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Abstract

While physiological levels of IL-7 are essential for T cell proliferation, survival and co-

stimulation, its escalated concentration has been associated with autoimmune diseases such 

as Rheumatoid arthritis (RA). Expression of IL-7 and IL-7R in RA monocytes is linked to 

disease activity score and TNF transcription. TNF stimulation can modulate IL-7 secretion and 

IL-7R frequency in myeloid cells, however, only IL-7R transcription levels are downregulated 

in anti-TNF responsive patients. Elevated levels of IL-7 in RA synovial tissue and fluid are 

involved in attracting RA monocytes into the inflammatory joints and remodeling them into 

proinflammatory macrophages and mature osteoclasts. Further, IL-7 amplification of RA Th1 

cell differentiation and IFNγ secretion, can directly prime myeloid IL-7R expression and thereby 

exacerbate IL-7-mediated joint inflammatory and erosive imprints. In parallel, IL-7 accentuates 

joint angiogenesis by expanding the production of proangiogenic factors from RA macrophages 

and endothelial cells. In preclinical models, blockade of IL-7 or IL-7R can effectively impair joint 

inflammation, osteoclast formation, and neovascularization primarily by impeding monocyte and 

endothelial cell infiltration as well as inhibition of pro-inflammatory macrophage and Th1/Th17 

cell differentiation. In conclusion, disruption of IL-7/IL-7R signaling can uniquely intercept the 

crosstalk between RA myeloid and lymphoid cells in their ability to trigger neovascularization.
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1. INTRODUCTION

IL-7 also known as lymphopoietin belongs to the IL-2/IL-15 cytokine family [1]. IL-7 

is secreted from bone marrow and thymus stromal cells, liver and gut epithelial cells, 

endothelial cells, fibroblasts smooth muscles, keratinocytes, and activated dendritic cells 

[2–5]. IL-7 binds to IL-7R which consists of a high-affinity α-subunit (CD127) and the 
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common γ-chain. IL-7R is physiologically expressed on CD4+ and CD8+ T cells and 

myeloid cells, but not on human B cells [6]. Murine bone marrow lymphoid progenitor cells 

express IL-7R, and mice deficient in IL-7R display disruption in B and T cell development 

leading to SCID syndrome [7].

It is widely known that lymphopenia predisposes humans to autoimmune disease, and 

murine models substantiate a link between lymphocyte deregulation and colitis, gastritis, 

and diabetes [8, 9]. Notably, IL-7 has emerged as a cofactor for autoimmune development 

as its levels are escalated in lymphopenic hosts that are predisposed to autoimmunity 

[8]. In RA patients, IL-7 levels are enriched in circulating monocytes and synovial 

fluid macrophages leading to accelerated monokine release [10, 11]. Extending these 

observations, a polymorphism in IL-7R has been linked to an increased risk for multiple 

sclerosis, ulcerative colitis, and sarcoidosis [12–14]. More recently, a unique subset of 

myeloid CD127high has been distinguished in COVID-19 infected lungs that have STAT5-

coordinated transcriptional programming [15]. Nonetheless, expanded levels of IL-7R on 

monocytes/macrophages are a hallmark of human inflammatory condition that is detected in 

COVID-19 patients as well as RA synovial myeloid cells [15]. Notably, the inflammatory 

response mediated by TLR2/4/7 signaling potentiated cell surface IL-7R expression in 

myeloid cells [10, 11].

In RA monocytes, IL-7 and IL-7R expression is closely linked to TNF and disease activity 

score (DAS28) and IL-7R was characterized as a marker for TNF response [11]. In line with 

these findings, RA patients responsive to anti-TNF therapy displayed markedly lower levels 

of circulating IL-7 [16]. In contrast, others have shown that IL-7R overexpression in colon 

tissues of severe Crohn’s patients is indicative of non-anti-TNF responsiveness [17].

Hence in this review, we will elucidate the mechanism of IL-7/IL-7R action in immune cells 

and further define the significance of their function in RA (Fig. 1) and other autoimmune 

diseases.

