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Objective. CD5� B cells have been conceptualized

as a possible surrogate for Breg cells. The aim of the

present study was to determine the utility of CD5� B

cells as biomarkers in antineutrophil cytoplasmic

antibody–associated vasculitis (AAV).

Methods. The absolute and relative numbers

(percentages) of CD5� B cells (explanatory variables)

were measured longitudinally during 18 months in 197

patients randomized to receive either rituximab (RTX)

or cyclophosphamide (CYC) followed by azathioprine

(AZA) for the treatment of AAV (Rituximab in ANCA-

Associated Vasculitis [RAVE] trial). Outcome variables

included disease activity (status of active disease versus

complete remission), responsiveness to induction ther-

apy, disease relapse, disease severity, and, in RTX-

treated patients, relapse-free survival according to the

percentage of CD5� B cells detected upon B cell re-

population.

Results. CD5� B cell numbers were comparable

between the treatment groups at baseline. After an

initial decline, absolute CD5� B cell numbers progres-

sively increased in patients in the RTX treatment arm,

but remained low in CYC/AZA-treated patients. In both

groups, the percentage of CD5� B cells increased

during remission induction and slowly declined there-

after. During relapse, the percentage of CD5� B cells

correlated inversely with disease activity in RTX-treated

patients, but not in patients who received CYC/AZA. No

significant association was observed between the num-

bers of CD5� B cells and induction treatment failure or

disease severity. The dynamics of the CD5� B cell

compartment did not anticipate disease relapse. Follow-

ing B cell repopulation, the percentage of CD5� B cells

was not predictive of time to flare in RTX-treated

patients.

Conclusion. The percentage of peripheral CD5�

B cells might reflect disease activity in RTX-treated

patients. However, sole staining for CD5 as a putative

surrogate marker for Breg cells did not identify a

subpopulation of B cells with clear potential for mean-
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Iklé, PhD: Rho, Chapel Hill, North Carolina; 5Peter A. Merkel, MD,
MPH: University of Pennsylvania, Philadelphia; 6Paul A. Monach, MD,
PhD: Boston University, Boston, Massachusetts; 7Philip Seo, MD,
MHS: Johns Hopkins University, Baltimore, Maryland; 8E. William
St.Clair, MD: Duke University Medical Center, Durham, North Caro-
lina; 9Carol A. Langford, MD, MHS, Gary S. Hoffman, MD: Cleve-
land Clinic, Cleveland, Ohio; 10Robert Spiera, MD: Hospital for
Special Surgery, New York, New York; 11Cees G. M. Kallenberg, MD,
PhD: University of Groningen and University Medical Center Gro-
ningen, Groningen, The Netherlands; 12Ulrich Specks, MD: Mayo
Clinic, Rochester, Minnesota.

Dr. Miloslavsky has received honoraria for Advisory Board
service from Genentech (less than $10,000). Dr. Langford has partic-
ipated in clinical trials at the Cleveland Clinic that were funded by
Genentech. Dr. Spiera has served as an investigator in clinical trials
funded by Roche and Genentech. Dr. Kallenberg has received con-
sulting fees from Novo Nordisk, Eli Lilly, MedImmune, and Chemo-
Centyx (less than $10,000 each). Dr. Stone has received consulting
fees, speaking fees, and/or honoraria from Genentech and Roche (less
than $10,000 each).

Address correspondence to John H. Stone, MD, MPH, Rheu-
matology Unit, Yawkey 2C, Massachusetts General Hospital, 55 Fruit
Street, Boston, MA 02114. E-mail: jhstone@partners.org.

Submitted for publication April 24, 2014; accepted in revised
form October 9, 2014.

535



ingful clinical use. Adequate phenotyping of Breg cells is

required to further explore the value of these cells as

biomarkers in AAV.

The emergence of B cell depletion strategies for
the treatment of immune-mediated disorders has re-
newed the interest in B cell biology. B cells not only
represent a potential source of autoantibodies but also
modulate effector, memory, and regulatory T cell re-
sponses through antibody-independent mechanisms
(1–3). Some of these mechanisms involve antigen-
specific suppressive B cells (known as Breg cells), which
have been identified and characterized in experimental
models and in human disease (1,4–10).

The competency to produce and secrete
interleukin-10 (IL-10) is a hallmark of Breg cells. How-
ever, more than one phenotypically distinct subpopula-
tion of B cells seems to be able to function in a
regulatory capacity (4,11). Breg cells have been de-
scribed within both the B1 and B2 B cell lineages. In
healthy individuals, �10% of the immature transitional
B2-phenotype peripheral B cells produce IL-10 upon
CD40 engagement. These cells can limit the polarization
of naive CD4 lymphocytes toward the T helper cell
subtypes Th1 and Th17, and can promote the conversion
of effector CD4 cells into FoxP3� regulatory T cells
(10,12). Of note, abnormalities in the number or func-
tion of Breg cells have been demonstrated in patients
with different autoimmune disorders (10,12–14), and a
positive correlation between increased numbers of tran-
sitional B cells, increased serum concentrations of IL-10,
and the state of tolerance off immunosuppression has
been described in kidney transplant recipients (15).

