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Background: Antineutrophil cytoplasmic antibodies (ANCA) are associated with small-vessel vasculitis and
have been implicated in its pathogenesis. The subclass distribution of ANCA IgG deviates from normal
patterns, and it has been suggested that the IgG3 subclass may have pathogenic potential over the IgG1
subclass and may be more likely to be associated with active disease and renal involvement.

Objective: To deal with potential pathogenicity, chimeric antibodies were constructed of IgG1 and three
subclasses with human IgG1 or three constant regions and a murine-derived variable region that binds an
epitope within the ANCA antigen proteinase 3 (PR3) that is recognised by human autoantibodies.
Methods: The antibodies were characterised for binding to PR3, including affinity and avidity, before being
used as tools to explore their ability to activate human neutrophils for superoxide release, cytokine release,
degranulation and ability to induce neutrophil adhesion under flow.

Results: Both subclass antibodies elicited similar neutrophil responses for superoxide release, degranulation
and interleukin (IL) 8 production, although quantitative responses showed that the IgG1 subclass favoured
degranulation and the IgG3 subclass favoured IL8 production. Both antibodies were able to convert
neutrophils from selectin-dependent rolling adhesion to integrin-dependent stationary adhesion in a flow
assay.

Conc)iusions: These findings indicate that humanised antibodies directed against a single epitope of PR3 can
recapitulate the effects of polyclonal human ANCA, which recognises multiple PR3 epitopes. Further, PR3-
ANCA of both IgG1 and IgG3 subclasses can activate neutrophils, although the more potent IL8 response by
IgG3 PR3-ANCA may encourage further neutrophil recruitment and amplify injury.

neutrophil enzyme targets, proteinase 3 (PR3) and

myeloperoxidase (MPO), are strongly associated with
systemic vasculitis. Although useful diagnostically, ANCA 1gG
are increasingly implicated in its pathogenesis, on the basis of
clinical observations,' * analysis of the in vitro effects of ANCA
IgG on neutrophil function’* and by effects in animal models.
The demonstration that MPO-ANCA IgG are sufficient to
induce vasculitic lesions,” as well as to induce microvascular
lesions during intravital studies,® is compelling evidence for the
pathogenicity of these antibodies.

Several studies have investigated the relationship between
ANCA IgG subclass titres and clinical disease, often with
differing and conflicting conclusions. Taken together, ANCA
autoantibodies have been detected within all four subclasses,
but the frequency has varied between studies (table 1). The
IgG1 and IgG3 subclasses have been most consistently reported
as present. The IgG3 subclass has been particularly associated
with clinical evidence of disease activity, including renal
disease, and one study has suggested that it may have greater
potential to activate neutrophils (table 1).

Each of the four human IgG subclasses expresses a unique
structural and functional profile that reflects their differing
abilities to engage with Fc y receptors (FcyR) and to activate the
classic complement pathway (table 2). Neutrophils express
FcyRIla and FcyRIIIb constitutively and may upregulate FcyRI
in response to interferon y. Co-ligation of antigen (PR3 or

ﬁ ntineutrophil cytoplasmic antibodies (ANCA) against
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MPO) and FcyRIla/FcyRIIIb on the neutrophil surface is
suggested to be critical for ANCA IgG-induced neutrophil
activation, with recruitment of tyrosine kinase and G protein
signal transduction pathways."”' Most functional studies with
neutrophils have relied on either human polyclonal ANCA IgG,
containing all IgG subclasses and of which PR3- or MPO-
specific antibodies constitute a small fraction, or mouse
monoclonal IgG, whose Fc portions have binding characteristics
for Fc receptors different from those of human antibodies.
Analysing the properties of different ANCA 1gG subclasses
using human antibodies would require fractionation with
potential for cross contamination, whereas use of mouse
monoclonal antibodies may not mimic the human disease.
Further, human polyclonal ANCA IgG, whether directed to PR3
or MPO, contains a spectrum of antibodies with differing fine
recognition of antigenic epitopes, which could allow complex
cross-linking between antigen and FcyRIIa/FcyRIIIb on the
neutrophil surface. For these reasons, mouse/human chimeric
antibodies were generated of the same PR3 epitope specificity,
bearing the same mouse V regions, and with human IgG1 and
three subclass constant regions.

