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Abstract Regarding the pathobiology of rheumatoid

arthritis, oxidative stress induced by reactive oxygen spe-

cies is an important mechanism that underlies destructive

and proliferative synovitis. Abundant amounts of reactive

oxygen species have been detected in the synovial fluid of

inflamed rheumatoid joints. It is reported that drugs that

block tumor necrosis factor-a reduce the oxidative stress

marker levels in patients with rheumatoid arthritis. In this

study, we measured reactive oxygen species using a free

radical analytical system in patients with rheumatoid

arthritis treated with disease-modifying antirheumatic

drugs, tumor necrosis factor-a-blocking drugs (infliximab,

etanercept), and an interleukin-6-blocking drug (toc-

ilizumab). The serum level of oxidative stress was drasti-

cally low in patients with rheumatoid arthritis treated with

tocilizumab, suggesting that interleukin-6 blocking therapy

reduces not only joint damage, but also vascular degener-

ation in patients with rheumatoid arthritis. We believe that

such a drastic effect would reduce the incidence of car-

diovascular events and mortality in patients with rheuma-

toid arthritis.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory dis-

ease of unknown etiology and affects synovial joints,

leading to the development of cartilage and subchondral

bone erosion [1]. Regarding the pathobiology of RA, oxi-

dative stress induced by reactive oxygen species (ROS) is

an important mechanism that underlies destructive and

proliferative synovitis [2–5]. Reactive oxygen species are

produced during oxidative phosphorylation. When the

production of ROS exceeds the physiological limit, it

induces oxidative stress and damages proteins, lipids, and

nucleic acids. Abundant amounts of ROS have been

detected in the synovial fluid of inflamed rheumatoid joints

[6], and this abundance can act as a second messenger to

stimulate nuclear factor kappa B-dependent expression of

pro-inflammatory cytokines and form an amplification loop

that feeds back to further excite the production of addi-

tional ROS. The production of ROS can be induced by

TNF-a stimulation [7, 8]. In inflammatory arthritis,

including RA, TNF-a has been shown to produce ROS

from neutrophils. Therefore, TNF-a-blocking drugs should

have an effect on ROS generation. In fact, it is reported that

infliximab reduces the oxygen stress markers, including

pentosidine and 8-hydroxy-20-deoxyguanosine [9]. It is

also reported that protein carbonyl groups are decreased

and thiols are increased by infliximab treatment, indicating

that serum protein oxidation is suppressed. Etanercept also

blocks TNF-a, although the action of this drug is slightly

different from that of infliximab. Etanercept also reduces

the oxidative stress marker levels in patients with RA [10].
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From these observations, TNF-a-blocking therapy appears

to reduce oxidative stress in patients with RA.

On the other hand, IL-6 is also a pivotal pro-inflammatory

cytokine in RA and IL-6 reportedly induces ROS production

in RA synovial fibroblastic cells [11]. Thus, IL-6 blocking

treatment may also suppress the oxidative stress in patients

with RA. However, no study to date has reported this. In this

study, we evaluated the effect of tocilizumab, which is a

novel IL-6-blocking biologics, on the serum ROS levels in

patients with RA. Direct measurement of ROS and free

radicals in standard laboratories is difficult because of their

biochemical instability. Recently, a method of measuring

reactive oxygen metabolites (ROM) in blood has been

developed. This method is the d-ROM test, which uses the

Free Radical Analytical System (FRAS, Wismarl, Italy) [12,

13]. The main component of ROM is hydroperoxides.

Despite their fair oxidant power, hydroperoxides in the blood

are relatively stable compared to their parent-free radicals, so

their level can be detected. Hydroperoxides cause cell death

and tissue damage. The d-ROM test has already been rec-

ognized as useful for the evaluation of oxidative stress in the

body [14, 15]. In this study, we measured ROS using a free

radical analytical system (FRAS4) in patients with RA

treated with disease-modifying antirheumatic drugs

(DMARDs), TNF-a-blocking drugs (infliximab, etanercept),

and an IL-6-blocking drug (tocilizumab).

