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Abstract

Objectives: One way to optimize the drug prescription in rheumatoid arthritis (RA)

is to identify predictive biomarkers of drug responsiveness. Here, we investigated

the potential "theranostic" value of proteins of the S100 family by monitoring levels

of both S100A8 and S100A9 in blood samples from RA patients.

Design: For proteomic analysis, peripheral blood mononuclear cells (PBMC) and

serum samples were collected in patients prior to initiation of the methotrexate/

etanercept (MTX/ETA) combination. Firstly, relative mass spectrometry (MS)

quantification focusing on S100A8 and S100A9 proteins was carried out from

PBMCs samples to identify potential biomarkers. The same approach was also

performed from serum samples from responder (R) and non responder (NR)

patients. Finally, to confirm these results, an absolute quantification of S100A8,

S100A9 proteins and calprotectin (heterodimer of S100A8/S100A9) was carried out

on the serum samples using ELISA.

Results: MS analyses revealed that both S100A8 and S100A9 proteins were

significantly accumulated in PBMC from responders. In contrast to PBMC, only the

S100A9 protein was significantly overexpressed in the serum of R patients.

Absolute quantification by ELISA confirmed this result and pointed out a similar

expression level of S100A8 protein and calprotectin in sera from both R and NR
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Citation: Obry A, Lequerré T, Hardouin J, Boyer O,
Fardellone P, et al. (2014) Identification of S100A9
as Biomarker of Responsiveness to the
Methotrexate/Etanercept Combination in
Rheumatoid Arthritis Using a Proteomic
Approach. PLoS ONE 9(12): e115800. doi:10.1371/
journal.pone.0115800

Editor: Mohammad Saleem, Hormel Institute,
University of Minnesota, United States of America

Received: July 4, 2014

Accepted: November 26, 2014

Published: December 29, 2014

Copyright: � 2014 Obry et al. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and repro-
duction in any medium, provided the original author
and source are credited.

Data Availability: The authors confirm that all data
underlying the findings are fully available without
restriction. All relevant data are within the paper.

Funding: This study was supported by the French
Ministry of Health, European Regional
Development Fund (FEDER program 33267) and
the the Interreg IVA PeReNE project (project 4230).
The funders had no role in study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

PLOS ONE | DOI:10.1371/journal.pone.0115800 December 29, 2014 1 / 15

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0115800&domain=pdf
http://creativecommons.org/licenses/by/4.0/


groups. Thus, the S100A9 protein revealed to be predictive of MTX/ETA

responsiveness, contrarily to parameters of inflammation and auto-antibodies

which did not allow significant discrimination.

Conclusion: This is the first report of an overexpression of S100A9 protein in both

PBMCs and serum of patients with subsequent response to the MTX/ETA

combination. This protein thus represents an interesting biomarker candidate of

therapeutic response in RA.

Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune disease that results in

progressive structural damage and disability. The pro-inflammatory cytokine

TNF-a is a key mediator in the RA pathogenesis [1], and is as such, considered as

a major therapeutic target. Indeed, five TNF blocking agents (TBAs) are now

available and used as a second line of therapy after inadequate response to

methotrexate. However, even if these biologic agents have improved RA patient

care [2, 3, 4], 30% of them do not respond to these innovative biotherapies [5].

Noteworthy, this lack of efficacy is associated to side-effects and overcosts.

All biological agents have similar clinical and structural efficacy as well as a

comparable safety profile when administered in combination with MTX. Thus,

the choice of the first biological agent is difficult in practice, and particularly since

almost all of them can be used as first line biotherapy after failure of at least one

non-biological disease modifying anti-rheumatic drugs (DMARDs) including

MTX. Considering all these issues, predicting the patient’s response to a given

treatment has become a very important challenge. Until now, several diagnostic

and prognostic markers have been evaluated as well as a panel of soluble

biomarkers derived from RA pathophysiology [6] and of candidate gene

polymorphisms. However, it remains yet difficult to get valuable markers that

would predict the drug responsiveness ("theranostic" biomarkers).

