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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory 
joint disease affecting at least twice as many women as 
men. Although it may begin at any age, its peak onset is in 
the fourth and fifth decades of life. Initial disease symp-
toms are joint pain and swelling, accompanied by joint 
stiffness, and in most cases with the overall response of 
the organism. The synovial membrane of joints, tendons 
and bursae are places of the pathological inflammation 
(Goldring 2003). The course of RA is highly variable, but 
generally the disease is progressive. Chronic synovitis 
leads to the destruction of articular cartilage, subchon-
dral bone erosions and finally to severe deformities of the 
affected joints.

The pathogenetic background of RA is strongly 
associated with the immune mechanisms, with the key 
role of T-lymphocytes, B-lymphocytes, neutrophils, 
macrophages, fibroblasts and endothelial cells, and 

substances affecting the immune system including 
chemokines and cytokines. The great attention is paid 
to the role of CD4+ Th cells which can develop into at 
least four types of committed helper T cells: Th1, Th2, 
regulatory T cells (Treg), and Th17. The last mentioned 
lineage of the Th cells probably plays a key role in the 
induction of autoimmune diseases such as rheumatoid 
arthritis (Gaffen 2004, Afzali et al. 2007). Until recently, 
it was assumed that Th1 cells play the major role in 
inflammation with autoimmune component (Figure 1). The 
paradigm has been changed, and RA seems to be a result 
of deregulation of immune responses with preferential 
activity towards pro-inflammatory lineages (Th1 and Th17) 
and attenuation towards the anti-inflammatory ones (Treg 
and Th2). Essential role in the pathogenesis of RA have 
the Th1 cytokines (e.g. TNF-α, and interferon (IFN)-γ), 
Th2 cytokines (e.g. IL-10, and IL-13), pro-inflammatory 
cytokines (e.g. IL-6), chemokines (e.g. IL-8, macrophage 
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chemotactic protein-1 (MCP-1)), and regulators of  
T- and natural killer (NK) cell activation and proliferation  
(e.g. IL-15).

The local release of cytokines with a central role of IL-6 
could be the basis of this mechanism (Afzali et al. 2007). 
IL-6 is a pleiotropic cytokine with various biological 

Abbreviations
ANA: antinuclear antibodies 
Anti-CCP: anticyclic citrullinated peptide 
CRP: C-reactive protein 
DAS28: 28-joint disease activity score 
ELISA: enzyme-linked immunosorbent assay 
HAQ: Health Assessment Questionnaire 
IFN: interferon 

Ig: immunoglobulin 
IL: interleukin 
MCP: macrophage chemotactic protein 
NK: natural killer 
RA: rheumatoid arthritis 
RF: rheumatoid factor 
STAT: signal transducer and activator of transcription 
TNF: tumour necrosis factor 
TSS: total sharp score 

Figure 1.  Modulation of effector function in rheumatoid arthritis through the release of cytokines. Only cytokines and chemokines analyzed 
in present study were included into the model. DC, dendritic cell; IL, interleukin; LAK cell, lymphokine-activated killer cell; NK cell, natural 
killer cell; Th cell, T helper cell; TNF, tumour necrosis factor.
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activities, including among others control of immune 
responses, hematopoiesis, and inflammation, especially 
systemic acute phase reaction. IL-6 promotes together 
with TGF-β the differentiation of Th17 from the naive T 
cells and also inhibits TGF-β-induced differentiation of 
Treg (Bettelli et al. 2006, Mangan et al. 2006, Veldhoen 
et al. 2006). Moreover, IL-17 mediates chemotaxis of 
neutrophils and monocytes to sites of inflammation 
through the chemoattractant IL-8 and MCP-1 (Witowski 
et al. 2000, Laan et al. 2001, Miyamoto et al 2003), which 
reflects the role of IL-8 in the initiation and amplification 
of acute inflammatory responses and in chronic inflam-
mation in RA. The production of the chemokines IL-8 
and monocyte chemotactic protein-1 from monocytes, 
which plays important role in the regulation of leukocyte 
infiltration during inflammation, is referred to be stimu-
lated by IL-15 (Badolato et al. 1997). IL-15, a member 
of the IL-2 family of cytokines, is produced by activated 
monocytes, macrophages, epithelial cells, fibroblasts 
(Badolato et al. 1997, McInnes & Liew 1998) endothelial 
cells (Oppenheimer-Marks et al. 1998), and chondro-
cytes (Woolley & Tetlow 2000).

The aim of the study was to describe the role of circu-
lating cytokines in RA etiology and disease progression, 
and to investigate the cytokine pattern in association 
with factors describing RA.