Abbreviations: ANCA, antineutrophil cytoplasmic antibodies; FcyR, Fc v
receptors; fMLP, N-formyl-methionyl-leucyl-phenylalanine; IL, interleukin;
MPO, myeloperoxidase; NP, 4-hydroxyl-3-nitrophenylacetyl; PR3,
proteinase 3; RU, resonance units; TNF, tumour necrosis factor
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Table 1 Studies of antineutrophil cytoplasmic antibody IgG subclasses in systemic vasculitis
Subclass association
Subclass association with  with neutrophil
Author, year cANCA subclasses PANCA subclasses  clinical effect function
Brouwer etal’”  IgG1, IgG4* IgG1, lgG4* IgG3 associated with renal —
1991 involvement
Esnault etal,’®  — IgG1, 19G3, IgG4 IgG3 decreased during  19G3 had highest
1993 remission relative functional
affinity
Jayne et al," 1gG3* — IgG3 associated with acute —
1991 phase of disease
Segelmark et al,' IgG1, IgG3, IgG4*  IgGl, IgG2, IgG4*  Higher IgG3 cANCA during —
1993 acute disease
Mellbye et al,”  IgG1, IgG4* IgG1, IgG4 (no 1IgG3) — All cANCA sera
1994 caused deposition of
C3c on neutrophils
Mulder et al,'  1gG1, IgG3, IgG4 — IgG3 ANCA were
1995 (IgG2 not done) more potent at
inducing a neutrophil
respiratory burst
Locke et al,”® — IgG1, IgG4* - —
1999
Harper etal,'®  1gG1, IgG4* IgG1, IgG4* - No particular subclass
2001 linked to neutrophil
activation
Nowack et al,””  1gG1, IgG3, IgG4 IgG1, IgG3, IgG4 IgG3 cANCA associated ~ —
2001 (IgG2 not done) (IgG2 not done) with ANCA persistence,
multiple organ involvement
and grumbling disease
activity
Holland et al,'®  1gG1, IgG3, IgG4 — - IgG4 cANCA
2004 (IgG2 not done) activated a neutrophil
respiratory burst
ANCA, antineutrophil cytoplasmic antibodies; cANCA, cytoplasmic ANCA; pANCA, perinuclear ANCA.
*ANCA were detected in all subclasses in these studies, but only the dominant subclasses are given.

MATERIALS AND METHODS

Extension PCR and cloning

RNA was isolated from a hybridoma expressing mouse anti-
PR3 antibody 4A5 (a gift from Professor J Wieslander, Lund,
Sweden). ¢cDNA was synthesised using a first-strand cDNA
synthesis kit (Amersham, Little Chalfont, UK).

Forward primers corresponding to consensus sequences in
mouse ¥, vl and y3 IgG signal regions and reverse primers to
sequences in the constant regions were designed by AERES
Biomedical (London, UK). PCR was performed, products were
cloned into sequencing vectors using a TA Cloning Kit (Invitrogen,
Paisley, UK) and transformed into Escherichia coli according to the
manufacturer’s instructions (for conditions, see supplementary
information available at http:/ard.bmj.com/supplemental).
Automated sequencing was carried out by the Genomics
Laboratory, University of Birmingham, Birmingham, UK.

Subcloning and screening
Products were modified to contain restriction sites, Kozak
sequences and splice donor sites by PCR, as appropriate for their
particular vector (see supplementary information available at
http://ard.bmj.com/supplemental). Primers also incorporated a
leader sequence taken from a database of proteins of immuno-
logical interest (KABAT) that was predicted to be an appropriate
match. PCR products were cloned and transformed as above. DNA
from positive clones was sequenced to confirm the modifications.
Single clones of k, y1 and y3 were chosen to subclone into
vectors containing the appropriate constant regions of the IgG
chain (supplied by AERES Biomedical). Restriction digests were
performed and products ligated using T4 DNA ligase. Plasmids
were transformed into maximume-efficiency DH5a E coli. Clones
were PCR screened with the primers used to modify the variable
regions and sequenced as above. Single positive clones of k, y1
and y3 were chosen to generate DNA.

