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Abstract
Objective—Wegener's granulomatosis (WG) is a systemic inflammatory disease causing
substantial morbidity. This study seeks to understand the biology underlying WG, and to discover
markers of disease activity useful in prognosis and treatment guidance.

Methods—Gene expression profiling was performed using total RNA from PBMC and
granulocyte fractions from 41 WG patients and 23 healthy controls. Gene set enrichment analysis
(GSEA) was performed to search for candidate WG-associated molecular pathways and disease
activity biomarkers. Principal component analysis (PCA) was used to visualize relationships
between subgroups of WG patients and controls. Longitudinal changes in PR3 expression were
evaluated using RT-PCR, and clinical outcomes including remission status and disease activity
were determined using the BVAS-WG.

Results—We identified 86 genes significantly up-regulated in WG PBMCs and 40 in WG PMNs
relative to controls. Genes up-regulated in WG PBMCs were involved in myeloid differentiation,
and included the WG autoantigen, PR3. The coordinated regulation of myeloid differentiation
genes was confirmed by gene set analysis. Median expression values of the 86 WG PBMC genes
were associated with disease activity (p=1.3 × 10−4), and patients expressing these genes at a
lower level were only modestly different from healthy controls (p=0.07). PR3 transcription was
significantly up-regulated in the PBMCs (p=1.3 ×10−5, FDR=0.002), but not in the PMNs
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(p=0.03, FDR=0.28) of WG patients, and changes in BVAS-WG tracked with PBMC PR3 RNA
levels in a preliminary longitudinal analysis.

Conclusion—Transcription of PR3 and related myeloid differentiation genes in PBMCs may
represent novel markers of disease activity in WG.

Introduction
Wegener's Granulomatosis (WG) is a systemic inflammatory disease characterized by
granulomatous inflammation of the upper and lower respiratory tracts and necrotizing
arteritis affecting small and medium sized arteries. Though significant improvement in
patient outcomes have been realized over the past two decades, the longitudinal clinical
assessment and management of WG remains complicated by difficulties in differentiating
WG-related disease activity from disease and/or treatment-related damage (1-3). The
discoveries of anti-neutrophilic cytoplasmic antibodies (ANCA) (4) and the highly specific
targeting of the neutrophil serine protease proteinase 3 (PR3, myeloblastin) in WG (5)
suggested the use of PR3-ANCA as a potential biomarker that could mitigate some of the
clinical assessment difficulties described above. Indeed, ANCA are found in over 90% of
patients with WG during the course of their illness (6), and several reports over the past two
decades have suggested that elevated antibody titers are associated with more severe disease
manifestations, increased risk of flare, and poorer prognosis (4,7,8). Further, a mechanistic
role for PR3-ANCA in the pathogenesis of WG has been postulated in numerous in vitro
studies (9-11).

However, recent longitudinal data from the Wegener's Granulomatosis Etanercept Trial
(WGET), demonstrate that though anti-PR3 antibodies are highly specific for the diagnosis
of WG, their use as biomarkers for assessing disease activity, determining risk of flare, and
gauging remission status is actually quite limited (12). As a result, the current gold-standard
methodology for defining these endpoints in WG utilizes consensus-derived clinical indices
(13,14), which may underestimate low and subclinical disease activity in some cases, and
overestimate clinical activity in others. Thus, the search for more discriminant biomarkers of
disease activity in WG remains a top investigative priority.

Microarray techniques have been used in recent years to identify putative pathways of
mechanistic and prognostic relevance in the systemic rheumatic diseases (15,16), and have
also been employed with increasing success to discover new prognostic biomarkers in
several forms of cancer (17,18). Newer quantitative analytical strategies such as gene set
enrichment analysis (GSEA) (19,20) have recently been employed to systematically analyze
pathway regulation in gene expression datasets permitting the evaluation of coordinately
regulated but only moderately over-expressed sets of genes within a dataset. Whole blood-
based gene expression studies have previously been conducted in patients with several forms
of ANCA-associated diseases including WG (21,22); however, no systematic expression
profiling study specifically in WG has been performed to date.

