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Abstract
Objective
Tryptophan and its metabolites have been suggested to play a role in inflammatory processes. However, studies in
rheumatoid arthritis (RA) are scarce, which prompted us to investigate two cohorts of RA patients to better understand
the importance of tryptophan metabolism in this disease.

Methods
Tryptophan and its metabolites were characterised by ELISA in a cross-sectional cohort 1 (81 RA, 55 OA) and a
longitudinal cohort 2 (25 RA, 3 visits over 6 months) to investigate discriminatory power between diseases and
predicitive value for radiologic outcome, respectively. Radiologic outcome was monitored by RA MRI Score (RAMRIS),
including grading of synovitis, bone oedema and erosion, as well as delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) index assessing cartilage quality of the MCP II joint.

Results
RA patients showed higher levels of serum serotonin (RA: 206.8 ng/ml + 156.7; OA: 81.2 ng/ml +63.6) and estimated
indoleamine (2,3)-dioxygenase (IDO) activity (kynurenine / tryptophan ratio; RA: 0.065+0.067; OA: 0.021+0.010).
IDO activity showed similar, or better discriminatory power between RA and OA (AUC 0.914) than anti-CCP antibody
level (AUC 0.922) and rheumatoid factor (RF, AUC 0.783), respectively. In cohort 2, regression analysis revealed a
predictive value of baseline serotonin levels and IDO activity for changes in RAMRIS score and erosions at month six,
respectively.

Conclusion
This study supports the hypothesis that tryptophan and its metabolites can be used as biomarkers predicting radiologic
outcome and discriminate between RA and OA patients. Overall, our results strengthen the notion that tryptophan
metabolism is closely linked to RA disease mechanisms.
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Introduction

Rheumatoid arthritis (RA) is a chronic
inflammatory disease which is char-
acterised by autoantibody production,
joint destruction and disability (1).
Healthy synovial tissue is comprised
of synovial fibroblasts (SF) and mac-
rophages, whereas lymphocytes mi-
grate to the joint in the course of RA.
Pro-inflammatory cytokines transform
SF into a “tumor-like” phenotype with
the capacity to degrade cartilage and
bone (1, 2). One major goal in caring
for patients with RA is to prevent joint
destruction by immunosuppressive
therapy (1). Easy to determine markers
that allow predicting risk for joint de-
struction are useful for the management
of RA patients since use of more strin-
gent immunosuppressive regimens,
e.g. biologics could be guided by such
biomarkers. Sensitive imaging modali-
ties, like magnetic resonance imaging
(MRI), support evaluation of outcome
and prognostication of disease course
(3). Modern techniques even allow
non-invasive fine assessment of finger
joint cartilage degeneration in RA using
Delayed Gd(DTPA)2-enhanced MRI of
cartilage (dAGEMRIC) (4, 5).

Already twenty years ago, it was re-
ported that synovial fluid of RA pa-
tients shows highest indoleamine
(2,3)-dioxygenase (IDO) activity and
lowest tryptophan (TRP) as compared
to gout, psoriatric arthritis (PsA), or
osteoarthritis (OA) (6). IDO, which
metabolises tryptophan to kynurenine,
was clearly increased in lining layer
of inflamed RA synovial tissue (7). In
serum of treatment naive RA patients
TRP levels were decreased and kynure-
nine (KYN) was increased suggesting
an increased activity of IDO (8). These
changes are persistent even after treat-
ment (8, 9) and associated with dis-
ease stage (10) consistent with a role
of IDO activity in RA pathogenesis.
Inhibiting IDO activity results in ag-
gravated collagen-induced arthritis in
mice (11). It has even been speculated
that one mechanism by which shared
epitope contributes to pathogenesis of
RA involves inhibition of IDO (12, 13).
However, in the K/BxN murine RA
model which is more dependent on B
cell antibody response, IDO inhibition

results in amelioration of disease, pos-
sibly by paradoxically inhibiting B cell
responses as opposed to innate and T
cell responses (14).

