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Background/Aims: Biologics are very effective drugs for patients with ankylosing 
spondylitis (AS). However, there are patients who are not responding to biologics. 
This study aimed to evaluate the level of tumor necrosis factor α (TNF-α), inter-
leukin (IL)-23, and IL-17 from synovial fluid in patients with AS and rheumatoid 
arthritis (RA) and differences of the level of those cytokines according to drugs. 
Methods: Synovial fluid was obtained from 34 patients (42 samples) with AS and 
45 patients (47 samples) with RA with active arthritis of the knee, and the cytokine 
levels were measured. The differences in the levels between patients treated with 
and without biologics (biologics and non-biologics groups, respectively) were an-
alyzed in AS and RA. The correlations between cytokines were examined in the 
non-biologics and biologics groups. 
Results: The TNF-α level in AS was significantly lower than that in RA (p = 0.016). 
The IL-17 and IL-23 levels were not different between AS and RA (p = 0.409 and p 
= 0.562, respectively). In AS and RA, TNF-α, IL-17, and IL-23 showed good correla-
tion among each other in the non-biologics group. However, there was no signifi-
cant correlation in biologics group. In some patients in the AS group, the IL-17 or 
IL-23 level was markedly elevated in the biologics group.
Conclusions: Treatment with biologics affects the cytokine profile in inflamma-
tory synovial fluid in patients with both AS and RA. Furthermore, IL-23 and IL-17 
cytokine might be an important factor in some patients who are unresponsive to 
biologics in AS.
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INTRODUCTION

Ankylosing spondylitis (AS) and rheumatoid arthritis 
(RA) have common features, including chronic inflam-
mation. Systemic RA, which affects joints, involves com-
plex cytokine networks that contribute to the autoim-
mune processes, and localized high concentrations of 
cytokines cause synovial proliferation, hyperplasia, and 
angiogenesis [1]. Meanwhile, AS is characterized by syn-
desmophytes and axial joint ankylosis, and the prima-

ry site of inflammation is the enthesis or subchondral 
bone marrow with bone marrow edema and inflamma-
tory cell infiltration [2].

Despite the differences in the pathogenesis of AS and 
RA, the treatment of these diseases overlaps. Several 
biologic drugs targeting inflammatory cytokines have 
been recommended in AS and RA [3,4]. Conventional 
disease-modifying anti-rheumatic drugs (DMARDs), 
such as sulfasalazine, are prescribed in both AS and RA. 
Both diseases are associated with increased proinflam-
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matory cytokine expression at the site of inflammation 
and respond well to biologics. Various studies have 
demonstrated that tumor necrosis factor-α (TNF-α) is 
involved in the proinflammatory processes [1,5-7]. For 
RA, alternative approved biologics, such as those direct-
ed against cytotoxic T-lymphocyte-associated protein 
(CTLA) 4-driven T cells, CD20-expressing B cells, or the 
interleukin (IL) 6 receptor, have been used. However, 
unlike alternative biologics used in RA, secukinumab, 
an anti-IL-17 monoclonal antibody, has been shown to 
have significantly reduced the disease activity of AS and 
has been suggested to reduce radiologic changes [8].

However, even though the therapeutic effect of bio-
logics in AS is good, many patients are not treated with 
drugs [9,10]. Determining which patients are refracto-
ry to biologics treatment is a very important issue [11]. 
Thus, in this study, we analyzed cytokines of synovial 
fluid, because it is difficult to sample the inflammation 
site. Additionally, the cytokine profile of the synovial 
fluid, which depends on the current therapeutic agent, 
is needed to determine the cause of peripheral arthritis 
during treatment with TNF-α inhibitor.

The aim of this study was to analyze the level of in-
flammatory cytokines in the synovial fluid of patients 
with AS according to the use of biologics, compared 
with that of patients with RA, and identify cytokines that 
play a major role in the synovial fluid of patients refrac-
tory to therapy in AS.

METHODS

Patients
Patients with active arthritis of the knee were enrolled at 
a rheumatology clinic in a tertiary hospital between Sep-
tember 2016 and March 2018. Joint fluid was obtained 
from 34 patients (42 samples) with AS and 45 patients (47 
samples) with RA according to 2010 American College of 
Rheumatology/European League Against Rheumatism 
classification criteria in RA and modified New York cri-
teria in AS [12,13]. To exclude noninflammatory arthri-
tis, more than 2,000/mm3 of white blood cells and more 
than 50% of polymorphonuclear cells in white blood 
cells were selected in joint fluid analysis. All patients 
gave informed consent. The study was performed ac-
cording to the principles of the Declaration of Helsinki. 