In this study, we employed quantitative signature analysis to study gene expression profiles
and pathway enrichment in both PBMC and granulocyte fractions from a large and carefully
defined cohort of patients with WG. Using this approach, we identified the coordinated
expression of genes involved in myeloid differentiation in patients with WG. Strikingly, this
gene expression signature (which included the primary WG autoantigen PR3) was expressed
primarily in the PBMC, and not the neutrophil peripheral blood fraction. High expression of
both the gene expression signature and the PR3 (PRTN3) gene itself was noted in the
PBMCs of patients with active disease (BVAS-WG > 0), and similar low signature
expression levels were seen in both patients in remission and in healthy controls. The level
of PR3 expression in PBMCs tracked disease activity status in a limited longitudinal
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analysis. Taken together, these findings suggest that gene expression analysis of WG
PBMCs may be a powerful tool to help gauge disease activity in WG.

Patients and Methods
Patients

Forty one WG patients seen for clinical care in the Johns Hopkins Vasculitis Center and
twenty-three healthy controls were included in this study. All patients met the 1990
American College of Rheumatology classification criteria for Wegener's granulomatosis
(23), and all but four of the patients in the cohort had a history of ANCA and/or PR3/MPO
positivity as determined by immunofluorescence and/or ELISA in the context of routine
clinical care. Patients with other ANCA-associated diseases such as microscopic
polyangiitis, the Churg-Strauss syndrome, and drug-induced ANCA-associated vasculitis
were excluded from the study. All patients gave informed consent, and all samples were
obtained under the auspices of a human subject internal review board-approved protocol. No
identifying demographic or clinical information accompanied any of the samples during
processing or analysis.

Disease activity scores were measured using a modification of the Birmingham Vasculitis
Activity Score-Wegener's Granulomatosis (BVAS-WG) (13). Only factors that were present
the day of sample collection were included in the score calculations. Factors present in the
28 previous days, included in standard BVAS-WG calculations, were excluded in order to
most accurately correlate the transcriptional profiles from the day of the blood draw with the
clinical findings present on that day. Absent disease activity was defined as a BVAS-WG of
0, and remission as maintaining a BVAS-WG score of 0 for 6 months or more.

Isolation of Peripheral Blood Mononuclear cells and Neutrophils
Venous blood was collected by simple venipuncture under aseptic conditions. All samples
were processed within one hour of collection to minimize gene expression variations
associated with longer sample incubation times (24). PBMCs were separated by Ficoll
density gradient, and PMNs isolated following 1-3 rounds of hypotonic RBC lysis. Cells
were assessed for viability by trypan blue dye exclusion, were immediately lysed in Trizol
reagent (Invitrogen, Carlsbad, California) and stored at −80°C. The purity of the resultant
cell populations were assessed by flow cytometry on a FACS caliber flow cytometer, and
analyzed using CellQuest Pro software. Neutrophils were identified by co-staining with the
following fluorophore-conjugated antibodies: CD15-PE/CD16-FITC/CD11b-APC (BD
Bioscience, San Jose CA).

DNA Microarray Analysis
Total RNA was extracted from either the PBMC or PMN fractions using the Trizol reagent
method (Invitrogen, Carlsbad, California). Additional purification was performed on
RNeasy columns (Qiagen, Valencia, CA), and the quality of total RNA samples was
assessed using an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). Biotin-
labeled, complementary RNA (cRNA) was prepared from total RNA according to the chip
manufacturer's protocol (Illumina, San Diego, CA). cRNA was hybridized to Illumina
HumanRef-8 v2 Expression BeadChips, and signal was detected with streptavidin-Cy3. All
signal intensity quantification was performed using an Illumina BeadStation 500GX Genetic
Analysis Systems scanner. The data discussed in this publication have been deposited in
NCBI's Gene Expression Omnibus (25) and are accessible through GEO Series accession
number GSE18885 (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE18885).
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Quantitative RT-PCR (QRT-PCR) Analysis
cDNA was obtained from total RNA using the Archive Kit according to the manufacturer's
protocol (Applied Biosystems, Foster City, CA). Probes and primers were designed and
synthesized by Applied Biosystems. All PCR amplifications were carried out in duplicate on
an ABI Prism® 7300 Sequence Detection System, using a fluorogenic 5’ nuclease assay
(TaqMan® probes). Relative gene expressions were calculated by using the 2-ΔΔCt method
as described in (26). The ΔCt value of each sample was calculated using 3 endogenous
control genes (GAPDH, ACTB, and PGK1).

