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Abstract

Background/Aims: The aim of the study is to search for associations between Antineutrophil
cytoplasm antibody (ANCA)-associated vasculitis (AAV) and polymorphisms in the genes
of four key molecules possibly involved in different pathogenic pathways; complement C3,
CTLA-4, Fcy-RIla and IL1-Ra. Patients and Methods: Patients with AAV (n=105) subgrouped
as microscopic polyangiitis or granulomatosis with polyangiitis (Wegener's granulomatosis)
and myeloperoxidase (MPO) or proteinase 3 (PR3) ANCA positive were compared to a control
group of 200 blood donors. Polymorphisms in the genes were analysed with PCR amplification
of DNA. Results: The diagnosis of AAV was confirmed in the 105 cases. The gene frequency
of C3F was 0.27 in the PR3-ANCA subgroup (p=0.041) compared to 0,19 in the control group.
The number of patients homozygous for the shortest 86 bp allele of CTLA-4 was significantly
decreased in the whole group of patients (p=0.049). No differences were evident in the Fcy-
Rlla and IL1-Ra polymorphisms when compared to controls, neither in the whole group of
patients, nor in any of the sub-groups. Conclusion: The aberrant gene frequency of the C3F
allele among PR3-ANCA positive patients and the findings with the CTLA-4 polymorphism
indicates that complement may be involved in pathogenesis and that T-cell activation also is
of importance in these diseases.
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Introduction

Small vessel vasculitis associated with antineutrophil cytoplasm antibody (ANCA),
comprising the disease entities granulomatosis with polyangiitis (GPA, formerly named
Wegener’s granulomatosis), microscopic polyangiitis (MPA) and Churg-Strauss syndrome
(CSS), constitute a group of diseases with similarities in symptoms, clinical signs, pathological
features and response to treatment. The antigen specificity of ANCA in GPA is proteinase 3
(PR3-ANCA) in the majority of cases, and most patients with MPA and CSS have ANCA with
specificity for myeloperoxidase (MPO-ANCA).

Despite significant advances in recent years, the aetiology and pathogenesis of these
diseases are still not known in detail. Experimental in vitro data support a role for the
autoimmune response to PR3 and MPO in disease development. Primed neutrophils release
lytic enzymes after ANCA-induced activation. This causes injury to endothelial cells and
adjacent tissue, a process reinforced by activation of complement through the alternative
pathway [1, 2]. Neutrophil activation involves interaction with target antigens and Fcy
receptors (Fcy-R) including Fcy-Rlla and Fcy-RIIIb [1]. Silica exposure and infection have
been postulated as environmental factors contributing to disease development [3], and
nasal carriage of Staphylococcus aureus has been suggested as a risk factor for relapse
[4]. Antibodies reacting with polypeptides transcribed from the complementary strand
of the PR3 gene have been detected in patients with PR3-ANCA positive vasculitis. This
complementary gene sequence shows homology with microbial proteins, including proteins
from Staphylococcus aureus [5]. In pauci-immune crescent nephritis antibodies to the
lysosomal membrane glycoprotein 2 (hLAMP-2) have been reported, possibly arising after
infection with fimbriated Gram negative bacteria [6].

An increased familial incidence of GPA with a relative risk for first degree relatives of
1.56 indicates that genetic factors are of importance [7]. A number of genetic polymorphisms
have been associated with vasculitis including MHC and «,-antitrypsin [8]. Deficiency of
a,-antitrypsin has been shown to correlate with PR3-ANCA positive vasculitis, and the PiZ
allele has been found to be associated with a more severe disease and worse prognosis [9].
An association between a polymorphism in PTPN22 have been reported in AAV [10] and in
ANCA positive GPA [11, 12]. A genomewide association study (GWAS) showed associations
between AAV and a number of single-nucleotide polymorphisms following ANCA specificity
rather than the clinical syndromes. Associations were confirmed between PR3-ANCA and
HLA-DP and genes encoding a,-antitrypsin and proteinase 3, and between MPO-ANCA and
HLA-DQ [13].

