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Background. Rheumatoid arthritis is a systemic autoimmune disease characterized by joint erosions, progressive focal bone loss,
and chronic inflammation. Methods. 20 female patients with moderate-to-severe rheumatoid arthritis were treated with anti-TNF-
antibody adalimumab in addition to concomitant antirheumatic therapies. Patients were assessed for overall disease activity using
the DAS28 score, and neopterin, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) concentrations as well as
osteoprotegerin (OPG) and soluble receptor activator of NF-xB ligand (sSRANKL) concentrations were determined before therapy
and at week 12. Neopterin as well as OPG and sSRANKL were determined by commercial ELISAs. Results. Before anti-TNF therapy
patients presented with high disease activity and elevated concentrations of circulating inflammatory markers. OPG concentrations
correlated with neopterin (rs = 0.494, p = 0.027), but not with DAS28. OPG concentrations and disease activity scores declined
during anti-TNF-treatment (both p < 0.02). Patients who achieved remission (n = 7) or showed a good response according to
EULAR criteria (n = 13) presented with initially higher baseline OPG levels, which subsequently decreased significantly during
treatment (p = 0.018 for remission, p = 0.011 for good response). Conclusions. Adalimumab therapy was effective in modifying

disease activity and reducing proinflammatory and bone remodelling cascades.

1. Introduction

Rheumatoid arthritis (RA) is a chronic disease character-
ized by systemic inflammation and progressive periarticu-
lar bone loss leading to joint-related disability. Activated
macrophages, T-and B-lymphocytes, dendritic cells, and
other immunocompetent cells are present in the synovia of
patients with RA [1], and these cells are involved in the
destruction of bone and cartilage as they produce proin-
flammatory cytokines like tumor necrosis factor-a (TNF«),
interleukin-1 (IL-1), interleukin-6 (IL-6), and also interferon-
y (IFN-y) [2-4]. Elevated concentrations of proinflammatory
cytokines have been detected in the joints [2-5] and in
the peripheral blood of patients [6-8]. These cytokines do
not only enhance inflammatory cascades in RA, but also
target and affect bone metabolism. This is achieved by their

influence on the expression of key regulatory proteins such
as osteoprotegerin (OPG), receptor activator of NF-«B ligand
(RANKL), and soluble RANKL (sRANKL) [3, 9]. Binding
of RANK to sRANKL, which is induced by activated T-cells
[10], induces the differentiation of osteoclast precursors to
mature osteoclasts, and this process is strongly enhanced
by the potent osteoclastogenic cytokine TNF [11]. OPG on
the other hand is produced by a variety of cells and tissues,
including osteoblasts and stromal cells. OPG is a natural
decoy receptor for both soluble and cell-bound RANKL and
efficiently inhibits osteoclast differentiation [12]. The inter-
action between OPG, RANKL, and RANK is very complex
and disbalance in this very critical interplay is supposed to be
responsible for skeletal lesions in patients with RA [13-15].
OPG and sRANKL can be detected not only in the
synovial fluid, but also in the sera of RA patients. Higher
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serum levels of these two biomarkers of increased bone
turnover were demonstrated in the sera of patients with
RA in comparison to healthy individuals [9]. Another study
found higher serum OPG levels in RA patients compared to
patients with osteoarthritis [16]. Serum OPG levels were also
associated with the radiological confirmed bone destruction
in patients with RA [17].

Anti-TNF therapy with specific TNF blocking antibodies
such as infliximab, adalimumab, or golimumab is a well-
established treatment for RA [18, 19], as these proteins
interfere with inflammatory cascades and thereby prevent
or slow down joint destruction very efficiently [20]. Fur-
thermore, anti-TNF therapy also appears to influence bone
metabolism in a positive way, as bone resorption seems to be
slowed down [21-23]. An earlier study showed that sSRANKL
concentrations were predictive of the therapeutic response
to anti-TNF therapy in RA patients, while OPG blood levels
were not [24].

In our study, we investigated the relationship between
inflammatory markers and bone resorption markers in RA
patients and how anti-TNF therapy influences inflammation
and bone turnover.

