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ORIGINAL ARTICLE

Anti-tumor necrosis factor alpha treatment does not influence serum
levels of the markers associated with radiographic progression in
ankylosing spondylitis

Ali Erhan Ozdemirel'@®, Serdar Can Giiven*®, Alper Doganci*®, Ziihre Sar1 Siirmeli‘®,
Ayla Ozyuvali®®, Mehmet Kurt®®, Diana Riistemova’(®, Selin Hassan®(,
Ayse Peyman Yalgin Sayin®@®, Hiiseyin Tutkak'*®, Sebnem Ataman’

'Department of Rheumatology, Liv Hospital, Ankara, Tiirkiye
’Department of Rheumatology, Ankara City Hospital, Ankara, Tiirkiye
*Department of Physical and Rehabilitation Medicine, Erzurum Regional Training and Research Hospital, Erzurum, Tiirkiye
‘Department of Rheumatology, Aydin State Hospital, Aydin, Tiirkiye
*Department of Physical and Rehabilitation Medicine, HFM Beyazpinar Physical Medicine And Rehabilitation Centre, Ankara, Tiirkiye
SDepartment of Physical and Rehabilitation Medicine, Dr. Ergun Ozdemir Gérele State Hospital, Giresun, Tiirkiye
’Department of Physical and Rehabilitation Medicine, Can Private Hospital, Manisa, Tiirkiye
8Department of Physical and Rehabilitation Medicine, Baskent University Medical School, Ankara, Tiirkiye
’Department of Rheumatology, Ankara University Medical School, Ankara, Tiirkiye
Department of Immunology and Allergy, Ankara University Medical School, Ankara, Tiirkiye

ABSTRACT

Objectives: The study aimed to determine the levels of change of the markers related to radiographic progression, such as Dickkopf-1 (DKK-1),
sclerostin (SOST), bone morphogenetic protein (BMP)-2 and -4, and interleukin (IL)-17 and -23, in ankylosing spondyloarthritis (AS) during anti-tumor
necrosis factor alpha (TNF-0) treatment.

Patients and methods: Fifty-three anti-TNF-o naive AS patients (34 males, 19 females; median: 38 years; range, 20 to 52 years) refractory to
conventional treatments meeting the modified New York criteria or Assessment of SpondyloArthritis International Society classification criteria
were enrolled to this cross-sectional, controlled study between October 2015 and January 2017. Fifty healthy volunteers (35 males, 15 females;
median: 36 years; range, 18 to 55 years) with similar age and sex characteristics were recruited. Serum DKK-1, BMP-2, BMP-4, SOST, IL-17, and IL-23
levels were measured in both groups. The serum levels of the markers were measured again after about two years (mean follow-up duration
of 21.7£6.4 months) in AS patients who started anti-TNF-o treatment. Demographic, clinical characteristics, and laboratory parameters were
recorded. The disease activity at the time of inclusion was assessed through the Bath Ankylosing Spondylitis Disease Activity Index.

Results: Serum DKK-1, SOST, IL-17, and IL-23 levels in the AS group before anti-TNF-co. treatment were significantly higher compared to the control
group (p<0.01 for DKK-1, p<0.001 for others). There was no difference regarding serum BMP-4 levels, whereas BMP-2 levels were significantly higher
in the control group (p<0.01). Forty (75.47%) AS patients had serum marker levels measured after anti-TNF-co. treatment. No significant change was
observed in the serum levels of these 40 patients measured 21.7+6.4 months after the initiation of anti-TNF-o. treatment (p>0.05 for all).
Conclusion: In AS patients, there was no change in DKK-1/SOST, BMP, and IL-17/23 cascade with anti-TNF-o treatment. This finding may suggest that
these pathways act independently of each other, and their local effects are not influenced by systemic inflammation.
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Ankylosing spondylitis (AS) is a chronic
inflammatory disease affecting primarily sacroiliac
joints, the spine, other joints, and entheses.
Bone erosions, new bone formations, and
ankylosis may occur due to chronic inflammation.!
Syndesmophytes, which result from abnormal
bone formation, have been stated to play a key
role in radiographic damage and progression
in AS patients. Syndesmophytes contribute to
AS-related symptoms and findings and quicken
deterioration in functional status.?