In this study, we searched for associations between ANCA-positive vasculitis and four
candidate polymorphisms in the genes of C3, cytotoxic T-lymphocyte-associated antigen-4
(CTLA-4, CD152), Fcy-Rlla and interleukin-1 receptor antagonist (IL1-Ra). These molecules
represent different pathogenic pathways implicated in the pathogenesis of AAV, and the
respective genes are known to harbour polymorphisms that possibly alter protein function.
Two alleles of complement factor 3 (C3), C3F (fast) and C3S (slow) separated by different
electrophoretic mobility, give three phenotypes C3FF, C3FS and C3SS. The molecular basis is
an exchange of a single nucleotide at position 364 in exon 3, which leads to substitution of a
positively charged arginine residue in C3S for a neutral glycine residue in C3F [14]. Several
known polymorphismsin the gene of CTLA-4 are suspected to be associated with autoimmune
disease. We examined a microsatellite polymorphism (AT)n in the 3’-untranslated region of
exon 3. In Fcy-Rlla, the amino acid in position 131 can be either arginine (R) or histidine (H)
due to genetically determined polymorphism which is of importance for receptor affinity and
specificity [15]. IL1-Ra is one of several factors of importance in modulating the biological
activity of interleukin-1, and has an important role in controlling inflammatory response. In
intron 2 of the IL1-Ra gene there is a polymorphism of tandem repeats of an 86 bp sequence.
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Five different alleles exist and these have between 2 and 5 repeats. The allele with 2 repeats
(IL1RN*2) has been reported to be associated with higher levels of IL1-Ra compared to other
variants [16].

Investigations of gene polymorphisms will hopefully contribute to an increased
understanding of aetiology and pathogenesis of AAV, and may possibly also lead to
development of new ways to prevent or delay disease development. Combinations of
polymorphisms may be of importance to disease susceptibility or outcome, even if individual
polymorphisms may be non-informative. In the present study we searched for associations
between ANCA-positive vasculitis and polymorphism of a few selected disease candidate
genes.

Patients and Methods

Patients (n=105) at the Departments of Nephrology and Rheumatology, University Hospital in Lund,
with positive ANCA-tests during the periods March 1991 to March 1995 and March 1995 to December 1998
were identified. Blood samples were collected after informed consent between May 1995 and August 2000.
Blood samples from the first period, March 1991 to March 1995, have been used in a previous study of
complement polymorphism [17], and approximately 50 of the samples have been included in a replication
cohort of a genome-wide association study. The local committee of ethics approved the investigation.

Included patients were subgrouped as GPA or MPA and as PR3-ANCA or MPO-ANCA positive. Patients
were categorised according to the European Medicines Agency (EMEA) clinical criteria for primary systemic
vasculitis, a consensus method using definitions proposed by the American College of Rheumatology (ACR)
and the Chapel Hill Consensus Conference (CHCC) [18].

The ANCA tests were in most cases performed at the Department of Clinical Immunology, University
Hospital in Lund. The presence of ANCA was detected with indirect immunofluorescence (IF), and enzyme-
linked immunosorbent assay (ELISA) was used to detect the presence of anti-MPO and anti-PR3 antibodies.
The IF procedure and measurement of anti-MPO with ELISA were performed essentially as described earlier
[19]. Detection of anti-PR3 was performed with commercial ELISA kits (Diastat anti-PR3, cANCA, Shield
Diagnostics, UK or Immunoscan PR3-ANCA, Euro-Diagnostica AB, Malmo, Sweden). Other samples were
investigated for anti-MPO and anti-PR3 at Wieslab (Lund, Sweden) as described previously [20].

DNA samples extracted from peripheral blood were used for amplifying the fragments containing the
different polymorphisms by the use of a GeneAmp PCR System 2400 (Perkin Elmer, Norwalk, CT, USA). The
PCR products were separated on agarose gel (Saveen Werner, Sweden) and visualized by ethidium bromide
staining. The amplification reactions consisted of approximately 50 ng DNA, 1.5 mM MgCl, AmpliTaq
Gold buffer (Applied Biosystems, NJ USA) 200 uM of each dNTP (Amersham Pharmacia Biotech, Uppsala,
Sweden), 0.5 uM of each primer (MVG Biotech AG Germany or BM-enheten, Lund University) and 2 units of
Ampli Taq Gold polymerase.

