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Distinct Effects of Methotrexate and Etanercept on the B Cell
Compartment in Patients With Juvenile Idiopathic Arthritis

Stephanie Glaesener,! Tam D. Quéach,' Nils Onken,? Frank Weller-Heinemann,?
Frank Dressler,' Hans-Iko Huppertz,” Angelika Thon,' and Almut Meyer-Bahlburg'

Objective. B cells have been shown to play an
important role in the pathogenesis of rheumatoid ar-
thritis and juvenile idiopathic arthritis (JIA). Current
treatments include the disease-modifying antirheumatic
drugs methotrexate (MTX) and tumor necrosis factor «
inhibition with etanercept. This study was undertaken
to determine how these drugs influence the B cell
compartment in patients with JIA.

Methods. B cell subpopulations and follicular
helper T (Tfh) cells in the peripheral blood of JIA
patients were investigated by multicolor flow cytometry.
Serum immunoglobulin and BAFF levels were deter-
mined by enzyme-linked immunosorbent assay.

Results. There was a significant decrease in tran-
sitional B cells and significantly lower serum immuno-
globulin levels in patients receiving MTX than in un-
treated patients and those receiving etanercept. In
contrast, etanercept treatment had no effect on most of
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the B cell subpopulations, but resulted in significantly
lower BAFF levels and increased numbers of Tth cells.
Thus, our findings indicate an unexpected and previ-
ously unknown direct effect of low-dose MTX on B cells,
whereas etanercept had a more indirect influence.

Conclusion. Our results contribute to a better
understanding of the potency of MTX in autoantibody-
mediated autoimmune disease and present a possible
mechanism of prevention of the development of drug-
induced antibodies to biologic agents. The finding that
MTX and etanercept affect the B cell compartment
differently supports the notion that combination ther-
apy with etanercept and MTX is more effective than
monotherapy.

Juvenile idiopathic arthritis (JIA) is the most
common chronic rheumatic disease in children younger
than 16 years of age, and is characterized by joint
inflammation of longer than 6 weeks’ duration that
cannot be explained by other causes, most importantly,
systemic autoimmunity, infection, or trauma. Several
factors are thought to contribute to the pathogenesis of
JIA, including genetic, environmental, and immunologic
factors. With respect to the immune system, different
cell types of the innate and adaptive immune system, as
well as various chemokines and inflammatory cytokines,
are involved in the pathogenesis of JIA (1-6).

The frequent detection of autoantibodies, most
importantly antinuclear antibodies (ANAs) in JIA and
anti—cyclic citrullinated peptide antibodies in rheuma-
toid arthritis (RA), indicates that a disturbed B cell
tolerance contributes to the pathogenesis of these dis-
eases. This view is further supported by the effectiveness
of therapeutic B cell depletion in several autoimmune
disorders (7-9). Previously, it has been shown that
defects in both central and peripheral B cell tolerance
can result in increased numbers of autoreactive B cells in
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RA patients, thus promoting the development of the
disease (10).

Depending on the severity of the disease, treat-
ment of JIA comprises the administration of nonsteroi-
dal antiinflammatory drugs (NSAIDs) and disease-
modifying antirheumatic drugs, most importantly
methotrexate (MTX) and biologic agents, including tu-
mor necrosis factor « (TNFa) inhibition using etaner-
cept (11).

MTX has long been used as a cytostatic drug to
treat malignancies. More recently, although its mecha-
nism of action is mostly unknown, low-dose MTX has
been shown to be an effective antiinflammatory drug in
managing the progression of autoimmune diseases such
as RA and JIA (12).

Etanercept is a soluble TNFa inhibitor and is
efficiently used for the treatment of polyarticular RA
and JIA (13,14). TNFa is a pleiotropic proinflammatory
cytokine secreted by different cell types and has effects
on both innate and adaptive immune cells (15). It has
been found to play an important role in the development
and progression of several autoimmune diseases (16—
18). Because both B cells and TNF« are important in the
pathogenesis of RA and JIA, we aimed to determine
how current treatment strategies influence B cells. In the
present study, we therefore investigated the effect of
MTX and etanercept on the B cell compartment in
patients with JIA.