Analytical Methods and Statistical Analysis
A single intensity (expression) value for each Illumina probe on the array was obtained
using Illumina BeadStudio software with standard settings and no background correction.
The expression values for all the probes for each sample were scaled to have median 256
(28) and then log (base 2) transformed. Probes that did not have at least 8 samples with
Illumina detection p-values < 0.01 were eliminated from further consideration. Genes (i.e.,
Illumina probes) considered to be significantly differentially expressed between two groups
of samples were those satisfying the three criteria: (i) Two-sided Welch t-test p-values less
than or equal to 0.01 (10−2) (27); (ii) a Benjamini-Hochberg false discovery rate (FDR) less
than or equal to 0.1 (28); and (iii) a fold change above 1.5 or below 1/1.5 (calculated using
geometric means). The two-sided t-test was used to obtain p-values for differences between
groups unless otherwise noted.

Heat maps (and the ordering by hierarchical clustering of the samples and the genes in heat
maps) were based on normalization of the expression values for each sample using z-
transformation (27,29,30) (utilizing only the probes which had an Illumina detection p-value
< 0.01 for least one sample), followed by z-transformation of the normalized expression
values for each Illumina probe across all samples. Hierarchical clustering was performed
using the Cluster and TreeView software programs (31). The clustering algorithm was set to
complete linkage clustering using uncentered correlation.

Differential expression of gene sets was analyzed using GSEA (19). The Broad Institute
JAVA Desktop software Version 2.0 of GSEA was utilized with the Preranked option, and
with the Molecular Signatures Database C2 curated gene sets file c2.all.v2.5.symbols.gmt
containing 1892 gene sets from known pathways and from published studies
(http://www.broadinstitute.org/gsea/msigdb/index.jsp). The ranking metric was the Gaussian
z-value corresponding to the 1-sided p-value from the Welch t-test of differential expression
between 41 WG samples and 23 Controls (z>0 for upregulated in WG) (Suppl. Table 2).
Gene sets with an estimated false discovery rate less than 0.05 were considered significant,
following the recommendation on page 22 of the GSEA user guide (available at
http://www.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html). Default parameters
were used with the following exceptions: 2000 permutations were performed and the
random number generator seed was set to 159265. When more than one Illumina probe
existed for a given gene, the ranking metric with the largest magnitude was used for GSEA.

Principal Component Analysis (PCA) (32,33) was performed with custom software written
in IDL (ITT Visual Information Solutions, Boulder, CO) using the scaled log transformed
expression values for the Illumina probes, which were ranked by Welch t-test p-values.
Kinemage files of the results of the PCA were prepared via IDL and plotted using the
MAGE molecular graphics 3-D software (http://kinemage.biochem.duke.edu).
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Results
Identification of a myeloid differentiation signature in WG

Microarray analysis was performed on RNA extracted from separated PBMC and neutrophil
fractions from 41 patients with confirmed WG and 23 healthy adult controls. The
demographic and clinical characteristics of both patients and controls are shown in Table 1.
No significant differences in gender (p=1) or mean age (p=0.2) were noted between patients
and controls. The majority of patients were ANCA (+) (88%), had systemic disease (73%),
and were on immunosuppression (68%) at the time of blood draw. More than half of the
cohort had mild to moderately active disease as measured by the day-of collection BVAS-
WG.