Materials and methods

Patient population
A total of 156 patients with RA diagnosed according 
to the revised classification criteria of the American 
College of Rheumatology were consecutively recruited 
into the study over a 3-year period. Patients with RA 
were recruited from the outpatient populations of the 
Rheumatology Division, 2nd Department of Internal 
Medicine, St. Anne’s University Hospital, Brno. All sub-
jects were Caucasians from Moravian regions of the 
Czech Republic. Exclusion criteria were: age > 80 years; 
known or newly diagnosed malignancy; estimated life 
expectancy < 12 months; refusal to provide written con-
sent or non-compliance; clinical signs of acute infection 
at time of blood sampling. The control group consists of 
55 unrelated volunteers (age: median value – 47 years; 
42% of postmenopausal women) of Caucasian origin 
from Moravian region with sex proportion 3:1 in favor of 
women, no clinical signs of RA, no chronic medication 
and with negative laboratory parameters (negative RFs, 
negative anti-CCP and CRP <5 mg/L).

The study was approved by the Committee for Ethics 
of Medical Experiments on Human Subjects, Faculty of 
Medicine, Masaryk University, Brno. Inclusion of indi-
viduals to the study was conditioned by obtaining a writ-
ten informed consent form. The study was in agreement 
with the Declaration of Helsinki approved at the World 
Medical Association meeting in Edinburgh.

Blood samples were obtained from all patients at 
the time of clinical examination for determination of 

erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), presence of rheumatoid factors (RFs), and anti-
cyclic citrullinated peptide autoantibody (anti-CCP). 
Serum levels of IgM RF, IgA RF, and IgG RF isotypes were 
determined using an ELISA assay (Aeskulisa Rf – A, G, N; 
Aesku Diagnostics, Wendelsheim, Germany). Serum lev-
els of anti-CCP were measured by ELISA assay (ELISA KIT 
anti-CCP, Genesis Diagnostics, Cambridgeshire, UK).

Radiographic analysis
All patients enrolled in the study underwent radiographs 
of the hands. X-ray findings of hands were scored by 
one observer using the modified Sharp/van der Heijde 
method. The Total Sharp Score (TSS) and the annual 
radiographic progression rate from the disease onset 
(TSS/year) were calculated. Median of TSS/year was 1.11. 
All RA patients were classified into two groups according 
to the annual radiographic progression rate: those with 
TSS/year ≤1.11 and those with TSS/year > 1.11.

Cytokine levels in serum
IL-6, IL-13, IL-8, IL-15, and TNF α levels were measured 
in fasting serum samples frozen immediately after sam-
pling and then stored in −80°C awaiting analysis. The 
samples were thawed and analyzed using IL-8 (sensi-
tivity <5 pg/mL, 0–1000 pg/mL, no dilution; BioSource, 
Camarillo, CA, USA), IL-10 (<1 pg/mL, 0–500 pg/mL, no 
dilution; BioSource, Camarillo, CA, USA), IL-13 (<6 pg/
mL, 0-2000 pg/mL, dilution: 1:1; BioSource, Camarillo, 
CA, USA), IL-15 (<10 pg/mL, 0-2500 pg/mL, dilu-
tion: 1:1; BioSource, Camarillo, CA, USA) ELISA kits. 
Immulite TNF α assay (2–1000 pg/mL; DPC Biermann, 
Bad Nauheim, Germany), Immulite IL-6 assay (2–2000 
pg/mL; DPC Biermann, Bad Nauheim, Germany) were 
used. Intra-assay CV and inter-assay CV for all analyses 
were <10%.

Statistical analysis
Within the case and control groups and groups of RA 
patients, the Kruskal–Wallis ANOVA test was used for 
the evaluation of significant differences in variables. 
Correlation analyses were performed using two-tailed 
Spearman’s rank correlation. Bonferroni correction was 
applied to adjust the α level according to the number of 
independent comparisons. ROC analysis was adopted for 
the identification of cut-offs of biomarkers for RA detec-
tion and description of their sensitivity and specificity. 
Predictive capability of IL-15 was analysed by means of 
reclassification analyses NRI (net reclassification improve-
ment) and IDI (integrated discrimination improvement).

Statistica v. 9.0 (Statsoft Inc., Tulsa, OK) and SPSS 
20.0.0 (IBM Corporation) were used to analyze the data.

Results

Serum levels and clinical parameters were obtained for 
the 144 patients of the study group. Baseline characteris-
tics of RA patients are shown in Table 1.
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Circulating levels of cytokines and RA
Higher circulating levels of IL-15 were observed for RA 
patients compared to healthy controls (IL-15: median: 
167.8 pg/mL; 5% and 95% percentile: 0.0–2500.0 pg/mL 
versus 7.8 pg/mL; 5% and 95% percentile: 0.0–97.5 pg/
mL; p < 0.01). No significant differences in TNF-α, IL-6, 
and IL-13 cytokine circulating levels between RA patients 
and controls were found (TNF α median value: 9.75 pg/
mL versus 8.15 pg/mL; IL-13 median value: 2.06 pg/mL 
versus 1.3 pg/mL; IL-6 median value: 5.1 pg/mL versus 
2.0 pg/mL).

