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SHORT COMMUNICATION

Interleukin 17 inhibits progenitor cells in rheumatoid
arthritis cartilage
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Mesenchymal stem cells are known to exert immunomodulatory effects in inflammatory
diseases. Immuneregulatory cells lead to progressive joint destruction in rheumatoid
arthritis (RA). Proinflammatory cytokines, such as tumour necrosis factor α (TNF-α) and
interleukins (ILs) are the main players. Here, we studied progenitor cells from RA cartilage
(RA-CPCs) that are positive for IL-17 receptors to determinate the effects of inflammation
on their chondrogenic potenial. IL-17A/F reduced the chondrogenic potential of these
cells via the upregulation of RUNX2 protein and enhanced IL-6 protein and MMP3 mRNA
levels. Blocking antibodies against IL-17 positively influenced their repair potential. Fur-
thermore, treating the RA-CPCs with the anti-human IL-17 antibody secukinumab or
the anti-TNF-α antibody adalimumab reduced the proinflammatory IL-6 protein level
and positively influenced the secretion of anti-inflammatory IL-10 protein. Additionally,
adalimumab and secukinumab in particular reduced RUNX2 protein to promote chon-
drogenesis. The amelioration of inflammation, particularly via IL-17 antagonism, might
be a new therapeutic approach for enhancing intrinsic cartilage repair mechanisms in RA
patients.
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Introduction

Rheumatoid arthritis (RA) is the most common chronic inflam-
matory joint disease and leads to progressive cartilage and bone
destruction. In total, 35% of RA patients are fully or partially
incapable of working within 10 years of developing the dis-
ease [1]. The use of novel biologicals, such as TNF-α block-
ers (e.g., infliximab, adalimumab, and etanercept), has substan-
tially improved clinical outcomes [2]. However, serious side
effects of these biological therapies and the nonresponse rate of
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up to 30–40% [3] reveal the need to develop novel treatment
strategies.

RA pathogenesis consists primarily of chronic synovial inflam-
mation with aggressive pannus tissue overgrowth of the cartilage,
resulting in joint destruction. Fibroblast-like synoviocytes (FLSs)
and synovial macrophages have been shown to synthesise proin-
flammatory cytokines, such as TNF-α, IL-1β, IL-6 [4]. Furthermore,
CD4+ T cells accumulate within the RA synovium [5], and two pri-
mary subsets of the CD4+ T-cell lineage (i.e., interferon-producing
T helper cell type 1 (TH1) and type 17 (TH17) cells, which are
characterized by the production of IL-17) were identified [6].

TH17 T cells produce IL-17A, IL-17F, and heterodimeric
IL-17A/IL-17F. These cytokines act via IL-17RA and IL-17RC
receptors [7]. Increased IL-17 levels were detected in the synovial
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Figure 1. Characteristics of RA-CPCs. (A, left)
Ten samples were analyzed by immunohis-
tochemistry. RA pannus tissue infiltrating the
cartilage (asterisks). (A, upper right) Surface fis-
sures (asterisk) and cluster formation (arrow).
(A, lower right) Chondrocytes positive for
IL-17RA (arrow). Bar = 150 μm. Explant cul-
ture of RA cartilage (asterisk) exhibiting migrat-
ing cells. (B) Thousand cells were stained for
RUNX2 and SOX9 and analyzed by immunocy-
tochemistry. (A and B) Images are representa-
tive of ten independent experiments. (C) Fifty
thousand cells were analyzed by Western blot.
Blots are representative of three independent
experiments. (D) FACS analysis of CD29, CD34,
CD44, CD73, CD90, and C105 in primary and
hTERT immortalized cells. (E) SOX9, RUNX2,
COL2A1, COL1A1, MMP3, TIMP1, TIMP3, and
IL-6 mRNA levels were analyzed by PCR. (F) Ten
thousand cells were subjected and migrated
toward a gradient of PDGF, and quantified by
counting. (D–F) Data are shown as mean ± SD
(n = 3 samples) and are representative of three
independent experiments. *p � 0.05.

