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Abstract 
 

Rheumatoid arthritis (RA) is a chronic disease primarily affecting the joints and 

producing marked inflammatory changes in the synovial membrane and adjacent 

structures. Although any joint can be affected the disease normally affects the hands, feet, 

knees and wrists. Disease activity and the rate of progression to involve new joints are 

variable. The pain and disability associated represent a real burden both for the patients 

and society and the disease is also associated with premature mortality [1, 2].  

There is currently no cure for RA. Historically, treatments which deplete T-cells led 

to reduction of symptoms supporting the notion of a T cell mediated disease. Today, the 

pathology is thought to be the product of a series of complex cellular interactions where 

synovial T-cells orchestrate disease through their interaction with fibroblasts, B-cells, 

dendritic cells, and macrophages. Modern treatment options include the use of 

“biological” drugs, which block cytokines such as TNF alpha, IL-1, IL-6, limit co-

stimulation between B and T-cells or deplete B-cells. Although their use bring great 

benefit, a wide range of adverse events have been reported (including infections, cancer, 

vasculitis, lupus-like and multiple sclerosis, liver disease, hematologic abnormalities 

(such as aplastic anemia, lymphoma) and aseptic meningitis). In addition resistance to 

these agents or loss of response, relapse on cessation of treatment, side effects occurs in 

more than 40% of patients. The cost of these therapies is also major pitfall. 
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The complex cellular interactions in the synovium between stromal cells, T-cells and 

their subsequent effect on B-cells, macrophages and endothelial cells provide a large 

panel of alternative targets, both cellular and molecular, for therapeutic intervention in 

RA. Inhibiting cytokines signalling has proven successful and we (and others) 

hypothesise that IL-7 may be an appropriate therapeutic target in RA as well as in several 

other autoimmune diseases. The main rational for targeting IL-7 is that it is (i) over 

expressed specifically at the disease site, however only in active disease, (ii) not capable 

of exiting the joint (due to its retention and presentation by extra-cellular matrix) (iii) 

produced by local resident cells with no mobility (i.e. fibroblasts). In addition, low levels 

of circulating IL-7 in RA patients suggest that efficient inhibition of IL-7 signalling may 

only take place in the joint. The role of IL-7 in the disease itself is slowly being dissected 

and will be reviewed to support this statement. 

 

 

Abbreviation List 
 

ACPA- anti-citrullinated-peptide antibody 

AP1- activator protein 1 

ATK- Protein Kinase B 

Bcl2- B-cell lymphoma 2 

BM-Bone marrow 

CD3, 4, 28, 127- cluster of differentiation 3, 4, 28 and 127 

CDC25- Cell division cycle 25 phosphatase 

CIA- collagen induced arthritis 

DAS44- Disease activity score 44 MTX- methotrexate  

DCs-dendritic cells  

DM1- Diabetes mellitus type 1  

DMARD- Disease-modifying anti-rheumatic drugs 

EAE- experimental autoimmune encephalomyelitis 

ELISA- enzyme-linked immunosorbent assay  

GATA1,3 - transcription factors binding "GATA" sequence of DNA  

GCs-germinal centres 

HLA- Human leukocyte antigens 

IFN-gamma- Interferon gamma 

IHC-Immunohistochemistry 

IL-1,4,5,6,7,11,12,17,23- interleukins 1,4,5,6,7,11,12,17and 23 

IL-12R- Interleukin 12 receptor 

IL-7R- Interleukin 7 receptor (membrane-bound form) 

IMID- Immune mediated inflammatory diseases 

IRF1,2,3,7- Interferon regulatory factor 1,2,3 and 7 

JAK3- Janus kinase 3 

JIA-Juvenile Idiopatic Arthritis 

KGF- keratinocyte growth factor 

LN-lymph nodes 

MBP- myelin basic protein 

MHC- Major Histocompatibility Complex  

MMP9- Matrix metalloproteinase 9 
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MS-multiple sclerosis  

NFAT- Nuclear factor of activated T-cells 

NOD- non-obese diabetic mice 

OA-osteoarthritis  

p38- p38 mitogen-activated protein kinase 

PHA- Phytohaemagglutinin 

Pi3K- Phosphoinositide 3-kinase  

RANK- Receptor activator of nuclear factor kappa-B 

RANKL- Receptor activator of nuclear factor kappa-B ligand 

RA-Rheumatoid arthritis 

sIL-2R- soluble interleukin 2 receptor 

sIL-7R- soluble interleukin-7 receptor 

SLE- systemic lupus erythomatosus 

SMAD3,4 - small mother against decapentaplegic (MAD) homolog 

SNP- single nucleotide polymorphism 

STAT3,5- Signal Transducer and Activator of Transcription 3 and 5 

TA -tissue architecture 

TGF-beta1- Transforming growth factor beta 1 

Th1- T helper 1cells 

Th17- T helper 17 cells 

Th2- T helper 2 cells 

TNF alpha- tumour necrosis factor alpha,  

Treg- regulatory T-cells 

VAS- visual analog scale 

VCAM-1- vascular cell adhesion molecule 

vWF- Von Willebrand factor 

 

 

Introduction 
 

Interleukin 7 (IL-7) has emerged as an important factor in the development of 

autoimmune diseases when a possible role in enhancing reactivity to self-antigens was 

proposed while levels of IL-7 were increased in response to lymphopenia and may predispose 

to the development of autoimmunity [3]. Animal models and human studies provided further 

evidence that IL-7 is involved in perpetuating autoimmune inflammation. 

Immune mediated inflammatory diseases (IMID) represent a vast number of disorders of 

which Rheumatoid Arthritis (RA) is the most prominent affecting approximately 1% of the 

population. RA is a chronic disease primarily affecting the joints and producing marked 

inflammatory changes in the synovial membrane and adjacent structures resulting in severe 

disability and reduced life expectancy [1, 2]. Although any joint can be affected the disease 

normally affects the hands, feet, knees and wrists. Disease activity and the rate of progression 

to involve new joints are variable. For some, the disease is mild with little or no progression 

but for many the disease is progressive with the involvement of new joints within months. 

The pain and the disability associated with the disease can affect an individual‘s ability to 

carry out everyday tasks. The disease may not be confined to the joints and surrounding 
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tissues but become systemic, involving extra-articular tissues throughout the body including 

the skin, blood vessels, heart, lungs and muscles. Many of those with RA also suffer from 

anaemia either as a consequence of the disease itself or following gastrointestinal bleeding as 

a side effect of drugs, especially non-steroidal anti-inflammatory agents used for analgesia. 

The long-term prognosis for sufferers is poor with severe disability reported in approximately 

80% of patients after 20 years. 

The exact pathogenesis of RA remains uncertain, however, autoimmune processes are 

known to play a role as evidenced by Major Histocompatibility Complex (MHC) linkage [4, 

5], autoantibody production (with novel specificity recently identified) [6] and lymphocyte 

infiltration in synovial tissue [7, 8]. These features supported the hypothesis of a T-cell driven 

disease which was developed in the late 80s [9-11] and following the demonstration that the 

main genetic risk associated with RA was associated with T-cells related genes, recently 

regained considerable interest [12] considering the interplay between T-cell activation and 

immune suppression (naturally occurring regulatory T-cells (Treg)). In addition, immune 

dysfunctions related to IL-7 are present in RA patients [13-15], some identified by our group 

[16-19]. 

 

 

1. Evidence for Genetic Association in RA  
with IL-7 Axis 

 

a. Genetic Studies in Autoimmune Diseases 
 

The IL-7/IL-7R pathway has recently been implicated in large-scale genetic studies. IL-

7R is one of the novel putative autoimmune susceptibility loci that was recently associated 

with multiple autoimmune diseases. Particularly, polymorphisms in IL7R (alpha subunit) 

gene, encoding the specific subunit of the IL7R, were found to be associated with an 

increased risk of developing multiple sclerosis [20, 21], sarcoidosis [22], ulcerative colitis 

[23], rheumatoid arthritis [24], type 1 diabetes [25] and primary biliary cirrhosis [26]. 

All individual nucleotide polymorphisms (SNPs) in the IL-7R locus, which have been 

associated with autoimmunity, are in strong linkage disequilibrium with rs6897932, a 

functional SNP located in exon 6 of IL-7R gene. This is a non-synonymous SNP 

(corresponding to a rs6897932*C or rs6897932*T genotype) affecting whether amino acid 

244 is transcribed as a threonine or an isoleucine, thus. The rs6897932 SNP has a functional 

effect on protein expression by influencing the amount of soluble (sIL-7R) and membrane-

bound (IL-7R) isoforms of the receptor, through a disruption of an exonic splicing silencer. 

The SNP rs6897932 of the IL-7R gene was first associated with susceptibility to multiple 

sclerosis (MS) independently confirmed in various studies [20, 21, 27-32]. Although, it is 

worth noting that in a study conducted in Norway no association between the SNP rs6897932 

and MS was found [33]. The rs6897932 SNP was suggested to explain only 0.2% of the 

variance in the risk of development of MS [34]. A genome-wide analysis offered evidence of 

Diabetes type 1 (DM1) association with the rs6897932 [25, 35] as well as showed evidence of 

DM1 association with rs3194051 SNP, another SNP in the IL-7R [25]. The frequency of TT-

rs6897932 genotype was significantly reduced in the young patients and was confirmed to 

have protective effect [36]. In an analysis of 27 new ulcerative colitis risk loci, an increased 

susceptibility to the disease was found with the rs3194051 SNP of the IL-7R gene only but 
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not to rs6897932 [23]. Finally, the same ―C‖ allele of rs6897932 SNP was very recently 

associated with an increased risk for SLE [37]. Therefore, a modest influence on disease 

susceptibility appeared in most diseases studies so far, the overall data suggesting a possible 

role of the IL-7R polymorphism in the development of human autoimmune diseases. 

In RA more specifically, an initial tendency for association of the rs6897932 SNP of 

IL7R gene was reported [24] followed by a few studies which did not achieve statistical 

significance at the corrected p-value threshold probably due to an inadequate power. Plant et 

al failed to detect any association of the same SNP with RA [38] but, Hinks et al [39] found a 

weak trend toward association of the same SNP with Juvenile Idiopatic Arthritis (JIA) 

probably because of the very low power (18%) of the study. In a study combining RA and 

JIA patients no allelic association was found between these diseases and any of the 13 SNPs 

analysed; however, an association between the diseases and the TT genotype of rs6897932 

SNP appeared [40]. In various European RA patient‘s populations (Table 1, data kindly 

provided by our collaborators Prof Javier Martín Ibañez, Dr María Teruel form Spain, Prof 

Rene Toes, Dr FinaKurreeman from the Netherlands and Prof Jane Worthington, Dr Stephen 

Eyre from the UK) showed again low levels of significance for this particular SNP. Data form 

a Cretan population (provided by Dr Effie Myrthianou and Prof George Goulielmos (Greece)) 

also did not show particular association. Data in RA therefore appear quite negative across 

the range despite the initial association. An interesting observation was however made when 

refining the analysis to anti-citrullinated-peptide antibody (ACPA) negative disease in 

patients from the Netherlands (Table 1) although this was not verified in other populations.  

Interestingly, the association detected in a few studies reporting association is RA 

patients was opposite to that seen in MS, associating the ―C‖ allele (not the ―T‖) with disease. 

If confirmed, these studies would substantiate diverging roles for the IL-7/IL-7RA axis in RA 

pathogenesis compared to other autoimmune disease. 

 

 

b. Exploring the Functional Significance of the IL-7R-alpha rs6897932 

Polymorphism 
 

Numerous studies in several autoimmune diseases demonstrated an association between 

the IL-7R gene polymorphism and the development of the disease. However, the precise 

mechanism by which the SNP leads to altered risk has not been elucidated so far. A possible 

role of the rs6897932 SNP in the pathogenesis of MS has been suggested. This SNP may be 

involved in the alternative splicing of exon 6, which subsequently may have potential 

consequences for the function of the receptor [41]. SNP rs6897932 changes a threonine to 

isoleucine at amino acid position #244 and the disease-associated allele leads to decreased 

inclusion of exon 6 [20]. This exon codes for a transmembrane domain of the receptor [42]. 

