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Serum Interleukin 6 Before and After Therapy with
Tocilizumab Is a Principal Biomarker in Patients with
Rheumatoid Arthritis
Keiko Shimamoto, Tomoki Ito, Yoshio Ozaki, Hideki Amuro, Akihiro Tanaka, 
Tohru Nishizawa, Yonsu Son, Muneo Inaba, and Shosaku Nomura 

ABSTRACT. Objective. Biologic treatments including the humanized anti-interleukin 6 (anti-IL-6) receptor
antibody tocilizumab (TCZ) provide therapeutic options for patients with rheumatoid arthritis (RA).
We investigated useful biomarkers to predict the responsiveness to TCZ by measurement of serum
proinflammatory cytokine concentrations.
Methods. Serum samples were collected from 61 patients with RA before biologic treatment and at
4 weeks after initial administration of either TCZ (n = 32) or infliximab (IFX; n = 29) and from 13
healthy serum donor controls. Disease Activity Score of 28 joints (DAS28) was determined at
baseline and after treatment.
Results. Although IL-1β, IL-2, IL-6, IL-17A, IL-17F, interferon-α, and tumor necrosis factor-α
(TNF-α) were all increased in sera from patients with RA compared with controls, only the IL-6
level was significantly correlated with DAS28 before treatment. The IL-6 level before treatment was
positively correlated with DAS28 after TCZ treatment, and was significantly lower in
TCZ-responsive patients (as judged by a post-treatment DAS28 < 3.2) than in TCZ-resistant patients
(post-treatment DAS28 ≥ 3.2). DAS28 after TCZ was significantly lower than after administration
of IFX in patients with low pretreatment IL-6 (< 51.5 pg/ml, the mean baseline value of IL-6 in all
RA patients), but not in those with high pretreatment IL-6. These results indicate that low serum IL-6
is associated with a favorable response to TCZ.
Conclusion. Although both TNF-α and IL-6 are major targets of therapeutic intervention in RA,
baseline serum IL-6 but not baseline TNF-α level is a potential biomarker reflecting disease activity.
Measurement of serum IL-6 in RA before treatment may be useful to estimate residual disease
activity after TCZ treatment and to predict responsiveness to TCZ treatment. (First Release May 1
2013; J Rheumatol 2013;40:1074–81; doi:10.3899/jrheum.121389) 
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Rheumatoid arthritis (RA) is a chronic autoimmune disorder
characterized by inflammation of synovial membranes and
destruction of cartilage and bone. Biologic treatments,
including several types of tumor necrosis factor-α (TNF-α)
inhibitor, interleukin 6 (IL-6) receptor inhibitor, and a

synthetic analog of cytotoxic T lymphocyte antigen-4
(CTLA4), have provided therapeutic options for patients
with RA. However, responsiveness to biologics is variable
among individuals, and there are poor responders to certain
biologic treatments. Therefore, it is essential to identify
useful biomarkers that predict responsiveness to biologics.
Recent reports have indicated that plasma type I interferon
(IFN) activity, serum levels of IL-1 receptor antagonist, and
IL-1β levels in lipopolysaccharide-stimulated blood culture
are useful factors that predict the response to anti-TNF-α
therapies1,2. However, there is scant evidence for predictive
factors in anti-IL-6 therapy.

The clinical influence of anti-TNF-α and anti-IL-6
therapies on progression of RA helps us comprehend the
critical role of these cytokines and engenders a novel
concept of TNF-α- and IL-6-dependent immunity. Both
cytokines, which can be secreted from a wide variety of
cells including macrophages, T cells, B cells, and synovial
fibroblasts, are regarded as upper-rank cytokines in the