Expression of chimeric antibody

Dihydrofolate reductase-deficient Chinese hamster ovary cells
(AERES Biomedical) were cultured in o minimum essential
medium containing ribonucleosides and deoxyribonucleosides
with 10% fetal calf serum. A total of 10 pg each of k and y1, or
10 pg each of k¥ and y3 vectors was added to 1x107 Chinese
hamster ovary cells. Cells were subjected to a 1900 V, 25 pFarad
pulse, then transferred into medium without ribonucleosides or
deoxyribonucleosides, with 0.5 mg/ml geneticin.

Single-cell clones were produced. IgG production was
monitored by haemagglutination as described previously.”
Approximately 50 clones of each were derived by selection,
around 60% of these produced a detectable IgG. From these,
approximately six of the highest producers were expanded, re-
tested and then the best ones were further expanded. Finally,
the highest producing of these was expanded into a hollow
fibre bioreactor.”” 1gG1 was purified from culture supernatant
using staphylococcal protein A-Sepharose and IgG3 purified
using streptococcal protein G-Sepharose.

Chimeric mouse/human IgGl and three antibodies with
specificity for the 4-hydroxyl-3-nitrophenylacetyl (NP) hapten,
generated as described previously,* were used as controls in the
following experiments.

Verification of IgG production by ELISA, sodium dodecyl
sulphate-polyacrylamide gel electrophoresis and mass
spectrometry
Cell culture supernatant was assessed for 1gG by capture ELISA
using goat anti-human IgG Fc to capture (0.4 pg/ml), and goat
anti-human IgG « horseradish peroxidase (1 pg/ml) to detect.
Non-reduced and reduced (using 10 mM dithiothreitol)
purified IgG was subjected to electrophoresis on a 4-12% Bis—
Tris gel. Gels were stained with Coomassie blue.
Electrospray ionisation mass spectrometry was used to define
the glycoform profiles of the chimeric IgGl and 1gG3

www.annrheumdis.com



678 Colman, Hussain, Goodall, et al

Table 2  Specificity of human IgG subclasses for Fc y receptors
IgG1 1gG2 1gG3 IgG4

FcyRI (CD64) ++ - -+ +
FeyRII (CD32)
FcyRlla-H131 ++ ++ - -
FcyRlla-R131 ++ - ++ -
FeyRIlb ++ - N
FeyRIll (CD16)
FeyRllla ++ + ++ +
FeyRIllb ++ + ++ -
FcyR, Fc y receptor; + refers to affinity of binding; — denotes that a subclass is reported not to bind.

PR3-ANCA. 1gG was deglycosylated for 72 h at 37°C using
peptide-N-glycosidase F (1 unit/mg IgG) in deglycosylation
buffer (40 mM KH,PO,, 10 mM EDTA; pH 7.4). The purified
IgG (1 mg/ml) was reduced with 10 mM dithiothreitol for 1 h.
Electrospray ionisation mass spectrometry was performed using
an LCT instrument (Micromass, Wythenshawe, Manchester,
UK) with MassLynx data acquisition.

Assessment of specificity of antigen recognition

Surface plasmon resonance was performed using a BIAcore
3000 and CM5 biosensor chips. PR3 (Athens Research and
Technology, Athens, Georgia, USA) was immobilised on the
CM5 chip. The chimeric IgG1 PR3-ANCA, IgG3 PR3-ANCA and
4A5 antibodies were perfused (10 pl/min) separately over the
PR3-coated chip at increasing concentrations (0.625-20 nmol/l)
and binding monitored as an increase in SPR signal (resonance
units (RUs)). Phenylmethanesulphonylfluoride (0.17 pmol/l)
was added to the IgG perfusate to minimise the proteinase
activity of the PR3. A plot of the equilibrium level of response
(RU) against the free concentration of antibody was fitted to a
curve using non-linear regression (Graphpad Prism) to derive
the binding constant (Kyp).

To confirm recognition of native antigen, whole-cell lysates
of neutrophils (isolated as described previously”), azurophil
granules from neutrophils and recombinant PR3 (20 ng/ml)
were subjected to electrophoresis on a 12% gel and transferred
to nitrocellulose membranes. Blots were blocked, then incu-
bated with purified chimeric IgG1 or IgG3 PR3-ANCA 1 pg/ml
overnight at 4°C. Bands were visualised using sheep anti-
human IgG horse radish peroxidase (10 pg/ml).

