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Abstract

We previously demonstrated that baseline synovial overexpression of the interleukin-7 receptor �-chain (IL-7R) is associated with poor
response to tumour necrosis factor (TNF) blockade in rheumatoid arthritis (RA). We found that IL-7R gene expression is induced in
fibroblast-like synovial cells (FLS) by the addition of TNF-�, IL-1� and combinations of TNF-� � IL-1� or TNF-� � IL-17, thereby sug-
gesting that these cytokines play a role in the resistance to TNF blockade in RA. Because FLS and CD4 T cells also produce a soluble
form of IL-7R (sIL-7R), resulting from an alternative splicing of the full-length transcript, we wondered whether expression of sIL-7R is
similarly regulated by pro-inflammatory cytokines. We also investigated whether sIL-7R is detectable in the serum of RA patients and
associated with response to TNF blockade. RA FLS were cultured in the presence of pro-inflammatory cytokines and sIL-7R concentra-
tions were measured in culture supernatants. Similarly, sIL-7R titres were measured in sera obtained from healthy individuals, early
untreated RA patients with active disease and disease-modifying anti-rheumatic drug (DMARD)-resistant RA patients prior to initiation
of TNF-blockade. Baseline serum sIL-7R titres were correlated with validated clinical measurements of disease activity. We found that
exposure of RA FLS to pro-inflammatory cytokines (TNF-�, IL-1� and combinations of TNF-� and IL-1� or TNF-� and IL-17) induces
sIL-7R secretion. Activated CD4 T cells also produce sIL-7R. sIL-7R serum levels are higher in RA patients as compared to controls. In
DMARD-resistant patients, high sIL-7R serum concentrations are strongly associated with poor response to TNF-blockade. In conclusion,
sIL-7R is induced by pro-inflammatory cytokines in RA FLS. sIL-7R could qualify as a new biomarker of response to therapy in RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease of
the synovium that can lead to severe joint damage if insufficiently
treated. Central to the pathogenesis of RA is the proliferation of
synovial fibroblasts (synovial ‘pannus’) in response to the
production of autocrine, but also paracrine molecules produced
by infiltrating mononuclear cells. Among these molecules, pro-
inflammatory cytokines such as tumour necrosis factor (TNF)-�,

interleukin (IL)-1�, IL-6 or IL-17 play an important role, and this
observation led to the development of targeted therapies. In this
context, TNF blocking agents are used routinely in RA patients
who have failed first-line disease-modifying anti-rheumatic drugs
(DMARD) therapy.

Several TNF blocking agents are presently available, which dis-
play similar effects in terms of efficacy, tolerability and side effects
in RA [1–5]. Importantly, about 25% to 30% of RA patients treated
with TNF antagonists do not display any significant clinical
improvement after initiation of therapy. Thus far, however, there
are no validated tools that can predict whether an individual RA
patient will respond or not to TNF blockade. Yet the identification
of poor responders prior to initiation of therapy would direct the
use of other biologics, thereby preventing disease progression 
in these patients and saving unnecessary costs. Of note, an
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additional 30–40% of the patients will display feature of second-
ary resistance to the delivered drug within the first 5 years of
therapy. This phenomenon is, at least partially, associated with 
the development of human anti-chimeric or human anti-human
antibodies, and is clearly distinct from primary resistance to 
TNF blockade.

In earlier experiments, we performed global gene expression
studies on synovial biopsies obtained from RA patients prior to the
initiation of TNF-blockade [6]. We found that several genes were
significantly overexpressed at baseline in non-responders.
Strikingly, the expression of these genes is induced in vitro in
fibroblast-like synovial cells (FLS) by the addition of TNF-�, IL-1�

and combinations of TNF-� and IL-1� or TNF-� and IL-17,
thereby suggesting that these cytokines play a role in the mecha-
nisms of primary resistance to TNF blockade in RA.