TRP is a limiting and essential amino
acid, and deprivation of TRP by IDO is
one anti-inflammatory mechanism, as
observed during pregnancy to achieve
tolerance of the fetus (15) or in a fi-
broblast co-culture system showing
Thl-inhibiting potential (16). Anti-
inflammatory activity of IDO is also
suggested by poor prognosis of several
tumors which upregulate IDO to escape
immune elimination (17). Besides deg-
radation of TRP, anti-inflammation by
IDO might be mediated via its product
KYN which binds to the aryl hydrocar-
bon receptor (AHR) stimulating anti-
inflammatory pathways (18) but also
increasing bone resorption (19). There-
fore, rather than suggesting a mere ben-
eficial role for IDO in autoimmunity,
IDO is more viewed as context-depend-
ent modifier.

TRP levels are not only decreased by
IDO activity, since it also serves as pre-
cursor of serotonin (SER) (20), a step
initiated by tryptophanhydroxylase
(TPH), which generates 5-hydroxytryp-
tophan that gets further metabolised to
SER. SER is linked to mood disorders
linking IDO pathway to depression and
fatigue (21). In models of arthritis, i.a.
SER results in aggravation of synovial
inflammation and a SER antagonist re-
sulted in reduced local inflammation
(22). In RA patients, SER serum levels
are positively associated with erosions
at the temporomandibular joints (23).
A direct link between bone loss and
SER was established in animal mod-
els showing a direct inhibitory func-
tion of SER on osteoblast activity (24),
findings that correspond with reports
showing negative association of bone
mass with SER in postmenopausal RA
patients (25). SER also has a direct
effect on immune cells, which can be
anti- or proinflammatory, depending
on cell type, context, and receptors in-
volved (26).

As presented above, multiple evidence
points towards an involvement of TRP
and its metabolites in several aspects of
RA. Therefore, we investigated the po-
tential of these metabolites to discrimi-
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nate between RA and OA and predict-
ive outcome in RA.

Materials and methods

Patient cohorts

Two cohorts of patients were analysed.
Cross-sectional cohort 1 consisted of
55 patients with long-standing RA ful-
filling ACR/EULAR revised criteria
for RA (27) and 81 patients with long-
standing OA who underwent elective
joint replacement surgery.
Longitudinal cohort 2 comprised 25
patients with RA again classified ac-
cording to the ACR/EULAR revised
criteria for RA. This cohort was ex-
tracted from the arthromark study (28),
where RA patients undergo high-field
(3 Tesla) MRI (Magnetom Trio A Tim
System; Siemens Healthcare, Erlan-
gen, Germany) of the dominant hand,
affected by RA at 0, 3, and 6 months
using a 4-channel flex coil.

The MRI protocol includes a coronal
short tau inversion recovery (STIR)-,
T1-weighted turbo spin echo (TSE)-
, and T1 weighted 3D fast low angle
shot (T1w-3D-FLASH)-sequence for
T1 mapping using a dual flip-angle ap-
proach. dGEMRIC was acquired with
inversion recovery fast spin-echo se-
quences for 15 minutes. The applica-
tion of the variable flip angle (VFA)
method to dGEMRIC lead to shorter

acquisition times and facilitated high
resolution assessment of small joints
(4, 5, 29). This dGEMRIC cartilage
assessment is based on the fact that
negatively charged glycosaminoglycan
(GAG), a main component of hyaline
cartilage, hinders the accumulation of
Gd(DTPA)2-. Therefore, the T1-relax-
ation time of cartilage (dGEMRIC In-
dex, [ms]) is a measure of GAG loss
(30).

RAMRIS score was determined ac-
cording to OMERACT guidelines, in
consensus (one radiologist with at least
six years’ experience in musculoskel-
etal imaging and one rheumatologist
with five years’ experience in muscu-
loskeletal imaging, both blinded to all
relevant patient data) (31).

Patient characteristics are summarised
in Table I.