Even though data from studies having investigated combination of candidate

proteins derived from RA pathophysiology were more encouraging, they were not

validated in independent cohorts of RA patients. Thus, large scale genomic

analyses seem more promising. To our knowledge, no study has investigated the

identification of serum protein biomarkers for prediction of response to

etanercept using an innovative proteomic approach without a priori.

In this context of identification of biomarker candidates, our attention was

focused on the abundance of proteins of the S100 family, namely S100A9

(Calgranulin B or MRP14) and S100A8 (Calgranulin A or MRP8) in peripheral

blood mononuclear cells (PBMC) from RA patients treated with methotrexate/

etanercept (MTX/ETA) combination. These S100 proteins are secreted locally by

activated neutrophils, and have been extensively studied in the context of RA. In

2002, Using a 2-DE approach, Sinz et al. compared the proteome of synovial fluid
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from various rheumatic diseases and identified the S100A9 protein only in RA

patients [7]. Additionally, using a SELDI approach, other groups found the

S100A8 and S100A12 (Calgranulin C, MRP6) proteins as markers able to

differentiate RA from osteoarthritis [8, 9, 10]. Interestingly, S100A8 and S100A9

proteins can assemble into an heterodimer referred to as calprotectin. This

heterodimer was identified as a marker of RA in the synovial fluid and in the

plasma, with plasma concentrations differentiating RA from other rheumatic

disease [11]. The prognostic value of these proteins has been suggested several

times, both in plasma [12] and synovial fluid [13]. More recently, calprotectin was

highlighted as a predictor of disease improvement, suggested by the decrease of

the swollen joint number parallel to that of calprotectin level during the first

weeks of treatment [14]. However, even if abundances of S100 proteins appear to

be influenced by biologic agents, their theranostic value has never been

demonstrated so far.

Material and Method

Study design

In the line of previous investigations performed with transcriptomic approaches

[15], we first decided to make proteomic investigations from PBMC to identify

theranostic biomarkers to the MTX/ETA combination in a first RA population.

This was performed by designing a relative mass spectrometry ‘‘label free’’

quantification [16]. We focused on the expression of S100A9 and S100A8 proteins

in RA patients with active disease treated by MTX/ETA combination to determine

the global expression level of those proteins. Then, we measured the abundances

of S100A8 and S100A9 proteins in sera collected before treatment in a second

independent cohort of RA patients. To achieve this goal, independent quantitative

proteomic approaches were performed, i.e., a label free quantification and an

absolute quantification by conventional ELISA. The workflow of the study is

outlined in Fig. 1.

Patients

Two cohorts of RA patients with active disease (defined by a disease activity score

DAS28 .3.2), who required a biologic agent after failure of at least one non-

biologic DMARD have been studied. In both cohorts, each patient has received

the MTX/ETA combination at stable doses. All patients fulfilled the ACR criteria

[17], were biologic DMARD naı̈ve and received MTX at stable dose since 1 month

and for some of them glucocorticoids at a dose #10 mg per day. The first cohort

(Population 1) that included 6 RA patients was devoted to study the proteome of

PBMCs while the second one (Population 2) that comprised 22 RA patients was

used for quantification of S100 proteins in sera samples.

During the 12 months follow-up period, several clinical and biological

parameters were collected at different time-points (i.e, 6, 12, 24 and 52 weeks) as
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follows: patient’s assessment of pain and disease activity (using 0 to 100 mm

visual analog scale), duration of morning stiffness, number of tender joints,

number of swollen joints, erythrocyte sedimentation rate (ESR), C-reactive

protein (CRP) level, disease activity score 28 (DAS28) and the physical function

scored with the french version of the Health Assessment Questionnaire (HAQ) for

RA. Levels of rheumatoid factors (RF; RapitestHRF, Behring Diagnostics,

Westwood, MA) and anti-cyclic citrullinated peptide antibodies (anti-CCP2;

Euroimmun, GMBH, GroBGrönau, Germany) were also measured at baseline.