2. Impact of IL-7 on T cell function

IL-7 is involved in various stages of T cell proliferation as well as positive and negative 

selection [18]. IL-7 synergizes with other growth factors to expand T-cell precursors and 

supports early thymocyte survival at the triple-negative stage through BCL2 family members 

[19, 20]. Moreover, T cell co-stimulation by IL-7 is facilitated via proliferation and cytokine 

secretion [21, 22]. IL-7-mediated T cell co-stimulation is partially dependent on IL-2 and 

modulation of IL-2Rα [23, 24]. Furthermore, the expansion of CXCR4 on CD4+ T cells by 

IL-7 enhances their migration in response to CXCL12/SDF1 enriched lymphoid tissues [25]. 

Interestingly, IL-7 also promotes memory T-cell differentiation through co-stimulation and 

cell death inhibition [26].

It was shown that while the proliferative effect of IL-7 was comparable in healthy and RA 

peripheral blood mononuclear cells, this function was exacerbated in RA cells activated 

by IL-7 and phytohaemagglutinin (PHA) [27]. Interestingly, IL-7 co-stimulation of PHA-

mediated proliferation was greater in RA peripheral blood mononuclear cells (PBMCs) 
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compared to RA synovial fluid mononuclear cells (SFMCs) [27]. In contrast, IL-7-activated 

RA SFMCs show a stronger proliferation compared to matched PBMCs [28, 29]. In RA, T-

cell and macrophage crosstalk are responsible for IL-7-potentiated cell proliferation, which 

is fostered by lymphoid MHCII and CD25 upregulation as well as myeloid CD80 and CD40 

cell marker induction [28].

IL-7 plays a critical role in Th1 differentiation and IL-2 secretion, in part by increasing 

IL-12R on mature T cells [23, 30]. In RA, Th1 polarization promotes IL-2 secretion, 

and these differentiated cells are double-positive for IL-2 and IFNγ [23]. Interestingly, 

the Th1-associated transcription factor, T-bet was lower in early RA patients compared 

to normal individuals, and T-bet levels were positively linked to IFNγ and negatively to 

CRP concentration [31]. On the contrary, circulating IL-7 is closely connected to T-bet 

and IFNγ expression, while being disassociated from BCL2 and BAX concentration in RA 

patients [32]. Extending these results, IL-7 potentiated TNF secretion from RA SFMCs and 

expanded IFNγ production from RA SF CD4+ T cells in part through an IL-12 induction 

[28, 31]. In contrast, normal and RA PB T cells were nonresponsive to the physiological 

concentration of IL-7, indicating that IL-7R is primarily expressed on joint cells. It was 

also demonstrated that PHA and IL-7 co-stimulation shifts the CD4+CD25+FOXP3+ Treg 

balance to effector CD4+ T cells [32, 33].

Interestingly, although some studies have shown that IL-23/IL-23R signaling influences 

IL-7R expression in Th17 cell differentiation and expansion [34], others revealed that 

the sustained IL-7R in IL-23R−/− mice did not contribute to Th17 cell polarization 

in experimental autoimmune encephalomyelitis (EAE) [35]. Although IL-7R frequency 

was amplified on Th17 cells in EAE mice, IL-7 switched polarization of Th17 to Th1 

cells that secreted IFNγ and GM-CSF [35]. In line with these observations, CXCR3-

expressing Th1 cells were enriched by IL-7 exposure, while Th17 cells were unaffected 

in EAE development in wildtype or IL-23R−/− mice [35]. Moreover, IL-7 activates 

STAT5 signaling that is involved in re-establishing IL-7R on Th1 cells for survival and 

memory cell generation [36, 37]. Meanwhile, STAT5 activation downstream of IL-2R 

signaling suppresses Th17 polarization. More recent studies reveal that IL-7-activated 

STAT5 cultivates GM-CSF-producing CD4+ T cells which are diverse from Th1 or Th17 

cells and display a distinct transcriptional landscape [38]. Nonetheless, in patients with 

Sjogren’s syndrome, IL-7 instigates Th1 and Th17 cell polarization despite IL-7R reduction 

in CD4+ T cells [39, 40].

IL-7-mediated T cell survival is dependent on anti-apoptotic BCL2 and MCL1 [41]. 

However, because IL-7 enhances cell survival in BCL2−/− cells, alternative strategies may 

be responsible for its mechanism of action [42]. Intriguingly, it has come to light that 

IL-7 maintains T cell glucose uptake via GLUT1 induction [43]. Regulation of glucose 

metabolism plays an important role in T homeostasis, survival, and effector cell polarization. 

