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ABSTRACT
The source of IgA and the mechanism for deposition of IgA in the mesangium remain unknown for primary
IgA nephropathy. Because CD19�CD5� B cells are important producers of IgA and contribute to several
autoimmune diseases, they may play an important role in IgA nephropathy. In this study, flow cytometry,
quantitative PCR, and confocal microscopy were used to assess the frequency, distribution, Ig production,
CD phenotypes, cytokine production, and sensitivity to apoptosis of CD19�CD5� B cells in the peripheral
blood, peritoneal fluid, and kidney biopsies of 36 patients with primary IgA nephropathy. All patients with IgA
nephropathy were significantly more likely to have CD19�CD5� B cells in the peripheral blood, peritoneal
fluid, and kidney biopsies than were five control subjects and 10 patients with active systemic lupus
erythematosus. The 33 patients who had IgA nephropathy and responded to treatment demonstrated a
significant decrease in CD19�CD5� B cells in the peripheral blood, peritoneal fluid, and kidney (all P � 0.01).
In the three patients who had IgA nephropathy and did not respond to treatment, the frequency of
CD19�CD5� B cells did not change. CD19�CD5� B cells isolated from patients with untreated IgA nephrop-
athy expressed higher levels of IgA, produced more IFN-�, and were more resistant to CD95L-induced
apoptosis than cells isolated from control subjects and patients with lupus; these properties reversed with
effective treatment of IgA nephropathy. In conclusion, these results strongly suggest that CD19�CD5� B
cells play a prominent role in the pathogenesis of primary IgA nephropathy.
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Primary IgA nephropathy (IgAN), which features
polymeric IgA-dominant Ig deposition in the
mesangium of kidney, is the most common form

of primary glomerulonephritis worldwide.1,2 Al-
though primary IgAN was once considered a be-
nign condition, a high proportion of patients
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eventually progress to renal failure.2,3 The clinical and
pathologic features of the disease are well documented, yet
the mechanisms underlying induction of the IgA deposition
remain to be defined.2,4

IgA antibodies are important effectors of mucosal protection.
The two main subpopulations of B cells, B1 and B2, both are
capable of producing IgA.5–9 Differences in their anatomic loca-
tion, sensitivity to activating signals, and cytokine and receptor
expression may determine the relative contribution of B1 versus
B2 cells to IgA production at a specific site.5–9 In mice, recent
evidences suggest that B1 B cells can be further subdivided into
two main subsets as IgMhighIgDlowCD23�CD43�CD5� (B1a) or
IgMhighIgDlowCD23�CD43�CD5� (B1b) B cells. Very little is
known concerning functional differences between these B cell
subsets. Although CD5� B1a and CD5� B1b B cells may be func-
tionally distinct, transient expression of CD5 by activated B2 cells
has created some controversy over the true origin and character-
ization of CD5� B cells.7,10,11 It is generally believed that bona fide
CD5� B1a cells are derived from precursors of the fetal liver and
omentum and are most prevalent in the peritoneal and pleural
cavities, with few being found in spleen and lymph nodes in nor-
mal adult mice.5,6 In humans, however, the functional distinc-
tions between B1a and B1b cells have not been extensively studied,
and it is unclear whether conventional B2 cells can express CD5. It
is important that there are substantial differences between human
and rodent IgA systems5–9; therefore, species specificity may have
a large impact on the interpretation of existing reports concerning
human and murine B1 and B2 B cell subpopulations.

In mice, the CD19�CD5� B cells (B1a B cells) have consti-
tutively upregulated expression of some plasma cell–specific
genes, including Blimp-1 and XBP-1,12 which may explain the
spontaneous and continuous secretion of natural IgM.
CD19�CD5� B cells in the peritoneal cavity and the gut lamina
propria serve as an important source of IgA-producing plasma
cells in response to various stimuli, contributing significantly
to the response against enteric pathogens.13,14 In both mice and
humans, CD19�CD5� B cells are the major source of natural
antibodies, which recognize antigens from many common
pathogens and are very important for the early response to
bacterial and viral infections.7 In humans, CD19�CD5� B cells
are thought to contribute to autoimmune conditions because
of their tendency to produce autoreactive antibodies and
proinflammatory cytokines including IL-6, as well as their
enhanced antigen presentation capabilities.7,15 Expansion of
the CD19�CD5� B cells has been observed in human auto-
immunity such as Sjögren syndrome and rheumatoid arthri-
tis.7,15 In systemic lupus erythematosus (SLE), expansion of
CD19�CD5� B cells has been demonstrated only in murine
models.7,15 Their elevated numbers, secretion of autoantibod-
ies, and production of a high level of IL-10 has implicated
CD19�CD5� B cells as potential contributors to the develop-
ment of human autoimmune diseases7,15; however, produc-
tion of a high level of IL-10 and expression of death-inducing
ligands also suggests that CD19�CD5� B cells may play a reg-
ulatory role in human autoimmunity.15,16