CD5 is expressed on 80% of B cells in newborns
and on 10–30% of B cells in adults (10,16). Most CD5�

B cells are naive and represent either transitional B2 B
cells or T cell–independent B1 B cells. CD5 negatively
regulates B cell receptor signaling (17), induces the
production of IL-10 (16), and is reported to be present in
many of the phenotypes attributed to Breg cells (10,18).
Therefore, it is conceivable that surface CD5 staining on
B cells could identify a subpopulation of cells in which
Breg cells are enriched. In antineutrophil cytoplasmic
antibody (ANCA)–associated vasculitis (AAV), in-
creased numbers of circulatory CD25�CD5� B cells
have been linked to disease quiescence (19). Recently,
an inverse correlation between the percentage of CD5�

B cells and disease activity was described in a group of
patients with this disease (20). Following peripheral B
cell repopulation after rituximab (RTX) administration,

a higher percentage of CD5� B cells (i.e., �30%) was
associated with prolonged remission (20).

The aim of this study was to analyze the kinetics
of the putatively regulatory CD19�CD5� B cell com-
partment in a large, well-characterized cohort of pa-
tients with AAV. In addition, we sought to explore the
clinical associations of the change in the absolute and
relative numbers of this cell subpopulation.

PATIENTS AND METHODS

Patient groups, treatment regimens, and definitions.
The Rituximab in ANCA-Associated Vasculitis (RAVE) study
was a multicenter, double-blind, placebo-controlled trial that
randomized 197 patients in a 1:1 ratio to receive either RTX
(375 mg/m2 intravenously each week for 4 weeks; n � 99) or
cyclophosphamide (CYC) (2 mg/kg for 3–6 months) followed
by azathioprine (AZA) (2 mg/kg, up to 150 mg/day) (n � 98)
(21). Both groups of patients were tapered off prednisone
treatment over 5.5 months, and were followed up for a total of
18 months.

Disease activity during the clinical trial was measured
using the Birmingham Vasculitis Activity Score for Wegener’s
Granulomatosis (BVAS/WG) (maximum score 68) (22) at
baseline and at 1, 2, 4, 6, 9, 12, 15, and 18 months. Patients with
a BVAS/WG score of �1 were considered to have active
disease. Complete remission was defined as a BVAS/WG score
of 0, following successful completion of the prednisone taper.
Severe flare was defined as a BVAS/WG score of �3 or the
occurrence of at least one major BVAS/WG item requiring
treatment with either RTX or CYC, following disease remis-
sion. Limited flare was defined as the occurrence (or worsen-
ing) of at least one minor BVAS/WG item leading to a score of
�3 (21). Induction treatment failure was defined as the
occurrence of a severe or limited flare that required RTX or
CYC treatment within the first 6 months after initial treat-
ment, inability to adhere to the prespecified prednisone taper
due to persistent or recurrent disease activity, the occurrence
of a limited flare within the first 6 months that could not be
controlled by increasing the prednisone dose, or death caused
by persistent disease activity.

Sample collection, cell preparation, and cell surface
staining. Heparinized peripheral blood samples were obtained
at baseline, 2 weeks, and 1, 2, 4, 6, 9, 12, 15, and 18 months for
analysis of lymphocyte populations and subpopulations by flow
cytometry. Whole blood was collected in sodium heparin
vacutainers (Becton Dickinson) and shipped ambient over-
night to the ITN Flow Cytometry Core (Roswell Park Cancer
Institute). Using a stain-lyse method, cells from blinded sam-
ples were labeled with 5-color monoclonal antibody panels.
Marker/fluorochrome combinations have been previously de-
scribed (21). Following staining, data were acquired on a
FACSCanto flow cytometer (BD Biosciences). The data were
analyzed using WinList software (Verity Software House).