Methods

Patients and blood samples

We investigated 140 patients including 15 patients with

osteoarthritis (OA), 91 patients with RA treated with

DMARDs, 8 patients with RA treated with tumor necrosis

factor-blocking biologics (infliximab, etanercept), and 26

patients with RA treated with an IL-6-blocking biologic

(tocilizumab). All of the patients who received biologics

treatment received it for at least 3 months. This observa-

tional study started after approval by the Institutional

Review Board at the Osaka University Hospital. Sampling

was performed from all patients who consent to the blood

sampling for study among all patients with RA or OA

visited our clinic during 2 months that was from September

to October 2008. Venous blood samples were collected in

tubes and analyzed for serum C-reactive protein (CRP) and

white blood cell count. In our hospital, the normal refer-

ence value for CRP is\0.2 mg/dl. Reactive oxygen species

was also measured as described below (Table 1).

Measurement of oxidative stress marker in serum

As previously mentioned, direct measurement of ROS and

free radicals in standard laboratories is difficult because of

their biochemical instability. Recently, a method of mea-

suring ROM in blood has been developed. To measure

ROM, the d-ROM test was performed using the FRAS4

analyzer (Wismarl, Italy), according to the analysis pro-

cedures. In brief, a 20 ll blood sample and 1 mL of buf-

fered solution (R2 reagent of kit, pH 4.8) were gently

mixed in a cuvette, and then 10 ll of chromogenic sub-

strate (R1 reagent of kit) was added into the cuvette. After

mixing, the cuvette was centrifuged for 60 s at 37�C and

immediately incubated in the thermostatic block of this

analyzer for 5 min at 37�C. Then, the absorbance at

505 nm was recorded. The measurement unit was expres-

sed as Carr U. It has been established that 1 Carr U cor-

responds to 0.08 mg/dl H2O2. Reference values indicated

Table 1 Characteristics of patient backgrounds regarding age, duration of disease, body weight, volume of daily intake of prednisolone,

C-reactive protein (CRP) levels, white blood cell counts, and reactive oxygen metabolite levels

Control (OA) N = 15 RA

DMARDs N = 91 Anti-TNF N = 8 Anti-IL-6 N = 26

Age (years) 68.1 ± 14.5 63.1 ± 12.1 58.8 ± 3.81 58.0 ± 8.0

Duration of disease (years) – 12.6 ± 10.7 10.3 ± 4.5 13.0 ± 8.5

Body weight (kg) – 51.4 ± 9.6 54.9 ± 7.9 52.8 ± 7.7

Prednisolone (mg/day) 0 2.9 ± 3.1 2.8 ± 3.2 2.0 ± 3.0

CRP (mg/dl) – 1.12 ± 1.76 0.42 ± 0.37* 0.03 ± 0.14**

WBC (counts) – 8,090 ± 2,914 7,746 ± 2,779 6,302 ± 2,866

ROM (d-ROM: Carr U) 375.5 ± 72.5* 464.2 ± 112.3 377.1 ± 53.7* 239.2 ± 73.7**

There was no significant difference in disease duration, body weight, daily dose of prednisolone, and WBC counts in among the three groups of

RA. CRP level was significantly lower in anti-IL-6 (TCZ) group than other two RA groups and that of anti-TNF group was significantly lower

than DMARDs group but significantly higher than anti-IL-6 group

*, ** P \ 0.05, significantly lower level of CRP level and d-ROM as compared with that in the DMARD group. Results are expressed as the

mean ± SD. Between-group differences were assessed by one-way ANOVA test, and a probability\0.05 was considered to indicate statistical

significance
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by the manufacturer (Wismarl) are from \300 Carr U;

values higher than 300 Carr U suggest oxidative stress [12,

13].

Statistical analysis

Results are expressed as the mean ± SD. Between-group

differences were assessed by one-way ANOVA test, and a

probability \0.05 was considered to indicate statistical

significance. All statistical analysis was performed using

SPSS (ver. 11.5) software (SPSS, IL, USA).

