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Background: Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory disease with autoimmune etiology, characterized
by synovial inflammation and destruction of joint cartilage and bone. There are controversial data about the profile of
interleukin-17 (IL-17A), interleukin-4 (IL-4), and interferon-gamma (INFγ), indicating in some studies the key role of IL-17,
while in others the Th1 cytokines. Materials and Methods: Serum samples of 31 early RA patients were evaluated for
erythrocytes sedimentation rate (ESR), rheumatoid factor (RF), C-reactive protein (CRP), anti-cyclic citrullinated peptide
antibodies (anti-CCP), and for the tested cytokines (IL-17A, IL-4, and INFγ). Disease activity score (DAS28) calculation
was done for all patients. Control serum samples were obtained from 29 healthy volunteers. Results: The levels of tested
cytokines were significantly higher (IL-17A, p < 0.001; INFγ, p < 0.001; IL-4, p < 0.01) in patients with early RA, compared
to the healthy controls. In early RA patients, a strong correlation of serum IL-17A was found with DAS28, ESR, and CRP.
Also, significant negative correlation was found between serum INFγ levels and the DAS28 score, indicating that INFγ may
play a key role in maintaining immune homeostasis in patients with RA. Conclusion: The mean serum IL-17A levels in
patients with early RA, corresponded with the disease activity and severity. This might highlight the usefulness of the serum
IL-17A level in defining the activity and predictive patterns, for aggressive disease therapy, and it might express specific
therapeutically targets.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterized by synovial inflammation
and destruction of the joint cartilage and bone,
mediated mainly by the persistent synthesis of proinflammatory cytokines. A panel of cytokines are
produced by different cells from the immune system
and from the synovium, and become functionally
active even in the early stages of RA.[1,2] For a long
time, autoimmune diseases, such as RA, were thought
to be a Th1- and not a Th2- associated disorder.[3]
A new T-cell subset, termed ‘Th17 cells’, has been
described in recent years and radically changed
the pathophysiological concept of RA. Until now,
it is unclear whether RA is a Th1- and / or a Th17mediated disease.[4]
IL-17A, a main cytokine produced by TH17 cells,
stimulated the production of TNF-α and IL-1β, and
together with TNF-α, induced cartilage loss and
osteoclastogenesis.[5] A recent report demonstrated
that Th17 cells, but not Th1 cells, cooperated with the

synovial fibroblasts in a pro-inflammatory feedback
loop that drove the chronic destruction in RA. [6]
These observation results indicated that Th17 cells
and IL-17A critically contributed to the synovitis and
bone destruction associated with RA. An increased
number of Th17 cells was found in the peripheral
blood mononuclear cells of RA patients compared
to healthy controls.[7] Elevated expression of IL-17
was documented in the rheumatoid synovium[8] and
synovial fluids of patients with early RA.[9] On the
other hand, despite the light expression of signature
cytokines for Th1- and Th2-cells, such as INFγ and
IL-4,[10] huge amounts of IL-17A could be produced
by the resident Th17 cells in the rheumatoid synovial
tissues of patients with active RA.[11] Therefore, the
current study was performed to evaluate the serum
levels of cytokines representing the Th1 (INFγ),
Th2 (IL-4) subpopulations, and IL-17A, in patients
with early RA, and to analyze the cytokine profile
contribution to disease activity and prediction,
through correlation with different clinical and
laboratory parameters.
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PATIENTS AND METHODS
Ethics statement
Enrollment took place between December, 2011 and
December, 2012 at the Institute for Treatment and
Rehabilitation, ‘NiskaBanja’, Niska Banja, Serbia. Our
research had been approved by the Medical Ethical
Commi ee of the Institute for Treatment and Rehabilitation
‘NiskaBanja’, Niska Banja, Serbia, and the Medical Ethical
Commi ee of Blood Transfusion Institute in Nis, Serbia.
A wri en informed consent document had been obtained
from each participant.
Subjects and samples
Thirty-one patients (14 males and 17 females) with early RA,
diagnosed at the Institute for Treatment and Rehabilitation
‘NiskaBanja’, Niska Banja, Serbia, were enrolled. All the
patients fulfilled the American College of Rheumatology
1987 criteria for RA,[12] had a disease duration of less than
one year, and had no prior use of any disease-modifying
anti-rheumatic drugs (DMARDs) or corticosteroids.
Another 33, age- and sex-matched, healthy volunteers
obtained from the Blood Transfusion Institute in Nis, Serbia,
served as the control group.
Blood samples from all subjects were obtained after
overnight fasting (12 hours), immediately centrifuged, and
the sera were collected and stored at –20oC, until analyzed.
All the sera analysis was performed within seven days of
blood collection and storage.
Clinical and laboratory data
The demographic characteristics of all subjects were
determinated and presented in Table 1. All subjects
underwent extensive medical examinations and
serological evaluations, including measurements of
rheumatoid (RF) factor (Human, Wiesbaden, Germany),
Disease Activity Score, [13] based on the evaluation of
28 joints (DAS28) calculated with the number of tender
and swollen joints, erythrocyte sedimentation rate (ESR),
determined by the Westergren method, along with the
patient’s global assessment of disease activity on the
visual analog scale (VAS) of 100 mm. [14] In addition,
the anti-CCP antibody was tested by using a commercially
available enzyme-linked immunosorbent assay (ELISA)
kit (Euroimmun, Lubeck, Germany).
Cytokine measurements
The serum concentrations of INFγ and IL-4 were measured
by using the ELISA kit (Invitrogen, Carlsbad, CA, USA),
while the serum levels of IL-17A were evaluated by using
the ELISA kit (BioSource, Nivelles, Belgium), according to
the manufacturer’s instructions.
19

