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Increased plasma levels of IL-21 and IL-23 in spondyloarthritis
are not associated with clinical and MRI findings
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Abstract We have investigated the role of the Th17-rela-

ted cytokines interleukin-17A (IL-17A), IL-21, and IL-23 in

spondyloarthritis (SpA) by examining their association with

disease activity and magnetic resonance imaging (MRI)

findings in patients with SpA (n = 80). Furthermore, to

investigate the cellular origins of the cytokines, paired

mononuclear cells from blood and synovial fluid were

examined for the expression of IL-17A, IL-21, and IL-23R

using multicolor flow cytometry. Both IL-21 and IL-23

levels were increased in plasma from SpA patients compared

with healthy volunteers (P \ 0.05), whereas IL-17A was

not. A significant correlation was observed between indi-

vidual levels of IL-21 and IL-23 (r = 0.7, P \ 0.001). No

association between individual levels of IL-17A, IL-21, and

IL-23 with C-reactive protein (CRP), MRI changes, and

clinical scoring (BASMI, BASFI, and BASDAI) were

observed. The frequency of CD4?CD45RO? T cells

expressing IL-21 and IL-23R was increased in the inflamed

SpA joint compared to peripheral blood (P \ 0.05). This

study demonstrate that the plasma levels of the Th17-related

cytokines IL-21 and IL-23, but not IL-17A, are increased in

SpA patients, but we did not find evidence that the level of

these cytokines reflect disease activity in SpA.
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IL-17 � IL-21 � IL-23

Introduction

Spondyloarthritides (SpA) assemble a heterogeneous group

of related chronic inflammatory diseases, including anky-

losing spondylitis, psoriatic arthritis, reactive arthritis,

enteropathic arthritis, and undifferentiated seronegative

arthritis [1]. The etiology of SpA is unknown, but different

genetic factors have been shown to be associated with the

pathogenesis, including polymorphisms in the gene

encoding the interleukin-23 receptor (IL-23R) [2]. Fur-

thermore, the newly recognized subset of IL-17A produc-

ing CD4? T cells (Th17), which have been associated with

a wide range of chronic inflammatory diseases including

SpA [3], have the capacity to produce IL-17A, IL-17F, and

IL-22 and are reported to express surface IL-23R [4].

The cytokines IL-21 and IL-23 are important factors in

the development and expansion of the Th17 cell subset.

IL-21, together with transforming growth factor b (TGF-b),

induces the development of human naı̈ve CD4? T cells into

Th17 cells, while both IL-21 and IL-23 function by

sustaining and expanding the Th17 cells [5, 6]. IL-21 is

produced by activated CD4? T cells and is reported to be
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produced in high amounts by the Th17 subset, although this

association has lately been questioned [5, 6]. The IL-21

receptor (IL-21R) is constitutively expressed on resting B-,

NK-, and T cells and is potently upregulated on T cells upon

T-cell receptor activation [7]. IL-21 stimulates proliferation

and activation of NK cells, T cells, and B cells and can

induce the production of various pro-inflammatory cyto-

kines including IL-21 itself [8, 9]. Its ability to initiate the

development of Th17 cells makes it particularly interesting

in chronic inflammatory diseases like SpA. IL-23 is a

heterodimeric protein, consisting of a unique p19 subunit

and a p40 subunit shared with IL-12 [10]. The major source

of IL-23 is activated antigen-presenting cells including

dendritic cells [10]. The IL-23 receptor complex is com-

posed of a subunit shared with IL-12, IL-12Rb1, and a

specific subunit, IL-23R [11]. Cells expressing IL-23R are

primarily of the CD45RO? memory T-cell subset, while

only a limited number of naı̈ve CD45RA? T cells express

IL-23R [4]. IL-23 seems to occupy a central role in SpA.

This is supported by the presence of IL-23 in serum and

increased amounts of Th17 cells and IL-23R-positive cells

in serum of patients with these diseases. Moreover, recent

studies report beneficial effects of anti-IL-23 treatment of

psoriatic skin and joint disease [12, 13].

The purpose of this study was to investigate the levels of

the Th17-related cytokines IL-21, IL-23, and IL-17A in a

large group of SpA patients with axial involvement and their

possible association with disease activity measured by

relevant clinical and biochemical parameters [14] in addition

to disease activity and chronicity measured by magnetic

resonance imaging (MRI). Finally, to investigate IL-17A,

IL-21, and IL-23R expression on CD4? T cells from

peripheral blood mononuclear cells (PBMC) and synovial

fluid mononuclear cells (SFMC) from SpA patients.