ELISA to determine

anti-CCP, tryptophan, serotonin

and kynurenine in serum

Serum samples were taken at 0, 3 and
6 months before MRI readings from
initially treatment naive, active pa-
tients as described in (28), or at the
time of elective surgery in a non-active
state, and were stored at -80°C until
further processing. L-tryptophan and
L-kynurenine were detected by IDKs
IDO activity ELISA kit (K7726, Neu-

roimmun GmbH, Karlsruhe, Germany),
serotonin was detected by IDKs sero-
tonin ELISA kit (K6880, Neuroimmun
GmbH, Karlsruhe, Germany). Anti-
CCP antibodies were detected using a
commercially available assay (Anti-
CCP hs (high sensitive)®, Orgentec di-
agnostic, Mainz, Germany). All assays
were conducted according to the manu-
facturer’s protocols.

Statistical analysis

Statistical analysis was performed with
SPSS 24 (IBM, Armonk, USA). The
general level of significance was p<0.05
and two-sided tests were performed. To
minimise statistical error, non-normally
distributed variables (Shapiro-Wilk
test) were logarithmically transformed
before parametric tests as indicated. To
analyse discriminatory value of vari-
ables, ROC analysis was performed.
To investigate the predictive value of
baseline measurements for outcomes
after six month, linear regression mod-
els were fitted.

Ethics approval and consent

to participate

Both studies were approved by the Eth-
ics Committee of the University of Diis-
seldorf cohort 1: no. 2018-88-KFogU;
cohort 2: no. 3828) and in case of co-
hort 2 also by the ethics committee of

Table I. Patient characteristics of cross-sectional cohort 1 and longitudinal cohort 2.

Cross-sectional cohort 1

longitudinal cohort 2

OA range RA range p-value RA range
(MWU)

Number (n) / visit 81 55 25
Female sex (%) 71.6 80 66.3
median age (yr) 72 49 - 88 67 22 -85 0.03 55
median RF (U/ml) 58 02-253 293 1.2-5672 <0.001
cDMARD 0 36

one 0 31 25 (MTX)

two 0 5
bDMARD 15

anti TNF 0 13

anti IL-6R 0 2
Prednisolon (mg/d) 0 5 25-80
median CRP (mg/dl) 03 0.1-3.7
median DAS28 37 14-63
median RAMRIS 25 9-59
median dGEMRIC
median no. of erosions 7 0-26
median dGEMRIC [ms] 360.1 189.5 - 529
Serotonin [ng/ml] 206.8 17 -975
Tryptophan [pmol/1] 555 40-179.5
Kynurenine [pmol/1] 22 0-99
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the Charité Berlin (EA1/193/10). The
studies were conducted in accordance
with the principles of the Declaration
of Helsinki and the International Con-
ference on Harmonisation Guidance
for Good Clinical Practice. All patients
were informed about the purpose of the
study and gave written consent upfront.

Results
RA patients show increased serum
tryptophan / kynurenine ratio
(estimated IDO activity) as compared
to OA patients and association of
tryptophan metabolism with rheuma-
toid factor (RF), but not anti-CCP
Average SER was increased (Fig. 1A,
p<0.001) whereas TRP levels were
markedly decreased (Fig. 1B, p<0.001)
in serum of patients with RA as com-
pared to OA. KYN did show the least,
but also significant difference, with in-
creased serum levels in RA patients (Fig.
1C; p=0.001). As expected, IDO activity,
estimated by TRP / KYN ratio, was also
increased in RA patients as compared to
OA (Fig. 1D).

Further analysis revealed a negative
association between rheumatoid fac-
tor (RF) and TRP (-0.369, p=0.006),
as well as a positive association be-
tween estimated IDO activity (KYN/
TRP; r=0.385, p=0.004) and quantita-
tive RF in RA patients Supplementary
Table S1). In contrast, levels of KYN
(r=-0.439, p=0.001) as well as estimat-
ed IDO activity (r=-0.276, p=0.044)
showed negative association with RF
in linear correlation analysis for OA
patients (Table S1). These results might
indicate a context-dependent involve-
ment of IDO pathways in RF produc-
tion. However, we could not detect any
correlation of tryptophan metabolites
and anti-CCP antibody levels.