Human CD19�CD5� B cells are important IgA producers,
but the importance of this property of CD19�CD5� B cells in
autoimmune diseases is not yet known. For example, the actual
role of CD19�CD5� B cells in IgAN is not completely under-
stood. Although there is a single report that documented ele-
vated numbers of CD19�CD5� B cells in the tonsils of patients
with IgAN and improvement of IgAN after tonsillectomy,17 a
systematic study of the numbers of these cells in different an-
atomic locations and functions of the cells in patients with
IgAN has not yet been conducted; however, the existing evi-
dence that this B cell subpopulation is involved in the produc-
tion of both natural and autoreactive antibodies (including
IgA) and evidence of its importance in several autoimmune
diseases led us to hypothesize that CD19�CD5� B cells play a
prominent pathogenic role in IgAN, which is characterized by
IgA deposition in the kidney. To investigate the precise patho-
genic role of CD19�CD5� B cells in human primary IgAN, we
studied the frequency, distribution, and functional properties
of CD19�CD5� B cells in the peripheral blood, peritoneal flu-
ids, and kidney biopsies of patients with primary IgAN.
Changes in the CD19�CD5� B cell compartment were com-
pared before and after treatment with corticosteroids and im-
munosuppressive drugs.

RESULTS

We studied 36 hospitalized patients with primary IgAN, five
control subjects, and 10 patients with active SLE18 –21 (Supple-
mental Table s1). All 36 eligible patients with IgAN in this
study had new-onset disease (average duration 1.7 mo) with
biopsy-proven mesangial IgA deposition and typical clinical
features: Moderate hypertension (mean 146/97 mmHg), he-
maturia, proteinuria (mean 2.4 g/d urine protein excretion),
low-level serum albumin (mean 2.9 g/dl), and typical morpho-
logic alterations detected by light and electron microscopy
(Supplemental Table s1). None of the patients with IgAN had a
diagnosis of Schönlein-Henoch purpura. Ten hospitalized pa-
tients with new-onset (average duration 2.3 mo) active SLE
were identified using a modified SLE Disease Activity Index
(SLEDAI) score.20 None of the patients and control subjects
had received treatment with corticosteroids or immunosup-
pressive therapy before entry into the study. The race of all
patients and control subjects was Han as determined and reg-
istered by the physicians in this study. None of the patients or
control subjects had clinical infectious symptoms when the
study samples were taken.

High Frequency of CD19�CD5� B Cells in Patients
with Primary IgAN
The numbers of CD19�CD5� B cells in peripheral blood from
patients with primary IgAN were significantly increased com-
pared with that in control subjects and the patients with active
SLE (Figure 1A). The frequencies of CD19�CD5� B cells were
1 to 2% in peripheral blood mononuclear cells from control
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subjects (S48 and S50 are shown), 10 to 12% in the patients
with IgAN (P5 and P10 are shown), and 2 to 3% in the patients
with SLE (P41 and P43 are shown). The frequency of
CD19�CD5� B cells was �1% in the cell suspensions from
kidney biopsies from control subjects, 17 to 18% in the patients
with IgAN, and 2 to 3% in the patients with SLE. The perito-
neal cavity was known to be one of the predominant places
where mature CD19�CD5� B cells were found.22 The fre-
quency of CD19�CD5� B cells in peritoneal fluids from con-
trol subjects was �1% (S48 and S50 are shown), 12 to 14% in
the patients with IgAN (P5 and P10 are shown), and 2 to 3% in
the patients with SLE (P41 and P43 are shown). Statistical anal-
ysis revealed that the 36 patients with primary IgAN had higher
frequencies (all P � 0.01) of CD19�CD5� B cells in the pe-
ripheral blood, peritoneal fluids, and kidney biopsy (12.6 �
2.7, 11.3 � 1.8, and 11.8 � 2.4%) than the five control subjects
(1.1 � 0.7, 1.6 � 0.8, and 1.8 � 0.9%) or in 10 patients with
active SLE (3.1 � 0.9, 2.8 � 0.8, 2.6 � 1.1%; Figure 1B), re-
spectively. The frequency of CD19�CD5� B was not signifi-
cantly different between control subjects and patients with SLE
(Figure 1B).

Histologic sections of kidney biopsy samples were double
stained with labeled FITC–anti-human CD19 mAb and PE-
labeled anti-human CD5 mAb and analyzed by confocal mi-
croscopy. A large number of CD19�CD5� B cells were found
in the glomerular compartment of kidneys from patients with
primary IgAN (Figure 1C, a through c), whereas CD19�CD5�

B cells were mainly found in the compartment of kidneys from
patients with SLE (Figure 1C, d through f). B cells were rarely
found in the similar area of kidneys of the control subjects

Figure 1. Increased systemic and local frequency of
CD19�CD5� B cells in patients with IgAN. The cell suspensions
were obtained as described in the Concise Methods section. (A)
Dual-color flow cytometric analysis of CD19�CD5� B cells in
peripheral blood (PB), cell suspensions from kidney biopsy (KB),
and peritoneal fluids (PF) from control subjects (CS), patients with
IgAN, and patients with SLE. The cells were freshly isolated and
stained with CD19-PE and CD5-FITC. Dot plots were generated
after gating on mononuclear cells and show the expression of