2. Patients and Methods

2.1. Patients. Twenty female patients (median age 58.5 years)
with long-standing rheumatoid arthritis according to the
classification criteria of the American College of Rheuma-
tology 1987 were included. All patients presented with signs
of moderate-to-severe active rheumatoid arthritis and were
treated with standard treatment (mostly combination ther-
apy; methylprednisolone, n = 16; Pred: prednisolone, n = 1;
MTX: methotrexate, n = 11; leflunomide, n = 9; azathio-
prine, n = 3; cyclosporine A, n = 3; hydroxychloroquine, n =
3; SSZ: sulfasalazine, n = 1; NSAIDs: nonsteroidal anti-infla-
mmatory drugs, n = 10 [regular], n = 5 [on demand]; bispho-
sphonates, n = 5; and calcium and vitamin D supplementa-
tion, n = 9).

Patients gave informed consent that parts of their blood
specimens collected during routine venipuncture were used
for additional analyses within this study. When anti-TNF
therapy was indicated patients received the monoclonal
TNF-antibody adalimumab (40 mg subcutaneously every
other week) in addition to their other disease-modifying
antirheumatic drugs.

Patients were reexamined at 12 weeks; their clinical course
was monitored by disease activity score on 28 joints (DAS28).
Apart from standard blood examinations an additional serum
sample was obtained prior to commencing adalimumab
therapy (baseline) and after 12 weeks of therapy. The response
to treatment was classified as remission, if DAS28 values were
<2.6 after 12 weeks of adalimumab.

2.2. Measurements. Serum samples of patients were frozen
at -20°C until analysis. Neopterin concentrations were
determined by ELISA (BRAHMS Diagnostics, Hennigs-
dorf, Germany). Osteoprotegerin and sSRANKL concentra-
tions were measured by commercially available ELISAs
(both from Biomedica, Vienna, Austria). The ratio of
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TABLE 1: Median (and interquartile ranges in brackets) number of
tender and swollen joints and DAS28 score as well as the median
concentrations of investigated lab parameters before and under
adalimumab therapy (n = 20).

After adalimumab

Baseline therapy, week 12 pvalue
DAS28 score 5.7 (5.4-6.3) 3.1(2.4-3.7) <0.001
Tender joints 12 (7-17) 0(0-2) <0.001
Swollen joints 9 (6-11) 1(0-4) <0.001
Neopterin (nM) 76 (5.5-9.4) 82(6.0-13.0)  n.s.
Coreactiveprotein 13162 311)  58(09-163)  0.058
(mg/L)
ESR (mm/h) 31 (17-51) 23 (11-41) ns.
(C;Stl\;)"PrOtegerin 45 (4.0-5.3) 41(33-46)  0.015
SRANKL (pM) 0.89 (0.44-1.08)  0.80 (0.38-1.47) n.s.
sRANKL/OPG 0.7 (0.1-028)  0.9(0.8-0.35)  n.s.

sRANKL/osteoprotegerin (SRANKL/OPG) was calculated to
estimate bone turnover.

2.3. Statistical Analysis. Nonparametric tests were used for
comparisons between subgroups of patients (Mann-Whitney
test) and to assess therapy effects (Wilcoxon test). Spearman
rank correlation analysis was employed to assess correlations;
p values < 0.05 were considered to indicate statistical sig-
nificance. Univariate binary logistic regression analysis was
performed to predict treatment response.

3. Results

Most patients suffered from tender and swollen joints and
accordingly had a moderate-to-high disease activity with a
median disease activity score (DAS28) of 5.7 before adali-
mumab therapy. Median concentrations as well as interquar-
tile ranges of laboratory parameters and bone resorption
markers of patients before and after treatment are shown in
Table 1.

Before therapy, higher ESR concentrations were seen
in patients with higher DAS28 scores and more tender or
swollen joints (rs = 0.540, p = 0.014 for ESR); CRP con-
centrations tended to be associated with DAS28 score (rs =
0.430, p = 0.059 for CRP). Neopterin levels and rheumatoid
factor (RF) concentrations were not associated with disease
activity. ESR levels were correlated with CRP (rs = 0.625, p =
0.003) and neopterin concentrations (rs = 0.449, p = 0.047),
while no correlations were found between these inflamma-
tory markers and RF levels.