The Institutional Review Boards of all involved institu-
tions approved this study (HYUH 2016-07-027).

Clinical information including age, sex, disease du-
ration, C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR) levels, and current arthritis med-
ications, such as nonsteroidal anti-inflammatory drugs 
(NSAIDs), DMARDs (such as sulfasalazine, methotrexate, 
leflunomide, and tacrolimus), and biologics (etanercept, 
adalimumab, infliximab, golimumab, abatacept, tocili-
zumab), were reviewed from electronic medical records. 
The Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI) was measured in patients with AS [14].

We analyzed the effect of current medications on the 
cytokine levels in the synovial fluid patients with AS and 
RA. To evaluate the differences in the cytokine levels due 
to medication, patients with both AS and RA were divid-
ed into two groups: the non-biologics group included 
patients treated with steroids, NSAIDs, or DMARDs 
other than biologics, and the biologics group included 
patients who had been treated with biologics.

We performed further analysis in patients with AS. 
The correlation between cytokines was examined in the 
non-biologics and biologics groups to demonstrate the 
differences in cytokine interactions by biologics agents. 
The difference in cytokine levels according to the use of 
drugs such as DMARDs and biologics was also analyzed.

Measurement of cytokines levels
Synovial fluid obtained by therapeutic arthrocentesis 
was analyzed using blood cell count including polymor-
phonuclear and mononuclear cells. The rest of the sy-
novial fluid was processed within an hour of collection. 
The supernatant was assayed for TNF-α, IL-17, and IL-23 
(BioLegend, San Diego, CA, USA) with an enzyme-linked 
immunosorbent assay kit according to the manufactur-
er’s recommendation.

Statistics
Since the data were not normally distributed, they 
were expressed as median and interquartile range. The 
Mann-Whitney U test, the chi-square test, and Fisher’s 
exact test were used for comparisons between groups. A 
correlation test was conducted between cytokines and 
inflammatory markers. A p value < 0.05 was considered 
statistically significant. All statistical analyses were per-
formed with R statistical language version 3.4.1 (R Foun-
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dation for Statistical Computing, Vienna, Austria).

RESULTS

Clinical characteristics of patients
The basic clinical characteristics of the patients are 
shown in Table 1. The median age of patients with AS 
was significantly younger than that of patients with RA 
(p < 0.001), and there were more male patients in those 
with AS group compared with those with RA (p < 0.001). 
Human leukocyte antigen (HLA)-B27 was positive in 
88.2% of patients with AS. Rheumatoid factor and an-
ti-cyclic citrullinated peptide (CCP) positivity present-
ed more in patients with RA compared with those with 
AS (p < 0.001). There was no significant difference in the 
ESR level between AS and RA; however, the CRP level 
was elevated in patients with AS compared with those 
with RA (p = 0.002). 

There was a difference in current medication between 
the two diseases. The ratio of patients taking steroids or 
DMARDs was significantly higher in RA compared with 
AS (p = 0.035 and p < 0.001, respectively). Patients receiv-
ing steroids were common in both groups and 50.0% in 
patients with AS. These patients used oral steroids as a 
temporary bridge therapy for starting DMARDs or for 
improvement of transient arthritis. The ratio of those 
taking NSAIDs and biologics was not different between 
the two diseases (p = 0.234 and p = 1.000, respectively). 
Biologics used in patients with AS were all TNF inhibi-
tors (infliximab, n = 4; etanercept, n = 2; adalimumab, n 
= 1). The biologics used in nine patients with RA were 
etanercept (n = 2), adalimumab (n = 2), golimumab (n = 
1), abatacept (n = 3), and tofacitinib (n = 1).