Using the combination of statistical significance and fold change criteria described in
Methods, we identified 86 significantly up-regulated genes in WG PBMCs and 40 in WG
PMNs relative to controls (Figure 1A & B). The genes up-regulated in both PBMCs and
PMNs (N=9) included arginase (ARG1), hexokinase (HK3), monoamine oxidase (MAOA),
haptoglobin (HP), and the interleukin 1 receptor IL1R2. Indeed, the majority of genes
significantly up-regulated in WG PMNs reflected general cellular activation pathways
(Supplemental Table 1). Notably, neutrophil granule constituent genes were markedly up-
regulated in the WG PBMC fraction alone, including those encoding many of the major and
minor ANCA antigens such as LCN2 (#6), ELA2 (#8), MPO (#15), BPI (#18), CTSG (#19),
AZU1 (#22), and PRTN3 (#45) (Supplemental Table 2). Other “neutrophilic” innate
immune response genes, including defensins α1 and α4, and cathelicidin (CAMP) were
similarly up-regulated exclusively in the PBMC fraction.

Though the mature proteins encoded by these genes are stored in mature neutrophil
granules, their transcription occurs primarily in earlier granulocytic precursors (34). Thus,
the increased transcription of these genes in the WG PBMC fraction is unlikely to arise from
mature neutrophils; indeed, the percentage of CD15+/CD16+/CD11b+ neutrophils in both
the WG and control PBMC fractions was low (< 3%), and did not differ between the two
groups (p=0.26, data not shown).

These data suggested the coordinated up-regulation of genes expressed during early myeloid
development in the PBMC fraction of WG patients. To examine this possibility in greater
depth, gene set analysis using GSEA was performed. As seen in Table 2, six of the top ten
most highly regulated gene sets between WG PBMCs and controls pertained to normal and
abnormal myeloid development (all with p-values < 0.001 and FDR < 4.2 × 10−4). In
contrast, no enrichment of interferon, TNF, IL-1, or other cytokine-associated gene sets was
noted in the top 50 returns (for GSEA summaries, see Supplemental Tables 3 and 4).
Interestingly, only two of the top ten returns in WG PMNs related to myeloid development.
These data confirm that the enrichment of genes and gene sets involved in early myeloid
development is a defining characteristic of WG PBMCs.

Expression of the WG signature is associated with active disease
Given the significant up-regulation of pathophysiologically relevant constituent genes in the
WG PBMC fractions, we defined a “WG signature” as the median of the expression values
for the 86 up-regulated PBMC genes in each subject. This signature was significantly up-
regulated in patients vs. controls (p= 7.6 × 10−8), and in patients with active disease (BVAS-
WG>0) vs. patients with inactive disease (BVAS-WG=0) (p=1.3 × 10−4). As seen in Figure
1A, WG patients could be clustered into two distinct groups based on their expression of
signature genes. WG signature expression values were significantly higher in one group
(“signature positive” (sig +), n=23) vs. the other (“signature negative (sig -), n=18) (p=2.2 ×
10−10). The median PBMC expression level for the signature genes determining the
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separation line between the Sig + and Sig - groups was defined to be the second highest
median value for the controls plus the difference between that and the third highest median
for the controls; the control sample with the highest median was considered to be an outlier
(Figure 2A). Using this cutoff value, signature status was tightly associated with disease
activity; 16 of the 18 Sig- WG patients had a BVAS-WG = 0, while 20 of the 23 Sig+ WG
patients had a BVAS-WG > 0 (p = 1.13 × 10−6 by the one-tailed Fisher's exact test) (Figure
2A). Though signature positivity was associated with disease activity in general (BVAS >0),
the magnitude of signature expression was only modestly correlated with the degree of
BVAS elevation (Pearson product-moment correlation coefficient r= 0.49, p=0.001). Using
the median expression level in PMNs of the 40 genes significantly up-regulated in WG vs.
control PMNs gives a considerably less distinct separation between the Sig+ and Sig- WG
samples (Figure 2B).

Expression of the WG signature differed only modestly between controls and Sig - patients
(p=0.07); extending the analysis to include the full set of gene expression profiles in the
PBMCs of the Sig- group did not yield any genes that were significantly differentially
expressed from controls (Supplemental Table 5). This was an unexpected finding, given that
15/18 (83%) of the Sig- WG patients were on chronic immunosuppressive therapy that could
have altered the gene expression profiles of their circulating immune cells. Indeed, no
consistent or predictable patterns of gene expression were seen in the patient group when we
clustered the samples by immunosuppressive regimen or dosing schedule, concomitant
corticosteroid use, or corticosteroid dose (data not shown).