OPG levels were correlated with neopterin concentra-
tions (rs = 0.494, p = 0.015), but not with CRP or ESR,
before therapy. There were no differences regarding bone
resorption markers between patients who were under treat-
ment with corticosteroids (n = 17) or between patients with
bisphosphonate therapy (n = 5) or calcium and vitamin D
supplementation (n = 9) in comparison to patients who did
not receive that medication. Age was not correlated with bone
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FIGURE 1: Concentrations of osteoprotegerin decreased significantly under adalimumab therapy (a), while SRANKL levels (b) and the
SRANKL/OPG ratio (c) did not change. Grey columns: baseline concentrations and black columns: concentrations after 12 weeks of
adalimumab treatment. In six patients <50 years (indicated by striped columns) OPG levels at baseline were significantly higher than in
the other patients at baseline and decreased significantly under adalimumab treatment. SRANKL concentrations at baseline tended to be
higher in older patients, and the sRANKL/OPG ratio was significantly higher in older patients. Patients who achieved remission are indicated

by white arrows.

markers; however, in six patients younger than 50 years we
observed significantly higher OPG levels compared to RA
patients >50 years (p = 0.012).

SRANKL concentrations tended to be higher in older
patients (p = 0.069; see also Figure 1), while the SRANKL/
OPG ratio was significantly higher in patients >50 years (p =
0.012).

Treatment with anti-TNF-antibodies was effective in
reducing disease activity. After 12 weeks of treatment the
number of swollen and tender joints was significantly lower
(see also Table 1), and also DAS28 scores were significantly
reduced, respectively (all p < 0.001). OPG concentrations
declined significantly (p = 0.015 for OPG) and CRP tended
to decrease (p = 0.058 for CRP), while neither ESR nor
neopterin changed significantly (Table 1). SRANKL levels
as well as SRANKL/OPG ratios were not altered by TNF-
treatment.

OPG levels decreased significantly in patients younger
than 50 years (p 0.028) and in patients who achieved
remission (n = 6, baseline median OPG: 4.4 pM; OPG after
12 weeks of anti-TNF-treatment 3.85 pM, p = 0.018; see Fig-
ure 1); ESR levels tended to decline in patients with remission
(baseline median ESR: 22 mm/h; follow-up: 14 mm/h; p =
0.051). Neither baseline SRANKL nor sSRANKL/OPG ratios
differed between patients with consecutive remission and
those not achieving remission or a good EULAR response.

In contrast, OPG levels and CRP concentrations decre-
ased significantly in patients with a good EULAR response
(n = 12, p = 0.011 for OPG, p = 0.028 for CRP), while
they did not change in patients with no (n = 1) or only a
modest EULAR response (n = 7); see also Figure 2. None
of the investigated baseline parameters differed significantly
between “responders” and “nonresponders” or was predictive
for consecutive remission.

The association between OPG and neopterin levels was
not detectable anymore after 12 weeks of adalimumab therapy
(see also Figure 3).

4. Discussion

In our study, adalimumab treatment did not only lower the
number of tender and swollen joints, thus changing the
severity of the symptoms, but was also effective in decreasing
inflammation as reflected by significant reduction of CRP
levels along with an influence on bone metabolism as indi-
cated by decreased OPG levels. Herein, we report for the first
time a correlation between baseline OPG levels and neopterin
concentrations which may have practical clinical implica-
tions for easy monitoring of bone metabolism/destruction
in patients with RA. Determination of neopterin is well
established to estimate Thl type immune responses in vivo
[25]. Neopterin is produced by human monocyte-derived



8
p=10.018
(@)
(e}
6 R
s
= R
g
o)
W4
e
o
9]
2 - 1
@) JE
2 (@]
O
0 T T
Baseline 12 weeks
Remission
= No
O Yes

()

Osteoprotegerin (pM)