Cytokine levels in synovial fluid between AS and RA
Table 2 shows the different characteristics of the syno-
vial fluid of patients with AS and RA. The white blood 

Table 1. Clinical characteristics and cytokine levels from synovial fluid in patients with ankylosing spondylitis and rheuma-
toid arthritis

Characteristic AS (n = 34) RA (n = 45) p value

Age, yr 35.2 (24.0–46.0) 58.0 (45.0–62.0)  < 0.001

Male sex 23 (67.6) 9 (20.0)  < 0.001

HLA-B27 positive 30 (88.2) -

Rheumatoid factor positive 3 (8.8) 31 (68.9)  < 0.001

Anti-CCP positive 1 (2.9) 31 (68.9)  < 0.001

CRP, mg/dL 3.6 (0.8–6.7) 0.8 (0.4–2.6) 0.002

ESR, mm/hr 45.5 (12.0–81.0) 40.0 (18.0–73.0) 0.804

BASDAI 4.4 (2.5–6.6) - -

Treated with steroid 17 (50.0) 34 (75.6) 0.035

Treated with NSAIDs 29 (85.3) 43 (95.6) 0.234

Treated with DMARDs 16 (47.1) 44 (97.8)  < 0.001

Treated with biologics 7 (20.6) 9 (20.0) > 0.999

Infliximab 4 (11.8) 0 

Etanercept 2 (5.9) 2 (4.4)

Adalimumab 1 (2.9) 2 (4.4)

Golimumab 0 1 (2.2)

Abatacept 0 3 (6.7)

Tofacitinib 0 1 (2.2)

Values are presented as median (range) or number (%).
AS, ankylosing spondylitis; RA, rheumatoid arthritis; HLA, human leukocyte antigen; CCP, cyclic citrullinated peptide; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; NSAID, 
nonsteroid anti-inflammatory drug; DMARD, disease modifying anti-rheumatic drug.
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cell count and the percentage of neutrophils, mono-
cytes, lymphocytes, and eosinophils were not different 
between AS and RA. In terms of cytokines, the level of 
TNF-α in AS was significantly lower than that in RA (p = 
0.016). IL-17 and IL-23 levels were not statistically signif-
icant difference between AS and RA.

Cytokine levels between the non-biologics and 
biologics group
The patients with AS and RA were divided into non-bi-
ologics and biologics groups to compare the cytokine 
levels (Fig. 1). The TNF-α, IL-17, and IL-23 levels showed 
no significant difference between the non-biologic and 

Table 2. The different characteristics of synovial fluid between ankylosing spondylitis and rheumatoid arthritis

Characteristic AS (n = 42) RA (n = 47) p value

White blood cell, /mm3 8,650 (6,700–10,700) 7,800 (6,050–9,900) 0.055

Neutrophil, % 61.8 (57.9–69.2) 65.7 (59.5–73.0) 0.125

Monocyte, % 7.7 (6.6–9.2) 7.8 (6.4–9.1) 0.987

Lymphocyte, % 27.1 (21.2–32.0) 23.9 (16.2–30.2) 0.066

Eosinophil, % 1.4 (0.7–3.0) 1.5 (0.8–2.6) 0.786

TNF-α, pg/mL 127.6 (94.2–378.2) 336.5 (139.4–553.0) 0.016

IL-17, pg/mL 36.3 (18.9–54.1) 45.8 (18.0–70.4) 0.409

IL-23, pg/mL 511.6 (329.4–753.9) 459.7 (314.3–1211.9) 0.562

AS, ankylosing spondylitis; RA, rheumatoid arthritis; TNF-α, tumor necrosis factor-α; IL, interleukin.
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Figure 1. Differences in (A) tumor necrosis factor-α (TNF-α), (B) interleukin 17 (IL-17), and (C) IL-23 levels between the nonbio-
logics and biologics groups in patients with ankylosing spondylitis (AS; nonbiologics, n = 29; biologics, n = 13) and rheumatoid 
arthritis (RA; nonbiologics, n = 37; biologics, n = 10). 
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biologics group in AS and RA. Comparing between AS 
and RA in each group revealed no significant difference 
in the cytokine levels.

Correlation coefficients between cytokines accord-
ing to the use of biologics in AS
We investigated the correlation coefficients between 
cytokines in the non-biologics and biologics groups to 
see whether the use of biologics could alter the interac-
tions between cytokines in AS (Fig. 2). The non-biologics 
group showed significant correlation between IL-17 and 
TNF-α (r = 0.369), between IL-17 and IL-23 (r = 0.428), and 
between TNF-α and IL-23 (r = 0.597) (Fig. 2A-2C). How-
ever, there was no significant correlation between IL-17 
and TNF-α (r = 0.187), between IL-17 and IL-23 (r = 0), and 
between TNF-α and IL-23 (r = 0.176) (Fig. 2D-2F) in the 
biologics group. In patients with RA, there was a high 
correlation coefficients between cytokines in the non-
biologics group, but not in the biologics group (Supple-
mentary Fig. 1).