Lymphocytes that expressed CD19 were categorized as
CD19� B cells (or simply B cells), and the subpopulation of
CD19�CD5� cells was identified by determining the coex-
pression of CD5 (categorized as CD5� B cells). B cell
depletion was defined as the presence of �10 CD19� B cells

536 UNIZONY ET AL



per �l. B cell redetection was defined as the presence of at
least 10, but fewer than 69, CD19� B cells per �l. B cell
reconstitution was defined as the presence of �69 CD19� B
cells per �l or a return to baseline levels, as described
previously (23). The results for CD5� B cells were expressed
as the absolute number of CD19�CD5� B cells per �l of
whole blood and as the relative number (percentage) of CD5�

B cells within the total population of CD19� B cells.
Statistical analysis. The explanatory variables were

the absolute number and percentage of CD5� B cells at
different time points, and the percentage of CD5� B cells
upon peripheral B cell repopulation among RTX-treated
patients. Outcome variables included disease activity (status of
active disease versus complete remission), any disease relapse,
severe relapse, BVAS/WG scores, occurrence of induction
treatment failure due to disease activity, ANCA titers, and
time to disease flare. Subanalyses according to treatment
received (CYC/AZA versus RTX), disease category (new-
onset versus relapsing disease at baseline), disease type (gran-
ulomatosis with polyangiitis [GPA] versus microscopic polyan-
giitis [MPA]), ANCA type (myeloperoxidase [MPO] versus
proteinase 3 [PR3]), and the presence or absence of renal
involvement at baseline were completed. Time to relapse in the
RTX cohort was determined according to the percentage of
CD5� B cells detected following peripheral B cell redetection
and reconstitution. Relative CD5� B cell numbers for survival
analysis were treated as dichotomous (i.e., �30% CD5� B
cells versus �30% CD5� B cells) (20), categorical (percentage
of CD5� B cells stratified by quartiles), and continuous
(logarithmic transformation of the percentage of CD5� B
cells) variables.

Repeated-measures analysis of variance was per-
formed to compare the numbers of CD5� B cells between the
treatment arms at each time point, and adjustment for multiple
comparisons was applied using the Tukey method. Statistical
associations of the explanatory variables with continuous out-
comes were measured using the Mann-Whitney U test for
independent observations and Wilcoxon’s signed rank test for
paired observations. Statistical associations of the explanatory
variables with categorical outcomes were measured using
Fisher’s exact test and the chi-square test, as appropriate.
Correlation between the CD5� B cell numbers and ANCA
titers at baseline was calculated using Spearman’s rank test.
Time-to-event comparisons were done using log-rank tests.
Hazard ratios were calculated using the Cox proportional
hazards method. SAS version 9.2 (SAS Institute) and the R
program version 3.0.0 (http://www.r-project.org) were used for
the statistical analyses. All data, as shown in Figures 1–5, are
available to the public via the ITN TrialShare system (available
at https://www.itntrialshare.org/ar/figures.html).

RESULTS

Summary of the main clinical outcomes. The
clinical outcomes of the RAVE trial, as reported else-
where (23,24), are summarized here. All subjects had
active disease upon study enrollment (mean BVAS/WG
score �8). The primary end point, complete remission at

6 months after randomization, was achieved in 64% of
patients in the RTX group and 53% of patients in the
CYC/AZA group (24). At 12 months and 18 months,
48% and 39% of the patients in the RTX group,
respectively, had maintained complete remission, com-
pared with 39% and 33%, respectively, in the CYC/AZA
group (23) (Table 1).

CD5� B cell kinetics in response to RTX- and

CYC/AZA-based treatment regimens. We first deter-
mined the kinetics of the CD5� B cell compartment in
patients with AAV by treatment group (RTX n � 99 and
CYC/AZA n � 98). Baseline characteristics were com-
parable between the RTX and CYC/AZA cohorts (Ta-
ble 1). By 6 months after randomization, 100% of
patients in the RTX arm and 80% of patients in the
CYC/AZA arm achieved peripheral B cell depletion. At
baseline, there was no statistically significant difference
between groups in terms of the absolute numbers of
CD19� B cells (median 234 B cells/�l in RTX-treated
patients and 193 B cells/�l in CYC/AZA-treated pa-
tients; P � 0.13), the absolute numbers of B cells bearing
the CD5 marker (median 16 CD5� B cells/�l in RTX-
treated patients and 18 CD5� B cells/�l in CYC/AZA-
treated patients; P � 0.98), or the percentage of CD19�

B cells that were also CD5� (median 10% CD5� B cells
in both groups; P � 0.56) (Table 1).

In most patients, the absolute number of CD5�

B cells decreased to �5 cells/�l within 8 weeks of
randomization regardless of treatment allocation, and
remained at that level through 6 months (Figure 1A). As
expected, this initial decline was significantly faster and
more pronounced in the RTX group. After 6 months,
CD5� B cell numbers progressively increased in the
RTX-treated subjects, but remained low in the CYC/
AZA group. At 18 months, the median number of
CD5� B cells/�l was 29 (interquartile range [IQR]
16–51) in patients in the RTX arm, compared with a
median of 4 (IQR 2–15) in those in the CYC/AZA arm
(P � 0.0001).

