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Fibroblast-Like Synoviocytes of Mesenchymal Origin Express
Functional B Cell-Activating Factor of the TNF Family in
Response to Proinflammatory Cytokines1
Junko Ohata,* Nathan J. Zvaifler,† Mitsufumi Nishio,* David L. Boyle,† Susan L. Kalled,‡
Dennis A. Carson,† and Thomas J. Kipps2*

T

he joint tissue (synovium) of patients with rheumatoid
arthritis (RA)3 has a hyperplasic and redundant lining
layer comprised of macrophages and fibroblast-like synoviocytes (FLS) (1). Adjacent to this layer are infiltrations of monocytes, macrophages, and T cells, which produce factors, such as
TNF-␣ and IL-1 (2, 3), and trace amounts of IFN-␥ (4). In addition, the inflamed synovium contains numerous B cells that often
are organized in nodular pseudofollicles, which resemble germinal
centers (5).
B cells are intimately involved in the pathogenesis of RA joint
disease through the local production of Igs and autoantibodies,
such as rheumatoid factors. They participate in the immune complex formation and complement activation that begets synovial
inflammation (6). In addition, B cells produce important chemokines and cytokines, are efficient APCs, and provide cognate help
for T cell activation (7). A recent study using RA articular tissue
in the SCID mouse chimera model demonstrated that only B cells,
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but no other APCs, support CD4⫹ T cell activation in synovial
ectopic germinal centers (pseudofollicles) (8). This suggests that B
cells can be significantly involved in the cellular immune responses in RA pathogenesis.
In the absence of follicular dendritic cells (FDC), FLS might
play a central role in the generation of synovial pseudofollicles and
in protecting B cells from apoptosis. FLS produce chemokines,
such as stromal-derived factor-1 (SDF-1; CXCL12) (9) and B cell
chemoattractant-1 (CXCL13) (10, 11), which likely helps attract B
cells into the joint and contributes to B cell survival. Interactions
between FLS and B cells via adhesion molecules, such as CD106
(VCAM-1) or CS-1 fibronectin (12), enhance B cell viability (9,
13). In short-term in vitro studies (e.g., hours), engagement of ␣4
integrins and CXCR4 on B cells with their respective ligands,
VCAM-1 (CD106) and SDF-1, on FLS, protects B cells from
spontaneous apoptosis. However, the protective influence of FLS
on long-term B cell survival (days) is only partially inhibited with
reagents that specifically interfere with these interactions, suggesting that additional factors must be involved (9).
One factor known to play an important role in the survival of
mature B cells is B cell-activating factor of the TNF family
(BAFF; also called BLyS, TALL-1, THANK, zTNF4) (reviewed
in Ref. 14). BAFF can interact with any one of three distinct B cell
receptors: transmembrane activator and CAML-interactor, B cell
maturation Ag, and BAFF-R (also called BR3). However, the interaction between BAFF-R on B cells and BAFF is highly specific.
BAFF-null mice and mice with a naturally occurring mutation
within the gene encoding BAFF-R exhibit a profound loss of mature B cells (14), demonstrating a critical role for BAFFuBAFF-R
interactions in mature B cell survival. Prior studies identified that
expression of BAFF was restricted to myelomonocytic cells or
blood-derived dendritic cells of hemopoietic origin (15–17). A recent study found that FDC, which may not be of hemopoietic
0022-1767/05/$02.00
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Immunohistochemical analysis revealed that the intimal lining cells of synovial tissue of inflamed joints of patients with rheumatoid arthritis differed from that of normal joints or of diseased joints in osteoarthritis in that they stained with mAb specific for
the B cell-activating factor of the TNF family (BAFF; also called BLyS). We generated fibroblast-like synoviocytes (FLS) cell lines
that were bereft of myelomonocytic cells to examine whether mesenchymal-derived FLS could express this critical B cell survival
factor. We found that FLS expressed low amounts of BAFF mRNA relative to that of myelomonocytic cells. However, when
various cytokines/factors were added to such FLS cell lines, we found that IFN-␥ or TNF-␣ were unique in that they could induce
significant increases in BAFF mRNA and protein. Even minute amounts of IFN-␥ primed FLS for TNF-␣, allowing the latter to
stimulate significantly higher levels of BAFF mRNA and protein than could TNF-␣ alone. Consistent with this, B cells cocultured
with IFN-␥ and/or TNF-␣-treated FLS had a significantly greater viability than B cells cocultured with nontreated FLS. The
enhanced protection of B cells afforded by IFN-␥/TNF-␣-treated FLS was inhibited by the addition of BAFF-R:Fc fusion protein.
We conclude that the proinflammatory cytokines IFN-␥ and TNF-␣ can induce mesenchymal-derived FLS to express functional
BAFF in vitro. The induced expression of BAFF on FLS by proinflammatory cytokines may enhance the capacity of such cells to
protect B cells from apoptosis in inflammatory microenvironments in vivo. The Journal of Immunology, 2005, 174: 864 – 870.
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FIGURE 2. BAFF mRNA expression in FLS and in isolated cell types.
Total RNA was isolated from blood monocytes, dermal fibroblasts, T cells,
and FLS from various synovial tissues. Expression levels of BAFF mRNA
were assessed and quantified by real-time RT-PCR. A monocyte cell line,
U937, was used as a standard with which to compare the relative expression levels of BAFF mRNA in each sample. One thousand units in this
assay are comparable to the amount of BAFF mRNA detected in equivalent
numbers of U937 cells. The dots in the column marked T cell line indicates
the amount of BAFF mRNA detected in Jurkat or MOLT-4 cells.