Consistently, the removal of IL-7R in mature T cells resulted in a significant reduction 

in cell size, rate of survival, growth, and glycolytic flux [43, 44]. Since both PI3K/AKT 

and STAT5 signaling are involved in glucose uptake it is postulated that both pathways are 

implicated in IL-7-mediated glycolysis [45–47]. GLUT1−/− T cells and glucose deprivation 

dysregulate Th1 and Th17 cell differentiation, while Tregs utilize alternative metabolic 
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strategies [48]. In agreement with the importance of PI3K/AKT/mTORC1 signaling in 

IL-7- activated T cell differentiation, deletion of mTOR disrupts Th1 and Th17 polarization 

without affecting Tregs [49, 50]. Overall, previous studies reveal that IL-7 and IL-7R play 

an important role in T cell development and survival in normal individuals as well as being 

involved in T effector cell differentiation and immunometabolism in autoimmune patients.

3. Role of IL-7 in myeloid cells

IL-7 and IL-7R are co-expressed on RA synovial tissue lining and sub-lining macrophages 

[10]. IL-7R transcription is highly elevated in RA synovial fluid macrophages, while 

RA monocyte-differentiated macrophages and monocytes express elevated levels of this 

receptor compared to normal counterparts [10]. IL-7 and IL-7R were similarly enriched 

by TLR4 ligation as well as TNF and IL-1β stimulation in RA monocyte-differentiated 

macrophages [10]. Additionally, priming of normal human CD14+ myeloid cells or bone 

marrow differentiated macrophages (BMMϴs) by LPS or IFNγ expands IL-7R cell 

surface expression and their inflammatory response to IL-7 by accentuating TNF and 

IL-6 production [51]. Authenticating these findings, IL-7R deficiency in bone marrow 

differentiated macrophages blunted LPS or IFNγ-induced priming and their impact on 

IL-7-enhanced inflammatory profile [51]. Intriguingly, local expression of IL-7 promotes 

arthritis via expansion of F480+iNOS+ macrophages which could be maintained by 

repeated injection [51]. Meanwhile, intra-articular LPS injection stabilizes IL-7-mediated 

joint inflammation in part through IL-7R induction and IFNγ expression [51]. IL-7-

induced arthritis was responsive to anti-TNF therapy and joint F480+iNOS+IL-7R+CCL5+ 

macrophage reprogramming was dysregulated by this therapeutic strategy [51]. Likewise, 

in the phase 4 clinical study (NCT02451748), responsiveness to anti-TNF therapy was 

primarily due to the reduction of IL-7R transcription without affecting IL-7 expression in 

RA PBMCs [51].

IL-7 was markedly higher in RA compared to OA and normal synovial tissues or synovial 

fluids [10, 11]. Early in the disease, IL-7 enrichment in RA synovial fluid attracted 

circulating IL-7R+ monocytes as blockade of IL-7 in synovial fluid or IL-7R on monocytes 

restrains their trafficking [11]. It was established that IL-7-activated PI3K and ERK 

signaling was responsible for the infiltration of monocytes into the joints [11].

IL-7 reprograms naïve RA macrophages into classical M1 cells that express elevated levels 

of TNF, IL-6, CCL2, CCL5, and iNOS [51]. The proinflammatory profile of IL-7 in RA 

macrophages can be reversed by IL-7R knockdown [51]. Murine BMMϴs exposed to IL-7 

are also remodeled into pro-inflammatory cells that exhibit higher expression of monokines, 

NOS2, and CD80, in contrast, IL-7R−/− cells are unresponsive to IL-7 stimulation [51]. 

Corroborating these findings, IL-7 can trigger T cell-dependent co-stimulatory factors on 

monocytes/macrophages via cell-to-cell contact and trigger the expression of IL-1α, IL-1β, 