When exon 6 is included splicing produces a membrane-bound isoform (IL-7R). A soluble 

isoform of the receptor (sIL-7R) results from alternative splicing where exon 6 is lacking [43, 

44]. Both isoforms are able to bind IL-7 with high affinity [45, 46]. The presence of the SNP 

therefore results in a modified IL-7R/ sIL7R ratio [20, 28, 47]. As a consequence, IL-7 levels 

were significantly decreased in MS patients compared with healthy individuals, while levels 

of the soluble sIL-7R were increased in patients with the C (risk) allele of the rs6897932 SNP 

[31, 48]. Moreover, the higher mRNA levels of both IL-7R and IL-7 detected in the 

cerebrospinal fluid of patients with MS compared to those found in non-inflammatory 

neurological diseases, emphasizes the putative involvement of IL-7/IL-7R in the pathogenesis 

of MS [27]. 



 

Table 1. IL7R SNP rs6897932 form different European cohorts 

 

Population group 
MAF 

(controls) 
n Cases 

n 

Controls 

effect 

estimate/ OR 
95% CI p-value 

regression/ 

association  
method  

UK* [156] RA 0.29 3943 3505 0.91 0.84-0.97 0.007 association GWA 

Northern 

Ireland 

[40] 

RA+JIA 0.264 532 368 1.19 0.96-1.46 0.110 association GWA 

UK [39] JIA 0.29 943 3505 0.90 0.80-1.01 0.060 association GWA 

Spanish 

total 

0.2597 

838 1940 1.039 0.91-1.19 0.572 

logistic 

(additive) 
immunochip 

ACPA+   1.097 0.92-1.29 0.2783 

ACPA-   1.037 
0.83- 

1.28 
0.7436 

English 

ACPA+ 

0.2719 

2406 8430 
0.9991 

0.92-

1.074 0.9803 logistic 

regression 
immunochip 

ACPA- 1000 8430 
0.966 

0.86-

1.075 0.5248 

Dutch 

total 

0.2654 

648 1085 1.146 0.98-1.33 0.083 
logistic 

(additive) 
immunochip ACPA+ 332 1085 0.9904 0.81-1.21 0.923 

ACPA- 330 1085 1.275 1.04-1.56 0.016 

Greek 

(Crete) 
total 0.18 600 600 1.028 0.83-1.26  0.79 association TaqMann 

* Another SNP in the IL-7 was also showing association. 
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In RA, levels of IL-7 are also reduced however, in absence of clear association with the 

rs6897932 SNP, an alternative mechanism may be responsible for this reduction. As such, 

increased expression of the sIL-7R was associated with direct stimulation of pro-

inflammatory cytokine on the IL-7R gene promoter [49, 50]. 

 

 

2. Regulation of IL-7 Expression 
 

The regulation of IL-7 expression is not fully elucidated and is likely to be cell-type 

specific. Loops in cytokine networks of regulation are probably involved. To date, one 

transcriptional mechanism has been well characterised but post-transcriptional regulation may 

also be relevant. INF-gamma is a known positive regulator of IL-7 [51] whereas TGF-beta1 is 

a negative regulator [52]. Both the mouse and human IL-7 promoters have been sequenced 

and present large region of high homology. They are unusual promoters, lacking definitive 

initiation signals (such as TATA box). Transcriptional initiation is nevertheless highly 

regulated and different regions of the promoter are used to nucleate a transcriptional 

machinery complex (transcriptional initiators) [51, 53]. These are either used for spontaneous 

expression or in response to IFN-gamma. Response to INF-gamma, TGF-beta1 and other 

stimuli use transcription factors such as IRF1,2,3,7; SMAD3,4 or NFAT, AP1, GATA1,3. 

TGF-beta1 and IL-7 actually share a close reciprocal relationship where one is capable of 

down-regulating the other at the mRNA level [52, 54]. We exemplified this close relationship 

at the protein levels following therapeutic lymphodepletion in cancer patients and importantly 

showed that it is lost in RA [55]. Further regulation has been established in response to TNF-

alpha [56] and by the keratinocyte growth factor (KGF) [57] or IL-6 [58]. 

 

 

3. IL-7 and RA 
 

a. IL-7 Expression in the Joint 
 

IL-7 is highly expressed in the joints of RA patients [15, 59, 60] in contrast to the 

circulation where levels are reduced compared to health [61, 62]. IL-7 was consistently 

detected in the synovial fluid and tissue of RA patients in higher amounts compare to a non-

inflammatory form of arthritis, osteoarthritis (OA) [15, 59]. In the RA synovial membrane IL-

7 expression was also reported in the late 1990s as an activator of cells now identified as 

osteoclasts [56, 59, 63, 64]. IL-7 is known to be expressed by stromal cells (bone marrow 

(BM), thymus, soft tissue), epithelial cells (liver, gut), endothelial cells, fibroblasts, smooth 

muscle cells and keratinocytes but not by immune cells with the exception of dendritic cells 

(DCs) however, only following activation [65-70]. Accordingly, its‘ expression was not 

detected in synovial immune cells (T, B or macrophages) but mRNA was found in RA 

chondrocytes, but not in OA [63, 71]. Immunohistochemistry (IHC) analysis associated IL-7 

expression with one of the OMERACT biomarkers [15], an antibody clone which reacts with 

several cell types (macrophages and fibroblasts) [72] and is a surrogate measure of disease 

activity [73]. We also showed that the expression of IL-7 in the synovium of patients was 

directly related to a measure of local inflammation (Arthroscopic VAS) [60] and was lowered 
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when they went into remission [60]. Expression was however difficult to analyse due to 

heterogeneity of the patterns. Some tissues showed diffuse, ―patchy‖ expression with 

scattered positive single cells and other showed more consistent staining around blood vessels 

or associated with lymphocyte aggregates and more complex tissue architecture (Figure 1). 

The expression of IL-7 in RA tissue was therefore associated with fibroblasts and endothelial 

cells but was also largely extracellular [74]. 

 

 

Figure 1.IL-7 pattern of staining in synovial tissue. 

Paraffin embedded sections were cut from RA synovial biopsies, dewaxed (Access Super solution 

Menarini diagnostics), then stained using standard protocols (X-Cell plus staining kit, Menarini 

diagnostics), blocking solution, HRP reagent and 3, 3‘-Diaminobenzidine (DAB) and counterstained in 

haematoxylin. The primary antibody anti- IL7 was a mouse monoclonal (R&D labs MAB207 1: 200 

dilution) a) and b) isotype control. c) Low magnification view of a biopsy with staining surrounding 

lymphocyte aggregates). Higher magnification of IL-7 positive region surrounding lymphocyte d,e,f,i,h) 

blood vessel, g) blood vessel endothelium staining, j,k) positive and negative lining layer staining.  

 a

b
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Figure 2.Transgenic IL-7 mice. 
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Thanks to a gift from Dr Daniela Finke, we were able to examine mouse legs from a transgenic IL-

7/CIITA mouse (TG), which has been shown to have elevated basal levels of IL-7 in all tissues. 

Histology (H&E) staining of the paw showed inflammatory infiltrate in TG mice (right) and an 

outgrowth of the synovial membrane compared to the wild type (WT) littermates. In the TG mice 

cartilage surface damage was also observed. Upon dissection, clear phenotypic differences were 

observed in the femur and tibia of the TG mice compared to the WT. Following further and boiling, the 

femur and tibia of the TG mice lacked a smooth cortical bone and were spongy in nature. X-ray analysis 

demonstrated disorganised bone architecture within the femur and proximal tibia of TG mice. X-rays of 

the TG mice also proved a narrowing of the joint cavity (red arrow). TG mice had a similar bone length 

but a significantly greater bone diameter in the femur and tibia than WT mice. Osteoblast and osteoclast 

activity was analysed using alkaline phosphatase and tartrate resistant acid phosphatase (TRAP) 

methods. Histological analysis verified that the bone architecture was disorganised, with little compact 

cortical bone and the bone marrow cavity was exposed to the surrounding muscle and large numbers of 

osteoblasts and osteoclasts throughout the bone architecture. Larger numbers of osteoclasts were noted 

in TG bones compared to WT littermates Fast Green/Safranin ‗O‘ staining was used to examine 

cartilage. Articular surface was damaged and lower Safranin ‗O‘ staining, indicative of lower 

proteoglycan content, was evident in cartilage of TG mice compared to WT littermates. Fast 

Green/Safranin ‗O‘ staining also confirmed that the bone architecture was disorganised with little 

compact cortical bone and trabecular bone invading the marrow cavity in the TG micef. 

 

 

Figure 3. Synovial IL-7 mRNA expression. 

 Synovial biopsy were digested and cell grown in tissue culture for 3 passages (157). Cell cultures 

were then stimulated with IFN-gamma or TNF-alpha for 8 hours. RNA was extracted and IL-7 

mRNA measured using qPCR (55) as previously described (158). The direct relationship between 

IL-7 mRNA expression and local levels of inflammation measure during arthroscopic knee 

inspection (VAS) is displaued (black diamonds, n=9, rho=0.937 p<0.0001) (55). Stimulation with 

IFN-gamma (open diamonds) or TNF-alpha (open triangles) increased the levels of IL-7 

expression to its maximum however no more than what in vivo exposure to high levels of 

inflammation would have produced. 

 

Using a transgenic IL-7 mice model whereby IL-7 expression is increased in all but 

particularly in stromal cells (generous gift of Prof Danielle Finke, Zurich, Switzerland) we 
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investigated the effect of increased IL-7 expressing in joints (Figure 2). Histology analysis 

revealed infiltration in the transgenic mice, absent in the WT, suggesting that the mere 

presence of more IL-7 in the synovial membrane was sufficient to create an environment 

allowing tissue infiltration by lymphocytes.  

The regulation of IL-7 expression in the synovial tissue however remains elusive. 

Primary cells from RA biopsy expressed more IL-7 mRNA in RA compared with OA [59]. 

Synovial fibroblasts grown from RA biopsies spontaneously produce detectable amounts of 

IL-7 at both the transcriptional and protein levels [59]. In synovial fibroblast cultures from 

RA patients this effect was directly dependent on in vivo exposure to local levels of 

inflammation (measured during arthroscopic joint inspection) at the time of tissues resection 

[55] importantly demonstrating an effect maintained over 3 passage in culture. 

Expression in expanded synovial fibroblasts was significantly increased by stimulation 

with different cytokines such as TNF and IL-1 [59]. We confirmed these data and further 

showed that maximum stimulation was achieved in all cultures independently of the degree of 

previous activation of IL-7 expression in relation with inflammation (Figure 3). In contrast, 

TGF-beta-1 and 3 had lost their inhibiting activity in these synovial fibroblast cultures 

compared to BM cells (data not shown).  

 

 

b. IL-7 in the Circulation 
 

The discrepancy between low systemic but high synovial expression has been difficult to 

explain and has brought confusion. Therefore the idea that RA can co-exist as a systemic and 

a synovial disease is attractive [75]. The origin of circulating IL-7 remains to be fully 

elucidated. Several tissues including the BM, lymph node, skin, gut and liver are all capable 

of producing IL-7. Under normal conditions, IL-7 was thought to be released from stromal 

cells in lymphoid organs, although this was not formally proven. Furthermore, IL-7 expressed 

in tissue is presented at the surface of stromal cells by extracellular matrix protein (fibronectin 

and heparan sulphate) [76-78] and signal in a cell-to-cell fashion. These potential tissue 

origins are therefore unlikely to be the source of circulating IL-7 with the exception of the 

liver which is capable of producing large amount of protein when needed. Recent data 

demonstrated that indirect TLR-ligand activation of an unknown cell intermediate, promoted 

IL-7 production from hepathocytes using IFN-gamma as mediator [79]. Our own experiments 

[55] confirmed that primary BM stromal cells and hepathocyte cultures, liver and colon cell 

lines, synovial fibroblast from RA and OA patients but not skin fibroblasts all spontaneously 

produced IL-7 and released additional amounts (3–30 fold) when stimulated with IFN-

gamma, but only synovial fibroblast when stimulated with TNF-alpha and IL-1beta. 