FIGURE 1. RA synovial tissues stain for BAFF. Immunoperoxidase
staining of snap frozen synovial tissue sections. Mouse monoclonal antiBAFF Ab was used at 1 g/ml, and biotin labeled anti-mouse IgG1 Ab at
1/1000 dilution. Sections were counterstained with hematoxylin. The upper
panel is normal synovium. The middle panel is synovium from a patient
with RA, and the lower panel is synovium from a patient with OA.

Frozen sections from synovial tissues were fixed in cold acetone for 10
min. The specimens were incubated with 1 g/ml anti-human BAFF mAb
(Research Diagnostics) or irrelevant control Ab for 1 h at room temperature. The slides were then washed three times in PBS and incubated with
biotinylated anti-mouse Ab. The slides were washed, incubated with avidin-biotin complex (Vector Laboratories), and the peroxidase was developed with diaminobenzidine and hydrogen peroxide (Vector Laboratories).

Real-time quantitative RT-PCR

Synovial tissues were collected with informed consent from RA or osteoarthritis (OA) patients who were undergoing joint replacement surgery.
Normal synovial tissues were obtained by arthroscopic biopsy. Synovial
cells were isolated by enzymatic digestion of the synovial tissues, as described (19). The cells were cultured in DMEM supplemented with 10%
FBS and penicillin-streptomycin-glutamine (Invitrogen Life Technologies). Before use in these experiments, FLS were passaged three to six
times (19). Blood mononuclear cells were isolated from the buffy coat of
healthy donors that was obtained from the San Diego Blood Bank via
density-gradient centrifugation using Ficoll-Hypaque (Pharmacia Biotech).
Then CD19-positive B cells were purified using CD19-Dynabeads (Dynal)
and Detatch A Bead (Dynal), following manufacturer’s instruction. The
purity of the isolated B cells was ⬎95%, as assessed by flow cytometry
using fluorochrome-conjugated anti-CD19 mAb, which does not compete
with the anti-CD19 mAb used for prior positive selection.

