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antigens co-expressed on granulocytes as well as other leukocyte populations are most 
often anti-HLA class I antibodies.
Antigen system Polymorphism Old terminology Location Antigen

frequency in
Europeans (%)

HNA-1 HNA-1a NA1 Fc�RIIIb (CD16) 54-58
HNA-1b NA2 Fc�RIIIb (CD16) 87-88
HNA-1c SH Fc�RIIIb (CD16) 5-7

HNA-2 HNA-2a NB1 GP50 87-94
HNA-3 HNA-3a 5b GP70-95 99
HNA-4 HNA-4a MART CD11b 96
HNA-5 HNA-5a OND CD11a 96
Table 2 Nomenclature and localization of granulocyte antigens.

1.8.2 Detection and characterization
No single technique is available that detects all clinically relevant granulocyte
antibodies. Granulocytes are short-lived cells and easy to activate, and thus, working
with granulocytes requires technical skill and experience. Granulocytes can not be
stored and must therefore be freshly isolated for testing. A combination of the
granulocyte immunofluorescence test (GIFT) and the granulocyte agglutination test 
(GAT) are most effective in granulocyte antibody detection [Lucas GF, 1990, Bux J,
1997]. GIFT is considered to be the most sensitive method, but on the other hand some
autoantibodies and the anti-5a, -5b, -9a and -NB2 are more readily detectable using
GAT. The immunofluorescence pattern is staining of the cell membrane, Fig. 5.
Immune complexes and aggregates in patient´s sera can cause false-positive results in 
GIFT.

Fig.5 Immunofluorescence pattern, anti-NA2.

For antibody identification an antigen capture assay based on monoclonal antibody-
specific immobilization of granulocyte antigens (MAIGA) [Bux J 1993] or immunoblot 
and immunoprecipitation assays can be used. Antigen typing of granulocytes has for a
long time been restricted by the availability of human sera. Most of the available sera
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are derived from alloimmunized mothers who gave birth to neonates with alloimmune
neonatal neutropenia. However human sera often contain additional HLA antibodies
that can cause mistypings. Now monoclonal antibodies against the antigens NA1, NA2
and NB1 are available. Phenotyping by GIFT requires large number of granulocytes
and many of these patients have very low counts of neutrophils. With the recognition of
the molecular basis of granulocyte antigens, genotyping by DNA-techniques has 
become feasible [Bux J, 2001].

1.9 Anti neutrophil cytoplasmic antibodies (ANCA)
1.9.1 Detection and characterization
In 1985 autoantibodies were detected in the sera of patients with Wegener´s
granulomatosis (WG) that reacted with cytoplasmic constituents of neutrophils [van
der Woude, 1985]. The target antigen of these cytoplasmic anti-neutrophil cytoplasmic
antibodies (C-ANCA) proved to be proteinase-3 (PR3), a serine protease stored in 
azurophilic granules of granulocytes and monocytes. PR3 has several physiological,
and possibly pathophysiological, functions. It plays a role in growth and differentiation
of granulocytes and monocytes, microbicidal activity, degradation of tissue and 
modulation of inflammatory mediators [van der Geld YM, 2001]. Anti-PR3 antibodies
produce a diffuse staining of the cytoplasm by indirect immunofluorescence on
ethanol-fixed neutrophils, Fig. 6a. Later it became apparent that some sera produced a
perinuclear fluorescence pattern (P-ANCA) clearly different from the C-ANCA pattern,
Fig. 6b. P-ANCA are usually directed against myeloperoxidase (MPO) [Falk RJ, 
1988], an enzyme critical for oxidative killing [Hampton MB, 1998]. The P-ANCA
fluorescence pattern represents an artefact of ethanol fixation. Positively charged
granule constituents rearrange around and upon the negatively charged nuclear
membrane. Anti-MPO antibodies are associated with crescentic glomerulonephritis
(GN) and microscopic polyangitiis (MPA).

Fig. 6a Indirect immunofluorescence, C-ANCA.



Fig. 6b Indirect immunofluorescence, P-ANCA.