A 286 bp C3 gene fragment containing the single base change between C3S and C3F was amplified
using the primers: 5'-ATCCCAGCCAACAGGGAG-3' and 5'-TAGCAGCTTGTGGTTGAC-3' as described by
Botto et al [14]. The following PCR cycle was run, denaturation at 94 °C for 5 min and then 30 cycles: (i)
denaturation at 94 °C for 1 min, (ii) annealing at 56 °C for 1 min, and (iii) extension at 72 °C for 1 min,
with the last extension period prolonged with 15 min. The PCR products were cleaved with Hin61 (MBI
Fermentas, Vilnius, Lithuania) according to the manufacturer's instructions. Prior to the enzyme digestion,
a 504 bp properdin gene fragment with one single Hin61 cleavage site was added as an internal enzyme
cleavage control. The cleaved DNA was precipitated and then dissolved before analysis by agarose gel
electrophoresis. The DNA fragment derived from the C3S allele was cut by Hin61 into two fragments with
248 and 38 bp sizes, respectively, while the C3F derived fragment remained uncleaved.
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Table 1. The gene frequen- iR MPA  GPA  MPO- PR3- al controls
cies of C3F and C3S in the  varjant ANCA+ ANCA+ patients
different subgroups and in C3F 0.227 0.262 0.209 0.274* 0.248 0.185
the whole group of vasculitis ~ C3S 0.773 0.738 0.791 0.726 0.752 0.815
patients * P =0.041 (PR3-ANCA subgroup vs control group)

In the gene of CTLA-4 the polymorphic (AT) repeats in the 3’untranslated region of exon 3 were
amplified using primer 5-GCC AGT GAT GCT AAA GGT TG-3" and 5’-AAC ATA CGT GGC TCT ATG CA-3". The
following PCR cycle was run, denaturation at 94 °C for 5 min, then 30 cycles: (i) denaturation at 94 °C for 1.5
min, (ii) annealing at 55 °C for 2 min, and (iii) extension at 72 °C for 2 min, with the last extension period
prolonged with 7 min. The size of the amplified fragment depends on the number of AT repeats and ranges
between 86 bp and 128 bp [21-23].

The Fcy-Rlla polymorphism was analysed using PCR amplification with allele-specific primers, as
described by Flesch et al [24].

When examining the IL1-Ra polymorphism, the primers 5’-CTC AGC AAC ACT CCT AT-3"and 5-TTC CAC
CAC ATG GAA C-3" were used. A program as follows were used; 95°C 7 min, then a touch-down system with
2 cycles 0f 94°C 1 min, 65°C 2 min and 72°C 3 min with a decrease of the annealing temperature of 1°C until
it reached 60°C and thereafter 30 cycles of 95°C 1 min, 60°C 2 min and 72°C 3 min. The PCR amplification
products consisted of fragments containing repeats of 86 bp. The size of the amplified fragment depended
on the number of repeats ranging from 615 bp (2 repeats) to 959 bp (6 repeats) [25].

A group of 200 blood donors, 100 males and 100 females, served as a control group. Fisher's Exact Test
was used for statistical calculations.

Results

A diagnosis of small vessel vasculitis was confirmed in 105 cases, 99 of these were of
Scandinavian origin, 5 were of other Caucasoid and one of none Caucasoid origin, 48 females
and 57 males. PR3-ANCA was present in 58 and MPO-ANCA in 3 out of 61 patients with GPA,
while 44 patients had MPA with MPO-ANCA in 40 and PR3-ANCA in 4 cases.

The gene frequency of C3F was 0.25 in patients (p=0.074) compared to 0.19 in the
control group. When the patients were subgrouped according to antibody positivity for the
ANCA epitope, the gene frequency was 0.27 in the PR3-ANCA group (p=0.041) (Table 1). Of
the 105 patients, 7 were homozygote C3FF, 3 MPO-ANCA positive with MPA and 4 with PR3-
ANCA and GPA.