CD5 relative to CD19. The indicated numbers in the graphs were
percentages of CD19�CD5� B cells. The data shown were from
representative patients (S48, S50, P5, P10, P41, and P43) of five
(CS), 36 (IgAN), and 10 (SLE) similar experiments performed. For
simplification, the isotype Ab controls in the experiments are not
shown. (B) CD19�CD5� percentages for individual patients are
shown. Mean values for each group are indicated by red bars. The
decreased number of kidney biopsy samples (n � 6) from patients
with IgAN was due to limited tissue availability. (C) CD19�, CD5�,
and CD19�CD5� B cell distribution in kidney biopsy from pa-
tients with IgAN (a through c) and patients with SLE (d through f).
The specimens were stained and photographed under epifluo-
rescence conditions. The arrows indicate typical CD19�CD5� B
cells. The images represent specimens analyzed from six patients
with IgAN and six patients with SLE. (D) Q-PCR analysis for CD5
mRNA expression in PB, KB, and PF from CS, patients with IgAN,
and patients with SLE. Purified CD19� B cells were obtained as
described in the Concise Methods section. All individual data
from each Q-PCR analysis as well as the mean values are shown.
*P � 0.01 by the Kruskal-Wallis test, after testing with Dunn
method for multiple comparisons, showed a significant difference
between patients with IgAN and CS; **P � 0.01 by the Kruskal-
Wallis test, after testing with Dunn method for multiple compar-
isons, showed a significant difference between patients with IgAN
and patients with SLE. Magnification, �1200.
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(data not shown). The observation that infiltrating
CD19�CD5� B cells in kidney biopsies from patients with
IgAN but not from patients with SLE and lupus nephritis pre-
dominately nested in the glomerular compartment suggested
that these cells were playing a specific role contributing to glo-
merular mesangial IgA deposition. The specificity of these
findings was also supported by analysis of kidney biopsies from
other primary and secondary proteinuric glomerular diseases
such as FSGS and diabetic nephropathy, in which almost no
infiltrating CD19�CD5� B cells were found in either glomer-
ular or tubulointerstitial compartments (data not shown). A
high level of CD5 mRNA was expressed in purified CD19� B
cells from peripheral blood, peritoneal fluids, and kidney tis-
sues from patients with IgAN in comparison with that in the
control subjects and the patients with SLE (Figure 1D), further
indicating that a high frequency of CD19�CD5� B cells ap-
peared in both peripheral blood and the peritoneum, as well as
infiltrating and accumulating in kidney tissues in the patients
with primary IgAN.

CD19�CD5� B Cells in Patients with Primary IgAN Are
Activated
To analyze further the functional state of activation and
differentiation of CD5� B cells in IgAN, we investigated
other characteristics of these cells. In comparison with the
control subjects and the patients with active SLE, the per-
centages of surface IgA (sIgA)-positive cells among
CD19�CD5� B cells in peripheral blood and peritoneal flu-
ids from patients with primary IgAN were significantly in-
creased (Figure 2A). The results from quantitative PCR (Q-
PCR) confirmed that IgA mRNA transcription was elevated
in CD19�CD5� B cells in the cell suspensions from kidney
biopsies from patients with IgAN (Figure 2B). The expres-
sion of IgA was low at the mRNA and protein levels in pu-
rified or gated CD5� B cells from all three groups of patients
and control subjects, respectively (data not shown). The
frequencies of sIgA-positive cells among the CD19�CD5� B
cells were not significantly different between control sub-
jects and patients with SLE (Figure 2).

The frequencies of surface IgM–positive cells in CD19�CD5�

B cells in peripheral blood and peritoneal fluids from patients with
primary IgAN were significantly lower than the percentages found
in control subjects and patients with active SLE (Table 1). Surface
IgD expression on gated CD19�CD5� B cells in peripheral blood
and peritoneal fluids from patients with primary IgAN were not
significantly different from what was found in control subjects
and patients with active SLE (Table 1). The frequencies of CD20�

cells within gated CD19�CD5� B cells were high but not signifi-
cantly different in any of the three groups (Table 1). The expres-
sion of CD20 was comparatively less frequent on CD5� B cells
from all three groups (data not shown). In comparison with the
control subjects and the patients with active SLE, CD38 and CD43
mRNA expression levels in CD19�CD5� B cells in peripheral
blood and peritoneal fluids from the patients with IgAN were
significantly increased (Table 1).

Interestingly, CD19�CD5� B cells in peripheral blood and
peritoneal fluids from patients with IgAN were significantly
resistant to Fas ligand (CD95L)-induced apoptosis compared
with the cells from the control subjects; however, the cells from
the patients with SLE were significantly more sensitive to
CD95L-induced apoptosis compared with the cells from both
the control subjects and patients with IgAN. The B cell activat-
ing factor (Baff), a member of the family of TNF ligands and an
essential factor for B cell development and survival,23 was sig-
nificantly increased at mRNA level in CD19�CD5� B cells in
peripheral blood, peritoneal fluids, and kidney biopsy tissues
from patients with primary IgAN, in comparison with control
subjects and patients with active SLE (Table 1).