ANCA detected by indirect immunofluorescence are usually confirmed by enzyme-
linked immunoassays (ELISA) coated with the specific antigen. The identification of
anti-MPO antibodies is particularly important since P-ANCA, directed against elastase,
cathepsin G, lactoferrin or lysozyme may occur in a variety of non-vasculitic disorders.
Testing for ANCA using both indirect immunofluorescence and antigen-specific
ELISA provides high sensitivity and specificity [Savige J, 2000]. ELISA is a direct
quantitative technique. The theory that increasing ANCA-levels predict disease relapse
is controversial. ANCA has been reported to closely correlate to disease activity and 
treatment initiated based on increased ANCA-levels has been reported to prevent
relapses [Cohen-Tervaert JW, 1990]. However, others have not found such a relation
[Nowack R, 2001]. Since ANCA interacts with Fc-receptors and different subclasses
have various activating capacity, the subclass distribution of ANCA has been
investigated. The ANCA seem to consist mainly of IgG1 and IgG4 [Segelmark M,
1993] with a relative increase of the IgG3 subclass in active disease [Mulder AH, 
1995]. However, a direct relation between IgG3 levels and clinical disease has not been
confirmed. ANCA do not occur incidentially in the normal older population, unlike anti
nuclear antibodies (ANA) and rheumatoid factor [Maillerfert JF, 1997]

1.9.2 Systemic vasculitis
The pathology of vasculitis involves inflammation of blood-vessel walls. The vasculitis
syndromes are usually classified according to the site, type and size of vessels involved
[Jennette JG, 1994], and the diagnosis is based on clinical, histological and serological
data. Inflammation in the large vessels includes giant cell arteritis and Takayasu´s
disease and is not associated with ANCA whereas inflammation in the small vessels in
syndromes such as WG, microscopic polyangiitis (MPA), idiopathic (pauci-immune)
necrotizing glomerulonephritis and Churg-Strauss syndrome, are strongly associated
with PR3-ANCA and MPO-ANCA. The etiology of the diseases is mostly unknown. In
some forms of medium vessel vasculitis such as polyarteritis nodosa and Kawasaki´s
disease infective agents have been identified as the cause or suspected cause of the
disease [Lie JT, 1996]. Also in the small vessel syndromes associated with ANCA
there have been reports of an infection preceding the onset and relaps of vasculitis
[Stegeman CA, 1994] but convincing correlations to a specific infectious agent have
not been demonstrated. Inherited determinants can increase a person´s risk of
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developing WG. Defiency of �1-antitrypsin, the main inhibitor of PR3, is 
overrepresented in PR3-ANCA positive patients [Esnault VLM, 1993]. A 
polymorphism in Fc�RIIIb, has been suggested to be critical in binding of ANCA and 
to have implications for disease susceptibility [Tse WY, 2000]. More than 95 percent of 
the patients with active WG are ANCA-positive and 90 percent have antibodies 
specific for PR3. About half of the patients with WG are aged over 60 years.  
The usual clinical presentation of a patient with Wegener´s is an upper respiratory tract 
disease including rhinorrhea, sinusitis or otitis media. More than 70 percent of the 
patients have pulmonary infiltrates and other affected sites can include eyes, skin, 
joints, kidneys and nervous system [Hubitz M, 1998]. Often it is a long time before the 
diagnosis is established. The histopathology shows granuloma formation [Bajema IM, 
1996]. The treatment in WG is initially a combination of prednisone 1-2 mg/kg daily 
and cyclophosphamide 1-2 mg/kg daily, and then as maintenance therapy, a 
combination of prednisone and azathioprine or cyclophosphamide [Jayne DRW, 
1997].The long-term outcome for patients with WG has improved dramatically with 
this treatment. Untreated patients have a 90 percent mortality rate within two years in 
comparison to 20-28 percent five-year mortality in cyclophophamide-treated patients 
[Matteson EL, 1996]. The major causes of death are complications from underlying 
disease and complications to therapy. Seventy-five percent of the patients reach 
complete remission within 1-2 years; however 30-50 percent will have at least one 
relaps [Hoffman GS, 1992].
The clinical symptom of MPA and necrotizing GN have similarities with those of WG, 
the histopathology shows focal fibrinoid necrosis of the capillaries and venules, but 
does not include granuloma formation, and ear-nose-throat organs are generally spared. 
The characteristic glomerular lesion is a focal segmental necrotizing glomerulonephritis 
usually with crescents. Uninvolved glomerular segments are often almost normal 
[Bajema IM, 1996]. The treatment recommendations in MPA and necrotizing GN are 
the same as for WG. The five-year survival is approximately 80 percent in MPA 
[Gayraud M, 2001]. The response to treatment can be measured using disease activity 
score, Birmingham vasculitis activity score (BVAS) [Luqmani RA, 1994].
Churg-Strauss syndrome is rare. It is associated with asthma, peripheral blood 
eosinophilia and a positive ANCA and the treatment regimen is the same as that for 
WG and MPA.  