Syndesmophytes are assumed to develop
secondary to the reparative process, which
develops in response to inflammation and involves
cartilage metaplasia.® Anti-tumor necrosis factor
alpha (TNF-o) agents are effective in the treatment
of AS; however, despite the rapid suppression
of inflammation, the absence of a clear effect
on the deceleration of radiographic progression
in the short term (<2 years) aroused different
hypotheses.?> Consequently, the importance of
local pathogenetic factors (e.g., altered gene
expression and biomechanical factors) has been
revealed. It is still unclear how the new bone
formation that develops after inflammation gains
autonomy and how it is triggered.?

It is extremely important to halt or delay
ankylosis and control the regulation of new bone
formation at the molecular level in AS. Wnt
proteins are known to be potent inducers of new
bone formation.* Natural inhibitors of Wnt, such
as Dickkopf-1 (DKK-1) and sclerostin (SOST),
neutralize Wnt activation and prevent new bone
formation.# In a study, the blockage of DKK-1 led
to the activation of the Wnt signaling pathway,
resulting in large-scale growth in peripheral
osteophytes and fusion in sacroiliac joints.® In
the literature, there are studies indicating that
DKK-1 and SOST levels are lower in AS patients
in comparison to control subjects.®’

Bone morphogenetic proteins (BMPs)
are members of the TGF-f (transforming
growth factor-f) family, which play a critical
role in osteoblast differentiation by binding to
mesenchymal cell surface receptors.* A study
reported that autoantibodies that developed
against noggin, a BMP inhibitor, were at higher
levels in AS patients; thus, BMP function was
enhanced, and new bone formation was induced.®
Chen et al.® observed that AS patients with high

levels of BMP-2, -4, and -7 were more prone to
radiographic progression.

The interleukin (IL)-17/23 axis plays a
significant role in the pathogenesis of AS, and
increased levels have been demonstrated.!?
It is known that the inhibition of these
cytokines effectively suppresses inflammation
in AS patients. It has been stated that IL-23 is
overexpressed in the entheses of AS patients
and induces IL-17 and -22 production.*
IL-22 has been reported to induce osteoblast
differentiation and new bone formation through
STAT (signal transducer and activator of
transcription) 3 in entheses.!! Additionally, in
vitro studies have revealed that IL-23 and -17
induce osteoclastogenesis through receptor
activator of nuclear factor kappa B (RANK)
expression.!? Therefore, the IL 17/23 axis
seems to have pleiotropic effects on bone
formation in AS patients.

In this study, we aimed to research whether
both non-inflammatory (Wnt, BMP) and
inflammatory (IL 17/23 axis) pathways, which
are effective on bone formation in AS patients,
are influenced by anti-TNF-o treatment, and
to our best knowledge, this is the first study to
concurrently investigate the effect of anti-TNF-a
treatment on these three pathways.