Following lymphodepletion, a prolonged CD4+T-cell lymphopenia is observed in RA 

patients [80-82]. We showed that the thymus in RA patients has a similar reserve to that of 

disease controls (solid tissue cancer patients and RA patients in clinical remission) although, 

thymic rebound response to lymphopenia is delayed in RA by several months or does not 

occur [61]. This was associated with a reduced amount of BM expression of IL-7 available to 

support progenitors and by extension low thymic IL-7 and absence of de novo mature T-cell 

generation. Furthermore we showed an absence of circulating IL-7 rebound in response to 

lymphopenia and no homeostatic proliferation of T-cells, notably CD4+T-cells. The 

mechanism that controls IL-7 levels in the circulation remain unknown but several hypotheses 
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have been proposed to explain how IL-7 in turn controls T-cell homeostasis. IL-7 controls a 

key-molecular point between two pathways: survival (JAK3/STAT5/Bcl2) and cell cycle 

progression (p38/CDC25) as well as provides energy to sustain these critical cellular activities 

(Pi3K/ATK/metabolism) [83]. In the absence of external control over the levels of circulating 

IL-7, the rate of IL-7 consumption by T-cells determines its levels [84]. IL-7 and T-cells are 

in equilibrium most of the time. When T-cells are depleted (due to disease or therapy) they 

will encounter abundant IL-7 leading to homeostatic proliferation. When T-cells proliferate 

(following activation), overconsumption of IL-7 will reduce its circulating levels and T-cells 

will die. The lack of rebound in circulating IL-7 in RA [61] does not support such a 

mechanism in this disease. Altruism has been proposed as an alternative hypothesis: some T-

cells having satisfied their IL-7 need to survive and proliferate will abstain from consuming 

IL-7 by down-regulating their expression of CD127/IL-7R in turn allowing other T-cells to 

acquire IL-7 signalling [85, 86]. No changes in levels of IL-7R expression on T-cells 

(detected by flow-cytometry) were found following therapeutic lymphodepletion (F Ponchel 

unpublished observations) to support this hypothesis. We proposed a possible role for TGF-

beta as a negative regulator of IL-7 [55]; however we have not been able to verify this 

proposition in RA patients. The most promising hypothesis may however be that levels of 

circulating IL-7 are regulated through a decoy sIL-7R. Circulating sIL-7R is expressed as an 

active regulation of alternative splicing of the IL-7 mRNA rather than through cell surface 

shedding [45]. The affinity of IL-7 is equivalent for both forms of receptor. Inflammatory 

cytokines such as IL-17 and TNF-alpha synergise to increase the expression of IL-7 as well as 

IL-7R in synovial fibroblast (personal communication from Prof Pierre Miossec, gene 

expression microarray). Neutralization of IL-7 by its sIL-7R may therefore represent an 

important level of regulation. A similar role for the sIL-2R has long been recognised in RA 

[87, 88] and investigation need to be performed as it was reported at the American College of 

Rheumatology annual conference in 2011 that sIL-7R levels are high in SLE [49], and 

furthermore, that inflammation triggers the expression of the sIL-7R by fibroblasts [89]. 

Available ELISA for the IL-7 protein recognize full length IL-7 (as well as 2 shorter forms of 

the protein [90]) but are not able to make the difference between free IL-7 and IL-7/sIL-7R 

complexes. An ELISA for the sIL-7R has now been developed (Human sIL-7R ELISA Kit, 

CUSABIO) and it need to be used to investigate if this is indeed the mechanism by which 

inflammation may exert some control over IL-7 levels in the circulation. 

 

 

c. IL-7 Effect on T-Cells 
 

The ability of IL-7 to affect synovial T-cells in RA was examined a long time ago and 

compared to the effect of IL-7 on circulating T-cells [59]. Purified synovial macrophages and 

T-cell did not spontaneously released IL-7 in contrast to fibroblasts. The proliferation of 

synovial tissue T-cells from RA patients was stimulated by IL-7 however less than by IL-15 

another cytokine of the same family. CD4+ T-cells and macrophages isolated from SF were 

hyper-responsive to IL-7 when compared with peripheral blood cells [15] but IL7-stimulated 

lymphocyte responses were not inhibited by TNF-alpha blockade [91]. The cell-cell contact 

dependent activation of T-cells by macrophages was also enhanced by IL-7, resulting in IL-7 

driven expression of TNF-alpha from such co-cultures [91]. IL7 and TNF-alpha levels in RA 

synovial fluid and synovial tissue were therefore directly correlated. 
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Considering the role of IL-7 driving the Th1/Th2 balance [92-94] it was hypothesized 

that IL-7 may affect such balance in the RA synovium [14]. Naïve circulating CD4+ T-cells 

stimulated by CD3/CD28 in the presence of IL-7 spontaneously produced twice as much IFN-

gamma but little more IL-4. Stimulation under Th2 polarisation conditions (in the presence of 

IL-4) did reduced slightly the production of IFN-gamma but Th2 polarisation in the presence 

of IL-7 abolished the Th1 bias [14]. Synovial T-cells stimulated with IL-7 produced twice as 

much TNF-alpha and IL-4 but 3 time more IFN-gamma showing clear Th1 engagement and 

little effect on Th2 [13]. The activity of IL-7 was mediated by induction of the IL-12R 

expression for Th1 polarisation (IFN-gamma) but not for Th2 or the pro-inflammatory 

activation of T-cells (TNF-alpha). 

Prolonged and profound CD4+T-cell lymphopenia is a hallmark of RA patients treated 

with different lymphocyte-depleting therapy [95-97] and we showed that poor reconstitution 

result from a lack of IL-7 mediated homeostatic proliferation as well as poor progenitor 

support and thymic rebound [61]. The response of RA patients circulating CD4+ T-cells to 

IL-7 was not different to that of healthy control; however it is the absence of IL-7 rebound 

itself that appears to be the main limiting factor in the BM and thymus for the generation of 

new T-cells and in the circulation for the lack of homeostatic proliferation.  

Taking advantage of a remission RA clinic where 50% of patients achieving clinical 

remission also recovered normal levels of circulating IL-7 [61], we examined the fine-tuning 

role that IL-7 exerts on T-cells in the circulation (activation and regulation) and compared it 

with exogenously provided IL-7 mimicking the situation in the joint [98]. Reduced levels of 

circulating IL-7 [61] probably underlie the dysfunctions associated with circulating T-cells in 

RA as evidenced by the direct relationship between circulating levels of IL-7 and T-cell 

responses to stimuli such PHA, CD3/CD28 as well as recall antigen [60] and may provide a 

mechanism for some of the anergic characteristics of T-cells in the disease. Similarly, 

synovial regulatory T-cell were affected by the presence of IL-7 in RA [99] and suppression 

in the presence of IL-7 was shown to be abolished [100-102]. We confirmed these findings in 

RA [98]. In contrast the effect of additional stimulation provided by IL-7 (like in the joint) 

had the potential to modify T-cells‘ role towards sustaining the vicious circle, enhancing 

proliferation and responsiveness to stimulation, altogether contributing to perpetuating 

inflammation [98]. 

 

 

d. IL-7 and Cellular Networking 
 

Analysis at the disease sites (synovium) may actually provide additional information. The 

cellular composition of rheumatoid synovial membrane is relatively consistent amongst 

patients including resident cells, fibroblasts, macrophages and endothelial cells. The 

inflammatory cell infiltrate consists mostly of T and B-cells, dendritic cells (DCs) and plasma 

cells. Any direct effect of IL-7 on B-cells is unlikely as human B-cells do not express the IL-

7R which was confirmed on RA synovial B-cells [103]. Monocytes in RA were shown to 

express high levels of IL-7R [104] possibly closing a loop between TNF and IL-7 co-

activation with fibroblasts in relation with chronic inflammation. 
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Figure 4.IL-7 and Tissue Architecture. 

A synovial biopsy with clear TA including GCL structure (a) (H&E) was stained with anti IL-7 (e 

and f) and lineage marker (as described in figure 1) using (b) anti CD3 (rabbit monoclonal clone 

SP7 Abcam ab16669, 1:200) (c) anti CD20 (M-20 Goat polyclonal Santa Cruz sc-7735, 1:200) and 

(d) anti CD68 (Rat monoclonal Abcam ab53444,1:100). 

 

The tissue architecture (TA) of the synovial membrane in RA is complex and sometimes 

highly organized. A diffuse infiltration in which T cells, B cells and macrophages are 

scattered among resident fibroblasts with no higher level of organization is observed in a third 

of tissues [8]. In the remaining patients, B and T cells organize themselves into defined 

structures: lymphoid aggregates formed around blood vessels, or structures showing clear 

features of ectopic formation of lymphoid tissue germinal centres (GCs) (Figure 4), with 

separated T- and B -cell zones, [105, 106]. Colocalisation of IL-7 with T-cells but 

a

c d
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interestingly also with B-cells was observed in the RA synovium [74]. Therefore, the 

hypothesis that IL-7 can orchestrate the synovial cellular network leading to chronic 

inflammation and joint destruction was put forward [60]. IL-7 stimulation of DC in vitro 

results in their DC1 polarisation and IL-7 also induce the expression of IL-12R on T-cells 

[92]. Whether synovial IL-7 can activate local DC in RA remains to be investigated. 

The role of IL-7 in the formation of lymph nodes (LN) and Peyer‘s patch has long been 

known (for review see [107, 108]) in addition to a critical role in driving T-cell homeostasis 

in LN [109]. No evidence of a sequential relationship with time or location between these 

different forms of TA has been reported. Similar structures were identified in several other 

IMID (Crohn‘s disease, multiple sclerosis, gastritis, hepatitis, thyroiditis and Sjorgren‘s 

syndrome). Gene expression analysis in RA synovial tissue, confirmed IL-7 signalling to be 

highly associated with structures resembling GCs [74]. 

 

 

e. IL-7 and Bone in RA 
 

IL-7 is a recognised regulator of bone turnover (for review see [110]). Bone mass results 

from a complex equilibrium between bone formation (activation of osteoblasts) and 

resorption (activation of osteoclasts), the later mediated by IL-7 [56, 111]. IL-7 deficient mice 

present a significant increase in bone mass [112], which is directly related to the absence of 

IL-7-driven expression of RANK ligand (RANKL) by T-cells [56]. On the other hand, a clear 

bone mass deficit is associated with over expression of IL-7 and such transgenic IL-7 mice 

are usually unable to survive very long in addition to other immune phenotype [110, 113]. 

Using the IL-7 transgenic mice model (see above), we confirmed that bone shape was altered 

in these animals (Figure 2) associated with evidence of reduced thickness of bone and 

increased presence of osteoclasts, further associated with cartilage proteoglycan loss. This 

was also observed in collagen induced arthritis where the intra-peritoneal administration of 

IL-7 exacerbated arthritis leading to a more severe destructive phenotype [114]. The 

mechanism by which Il-7 mediate this bone destruction has been related to stromal cells 

expression of IL-7, enhancing the expression of RANKL by T-cells and inducing the 

differentiation of CD14 monocytes into multi-nucleated, giant, bone-resorbing, tartrate 

resistant acid phosphatase (TRAP)-positive cells [115]. 

 

 

4. IL-7 as Biomarker in RA  
 

We previously reviewed existing data published for the detection of IL-7 [60]. It is not 

one of cytokines known to need particular pre-analytical precautions during blood collection 

(related to stress, cachexia, diurnal rhythm or diet, delay in possessing, storage temperature (-

20 acceptable) and 1 to 2 freeze thaw cycle) that may influence its measurement; although 

there are several ELISAs and other types of assay (cytometric beads assay or Luminex assay) 

commercially available. Importantly, levels of IL-7 reported in 17 publications in healthy 

controls using 5 different kits were quite similar (reviewed in [60]). In RA however, the use 

of multiplex Luminex beads assay yielded false positive results as this method is sensitive to 

heterophilic antibody interferences such as RF [116, 117].  
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a. Diagnostic 
 

We demonstrated [62] that low serum IL-7 can identify patients with very early 

inflammatory joint symptoms who will progress to RA over the next 2 years (sensitivity 30% 

and specificity 83%, independently of ACPA status) using a cut-off value of 10 pg/mL. Our 

data also suggested that IL-7 would be the second best diagnostic biomarker of RA after 

ACPA however, it was the best one for the sub-group of ACPA(-) patients for which such 

novel biomarker is of utter most importance. 

