LFMPO 1 9 0 0/18

LF 0 8 2 1/17 were all found either within or around the fibrinoid ne-
Abbreviations are in Table 2. crotic lesion, Pr3 and HE were the antigens most promi-

nently present. They occurred more often inside the lesion
than MPO and LF, and moreover, by a semi-quantitative
scoring their presence was significantly higher in glomer-brinoid necrosis (median test, both P � 0.001; Table 2),
uli with fibrinoid necrosis than in those without it. It iswhereas for MPO and LF this difference was statistically
telling that of the ANCA-antigens known, Pr3 and HEinsignificant. Although all antigens were present in the
are the ones that share considerable amino acid sequenceinterstitium, they were hardly ever encountered within
homology with each other [13] and that in vitro, Pr3 andvessel walls (Table 3).
HE have been shown to induce detachment and cytolysis
of umbilical vein endothelial cells [14].DISCUSSION

A considerable number of necrotic lesions, however,
In ANCA-associated systemic vasculitis, the endothe- appeared in the absence of any of the ANCA-antigens

lium is the target of primed granulocytes and monocytes chosen for staining. Within the paradigm presented in
expressing ANCA-antigens such as proteinase 3 (Pr3),

Figure 1, the most likely explanation is that these are the
myeloperoxidase (MPO), human elastase (HE), and lac-

somewhat older lesions that remain after degranulatingtoferrin (LF) on their surface, leading to the develop-
PMN have caused the damage that led to necrosis of thement of fibrinoid necrosis. The necrotizing vasculitic le-
vascular wall. That this is in fact the sequence of eventssion is considered to result from a disturbed neutro-
can only be tested within experimental animal models,phil–endothelial interaction [11], which requires primed
for which we advocate the usage of our double-staininginflammatory cells with ANCA antigens on their surface
method.present at the lesion site. Recently, it was reported by

Kocher et al that if the Fc�RIIIb receptor located on
the surface of polymorphonuclear cells (PMN) is acti- ACKNOWLEDGMENTS
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