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Clinical and epidemiological research

Adjusted longitudinal analyses
Mean (SD) radiographic progression was 0.9 (2.3) mSASSS units 
in 2 years. Any TNFi use before a radiographic interval (yes vs 
no) was used as main TNFi variable in the adjusted analyses 
(figure 1A). Prior TNFi treatment versus no TNFi treatment 
was associated in multivariable analyses of 616 radiographic 
intervals in 432 patients with a reduction of the odds for radio-
graphic progression during the next 2-year interval by 50% (OR 
0.50, 95% CI 0.28 to 0.88, p=0.02). Baseline mSASSS (OR 
1.06, 95% CI 1.04 to 1.09, p<0.001) and male sex (OR 2.16, 
95% CI 1.09 to 4.30, p=0.03) were associated with an increase 
in radiographic damage after 2 years. The impact of prior TNFi 
use in reducing radiographic progression during the next 2-year 
radiographic interval was confirmed in an adjusted model with 
progression defined as the appearance of at least one new syndes-
mophyte in 2 years (OR 0.55, 95% CI 0.33 to 0.94) (figure 1B). 
Treatment with NSAIDs at baseline, smoking, HLA-B27, periph-
eral arthritis, overweight, obesity and physical exercise were not 
found to be associated with an effect on radiographic progres-
sion in both models. The estimated impact of prior TNFi use 
was not affected by the additional adjustment for disease activity 
measures (ASDAS) before treatment start, performed to address 
the issue of confounding by indication (table 2).

The magnitude of the effect of all variables on progression 
was also confirmed in the subset of patients with radiographic 
interval duration of 2 years±6 months and in a complete case 
analysis of 403 radiographic intervals from 301 patients (see 
online supplementary tables S1 and S2, respectively).

A beneficial effect of TNFi treatment before a radiographic 
interval on progression was also confirmed in adjusted models 

with alternative variable choices for TNFi use, as summarised in 
table 3 and presented in full in the online supplementary tables 
S3 and S4. These data also suggest that a longer duration of 
TNFi treatment is associated with a stronger protective effect, 
since each additional year of continuous TNFi therapy before 
a radiographic interval was associated with a reduced risk of 
progression (model 2 in table 3). Moreover, >4 years of treat-
ment before the radiographic interval resulted in a lower estimate 
of progression than ≤4 years of TNFi use (model 3 in table 3). 
In contrast to prior TNFi use, TNFi treatment during a 2-year 
radiographic interval (assessed either as ‘yes/no’ or as ‘duration 
of TNFi treatment during the interval (≤50% vs >50%)’) was 
not associated with a reduction of progression in the respective 
interval (models 4 and 5 in table 3 and  online supplementary 
tables S5 and S6).

Impact of reduction of disease activity by TNFi on 
radiographic progression
TNFi treatment before a 2-year radiographic interval was asso-
ciated with a reduced disease activity at the start of that interval, 
as assessed by the ASDAS: −0.96 units, 95% CI −1.15 to −0.77, 
p<0.001. The association of disease activity measures at baseline 
of a 2-year radiographic interval with progression in the respec-
tive interval was analysed in separate GEE models with base-
line mSASSS as dependent variable (models 6–8 in table 4). A 
higher ASDAS increased the probability of radiographic progres-
sion (OR 1.39, 95% CI 1.06 to 1.81). When adding ASDAS as 
a covariate to the multivariable model displayed in figure 1A, 
it was significantly associated with radiographic progression 

Figure 1 Multivariable analysis of 616 radiographic intervals from 432 patients after multiple imputation of missing covariate data for the 
identification of factors associated with (A) radiographic progression defined as an increase of ≥2 mSASSS units per 2 years and (B) radiographic 
progression defined as the formation of at least one new syndesmophyte per 2 years. Analysis performed in 616 radiographic intervals from 432 
patients after multiple imputation of missing covariate data. BMI, body mass index; HLA-B27, human leucocyte antigen B27; mSASSS, modified Stoke 
Ankylosing Spondylitis Spine Score; NSAIDs, non-steroidal anti-inflammatory drugs; Ref, reference; TNFi, tumour necrosis factor inhibitor. *mSASSS at 
start of each 2-year radiographic interval in A and presence of syndesmophytes at start of each 2-year radiographic interval (yes vs no) in B.
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TNF blockers inhibit spinal radiographic progression 
in ankylosing spondylitis by reducing disease 
activity: results from the Swiss Clinical Quality 
Management cohort
Christoph Molnar,1 Almut Scherer,1 Xenofon Baraliakos,2 Manouk de Hooge,3 
Raphael Micheroli,4 Pascale Exer,5 Rudolf O Kissling,6 Giorgio Tamborrini,7 
Lukas M Wildi,4 Michael J Nissen,8 Pascal Zufferey,9 Jürg Bernhard,10 Ulrich Weber,11,12 
Robert B M Landewé,13,14 Désirée van der Heijde,3 Adrian Ciurea,4 on behalf of the 
Rheumatologists of the Swiss Clinical Quality Management Program