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


1075Shimamoto, et al: IL-6 as RA biomarker

hierarchical cytokine network involved in the pathogenesis
of RA3. For example, differentiation of Th17 cells, which
has been implicated in the inflammatory response of RA4, is
regulated by both IL-6 and TNF-α5. Studies have revealed
that anti-TNF-α therapy reduces serum levels of proinflam-
matory cytokines including IL-1β, IL-6, and TNF-α6,7 as
well as the inflammatory chemokines IL-8, monocyte
chemoattractant protein-1, macrophage inflammatory
protein-3α, RANTES (regulated on activation, normal T
cell expressed and secreted), and IFN-γ-inducible
protein-108,9,10. Although there is abundant evidence for the
immunomodulatory action of anti-TNF-α therapy from a
series of clinical studies measuring serum cytokine concen-
trations, there is little evidence concerning the immunomod-
ulatory effects of the anti-IL-6 therapy tocilizumab (TCZ),
which acts as an IL-6 receptor (IL-6R) antagonist and a
competitive inhibitor of IL-6 signaling. However, the
profoundly efficacious outcomes of TCZ treatment suggest
a pivotal role for the IL-6–dependent immune response in
influencing the cytokine network in RA. Indeed, IL-6 has a
broad range of biological activities against a variety of
immune cells and regulates immune responses such as B
cell proliferation and antibody production, hematopoiesis,
and T cell differentiation. Further, IL-6 directly triggers the
release of acute-phase proteins such as C-reactive protein
(CRP) from liver tissues11, promotes differentiation of Th17
cells12, and activates synovial fibroblasts to express matrix
metalloproteinases (MMP)13 and receptor activator of
nuclear factor-κB (RANK) ligand14 that in turn induce the
differentiation of osteoclasts with bone-resorbing activity15,
leading to bone erosions. However, it remains largely
unclear how in vivo IL-6 hierarchically intervenes in the
cell–cytokine network linked to the pathogenic events of
RA, or how an IL-6-blocking agent influences serum proin-
flammatory cytokine concentrations.

The aim of our study was to identify useful biomarkers
for RA in order to select TCZ treatment for patients who will
have a better therapeutic response to this agent; thus, we
undertook measurement of serum proinflammatory cytokine
concentrations as a systemic response in patients with RA
undergoing TCZ treatment, and assessed the in vivo
immunomodulatory action of TCZ on the cytokine network.
Our results showed that serum IL-6 is a critical biomarker
for evaluating disease activity and that measurement of IL-6
before and after TCZ treatment is a useful means to predict
the response to this biologic agent. Our data provide new
insight into the in vivo active mechanisms underlying the
blockade of IL-6 activity in RA.

MATERIALS AND METHODS
Patients, clinical assessment, and therapy. Peripheral blood samples were
collected from 13 healthy serum donor controls and 61 biologic-naive
patients with RA diagnosed according to the revised American College of
Rheumatology criteria16 at the First Department of Internal Medicine and
the Department of Rheumatology and Clinical Immunology, Kansai

Medical University, Osaka, Japan. Written informed consent was obtained
from all patients with RA. This study was approved by the Institutional
Review Board of Kansai Medical University and the research was in
compliance with The Declaration of Helsinki. The 13 controls, who had no
evidence of infection (no physical symptoms, increased CRP, or abnormal
leukocyte count), were selected from among hospital workers. 

Data were collected at baseline (before treatment) and after treatment
(at 4 weeks after initial administration) with either TCZ (32 patients) or
infliximab (IFX; 29 patients) as a first biologics therapy. TCZ was infused
at 8 mg/kg every 4 weeks, and IFX was infused at 3 mg/kg at 0, 2, and 6
weeks and then every 8 weeks. At infusion and each followup visit, the
following clinical data were recorded: physician’s global assessment of
disease activity, patient’s global assessment of disease activity, patient’s
assessment of pain, patient’s assessment of fatigue, CRP, erythrocyte
sedimentation rate (ESR), rheumatoid factor (RF), and MMP3. The
patients’ 28-joint Disease Activity Score (DAS28)/CRP4 and
DAS28/ESR4 were calculated after data collection. The mean age of
patients and baseline data are shown in Table 1. No significant differences
were noted at study entry between groups treated with TCZ and IFX. All
patients had been taking a stable dose of MTX 2.5 to 10.0 mg/week.
Analysis. After centrifugation of blood samples, sera were stored at –80°C
until analysis. IL-1β, IL-2, TNF-α, IFN-α, and IL-6 were quantified by a
cytometric bead array method (BD Biosciences) and IL-17A (R&D
Systems) and IL-17F (Abcam) were measured with quantitative ELISA
kits. Minimal detectable concentration of each cytokine as stated in the
manufacturers’ instructions was 2.3 pg/ml (IL-1β), 11.2 pg/ml (IL-2), 1.6
pg/ml (IL-6), 15.6 pg/ml (IL-17A), 20 pg/ml (IL-17F), 0.7 pg/ml (TNF-α),
and 1.5 pg/ml (IFN-α).
Statistical analysis. The data from 2 independent groups (patients with RA
and controls) were compared using Mann-Whitney U tests. Associations
between clinical/laboratory measures and serum cytokine levels were
assessed using Pearson’s correlation test or Spearman’s rank correlation
test. The statistical significance of differences between pre- and
post-treatment measurements was analyzed using Wilcoxon signed-rank
tests. A value of p < 0.05 was considered statistically significant.