The interleukin-7 receptor �-chain (IL-7R) is one of the genes
overexpressed in the synovial tissue of poor responders to TNF
blockade in RA [6]. Fibroblasts are known to produce a soluble form
of the molecule (sIL-7R), which results from an alternative splicing
of the full-length transcript (excision of exon 6, containing the trans-
membrane domain) and is able to bind and block IL-7 [7, 8]. We
therefore wondered whether sIL-7R expression was also regulated
in synovial fibroblasts by the addition of pro-inflammatory cytokines
and whether serum sIL-7R determination had any value in predict-
ing primary response to TNF blockade in RA.

Materials and methods

Patients

Sera were collected from healthy individuals (n � 75), patients with early
(n � 52) or DMARD-resistant (n � 75) RA and stored at –80�C. All RA
patients met the American College of Rheumatology criteria for the
diagnosis of RA [9]. Patients with early RA had disease duration of 
less than 1 year. They were (mean � S.D.) 45 � 14 years old. All had
active disease at the time of serum sampling [mean disease activity score
(DAS)28-C-reactive protein (CRP) score: 5.87 � 1.28] and none of them
was treated, except for non-steroidal anti-inflammatory drugs.

DMARD-resistant RA patients were 55 � 12 year old. Disease duration
was 10.8 � 6.7 years. They were treated at baseline with a median 15 mg
methotrexate/week schedule (range 7.5–25 mg/week). A total of 9% were
treated with other DMARDs after having failed methotrexate therapy in the
past. A total of 13% were treated with another DMARD together with
methotrexate. Patients had taken an average three DMARD’s including
methotrexate (range 1–7) before starting infliximab therapy. All of them had
erosive changes imaged on conventional x-rays of the hands and/or the feet.
They all had active disease at the time of serum sampling (mean DAS28-CRP
score: 5.69 � 1.12). After baseline serum collection, DMARD-resistant RA
patients were treated with a standard schedule of infliximab: 3 mg/kg at
weeks 0, 2, 6 and then every other month in addition to their DMARD ther-
apy. Follow-up DAS28-CRP evaluations were performed between 4 and 6
months after baseline and patients were categorized into non-responders
versus responders according to European League Against Rheumatism
(EULAR) response criteria [10].

The study was approved by the ethics committee of the Université
catholique de Louvain, and informed consent was obtained from all
patients.

Isolation and culture of cells

FLS were purified from synovial biopsies from eight additional RA patients
as previously described [11]. Briefly, minced synovial fragments were
digested in 1 mg/ml hyaluronidase solution (Sigma-Aldrich, St. Louis, MO,
USA) for 15 min. at 37�C and 6 mg/ml collagenase type IV (Invitrogen,
Paisley, UK) for 2 hrs at 37�C. Next, cells were washed, resuspended in
high-glucose Dulbecco’s modified Eagle’s medium (Invitrogen) supple-
mented with 1% antibiotics-antimycotics (Invitrogen), 1% minimum
essential medium sodium pyruvate (Invitrogen) and 10% foetal calf serum
(FCS), and seeded at 10,000 cells per square centimetre in six-well plates.
When the cells reached confluence, adherent cells were detached using
sterile 0.5% trypsin-ethylenediaminetetraacetic acid (EDTA; Invitrogen)
and used between passages 3 and 9.