As a group, patients with very low disease activity scores (BVAS-WG=1) were
indistinguishable from those with more active disease (BVAS-WG >1) (p=0.15), but
differed significantly from patients with a BVAS of 0 (p=0.02), Sig- patients (p=0.003), and
healthy controls (p=0.0007) (Figure 2C). Since a BVAS-WG of 1 could arise from a variety
of clinical scenarios, we asked whether these patients had any distinguishing characteristics
that could account for their gene expression similarities with patients who were more
clinically active. Remarkably, all but two of these patients were scored based on the
presence of persistent granulomatous disease alone (2 with nasal crusting, 1 with subglottic
stenosis, and 2 with pulmonary nodules). These data suggest that signature status may be a
useful complementary tool to help assess incipiently active disease in patients with
persistent granulomatous manifestations.

The preceding analysis examined median expression levels of a signature consisting of the
most highly up-regulated genes between WG and control PBMCs. To determine if these
changes were representative of the total variation in gene expression between the groups,
PCA was performed using the 400 most differentially (up or down) expressed genes in
PBMCs between all WG patients and controls. As seen in the PCA plot in Figure 2D,
controls (green) and Sig- WG patients (gold) cluster together in space, indicating similar
aggregate expression among the 400 genes in these subjects. We noted with interest that all
ten patients with a BVAS-WG=0 who clustered with the controls in the PCA plot remained
in remission after 6 months of follow-up. Though no firm conclusions can be drawn from
these data due to the small sample size and limited longitudinal follow-up time, these data
raise the possibility that signature expression may be a useful tool to gauge remission status
over time, a concept that can be directly tested in future longitudinal studies.

PR3 transcription in PBMCs tracks disease activity over time
Having noted the association of the WG signature with disease activity, we asked whether
transcriptional changes in PR3, the primary WG autoantigen, were similarly associated. PR3
transcription in PBMCs was highly correlated with the WG signature over all 64 samples
(R2=0.78, data not shown), and was up-regulated uniquely in the PBMCs (p=1.3 ×10−5,
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FDR=0.002), and not the PMNs (p=0.03, FDR=0.28), of signature positive WG patients
(Figures 3A & B). RT-PCR was used as a surrogate for microarray analysis in nine WG
patients seen in longitudinal follow-up to evaluate whether changes in PR3 transcription
tracked disease activity scores over time. As seen in Figure 3C, there was a high degree of
correlation between gene expression values obtained by microarray and RT-PCR (R2=0.79).
Similar findings were obtained with AZU and BPI, both component genes of the WG
signature.

In this analysis, increased PR3 expression was seen in patients with active disease, though as
in the previous signature correlation analysis, the magnitudes of the expression changes did
not parallel the size of the changes in BVAS-WG scores (Figure 4). However, changes to
and from remission tracked with corresponding decreases or increases in PR3 RNA levels in
all but one patient (Patient “I”), and persistently low transcription was seen in patients in
remission. In contrast, changes in ANCA titer tracked with disease activity less than half the
time (3/9 patients); three had persistently high ANCA titers regardless of disease status, and
3 patients with active disease had undetectable serologies (Figure 4). Taken together, these
cross-sectional and preliminary longitudinal clinical data suggest that PR3 and related
myeloid differentiation gene transcription in the peripheral blood of WG patients might
represent a novel marker for assessing disease activity in WG, especially in patients with
mild systemic and/or chronic granulomatous manifestations. .