RESULTS
High levels of serum cytokines in patients with RA. We first
analyzed serum IL-1β, IL-2, IL-6, IL-17A, IL-17F, IFN-α,
and TNF-α concentrations in 61 patients with RA at
baseline prior to the first administration of biologics (32
patients with TCZ, 29 patients with IFX) and 13 healthy
controls. Patient characteristics are given in Table 1. All
patients had been taking a stable dose of MTX orally before
biologics therapy. In controls, serum cytokine concentra-
tions were undetectable except for IL-17F (mean
298.3 ± 677.6 pg/ml); in patients with RA, serum concen-
trations of all proinflammatory cytokines that we tested
were detectable at higher levels: IL-1β, 11.38 ± 17.08 pg/ml;
IL-2, 31.33  ±  68.91 pg/ml; IL-6, 51.52  ±  85.50 pg/ml;
IL-17A, 18.48 ± 73.52 pg/ml; IL-17F, 9,886 ± 17,664 pg/ml;
IFN-α, 12.16  ±  16.96 pg/ml, and TNF-α, 23.37
± 45.74 pg/ml (Figure 1). Among these cytokines, we found
a strong positive correlation between TNF-α and IL-1β
levels (r = 0.659), and weaker positive correlations between
the levels of other pairs of proinflammatory cytokines, such
as IL-1β and IL-2 (r  =  0.431), IFN-α and IL-17A
(r  =  0.435), and IFN-α and IL-17F (r  =  0.415; Table 2).
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However, the serum level of IL-6 did not show a significant
correlation with any other cytokines. Despite this, our
analyses of DAS28/CRP4 and DAS28/ESR4 as indices of
RA disease activity showed that, among these cytokines,
only IL-6 was significantly correlated with either

DAS28/CRP4 or DAS28/ESR4 (Table 3). These findings
suggest that the serum IL-6 level is a good biomarker
reflecting disease activity in RA, but that this is not the case
with TNF-α, although both cytokines are major targets of
therapeutic intervention in RA.

Table 1. Characteristics of patients with rheumatoid arthritis (RA) prior to treatment with tocilizumab (TCZ) or
infliximab (IFX). Values are mean ± SD. Statistical significance of differences in measurements between patients
treated with TCZ and those treated with IFX was determined using the Wilcoxon signed-rank test.

Characteristics TCZ Group IFX Group p

No. patients 32 29 —
Age, yrs 57.3 ± 11.0 50.2 ± 14.4 0.078
Female/male ratio 27/5 25/4 0.711
Disease duration, mo 82.6 ± 68.8 83.4 ± 87.9 0.484
Patients receiving MTX, % 100 100 —
CRP, mg/dl 2.15 ± 2.54 2.00 ± 3.19 0.583
ESR, mm/h 34.7 ± 23.1 32.7 ± 22.3 0.795
DAS28/CRP4 4.13 ± 1.38 4.36 ± 1.28 0.511
DAS28/ESR4 4.69 ± 1.24 5.09 ± 1.29 0.279
Rheumatoid factor, IU/ml 320 ± 831 225 ± 367 0.830
MMP3, ng/ml 249.1 ± 318.3 189.9 ± 126.9 0.908

MTX: methotrexate; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; DAS: Disease Activity
Score; MMP: matrix metalloproteinase.

