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ABSTRACT

Antineutrophil cytoplasmic antibodies
(ANCA) have become an established tool
for the diagnosis of systemic vasculitis.
The major role for ANCA testing isin
diagnosing renal insufficiency of un-
known origin, where a positive test indi-
cates whether the patient will benefit
from immunosuppr essive treatment or
not. A negative test result almost com-
pletely rules out the presence of systemic
vasculitis.

Inthisclinical setting the mgjor antigens
for ANCA are proteinase 3 and myelo-
peroxidase, and antibodies to these an-
tigens can best be tested by ELISA. In
other clinical settings like inflammatory
bowel disease, arthritis and so on, sev-
eral other ANCA specificities have been
described and the | 1F test is preferred.
However, the clinical value of these
somewhat more esoteric specificitiesis
doubtful. New developments in assay
techniques and better knowledge of spe-
cific epitopes will lead to tools for the
improved diagnosis aswell as follow up
of patients during treatment, as has al-
ready been seen with the capture assay
for PR3-ANCA.

Introduction

ANCA (anti-neutrophil cytoplasmic an-
tibodies) is afamily of autoantibodies
related to vasculitis and inflammatory
disorders. Thefirst reports of antibodies
reacting with leukocytes date from 1959
(1) and 1964 (2). Antibodies staining the
cytoplasm of neutrophilsin necrotizing
glomerulonephritis were seen in 1982
(3). These older studies had in large part
been forgotten when van der Woude et
al. (4) in 1985 showed that ANCA was
related to Wegener’'s granulomatosis.
Following this study, interest in ANCA
has increased each year and today these
antibodies are considered major diag-
nostic tools for systemic vasculitis (5).
In this review we will focus on meth-
odologica problems, new methods and
discuss a strategy for ANCA testing.
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Antigens

The granulocyte is full of granules, each
with many different proteins, mostly
enzymes that are used in the defence
against bacteria and therefore the poten-
tial number of antigensis very large (6).
It was, however, very early shown that
when the granules were separated based
on their density, all reactivities of sera
from systemic vasculitis patients were
with the alphafraction containing the
azurophil granules. The proteins from
these granules could be isolated and se-
parated and most of the reactivities were
found to be with proteins of molecular
weights around 29kD and 140kD. Sev-
eral of the serine proteinases such as
elastase, cathepsin G and proteinase 3
have molecular weights around 29kD
and it was shown by sequencing that the
29kD antigen actually was proteinase 3
(PR3) (7). The other mgjor antigen was
shown to be myeloperoxidase (M PO)
(8). These two enzymes take part in the
killing of bacteria by cleavage of pro-
teins (PR3) and by the generation of oxy-
gen radicals (MPO) (6).

PR3 is a serine proteinase with a mo-
lecular weight of 29kD consisting of a
single protein chain that is glycosylated.
The sequenceis conserved and very sim-
ilar to other serine proteaseslike elastase
and cathepsin G (9). MPO isadimer with
amolecular weight of 140kD consisting
of one heavy (59kD) and one light chain
(13.5kD). It is glycosylated with high
mannose oligosaccharide chains. The
moleculeis easily cleaved by heating and
has a characteristic green colour (10).
Many other antigens have been described
to be associated with ANCA, i.e. elas-
tase, lactoferrin cathepsin G, BPI and
more recently molecules like defensins,
HMGL/2, catalase etc. (11, 12) as sum-
marized in Figure 1.

Problemsand pitfallsin the analysis
of ANCA

The first method developed to detect
ANCA was indirect immunofluores-
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Fig. 1. Assay of ANCA using IIF divides ANCA into two groups, the C-ANCA and the P-ANCA pat-
terns. These patterns can arise from antibodies to many granulocyte proteins and therefore it isimpossi-
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ble to know the specificity of ANCA from the pattern obtained on IIF.

cence (IIF) on ethanal fixed granulocytes
(13, 14). By this method two patterns are
seen, acytoplasmic staining of the granu-
locyte called C-ANCA and a perinuclear
staining called P-ANCA. The P-ANCA
pattern arises due to afixation artefact
when MPO is redistributed to the nega-
tive nucleus due to its positive charge.
IIF was followed by RIA and ELISA,
first using different extracts of granu-
locytes (15, 16) and later the purified
proteins (14, 17). Thus, antibodies to
PR3 are called PR3-ANCA and antibod-
iesto MPO are called MPO-ANCA,
when the purified proteins are used in
the assay.