Statistical analysis
The data were collected, tabulated, and analyzed.
Descriptive statistical parameters were calculated via
the database containing records for patients and control
subjects. The distribution normality was analyzed using
the Shapiro-Wilk test. Student’s t test was used to compare
the two means. Correlation between the variables was
performed using the Pearson’s correlation test. A values of
P < 0.05 was considered significant.

RESULTS
Thirty-one patients with established RA and 29 healthy
controls were recruited. There were no significant
diﬀerences in age or sex between the groups. Demographic,
clinical, and laboratory characteristics of patients and
controls are shown in Tables 1 and 2.
Levels of cytokines representing the Th1 (INFγ), Th2 (IL-4)
subpopulations, and IL-17A, were evaluated in the sera of
patients with early RA and healthy controls, by using the
commercially available ELISA assays. Patients with early
RA showed significantly higher (p < 0,001) mean serum
levels of IL-17A and INFγ and IL-4 (p < 0.01) compared to
the healthy controls [Figure 1]. As shown in Figure 1, the
most dramatic increase was observed for IL-17 in the sera of
patients with early RA, while the RA / healthy ratio varied
from approximately 2 for INFγ to 1.3 for IL-4. The mean
serum levels of tested cytokines in RA patients with negative
RF (IL-17: 14.72 ± 8.31; INFγ: 3.85 ± 1.67; IL-4: 6.09 ± 2.43) did
Table 1: Demographic characteristics of patients
with early RA and healthy controls
Demographic
characteristics

Early RA Healthy controls
Number of patients
31
29
Number of females
17
13
Number of males
14
16
Age (years)
56.87±10.72
51.53±8.23

Age of patients with early RA and controls is presented as mean value ± standard
deviation (SD)

Table 2: Clinical and laboratory characteristics of
patients with early RA
Clinical
characteristics
Laboratory
characteristics

Parameters
Disease duration (months)
DAS28 score
VAS (mm)
ESR (mm/h)
CRP (UI/L)
Anti-CCP (U/ml)
Number of RF positive patients (%)
RF (UI/ml)

Value
7.04±3.21
5.84±0.98
50.8±12.11
48.25±26.96
34.22±13.65
69.01±39.47
17 (54.83%)
76.23±23.62

Legend: DAS28 = Disease activity score in 28 joints with sedimentation; VAS = Visual
analog scale; ESR = Erythrocyte sedimentation rate; CRP = C-reactive protein;
RF = Rheumatoid factor; Anti-CCP-antibody to citrullinated polypeptide. Results are
presented as mean value ± standard deviation (SD)
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not significantly diﬀer from those with positive RF (IL-17:
13.01 ± 6.28; INFγ: 4.48 ± 1.74; IL-4: 5.7 ± 1.81).
Next, we searched for correlations between the levels of
cytokines in the sera of the patients with early RA and
the diagnostic parameters. We found positive correlations
between the sera levels of IL-17 and some inflammatory
markers as ESR (r = 0.661, p < 0.001) and CRP (r = 0.510,
p < 0.01) [Table 3]. Furthermore, results presented in Table
3 demonstrate a significant correlation between serum
IL-17 levels in patients with early RA and DAS28 score
(r = 0.612, p < 0.001). Also, the mean INFγ serum levels
showed significant negative correlations (r = –0.534, P < 0.01)
with a DAS28 score in patients with early RA [Table 3]. No
significant correlations were found between serum levels
of tested cytokines and patients’ ages (IL-17: r = 0.131,
p = 0.481; INFγ1: r = -0.308, p = 0.091; IL-4: r = 0.110, p = 0.556),
disease duration (IL-17: r = –0.221, p = 0.232; INFγ: r = –0.105,
p = 0.573; IL-4: r = –0.096, p = 0.607) and VAS (IL-17: r = 0.162,
p = 0.384; INFγ: r = 0.254, p = 0.169; IL-4: r = 0.304, p = 0.096)
[Table 3].