Materials and methods

Collection of samples

Plasma from 80 SpA patients with symptoms restricted to

the axial skeleton was obtained, together with clinical and

radiological measurements. The patients all met the Euro-

pean Spondyloarthropathy Study Group (ESSG) criteria,

and 48 patients met the modified New York criteria for

ankylosing spondylitis (Table 1) [1, 15]. The clinical

scorings comprise Bath Ankylosing Spondylitis Metrology

Index (BASMI), Bath Ankylosing Spondylitis Functional

Index (BASFI), Bath Ankylosing Spondylitis Disease

Activity Index (BASDAI), physicians’ global score on a

100-mm visual analog scale (VAS), and C-reactive protein

(CRP). The radiological examinations included radiography

and MRI of the SIJ and spine [16, 17]. Plasma from age- and

gender-matched healthy volunteers (HV) (n = 35) served

as controls (Table 1). All plasma samples were collected in

heparinized tubes and kept at -80�C until use.

A second study population consisting of SpA patients

with peripheral arthritis were included for flow cytometric

analyses on leukocyte populations (n = 8). All patients

contacted the clinic because of a knee joint effusion, none

received biological treatment, but all received standard

disease-modifying antirheumatic drugs (DMARD).

Table 1 Characteristics of

patients and healthy volunteers

SpA Spondyloarthritis, HV
healthy volunteers, CRP
C-reactive protein, BASDAI
Bath Ankylosing Spondylitis

Disease Activity Index, BASMI
Bath Ankylosing Spondylitis

Metrology Index, BASFI Bath

Ankylosing Spondylitis

Functional Index, VAS
Physicians global score on a

visual analog scale, MRI
magnetic resonance imaging,

SIJ sacroiliac joints, ND not

determined. Data are expressed

as medians (IQR)

Characteristics SpA patients (n = 80) HV (n = 35)

Age, mean, years 38 (30–43) 48 (28–56)

Gender, % females 45 43

HLAB27-positive 38 ND

Disease duration, mean, years 7.0 (8–11) –

Treatment 0

None 59 –

Methotrexate 7 –

Salazopyrin 9 –

Anti-TNF 5 –

CRP (Normal \ 75 mmol/l) 20 (12–37) ND

BASDAI 2.8 (1–5.1)

BASMI 0 (0–0)

BASFI 1.4 (0.4–3.2)

VAS (millimeters) 24 (6–52)

Total MRI activity score in the spine (max. 81) 1 (0–4)

Total MRI activity score in SIJ (max. 40) 4 (2–11)

Total MRI chronicity score in spine (max. 207) 0 (0–4)

Total MRI chronicity score in SIJ (max. 48) 11 (2–27)
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PBMCs and SFMCs were isolated by conventional Ficoll-

Paque (GE Healthcare, Waukesha, WI) density-gradient

centrifugation and cryopreserved at -135�C until time of

analysis. Samples from both study groups were collected at

the outpatient clinic at Aarhus University Hospital. All

samples were obtained after informed written consent

according to the Declaration of Helsinki and approved by

the Local Ethics Committee (project numbers 20050046

and 20058432) and the Danish Data Protection Agency.

ELISA

Quantification of IL-17A, IL-21, and IL-23 levels in plasma

and SF from patients with SpA was performed using Human

IL-17A ELISA (eBioscience, San Diego, CA), Human IL-21

ELISA (eBioscience), and Human IL-23 ELISA (p19/p40)

(eBioscience) in accordance with the manufacturers’

guidelines. Heat inactivated immunoglobulin of the same

species as detection antibody was added, showing no chan-

ges in optical density (OD) readings. All samples were

analyzed in duplicates using the average of the OD values to

calculate concentrations. The minimum detection limit after

optimization was 4 pg/ml for IL-17A, 16 pg/ml for IL-21,

and 2.5 pg/ml for IL-23, defined as the average of the blanks

plus two standard deviations. The IL-23 ELISA consists of

antibodies that captures the p19 subunit and develops by

detecting the p40 subunit. No extrapolated OD values out-

side the standard curve range were used. OD values below

the cutoff were assigned the cutoff value.

MRI examination and grading

All MR examinations were performed with a 1.5 T Siemens

Magnetom Symphony scanner (Siemens, Erlangen, Ger-

many). MRI of the SIJ encompassed the following sequen-

ces: semi-coronal T1-weighted spin echo (T1), semi-coronal

T1 fat saturated (T1FS), semi-axial short tau inversion

recovery (STIR) as well as semi-coronal and semi-axial

T1FS sequence after gadolinium contrast (Gd.) [0.2 ml/kg

(0.1 mmol/kg); maximum 15 ml]. The spinal MRI encom-

passed sagittal STIR and T1 sequences of the entire spine.