Figure 1. Increased proinflammatory cytokine concentrations in serum samples from 61 patients with rheumatoid arthritis (RA) and 13 controls. Baseline
serum concentrations in RA patients prior to the first administration of biologics were detectable at high levels: interleukin 1β (IL-1β), 11.38 ± 17.08 pg/ml;
IL-2, 31.33 ± 68.91 pg/ml; IL-6, 51.52 ± 85.50 pg/ml; IL-17A, 18.48 ± 73.52 pg/ml; IL-17F, 9886 ± 17,664 pg/ml; interferon α (IFN-α), 12.16 ± 16.96 pg/ml;
tumor necrosis factor-α (TNF-α), 23.37 ± 45.74 pg/ml. Serum cytokine concentrations from controls were undetectable, except for IL-17F (298.3 ± 677.6
pg/ml). Each dot represents an individual donor; bars indicate mean values.
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Immunomodulatory effects of TCZ and IFX on proinflam-
matory cytokines and disease activity indices. We next
investigated the modulatory effects of RA treatment with
TCZ or IFX on clinical and laboratory measures of inflam-
matory RA activity and serum cytokine concentrations by
comparing data before and after TCZ or IFX treatment. Our
study confirmed the widely known finding that there is
notable clinical improvement in RA, as judged by a signifi-
cant reduction in levels of CRP, ESR, DAS28/CRP4, and
DAS28/ESR4, at 4 weeks after the initial administration of
either TCZ or IFX compared with baseline (Table 4). Among
cytokines we tested, serum IL-2 levels were significantly
decreased by both TCZ and IFX treatment (Table 5). While
TCZ treatment significantly decreased serum TNF-α levels,
there was also a tendency (p  =  0.062) for TNF-α to be
decreased by IFX treatment. Notably, although IFX treatment
significantly decreased serum IL-6 levels, TCZ treatment
significantly increased IL-6 levels regardless of the improve-
ments in clinical measures 4 weeks after administration
(Table 5). In contrast to IFX, which significantly decreased
serum levels of IL-17F, TCZ did not affect IL-17F levels.

Increased serum concentration of IL-6 after TCZ correlates
with disease activity at baseline.A previous report indicated
the possibility that the increased serum IL-6 level measured
after initial administration of TCZ reflects the potential
disease activity of RA17. Our current study also showed a
significant correlation between the increased serum level of
IL-6 at 4 weeks after TCZ administration and each of the
clinical/laboratory measures of disease activity (DAS28/
CRP4 and DAS28/ESR4) at baseline (Table 6), providing
support for the hypothesis presented by Nishimoto, et al17.
The other cytokines tested after TCZ treatment, IL-1β, IL-2,
IL-17A, IL-17F, IFN-α, and TNF-α, showed no significant
correlation with disease activity indices at baseline.
Therefore the measurement of serum IL-6 after TCZ
treatment may provide a useful confirmation of the potential
disease activity of RA.
Utility value of serum IL-6 before treatment as a biomarker
to estimate responsiveness to TCZ. To identify a biomarker

Table 2. Correlations between serum cytokine levels in RA were evaluated at baseline. Statistical significance of the correlation coefficient (r) was deter-
mined using Spearman’s rank correlation test (r > 0.3 or p < 0.05; data shown in bold type).

IL-2 IL-6 IL-17A IL-17F IFN-α TNF-α
r p r p r p r p r p r p

IL-1ß 0.431 < 0.001 0.029 0.828 0.296 0.021 0.319 0.013 0.068 0.610 0.659 < 0.001
IL-2 0.191 0.144 0.155 0.239 0.325 0.011 0.383 0.003 0.380 0.003
IL-6 0.040 0.763 0.068 0.610 0.024 0.862 0.024 0.862
IL-17A 0.072 0.584 0.435 < 0.001 0.010 0.938
IL-17F 0.415 0.001 0.295 0.022
IFN-α 0.274 0.037

RA: rheumatoid arthritis; IL: interleukin; IFN: interferon; TNF: tumor necrosis factor.