To characterise the value of TRP and
its metabolites to distinct between sys-
temic inflammatory conditions, like
RA and non-inflammatory OA, we per-
formed ROC analysis. Estimated IDO
activity (AUC 0.914, SD 0.860-0.969)
showed better test characteristics than
RF (AUC 0.783, SD 0.688-0.878) and
even similar test characteristics to anti-
CCP levels (AUC 0.922, SD 0.860-
0.984) in discriminating RA from OA
(Fig. 2). A cut-off value of 0.0253 for
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Fig. 1. Level of tryptophan and metabolites in serum of rheumatoid arthritis (RA) and osteoarthritis
(OA) patients. Serum levels of serotonin (A), trypophan (B), kynurenine (C), and estimated indoleamine
(2,3)-dioxygenase (IDO) activity (kynurenine / tryptophan ratio) (D), is depicted. Each dot corresponds
to one individual patient. p-values were calculated by Mann-Whitney-U test. ***p<0.0001, **p<0.001.

IDO activity (KYN/TRP ratio) dis-
criminated patients with RA from OA
with a specificity of 79.6% and a sensi-
tivity of 96.3%.

In summary, these results confirm dif-
ferences in RA versus OA regarding
metabolites of the TRP metabolism
with an increase in SER and IDO activ-
ity in RA patients, respectively. In con-
trast to anti-CCP serum levels, which
did not show any correlation to trypto-
phan metabolites, the production of RF
is positively associated with estimated
IDO activity, whereas a negative asso-
ciation was found in OA patients.

Association of RA parameters

with tryptophan metabolism is
modulated by inflammatory status
Since levels of autoantibodies, like RF,
are regarded as prognostic markers and
therefore are directly related to joint
destruction in RA, we further analysed
association and predictive value of
TRP metabolites in a second, radiolog-
ically well characterised patient cohort.
These RA patients were characterised

by CRP, DAS28, different radiologic
scores and values (RAMRIS, dGEM-
RIC index) and number of radiologi-
cally detected erosions (Table I). We
first performed simple correlation
analysis to determine, if linear relation-
ships exist between TRP metabolism
and determined RA parameters.

Correlation analysis revealed that KYN
(r=0.224, p=0.046), number of ero-
sions (r=0.405, p<0.001), and RAM-
RIS (r=0.485, p<0.001) was associated
with age and KYN (r=0.262, p=0.020)
was also associated with sex. After
controlling for age and sex by partial
correlation analysis, no linear associa-
tion of CRP with TRP or its metabolites
was evident. However, only analysing
patients with increased CRP (>0.3 mg/
dl) values revealed a highly significant
association with serum SER levels in
partial correlation analysis (r=0.527,
p=0.006, Fig. 3), whereas RA patients
with normal CRP values (<0.3 mg/dl)
did not show any association with CRP
(r=-0.065, p=0.7). This points to an as-
sociation that is only evident under in-
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Fig. 2. Receiver operator characteristic (ROC) of tryptophan and metabolites to destinct between
rheumatoid arthritis (RA) and osteoarthritis (OA). ROC of serotonin (thin line), kynurenine (thin
dashed line), tryptophan (thin dotted line), estimated indoleamine (2,3)-dioxygenase (IDO) activity
(thick line) are compared to rheumatoid factor (RF, thick dashed line) and anti-CCP antibody levels
(anti-CCP, thick dotted line), respectively. Area under the curve (AUC) as a measure of the character-

istic are given for each metabolite.
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flammatory conditions. For KYN and
TRP such dependency on inflamma-
tion state was not deducible (data not
shown).