Patients were considered RF positive if result of the Latex Fixation Test was

$20 IU/ml and anti-CCP2 positive if titer was $10 AU/ml. The clinical efficacy

of the MTX/ETA association was evaluated at 6 months according to the

European league against rheumatism (EULAR) response criteria [18].

Accordingly, patients were categorized into good, moderate or non-responders

based on the degree of change in the DAS28 and the level of DAS28 reached at 6

months. Good responders (R) were defined as patients who had a decrease in

DAS28 from baseline DDAS28.1.2 and a DAS28 at sixth month ,3.2. Moderate

responders (MR) had either DDAS28.1.2 and a DAS28 at sixth month .3.2 or

DDAS28 from 0.6 to 1.2 and a DAS28 at sixth month ,5.1. Non-responders (NR)

were those who had either DDAS28 ,0.6 or a DAS28 at the sixth month .5.1.

Only R and NR patients were included herein. During the first 6 months of

follow-up, there was no change in the dose of MTX and glucocorticoids.

Sera were collected from patients included in the SATRAPE study (no. 2005/06;

ClinicalTrials.gov identifier: NCT 00234234) and another study (no. 2004/120).

Both studies were approved by the regional ethics committee (CPP Nord Ouest 1,

France) and all participants gave written informed consent at the time of

enrollment.

Fig. 1. Experimental workflow. In the first stage, a label free approach was used to determine candidate
proteins that are differentially expressed in PBMCs between responder (R) and non-responder (NR) RA
patients before initiation of etanercept in the population 1. This approach was used to quantify the relative
abundance of S100 proteins. To independently confirm these results, label free approach by mass
spectrometry and absolute quantification by ELISA were used to quantify S100 proteins in sera samples from
R and NR RA patient before etanercept initiation in the population 2.

doi:10.1371/journal.pone.0115800.g001
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Serum and PBMC samples

Blood samples were taken in the morning between 8 am and 9 am. For the first

set, each sample was immediately transported at 4 C̊ in the laboratory to remove

PBMCs that were isolated from 50 ml blood samples by density gradient

centrifugation over Ficoll Unisep. Proteins were extracted from PBMCs by

sonication on ice in 1 ml of lysis buffer (7 M urea, 2 M Thiourea, 4% CHAPS,

65 mM DTT, 25 mM Tris/Cl and 100 mL of protease inhibitors), followed by

centrifugation at 14,000 rpm for 10 min at 4 C̊. The PBMC samples were stored at

280 C̊ during 3 years until analysis. For the second set, blood samples were

allowed to coagulate and then centrifuged at 2,800 rpm/min for 10 min. The

serum samples were stored at 280 C̊ during 5 years until analysis. The protein

concentrations were determined using the standard Bradford method.

Enzymatic digestion of whole protein extracts

Twenty-five mg of proteins from sera samples were loaded on polyacrylamide gels

and allowed for a short period a migration (1.5 h) in a SDS-PAGE stacking gel

(7%). After staining, the revealed protein bands were excised immersed in

reductive medium (5 mM dithithreitol) and cysteins were irreversibly alkylated in

25 mM iodoacetamide. After washing steps with water, gel bands were submitted

to protein digestion (trypsin from Promega, 0.5 mg per band). Several steps of

peptide extraction were then performed in H2O/CH3CN/TFA mixtures (50/50/1)

and the peptide fractions were combined and evaporated.

Liquid nanochromatography and mass spectrometry

For mass spectrometry analysis, peptides were dissolved in 0.1% formic acid in

water. All experiments were carried out with a linear ion trap-Orbitrap mass

spectrometer (LTQ Orbitrap Elite, Thermo Scientific) equipped with a nano-ESI

source and coupled to a nanoliquid chromatography (Easy-nLC II, Thermo

Scientific). After sample loading onto an enrichment column, the separation was

achieved on a reversed phase C18 column (NikkyoTechnos, Japan) using a linear

gradient of 15% to 55% B over 120 min (mobile phase A: H2O/0.1% FA; mobile

phase B: ACN/0.1% FA). The elution was then directed toward the mass

spectrometer with capillary voltage set at 1.5 kV. The mass spectrometer was

operated in the data-dependent mode to automatically switch between Orbitrap-

MS (from m/z 300 to 2000 with a resolution of 30,000) and LTQ-MS/MS

acquisition. The mass spectrometer selected the 20 most intense ions for

fragmentation.