B cells produce cytokines in response to a diverse array of
stimuli, including microbial products, antigens, and T
cells.24 –29 CD19�CD5� B cells in peripheral blood, peritoneal
fluids, and kidney biopsies from the patients with IgAN pro-
duced IFN-� at very high levels compared with patients with

Figure 2. Elevated IgA expression on CD19�CD5� B cells from
patients with IgAN. Purified CD19�CD5� B cells were obtained
from PB, KB, and PF from CS, patients with IgAN, and patients
with SLE as described in the Concise Methods section. (A) Results
of triple-color flow cytometric analysis of sIgA expression on
gated CD19�CD5� B cells in PB, KB, and PF from CS, patients
with IgAN, and patients with SLE. The cells were freshly isolated
and stained with CD19-PE, CD5-FITC, and sIgA-RPE Cy5. The
positive cell percentages from each individual patient’s samples
are shown. The red bars indicate the mean values of each groups.
(B) Q-PCR results for IgA mRNA expression in PB, KB, and PF from
CS, patients with IgAN, and patients with SLE. Purified
CD19�CD5� B cells were obtained from PB, KB, and PF from CS,
patients with IgAN, and patients with SLE as described in the
Concise Methods section. Dots indicate mRNA copy number
from individual patients, and red bars indicate mean values per
group. *P � 0.01 by the Kruskal-Wallis test, after testing with
Dunn method for multiple comparisons, showed a significant
difference between patients with IgAN and CS; **P � 0.01 by the
Kruskal-Wallis test, after testing with Dunn method for multiple
comparisons, showed a significant difference between patients
with IgAN and patients with SLE.
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SLE and control subjects (Figure 3). CD19�CD5� B cells from
patients with IgAN produced IL-4 at similar levels to control
subjects, whereas CD19�CD5� B cells from patients with SLE
produced higher levels of IL-4 (Figure 3).

CD19�CD5� B Cells in Patients with Primary IgAN
after Treatment
We collected samples from all of the patients with IgAN and
with SLE during treatment (Supplemental Table s2). All pa-
tients with primary IgAN had received moderate- to high-dos-
age corticosteroid treatment and at least one immunosuppres-
sive drug, with the exception of one patient, who received
corticosteroid plus tonsillectomy. All patients with SLE re-
ceived corticosteroid treatment alone. The average treatment
duration at the end of the study was 22 mo and 18 mo for
patients with IgAN and with SLE, respectively. According to
clinical findings (clinical symptoms and laboratory examina-
tions), 16 (44%) patients with IgAN were judged to be n clin-
ical and laboratory remission, 17 (47%) patients were evalu-
ated as responsive to treatment (despite persistence of at least
one clinical or/and laboratory symptom), and three (8%) pa-
tients were evaluated as resistant to treatment (the clinical
symptoms and laboratory abnormalities were persistent or
even worsening). The responses of individual patients to the
treatments are listed in Supplemental Table s2.

We examined frequency of CD19�CD5� B cells in periph-
eral blood, cell suspensions from kidney biopsies, and perito-
neal fluids from patients with IgAN at several time intervals
after the treatments. At the 18-mo time point, the 33 patients

who had IgAN and responded to the treatments had reduced
frequencies of CD19�CD5� B cells (2.1 � 0.8, 2.4 � 1.1, and
1.8 � 0.8%; all P � 0.01 compared with the values of pretreat-
ment) in the peripheral blood, peritoneal fluids, and kidney
biopsies, respectively (Figure 4A). Other parameters, such as
CD5 mRNA, IgA mRNA, and Baff mRNA expressions, were
also significantly decreased in peripheral blood, cell suspen-
sions from kidney biopsies, and peritoneal fluids from these
patients with IgAN (Figure 4, B through D). The expression
levels of IFN-� in CD19�CD5� B cells from patients with
IgAN were significantly decreased after the effective treatments
(Figure 4F). The cells from patients with IgAN displayed an
increased sensitivity to CD95L-induced apoptosis (Figure 4E).
The frequency and other cellular properties (CD5, IgA, Baff,
and IFN-� mRNA expressions) were unchanged in
CD19�CD5� B cells from the patients with SLE after treat-
ment with corticosteroids (Figure 4). Interestingly, the sensi-
tivity of CD19�CD5� B cells from the patients with SLE to
CD95L-induced apoptosis was decreased by the effective treat-
ment (Figure 4E).

Three patients with IgAN in this study showed no clinical
responses to corticosteroid and immunosuppressive drug
therapy (Supplemental able s3). These treatment-resistant pa-
tients had similar levels of CD19�CD5� B cells before and after
treatment (Supplemental Table s3). CD5, IgA, Baff, and IFN-�
mRNA expressions as well as sensitivity to CD95L-induced
apoptosis of CD5� B cells in peripheral blood, cell suspensions
from kidney biopsies, and peritoneal fluids from these three
patients with IgAN were unchanged after the ineffective treat-

Table 1. Phenotypic and apoptotic analysis of gated CD19�CD5� B cells from control subjects, patients with IgAN, and
patients with SLE at baselinea

Patient CD20 (%)b
CD20

mRNAc

CD38
mRNAc

CD43
mRNAc

Surface
IgD (%)b

Surface
IgM (%)b

Baff mRNAc

Apoptosis
to CD95L

(%)d

IgAN
PB 89.2 � 22.1 8.1 � 1.7 9.7 � 1.4f,g 7.1 � 1.5f,g 12.7 � 4.6 31.1 � 12.6f,g 10.1 � 2.6f,g 7.8 � 2.4f,g