IL-6, IL-8, and CCL4 [52]. These observations suggest that T cell and macrophage cross-

regulation play a critical for IL-7-induced Th1 cell differentiation and IFNγ secretion, which 

will, in turn, expand the frequency of myeloid IL-7R or co-signaling molecules [51, 52].
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Results from our lab and others have illustrated that IL-7 is involved in RA inflammation 

in addition to osteoclastic bone erosion [5, 51, 53, 54]. IL-7 inhibits basal and BMP2-

induced bone formation in calvarial organ culture as well as in vivo in mice [55]. Earlier 

investigations have demonstrated that RA synovial fluid CD14+IL-7R+ macrophages can 

mature into osteoclasts and do not require T cells for this process [56]. We found that IL-7 

can dose-dependently differentiate RA PBMCs (T cells and monocytes) through induction 

of RANK, RANKL, and TNF [51]. However, in the absence of T cells, RA monocytes 

cultured in suboptimal conditions stimulated with IL-7 are transformed into osteoclasts 

via TNF, IL-6, and RANK transcriptional upregulation [51]. Nonetheless priming of RA 

monocytes with IFNγ, advanced IL-7-induced TNF and IL-6 expression as well as the 

number of TRAP+ osteoclasts compared to non-primed cells [51]. Interestingly, while 

blockade of TNF played a pivotal role in suppressing IL-7-mediated osteoclastogenesis, 

IL-6R Ab therapy was ineffective in this phenomenon [51]. Consistently, earlier studies 

have shown that IL-7-driven TNF induction has an important impact on its osteoclast 

formation [57, 58]. Other groups document that RA circulating monocytes or synovial fluid 

macrophages stimulated with IL-7 mature into osteoclasts via STAT5 activation which is 

independent of RANKL [54].

Collectively, the reported findings indicate that IL-7 is involved in different facets of RA 

myeloid cell-mediated pathology including monocyte migration, inflammatory macrophage 

differentiation, and remodeling of RA monocyte/macrophages into mature osteoclasts.

4. Myeloid and T cell signaling

In RA monocytes, IL-7 activates ERK, AKT1, STAT3, and STAT5 phosphorylation, while 

STAT1 was unaffected [11] (Fig. 2). We found that inhibition or knockdown of PI3K/AKT 

or ERK pathway intercepts IL-7-mediated monocyte homing, conversely, STAT3 and 

STAT5 were uninvolved [11] (Fig. 2). It was also illustrated that while other monocyte 

chemoattractants utilize the p38 signaling pathway to recruit monocyte, IL-7 can uniquely 

advance monocyte infiltration through PI3K/AKT signaling [11, 59–61]). Nevertheless, 

IL-7-instigated reprogramming of RA naïve cells into pro-inflammatory phenotype is 

fostered through STAT5 activation [15]. Moreover, RA osteoclast maturation by IL-7 was 

also triggered by STAT5 signaling [62] (Fig. 2).

IL-7 ligation to IL-7R activates JAK1 and JAK3/STAT5 signaling pathways, resulting in 

BCL2 induction and T cell proliferation [63] (Fig. 3). Moreover, the IL-7/NFATc1 pathway 

was identified as an alternative signaling pathway that has a cross-regulation with IL-7/

STAT5 and orchestrates the thymocyte development [64, 65]. The IL-7Rγc receptor is 

recruited following IL-7 binding to IL-7Rα to develop a high-affinity complex via JAK1/

JAK3/STAT5 and PI3K-AKT signaling pathways that are shared with IL-2 [66]. Notably, the 

PI3K/AKT pathway is an essential signaling pathway that manipulates T cell proliferation, 

survival, and glucose metabolism [67]. Consistently, PI3K inhibitors disrupt murine T cell 

proliferation and activation in response to IL-7 [68] (Fig. 3).
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Overall, these findings suggest that PI3K/AKT and STAT5 pathways regulate IL-7-mediated 

pathogenicity in myeloid and lymphoid cells while ERK signaling is uniquely activated in 

RA myeloid cells.

5. Effect IL-7 on fibroblast-like synoviocytes (FLS) or endothelial cell-

mediated arthritogenicity

Expression of IL-7 and IL-7R is elevated in RA compared to normal FLS and IL-7R levels 

are potentiated by LPS and TNF stimulation [10]. Other groups have shown soluble IL-7R 

can be secreted from RA FLS in response to TNF, IL-1β, and/or IL-17 individually or in 

combination [69]. It is however unclear how IL-7 affects RA FLS pathology.

Notably, both IL-7 and IL-7R expression are enriched in endothelial cells in response to 

LPS and TNF exposure [10]. While IL-7R levels are upregulated by IL-1β stimulation, 

IL-7 concentration is unaffected by this inflammatory mediator in endothelial cells [10]. 

Activation of endothelial cells by IL-7, like RA macrophages, results in the production of 

proangiogenic factors like Ang1, suggesting a role for IL-7 in RA vascularization [10]. 