Culture of cells and cytokine stimulation
experiments

For the cytokine stimulation experiments, FLS were seeded in 24-well
plates at 25,000 per well. Unless stated otherwise, the following cytokine
concentrations were used: TNF-� (R&D Systems, Minneapolis, MN,
USA) 10 ng/ml, IL-1� (R&D Systems) 10 ng/ml and IL-17 (R&D
Systems) 50 ng/ml. After overnight incubation with the indicated
cytokines, supernatants were collected for sIL-7R determination and
cells were harvested for total RNA extraction. Because of the limited
number of cells, all the cytokine stimulation experiments were not per-
formed on the same cells. IL-7R gene expression in response to TNF-�,
IL-1� and combinations of both cytokines was studied in FLS from five
different patients; IL-7R gene expression in response to IL-17, TNF-�, 
IL-1� and combinations of TNF-� and IL-17 or IL-1� and IL-17 was
studied in FLS from four different patients. sIL-7R gene expression in
response to TNF-�, IL-1� and combinations of both cytokines was stud-
ied in FLS from four different patients; sIL-7R gene expression in
response to IL-17, TNF-�, IL-1� and combinations of TNF-� and IL-17
or IL-1� and IL-17 was studied in FLS from two different patients. For
co-culture experiments, CD4 T cells were purified from the synovial fluid
using magnetic beads (Miltenyi Biotec GmbH, Bergisch Gladbach,
Germany) according to manufacturer’s instructions. FLS (5000/well) and
autologous CD4 T cells (50,000/well) were seeded in flat-bottomed 
96-well plates in the presence of autologous serum, IL-2 (25 U/ml) and
either 100 ng/ml IL-7 (R&D Systems) or 5 �g/ml sIL-7R-Fc fusion pro-
tein (R&D Systems), as indicated. After 3 days, proliferative responses
were measured in quadruplicates after an overnight pulse with 0.5 �Ci
3H-thymidine (GE Healthcare, Amersham, UK).

Peripheral blood mononuclear cells (PBMC) from healthy donors were
purified by lymphoprep (Nycomed Pharma, Oslo, Norway) density gradient
centrifugation. In some experiments, PBMC were cultured for 24 hrs in the
presence of IL-2 and phytohemagglutinin (PHA), and CD4 T cells were
purified using magnetic beads (Miltenyi Biotec) as per manufacturer’s
instructions. CD8 T cells clones (obtained from Pierre van der Bruggen,
Ludwig Institute for Cancer Research, Brussels Branch) were stimulated
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with their cognate antigen presented by irradiated autologous B-Ebstein-
Barr virus (EBV) cells in the presence of. IL-2 (Chiron, Amsterdam, The
Netherlands, 50 U/ml) and IL-7 (R&D Systems, 5 ng/ml). After 24 hrs, CD8
T cells clones were purified using magnetic beads (Miltenyi Biotec) as per
manufacturer’s protocol. cDNA from B-EBV cell derived from two healthy
donors were obtained from Pierre Coulie (Unité de Génétique Cellulaire,
Université catholique de Louvain, Brussels, Belgium).

Flow cytometry experiments

FLS were harvested and resuspended in a sodium phosphate (1 mM, pH
� 7.4) buffer containing 137 nM NaCl, 5 mM KCl, 0.4 mM MgSO4, 0.3 mM
MgCl2, 5 mM Glucose, 4 mM NaHCO3, 1 mM EDTA and 3% FCS in the
presence of a phycoerythrin (PE)-conjugated IL-7R antibody (Becton
Dickinson, Mountain View, CA, USA) or a control isotype (Becton
Dickinson). Cells were washed and fixed in paraformaldehyde (0.6%)
before being analysed by flow cytometry (Becton Dickinson).

Western blot experiments

FLS and PBMC were washed with ice-cold PBS, and lysed in cold lysis
buffer (20 mM Hepes pH7.8, 75 mM KCl, 0.1 mM EDTA, 1 mM sodium-
orthovanadate, 2 mM MgCl2, 1 mM dithiothreitol (DTT), 10% glycerol,
0.5% Triton-X 100 and one tablet of Complete Protease Inhibitor (Roche,
Vilvoorde, Belgium) per 20 ml). Lysates were subjected to sonication and
spun at 13,000 	 g to remove debris. Supernatants were resolved on a
polyacrylamide gel and immunoblotted with an monoclonal mouse anti-IL-
7R antibody (Sigma-Aldrich) at 1:1,000. Immunoreactive proteins were
visualized using a goat antimouse-HRP antibody (Santa Cruz
Biotechnology, Heidelberg, Germany) at 1:1,000, with a femto-range-sen-
sitive ECL detection system (Thermo Fisher Scientific, Rockford, IL, USA).