All MR examinations were evaluated by a senior radiologist

(AGJ) blinded to clinical and biochemical findings. The

recently published Danish quantification methods for SIJ and

spinal changes in SpA were used [16, 17]. The methods have

proven a reliable inter- and intra-observer agreement with

kappa values in the range of 0.62–1.0.

Signs of SIJ disease activity were assessed correspond-

ing to the cartilaginous and ligamentous portion of each SIJ

(four osseous locations) and encompassed the following:

(1) bone marrow edema (BME) visualized on STIR images

and (2) enhancement in the bone marrow visualized on

post-contrast T1FS images. Both parameters were graded

according to extent in the subcortical bone using the fol-

lowing division: (0) normal; (1) slight: \25% of the sub-

cortical bone area; (2) moderate: 25–50%, and (3) severe:

C50% of the subcortical area. An additional score value of

one was added for signal intensity comparable to that of the

spinal fluid or great vessels and for depth [1 cm, respec-

tively. This resulted in a total maximum activity score

value of 20 for a joint and 40 for a patient by STIR and

post-contrast T1FS, respectively. The mean values of the

grading by STIR and Gd-enhanced images were used as

activity scores [17]. The chronic SIJ score encompassed (1)

fatty marrow deposition (FMD) in the same four osseous

positions analyzed for activity and (2) erosions in the

cartilaginous part of the joint, similarly divided into four

grades: (0) no FMD or erosion; (1)\25%; (2) 25–50%; and

(3) C50% of the subcortical area or joint facet. An addi-

tional score value of 1 was added for FMD depth [1 cm,

resulting in a total maximum chronic score of 24 for a joint

and 48 for a patient [17].

The spine was assessed corresponding to the 23 disco-

vertebral units (DVU) from the segment C2/C3 to the

segment L5/S1 and scored for activity and chronic changes.

The activity score encompassed BME corresponding to the

vertebral plates, graded according to extent from 0 to 3. In

addition, BME at the costovertebral joints was assessed

dichotomously using a score of one for involvement, result-

ing in a total maximum activity score of 81. The chronic

changes comprised FMD, erosions of vertebral plates and

syndesmophytes or vertebral fusions graded according to

extent from 0 to 3; total maximum score 207 [16].

Flow cytometric analysis

PBMCs and SFMCs were stimulated for 4 h using 50 ng/ml

phorbol 12-myristate 13-acetate (Sigma, St. Louis, MO)

and 1 lg/ml ionomycin (Sigma) in culture medium (RPMI-

1640 supplemented by 10% heat-inactivated fetal calf

serum (FCS), 0.8 mg/ml penicillin/streptomycin and 2 mM

L-glutamine) at 37�C and 5% CO2 in the presence of bre-

feldin A (Sigma) in a concentration of 10 lg/ml.

Prior to surface staining, PBMCs and SFMCs were

blocked for 15 min with 10% normal goat serum (DAKO,

Glostrup, Denmark) to prevent unspecific binding of the goat

antibody. IL-23R-biotin (BAF1400, R&D Systems, UK),

CD45RO ECD (Beckman Coulter, Fullerton, CA, clone

UCHL1), CD4 APC, or CD4 PE (DAKO, clone MT310) was

added and incubated for 15 min. After the cells had been

washed in PBS/BSA/Azid (PBS pH 7.4 supplemented with

0.5% BSA and 0.05% sodium azid), streptavidin-FITC

(DAKO) was added and incubated for 15 min to detect

IL-23R. 7-AAD Via-ProbeTM (BD Biosciences, San Jose,

CA) was used to identify dead cells. For intracellular stain-

ing, cells were fixed and permeabilized using FACS lysing
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solution (BD Biosciences) and FACS permeabilization

solution 2 (BD Biosciences) and then blocked for 15 min

with 10% normal mouse serum to prevent unspecific binding

of the antibodies. Cells were stained with IL-17A FITC or

IL-17A Alexa647 (eBioscience) and IL-21 PE (eBio-

science). Subsequently, the cells were fixed in 0.9% (w/v)

formaldehyde and analyzed on an FC500 flow cytometer

(Beckman Coulter). Fluorescence minus one (FMO) was

used as controls and to set the quadrant gates using FlowJo

software version 8.8.3 (Tree Star Inc., USA) for data analysis.

