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Introduction

Rheumatoid arthritis (RA) is a chronic, systemic, in-
flammatory autoimmune disorder, causing symmetrical 
polyarthritis of large and small joints. It can be a disabling 
and painful condition, which can lead to substantial loss of 
functioning and mobility if not adequately treated (1). The 
key pieces of evidence relating the pathogenesis of RA to 
autoimmunity and inflammation are the following:
1.	 A genetic link with HLA-DR4 and related allotypes of 

major histocompatibility complex (MHC) Class II and 
the T cell-associated protein PTPN22 (2).

2.	 An undeniable link to the pathogenesis of vascular dise-
ase of many types, including the possibility of a strong 
causal connection to rheumatoid vasculitis.

3.	 A remarkable reduction of disease progression in many 
cases by blockade of the cytokine Tumor Necrosis Factor 
(TNF)-alpha (3).

4.	 A similar dramatic response in many cases to depletion 
of B lymphocytes.

5.	 The presence of rheumatoid factors (RF), and antibodies 
to citrullinated peptides (ACPA) (4).
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6.	 Initial site of disease is synovial membrane.
7.	 Women (30 to 50 years) are more commonly affected.

These data suggest that the disease involves abnormal B 
cell–T cell interaction, with presentation of antigens by B 
cells to T cells via HLA-DR eliciting T cell help and con-
sequent production of RF and ACPA. Inflammation is then 
driven either by B cell or T cell products stimulating release 
of TNF and other cytokines and chemokines (5-8).  

Chemokines

Chemokines are small proteins which play a significant 
role in leukocyte trafficking (9) by producing chemotactic 
activity in cells expressing chemokine receptors. Based 
on the position of the first and second conserved cysteine 
residues within the N-terminal domain, the chemokines are 
divided into two major (CX3C and CXC) and two minor (CC 
and C) subfamilies (10-13). The CX3C subfamily has three 
intervening residues separating the two N-terminal cysteines, 
whereas the CXC subfamily only has one non-conserved 
amino acid residue separating the N-terminal cysteines. CC 
chemokines are those in which two cysteines are adjacent 
to each other, and a single known C chemokine lacks the 
first cysteine of the N-terminal pair. The Interferon (IFN)-
gamma-induced protein 10 (IP-10) is a member of the CXC 
subfamily. CXC chemokines bind to CXC chemokine recep-
tors. IP-10 specifically activates CXCR3 receptor which is a 
seven trans-membrane-spanning G protein-coupled receptor 
predominantly expressed on activated T helper 1 (Th1) 
lymphocytes (14), natural killer (NK) cells, macrophages 
and B cells (15, 16). The other IFN-gamma-induced CXC 
chemokines, monokine induced by IFN-gamma (Mig) and 
IFN-inducible T-cell chemoattractant (I-TAC), also activate 
CXCR3. These CXC chemokines are preferentially expres-
sed on Th1 lymphocytes (17-19). IP-10 is highly expressed 
in a diverse range of human diseases. It has been shown 
to be involved in the pathological processes of the main 
human disorders, as infectious, inflammatory (20, 21) and 
autoimmune diseases (10), and cancer. Since IP-10 plays 
a significant role in leukocyte homing to inflamed tissues, 
it exacerbates inflammation and causes significant tissue 
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damage (10). IP-10 is an ELR-negative CXC chemokine 
that attenuates angiogenesis and has anti-tumor action (22, 
23). However, an increased expression of IP-10 and its cor-
responding receptor CXCR3 have also been associated with 
advanced human cancers, including malignant melanoma 
(24), ovarian carcinoma (25), B-cell lymphoma (26), basal 
cell carcinoma (27), and thyroid cancer (28, 29).

Under proinflammatory conditions, IP-10 is secreted from 
a variety of cells, such as activated neutrophils, monocytes, 
epithelial cells, endothelial cells, fibroblasts and keratinocytes 
in response to IFN-gamma (27, 30). This crucial regulator 
of the IFN response, preferentially attracts activated Th1 
lymphocytes to the area of inflammation and its expression 
is associated with Th1 immune responses (31-33). 

The determination of high level of IP-10 in peripheral 
liquids is therefore a marker of host immune response, 
especially Th1 orientated T-cells.

