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BAFF Expression Correlates with Idiopathic
Inflammatory Myopathy Disease Activity Measures
and Autoantibodies
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RICHARD J. BRAM, MOLLY S. HEIN, STEVEN R. YTTERBERG, SHREYASEE AMIN, ERIK J. PETERSON, 
EMILY C. BAECHLER, and ANN M. REED

ABSTRACT. Objective. To investigate B cell survival cytokine messenger RNA (mRNA) levels as biomarkers of
idiopathic inflammatory myopathies (IIM).
Methods. We measured and compared mRNA levels of B cell survival cytokines by quantitative
real-time polymerase chain reaction in 98 patients with IIM, 38 patients with systemic lupus erythe-
matosus, and 21 healthy controls. The cytokines were B cell-activating factor belonging to the tumor
necrosis factor family (BAFF);�∆BAFF; and a proliferation-inducing ligand (APRIL); and their
receptors BAFF-R, transmembrane activator and calcium modulator and cyclophilin ligand
interactor, and B cell maturation antigen (BCMA). We also identified autoantibodies, including
anti-Sm, anti-RNP, anti-SSA/Ro, anti-SSB/La, anti-topoisomerase 1, anti-hystidyl-tRNA synthetase,
anti-ribosomal P, and anti-chromatin. Clinical disease activity was assessed by the International
Myositis Assessment and Clinical Studies core set tool. We examined correlation of mRNA with
disease activity, medication use, and autoantibodies. 
Results. We found a positive correlation of BAFF and ∆BAFF expression with 3 disease activity
measures, with ∆BAFF having a stronger correlation. Similarly, anti-SSA/Ro-52 and/or anti-SSA/
Ro-60 had a strong positive correlation with mRNA levels of BAFF and ∆BAFF, and with relative
ratios of BAFF/APRIL and BCMA/BAFF-R.
Conclusion. These findings highlight the potential importance of BAFF, ∆BAFF, and BAFF-R in the
pathogenesis of IIM, and suggest an important role in the assessment of disease activity. 
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mation resulting in symmetrical, proximal muscle weak-
ness, decreased muscle endurance, and elevated muscle
enzymes, including creatine kinase. They can be subclas-
sified as polymyositis (PM), dermatomyositis (DM), and
inclusion body myositis, according to differences in their
clinical and immunohistopathologic features1. Although 
the initiating factors of inflammation are unknown,
immune-mediated processes have a profound effect on the
pathophysiology of IIM. Briefly, PM is a cell-mediated
autoimmune disorder in which cytotoxic CD8+ lymphocytes
and macrophages invade and destroy myofibers expressing
antigens presented by MHC class 12. In DM, the cellular
infiltrate consists of CD4+ T cells, B cells, and plasmacytoid
dendritic cells2,3,4. The inflammatory component of
inclusion body myositis is similar to that of PM1.

Studies have shown that specific B cell responses are
ongoing in the skeletal muscle of patients with IIM.
Cytokines and chemokines may influence antigen presen-
tation by muscle-derived dendritic cells and primary muscle
cells and may affect the endoplasmic reticulum stress

The idiopathic inflammatory myopathies (IIM) are systemic
connective tissue diseases characterized pathologically by
myonecrosis and chronic, acquired skeletal muscle inflam-
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response3,4,5,6. Moreover, reports of clinical studies7,8 on B
cell-targeted therapy using anti-CD20 antibodies (i.e.,
rituximab) document an impressive symptomatic improve-
ment in patients with refractory myositis, which has moved
B cells onto the center stage of clinical and laboratory inves-
tigation of IIM. The effect of B cell depletion with rituximab
in IIM implies the presence of still unknown roles for B cells
in the pathogenesis of IIM. One of the most crucial 
factors for the maintenance of B cells is the BAFF (B
cell-activating factor belonging to the tumor necrosis factor
family)/APRIL (a proliferating-inducing ligand) system.
BAFF and APRIL belong to the tumor necrosis factor (TNF)
superfamily ligands9,10. Despite their similar structure and
shared receptors, both ligands have distinct functions11.
Whereas BAFF is essential to the survival of transitional
and mature B cells, APRIL affects the activity of B-1 cells
as well as humoral responses and immunoglobulin class
switching; it also determines the size of the peripheral B cell
pool12,13. Both BAFF and APRIL are homotrimeric type 2
transmembrane proteins that also exist as soluble proteins
derived from the cleavage of transmembrane forms11,14.
Whether the biologic functions controlled by mem-
brane-bound BAFF differ from those triggered by soluble
BAFF remains unclear. The noncleavable form ∆BAFF is
localized to the cell surface and lacks the normal biologic
activities of BAFF15; ∆BAFF-transgenic mice have
suppressed BAFF activity, which indicates that ∆BAFF
downregulates BAFF activity in vivo16. Unlike BAFF,
APRIL is cleaved intracellularly rather than at the cell
surface, which impedes detection of its integral form at the
plasma membrane17. BAFF and APRIL are mainly
expressed by monocytes, dendritic cells, and T cells18,
whereas their receptors [BAFF-R, transmembrane activator
and calcium modulator and cyclophilin ligand interactor
(TACI), and B-cell maturation antigen (BCMA)] are
expressed mainly by B cells11,19. Evidence indicates that
dysregulation of the BAFF/APRIL system is involved in the
pathogenesis of B cell-related autoimmune diseases, with
increased serum levels of BAFF reported in some condi-
tions20,21,22,23,24. Moreover, blockade of BAFF activity
induces clinical improvement in patients with autoimmune
diseases, such as systemic lupus erythematosus (SLE) or
rheumatoid arthritis25,26, and may represent an effective
strategy to treat B cell-related autoimmune diseases.
Although increased serum levels of BAFF have also been
documented in patients with IIM24,27, the degree of
elevation varies widely and may not be a direct reflection of
disease activity. However, serum BAFF protein levels do
not measure membrane-bound BAFF, so messenger RNA
(mRNA) levels of BAFF might be a more sensitive and
accurate measure of peripheral activity. Thus, we examined
mRNA-expression levels of these TNF B cell survival
cytokines and their receptors, and their correlations with
disease activity, medication use, and autoantibodies.