PATIENTS AND METHODS

Patients. JIA patients were recruited from the Pediat-
ric Rheumatology clinics at Hannover Medical School and

Table 1.
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Professor Hess Children’s Hospital (Bremen, Germany). The
study was conducted in compliance with the Declaration of
Helsinki, and approval was obtained from the local ethics
committee. All patients fulfilled the International League of
Associations for Rheumatology Durban criteria (19). Samples
were collected after informed consent was obtained from the
patients’ parents or legal guardians. Patient characteristics are
shown in Table 1. Information on the drug doses administered,
the routes of administration, and the duration of treatment are
shown in Supplementary Table 1, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.38736/abstract. Briefly, the dosage of MTX was 15
mg/m?/week administered subcutaneously or orally for at least
6 months. Etanercept was administered subcutaneously in 1 or
2 dosages of 0.8 mg/kg/week. The dosages for particular
NSAIDs were 15-20 mg/kg/day for naproxen, 2-3 mg/kg/day
for diclofenac, and 2-3 mg/kg/day for indomethacin.

Cell isolation and serum handling. Peripheral blood
mononuclear cells (PBMCs) were isolated from the heparin-
ized blood of JIA patients or from buffy coat cells of anony-
mous healthy donors (Red Cross) by density-gradient centrif-
ugation using Ficoll (Biocoll; Biochrom). Residual red blood
cells were lysed with ammonium citrate solution for 2 minutes.
Total PBMCs were stored in freezing media (90% fetal calf
serum [Biochrom] and 10% DMSO [Sigmal)) in liquid nitrogen
until further use. Serum was isolated and stored at —80°C.

Flow cytometric analysis. Imnmunophenotypic charac-
terization of isolated PBMCs was performed using multicolor
flow cytometry. PBMCs from healthy donors were used as an
internal control for possible day-to-day variation experiments.
Each sample was divided into 3 different staining panels (see
Supplementary Table 2, available on the Arthritis & Rheuma-
tology web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.38736/abstract). Briefly, 1 X 10° PBMCs were incubated
with 5% FcR blocking reagent (normal mouse serum; Invitro-
gen) in FACS buffer (phosphate buffered saline, 2% bovine
serum albumin [Roth]). Subsequently, specific antibody com-
binations were added and incubated on ice for 30 minutes.

Baseline characteristics and clinical features of the JIA patients*

Etanercept +

No treatment NSAIDs MTX Etanercept MTX
Flow cytometric analysis
No. of patients 28 47 17 12 6
JIA subset, no. of patients
Oligoarticular JIA 23 33 12 6 1
Psoriatic arthritis 1 2 0 0 0
Polyarticular JIA (seropositive) 0 1 0 0 2
Polyarticular JIA (seronegative) 1 2 5 5 1
Systemic-onset JIA 0 0 0 1 0
Enthesitis-related arthritis 3 9 0 0 2
Age at sampling, mean * SD years 11.9 = 3.6 11.3 = 3.6 11.0 = 2.6 114 £ 32 14 =13
Sex, % female 64 57 65 58 83
ANA, no. positive/no. tested 24/28 28/44 10/14 5/7 3/6
CRP, mean = SD mg/liter 1.7 = 1.7 1.5 =18 1.6 = 1.1 3.0 =26 0.8 = 0.1
ESR, mean * SD mm/hour 8.8 6.4 11.5 £ 6.4 8250 6.4 = 4.0 7.0 = 2.0
Immunoglobulin analysis
No. of patients 36 64 22 17 9
Age at sampling, mean = SD years 114 =35 11.8 £ 3.4 11.0 = 2.6 112 £ 32 11.7 £ 42

*JIA = juvenile idiopathic arthritis; NSAIDs = nonsteroidal antiinflammatory drugs; MTX = methotrexate; ANA =
antinuclear antibody; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
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Figure 1. Effect of methotrexate (MTX) treatment on transitional and naive B cell numbers in patients with juvenile idiopathic arthritis (JIA) who
were not treated (w/o0) or were treated with nonsteroidal antiinflammatory drugs (NSAIDs), MTX, etanercept (Eta), or a combination of etanercept
and MTX. A, Absolute B cell count per microliter. B and C, Percentage (left) and absolute number (right) of transitional B cells. D, Percentage (left)
and absolute number (right) of mature naive B cells. Symbols represent individual patients; horizontal lines and error bars show the mean = SEM.