In contrast, the percentage of CD5� B cells
within the CD19� B cell compartment significantly
increased during remission induction, reaching a peak at
4 months in the RTX group (median CD5� B cells 40%,
IQR 20–67%) and 6 months in the CYC/AZA group
(median CD5� B cells 27%, IQR 18–36%), and gradu-
ally declined in both groups thereafter (Figure 1B). At
18 months, the median percentage of CD5� B cells was
24% (IQR 21–28%) in the RTX group and 23% (IQR
17–29%) in the CYC/AZA group (P � 0.99).

No other baseline variables examined, including
specific diagnosis (GPA versus MPA), ANCA type (PR3
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versus MPO), disease presentation (new-onset versus
relapse), or the presence of renal involvement upon
enrollment, had any significant influence on the dy-
namics of the CD5� B cell subpopulation in either
group (data available from the corresponding author
upon request). In addition, there was no statistically
significant correlation between baseline percentage of
CD5� B cells and baseline ANCA titers (rs � 0.01, P �

0.89).
CD5� B cells as a marker of disease activity. To

test the hypothesis that the relative numbers of CD5� B
cells are inversely correlated with disease activity, we
analyzed a group of 146 patients who achieved complete
remission, and divided them by treatment allocation into
the categories of nonrelapsers (RTX n � 52, CYC/AZA
n � 50) and relapsers (RTX n � 24, CYC/AZA n � 20).
Relapse was defined as any disease exacerbation (severe
or limited flare) that occurred after the achievement of
complete remission. The percentages of CD5� B cells
were then compared within each subgroup at specific
time points, including active disease at baseline, time of
first complete remission, 18 months (for nonrelapsers),
and active disease during a subsequent disease relapse

(for relapsers) (Figure 2). Fifty-one patients among the
original cohort of 197 did not achieve complete remis-
sion during the trial and therefore were not included in
this analysis.

We found that the percentage of CD5� B cells
significantly increased in most patients in both treatment
groups as disease activity declined toward remission,
regardless of whether the subjects experienced a subse-
quent disease relapse. Among RTX-treated patients
who were nonrelapsers, the median percentages of
CD5� B cells at baseline and at complete remission
were 7% (IQR 3–12%) and 32% (IQR 13–57%), respec-
tively (P � 0.0001). Among RTX-treated patients who
were relapsers, the median percentages of CD5� B cells
at baseline and at complete remission were 12% (IQR
5–16%) and 28% (IQR 23–41%), respectively (P �

0.001). Among the CYC/AZA-treated patients, the me-
dian percentages of CD5� B cells at baseline and at
complete remission were 11% (IQR 8–15%) and 27%
(IQR 18–36%), respectively, for nonrelapsers (P �

0.0001), and 6% (IQR 2–13%) and 26% (IQR 19–35%),
respectively, for relapsers (P � 0.002). Among these 4
patient subsets—RTX nonrelapsers, RTX relapsers,

Table 1. Baseline characteristics of the study patients and clinical outcomes by treatment group*

RTX (n � 99) CYC/AZA (n � 98) P

Age at onset of symptoms, mean � SD years 54 � 16.8 55.5 � 14.1 0.26
Sex, % female 54 46 0.29
Race or ethnic group, % white 92 95 0.64
GPA/MPA, % 75/24† 76/24 0.61
PR3-ANCA�/MPO-ANCA�, % 67/33 66/34 �0.99
New-onset disease/relapse, % 48/52 49/51 0.62
Renal disease, % 66 66 0.92
BVAS/WG score at study entry, mean � SD 8.5 � 3.2 8.2 � 3.2 0.38
CD19� B cells, median (IQR) cells/�l 234 (124–392) 193 (113–273) 0.13
CD5�CD19� B cells, median (IQR) cells/�l 16 (7–37) 18 (7–37) 0.98
% CD5� B cells, median (IQR) 10 (4–15) 10 (5–15) 0.56
B cell depletion by 6 months, no./total no. assessed (%) 98/98 (100)‡ 69/86 (80)§ �0.01
Complete remission, %

At 6 months (primary outcome) 64 53 0.13
At 12 months 48 39 0.22
At 18 months 39 33 0.32
At any time within 18 months 77 71 0.42

Patients in complete remission whose disease flared at
or before 18 months, no./total no. assessed (%)

24/76 (32) 20/70 (29) 0.16

Severe flares, no. 9 10 0.81
Limited flares, no. 15 10 0.39

� Continuous variables were compared between groups using Mann-Whitney U test or Student’s t-test. Categorical variables were compared between
groups using Fisher’s exact test. RTX � rituximab; CYC � cyclophosphamide; AZA � azathioprine; GPA � granulomatous with polyangiitis;
MPA � microscopic polyangiitis, PR3 � proteinase 3; ANCA � antineutrophil cytoplasmic antibody; MPO � myeloperoxidase; BVAS/WG �

Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis (maximum score 68); IQR � interquartile range.
† One patient had undetermined ANCA-associated vasculitis.
‡ One-month B cell data were unavailable for 1 RTX-treated patient.
§ Twelve CYC-treated patients were excluded from this analysis because they had been crossed over or treated according to best medical judgment
before 6 months.
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CYC/AZA nonrelapsers, and CYC/AZA relapsers—
there were no significant differences in the median
percentage of CD5� B cells at either baseline or com-
plete remission.

Nonrelapsers, by definition, stayed in complete

remission through month 18. This group experienced a
non–statistically significant reduction in the percentage
of CD5� B cells by the end of followup (median CD5�

B cells 24%, IQR 20–28% in RTX-treated patients
[P � 0.16]; median CD5� B cells 25%, IQR 18–31%
in CYC/AZA-treated patients [P � 0.14]). Within
the relapsers, the percentage of CD5� B cells was not
significantly different at the time of disease exacerbation
compared with the period of complete remission among
CYC/AZA-treated patients (median CD5� B cells 19%,
IQR 12–27% [P � 0.24]). The corresponding analysis in
the RTX-treated patients, however, demonstrated a
modest but significant decline in the percentage of
CD5� B cells during disease relapse (median 23%, IQR
16–33% [P � 0.04]) (Figure 2).

Figure 2. Percentage of CD5� B cells in AAV patients treated with
CYC/AZA or RTX during times of active disease and complete
remission. Percentages of CD5� B cells were serially obtained from
patients treated with CYC/AZA or RTX who achieved and maintained
complete remission with their original treatment until month 18
(nonrelapsers; RTX n � 52, CYC/AZA n � 50), and those who
achieved complete remission with their original treatment but subse-
quently experienced a disease flare (relapsers; RTX n � 24, CYC/
AZA n � 20). The percentages of CD5� B cells were compared
within groups using Wilcoxon’s signed rank test. The � symbols
represent values obtained from individual patients during active
disease at baseline, circles represent values obtained during complete
remission (e.g., first complete remission in all subgroups and at 18
months in nonrelapsers), and asterisks represent values obtained
during disease flare (in relapsers). The remaining 51 subjects from the
original cohort of 197 patients did not achieve complete remission and
were therefore not included in this analysis. See Figure 1 for other
definitions.

Figure 1. Absolute and relative numbers of CD5� B cells in patients
with antineutrophil cytoplasmic antibody–associated vasculitis (AAV)
treated with cyclophosphamide/azathioprine (CYC/AZA)–based and
rituximab (RTX)–based regimens. Whole blood was obtained at
different time points during a period of 18 months from patients with
AAV who were treated with RTX (n � 99) or CYC/AZA (n � 98).
Cells were stained for CD19 and CD5, and expression was determined
by flow cytometry. Results are expressed in A, absolute numbers of
CD19�CD5� B cells/�l and B, percentages of CD5� B cells within
total CD19� B cells. Groups were compared using repeated-measures
analysis of variance with adjustment for multiple testing. Bars show the
median and interquartile range. � � P � 0.05.
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CD5� B cells prior to disease relapse. To deter-
mine whether reductions in the relative number of
CD5� B cells preceded disease relapse, we compared
the percentage of CD5� B cells by treatment group
immediately before and at the time of vasculitis flare in
37 patients (RTX n � 21, CYC/AZA n � 16). Using, for
each subject, a single measurement 20–120 days prior to
disease exacerbation and a second measurement during
the disease flare, the median percentage of CD5� B
cells was found to be 28% (IQR 21–32%) before disease
exacerbation and 24% (IQR 16–34%) during the exac-
erbation in the RTX group (P � 0.59), while the median
percentage of CD5� B cells was 23% (IQR 14–32%)
before disease exacerbation and 19% (IQR 12–27%)
during the exacerbation in the CYC/AZA group (P �

0.46) (Figure 3). Thus, we did not observe a significant
decline in the percentage of CD5� B cells before
disease relapse.

CD5� B cells in relation to response to induction

of remission and clinical course. To evaluate whether
the initial change in the relative numbers of CD5� B
cells was correlated with early response to treatment, we
compared the percentage of CD5� B cells at baseline
and during their peak levels between 4 and 6 months
among patients who achieved complete remission (n �

115) or failed induction treatment (n � 55) by 6 months.
The analysis showed no significant association between

these variables (data available from the corresponding
author upon request).