RT-PCR experiments

Total RNA was extracted using the Nucleospin® RNA II extraction kit
(Macherey-Nagel, Düren, Germany), including DNase treatment of the
samples. cDNA was synthesized using RevertAid Moloney murine
leukaemia virus RT (Fermentas, St. Leon-Rot, Germany) and Oligo(dT)
primers. IL-7R PCR amplification was carried out using Taq DNA poly-
merase (Fermentas) and the following primers: Forward: tccctcccttcctct-
tactctc and Reverse: tctggcagtccaggaaactt. PCR products were analysed
by agarose gel electrophoresis. PCR fragments were gel purified and
sequenced using the same primers and the BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Foster City, CA, USA) before being
analysed on a 3130xl Genetic Analyzer (Applied Biosystems).
Quantitative RT-PCR was performed on a MyiQ single-colour RT-PCR
detection system (Bio-Rad Laboratories, Nazareth Eke, Belgium) using
SYBR Green detection mix. For each sample, 5 ng of cDNA was loaded in
triplicate with 1x SYBR Green Mix (Applied Biosystems) and the follow-
ing 10 mM primers: �-actin : Forward: ggcatcgtgatggactccg and
Reverse: ctggaaggtggacagcga; IL-7R: Forward: tttctctgtcgctctgttggt and
Reverse: gcttgaatgtcatccacccta; sIL-7R: Forward: agccaatgactttgtggtgac
and Reverse: tacgataggcttaatcctgag. The IL-7R forward primer is located
in exon 6 of the gene, which is absent in the sIL-7R mRNA sequence. The
sIL-7R reverse primer spans the junction between exon 5 and exon 7 of

the mRNA sequence of the IL-7R gene. PCR amplification of plasmids
containing either an IL-7R or a sIL-7R cDNA confirmed the specificity of
the primer pairs for each isoform of the molecule. The melting curves
obtained after each quantitative polymerase chain reaction (qPCR) ampli-
fication confirmed the specificity of the SYBR Green assays. Relative
expression of the target genes in the studied samples was obtained using
the difference in the comparative threshold (

Ct) method.

sIL-7R ELISA

sIL-7R serum titres were determined by sandwich-ELISA in serum sam-
ples and culture supernatants using a goat polyclonal hIL-7R antibody
(Sigma-Aldrich) as coating antibody and a mouse monoclonal hIL-7R anti-
body as detecting antibody (Sigma-Aldrich). Microlon ELISA plates
(Greiner Bio One, Wemmel, Belgium) were coated overnight at 4�C with a
100 ml goat polyclonal hIL-7R antibody solution diluted at 0.5 �g/ml in a
50 mM sodium carbonate (stock at 1 M, pH 10) coating buffer. Plates were
blocked with milk and then incubated at 37�C with the control and patient’s
sera diluted in PBS supplemented with 0.5% bovine serum albumin (BSA).
Sera were tested in duplicates. For the standard curve, we used serial dilu-
tions of a commercial IL-7R-Fc fusion protein (R&D Systems) containing
the extracellular portion of the receptor bound to an Fc fragment of human
IgG. For this reason, the results were expressed in pmol/ml instead of
�g/ml. The detection antibody was used at 1 �g/ml in PBS 0.5% BSA. The
third antibody was a rat horseradish peroxydase (HRPO)-antimouse IgG
monoclonal antibody (LO-MK1, Unit of Experimental Immunology,
Université catholique de Louvain, Brussels, Belgium), diluted at 0.5 �g/ml
in PBS 0.5% BSA. That antibody does not cross-react with human IgG, and
is therefore unable to detect IgG rheumatoid factors bound to the coated
anti-IL-7R goat antibody. Each incubation step lasted 2 hrs. Plates were
washed five times with PBS Tween (Sigma-Aldrich) 1/1000 between each
step. The reactions were revealed with 1-Step Ultra-TMB (Thermo Fisher
Scientific) and stopped by the addition of 2M H2SO4. The sensitivity of the
ELISA is 20 pmol/ml. Inter-assay coefficient of variation is �8%. Pre-incu-
bation of serum samples or standard curve with increasing concentrations
of IL-7 does not affect the results of the ELISA readings.