Extending these data, IL-7 systemic injection in CIA led to exacerbated joint angiogenesis 

due to enhanced sera FGF2, VEGF, and VCAM1 levels [70]. Consistently, CIA mice 

systemically treated with IL-7R Ab manifested a reduction in joint VWF and VCAM1 

protein levels [71]. Taken together, the impact of IL-7/IL-7R on RA FLS or endothelial cell 

pathogenesis may be restricted compared to those propagated by RA macrophages and T 

cells.

6. Significance of IL-7/IL-7R blockade in RA preclinical models

Three earlier studies have shown that CIA disease activity and bone erosion were alleviated 

by IL-7R Ab therapy [62, 71, 72]. IL-7R Ab therapy disrupted IFNγ and T-bet or IL-17 

and RORγT transcription levels when CIA CD4+ splenocytes were cocultured in presence 

of CD11b cells and challenged with collagen type II [72]. These investigators demonstrated 

that while the number of CD3+ and CD4+ splenocytes were suppressed by IL-7R Ab therapy 

in CIA, CD11b+ cells remained unaffected [72]. Supporting this notion, IL-7 systemic 

administration in CIA increases spleen Th1 and Th17 differentiation and stimulated the 

lymph node IFNγ and IL-17 production [70, 72].

However, morphological studies authenticated that anti-IL-7 Ab therapy attenuated CIA 

inflammation by markedly repressing the number of joint F480+ macrophage and VWF+ 

blood vessel infiltration as well as a lower tend of CD3+ T cell homing [11]. Suppression 

of myeloid cell joint migration as a result of IL-7 Ab therapy can be due to restrained 

IL-7 function or downregulation of joint monocyte chemoattractant, CCL2 in CIA joints or 

sera [11]. Consistent with the ability of IL-7 to potently reprogram naïve RA cells in M1 

macrophages, dysregulation of IL-7 in CIA mice resulted in joint TNF reduction [11].

Interestingly, IL-7 advances angiogenesis by activating IL-8 and Ang1 secretion from RA 

macrophages and endothelial cells [10]. CIA vascularization was counteracted by IL-7 Ab 

therapy via CXCL2 (IL-8 analog) suppression, however, joint protein levels of Ang1, VEGF, 
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CXCL1, or bFGF were unaffected [11]. In contrast, the protein concentration of joint IL-6, 

IL-1β, and IL-17, or the ankle CD3+ T cell immunostaining were unchanged by IL-7 Ab 

therapy in CIA [11]. Data inconsistency between groups may be due to the evaluation of T 

cells in CIA ex vivo activated splenocytes compared to the cells infiltrated in the joints [11, 

72].

Nevertheless, all studies illustrated that blockade of IL-7 or IL-7R pathway could effectively 

alleviate CIA bone erosion by reducing joint TRAP+ osteoclasts in part by decreasing 

RANKL, CTSK, and MMP9 [11, 62, 71]. In contrast to more recent studies [54], 

IL-7-mediated osteoclast differentiation through RANKL was shown to be in part due 

to STAT5 signaling [62]. Collectively, blockade of the IL-7/IL-7R pathway efficiently 

mitigates CIA swelling and bone destruction by manipulating joint myeloid cell migration 

and proinflammatory reprogramming and neovascularization as well as T effector cell 

polarization in ex vivo splenocytes.

7. The implication of IL-7 and IL-7R in autoimmune diseases

7.1 Spondyloarthritis (SpA)

Excessive levels of IL-7 were detected in Spondyloarthritis (SpA) compared to osteoarthritis 

synovial fluid and tissue [73]. Differentiation of Th17 cells or production of IL-17 plays a 

critical role in the inflammatory and proliferative imprints of SpA. In addition to triggering 

Th17 cell differentiation, IL-7 can advance innate immune cells like γδLT and mucosa-

associated invariant T (MAIT) cell polarization that is responsible for IL-17 secretion 

[74–77]. Interestingly, in SpA patients, innate-like T cells (T γδ, MAIT, and ILC3) are 

postulated to be the primary source of IL-17 rather than Th17 cells [77–79]. The number of 

MAIT cells was markedly reduced in SpA compared to normal sera [77, 80, 81]. Extending 

these findings, MAIT cells were enriched in SpA synovial fluid rather than sera, contributing 

to exacerbated IL-17 phenotype [77]. It was also noted that IL-7 priming accentuated IL-17 

expansion in SpA MAIT cells, while IL-23 stimulation was ineffective [82]. Taken together, 

in SpA patients IL-17 secretion is reprogrammed by activation of innate-like T cells and 

effector T cells exposed to synovial fluid IL-7.