DAS28 did show a weak linear rela-
tionship with KYN (r=0.237, p=0.055)
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and estimated IDO activity (r=0.218,
p=0.079) in partial correlation con-
trolled for age, sex and CRP. Relation-
ship to radiological outcomes and pa-
rameters such as RAMRIS, dGEMRIC
index, or the number of erosions could

not be demonstrated in this first analy-
sis (data not shown).

Predictive value of tryptophan
meta-bolism for radiologic outcome

in RA

In clinical practice, the most impor-
tant question would be to determine
outcome from one baseline measure-
ment of TRP metabolites. Therefore,
we investigated a possible predictive
value for TRP metabolites measured at
baseline regarding changes in RA out-
comes at month 6 by linear regression
modelling (Table S1). By backwards
exclusion of predictors, serum SER
level measured at baseline (standard-
ised beta: 0.529, p=0.014) was shown
to be the best sole predictor of percent
change in RAMRIS at month six of
follow-up. Controlling for age and sex
weakened the role of SER in the model
(standardised beta: 0.426, p=0.056) and
the predictive value of this model was
modest (corrected 12=0.245, p=0.074).
However, since analysis above showed
that associations were primarily ob-
served in patients with increased CRP
and in clinical practice this patient
group would experience the highest
risk of radiographic progression (32,
33), we analysed this subgroup of pa-
tients within the same model. This
markedly improved model characteris-
tics (Table II) and best predictive value
for change in RAMRIS at month 6 was
calculated for a model including TRP,
KYN, and SER (corrected r2=0.529,
p=0.01) with SER being the sole sig-
nificant contributor (standardised beta:
0.676, p=0.004) even after controlling
for sex and age (Table II). On the other
hand, serum KYN levels at baseline
were the sole significant factor in a
model (corrected r2=0.228, p=0.048)
predicting increase in erosions at
month 6 (standardised beta: -0.536,
p=0.048), which also remained signifi-
cant after controlling for age and sex
(Table S2). Using estimated IDO activ-
ity as a predictor for developing more
erosions at month six further improved
the model (Table III, standardised beta
-0.609, p=0.021, corrected r2=0.318,
p=0.021). A predictive model could not
be fitted for baseline levels of TRP or
its metabolites regarding changes in

Clinical and Experimental Rheumatology 2019



Table II. Linear regression model predicting change in RAMRIS at month six in RA

patients with increased CRP values.
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Model”  model chracteristics  predictor Std beta T p-value
1 r=0.800 constant 1.747 0.115
12=0.64 serotonin ng/ml 0.636 2.805 0.021
corr. 12=0.44 tryptophan pmol/l 0.32 1.294 0.228
ANOVA p=0.062 kyneurenine pumol/l -0.198 -0.86 0412
age -0.12 -0.486 0.638
sex 0.02 0.084 0.935
2 r=0.800 constant 2.047 0.068
12=0.64 serotonin ng/ml 0.643 3.197 0.01
corr. 12=0.496 tryptophan pumol/I 0.315 1.382 0.197
ANOVA p=0.025 kyneurenine pumol/l -0.204 -0.973 0.354
age -0.119 -0.51 0.621
3 r=0.794 constant 3.159 0.009
12=0.63 serotonin ng/ml 0.676 3.684 0.004
corr. 12=0.529 tryptophan pmol/l 0.373 1.958 0.076
ANOVA p=0.01 kyneurenine pmol/l -0.239 -1.254 0.236
4 r=0.760 constant 2.848 0.015
12=0.577 serotonin ng/ml 0.685 3.651 0.003
corr. r12=0.507 tryptophan pmol/l 0.308 1.641 0.127
ANOVA p=0.006
5 r=0.695 constant 9.32 0
12=0.483 serotonin ng/ml 0.695 3482 0.004

corr. 12=0.443
ANOVA p=0.004

Table III. Linear regression model predicting change in erosions at month six in RA

patients with increased CRP values.