ABSTRACT
Objectives To analyse the impact of tumour necrosis 
factor inhibitors (TNFis) on spinal radiographic 
progression in ankylosing spondylitis (AS).
Methods Patients with AS in the Swiss Clinical Quality 
Management cohort with up to 10 years of follow-
up and radiographic assessments every 2 years were 
included. Radiographs were scored by two readers 
according to the modified Stoke Ankylosing Spondylitis 
Spine Score (mSASSS) with known chronology. 
The relationship between TNFi use before a 2-year 
radiographic interval and progression within the interval 
was investigated using binomial generalised estimating 
equation models with adjustment for potential 
confounding and multiple imputation of missing 
values. Ankylosing Spondylitis Disease Activity Score 
(ASDAS) was regarded as mediating the effect of TNFi 
on progression and added to the model in a sensitivity 
analysis.
Results A total of 432 patients with AS contributed 
to data for 616 radiographic intervals. Radiographic 
progression was defined as an increase in ≥2 mSASSS 
units in 2 years. Mean (SD) mSASSS increase was 0.9 
(2.6) units in 2 years. Prior use of TNFi reduced the odds 
of progression by 50% (OR 0.50, 95% CI 0.28 to 0.88) 
in the multivariable analysis. While no direct effect of 
TNFi on progression was present in an analysis including 
time-varying ASDAS (OR 0.61, 95% CI 0.34 to 1.08), the 
indirect effect, via a reduction in ASDAS, was statistically 
significant (OR 0.75, 95% CI 0.59 to 0.97).
Conclusion TNFis are associated with a reduction of 
spinal radiographic progression in patients with AS. This 
effect seems mediated through the inhibiting effect of 
TNFi on disease activity.

INTRODUCTION
The introduction of tumour necrosis factor inhibi-
tors (TNFis) nearly two decades ago has considerably 
improved the treatment of ankylosing spondylitis (AS) 
in patients with insufficient response to conventional 
treatment by reducing symptoms and signs of the 
disease, together with reduced inflammatory activity 
in the sacroiliac joints and the spine.1 Besides inflam-
mation, spinal damage caused by new bone formation 

contributes to impairment of spinal mobility and func-
tion in AS.2 Therefore, retarding spinal radiographic 
progression in addition to improving symptoms 
should remain an important treatment goal.3 While 
an association between disease activity and future 
spinal radiographic progression has been demon-
strated,4 5 the deductive reasoning that lowering 
inflammation by TNFi might inhibit radiographic 
damage remains elusive. Three open-label extensions 
of randomised controlled trials of TNFi in AS over 2 
years failed to demonstrate inhibition of radiographic 
progression in comparison with a historical cohort 
of patients not treated with biologicals.6–8 However, 
TNFi use was associated with a lower odds of spinal 
radiographic progression in an observational study.9 
Methodological shortcomings of this latter publica-
tion and requirements for prospective cohort anal-
yses to elucidate this controversial issue have been 
amply discussed.10 We hereby present a longitudinal 
analysis of up to 10 years of follow-up, with 2-year 
clinical and radiographic intervals, with the aim of 
investigating the relationship between treatment with 
TNFi, subsequent course of disease activity and spinal 
radiographic progression.

METHODS
Study population
We used data from the ongoing Swiss Clinical 
Quality Management (SCQM) cohort of patients 
with a clinical diagnosis of axial spondyloar-
thritis (axSpA).11 Clinical assessments, following 
the recommendations of ASAS,12 were performed 
at annual visits. Radiographs of the cervical and 
lumbar spine were recommended every 2 years. 
Patients were included in the present study if they 
fulfilled the modified New York criteria for AS13 
with central reading of the pelvic radiographs and if 
they had at least two sets of spinal radiographs with 
an interval of 2 years±1 year. Sensitivity analyses 
were performed in patients with interval duration 
between radiograph sets of 2 years±6 months. The 
study was approved by the Ethics Committee of 
the Canton of Zurich (KEK-ZH-Nr. 2014–0439). 
Written informed consent was obtained from all 
patients.
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The Impact of Tumor Necrosis Factor ! Inhibitors on
Radiographic Progression in Ankylosing Spondylitis

Nigil Haroon,1 Robert D. Inman,1 Thomas J. Learch,2 Michael H. Weisman,2 MinJae Lee,3
Mohammad H. Rahbar,3 Michael M. Ward,4 John D. Reveille,3 and Lianne S. Gensler5

Objective. To study the effect of tumor necrosis
factor ! (TNF!) inhibitors on progressive spinal dam-
age in patients with ankylosing spondylitis (AS).

Methods. All AS patients meeting the modified
New York criteria who had been monitored prospec-

tively and had at least 2 sets of spinal radiographs a
minimum of 1.5 years apart were included in the study
(n " 334). The patients received standard therapy,
which included nonsteroidal antiinflammatory drugs
and TNF! inhibitors. Radiographic severity was as-
sessed by the modified Stoke Ankylosing Spondylitis
Spine Score (mSASSS). Patients with a rate of AS
progression that was >1 mSASSS unit/year were con-
sidered progressors. Univariable and multivariable re-
gression analyses were done. Propensity score matching
and sensitivity analysis were performed. A zero-inflated
negative binomial (ZINB) model was used to analyze the
effect of TNF! inhibitors on the change in the mSASSS
with varying followup periods. Potential confounders,
such as disease activity (as assessed by the Bath Anky-
losing Spondylitis Disease Activity Index), the erythro-
cyte sedimentation rate, C-reactive protein level, HLA–
B27 positivity, sex, age at onset, smoking burden
(number of pack-years), and baseline damage, were
included in the model.