Statistical analyses

In vitro data were analysed using unpaired Student’s t-tests. Serum data
were analysed using Mann-Whitney U-tests. Correlations between DAS
scores, CRP values, Delta DAS scores and serum sIL-7R were analysed
using Spearman rank tests.

Results

Fibroblast-like synovial cells express two 
isoforms of the gene encoding the IL-7R �-chain

In our previous experiments, we demonstrated that RA patients
have higher synovial IL-7R gene and protein expression as
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compared to osteoarthritis or lupus patients [12]. Moreover,
we found that synovial overexpression of IL-7R in DMARD-
resistant RA patients is associated with poor response to TNF
blockade [6]. In these earlier experiments, anti IL-7R antibod-
ies stained not only synovial mononuclear cells, but also
synovial fibroblasts. Therefore, we wanted to further study 
the production and regulation of IL-7R by cultured FLS
obtained from the joints of RA patients. Western blot and 
real-time qPCR experiments indicated that FLS express two
isoforms of the molecule (Fig. 1A). Sequencing of the ampli-
cons demonstrated that these isoforms correspond to the
native IL-7R, and an alternatively spliced variant lacking exon 6
(transmembrane domain), which encodes a soluble form of the
IL-7R (sIL-7R) (Fig. 1B).

sIL-7R expression by FLS is induced 
by pro-inflammatory cytokines

Because sIL-7R transcripts result from an alternative splicing of
IL-7R mRNAs, we wondered whether expression of both IL-7R
isoforms is similarly regulated in FLS by the addition of pro-
inflammatory cytokines known to play a role in the pathogenesis
of RA. We found that mRNA levels of both the membrane-bound
and soluble forms of IL-7R are up-regulated by the addition of
TNF-�, IL-1� and combinations of TNF-� and IL-1� or TNF-� and
IL-17 (Fig. 2A). Flow cytometry experiments were, however,
unable to detect any cell surface expression of the membrane-
bound IL-7R on FLS under any of these conditions (Fig. 2B). By
contrast, ELISA experiments performed on culture supernatants
indicated that sIL-7R secretion is induced in FLS by TNF-�, IL-1�

and the combination of both cytokines (Fig. 2C). Interestingly, sIL-
7R gene expression is negative in activated CD8 T and B cells but
slightly positive in activated CD4 T cells (Fig. 1A). Taken together,
these results indicate that sIL-7R is a marker of fibroblast and, to
a lesser extent, CD4 T-cell activation.

IL-7 blockade inhibits FLS-induced 
CD4 T-cell proliferation

Because sIL-7R is known to display IL-7 binding and blocking
properties, we investigated whether it could interfere with synovial
CD4 T-cell proliferation. RA FLS are known to express major histo-
compatibility complex (MHC) class II molecules and stimulate the
proliferation of autologous synovial CD4 T cells. We found that the
addition of IL-7 stimulates the proliferation of synovial CD4 T cells
cultured in the presence of autologous FLS. By contrast, addition
of a sIL-7R-Fc fusion protein blocks the proliferation of these cells
(Fig. 2D). These results suggest that sIL-7R production by acti-
vated synovial fibroblasts could play a role in a negative feedback
loop resulting in a decreased proliferation of synovial CD4 T cells.