Immunofluorescence was performed to confirm binding to
PR3 expressed in human neutrophils. Ethanol-fixed cytospins
of neutrophils (binding site) were exposed to purified IgG
(1.5 pg/ml) and bound antibodies detected using mouse anti-
human IgG-fluorescein isothiocyanate.

Flow cytometry was used to verify binding to surface-expressed
antigen on human neutrophils. Neutrophils were incubated with
4 pg/ml chimeric IgG1 or IgG3 PR3-ANCA. Bound antibody was
detected using mouse anti-human IgG-fluorescein isothiocyanate
and samples were fixed in 2% paraformaldehyde.

Assessment of functional activation

Neutrophils from normal donors taken with ethical permission
and informed consent were used for functional assays, and to
control for potential differences in function between donors, the
chimeric antibodies were always tested in parallel using cells
from the same donor. The ability of chimeric IgG1 or IgG3 PR3-
ANCA to elicit superoxide production was measured by the
superoxide dismutase inhibitable reduction of ferricytochrome ¢
as described previously.** Neutrophils were primed with 2 ng/ml
tumour necrosis factor (INF)o and 5 pg/ml cytochalasin B for
15 min at 37°C, stimulated with 1 uM N-formyl-methionyl-
leucyl-phenylalanine (fMLP), 200 pg/ml ANCA/normal IgG or
varying concentrations of chimeric 1gG1 or 1gG3 PR3-ANCA/
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control anti-NP and superoxide release measured over 120 min.
The concentrations of the IgGl and IgG3 antibodies were
adjusted to be equimolar.

Neutrophil degranulation was assessed by the release of
serine proteases. Neutrophils at 2.5x10%ml were primed as
above and incubated with 1 pM fMLP or varying concentra-
tions of chimeric IgG1 or IgG3 PR3-ANCA, or control chimeric
anti-NP IgG1 or IgG3, for 15 min. Supernatants were removed
and incubated for 22 h at 30°C with 2 mM N-methoxysuccinyl-
Ala-Ala-Pro-Val-P-nitroanilide (Sigma, Poole, UK), a substrate
for PR3 and elastase, in 1.25% dimethyl suphoxide, and 0.1%
Tween 20, and the optical densities measured at 405 nm.

Cytokine production by neutrophils was determined using the
release of IL8. Neutrophils were primed as above and incubated
with varying concentrations of chimeric IgG1 or IgG3 PR3-ANCA/
control chimeric anti-NP for 6 h. Supernatants were removed and
analysed by IL8 ELISA (BD Biosciences, Cowley, UK).*

Flow assay

The flow-based adhesion assay has been described previously.”
Microslides were coated with 1 pg/ml P selectin in 1% bovine
serum albumin/phosphate-buffered saline, and neutrophils
flowed through at a wall shear stress of 0.1 Pa for 5 min.
Chimeric IgG1/IgG3 PR3-ANCA or control chimeric anti-NP
(60 pg/ml) were perfused over the neutrophils for 10 min.
Stably adhered neutrophils were defined as those that had
stopped and spread. The cells in six fields were characterised.
Antibodies were used in excess (60 pg/ml) to obviate any small
dilutional effects that may occur when the neutrophils and
antibody first enter the flow chamber.

p217°* activation assay

Neutrophils were primed with 2 ng/ml TNFo, and then
stimulated for 15 min with equimolar concentrations, 25 or
29 pg/ml, respectively, of chimeric IgG1l or IgG3 PR3-ANCA/
control chimeric anti-NP at 37°C. Antibody concentrations were
chosen as those that produced strong responses in the
degranulation and IL8 assays. The p21'™* activation assay was
performed as described previously.” Immobilised Ras-binding
domain of Raf-1 was used to isolate activated p21™°, whereas
whole-cell lysates of the samples were used to confirm that
equal amounts of the molecule were present for binding.