Results. TNF! inhibitor treatment was associated
with a 50% reduction in the odds of progression, with an
odds ratio (OR) of 0.52 (95% confidence interval [95%
CI] 0.30–0.88, P " 0.02). Patients with a delay of >10
years in starting therapy were more likely to experience
progression as compared to those who started earlier
(OR 2.4 [95% CI 1.09–5.3], P " 0.03). In the ZINB
model, the use of TNF! inhibitors significantly reduced
disease progression when the gap between radiographs
was >3.9 years. The protective effect of TNF! inhibitors
was stronger after propensity score matching.

Conclusion. Treatment with TNF! inhibitors ap-
pears to reduce radiographic progression in AS pa-
tients, especially with early initiation and with longer
duration of followup.

Ankylosing spondylitis (AS) is a chronic inflam-
matory arthritis that affects the sacroiliac joints and
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Mechanisms of ankylosis
Direct molecular mechanisms in mice
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spontaneous arthritis in aging male DBA/1 mice

• Spontaneously ( after grouped cage) occurring in aging 
male DBA1 mice – “stress-induced arthritis”

• Involving hindpaws: PIPs, less often DIPs and ankles
• Proposed at discovery as another model of RA
• Synovitis not the striking feature 
• Entheseal cartilage and bone formation
• T-cell independent ? (TCR-KO studies)
• Model not limited to DBA/1 strain (e.g. Balb/c)



Lessons from the mouse

Hh signaling pathway

Hh inhib

Lories & Luyten, Nature Rev Rheum 2009; 5:420-1
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F2  Progeny

BALB/c DBA/1

Carter et al, submitted



Genomic analysis: overview

vBMPR1b = ALK6

vGDF5 receptor – GDF5 

enhances chondrogenesis

(Francis-West, 1999)

vALK6 can also bind BMP4 and 

BMP7(Ten Dijke, 1994)

Carter et al, submitted



Mouse Limb Bud Chondrogenesis

v GDF5 induces greater 
osteogenic gene expression 
in BALB/c derived limb bud 
pellet cultures. **p<0.01 
GDF5-treated DBA/1 v 
BALB/c pellets**

****

Carter et al, submitted



88 SNPs

449 individuals (228 cases ; 221 controls)

BMPR1b gene in ankylosing spondylitis

In collaboration with F. Costantino and M. Breban, Paris 

• rs17428994 and grade of 

sacroilliitis

• 500 cases

• Association between

grade and genotype

corrected for disease

duration :  p= 
0.003029 ; OR = 0.67 
[0.51-0.87]

Carter et al, submitted



Inflammation and ankylosis
Direct or indirect relationship?



Lories & McInnes, Nature Med 2012 18(7):1018-9 – commentary on Sherlock et al, Nature Med 2012 18(7)

TNF



Enthesitis as common theme in rodent models

histomorphometry using an Axioskop 2 microscope (Zeiss,
Oberkochen, Germany) and OsteoMeasure Analysis software
(OsteoMetrics, Decatur, GA).

Analysis of kinase activity by Western blotting. Protein
extracts were prepared from the hind paws of 9 HuTNF-Tg
mice (3 from each time point) and 3 wild-type mice by mincing
the tissue in lysis buffer containing 20 mM HEPES, pH 7.9,
0.4M NaCl, 1.5 mM MgCl2, 1 mM dithiothreitol, 1 mM EDTA,
0.1 mM EGTA, 20% glycerol, and proteinase and phosphatase
inhibitors (both from Sigma) with an Ultra-Thurrax homoge-
nizer. The extracts were centrifuged for 15 minutes at 14,000
revolutions per minute, separated by sodium dodecyl sulfate–
polyacrylamide gel electrophoresis, and transferred onto nitro-
cellulose membranes. After blocking, membranes were stained
with polyclonal antibodies against the phosphorylated forms
of p38 MAPK, ERK (p44/42 MAPK), and SAPK/JNK (all
from Cell Signaling, Beverly, MA). For control purposes,
antibodies against total p38 MAPK, ERK, SAPK/JNK (Cell
Signaling), and actin (Sigma) were used. Detection was per-
formed using HRP-conjugated secondary antibodies (Dako,

Copenhagen, Denmark) and an enhanced chemiluminescence
detection kit (ECL Western Blotting Detection Reagents;
Amersham Biosciences, Buckinghamshire, UK).

Enzyme-linked immunosorbent assay (ELISA). Serum
levels of IL-1 and IL-6 in the 3–6-week-old mice were analyzed
by quantikine ELISA (R&D Systems) in accordance with the
manufacturer’s protocol.

Statistical analysis. Results are expressed as the
mean ! SEM. Group mean values were compared by Mann-
Whitney U test. P values less than or equal to 0.05 were
considered significant.

RESULTS
Differentiation into the preclinical, disease on-

set, and early arthritis stages. Three different phases of
very early arthritis based on a weekly assessment of paw
swelling and grip strength were defined in HuTNF-Tg
mice (Figures 1A and B). The preclinical stage, defined

Figure 1. Definition of different phases of very early inflammatory arthritis and characterization of inflammation. A and B,
Based on the severity of paw swelling (A) and reduction in grip strength (B), 3 phases of very early arthritis were defined: 1)
the preclinical stage, before the onset of clinical symptoms of arthritis (weeks 3–4), 2) the clinical onset of arthritis, with start
of swelling and deterioration of grip strength (weeks 4–5), and 3) early arthritis, up to 1 week after disease onset (weeks 5–6).
Results are the mean and SEM in human tumor necrosis factor–transgenic (HuTNF-Tg) mice versus wild-type (WT) mice. C
and D, Hematoxylin and eosin–stained paw sections were assessed for signs of inflammation in wild-type as well as HuTNF-Tg
mice in various different phases of early disease, characterized by pannus formation in the hind paws at the onset of
inflammation (C) and tenosynovitis of the long peroneal muscle (D). Boxes in C are shown at higher magnification in D.
(Original magnification " 25 in C; " 100 in D.)