7.2 Systemic Lupus Erythematosus (SLE)

Soluble (s)IL-7R has been found in higher levels in the sera and urine of patients with 

Systemic Lupus Erythematosus (SLE) [83, 84], as well as in kidney tissues where TNF 

is expressed [85]. sIL-7R levels also correlate with SLE disease activity and anti-dsDNA 

antibody concentration and could potentially predict flare [86]. While the response to 

therapy reduces sera IL-7R levels, patients with enriched IL-7-related genes display worse 

prognoses [87]. Studies have postulated that the IL-7/IL-7R pathway helps to destabilize 

SLE immune tolerance and creates the conditions to override the endogenous checkpoints 

against autoimmunity. Therefore IL-7/IL-7R blockade may suppress the ability for immune 

cascades to spiral out of control and instigate an inflammatory response.

IL-7, with its manipulation of T cells, seems to play a particular role in the generation 

and persistence of CD8+ effector T cells, as these cells are detected in higher quantities 
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in SLE patients [88]. Others have suggested that IL-7Rlow CD8+ T cell expansion in SLE 

patients may provide upregulation of unbound IL-7 to stimulate other autoimmune and 

pro-inflammatory mechanisms [89]. Moreover, IL-7 contributes to Th17 cell polarization in 

SLE [90]. In short, while some studies indicated that the IL-7/IL-7R cascade has an indirect 

impact on SLE, others suggest that the involvement is directly escalated through pathogenic 

T effector cells.

7.3 Psoriasis (Ps) and Psoriatic Arthritis (PsA)

IL-7 levels were markedly enriched in Psoriasis (Ps) biopsy taken from lesional skin 

compared to non-lesional or normal skin, suggesting that keratinocytes are responsible for 

this phenotype [91]. Consistently, sera IL-7 concentration was potentiated in Ps relative to 

normal individuals [91]. Interestingly sera IL-7 levels were unaffected by therapy and its 

concentration did not correlate with Psoriasis Area and Severity Index (PASI) scores; in 

contrast, a positive relationship was established between sera IL-6 levels and PASI scores 

[92]. Furthermore, IL-7 expressed from PsA PBMCs, or SF was responsible for osteoclast 

maturation as its immunosuppression dysregulated osteoclastogenesis [93]. Taken together 

these findings suggest that IL-7 is associated with Ps and PsA active disease and bone 

erosion through an IL-6 independent pathway.

8. Conclusion and Future Direction

Enrichment of IL-7 and IL-7R has been observed in several autoimmune diseases. 

Nevertheless, its mechanism of action is mostly investigated in RA immune cells and 

experimental models compared to other autoimmune conditions. Given that the current 

biotherapies are ineffective in negating IL-7/IL-7R-mediated arthritogenicity, innovative 

strategies are much needed.

PI3K and STAT5 signaling is coactivated by IL-7 in RA macrophages and T cells and is 

linked to cell migration, inflammatory cell differentiation, and bone erosion. Perhaps one 

idea may be to block the activation of PI3K/mTOR or STAT5 signaling in RA patients. 

Alternatively, since the expression of myeloid IL-7 and IL-7R is modulated by TLR4 and 

IL-1β, inhibiting the common transcription factors such as IRF5/IRF7 or downstream shared 

signaling intermediates such as IRAK1/4 will disrupt IL7/IL-7R-activated pathology. While 

complete blockade of the IL-7/IL-7R pathway may not be feasible as it is required for 

T cell survival, proliferation and metabolism. Hence future studies should be designed to 

identify components of the IL-7 pathway that can be targeted without impacting the normal 

physiological function.
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ABBREVIATIONS