When divided by treatment group, longitudinal
measurements of the absolute and relative CD5� B cell
numbers failed to discriminate between patients who
maintained disease remission and those who experi-
enced disease relapse (Figures 4A and B). Furthermore,
when individual patients were analyzed from the time of
their documented complete remission forward, there
was no significant difference in the trend of the CD5� B
cell subpopulation between patients who subsequently
experienced a disease exacerbation and those whose
condition stayed in remission until the end of the study
(data available from the corresponding author upon
request).

We also looked into the potential correlation
between change in the CD5� B cell fraction during
induction of remission and subsequent disease severity
(e.g., glomerulonephritis or alveolar hemorrhage flare).
However, patients who developed poor outcomes during
the study due to severe vasculitis had comparable base-
line and peak percentages of CD5� B cells (data
available from the corresponding author upon request).

Relative numbers of CD5� B cells upon peri-

pheral B cell repopulation after RTX administration as

a predictor of disease relapse. In the RTX group, 77
patients achieved complete remission at any time during
the 18 months of the clinical trial (Table 1). B cell
redetection (�10 CD19� B cells/�l) occurred in 69
patients after a mean period of time of 309 days, and B
cell reconstitution (�69 CD19� B cells/�l) occurred in
54 patients after a mean period of time of 366 days. To
study the hypothesis that the percentage of CD5� B
cells at the time of peripheral B cell repopulation after
RTX administration is predictive of relapse-free survival
(20), we divided patients according to the CD5� B cell
fraction upon B cell redetection and B cell reconstitu-
tion, and performed time-to-event analyses. Glucocorti-
coid use was not included as a confounding factor in
these comparisons because only 3 and 5 patients were
still receiving prednisone at the time of B cell redetec-
tion and reconstitution, respectively. By the end of
followup, B cells had not reached the threshold of
redetection and reconstitution in 8 and 23 patients,
respectively, and therefore these subjects were excluded
from the analysis.

Based on prior reports (20), we first investigated
whether the time to disease relapse was significantly
longer for individuals with �30% CD5� B cells at the
time of B cell redetection. We found that in this group
of patients, the 80th percentile of time to flare from

Figure 3. Percentage of CD5� B cells prior to and during disease
relapse in AAV patients treated with RTX or CYC/AZA. The
percentage of CD5� B cells was compared immediately before and
during disease relapse in 37 patients with AAV according to treatment
group (CYC/AZA n � 16, RTX n � 21). Symbols joined by lines
represent individual patients. Results were compared using Wilcoxon’s
signed rank test. See Figure 1 for other definitions.
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complete remission was 233 days (95% confidence in-
terval [95% CI] 47–369), compared to 197 days (95% CI
135–infinite) in subjects who demonstrated �30%
CD5� B cells at the same time point.

Cox proportional hazard regression analysis
showed a hazard ratio for disease flare of 1.14 (95% CI
0.49–2.64; P � 0.75) in patients whose CD5� B cell
percentage was �30% compared with patients in whom
the CD5� B cell percentage was �30%. The wide
confidence intervals for both the 80th percentile relapse-
free times and the hazard ratio for disease flare indicate
that there was substantial variability in the association
between percentage of CD5� B cells and propensity to
flare. The estimated relative risk was not significantly
different from 1.0 and, in fact, the point estimate was
consistent with longer flare-free times for patients with
lower percentages of CD5� B cells at the time of B cell
redetection (Figure 5A).

Because the estimation of percentages within a
very small population of cells carries an inherent risk of
being inaccurate, we also conducted analyses in patients
divided on the basis of the relative number of CD5� B
cells at the time of B cell reconstitution. The results
showed that the 80th percentile of relapse-free survival
time from complete remission was 284 days (95% CI
0–369) and 181 days (95% CI 95–infinite) in patients
who demonstrated �30% CD5� B cells and those who
demonstrated �30% CD5� B cells at this time point,
respectively. In patients whose peripheral B cell pool
was reconstituted with �30% CD5� B cells, the hazard
ratio for disease flare was 0.9 (95% CI 0.31–2.55), which
was again not significantly different from that in subjects
whose peripheral B cell pool was reconstituted with
�30% CD5� B cells (P � 0.84) (Figure 5B).

We supplemented the initial dichotomous ap-
proach with continuous variable– and categorical
variable–based analyses. Nonetheless, we found no evi-
dence of a significant or consistent trend. When we used
the logarithmic transformation of the percentage of
CD5� B cells at the time of redetection and reconstitu-
tion as a continuous predictor, we observed no indepen-
dent effect of this variable on the time to disease
exacerbation (P � 0.73 for redetection, P � 0.12 for
reconstitution).