PRECLINICAL TENOSYNOVITIS AND OSTEOCLAST FORMATION 81

TNF-driven 
models

Hayer, A&R 2007 – ASAS slide kit (from D. Elewaut)



Enthesitis as common theme in rodent models

IL23/17-

driven 

models

Sherlock Nature Med 2012; Lories ARD 2005; Ebihara Autoimmunity 2015; Glatigny, Arthritis Rheum 2012 

The preferential increase in the number of Th17
cells was further evaluated by transcription analysis of
MLN CD4! T cells. Using real-time PCR, we quantified

the expression of IL-21, IL-22, and IFN! mRNA. IL-21
and IL-22 are typically produced by Th17 cells, and
IFN! is a Th1-specific cytokine. We also quantified the
expression of retinoic acid receptor–related orphan nu-
clear receptor (coded by Rorc) and T-bet (coded by
Tbx21) as typical Th17 and Th1 transcription factors,
respectively. The 5 transcripts were detected in all
CD4! T cell samples purified from the MLNs of 5
nontransgenic and 8 diseased B27-transgenic rats ages
6–9 months. The transcription levels of IL-21, IL-22, and
Rorc, the combination of which is characteristic of a
Th17 phenotype, were significantly increased in the
B27-transgenic rats relative to the nontransgenic con-
trols, with mean ratios of 1.8 (95% confidence interval
[95% CI] 1.2–2.4) (P " 0.02), 32 (95% CI 14.5–49.5)
(P " 0.004), and 8.8 (95% CI 3.2–14.3) (P " 0.013),
respectively. In contrast, the expression levels of IFN!
and Tbx21, which are representative of a Th1 phenotype,
did not differ between B27-transgenic and nontrans-
genic rats (mean ratio 1.0 [95% CI 0.6–1.5] [P " 0.92]
and 1.4 [95% CI 0.5–2.3] [P " 0.4], respectively) (data
are available from the author upon request).

Consistent with the results described above, IL-
17A was detected at significantly higher levels in the sera
of 6-month-old B27-transgenic rats (mean # SEM
32.2 # 4.7 pg/ml; n " 6), than in B7-transgenic controls
(2.85 # 1.6 pg/ml; n " 6) (P $ 0.005) and nontransgenic
controls (0 # 0 pg/ml; n " 6) (P $ 0.001). These levels
were higher than the levels of IFN! and TNF" in the
B27-transgenic rats, which were not significantly differ-
ent from those observed in the B7-transgenic and non-
transgenic controls (data are available from the author
upon request). Neither IL-4 nor IL-10 was detected in
any of the sera (data not shown).

Finally, IL-17A–positive mononuclear cells were
detected in the hyperplastic lining layer and in synovial
infiltrates of the arthritic paws of 7-month-old HLA–
B27–transgenic rats (Figures 3A, B, and D). In contrast,
the paucicellular synovium of the nontransgenic controls
(Figures 3C and D) yielded negative signals, as did that
of the nonarthritic HLA–B7–transgenic controls (Fig-
ures 3C and D).

DCs from HLA–B27–transgenic rats favor
Th17 cell induction. We next addressed whether DCs
in B27-transgenic rats, which display aberrant function
(14), contributed to the notable increase in the number
of Th17 cells. To test this possibility, we cocultured
splenic DCs with CFSE-labeled syngeneic CD4!
CD25% T cells from control rats (either B7-transgenic
or nontransgenic) and stimulated the coculture with
anti-TCR"/#. In these assays, we used 2 different splenic

Figure 3. Presence of interleukin-17 (IL-17)–positive mononuclear
cells in the arthritic joints of HLA–B27–transgenic rats. Immunohis-
tochemical analysis for IL-17A was performed in paws from 7-month-
old rats. A and B, IL-17–positive cells in the synovium of an arthritic
female HLA–B27–transgenic rat. Negative controls showing preincu-
bation of the antibody with recombinant IL-17 or control IgG substi-
tution of the primary antibody are also shown. C, Near absence of
IL-17–positive mononuclear cells in the paucicellular normal synovium
from an HLA–B7–transgenic (HLAB7tg) rat and a nontransgenic
(wild-type) control rat. Original magnification & 400. D, IL-17–
positive cells in nontransgenic, HLA–B7–transgenic, and HLA–B27–
transgenic rats. Six randomly chosen zones of the synovium from 2 rats
in each group were scored in a blinded manner. Bars show the mean #
SEM. P " 0.0006, HLA–B27–transgenic rats versus nontransgenic
rats; P " 0.0005, HLA–B27–transgenic rats versus HLA–B7–
transgenic rats.

INDUCTION OF Th17 CELLS IN HLA–B27–TRANSGENIC RATS 115
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Evidence for Uncoupling of Inflammation and Joint
Remodeling in a Mouse Model of Spondylarthritis

Rik J. U. Lories,1 Inge Derese,1 Cosimo De Bari,2 and Frank P. Luyten1

Objective. To study the relationship between in-
flammation and remodeling by inhibiting tumor necro-
sis factor ! (TNF!) in male DBA/1 mice with sponta-
neous arthritis, a model of spondylarthritis (SpA).