Raw data were then imported in Progenesis LC-MS software (Nonlinear

Dynamics). For comparison, one sample was set as a reference and the retention

times of all other samples within the experiment were aligned. After alignment

and normalization, statistical analysis was performed for one-way analysis of

variance (ANOVA) calculations. For quantitation, peptide features presenting p-

value ,0.05 and q-value ,0.05 were retained, and MS/MS spectra from selected
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peptides were exported for peptide identification with Mascot (Matrix Science)

used against the SwissProt database restricted to Human. Peptides corresponding

to S100A8 and S100A9 proteins with scores above identity threshold were

considered and re-imported into Progenesis. For these proteins, the total

cumulative abundance of the protein was calculated by summing the abundances

of peptides. ‘‘Label free’’ experiments were performed in duplicate.

ELISA

Serum levels of S100A9, S100A8 and calprotectin were determined at baseline in

sera from responder (R) and non-responder (NR) patients included in the second

cohort, using enzyme-linked immune-sorbent assay (ELISA) according to the

manufacturer’s instructions (USCNK, USA and Bluegene, China, CUSABIO,

China). ELISA experiments were performed in duplicate.

Statistical analyses

The Kolmogorov-Smirnov test was used to evaluate the data distributions.

Accordingly, Mann Whitney non-parametric tests were used to compare median

levels of proteins from label free experiments and ELISA. Mann Whitney non-

parametric tests were also used to compare at baseline the differences of clinical

and demographic data between all responders versus non-responders. To establish

a relationship between dependent variables (ESR, CRP, DAS28, S100A9…)

measured prior to treatment initiation and the degree of response at 6 months,

univariate analyses were performed using the Spearman’s rank correlation. A p-

value ,0.05 was considered statistically significant. These statistical analyses were

carried out using GraphPad Prism 5 (GraphPad Software).

Results

Increased levels of S100A8 and S100A9 proteins in PBMC from

responders

In the context of a global proteomic approach in PBMCs from 6 RA patients

treated by the MTX/ETA combination (Population 1), we focused our attention

on the abundance levels of S100A9 and S100A8 proteins that were identified as

potential theranostic biomarkers among a panel of candidate proteins.

Demographic, clinical and biological data of this small population have been

collected and compared. According to the EULAR criteria, half of them were

classified as R while the 3 other patients were NR after six months of ETA/MTX

treatment. Both subsets comprised 2 women and one man. Due to the small

number of patients included, no statistical analysis was carried out. Prior to

treatment initiation, ESR was slightly higher in R (28.3¡6.0 versus

21.3¡9.6 mm/1sthour), and R were older (69.0¡7.1 versus 53.7¡8.8 years). All

other parameters were fairly similar between both subgroups.

S100A9 Protein Responsiveness Biomarker of RA
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From mass spectrometry intensities measurements, the S100A9 protein was

expressed with a relative abundance of (3.56¡0.20).106 in R samples and

(1.01¡0.28).106 in NR samples. The S100A8 protein was expressed with a relative

abundance of (3.05¡0.36).106 in R samples and (9.51¡2.25).105 in NR samples.

Interestingly, both S100A9 and S100A8 proteins, respectively quantified with 4

and 5 peptides, display a significant over-expression (p-value 50.0022) in R

patients compared with NR (Fig. 2). For these two proteins, data revealed an

abundance threshold able to separate the two populations under study. However,

at this step, with a small number of patients, we do not claim that these proteins

represent biomarkers, but rather they proposed an interesting increased

abundance level in PBMCs isolated from R patients.