Total RNA was isolated from indicated T cell lines, monocytes, FLS, or
synovial tissues using RNeasy Mini kit (Qiagen). In other experiments,
FLS or adherent cells from the blood mononuclear cells of healthy donors
were cultured in the presence of the indicated molecules for 3 days before
isolation of total RNA. The molecules added to the cultures were as follows: sCD154, 2.5 g/ml; IL-15, 100 ng/ml; IL-17, 100 ng/ml; IL-18, 100
ng/ml; IL-1␤, 10 ng/ml; TNF-␣, 10 ng/ml; and IFN-␥, 10 ng/ml. To generate conditioned FLS, 0.001– 0.1 ng/ml IFN-␥ was added to FLS 1 day
before culture with 10 ng/ml TNF-␣ for 3 days. To remove DNA contamination in RNA samples, the isolated RNA was treated with RQ1 RNaseFree DNase (Promega) according to the manufacturer’s instruction. Firststrand cDNA synthesis was performed using SuperScript First-Strand
Synthesis System for RT-PCR (Invitrogen Life Technologies). For realtime PCR, SYBR Green PCR MasterMix (Applied Biosystems) was used
with 300 nmol/L forward and reverse primers for a final volume of 50 l
for each reaction. Amplification primers for the human genes were as follows: BAFF, 5⬘-ACCGCGGGACTGAAAATCT-3⬘ and 5⬘-CACGCT
TATTTCTGCTGTTCTGA-3⬘; a proliferation-inducing ligand (APRIL),
5⬘-CTGCACCTGGTTCCCATTAAC-3⬘ and 5⬘-AAGAGCTGGTTGC
CACATCA-3⬘; and GAPDH, 5⬘-ACGGATTTGGTCGTATTGGGC-3⬘
and 5⬘-TTGACGGTGCCATGGAATTTG-3⬘. Each sample was run in duplicate. Real-time PCR were performed using GeneAmp 5700 Sequence
Detection System (Applied Biosystems) with initial incubation at 95°C for
10 min, and thermal conditions followed 40 cycles of 95°C for 15 s, 60°C
for 1 min. For each run, serially diluted cDNA of U937 cells were used for
quantitative standards. We determined the cell equivalence (CE) numbers
of BAFF and GAPDH mRNA in each sample according to the standard
curve generated from values obtained with U937. The unit number showing relative BAFF mRNA level in each sample was determined as a value
of BAFF CE normalized with GAPDH CE. Melting-curve analysis was
performed to assess the specificity of PCR product. Following 40 cycles of
PCR, samples were heated to 95°C for 30 s, and 60°C for 20 s, and then
heated to 95°C at a ramp rate of 0.2°C/s. The melting curve for each sample
was drawn with GeneAmp 5700 sequence detector system software (Applied Biosystems).

Reagents

Immunoblot analyses

Recombinant human IFN-␥, IL-1␤, IL-15, and IL-17 were purchased from
BD Pharmingen. Recombinant human TNF-␣ and IL-18 were purchased
from R&D Systems. Human BAFF-R:Fc was as previously described (20).
Human CD40-ligand trimer (soluble (s)CD154) was obtained from
Immunex.

Whole-cell lysates were prepared from each sample using RIPA solution
(50 mM Tris/HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.25% sodium
deoxycholate, 1 mM NaF, 0.1% SDS, and 1% Nonidet P-40) containing
protease inhibitors (10 g/ml aprotinin, 10 g/ml leupeptin, and 10 g/ml
pepstatin). Cell lysates were normalized with total protein content, and 30

origin, also may express BAFF (18). Although FLS are of mesenchymal origin and would not be expected to express this B cell
survival factor, they may share with FDC the capacity to express
BAFF and thereby promote B cell survival. Because of the functional significance of BAFF and the hypothetical role played by
FLS in contributing to the survival of synovial B cells, we examined whether FLS could express this B cell survival factor, either
spontaneously or following treatment with proinflammatory cytokines commonly found in the diseased joint of patients with RA.

Materials and Methods
Cells and cell preparation
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g of protein was loaded to each lane. SDS-PAGE/immunoblot analyses
were performed using 1/1000 dilution of first Abs (anti-BLyS rabbit Abs;
BD Pharmingen) and secondary HRP-conjugated anti-rabbit Ab (1/3000
(v/v) dilution; Santa Cruz Biotechnology) with detection accomplished using ECL (Detection Reagent 1 & 2; Amersham Biosciences).

Flow cytometry
Single-cell suspensions of FLS samples were stained with anti-human
BAFF mAb (Research Diagnostics) or isotype control mouse IgG1
(MOPC-21) and PE-conjugated anti-mouse IgG1 (BD Pharmingen) using
a standard protocol, and analyzed on FACSCalibur (BD Immunocytometry
Systems). Flow cytometry data were analyzed using FlowJo 3.7.1 software
(Tree Star).