The two IIF patterns are presumed to be
related to antibody reactivitiesto defined
antigens, i.e. C-ANCA equals PR3-
ANCA and P-ANCA equals MPO-
ANCA. Thisis, however, not awaysthe
case. A few years ago we studied some
patients with a C-ANCA pattern by II1F
and MPO-ANCA by ELISA (18). The
index patient had an atypica disease with
light chain deposition. The antibodies
also had an atypical subclass distribution
with predominant |gG2 autoantibodies.
We could show that the antibodies were
directed to an epitope that is different
from the regular epitope and probably
not redistributed during fixation. The
epitopeis ill on the same molecule and
therefore it appears that all MPO do not

redistribute during fixation. These sera
are rare and probably constitute only
around 1-2% of C-ANCA positive sera.
The recently discovered BPI-ANCA (an-
tibodies to bactericidal permeability in-
creasing protein), however, can also give
a C-ANCA pattern, but only in half of
al cases (19).

The problem is much greater when stu-
dying P-ANCA since many of the anti-
bodies to cationic proteins of the gran-
ulocyte can giverise to this pattern and
it isimpossible to distinguish P-ANCA
from the GS-ANA pattern supposed to
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be true nuclear staining. Antibodies to
MPO, elastase, lactoferrin, BPI etc. can
all givethiskind of pattern. Theclinica
selection of patientsisimportant and if
the patients have systemic vasculitis the
important antigen is MPO, but if the pa-
tients have inflammatory bowel diseases,
arthritis or autoimmune hepatitis the
specificity could be elastase, lactoferrin,
BPI, cathepsin G, etc. We still do not
know the major dominating antigen in
these diseases.

Furthermore, not all antibodies to gran-
ule proteins react well by IIF. This has
been demonstrated with BPI-ANCA,
where about half of seracontaining this
antibody do not give staining by I1F.
Another mgjor problem is ANA that will
also react with neutrophils and give a P-
ANCA or atypica staining. Thereforeit
isimportant to always check for ANA;
otherwiseit isimpossible to be sure that
the ANCA staining isnot an ANA.
Itiswell known that the level by ELISA
does not correlate to thetitre by 11F. Sam-
ples can be found that are high by I1F
and low by ELISA or the opposite. This
is probably areflection of the nature of
the epitopes. It has been shown that the
epitopes are conformational, i.e. dena-
turation of the molecule destroys the
epitope (20). The molecule is presented
in adifferent conformation when bound
to aplastic surfacein the ELISA test than
when fixed by ethanol in the granules
for the lIF (Fig. 2). Patients react with
different epitopes (21) on the molecule

HF

Direct
ELISA

Capture
ELISA

O

Fig. 2. The antigen (PR3) is presented in different waysin the assay. At IIF PR3 is fixed by ethanol and
mixed with severa other proteinsin the granula and thus epitopes can be destroyed or hidden. In the
direct ELISA the isolated protein is bound to a solid phase, generally a plastic surface. The protein will
bind to hydrophobic areas and change conformation to a greater or lesser degree. In the capture assay
PR3 isheld in place by amonoclonal antibody in a more native conformation. Thiswill orient the antigen
and the same surface will be accessible.
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and thus they will give alow or high re-
action in the test depending on how their
epitopeis presented. This question was
recently addressed (22) using a mono-
clonal antibody to catch the antigen in-
stead of direct binding to the plastic. It
was shown that reactivites that were low
on antigens directly coated could be high
when the antigen was indirectly bound.
This highlights how important the char-
acteristics of the assay are when com-
paring results between laboratories and
patients.