The percentage of patients homozygous for the shortest, 86 bp allele of the CTLA-4
gene was significantly decreased (p=0.049) compared to the control group. The difference
was more pronounced in patients with MPA and MPO-ANCA, but not significant in any of
the subgroups. The frequency of the allele 86 was 0.40 in the control group and not quite
significantly decreased among patients 0.32 (p=0.078) and in patients with MPA 0.30
(p=0.070) (Table 2 and 3).

No significant differences were detected in the Fcy-Rlla and IL1-Ra polymorphisms
compared to controls, neither in the whole group of patients nor in any of the subgroups
(Table 4 and 5). The IL1RN*2 allele of IL1-Ra was slightly more common in the GPA and PR3
groups, and compared to controls slightly less common in the MPA and MPO groups (Table
5).
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Table 2. The allele  Fpm MPA _ GPA _ MPO- PR3- all  controls
freque‘}aes of .CTLA'4 variants ANCA+ ANCA+ patients
(AT)n in the different ~gg 0295 0344  0.326 0.323 0.324 0.400
subgroups and in the 94 0.011 0 0.012 0 0.005 0.010
whole group of vasculi- 100 0 0.016 0 0.016 0.010 0.002
tis patients 102 0.125 0.148 0.116 0.153 0.138 0.082
104 0.239 0.197 0.244 0.194 0.214 0.205
106 0.057 0.057 0.035 0.073 0.057 0.022
108 0.068 0.033 0.058 0.040 0.048 0.052
110 0.034 0.041 0.023 0.049 0.038 0.042
112 0.023 0.016 0.023 0.016 0.019 0.008
114 0.023 0.041 0.023 0.040 0.033 0.022
116 0.011 0.008 0.023 0 0.010 0.018
118 0.011 0.008 0.012 0.008 0.010 0.035
120 0.045 0.049 0.047 0.048 0.048 0.030
122 0.011 0 0.012 0 0.005 0.010
124 0.011 0.008 0.012 0.008 0.010 0.015
126 0.011 0.016 0.023 0.008 0.014 0.018
128 0.023 0.016 0.012 0.024 0.019 0.028
Table 3. Distribution of CTLA-  "CTLA-4 MPA GPA MPO- PR3- all  controls
4 polymorphism in the differ-  variants ANCA+ ANCA+ patients
ent subgroups and in the whole  86-86 2% 6 2%* 6 gHrHx 32
group of vasculitis patients non 86-86 42 55 41 56 97 168

* P =0.053 (MPA subgroup vs control group)
** P =0.054 (MPO-ANCA subgroup vs control group)
*#* P = (0.049 (all patients vs control group)

Table 4. The allele frequencies  "Fey-Rlla MPA  GPA  MPO- PR3- all controls
of Fcy-Rlla H131/R131 in the  variants ANCA+ ANCA+ patients

different subgroups and in the  H131 0.443 0500 0.419 0.516 0.476 0.482
whole group of vasculitis pa- R131 0.557 0.500 0.581 0.484 0.524 0.518
tients

Table 5. The allele fre-  FyEgERg MPA  GPA _ MPO- PR3- all  controls
quencies of IL1-Ra in  yapjants ANCA+ ANCA+ patients

thedifferentsubgroups 11 {RN*1  0.750 0.688  0.744  0.694  0.714 0.715
and in the whole group [ {RN*2  0.205  0.295 0.221  0.282 0.257 0.255
of vasculitis patients ILIRN*3  0.034 0.016 0.023  0.024 0.024 0.022
ILIRN*4  0.011 0 0.011 0 0.005 0.005
IL1RN*5 0 0 0 0 0 0.002

Discussion
In this study we investigated gene polymorphisms in 4 candidate genes in AAV chosen

as they represent different pathways implicated in the pathogenesis. We found results with p
<0,05 for two genes. The results must be interpreted with caution as we did multiple testing,

polymorphism that turned out to be positive in the GWAS replication cohort not included