Discussion
In this study, we used quantitative signature analysis of gene expression data from separated
PBMC and PMN fractions to identify a gene expression signature that both differentiated
WG patients from controls and associated with active disease. Strikingly, the WG signature,
and in particular neutrophil granule component genes involved in myeloid differentiation
(including the primary WG autoantigen PR3) were significantly up-regulated in WG vs.
controls in the PBMC, and not the PMN leukocyte fraction. Further, expression in PBMCs
of interferon-induced genes, though previously described in a variety of autoimmune
rheumatic diseases such as lupus, dermatomyositis, rheumatoid arthritis, and scleroderma
(35-38), was not observed in this study. Although the “granulopoiesis” signature previously
described in SLE PBMCs (15) partially overlaps with the WG signature described here (see
GSEA summary, Supplemental Table 3), the combination of a myeloid differentiation
signature without an interferon or other inflammatory cytokine fingerprint has not
previously been reported. In this regard, our study both supports the concept of shared
inflammation-induced pathways and gene expression “modules” in the systemic rheumatic
diseases (39), and highlights the important, and perhaps unique, role that myeloid
differentiation may play in mediating both phenotype and disease activity in WG.

The highly specific immune response to PR3 has focused attention on the role of the mature
neutrophil in the pathogenesis of WG for nearly two decades. Our data demonstrates that
while neutrophils are clearly activated in patients with active WG (Figure 1B), the
activation-induced expression of genes encoding both the major and minor ANCA antigens
known to be involved in the immunopathogenesis of WG occurs exclusively in the PBMC,
and not PMN leukocyte fraction. While mature neutrophils and PBMCs separate during
ultracentrifugation in a density gradient, immature myeloid precursor cells sediment with the
mononuclear fraction (40). As such, myeloid precursors mobilized during the inflammatory
process represent one potential source of the WG PBMC signature. Indeed, low-density
granulocytes (LDGs) sedimenting in the PBMC fraction and exhibiting promyelocytic
differentiation characteristics in vitro have been demonstrated in patients with active SLE
(41), and inflammation-induced mobilization of myeloid precursors from the bone marrow
and transcription of myeloid differentiation genes in the peripheral blood has also been
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noted (42). These mechanisms might explain both the increased PR3 transcription in the
peripheral blood of patients with active cystic fibrosis (43), and the increased transcription
of genes involved in neutrophil function and activation demonstrated in patients with
staphylococcal and pneumococcal infections (39, 44).

Given these data and the clinical difficulty in distinguishing early signs of respiratory
infection from a WG flare, one possible confounding explanation for our findings is that the
WG signature may be comprised of genes up-regulated during concurrent infection. While
we did not directly evaluate gene expression in patients with infections in this study, we did
evaluate a published list of 10 discrete gene expression modules (consisting of > 1100
genes) up-regulated in 14 patients infected with S. pneumoniae compared to 12 healthy
controls (39) for overlap with the 86 gene WG PBMC signature defined here. Interestingly,
although several genes were found in both lists (including defensin α4, MMP9, ELA2, and
BPI), the major WG autoantigen genes PR3 and MPO and nearly 50 others were uniquely
up-regulated in active WG (data not shown). These findings are supported by additional
recent data demonstrating that gene expression profiling of peripheral blood samples could
be used to distinguish patients with Kawasaki's disease from those with acute adenoviral or
group A streptococcal infections (45). These data reveal that while overlap in gene
expression profiles does indeed exist and likely represents activation of common
inflammatory pathways, it cannot not fully explain the gene expression signature noted in
WG PBMCs. This is further underscored by the highly significant association of signature
and disease activity status, and the lack of signature positivity amongst control group
members that we observed in this study.

Our study was not designed to analyze phenotype-specific differences in gene expression
profiles in patients with different rheumatic diseases, or between patients with different
ANCA-associated vasculitides. We instead focused our attention on WG because of its
unique clinical (granulomatous vasculitis) and immunologic (highly specific anti-PR3
immunity) phenotype, which distinguishes it from both the other systemic rheumatic
diseases and related vasculitides such as the Churg-Strauss syndrome and microscopic
polyarteritis. However, the WG signature defined here partially overlapped with the up-
regulated gene lists generated in earlier whole blood-based studies in ANCA-associated
vasculitis (21,22) suggesting the presence of shared peripheral inflammatory effector
pathways among these conditions. Whether gene expression profiling in PBMCs could be
used to discriminate between patients with phenotypically distinct ANCA-associated
vasculitides is an important question that is currently being investigated.