sIL-7R serum levels are higher 
in RA patients compared to controls

Next, we wondered whether sIL-7R could be detected in sera of
healthy individuals and whether it was increased in patients with
RA. sIL-7R is readily detectable in the sera of healthy individuals
(n � 75) (median: 618 pmol/ml). In untreated early RA patients (n
� 52) and in treated RA patients with active disease despite
DMARD therapy (n � 75), sIL-7R serum levels are significantly
higher (median: 921 and 1080 pmol/ml, respectively) as com-
pared to controls (Fig. 3). We defined serum sIL-7R upper normal
concentration as the mean serum sIL-7R concentration in the con-
trols � 2 standard deviations. A total of 1.3% of the controls have
an abnormal serum sIL-7R titre, versus 17.3% of the early RA
patients and 24% of the DMARD-resistant RA patients. In both
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Fig. 1 FLS and activated CD4 T cells produce two IL-7R �-chain isoforms.
(A) IL-7R Western blots on protein extracts from FLS and PBMC, and IL-
7R PCR on cDNA from duplicate TNF-� and IL-1� activated FLS (1), IL-2
and PHA activated CD4 T cells (2), antigen-activated CD8 T cell clones (3)
and B-EBV cells (4). Arrows indicate the expected sizes of the membrane-
bound IL-7R. (B) Sequencing of purified IL-7R PCR fragments indicates
that FLS produce a full-length IL-7R �-chain and a truncated form of the IL-
7R �-chain lacking exon 6 encoding the transmembrane domain, thereby
resulting in a secreted form of the molecule.
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early and DMARD-resistant RA patients, baseline sIL-7R serum
levels did not correlate with serum CRP values or with DAS28-
CRP scores (data not shown).

Baseline sIL-7R serum levels predict 
response to therapy in RA

Synovial overexpression of IL-7R is associated with poor
response to TNF blockade in DMARD-resistant RA patients [6].
We therefore wondered whether baseline serum sIL-7R levels
would have the same informative value about response to TNF
blocking therapy in RA. Strikingly, in patients displaying active
disease despite DMARD therapy and subsequently treated with
TNF blockade, elevated baseline sIL-7R serum levels strongly
predicted poor response to anti-TNF therapy (Fig. 4A, B and C). 
A total of 55.5% of non-responders to infliximab therapy had an
abnormal sIL-7R value at baseline, versus 15.3% of the respon-
ders. Conversely, normal baseline sIL-7R serum levels were asso-
ciated with adequate response to therapy, with a sensitivity of 93%
and a specificity of 56%. In case of low sIL-7R serum titres,
patients have a 87% probability of being responders (predictive
positive value); by contrast, in case of elevated sIL-7R serum
levels, patients have a 71% probability of being non-responders
(predictive negative value).

Discussion

In a first part of our work, we showed that soluble IL-7R �-chain
(sIL-7R) gene expression is induced in FLS by the addition of 
pro-inflammatory cytokines (TNF-�, IL-1� and combinations of
TNF-� and IL-1� or TNF-� and IL-17). Next, we investigated
whether sIL-7R was detectable in the sera of healthy individuals
and RA patients. We found that sIL-7R serum titres are
significantly higher in early and in DMARD-resistant RA patients
as compared to controls. We also found that high sIL-7R serum
levels are strongly associated with poor response to TNF blockade
in DMARD-resistant RA patients.

In a previous work, we performed global gene expression
studies in synovial biopsies obtained from RA patients before
initiation of anti-TNF therapy. We found, and confirmed by
immunohistochemistry, that specific groups of genes were over-
expressed in synovial tissue of non-responders at baseline.
Interestingly, we demonstrated that these genes are induced in
FLS by TNF-�, IL-1� and by combinations of TNF-�, IL-1� and
IL-17. These observations indicate that the gene signatures in
poor responders reflect synovial cell exposure to larger amounts
and/or combinations of pro-inflammatory cytokines, potentially
explaining the association with poor response to TNF-blockade
alone [6].