PATIENTS AND METHODS

A cross-sectional study was conducted on
AS patients who consecutively attended to the
rheumatology outpatient clinic of the Ankara
University Medical School, Department of
Physical and Rehabilitation Medicine, Division
of Rheumatology between October 2015 and
January 2017. A total of 53 anti-TNF-a naive AS
patients (34 males, 19 females; median: 38 years;
range, 20 to 52 years) with active disease (Bath
Ankylosing Spondylitis Disease Activity Index
[BASDAI] score of >4) who were refractory
to  conventional treatment (nonsteroidal
anti-inflammatory drugs [NSAIDs] or sulfasalazine)
and accepted to use anti-TNF-o treatment
were enrolled. Patients who did not meet the
modified New York criteria or the Assessment of
SpondyloArthritis International Society (ASAS)
classification criteria, who had previously received
a TNF-o. inhibitor or other anticytokine therapy,
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used any immunosuppressive agents other than
NSAIDs, sulfasalazine, or steroids (excluding local
use) within the last three months, had a history of
bone fracture within the last two years, received
medical treatment for osteoporosis, were pregnant,
had malignancy, acute infection, secondary
amyloidosis, severe hepatic, renal, or cardiac
disease, and any concomitant other rheumatic
disease were excluded.'**® A control group was
formed from 50 healthy volunteers (35 males,
15 females; median: 36 years; range, 18 to 55
years) with similar age and sex characteristics.
After the inititation of the anti-TNF-o treatment,
their previous medical treatments were
discontinued, reduced, or continued during the
treatment process according to the clinical course.
The demographics, clinical characteristics, and
BASDAI scores were recorded.

All laboratory assays were carried out in
the same biochemical laboratory. Erythrocyte
sedimentation rates (ESRs) and C-reactive protein
(CRP) values were recorded. To evaluate DKK-1,
SOST, IL-17, IL-23, BMP-2, and BMP-4 levels,
venous blood samples were obtained after a
minimum of 8 h of fasting. Samples for these
biomarkers were collected in sterile containers
and centrifuged within a maximum of 120 min at
4000 rpm for 10 min and then stored at —-80°C
until examination. The serum concentrations of
these markers were assessed using commercial
enzyme-linked immunosorbent assay (ELISA)
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kits following the manufacturer's instructions
(AvisceraBioscience, Santa Clara, CA, USA for
SOST; Boster Biological Technology, Fremont,
CA, USA for IL-17, DKK-1, BMP-2, and BMP-4;
eBioscience, Vienna, Austria for IL-23). The
sensitivity of the DKK-1, SOST, BMP-2 and -4, and
IL-7 and -23 kits was <15.6 pg/mL, 0.39 pg/mL,
<2 pg/mL, and <1 pg/mL, respectively.

Statistical analysis

Statistical analyses were conducted using the
IBM SPSS version 21.0 software (IBM Corp.
Armonk, NY, USA). The variables were
examined by visual (histograms and probability
plots) and analytical (Kolmogorov-Smirnov test)
methods to determine normal or nonnormal
distributions. Continous variables were
presented either by means + standard deviations
or medians (min-max) according to normality.
The Mann-Whitney U test was performed for
group comparisons. Categorical variables were
presented by number and percentages and
compared by the chi-square test. A p value
<0.05 was considered statistically significant in
all analyses.

RESULTS

The mean disease duration was 7.2+6.0
years. Median CRP and ESR values were 7.8

Table 1. Demographic and clinical characteristics of AS patients and healthy controls
AS patients (n=53) Healthy controls (n=50)
n % Mean+SD  Median Min-Max n % Mean+SD Median Min-Max P

Age (year) 38 20-52 36 18-55  0.077
Sex

Male 34 64.15 35 70 0.201

Female 19 35.85 15 30
Disease duration (year) 7.2+6.0
CRP (mg/L) 7.8 1-61.5
ESR (mm/h) 11.5 1-51
BASDAI (range 0-10) 5.3+3.1
Using NSAIDs 48  90.56
Using sulfasalazine 12 2264
Using NSAIDs and sulfasalazine 11 20.75
AS: Ankylosing spondylitis; SD: Standard deviation; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; BASDAI: Bath Ankylosing Spondylitis
Disease Activity Index; NSAIDs: Non-steroidal antiinflammatory drugs.
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Table 2. Baseline biomarker levels in AS patients and healthy controls

AS patients (n=53)

Healthy controls (n=50)

Median Min-Max Median Min-Max 2]
Dickkopf-1 (pg/mL) 5402.2 1666-23201.1 4362.7 928.3-94944 <0.01
Sclerostin (pg/mL) 145.3 33.2-1454.3 79.0 15-690.8 <0.001
Bone morphogenetic protein 2 (pg/mL) 51.5 2-1556.4 204.0 2-1326.7 <0.001
Bone morphogenetic protein 4 (pg/mL) 541.4 4-7203.7 501.6 3-2924.4 0.585
Interleukin 17 (pg/mL) 613.6 1-2324.0 288.2 35.711764.0  <0.001
Interleukin 23 (pg/mL) 54.7 12-401.9 149 4-102.7 <0.001

AS: Ankylosing spondpylitis.