KBe 92.7 � 15.2 7.3 � 2.6 ND ND ND ND 8.5 � 1.8f,g ND
PF 88.7 � 21.4 8.3 � 1.4 8.1 � 1.1f,g 8.3 � 1.9f,g 18.2 � 3.1 38.7 � 15.3f,g 8.8 � 1.9f 6.6 � 3.1f,g

SLE
PB 86.1 � 21.1 7.8 � 1.9 5.2 � 1.7 4.9 � 2.1 17.1 � 7.9 78.7 � 17.1 3.2 � 1.7 31.1 � 9.1h

KBe 84.1 � 21.1 9.1 � 2.1 ND ND ND ND 3.1 � 1.6 ND
PF 82.3 � 14.6 8.2 � 2.2 5.4 � 1.6 4.2 � 1.9 16.7 � 6.1 82.4 � 12.7 4.1 � 1.5 34.8 � 13.1h

CSe

PB 88.2 � 21.2 7.7 � 2.4 4.7 � 1.2 4.9 � 1.8 14.2 � 3.2 85.7 � 18.4 3.2 � 1.7 19.5 � 6.1
KB 76.7 � 13.4 8.7 � 2.4 ND ND ND ND 4.1 � 1.4 ND
PF 91.2 � 20.2 8.2 � 2.2 4.5 � 1.3 5.1 � 1.8 14.6 � 4.7 73.2 � 11.6 3.6 � 1.2 18.5 � 5.6

aKB, kidney biopsy; ND, no determination; PB, peripheral blood; PF, peritoneal fluids.
bMeasured by flow cytometry.
cMeasured by Q-PCR in purified CD19�CD5� B cells from PB and PF or in KB tissues and expressed as (�103) copies in 25 ng of cDNA.
dMeasured by flow cytometry.
en � 6, partial KB samples measured because of the limited tissue available from kidney biopsy.
fP � 0.01 by the Kruskal-Wallis test, after testing with Dunn method for multiple comparisons, showed a significant difference between patients with IgAN and
control subjects.
gP � 0.01 by the Kruskal-Wallis test, after testing with Dunn method for multiple comparisons, showed a significant difference between patients with IgAN and
patients with SLE.
hP � 0.05 by the Kruskal-Wallis test, after testing with Dunn method for multiple comparisons showed a significant difference between patients with SLE and
control subjects.
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ments (Supplemental Table s3). These results strongly sup-
ported the hypothesis that CD19�CD5� B cells played an im-
portant role in pathogenesis of primary IgAN.

DISCUSSION

In humans, elevated numbers of CD19�CD5� B cells have
been reported in patients with Sjögren syndrome30 and rheu-
matoid arthritis.31 In mice, increased numbers of
CD19�CD5� B cells are observed in a number of naturally
occurring and genetically manipulated strains that develop lu-
pus-like disease manifestations, although the data are some-
what controversial.32–34 Our results showed that CD19�CD5�

B cells were abundant systemically and locally in patients with
primary IgAN but were of relatively low frequency in control
subjects and patients with active SLE. The cells from patients
with IgAN seemed activated, expressing a high level of IFN-�
and resistance to CD95L-induced apoptosis. A decrease in
CD19�CD5� B cell numbers was shown in the treatment-sen-
sitive patients with IgAN. These results strongly suggest that

CD19�CD5� B cells are involved in the
pathogenesis of IgAN but seem not to be
associated with human SLE manifesta-
tions. Surprising, this study did not find
an increased frequency and functions of
CD19�CD5� B cells in patients with ac-
tive SLE, as has been found in a murine
SLE model,7,15 indicating the distinctive
behaviors and functions of these B cells
in human and mice. Furthermore, our
observations of the differences between
the patients with IgAN and with SLE led
us to investigate further on more precise
mechanisms regarding frequency, distri-
bution, Ig production, CD phenotyping,
cytokine production, and sensitivity to
apoptosis of CD19�CD5� B cells.

CD19�CD5� B cells are the main IgA
producers in mucosal tissues.13,35,36 The
IgA antibodies produced by CD19�CD5�

B cells are usually low affinity, and poly- or
autoreactive.37,38 High-affinity, pathogenic
autoantibodies have been detected in pa-
tients with autoimmune diseases.15,39 As
few as 5% of the circulating B cells are
CD5� B cells in normal adults.40 The large
number of CD19�CD5� B cells (approxi-
mately 12% of total infiltrating cells) in the
kidneys of patients with IgAN is therefore
striking (Figure 1). Mechanistically, it
seems that a large number of CD19�CD5�

B cells infiltrate into kidneys, secrete IgA
and inflammatory cytokines, and cause
pathologic lesions in glomerular and tubu-

lointerstitial structures in the kidneys, leading to the clinical man-
ifestations of IgAN. Another important point concerns the nor-
mal control samples. The initial peripheral blood samples were
taken from the “normal” control subjects within 2 h after trauma,
and the (hyper)metabolic responses to injury, including endo-
crine and systemic, may take place by 6 h after trauma.41 From a
pathophysiologic point of view, it is believed that lymphocyte and
monocyte counts increase during the secondary phase of the post-
traumatic course (after day 4)41; therefore, blood samples taken
within 2 h after trauma can be considered as “normal” controls.
However, some of the earliest metabolic responses to injury, such
as proinflammatory cytokine release that may have an impact on
Ig production by B cells, can already be altered by 2 h after trauma.
These pathophysiologic changes in controls in this study should
be certainly taken into consideration.