Statistical analysis

Statistical analysis of flow cytometric data was performed using
independent-samples t tests. To test for differences between
functional abilities of the IgG1 and IgG3 PR3-ANCA, a two-way
analysis of variance was performed using dose and type of
antibody. Normal probability plots were used to confirm that
distributions of the residuals were approximately normal. Two-
way analysis of variance was performed to compare how
subclass/concentration affected association/dissociation rates
and dissociation constant (Kp) of antibodies to PR3 by surface
plasmon resonance. A Wilcoxon signed ranks test was used to
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Figure 1 (A) Demonstration by western blot
that the anti-proteinase 3 (PR3) chimeric
antibodies recognise recombinant PR3 and
PR3 present in neutrophil whole-cell lysate.
1, 1gG1 anti-PR3 ; 3, IgG3 anti-PR3. (a)
180 ng recombinant PR3 loaded, (b) 360 ng
recombinant PR3 and (c) whole-cell lysate.
PR3 has a molecular weight of 29 kDa.
Molecular weight indicated alongside. (B-E)
Indirect immunofluorescence of eﬁwnoHixed
neutrophils: (B) IgG1 anti-4-hydroxyl-3-
nirropheny|acetyFJ(NP); (C) chimeric IgG1
PR3-antineutrophil cytoplasmic antibodies
(ANCA); (D) IgG3 anti-NP; and (E) chimeric
IgG3 PR3-ANCA. The IgG1 and IgG3 PR3-
ANCA bind to neutrophils with a cytoplasmic
pattern (F) Binding ofchimeric lgG1 and
IgG3 PR3-ANCA to human neutrophils by
flow cytometry. IgG1 and IgG3 anti-NP
versus chimeric IgG1 and IgG3 PR3-ANCA
as geometric mean fluorescence intensity
(MFI; n=4). *p<<0.05 by independent
samples t test. (G) Surface plasmon
resonance comparing binding of 4A5
(mouse monoclonal IgG anti-PR3), chimeric
IgG1 PR3-ANCA and IgG3 PR3-ANCA to
immobilised PR3. The graph shows the
binding association and dissociation curves
of 4A5, IgG1 PR3-ANCA and IgG3 PR3-
ANCA measured in resonance units (RU, see
text), whereas the associated tables show the
rates together with statistical analysis of the
* effect o?lgG (n=3).

_T4AS
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test whether the PR3-ANCA chimeric antibodies induced
significantly higher stable adhesion in the flow model than in
controls.

RESULTS

Cloning and expression

Chimeric mouse/human anti-PR3 antibodies of 1gG1 and 1gG3
subclasses (chimeric IgG1 or IgG3 PR3-ANCA) were generated,
which retain the mouse PR3 binding variable regions spliced to
human constant regions.

IgG production

Stable clones were produced and individual clones screened for
production of IgG by haemagglutination and by ELISA using a
capture antibody specific for the Fc region (data not shown). IgG

was purified and a single band was observed of either
approximately 150 or 135 kDa on the non-reducing gel (data
not shown), confirming a pure protein of the correct weight for
I1gG3 and IgGl, respectively. Under reducing conditions, two
bands were observed for each subclass, the molecular weights of
which concurred with those for the IgG1 heavy chain (50 kDa),
the IgG3 heavy chain (60 kDa) and the « light chain (25 kDa).

The glycoforms of IgG were assessed. Mass values for the
light and deglycosylated IgG1l and IgG3 heavy chains were in
broad agreement with those calculated from the amino acid
composition of the proteins. The masses determined for the
glycosylated heavy chain of IgG1l and IgG3 corresponded to a
fucosylated ‘““core” heptasaccharide (GO), and the mono-
galactosylated (G1) and di-galactosylated (G2) glycoforms in
an approximate ratio of 2:3:1.

www.annrheumdis.com
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Subclass specificity, antigen recognition and FcR
binding

PR3-specific ELISA was used to confirm the IgG1/1gG3 subclass
of each chimeric PR3-ANCA (data not shown). Western
blotting, cytoplasmic staining of ethanol-fixed neutrophils
and fluorescence-activated cell sorting of freshly isolated
human neutrophils further established antigen recognition.
Western blots of recombinant PR3, neutrophil azurophil
granules and whole-cell lysates using the chimeric antibodies
as primary antibodies detected a single band of the correct
molecular weight (29 kDa; fig 1A). Staining of ethanol-fixed
neutrophils showed the characteristic cytoplasmic staining
pattern for both the chimeric IgG1 and IgG3 PR3-ANCA typical
of human polyclonal PR3-ANCA, whereas the control IgG1 and
IgG3 chimeric antibodies against the hapten molecule NP gave
no staining (figs 1B-E). Binding to native, cell-membrane-
associated PR3 was demonstrated by surface staining of TNFo-
primed neutrophils; chimeric IgG1 and IgG3 PR3-ANCA bound
significantly (p = 0.002 and 0.006, respectively) more cells than
the control anti-NP antibodies (fig 1F).