Finally, after dividing patients based on quartiles
of CD5� B cell percentage upon B cell repopulation, we
did not find any statistically significant difference in
terms of relapse-free survival when the higher quartiles
were compared with the lower quartiles. The hazard
ratios for disease flare were 1.05 (95% CI 0.72–1.54; P �

0.78) and 0.80 (95% CI 0.52–1.24; P � 0.33) at B cell
redetection and reconstitution, respectively, with no
trend according to the order of the strata (Figures 5C
and D).

Figure 4. Absolute and relative numbers of CD5� B cells in RTX-
and CYC/AZA-treated patients who developed either a relapsing or
nonrelapsing disease course. The absolute numbers (A) and relative
numbers (percentage) (B) of CD5� B cells were measured longitudi-
nally in 146 AAV patients over a period of 18 months according to
relapsing phenotype (those without relapse during the study [nonre-
lapsers] and those with at least one relapse during the study [relaps-
ers]) and treatment group (RTX nonrelapsers n � 52 and RTX
relapsers n � 24; CYC/AZA nonrelapsers n � 50 and CYC/AZA
relapsers n � 20). Bars show the median and interquartile range. The
remaining 51 subjects from the original cohort of 197 patients did not
achieve complete remission and were therefore not included in this
analysis. See Figure 1 for other definitions.
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DISCUSSION

Biomarkers that predict clinical outcomes accu-
rately and in a timely manner have been elusive in AAV.
Our results, which come from the analysis of a large
cohort of patients who underwent rigorous clinical mon-
itoring and systematic blood sampling for a period of 18
months while receiving what is now considered standard
of care, do not support the notion that CD19�CD5� B
cells are useful as biomarkers in current clinical practice
in this disease.

We did find a statistically significant association
between disease activity and the relative number of
CD5� B cells in the RTX treatment group. However,
such an association was not observed in patients treated
with CYC/AZA. In addition, we cannot completely
exclude the possibility that the main driver for the
changes in the CD5� B cell subpopulation was the effect
of immunosuppression, because the fraction of CD5� B
cells at the time of relapse in RTX-treated patients had
declined only modestly compared with the same mea-
surement at the time of complete remission, and most
subjects who remained in complete remission also dem-
onstrated a slow decline in their percentage of CD5� B
cells.

In contrast to previous reports (19,20), we found
no significant association between the percentage of
CD5� B cells and disease relapse. We did not observe a
decline in the percentage of these cells immediately
before disease exacerbation, nor did we find any corre-
lation between the kinetics of the CD5� B cells and the
relapsing phenotype. In addition, early measurements of
absolute and relative CD5� B cell numbers (e.g., during
the first 6 months) were not significantly different
between the patient subsets who achieved or failed to
achieve complete remission or between patients who did
and those who did not experience severe disease re-
lapses upon further followup.

In an analysis of 19 cases, Bunch et al (20)
suggested that the percentage of CD5� B cells at B cell
repopulation after RTX administration may be of prog-
nostic importance in terms of estimating the duration of
disease remission. Our results using 2 different cutoffs
(B cell redetection, defined as 10–68 CD19� B cells/�l;
B cell reconstitution, defined as �69 CD19� B cells/�l)
showed that the relative numbers of CD5� B cells were
not a predictor of relapse-free survival. We observed no
significant difference in the time to disease flare follow-
ing complete remission among patients whose peri-
pheral B cell pool was replenished with �30% CD5� B
cells as opposed to �30% CD5� B cells. Furthermore,
the division of patients by quartiles of CD5� B cell
percentage upon B cell repopulation failed to show any
significant effect of the higher quartiles on the time to
relapse, nor was there any trend according to the order
of magnitude of the strata.

We did not perform intracellular staining for
IL-10, labeling for other surface antigens (e.g., CD24,
CD38, CD1d, CD27), or functional assays for a more
accurate characterization of Breg cells. This represents
an important limitation of our study. The flow cytometry
assays described herein were performed in real-time