and can only be considered as suggestive until larger studies can confirm or dismiss the (o
findings. None of our studied genes were confirmed in the recently published GWAS, but LLl
the results of the GWAS was not at hand when data collection for the present study was O
performed. It should be remembered, however, that a GWAS do only cover a limited number g &
of SNPs in each gene locus, and that all genes are not covered. For instance was the PRTN3 2
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on the chip used for the discovery cohort. Furthermore our analysis of the CTLA4 gene is
much more detailed than the examination of solitary NPs as done in a GWAS. An increased
gene frequency of C3F among patients with PR3-ANCA positive vasculitis and a decreased
frequency of patients homozygous for the shortest 86 bp allele of CTLA-4 in patients with
ANCA positive vasculitis are the major findings in the present study. We have used the
algoritm of European Medicines Agency (EMA) clinical criteria for classification of vasculitis
diagnosis. Our results concerning C3F and CTLA-4 confirm previous investigations using
different disease classification [17, 26, 27].

Experimental data show that C5 and factor B knock-out mice are protected from disease
and that human MPO- and PR3-ANCA in contrast to IgG from healthy controls incubated
with neutrophils caused release of complement activating factors [2]. Recently it has been
shown that plasma levels of circulating complement factors C3a, C5a, soluble C5b-9 and
factor Bb of the alterative pathway are increased in active disease compared to AAV in
remission, indicating the importance of the alternative pathway of complement activation
in disease development [28]. Investigations of functional differences between C3 allotypes
are inconclusive, but there are indirect signs. C3FF has been associated with an adverse
clinical outcome in IgA nephropathy [29]. An increased prevalence of C3F has been reported
in patients with C3 nephritic factor, which is associated with complement consumption in
disease such as mesangiocapillary glomerulonephritis and partial lipodystrophy [30, 31].
The C3 polymorphism has been strongly correlated to age-related macular degeneration
with increased risk for development of this eye disease for C3F positive individuals [32].
Our results show that patients with PR3-ANCA have increased frequency of C3F. This might
influence binding to complement receptors and in turn enhance activation of neutrophils
and thereby affect the proinflammatory event due to costimulation of PR3-ANCA.

CTLA-4 is a T-lymphocyte surface molecule involved in immune modulation. CTLA-4
competes with CD28 for binding the ligands B7-1 (CD80) and B7-2 (CD86) with antagonistic
function. CTLA-4 is a negative regulator of T-cell activation and has an inhibitory effect on
immune response while CD28 transmits a stimulatory signal. The expression of CTLA-4
protein on CD4 T-cells is increased in GPA and CTLA-4 contributes to Th1 response that
is of importance in many autoimmune diseases [33]. Treatment with the fusion protein
CTLA-4Ig has emerged as a promising therapy for rheumatoid arthritis [34], indicating
the importance of this costimulation pathway. The gene of CTLA-4 contains multiple
polymorphisms associated with susceptibility for autoimmune disease, connections between
ANCA-associated vasculitis and 3 different polymorphisms including the microsatellite
polymorphism (AT)n in the 3’-untranslated region of exon 3 was recently confirmed by Lee
et al in a meta-analysis [35]. It has been shown that the length of CTLA-4 (AT)n repeats
parallels the levels of IL-2 soluble receptor a chain [36]. In our cohort a lower frequency
of the short 86/86 variant was seen indicating elevated levels of the IL-2 receptor which is
involved in increased T- and B-cell activation as found in AAV. The lower frequency of the
short 86/86 variant was more pronounced in the MPA and MPO-ANCA subgroups than in the
GPA and PR3-ANCA subgroups, but significant only in the whole group of patients.

The identification of patients retrospectively and the prospective collection of samples
induce a possibility of biased sampling. Patients with severe and lethal disease could have
been lost. Another possibility is that our results only are markers coupled to the real carriers
of disease susceptibility located on the same chromosomes.

Conclusion

In summary, the present investigation reveals an increased gene frequency of C3F in
patients with PR3-ANCA positive vasculitisand adecreased frequency of patients homozygous
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for the shortest allele of CTLA-4 86 bp in ANCA-positive vasculitis. Concerning the Fcy-Rlla
and IL1-Ra polymorphisms, no significant differences were detected in patients compared
to controls, neither in the whole group of patients, nor in any of the subgroups. Present
results needs to be confirmed by investigations large enough to show differences between
subgroups. Larger investigations may also reveal connections between polymorphisms and
putative relations to known mutations in other genes.
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