DISCUSSION
Rheumatoid arthritis is marked by the infiltration
of macrophages and T cells into the joints, synovial
hyperplasia, involvement of many cytokines, and
progressive destruction of articular cartilage and bone.[15,16]
In the present study, we have evaluated type Th1 (INFγ),
type Th2 (IL-4), and the IL-17A cytokine levels in the sera of
patients with early RA and have searched for correlations
between the cytokine levels and the clinical and laboratory
parameters. The current study results demonstrate a
markedly increased IL-17A mean serum level in patients

with early RA compared to healthy controls. Significantly
elevated IL-17A serum level in patients with early RA has
been documented earlier,[17] and here we report, for the
first time, an increased IL-17A level in patients with early
RA in the Serbian population. Similar results have been
obtained in earlier studies, demonstrating increased IL-17
serum levels in patients with well-established RA[18,19]
and early RA.[20] IL-17A, the main cytokine of Th17 cells,
enables the synthesis of several key factors, such as TNF-α,
IL-1β, IL-6, IL-8, monocyte chemotactic protein-1 (MCP-1),
prostaglandin E2, to promote neutrophil chemotaxis and
granulocyte production.[21] Furthermore, this cytokine leads
to the structural damage of RA joints by binding of the IL17A specific receptor, expressed on fibroblasts, endothelial,
and epithelial cells.[16] In line with those results, diﬀerent
studies have documented elevated IL-17A synovial fluid
levels in patients with established or early RA,[17,18,22] as also
increased Th17 frequency in the synovial tissue.[17,23] The
presented results demonstrate significant correlation of
the serum IL-17A levels with CRP and ESR. These findings
are in accordance with the recent results,[17] suggesting that
IL-17A is a potent inducer of CRP from human smooth
muscle cells and hepatocytes.[24] On the other hand, other
reports note that elevated IL-17A levels do not correlate
with ERS and CRP, indicating that increased IL-17A blood
levels from patients with established RA is of limited use
as a biomarker to indicate disease activity.[23,25] The mean
serum IL-17A levels have correlated positively with the
DAS28 score. The given finding confirms the earlier report
showing that IL-17A production strongly correlates with the
magnitude of disease activity and systemic inflammation,
in patients with early RA.[26] Taken together with our results
it seems that the serum levels may represent possible
important markers for the development and onset of RA.
The current study results showed significantly increased
serum levels of INFγ in patients with early RA compared
to the healthy controls. Furthermore, the mean serum INFγ
Table 3: Correlations of serum cytokine concentrations
with clinical and diagnostic parameters of patients with
early RA
Parameters
DAS28
VAS
ESR
CRP
Anti-CCP
Age of patient
Disease duration

Figure 1: Serum levels of IL-17A, IL-4, and INFγ in patients with early RA
and healthy controls, RA - patients with early rheumatoid arthritis; IL-17Ainterleukin-17; IL-4-interleukin 4; INFγ-interferon gamma; ***p < 0.001; **p <
0.01, compared to the control samples
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Correlation with serum cytokines
IL-17
IL-4
INFγ
13.78±7.19a
4.2±1.71b
5.88±2.08e
13.78±7.19e
4.2±1.71e
5.88±2.08e
c
e
13.78±7.19
4.2±1.71
5.88±2.08e
13.78±7.19d
4.2±1.71e
5.88±2.08e
13.78±7.19e
4.2±1.71e
5.88±2.08e
13.78±7.19e
4.2±1.71e
5.88±2.08e
13.78±7.19e
4.2±1.71e
5.88±2.08e

Legend: DAS28 = Disease activity score in 28 joints with sedimentation; VAS=Visual
analog scale; ESR = Erythrocyte sedimentation rate; CRP = C-reactive protein; RF =
Rheumatoid factor; Anti-CCP-antibody to citrullinated polypeptide; a - r = 0.612,
p < 0.001; b - r = –0.534, p < 0.01; c - r = 0.661, p < 0.001; d - r = 0.510, p < 0.01;
e - n.s. - Not significant.
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levels correlated negatively with the DAS28 score, which
was in line with the previous report,[27] confirming the
observations that treatment of patients with INFγ resulted
in significant improvement of the clinical parameters,[28]
indicating that INFγ might play a key role in maintaining
the immune homeostasis in patients with RA.[27] Also,
recent evidence from mouse models has suggested that
IFNγ played a significant role in the resolution of synovial
inflammation.[29] In established RA, the synovial T cells,
a er in vitro stimulation, increased the synthesis of mRNA
for IFNγ and IFNγ production, compared to the T cells
from early RA.[30] The discrepancy between the IFNγ levels
in early RA and other early arthritis might be important to
the pathology of the transition to persistent inflammation.[9]

preparation. All authors have read and approved the
content of the manuscript.
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