Figure 5. Relapse-free survival in patients with AAV according to the
kinetics of CD5� B cell repopulation after RTX treatment. Kaplan-
Meier estimates of the time to relapse from complete remission were
determined according to the percentage of CD5� B cells at the time
of B cell redetection (n � 69) and reconstitution (n � 54) after RTX
administration. A and B, The percentage of CD5� B cells was analyzed
as a dichotomous predictor of time to relapse (�30% CD5� B cells
[brown lines] versus �30% CD5� B cells [purple lines]) during times
of B cell redetection (�30% n � 32 and �30% n � 37) (A) and B cell
reconstitution (�30% n � 15 and �30% n � 39) (B). C and D, The
percentage of CD5� B cells was analyzed as a categorical predictor of
time to relapse (stratified in quartiles: first quartile � purple lines,
second quartile � green lines, third quartile � brown lines, fourth
quartile � yellow lines) during times of B cell redetection (first
quartile n � 18, second–fourth quartiles n � 17 each) (C) and B cell
reconstitution (first quartile n � 14, second quartile n � 13, third
quartile n � 13, fourth quartile n � 14) (D). Bars show the 95%
confidence intervals at 183, 274, and 365 days. Results were compared
using the log rank test in A and B and the Cox proportional hazards
method in C and D. See Figure 1 for other definitions.
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throughout the RAVE trial. At the time that these
studies were conceived, knowledge about Breg cell biol-
ogy was relatively limited. Since then, the characteriza-
tion of Breg cells and their role in experimental models
and human autoimmune disease has considerably im-
proved (1,4,11). Subsequent research has shown that
more than one B cell subpopulation is capable of
immunoregulation, and these subpopulations exert
their regulatory functions through IL-10–dependent and
IL-10–independent mechanisms. Breg cells with an
immature/transitional phenotype (e.g., CD19�CD24high

CD38high) (10) and those with a mature/memory pheno-
type (e.g., CD19�CD24highCD27�) (18) have been
described.

In healthy humans, up to 30% of peripheral
CD19� B cells express CD5 (10). Within the CD19�

CD5� B cell compartment, �10% of the cells are
CD1dhigh and roughly 90% are CD1dlow/�. About
70% of CD19�CD5�CD1dhigh B cells—known to be
regulatory in animal models (8)—are contained within
the CD19�CD24highCD38high subpopulation in humans
(10). In contrast, the exact percentage of CD19�CD5�

CD1dlow/� B cells that is included within the CD19�

CD24highCD38high phenotype has not been reported. In
addition, although CD19�CD24highCD38high Breg cells
are known to be either numerically reduced or function-
ally deficient in patients with rheumatoid arthritis (RA)
(12) and patients with systemic lupus erythematosus
(SLE) (10), data regarding the numbers or functionality
of CD19�CD5�CD1dlow/� B cells in RA and SLE have
not been published.

An observational study found that the fractions of
circulating CD19�CD5� B cells, CD19�CD5�CD1d� B
cells, and CD19�CD5�CD1d�IL-10� B cells are di-
minished in patients with early RA and increase signif-
icantly as patients enter into disease remission with
immunomodulatory therapy, but no functional evalua-
tion was performed (25). Reduced frequencies of
CD19�CD5�CD1d�IL-10� B cells and/or CD19�

CD24highCD38high B cells have also been described in
patients with Crohn’s disease and myasthenia gravis
(13,14). Unfortunately, no data pertaining to the num-
ber or function of CD19�CD5� (CD1dlow/�) B cells in
these patients are available.

Breg cells in AAV have been recently studied
by 3 independent groups (26–28). However, the dif-
ferent phenotypic characterizations of this cell subpop-
ulation used in those analyses, none of which included
the CD5 marker, preclude comparisons with our results.
Moreover, it is important to recognize that the patients
in those studies were sampled on only a single occasion,

while receiving a variety of immunosuppressive agents.
In a study of 41 subjects, the percentage of CD19�IL-
10� B cells was significantly lower in patients com-
pared with healthy controls, but no significant difference
was detected between patients with active disease and
those with inactive disease (26). Another study of 53
subjects found a reduction in the fraction of CD19�

CD24highCD38high B cells in PR3- and MPO-ANCA–
positive patients with quiescent AAV and PR3-ANCA–
positive patients with active AAV, when compared with
healthy controls (27).

Finally, a recent study evaluated 2 putative Breg
cell subsets (i.e., CD19�CD24highCD38high B cells
and CD19�CD24highCD27� B cells) in 48 PR3-ANCA–
positive patients with AAV (28). The numbers of
CD19�CD24highCD38high B cells were significantly re-
duced in patients in remission compared with patients
whose disease was active or healthy controls. On the
other hand, CD19�CD24highCD27� B cell numbers
were significantly decreased both in patients with active
disease and in patients with inactive disease compared
with healthy controls. The capacity of CD19� B cells to
produce IL-10 and suppress the activation of monocytes,
however, was not altered in these patients.

In conclusion, the sole staining for CD5 as a
surrogate marker for Breg cells did not identify a
subpopupation of CD19� B cells with clinically mean-
ingful value. Longitudinal studies using an expanded
repertoire of surface CD markers (e.g., CD1d, CD24,
CD38), intracellular staining for IL-10, and functional
inhibitory assays are required to explore more thor-
oughly the question of Breg cells as biomarkers in AAV
before any firm conclusions regarding their clinical
utility are warranted.
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