1.9.3 Pathophysiologic role of ANCA  
ANCA as a diagnostic and prognostic marker for systemic vasculitis is well 
established, and there is also evidence supporting a pathogenic role. In vitro studies 
have demonstrated that ANCA have the capacity to activate cytokine-primed 
neutrophils to degranulate and to producte oxygen free radicals [Falk RJ, 1990, Charles 
LA, 1991]. The hypothesis is that cytokines, e.g. TNF�, induce expression of PR3 and 
MPO on the surface of neutrophils which make them available for interaction with 
ANCA. How these antigens are expressed on the cell surface is unclear. One 
explanation may be that the cationic proteins PR3 and MPO bind to the negatively 
charged cell membrane via charge interactions. Recently, other mechanisms for binding 
of ANCA antigens to the cell membrane have been suggested. Binding of MPO may be 
mediated by �2 integrin, especially the CD11b subunit [Johansson MW, 1997] whereas 
binding of lactoferrin which shares 54% aminoacid sequence homology with PR3, 
appears to be mediated by �2 integrin CD11a unit [Zimmerman F, 1998]. ANCA 
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antigen has been demonstrated on the surface of apoptotic granulocytes, as a result of 
cytoplasmic granular translocation during apoptosis [Gilligan HM, 1996]. Since the 
onset of the diseases often is preceded by an infection it has been hypothesized that 
proinflammatory cytokines such as TNF� and IL-1 released in vivo, prime neutrophils 
to express PR3 and MPO on their cell surface. Upon binding of ANCA to these 
antigens, an activating signal has to be transduced into the cell. Possible candidates for 
signal transduction are �2 integrins and Fc� receptors. Although some studies have 
demonstrated that incubation of primed neutrophils with IgG F(ab)2 ANCA  results in 
neutrophil activation [Falk RJ, 1990,  Kettritz R, 1997] other studies suggest that both 
antigen binding and Fc receptor interactions are involved [Mulder AH, 1994, Porges 
AJ, 1994, Reumaux D 1995]. In these in vitro experiments ANCA-induced neutrophil 
activation did not occur when F(ab)2 fragments of ANCA IgG  were used, and was 
strongly inhibited when blocking monoclonal antibodies against Fc�RII were used.  
Monocytes/macrophages play a pivotal role in lesion development in vasculitis. An 
important histopathological feature in patients with WG is granulomatous inflammation 
which consists of accumulated activated monocytes/macrophages. In addition the 
proliferative lesions and crescents in necrotizing glomerulonephritis are characterized 
by the accumulation of activated monocytes [Ferrario F, 1999]. Upon in vitro ANCA 
stimulation monocytes can be triggered to produce oxygen radicals [Weidner S, 2001]
and chemokines [Ralston DR, 1997, Casselman BL, 1995]. In these studies increased 
production of reactive oxygen species was measured after ANCA IgG stimulation for 
30 min up to 240 min. Increased production of IL-8 after ANCA IgG and monoclonal 
anti-PR3 stimulation could be seen for 5 hours to 25 hours and increased production of 
MCP-1 was observed with a maximum after 24 hours of incubation. Furthermore, after 
ANCA stimulation for 18 hours moncytes up-regulated CD14 and CD 18 expression 
[Nowack R, 2000]. In patients with WG, PR3 expression on circulating neutrophils is 
increased compared to PR3 expression on neutrophils from healthy controls, and 
correlates with disease activity [Muller-Kobold A, 1998]. The expression of PR3 and 
MPO on circulating monocytes have not been shown to be increased in WG, compared 
to in healthy controls. In WG circulating neutrophils are activated in terms of down-
regulated CD62L [Riecken B, 1994] and up-regulated CD11b [Haller H, 1996]. In 
systemic vasculitis the endothelial cells are activated with increased expression of 
adhesion molecules [Cohen Tervaert JW, 1997, Dupuy E, 1998] and increased levels of 
soluble adhesion molecules during active disease [Stegeman CA, 1994, Mayet WJ, 
1996].
As in many other autoimmune diseases, it is still unknown what initiates the process in 
ANCA-positive vasculitis. Based on experimental and clinical data cited above the 
following hypothesis has been generated, Fig. 7 [Muller Kobold AC, 1999]. An 
infection often preceds the onset of the disease and as a result proinflammatory 
cytokines such as TNF� and IL-1 are released which prime neutrophils and monocytes. 
These circulating leukocytes will then express the target antigens for ANCA, PR3 and 
MPO. ANCA can bind to the leukocytes which become activated and bind to the 
endothelium via the adhesion receptors. A sequential and integrated regulation of 
CD62L and CD11b is a key step in the recruitment of monocytes and neutrophils into 
the extravascular space, and a dysregulation may result in cell entrapment in the 
endothelial cell lining. Upon stimulation by ANCA these activated neutrophils and 
monocytes release toxic products such as oxygen radicals and lytic enzymes, leading to 
endothelial cell injury. Circulating neutrophils and monocytes are attracted and 
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accumulate at the inflammatory site. These cells release chemoattractants and cytokines
such as MCP-1 and IL-8, attracting other inflammatory cells. The inflammatory
reaction is intensified.
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Fig. 7 Hypothesis: Pathophysiologic mechanisms in ANCA associated vasculitis. The 
figure is modified from Muller-Kobold AC, 1999.
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was judged as positive when >90% of the granulocytes expressed >16 MFI-units, based
on the mean values + 2 SD for negative sera.
The intra-assay variation (a positive sample run against cells from the same donor ten
times) was 3%, while the inter-assay variability (a positive sample run against cells
from ten different donors positive for respective antigen) was 33%, probably mirroring
the biological variation in antigen density between individuals. For quantification,
titration of five sera positive for granulocyte antibodies was performed by GIFT and by
flow cytometry. The titer obtained by flow cytometry was equal or higher compared to
the titer obtained by GIFT. Results obtained by flow cytometry are expressed as
numerical values, giving clear positive and negative results based on cut off values,
whereas if the assay is read in a microscope, the results are based on the judgement of
the reader. In analysis by flow cytometry both the antigen density expressed as MFI
and the percentage of positive cells are taken into consideration.