# = P < 0.05; #x = P < 0.01; s+ = P < 0.001.

After washing, PBMCs were stained with Live/Dead staining
dye according to the recommendations of the manufacturer
(Invitrogen). Samples were acquired on an LSRII or
FACSCanto II flow cytometer (both from BD Biosciences)
and analyzed using FlowJo software (Tree Star). Gating strat-
egies and phenotypes of analyzed B and T cell subpopulations
are shown in Supplementary Figure 1 and Supplementary
Table 3 (available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.38736/abstract).
Enzyme-linked immunosorbent assay (ELISA). For
determination of BAFF and APRIL levels in the sera of JIA

patients, we used a Quantikine ELISA, a Human BAFF/BLys/
TNFSF13B Immunoassay for BAFF, and a Human APRIL/
TNFSF13 DuoSet for APRIL according to the recommenda-
tions of the manufacturer (R&D Systems). Each serum sample
was tested in duplicate. Specific absorbance was measured at
450 nm and 560 nm, and optical density was quantified by a
GloMax Reader (Promega). Analysis was performed with
GraphPad Prism software.

Statistical analysis. Statistical differences were deter-
mined using an unpaired 2-tailed ¢-test for independent sam-
ples using GraphPad Prism software. Values are shown as the
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mean * SEM. P values less than 0.05 were considered
significant.
RESULTS

Patient characteristics. For flow cytometric ana-
lysis, 110 patients with JIA were included in the study.
Patients with elevated systemic inflammatory para-
meters (either C-reactive protein level >10 mg/liter or
erythrocyte sedimentation rate >25 mm/hour) were
excluded to avoid any effect of inflammatory cytokines
and other mediators on B cells. Consequently, patients
included in the study had inactive disease or were in
remission while receiving treatment, except for some
patients with low disease activity in the NSAID and no
treatment groups. Patients were grouped based on ther-
apy regimen as receiving no treatment, NSAIDs, MTX,
etanercept, or etanercept and MTX combined. As
shown in Table 1, no significant differences existed
between the groups with respect to age or inflammatory
parameters.
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Effect of MTX treatment on early peripheral B
cell developmental stages. Analysis of B cell subpopula-
tions from the peripheral blood of JIA patients revealed
no difference between treatment groups in the relative
frequency of CD19+ B cells. However, there was a
slight, but significant decrease in absolute numbers of
CD19+ B cells in patients treated with MTX (mean =
SEM 181 = 97/ul) compared to those treated with
etanercept (mean = SEM 272 = 109/ul) (Figure 1A).
Subsequently, the numbers of CD27— transitional and
mature naive B cells were determined. We found a
significant decrease in both relative frequency and ab-
solute number of transitional B cells in patients treated
with MTX (5§ * 3%; 9 = 5/ul) compared to untreated
patients (9 = 4%; 21 = 23/ul) and those treated with
etanercept (10 = 9%; 24 + 17/ul). In addition, there was
a trend toward lower relative numbers of transitional
B cells in the MTX group (5 = 3%) compared to
the NSAID group (7 = 4%), which did not reach
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Figure 2. Lower percentages of memory B cells, but no change in absolute memory B cell counts, in patients with JIA treated with etanercept. A,
Percentage (left) and absolute number (right) of IgM+ (unswitched) memory B cells in patients with JIA receiving the indicated treatments. B,
Percentage (left) and absolute number (right) of IgG+ (switched) memory B cells in patients with JIA receiving the indicated treatments. C, Ratio
of IgM to IgG memory B cells in patients with JIA receiving the indicated treatments. Symbols represent individual patients; horizontal lines and
error bars show the mean * SEM. * = P < 0.05; #* = P < 0.01; ##% = P < 0.001. See Figure 1 for definitions.
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Figure 3. Indirect effect of etanercept on the B cell compartment in patients with JIA. A, Decreased serum BAFF levels in etanercept-treated
patients with JIA. B and C, Percentage (left) and absolute number (right) of follicular helper T (Tth) cells in patients with JIA receiving the indicated
treatments. Anti—tumor necrosis factor « treatment caused an increase in Tth cells (CD4+CxRC5+PD-1+). Symbols represent individual patients;
horizontal lines show the mean = SEM. = = P < 0.05; ** = P < 0.01. See Figure 1 for other definitions.

statistical significance (P = 0.0597). Interestingly, MTX
treatment also resulted in a decrease in transitional B
cells when given in combination with etanercept (7 *
6/ul) compared to etanercept treatment alone (24 *+
17/ul) (Figure 1C).