Although gene expression profiling has been quite useful in the assessment of disease
activity in multiple cross-sectional studies (46), its role in the longitudinal assessment of the
systemic rheumatic diseases continues to be defined. Transcriptional profile data was
recently shown to correlate well with activity scores in the longitudinal follow-up of lupus
patients, and in some cases transcription of relevant genes preceded increases in observed
clinical activity (39). However, in a larger study, changes in interferon signature expression
and disease activity indices did not correlate well longitudinally, and in many cases the
signature remained quite stable despite documented changes in clinical activity (47). In this
study we have presented preliminary longitudinal data suggesting that WG signature status
tracks with disease activity over time. Defining whether this WG PBMC signature,
consisting of myeloid differentiation and not cytokine-induced genes, will ultimately
correlate with longitudinal changes in disease status will require further investigation.

Given the lack of correlation of both circulating (48) and in situ PR3 protein levels with
disease activity in WG (49), and the controversial role of the use of ANCA in this regard
(12), our identification of PR3 and related gene transcription in PBMCs as a potential
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marker of disease activity in the longitudinal assessment of WG is exciting. Further, our
finding that healthy controls and Sig - WG patients are only modestly different by PBMC
gene expression even in the presence of immunosuppressive medications suggests that the
suppression of signature genes may be a marker of a return to immunologic homeostasis. If
confirmed in rigorous longitudinal studies, these data raise the intriguing possibility that
changes in signature/PR3 status, used in conjunction with clinical evaluation and activity
score determination, could help more accurately predict clinical outcomes such as risk of
flare and maintenance of remission in WG in the future.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Identification of discrete sets of up-regulated genes in Wegener's PBMCs and PMNs. Heat
maps of the expression levels of the genes significantly differentially expressed between
WG patients and normal controls in PBMCs (n=86) (A), and in PMNs (n=40) (B).
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Figure 2.
Association of the WG signature with disease activity. (A), Bar charts of the median
expression levels of the significantly up-regulated genes in WG vs. control PBMCs, and (B),
WG vs. control PMNs. The samples in (B) are in the same order as in (A). The short vertical
lines below the x-axis in (A) indicate the BVAS score for each sample; cyan for BVAS=0,
lavender for BVAS=1, and blue for BVAS>1. The single gap in the WG Sig- section in (B)
represents a PMN sample that did not pass stringent quality control. (C), Medians of the
expression levels in PBMCs of the 86 signature genes, grouped as indicated. The mean and
the mean ± the standard error of the mean for each group are designated by black lines (D),
PCA visualization of all samples using the top 400 most significantly regulated genes (up or
down) in WG vs. control PBMCs, ranked by p-value, viewed using the top three PCA axes.
The fraction of the total variance captured in the top three PCA axes was 76%. Controls are
in green, and the WG samples are colored by positive (red) and negative (gold) signature
status.

Cheadle et al. Page 14

Arthritis Rheum. Author manuscript; available in PMC 2011 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
PR3 transcription occurs primarily in PBMCs and not in PMNs in WG. (A), Bar chart of
PR3 expression levels in WG and control PBMCs and (B), PMNs. Samples are displayed in
the same order as in Figure 2A. (C), Comparison of PR3 expression by RT-PCR and
microarray for all 41 Wegener's PBMC samples. For RT-PCR, fold changes are relative to a
pool of RNA from healthy controls. The points are color coded by patient BVAS score as in
Figure 2A; cyan for BVAS=0, lavender for BVAS=1, and blue for BVAS>1.
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Figure 4.
Longitudinal expression of PR3 and other WG signature genes in WG patients. RT-PCR
results for selected signature genes including PR3 were performed on paired samples
(PBMCs) taken from patients at two time points at least 3 months apart. Fold change values
are presented as average fold change = 2-(average ΔΔCt) for genes in the patient samples
relative to a pool of control samples. Error bars for fold changes from PCR correspond to
2-(average ΔΔCt ± sem) where sem is the standard error of the mean for each gene.
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