Circulating levels of cytokines and clinical  
parameters of RA
We found the significant correlation among circulating 
level of IL-15 and the measures of rheumatoid factors 
(total and specific isotypes: IgA, IgM, IgG) and anti-CCP 
(Table 2). Correlation with the same parameters was 
found for circulating level of TNF-α. Further, the corre-
lation of circulating level of IL-6 with almost all clinical 

parameters of disease activity (DAS28 and TSS) in RA 
patients, acute phase reactant CRP, and anti-CCP was 
observed (Table 2). The IL-8 level was, except the IL-6 
level, the only parameter that correlated with measures 
of disease activity (DAS28, TSS), swollen joint count, and 
the measure of anti-CCP. Other cytokines did not show 
a significant correlation with clinically assessed disease 
activity; the IL-10 level correlated with the anti-CCP 
measurement, and the IL-13 level with radiographic pro-
gression. The correlations were strongest for IL-15 versus 
the laboratory-based rheumatoid factors: RF r = 0.7111 
(p < 0.001), RF IgM r = 0.6678 (p < 0.001), and RF IgG  
r = 0.6271 (p < 0.001). Furthermore, for the IL-6 versus the 
laboratory-based marker of acute phase reaction: CRP  
r = 0.6078 (p < 0.001).

The relationship among cytokine circulating levels is 
shown in Table 3. According to receiver operating char-
acteristics (ROC) analysis we identified cut-off value to 
predict RA for IL-15 and compared Area under the curve 
(AUC) for IL-15 with AUC of biomarker anti-CCP (Table 4).

When the group of RA patients was divided into 
three subgroups according to the EULAR classification  

Table 1.   Demographic, clinical, and laboratory characteristics of 
rheumatoid arthritis (RA) patients.
Characteristics Values n
Age (year) 55.6 (20.2–82.1) 144
Sex (women) a112 (77.8) 144
Disease duration (year) 11.0 (2.0–50.2) 144
Swollen joints 6 (0–24) 144
Tender joints 5 (0–26) 144
DAS 28 3.88 (1.03–7.58) 144
TSS/year 1.11 (0–11.59) 144
IgM RF positivity a91 (63.2) 144
IgA RF positivity 51 (35.4) 144
IgG RF positivity 71 (49.3) 144
Anti-CCP positivity 89 (61.8) 144
Values are given as median (range) or as anumber (percentage).
anti-CCP, anticyclic citrullinated peptide; DAS28, disease activity 
score 28; RF, rheumatoid factor; TSS/year, the annual radiographic 
progression rate of the Total Sharp Score.

Table 2.   Correlations among clinical measurements of disease activity and serum IL-6, TNF α, IL-8, IL-10, IL-13 and IL-15 levels*.

N = 144

Acute 
inflammation

Auto-
antibodies RF and isotypes Disease activity Quality of life

CRP, mg/L Anti-CCP RF RF IgG RF IgA RF IgM TTS DAS28 X-ray st. HAQ Euroquol
IL-6 0.6078; 

<0.001
0.4149; 

<0.001
0.1534; 
0.15

0.2097; 
0.01

0.2408; 
<0.001

0.1820; 
0.03

0.3441; 
<0.001

0.5052; 
<0.001

0.2970; 
<0.001

0.2970; 
<0.001

−0.0924; 
0.25

TNF-α 0.1327; 
0.11

0.2017; 
0.02

0.2451; 
0.02

0.3861; 
<0.001

0.4468; 
<0.001

0.4165; 
<0.001

0.1481; 
0.08

0.0248; 
0.77

0.1212; 
0.15

0.1000; 
0.26

−0.0751; 
0.31

IL-8 0.0924; 
0.27

0.1775; 
0.03

0.0326; 
0.76

0.0942; 
0.26

0.0521; 
0.54

0.0781; 
0.35

0.1727; 
0.04

0.1779; 
0.03

0.1685; 
0.05

0.0048; 
0.96

−0.0114; 
0.86

IL-10 0.0535; 
0.52

0.1789; 
0.03

0.1761; 
0.10

0.1374; 
0.10

0.1775; 
0.03

0.1604; 
0.06

0.1368; 
0.10

−0.0302; 
0.72

0.1128; 
0.18

0.0488; 
0.59

0.0314; 
0.62

IL-13 0.0560; 
0.50

0.0107; 
0.90

0.2324; 
0.03

0.1209; 
0.15

0.0743; 
0.37

0.1390; 
0.09

−0.1039; 
0.22

0.0745; 
0.37

−0.1745; 
0.04

0.0293; 
0.74

0.0368; 
0.81

IL-15 0.0954; 
0.25

0.3309; 
<0.001

0.7111; 
<0.001

0.6271; 
<0.001

0.5825; 
<0.001

0.6678; 
<0.001

0.0616; 
0.46

0.0026; 
0.97

0.0367; 
0.66

−0.0367; 
0.66

−0.0826; 
0.42

*Spearman rank order coefficients are shown in the corresponding cells with p value under the coefficient, results with p < 0.05 are in bold; 
results with p < 0.05 with Bonferroni correction are in bold and underlined.
Anti-CCP, anticyclic citrullinated peptide; CRP, C-reactive protein; DAS28, 28-joint disease activity score; HAQ, Health Assessment 
Questionnaire; Ig, immunoglobulin; IL, interleukin; TSS, total sharp score; TNF, tumour necrosis factor.