Circulating levels of IP-10 are increasing with age (34). 
Furthermore, recent reports have shown that the serum and/
or the tissue expression of IP-10 are increased in organ spe-
cific autoimmune diseases, such as type 1 diabetes (T1D) 
(35-38), Graves’ disease (GD), or Graves’ ophthalmopathy 
(GO) (39-41), autoimmune thyroiditis (42-44), or systemic 
rheumatic disorders like systemic lupus erythematosus 
(SLE) (45), systemic sclerosis (SSc) (46, 47), psoriasis or 
psoriatic arthritis (48-50), sarcoidosis (51, 52), Hepatitis C 
Virus (HCV)-related cryoglobulinemia (53-55), other HCV 
immune mediated disorders (56-61), and also in cancers 
(28, 29, 62-66). 

Here, we review IP-10 in RA and other arthritis.

IP-10 in rheumathoid arthritis 

RA is a chronic inflammatory arthritis characterized by 
joint inflammation, synovial hyperplasia, and bone destruc-
tion. A Th1/Th2 cytokine imbalance with a predominance of 
Th1 cytokines, including IFN-gamma, has been suggested 
to be of pathogenetic importance in RA (67, 68).  

A study was aimed to quantify the Th1 cytokine IFN-
gamma-positive and the Th2 cytokine interleukin (IL)-4-
positive cells in synovial fluid (SF) and synovial membrane 
at the single-cell level in RA in comparison to reactive 
arthritis (67). In SF of the RA patients, the mean percentage 
of IFN-gamma+/CD4+ T cells was almost 4-fold higher 
than the number of IL-4+/CD4+ T cells, while the ratio of 
IFN-gamma/IL-4+ CD4+ T cells was only 1.59 in reactive 
arthritis, suggesting that the Th1 pattern in the joint of RA 
patients demonstrated at the single-cell level may be impor-
tant for the pathogenesis of RA and may provide a target for 
future immunotherapy (67).

The expression and regulation of chemokines that signal 
through CXCR3 (IP-10 and Mig) in RA synovial fluids, 
synovial tissues, and blood, was evaluated in a first study 
(69). SF protein levels of IP-10 and Mig were 2-fold elevated 
in SF of RA patients compared to control SF. Tissue levels 
of IP-10 and Mig were significantly higher in RA than in 
osteoarthritis (OA). Serum levels of IP-10 were higher in 
patients with seropositive RA compared to controls. This 
study suggested that IP-10 and Mig may participate in the 
selective recruitment of CXCR3(+) T cells to the inflamed 
synovium (69). 

It was shown that IP-10 expression within inflamed joints 
appears to be regulated not only by inflammatory cytokines 
but also by the physical interaction of activated leukocytes 
with fibroblast-like synoviocytes, contributing to the recru-
itment of specific subpopulations of T cells (Th1 type) from 
the bloodstream into the synovial joints (70).

In another study synovial tissue cells from RA patients 
more strongly expressed mRNAs for CXCR3 ligands and 
spontaneously secreted larger amounts of these chemokine 
proteins than the cells from OA patients (71). The mRNA 
expression of all CXCR3 ligands was induced in synovial fi-
broblasts from RA patients after stimulation with IFN-gamma, 
TNF-alpha, or IL-1beta. However, synovial fibroblasts signifi-
cantly secreted Mig and IP-10 proteins, but not I-TAC protein, 
after IFN-gamma stimulation and secreted only IP-10 protein 
after TNF-alpha or IL-1beta stimulation. When stimulated 
with a combination of IFN-gamma and TNF-alpha, these cells 
were able to secrete large amounts of all three chemokines. 
These results indicate that synovial fibroblasts may be invol-
ved in perpetuating the Th1 immune response by producing 
the Th1-associated CXCR3 ligands, and the synergistic effect 
of IFN-gamma and TNF-alpha may be important for their 
chemokine production in RA joints (71).

Stimulation of fibroblasts and human microvascular 
endothelial cells with the inflammatory cytokines IL-1beta 
or TNF-alpha combined with either IFN-alpha, IFN-beta or 
IFN-gamma resulted in a synergistic induction of the CXC 
chemokine IP-10, but not of the neutrophil chemoattractant 
CXCL8 (72). Synovial concentrations of CXCL8 and IP-10 
were compared in patients suffering from crystal arthritis, 
ankylosing spondylitis, psoriatic arthritis and RA. All three 
groups of autoimmune arthritis patients (ankylosing spon-
dylitis, psoriatic arthritis and RA) had significantly incre-
ased synovial IP-10 levels compared with crystal arthritis 
patients (72). 