RA rheumatoid arthritis

TLR Toll-like receptor

Th T helper cells

TNF tumor necrosis factor

IFN interferon

SCID Severe Combined Immunodeficiency

DAS28 disease activity score assessed by 28 joint scores

PHA phytohaemagglutinin

PBMCs peripheral blood mononuclear cells

SFMCs synovial fluid mononuclear cells

BCL2 B-cell lymphoma

BAX Bcl-2 Associated X-protein

EAE experimental autoimmune encephalomyelitis

GM-CSF Granulocyte-macrophage colony-stimulating factor

STAT Signal Transducer and Activator of Transcription

mTOR Mechanistic Target Of Rapamycin Kinase

BMMϴs bone marrow differentiated macrophages

RANK Receptor activator of nuclear factor κ B

RANKL Receptor activator of nuclear factor-kappa-Β ligand

TRAP Tartrate-resistant acid phosphatase

NFATc1 Nuclear Factor of Activated T-Cells

FLS fibroblast-like synoviocytes

FGF2 Fibroblast growth factor 2

VEGF vascular endothelial growth factor

VCAM Vascular Cell Adhesion Molecule

CIA collagen-induced arthritis

SpA Spondyloarthritis

MAIT mucosa-associated invariant T
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CTSK cathepsin K

MMP Matrix metalloproteinases

SLE Systemic Lupus Erythematosus

Ps psoriasis

PsA psoriatic arthritis

IRF Interferon regulatory factor

IRAK interleukin 1 receptor associated kinase
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HIGHLIGHTS

• Early in the disease, IL-7 promotes RA monocyte migration by activating 

ERK and PI3K pathways

• During active disease, naive cells are reprogramed by IL-7 into 

inflammatory macrophages that produce proangiogenic factors to expand 

joint vascularization

• IL-7-mediated Th1 cell differentiation can prime cell surface IL-7R 

expression in RA myeloid cells, resulting in potentiated inflammatory and 

erosive responses

• The crosstalk between macrophages and T cells in RA patients plays an 

important role in IL-7-driven osteoclastogenesis

• Authenticating these findings, blockade of IL-7 or IL-7R mitigates 

collagen-induced arthritis joint swelling and bone erosion by dysregulating 

joint leukocyte migration and differentiation as well as impeding 

neovascularization
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Figure 1. IL-7/IL-7R mechanism of action in immune cells and autoimmune diseases.
IL-7/IL-7R is associated with several autoimmune diseases like Rheumatoid Arthritis (RA), 

Systemic Lupus Erythematosus (SLE), Psoriatic Arthritis (PsA), and Spondyloarthritis 

(SpA). Furthermore, it plays a pivotal role in different cell types such as monocytes/

macrophages (Mϴs), RA fibroblasts (FLS), endothelial cells, and T cells. The IL-7/

IL-7R pathway is involved in monocyte migration, pro-inflammatory Mϴ, osteoclast 

reprogramming, and the elevation of pro-angiogenic factors, that result in arthritis 

progression. Moreover, IL-7/IL-7R physiologically promotes T cell proliferation and 

prolonged survival as well as pathologically influencing Th1/Th17 cell differentiation, 

potentiated glycolysis, and expansion of osteoclast maturation. In endothelial cells, 

angiogenic factors are produced upon IL-7/IL-7R signaling. To date, the impact of IL-7/

IL-7R pathology is undescribed in RA FLS.
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Figure 2. IL-7/IL7-R signaling in RA monocytes/Mϴs.
In RA monocytes, IL-7 activates PI3K/AKT, ERK, STAT3, and STAT5 phosphorylation. 

While PI3K/AKT and ERK signaling amplify monocytes infiltration, STAT5 

phosphorylation facilitates RA inflammation and osteoclast formation. Further, activation of 

IL-7/IL7R results in the production of angiogenic factors. Taken together, signaling through 

the IL-7/IL-7R cascade results in exacerbated joint inflammation and bone erosion. The 

illustration was generated from data reported in [11, 15, 62].
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Figure 3. IL-7 signaling in T cells.
Upon binding of IL-7 to the IL-7R on T cells, multiple intracellular phosphorylation 

cascades, such as JAK-STAT and PI3 Kinase are activated, resulting in activation or 

inhibition of specific target genes. In detail, IL-7 triggers JAK1, JAK3, and PI3K signaling 

which contributes to STAT5 or AKT phosphorylation and increased expression of the 

anti-apoptotic genes BCL-2 (B cell lymphoma 2) and MCL1 (myeloid cell leukemia 

sequence). While physiological levels of IL-7 promote T cell survival and proliferation, its 

pathogenic effect fosters T cell hypermetabolism, Th1 and Th17 cell polarization in addition 

to osteoclast formation. This schema is adapted from [63].
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