A new assay type: The capture
ELISA for detection of ANCA

As mentioned above, the three-dimen-
sional structure of the antigen may be
crucial for the recognition and binding
of antibodies, and thus for the sensitiv-
ity of the assay. In an attempt to preserve
the native structure of the antigen and
hence to increase the sensitivity of the
assays, capture ELISAs have been de-
veloped. In a capture ELISA the plateis
pre-coated with a monoclonal antibody
(MoADb) capturing the antigen (Fig. 2).
A few different MoAbs have been used
for the detection of PR3-ANCA; MoAb
12.8 (23), MoAb 1E8 (24) and MoADb
4A3, 4A5 and 6A6, which recognize dif-
ferent epitopes of PR3 (22). Regarding
thelatter three, MoAb 4A3 presented the
antigen in such a way that 98% of all
antibodies that most likely were against
PR3 were detected. Recently a capture-
ELISA based on recombinant PR3 has
been established (25). For MPO-ANCA
the MoAb 7.17 has been developed and
evauated (23).

Sensitivity and specificity

When using MoAb 4A3 a high sensitiv-
ity could be established. The sensitivity
of the capture PR3-ANCA was 85% in
¢c-ANCA positive serawith a specificity
of 90% obtained from disease control
material comprising patients with vari-
ous forms of glomerulonephritis. Fur-
thermore, the capture PR3-ANCA assay
showed a significantly higher noso-
graphic sensitivity in patients with We-
gener’s granulomatosis with renal in-
volvement (41/48, 85%) compared to c-
ANCA by IIF (28/48, 58%) (26). A cap-
ture ELISA using MoAb 12.8 was able
to detect PR3-ANCA in 21 out of 24

(79%) patients with Wegener’'s granulo-
matosis with renal involvement. The
specificity was found to be 96% (23).
MoAb 1E8 was evaluated by Merkel et
al. (24), who reported a somewhat |ower
sensitivity for the capture ELISA com-
pared to the direct ELISA method. Out
of 26 known ANCA -positive serafrom
patients with Wegener’ s granulomatosis
23 were positive, while 25 out of 26 were
positive with the direct ELISA method
(24). However, in this study the same
monoclonal anti-PR3 antibody was used
asacontrol for background and for anti-
mouse antibodies. Such a procedure may
result in a‘false low’ level sinceit has
been shown that patients with Wegener's
granulomatosis have complexes consist-
ing of PR3 and PR3-ANCA, which can
bind to the monoclonal anti-PR3 anti-
body by themselves (27).

The MoAb 7.17 capture ELISA for de-
tection of MPO-ANCA gave positive
resultsin serafrom 11 out of 35 patients
with crescentic nephritis. Only serum
from one out of 41 disease controls con-
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tained MPO-ANCA by this capture
ELISA, thus demonstrating the high spe-
cificity of the test (28).

Capture PR3-ANCA detects the epitope
that is most relevant

In material comprising 123 patients with
biopsy-confirmed Wegener’s granul o-
matosis and microscopic polyangiitis
with renal involvement, we have previ-
oudy shown that the level of PR3-ANCA
at diagnosis, measured by the capture
ELISA, correlatesto renal outcome (29).
Data revealed that patients with a high
level (>550U) of PR3-ANCA by the
capture ELISA had a 5-year renal sur-
vival of 60%, versus 85% for the patients
with levels below 550U, (p=0.001).
There was no such correlation to rena
survival when PR3-ANCA was meas-
ured by direct ELISA, or to MPO-ANCA
levels (Fig. 3) (29). We have indications
from on-going studies that the capture
assay for detection of PR3-ANCA is
more sensitive for the detection of re-
lapses.
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Fig. 3. The capture assay correlates better with renal survival than the direct assay. Patients with a high
or low level of PR3-ANCA by capture or direct ELISA at presentation were followed over time.