One of the issues discussed in this original report of the IL-7 diagnostic potential [62] 

was the need to look into factors that can influence IL-7 measurements in addition to donor 

variability in both health and disease. Reports of the presence of sIL-7R responsible for 

reducing circulating levels of IL-7 in HIV-infected patients have recently been published 

[118, 119]. More work is ongoing to validate IL-7 as a diagnostic biomarker. 

 

 

b. Prognostic 
 

In patients with recent onset of joint inflammatory symptoms and a confirmed RA 

diagnosis, disease progression over the next 2 years (evaluated using an increase in DAS44-

Ritchie at 1 and 2 year) was associated with ACPA(+) disease and longer symptom duration 

at baseline [62]. Using a different cut-off from diagnostic (upper quartile of the distribution 

>17.0 pg/ml), higher IL-7 levels at baseline were associated with low levels of disease 

activity (DAS<1.6) at 1 year. Using multivariate logistic regression, absence of disease 

progression was clearly associated with lack of reduction in IL-7 above ACPA-negativity 

(n=108) and was even more predictive in the ACPA(-) subgroup (n=67). A regression 

analysis of the development of novel erosion over 2 years, showed that only reduced levels of 

IL-7 (using a low level cut-off <10 pg/ml at baseline) was predictive. 

The effect of TNF-alpha blockade on circulating IL7 levels was studied [91]. Baseline 

levels were not investigated with respect to prediction of response but IL7 levels were 

reduced in patients who successfully responded to anti-TNF-alpha treatment and persisted in 

non-responders. Our own data in early RA treated with methotrexate (MTX) or MTX 

combined with TNF-alpha blocking agent as 1
st
 line treatment suggests that there is no 

predictive value for IL-7 at baseline with respect to response to treatment (n=50, p=0.749). 

 

 

c. Remission and Relapse 
 

In established RA, we have showed that circulating levels of IL-7 that remained low 

(<10pg/ml) in clinical remission on DMARDs (DAS<2.6), were predictive of relapse over the 

next 12 months [98]. In patients with early RA achieving remission on DMARDs pilot data 

suiggest that low IL-7 was also associated with relapse over the next 12 month (n=10, 

p=0.03). The main parameters allowing the prediction of safe discontinuation of anti-TNF 

drug was actually duration of disease before biologics treatment and T-cell subset 

phenotyping [120]. Nevertheless, lack of IL-7 recovery in established RA in clinical 

remission post anti-TNF treatment was again associated with relapse in the next few months 

(n=21, p=0.05); however in patients treated early, no difference in IL-7 levels were observed 
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between those destined to relapse or not (n=14, p=0.533). The absence of IL-7 recovery in 

clinical remission could indicate low levels of disease activity, however we could not 

establish any relationship between IL-7 levels and residual disease activity using advanced 

ultrasound and MR imaging technique [121, 122]. Further associations with smoking and 

early disease onset were also observed and discussed [98], notably as associations between 

IL-7 and smoking have been reported but the mechanisms behind these observations remains 

to be clarified. 

 

 

5. Rationale for Blocking IL-7 in RA 
 

RA is one of the most common autoimmune diseases and is the main cause of potentially 

treatable disability in the western world [123, 124]. Uncontrolled inflammation over time 

imposes a significant patient and health economic burden which is expected to continue to 

increase due to population ageing, and changes in lifestyle (increased obesity and lack of 

physical activity) [123]. The worldwide incidence of RA is about 1-2% with the disease being 

more common in women than men and most often starts between the ages of 30 and 40. There 

is an increased incidence in those with a family history and an association with HLA-specific 

alleles. In the UK the RA annual incidence is ~36/100,0000 in women and ~14/100,000 in 

men with a prevalence of 0.8% in the adult population. The current impact of RA in terms of 

resource usage is considerable, somewhere in the region of £400 million annually for 

healthcare services, £60 million in laboratory tests, and £40 million in medicines costs. Add 

to this the costs of the social services, the loss of income and the benefits to be paid, brings 

the overall annual costs to almost to £1 billion per year. 

Optimal management of such chronic condition is therefore a priority. DMARDs remain 

the cornerstone of management of RA although it is clear that sub-optimal response limits the 

potential of conventional therapies. The need however to intervene at the earliest opportunity 

and aim for maximal disease control to minimise the impact of disease is now well-

established [125-127].The development of modern biologic therapies has made the treatment 

aim of achieving long-term remission an attainable target [128]. However, differences in 

response to therapy between early and established RA have been observed that remain to be 

explained. Response to anti-TNF therapies in early RA is qualitatively and quantitatively 

superior [129], with virtually complete suppression of inflammation in most patients [128-

130] compared to classic DMARDs. In comparison, in late RA TNF-alpha blockade produces 

only partial control over inflammation [131] and it is clear that response is neither complete 

nor universal [132, 133]. These findings have suggested the existence of a critical therapeutic 

window during which optimal control of inflammation can be obtained.  

RA is a very heterogeneous disease, notably recently highlighted by difference in the 

genetic contribution to ACPA(+/–) disease [134-136], illustrating two divergent pathogenic 

models, with different rates of progression [137-139] and response to treatment [138, 140]. 

Although an improved understanding of RA pathogenesis has identified TNF-alpha and IL-6 

as pivotal in driving inflammation, the spectrum of clinical responses to these cytokine-

blockade suggest that they may play a particularly important role in the early phases of 

disease, with the development of a more heterogeneous disease drive and notably 

independency towards TNF and IL-6 later. The need for alternative treatments for RA 
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therefore remains high; however the cost of developing new biologicals as well as their side 

effects and resistance suggest that alternative approaches may be more successful.  

We proposed the IL-7/IL-7R signalling axis as a potential candidate for therapeutic 

intervention for RA [60] in agreement with others [141] and with the general interest for IL-7 

as therapeutic target in several other autoimmune diseases. In support of this hypothesis MS 

autoreactive T-cells against MBP were increased by IL-7 however only in MS patients with 

active disease [142]. A transgenic mouse model with a mutant form of the IL-6 receptor 

gp130-subunit (F759) with enhanced signal transduction and activation of STAT-3, 

spontaneously developed a RA-like joint disease (Table 2) [58]. The mutation was sufficient 

and necessary only in non-haemtopoietic cells and resulted in specific increased production of 

IL-7 by stromal cells.  

Similarly, administration of IL-7 in the CIA model (at the time of disease development 

day 21 to 31) exacerbated disease (increased clinical severity and radiological scores) [143, 

144] with no major other side effect on T and B-cells. Our own findings in transgenic mice 

showed that the sole over-expression of IL-7 in stromal cells was sufficient to increased 

cellular infiltration (Figure 2). In the F759 model, a blocking IL-7 antibody completely 

abolished the development of arthritis when injected intra-peritoneally into 7-day-old 

thymectomised neonatal mice every 2 days for 2 weeks [58]. Thymectomy was necessary to 

overcome the difficulty to maintain enough anti–IL-7 antibodies in vivo over 1 year. 

However, a cross-over between an IL-7R-KO and the F759 mice showed reduced incidence 

of arthritis (11% of mice developing disease) over more than 1 year compared to the F795 

animals (85%). Following these data a prophylactic protocol using an IL-7R blocking 

antibody showed reduced severity of arthritis (clinical and radiologic scores) in the CIA 

model as well as delayed the appearance of diseases by a few days [145]. Similarly, a receptor 

blocking antibody used in a proteoglycan induced disease in BalbC mice, showed reduced 

incidence (from 92% to 58%) and less severe disease [144]. Using IL-7R blocking antibody 

in a therapeutic protocol in the CIA model, more limited effect were observed with mostly 

reduced severity score [145]. Investigating the mechanism by which IL-7 inhibition may 

prevent disease progression has not been fully elucidated in RA animal models, however a 

mild reduction in T-cell number (splenic and thymic cell counts, both CD4 and CD8 as well 

as both naïve and memory CD4) and no difference in B-cell, monocyte or DC numbers were 

observed in the CIA model treated with an IL-7R blocking antibody [145]. The anti-collagen 

antibody titres were not affected but T-cell cytokine secretion was reduced (IFN-gamma, IL-

5, IL-17). Local levels of several cytokines (IL-1beta, IL-11, TNF-alpha, IL-6) chemokines 

(IP10, MCP-5), tissue factors (RANKL, MMP9) and vascular factors (vWF, VCAM-1) were 

reduced. Furthermore, a prophylactic protocol using IL-7R blockade in the CIA model 

considerably reduced monocyte recruitment into the joint [104] as well as their differentiation 

into osteoclast. This also resulted in clear inhibition of bone erosions as well as suppressed 

vascularisation mediated by a loss of the MIP2 chemokine expression. 

Additional insight may be provided by experiments in the non-obese diabetic mice 

(NOD) [146-148]. Using an IL-7R receptor blockade, disease was reversed in new onset 

diabetic mice.Pathogenic T-cell were not depleted but specifically suppressed in their 

expression of IFN-gamma and conversely expressed more receptor Programmed Death-1. 

Cells from animals treated with the IL-7R antibody were no longer able to transfer the disease 

suggesting that the IL-7R blockade induced T-cell tolerance. The balance between regulatory 

and pathogenic T-cells was also altered. These data provide strong evidence that in T-cell 

dependent (phases of) autoimmune disease, IL-7 signalling inhibition represent an important 

target for therapy. 



 

Table 2. Animal model testing IL-7/IL-7R signalling inhibition  

 
Disease Animal model treatment results ref 

RA 

 

 

F759 mutation in the 

gp130 IL-6R subunit 

enhanced signal 

transduction 

activation of STAT-3 

Anti-IL-7 antibody 

(M25 hybridoma culture 

supernatant) 

injection intraperitoneally 

into 7-day-old 

thymectomised neonatal 

mice  

 Spontaneous arthritis by 6-7 months of age 

 Disease is CD4+T-cell dependent 

 Increased IL-7 expression restricted to stromal cells  

 Blocking antibody fully prevent the development of arthritis 

 A cross over between an IL-7R-KO and the F759 mice showed 

reduced incidence of arthritis  

[58]. 

BalbC proteoglycan 

induced arthritis 

IL-7Rblocking Antibody 

 

 Reduced incidence  

 Less severe disease 

EWRR Warsaw 

2009 [144] 

DBA/1J mice 

CIA model 

 

IL-7 Injection at the time of 

disease development (day 21 

to31)  

 Exacerbation of disease: increased clinical severity and 

radiological scores  

 No major side effect on T and B-cells. 

EWRR Warsaw 

2009 [143] 

DBA/1J mice 

CIA 

IL-7Rblocking Antibody 

(M595, Amgen) 

prophylactic protocol 

 Reduced severity of arthritis (clinical and radiologic scores)  

 Delayed the appearance of diseases by a few days 

 [145] 

DBA/1J mice 

CIA 

Blocking Antibody 

(M595, Amgen) 

therapeutic protocol 

 Used when arthritis score >2 

 Reduced the arthritis score 

[145] 

DBA/1J mice 

CIA 

Anti-IL-7R antibody 

(R&D Systems) 

Therapeutic protocol 

 Reduced synovial inflammation (40%), joint lining thickness 

(45%), and erosion (40%)  

 Reduced joint TNF-a  

 Reduced serum levels of MCP-1  

 Reduced synovial fluid mediated monocyte migration 

[104] 

 Transgenic mice 

 

  Over-expression of IL-7 in stromal cells  

 Increased cellular infiltration  

Own unpublished 

observation 

 

 



 

Table 2. (Continued) 

 
Disease Animal model treatment results ref 

colitis TCR alpha-chain 

knockout (TCRα−/−) 

mice 

anti-IL-7R mAb (A7R34) 

 

therapeutic protocol 

 Selective depletion of IL-7Rα high CD4+ LPLs completely 

ameliorated established collitis 

 

[153] 

TCRα−/− mice. 

 

anti-IL-7R mAb (A7R34) 

intraperitoneal injection. 

Prophylactic protocol 

 Inhibits the development ofcolitis  

 Decrease expansion of memory CD4+ LPLs 

 

[149] 

bacterial-induced 

colitis in 

Mdr1a−/− mice 9T  

 

Rag2−/− mice 

 

anti-IL-7Rα (M595) 

 

therapeutic protocol 

 Colitis model involving T cells but also innate immune cells 

(macrophages, DC, and NK cells).  