15 min at 37°C, and then analyzed on FACSCalibur (BD Biosciences). A
lymphocyte gate was set using forward-angle and side-angle light scatter
characteristics of lymphocytes. The vital B cells were brightly positive
when stained with DiOC6 and excluded PI.

Data analysis and statistics
Results are shown as mean ⫾ SD or SEM. For statistics comparison,
Mann-Whitney U test, Wilcoxon matched paired test, or Bonferroni t test
were used for comparisons between multiple groups, as indicated in the
text. Analyses were performed using GraphPad Prism (GraphPad
Software).

Results

Viability assay

Synovial tissues from RA patients have high-level expression
of BAFF

A total of 1.5 ⫻ 105 cells per well of FLS was seeded into 24-well plates.
FLS were cultured in the presence of either 10 ng/ml TNF-␣, or medium
alone for 3 days, or were conditioned by pretreatment with IFN-␥ and then
TNF-␣. We removed the supernatant from the adherent FLS, which then
were washed twice with fresh medium. One-half million normal B cells
were suspended in RPMI 1640 medium supplemented with 10% FBS and
penicillin-streptomycin-glutamine, and then added to plastic wells with or
without FLS. The cells were cocultured with 1 g/ml BAFF-R:Fc or control Ig for ⱕ5 days as indicated. The suspended cells were collected from
the cultures. The adherent FLS were detached using Cell Dissociation
Buffer (Enzyme-free, PBS-based; Invitrogen Life Technologies). The cells
were stained with 3,3-dihexyloxacarbocyanine iodide (DiOC6), to assess
the mitochondrial transmembrane potential (m), and with propidium iodide (PI) to assess membrane permeability, as described (21, 22). Briefly,
cell suspensions were incubated with 40 nmol/L DiOC6 and 1 g/ml PI for

Immunohistochemical analysis revealed that the intimal lining
cells of synovial tissue of inflamed joints of patients with RA (n ⫽
3) differed from that of normal joints or the joints of patients with
OA in that they stained with mAb specific for BAFF (Fig. 1). The
staining of synovial tissue appeared specific in that these cells did
not stain when the primary anti-BAFF Ab was omitted or irrelevant isotype control mAb were used. Typical synovial inflammation was seen in the RA samples, including lymphocytic infiltrates,
scattered follicle formation, increased vascularity, and hyperplasia
of synovial lining cells (Fig. 1, middle panel). Diffuse anti-BAFF
staining occurred throughout the subintimal connective tissues,
around the follicles, and was most marked in the adjacent synovial
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FIGURE 3. The effect of cytokines on expression of BAFF and APRIL mRNA. BAFF mRNA levels were measured using real-time RT-PCR on FLS
(a), or blood monocytes (b) of healthy donors following culture with various factors or with medium alone (⫺), as indicated at the bottom of the figure.
F, Values obtained from individual cell lines are represented. The bar represents the average value for all cell lines tested. The lines are used to compare
the mean values of BAFF mRNA obtained from FLS treated with TNF-␣ or IFN-␥ vs that obtained from FLS cultured in medium alone. An asterisk
indicates that this value is significantly different from that of the control nonstimulated FLS cultures (value of p ⬍ 0.05 using Mann-Whitney U test). c,
Enhancement ratios of BAFF mRNA on samples cultured with each cytokine. d, APRIL mRNA levels were measured on FLS cultured with the cytokines
that induced BAFF mRNA, and enhancement ratios were shown. The error bars indicate the SD about the mean. e, Data from a time course experiment
measuring the levels of BAFF mRNA expressed by FLS treated with TNF-␣ (E) or IFN-␥ (䡺) over time. Each data point represents the mean level of
BAFF mRNA obtained from each of six different FLS (as indicated on the y-axis) at each time point, as indicated on the x-axis. The error bars indicate
the SD about the mean.
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lining cells. Such staining was not observed in the synovial lining
of normal joint tissue (Fig. 1, upper panel) or the joint tissue of
patients with OA (lower panel). Although the staining for BAFF in
subintimal tissues was anticipated for myelomonocytic cells, the
staining of synovial lining cells that appeared like FLS was unexpected. To evaluate whether isolated FLS bereft of myelomonocytic cells actually could express BAFF, we generated FLS cell
lines and examined them for expression of this B cell survival
factor.
Expression of BAFF mRNA by FLS
We examined isolated FLS for expression of BAFF mRNA using
quantitative real-time PCR. Serially passaged FLS from inflamed
joints of patients with RA were found to express levels of BAFF
mRNA that were significantly greater than that of negative-control
T cell lines (e.g., Jurkat) or skin fibroblasts. Surprisingly, the serially passaged FLS from the joints of OA patients also were found
to have detectable BAFF mRNA. However, the levels of BAFF
mRNA expressed by such FLS were significantly less than that
found in blood monocytes, which are known to express high levels
of BAFF (Fig. 2).
Proinflammatory cytokines enhance expression of BAFF by FLS
We examined whether proinflammatory cytokines found in inflamed synovial tissues could influence the levels of BAFF mRNA
expressed by FLS. We cultured FLS from each of four different
Table I. Pretreatment of FLS with IFN-␥ significantly enhances TNF␣-induced expression of BAFF mRNA
IFN-␥
(ng/ml)