MATERIALS AND METHODS
Patients and clinical assessment. Our study was approved by the Mayo
Clinic Institutional Review Board, and informed consent was obtained
from each participant. A total of 98 adult and pediatric patients were
studied. They had varying degrees of disease activity and disease duration,
ranging from new onset (n = 23) to several years after diagnosis. All
patients had a definitive diagnosis of IIM and were being followed in the
Division of Rheumatology at the Mayo Clinic, Rochester, Minnesota, USA.
Associated connective tissue disease occurred in 3 patients (2 had Sjögren
syndrome and 1 had antisynthetase syndrome).

Demographic and clinical data were abstracted from the medical
records of all participants. For some analyses, healthy individuals with no
history of inflammatory or malignant disease served as controls. To
determine whether the BAFF profile in patients with IIM differs from that
in patients with SLE (a prototype autoimmune disease), we also included a
disease control group for some analyses, comprising 38 patients who
fulfilled the American College of Rheumatology criteria for SLE28 (35
females and 3 males; mean age 45.5 years, range 16–69 years). The patients
with SLE had varying degrees of disease activity (evaluated using the SLE
activity measure index) and disease duration (ranging from untreated onset
to 36 years after diagnosis).

In patients with IIM (63 females and 35 males) with a mean age of 46.7
years (range 2–79 years), disease activity was assessed by scores on the
International Myositis Assessment and Clinical Studies (IMACS) core set
tool, including the physician’s score of extramuscular, muscular, and
overall disease activity; muscle enzyme evaluation; and manual muscle
testing29. Muscle strength was evaluated using the manual muscle testing
score, as described30,31. Extramuscular activity was determined using the
Myositis Disease Activity Assessment Visual Analog Scale and the extra-
skeletal visual analog scale (VAS)31,32. A Luminex bead-based
immunoassay (Luminex Corp.) was used to detect anti-Sm, anti-RNP,
anti-SSA/Ro (subtypes 52 kDa and 60 kDa), anti-SSB/La, antitopoiso-
merase 1 (anti-Scl-70), anti-hystidyl-tRNA synthetase (anti-Jo-1), antiribo-
somal P, and antichromatin antibodies in serum samples collected at the
timepoint corresponding with BAFF analysis. Antinuclear antibodies and
anti-dsDNA were measured using commercial enzyme-linked
immunoassay kits. The antibody assays were performed in the Antibody
Immunology Laboratory at the Mayo Clinic.
Total RNA isolation and quantitative real-time polymerase chain reaction
(PCR) experiments. A 10-ml peripheral blood sample was collected in a
tube containing sodium heparin. Peripheral blood mononuclear cells
(PBMC) were isolated by density gradient centrifugation. Total RNA was
extracted from mononuclear cells using the RNeasy Mini Kit (Qiagen Inc.),
and RNA concentration was estimated using the ND-1000 Spectro-
photometer (NanoDrop Products; Thermo Fisher Scientific Inc.). About
100 ng of total RNA was reverse-transcribed using an oligo primer (Mayo
Core Facilities) and Moloney murine leukemia virus reverse transcriptase
(Life Technologies Corp.). Absolute quantification standards were prepared
by PCR amplification of complementary DNA using the cell line human
acute myelocytic leukemia. Primers and probes were specifically designed
to amplify mRNA of interest with sequence-specific primers designed to
span introns (Life Technologies Corp.). Gene expression of full-length
BAFF (FL BAFF), ∆BAFF, APRIL, BCMA, TACI, BAFF-R, and CD20
was measured by quantitative real-time PCR using primers uniquely
designed to amplify mRNA of interest with SYBR Green PCR Master Mix
(Life Technologies Corp). The sequences of pairs of primers and fluoro-
genic probes used for amplification are listed in Table 1. The mean of
triplicate PCR determined the mRNA copy number. Specificity of PCR
amplicons was validated by pyrosequencing. Data were represented as
absolute mRNA copy number and was normalized to 2 referent samples run
on all plates.
Statistical analysis. Descriptive statistics [median, percentage (range)]
were used to summarize the data. The log-transformed quantitative
real-time PCR gene expression data from multiple plates were normalized
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by dividing each patient’s values by the values of a common referent
patient measured on the same plate, and then multiplying each value by the
overall mean of the common referent across all plates. The Spearman rank
correlation coefficient was calculated to assess the association between
measures of interest and IIM disease features. A ratio was computed to
evaluate BAFF, APRIL, and BCMA mRNA expression compared to CD20
mRNA expression. Partial correlation methods were used to adjust for
global disease activity. Group comparisons were performed using the
rank-sum test.

RESULTS
The study included 98 persons with IIM (63 females and 35
males) with a mean age of 46.7 years (range 2–79 years).
Sixty-five were diagnosed with DM (20 juvenile DM and 45
adult DM), 26 with PM defined by the Bohan and Peter
criteria33, and 7 with inclusion body myositis34. Most (96%)
were white; of the rest, 1% was black, 1% was Asian, and
2% were multiracial. Table 2 summarizes the characteristics
of the 98 patients with IIM, the 38 patients with SLE, and
the 21 controls. Altogether, 28% of the patients with IIM
had autoantibodies, with the most common being
anti-SSA/Ro (subtypes 52 kDa and 60 kDa), anti-SSB/La,
and anti-Jo-1. Anti-SSA 52-kDa and anti-SSA 60-kDa
antibodies were detected in 54% and 19% of patients with
PM, and in 16% and 8% of patients with DM, respectively.
Anti-Jo-1 was observed in all IIM subgroups (27% PM,
14% inclusion body myositis, and 5% DM). Patients were
either untreated (n = 22), or treated with prednisone, either
alone or in combination with disease-modifying antirheu-
matic drugs (DMARD) such as methotrexate, azathioprine,
mycophenolate mofetil, and hydroxychloroquine. Fifty-six
patients (57%) were taking corticosteroids at the time of the
blood draw.
Altered expression of BAFF survival pathway-related genes