 Inhibition of colitis was associated with decreases in T-cell 

(especiallyreduced pool of naïve T-cells) and non-T-cell 

population) 

 Reduction of inflammatory cytokines and chemokines. 

[154] 

NOD,  NOD mice,  

 

anti–IL-7Rα mAb 

prophylactic and therapeutic 

protocols 

 Efficacy in the prevention of diabetes 

 Reverses established DM1 by modulating effector T-cell 

function 

 Induces durable disease remission in newly established DM1 

cases 

[146] 

NOD mice,  

 

Anti–IL-7Rα ( clone A7R34) 

prophylactic and therapeutic 

protocols 

 Prevents and  

 Reverses Autoimmune Diabetes 

[148] 

MS/EAE MOG immunized 

mice with EAE 

Anti–IL-7Rα(SB/14; BD 

Biosciences)  

in-house clone 28G9  

prophylactic and therapeutic 

protocols 

 Treatment before or after onset of paralysis exhibited reduced 

clinical signs of EAE 

 Reduction in peripheral naïve and activated T cells,  

 Central memory T, regulatory T, B, and natural killer cell 

populations were largely spared.  

 Treatment markedly reduced lymphocyte infiltration into the 

central nervous system in mice with EAE. 

[41] 



 

Disease Animal model treatment results ref 

 Egfp-transgenic 

C57BL/6 (B6) mice  

 

Ifng−/− and Il6−/− mice  

EAE induced with 

MOG peptide  

Anti–IL-7Rα(SB/14; BD 

Biosciences), 

-antiIL-7 (AB-407-NA; 

R&D systems) 

prophylactic and therapeutic 

protocols 

 IL-7–IL-7R signalling is required for survival and expansion of 

committed Th17 cells in both mouse and human experimental 

systems. 

 Disease development dependent ondifferentiation of Th17 cells 

 Prophylactic treatment before EAE onset is not sufficient to alter 

the severity of the disease,  

 Treatment administered after onset markedly affect the clinical 

course of EAE.  

 IL-7 is crucial for Th17 survival and expansion through STAT5 

signalling in establisheddisease 

 This unique effect of IL-7 is independent of IL-6 

[150] 

SLE T cell-deficient 

TCRb–/– MRL-Faslpr 

mice 

(lupus-predisposed 

mice) 

Anti–IL-7Rα(clone A7R34) 

 

prophylactic and therapeutic 

protocols 

 Prophylactic treatmentinducesignificant reductions in dermatitis, 

lymphadenopathy, splenomegaly and total serum  

 Marginal reduction in anti-chromatin IgG2a autoantibodies, 

 Reduced numbers of CD4+, CD8+, as well as immature (T1) and 

follicular (T2-F0) B cells 

 Treatment of established disease (14 weeks old 

mice).inducessignificantly reduction in proteinuria, 

glomerulonephritis, and lymphocyte infiltrates in the kidneys  

 All antibody treated mice were alive at 24 weeks of age 

compared to .50% mortality in the control group  

[151] 

primary 

Sjӧgren‘s 

syndrome 

C57BL/6.NOD-

Aec1Aec2 

 

anti–IL-7Ralpha 

prophylactic protocol 

 Almost completely abolished the development of pSjS (based on 

salivary gland inflammation and apoptosis, autoantibody 

production and secretory dysfunction 

[152] 
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Several other models of auto-immune disease were also effectively controlled by anti-IL-

7R therapies. In several animal models of autoimmune diseases the use of prophylactic 

protocols with either anti-IL-7 or receptor-inhibition allowed prevention or complete 

inhibition of disease development (Table 2) [41, 145, 148-152]. Therapeutic protocols 

showed important effects as well in many models [41, 104, 145, 146, 148, 150, 153, 154] 

notably with abrogation of established colitis, MS and diabetes. Therefore, animal studies 

have clearly demonstrated that IL-7-signalling blockade can prevent the development and 

ameliorate or reverse established autoimmune diseases. 

The previously un-described mechanism of action of IL-7/IL-7R signalling in TH17 cells 

survival and expansion [150] may provide powerful explanations for the treatment efficacy of 

IL-7R antagonism in EAE and therapeutic implications for human autoimmune diseases such 

as multiple sclerosis. The IL-7 signalling blockade offered the selectivity that distinguishes 

pathogenic Th1 and Th17 cells from Treg and unrelated immune cells. Additional therapeutic 

advantages of IL-7R antagonism involve its selective effect on survival and expansion of 

effector Th17 cells versus Th17 cell differentiation. In contrast, IL-6 or IL-23 antagonism 

given as prevention protocol when Th17 cells still undergo differentiation is effective during 

EAE, whereas the same regimen administered once EAE is established showed no efficacy 

[155]. IL-7 antagonism mainly targeting committed Th17 cells [150 therefore has unique 

therapeutic advantages. 

Altogether, these data suggest that the best window of opportunity for anti-IL-7 therapy is 

in the early phases of the disease when T-cells are more likely to be essential however good 

result may also be obtained in established diseases. In RA they may also indicate that the best 

time to use anti-IL-7 therapy maybe in preventing progression to RA from very early 

symptom or even in pre-clinical phases such as ACPA+ arthralgia. 

This work has been partly supported by a European Union funded FP7-integrated project 

Masterswitch No. 223404 and the IMI funded project BeTheCure No 115142-2. 
 

 

References 
 

[1] Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch DA, Williams CA, et al. The 

Mortality of Rheumatoid-Arthritis. Arthritis Rheum. 1994;37(4):481-94. 

[2] Sokka T, Abelson B, Pincus T. Mortality in rheumatoid arthritis: 2008 update. Clin. 

Exp. Rheumatol. 2008;26(5 Suppl 51):S35-61. 

[3] Ernst B, Lee D-S, Chang JM, Sprent J, Surh CD. The peptide ligands mediating 

positive selection in the thymus control T cell survival and homeostatic proliferation in 

the periphery. Immunity. 1999;11(2):173-81. 

[4] Winchester R. The Molecular-Basis of Susceptibility to Rheumatoid-Arthritis.Advances 

in Immunology1994. p. 389-466. 

[5] Gregersen PK, Silver J, Winchester RJ. The Shared Epitope Hypothesis - an Approach 

to Understanding the Molecular-Genetics of Susceptibility to Rheumatoid- Arthritis. 

Arthritis and Rheumatism. 1987;30(11):1205-13. 

[6] Strollo R, Ponchel F, Malmström V, Rizzo P, Bombardieri M, Wenham CY, et al. 

Auto‐antibodies to post translationally modified type II collagen as potential 

biomarkers for rheumatoid arthritis. Arthritis & Rheumatism. 2013. 



IL-7 in Rheumatoid Arthritis 53 

[7] Feldmann M, Brennan FM, Maini RN. Role of cytokines in rheumatoid arthritis. Annu. 

Rev. Immunol. 1996;14:397-440. 

[8] Goëb V, Walsh C, Reece R, Emery P, Ponchel F. Potential role of arthroscopy in the 

management of inflammatory arthritis. Clinical and Experimental Rheumatology. 

2012;30(3):429-35. 

[9] Panayi GS, Lanchbury JS, Kingsley GH. The Importance of the T-Cell in Initiating and 

Maintaining the Chronic Synovitis of Rheumatoid-Arthritis. Arthritis and Rheumatism. 

1992;35(7):729-35. 

[10] Salmon M, Gaston J. The role of lymphocytes in rheumatoid arthritis. Br. Med. Bull. 

1995;51:332-45. 

[11] Lanchbury JS, Pitzalis C. Cellular Immune-Mechanisms in Rheumatoid-Arthritis and 

Other Inflammatory Arthritides. Current Opinion in Immunology. 1993;5(6):918-24. 

[12] Ponchel F, Vital E, Kingsbury SR, El-Sherbiny YM. CD4+ T-cell subsets in 

rheumatoid arthritis. International Journal of Clinical Rheumatology. 2012;7(1):37-53. 

[13] Van Roon J, Glaudemans C, Bijlsma J, Lafeber F. Differentiation of naive CD4+ T 

cells towards T helper 2 cells is not impaired in rheumatoid arthritis patients. Arthritis 

Res. Ther. 2003;5(5):R269-R76. 

[14] van Roon JAG, Glaudemans K, Bijlsma JWJ, Lafeber F. Interleukin 7 stimulates 

tumour necrosis factor alpha and Th1 cytokine production in joints of patients with 

rheumatoid arthritis. Annals of the Rheumatic Diseases. 2003;62(2):113-9. 

[15] van Roon JAG, Verweij MC, Wenting-van Wijk M, Jacobs KMG, Bijlsma JWJ, 

Lafeber F. Increased intraarticular interleukin-7 in rheumatoid arthritis patients 

stimulates cell contact-dependent activation of CD4+T cells and macrophages. Arthritis 

And Rheumatism. 2005;52(6):1700-10. 

[16] Emery P, Panayi GS, Nouri AME. Interleukin-2 Reverses Deficient Cell-Mediated 

Immune-Responses in Rheumatoid-Arthritis. Clin Exp Immunol. 1984;57(1):123-9. 

[17] Ponchel F, Morgan A, Bingham S, Quinn M, Buch M, Verburg R, et al. Dysregulated 

lymphocyte proliferation and differentiation in patients with rheumatoid arthritis. 

Blood. 2002;100:4550-6. 

[18] Lawson CA, Brown AK, Bejarano V, Douglas SH, Burgoyne CH, Greenstein AS, et al. 

Early rheumatoid arthritis is associated with a deficit in the CD4(+)CD25(high) 

regulatory T cell population in peripheral blood. Rheumatology. 2006;45(10):1210-7. 

[19] Burgoyne C, Field S, AK Brown, Hensor E, English A, Bingham S, et al. Abnormal T-

cell differentiation persists in rheumatoid arthritis patients in clinical remission and 

predicts relapse. Ann. Rheum. Diseases. 2008;67;:750-7. 

[20] Gregory SG, Schmidt S, Seth P, Oksenberg JR, Hart J, Prokop A, et al. Interleukin 7 

receptor α chain (IL7R) shows allelic and functional association with multiple sclerosis. 

Nature genetics. 2007;39(9):1083-91. 

[21] Haas J, Korporal M, Schwarz A, Balint B, Wildemann B. The interleukin-7 receptor α 

chain contributes to altered homeostasis of regulatory T cells in multiple sclerosis. Eur. 

J. Immunol. 2011;41(3):845-53. 

[22] Heron M, Grutters J, van Moorsel C, Ruven H, Huizinga T, van der Helm-van Mil A, et 

al. Variation in IL7R predisposes to sarcoid inflammation. Genes and Immunity. 

2009;10(7):647-53. 



Frederique Ponchel, Agata Burska, Effie Myrthianou et al. 54 

[23] Anderson CA, Boucher G, Lees CW, Franke A, D'Amato M, Taylor KD, et al. Meta-

analysis identifies 29 additional ulcerative colitis risk loci, increasing the number of 

confirmed associations to 47. Nature genetics. 2011;43(3):246-52. 

[24] Barton A, Eyre S, Ke X, Hinks A, Bowes J, Flynn E, et al. Identification of AF4/FMR2 

family, member 3 (AFF3) as a novel rheumatoid arthritis susceptibility locus and 

confirmation of two further pan-autoimmune susceptibility genes. Human Molecular 

Genetics. 2009;18(13):2518-22. 

[25] Todd JA, Walker NM, Cooper JD, Smyth DJ, Downes K, Plagnol V, et al. Robust 

associations of four new chromosome regions from genome-wide analyses of type 1 

diabetes. Nature genetics. 2007;39(7):857-64. 

[26] Mells GF, Floyd JA, Morley KI, Cordell HJ, Franklin CS, Shin S-Y, et al. Genome-

wide association study identifies 12 new susceptibility loci for primary biliary cirrhosis. 

Nature genetics. 2011;43(4):329-32. 

[27] Lundmark F, Duvefelt K, Hillert J. Genetic association analysis of the interleukin 7 

gene (< i> IL7</i>) in multiple sclerosis. J. Neuroimmunol. 2007;192(1):171-3. 