Table 3.   Correlations among serum IL-6, TNF α, IL-8, IL-10, 
IL-13, and IL-15 levels*.

N = 144 IL-6 TNF-α IL-8 IL-10 IL-13

TNF-α 0.1921; 
0.02

IL-8 0.2621; 
0.001

0.0214; 
0.80

IL-10 0.1812; 
0.03

0.2110; 
0.01

0.0942; 
0.26

IL-13 −0.0669; 
0.42

−0.1153; 
0.17

0.0638; 
0.45

0.1058; 
0.21

IL-15 0.1233; 
0.14

0.3700; 
<0.001

−0.0356; 
0.67

0.2433; 
0.003

0.1469; 
0.08

*Spearman rank order coefficients are shown in the corresponding 
cells, results with p < 0.05 are in bold; results with p < 0.05 with 
Bonferroni correction are in bold and underlined.
IL, interleukin; TNF, tumour necrosis factor.
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(van Gestel et al. 1996) of disease activity (low disease 
activity: DAS28 ≤ 3.2, moderate disease activity: DAS28 
3.2 to 5.1, high disease activity: DAS28 > 5.1), increased 
circulating levels of IL-6 were found in the group with 
high disease activity (p < 0.001) (Figure 2). No significant 
differences were observed for the other cytokines.

We found significantly higher circulating level of TNF α 
(p < 0.001), and lower circulating level of IL-13 (p < 0.01) in 
patients on anti-TNF biologic agents (Figure 3A and 3B). 
Further cytokine profiles were similar between patients 
with and without treatment by biologic agents.

Discussion

Cytokines and chemokines are peptide, protein or gly-
coprotein mediators produced primarily by immune 
cells, but also by other cells and tissues in response to 
a specific signal, operating on the target cells via cyto-
kine receptors through which induce intracellular signal 
transduction-mechanisms. In this work, the IL-6 and 
IL-15 levels in RA patients correlated with anti-CCP 
and RF IgA, which can both be detected several years 
before any symptoms of RA, although IgA-RF does not 
reach as high specificity for RA as anti-CCP antibody 
(Rantapää-Dahlqvist et al. 2003). In agreement with 
published results, we observed higher circulating IL-6 
levels in RA patients with high disease activity (DAS > 
5.1), the extent of acute phase reaction (CRP), and the 
number of swollen joints. Also, the HAQ score as a mea-
surement of functional disability reflects the progres-
sion of RA. Overproduction of IL-6 and abnormalities in 
IL-6 signalling are likely, according to recent research, 
causal factors in the development and progression of 
autoimmune diseases including RA. IL-6 activates both 
signal transducers and activators of transcription - 
STAT3 and STAT1; STAT3 activation is maintained while 
STAT1 activation is suppressed in Th17 cells (Kimura  
et al. 2007). Further positive or negative regulation 
of Th17 development is due to activation of STAT by 

Table 4.   Receiver operating characteristics analysis for prediction 
of RA.

AUC (95% CI) Sig. Cut off Sensitivity Specificity
IL-15  
(ng/mL)

0.800  
(0.740; 0.861)

<0.001 ≥22.0 74.8% 70.4%

Anti-CCP 
(U/ml)

0.807 
(0.748;0.867)

<0.001 ≥0.0 69.4% 85.2%

Anti-CCP, anticyclic citrullinated peptide.

Figure 2.  Levels of IL-6 in subgroups according to the EULAR 
classification of disease activity (low disease activity: DAS28 ≤ 3.2, 
moderate disease activity: DAS28 3.2 to 5.1, high disease activity: 
DAS28 > 5.1). DAS28, 28-joint disease activity score.