Disease Markers

8
p=0011
o | o |
6 | T
4] —
2 O o
@]
0 " .
Baseline 12 weeks
EULAR response
= No
= Moderate
O Good

(®)

FIGURE 2: Osteoprotegerin concentrations of patients with rheumatoid arthritis according to their adalimumab treatment response: (a)
compares OPG levels of patients with consecutive remission (n = 7, light grey boxes) to OPG concentrations of patients who did not achieve

remission (n = 13, dark grey boxes); (b) shows that OPG concentrations decrease significantly in patients with a good EULAR response after
12 weeks of adalimumab therapy (n = 13, light grey boxes).
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FIGURE 3: Osteoprotegerin and neopterin concentrations were correlated significantly before therapy with adalimumab (a), but not afterwards
(b). Patients with additional bisphosphonate therapy are indicated by light grey filled squares.
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macrophages and dendritic cells (DC) upon stimulation with
the proinflammatory cytokine IFN-y [25]. Elevated neopterin
concentrations have been described in patients with RA [26,
27]. However, recent studies are controversial regarding the
role of neopterin as an activity marker of RA. Some studies
could not find correlations between disease activity and
neopterin levels [28, 29], while others proposed neopterin
as good marker for disease activity in early RA [30] in
treated RA patients [31] or showed correlations with the stage
of disease [32]. CRP and ESR are measured routinely in
many patients attending hospital almost worldwide whereas
neopterin determination is not available everywhere. An
association between CRP and ESR levels as well as neopterin
concentrations has been shown already earlier in patients
with other diseases such as cardiovascular disease [33] and
malignancies [34, 35] as well as in patients with RA [29].

Increased serum OPG levels were correlated in earlier
studies with other inflammatory markers like CRP, ESR, or
rheumatoid factor [16]. However, to our knowledge this is
the first time that an association between neopterin concen-
trations and OPG has been found. The correlation observed
between serum OPG and neopterin concentrations in our
study might indicate a stimulatory effect of IFN-y on OPG
formation or just reflect the recently proposed “antiosteo-
clastogenic” properties of IFN-y [40]. Already in 1986, a
Japanese group reported that IFN-y inhibits bone resorption
in part by inhibiting osteoclast formation [36]. Takayanagi
and coworkers could show that IFN-y strongly suppresses
osteoclastogenesis by rapid degradation of the RANK adapter
protein, TRAF6 (tumor necrosis factor receptor-associated
factor 6), which results in strong inhibition of the RANKL-
induced activation of the transcription factor NF-kappaB
and c-Jun N-terminal kinases (JNK) [14]. TNF and IL-1
were shown to induce OPG formation in peripheral blood
mononuclear cells and in fibroblast synovial cells earlier
[9, 37], whereas IFN-y inhibited both RANKL and OPG
formation by fibroblast cells [37]. Furthermore TNF was
also shown to induce interleukin-6 and OPG formation
by synoviocytes in vitro [38], and interestingly, this effect
could be increased further with patient plasma dilutions and
inhibited by infliximab. The same study also could demon-
strate that levels of circulating TNF bioactivity predicted
clinical response to TNF inhibition [38], and similarly, also
OPG formation was inhibited more strongly by infliximab in
patients with a good clinical response.

IFN-y and TNF can exert synergistic effects [39] which is
not the case with respect to their effects on sSRANKL (see also
review by Zupan and coworkers [40], Kohara et al. 2011 [41])
or OPG expression [37]. This might also explain why anti-
TNF-antibodies were very effective in improving patients’
symptoms, while no relevant alteration of IFN-y mediated
tryptophan degradation was observed [29], and neopterin
concentrations did not differ before and under adalimumab
treatment in our patients. Anti-TNF-treatment inhibits bone
resorption [42]. Thus, also elevated OPG levels in RA patients
compared to healthy controls drop in response to treatment
with biologicals [9].