When analyzing mature naive B cells, we found
significantly decreased relative numbers in patients
treated with MTX (mean = SEM 49 * 9%) compared
to patients treated with NSAIDs (59 * 9%) and lower
absolute cell counts in patients treated with MTX (87 =
40/ul) than in those treated with etanercept (144 =
78/ul) (Figure 1D). These results demonstrate that
treatment with MTX affects early B cell developmental
stages in the peripheral blood of JIA patients, most
importantly transitional B cells.

Effect of MTX and etanercept on memory B
cells. A previous study suggested that anti-TNFa ther-
apy results in a decrease in memory B cells in adult

RA patients (16). We therefore investigated the CD19+
CD27+ memory B cell compartment. Memory B cells
were further subdivided into IgM+, IgG+, and IgA+
cells. Relative numbers of IgM+ memory B cells were
significantly reduced in etanercept-treated patients
(mean = SEM 8 * 7%) compared to all other treat-
ment cohorts (mean £ SEM 14 * 8% in untreated
patients, 17 = 7% in NSAID-treated patients, and 13 =
6% in MTX-treated patients) (Figure 2A), whereas
IgG+ memory B cells were significantly increased in
patients treated with MTX (6 = 3%) compared to pa-
tients treated with NSAIDs (4 = 2%) and untreated
patients (4 = 2%) (Figure 2B). In addition, the ratio of
IgM to IgG memory B cells was significantly lower in
both MTX- and etanercept-treated patients compared
to NSAID-treated patients and untreated patients (Fig-
ure 2C). However, no significant changes in absolute
numbers of unswitched IgM+ or switched IgG+ and
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IgA+ memory B cell subsets were observed (Figure 2
and data not shown). Therefore, although absolute
numbers of memory B cells did not change due to
treatment with MTX or etanercept, relative numbers
were influenced. This could suggest either increased
class-switching or slightly lower generation of IgM+
memory B cells.

Decreased serum BAFF levels in JIA patients
treated with etanercept. BAFF is an important B cell
survival factor and has been shown to be crucial for B
cell development and differentiation in the periphery
(20,21). Moreover, elevated BAFF levels are known to
be associated with systemic autoimmunity (22). Thus, we
assessed serum BAFF levels and the relative surface
expression of the BAFF receptors BAFF-R and BCMA
on CD19+ B cells. Surprisingly, we found significantly
lower BAFF levels in anti-TNFa-treated patients com-
pared to all other groups (mean = SEM 831 *+ 164 pg/ml
in the etanercept-treated group, 1,039 = 251 pg/ml in
the untreated group, 1,012 = 268 pg/ml in the NSAID-
treated group, and 1,046 = 291 pg/ml in the MTX-
treated group) (Figure 3A). No differences were found
in BAFF-R and BCMA expression on CD19+ B cells
(data not shown).

Increased numbers of follicular helper T (Tfh)
cells in patients treated with TNFa inhibition or MTX.
Tth cells represent a small subset of CD4+ helper T
cells, which is known to be important during germinal
center reaction for production of high-affinity, class-
switched antibodies (23). As shown previously, Tth cell
numbers are increased in patients with autoimmune
diseases, including systemic lupus erythematosus (SLE)
and RA (24). Therefore, we also analyzed the effect of
antirheumatic therapy on Tth cells.

Our analysis revealed a significant increase in
both frequency and absolute numbers of Tfh cells in
etanercept-treated patients (mean = SEM 1.0 = 1.1%;
9 + 8/ul) compared to untreated patients (0.3 = 0.3%;
3 = 3/ul). There was also a slight, significant increase in
MTX-treated patients (0.6 £ 0.7%; 6 = 5/ul) compared
to untreated patients. Importantly, the highest numbers
of Tth cells were seen in patients receiving etanercept
and MTX combined (2.0 = 1.0%; 24 + 19/ul), possibly
reflecting an additive effect of both etanercept and MTX
(Figure 3C). No association between the number of Tth
cells and other parameters, such as JIA subgroup,
ANAs, appearance of uveitis, or response to treatment,
was found.