Correlation coefficients between disease activity and 
cytokines according to the use of biologics in AS
The relationship between disease activity and cytokine 
in joint fluid was investigated. There appears to be a 
higher correlation between BASDAI and cytokine in 
the nonbiologics group than in the biologics group (r 
= 0.428 vs. r = 0.061 in IL-17; r = 0.550 vs. r = 0 in IL-23; 
and r = 0.426 vs. r = 0.469 in TNF- α) (Supplementary Fig. 
2). ESR and CRP did not show a significant association 
with cytokines (Supplementary Figs. 3 and 4), except that 
ESR and TNF-α were highly correlated in the biologics 
group (r = 0.022) (Supplementary Fig. 4F).

Effect of DMARDs and biologics on the cytokine 
levels in the synovial fluid of patients with AS
We subdivided AS patients according to the use of 
DMARDs and biologics to further demonstrate their ef-
fect in synovial fluid (Fig. 3). The level of TNF- α did not 
differ according to the use of DMARDs. However, the 
level of IL-17 was significantly higher in the group treat-
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Figure 2. Correlations among (A, B, C) tumor necrosis factor-α (TNF-α), interleukin 17 (IL-17), and IL-23 in the nonbiologics (n 
= 29) and (D, E, F) biologics groups (n = 13) in patients with ankylosing spondylitis.
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ed with both DMARDs and biologics compared with 
the group only with biologics (p = 0.019). Interestingly, 
five serial samples with high IL-17 level were from two 
patients with recurrent arthritis. In addition, although 
there was no significant difference, the level of IL-23 
tend to be higher in the group treated only with biolog-
ics compared with the group treated with both DMARDs 
and biologics in the biologics group (p = 0.065). 

DISCUSSION

We examined the levels of TNF-α, IL-17, and IL-23 in 
the synovial fluid of patients with AS and RA and the 
effect of the drug on the levels of those cytokines. The 
cytokine profiles of the synovial fluid differed between 
AS and RA. Furthermore, we identified that the cytokine 
profile of the synovial fluid differs depending on the 
drug used in AS. In two patients with AS, despite treat-
ment with TNF-α inhibitor, recurrent arthritis occurred 

and the relationship of cytokines in the synovial fluid 
was different from that of patients who did not receive 
TNF-α inhibitor treatment. 

Compared with synovial fluids of various diseases, 
such as undifferentiated arthritis, juvenile arthritis, 
spondylitis, reactive arthritis, gout, and Behcet’s dis-
ease, it was confirmed that various cytokines including 
TNF-α were increased in synovial fluid of RA [15]. This 
evidence showed that RA has been known to have com-
plex cytokine networks in autoimmune processes. In 
addition, that study suggested that cytokine profiles in 
RA synovial fluid vary with treatment and response to 
therapy. Our study also suggested that the treatment of 
AS may change the cytokine profiles of the synovial flu-
id. However, those changes in AS was different from RA. 

The IL-23/Th17 axis is an important pathologic mech-
anism, and polymorphisms in the receptor for IL-23 are 
associated with AS [16-19]. There was evidence that in-
creased IL-23 could promote the expansion of Th17 cells 
and enhance the production of IL-17 and TNF-α in AS. 
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In previous studies, the levels of IL-23 and IL-17 were 
increased in the serum of patients with AS [20-22], but it 
was also observed in patients with RA [7,23]. Additionally, 
there was a strong positive correlation between the se-
rum levels of IL-17 and IL-23 in patient with AS [22]. The 
relationship between IL-23 and IL-17 appears to play an 
important role in inflammatory arthritis and has been 
implicated in several studies of spondyloarthritis (SpA) 
[21,22,24]. We observed the relationship between IL-23, 
IL-17, and TNF- α in synovial fluid in the pathogenesis 
of AS. Moreover, we also observed the profile changes 
of important cytokines according to the drugs because 
the effect of the treatment could also affect the level of 
cytokines synovial fluid [15].