In line with earlier studies [9, 24] we could find decreasing
OPG levels under adalimumab treatment. However, sSRANKL

concentrations did not normalize in our patients, while they
dropped significantly in 43 RA patients in the study by
Ziolkowska and coworkers and decreased slightly in 75 RA
patients treated with biologicals [24]. Like Ziolkowska we
could not find a correlation of OPG and sSRANKL levels or the
OPG/sRANKL ratio with disease activity (DAS28), whereas
Gonzélez-Alvaro et al., 2007, reported a mild, but significant
association between RANKL and DAS28 score [24]. The same
group also reported a correlation of OPG levels with patients’
age [24], which could not be demonstrated in our population,
nor in another study [9]. Interestingly, in our study we could
also confirm higher OPG levels in six patients younger than
50 years compared to older patients as demonstrated earlier
by Ziolkowska et al. 2002 [9]. Ziolkowska and coworkers sug-
gested that in older RA patients OPG might reach maximum
levels characteristic for their age and that additional disease-
related factors would exert only minor additive effects. In fact,
this explanation would fit well with our finding that OPG
levels dropped significantly and rather strongly in all younger
patients under adalimumab, while in the older group they
only tended to decrease (see also Figure 1). Unfortunately,
we could not determine OPG and sRANKL levels in healthy
individuals; however, earlier studies could show that aging
goes along with increasing OPG levels [43, 44].

OPG concentrations declined significantly in patients
who achieved remission or a good EULAR response, while
CRP levels declined in patients with consecutive good
EULAR response. ESR levels and neopterin concentrations
did not change. None of the investigated baseline parameters
was predictive for remission or a good EULAR response in
our study, while in another study lower baseline sSRANKL
levels and OPG/sRANKL ratio were proposed to predict
remission under anti-TNF-treatment [24].

Our study is limited by the rather low number of patients
investigated thus far. Still, the associations found are of
interest and especially the correlation observed between OPG
and neopterin levels deserves further investigation. Further
longitudinal clinical studies are needed to better characterize
the relationship between inflammation/immune activation
and bone resorption in patients with RA and especially to
establish which markers might be suited to predict treatment
response or identify patients at risk for relapse. A recent
review by Dénarié and coworkers [45] overviews biomarkers
of bone, cartilage, or synovium turnover and concludes that
although several biomarkers correlate with RA activity, they
are only of limited value to predict relapse. Thus, certainly
more studies are needed to evaluate the suitability of such
biomarkers as well as of other inflammation markers in
remission and possibly find a good prognostic biomarker for
the management of rheumatoid arthritis.

5. Conclusions

Therapy with adalimumab does not only improve disease
activity, but also seems to influence inflammatory and bone
remodelling cascades in patients with long-standing RA.
OPG levels might be useful to predict remission or clinical
response.



Conflict of Interests

The authors declare that they have no competing interests.

Authors’ Contribution

Manfred Herold and Dietmar Fuchs were responsible for
the study design. Manfred Herold treated the patients and
collected their data and blood samples. Werner Klotz and
Dietmar Fuchs measured the investigated laboratory param-
eters. Katharina Kurz performed the statistical analyses and
wrote the paper. Guenter Weiss, Dietmar Fuchs, and Manfred
Herold supervised the study and were involved importantly
in the critical revision of the paper.

Acknowledgment

The authors thank Miss Astrid Haara for her excellent
technical assistance.

References

(1] I. B. McInnes and G. Schett, “The pathogenesis of rheumatoid
arthritis,” The New England Journal of Medicine, vol. 365, no. 23,
pp. 2205-2219, 2011.

[2] C. Christodoulou and E. H. Choy, “Joint inflammation and
cytokine inhibition in rheumatoid arthritis,” Clinical and Exper-
imental Medicine, vol. 6, no. 1, pp. 13-19, 2006.

[3] E. H. S. Choy and G. S. Panayi, “Cytokine pathways and joint
inflamation in rheumatoid arthritis,” The New England Journal
of Medicine, vol. 344, no. 12, pp. 907-916, 2001.

[4] J. D. Canete, S. E. Martinez, J. Farrés et al., “Differential Th1/Th2
cytokine patterns in chronic arthritis: interferon y is highly
expressed in synovium of rheumatoid arthritis compared with
seronegative spondyloarthropathies,” Annals of the Rheumatic
Diseases, vol. 59, no. 4, pp. 263-268, 2000.