Lower serum immunoglobulin levels in patients
treated with MTX. Because our data demonstrated an
impact of antirheumatic therapy on the B cell compart-
ment in JIA patients, we investigated whether changes in
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Figure 4. Decreased serum immunoglobulin levels in patients with JIA
treated with MTX. A, IgM levels, B, IgG levels, and C, IgA levels in
patients with JIA receiving the indicated treatments. Symbols represent
individual patients; horizontal lines show the mean = SEM. * = P < (.05;
wx = P < (0.01; = = P < 0.001. See Figure 1 for definitions.

the B cell compartment have functional consequences.
We therefore assessed serum immunoglobulin (IgM,
IgG, and IgA) levels. For this part of the study, addi-
tional patients were included by reviewing patient charts.
A total of 148 patients were analyzed, as shown in Table
1. Again, only patients with inflammatory parameters
within the normal range were included, and all groups
were age matched.

Patients receiving MTX had highly significantly
lower serum levels of all 3 immunoglobulin isotypes than
all other treatment groups (Figure 4). This was most
pronounced for IgM but still significant for IgA and IgG.
The combination of MTX and etanercept also resulted
in a significant decrease in IgM levels, and a small, albeit
not significant, reduction in IgG and IgA levels, com-
pared to etanercept monotherapy. No effect on immu-
noglobulin levels was seen in JIA patients treated with
etanercept alone compared to untreated patients and
those treated with NSAIDs. Since antibody is known to
be mostly produced by plasma or plasmablast cells
(circulating plasma cells in the periphery), we further
analyzed the effect of MTX and etanercept treatment on
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Figure 5. Effect of MTX on transitional B cells and immunoglobulin levels in the subgroup of patients with oligoarticular JIA. The effect of MTX
was similar to that found when all subgroups of JIA patients were included in the analysis. A, Percentage (left) and absolute number (right) of
transitional B cells in untreated patients and patients treated with MTX. B, Percentage (left) and absolute number (right) of mature naive B cells
in untreated patients and patients treated with MTX. C, Serum Ig levels in untreated patients and patients treated with MTX. Symbols represent
individual patients; horizontal lines show the mean + SEM. * = P < 0.05; ** = P < 0.01. See Figure 1 for definitions.

the circulating plasmablast/plasma cells defined as
CD19+IgD—-CD27++CD38++ cells. Our data re-
vealed no significant difference in the absolute count of
these cells among different treatment groups, with the
exception of a slight increase in NSAID-treated patients
compared to untreated patients (data not shown).

Overall, our data show a highly significant reduc-
tion in serum immunoglobulin level in all isotypes in
patients with JIA treated with MTX, which most likely
is not due to the reduced number of circulating
plasmablast/plasma cells.

Effect of MTX on B cells independent of JIA
subgroup. As shown in Table 1, JIA subgroups were
differently represented within treatment groups. In par-
ticular, there were fewer patients with oligoarticular

disease in the MTX and etanercept groups than in the
group of untreated patients. Therefore, to exclude the
possibility that the observed effect of MTX was due to
different JIA subgroups, we performed a separate ana-
lysis of patients with oligoarticular JIA, which was the
largest patient group in our study. All patients had
inactive disease or were in clinical remission while
receiving treatment, based on the criteria defined by
Wallace et al (25). The effect of MTX on transitional B
cell subpopulations was also observed when only pa-
tients with oligoarticular JIA were included in the
analysis (Figure 5A). With regard to mature naive B
cells, we did not detect any significant differences in
relative or absolute cell numbers between untreated
patients with oligoarticular JIA and patients with oligo-
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articular JIA treated with MTX (Figure 5B). Immuno-
globulin levels were all significantly decreased in MTX-
treated patients compared to untreated patients (Figure
5C). Therefore, we conclude that the observed decrease
in transitional B cells and immunoglobulin levels in
patients receiving MTX therapy was not due to different
JIA subgroups or the level of disease activity, based on
an analysis of only patients with oligoarticular JTA.