[28] McKay F, Swain L, Schibeci S, Rubio J, Kilpatrick T, Heard R, et al. Haplotypes of the 

interleukin 7 receptor alpha gene are correlated with altered expression in whole blood 

cells in multiple sclerosis. Genes and Immunity. 2007;9(1):1-6. 

[29] Weber F, Fontaine B, Cournu-Rebeix I, Kroner A, Knop M, Lutz S, et al. IL2RA and 

IL7RA genes confer susceptibility for multiple sclerosis in two independent European 

populations. Genes and Immunity. 2008;9(3):259-63. 

[30] Zuvich RL, McCauley JL, Oksenberg JR, Sawcer SJ, De Jager PL, Aubin C, et al. 

Genetic variation in the IL7RA/IL7 pathway increases multiple sclerosis susceptibility. 

Hum. Genet. 2010;127(5):525-35. 

[31] Evsyukova I, Somarelli JA, Gregory SG, Garcia-Blanco MA. Alternative splicing in 

multiple sclerosis and other autoimmune diseases. RNA biology. 2010;7(4):462-73. 

[32] Evsyukova I. Investigating Alternative Splicing and Polyadenylation of the Interleukin 

7 Receptor Exon 6: Implications for Multiple Sclerosis. 2012. 

[33] Lundström W, Greiner E, Lundmark F, Westerlind H, Smestad C, Lorentzen ÅR, et al. 

No influence on disease progression of non-HLA susceptibility genes in MS. J. 

Neuroimmunol. 2011;237(1):98-100. 

[34] The International Multiple Sclerosis Genetics Consortium. Risk Alleles for Multiple 

Sclerosis Identified by a Genomewide Study. New England Journal of Medicine. 

2007;357(9):851-62. 

[35] Monti P, Brigatti C, Krasmann M, Ziegler AG, Bonifacio E. Concentration and activity 

of the soluble form of the Interleukin-7 Receptor alpha in type I diabetes identifies an 

interplay between hyperglycemia and immune function. Diabetes. 2013. 

[36] Santiago J, Alizadeh B, Martinez A, Espino L, de la Calle H, Fernandez-Arquero M, et 

al. Study of the association between the CAPSL-IL7R locus and type 1 diabetes. 

Diabetologia. 2008;51(9):1653-8. 

[37] Wang X-S, Wen P-F, Zhang M, Hu L-F, Ni J, Qiu L-J, et al. Interleukin-7 Receptor 

Single Nucleotide Polymorphism rs6897932 (C/T) and the Susceptibility to Systemic 

Lupus Erythematosus. Inflammation. 2013:1-6. 

[38] Plant D, Thomson W, Lunt M, Flynn E, Martin P, Eyre S, et al. The role of rheumatoid 

arthritis genetic susceptibility markers in the prediction of erosive disease in patients 



IL-7 in Rheumatoid Arthritis 55 

with early inflammatory polyarthritis: results from the Norfolk Arthritis Register. 

Rheumatology. 2011;50(1):78-84. 

[39] Hinks A, Eyre S, Ke X, Barton A, Martin P, Flynn E, et al. Association of the AFF3 

gene and IL2/IL21 gene region with juvenile idiopathic arthritis. Genes and immunity. 

2010;11(2):194-8. 

[40] O'Doherty C, Alloza I, Rooney M, Vandenbroeck K. IL7RA polymorphisms and 

chronic inflammatory arthropathies. Tissue antigens. 2009;74(5):429-31. 

[41] Lee L-F, Axtell R, Tu GH, Logronio K, Dilley J, Yu J, et al. IL-7 Promotes TH1 

Development and Serum IL-7 Predicts Clinical Response to Interferon-β in Multiple 

Sclerosis. Science translational medicine. 2011;3(93):93ra68-93ra68. 

[42] Pleiman C, Gimpel S, Park L, Harada H, Taniguchi T, Ziegler S. Organization of the 

murine and human interleukin-7 receptor genes: two mRNAs generated by differential 

splicing and presence of a type I-interferon-inducible promoter. Molecular And Cellular 

Biology. 1991;11(6):3052-9. 

[43] Goodwin RG, Friend D, Ziegler SF, Jerzy R, Falk BA, Gimpel S, et al. Cloning of the 

human and murine interleukin-7 receptors: demonstration of a soluble form and 

homology to a new receptor superfamily. Cell. 1990;60(6):941-51. 

[44] Korte A, Köchling J, Badiali L, Eckert C, Andreae J, Geilen W, et al. Expression 

analysis and characterization of alternatively spliced transcripts of human IL-7Rα chain 

encoding two truncated receptor proteins in relapsed childhood ALL. Cytokine. 

2000;12(11):1597-608. 

[45] Rose T, Lambotte O, Pallier C, Delfraissy J-F, Colle J-H. Identification and 

biochemical characterization of human plasma soluble IL-7R: lower concentrations in 

HIV-1-infected patients. The Journal of Immunology. 2009;182(12):7389-97. 

[46] Kreft K, Verbraak E, Wierenga-Wolf A, van Meurs M, Oostra B, Laman J, et al. 

Decreased systemic IL-7 and soluble IL-7Rα in multiple sclerosis patients. Genes and 

Immunity. 2012. 

[47] Hoe E, McKay FC, Schibeci SD, Gandhi K, Heard RN, Stewart GJ, et al. Functionally 

Significant Differences in Expression of Disease-Associated IL-7 Receptor α 

Haplotypes in CD4 T Cells and Dendritic Cells. The Journal of Immunology. 

2010;184(5):2512-7. 

[48] Evsyukova I, Bradrick SS, Gregory SG, Garcia-Blanco MA. Cleavage and 

polyadenylation specificity factor 1 (CPSF1) regulates alternative splicing of 

interleukin 7 receptor (IL7R) exon 6. RNA. 2013;19(1):103-15. 

[49] Houssiau F, Lauwerys B, Badot V, Depresseux G. sIL-7R Is a Novel Marker of Disease 

Activity in Systemic Lupus Erythematosus Nephritis, Which Reflects Target Organ 

Involvement. [abstract]. Arthritis Rheum 2011 63:DOI.:2258. 

[50] Badot V, Durez P, Van den Eynde B, Nzeusseu‐Toukap A, Houssiau F, Lauwerys B. 

Rheumatoid arthritis synovial fibroblasts produce a soluble form of the interleukin‐7 

receptor in response to pro‐inflammatory cytokines. J. Cell Mol. Med. 

2011;15(11):2335-42. 

[51] Ariizumi K, Meng Y, Bergstresser PR, Takashima A. IFN-gamma-dependent IL-7 gene 

regulation in keratinocytes. The Journal of Immunology. 1995;154(11):6031-9. 

[52] Tang JH, Nuccie BL, Ritterman I, Liesveld JL, Abboud CN, Ryan DH. TGF-beta 

down-regulates stromal IL-7 secretion and inhibits proliferation of human B cell 

precursors. Journal of Immunology. 1997;159(1):117-25. 



Frederique Ponchel, Agata Burska, Effie Myrthianou et al. 56 

[53] Oshima S, Nakamura T, Namiki S, Okada E, Tsuchiya K, Okamoto R, et al. Interferon 

regulatory factor 1 (IRF-1) and IRF-2 distinctively up-regulate gene expression and 

production of interleukin-7 in human intestinal epithelial cells. Molecular And Cellular 

Biology. 2004;24(14):6298-310. 

[54] Fry TJ, Mackall CL. Interleukin-7: from bench to clinic. Blood. 2002;99(11):3892-904. 

[55] Ponchel F, Cuthbert RJ, Goëb V. IL-7 and lymphopenia. Clinica Chimica Acta. 

2011;412(1):7-16. 

[56] Weitzmann MN, Cenci S, Rifas L, Brown C, Pacifici R. Interleukin-7 stimulates 

osteoclast formation by up-regulating the T-cell production of soluble osteoclastogenic 

cytokines. Blood. 2000;96(5):1873-8. 

[57] Min D, Taylor PA, Panoskaltsis-Mortari A, Chung B, Danilenko DM, Farrell C, et al. 

Protection from thymic epithelial cell injury by keratinocyte growth factor: a new 

approach to improve thymic and peripheral T-cell reconstitution after bone marrow 

transplantation. Blood. 2002;99(12):4592-600. 

[58] Sawa S, Kamimura D, Jin GH, Morikawa H, Kamon H, Nishihara M, et al. 

Autoimmune arthritis associated with mutated interleukin (IL)-6 receptor gp130 is 

driven by STAT3/IL-7-dependent homeostatic proliferation of CD4(+) T cells. J. Exp. 

Med. 2006;203(6):1459-70. 

[59] Harada S, Yamamura M, Okamoto H, Morita Y, Kawashima M, Aita T, et al. 

Production of interleukin-7 and interleukin-15 by fibroblast-like synoviocytes from 

patients with rheumatoid arthritis. Arthritis And Rheumatism. 1999;42(7):1508-16. 

[60] Churchman S, Ponchel F. Interleukin-7 in rheumatoid arthritis. Rheumatology. 

2008;47(6):753-9. 

[61] Ponchel F, Verburg R, Bingham S, Brown A, Moore J, Protheroe A, et al. Interleukin-7 

deficiency in rheumatoid arthritis: consequences for therapy-induced lymphopenia. 

Arthritis Res. Ther. 2005;7(1):R80 - R92. 

[62] Goëb V, Aegerter P, Parmar R, Fardellone P, Vittecoq O, Conaghan PG, et al. 

Progression to rheumatoid arthritis in early inflammatory arthritis is associated with low 

IL-7 serum levels. Annals of the Rheumatic Diseases. 2013;72(6):1032-6. 

[63] Shimaoka Y, Attrep JF, Hirano T, Ishihara K, Suzuki R, Toyosaki T, et al. Nurse-like 

cells from bone marrow and synovium of patients with rheumatoid arthritis promote 

survival and enhance function of human B cells. J. Clin. Invest. 1998;102(3):606-18. 

[64] Colucci S, Brunetti G, Cantatore F, Oranger A, Mori G, Quarta L, et al. Lymphocytes 

and synovial fluid fibroblasts support osteoclastogenesis through RANKL, TNFα, and 

IL‐7 in an in vitro model derived from human psoriatic arthritis. The Journal of 

pathology. 2007;212(1):47-55. 

[65] Golden-Mason L, Kelly AM, Traynor O, McEntee G, Kelly J, Hegarty JE, et al. 

Expression of interleukin 7 (IL-7) mRNA and protein in the normal adult human liver: 

implications for extrathymic T cell development. Cytokine. 2001;14(3):143-51. 

[66] Madrigal-Estebas L, McManus R, Byrne B, Lynch S, Doherty DG, Kelleher D, et al. 

Human small intestinal epithelial cells secrete interleukin-7 and differentially express 

two different interleukin-7 mRNA Transcripts: implications for extrathymic T-cell 

differentiation. Human immunology. 1997;58(2):83-90. 

[67] Kröncke R, Loppnow H, Flad HD, Gerdes J. Human follicular dendritic cells and 

vascular cells produce interleukin‐7: a potential role for interleukin‐7 in the germinal 

center reaction. Eur. J. Immunol. 1996;26(10):2541-4. 



IL-7 in Rheumatoid Arthritis 57 

[68] Watanabe M, Ueno Y, Yajima T, Iwao Y, Tsuchiya M, Ishikawa H, et al. Interleukin 7 

is produced by human intestinal epithelial cells and regulates the proliferation of 

intestinal mucosal lymphocytes. J. Clin. Invest. 1995;95(6):2945. 

[69] Sorg RV, McLellan AD, Hock BD, Fearnley DB, Hart DN. Human dendritic cells 

express functional interleukin-7. Immunobiology. 1998;198(5):514-26. 

[70] de Saint-Vis B, Fugier-Vivier I, Massacrier C, Gaillard C, Vanbervliet B, Aït-Yahia S, 

et al. The cytokine profile expressed by human dendritic cells is dependent on cell 

subtype and mode of activation. The Journal of Immunology. 1998;160(4):1666-76. 

[71] Leistad L, Ostensen M, Faxvaag A. Detection of cytokine mRNA in human, articular 

cartilage from patients with rheumatoid arthritis and osteoarthritis by reverse 

transcriptase polymerase chain reaction. Scand. J. Rheumatol. 1998;27(1):61-7. 