Low level by capture ELISA

High level by capture ELISA —

Low level by direct ELISA
High level by direct ELISA

631



METHODOLOGICAL UPDATE

Potential weakness of a capture

ELISA

Since the capture assay uses amonoclo-
nal antibody to capture the antigen, there
could be a possihility that the epitope that
binds to the monoclonal antibody isthe
same as the one that binds to some of
the antibodies in patient sera. However,
the results from the clinical evaluations
performed do not support such a hypoth-
esis, since the sensitivity is high by the
capture method. It is also known that
most patients react to several epitopes.
Another argument against using a cap-
ture ELISA isthe risk for non-specific
binding and rheumatoid factor binding
to the monoclonal antibody. This possi-
bility of afalse positive test result could
easily be excluded by using a control
plate coated with an unrelated monoclo-
nal antibody of the same mouse Ig sub-
class asthat used in the test assay
Therefore one can conclude that a cap-
ture ELISA for detection of PR3-ANCA
has a higher sensitivity, and an accept-
able specificity. Regarding the specificity
it isimportant to set the cut-off level us-
ing disease control material comprising
patients with, for example, lupus, and not
healthy blood-donors.

Release of granule enzymes during
coagulation and the level of alpha 1
antitrypsin

A further complication when conducting
ANCA assays istherelease of granule
enzymes during coagulation, which can
giveriseto areduction of the test results
by binding the antibody and forming an
immune complex (22). To complicate the
matter further, the proteinase inhibitor
alpha 1 antitrypsin (a1AT) can aso bind
serine proteases and thus compete with
the antibody. Theleve of alAT canfluc-
tuate in a patient. One can speculate that
apatient with alow level of alAT anda
high release of enzymes can be low in
the test one day and high another day
when centrifugation is done immediately
after the blood is drawn.

Correlation of ELISAtol1F

A study was recently carried out to com-
pare IIF and ELISA for the detection of
ANCA in systemic vasculitis (30). The
study highlights the problem with I1F and
the reason for the low specificity of 1I1F.
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Three commercia kitsfor IIF and 7 com-
mercial kits for ELISA were tested and
their potential to detect ANCA in system-
ic vasculitis was compared. Serum sam-
ples from 396 patients with various
forms of glomerulonephritis, including
146 patients with pauci-immune cres-
centic glomerulonephritis, were ana-
lysed. It was shown that || F had an over-
al sensitivity of 88% with a specificity
of 71%, while the ELISA had a sensitiv-
ity of 84% with a specificity of 94%.
Furthermore, the authors could show that
the problem with |1F was the presence
of samples from patients with SLE that
gave a P-ANCA pattern in 68-82%, thus
demonstrating what has already been dis-
cussed — that 11 F detects many speci-
ficitieswhile ELISA detects antibodies
to the coated antigen only.

By combining I1F and ELISA results a
higher specificity can be obtained, aswas
shown in a European study (31), but in
this study it was marginally increased to
96%. The authors also discuss the pre-
dictive value of ANCA testing and show
that in a patient with strong evidence for
rapidly progressive glomerulonephritis
apostivetest by ELISA provides > 90%
confirmation of crescentic glomerulone-
phritis, while in apatient with weak clini-
cal evidence apositive ANCA isinad-
eguate to confirm a diagnosis of cres-
centic glomerulonephritis. A negative
test, however, rules out the presence of
crescentic glomerulonephritis.

Clinical use of ANCA

ANCA inrenal disease

Theclinical setting where ANCA test-
ing provides the most valuable contri-
bution is probably renal insufficiency of
unknown origin. The outcome of an
ANCA test dramatically changes the
odds as to whether the patient will ben-
efit from treatment with immunosup-
pressive drugs or not. The likelihood that
the patient has such a disease to begin
with probably ranges between 5-30%,
depending on the symptoms and signs.
If antibodies are detected, the likelihood
for a disease that normally benefits from
immunosuppression increases to > 95%.
One reason for this high probability is
that some of the diseases that may yield
‘false positive results’, such as SLE or
mesangiocapillary glomerulonephritis
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with crescents, also benefit from such
treatment. Rapid tests are available that
can be administered at the bedside and
yield results while the patient is still in
the emergency room. If the test result is
positive, the treatment can be started im-
mediately, but patients (especially those
with low levels) should undergo a care-
ful work-up. Thus, in the setting of re-
nal insufficiency of unknown originitis
important to use a test with high sensi-
tivity. On the other hand, a negative re-

sult for the ANCA test will drastically
decrease the probability of adiagnosis
that requires the immediate ingtitution of
immunosuppression, especialy if anti-
GBM antibodies are analyzed simulta-
neously. Septic endocarditis with renal

involvement may yield false positive
results and is probably the most impor-
tant differential diagnosisto be kept in
mind.