DISCUSSION

The importance of B cells in the pathogenesis of
several autoimmune diseases is highlighted by the effec-
tiveness of B cell depletion therapies (26,27). B cells can
promote the development of autoimmunity not only by
the production of autoantibodies and cytokines, but also
by serving as antigen-presenting cells for autoreactive T
cells (27). Previous studies have shown an impact of
therapeutic TNF« inhibition on B cell subpopulations in
adult patients with RA, most importantly a decrease in
memory B cells (16). MTX has been demonstrated to
lower total B cell numbers in peripheral blood (28,29),
but no detailed analysis regarding the effect of low-dose
MTX on B cell subpopulations has been reported so far.
In addition, no such data exist with regard to JIA for
either etanercept or MTX. In the present study, we
therefore performed a detailed analysis of the effect of
low-dose MTX and the TNFa inhibitor etanercept on
the B cell compartment in patients with JIA. Our data
demonstrate that MTX more directly affects the B cell
compartment, as demonstrated by lower absolute num-
bers of transitional B cells and decreased immunoglob-
ulin levels. In contrast, etanercept treatment results in
decreased serum BAFF levels and elevated Tfh cells,
thus more indirectly influencing B cells.

Generally, high doses of MTX are used for
cytostatic therapy to treat malignancies, whereas low-
dose MTX is used to treat patients with autoimmune
disease due to its antiinflammatory effect, which is
mainly mediated by an increase in adenosine (30).
Low-dose MTX has been shown to reduce overall B and
T cell numbers (28,29) and T cell proliferation, increase
T cell apoptosis, alter the expression levels of cellular
adhesion molecules, and influence the production of
cytokines. Our data demonstrate that MTX specifically
affects early developmental B cell stages and possibly B
cell differentiation.

Consistent with our results, in a recent study
lower transitional B cells were also observed in MTX-
treated compared to etanercept-treated RA patients
(16). In addition to those data, we found lower transi-
tional B cell numbers in MTX-treated compared to

untreated JIA patients, whereas no differences were
oberserved in etanercept-treated compared to untreated
patients. We thus propose that MTX treatment affects
the transitional B cell compartment, whereas etanercept
does not. Notably, while we analyzed only peripheral B
cell subsets due to availability, MTX may already affect
bone marrow B cell subsets.

In addition to a decrease in transitional B cells,
our data demonstrate lower IgM, IgA, and IgG levels in
the serum of MTX-treated JIA patients. A decrease in
immunoglobulins after treatment with MTX has been
described previously in a longitudinal retrospective study
of pediatric rheumatology patients (31). Since immuno-
globulin levels are often elevated in chronic inflamma-
tory disease, this decrease could also reflect an improve-
ment in chronic inflammation in patients receiving MTX
treatment. However, a cross-sectional analysis con-
firmed that immunoglobulin levels were indeed de-
creased in patients treated with MTX compared to
untreated patients, and this is specific to MTX since we
found no decrease in immunoglobulin levels in JIA
patients receiving etanercept. Moreover, addition of
MTX to etanercept also resulted in decreased immuno-
globulin levels compared to etanercept monotherapy.

Thus, our data indicate an unexpected and pre-
viously unknown effect of low-dose MTX on B cells that
can contribute to understanding the efficiency of this
drug in the treatment of chronic arthritis and other
autoimmune diseases. The transitional B cell stage has
been described as an important peripheral tolerance
checkpoint during B cell development (32), in contrast
to the central tolerance checkpoint in the bone marrow.
At these checkpoints, the B cell receptor is negatively
selected for autoreactive self-antigens, and as a conse-
quence, B cells bearing autoreactive receptors are either
deleted, undergo receptor editing, or are rendered an-
ergic. Consistent with the idea that MTX impacts this
tolerance checkpoint, MTX has been shown to be most
effective in JIA patients who are positive for ANAs (33),
in particular those with uveitis. This points to a B
cell-mediated effect, although ANA titers in JIA pa-
tients are generally not altered by antirheumatic treat-
ment and, consistent with this observation, we did not
observe any effect of MTX on ANA titers in our study
(data not shown).