Only S100A9 is over-expressed in the serum of responders

A second population of 22 RA patients was recruited to study the serum

expression of S100A8 and S100A9 proteins, prior to MTX/ETA treatment

(Population 2). Demographic, clinical and biological characteristics of the

population are given in Table 1. According to the EULAR criteria, 12 patients

were classified as R and 10 patients as NR after six months of ETA/MTX

treatment. Indeed, the DAS28 score significantly decreased in R patients with a

delta DAS28 of 22.57¡0.18, whereas it remained unmodified in NR patients

with a delta DAS28 of 0.17¡0.17. To ascertain that those groups were unbiased, a

statistical study was performed. Before treatment, four parameters (CRP, DAS28,

ESR and HAQ) were slightly higher in R compared to NR but the differences were

not significant (with p-values .0.05). Only two parameters were higher in NR

(morning stiffness and pain) and the difference between these populations was

again not significant. Concerning the immunological status, 80%/50% of NR

patients and 75%/83% of R patients were RF/anti-CCP2 positive. Finally, the sex

ratio was different in this population but women were more represented in both R

and NR groups.

From mass spectrometry investigations on sera protein extracts, we also

measured the peptide relative abundances corresponding to proteins S100A8 and

S100A9. For the S100A9 protein, 3 unique peptides were consistently and

significantly over-expressed in R patients (data not shown). After normalization

across all samples, the relative abundance of S100A9 at baseline was compared

between R and NR patients using the unpaired T test (Fig. 3A). These results

demonstrated a significant over-expression of S100A9 in the R group (p-value

50.0023). Concerning the S100A8 protein, 3 peptides allowed the protein

identification. However, from statistical analysis, two of them were not differently

expressed between R and NR groups. And with only one remaining peptide, our

quality criteria were not fulfilled to assess a good evaluation of abundance.

S100A9 Protein Responsiveness Biomarker of RA
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Fig. 2. Baseline expression of S100A8 and S100A9 in PBMCs from RA patients according to the response/non-response status to the ETA/MTX
combination in the first population. Relative quantification by mass spectrometry of S100A9 protein (A) and S100A8 protein (B) at baseline in responders
(n53) versus non-responders (n53) to MTX/etanercept (significant difference is noted by asterisk, p,0.05; Mann-Whitney non-parametric test). Both
S100A9 and S100A8 proteins accumulated in R patient (p-value 50.0022). The upper and lower bounds of each box indicate the 25th and 75th percentile
respectively and heavy lines within the box represent the median. Whiskers are drawn to the min and max values.

doi:10.1371/journal.pone.0115800.g002

Table 1. Demographic, clinical and biological data of RA patients at baseline.

Population 2 (serum)