Table 3. Correlation between disease activity indices and serum proin-
flammatory cytokine levels. Clinical variables (DAS28/ESR4 and
DAS28/CRP4) and serum cytokine levels were evaluated at baseline.
Statistical significance of the correlation coefficient (r) was determined
using Spearman’s rank correlation test (r > 0.3 or p < 0.05; data shown in
bold type).

DAS28/ESR4 DAS28/CRP4
(baseline) (baseline)

r p r p

IL-1ß –0.045 0.737 –0.043 0.751
IL-2 –0.084 0.534 –0.006 0.964
IL-6 0.376 0.004 0.445 < 0.001
IL-17A –0.007 0.962 0.010 0.944
IL-17F –0.030 0.824 0.119 0.383
IFN-α –0.085 0.542 0.004 0.978
TNF-α –0.010 0.940 –0.004 0.974

DAS28: 28-joint Disease Activity Score; ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein; IL: interleukin; IFN: interferon; TNF: tumor
necrosis factor.

Table 4. Clinical improvement after TCZ or IFX therapy as judged by
clinical and laboratory measures evaluated at baseline and at 4 weeks after
administration of biologics. Significant reduction was observed in levels of
CRP, ESR, DAS28/CRP4, and DAS28/ESR4 after treatment, compared
with baseline. Statistical significance of differences in measurements
between baseline and post-treatment was determined using the Wilcoxon
signed-rank test. Values are mean ± SD.

TCZ Therapy, n = 32
Baseline Post-therapy p

ESR, mm/h 34.7 ± 23.1 9.26 ± 12.9 < 0.0001
CRP, mg/dl 2.15 ± 2.54 0.16 ± 0.39 < 0.0001
DAS28/ESR4 4.69 ± 1.24 2.75 ± 1.25 < 0.0001
DAS28/CRP4 4.13 ± 1.38 2.63 ± 1.04 < 0.0001

IFX Therapy, n = 29
Baseline Post-therapy p

ESR, mm/h 32.7 ± 22.3 20.0 ± 14.9 < 0.0001
CRP, mg/dl 2.00 ± 3.19 0.51 ± 0.82 < 0.0001
DAS28/ESR4 5.09 ± 1.29 3.73 ± 1.30 < 0.0001
DAS28/CRP4 4.36 ± 1.28 3.04 ± 1.11 < 0.0001

TCZ: tocilizumab; IFX: infliximab; DAS28: 28-joint Disease Activity
Score; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.
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that would predict resistance to biologic treatment at
baseline, we next analyzed cytokines at baseline for corre-
lation with post-treatment DAS28 measures as indices of
residual RA disease activity. Our results showed that only
serum IL-6 level at baseline was positively correlated with
either DAS28/CRP4 or DAS28/ESR4 after the initial
administration of TCZ (Table 7), suggesting that a high

serum concentration of IL-6 at baseline is a putative
biomarker for TCZ resistance. Other cytokine concentra-
tions at baseline showed no significant correlation with the
DAS28 indices after TCZ or IFX treatment. To confirm this
point, we sorted all patients into 2 groups: good responders,
with DAS28/ESR4 < 3.2 or DAS28/CRP4 < 2.7 at 4 weeks
after initial administration of the biologic; and poor
responders, with DAS28/ESR4 ≥ 3.2 or DAS28/CRP4 ≥ 2.7
at this timepoint. We then compared mean serum levels of
IL-6 at baseline in each group, between good responders and
poor responders to TCZ, and between good responders and
poor responders to IFX. The mean pretreatment IL-6 level in
the good responders to TCZ (whether judged by
DAS28/ESR4 or DAS28/CRP4), was significantly lower
than that in the poor responders to TCZ (Figure 2). However,
there was no significant difference in mean pretreatment
serum IL-6 levels between the groups of good responders
and poor responders to IFX treatment (Figure 2). These
results suggest that effective TCZ treatment can be predicted
by a low serum concentration of IL-6 before treatment. 

To further focus on the usefulness of the serum IL-6 level
at baseline as a predictive biomarker to estimate the
response to TCZ treatment, we sorted all patients into 2

Table 5. Immunomodulatory effects of TCZ or IFX therapy on serum
cytokine concentrations, which were evaluated at baseline and at 4 weeks
after biologics. Statistical significance of the differences in measurements
between baseline and post-treatment was determined using the Wilcoxon
signed-rank test (p < 0.05; data shown in bold type). Values are mean ± SD
pg/ml.

