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Because genetic and environmental factors both contribute to rheumatoid arthritis (RA), metabolomics could be a very
useful tool to elucidate the pathophysiology of RA, and to predict response to treatment. This study was carried out to

disease activity, the more amino acid metabolic processes were affected.
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Rheumatoid arthritis (RA), affecting
nearly 1% of the populations, is a chronic autoimmune joint disease character-

predicting response to treatment (7-9).
es may help to uncover an unknown
pathogenesis of RA through an un-

synovial lining and synovial hyperplasia
with heterogeneous course and different
pathogenic mechanisms, which can reduce quality of life and increase morbidity and mortality (1, 2).

proximity to articular tissues primarily
altered during joint pathology. The extent of the metabolic changes and the

as a biological lubricant as well as a
biochemical pool through which nutrients and regulatory cytokines traverse.
Because of the anatomic relationship
of the tissue in the joint, events such
degradation within the synovium and
cellular and chemical composition of
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tory arthritis (3). In clinical practice,
adjunct to conventional investigations
and is routinely advised in most cases
of arthritis. Evaluation of synovial
biomarker of diagnostic and prognostic
utility but will also enable us to have a
better understanding about the progression of RA (4).
Metabolomics, an omic science in systems biology, encompasses the compreincluding the study of metabolic path-
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activity of rheumatoid joints, which
would provide an important new tool
tabolomic studies on rheumatoid syno-

biochemical molecules, within living
systems (5, 6). This holds huge potenof various pathologies. Alterations in
biological pathways could provide insight into the mechanisms that underlie
various physiological and pathological
conditions (6). Because RA is thought
to be multifactorial, with genetic factors and environmental factors playing
important roles, metabolomics could
be a very useful tool to elucidate the
pathophysiology of RA. Metabolomics
in RA would be helpful in providing
new insights into the pathogenesis of
the disease, discriminating between

-

aim of the present study was to investigate RA disease activity-related meta-

MS.

collection
All patient samples were drawn from
the rheumatology clinic at the Samsung
Medical Center and Kangbuk Samsung
tients with gout were not included. The
patients with RA met all recruitment criteria for RA (10) or ACR-EULAR clas-

Medical records were reviewed for age,
erythrocyte sedimentation rate (ESR,
matoid factor, and anti-cyclic citrullinatnation of different laboratory measures.
In this study, the disease activity was

monitoring the disease activity and
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Score-Erythrocyte Sedimentation Rate
without patient’s global assessment

derivatised by methoximation and si-

heights of their unique ion intensity.
To process missing values, the lowest
background intensity was subtracted

methoxyamine hydrochloride (Sigmaand tender joint count, which was calculated using the formula described in
previous report (13). The disease activi-

30°C for 90 min for the methoxymation.
Second, the samples were then incubatN-methyl-N-trimethyl-

score <3.2, low disease activity; 3.2
-

Joint effusions from patients were aspirated from knee as clinically indicated
samples were transferred to the laboratory for cell count analysis and exam-

at 14,000g for 10 min at 4°C immedisupernatants were aliquoted into Epfore performed the experiments. The
experimental protocols used in this
study were approved by the Samsung
Medical Center (#2011-07-054-004),
and Kangbuk Samsung Hospital instiand written informed consent was obtained from each patient included in
this study. This study was in compli-

and C30 fatty acids (Sigma-Aldrich)
was added to the derivatised metabolite
samples as retention index markers.
gies, Santa Clara, CA) coupled with a
seph, MI) was used. An aliquot of 0.5

normalised by the median of the sum of
correlation analysis, STATISTICA (v.
multivariate analysis of the partial least

an additional 10 m guard column. The
initial oven temperature was set at 50°C
for 1 min, ramped to 330°C at a rate of

curve analysis were all performed us-

Mass spectra were recorded in a mass

the ion source and the transfer line of

Metabolite samples were prepared from

respectively. The ionisation of metabolites was performed by electron impact
at 70 eV.

pernatant was collected. The supernatant

-

without external interference, daily
quality control was performed (17).
Two blank method samples and four
calibration curve samples consisting of
31 pure reference compounds including
various amino acids, organic acids, and
sugars were derivatised by the same
procedures. To avoid batch effects,
samples were randomly ordered and
then analysed all at once.
-

into GC in splitless mode. The injected
metabolites were separated on an RTX5Sil MS column (30 m length, 0.25

Metabolite extraction from

at -20°C, and the mixture was vortexed
for 3 min at room temperature. The extract was centrifuged at 16,100 x g for 5
tant was then concentrated to complete
dryness in a vacuum concentrator (Lab-

in its retention time region of ± 5 s using the MZmine software (15).