Model”  model chracteristics  predictor Std beta T p-value

1 r=0.779 constant 2.051 0.07
r2=0.607 serotonin 0.476 2.052 0.07
corr. 12=0.432 IDO activity -0.831 -3.184 0.011
ANOVA p=0.056 age 0.449 1.685 0.126

sex -0.186 -0.801 0.444

2 r=0.761 constant 1.952 0.079
r2=0.579 serotonin 0412 1.926 0.083
corr. 12=0.452 IDO activity -0.768 -3.143 0.01
ANOVA p=0.029 age 0.393 1.557 0.151

3 r=0.690 constant 4.406 0.001
12=0.477 serotonin 0.329 1.495 0.163
corr. 12=0.382 IDO activity -0.566 -2.573 0.026
ANOVA p=0.028

4 r=0.609 constant 5.946 0
r2=0.370 IDO activity -0.609 -2.657 0.021
corr. 12=0.318
ANOVA p=0.021

DAS28 or dGEMRIC index at month 6  Discussion

(data not shown).

In conclusion, for patients with in-
creased CRP at baseline, a negative
association of baseline KYN serum
levels with increase in erosions after
six month and a positive association
of baseline SER serum levels with in-
creases in RAMRIS at month six were
detected.

Clinical and Experimental Rheumatology 2019

This study contributes to a better un-
derstanding of TRP and its metabolites
in RA and OA patients. Basically, we
found parameters of the TRP metabo-
lism altered in RA as compared to OA,
confirming already known differences
described in the literature (8, 10, 34).
However, to our knowledge, this is the
first analysis to show a discriminatory

power of IDO activity between OA and
RA patients, which was even better, or
similar than the established markers RF
and anti-CCP, respectively. In addition,
we could show that IDO is directly re-
lated to serum level of RF, pointing to
a possible role of TRP metabolism in
autoantibody production. This assump-
tion is supported by reports showing a
direct influence of TRP metabolites on
B cell function, concluding that IDO2
activity is directly linked to autoan-
tibody production in animal models
of arthritis, and therefore proposing
IDO?2 as therapeutic target (14, 35, 36).
Therefore, our report is the first to sup-
port such a mechanism in human RA,
at least for RF, since we could not show
such an association with anti-CCP anti-
body levels, possibly pointing to a dif-
ferent role of IDO in generation of RF
versus anti-CCP antibodies. However,
by creating mice deficient in IDO2, a
specific defect in autoantibody produc-
tion with decreased pathology in model
of arthritis was demonstrated (36). In-
terestingly, this role for IDO2 seemed
to be specific for pathologic autoanti-
body responses and was not observed
in physiologic antibody responses (35,
36). In our study, we also provide sup-
port for this hypothesis in humans,
since in patients suffering from OA,
a non-systemic inflammatory arthritis,
the production of RF was negatively
associated with IDO activity, contrast-
ing the result in RA patients and point-
ing to a different role of IDO activity
depending on inflammatory state.

A similar dual role, depending on in-
flammatory state, was established for
SER, since we observed an association
of SER with CRP only in patients with
increased CRP values, but not in non-
inflamed patients. Therefore, in con-
trast to KYN and TRP, SER behaved
like an acute phase reactant. SER has
been shown to act proinflammatory via
HT2A receptors in animal models of
adjuvant induced arthritis in rats (37),
however its effect on bone metabolism
(38) and TNF mediated inflammation
of arterial blood vessels (39) might be
protective.

The measured total SER level depends
more on release from thrombocytes
than IDO or TPH activity and throm-
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bocyte numbers are associated with in-
flammatory activity (40). Furthermore,
platelets have been shown to contain
less and release more SER under in-
flammatory conditions, like RA (41).
However, serum SER is a predictor
of radiological outcome measured by
RAMRIS in RA patients. RAMRIS is
a MRI scoring system semiquantita-
tively assessing severity of synovitis,
bone marrow oedema and erosions in
hand and wrist joints, and was espe-
cially developed for evaluation of in-
flammatory and destructive changes in
RA hands and wrists (31). It has been
evaluated in many studies, including
treatment-response trials, and a recent
meta-analysis confirms validity for as-
sessing extent of inflammatory changes
and destruction in RA (42). Further-
more, subscores of the RAMRIS are
directly linked to histopathological cor-
relates, e.g. findings on MRI are linked
to cartilage damage and reflect histo-
logical synovitis (29, 43). The predic-
tive value of RAMRIS for RA outcome
measured by DAS28 has been recently
reported, and it has been suggested that
RAMRIS might be a valuable param-
eter to predict treatment response (28).
Therefore, prediction of RAMRIS by
SER reflects the importance of SER as
marker of inflammation, specifically
for RA. In light of these findings it is
not surprising that inhibitors of SER re-
ceptors were already successfully used
systemically and intra-articularly in pa-
tients with RA (44).