TCZ Therapy
Baseline Post-therapy p

IL-1ß 12.0 ± 18.5 8.58 ± 12.7 0.063
IL-2 41.1 ± 105 25.0 ± 60.8 0.046 Decrease
IL-6 50.7 ± 95.1 111 ± 122 < 0.0001 Increase
IL-17A ND 6.52 ± 26.1 0.500
IL-17F 7,028 ± 13,529 6,609 ± 11,584 0.961
IFN-α 8.22 ± 13.4 6.97 ± 11.3 0.329
TNF-α 31.5 ± 56.3 22.8 ± 43.2 0.002 Decrease

IFX Therapy
Baseline Post-therapy p

IL-1ß 9.20 ± 13.6 7.71 ± 17.4 0.854
IL-2 23.5 ± 27.5 9.96 ± 14.7 0.002 Decrease
IL-6 58.2 ± 93.1 15.2 ± 21.1 < 0.0001 Decrease
IL-17A 44.0 ± 114 8.96 ± 29.6 0.195
IL-17F 11,548 ± 21,999 7,449 ± 12,857 0.034 Decrease
IFN-α 15.9 ± 18.1 14.1 ± 18.3 0.173
TNF-α 10.3 ± 20.5 7.05 ± 14.1 0.062

ND: not detectable; TCZ: tocilizumab; IFX: infliximab; IL: interleukin;
IFN: interferon; TNF: tumor necrosis factor.

Table 6. Correlation between disease activity at baseline and serum
cytokine levels after TCZ therapy. Correlations between DAS28 scores at
baseline and serum cytokine levels at 4 weeks after TCZ administration
were analyzed. Statistical significance of the correlation coefficient (r) was
determined using Spearman’s rank correlation test (r > 0.3 or p < 0.05; data
shown in bold type).

DAS28/ESR4 DAS28/CRP4
Cytokine (baseline) (baseline)
(post-TCZ) r p r p

IL-1ß –0.137 0.514 –0.018 0.391
IL-2 0.127 0.555 0.031 0.887
IL-6 0.442 0.027 0.470 0.018
IL-17A 0.185 0.377 0.237 0.254
IL-17F 0.095 0.650 0.156 0.457
IFN-α 0.021 0.923 0.054 0.805
TNF-α –0.041 0.847 0.044 0.836

TCZ: tocilizumab; DAS28: 28-joint Disease Activity Score; ESR:
erythrocyte sedimentation rate; CRP: C-reactive protein; IL: interleukin;
IFN: interferon; TNF: tumor necrosis factor.

Table 7. Correlation between serum cytokine levels at baseline and
residual DAS28 scores at 4 weeks after TCZ or IFX administration.
Statistical significance of the correlation coefficient (r) was determined
using Spearman’s rank correlation test (r > 0.3 or p < 0.05; data shown in
bold type).

TCZ Therapy
Cytokine DAS28/ESR4 DAS28/CRP4
(baseline) (post-TCZ) (post-TCZ)

r p r p

IL-1ß –0.212 0.288 –0.287 0.155
IL-2 –0.153 0.447 –0.122 0.553
IL-6 0.427 0.026 0.416 0.035
IL-17A NC NC NC NC
IL-17F 0.186 0.352 –0.087 0.672
IFN-α 0.053 0.794 –0.199 0.329
TNF-α –0.273 0.168 –0.360 0.071

IFX Therapy
Cytokine DAS28/ESR4 DAS28/CRP4
(baseline) (post-IFX) (post-IFX)

r p r p

IL-1ß 0.078 0.700 0.073 0.718
IL-2 –0.072 0.723 –0.003 0.990
IL-6 0.083 0.686 0.229 0.261
IL-17A –0.019 0.928 0.038 0.854
IL-17F –0.157 0.441 0.027 0.895
IFN-α –0.191 0.351 –0.030 0.885
TNF-α 0.183 0.361 0.150 0.454