Umea, Sweden). The metabolite set
enrichment analysis (MSEA) was performed using the Web-based Metabo-

MultiExperiment Viewer (19).

The baseline characteristics and labo-

further processed using BinBase (15).
ring their mass spectra and retention
in-house libraries (15-17). Compared
to the peaks of the authentic standards,
the peaks with mass spectral similarity
above 700 were regarded as authentic
metabolites. Relative quantities of iden-

time of arthrocentesis are presented in
egorised into moderately active (n=35)
and highly active (n=13) groups, as asgraphics including age and medications
except prednisolone used between RA
patients with moderate disease activity and those with high disease activity. Acute phase reactants such as ESR

MS, dried metabolite samples were
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disease activity group compared to
moderate disease activity group.

Baseline characteristics of patients with RA.
p-value

3

classes based on MeSH Tree, consistMedications
MTX user

25 (71.4)

6 (46.2)

0.173

SSZ user

4 (11.4)

2 (15.4)

0.656

acids (14.4%), amines (11.2%), and
phosphates (5.6%), and miscellaneous

to disease activity
-

capture the distinctive metabolic phenotypes and to maximise the discrimination between patients with moderate
disease activity and those with high
disease activity by means of all the 125
score plot showed that the cluster of
RA patients with high disease activity
is well separated from those with mod-

the brief overview of contribution of
by which metabolites responsible for
discrimination in the score plots of
and Suppl. Table S2). The variation valR2Y, and 0.444 of Q2, respectively, indicating the high explanation and prediciterations for 2 components were performed. All points of permuted R2 values were located on the lower side than
the original point, and the regression
line of Q2 with value of -0.166 had a
sults strongly indicated the reasonable

The score plot (A), loading plot (B), and permutation tests (C
tabolites. Rheumatoid arthritis (RA) patients with moderate (n=35) and high disease activity (n=13)
were used. In the permutation tests with 100 iterations (C), the Y-axis intercepts of R2 and Q2 are 0.624
and -0.166, respectively, indicating that the original model is valid.
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We found 12 metabolites that were sig-
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to disease severity
To investigate whether metabolism is
affected by disease activity in RA, we
performed MSEA using the 12 metabowith RA disease activity. As shown in
ways that were altered, corresponding
to disease activity. We found that the
higher the disease activity, the more
amino acid metabolic processes were
affected.

of RA according to the disease activity
patients with rheumatoid arthritis (RA).
p<0.05).

Table S4). Twelve metabolites were
Metabolite set enrichment analysis
tabolites, asparagine and citrate, that are
commonly correlated with the increase
maining 10 metabolites show the correESR(3) value. In addition, to create a
discrimination model for RA patients
according to disease activity, we per-

with high disease activity from those
with moderate disease activity (Suppl.

ease severity. Each bar represents one type of metabolism. The length of the bar represents the degree

able for the discrimination of severity of

intensities of adipate, fucose, glycocyamine, indole-3-lactate, isothreonate,
phenylalanine, and tryptophan showed
-

We compared metabolic differences
between RA patients and gout patients.
ings of the patients with gout at the time
of arthrocentesis are presented in Sup-

-

intensities of 12 metabolites (adipate,
asparagine. citrate, cyano- -alanine,
fucose, glycocyamine, indole-3-lactate,
isothreonate, oxoproline, phenylalanine, tryptophan, and -alanine). The
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other hand, asparagine, citrate, cyano-alanine, oxoproline, and -alanine
samples obtained from gout arthritis,
which is the most common form of
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arthritis (RA).
p<0.05).