Responders (n512) Non responders (n510) p-value

Mean¡SEM median min_max mean¡SEM median min_max

Age (years) 51.1¡3.8 50.89 22.5_69.5 58.7¡4.4 63.81 26.69_74.85 0.12

Sex (f/m) 04/08 _ 01/09 _ _

Methotrexate (mg/week) 15.0¡ 1.4 15.00 10.0_20.0 13.3¡1.9 15.00 7.50_15.0 0.51

Corticoids (mg/day) 5.6¡1.7 5.00 0_15 3.6¡1.4 2.50 0.0_10.0 0.46

Morning stiffness (min) 47¡16 30.00 0_180 62¡27 30.00 10.0_240 0.62

Pain (0–100 mm VAS) 61.8¡4.8 65.00 40.0_90.0 63.7¡6.0 67.50 40.0_80.0 0.77

ESR (mm/hour) 27.3¡6.2 22.00 3.0_76.0 22.0¡5.2 18.00 11.0_56.0 0.51

CRP (mg/l) 20.6¡7.9 11.00 2.0_71.2 9.5¡5.8 5.50 1.0_44.0 0.072

FR (UI/ml) 137¡52 51.00 0_621 370¡250 81.50 0_2520 0.92

Anti_CCP2 (UA/ml) 84¡32 45.00 0_400 89¡48 7.50 0_400 0.31

HAQ score (0_3) 1.4¡0.3 1.13 1.0_2.0 1.09¡0.16 1.13 0.75_1.38 0.60

DAS28 4.17¡ 0.26 4.23 2.55_5.69 3.41¡0.34 3.58 1.45_4.72 0.12

DAS28 6 month 1.61¡0.16 1.58 0.69_2.48 3.59¡0.32 3.90 1.98_4.64 0.0004

DDAS28 22.57¡0.18 22.65 23.27_21.27 0.17¡0.17 20.052 20.33_1.6 ,0.0001

Values are expressed as mean ¡ SEM, and median with min and max values. This population included patients whose sera were collected. All differences
between responders versus non-responders at baseline were non-significant (p-values .0.05, Mann-Whitney non-parametric test). Only DAS28 at 6 month
and Delta DAS28 showed a significant difference between R and NR patients. CRP. C-reactive protein; DAS28. disease activity score at initiation of
treatment; D DAS28. Difference between 6 months and baseline; ESR. erythrocyte sedimentation rate; HAQ. Health Assessment Questionnaire; VAS. visual
analogue scale (patient’s assessment of pain); RF. rheumatoid factor; anti-CCP2. anti-cycliccitrullinated peptide antibodies.

doi:10.1371/journal.pone.0115800.t001
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Confirmation of S100A9 over-expression using ELISA

To confirm independently these results, an ELISA approach was developed to

achieve absolute quantification for S100A9 and S100A8 proteins but also for

calprotectin from sera samples of patients belonging to the second population.

Calprotectin was also tested because it corresponds to a heterodimeric complex of

S100A8 and S100A9 suggested to be the biologically active form. These results

demonstrate that the abundances of S100A8 and calprotectin were similar in R

and NR patients (respectively p-value 50.751 and p-value 50.315). Using this

orthogonal approach, S100A9 also displayed a significant over-expression in R

patients (p-value 50.023; Fig. 3B and Table 2).

This absolute quantification by ELISA for the S100A9 protein allowed us to

determine a concentration threshold (2.59 ng/ml) associated to a right

Fig. 3. Over-expression of the S100A9 protein in baseline serum from responder patients to the MTX/ETA combination according to 2 different
approaches in the second population. Relative quantification of serum S100A9 protein at baseline in R (n512) versus NR (n510) by mass spectrometry
(A). This result showed an over-expression of S100A9 protein in R patient (p-value 50.0022). Serum ELISA absolute quantification of S100A9 (B), S100A8
(C) and calprotectin (D) at baseline in responders versus non-responders. No significant difference in the expression of S100A8 protein and calprotectin was
observed between R and NR (p-value 50.75 and 0.32, respectively). Only S100A9 showed an over-expression in R patients (p-value 50.023).

doi:10.1371/journal.pone.0115800.g003
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classification in the R and NR subsets, using ROC analysis. This threshold yielded

discrimination between R from NR with a sensitivity of 83.3% and a specificity of

70% (Fig. 4). In addition, it was possible to identify all non-responders patients of

this cohort using a threshold of 6.17 ng/ml.

S100A9 is an independent predictor of MTX/ETA responsiveness

The relationship between the different parameters measured prior to ETA/MTX

initiation and the response at 6 months was also evaluated (Table 3). The results

show that baseline levels of CRP, ESR, RF and anti-CCP2 are not correlated to the

response observed at 6 months. Only the relative abundance of S100A9 showed a

significant correlation with delta DAS28. Moreover, the absolute quantification of

S100A9 showed a correlation with delta DAS28, this link tending to be significant

(p-value 50.056). Thus, the response of RA patients to MTX/ETA was not

influenced by markers of inflammation or autoantibody status but only by the

baseline expression of S100A9 in this second cohort.