0
0
0.001
0.01
0.1

TNF-␣
(ng/ml)

BAFF mRNA
(U ⫾ SD)

n

0
10
10
10
10

32 ⫾ 16
714 ⫾ 224
1439 ⫾ 544
1480 ⫾ 945
2760 ⫾ 3260

8
8
5
6
8

FIGURE 5. IFN-␥ enhances the levels of FLS BAFF mRNA induced by
subsequent treatment with TNF-␣. a, F, Level of BAFF mRNA measured
in each FLS cell line following treatment with either medium alone (column 1), 0.1 ng/ml IFN-␥ (column 2), 10 ng/ml TNF-␣ alone (column 3),
or 0.1 ng/ml IFN-␥ followed by treatment with 10 ng/ml TNF-␣ (column
4). The horizontal bars indicate the mean levels of BAFF mRNA detected.
The lines are used to compare the mean values of BAFF mRNA obtained
from FLS treated with TNF-␣ alone (column 3) vs that of FLS treated with
IFN-␥ and TNF-␣ (column 4). An asterisk indicates there is a significant
difference between groups 3 and 4 as indicated by the lines (p ⬍ 0.05 using
Mann-Whitney U test). An asterisk indicates there is a significant difference between groups 3 and 4 as indicated by the lines (p ⬍ 0.05 using
Mann-Whitney U test). b, Immunoblot analyses for BAFF (top row) vs
␤-actin (bottom row) detected in electrophoretically size-separated FLS
lysates. The number on the top of each column represents the same treatment, as discussed in a.