tion according to RA disease activity
is not associated with that according to

To optimise treatment options for RA,
it is important to accurately assess the
disease activity in RA. Many measurement tools have been developed for this
to predict disease activity using memetabolomics could detect metabolic
alterations according to disease activ-

sequently evaluating the drug response
in the future.
cal and pathological states. Any pathophysiological mechanism caused by a
disease in a biological system will inevitably lead to related changes in the

disease activity, suggesting that it may
be useful for monitoring the response of

have been many recent metabolomic
studies for evaluating clinical diagnosis
and therapeutic response in RA (7, 20,
21).
trate of plasma across the synovial
membrane enriched with various com-

metabolites responsible for discriminating RA with high disease activity group
and moderate disease activity group
were selected: amino acids (asparagine,
-alanine,
phenylalanine, and tryptophan), organic acids (citrate, adipate, isothrenoate,
and indole-3-lactate), amines (glycocyamine), and sugar and sugar alco-

formation about the pathology of the
be thought that the metabolomics of

from that of RA patients with moderate

a meaningful study suggesting that met-

state. In this study, metabolomic investigations are shown to be distinctive
erately active group and highly active
group in RA. This observation indicates

RA may provide additional information
for monitoring disease activity and sub-

MS spectra. In previous study, treat-

12 metabolites responsible for the discrimination of disease activity of RA,
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reversed to that of the normal control
group (22). Taken together, optimal
treatment in the highly active group
may be changed into the metabolic pro-

Metabolomic approach in patients with
various rheumatic diseases may provide
a better understanding of the disease-

identify candidate metabolic biomark-

showed that the metabolic perturbation

suggested to serve as useful candidates
for monitoring disease activity in RA.
Their validity should have tested with
large numbers in a multicentre setting.
ated with RA pathophysiology. Activat-

and biomolecules to support growth,
proliferation and the production of proacids play a critical role not only in
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protein synthesis but also in regulation
and energy metabolism. It is assumed

RA disease activity. Taken together, the
-

veloped for RA, many rheumatologists

ously, the observed metabolic perturbations between RA patients and healthy
controls were alanine, aspartate and
glutamate metabolism and arginine and
proline metabolism, pentose phosphate
pathway, and fatty acid metabolism
(24). It was reported that the alteration
of tryptophan metabolism could be a
surrogate for poor immunologic tolertion in the serum (25, 26). The plasma
levels of 20 amine metabolites were

increases under high disease activity,
so that the hypoxia can be expected to
worsen. The distinctive Warburg effect
in this study may be explained due to
hypoxic condition in RA joints during
high disease activity period.

However, patient global assessment is
not available in all patients due to the
limitation of this retrospective study.
enced by subjective patient’s mood. It

ferent that of osteoarthritis (33, 34).
ease activity would call into question

difference in disease activity measure-

ESR(4).
We found the metabolic alterations in
-

or increased WBC count. As shown in
in collagen-induced arthritis model,
which suggest that a disordered amine
response is linked to RA-associated
muscle wasting and energy expenditure

metabolic biomarkers that may well
RA disease activity was different from

mainly amino acid metabolisms pro-

bolic changes according to disease activity in RA. As shown in Supplemen-

were clearly affected to provide the

with the ten metabolites achieved the

molecules required under chronic in-

increased the discrimination performance for RA patients according to
disease activity. We will expand the
number of samples and analyse samples using a different data set to validate the applicability and stability of
the distinctive model in future studies.

to be amino acid metabolism.
RA synovium and synovial cavity was
known to be hypoxic condition as a
consequence of the increased cellular
matory response. Hypoxia has been
implicated in the pathogenesis of RA
leads to the stabilisation and increased
vasiveness and progression of neovas-

genes that support the Warburg effect
(23). It refers to the observation that
cancer cells tend to favour metabolism
via aerobic glycolysis rauther than the
rylation pathway (32). Also, increased
proliferation and rapid activation of imresult in a metabolic switch in favour of
glycolysis over oxidative phosphorylation. In the MSEA, we found the Warburg effect has a biologically meaningful metabolic pathway in the context of
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is suggested that synovial metabolite
perturbations, especially perturbation
in amino acid metabolism, are corre-

be a potential alternative for monitoring disease activity and, subsequently,
tabolomic approach would provide
complementary information to current
measurement tools for the disease ac-

the absence of negative control. The
lack of group with low disease activity or remission may limit our ability to determine distinctive metabolic
perturbation according to the disease
activity. Most RA patients requiring
arthrocentesis have moderate to high
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