Discussion

This study was conducted to identify potential serum protein biomarkers able to

predict the response to the ETA/MTX combination before treatment initiation. In

this respect, we have not studied the expression fluctuations of the different

markers during the first weeks of treatment. Indeed, in clinical practice, the

objective is to avoid initiation of an inappropriate treatment and to introduce the

one likely to be the most effective among all biological agents available in first-line

after non-biological DMARD failure. In the present study, the degree of response

to the ETA/MTX combination in RA patients was shown to be correlated to both

PBMCs and serum levels of S100A9 protein, measured prior to treatment

initiation. Finally, S100A9 protein acts as an independent predictor when

compared to standard biomarkers (CRP, auto-antibodies).

Previously restricted to the simple identification of protein sample, the recent

progresses in mass spectrometry (including resolution and accuracy) allow the

Table 2. Absolute and relative abundance of S100 proteins in serum samples.

Population 2 (serum)

Responders (n512) Non Responders (n510) p-value

S100A9 (Label free) (7.7¡0.8).104 (4.1¡0.6).103 0.0022**

S100A9 (ELISA) 6.5¡1.4 2.7¡0.5 0.029 *

S100A8 (ELISA) 37¡9 47 ¡13 0.75

Calprotectin (ELISA) 510¡130 770¡210 0.32

Relative quantification of serum S100A9 protein at baseline in R versus NR by mass spectrometry measurements and absolute quantification of serum S100
proteins at baseline in responders versus non-responders by ELISA (significant difference is indicated by an asterisk; p-value ,0.05; Mann Whitney non-
parametric test).

doi:10.1371/journal.pone.0115800.t002
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quantification of proteins within complex matrices. The so-called "label free"

approach enables protein relative quantification in several samples based on the

comparison of intensities of peptide ion currents observed during LC separations

[16]. This challenging technology is accurate and robust enough to estimate

protein ratios after adequate statistical processing. Although initiated to draw a

global picture, this work was focused on two proteins of interest, namely S100A8

and S100A9 proteins. These two proteins are constitutively expressed in

neutrophils and monocytes [19] but also in macrophages during acute or chronic

inflammation. They are associated with various infectious or inflammatory

diseases [20–24]. Recently, some studies have shown that biological therapies

modulate the expression of S100 proteins. Indeed, the expression of several genes,

including those coding for S100A12 and S100A8 proteins was lower in PBMCs

after treatment with etanercept or adalimumab [25]. Besides, the level of soluble

calprotectin was shown to decrease and to be associated to ultrasonographic

synovitis scores in RA patients treated by adalimumab [26]. Thus, calprotectin

Fig. 4. Thresholds of serum S100A9 concentration able to identify non-responders patients. Absolute
quantification by ELISA of serum S100A9 protein in responders versus non-responders prior to MTX/ETA
initiation. The calculated thresholds resulting from ROC analyses are also given with the corresponding
sensitivities (Sen) and specificities (Spe). Circles and squares represent individual points for R (n512) and
NR (n510) patients respectively.

doi:10.1371/journal.pone.0115800.g004

Table 3. Relationship between baseline levels of several potential markers measured prior to MTX/ETA initiation and the degree of response over the 6
months follow-up in the second population.

DAS28 6 month p-value D DAS28 p-value

CRP 20.25 0.37 20.25 0.37

ESR 0.25 0.30 20.20 0.41

FR 0.16 0.53 0.16 0.54

Anti-CCP 0.03 0.91 0.16 0.59

S100A9 Label free 20.51 0.016* 20.56 0.006**

S100A9 ELISA 20.41 0.057 20.41 0.056

Correlations were analyzed by using Spearman’s rank correlations. Linear regression analysis was performed between (i) CRP levels, ESR values,
abundances of protein S100A9, RF titers, anti-CCP titers and (ii) DAS28 at 6 month or DDAS28 (significant difference is noted by an asterisk).

doi:10.1371/journal.pone.0115800.t003
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might be of additional value in the assessment of RA patients under biologic

treatment. However, even though levels of S100 proteins appear to be influenced

by TBAs, their theranostic value has never been demonstrated until now. So far,

these proteins have only been identified as diagnostic [9, 10] and prognostic [13]

markers of RA. Furthermore, these proteins are found at high concentrations in

the serum of RA patients. A high correlation is observed between flares and

elevated concentration of these proteins, making the latter interesting inflam-

matory markers, reflecting the disease activity [27].