Affinity/avidity was evaluated by surface plasmon resonance
(measured in RU). This measures the binding of the antibody to
its antigen (association rate) and the uncoupling (dissociation
rate). From these are derived the dissociation constant (Kyp),
which assesses the persistence of the interaction. Differences
were observed between the parent mouse 4A5 monoclonal
antibody and between chimeric ANCA IgG subclasses, the
affinities being similar but with disparities in the dissociation
rates (fig 1G).

Functional characterisation

PR3-ANCA derived from patients induce TNFa-primed neu-
trophils to undergo a respiratory burst, releasing superoxide.
The ability of the chimeric IgG1 and 1gG3 PR3-ANCA to induce
this effect was tested. A dose-dependent induction of super-
oxide release was observed, with significantly higher release of
superoxide by the chimeric PR3-ANCA than the chimeric anti-
NP controls (p=0.001 and p=0.002, respectively; fig 2A).
When a two-way analysis of variance was performed with the
two factors being concentration and type of antibody, no
difference was found between the chimeric IgG1 and IgG3 PR3-
ANCA. A comparison with human polyclonal PR3-ANCA IgG
was not made routinely since there is considerable variation in
potency between samples of PR3-ANCA IgG derived from
different individuals. The release at the highest concentrations
of chimeric IgG1 and IgG3 PR3-ANCA tested was comparable
with that seen with 1 pM fMLP.

Human neutrophils are able to release a variety of proteolytic
enzymes via degranulation. To assess this event quantitatively,
the release of serine proteases (PR3 and elastase) was measured
via their ability to cleave a specific substrate. The chimeric IgG1
or IgG3 PR3-ANCA was able to induce the release of serine
proteases in a dose-dependent manner, whereas the control
chimeric IgGl or IgG3 anti-NP did not (p=0.001; fig 2B).
When a two-way analysis of variance was performed, with the
two factors being concentration and type of antibody, chimeric
IgG1l PR3-ANCA induced significantly greater degranulation
than the chimeric 1gG3 PR3-ANCA (p = 0.001).

We have previously shown that PR3-ANCA from patients can
induce the production of IL8 by primed neutrophils.* We used a
cytometric bead array to screen for the release of cytokines by
the chimeric IgG1 and 1gG3 PR3-ANCA, and demonstrated the
release of IL8 only (cytokines tested for were IL1J, IL2, 114, IL6,
IL8, IL10, IL12, TNFaq, interferon y and granulocyte macrophage
colony-stimulating factor; data not shown). To examine this in
more detail, a capture ELISA for IL8 was used. The chimeric
IgG1 or IgG3 PR3—-ANCA (but not the control chimeric IgG1 or
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IgG3 anti-NP) was able to induce the release of IL8 in a dose-
dependent manner (p =0.003 and 0.002, respectively; fig 2C).
However, when a two-way analysis of variance was performed,
with the two factors being concentration and type of antibody,
chimeric IgG3 PR3-ANCA was shown to induce a significantly
greater release of IL8 than the chimeric IgGl PR3-ANCA
(p=0.006). The dose was significant in each functional assay
(superoxide, degranulation and IL8 release), but the difference
in the effects of the two antibodies did not vary significantly
with dose.

A flow-based adhesion assay has previously been used to
confirm the ability of patient-derived PR3-ANCA to induce
stationary adhesion.”” The chimeric IgG1 and IgG3 PR3-ANCA
were also able to significantly induce stable adhesion (p = 0.028
and 0.046, respectively), but the control chimeric antibodies
were not able to do so (fig 2D).

Signal transduction and activation of Ras

Previous work from our laboratory has shown that patient-
derived PR3-ANCA can activate the intracellular signalling
molecule p21"°.%* We tested for the ability of the chimeric 1gG1
and IgG3 PR3-ANCA to trigger this pathway. Unstimulated
neutrophils showed no p21™° activity; the control chimeric
antibodies produced minimal levels of activity whereas both the
chimeric IgG PR3-ANCAs gave rise to strong activation (fig 3).