fluid of patients with RA compared to patients with osteoarthritis
(OA) [8]. The results from studies in animals and humans led to
the development of biological therapies that aim to inhibit the
IL-17 pathway via either IL-17A monoclonal antibodies (i.e.,
secukinumab and ixekizumab) or blockade of the IL-17 recep-
tor via brodalumab [9]. IL-17 intensifies the chronic inflamma-
tory process by inducing proinflammatory cytokines [10]. Further-
more, IL-17/TH17 may support cartilage degradation and bone
resorption during RA [11]. However, the molecular mechanisms
of IL-17-induced cartilage breakdown have not been elucidated
in human RA. Here, we demonstrate the influence of IL-17 on
chondrogenic progenitor cells in human RA.

Results

Molecular characteristics of RA-CPCs

In RA, the typical histopathological signs of synovial pannus tissue
invading the hyaline cartilage (Fig. 1A, left), as well as surface fis-
sures and chondrocyte clusters (Fig. 1A, upper right) were found.
The chondrocytes in situ were positive for IL-17RA (Fig. 1A, lower
right) and IL-17RC (data not shown). Explant cultures of carti-
lage tissue from the RA patients after 10 days released migrating
cells in vitro (Fig. 1B, left), which were positive for SOX9 (Fig. 1B,
middle) and RUNX2 proteins (Fig. 1B, right) in immunocytochem-

istry, as well as in the Western blots (Fig. 1C), indicating the
chondro-osteogenic nature of these cells. In agreement with results
obtained for OA [12], the cells were positive for the mesenchymal
stem cell (MSC) markers CD29, CD44, CD73, CD90, and CD105
(Fig. 1D, left) and negative for the hematopoietic markers CD34
(Fig. 1D, left) and CD45 (data not shown). Because samples from
RA patients are rare due to reduced surgical interventions (drug
therapies are more effective), the RA-CPCs were hTERT immor-
talized. The immortalized cells exhibited characteristics similar
to the cells in P1 prior to immortalization, as shown here by
their CD patterns (Fig. 1D, right). The SOX9 and RUNX2 mRNA
patterns and the migration and differentiation capacities of the
immortalized cells were identical to those of the P1 cells (data not
shown). RT-qPCR analysis of the RA-CPCs revealed the chondro-
osteotypic expression of SOX9, COL2A1, RUNX2, and COL1A1
mRNAs and baseline expression levels of MMP3, TIMP1, TIMP3,
and IL-6 mRNAs (Fig. 1E). Significantly more RA-CPCs migrated
against a gradient of platelet-derived growth factor (PDGF) in
comparison to controls without foetal calf serum (Fig. 1F).

Differentiation potential of RA-CPCs

After adipogenic induction, the RA-CPCs were positive for PPARγ

mRNA, and Oil Red staining also indicated that the cells were
adipocytes (Fig. 2A). After osteogenic differentiation, the cells
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Figure 2. Multilineage differentiation poten-
tial of RA-CPCs. (A) PPARγ mRNA level of
100,000 cells was measured by PRC 1000 cells
stained histochemistry and analyzed by light-
microscopy, and Oil Red positive cells (A,
right) after adipogenic differentiation and AP-
positive (B, left) and osteocalcin-positive cells
(B, right) after osteogenic differentiation. (C)
Chondrogenic differentiation in 3D culture with
TGFβ3 promoted cluster formation among cells
positive for COL2A1 (C, upper left) and SOX9 (C,
upper and lower middle). The controls exhib-
ited no reactions (C, upper right). Chondro-
genic differentiation without TGFβ3 resulted in
round cells that were negative for COL2A2 (C,
lower left) and SOX9 (C, lower middle). (A–C)
Images are representative of three independent
experiments. (D) Chondrogenic differentiation
of 10,000 cells with TGFβ3. RUNX2, COL1A1, and
ADAMTS5 mRNA levels were measured by PCR.
Graphs are shown as mean ± SD (n = 9 sam-
ples) and are representative of three indepen-
dent experiments. *p � 0.05.