4.2.2 Analysis of granulocyte-specific and HLA-specific antibodies
Analysis of mixed leukocytes by flow cytometry allows distinction to be made between
antibodies directed towards antigens expressed exclusively on granulocytes and those
co-expressed on other leukocytes, e.g. HLA-antigens. The different patterns of
fluorescence given by a positive serum containing exclusively anti-NA2 and a serum
containing multispecific anti-HLA-antibodies are presented in Fig. 10 and 11.
Detection of granulocyte antibodies by flow cytometry allows the use of pooled
leukocytes from different donors, Fig. 12. We screened a material of sera from female
blood donors with one or more previous pregnancy, for leukocyte antibodies (not
included in the published paper). The screening procedure included GIFT (n=419)
performed towards leukocytes from 2-4 single blood donors, flow cytometry (n=68)
performed towards pools of leukocytes from three donors and lymphocytotoxicity test
(n=525). Positive results were found in 4.4% by flow cytometry, 3.3% by GIFT and in 
2.1% by lymphocytotoxicity test. Leukocyte antibodies in transfused blood components
may cause TRALI, a serious and underdiagnosed transfusion reaction [Williamson L, 
2000]. A study from Linköping demonstrated that transfusion of plasma from
multiparous donors was associated with lower oxygen saturation in intensive care
patients [Palfi M, 2001]. Flow cytometric analysis for leukocyte antibodies can be
carried out against a pool of leukocytes, which is an advantage for screening purposes.

Fig. 10 Anti NA2 binding to granulocytes (anti NA2 in red, negative control in blue).
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Fig.11 Anti HLA antibodies binding to granulocytes and lymhocytes, respectively.
(Anti-HLA in red, negative control in blue).

Fig.12 Anti NA2 analysed against a pool of leukocytes from three donors, two of the 
donors expressing NA2, one negative for NA2. (Anti-NA2 in black, negative control in 
blue).

4.2.3 Analysis of antibodies directed against granulocyte surface antigens and
intracellularly expressed antigens

Ten sera previously tested positive by GIFT were re-tested by flow cytometry. Nine
samples gave equivalent results. In serum sample 10 the result in GIFT was positive,
displaying a combination of intracellular and surface binding fluorescence pattern,
while it was not detectable by flow cytometry. However when the serum was tested
against permeabilized cells a positive binding was obtained. The actual antibody
detected was directed against PR3, verified by ELISA (Wieslab AB, Ideon, Lund,
Sweden).
Ten sera previously tested negative by GIFT, were analyzed by flow cytometry. In
seven sera, antibodies could not be detected, in one serum sample anti-HLA antibodies
were detected by flow cytometry and verified by a lymphocytotoxicity test, and in two 
sera granulocyte antibodies were detected by flow cytometry.
Ten sera tested positive for ANCA by IIF were tested against both non-permeabilized
and permeabilized leukocytes by flow cytometry to distinguish between surface and
intracellular binding. All ten sera showed positive intracellular staining while one
serum showed an additional positive surface staining, Table 6.
The binding of antibodies both to the cell surface and to intracellular antigens can be
explained by binding to antigens co-localized intracellularly and on the cell membrane
[Tosi FM, 1992, Stroncek DF, 1990, Stroncek DF, 1993] or to antigens mainly stored
intracellularly which can be expressed on the surface of activated cells [Csernok 1994].
Flow cytometry has previously been reported to detect ANCA with high sensitivity
[Yang YH, 1994]. However false positive reactions were noted among patients with 
high ANA titers and the specificity should be further defined by ELISA. In the study by








