in patients with IIM. We investigated mRNA expression of
FL BAFF, ∆BAFF, and APRIL and their receptors
(BAFF-R, TACI, and BCMA) in PBMC from the 98
patients with IIM, and compared it with mRNA expression
from 38 patients with SLE and from 21 healthy controls.
The median level of BAFF mRNA in PBMC from patients
with IIM was significantly increased compared to that in
PBMC from patients with SLE and healthy controls (p <
0.001 for each; Figure 1). No significant differences were
observed in BAFF expression in patients with SLE
compared to that in healthy controls (p = 0.70). CD20
mRNA levels in patients with IIM were greater when
compared to controls (p = 0.02). No significant differences
were observed between the CD20 mRNA levels in patients
with SLE and those in healthy controls (p = 0.19). No signi-
ficant differences in BAFF mRNA levels were found
between the subgroups of IIM subjects (p = 0.56). In addition
to increased expression of FL BAFF in patients with IIM, the
level of ∆BAFF mRNA expression was increased in subjects
with IIM compared to patients with SLE (p < 0.001) and in
healthy controls (p = 0.001). Notably, mRNA copy number
levels of ∆BAFF were dramatically decreased in patients
with SLE (median 134.5, range 100.0–7851.7) compared to
those in healthy controls (median 1584, range 454.1–3090.4;
p < 0.001; Figure 1). Although some IIM subjects exhibited
high APRIL copy numbers, no significant differences were
detected in average APRIL mRNA levels compared to
patients with SLE (p = 0.42) or in healthy controls (p = 0.21).
Patients with SLE had APRIL levels similar to those in
healthy controls (p = 0.24).

We next sought to evaluate the expression of receptors
for BAFF and APRIL (BAFF-R, BCMA, and TACI).
Compared to TACI mRNA levels in patients with SLE,

Table 1. Primers and probe sequences used for quantitative real-time polymerase chain reaction.

Primer/Probe Sequence

TACI F GGA GAA GTT GAA AAC AAT TCA GAC AA-26 bp
R CGG GAG AGC TGG ACT TGC T-19 bp
Probe CGG GAA GGT ACC AAG GAT TGG AGC-24 bp

BAFF-R F CCC CCG ACG GAG ACA AG-17 bp
R AGA GAT TCC CGG AGA CAG AAT G-22 bp
Probe ACG CCC CAG AGC CCC TGG AC

CD20 F AAT CTC TGT TCT TGG GCA TTT TG-23 bp
R CGA TGC CAG CTA TTA CAA GTT CCT-24 bp
Probe CAG TGA TGC TGA TCT TTG CCT TC

FL BAFF F CTG ATT GCA GAC AGT GAA ACA CC-23 bp
∆BAFF F CAG AAG AAA CAG GAT CTT ACA AT-23 bp
FL BAFF/∆BAFF R AAT TAG ATG TCC CAT GGC GTA GG-23 bp
APRIL F TCT GCT GTA TAG CCA GGT CCT-21 bp

R GGA AGA CAC CTG CGC TAT AG-20 bp
BCMA F CGT TAT TGT AAT GCA AGT GTG ACC-24 bp

R AGG AGA CCT GAT CCT GTG TT-20 bp

APRIL: a proliferation-inducing ligand; FL BAFF: full-length B cell activating factor belonging to the TNF
family; BAFF-R: BAFF receptor; BCMA: B cell maturation antigen; F: forward primer; R: reverse primer;
TACI: transmembrane activator and calcium modulator and cyclophilin ligand interactor.
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those in patients with IIM were increased (p = 0.001).
However, neither BAFF-R (p = 0.47; p = 0.13) nor BCMA
(p = 0.13; p = 0.61) expression in IIM subjects differed
significantly compared to those in patients with SLE and
healthy controls, respectively.
Correlation of BAFF pathway expression with disease
activity. We found a positive correlation between BAFF and
∆BAFF expression and all 3 disease activity measures,
including the extraskeletal disease activity score (r = 0.37, p
< 0.001; and r = 0.54, p < 0.001, respectively); the VAS for
muscle disease activity (r = 0.27, p = 0.01; and r = 0.33, p =
0.002, respectively); and the global VAS for disease activity
(r = 0.38, p < 0.001; and r = 0.54, p < 0.001, respectively;
Figure 2). Notably, ∆BAFF levels correlated more strongly
than BAFF levels with disease activity measures. These data
suggest that ∆BAFF might be a stronger predictor of disease
activity in patients with IIM than in BAFF alone.