IP-10 was detected in sera of SF and synovial tissue (ST) 
in RA patients (70).

IP-10 is mainly expressed by infiltrating macrophage-
like cells and fibroblast-like synoviocytes in RA synovium 
(73). 

CXCR3 is expressed in T-cell rich areas of inflamed 
ST, and the majority of T cells (in RA, SF express CXCR3) 
(74). 

The elevated expression of CXCR3 on T cells of SF 
has been associated with high levels of IFN-gamma, which 
suggests a preferential Th1 phenotype. CXCR3 is also ex-
pressed on endothelial cells of ST from RA and on dendritic 
cells (75).  

Recently, it was found that serum and tissue levels of IP-
10 were increased in collagen-induced arthritis, an animal 
model of RA (73). 

Available evidence shows that nuclear factor kappa-B 
ligand (RANKL) promotes IP-10 expression in osteoclast 
precursors, and that IP-10 mediates RANKL expression in 
CD4+ T cells via Gαi subunit of CXCR3 in RA synovium. 
Importantly, this cross-talk between IP-10 and RANKL, or 
other cytokines such as TNF-alpha may be responsible for 
the initiation and/or aggravation of inflammation and bone 
erosion in RA (73).  

Treating collagen-induced arthritis mice with neutra-
lizing anti-IP-10 antibody suppressed clinical arthritis 
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progression, infiltration of CD4+ T cells and F4/80+ macro-
phages, serum concentration of RANKL and TNF-alpha, 
and histological bone loss (73). 

A study was aimed to evaluate gene expression in the 
microdissected synovial lining cells of RA patients, using 
those of OA patients as the control. Expression levels of 
signal transducer and activator of transcription 1 (STAT1), 
IFN regulatory factor 1 (IRF1), and the chemokines Mig, 
IP-10, and CCL5 were statistically significantly higher 
in the synovium of RA than in that of OA, indicating an 
important role for lining synovial cells in the inflammatory 
and proliferative processes of RA (76). 

In synovial fibroblasts and monocyte-derived macropha-
ges ML3000, a competitive inhibitor of the cyclooxygenase 
and the lipoxygenase pathway, inhibited the TNF induced 
expression of Mig, IP-10 and I-TAC, providing the basis for 
further clinical studies testing the application of ML3000 
in RA (77).

Infliximab, a monoclonal antibody that blocks the effects 
of TNF, is used for the treatment of RA. A study analysed 
the effects on chemokines and their receptors on peripheral 
mononuclear cells of anti-TNF treatment in RA patients. The 
chemokines IP-10, CCL2/MCP-1, and CCL4/MIP-1beta, 
mainly targeting the Th1 immune response, decreased after 
treatment with anti-TNF, suggesting a more pronounced ef-
fect on Th1 activity than on Th2-mediated response (78). 

A human phase II clinical trial using an anti-IP-10 mo-
noclonal antibody (MDX-1100) for RA patients who had 
an inadequate response to methotrexate (MTX) treatment 
has been published (79). Patients with active RA receiving 
stable doses of MTX (10-25 mg weekly) were randomized to 
receive intravenous doses of 10 mg/kg MDX-1100 (n = 35) 
or placebo (n = 35) every other week. The ACR20 response 
rate was significantly higher among MDX-1100-treated pa-
tients than among placebo-treated patients (54% versus 17%; 
P = 0.0024). This study showed that MDX-1100 was well 
tolerated and demonstrated clinical efficacy in RA patients 
whose disease responded inadequately to MTX. This was the 
first study to demonstrate clinical efficacy of a chemokine 
inhibitor in RA and supports the notion of a potential role 
of IP-10 in the immunopathogenesis of RA (79).

Conclusion

IP-10 and its receptor, CXCR3, appear to contribute to 
the pathogenesis of RA. IP-10 has been detected in sera, SF, 
and ST in RA patients. IP-10 is mainly expressed by infiltra-
ting macrophage-like cells and fibroblast-like synoviocytes 
in RA synovium. The elevated expression of CXCR3 in SF 
T cells has been associated with high IFN-gamma levels, 
which suggests a preferential Th1 phenotype. A human 
phase II clinical trial using an anti-IP-10 monoclonal anti-
body (MDX-1100) for RA patients who had an inadequate 
response to MTX treatment has shown that blocking IP-10 
significantly increased response rate compared to the placebo 
group, suggesting a possible therapeutic use in humans.
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