Here, proteomic investigations were firstly performed with PBMCs because

these cells and several cytokines produced by them have a pivotal role in RA

pathogenesis and are targeted by ETA. Specifically, in the context of RA, PBMCs

constitute an advantageous surrogate tissue as they allow for screening in any

subject, whereas synovium is only accessible through an invasive procedure.

Additionally, proteomic investigations on PBMCs benefit from a reduced

dynamic range of protein concentration compared to serum. The results of this

first part of the study demonstrated a similar over-expression of S100A8 and

S100A9 proteins in the cellular PBMC proteome, where they might appear as a

heterodimeric complex. Thereafter, we investigated the "theranostic" potential of

S100 proteins in sera from R and NR patients to ETA/MTX combination. In

contrast to PBMC investigations, this study only revealed a significant over-

expression of the S100A9 protein in R patients, confirmed by ELISA absolute

quantification. Conversely, ELISA revealed a similar expression of S100A8 and

calprotectin in both R and NR groups.

Thus, in the present study, PBMC S100A8 over-expression associated to MTX/

ETA response was not observed when the protein concentration was measured

from the serum samples. These data suggest that S100A8 may not be as strong

biomarker as S100A9. Furthermore, it should be reminded that the S100 proteins

do not possess any signal peptide that allows them to be secreted by the classical

pathway of the endoplasmic reticulum and the golgi apparatus. In relation to our

observations, different stimuli may promote a significant release of S100A8/A9 as

lipopolysaccharide, granulocyte-macrophage colony-stimulating factor, interleu-

kin-1 beta, whereas other stimuli such as pokeweed mitogen do not induce release

of S100A8[28]. This discordant result between PBMC and sera can be also

alternatively attributed to the small sampling for PBMC analysis.

Even though S100A9 protein has a less significant over-expression in responder

sera than in PBMC, it was possible to determine a concentration threshold able to

identify non-responders with appropriate sensitivity and specificity. Interestingly,

a threshold related to a systematic non-response to the MTX/ETA combination

was highlighted in the cohort. This information is of particular interest for

clinicians since this combination will not be prescribed to patients exhibiting

serum S100A9 concentrations above this cut-off. However, using this threshold,

the sensitivity is reduced to 50%.

In the literature, two reports attempted to identify predictive biomarkers of

response to ETA. However, none of them highlighted a possible interest for S100

proteins [29, 30]. Noteworthy, the work of Fabre et al. showed that elevated serum
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level of monocyte chemo-attractant protein-1 (MCP-1) predicts a good response

to ETA treatment. MCP-1 regulates the migration and infiltration of monocytes,

CD4 memory T lymphocytes and NK cells. Interestingly, S100 proteins were also

related to cell migration via the remodelling of the cytoskeleton [31]. Thus, these

two proteins, namely S100A9 and MCP-1, involved in monocyte migration may

be key actors of the response to the soluble form of the TNF-alpha receptor.

Conclusion

Herein, the potential theranostic value of S100A9 protein was demonstrated both

in PBMCs and serum collected prior to MTX/ETA initiation. This potential

biomarker was identified using an innovative proteomic methodology and was

confirmed using a more traditional but equally robust ELISA approach. Due to

the limited number of patients, this study constitutes a first piece of evidence

requiring to be confirmed with a larger cohort. In this study, S100A9 was the only

marker correlated with the response to treatment since both parameters of

inflammation and autoantibodies did not yield to such a relationship. This

protein might be used to guide physicians in the prescription of first line

biotherapy after MTX failure. Nevertheless, monitoring of a single biomarker is

often not enough robust to predict the response to treatment and it is of major

importance to have access to a combination of biomarkers, such as S100A9

associated with known markers (e.g. MCP-1) or with protein markers to be

discovered by further investigations.
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