Functional differences are also apparent within the
CD19�CD5� B cell compartment of patients with IgAN com-
pared with patients with SLE. The circulating and accumulat-
ing CD19�CD5� B cells of patients with SLE express less sIgA,
Baff, and IFN-� but higher IL-4 than cells from patients with
IgAN. Furthermore, CD19�CD5� B cells of patients with SLE

Figure 3. Differential IFN-� and IL-4 cytokine expression by CD19�CD5� B cells from
patients with IgAN and patients with SLE. (A and B) IFN-� (A) and IL-4 (B) expression by
CD19�CD5� B cells in PB, cell suspensions of KB, and PF from CS, patients with IgAN,
and patients with SLE was measured by Q-PCR (left) and intracellular cytokine flow
cytometry (right). For Q-PCR analysis, the purified CD19�CD5� B cells were obtained as
described in the Concise Methods section. For intracellular cytokine flow cytometric
analysis, the total cells were isolated; stimulated as described in the Concise Methods
section; and stained with CD19-PE, CD5-FITC, and the cytokine antibodies conjugated to
RPE Cy5 as indicated. ND, no determination. The illustrated data for IFN-� and IL-4
mRNA and intracellular expression are expressed as means � SD from CS (n � 5),
patients with IgAN (n � 36), and patients with SLE (n � 10). Because of limited tissue
availability from kidney biopsies, Q-PCR analysis was performed only on KB from CS (n �
5), patients with IgAN (n � 6), and patients with SLE (n � 10). *P � 0.01 by the
Kruskal-Wallis test, after testing with Dunn method for multiple comparisons, showed a
significant difference between patients with IgAN and CS; **P � 0.05 by the Kruskal-
Wallis test, after testing with Dunn method for multiple comparisons, showed a significant
difference between patients with IgAN and patients with SLE.
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are more sensitive to CD95L-induced apoptosis than the cells
from patients with IgAN. The resistance to CD95L-induced
apoptosis is higher in patients with IgAN than in normal con-
trol subjects. Sensitivity to CD95L-induced apoptosis increases
after successful therapy in patients with IgAN. Baff, an essential

factor for B cell development and surviv-
al,23 is expressed at a significantly higher
level in CD19�CD5� B cells from patients
with primary IgAN in comparison with
that from control subjects and patients
with active SLE. Elevated Baff expression
significantly decreased in CD19�CD5� B
cells from the patients with IgAN after suc-
cessful treatment. Variation in the level of
Baff could affect sensitivity to apoptosis or
lead to survival of B cells for further prolif-
eration and differentiation; however, pre-
cise mechanisms and correlations between
Baff expression and sensitivity to CD95L-
induced apoptosis in CD19�CD5� B cells
from patients with IgAN require further
investigation. The upregulation of Baff by
CD19�CD5� B cells of patients with IgAN
suggests that blocking the Baff–Baff recep-
tor axis in patients with IgAN may be an
effective treatment strategy.

Under pathophysiologic conditions
(primaryIgANbutnotactiveSLE),CD19�-
CD5� B cells are preactivated and correlate
with the development of the pathology of
IgAN. A large number of patients with pri-
mary IgAN reportedly progress to ESRD.1

As shown in this study, the majority of pa-
tients with IgAN were responsive to corti-
costeroid and immunosuppressive drug
treatments, and clinical improvement cor-
relates with reductions in IgA-producing
CD19�CD5� B cells; however, in the mi-
nority of patients who do not respond to
the treatments, there is evidence to suggest
that a poor response to the treatment can
be correlated with a lack of effects on the
CD19�CD5� B cell compartment. It is at-
tractive to hypothesize that treatments
aimed directly at CD19�CD5� B cells in
patients with IgAN may be an effective
means to improve clinical efficacy while re-
ducing the adverse effects of current thera-
peutic strategies.