became positive for alkaline phosphatase (AP) and osteocalcin
in immunocytochemistry, demonstrating an osteoblastic lineage
(Fig. 2B). During chondrogenic differentiation in 3D culture with
TGFβ3, the RA-CPCs proliferated to form cell clusters, which were
positive for COL2A1 and SOX9 proteins (Fig. 2C, upper panel).
When subjected to 3D culture without TGFβ3, the RA-CPCs did not
proliferate and did not secrete COL2A1 or SOX9 proteins (Fig. 2C,
lower panel). The RA-CPCs treated with TGFβ3 exhibited signif-
icantly less RUNX2, COL1A1, and ADAMTS5 mRNA (Fig. 2D).
These experiments were performed using three primary RA-CPCs
from three different patients and hTERT-RA-CPCs. The results
were similar between these two groups (data not shown).

The effects of IL-17 on RA-CPCs

RT-qPCR was used to quantify the mRNA of IL-17RA and IL-17RC
in RA-CPCs in comparison to the housekeeping gene (Fig. 3A).
The encoded protein levels were also examined via Western blots
(Fig. 3B) and immunocytochemistry (Fig. 3C). RA-CPCs were also
positive for IL-6 (Fig. 3D, upper) and IL-10 staining revealed
a pronounced perinuclear localization via immunocytochemistry
(Fig. 3D, lower). IL-17 was not detected in RA-CPCs by RT-qPCR
or flow cytometry, neither at the mRNA nor the protein level
(data not shown). When the RA-CPCs were stimulated with
IL-17A/F protein, MMP3 mRNA increased, in contrast, blocking
IL-17 reduced MMP3 mRNA (Fig. 3E) but increased TIMP1
(Fig. 3F) and TIMP3 (Fig. 3G) mRNA expression. IL-6 mRNA
was significantly enhanced by IL-17. Blocking IL-17 significantly
decreased IL-6 mRNA levels (Fig. 3H). These results indicated that
IL-17 fosters the expression of proinflammatory mediators in RA-
CPCs. Therefore, we investigated the influence of biologicals, such
as the TNF-α antagonist (i.e., adalimumab) and the monoclonal
anti-IL-17 antibody secukinumab. Treatment with adalimumab or
secukinumab significantly reduced the amount of RUNX2 pro-
tein (Fig. 3K), while only secukinumab significantly reduced the

amount of IL-6 protein (Fig. 3L). Western blots of low molecu-
lar weight enriched medium from cells treated with adalimumab
or secukinumab (Fig. 3M) exhibited significantly more IL-10 pro-
tein than the controls (Fig. 3N). This finding is consistent with
the perinuclear localization of IL-10 protein that was observed via
immunofluorescence staining (Fig. 3D) and indicates a higher rate
of IL-10 secretion.

Discussion

RA-CPCs are progenitor cells influenced via IL-17

Several researchers have demonstrated the presence of progenitor
cells in both healthy and OA cartilage samples [12–14]. Here, we
report that osteochondrogenic progenitor cells, which we named
RA-CPCs, reside in the cartilage tissue from patients with RA. The
characterization of these cells revealed several similarities to the
previously described OA-CPCs, as they are migratory, multipotent,
and MSC marker-positive.

Further analyses of the RA-CPCs revealed two main differ-
ences compared to OA-CPCs. First, the RA-CPCs expressed IL-17
receptors and IL-17 upregulated IL-6. An IL-17-induced increase
in IL-6 has previously been demonstrated in chondrocytes and
FLS in RA [15] and plays an important role in T helper cell dif-
ferentiation toward TH17 T cells [16]. Furthermore, in agree-
ment with previous studies of chondrocytes and FLS [17], MMP3
mRNA synthesis was significantly enhanced in RA-CPCs after IL-17
exposure.