Table 3. Biomarker levels before and after treatment in AS patients who received anti-TNF-o. treatment

AS patients who received anti TNF-o, (n=40)
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Baseline After treatment
(21.7 months average)
Median Min-Max Median Min-Max P
Dickkopf-1 (pg/mL) 52784  1432-23201.1 5050.7 1354-211344 >0.05
Sclerostin (pg/mL) 141.6 39.2-1278.3 130.4 21-960.5 >0.05
Bone morphogenetic protein 2 (pg/mL) 59.5 2-1003.4 52.7 2-1244.6 >0.05
Bone morphogenetic protein 4 (pg/mL) 534.6 4-7764.2 578.0 4-8128.7 >0.05
Interleukin 17 (pg/mL) 567.6 1-2543.5 288.2 1-2202.6 >0.05
Interleukin 23 (pg/mL) 6 4-401.9 4 0-267 >0.05

TNF-o: Tumor necrosis factor alpha; AS: Ankylosing spondylitis.

(1-61.5) mg/L and 11.5 (1-51) mm/h, respectively.
Most of the patients were under NSAIDs prior to
anti-TNF-a treatment (n=48, 90.56%). The mean
BASDAI score was 5.3+3.1. Demographics of AS
patients and control subjects, as well as clinical

characteristics of AS patients, are presented in
Table 1.

Serum DKK-1, SOST, IL-17, and IL-23 levels
before anti-TNF-o treatment in the AS group were
significantly higher compared to the control group
(p<0.01 for DKK-1, p<0.001 for others). There
was no difference regarding serum BMP-4 levels,
whereas BMP-2 levels were significantly higher in
the control group (p<0.01, Table 2).

Of 53 AS patients, 40 had serum samples
collected again after a mean of 21.7£6.4 months
after anti-TNF-o treatment was initiated. The
treatment of six out of the remaining 13 patients

was changed due to ineffectiveness. The treatment
of two patients was discontinued due to side effects
(pneumonia in one patient, deep neutropenia in
another patient), and five patients were lost to
follow-up at the last visit. When all parameters
(DKK-1, SOST, BMP-2, BMP-4, IL-17, and IL-23)
were compared before and after anti-TNF-a
treatment for 40 patients, no statistical difference
was observed (p>0.05, Table 3).

DISCUSSION

The DKK-1, SOST, IL-17, and IL-23 levels
of the AS patients were significantly higher
compared to the control group, whereas BMP-2
levels were significantly lower and BMP-4 levels
were similar to those of the control group in our
study. The levels of these parameters did not
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seem to be affected significantly by anti-TNF-o
treatment.

In AS, inflammation in the vertebral entheses
leads to erosions in the cartilage and bone
followed by fibrous and adipose tissue infiltration
and finally ossification, resulting in abnormal
bone formation (syndesmophytes).'® However, the
relationship between these intertwined processes
comprises very complex pathogenetic processes
and has not been fully clarified. Focal fatty change
at vertebral corners is one of the most significant
markers for the development of syndesmophytes.
Several studies revealed that there was no
significant difference in radiographic progression
after the use of anti-TNF-a in AS patients for
two years, but starting treatment in the early
period of the disease and receiving anti-TNF-o
treatment for more than four years were observed
to ameliorate radiographic progression.®* This
can be explained by activation of osteoclasts
by TNF-o together with IL-17. Right afterward,
the differentiation of TNF-o. preadipocytes into
adipocytes is accelerated, forming a basis for
the development of syndesmophytes. However,
the rapid administration of anti-TNF-o treatment
may halt this transformation and prevent the
development of fat infiltration after inflammation.3
Furthermore, Descampsetal.!” reported that SOST
and BMP-7 levels increased in time in accordance
with disease activity in axial spondyloarthritis, yet,
the increase was less pronounced with anti-TNF-o
treatment. Briefly, the earlier and more effectively
the inflammation is suppressed at the vertebral
corner, the more the radiographic progression is
suppressed.