Methods. TNF! was inhibited using etanercept, a
soluble TNF receptor. The efficacy of the dose used (25
"g/mouse) was confirmed in methylated bovine serum
albumin (mBSA)–induced monarthritis, a model of
inflammation-driven joint destruction. Male DBA/1
mice with spontaneous arthritis were caged together
from the age of 10 weeks onward and were treated twice
weekly with etanercept. The incidence and clinical se-
verity of disease were recorded. Mice were killed at age
25 weeks, and histomorphologic analysis was per-
formed. The presence of TNF!, NF-#B, and Smad
signaling was studied using immunohistochemistry. En-
theseal endochondral bone formation was modeled us-
ing micromass cultures of periosteal cells.

Results. Etanercept inhibited mouse TNF! in
vitro and in vivo. Etanercept treatment of mBSA-
induced arthritis had a significant effect on the severity
of disease. Etanercept did not affect the incidence or
severity of spontaneous arthritis. Pathologic analysis
revealed no differences between etanercept-treated and
phosphate buffered saline–treated mice. TNF!-positive
cells were observed in the synovium, in vessel-associated

cells, in fibrocartilage, and in new cartilage. Activation
of Smad signaling was observed in earlier stages of
disease than was active NF-#B signaling. TNF! inhib-
ited chondrogenesis in the micromass model.

Conclusion. Inhibition of TNF did not affect the
severity and incidence of joint ankylosis in a mouse
model of SpA. Therefore, the process of entheseal
ankylosis may be independent of TNF. New tissue
formation in SpA could be considered an additional and
specific therapeutic target.

Entheseal cartilage and bone formation, which
progressively leads to ankylosis in the spine and peri-
pheral joints, is characteristic of spondylarthritis (SpA)
(1). SpA represents a group of closely related disorders,
including ankylosing spondylitis (AS), psoriatic arthritis
(PsA), reactive arthritis, arthritis associated with inflam-
matory bowel disease, juvenile SpA, and undifferenti-
ated SpA (2). Restricted range of motion results in loss
of function and significantly contributes to the outcome
in patients with SpA (3). These processes should be
considered as joint remodeling with pathologic tissue
rather than ineffective efforts at repair. New tissue
formation that is ill timed, misplaced, or exaggerated is
therefore a specific therapeutic target in SpA.

The triggers for ankylosis are unknown. New
tissue formation in SpA contrasts with the general
absence of such responses in rheumatoid arthritis. How-
ever, only a few differences in immunopathology have
been demonstrated between SpA and rheumatoid ar-
thritis, and most of these differences do not seem to
explain the distinct phenotypes (4). New cartilage and
bone formation may also occur under noninflammatory
conditions, as seen in patients with diffuse idiopathic
skeletal hyperostosis (5). Progressive ankylosis is corre-
lated with changes in spinal mobility but not with
changes in other clinical parameters (6,7). This suggests
that inflammation and ankylosis may be linked but are
largely independent processes (7) and are probably
controlled by different genetic susceptibility factors.
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Effect of etanercept on the incidence and severity
of spontaneous arthritis in male DBA/1 mice. Male
DBA/1 mice were caged together (5 mice per cage) at
age 10 weeks. From age 12 weeks onward, mice were
treated twice weekly with 25 !g of etanercept or placebo
(by intraperitoneal injection) and were monitored for
clinical signs of spontaneous arthritis. No differences
were observed in the incidence or severity of disease
between etanercept-treated and PBS-treated mice (P !
0.05 by Mann-Whitney U test; n " 20 per group)
(Figures 2A and B). Similarly, histomorphologic analysis
did not reveal any differences between etanercept-
treated and PBS-treated mice (P ! 0.05 by Mann-
Whitney U test; n " 18 per group and n " 14 per group,
respectively) (Figure 2C). No significant differences in
disease progression were found between the 2 groups, as
revealed by microscopic analysis at different stages
(proliferation, chondrogenesis, bone formation, and an-
kylosis) of ankylosing enthesitis (P ! 0.05 by Fisher’s
exact test) (Figure 2D).

Effect of anti-etanercept antibodies on inhibition
of TNF. Etanercept is a foreign antigen for mice. There-
fore, antibodies against the molecule are likely to ap-
pear following repeated administration of the protein.
High antibody titers, in particular IgG1 and to a lesser
extent IgG2, were present in the serum of etanercept-
treated mice as compared with PBS-treated animals
(Figure 3A). However, the presence of antibodies did
not block the effect of etanercept in the NF-"B reporter
assay. There was no significant difference in inhibition
of TNF (1 ng/ml) by etanercept (0.25 !g/ml [#1% of the
dose administrated in vivo]) when serum (50 !l [#5% of
total mouse serum]) from etanercept-treated or PBS-
treated mice was added to the assay (P ! 0.05 by
Mann-Whitney U test; n " 6 mice per group) (Figure 3B).