It is unclear why cartilage integrity,
measured by dGEMRIC is not associat-
ed with TRP or its metabolites in the pre-
dictive regression model. We expected
that SER shows some association with
dGEMRIC, since it reflects inflamma-
tion which itself is positively associated
with production of metalloproteinases
that are main contributors to cartilage
degradation (45). However, dGEMRIC
does not change considerable over time
in our study within six month, although
inflammation measured by CRP and
DAS28 was decreased in our cohort
over time (data not shown). Therefore,
it is possible, that study period was too
short to reflect changes in dGEMRIC
due to changes in inflammation. Sup-
porting this hypothesis is a study show-
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ing that during anti-TNF therapy, even
a good response to therapy measured
by clinical and laboratory parameters,
did not halt further knee joint cartilage
GAG loss as measured by dGEMRIC
(46). Therefore, AGEMRIC seems not
to reflect short term changes in inflam-
mation and this might be the reason
why it is not associated with serotonin
in our study.

Interestingly, erosions itself are better
predicted by a negative association with
KYN or IDO activity, respectively, than
SER serum baseline levels, suggest-
ing that KYN might be particularly in-
volved in bone pathology. Positive asso-
ciation of serum KYN with osteocalcin
(OCN), a marker of bone resorption, is
known (47). It is also known, that TRP
metabolism and KYN, respectively, are
positively linked to bone mineral den-
sity (48). In vitro experiments show that
inhibiting IDO1, and therefore decreas-
ing KYN, decreases osteoblastogenesis
and increases osteoclast activity, lead-
ing to osteopenia (19). This could be a
direct, mechanistic explanation for the
negative association of KYN with ero-
sions and points out the importance of
IDO activity in RA bone pathology.
SER on the other hand showed no pre-
dictive value for erosions in particular.
In contrast to IDO activity and KYN,
in vitro experiments using murine 0s-
teoclast- and osteoblast-differentiation
assays clearly demonstrated a protective
role for SER via HT2A receptors, act-
ing via increasing osteoprotegerin and
decreasing RANKL (38). In addition,
protective HT2A receptors are down-
regulated in RA tissue (49). Therefore, it
might well be that increased SER levels
in RA patients, despite a possible sys-
temic proinflammatory role, are a coun-
termeasure against bone loss and not a
cause of the latter. However, this needs
to be determined in future mechanistic
studies.

Conclusion

In summary, our study provides evi-
dence for a role of SER serum level as
prognostic marker of radiologic out-
come in RA measured by composite
RAMRIS, whereas IDO activity and
KYN baseline levels predict develop-
ing erosions. Therefore, it is not sur-

prising that IDO activity is an even
better marker than RF, and equivalent
to anti-CCP in discriminating between
OA and RA patients. One important as-
pect is to take the inflammatory state
of the patient into consideration while
interpreting results concerning TRP
metabolites. This might not only be rel-
evant in RA, but also for other inflam-
matory diseases and could help solving
some of the controversies regarding a
pro- or anti-inflammatory role of TRP
and its metabolites (50).

Key message

RA and OA patients can be discrimi-
nated by IDO activity better than RF,
serotonin acts as marker of inflamma-
tion in RA and serotonin, as well as
IDO activity have prognostic value for
radiologic outcome.
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