The Wnt pathway and natural inhibitors of
this pathway, DKK-1 and SOST, have been
investigated extensively in terms of syndesmophyte
development in AS. Syndesmophyte formation
has been shown to be higher in AS patients
who have lower levels of DKK-1 and SOST.®
Despite contradictory reports on serum levels of
DKK-1, a meta-analysis stated that DKK-1 levels
were generally higher in AS patients compared
to the control group, as in our study.’® On the
other hand, it has also been reported that high
DKK-1 levels are associated with increased AS
risk and progression.!® However, a reduction in
the development of syndesmophytes would be
expected in AS patients in this case, which is
explained by the concept of functional DKK-1.
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Accordingly, total serum DKK-1 and functional
DKK-1 levels are not correlated, and functional
DKK-1 levels are lower in AS patients.!*2° Another
study reported that LRP (low-density lipoprotein
receptor-associated protein) 5/6 binding of
DKK-1 was reduced, resulting in the accelerated
development of syndesmophytes due to the
decrease in Wnt inhibition, and this decrease in
binding was not influenced by the serum DKK-1
level.?! All these findings indicate the importance
of local factors in AS. In our study, the non-
measurement of the functional level can be
considered a limitation.

The changes in the radiographic progression
related markers after anti-TNF-o treatment have
also been investigated. Kwon et al.® reported
no changes in serum DKK-1 levels after anti-
TNF-a treatment in established AS. In another
study, serum DKK-1 (not functional DKK-1) and
radiographic progression (in the long term) were
shown to decrease after anti-TNF-o treatment in
patients with early AS.?22 Consequently, in this
study, the DKK-1 level did not change in the long
term, even though it was somehow affected by
inflammation in the early period; however, its
function at the local level was not investigated.
This situation is noteworthy in terms of showing
the importance of early and effective treatment
and indicating a distinction between inflammatory
and noninflammatory pathways in the long term.
In our study, the patients' mean disease duration
was 7.2+6.0 years, and the change in DKK-1
could not be examined in terms of disease
duration in patients in the early period.

Our results demonstrated higher serum SOST
levels in AS patients than those of the control
group and were not affected by anti-TNF-o
treatment. Theoretically, a high level of SOST
is against radiographic progression, but the
importance of local factors is visible in SOST, as
in DKK-1. It has been reported that there is almost
no SOST expression in AS patients' periarticular
bones, and this can even be a condition specific
to AS patients, which will reduce Wnt inhibition,
resulting in the development of syndesmophytes.??
In a study investigating whether the SOST level
was affected by anti-TNF-o in AS patients,
in which patients who received and did not
receive anti-TNF-o therapy were cross-sectionally
evaluated, the SOST level did not differ, similar
to our results.” In a study investigating whether
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the SOST level was affected by anti-TNF-o in
AS patients, in which patients who received
and did not receive anti-TNF-o. were evaluated
cross-sectionally, the SOST level did not differ,
similar to our results.” In another study, SOST
levels were observed to be low in AS patients,
unlike in our study, and it was asserted that this
might be associated with persistent inflammation
and poor response to anti-TNF-o. treatment.?*
However, since the mean disease durations of the
patients included in this study are not known, it
did not seem possible to make a direct comparison
with our study, considering the possible changes
in these biomarkers with disease duration.