DISCUSSION

ANCA are strongly associated with development of small-vessel
systemic vasculitis, and autoantibody titres are valuable markers
that help in diagnosis and patient management. Additionally,
there is increasing evidence for direct involvement of ANCA in
disease pathogenesis. Previous work from this laboratory and
others has shown in vitro activation of primed neutrophils by
ANCA IgG (reviewed in Morgan et al’®), but there is little
consensus on the distribution or pathogenic implication of 1gG
subclasses within ANCA. Most studies have reported positive
PR3-ANCA titres for IgG subclasses IgG1, 1gG3 and 1gG4, while
agreeing that IgG2 ANCA constitute a minor component. The
relative titres of 1gG1, 1gG3 and 1gG4 ANCA were shown to vary
between patients and for sera taken during active disease and
remission.” '* '* Despite this variability between studies, clinical
associations have suggested that the IgG3 subclass is particularly
associated with active disease'' and possibly with renal
involvement.” Theoretical reasons used to support enhanced
pathogenicity of IgG3 PR3-ANCA relate to the longer hinge region
of this subclass antibody compared with IgG1 and thus greater
potential to co-ligate PR3 with FcyR on the neutrophil surface to
promote neutrophil activation. This study has allowed an in vitro
comparison of the functional activities between IgG1 and IgG3
PR3-ANCA that are both directed towards the same PR3 epitope.
Both antibodies displayed a similar profile of functional activities
for superoxide production, degranulation, IL8 release and
adhesion. However, IgG1 PR3-ANCA induced greater degranula-
tion, wheras IgG3 PR3-ANCA induced a greater release of ILS8.
Both antibodies induced activation of p21™°, a pivotal signal
transduction mediator, after activation of neutrophils by ANCA.*
Thus, the two subclasses of chimeric PR3-ANCA display a similar
functional response profile as do human polyclonal PR3-ANCA,
but the two subclasses show subtle differences in quantitative
responses. If the clinical observations suggesting greater patho-
genicity of IgG3 PR3-ANCA are correct, then the enhanced
release of IL8 induced by the IgG3 PR3-ANCA chimeric antibody
may be relevant, since IL8 may promote further neutrophil
accumulation and amplify disease. Although IgGl PR3-ANCA
enhanced degranulation, the outcome for tissue injury may be
more dependent on the protease/anti-protease balance in vivo
than on the level of degranulation itself, although this is



Chimeric IgG subclass antibodies to proteinase 3

681

A B
7y
< 25
o
re)
= 20 E
>~ c
: 3
£ 15 ~
0 o
8 2
3 10 515
o
B 210
x 5 o}
o € 05
g £o
Q
U:;O—DTEmmommm—Eomml\m—g <O-c:::::::~:::ﬁ
o L o o~ N NS N Y 0o n o ¥ = 9 £ £ £ £ £ £ £ £ £ £ =
2 77 ST 33 553 355 3 35 5 <
g2 = = g2 = ¥ X 2 =z 2z 2 =z = =
= Q e = 0w v v o — o o 0 o N
2 2 N A L o d4 o ¥ N o
S Z Z 5 o = o = = =
z = Z Z
< c = =
o o c c
— s o o
--IlgG1 anti-PR3 ml) .- -- IgG3 anti-PR3 ml) - = . = .
9 lug/mi) 9 (g/mi) -- 1gG1 anti-PR3 (ug/ml) -- -- IgG3 anti-PR3 (ng/ml) --
C
D
100 — *
= — + *
1S
£ 3
2 2 60
3 3
< > 40 T
2 8 1 I
P20 1
o T T T T T T T | | |
2 J S S S S S S =S = = 0 - - - .
2 ® » ¥ ©®» v P B v P IgG1 anti-NP IgG1 anti-PR3  IgG3 anti-NP  IgG3 anti-PR3
R I O O - e T e o)
[ ST N SN I S S S N St
L = 2 - LS T =Z &t x
b4 s Z o
= £
o (o]
— ™
O] O
e =