Most interestingly, MTX has recently been shown
to reduce the immunogenicity of biologic agents, such as
adalimumab, in RA patients by decreasing antidrug
antibodies in a dose-dependent manner (34,35), thereby
providing a new aspect of the effects of MTX treatment.
Our finding of MTX impacting the B cell tolerance
checkpoint and decreasing immunoglobulin production,
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thus influencing the B cell repertoire, may present a
possible explanation for the mechanism of this observation.

In contrast to MTX-treated JIA patients, we did
not observe a clear direct effect on the B cell subpopu-
lations analyzed in etanercept-treated patients. Al-
though we detected lower relative frequencies of IgM+
memory B cells and a decreased ratio of IgM to IgG
memory B cells in etanercept-treated JIA patients, no
significant differences were observed when comparing
absolute numbers of these cells. The result is consistent
with the findings of Anolik et al (16), which showed a
difference only when comparing percentages but not
absolute numbers.

Our results demonstrate a more indirect effect of
etanercept on the B cell compartment, with decreased
serum BAFF levels and increased numbers of Tth cells.
BAFF is an important B cell survival factor in the
periphery, triggering B cell survival, differentiation, pro-
liferation, and antibody production. Elevated BAFF
levels are associated with autoimmunity, most impor-
tantly Sjogren’s syndrome and SLE (36-38), and re-
cently, therapeutic BAFF inhibition has been approved
by the Food and Drug Administration for the treatment
of SLE. Elevated BAFF levels have also been shown in
active RA, whereas with respect to JIA, one study found
higher BAFF levels (39), and another group did not
observe elevated BAFF levels in these patients (40). In
all of those studies, higher BAFF levels were associated
with higher disease activity.

Several studies consistently demonstrated that
BAFF synthesis can be induced by proinflammatory
cytokines, including TNFeq, in fibroblast-like synovio-
cytes (41-43) or neutrophils infiltrating the rheumatoid
joint (44). With respect to therapeutic TNF« inhibition,
La et al showed decreased BAFF levels after treatment
with TNFa antagonists in patients with RA who had a
good response to treatment (45), consistent with our
results. Our study shows this effect was specific to
etanercept, as we did not find lower BAFF levels in
MTX-treated JIA patients, and it was independent of
disease activity. In summary, our finding of a reduction
in serum BAFF levels in patients treated with etaner-
cept, as compared to other treatment groups, might
reflect a previously unknown additional effect of TNF«
inhibition. The mechanism of this effect is yet to be
investigated. This is an interesting observation since
therapeutic BAFF inhibition is currently being tested for
the treatment of RA (46).

The present study further shows that etanercept
therapy results in a significant increase in Tfh cell
numbers. In addition, MTX treatment led to a slight
increase in Tfh cell numbers, whereas the highest in-
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crease was observed in patients treated with MTX and
etanercept combined. Tth cells are crucial for the gen-
eration of high-affinity antigen-specific and class-
switched antibodies (47). This is also true with respect to
autoantibody production, and thus, Tth cells are impor-
tant in driving systemic autoimmunity (48). Consistent
with this idea, their numbers were shown to be increased
in SLE patients (49). Thus, the observed increase in Tth
cell numbers in patients treated with etanercept is
seemingly in contrast with the well-known therapeutic
effect in autoimmune diseases. However, an increase in
autoantibody production following anti-TNFa therapy
and the development of SLE-like disease has been
repeatedly described for different biologic agents, in-
cluding infliximab, etanercept, and adalimumab. So far,
the pathophysiologic mechanism for this finding is not
known. An increase in Ttfh cells may contribute to this
side effect.

In summary, our study demonstrates that MTX
has a more direct influence on the B cell compartment,
whereas etanercept acts more indirectly. The findings
contribute to a better understanding of the effectiveness
of MTX in autoantibody-mediated autoimmune disease.
Notably, the recently described effect of MTX in pre-
venting drug-induced antibodies to biologic agents might
be explained by the impact of MTX on early develop-
mental B cell stages and immunoglobulin production
demonstrated in this study. Because MTX and etaner-
cept affect the B cell compartment differently, the data
support the assumption that combination therapy with
etanercept and MTX might be more effective to treat
autoimmune diseases than monotherapy, which is cur-
rently a subject of controversy in both RA and JIA
(14,50).
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