Presence of TNF! in affected joints in ankylosing
enthesitis. We previously demonstrated up-regulation of
TNF# messenger RNA in joints affected by spontaneous
arthritis in DBA/1 mice as compared with healthy con-
trols and with affected mice that were treated with
noggin, a BMP antagonist (24). In the current study, we
used immunohistochemistry to identify cell populations
that express TNF# in spontaneous arthritis. Positive
cells were present in different zones of affected joints as
compared with unaffected joints (Figure 4A). Positive
cell populations were identified in the setting of mild
synovial hyperplasia, which is sometimes observed in
arthritic joints (Figure 4B). Vessels adjacent to affected
entheses also showed TNF#-positive cells (Figure 4C).
In affected entheseal structures, several fibrocartilage
cells as well as cells undergoing chondrocytic differenti-
ation were TNF# positive (Figure 4D). In contrast,

control staining using either rat IgG (data not shown) or
antibody preincubated with excess ligand did not show
this pattern (Figure 4). These stainings on mouse mate-
rial were further corroborated by TNF immunohisto-
chemistry using entheseal biopsy samples from human
patients with SpA. As shown in the mouse model,

Figure 2. Effect of etanercept on spontaneous arthritis in aging male
DBA/1 mice. A and B, Administration of etanercept (25 !g twice
weekly) did not inhibit the cumulative incidence or clinical severity of
arthritis in mice (n " 20 per group) over time. C, No differences in
pathology severity scores were observed between mice treated with
25 !g of etanercept twice weekly (n " 18 per group) and control mice
(n " 14 per group). Data are shown as box plots. Each box represents
the 25th to 75th percentiles. Lines outside the boxes represent the 10th
and the 90th percentiles. Lines inside the boxes represent the mean.
D, No significant differences in the occurrence of specific features of
ankylosing enthesitis were observed between mice receiving 25 !g of
etanercept twice weekly and control mice.
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TNF-positive cells were found in the fibrocartilage,
among vessel-associated cells, and among infiltrating
inflammatory cells (Figure 4E).

Activation of BMP and NF-!B signaling in dif-
ferent stages of ankylosing enthesitis. We previously
demonstrated that BMP signaling is critical in the early
stages of chondrogenesis in this mouse model, as re-
vealed by activation of the Smad signaling pathway (24).
We studied activation of BMP/Smad and TNF!/NF-"B
signaling in this model, using immunohistochemistry for
phosphorylated Smad1/5/8 and nuclear localization of
p50 NF-"B. As shown in Figure 5, we confirmed activa-
tion of the Smad pathway in progenitor cells that were

starting to differentiate into chondrocytes (24). In con-
trast, active NF-"B signaling, revealed by nuclear local-
ization of p50, was observed in later stages of chon-

Figure 4. Results of immunohistochemical analysis, showing the pres-
ence or absence of tumor necrosis factor ! (TNF!) in aging male
DBA/1 mice with spontaneous arthritis. A, Photomicrographs of
affected and unaffected joints, showing that TNF!-positive cells were
observed only in affected joints. B–D, Higher-magnification views of A,
showing the presence of TNF!-positive cells in the setting of synovitis
(B), in vessels adjacent to affected entheses (C), and in fibrocartilage
and newly formed cartilage (arrows) (D). E, TNF!-positive vessel-
associated cells, infiltrating cells, and fibrocartilage in human enthesi-
tis. Negative control specimens in B, C, and D were stained after
preincubation of the antibody with recombinant TNF!. (Original
magnification ! 50 in A; ! 400 in B–E.)

Figure 3. Immunogenicity of etanercept in mice. A, The presence of
anti-etanercept antibodies in diluted sera obtained from etanercept-
treated mice and wild-type (phosphate buffered saline [PBS]–treated)
mice (n " 2 per group). IgG1 titers were higher than IgG2a titers.
Values are from individual mice and are shown as the mean and SD of
triplicate determinations. B, Results of an NF-"B reporter assay,
showing that antibody-containing sera did not block the effect of
etanercept on tumor necrosis factor signaling (n " 6 mice per group).
Values are the mean and SD. OD " optical density.
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Interleukin-17 is a critical target for the treatment of ankylosing
enthesitis and psoriasis-like dermatitis in mice
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Abstract

Ankylosis is a major pathological manifestation of spondyloarthropathy. The aim of this study
was to evaluate the effects of anti-IL-17 therapy on spontaneous ankylosing enthesitis in mice.
In this study, we used male DBA/1 mice as a spontaneous ankylosis model. Serum IL-17
concentrations were determined using enzyme-linked immunosorbent assay. Male DBA/1 mice
from different litters were mixed and caged together preceding the treatment at 10 weeks (wk)
of age (prophylaxis) or 21 wk of age (intervention). Treatment with anti-IL-17 antibodies or
saline was initiated after caging in groups of mice and administered weekly. The onset of tarsal
ankylosis was assessed by ankle swelling and histopathological examination. Pathological
changes and mRNA expression levels were assessed in joints and ears obtained at the
experimental end-point. We found that circulating IL-17 increased with the onset of ankylosis in
male DBA/1 mice, coinciding with the onset of dermatitis. The symptoms of dermatitis
corresponded to the pathological characteristics of psoriasis: acanthosis with mild hyperkera-
tosis, scaling, epidermal microabscess formation and augmented expression of K16, S100A8
and S100A9. Prophylactic administration of anti-IL-17 antibodies significantly prevented the
development of both ankylosis and dermatitis in male DBA/1 mice caged together. On the
other hand, administration of anti-IL-17 antibodies after disease onset had a lesser but
significant effect on ankylosis progression but did not affect dermatitis progression. In
conclusion, IL-17 is a key mediator in the pathogenic process of tarsal ankylosis and psoriasis-
like dermatitis in male DBA/1 mice caged together. Thus, IL-17 is a potential therapeutic target
in ankylosing enthesitis and psoriasis in humans.
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Introduction