NC: not calculable, because IL-17A levels at baseline were undetectable in
this group. DAS28: 28-joint Disease Activity Score; TCZ: tocilizumab;
IFX: infliximab; ESR: erythrocyte sedimentation rate; CRP: C-reactive
protein; IL: interleukin; IFN: interferon; TNF: tumor necrosis factor.
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groups, high IL-6 and low IL-6, according to whether the
serum IL-6 level at baseline was, respectively, above or
below 51.5 pg/ml, the mean baseline value for all patients.
We then analyzed the statistical significance of differences
in the DAS28 indices after treatment between the 2 groups.
As shown in Table 8, in the low IL-6 group, both the DAS28
indices (DAS28/ESR4 and DAS28/CRP4) after TCZ
treatment were significantly lower than those after IFX
treatment. Meanwhile, there were no significant differences
in post-treatment DAS28 indices between TCZ and IFX
treatments in the high IL-6 group. This result suggests that,
in RA patients with a low serum IL-6 concentration before
treatment, TCZ has a more potent effect than IFX. This
might not be the case in patients with a high serum concen-
tration of IL-6. On the basis of our results, we propose that
the serum IL-6 level before biologic treatment is a
predictive biomarker for the effectiveness of TCZ treatment
in RA, and that low serum IL-6 concentration could be a
useful indicator for preferential selection of TCZ as a
biologic treatment.

Figure 2. Significant differences in serum interleukin 6 (IL-6) levels at baseline between good responders and
poor responders, as judged by DAS28 indices at 4 weeks after treatment with TCZ or IFX. The mean IL-6
level at baseline in the good responders to TCZ was significantly lower than that in the poor responders to
TCZ. There was no significant difference in mean IL-6 levels between good responders and poor responders
to IFX treatment. Statistical significance of differences in serum IL-6 levels at baseline between the 2 groups
was determined by Wilcoxon signed-rank test. Values are mean ± SD. Good responders: DAS28/ESR4 < 3.2
or DAS28/CRP4 < 2.7. Poor responders: DAS28/ESR4 ≥ 3.2 or DAS28/CRP4 ≥ 2.7. DAS28: 28-joint
Disease Activity Score; TCZ: tocilizumab; IFX: infliximab; ESR: erythrocyte sedimentation rate; CRP:
C-reactive protein.

Table 8. DAS28 scores were significantly lower after TCZ treatment than
after IFX treatment in “low IL-6” groups. Patients were sorted into “high
IL-6” and “low IL-6” groups, according to level of serum IL-6 at baseline,
as below. Statistical significance of differences in post-treatment DAS28
indices between TCZ and IFX treatments in each group was determined by
Wilcoxon signed-rank test. Values for p < 0.05 indicated by bold type.
High IL-6 group: serum IL-6 at baseline > 51.5 pg/ml (mean value of IL-6
for all patients). Low IL-6 group: serum IL-6 at baseline ≤ 51.5 pg/ml.

High IL-6 Group, n = 22
TCZ, n = 11 IFX, n = 11 p

DAS28/ESR4 3.78 ± 0.74 3.85 ± 1.27 0.862
DAS28/CRP4 3.70 ± 0.59 3.48 ± 0.92 0.685

Low IL-6 Group, n = 39
TCZ, n = 21 IFX, n = 18 p

DAS28/ESR4 2.39 ± 1.20 3.88 ± 1.37 0.002
DAS28/CRP4 2.24 ± 0.88 3.02 ± 1.24 0.049

DAS28: 28-joint Disease Activity Score; TCZ: tocilizumab; IFX:
infliximab; IL: interleukin; ESR: erythrocyte sedimentation rate; CRP:
C-reactive protein.
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DISCUSSION
Of the proinflammatory cytokines, TNF-α and IL-6 are
regarded as the upper tier in a hierarchical cytokine network
that regulates a wide variety of inflammatory processes in
the pathogenesis of autoimmune diseases such as RA.
Although both TNF-α and IL-6 are the principal targets of
therapeutic intervention in RA, our results indicate that
serum IL-6 level at baseline is a better predictive biomarker
for estimating disease activity than TNF-α. We also demon-
strated that increased concentration of IL-6 after TCZ
treatment reflects potential disease activity in RA. In
addition, our study shows that measurement of serum IL-6
before treatment is useful in predicting the effectiveness of
TCZ, and that low baseline IL-6 is a valuable indicator for
the preferential choice of TCZ as biologic treatment. We
have therefore identified the clinical importance of IL-6 as a
biomarker, especially in the response to TCZ therapy.