To estimate the potential inhibition of BAFF by ∆BAFF,
we calculated their relative ratios. The relative ratio of
BAFF/∆BAFF mRNA expression increased both in patients
with IIM and in patients with SLE compared to that in

healthy controls. Notwithstanding, the median mRNA copy
number of BAFF/∆BAFF was higher in patients with SLE
(median 52, range 1.7–30,165) than in healthy controls
(median 8.4, range 2.5–58.6; p < 0.001). In contrast, patients
with IIM had a median BAFF/∆BAFF mRNA expression of
15.2 (range 0.1–1457.9; p < 0.001), which suggests that in
patients with SLE, decreased ∆BAFF may lead, in part, to
BAFF overexpression. In patients with IIM, the relative
ratio of BAFF/∆BAFF was inversely correlated with the
extramuscular disease activity score (r = –0.23, p = 0.03)
and with the global disease activity score (r = –0.22, p =
0.04). In patients with SLE, BAFF/∆BAFF was not corre-
lated with disease activity, but it was marginally correlated
with disease duration (p = 0.05). The BAFF/APRIL ratio
was also increased in patients with IIM compared to that in
patients with SLE (p < 0.001) and in healthy controls (p <
0.001). Patients with IIM had a median mRNA copy number
of 5.2 (range 0.1–3562.1), compared to 1.6 (range
0.0–4895.9) in patients with SLE and 2.6 (range 0.8–5.8) in
healthy controls. A significant correlation was observed
between the BAFF/APRIL ratio and the extramuscular

Table 2. Demographic characteristics of 98 patients with idiopathic inflammatory myopathies (IIM) compared
to 38 patients with systemic lupus erythematosus (SLE) and 21 healthy controls. Values are number (%) unless
specified otherwise.

Characteristics IIM, n = 98 SLE, n = 38 Controls, n = 21

Age, yrs, median (range) 46.7 (2–79) 46.0 (14–69) 44.8 (20–74)
Sex, female 62 (63) 34 (92) 14 (67)
Race
White 94 (96) 38 (100) 21 (100)
Other 4 (4) 0 (0) 0 (0)

Disease duration, yrs, median (range) 0.3 (0–12.3) 9.5 (0.08–36) NA
Visual analog score, mm, median (range)
Extraskeletal 20.5 (0–86) NA NA
Muscle 10 (0–77) NA NA
Global 30 (0–87) NA NA

Antibodies, abnormal
Anti-dsDNA 5 (6) 11 (29) ND
SSA/Ro 25 (26) 4 (11) ND
SSB/La 6 (6) 1 (3) ND
SM 1 (1) 1 (3) ND
RNP 3 (3) ND NA
Scl-70 1 (1) ND ND
Jo-1 11 (11) ND ND
Ribosomal-P 0 (0) ND ND
Chromatin 6 (6) ND ND

Any abnormal RBP 27 (28) ND ND
Medications
Corticosteroid 56 (57) 24 (65) NA
Methotrexate 32 (33) 3 (8) NA
Azathioprine 11 (11) 4 (11) NA
Mycophenolate mofetil 8 (8) 12 (32) NA
Hydroxychloroquine 2 (2) 6 (16) NA
Leflunomide 0 (0) 1 (3) NA
Any DMARD 51 (52) 24 (65) NA

DMARD: disease-modifying antirheumatic drugs; NA: not applicable; ND: not determined; RBP: RNA binding
protein.
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disease activity score (r = 0.33, p = 0.002), the muscle
disease activity VAS score (r = 0.27, p = 0.01), and the
global disease activity score (r = 0.31, p = 0.003).
Correlation of BAFF pathway expression with autoanti-
bodies. In patients with IIM, BAFF and ∆BAFF levels and
the relative ratio of BAFF/APRIL were significantly higher
in persons with at least 1 anti-RNA binding protein (RBP)
autoantibody (Table 3) than in persons without any of these
autoantibodies. In addition, IIM patients with at least 1 RBP
autoantibody had a significantly lower BAFF/∆BAFF
relative ratio (p = 0.02). Further, most of the IIM patients
with at least 1 RBP antibody had anti-SSA/Ro 52-kDa
present, which was associated with significantly higher
relative ratios of mRNA levels of BAFF (p = 0.01), ∆BAFF
(p < 0.001), BAFF/APRIL (p = 0.001), and BCMA/BAFF-R
(p = 0.008). The presence of the anti-SSA/Ro 60-kDa
autoantibody was associated with significantly higher
mRNA levels of ∆BAFF (p < 0.001), whereas the presence
of anti-Jo-1 autoantibody was associated with higher levels
of the relative ratio of BAFF/APRIL (p = 0.006) and was
marginally correlated with APRIL (p = 0.06).
Correlation of BAFF pathway expression with medication
use in patients with IIM. Some studies have shown that
treatment with corticosteroids induces a marked decrease in
BAFF in patients with SLE35 and in patients with immune
thrombocytopenia36. We have analyzed the association

between steroid treatment and the expression of these
ligands/receptors. Patients with IIM who were not receiving
steroids when BAFF was measured (n = 42) had signifi-
cantly higher mRNA levels of BAFF-R (median mRNA
copy number 2051.8, range 251.2–7811.7), BCMA (median
mRNA copy number 475.7, range 3.0–21,373.0), and 
CD20 (median mRNA copy number 65,224, range
9680.4–448,402.0) compared to patients treated with
steroids (BAFF-R median mRNA copy number 1115.2,
range 26.2–13,579.0; BCMA median mRNA copy number
296.7, range 0.9–10,273.0; and CD20 median mRNA copy
number 48,019, range 2270.7–229,960.0; p < 0.001, p =
0.03, and p = 0.01, respectively, adjusted for disease
activity).

TACI mRNA expression was also higher in patients not
treated with steroids (p = 0.04, adjusted for disease activity).
However, BAFF, ∆BAFF, and APRIL mRNA levels showed
no significant differences by use or nonuse of steroids (p =
0.81, p = 0.16, and p = 0.20, respectively, adjusted for
disease activity). The BAFF/∆BAFF relative ratio was
higher in patients treated with steroids than in those not on
steroids (median mRNA copy number 13.3, range
0.1–1457.9, vs median mRNA copy number 17.2, range
3.3–582.4; p = 0.02, adjusted for disease activity). Similarly,
patients with IIM who were taking any DMARD at the time
of blood draw had lower levels of BAFF, ∆BAFF, BCMA,