Statistical analysis

Statistical analyses were performed using Prism 5.0 for

Macintosh (GraphPad software, La Jolla, CA). The Mann–

Whitney rank-sum test was used to analyze differences

between groups with unpaired data, the Wilcoxon matched-

pairs test for paired data, and the Spearman rank-order

correlation to analyze correlations of individual levels of

IL-17A, IL-21, and IL-23 to the clinical and radiological

measurements. Unless otherwise stated, all data in the text

are expressed as medians with interquartile range (IQR) in

parentheses. The level of significance was a two-sided

P value of less than 0.05.

Results

Increased levels of IL-21 and IL-23 but not IL-17A

in SpA patients

The Th17-related cytokines IL-17A, IL-21, and IL-23 have

been proposed to play a major role in autoinflammatory

diseases. In SpA patients, we measured significantly

increased plasma levels of both IL-21 and IL-23 compared

with HV (P \ 0.05 and P \ 0.01, respectively; Fig. 1),

whereas IL-17A levels were below the detection limit and

therefore not quantified (not shown). When correlating the

individual plasma levels of IL-21 and IL-23 in SpA, we

observed a strong intercorrelation (r = 0.7, P \ 0.001).

We performed a subgroup analysis of the plasma levels

of IL-21 and IL-23 in the 48 patients with ankylosing

spondylitis comparing them to the SpA patients who met

the ESSG criteria, but not the modified New York criteria.

However, no differences were observed.

Relation of IL-21 and IL-23 to clinical and MR findings

We then investigated whether the IL-21 or IL-23 plasma

levels correlated to age, gender, HLAB27, disease dura-

tion, clinical disease activity score (BASMI, BASFI,

BASDAI, Global VAS, CRP), and pharmacological treat-

ment (Table 1), but no correlations were observed.

Because activity judged by MRI plays a major role in

the evaluation of inflammatory activity in SpA, we corre-

lated the IL-21 and IL-23 plasma levels with the MR score

values (for details, please see ‘‘Materials and methods’’).

No significant correlations between individual levels of

IL-21 or IL-23 and signs of SIJ and/or spinal inflammation

or chronic changes by MRI were observed. Significant

correlations between levels of IL-21 or IL-23 and MRI

changes were also lacking when grouping the patients

according to activity in the different SIJ portions and when

evaluating the ankylosing spondylitis patients fulfilling the

modified New York criteria for ankylosing spondylitis

separately [1].

Fig. 1 Cytokine contents in

SpA plasma samples. IL-21

(a) and IL-23 (b) were

measured by sandwich ELISA

in plasma from

spondyloarthritis patients

(n = 80) and healthy volunteers

(n = 37). The two groups were

compared using the

nonparametric Mann–Whitney

rank-sum test. Bars represent

medians, and whiskers represent

25 and 75 percentile.

* Statistical significance of

P \ 0.05 and ** P \ 0.01.

Values below cutoff were

assigned the cutoff value
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Increased frequency of IL-21 and IL-23R-positive

CD4? T cells in the inflamed joints

The spine and SIJ are the major sites of inflammation in

SpA patients, but due to difficulties in obtaining samples

from these areas, we instead examined cells from synovial

fluid extracted from inflamed joints as a surrogate marker.

The vast majority SF CD4? T cells express the surface

antigen CD45RO ([95%), in contrast to only approxi-

mately 40% of the PB CD4? T cells. Within the

CD4?CD45RO? T-cell subset, we observed that the

number of IL-21-positive cells was significantly increased

in the inflamed joint to 4.5% (3.8–6.8%) when compared

with 2.7% (2.3–3.0%; P \ 0.05) in PB. The number of

CD4?CD45RO? T cells expressing IL-23R was also

elevated in the inflamed joint to 34.1% (30.0–51.2) com-

pared with peripheral blood 33.3% (18.3–39.2; P \ 0.05).

In contrast, no significant increase was observed in

IL-17A-positive CD4? T cells (2.2% (1.4–7.1%)) in the

joint compared with PB [1.9% (1.5–4.6%); Fig. 2].

We investigated the connection between the

CD4?CD45RO? T cells producing IL-17A and IL-21 in

further detail by examining the co-expression of IL-17A,

IL-21, and IL-23R in the CD4?CD45RO? subpopulation

(Fig. 3). In the PB CD4?CD45RO? T-cell subset, 10%

(8–14%) of the IL-21-producing cells co-expressed IL-17A

and 31% (19–40%) expressed the IL-23R. In the SF

CD4?CD45RO? T-cell subset, 5% (3–24%) of the IL-21-

producing cells were co-expressing IL-17A and 30%

(18–34%) were expressing IL-23R. None of these differ-

ences between PB and SF were statistically significant. Of

the IL-17A-producing PB CD4?CD45RO? T cells, 14%

(7–23%) co-expressed IL-21 and 29% (21–42%) co-

expressed IL-23R. In the SF CD4?CD45RO? IL-17A-

producing T cells, 12% (8–17%) co-expressed IL-21 and

27% (25–47%) co-expressed IL-23R. Neither here did we

observe any statistically significant differences between PB

and SF. Thus, the majority of both IL-21- and IL-17A-

positive CD4?CD45RO? T cells were single positives for

either IL-17A or IL-21, and about one-third of both IL-21-

and IL-17A-producing cells co-expressed IL-23R (Fig. 3).