[72] Kunisch E, Fuhrmann R, Roth A, Winter R, Lungershausen W, Kinne R. Macrophage 

specificity of three anti-CD68 monoclonal antibodies (KP1, EBM11, and PGM1) 

widely used for immunohistochemistry and flow cytometry. Annals of the Rheumatic 

Diseases. 2004;63(7):774-84. 

[73] Bresnihan B, Baeten D, Firestein GS, Fitzgerald OM, Gerlag DM, Haringman JJ, et al. 

Synovial tissue analysis in clinical trials. J. Rheumatol. 2005;32(12):2481-4. 

[74] Timmer TCG, Baltus B, Vondenhoff M, Huizinga TWJ, Tak PP, Verweij CL, et al. 

Inflammation and ectopic lymphoid structures in rheumatoid arthritis synovial tissues 

dissected by genomics technology: Identification of the interleukin-7 signaling pathway 

in tissues with lymphoid neogenesis. Arthritis & Rheumatism. 2007;56(8):2492-502. 

[75] Goronzy JJ, Weyand CM. Rheumatoid arthritis. Immunological Reviews. 2005;204:55-

73. 

[76] Borghesi LA, Yamashita Y, Kincade PW. Heparan Sulfate Proteoglycans Mediate 

Interleukin-7–Dependent B Lymphopoiesis. Blood. 1999;93(1):140-8. 

[77] Clarke D, Katoh O, Gibbs R, Griffiths S, Gordon M. Interaction of interleukin 7 (IL-7) 

with glycosaminoglycans and its biological relevance. Cytokine. 1995;7(4):325-30. 

[78] Kimura K, Matsubara H, Sogoh S, Kita Y, Sakata T, Nishitani Y, et al. Role of 

glycosaminoglycans in the regulation of T cell proliferation induced by thymic stroma-

derived T cell growth factor. The Journal of immunology. 1991;146(8):2618-24. 

[79] Sawa Y, Arima Y, Ogura H, Kitabayashi C, Jiang J-J, Fukushima T, et al. Hepatic 

Interleukin-7 Expression Regulates T Cell Responses. Immunity. 2009;30(3):447-57. 

[80] Isaacs JD, Greer S, Sharma S, Symmons D, Smith M, Johnston J, et al. Morbidity and 

mortality in rheumatoid arthritis patients with prolonged and profound therapy‐induced 

lymphopenia. Arthritis & Rheumatism. 2001;44(9):1998-2008. 

[81] Bingham S, Veale D, Fearon U, Reece R, Isaacs J, McGonagle D, et al. Long-term 

follow-up of highly selected autologous stem cell transplantation in severe rheumatoid 

arthritis with studies of peripheral blood reconstitution and macroscopic and 

histological arthroscopic appearances. Arthiritis and Rheumatism. 2000;43(9):S290-S. 

[82] Verburg RJ, Kruize AA, van den Hoogen FH, Fibbe WE, Petersen EJ, Preijers F, et al. 

High‐dose chemotherapy and autologous hematopoietic stem cell transplantation in 

patients with rheumatoid arthritis: Results of an open study to assess feasibility, safety, 

and efficacy. Arthritis & Rheumatism. 2001;44(4):754-60. 

[83] Kittipatarin C, Khaled AR. Interlinking interleukin-7. Cytokine. 2007;39(1):75-83. 

[84] Mazzucchelli R, Durum SK. Interleukin-7 receptor expression: intelligent design. 

Nature Reviews Immunology. 2007;7(2):144-54. 



Frederique Ponchel, Agata Burska, Effie Myrthianou et al. 58 

[85] Park J-H, Yu Q, Erman B, Appelbaum JS, Montoya-Durango D, Grimes HL, et al. 

Suppression of IL7Rα transcription by IL-7 and other prosurvival cytokines: a novel 

mechanism for maximizing IL-7-dependent T cell survival. Immunity. 2004;21(2):289-

302. 

[86] Fluur C, Rethi B, Thang PH, Vivar N, Mowafi F, Lopalco L, et al. Relationship 

between serum IL-7 concentrations and lymphopenia upon different levels of HIV 

immune control. Aids. 2007;21(8):1048-50. 

[87] Witkowska AM. On the role of sIL-2R measurements in rheumatoid arthritis and 

cancers. Mediators Inflamm. 2005;14(3):121-30. 

[88] Klimiuk PA, Sierakowski S, Latosiewicz R, Cylwik JP, Cylwik B, Skowronski J, et al. 

Interleukin-6, soluble interleukin-2 receptor and soluble interleukin-6 receptor in the 

sera of patients with different histological patterns of rheumatoid synovitis. Clin. Exp. 

Rheumatol. 2003;21(1):63-9. 

[89] Badot V, Durez P, Van den Eynde BJ, Nzeusseu-Toukap A, Houssiau FA, Lauwerys 

BR. Rheumatoid arthritis synovial fibroblasts produce a soluble form of the interleukin-

7 receptor in response to pro-inflammatory cytokines. J. Cell Mol. Med. 

2011;15(11):2335-42. 

[90] Vudattu N, Magalhaes I, Hoehn H, Pan D, Maeurer M. Expression analysis and 

functional activity of interleukin-7 splice variants. Genes and immunity. 

2008;10(2):132-40. 

[91] van Roon JAG, Hartgring SAY, Wijk MWV, Jacobs KMG, Tak PP, Bijlsma JWJ, et al. 

Persistence of interleukin 7 activity and levels on tumour necrosis factor alpha blockade 

in patients with rheumatoid arthritis. Annals of the Rheumatic Diseases. 

2007;66(5):664-9. 

[92] Mehrotra P, Grant AJ, Siegel JP. Synergistic effects of IL-7 and IL-12 on human T cell 

activation. The Journal of Immunology. 1995;154(10):5093-102. 

[93] Borger P, Kauffman HF, Postma DS, Vellenga E. IL-7 differentially modulates the 

expression of IFN-gamma and IL-4 in activated human T lymphocytes by 

transcriptional and post-transcriptional mechanisms. The Journal of Immunology. 

1996;156(4):1333-8. 

[94] Gringhuis SI, de Leij LF, Verschuren EW, Borger P, Vellenga E. Interleukin-7 

Upregulates the Interleukin-2–Gene Expression in Activated Human T Lymphocytes at 

the Transcriptional Level by Enhancing the DNA Binding Activities of Both Nuclear 

Factor of Activated T Cells and Activator Protein-1. Blood. 1997;90(7):2690-700. 

[95] Isaacs J, Hale G, Cobbold S, Waldmann H, Watts R, Hazleman B, et al. Humanised 

monoclonal antibody therapy for rheumatoid arthritis. The Lancet. 1992;340 

(8822):748-52. 

[96] Moreland L, Bucy R, Knowles R, Wacholtz M, Haverty T, Koopman W. Treating 

Rheumatoid-Arthritis with a Non-Depleting Anti-CD4 Monoclonal-Antibody (Mab). 

Arthritis and Rheumatism. 1995;38:199-. 

[97] Brett SJ, Baxter G, Cooper H, Rowan W, Regan T, Tite J, et al. Emergence of CD52−, 

glycosyiphosphatidylinositol-anchor deficient lymphocytes in rheumatoid arthritis 

patients following Campath-1H treatment. International immunology. 1996;8(3):325-

34. 

[98] Churchman S, El-Jawhari, J, Parmar, R, Burska, A, Goëb V,El-Sherbiny, Y.M, Shires, 

M,Brown, A,Lawson C. A,, Hull M, Conaghan, P. G, Emery P & Ponchel, F.,. 



IL-7 in Rheumatoid Arthritis 59 

Circulating levels of Interleukin-7 correlate with peripheral T-cell responsiveness. 

submitted2013. 

[99] van Amelsfort JM, van Roon JA, Noordegraaf M, Jacobs KM, Bijlsma JW, Lafeber FP, 

et al. Proinflammatory mediator–induced reversal of CD4+, CD25+ regulatory T cell–

mediated suppression in rheumatoid arthritis. Arthritis & Rheumatism. 2007;56(3):732-

42. 

[100] Di Caro V, D'Anneo A, Phillips B, Engman C, Harnaha J, Lakomy R, et al. 

Interleukin‐7 matures suppressive CD127+ forkhead box P3 (FoxP3)+ T cells into 

CD127‐CD25high FoxP3+ regulatory T cells. Clinical & Experimental Immunology. 

2011;165(1):60-76. 

[101] Li C-R, Deiro MF, Godebu E, Bradley LM. IL-7 uniquely maintains FoxP3+ adaptive 

Treg cells that reverse diabetes in NOD mice via integrin-β7-dependent localization. 

Journal of autoimmunity. 2011;37(3):217-27. 

[102] Katzman SD, Hoyer KK, Dooms H, Gratz IK, Rosenblum MD, Paw JS, et al. Opposing 

functions of IL-2 and IL-7 in the regulation of immune responses. Cytokine. 

2011;56(1):116-21. 

[103] Hartgring SAY, van Roon JAG, Wijk MW, Jacobs KMG, Jahangier ZN, Willis CR, et 

al. Elevated expression of interleukin‐7 receptor in inflamed joints mediates 

interleukin‐7–induced immune activation in rheumatoid arthritis. Arthritis & 

Rheumatism. 2009;60(9):2595-605. 

[104] Chen Z, Kim S-j, Chamberlain ND, Pickens SR, Volin MV, Volkov S, et al. The Novel 

Role of IL-7 Ligation to IL-7 Receptor in Myeloid Cells of Rheumatoid Arthritis and 

Collagen-Induced Arthritis. The Journal of Immunology. 2013;190(10):5256-66. 

[105] Schröder AE, Greiner A, Seyfert C, Berek C. Differentiation of B cells in the 

nonlymphoid tissue of the synovial membrane of patients with rheumatoid arthritis. 

Proceedings of the National Academy of Sciences. 1996;93(1):221-5. 

[106] Wagner UG, Kurtin PJ, Wahner A, Brackertz M, Berry DJ, Goronzy JJ, et al. The role 

of CD8+ CD40L+ T cells in the formation of germinal centers in rheumatoid synovitis. 

The Journal of Immunology. 1998;161(11):6390-7. 

[107] Mebius RE. Organogenesis of lymphoid tissues. Nature Reviews Immunology. 

2003;3(4):292-303. 

[108] Yoshida H, Naito A, Inoue J, Satoh M, Santee-Cooper SM, Ware CF, et al. Different 

cytokines induce surface lymphotoxin-alpha beta on IL-7 receptor-alpha cells that 

differentially engender lymph nodes and Peyer's patches. Immunity. 2002;17(6):823-33. 

[109] Link a, Vogt T, Favre S, Britschgi M, Acha-Orbea H, Hinz B, et al. Fibroblastic 

reticular cells in lymph nodes regulate the homeostasis of naive T cells. Nature 

immunology. 2008;8:1255-65. 

[110] Lee S-K, Surh CD. Role of interleukin-7 in bone and T-cell homeostasis. 

Immunological reviews. 2005;208(1):169-80. 

[111] Teitelbaum SL, Ross FP. Genetic regulation of osteoclast development and function. 

Nature Reviews Genetics. 2003;4(8):638-49. 

[112] Lee SK, Kalinowski JF, Jacquin C, Adams DJ, Gronowicz G, Lorenzo JA. 

Interleukin‐7 Influences Osteoclast Function In Vivo but Is Not a Critical Factor in 

Ovariectomy‐Induced Bone Loss. Journal of Bone and Mineral Research. 

2006;21(5):695-702. 



Frederique Ponchel, Agata Burska, Effie Myrthianou et al. 60 

[113] Weitzmann MN, Roggia C, Toraldo G, Weitzmann L, Pacifici R. Increased production 

of IL-7 uncouples bone formation from bone resorption during estrogen deficiency. J. 

Clin. Invest. 2002;110(11):1643-50. 

[114] Hartgring SA, Willis CR, Bijlsma JW, Lafeber FP, van Roon JA. Interleukin-7-

aggravated joint inflammation and tissue destruction in collagen-induced arthritis is 

associated with T-cell and B-cell activation. Arthritis Research & Therapy. 

2012;14(3):R137. 