CONCISE METHODS

Patients and Control Subjects
Patients were hospitalized at Wuhan Univer-

sity Renmin Hospital between June 1999 and March 2005 and were

eligible for the study when they had biopsy-proven primary IgAN or

SLE. The diagnosis of IgAN was based on a semiquantitative evalua-

tion of all lesions in the categories of focal (mesangial) and diffuse

proliferative glomerulonephritis with unknown cause and confirmed

Figure 4. Effective treatment resulted in decreased CD5� B cells and altered CD5� B cell
functional properties in patients with IgAN. All data were obtained from tissues samples of
treated patients with IgAN and patients with SLE at the indicated time intervals (m, month).
The responses of individual patients to the treatments are listed in Supplemental Table s2.
The data for the three patients who had IgAN (P25, P32, and P34) and were resistant to the
treatments were not included in these graphs but are shown in Supplemental Table s3. (A)
Frequency of CD19�CD5� B cells in PB, KB, and PF by dual-color flow cytometric analysis.
The illustrated data are the percentages of CD19�CD5� B cells expressed as means � SD.
(B through D and F) Levels of mRNA expression in PB, KB, and PF as measured by Q-PCR
analysis of CD5 (B), IgA (C), Baff (D), and IFN-� (F). All Q-PCR data are expressed as means �
SD. (E) CD95L-induced apoptosis of CD19�CD5� B cells was measured by triple-color flow
cytometry as described in the Concise Methods section. The illustrated data were the
percentages of Annexin V–labeled cells in the CD19�/CD5� gated population and are
expressed as means � SD. To avoid over frequent operative intervention, the patients with
IgAN were randomly divided into several subgroups (n � 5 to 6 patients per group). In each
subgroup, the patients with IgAN underwent at the beginning of treatment a kidney biopsy
that was repeated only once at 3-, 9-, or 18-mo intervals to examine their response to the
treatments. Because lacking of samples, the measurements of apoptosis and IFN-� mRNA in
CD19�CD5� cells in kidney biopsy from patients with IgAN were not conducted. In each
subgroup, the patients with IgAN underwent at the beginning of treatment diagnostic
paracentesis under ultrasound guidance to collect peritoneal fluid that was repeated only
once at 3-, 6-, 9-, 12-, 15-, or 18-mo intervals to examine their response to the treatments. All
blood data were from 36 (IgAN) and 10 (SLE) patients. KB and PF were obtained from each
different subgroup of patients with IgAN because of ethical concern and limited tissue
availability (n � 5 to 6). *P � 0.01 by the Kruskal-Wallis test, after testing with Dunn method
for multiple comparisons, showed a significant difference between different time intervals
within the groups of patients with IgAN; **P � 0.05 by the Kruskal-Wallis test, after testing
with Dunn method for multiple comparisons, showed a significant difference between pa-
tients with IgAN and patients with SLE at the same time intervals.
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by immunofluorescence studies showing mesangial IgA deposition.18

The SLE diagnosis was based on fulfilling at least four of the American

College of Rheumatology 1982 revised criteria for SLE.19 Disease ac-

tivity was assessed by a modified SLEDAI score.20 The mean SLEDAI

of eligible patients in the study was 15.1 (range 3.0 to 28.0). The

control subjects (NS) were hospitalized patients with complex blunt

abdominal injury as a result of traffic accidents. The initial peripheral

blood samples were taken from the post-trauma control subjects as a

routine procedure at arrival in the emergency department (within 2 h

after trauma). The trauma patients enrolled in this study required

emergency exploratory laparotomy and surgical correction of com-

plex abdominal injuries. Upon entering the peritoneal cavity, the

peritoneal fluid was anonymously obtained. After establishment of

final diagnosis of severe kidney trauma by emergency exploratory

laparotomy, control subjects with appropriate surgical indications

underwent partial nephrectomy. These patients had no history of au-

toimmune disease. The characteristics of patients and control subjects

included in this study are listed in Supplemental Table s1. In our

practice, clinical remission of IgAN was defined as normal kidney

function with almost negative proteinuria and hematuria (amount of

urine protein excretion �0.3 g/d, urine red blood cells �104/ml)

without relapse during a follow-up period of 6 mo. Clinical remission

of lupus nephritis was defined either as partial remission (50% reduc-

tion in baseline proteinuria to �1.0 g/d and �25% increase in base-

line creatinine) or complete remission (proteinuria �0.2 g/d and se-

rum creatinine �105 �mol/L). The study protocol was approved by

the institutional review board in Wuhan University in accordance

with the current Chinese laws. All patients were given written in-

formed consent according to institutional guidelines. All patients give

written consensus.

Kidney Pathologic Evaluation
For histologic grading of kidney biopsies of patients with IgAN, semi-

quantitative histologic scoring was estimated using a severity index

adapted from Radford et al.3 that assigned points (0 to 3) for a number

of glomerular, interstitial, and vascular features of the kidney biopsy.

The details related to this scoring system were described previously.

For histologic grading of kidney biopsies of patients with SLE, glo-

merular and tubulointerstitial morphologic lesions were graded on a

scale of 0 to 3: 0, absence of lesions; 1, lesions involving up to 25% of

the component considered; 2, lesions involving 25 to 50%; and 3,

lesions involving �50% of the component. The details were described

previously.42 All kidney biopsy samples were independently examined

by one pathologist, who was not provided with any clinical informa-

tion about the patients.

Cell Suspension Preparation
For making cell suspensions from kidney tissue, the biopsy specimen

was finely minced into small pieces with a scalpel and digested for 2 h

in RPMI 1640 medium containing 30 U/ml collagenase (Sigma

Chemicals, St. Louis, MO) at 37°C, followed by culture with 0.25%

trypsin-EDTA solution (Sigma) for 45 min. After passing the digested

tissue through a nylon sieve twice, the cells were resuspended in me-

dium with 1% FCS before further experimental procedures. Perito-

neal fluid was obtained by aspiration of ascites during diagnostic

paracentesis under ultrasound guidance or, in some cases, by perito-

neal dialyses with small-volume saline, with patient’s written consen-

sus. Some samples were collected from control subjects (undergoing

partial nephrectomy as a result of kidney trauma from traffic acci-

dents) during the operations. For making cell suspensions from peri-

toneal fluid, the samples were centrifuged at 1500 � g for 10 min. The

cell suspensions were then subjected to further investigations.