RA or OA synovial tissues with any one of several cytokines and
then evaluated the cells for expression of BAFF mRNA. Two of
the seven molecules tested, namely IFN-␥ and TNF-␣, were
unique in their capacity to induce BAFF expression by FLS. Optimal induction of BAFF mRNA was observed at cytokine levels
of 10 ng/ml for each cytokine (Fig. 3a). However, the other cytokines (e.g., IL-1␤, IL-15, IL-17, or IL-18) did not induce FLS to
express increased levels of BAFF at any of the examined cytokine
concentrations. Furthermore, sCD40L (sCD154) also did not induce FLS to express higher levels of BAFF mRNA (Fig. 3a). In
contrast, sCD154 could induce monocytes to express increased
amounts of BAFF mRNA (Fig. 3b). IFN-␥ also could induce
monocytes to express higher levels of BAFF mRNA (Fig. 3b), in
agreement with earlier studies (15).
To compare the relative capacity of each cytokine to induce
enhanced expression of BAFF, we calculated the stimulation index, which was the ratio of the number of BAFF mRNA units
measured in FLS treated with cytokine/factor divided by the number of BAFF mRNA units measured in FLS cultured in medium
alone. The BAFF stimulation index for FLS treated with IFN-␥ or
TNF-␣ was 67.8 or 58.7, respectively. The BAFF stimulation index for FLS treated with any other cytokine/factor was ⬍2.1 (Fig.
3c). Similarly, we determined the stimulation index for APRIL. In
contrast to BAFF, we found that the APRIL stimulation index for
FLS treated with IFN-␥ or TNF-␣ was ⬍1.7, indicating that these
cytokines did not influence the expression levels of APRIL by FLS
(Fig. 3d).
A time course study evaluated the levels of BAFF mRNA in
FLS following treatment with exogenous IFN-␥ or TNF-␣. This
revealed increased FLS expression of BAFF mRNA in as early as
3 h after the addition of either cytokine. The levels of BAFF
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FIGURE 4. IFN-␥ or TNF-␣ induce FLS expression of BAFF protein.
a, An immunoblot analysis for BAFF (top panels, labeled “BAFF” on the
left margin) or ␤-actin (bottom panels, labeled ␤-actin on the left margin)
using lysates prepared from FLS cultured for 3 days in medium without
(⫺) or with (⫹) the cytokine (10 ng/ml) indicated at the top of the panels.
The size markers are shown on the right margin. b provides the fluorescence histograms of FLS stained with mAbs specific for BAFF (dark lines)
or an isotype control mAb (shaded histograms) after culture in medium
alone (untreated) or in culture medium with TNF-␣, as indicated at the top
of each histogram.
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mRNA expressed by cytokine-treated FLS increased over time,
reaching a plateau at ⬃24 h (Fig. 3e), persisting for at least 2 days
thereafter.
Treatment of FLS with IFN-␥ or TNF-␣ induced these cells to
express increased amounts of BAFF protein (Fig. 4a). Flow cytometric studies demonstrated that the entire population of cytokinetreated FLS expressed increased levels of surface BAFF relative to
that of untreated FLS (Fig. 4b), arguing against the possibility that
only a subset of FLS or contaminating cells expressed BAFF in
response to these cytokines.
IFN-␥ and TNF-␣ function synergistically to enhance FLS
expression of BAFF

FLS enhance survival of blood B cells in vitro
We isolated CD19⫹ B cells from the blood of healthy donors and
cultured them with or without FLS. B cells cultured with medium
alone survived poorly, such that ⱕ10% were alive after 5 days in
culture (Fig. 6, a and b). B cells cultured with untreated FLS maintained higher viability than did B cells cultured alone (Fig. 6, a and
b). However, B cells cultured on conditioned FLS had significantly
higher viability than B cells cultured with untreated FLS. After 5
days in culture, the overall viability of B cells was 52 ⫾ 10% with
untreated FLS and 66 ⫾ 8% with conditioned FLS ( p ⬍ 0.005,

Discussion
This study provides the first direct demonstration that cells of mesenchymal origin, namely FLS, can express BAFF, a critical molecule involved in maintaining B cell survival. Initially, the only
identified cells capable of expressing BAFF were hemopoietic
cells of myelomonocytic origin (14). However, a recent study
found that FDC also may express this B cell survival factor (18).
Nevertheless, we assumed that the BAFF protein found in synovial
fluid of patients with RA (23) and the BAFF mRNA detected in
RA synovial tissue were produced by macrophages resident in the
inflamed synovium. However, the unanticipated finding that fibroblast-like synovial lining cells stained with an anti-BAFF mAb
prompted us to examine mesenchymal-derived FLS for expression
of BAFF. We detected significant levels of BAFF mRNA in FLS
lines that had been passaged more than three times. Such passaged
FLS lines were bereft of CD14⫹ cells, such as monocytes or macrophages (19, 24) (data not shown). Further evidence that the FLS
samples did not contain monocytes or macrophages was provided
in the response of such cultures to sCD154. Although monocytes/
macrophages and FLS can share expression of CD40 (25, 26), the
FLS cultures could not be induced to express enhanced levels of
BAFF by sCD154, which is in contrast to monocytes or macrophages. As such, it is unlikely that the BAFF mRNA detected in
our serial passaged FLS lines was derived from contaminating myelomonocytic cells.