ANCA in systemic inflammatory
disease

Another clinical setting where ANCA
testing is often used isin patients with
inflammatory conditions of unknown
origin. Typical symptoms are malaise
and fatigue in combination with myal-
gia, elevated ESR or CRP and low grade
fever. The differential diagnosisincludes
many types of infections and malignan-
cies, conditions that deteriorate when
treated with immunosuppressive drugs.
When no life-threatening organ involve-
ment is present, there is time for thor-
ough diagnostic procedures. Under such
circumstances the high specificity of the
test for systemic vasculitisis more im-
portant than high sensitivity. The high-
est specificity is obtained when the re-
sultsfrom ELISA and |IF are combined.

ANCA in inflammatory bowel disease

It is sometimes difficult to distinguish
the inflammatory bowel diseases (IBD)
ulcerative colitis and Mb Crohn from
each other. Both are characterised by an
unknown etiology as well as chronic re-
mitting inflammatory processes of the
intestine. The established differentiation
between Mb Crohn and ulcerative coli-
tisismade by clinical parameters. Sero-
logical parameters would be helpful for
the clinician in diagnosing and catego-
rising patients with ulcerative colitis
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from Mb Crohn. Today the use of ANCA
to detect ulcerative colitisis under dis-
cussion since ANCA, especially of the
P-ANCA (or atypical ANCA) type, is
found in 40-60% in these patients. In Mb
Crohn, antibodies to the mannan of Sac-
charomyces cerevisiae (ASCA) can be
detected in 60-70% of patients. A patient
with aclinical suspicion of IBD who has
P-ANCA is more likely to have ulcera-
tive colitis than if the serum contains
ASCA (32, 33).

ANCA in cystic fibrosis

Cystic fibrosis (CF) is a genetic disease
characterized by hyperviscous mucus
and chronic suppurative lung infections.
ANCA isarelatively common finding
in CF and BPI is the predominant anti-
gen. BPI isactive against gram negative
bacteria. Recent reports have shown that
there is a correlation between chronic co-
loni zation with Pseudomonas and BPI-
ANCA. Antibodies from CF patients
have been shown to react with the C-ter-
minal portion of BPI that is necessary
for oppsonization. The autoantibodies
were aso shown to inhibit the opsoniza-
tion process. A negative correlation be-
tween BPI-ANCA titre and lung func-
tion was also detected. Thusit is possi-
blein the future that treatment that would
reduce the antibody production may
prove beneficial in CF. Today it istoo
early to conclude that the ANCA test is
of clinical value (34).

ANCA for the follow-up of patients
with ANCA associated vasculitis
Relapse is a common feature in systemic
vasculitis and has been described as late
as 15 years after the initial onset of dis-
ease. Approximately 50% of the patients
who are alive 5 years after adiagnosis
of small vessel vasculitis associated with
PR3-ANCA have experienced at |east
onerelapse (35); lower figures have been
reported in MPO-ANCA associated dis-
ease (36). It iswidely accepted that re-
lapses occur more often among patients
who remain ANCA-positive during re-
mission. However, different views pre-
vail concerning the usefulness of serial
ANCA measurements for the follow-up
of patientswith a systemic vasculitis that
was positive at the time of diagnosis. In
the original report linking ANCA to We-

gener’s granulomatosisin 1985, it was
stated that ANCA titres are related to
disease activity (4). Later it was claimed
that treatments based on ANCA titresare
more beneficial compared to treatments
based only on clinical signs (37). This
notion has been challenged, for instance
by areport from the NIH group who
found changesin ANCA titresto corre-
late poorly to disease activity (38, 39).
Overall there seems to be about a 50%
risk of relapse within 6 months after a
significant rise in ANCA titre. A high
degree of alertnessis always indicated
when the level isrising. In most pub-
lished series (4, 36-39) more than 90%
of the cases have positive test results at
the time of relapse. A negative ANCA
result is a good indication that the dis-
ease is under control.