[5] M. Feldmann, “The cytokine network in rheumatoid arthritis:
definition of TNF alpha as a therapeutic target,” Journal of the
Royal College of Physicians of London, vol. 30, no. 6, pp. 560-570,
1996.

[6] A. P. Cope, D. Aderka, M. Doherty et al.,, “Increased levels
of soluble tumor necrosis factor receptors in the sera and
synovial fluid of patients with rheumatic diseases,” Arthritis and
Rheumatism, vol. 35, no. 10, pp. 1160-1169, 1992.

[7] P. Barrera, A. M. Boerbooms, E. M. Janssen et al., “Circulating
soluble tumor necrosis factor receptors, interleukin-2 receptors,
tumor necrosis factor «, and interleukin-6 levels in rheumatoid
arthritis,” Arthritis & Rheumatism, vol. 36, no. 8, pp. 1070-1079,
1993.

G. Steiner, A. Studnicka-Benke, G. Witzmann, E. Hofler, and
J. Smolen, “Soluble receptors for tumor necrosis factor and
interleukin-2 in serum and synovial fluid of patients with
rheumatoid arthritis, reactive arthritis and osteoarthritis,” Jour-
nal of Rheumatology, vol. 22, no. 3, pp. 406-412, 1995.

[9] M. Ziolkowska, M. Kurowska, A. Radzikowska et al., “High lev-
els of osteoprotegerin and soluble receptor activator of nuclear
factor xB ligand in serum of rheumatoid arthritis patients
and their normalization after anti-tumor necrosis factor o
treatment,” Arthritis & Rheumatism, vol. 46, no. 7, pp. 1744-1753,
2002.

[8

Disease Markers

[10] M. Rauner, W. Sipos, and P. Pietschmann, “Osteoimmunology,”
International Archives of Allergy and Immunology, vol. 143, no.
1, pp. 31-48, 2007.

[11] B. M. Thomson, G. R. Mundy, and T. J. Chambers, “Tumor
necrosis factors alpha and beta induce osteoblastic cells to stim-
ulate osteoclastic bone resorption,” The Journal of Immunology,
vol. 138, no. 3, pp- 775-779, 1987.

[12] S. R. Goldring and E. M. Gravallese, “Pathogenesis of bone
lesions in rheumatoid arthritis,” Current Rheumatology Reports,
vol. 4, no. 3, pp. 226-231, 2002.

[13] L. C. Hofbauer, A. E. Heufelder, and R. G. Erben, “Osteopro-
tegerin, RANK, and RANK ligand: the good, the bad, and the
ugly in rheumatoid arthritis,” The Journal of Rheumatology, vol.
28, no. 4, pp. 685-687, 2001.

H. Takayanagi, H. lizuka, T. Juji et al., “Involvement of receptor
activator of nuclear factor B ligand/osteoclast differentiation
factor in osteoclastogenesis from synoviocytes in rheumatoid
arthritis,” Arthritis and Rheumatism, vol. 43, no. 2, pp. 259-269,
2000.

[15] M. C. Walsh and Y. Choi, “Biology of the RANKL-RANK-
OPG system in immunity, bone, and beyond,” Frontiers in
Immunology, vol. 5, article 511, 2014.

[16] M. Skoumal, G. Kolarz, G. Haberhauer, W. Woloszczuk, G.
Hawa, and A. Klingler, “Osteoprotegerin and the receptor
activator of NF-kappa B ligand in the serum and synovial
fluid. A comparison of patients with longstanding rheumatoid
arthritis and osteoarthritis,” Rheumatology International, vol.
26, no. 1, pp. 63-69, 2005.

[17] M. Skoumal, G. Kolarz, W. Woloszczuk, G. Hawa, and A.
Klingler, “Serum osteoprotegerin but not receptor activator of
NEF-kappaB ligand correlates with Larsen score in rheumatoid
arthritis,” Annals of the Rheumatic Diseases, vol. 63, no. 2, pp.
216-217, 2004.