The chondrogenic potential of RA-CPCs

Second, the RA-CPCs exhibited a reduced chondrogenic poten-
tial compared to OA-CPCs. Blocking IL-17 restored the chondro-
genic potential of these cells, as well as reduced MMP3 mRNA

C© 2015 The Authors. European Journal of Immunology published by
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.

www.eji-journal.eu



Eur. J. Immunol. 2016. 46: 440–445 Immunomodulation 443

Figure 3. The effects of IL-17 on RA-CPCs:
expression of IL-17RA and IL-17RC receptor
mRNA (A), Western blots (B), and immuncy-
tochemistry (C) of the IL-17RA and IL-17RC
proteins. RA-CPCs are also positive for IL-6
(D, upper), as well as IL-10 (D, lower). MMP3
mRNA was significantly upregulated by IL-17
(E). TIMP1 (F) and TIMP3 (G) were significantly
downregulated. However, IL-6 was significantly
upregulated by IL-17 (H). In contrast, blocking
IL-17 (IL-17AB) produced the opposite effects
(E–H). Western blot analysis (I, J), secukinumab
significantly reduced the amount of RUNX2 (K),
as well as the amount of IL-6 (L). Western blots
of low molecular weight enriched medium
from RA-CPCs treated with adalimumab or
secukinumab (M) exhibited significantly more
IL-10 than the controls (N). (O) Role of IL-17
on RA-CPCs, with IL-17 promoting IL-6, while
antagonizing IL-17 promotes IL-10 and chon-
drogenesis. All figures are representative of at
least three different experiments (n = 3). Signif-
icant differences (*p � 0.05); error bars denote
the means ± SD.

and IL-6 protein synthesis. This IL-17-induced upregulation of
proinflammatory cytokines and matrix metalloprotease, as well as
the reduction of the chondrogenic potential in RA-CPCs, highlights
the importance of cytokines and inflammatory mediators for the
regenerative capacity of progenitor cells [18]. A similar inhibition
of chondrogenic differentiation via IL-17 has been described for
human MSCs [19]. Due to the beneficial effects of blocking IL-17,
we studied secukinumab, a human anti-IL-17A monoclonal anti-
body showing promising results in phase I and II clinical studies
[20].

Through the upregulation of secreted, not intracellular
IL-10 protein from RA-CPCs, secukinumab may support the anti-
inflammatory and chondroprotective effects of IL-10 in RA [21].

In agreement with previous results of TNF-α blockade [22],
IL-10 upregulation was also demonstrated for adalimumab. Most
important, secukinumab revealed a significant downregulation of
the osteogenic transcription factor RUNX2 in RA-CPCs thereby
promoting chondrogenesis. Overall, secukinumab may enhance
the intrinsic repair mechanisms of articular cartilage in RA by
reducing RUNX2 expression and enhancing the production of the
anti-inflammatory cytokine IL-10.

In summary, RA-CPCs are modulated by IL-17. Antagonizing
IL-17 activity can enhance the anti-inflammatory IL-10 secretion
and restore the chondrogenic potential of RA-CPCs (Fig. 3O). IL-17
blockade might be a new therapeutic option for enhancing the
intrinsic repair mechanisms of cartilage in patients with RA.
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Materials and methods

Patients

Cartilage specimens were obtained from ten patients with RA (four
males, six females, mean age 67.1, 20% IgM-RF+, DAS28 CRP 4.72
(where DAS is disease activity score), Number (Nr) of swollen
joints 3.8, disease duration 13.6 years, with 10 on DMARD and
6 also on steroids) and 15 age- and sex-matched patients with
OA (seven males, eight females, mean age 64.2, IgM-RF−) after
knee arthroplasty. The Institutional Review Board at the Univer-
sity Medical Center at Goettingen University approved the study
(No. 5/12/2009). Written informed consent was obtained, and
the patients with RA met the criteria established by the American
College of Rheumatology [23]. The clinical disease activity was
assessed based on clinical and laboratory findings according to
the DAS28 CRP [24]. Histological evaluation was performed as
previously described [12].