Given the biological function of TCZ as a competitive
inhibitor of the IL-6R, increased serum IL-6 after TCZ
administration might be caused by inhibition of 
IL-6R-mediated clearance, and this free IL-6 cannot induce
intracellular signals because IL-6R are occupied by TCZ. In
another study, consistent with our results showing that
increased IL-6 after administration of TCZ correlates with
clinical measures of disease activity (CRP, ESR,
DAS28/CRP4, or DAS28/ESR4) at baseline, Nishimoto, et
al reported that TCZ treatment increases serum IL-6
concentrations in RA and Castleman disease, and they
concluded that the increased level of free IL-6 in sera
reflects the endogenous potential for IL-6 production and
the true disease activity in the patient17.

Previous studies have not reached a common consensus
as to the serum TNF-α and IL-6 concentrations that are
predictive biomarkers in progression of RA. It has been
reported that, in contrast to our results, serum levels of
TNF-α are similar in patients with RA and normal
controls18,19; and that, in support of our results, serum levels
of IL-6 in RA at baseline correlated with some disease
activity indices20. In addition, a recent study has also shown
that serum IL-6 level is associated not only with DAS28 but
also with radiographic structural progression and increased
levels of autoantibody secretion in patients with RA21. Thus,
IL-6 may be a possible biomarker of RA activity. In this
context, a low baseline serum IL-6 level could indicate low
potential disease activity and therefore correlate with better
treatment outcome with TCZ therapy. Moreover, increased
concentration of serum IL-6 leads to internalization and
degradation of the IL-6R in T cells and synovial tissues22.
Therefore, it might be inferred that TCZ could not work
efficiently as a competitive inhibitor of the IL-6R when
blocking this downregulated IL-6R in patients with high
serum IL-6 concentration.

Serum concentrations of TNF-α and IL-6 were relatively
low or marginal for determination by cytometric bead array

or ELISA methods. Therefore, it is possible that the low
sensitivity of this detection method to these cytokine levels
in sera could be responsible for the conflicting outcomes. In
this context, serum levels of IL-17F showed much higher
titers than levels of TNF-α and IL-6 as well as IL-17A.
Considering the evidence showing a pathogenic role for
Th17 cells infiltrating synovial membranes and the impor-
tance of Th17 cells in development of RA4,23, we hypothe-
sized that IL-17F could potentially be useful as a biomarker
to evaluate disease activity. However, contrary to our expec-
tations, our study revealed no significant correlation
between serum IL-17F levels and disease activity indices in
RA. We also found that IL-17F concentration was decreased
by IFX (a TNF-α inhibitor), but not by TCZ administration,
suggesting a link between endogenous Th17 cell activity
and TNF-α-mediated inflammation in RA. This finding is
supported by a previous report showing that IFX reduces the
frequency of Th17 cells in patients with RA24. Because IL-6
plays a key role in inducing the differentiation of Th17 cells,
the reduction of IL-17F in our study might be attributed to
the concomitant reduction of IL-6 by treatment with IFX.
Meanwhile, during TCZ treatment, which results in an
increase in serum IL-6 concentration without affecting
IL-17F concentration, soluble IL-6 could not induce intra-
cellular signals because of blockade of the IL-6R.
Therefore, measurement of IL-17F, in contrast to IL-6, after
TCZ treatment is useless for evaluating or estimating the
real disease activity in RA.

Our data provide new insight into the significance of the
measurement of serum IL-6 in patients with RA. Serum IL-6
before treatment might be useful to estimate RA disease
activity and to predict responsiveness to TCZ treatment. In
addition, serum IL-6 after TCZ but not IFX administration
could be a biomarker to evaluate potential disease activity at
baseline. We propose that measurement of serum IL-6
concentration is a valuable factor in the selection of TCZ
treatment, which is recommended for RA patients with low
serum IL-6 concentration.
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