[18] C. Monaco, J. Nanchahal, P. Taylor, and M. Feldmann, “Anti-
TNF therapy: past, present and future,” International Immunol-
ogy, vol. 27, no. 1, pp. 55-62, 2015.

[19] J. S. Smolen and D. Aletaha, “Rheumatoid arthritis therapy
reappraisal: strategies, opportunities and challenges,” Nature
Reviews Rheumatology, vol. 11, pp. 276-289, 2015.

[20] M. Vis, E. A. Havaardsholm, G. Haugeberg et al., “Evaluation
of bone mineral density, bone metabolism, osteoprotegerin and
receptor activator of the NF«B ligand serum levels during treat-
ment with infliximab in patients with rheumatoid arthritis,”
Annals of the Rheumatic Diseases, vol. 65, no. 11, pp. 1495-1499,
2006.

[21] H. Marotte, B. Pallot-Prades, L. Grange, P. Gaudin, C. Alexan-
dre, and P. Miossec, “A l-year case-control study in patients
with rheumatoid arthritis indicates prevention of loss of bone
mineral density in both responders and nonresponders to
infliximab,” Arthritis Research and Therapy, vol. 9, no. 3, article
Ré61, 2007.

[22] B. Seriolo, S. Paolino, A. Sulli, V. Ferretti, and M. Cutolo, “Bone
metabolism changes during anti-TNF-«a therapy in patients
with active rheumatoid arthritis,” Annals of the New York
Academy of Sciences, vol. 1069, pp. 420-427, 2006.

[23] U. Lange, J. Teichmann, U. Miiller-Ladner, and J. Strunk,
“Increase in bone mineral density of patients with rheumatoid
arthritis treated with anti-TNF-« antibody: a prospective open-
label pilot study,” Rheumatology, vol. 44, no. 12, pp. 1546-1548,
2005.

(14



Disease Markers

(24]

[25]

[26]

(27]

(29]

[30]

(31]

(32

(33

(34]

(36]

(37]

(38]

I. Gonzalez-Alvaro, A. M. Ortiz, E. G. Tomero et al., “Baseline
serum RANKL levels may serve to predict remission in rheuma-
toid arthritis patients treated with TNF antagonists,” Annals of
the Rheumatic Diseases, vol. 66, no. 12, pp. 1675-1678, 2007.

C. Murr, B. Widner, B. Wirleitner, and D. Fuchs, “Neopterin
as a marker for immune system activation,” Current Drug
Metabolism, vol. 3, no. 2, pp. 175-187, 2002.

G. Reibnegger, D. Egg, D. Fuchs et al., “Urinary neopterin
reflects clinical activity in patients with rheumatoid arthritis,”
Arthritis and Rheumatism, vol. 29, no. 9, pp. 1063-1070, 1986.

P. Hannonen, S. Tikanoja, M. Hakola, T. M6ttonen, L. Viinikka,
and M. Oka, “Urinary neopterin index as a measure of rheuma-
toid activity;,” Scandinavian Journal of Rheumatology, vol. 15, no.
2, pp. 148-152, 1986.

K. Schroecksnadel, S. Kaser, M. Ledochowski et al., “Increased
degradation of tryptophan in blood of patients with rheumatoid
arthritis,” The Journal of Rheumatology, vol. 30, no. 9, pp. 1935-
1939, 2003.

K. Kurz, M. Herold, C. Winkler, W. Klotz, E. Russe, and D.
Fuchs, “Effects of adalimumab therapy on disease activity and
interferon-gamma-mediated biochemical pathways in patients
with rheumatoid arthritis,” Autoimmunity, vol. 44, no. 3, pp.
235-242, 2011.

L. E. Dlagostino, F. Ventimiglia, J. A. Verna et al., “Correla-
tion between DAS-28 and neopterin as a biochemical marker
of immune system activation in early rheumatoid arthritis,”
Autoimmunity, vol. 46, no. 1, pp. 44-49, 2013.