Figure 1. Plots comparing absolute full-length B cell-activating factor belonging to the TNF family (FL BAFF), a proliferation-inducing ligand (APRIL),
∆BAFF, and CD20 messenger RNA (mRNA). FL BAFF, APRIL, and ∆BAFF mRNA expression were measured in PBMC from patients with idiopathic
inflammatory myopathies (IIM), from patients with systemic lupus erythematosus (SLE), and from healthy controls using quantitative real-time PCR. X axis
represents FL BAFF, APRIL, ∆BAFF, and CD20 mRNA after log-transformation. Horizontal bars indicate medians. Y axis represents absolute copy number
gene expression. Median FL BAFF and median ∆BAFF mRNA levels in patients with IIM, compared to controls or patients with SLE, were significantly
increased. CD20 mRNA levels in patients with IIM were greater compared to controls. No significant differences were found in APRIL mRNA expression
between patients with IIM and controls.
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and CD20 expression (p = 0.01, p = 0.02, p = 0.005, and 
p = 0.045, respectively, adjusted for disease activity). These
data suggest that steroids may play a role in the BAFF
receptor-signaling pathway; however, decreased BAFF and
∆BAFF expression in patients treated with DMARD
suggests that steroids are not the only factor involved in
reducing BAFF levels in patients with IIM.

DISCUSSION
BAFF and APRIL are TNF superfamily members known to
be important for B cell development, maturation, and
survival. There is growing evidence that BAFF and APRIL
are involved somehow in the establishment and/or main-
tenance of systemic autoimmune diseases. In general, BAFF
and APRIL may promote autoimmunity by increasing the

survival of autoreactive B cells and plasma cells.
BAFF-transgenic mice have been found to develop B cell
hyperplasia and the deposition in tissue of immunoglobulin
G and A autoantibodies, much as occurs in SLE in
humans37. However, when autoimmune mice were treated
with the soluble decoy receptor that blocks BAFF and
APRIL (atacicept, formerly TACI-Ig), they had measurable
depletion of peripheral B cells, with resultant alleviation of
the signs and symptoms of autoimmune disease38.

The presence of elevated levels of BAFF and APRIL in
patients with autoimmune diseases such as SLE, rheumatoid
arthritis, and Sjögren syndrome suggests that these
cytokines may play a role in human autoimmunity22,23,24. In
contrast, little is known about the involvement of BAFF and
APRIL in the pathogenesis of IIM. Previous studies have

Figure 2. Correlation scatterplots of full-length B cell-activating factor belonging to the TNF family (FL BAFF) and ∆BAFF
messenger (mRNA) expression in patients with idiopathic inflammatory myopathies by disease activity measure. FL BAFF and
∆BAFF mRNA expression in patients with the myositis disease activity core set measures established by International Myositis
Assessment and Clinical Studies included global activity visual analog scale (VAS; upper panels), muscle VAS (middle panels), and
extraskeletal VAS (lower panels). Y axes represent a VAS (0–100), X axes represent absolute copy numbers. A positive correlation
was found between FL BAFF and ∆BAFF mRNA expression and all 3 disease activity measures. 
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documented elevated serum levels of BAFF in patients with
IIM25,28, which suggests that BAFF may affect the
development of autoimmunity. However, whether a ligand is
secreted or is membrane-bound has profound biologic
ramifications. For instance, TNF-α has different (and
antagonistic) biologic effects when it is a membrane-bound
versus a soluble ligand39. Moreover, the anti-TNF agents
infliximab, adalimumab, and etanercept bind to and
neutralize soluble TNF-α but produce different effects on
transmembrane TNF-α-producing cells40. In contrast to the
action of TNF-α, the functional differences between trans-
membrane and soluble BAFF are unclear. Further, the
aggregation of soluble BAFF into larger oligomeric states
can also alter ligand activity41. Nonetheless, the correlation
between serum BAFF protein levels and disease activity in
human autoimmune diseases seems modest at best. Collins,
et al42 has shown that serum BAFF correlates significantly
with disease activity in patients with SLE, whereas BAFF
mRNA is more closely associated with serum immuno-
globulin levels and disease activity scores than with BAFF
protein levels. We found that BAFF mRNA expression in
PBMC was significantly elevated in patients with IIM and
that this elevation correlated with clinical disease activity as
assessed by the IMACS core set measures.

An important finding of our study is a significant
increase in mRNA transcripts of inhibitory ∆BAFF, similar
to those in FL BAFF, in patients with IIM compared to
patients with SLE and healthy controls. In patients with
SLE, ∆BAFF mRNA transcripts were significantly lower
than in controls, resulting in a significantly increased
BAFF/∆BAFF ratio, particularly in SLE patients with active
disease. Functionally, our findings may be important,
because ∆BAFF has been reported to form heterotrimers
with BAFF15, which might restrain the effects of BAFF and
thereby regulate B lymphocyte homeostasis. Importantly,
∆BAFF transgenic mice have a reduced B cell pool, a sub-
optimal antibody response to T cell-dependent antigens and
more stringent selection of their B cell repertoire16. We
hypothesized that the activation of innate immunity and type
1 interferon may increase ∆BAFF, but to a lesser extent than
BAFF. In that situation, ∆BAFF upregulation may be insuf-

ficient to inhibit excess BAFF (as illustrated by increased
relative ratios of BAFF/∆BAFF), which may perpetuate
autoimmunity. Hence, the regulation of BAFF alternative
splicing might be a complementary approach to anti-BAFF
in developing strategies to combat autoimmune diseases.
Notably, ∆BAFF correlated more strongly with disease
activity in both patients with IIM and patients with SLE,
which suggests that ∆BAFF may be a stronger predictor of
disease activity than BAFF alone; however, few data are
available on the cellular origin of ∆BAFF and its physio-
logic importance. Because our PCR experiments amplified
BAFF and ∆BAFF from PBMC, our results do not fully
exclude the possibility of variability in ∆BAFF expression
in monocyte and lymphocyte subsets.