[115] Toyosaki-Maeda T, Takano H, Tomita T, Tsuruta Y, Maeda-Tanimura M, Shimaoka Y, 

et al. Differentiation of monocytes into multinucleated giant bone-resorbing cells: two-

step differentiation induced by nurse-like cells and cytokines. Arthritis Res. 

2001;3(5):306-10. 

[116] Churchman S, Geiler J, Parmar R, Horner E, Church L, Emery P, et al. Multiplexing 

immunoassays for cytokine detection in the serum of patients with rheumatoid arthritis: 

lack of sensitivity and interference by rheumatoid factor. Clinical and Experimental 

Rheumatology. 2012;30:in press. 

[117] Stabler T, Piette JC, Chevalier X, Marini-Portugal A, Kraus VB. Serum cytokine 

profiles in relapsing polychondritis suggest monocyte/macrophage activation. Arthritis 

And Rheumatism. 2004;50(11):3663-7. 

[118] Faucher S, Crawley A, Decker W, Sherring A, Bogdanovic D, Ding T, et al. 

Development of a Quantitative Bead Capture Assay for Soluble IL-7 Receptor Alpha in 

Human Plasma. PLoS One. 2009;4:e6690. 

[119] Crawley AM, Faucher S, Angel JB. Soluble IL-7R alpha (sCD127) inhibits IL-7 

activity and is increased in HIV infection. J. Immunol. 2010;184(9):4679-87. 

[120] Saleem B, Keen H, Goeb V, Parmar R, Nizam S, Hensor EM, et al. Patients with RA in 

remission on TNF blockers: when and in whom can TNF blocker therapy be stopped? 

Ann. Rheum. Dis. 2010;69(9):1636-42. 

[121] Brown A, Conaghan P, Karim Z, Quinn M, Ikeda K, Peterfy C, et al. An explanation 

for the apparent dissociation between clinical remission and continued structural 

deterioration in rheumatoid arthritis. Arthritis & Rheumatism. 2008;58(10):2958-67. 

[122] Brown AK, Quinn MA, Karim Z, Conaghan PG, Peterfy CG, Hensor E, et al. Presence 

of significant synovitis in rheumatoid arthritis patients with disease-modifying 

antirheumatic drug–induced clinical remission: Evidence from an imaging study may 

explain structural progression. Arthritis & Rheumatism. 2006;54(12):3761-73. 

[123] Harris EJ. Rheumatoid arthritis. Pathophysiology and implications for therapy. NEJM. 

1990;322(18):1277-89. 

[124] Lee DM, Weinblatt ME. Rheumatoid arthritis. The Lancet. 2001;358(9285):903-11. 

[125] Quinn M, Emery P. Window of opportunity in early rheumatoid arthritis: possibility of 

altering the disease process with early intervention. Clin. Exp. Rheumatol. 2003;21:154-

7. 

[126] Quinn MA, Emery P. Potential for altering rheumatoid arthritis outcome. Rheumatic 

Disease Clinics of North America. 2005;31(4):763-72. 

[127] Goëb V, Smolen J, Emery P, Marzo-Ortega H. Early inflammatory clinics. Experience 

with early arthritis/back pain clinics. Clinical and Experimental Rheumatology. 

2009;27(4):S74. 



IL-7 in Rheumatoid Arthritis 61 

[128] Dhir V, Singh A, Aggarwal A, S N, Misra R. Increased T-lymphocyte apoptosis in 

lupus correlates with disease activity and may be responsible for reduced T-cell 

frequency: a cross-sectional and longitudinal study. LUPUS2009;18:785-91 

[129] Chen I-H, Lai Y-L, Wu C-L, Chang Y-F, Chu C-C, Tsai I-F, et al. Immune impairment 

in patients with terminal cancers: influence of cancer treatments and cytomegalovirus 

infection. Cancer Immunology, Immunotherapy. 2010;59(2):323-34. 

[130] Tikly M, Navarra S. Lupus in the developing world: is it any different? Best Pract. Res. 

Clin. Rheumatol. 2008;22:643-55. 

[131] Di Carlo E, D'Antuono T, Pompa P, Giuliani R, Rosini S, Stuppia L, et al. The lack of 

epithelial interleukin-7 and BAFF/BLyS gene expression in prostate cancer as a 

possible mechanism of tumor escape from immunosurveillance. Clinical Cancer 

Research. 2009;15(9):2979-87. 

[132] Yilmaz-Demirdag Y, Wilson B, Lowery-Nordberg M, Bocchini JJ, Bahna S. 

Interleukin-2 treatment for persistent cryptococcal meningitis in a child with idiopathic 

CD4(+) T lymphocytopenia. Allergy Asthma Proc 2008 29:421-4. 

[133] Puri V, Chaudhry N, Gulati P, Patel N, Tatke M, Sinha S. Progressive multifocal 

leukoencephalopathy in a patient with idiopathic CD4+T lymphocytopenia. Neurol 

India2010 58:118-21. 

[134] Klareskog L, Catrina AI, Paget S. Rheumatoid arthritis. The Lancet. 2009;373 

(9664):659-72. 

[135] Viatte S, Barton A. The Role of Rheumatoid Arthritis Genetic Susceptibility Markers in 

the Prediction of Erosive Disease. 2012. 

[136] Kurreeman F, Liao K, Chibnik L, Hickey B, Stahl E, Gainer V, et al. Genetic basis of 

autoantibody positive and negative rheumatoid arthritis risk in a multi-ethnic cohort 

derived from electronic health records. The American Journal of Human Genetics. 

2011;88(1):57-69. 

[137] Berglin E, Johansson T, Sundin U, Jidell E, Wadell G, Hallmans G, et al. Radiological 

outcome in rheumatoid arthritis is predicted by presence of antibodies against cyclic 

citrullinated peptide before and at disease onset, and by IgA-RF at disease onset. Annals 

of the rheumatic diseases. 2006;65(4):453-8. 

[138] Del Amo NDV, Bosch RI, Manteca CF, Polo RG, Cortina EL. Anti-cyclic citrullinated 

peptide antibody in rheumatoid arthritis: relation with disease aggressiveness. Clinical 

and experimental rheumatology. 2006;24(3):281-6. 

[139] van der Helm‐vanMil AHM, le Cessie S, van Dongen H, Breedveld FC, Toes REM, 

Huizinga TWJ. A prediction rule for disease outcome in patients with Recent‐onset 

undifferentiated arthritis: How to guide individual treatment decisions. Arthritis & 

Rheumatism. 2007;56(2):433-40. 

[140] van Dongen H, van Aken J, Lard LR, Visser K, Ronday HK, Hulsmans HMJ, et al. 

Efficacy of methotrexate treatment in patients with probable rheumatoid arthritis: A 

double‐blind, randomized, placebo‐controlled trial. Arthritis & Rheumatism. 

2007;56(5):1424-32. 

[141] Hartgring SAY, Bijlsma JWJ, Lafeber F, van Roon JAG. Interleukin-7 induced 

immunopathology in arthritis. Annals Of The Rheumatic Diseases. 2006;65:69-74. 

[142] Traggiai E, Biagioli T, Rosati E, Ballerini C, Mazzanti B, Ben Nun A, et al. IL-7-

enhanced T-cell response to myelin proteins in multiple sclerosis. J. Neuroimmunol. 

2001;121(1-2):111-9. 



Frederique Ponchel, Agata Burska, Effie Myrthianou et al. 62 

[143] Hartgring S WC, Bijlsma J, Lafeber F, van Roon J. A71. Il-7 receptor ligands Il-7 and 

thymic stromal lymphopoietin promote collagen-induced arthritis in the absence of T-

cell expansionAnnals of the Rheumatic Diseases. 2009;68(Suppl 1):A 25. 

[144] van Roon J, Hartgring,S.,Broere, F., van Eden, W., Bijlsma, J., Willis C., Lafeber F.,. 

A64. Blockade of the high affinity Il-7 receptor inhibits proteoglycan-induced arthritis. 

Annals of the Rheumatic Diseases. 2009;68(Suppl 1):A25. 

[145] Hartgring SAY, Willis CR, Alcorn D, Nelson LJ, Bijlsma JWJ, Lafeber FPJG, et al. 

Blockade of the Interleukin-7 Receptor Inhibits Collagen-Induced Arthritis and Is 

Associated With Reduction of T Cell Activity and Proinflammatory Mediators. 

Arthritis and Rheumatism. 2010;62(9):2716-25. 

[146] Lee LF, Logronio K, Tu GH, Zhai W, Ni I, Mei L, et al. Anti-L-7 receptor-alpha 

reverses established type 1 diabetes in nonobese diabetic mice by modulating effector 

T-cell function. Proceedings of the National Academy of Sciences. 2012;109 

(31):12674-9. 

[147] Boettler T, von Herrath M. IL-7 receptor Œ± blockade, an off-switch for autoreactive T 

cells. Proceedings of the National Academy of Sciences. 2012;109(31):12270-1. 

[148] Penaranda C, Kuswanto W, Hofmann J, Kenefeck R, Narendran P, Walker LSK, et al. 

IL-7 receptor blockade reverses autoimmune diabetes by promoting inhibition of 

effector/memory T cells. Proceedings of the National Academy of Sciences. 

2012;109(31):12668-73. 

[149] Okada E, Yamazaki M, Tanabe M, Takeuchi T, Nanno M, Oshima S, et al. IL-7 

exacerbates chronic colitis with expansion of memory IL-7Rhigh CD4+ mucosal T cells 

in mice. American Journal of Physiology - Gastrointestinal and Liver Physiology. 

2005;288(4):G745-G54. 

[150] Liu X, Leung S, Wang C, Tan Z, Wang J, Guo TB, et al. Crucial role of interleukin-7 in 

T helper type 17 survival and expansion in autoimmune disease. Nature medicine. 

2010;16(2):191-7. 

[151] Gonzalez-Quintial R, Lawson BR, Scatizzi JC, Craft J, Kono DH, Baccala R, et al. 

Systemic autoimmunity and lymphoproliferation are associated with excess IL-7 and 

inhibited by IL-7Ralpha blockade. PLoS One. 2011;6(11):e27528. Epub 2011/11/22. 

[152] Jin JO, Kawai T, Cha S, Yu Q. Interleukin‐7 enhances Th1 response to promote the 

development of Sjögren's Syndrome‐Like autoimmune exocrinopathy. Arthritis & 

Rheumatism. 2013. 

[153] Yamazaki M, Yajima T, Tanabe M, Fukui K, Okada E, Okamoto R, et al. Mucosal T 

cells expressing high levels of IL-7 receptor are potential targets for treatment of 

chronic colitis. The Journal of Immunology. 2003;171(3):1556-63. 

[154] Willis CR, Seamons A, Maxwell J, Treuting PM, Nelson L, Chen G, et al. Interleukin-7 

receptor blockade suppresses adaptive and innate inflammatory responses in 

experimental colitis. Journal of Inflammation. 2012;9(1):39. 

[155] Chen Y, Langrish CL, Mckenzie B, Joyce-Shaikh B, Stumhofer JS, McClanahan T, et 

al. Anti–IL-23 therapy inhibits multiple inflammatory pathways and ameliorates 

autoimmune encephalomyelitis. J. Clin. Invest. 2006;116(5):1317-26. 

[156] Barton A, Eyre S, Ke X, Hinks A, Bowes J, Flynn E, et al. Identification of AF4/FMR2 

family, member 3 (AFF3) as a novel rheumatoid arthritis susceptibility locus and 

confirmation of two further pan-autoimmune susceptibility genes. Human molecular 

genetics. 2009;18(13):2518-22. 



IL-7 in Rheumatoid Arthritis 63 

[157] Jones E, Churchman S, English A, Buch M, Horner E, Burgoyne C, et al. Mesenchymal 

stem cells in rheumatoid synovium: enumeration and functional assessment in relation 

to synovial inflammation level. Annals of the Rheumatic Diseases. 2010;69(2):450-7. 

[158] Ponchel F, Toomes C, Bransfield K, Leong F, Field S, Douglas S, et al. Real-time PCR 

based on SYBR-green fluorescence: An alternative to the TaqMan assay for a relative 

quantification of gene rearrangements, gene amplifications and micro gene deletions. 

BMC Biotechnology. 2003;3(1):18. 

 