-- IgG1 anti-PR3 (ug/ml) -- -- IgG3 anti-PR3 (ug/ml) --

Figure 2 (A) Superoxide production as measured by reduction of ferricytochrome ¢ with units of superoxide expressed as nmol/10° cells (n=5). Antibody
concentrations were adjusted o equivalent molarities between IgG1 and IgG3 subclasses. N-formyl-methionyl-leucyl-phenylalanine (MLP) is used as a
positive control. Two-way andlysis of variance was performed. (B) Serine protease release as measured by conversion of N-methoxysuccinyl-Ala-Ala-Pro-
Val-P-nitroanilide (n=5), data are expressed as absorbance units at 405 nm. Antibody concentrations were adjusted to equivalent molarities between IgG1
and IgG3 subclasses. fMLP is used as a positive control. Two-way analysis of variance was performed, with chimeric IgG1 antineutrophil cytoplasmic
antibodies (ANCA) being significantly diﬁerenr (p=0.001). (C) Interleukin 8 (pg/ml) release as measured by ELISA (n=6). Antibody concentrations were
adjusted to equivalent molarities between IgG1 and IgG3 subclasses. Two-way analysis of variance was performed, with chimeric IgG3 ANCA bein
significantly different (p=0.006). (D) Percentage of neutrophils showing stable adhesion to P-selectin under conditions of flow after treatment with either

IgG1 or IgG3 anti-NP, or chimeric IgG1 or IgG3 proteinase 3 (PR3)-ANCA (n=5). *p<<0.05 by Wilcoxon signed ranks fest.

speculation. It is important to note, however, that the chimeric
antibodies are slightly different from ANCA found in patient sera.
The most important difference is that ANCA are polyclonal. The
nature of binding of the human purified IgG may be to target
multiple sites on a given antigen, leading to clustering of antigen
and Fcreceptors to form large mats. This may give rise to different
functional consequences, which would presumably be largely
quantitative given the similar qualitative profiles between the
chimeric PR3-ANCA and their human polyclonal counterparts.
It has been shown that antibodies that have identical variable
regions but differ in their subclass, can differ in their fine
specificity and affinity.*® Potentially, this is owing to influences
of the constant region on antibody structure affecting the
variable region. Our chimeric IgG1l and IgG3 PR3-ANCA have
been derived from a murine monoclonal antibody and retain
the complementary determining regions and framework
regions from this murine IgG1l molecule; the antibodies also

share the same light chains. However, the two antibodies differ
with respect to their heavy chains. That this affects binding is
suggested by the difference between the dissociation of the
parent and offspring antibodies from PR3 using surface
plasmon resonance. This implies that the chimeric IgG1l and
1gG3 PR3-ANCA could induce different neutrophil functions by
differential interactions with antigen, secondary to their
differing constant regions. Alternatively, the differences may
be a direct effect of the different constant regions since, despite
the >95% sequence identity between the constant regions of
IgG1 and IgG3,”" each still exhibits a unique profile of effector
functions and/or efficacy.”” Of particular interest for effects of
1gG ANCA on neutrophil activation is the interaction of the IgG
with FcyRs. The interaction site for each of the FcyRs has been
“mapped” to the lower hinge region and the hinge proximal
region of the CH2 domains. Primary sequence and conforma-
tional flexibility differences in this area of the IgG molecule
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IgG1 anti-PP3
IgG1 anti-NP
IgG3 anti-PR3
IgG3 anti-NP

Figure 3 Activation of p21™ in neutrophils stimulated with chimeric IgG1
and IgG3 proteinase 3 (PR3)-antineutrophil cytoplasmic antibodies: (A)
western blotting to defect active p217, (B) western blotting to detect total
Ras to demonstrate even loading of neutrophil lysate. NP, 4-hydroxyl-3-
nitrophenylacetyl.

result in each IgG subclass exhibiting unique FcyR-activating
potential (table 2). This may be relevant for fine specificity of
functional responses during ANCA activation of neutrophils
owing to the important facilitatory role of FcyR during these
responses.'” ** **

In conclusion, human/mouse chimeric IgG1l and IgG3 PR3-
ANCA have been produced that recognise human PR3. Both
antibodies can induce the in vitro neutrophil functional
responses seen with polyclonal patient-derived PR3-ANCA even
though each is monoclonal in nature. Further, subtle differ-
ences in neutrophil-activating capacity were elucidated, with
I1gG3 PR3-ANCA demonstrating greater release of IL8 from
neutrophils. It is possible that this enhanced availability of IL8
may promote further neutrophil accumulation at vasculitic sites
and might underlie the previous clinical observations suggest-
ing that ANCA of the IgG3 subclass are more pathogenic than
those of the IgG1 subclass.
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