In line with these results, we also found an increase in B
cells (as assessed by CD20 expression) in patients with IIM
compared to healthy controls. The mechanism controlling
the homeostatic level of BAFF is unknown, but it may have
a direct effect on the number and composition of the B cell
pool. In mouse models, transgenic overexpression of BAFF
results in an increased number of mature B cells and sub-
sequent development of autoimmune disorders20. These
data suggest that alterations in BAFF levels in patients with
IIM may significantly affect B cells, which may contribute
to the development of autoimmunity.

The mechanism of action of BAFF and APRIL remains
poorly understood, in part because of the complexity intro-
duced by multiple receptors. We found TACI (but not
BAFF-R) to be overexpressed in patients with IIM
compared to patients with SLE and healthy controls; TACI
mRNA expression was particularly higher in patients with
IIM who were not treated with steroids. As a receptor for
BAFF, TACI is mainly involved in B cell responses to T
cell-independent antigens, and it is quickly induced upon in
vitro B cell activation43. Studies have revealed an interesting
relationship between TACI expression and Toll-like receptor
(TLR) function. Groom, et al44 reported that in BAFF-trans-
genic mice, BAFF promoted the expression in B cells of the
TLR 7 and 9. This activation strongly upregulated the
expression of TACI, which in turn controlled the production
of proinflammatory autoantibodies. TLR 7 and 9 proteins

Table 3. Differences in BAFF pathway expression in patients with idiopathic inflammatory myopathies, with or without at least 1 anti-RNA binding protein
(RBP) autoantibody. Values are median (range) unless otherwise indicated.

BAFF Pathway Expression At Least 1 Positive RBP No Positive RBP p
Autoantibody Autoantibodies

FL BAFF 49,719.2 (10,061.6–139,265.6) 35,184.9 (585.1–318,346.7) 0.002
∆BAFF 3740.9 (633.5–13,012.9) 1861.5 (100.0–12,186.2) < 0.001
BAFF/∆BAFF 12.4 (7.3–26.9) 17.2 (0.1–1457.9) 0.02
BAFF/APRIL 8.1 (3.3–3562.1) 4.5 (0.1–88.1) < 0.001
BCMA/BAFF-R 0.4 (0.0–6.0) 0.3 (0.0–3.6) 0.05

APRIL: a proliferation-inducing ligand; BAFF: B cell-activating factor belonging to the TNF family; FL BAFF: full-length BAFF; BAFF-R: BAFF receptor;
BCMA: B cell maturation antigen. 
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have been found in inflamed muscle tissue from patients
with IIM, particularly on plasma cell-rich infiltrates45. In
our cohort of patients with IIM, the high levels of TACI
expression might reliably indicate a BAFF-binding receptor.
Thus, the upregulation of TACI in IIM patients with
elevated levels of BAFF could play a pathogenic role in the
TLR-mediated production of autoantibodies.

Interestingly, BAFF and APRIL have been implicated in
antibody production. By binding to their receptors and
signaling for the activation of nuclear factor-κΒ (NF-κΒ),
they regulate multiple aspects of T cell-dependent and T
cell-independent antibody production, such as class
switching, somatic hypermutation, plasmacytoid differen-
tiation, and tolerance46. We found that BAFF and ∆BAFF
transcript levels correlated with the presence of autoanti-
bodies to SSA/Ro, SSB/La, and any RNA-binding protein in
patients with IIM, whereas anti-Jo-1 correlated only with the
BAFF/APRIL relative ratio. Notably, our data showed a
clear correlation of BAFF and ∆BAFF expression with anti-
SSA/Ro 52-kDa and/or anti-SSA/Ro 60-kDa-positive
antibodies compared to that in healthy controls or in IIM
patients without antibodies against RNA-binding protein.
The relative ratios of BAFF/∆BAFF were unexpectedly
decreased significantly in patients with IIM who had RBP
autoantibodies. In contrast, we found an inverse correlation
of APRIL and antibody production as evidenced by APRIL
expression alone and by APRIL in relation to BAFF in
patients with anti-SSA and anti-Jo-1 antibodies. Overall, our
results are consistent with those in other reports47 and they
further support an emerging consensus for BAFF as a
modulator, either primarily or secondarily, of the level of
antibody production in autoimmune diseases.

Our analysis presents the mRNA levels of B cell
activation ligands/receptors in the largest cohort of patients
with IIM prior to any drug treatment described to date. Our
results are consistent with those of other authors, in that we
found that patients with IIM who were not treated with
corticosteroids or DMARD had significant increases in
BAFF and ∆BAFF. Importantly, BAFF-R and BCMA were
significantly higher in IIM patients without any prior steroid
treatment than in steroid-treated patients with IIM.
Similarly, we found an increased number of B cells in
patients not treated with steroids. BAFF and APRIL
receptors are expressed mainly on mature B cells, but also
on T cells18,42. The BAFF/APRIL-system receptors trigger
activation of NF-κΒ, signaling BAFF-system receptors that
affect the survival and basal proliferation of B cells41. Our
findings therefore suggest that corticosteroids may play a
role in downregulating BAFF-R and BCMA expression in
patients with IIM, possibly through inhibition of the NF-κΒ
pathway. Thus, it will be of interest to examine whether
BAFF-R reduction by NF-κΒ blocking might be another
choice for controlling B cells in patients with autoimmune
diseases such as IIM.

ACKNOWLEDGMENT
We thank the Biospecimens Accessioning and Processing Core and the
Gene Expression Core of the Advanced Genomics Technology Center at
the Mayo Clinic, Rochester, Minnesota, USA, for assistance with sample
collection and quantitative real-time polymerase chain reaction, 
respectively.

REFERENCES
1. Dalakas MC. Polymyositis, dermatomyositis and inclusion-body

myositis. N Engl J Med 1991;325:1487-98.
2. Dalakas MC. Immunopathogenesis of inflammatory myopathies.