Figure 3.  Levels of tumour necrosis factor (TNF) α (A) and IL-13 (B) in patients on anti-TNF biologic agents.
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various cytokines. IL-17 produced by Th17 cells during 
active RA stimulates monocytes and macrophages to 
synthesize IL-1β and TNF-α, which act synergistically, 
and stimulate synovial cells to produce also IL-6, IL-8 
(Gaffen 2004). This stimulation could explain the similar 
disease pattern in circulating levels of IL-8 in our study. 
The production of IL-6 reflects the acute phase response 
and disease progression in RA, the IL-15 levels show 
rather relation to specific inflammation. Recent studies 
on RA indentified production of IL-15 in CD68+ lining 
cells (McInnes et al. 1996), macrophages, T cells and 
natural killer cells in affected synovial tissues (Thurkow 
et al. 1997). IL-15 is generally accepted as a Th1 cytokine 
but recently, Harris 2011 reported evidence that IL-15 
promotes Th17 and Th1 responses. Generally, IL-15 reg-
ulates the activation, proliferation and cytokine release 
from the T cells, natural killers, mast cells (Bamford  
et al. 1994, Tagaya et al. 1996, Tagaya et al. 1996, Carson 
et al. 1997); enhances neutrophil and natural killer cell 
responses (enhances cytotoxicity and up-regulates NK 
cell survival and production of NK cell-derived cytokines 
-γ, and TNF-α (Becknell & Caligiuri 2005, Budagian et al. 
2006); stimulates locomotion and chemotaxis of normal 
T cells; regulates proliferative renewal of memory CD8+ T 
cells in periphery; contributes to B-cell proliferation and 
immunoglobulin (Ig) synthesis (McInnes et al. 1997). 
Further, IL-15 increases the production of IL-17 as well as 
the other cytokines except IFN-γ (Harris 2011). From the 
other course, regarding the Th2 role, it has been reported 
that IL-15 promotes the survival of B cells (Armitage  
et al. 1995), mast cells (Masuda et al. 2001), and eosino-
phils (Hoontrakoon et al. 2002, Mori et al. 1996). In accord 
with biological effects of Th17 and Th1 responses, our 
results show a strong correlation of circulating levels of 
IL-15 with the rheumatoid factors (RF, including isotypes 
IgG, IgA, IgM). IL-15 stimulates peripheral blood T cells 
to induce monocytic TNF-α production (McInnes et al. 
1997, Sebbag et al. 1997). In consensus to published data 
(Park et al. 2011), we have found higher circulating levels 
of IL-15 in patients with RA compared to the control pop-
ulation. This finding can reflect important role of IL-15 in 
the circulation of patients with RA, with respect to pre-
sented relation to the TNF-α levels and similar pattern of 
relation to rheumatoid factors. The continuing influence 
of IL-15 on newly recruited T cells in the synovial mem-
brane results in production of TNF-α directly or via cell 
contact with macrophages. This leads to amplification of 
inflammation by the T cells, which can be enhanced by 
TNF-α and IL-6 (Sebbag et al. 1997). TNF-α further up-
regulates production of other cytokines, including IL-6, 
IL-8, and IL-10 (Feldmann et al. 1996, Brennan et al.  
1998). Furthermore, the level of IL-15 in the synovial 
fluid was reported to be significantly higher in RA com-
pared to serum (Park et al. 2011). The effect of IL-15 in 
RA is enhanced by the synovium by means of expres-
sion from fibroblast-like synoviocytes and cells in the 
lymphocytic infiltrates in both the lining layer and the 
sublining layer (Park et al. 2011). So, the IL-15 function in 

the circulation is primarily fundamental for the develop-
ment of inflammation in the joint by lymphocytic infil-
tration, followed by increased local production of IL-15 
in the affected joint related to the severity of RA. This 
is supported by the results of work by Park et al. 2011, 
where the count of cells producing IL-15 depend on 
severity of RA, and could be related to osteoclastogen-
esis and bone loss. On the other hand, it was reported 
that the local synovial fluid IL-15 concentrations do not 
correlate with parameters of disease activity or with the 
response to drug treatment in patients with RA (McInnes 
et al. 1996), which once more stresses the role of IL-15 
in the circulation. Our hypothesis of the primary role of 
IL-15 derived from circulation in the first phase of joint 
affection is supported also by our results, indicating that 
the levels do not reflect the difference in the parameters 
of disease severity, such as radiographic progression, 
and disease activity measures (TSS, DAS28). Moreover, 
IL-15 is a potent inducer of IL-10, which increases the 
NK cell cytotoxicity (Park et al. 2011) and up-regulates 
farther cell-derived cytokine production.

Widely discussed is the relative imbalance of pro-
inflammatory and anti-inflammatory cytokines in RA, 
with high levels of TNF-α and IL-6, and lower levels of 
IL-13 (Pawlik et al. 2005). In consensus with this data 
we observed increased circulating levels of TNF-α and 
decreased circulating IL-13 levels in patients treated by 
anti-TNF biological agents that are the most broadly used 
biologics for the treatment of RA, and results in rapid 
improvement in clinical symptoms, and delay radio-
graphic progression. We have associated the IL-13 levels 
to radiographic progression, with the lowest levels in the 
erosive stage of RA. IL-13 acts as an anti-inflammatory 
cytokine and regulates B-cell and mast cell proliferation, 
IgG, IgE and antigen MHC class II expression, and inhi-
bition of cytokine production by Th1-related pathway 
(Brombacher 2000) among others by the differential 
regulation of TNF-α (Brombacher 2000, Wynn 2003).