Spondyloarthropathies (SpAs), such as ankylosing spondylitis
(AS) and psoriatic arthritis (PsA), are chronic inflammatory
diseases clinically associated with ankylosis of the vertebral
and peripheral joints. From the histopathological viewpoint,
the ankylosis in SpA primarily occurs in the enthesis tissue of
the joint where the tendon attaches to the bone. Therefore,
SpA is classified as an enthesitis-driven joint disease as
opposed to a synovitis-driven joint disease such as rheumatoid
arthritis (RA) [1,2]. Recently, inhibitory agents of tumor
necrosis factor (TNF) are very effective on the different
clinical symptoms, for example, pain of the axial skeleton,
peripheral arthritis and also dactylitis of SpA patients [3–6].
Moreover, TNF inhibitors have also been reported to
reduce radiographic progression in AS patients with longer
follow-up [7].

Increased levels of serum interleukin-17 (IL-17) concen-
trations [8,9], elevated frequency of circulating Th17 cells
[10,11] or IL-17+IL23R+ gd T cells [12], and infiltration of
CD117+IL-17+ mast cells [13] or CD15+IL-17+ neutrophils
[14] in synovial fluid have been described in patients with AS.
An increase in Th17 cells in the peripheral blood [10] or
synovial fluid [15] of patients with PsA has also been
reported, suggesting an important role for Th17 cells and the
resulting IL-17 production in the pathogenesis of PsA.
Genetic evidence has readily indicated a central role of
human leukocyte antigen (HLA)-B27 in the pathogenesis of
SpA [16,17]. A recent study has provided a new hypothesis
that the unfolded protein response is induced by the misfolded
HLA-B27 heavy-chain on antigen-presenting cells [18] may
lead to the generation of IL-23, which is an essential activator
of Th17 cells [19]. Genome-wide association scans (GWAS)
have identified several genetic susceptibility genes to SpA,
including IL-12B, IL-23A and IL-23R genes, which are
closely related to the Th17 pathway [16,20]. An increasing
body of evidence indicates that IL-17 is involved in the
pathogenesis of SpA. Notably, an anti-IL-17 antibody,
secukinumab (formerly AIN457, Novartis), has been shown
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significantly altered by this treatment (Figure 5B–D). IL-17
expression in the ear and serum IL-17 concentrations
increased in response to anti-IL-17 treatment (Figure 5E
and F).

Discussion and conclusions

Male DBA/1 mice caged together spontaneously develop
ankylosis with pathological and clinical similarities to human

AS [24–26]. An experimental approach using this model has
provided evidence that a TNFa signaling blockade using a
soluble TNF receptor (Etanercept) has little impact on the
incidence, severity and progression of spontaneous arthritis in
male DBA/1 mice [26], indicating that other critical patho-
genic pathways are involved. On the other hand, an increasing
body of evidence suggests the involvement of IL-17 in
the pathogenesis of AS [8,9]. Our present study provides
evidence of a causal contribution of IL-17 to the development
of tarsal ankylosis in DBA/1 mice caged together. This
evidence further verifies the clinical advantage of IL-17
inhibition as a therapy for AS.

Spontaneous arthritis occurred in male DBA/1 mice caged
together in an abor gd T cell-independent manner [25]. This
evidence poses an important question about whether cells
other than T cells produce IL-17. Recent studies have shown
that IL-17 can be produced by innate immune cells, including
mast cells, neutrophils, natural killer cells and lymphoid-
tissue inducer-like cells [13,14,32–34]. In human psoriasis
vulgaris and AS, infiltrating neutrophils express IL-17
[14,32,33]. Neutrophil infiltration was observed in the skin
but not in the tarsal lesions of affected DBA/1 mice even at
the experimental end-point, suggesting a role of skin neutro-
phils in IL-17 production. Persistent acute inflammation in
the skin may be a pathogenic origin of IL-17-dependent organ
damage. Moreover, in human PsA, the early events dependent
on an abnormal innate immunity pathway rather than an
abnormal adaptive immunity pathway [35], which resembles
the arthritis observed in these mice.

The spontaneous arthritis seen in male DBA/1 mice caged
together was previously characterized by pathological features
common to human psoriatic arthritis; however, skin lesions
were not grossly documented in these mice [27]. All DBA/1
mice used in the present study spontaneously and readily
developed dermatitis in the ears, periorbital area and tail base
shortly before the onset of ankle swelling, which is an initial
symptom of ankylosis. These differences as well as the
appearances of ankylosis may be dependent on the differences
between the specific strain of mice or their housing
conditions. The results obtained from both molecular and
histopathological analyses correspond to pathological char-
acteristics of psoriasis: acanthosis with mild hyperkeratosis,
scaling, epidermal microabscess formation and augmented
expression of K16, S100A8 and S100A9 (Figure 2) [28,29].
The relationship of S100A8 and S100A9 with the pathogen-
esis of psoriasis is currently a topic of investigation, because
the genes encoding S100A8 and S100A9 are located in the
psoriasis susceptibility region PSORS4 [36]. Some typ-
ical characteristics of human psoriasis, including papilloma-
tosis, dilation of capillary loops, epidermal lymphocytic
infiltration and parakeratosis were not observed in our
present study. Although histopathological evidence of skin
disease is not a conclusive diagnosis of psoriasis, all
evidence supports the association of psoriasis-like dermatitis
with ankylosing enthesitis in these male DBA/1 mice. This
appears to resemble the ‘‘deep Koebner phenomenon’’
observed in human PsA [37] or the ‘‘Koebner phenomenon’’
observed in psoriasis [38], where environmental factors, such
as physical traumatic injury or local stress, trigger disease
onset.