Ann Neurol 1995;37 Suppl 1:S74-86.
3. Lopez de Padilla CM, Vallejo AN, McNallan KT, Vehe R, Smith

SA, Dietz AB, et al. Plasmacytoid dendritic cells in inflamed
muscle of patients with juvenile dermatomyositis. Arthritis Rheum
2007;56:1658-68.

4. Lopez De Padilla CM, Vallejo AN, Lacomis D, McNallan K, Reed
AM. Extranodal lymphoid microstructures in inflamed muscle and
disease severity of new-onset juvenile dermatomyositis. Arthritis
Rheum 2009;60:1160-72.

5. Greenberg SA, Bradshaw EM, Pinkus JL, Pinkus GS, Burleson T,
Due B, et al. Plasma cells in muscle in inclusion body myositis and
polymyositis. Neurology 2005;65:1782-7. Erratum in: Neurology
2006;66:493.

6. Salajegheh M, Pinkus JL, Amato AA, Morehouse C, Jallal B, Yao
Y, et al. Permissive environment for B-cell maturation in myositis
muscle in the absence of B-cell follicles. Muscle Nerve
2010;42:576-83.

7. Chung L, Genovese MC, Fiorentino DF. A pilot trial of rituximab in
the treatment of patients with dermatomyositis. Arch Dermatol
2007;143:763-7.

8. Noss EH, Hausner-Sypek DL, Weinblatt ME. Rituximab as therapy
for refractory polymyositis and dermatomyositis. J Rheumatol
2006;33:1021-6.

9. Hahne M, Kataoka T, Schroter M, Hofmann K, Irmler M, Bodmer
JL, et al. APRIL, a new ligand of the tumor necrosis factor family,
stimulates tumor cell growth. J Exp Med 1998;188:1185-90.

10. Shu HB, Hu WH, Johnson H. TALL-1 is a novel member of the
TNF family that is down-regulated by mitogens. J Leukoc Biol
1999;65:680-3.

11. Mackay F, Ambrose C. The TNF family members BAFF and
APRIL: the growing complexity. Cytokine Growth Factor Rev
2003;14:311-24.

12. Dillon SR, Gross JA, Ansell SM, Novak AJ. An APRIL to
remember: novel TNF ligands as therapeutic targets. Nat Rev Drug
Discov 2006;5:235-46.

13. Planelles L, Carvalho-Pinto CE, Hardenberg G, Smaniotto S,
Savino W, Gómez-Caro R, et al. APRIL promotes B-1 
cell-associated neoplasm. Cancer Cell 2004;6:399-408.

14. Schneider P, MacKay F, Steiner V, Hofmann K, Bodmer JL, Holler
N, et al. BAFF, a novel ligand of the tumor necrosis factor family,
stimulates B cell growth. J Exp Med 1999;189:1747-56.

15. Gavin AL, Ait-Azzouzene D, Ware CF, Nemazee D. DeltaBAFF, an
alternate splice isoform that regulates receptor binding and 
biopresentation of the B cell survival cytokine, BAFF. J Biol Chem
2003;278:38220-8. 

16. Gavin AL, Duong B, Skog P, Ait-Azzouzene D, Greaves DR, Scott
ML, et al. deltaBAFF, a splice isoform of BAFF, opposes 
full-length BAFF activity in vivo in transgenic mouse models. 
J Immunol 2005;175:319-28.

17. López-Fraga M, Fernandez R, Albar JP, Hahne M. Biologically
active APRIL is secreted following intracellular processing in the
Golgi apparatus by furin convertase. EMBO Rep 2001;2:945-51. 

18. Mackay F, Silveira PA, Brink R. B cells and the BAFF/APRIL axis:

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2013. All rights reserved.

 www.jrheum.orgDownloaded on April 16, 2024 from 

http://www.jrheum.org/


302 The Journal of Rheumatology 2013; 40:3; doi:10.3899/jrheum.120555

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2013. All rights reserved.

Fast-forward on autoimmunity and signaling. Curr Opin Immunol
2007;19:327-36. 

19. Gross JA, Johnston J, Mudri S, Enselman R, Dillon SR, Madden K,
et al. TACI and BCMA are receptors for a TNF homologue 
implicated in B-cell autoimmune disease. Nature 2000;404:995-9.

20. Mackay F, Woodcock SA, Lawton P, Ambrose C, Baetscher M,
Schneider P, et al. Mice transgenic for BAFF develop lymphocytic
disorders along with autoimmune manifestations. J Exp Med
1999;190:1697-710.

21. Morimoto S, Nakano S, Watanabe T, Tamayama Y, Mitsuo A,
Nakiri Y, et al. Expression of B-cell activating factor of the tumour
necrosis factor family (BAFF) in T cells in active systemic lupus
erythematosus: the role of BAFF in T cell-dependent B cell 
pathogenic autoantibody production. Rheumatology 2007;
46:1083-6.

22. Tan SM, Xu D, Roschke V, Perry JW, Arkfeld DG, Ehresmann GR,
et al. Local production of B lymphocyte stimulator protein and
APRIL in arthritic joints of patients with inflammatory arthritis.
Arthritis Rheum 2003;48:982-92.

23. Groom J, Kalled SL, Cutler AH, Olson C, Woodcock SA,
Schneider P, et al. Association of BAFF/BLyS overexpression and
altered B cell differentiation with Sjogren’s syndrome. J Clin Invest
2002;109:59-68.

24. Krystufková O, Vallerskog T, Helmers SB, Mann H, Putová I,
Belácek J, et al. Increased serum levels of B cell activating factor
(BAFF) in subsets of patients with idiopathic inflammatory
myopathies. Ann Rheum Dis 2009;68:836-43. 