D. Arshadi, B. Nikbin, Y. Shakiba, A. Kiani, A. R. Jamshidi, and
M. T. Boroushaki, “Plasma level of neopterin as a marker of
disease activity in treated rheumatoid arthritis patients: asso-
ciation with gender, disease activity and anti-CCP antibody;’
International Immunopharmacology, vol. 17, no. 3, pp. 763-767,
2013.

K. Schroecksnadel, C. Winkler, C. Duftner, B. Wirleitner, M.
Schirmer, and D. Fuchs, “Tryptophan degradation increases
with stage in patients with rheumatoid arthritis Clinical
Rheumatology, vol. 25, no. 3, pp. 334-337, 2006.

K. Schroecksnadel, T. B. Grammer, B. O. Boehm, W. Mirz, and
D. Fuchs, “Total homocysteine in patients with angiographic
coronary artery disease correlates with inflammation markers,”
Thrombosis and Haemostasis, vol. 103, no. 5, pp. 926-935, 2010.

K. Schroecksnadel, M. Fiegl, K. Prassl, C. Winkler, H. A.
Denz, and D. Fuchs, “Diminished quality of life in patients
with cancer correlates with tryptophan degradation,” Journal of
Cancer Research and Clinical Oncology, vol. 133, no. 7, pp. 477-
485, 2007.

R. Sucher, K. Schroecksnadel, G. Weiss, R. Margreiter, D. Fuchs,
and G. Brandacher, “Neopterin, a prognostic marker in human
malignancies,” Cancer Letters, vol. 287, no. 1, pp. 13-22, 2010.
N. Takahashi, G. R. Mundy, and G. D. Roodman, “Recombinant
human interferon-y inhibits formation of human osteoclast-
like cells,” Journal of Immunology, vol. 137, no. 11, pp. 3544-3549,
1986.

M. Tunyogi-Csapo, K. Kis-Toth, M. Radacs et al., “Cytokine-
controlled RANKL and osteoprotegerin expression by human
and mouse synovial fibroblasts: fibroblast-mediated pathologic
bone resorption,” Arthritis and Rheumatism, vol. 58, no. 8, pp.
2397-2408, 2008.

H. Marotte, W. Maslinski, and P. Miossec, “Circulating tumour
necrosis factor-a bioactivity in rheumatoid arthritis patients
treated with infliximab: link to clinical response;,” Arthritis
Research & Therapy, vol. 7, no. 1, pp. R149-R155, 2005.

(39]

(40]

(41]

(42]

(43]

U. Boehm, T. Klamp, M. Groot, and J. C. Howard, “Cellular
responses to interferon-y,” Annual Review of Immunology, vol.
15, pp. 749-795, 1997.

J. Zupan, M. Jeras, and J. Marc, “Osteoimmunology and the
influence of pro-inflammatory cytokines on osteoclasts,” Bio-
chemia Medica, vol. 23, no. 1, pp. 43-63, 2013.

H. Kohara, H. Kitaura, Y. Fujimura et al., “IFN-gamma directly
inhibits TNF-alpha-induced osteoclastogenesis in vitro and
in vivo and induces apoptosis mediated by Fas/Fas ligand
interactions,” Immunology Letters, vol. 137, no. 1-2, pp. 53-61,
2011.

P. Fardellone, A. Séjourné, J. Paccou, and V. Goéb, “Bone
remodelling markers in rheumatoid arthritis,” Mediators of
Inflammation, vol. 2014, Article ID 484280, 5 pages, 2014.

S. Khosla, H. M. Arrighi, L. J. Melton III et al., “Correlates
of osteoprotegerin levels in women and men,” Osteoporosis
International, vol. 13, no. 5, pp. 394-399, 2002.

S. Kudlacek, B. Schneider, W. Woloszczuk, P. Pietschmann, and
R. Willvonseder, “Serum levels of osteoprotegerin increase with
age in a healthy adult population,” Bone, vol. 32, no. 6, pp. 681-
686, 2003.

D. Dénarié, E. Constant, T. Thomas, and H. Marotte, “Could
biomarkers of bone, cartilage or synovium turnover be used for
relapse prediction in rheumatoid arthritis patients?” Mediators
of Inflammation, vol. 2014, Article ID 537324, 7 pages, 2014.