In conclusion, our results show correlation of IL-8 and 
IL-6 circulating levels with measures of disease activity 
(DAS28 and TSS), swollen joint count, and anti-CCP, and 
correlation of IL-13 to radiographic progression of RA. 
Further, we present higher levels of IL-15 in RA patients 
compared to healthy controls, and a correlation of circu-
lating levels of IL-15 with the rheumatoid factors includ-
ing subtypes (RF, IgG, IgA, IgM), with relation to TNF-α 
levels. Both IL-15 and TNF-α were correlated with RF, but 
TNF-α correlation was less significant. The relation disap-
peared completely in anti-CCP negative subgroup of RA 
patients, and we did not find any significant differences in 
levels of TNF-α between these two subgroups (anti-CCP 
positive subgroup: median 8.45 pg/mL; anti-CCP nega-
tive subgroup: 10.5 pg/mL; p = 0.14). The IL-15 correlation 
to RF was significant for both subgroups of RA patients 
(anti-CCP positive subgroup: r = 0.738, p < 0.001; anti-CCP 
negative subgroup: r = 0.665, p < 0.001). Although we are 
aware that the interaction of protein secretion of genes 
from family of cytokines and downstream proteins may 
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co-determine the disease phenotype, the IL-15 function in 
the circulation seems to be primarily fundamental for the 
development of inflammation in the affected joints by pro-
moting lymphocytic infiltration. Regarding the IL-15 con-
tribution to immunoglobulin synthesis, we conclude that 
the IL-15 level in circulation could serve as one of the bio-
markers for the RA detection with cut off level 22.0 pg/mL 
with sensitivity of 74.8% and specificity 70.4% comparable 
to anti-CCP with sensitivity of 69.4% and specificity 85.2%. 
The sensitivity is higher even compared to RFs IgM (63 %), 
IgG (47 %), and IgA (34 %). Furthermore, predictive capa-
bility of IL-15 was compared to a basic model comprising 
anti-CCP and RF by means of reclassification analyses NRI 
(net reclassification improvement) and IDI (integrated 
discrimination improvement). In comparison to the basal 
model, sum of sensitivity and specificity increased by 
0.046 (−0.023; 0.113), p = 0.190 (based on NRI) and differ-
ence in average probability of patients inclusion into RA/
non-RA group increased by 0.058 (0.022; 0.094), p = 0.002 
(based on IDI). The analyses show that IL-15 enhances the 
model containing two commonly used predictors: RF and 
anti-CCP (cut-off level 0 U/mL). On the other hand, IL-15 
is a non-specific marker that is also elevated in numerous 
autoimmune and inflammatory diseases, and cancers. 
Kakumu et al. 1997 reported elevated levels of IL-15 in 
type C chronic liver disease with the highest levels in 
hepatocellular carcinoma (mean value 77.4 pg/mL), and 
with decreasing tendency after interferon treatment. The 
majority of the baseline IL-15 values in asymptomatic 
HCV, chronic hepatitis and liver cirrhosis were under the 
value 22 pg/mL. Recent study in psoriatic arthritis showed 
increased levels of IL-15 (median value 114 pg/mL) with 
association to ectopic lymphoid neogenesis (median value 
180 pg/mL) (Celis et al. 2012). Moreover, regarding to the 
therapeutic intervention on the level of IL-15, the human 
anti-IL-15 monoclonal antibody has been shown to be 
effective in a xenograft mouse disease models (Villadsen 
et al. 2003) and in subjects with rheumatoid arthritis 
(Baslund et al. 2005), causing a decrease in NK cell pro-
liferation and antigen-driven T-cell responses (Mortier  
et al. 2004, Ruckert et al. 2005).

We conclude that determination of IL-15 circulat-
ing levels could increase the likelihood of RA detection. 
Furthermore, according to our results, the increased level 
of IL-15 is not linked to the disease activity. Cytokines 
IL-6 and IL-13 were in our study associated to disease 
activity and progression.

Declaration of interest

The study was supported by a Grant of Ministry of 
Education 0021624202. The authors report no conflicts 
of interest.

References
Afzali B, Lombardi G, Lechler RI, Lord GM. (2007). The role of T 

helper 17 (Th17) and regulatory T cells (Treg) in human organ 

transplantation and autoimmune disease. Clin Exp Immunol 
148:32–46.

Armitage RJ, Macduff BM, Eisenman J, Paxton R, Grabstein KH. 
(1995). IL-15 has stimulatory activity for the induction of B cell 
proliferation and differentiation. J Immunol 154:483–490.

Badolato R, Ponzi AN, Millesimo M, Notarangelo LD, Musso T. (1997). 
Interleukin-15 (IL-15) induces IL-8 and monocyte chemotactic 
protein 1 production in human monocytes. Blood 90:2804–2809.

Bamford RN, Grant AJ, Burton JD, Peters C, Kurys G, Goldman CK, 
Brennan J, Roessler E, Waldmann TA. (1994). The interleukin (IL) 2 
receptor beta chain is shared by IL-2 and a cytokine, provisionally 
designated IL-T, that stimulates T-cell proliferation and the 
induction of lymphokine-activated killer cells. Proc Natl Acad Sci 
USA 91:4940–4944.

Baslund B, Tvede N, Danneskiold-Samsoe B, Larsson P, Panayi G, 
Petersen J, Petersen LJ, Beurskens FJ, Schuurman J, van de Winkel 
JG, Parren PW, Gracie JA, Jongbloed S, Liew FY, McInnes IB. (2005). 
Targeting interleukin-15 in patients with rheumatoid arthritis: a 
proof-of-concept study. Arthritis Rheum 52:2686–2692.

Becknell B, Caligiuri MA. (2005). Interleukin-2, interleukin-15, and 
their roles in human natural killer cells. Adv Immunol 86:209–239.

Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M, Weiner HL, 
Kuchroo VK. (2006). Reciprocal developmental pathways for the 
generation of pathogenic effector TH17 and regulatory T cells. 
Nature 441:235–238.

Brennan FM, Maini RN, Feldmann M. (1998). Role of pro-inflammatory 
cytokines in rheumatoid arthritis. Springer Semin Immunopathol 
20:133–147.

Brombacher F. (2000). The role of interleukin-13 in infectious diseases 
and allergy. Bioessays 22:646–656.

Budagian V, Bulanova E, Paus R, Bulfone-Paus S. (2006). IL-15/IL-15 
receptor biology: a guided tour through an expanding universe. 
Cytokine Growth Factor Rev 17:259–280.

Carson WE, Fehniger TA, Haldar S, Eckhert K, Lindemann MJ, Lai CF, 
Croce CM, Baumann H, Caligiuri MA. (1997). A potential role 
for interleukin-15 in the regulation of human natural killer cell 
survival. J Clin Invest 99:937–943.

Celis R, Planell N, Fernández-Sueiro JL, Sanmartí R, Ramírez J, 
González-Álvaro I, Pablos JL, Cañete JD. (2012). Synovial cytokine 
expression in psoriatic arthritis and associations with lymphoid 
neogenesis and clinical features. Arthritis Res Ther 14:R93.

Feldmann M, Brennan FM, Maini RN. (1996). Role of cytokines in 
rheumatoid arthritis. Annu Rev Immunol 14:397–440.

Gaffen SL. (2004). Biology of recently discovered cytokines: interleukin-
17–a unique inflammatory cytokine with roles in bone biology and 
arthritis. Arthritis Res Ther 6:240–247.

Goldring SR. (2003). Inflammatory mediators as essential elements in 
bone remodeling. Calcif Tissue Int 73:97–100.

Harris KM. (2011). Monocytes differentiated with GM-CSF and IL-15 
initiate Th17 and Th1 responses that are contact-dependent and 
mediated by IL-15. J Leukoc Biol 90:727–734.

Hoontrakoon R, Chu HW, Gardai SJ, Wenzel SE, McDonald P, Fadok VA, 
Henson PM, Bratton DL. (2002). Interleukin-15 inhibits spontaneous 
apoptosis in human eosinophils via autocrine production of 
granulocyte macrophage-colony stimulating factor and nuclear 
factor-kappaB activation. Am J Respir Cell Mol Biol 26:404–412.

Kakumu S, Okumura A, Ishikawa T, Yano M, Enomoto A, Nishimura 
H, Yoshioka K, Yoshika Y. (1997). Serum levels of IL-10, IL-15 and 
soluble tumour necrosis factor-alpha (TNF-alpha) receptors in 
type C chronic liver disease. Clin Exp Immunol 109:458–463.

Kimura A, Naka T, Kishimoto T. (2007). IL-6-dependent and -independent 
pathways in the development of interleukin 17-producing T helper 
cells. Proc Natl Acad Sci USA 104:12099–12104.

Laan M, Lötvall J, Chung KF, Lindén A. (2001). IL-17-induced  
cytokine release in human bronchial epithelial cells in vitro: role 
of mitogen-activated protein (MAP) kinases. Br J Pharmacol 133: 
200–206.

Mangan PR, Harrington LE, O’Quinn DB, Helms WS, Bullard DC, 
Elson CO, Hatton RD, Wahl SM, Schoeb TR, Weaver CT. (2006). 

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



662  M. P. Goldbergova et al.

 � Biomarkers

Transforming growth factor-beta induces development of the 
T(H)17 lineage. Nature 441:231–234.

Masuda A, Matsuguchi T, Yamaki K, Hayakawa T, Yoshikai Y. (2001). 
Interleukin-15 prevents mouse mast cell apoptosis through STAT6-
mediated Bcl-xL expression. J Biol Chem 276:26107–26113.

McInnes IB, al-Mughales J, Field M, Leung BP, Huang FP, Dixon 
R, Sturrock RD, Wilkinson PC, Liew FY. (1996). The role of 
interleukin-15 in T-cell migration and activation in rheumatoid 
arthritis. Nat Med 2:175–182.

McInnes IB, Leung BP, Sturrock RD, Field M, Liew FY. (1997). 
Interleukin-15 mediates T cell-dependent regulation of tumor 
necrosis factor-alpha production in rheumatoid arthritis. Nat Med 
3:189–195.

McInnes IB, Liew FY. (1998). Interleukin 15: a proinflammatory role in 
rheumatoid arthritis synovitis. Immunol Today 19:75–79.

Miyamoto M, Prause O, Sjöstrand M, Laan M, Lötvall J, Lindén A. 
(2003). Endogenous IL-17 as a mediator of neutrophil recruitment 
caused by endotoxin exposure in mouse airways. J Immunol 
170:4665–4672.