© 2011 The Authors
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Fig. 2 Pro-inflammatory cytokines stimulate sIL-
7R production by FLS. (A) IL-7R (open bars) and
sIL-7R (closed bars) real-time qPCR studies car-
ried out on FLS stimulated with the indicated
cytokines. Results are expressed as mean fold
changes in IL-7R and sIL-7R gene expression
(�S.E.M.) over unstimulated FLS, obtained
from two to five different experiments each. (B)
Flow cytometric evaluation of IL-7R expression
by PBMC and FLS. Cells were incubated with a
PE-conjugated IL-7R antibody (red) or a PE-con-
jugated isotype control (blue). Autofluorescence
of the cells is depicted in green. Graphs are rep-
resentative of three different experiments.
Similar results were obtained using FLS stimu-
lated with pro-inflammatory cytokines, alone or
in combination. (C) sIL-7R measurements were
performed by sandwich-ELISA in supernatants
of FLS cultures stimulated with the indicated
cytokines. Results are expressed as mean opti-
cal density (O.D.) units 	1000 (after subtraction
of the baseline O.D.) �S.E.M. obtained from
three different experiments. (D) Effect of IL-7
and sIL-7R-Fc fusion protein on proliferation of
synovial CD4 T cells cultured in the presence of
autologous FLS, autologous serum and IL-2.
Results are expressed as mean cpm (�S.E.M.)
obtained from two different experiments. *P �

0.05; **P � 0.005; ***P � 0.0005 versus
unstimulated cells.
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Among the genes overexpressed in poor responders, the IL-7R
�-chain came out as an interesting biomarker candidate. In an
earlier study, we had described this gene to be the most differen-
tially expressed in synovial biopsies from RA patients compared
to patients with osteoarthritis or SLE, followed by other genes
involved in T- and B-cell activation [12]. The functional IL-7
receptor is mainly expressed on Th1 and Th17 cells (by contrast
to regulatory T cells) and is made of two chains: the IL-7R 
�-chain and the IL-2R �-chain. Binding of IL-7 to its receptor
induces T-cell proliferation and activation and this effect is more
pronounced in Th17 cells. By contrast, suppressor of cytokine
signaling (SOCS)1 induction by interferon-� in Th1 cells has an
inhibitory effect on IL-7R signalling and IL-7 induced cell prolif-

eration [13]. The role of the IL-7/IL-7R axis in the pathogenesis
of RA was recently highlighted by the work of van Roon et al.,
who demonstrated that IL-7 is present in RA synovial fluid and
stimulates proliferation of RA CD4 T cells and macrophages 
co-cultures [14]. Taken together, these data indicate that the IL-7/
IL-7R axis could be a new target for therapy in RA [15, 16].

Here, we studied the expression of the IL-7R �-chain in syn-
ovial cells from RA patients, and found that cultured FLS produce
the secreted form of the molecule. Although PCR and Western blot
experiments indicate that FLS also display a positive signal for the
full length IL-7R �-chain, we could not detect it by flow cytometry
at the cell surface of resting or stimulated cells, and neither could
we find any proliferative effect or induction of cytokines by FLS in
response to IL-7 (data not shown). The soluble IL-7R has been
described in fibroblast cell lines as the result of alternative splic-
ing of the gene, leading to a transcript lacking exon 6, which
encodes the transmembrane domain [7, 8]. We also show that
addition of pro-inflammatory cytokines, such as TNF-� and IL-1�,
or combinations of TNF-� and IL-1� or TNF-� and IL-17, stimu-
lates the expression and secretion of sIL-7R by FLS. Other than
FLS, we also detected expression of the sIL-7R gene in activated
CD4 T cells, although to a lesser extent.