Flow Cytometry
For cell purification, CD19� or CD19�CD5� B cells were purified

from single-cell suspensions from peripheral blood and peritoneal

fluids using a FACSstarPlus cell sorter. For immunophenotyping, the

cells were stained with appropriate combinations of fluorochrome-

labeled antibodies for 20 min, followed by washing twice in staining

buffer as described previously.43 All mAb were purchased from BD

Pharmingen (San Diego, CA) unless indicated otherwise. For detec-

tion of apoptosis, the cells were stained in staining medium (RPMI

1640, 2% FBS, and 0.1% sodium azide) with 1 �g/ml propidium

iodide for 30 min at 4°C, then stained with FITC-conjugated Annexin

V with binding buffer (BD Pharmingen). For intracellular cytokine

detection, cells were labeled using the Cytofix/Cytoperm method ac-

cording to manufacturer’s protocol (BD Pharmingen).44 Briefly, the

cells were stimulated with LPS (isolated from Salmonella typhosa, 25

�g/ml; Sigma) in the presence of 0.2 �l of Golgiplug at 37°C for 12 h.

The analyses were performed with flow cytometer (COULTER XL;

Coulter Corp., Miami, FL). Flow cytometric data were analyzed using

the WinList program (Scripps Research Institute, La Jolla, CA).

Real-Time Q-PCR
All Q-PCR reactions were performed as described previously.45

Briefly, Q-PCR was performed in 96-well MicroAmp microtiter plates

(Applied Biosystems, Foster City, CA) using an ABI PRISM 7700 Se-

quence Detector System (Applied Biosystems). By using SYBR Green

PCR Core Reagents Kit, fluorescence signals were generated during

each PCR cycle via the 5� to 3� endonuclease activity of AmpliTaq

Gold. The sequences of the specific primers were as follows: CD5

sense 5�- GTGTGGTCCTCTGGTCTACAAGAAG-3� and CD5 anti-

sense 5�-GCAGGTCATAGTCACTGT-3�. A mixture of six sense

primers for VH family were used: VHL1 5�-CCATGGACTGGACCT-

GGAGG-3�, VHL2 5�-ATGGACATACTTTGTTCCAGC-3�, VHL3

5�-CCATGGAGTTTGGGCTGAGC-3�, VHL4 5�-ATGAAACAC-

CTG TGGTTCTT-3�, VHL5 5�-ATGGGGTCAACCGCCAT CCT-3�,

VHL6 5�-ATGTCTGTC TCCTTCCTCAT-3�. Antisense for IgA C�

5�-GGGTCAGCTGGGTGCTGCTGG-3�, CD38 sense 5�-ACAAAC-

CCTGCTGCCGGCTCTC-3�, CD38 antisense 5�-GCATCGCGCCA-

GGACGGTCT-3�, CD43 sense 5�-GTGCTGCGTCCTTATCAGCCGA-

3�, CD43 antisense 5�-CTGTTATGGGAACAGCAGGATGACT-3�, Baff

sense 5�- GGAGAAGGCAACTCCAGTCAGAAC-3�, Baff antisense

5�-CAA TTCATCCCCAAAGACATGGAC-3�, glyceraldehyde-3-phos-

phate dehydrogenase (GAPDH) sense 5�-ACAACAGCCTCAAGAT-

CATCAG-3�, and GAPDH antisense 5�-GGTCCACCACTGACACG-

TTG-3�.

All unknown cDNA were standardized to contain equal amounts

of cDNA by measurement of GAPDH. PCR conditions were 2 min at

50°C and 10 min at 95°C, followed by 40 cycles of 15 s at 95°C and 60 s
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at 60°C for amplifications. Potential PCR product contamination was

eliminated by digestion with uracil-N-glycosylase. All unknown

cDNA were diluted to contain equal amounts of GAPDH cDNA. PCR

retain conditions were 2 min at 50°C, 10 min at 95°C, and 40 cycles of

15 s at 95°C and 60 s at 60°C for amplifications. Potential PCR product

contamination was digested by uracil-N-glycosylase because dTTP is

substituted by dUTP.

Confocal Scanning Microscopy
As described previously,46 slides with kidney biopsy samples were

immersed in blocking buffer PBS with 1% BSA for 10 min to avoid

nonspecific binding, incubated with either FITC-labeled anti-

huCD19 mAb or isotype control mAb at 10 �g/ml, and incubated

overnight at 4°C, followed by staining with the PE-labeled CD5 mAb.

All samples were then rinsed with PBS containing 0.5% Tween 20 and

dried under argon. Confocal microscopic analysis of the samples was

performed using a confocal laser scanning microscope system (LSM-

SIO; Zeiss, Göttingen, Germany). Images of serial cellular section

were acquired with the Bio-Rad Comos graphical user-interface (Bio-

Rad Laboratories, Philadelphia, PA).

Statistical Analysis
Statistical analysis was performed with InStat software 3.05 (Graph-

Pad, San Diego, CA). Data are means � SD. Comparisons among the

three groups included in the study were performed with the Kruskal-

Wallis test, with the use of Dunn method for multiple comparisons.

P � 0.05 were considered statistically significant.
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