Cell culture

Cartilage specimens from the intermediate zone were prepared
without touching the synovial or pannus tissue. Explant cultures
were generated [12]. Cells from ten different patients were inves-
tigated. Immortalization of RA-CPCs was performed as described
in [25].

Antibodies

Anti-type II collagen (CIIC1, Developmental Studies Hybridoma
Bank), anti-SOX9 (H-90, sc-2095, 1:1000), anti-RUNX2 (M-70,
sc-10758, 1:1000), anti-IL-10 (#E-10, sc-8438, 1:500), and
anti-IL-6 (E-4, sc-28343, 1:500) were all from SC Biotechnol-
ogy. Anti-osteocalcin (#BT-6015-15, Biotrend, 1:300); anti-IL-4
(#PAB16160, Abnova, 1:500); and anti-IL-17RA (#MAB177,
1:400), IL-17RC (#AF2269, 1:200), and anti-IL-17 (#MAB317,
R&D Systems) were used. Phycoerythrin (PE) coupled anti-
CD29 (#555443, 1:500) and anti-CD73 (#562817, 1:200), and
uncoupled anti-CD44 (#561858, 1:200), anti-CD45 (#561640,
1:200), anti-CD34 (#345802, 1:200), and anti-CD105-FITC
(#561443, 1:500) were all from BD Pharmingen. Anti-CD90-PE
(#328110, Biolegend, 1:200), anti-GAPDH (3E12, ThermoScien-
tific, 1:1000), and anti-α-tubulin (T6199, 1:2000, Sigma-Aldrich)
antibodies were used.

FACS analysis

The cells were processed as previously described [5, 12], and the
analysis was performed in triplicate.

Immunohisto-(cyto)-chemistry and Western blots

The ten samples were stained for IL-17RA and IL-17RC HiDef-
DetectionR AP mouse/rabbit system (Cell Marque). Immunoflu-
orescence and immunoblotting were performed and quantified
using the ImageJ64 program [12]. Three individual blots were
stained for each antibody.

Cell differentiation and migration assay

Osteogenic and adipogenic differentiation were achieved using
TGFβ3 (10 ng/mL, lot #MSA3612112, R&D Systems). AP and
Oil Red staining, chondrogenic differentiation, and the in vitro
migration assay were performed as described [12].

IL-17A/F stimulation of RA-CPCs

The RA-CPCs were stimulated with 50 ng/mL of human recom-
binant IL-17A/F (#5837-IL-010, R&D Systems) for 48 h. Block-
ing experiments were performed with 100 μg/mL of the IL-17
antibody.

Effects of adalimumab and secukinumab on RA-CPCs

IL-17-treated RA-CPCs were cultured and exposed to 10 μg/mL of
adalimumab (Humira

R©
), or 10 μg/mL of secukinumab in 2D cul-

ture. Secukinumab was kindly provided by Novartis Pharma AG.

RT-qPCR

The primers used in this study were described previously
[12] and can be found online at http://www.miosge.med.uni-
goettingen.de/de/?id=17. PPIA served as a housekeeping gene.

Statistics

Statistical Product and Service Solutions (SPSS) software version
13.0 was used. The data were tested, and the representative data
are shown as the means and standard deviations of at least three
different patient samples, unless stated otherwise. After testing the
normality of the distribution and the homogeneity of the variances,
we performed ANOVAs and post-hoc pairwise comparisons of the
mean values. The Pearson correlation coefficients were calculated
to examine the relationships between parameters. A p-value of
<0.05 was considered significant (asterisks).
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