Figure 3. Prevention of ankylosis onset with administration of anti-IL-17
antibodies. Clinical score (A) and incidence (B) of spontaneous arthritis
of the two groups of mice (n¼ 5 for each group): anti-IL-17 antibody-
treated (closed circles) and saline-treated (open circles) groups. The
antibody was administered weekly at a dose of 200 mg/mouse since
10 wk (subclinical stage) until the experimental end point (28 wk).
Results are presented as a mean ± SEM. *p50.05 by Mann–Whitney
U test. For incidence, p Value was calculated as50.042 by the Kaplan–
Meier method with log-rank test; the difference was considered
significant.

Table 1. Effects of anti-IL-17 treatment on prophylaxis of dermatitis.

Dermatitis scorea

0 1 2 p Valueb

Tail base
Saline 0 1 4 0.016
Anti-IL-17 4 1 0
Face
Saline 0 2 3 0.048
Anti-IL-17 4 1 0

The numbers of mice are shown for dermatitis scores on the top.
aSeverity of dermatitis was scored according to the following grading

convention: 0 (no symptoms), 1 (slight hair loss), 2 (remarkable hair
loss and/or crust formation).

bSw/S by the Fisher exact test.

DOI: 10.3109/08916934.2014.976630 Treating ankylosis and dermatitis through IL-17 inhibition 263

A
ut

oi
m

m
un

ity
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
N

ov
ar

tis
 P

ha
rm

a 
on

 0
8/

11
/1

5
Fo

r p
er

so
na

l u
se

 o
nl

y.

IL-17 is a key mediator in human psoriasis as well as
extracellular pathogen infections [39]. We consistently
showed the preventive effect of blocking IL-17 with anti-
IL-17 antibodies on psoriasis-like dermatitis as well as on
ankylosis in male DBA/1 mice. Taken together, our findings
may suggest that the physical trauma caused by the aggressive
behavior of male DBA/1 mice caged together results in

infection with extracellular pathogens, subsequently resulting
in elevated levels of IL-17 and induction of psoriasis-like
dermatitis and ankylosis. Notably, this experiment also
showed the paradoxical result of significantly increased
transcription and production of IL-17 after the administration
of anti-IL-17 antibodies (Figures 4 and 5). Similar observa-
tions have been reported with respect to other cytokines after

Figure 4. Effect of preventive administration of anti-IL-17 antibodies on pathological phenotypes. Microphotograms of the tarsus (hind paw) (A, B)
and the ear (C, D) obtained from anti-IL-17 antibody-treated (A, C) or saline-treated (B, D) mice (H&E staining). Scale bar, 1 mm. Cub cuboidal bone;
Cal calcaneus; PF plantar fascia. Pathology severity score of spontaneous arthritis of the two groups of mice (E). Results are shown as mean ± SEM.
*p50.05 by Mann–Whitney U test. Quantitative RT-PCR results of K16, S100A8, S100A9 and IL-17 expressions (F–I). Results are shown as
mean ± SEM values. n¼ 5 animals per group. *p50.05; **p50.01 by Student t test. Serum IL-17 concentration measured by ELISA (j). Results are
shown as mean ± SEM values. n¼ 5 animals per group. *p50.05 by Aspin–Welch t test.
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Rodent model data suggest clinical impact of anti-
cytokine strategies

• Enthesitis is the primary disease manifestation in TNFdARE mice (a TNF 
overexpression model) 

• Enthesitis develops in mice deficient in A20, an inhibitor of inflammation, in 
myeloid cells – a TNF independent model

• Anti-IL17 is effective on inflammation and the prevention of structural damage in 
HLA-B27 transgenic rats (abstract data)

• Anti-IL17 is effective in both a preventive and therapeutic strategy in a specific 
model of ankylosing enthesitis

• Anti-IL23 is effective on inflammation and the prevention of structural damage in 
HLA-B27 transgenic rats if administered before disease onset (abstract data)



Biomechanical stress
Lessons from animal models



Lories & McInnes, Nature Med 2012 18(7):1018-9 – commentary on Sherlock et al, Nature Med 2012 18(7)

TNF



Enthesitis-driven arthritis in TNFdAREmice

Jacques et al, Ann Rheum Dis 2013



Proof of principle: paw unloading prevents arthritis

Jacques et al, Ann Rheum Dis 2013



Jacques et al, Ann Rheum Dis 2013



Lories & McInnes, Nature Med 2012 18(7):1018-9 – commentary on Sherlock et al, Nature Med 2012 18(7)

TNF



Inflammation and biomechanical stress in the synovio-
entheseal complex
à DSS model + forced treadmill running
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Imiquimod psoriasis and treadmill running
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• Animal models of spondyloarthritis have many limitations but are very useful to 

address specific questions.

• Growth factor cascades (BMPs – Wnts- Hedgehog) are likely to steer the 

characteristic bone formation processes in ankylosing spondylitis

• The relationship between inflammation and new bone formation is – in my 

view – indirect but sustained suppression of inflammation will inhibit ankylosis

• Animal models suggest that biomechanical factors/stress may trigger 

enthesitis or arthritis, with micro-damage and local cytokine production the 

likely intermediates

• The relationship between extra-articular manifestations and enthesitis needs 

to be further explored

Conclusions