Results

Background characteristics

OA group was older than other three groups of RA, and

DMARDs group was older than other two biologics groups,

however, there was no significant difference in age among

4 groups. There was no significant difference in disease

duration, body weight, daily dose of prednisolone and

WBC counts in among the three groups of RA. CRP level

was significantly lower in anti-IL-6 (TCZ) group

(0.03 ± 0.14) than other two RA groups and that of anti-

TNF group (0.42 ± 0.37) was significantly lower than

DMARDs group (1.12 ± 1.76) but significantly higher

than anti-IL-6 group (Table 1).

Serum levels of oxidative stress is significantly

increased in patients with RA

As shown in Fig. 1, 15 patients with OA showed

375.5 ± 72.5 Carr U of ROM, while 91 patients with RA

treated with DMARDs showed 464.2 ± 112.3 Carr U of

ROM; all but four of the patients in the latter group showed

abnormal levels ([300 Carr U). Levels of ROM were

significantly higher in the RA group treated with

DMARDS rather than biologics, suggesting that oxidative

stress is up-regulated in the pathobiology of RA. The value

of 375.5 ± 72.5 Carr U in the OA group is also increased

from the normal limit (\300 Carr U).

Fig. 1 Serum levels of oxidative stress are significantly increased in

patients with RA. Fifteen patients with OA showed 375.5 ± 72.5 Carr

U of ROM, while 91 patients with rheumatoid arthritis treated with

disease-modifying antirheumatic drugs showed 464.2 ± 112.3 Carr U

of ROM, and all but four of these patients showed abnormal levels

([300 Carr U). Levels of ROM were significantly higher in the group

of patients with rheumatoid arthritis not treated with biologics,

suggesting that oxidative stress is up-regulated in the pathobiology of

rheumatoid arthritis. The value of 375.5 ± 72.5 Carr U in the OA

group is increased as compared with the normal limit (\300 Carr U).

However, this seems to be due to aging. Serum level of oxidative

stress markers is significantly low in patients with RA treated with

anti-TNF biologics therapy. Serum levels of ROM in 8 patients with

rheumatoid arthritis treated with tumor necrosis factor-blocking

therapy showed 377.1 ± 53.7 Carr U of ROM, and these levels are

similar to those in the OA group, suggesting that anti-TNF biologics

therapy effectively reduces oxidative stress in patients with rheuma-

toid arthritis. Serum level of oxidative stress is dramatically low in

patients with rheumatoid arthritis treated with anti-IL-6 biologics

therapy. Serum levels of ROM in 26 patients with rheumatoid arthritis

treated with IL-6-blocking therapy showed 239.2 ± 73.7 Carr U of

ROM. Only two cases (Cases 1 and 2) showed abnormal levels (408

and 394 Carr U). Furthermore, the C-reactive protein levels of these

two cases were not completely suppressed (0.7 and 0.1 mg/dl). On the

other hand, the C-reactive protein levels of the 24 cases showing

normal levels of ROM were completely suppressed (\0.04 mg/dl).

We could confirm that the serum levels of oxidative stress markers are

dramatically low in patients with rheumatoid arthritis treated with

anti-IL-6 biologics therapy, suggesting that tocilizumab has a very

strong effect of reducing oxidative stress in patients with rheumatoid

arthritis. *, **P \ 0.05, significantly lower level d-ROM as compared

with that in the DMARD group. Results are expressed as the

mean ± SD. Between-group differences were assessed by one-way

ANOVA test, and a probability \0.05 was considered to indicate

statistical significance
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Serum level of oxidative stress is significantly low

in patients with RA treated with anti-TNF biologics

therapy

As shown in Fig. 1, serum levels of ROM in 8 patients with

RA treated with TNF-blocking therapy showed

377.1 ± 53.7 Carr U of ROM, a level similar to that in the

OA group (375.1 ± 72.5), suggesting that anti-TNF biol-

ogics therapy effectively reduces oxidative stress in

patients with RA.