25. Furie R, Petri M, Zamani O, Cervera R, Wallace DJ, Tegzová D, et
al. A phase III, randomized, placebo-controlled study of
belimumab, a monoclonal antibody that inhibits B lymphocyte
stimulator, in patients with systemic lupus erythematosus. Arthritis
Rheum 2011;63:3918-30.

26. Tak PP, Thurlings RM, Rossier C, Nestorov I, Dimic A, Mircetic V,
et al. Atacicept in patients with rheumatoid arthritis: results of a
multicenter, phase Ib, double-blind, placebo-controlled, 
dose-escalating, single- and repeated-dose study. Arthritis Rheum
2008;58:61-72. 

27. Szodoray P, Alex P, Knowlton N, Centola M, Dozmorov I, Csipo I,
et al. Idiopathic inflammatory myopathies, signified by distinctive
peripheral cytokines, chemokines and the TNF family members 
B-cell activating factor and a proliferation inducing ligand.
Rheumatology 2010;49:1867-77. 

28. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF,
et al. The 1982 revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 1982;25:1271-7.

29. Oddis CV, Rider LG, Reed AM, Ruperto N, Brunner HI, Koneru B,
et al; International Myositis Assessment and Clinical Studies
Group. International consensus guidelines for trials of therapies in
the idiopathic inflammatory myopathies. Arthritis Rheum
2005;52:2607-15.

30. Rider LG, Koziol D, Giannini EH, Jain MS, Smith MR, 
Whitney-Mahoney K, et al. Validation of manual muscle testing
and a subset of eight muscles for adult and juvenile idiopathic
inflammatory myopathies. Arthritis Care Res 2010;62:465-72.

31. Isenberg DA, Allen E, Farewell V, Ehrenstein MR, Hanna MG,
Lundberg IE, et al; International Myositis and Clinical Studies
Group (IMACS). International consensus outcome measures for
patients with idiopathic inflammatory myopathies: Development
and initial validation of myositis activity and damage indices in
patients with adult onset disease. Rheumatology 2004;43:49-54. 

32. Rider LG, Giannini EH, Brunner HI, Ruperto N, James-Newton L,
Reed AM, et al; International Myositis Assessment and Clinical
Studies Group. International consensus on preliminary definitions
of improvement in adult and juvenile myositis. Arthritis Rheum
2004;50:2281-90.

33. Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two
parts). N Engl J Med 1975;292:344-7.

34. Griggs RC, Askanas V, DiMauro S, Engel A, Karpati G, Mendell
JR, et al. Inclusion body myositis and myopathies. Ann Neurol
1995;38:705-13.

35. Stohl W, Metyas S, Tan SM, Cheema GS, Oamar B, Xu D, et al. B
lymphocyte stimulator overexpression in patients with systemic
lupus erythematosus: Longitudinal observations. Arthritis Rheum
2003;48:3475-86.

36. Zhu XJ, Shi Y, Sun JZ, Shan NN, Peng J, Guo CS, et al. High-dose
dexamethasone inhibits BAFF expression in patients with immune
thrombocytopenia. J Clin Immunol 2009;29:603-10.

37. Gross JA, Dillon SR, Mudri S, Johnston J, Littau A, Roque R, et al.
TACI-Ig neutralizes molecules critical for B cell development and
autoimmune disease: Impaired B cell maturation in mice lacking
BLyS. Immunity 2001;15:289-302.

38. Ramanujam M, Wang X, Huang W, Schiffer L, Grimaldi C,
Akkerman A, et al. Mechanism of action of transmembrane
activator and calcium modulator ligand interactor-Ig in murine
systemic lupus erythematosus. J Immunol 2004;173:3524-34.

39. Grell M, Douni E, Wajant H, Lohden M, Clauss M, Maxeiner B, et
al. The transmembrane form of tumor necrosis factor is the prime
activating ligand of the 80 kDa tumor necrosis factor receptor. Cell
1995;83:793-802.

40. Mitoma H, Horiuchi T, Tsukamoto H, Tamimoto Y, Kimoto Y,
Uchino A, et al. Mechanisms for cytotoxic effects of anti-tumor
necrosis factor agents on transmembrane tumor necrosis factor
alpha-expressing cells: Comparison among infliximab, etanercept,
and adalimumab. Arthritis Rheum 2008;58:1248-57.

41. Mackay F, Schneider P. Cracking the BAFF code. Nat Rev
Immunol 2009;9:491-502.

42. Collins CE, Gavin AL, Migone TS, Hilbert DM, Nemazee D, Stohl
W. B lymphocyte stimulator (BLyS) isoforms in systemic lupus
erythematosus: Disease activity correlates better with blood
leukocyte BLyS mRNA levels than with plasma BLyS protein
levels. Arthritis Res Ther 2006;8:R6.

43. Darce JR, Arendt BK, Wu X, Jelinek DF. Regulated expression of
BAFF-binding receptors during human B cell differentiation. 
J Immunol 2007;179:7276-86.

44. Groom JR, Fletcher CA, Walters SN, Grey ST, Watt SV, Sweet MJ,
et al. BAFF and MyD88 signals promote a lupuslike disease
independent of T cells. J Exp Med 2007;204:1959-71.

45. Cappelletti C, Baggi F, Zolezzi F, Biancolini D, Beretta O, Severa
M, et al. Type I interferon and Toll-like receptor expression 
characterizes inflammatory myopathies. Neurology 2011;
76:2079-88.

46. Cerutti A, Kang C. Role of BAFF and APRIL in antibody
production and diversification. In: Cancro MP, editor. BLyS ligands
and receptors. New York: Humana Press; 2010:65-92.

47. Becker-Merok A, Nikolaisen C, Nossent HC. B-lymphocyte
activating factor in systemic lupus erythematosus and rheumatoid
arthritis in relation to autoantibody levels, disease measures and
time. Lupus 2006;15:570-6.

 www.jrheum.orgDownloaded on April 16, 2024 from 

http://www.jrheum.org/