Discussion

This is the first study to report that patients with axial SpA

have increased levels of IL-21 in plasma compared with

HVs. We also report increased levels of IL-23, whereas we

were unable to detect IL-17A in plasma from SpA patients.

We did not observe association with cytokine levels and

disease activity clinically nor with disease activity and

chronicity measured by MRI, despite a detailed MR scor-

ing of the SIJ and the entire spine [16, 17].

The strong intercorrelation between plasma levels of

IL-21 and IL-23 together with the increased frequencies of

both IL-21- and IL-23R-positive cells in the inflamed joints

of SpA patients advocate that the functions of these cyto-

kines are closely connected. Both IL-21 and IL-23 are

strongly associated with the development of Th17 cells

[4, 5]. Because IL-17A levels were not increased and both

IL-21R and IL-23R are expressed on a wide variety of cell

types associated with chronic inflammatory lesions, this

points to multiple target cells for IL-21 and IL-23, sug-

gesting that these cytokines have effects beyond the Th17

system [8, 11, 18–20].

In our study, 48 of the 80 SpA patients examined ful-

filled the modified New York criteria for ankylosing

spondylitis [1], and the group in general was also not

highly active using standard clinical scoring systems for

SpA (Table 1). Rudwaleit et al. have shown that signs of

active inflammation by MRI in SpA do not correlate to

clinical measurements, using the Berlin MRI spine score

method [21]. The present and previous results showed that

the use of a more extensive scoring system did not asso-

ciate MRI findings to the clinical parameters [17, 22].

Adding to this, we did not find an association between MRI

and IL-17A, IL-21, and IL-23 plasma levels. This is in line

with studies by Wang et al., where levels of the p19 part of

Fig. 2 Cytokine expression in paired peripheral blood mononuclear

cells (PBMC) and synovial fluid mononuclear cells (SFMC) from

spondyloarthritis patients (n = 8) was analyzed for IL-17A (a), IL-21

(b), and IL-23R (c) by flow cytometry. The staining was performed

following 4 h of stimulation with PMA and ionomycin in the presence

of brefeldin A. Bars represent the median percentages of the

CD4?CD45RO? T cells. Whiskers represent 25 and 75 percentiles.

* Represents statistical significance P \ 0.05 by Wilcoxon matched-

pairs test
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IL-23 did not correlate with biochemical signs of activity in

SpA [23, 24]. Thus, neither IL-17A, IL-21 nor IL-23 seems

to be suitable markers of clinical disease or MRI activity in

SpA. Although none of the cytokines correlated with clin-

ical evaluations, their elevated levels of IL-21 and IL-23

revealed that SpA patients are immunologically active even

in this group of SpA patients with a low clinical activity.

IL-23R has been suggested as a defining marker for the

Th17 cells, while IL-21 has been reported as part of the

Th17 cytokine repertoire [4]. In this study, we investigated

the cellular co-expression of IL-17A, IL-21, and IL-23R in

mononuclear cells from both peripheral blood and synovial

fluid of SpA patients. We found that only a third of the

IL-17A-positive T cells co-expressed IL-23R. Furthermore,

we observed that only a minor fraction of the IL-21-pro-

ducing CD4? T cells also expressed IL-17A, suggesting

that in SpA these two cytokines are not primarily produced

by the same cellular subset. We also observed that only a

few IL-17A-producing cells expressed surface IL-23R.

However, only limited data exist on how Th17 cells behave

in the chronic situation. The missing IL-23R expression

observed in the present study could be due to receptor

downregulation provoked by specific conditions that exist

in the micro-environment of chronic inflammation.

In the present study, we have demonstrated that patients

with SpA have increased plasma levels of IL-21 and IL-23,

but not IL-17A. This increase in IL-21 and IL-23 levels

was not correlated to BASMI, BASFI, BASDAI, Global

VAS, CRP nor to MRI signs of disease activity and chronic

changes. That IL-21 and IL-23 could be of relevance for

the pathogenesis of SpA is, however, supported by the

findings of increased numbers of CD4?CD45RO? T cells

expressing IL-21 or IL-23R in inflamed SpA peripheral

joints.
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