FIGURE 6. FLS and conditioned FLS support B cell survival in vitro. a, Mean cell viability (⫾SEM, as indicated by the error bars) of isolated blood
B cells from healthy adults at various times in culture by themselves (䡺), or with untreated FLS (‚) or FLS conditioned with 0.1 ng/ml IFN-␥ and 10 ng/ml
TNF-␣ (E), as indicated at the bottom of the figure. b, Viability of B cells cultured alone or cocultured with untreated FLS or conditioned, as described.
Each dot represents a separate sample with the percent viability indicated on the ordinate. The horizontal lines represent the average B cell viability for
all samples in a group. An asterisk represents a significant difference in survival between the compared groups (p ⬍ 0.005 using Mann-Whitney U test).
(p ⬍ 0.005 using Mann-Whitney U test). c, The FLS were treated with IFN-␥ followed by TNF-␣ (conditioned). The lines connect the viability readings
of the same B cell population on cytokine-treated FLS relative to untreated FLS with control Ig vs BAFF-R:Fc, allowing for paired statistical analyses that
revealed p ⫽ 0.001 using Wilcoxon matched paired test. To calculate the ⌬B cell viability, the viability of B cells cocultured on untreated FLS with
BAFF-R:Fc was subtracted from the viability of the same B cell population cocultured on cytokine-treated FLS with either control Ig or BAFF-R:Fc,
respectively.
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Because TNF-␣ and IFN-␥ frequently are found together at inflammatory sites in RA synovium, we examined whether the combination of these two cytokines could act synergistically to influence the expression of BAFF by FLS. FLS treated with minute
concentrations of IFN-␥ (e.g., 0.1 ng/ml), which by itself could not
induce significant increases in BAFF mRNA, could nonetheless
prime FLS for mounting an enhanced response to TNF-␣. For
example, conditioned FLS that were treated with IFN-␥ at 0.001
ng/ml, and then treated with TNF-␣ at 10 ng/ml, had significantly
higher levels of BAFF mRNA than FLS treated with either IFN-␥
or TNF-␣ alone ( p ⬍ 0.05, Mann-Whitney U test; Table I). IFN-␥
at higher concentrations also could prime FLS to express higher
levels of BAFF mRNA and protein than could treatment with
TNF-␣ alone (Table I and Fig. 5).

n ⫽ 11, Mann-Whitney U test; Fig. 6b). B cells cocultured with
FLS that had been treated with TNF-␣ (10 ng/ml) alone also had
significantly higher viability than that of B cells cocultured with
untreated FLS (64 ⫾ 8%; p ⬍ 0.01, n ⫽ 11, Mann-Whitney U
test).
To determine whether the improved B cell survival on conditioned FLS was due to BAFF, we treated cocultures of B cells and
FLS with a soluble antagonist of BAFFuBAFF-R interactions,
namely BAFF-R:Fc. Addition of BAFF-R:Fc had little influence
on the survival of B cells cocultured with untreated FLS. However,
BAFF-R:Fc significantly reduced survival of B cells cocultured
with conditioned FLS (Fig. 6c).
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The success of rituximab in the treatment of patients with RA
has led investigators to reassess the role of B cells in RA pathogenesis (32). Synoviocytes support the terminal differentiation of
activated B cells, which in turn could enhance plasma cell accumulation in RA synovial tissues and local autoantibody production
(33). However, the origin of the plasma cells found in chronically
inflamed tissues, like the joint, is disputed. Recent studies by
Cassese et al. (34) favors the idea that plasma cells once formed
can persist for months to years in specific survival niches. These
niches have in common stromal elements that provide cytokines
(IL-5, IL-6, TNF-␣), chemokines (SDF-1), and ligands for CD44
(34). BlyS/BAFF appears also to be required (35). Although all
factors seem necessary, the relative need for each in RA pathogenesis remains to be defined. Nevertheless, the finding that synovial fibroblasts can provide all of these elements required for B
cell survival indicates that such cells can be conscripted to play an
important role in the pathogenesis of this disease.
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levels of BAFF than resting FLS after treatment with either IFN-␥
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