Bone morphogenetic proteins pathway
is another important pathway contributing to
radiographic progression in AS. In a mouse
model, BMP-2, -6, and -7 were shown to be
immunohistochemically  overexpressed in
entheses.?’ In a study by Bleil et al.,2° BMP-2 and -7
were contrarily shown to be at low levels in facet
biopsies of AS patients. In a study conducted
by Chen et al.,” serum BMP-2, -4, and -7 levels
were increased and associated with radiographic
progression. In our study, serum BMP-4 levels
were similar to those of the control group, but
BMP-2 levels were lower in the AS group. In
another study on AS patients, fibroblasts cultured
with BMP-2 exhibited more osteoblastic effects
than osteoarthritis.?? Thus, in pathogenetic
understanding, the low serum BMP-2 level may
not mean a reduced local osteoinductive effect in
our study, contrary to overall findings. Another
study demonstrated that inflammatory cytokines
had an inducing effect on BMP-2 and -6 in the
early period of the disease, which might indicate
the beginning of the bone formation process
that started after inflammation.?® In our study,
the absence of any change in BMP-2 and -4
levels before and after anti-TNF-o, treatment can
be explained, as in DKK-1, by the fact that our
patients were not in the early disease period. In
another study, increased levels of BMP-2 and -6
were observed in the synovium of AS patients.?’
In the same study, however, increased levels of
the same BMPs were found in the synovium of
patients with rheumatoid arthritis characterized
by erosion in the joints, which was an interesting
finding.?° All these contradictory results indicate
the importance of local factors, disease duration
(early or late period), and local functionality of the

markers that may contribute to progression rather
than their serum levels and that these disease
pathogenesis-based pathways may have a dual
local effect.

Similar to the literature, serum IL-17 and -23
levels were found to be higher than the control
group in our study.#303! The IL-17/23 axis has
dual effects on radiographic progression in AS.
Generally, IL-17 stimulates osteoclastogenesis,
whereas 1L-23 induces osteoblastogenesis through
IL-22 .39 However, IL-23 indirectly contributes to
osteoclastogenesis by inducing IL-17 and both
IL-23 and -17 can contribute to osteoblastogenesis
by elevating prostaglandin E2 (PGEZ2).3032 It was
also reported that IL-17 activity downregulates
DKK-1, which can potentially induce new bone
formation.?® The IL-23/17 axis seems to have
quite pleiotropic effects on bone formation, and
it is not clear yet which aspects outweigh at
which stages. As in our study, it has previously
been reported that this axis is not affected by
anti-TNF-o treatment.1°

Although a relatively homogeneous group
in terms of treatment was tried to be formed
before the initiation of anti-TNF-o treatment,
anti-TNF-o treatment cannot be said to be fully
effective on the markers we have checked since
the use of NSAIDs has an effect on PGE2,
PGEZ2 exhibits a synergistic effect with BMP-2,
and the IL-23 axis affects PGE2. The small
sample size is a major limitation, and due to
the low number of patients, the local effects of
the markers seem to be more important than
their serum levels. Furthermore, we could not
perform subgroup analyses regarding the effects
of different anti-TNF-a. agents. Our study also
lacks a group including conventionally treated
AS patients. Another limitation is that the effect
of the markers on radiographic progression
(with radiographic scoring) was not investigated
according to a certain cut-off value (low vs. high),
even at the serum level. Lastly, we think that the
study could have provided more solid data if it
had included patients in the early disease period.

In conclusion, new structural bone formation
is the most important cause of functional
limitation in AS. There are many inflammatory
and noninflammatory pathways that contribute
to this formation, and the relationship of
these pathways with each other is extremely
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complicated. Both the data in the literature
and the results of our study indicate that
these pathways are probably independent of
each other, despite having a relative relation,
particularly in the early disease period.
Although the transition to the osteoproliferative
process following inflammation in the entheses
is difficult to clarify, particularly due to the
prominence of local factors, early and effective
treatment may be a prominent option to stop
this process.
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