It has been demonstrated in the past that sIL-7R is able to
bind and inhibit IL-7. We wondered whether such a mechanism
could also be present in the context of RA and demonstrated
that, while IL-7 stimulates synovial CD4 T-cell proliferation in
response to FLS, IL-7 inhibition by a sIL-7R-Fc fusion protein
induces the opposite effect. Taken together, these results
indicate that sIL-7R is induced by pro-inflammatory cytokines in
FLS and could play a role in a negative feedback loop through the
inhibition of T-cell proliferation and activation. Synovial inflam-
mation is the result of a balance between pro-inflammatory 
(IL-17, TNF-�, IL-1�, IL-6, . . .) and anti-inflammatory (IL-10, 
IL-1ra, soluble TNF-receptors,  . . .) stimuli. Our results support
the hypothesis that sIL-7R is an additional natural inhibitor of
synovial cell activation in RA.

Next, we studied whether sIL-7R was detectable in the serum of
RA patients and controls. We also wanted to investigate whether
serum titres correlate with RA disease severity and progression.
We found that sIL-7R is readily detectable in the sera of healthy
individuals, an observation that confirms recent findings 
[17, 18]. In our study, serum levels of the molecule are signifi-
cantly higher in patients with early RA and in DMARD-resistant
RA patients as compared to controls. It is impossible to track the
origin of circulating sIL-7R molecules in the serum of RA
patients; however, it is tempting to consider that at least part of
it could result from synovial or CD4 T cell exposure to pro-
inflammatory cytokines.

Strikingly, high baseline sIL-7R serum levels in DMARD-
resistant RA patients are significantly associated with poor
response to Infliximab. Conversely, lower serum levels of the
molecule are strongly associated with adequate response to ther-
apy. If we suggest that high serum sIL-7R titres result from
fibroblast and/or CD4 T cell exposure to high levels of TNF-�
and/or IL-1� and/or IL-17, then the association with resistance to
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Fig. 3 Serum sIL-7R titres are significantly higher in early and DMARD-
resistant RA patients. sIL-7R titres measured by sandwich ELISA in duplicate
serum samples from healthy individuals, early RA and DMARD-resistant RA
patients. The horizontal bar depicts the median value in each group.
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infliximab monotherapy is straightforward. In this context, how-
ever, it is possible that serum sIL-7R is also a marker of poor
response to other therapeutic agents, and functions as a marker
of disease severity rather than a specific marker of response to
TNF blockade. Additional data are needed to clarify this issue.

In any case, with a predictive positive value of 87% and a
predictive negative value of 71% for the prediction of good and
moderate response to infliximab therapy in our group of
patients, serum sIL-7R is a promising clinical biomarker that
could aid individual therapeutic decisions in RA. Using such a
biomarker in clinical practice would have an important impact in
terms of patients’ outcome and drug expenses. In the absence
of selection, 25% of the patients described in this work did not
respond to infliximab, a proportion in accordance with pub-
lished data. If we had selected patients based on baseline sIL-
7R serum levels, the proportion of non-responders would have
dropped to 13%, while only 5% would have been switched to an
alternative therapy although they would have responded to TNF
blockade. Such differences are highly significant from a clinical
point of view, which is why we strongly advocate further valida-
tion of serum sIL-7R as a new clinical biomarker in RA.
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Fig. 4 sIL-7R serum concentrations predict
response to TNF blockade in RA. (A) sIL-7R
titres measured by sandwich ELISA in dupli-
cate baseline serum samples obtained in
DMARD-resistant RA patients treated with 3
mg/kg infliximab. Patients were categorized in
good-responders (circles), moderate- (trian-
gles) and non-responders (squares) according
to EULAR response criteria. The horizontal bar
depicts the median value in each group. (B)
Linear correlation between baseline sIL-7R
serum levels and DAS-Score differences (fol-
low-up minus baseline DAS28-CRP). (C)
Receiving operating characteristic curve evalu-
ating the value of baseline sIL-7R in predicting
response to therapy. The curve was plotted by
calculating sensitivity and specificity of the test
at several cut-off values.
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