Serum level of oxidative stress is dramatically low

in patients with RA treated with anti-IL-6 biologics

therapy

As shown in Fig. 1, serum levels of ROM in 26 patients

with RA treated with IL-6 blocking therapy showed

239.2 ± 73.7 Carr U of ROM, and only two cases were

outside normal limits (409 and 394 Carr U). Furthermore,

the CRP levels of these two cases were not completely

suppressed (0.7 and 0.1 mg/dl); on the other hand, the CRP

levels of the 24 cases showing normal levels of ROM were

completely suppressed (\0.04 mg/dl). We could confirm

that the serum levels of oxidative stress are significantly

and dramatically low in patients with RA treated with anti-

IL-6 biologics therapy, suggesting that tocilizumab has a

very strong effect of reducing oxidative stress in patients

with RA.

Discussion

This paper is the first report about the influence of IL-6

blocking therapy using tocilizumab on oxidative stress in

patients with RA. The serum level of oxidative stress

markers was significantly low in patients treated with

tocilizumab. We observed not only this drastic effect of IL-

6-blocking biologics for the suppression of oxidative stress,

but also the up-regulation of oxidative stress in the path-

ophysiology of RA and its significant suppression by TNF

antagonists as described previously.

Oxidative stress induced by ROS is an important

mechanism that underlies destructive and proliferative

synovitis [2–5]; it is also a very important mediator of

extra-articular diseases of RA. Rheumatoid arthritis is

associated with increased cardiovascular morbidity and

mortality [16]. Patients with RA have a higher risk of

cardiovascular events not explained entirely by tradi-

tional cardiovascular risk factors [17], implying that

cardiovascular disease is an extra-articular manifestation

of RA [18]. In the pathobiology of cardiovascular

events, arterial atherosclerosis exists and increased

arterial stiffness, increased carotid intima media thick-

ness, and endothelial dysfunction have been demon-

strated in patients at increased risk of and with known

cardiovascular disease [19, 20], and these pathological

changes in cardiovascular system have been also reported

to be observed in patients with RA [21, 22]. In the

process of arterial atherosclerosis, oxidative stress is a

very important trigger as described previously. Then, it

is plausible that the suppression of oxidative stress would

decrease the risk for atherosclerosis and calcification of

the arteries followed by a decrease in cardiovascular

events, resulting in an improvement in mortality in

patients with RA.

Indeed, TNF-blocking biologics are confirmed not only

to reduce RA-induced oxidative stress in several previous

reports and in this study, but also to improve vascular

stiffness in patients with RA [23]. In this study, we could

confirm the dramatically lower oxidative stress in IL-6-

blocking biologics users, so tocilizumab is expected to also

improve not only intra-articular synovitis and destruction,

but also arterial atherosclerosis, an extra-articular mani-

festation. Subsequently, we must check the effect of toc-

ilizumab on vascular stiffness and intima media thickness.

In this study, 2 cases with positive CRP level under the

TCZ administration showed the oxidative stress higher

than upper limit of normal range although all other cases

with negative CRP level have oxidative stress lower than

normal upper limit. This findings also suggest that block of

IL-6 signal induce the suppression of oxidative stress.

Samples in this study are obtained from all cases in a fixed

period, and we did not match the age or duration of RA

before sampling. However, there was no significant dif-

ference in age and duration of RA among three groups in

RA. Age of OA groups was older than RA groups although

there was no significance possibly due to small number, so

there might be age-related bias in ROM in OA group

because oxidative stress is influenced by age [24, 25]. This

study has several limitations due to the cross-sectional

observational study. We did not show the longitudinal

change in oxidative stress induced by introduction of TCZ.

A prospective study would confirm the reduction in oxi-

dative stress by TCZ with its time course and its variation

among the cases. Another limitation is the lack of sufficient

number of patients treated with TNF-alpha blockers to

evaluate those effects on oxidative stress and the further

study is required.

In conclusion, the serum level of oxidative stress

markers is drastically low in patients with RA treated with

tocilizumab, suggesting that IL-6 blocking therapy reduces

not only joint damage, but also vascular degeneration in

patients with RA. We believe that this drastic effect may

reduce the incidence of cardiovascular events and mortality

in patients with RA.
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