Singh et al. [24,25] measured the levels of several proin-
flammatory cytokines in the synovial fluid of patients 
with SpA. They suggested that inflammatory synovitis in 
reactive arthritis and undifferentiated SpA is mediated 
by proinflammatory cytokines such as IL-17, IL-6, IL-1b, 
and IL-21 and that there is good correlation among IL-
17, IL-6, and IL-1b [24]. They showed the level of IL-17 in 
the synovial fluid of patients with reactive arthritis and 
undifferentiated SpA, which was similar to the levels of 
patients with RA. In addition, those results showed that 
IL-23 was undetectable in all synovial samples. However, 
we identified IL-23 in the synovial fluid, and the level of 
IL-23 was similar in both AS and RA. 

We measured the important cytokine profiles of the 
synovial fluid in patients taking biologics. Both DMARD 
and biologics could have a significant effect on the cy-
tokine profiles of the synovial fluid in AS. Of these, five 
samples of two patients treated with both DMARDs and 
TNF-α inhibitor had elevated levels of IL-17. Since these 
two patients previously had recurrent arthritis despite 
various treatment and their serial IL-17 levels were per-
sistently high during the treatment, we suspect that 
IL-17 may have played an important role in the onset 
of AS, perhaps from the beginning of symptom in these 
patients.

Noordenbos et al. [26] presented an interesting result 
on IL-17 expression in mast cells. They suggested the 
mast cells are the main IL-17–expressing cell population 
in SpA synovitis and their infiltration in the synovium 
is a primary feature, rather than a consequence, of syno-
vial inflammation, as it is observed early in the disease 
and is not affected by TNF blockade. In our study, IL-17 

increased in two patients despite treatment with TNF 
inhibitors, and this might be related to IL-17-expressing 
cell in SpA synovitis. If these patients had increased IL-
17 levels in the synovial fluid before treatment with TNF 
inhibitors and IL-17 is main cytokine in synovial inflam-
mation, they could be a subgroup of SpA that does not 
respond to TNF inhibitors.

Another noteworthy group in AS is the group of pa-
tients with arthritis treated only with biologics and 
without DMARDs. The level of IL-23 in this group tend-
ed to be higher than the group treated with both bio-
logics and DMARDs. There is a possibility that arthritis 
was caused by IL-23 or by a proinflammatory cytokine 
induced by IL-23 [17,19]. Hence, some patients with pe-
ripheral arthritis dominated by IL-23 in AS may be bet-
ter treated with the addition of DMARDs or other bio-
logics such as IL-23 inhibitors.

Many studies have not considered that the use of 
drugs can have a significant impact on the relationship 
of each cytokine not only in serum but also in the sy-
novial fluid of patients with arthritis [20,22,24,27]. The 
cytokine level in the joint fluid may vary depending on 
the drug being used for treatment. Thus, when conduct-
ing experimental studies on synovial fluid, we should be 
aware that inflammatory substances in the synovial fluid 
are affected by drugs used for the treatment of arthritis.

Our study had several limitations. First, the sample 
size was small, especially the number of patients with 
peripheral arthritis who were treated with biologics. 
Very few patients with peripheral arthritis were being 
treated with biologics. Second, we could not measure 
the changes in the cytokine levels of the same patient 
over time because of the short study period. Third, we 
studied only the peripheral involvement in AS, which 
chiefly involves the axial spine.

This study showed the differences in the three ma-
jor proinflammatory cytokines of the synovial fluid be-
tween AS and RA. TNF-α, IL-23, and IL-17 were all relat-
ed to each other in patients treated without biologics, 
and their cytokine profiles differed depending on the 
drug being currently used such as biologics in both AS 
and RA. Furthermore, a subgroup of AS occurring in pa-
tients treated with biologics, in whom arthritis occurs 
dominantly by IL-17 or IL-23, is suggested.
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Supplementary Figure 1. Correlations among (A, B, C) tumor necrosis factor-α (TNF-α), interleukin 17 (IL-17), and IL-23 in the 
nonbiologics (n = 37) and (D, E, F) biologics groups (n = 10) in patients with rheumatoid arthritis.
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Supplementary Figure 2. Correlations between the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and (A, B, C) 
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Supplementary Figure 3. Correlations between C-reactive protein (CRP) and (A, B, C) cytokines in the nonbiologics (n = 29) and 
(D, E, F) biologics groups (n = 13) in patients with ankylosing spondylitis. IL, interleukin; TNF-α, tumor necrosis factor-α.
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