Mori A, Suko M, Kaminuma O, Inoue S, Ohmura T, Nishizaki Y, Nagahori 
T, Asakura Y, Hoshino A, Okumura Y, Sato G, Ito K, Okudaira H. 
(1996). IL-15 promotes cytokine production of human T helper 
cells. J Immunol 156:2400–2405.

Mortier E, Bernard J, Plet A, Jacques Y. (2004). Natural, proteolytic 
release of a soluble form of human IL-15 receptor alpha-chain that 
behaves as a specific, high affinity IL-15 antagonist. J Immunol 
173:1681–1688.

Oppenheimer-Marks N, Brezinschek RI, Mohamadzadeh M, Vita R, 
Lipsky PE. (1998). Interleukin 15 is produced by endothelial cells 
and increases the transendothelial migration of T cells In vitro and 
in the SCID mouse-human rheumatoid arthritis model In vivo. J 
Clin Invest 101:1261–1272.

Park MK, Her YM, Cho ML, Oh HJ, Park EM, Kwok SK, Ju JH, Park KS, Min 
DS, Kim HY, Park SH. (2011). IL-15 promotes osteoclastogenesis via 
the PLD pathway in rheumatoid arthritis. Immunol Lett 139:42–51.

Pawlik A, Wrzesniewska J, Florczak M, Gawronska-Szklarz B, 
Herczynska M. (2005). The -590 IL-4 promoter polymorphism in 
patients with rheumatoid arthritis. Rheumatol Int 26:48–51.

Rantapää-Dahlqvist S, de Jong BA, Berglin E, Hallmans G, Wadell 
G, Stenlund H, Sundin U, van Venrooij WJ. (2003). Antibodies 
against cyclic citrullinated peptide and IgA rheumatoid factor 
predict the development of rheumatoid arthritis. Arthritis Rheum 
48:2741–2749.

Rückert R, Brandt K, Braun A, Hoymann HG, Herz U, Budagian V, 
Dürkop H, Renz H, Bulfone-Paus S. (2005). Blocking IL-15 prevents 

the induction of allergen-specific T cells and allergic inflammation 
in vivo. J Immunol 174:5507–5515.

Sebbag M, Parry SL, Brennan FM, Feldmann M. (1997). Cytokine 
stimulation of T lymphocytes regulates their capacity to induce 
monocyte production of tumor necrosis factor-alpha, but 
not interleukin-10: possible relevance to pathophysiology of 
rheumatoid arthritis. Eur J Immunol 27:624–632.

Tagaya Y, Bamford RN, DeFilippis AP, Waldmann TA. (1996). IL-15: a 
pleiotropic cytokine with diverse receptor/signaling pathways 
whose expression is controlled at multiple levels. Immunity 
4:329–336.

Tagaya Y, Burton JD, Miyamoto Y, Waldmann TA. (1996). Identification 
of a novel receptor/signal transduction pathway for IL-15/T in 
mast cells. EMBO J 15:4928–4939.

Thurkow EW, van der Heijden IM, Breedveld FC, Smeets TJ, Daha MR, 
Kluin PM, Meinders AE, Tak PP. (1997). Increased expression 
of IL-15 in the synovium of patients with rheumatoid arthritis 
compared with patients with Yersinia-induced arthritis and 
osteoarthritis. J Pathol 181:444–450.

van Gestel AM, Prevoo ML, van ‘t Hof MA, van Rijswijk MH, van de 
Putte LB, van Riel PL. (1996). Development and validation of 
the European League Against Rheumatism response criteria for 
rheumatoid arthritis. Comparison with the preliminary American 
College of Rheumatology and the World Health Organization/
International League Against Rheumatism Criteria. Arthritis 
Rheum 39:34–40.

Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger B. (2006). 
TGFbeta in the context of an inflammatory cytokine milieu 
supports de novo differentiation of IL-17-producing T cells. 
Immunity 24:179–189.

Villadsen LS, Schuurman J, Beurskens F, Dam TN, Dagnaes-Hansen F, 
Skov L, Rygaard J, Voorhorst-Ogink MM, Gerritsen AF, van Dijk MA, 
Parren PW, Baadsgaard O, van de Winkel JG. (2003). Resolution of 
psoriasis upon blockade of IL-15 biological activity in a xenograft 
mouse model. J Clin Invest 112:1571–1580.

Witowski J, Pawlaczyk K, Breborowicz A, Scheuren A, Kuzlan-Pawlaczyk 
M, Wisniewska J, Polubinska A, Friess H, Gahl GM, Frei U, Jörres 
A. (2000). IL-17 stimulates intraperitoneal neutrophil infiltration 
through the release of GRO alpha chemokine from mesothelial 
cells. J Immunol 165:5814–5821.

Woolley DE, Tetlow LC. (2000). Mast cell activation and its relation to 
proinflammatory cytokine production in the rheumatoid lesion. 
Arthritis Res 2:65–74.

Wynn TA. (2003). IL-13 effector functions. Annu Rev Immunol 
21:425–456.

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

C
ha

ng
hu

a 
C

hr
is

tia
n 

H
os

pi
ta

l o
n 

11
/1

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