ANCA during renal replacement
therapy

Uremia necessitating rena replacement
therapy is a common sequel of systemic
vasculitis. During dialysis treatment re-
lapses can be difficult to diagnose. Gen-
eral symptoms of vasculitis are easily
confused with symptoms of uremia, and
specific symptoms such as hematuriaand
raised serum creatinine concentrations
cannot be used. Furthermore, ANCA-
positivity by I1F have been found in 5%
of dialysis patients without any evidence
of vasculitis disease (40). Despite the
immunosuppressive effect of uremia, a
relapse rate close to 10% per year have
been reported for dialysis-treated pa-
tients (41).

Relapses also occur after rena transplan-
tation, both extra-renal and in the graft.
Neither ANCA specificity at diagnosis
(PR3 or MPO) nor the ANCA test status
at the time of transplantation seem to
influence the risk of relapse. In arecent
meta-analysis we found the average risk
of relapse to be around 20% (42). Many
of these were minor extra-renal relapses
and the overall graft survival is reported
to be similar to other forms of renal dis-
ease. It seems asif modern immunosup-
pression protocols, used to prevent re-
jection, are al'so active in preventing re-
lapses.

ANCA strategy
Because of the complicationsin the ana-
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lysis of ANCA, an international group
of ANCA researchers has published a
consensus statement on ANCA testing
(43). In this publication guidelines for
ANCA testing and reporting are pre-
sented. The group states that aminimum
requirement for alaboratory that screens
with I1F should be to never send out posi-
tive results without a confirmation by
antigen-specific ELISA, i.e. for PR3 and
MPO, since ANA will react with neu-
trophils and give apositive ANCA. The
optimal recommendation isto use both
IIF and ELISA on all samples. Results
should be reported as C-ANCA, P-
ANCA or atypica ANCA for assays car-
ried out by IIF, and as PR3-ANCA,
MPO-ANCA etc. for assays done by
ELISA.

Our own view isthat the tests to be used
depends on the clinical question being
asked (Fig. 4). If theclinician isinter-
ested in diagnosing systemic vasculitis
with renal involvement, then ELISA us
ing PR3 and MPO is the method of
choice. If theinterest is arthritis or in-
flammatory bowel disease, IIF on gran-
ulocytesis the method of choice. When
systemic vasculitis is suspected, ELISA
for PR3-ANCA and MPO-ANCA is per-
formed and if the sampleis positive the
result is sent out. If the result is negative
atest for anti-GBM antibodiesis war-
ranted since patients with systemic vas-
culitis and Goodpasture syndrome can
present in the same way. An |IF test for
ANCA can be performed to rule out
ANCA since afew sampleswill be posi-
tive by IIF and not by ELISA, but most
systemic vasculitis patients will be posi-
tive by ELISA. Theclinical value of a
positive C-ANCA that is negative for
antibodies to PR3 or MPO in the con-
text of systemic vasculitisis not known.
In systemic vasculitis patients and dur-
ing follow-up, capture assays may be
useful since they seem to detect relapses
very well.

ANCA of specificities other than PR3 or
MPO are of limited value for patients
with systemic vasculitis and occur pri-
marily in patients with other inflamma-
tory disorders such as ulcerative colitis,
Mb Crohn, autoimmune hepatitis, etc. It
is of little value to know the specificity
of these esoteric ANCAS, except perhaps
when studying cystic fibrosis.
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ANCA strategy

Systemic vasculitis?

Renal Involvement

|

ELISA PR3,MPO+GBM

|
! !

Negative Positive
ANA? Systemic
Vasculitis

Inflammatory disorders?

Unclear origin

|

lIF+ ELISA PR3,MPO

! '
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Negative ELISA

ELISA AZ,BPI,LF, etc

Positive

Inflammatory
disorder
with specific

Positive  Negative Positive IIF
both both
Systemic
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Negative
ANA or
ANCA of
unknown
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ANCA

Fig. 4. The optimal way to perform ANCA assaysis for the clinician to indicate whether the results are going to be used to diagnose systemic vasculitis or other
inflammatory conditions. ELISA for PR3- and MPO-ANCA isthe best choice if systemic vasculitisis suspected; if other inflammatory conditions are sus-

pected, |IF isto be preferred.
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