
RHEUMATOID ARTHRITIS

MUSCULOSKELETAL CONDITIONS are prevalent, and their
impact is pervasive. They are the most common cause

of severe long-term pain and physical disability, affecting
hundreds of millions of people around the world. At any given
time, 30% of American adults are affected by joint pain,
swelling, or limitation of movement (2). Rheumatoid arthritis
(RA), one of the most disabling musculoskeletal diseases, af-
fects ~0.5–1% of adults in Western nations (14). It is a chronic
inflammatory systemic disease with onset in young or middle-
aged adults. It is characterized by destructive and proliferative
changes in the synovial membranes, periarticular structures,
skeletal muscles, and perineural sheaths. Although the exact
etiology of RA remains unknown, it is assumed that either a
foreign agent or some alteration in the control of cellular re-
sponses, possibly genetically mediated, is involved in the chronic
persistent synovial inflammation (5). On roentgenography, os-
teoporosis, destruction of cartilage, and narrowing of the joint
intervals are characteristic. As the disease progresses, the ar-
ticular cortex becomes thinned and almost indistinct. Eventu-
ally, joints are destroyed, ankylosed, and deformed. For RA
patients, total joint arthroplasty provides reliable relief from
pain, as well as functional improvement (Fig. 1).

The increasing incidence of RA will result in a dramatic in-
crease in the burdens it places on individuals and on society.

TREATMENT FOR RA

Treatment of patients with RA involves a multidisciplinary
approach with patient education, physical therapy, and med-
ication. Because persistent synovitis leads to joint destruction
that results in long-term morbidity and increased mortality,
the aim of drug treatment should be the prevention of synovi-
tis. Although traditional treatments for RA, such as nonsteroidal
antiinflammatory drugs and corticosteroids, have some bene-

fits for temporary symptomatic relief, dramatic improvements
in disease control have been noted with the use of disease-
modifying antirheumatic drugs (DMARDs), such as metho-
trexate (MTX). Inadequate responders to MTX are often given
MTX in combination with other agents, particularly hydroxy-
chloroquine, sulfasalazine, leflunomide, and cyclosporine (17).
Recently, biological DMARD treatments for RA have been
developed to inhibit the activity of proinflammatory cyto-
kines, such as tumor necrosis factor-� (TNF-�), which medi-
ates the destructive synovitis that is the hallmark of RA. These
agents have been successful in treating patients with RA who
fail to respond adequately to traditional DMARD treatments
(9). A long-term study has even demonstrated cartilage re-
generation (15). Two biological DMARDs designed to inhibit
TNF-� bioactivity have been approved by the United States
Food and Drug Administration for the treatment of RA: etan-
ercept and infliximab. These agents are both indicated for the
treatment of moderate to severe DMARD-refractory RA (8).
In Japan, infliximab was approved for the treatment of RA in
2004. Rapid clinical response to infliximab treatment was
shown by the early decline in the number of cases of swollen
and tender joints. Furthermore, these improvements were im-
mediate and sustained (16, 20).

PLASMA REDOX STATE AND RA

The formation, behavior, and scavenging of reactive oxy-
gen species (ROS) in biological systems have received much
attention (3). It has been suggested that the prooxidant/
antioxidant imbalance in RA may be due to either an acceler-
ation of some cellular reactions or an insufficiency of the an-
tioxidant defense system (18). Recently, reduced blood con-
centrations of antioxidants were reported in RA patients (12).
Although these data suggest that the antioxidant defense sys-
tem is compromised in RA patients, the plasma redox state in
RA patients has not been clarified. We first measured blood
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ROS levels (see Appendix, note 1) of healthy controls and RA
patients (see Appendix, note 2). Plasma ROS levels were sig-
nificantly higher in subjects with RA [healthy controls: 254 ±
36 Carr units (CARR U); RA subjects: 432 ± 92 CARR U;
data are expressed as the means ± SD; *p < 0.01 versus con-
trol] (Fig. 2). Although the overproduction of ROS by RA
neutrophils has been shown (6), the clinical relevance has not
been apparent. This is the first report demonstrating an en-
hanced plasma redox state in subjects with RA. Several dif-
ferent pathways can lead to the increased formation of ROS
in inflamed joints (11). This enhanced level of oxidants plays
a significant role in tissue damage and the inflammation-
perpetuating process in the rheumatoid synovium.

For some time, C-reactive protein (CRP) and the rheuma-
toid factor have been used to determine the pathological ac-
tivity of RA. However, the relationship between these two pa-
rameters and the susceptibility to cartilage degradation, which
is the most important determinant of the prognosis in RA, is
notclear. In this context, Tanaka et al. and Yamazaki et al. re-
ported that ROS caused the degradation of articular cartilage
in vitro (19, 23). Accordingly, it is possible that blood levels of
ROS may become a marker of disease activity in RA patients.

INFLIXIMAB REDUCED ROS 
LEVELS IN RA PATIENTS

We hypothesized that the plasma redox state is a marker
for disease activity in RA. If so, there would be alterations in
plasma ROS levels in parallel with disease activity. In the
present study, we measured the plasma ROS levels of subjects
with RA who were treated with infliximab (see Appendix,
note 3). To examine the efficacy of infliximab, we determined
the American College of Rheumatology (ACR) response (see
Appendix, note 4), which is the standard parameter used to
assess the treatment. The ACR20 response was significant for
infliximab at each evaluation throughout the study, i.e., 88,
88, and 75%, at 2, 6, and 10 weeks, respectively. We also ex-
amined the alteration of plasma ROS levels and found a dra-
matic decrease in almost all cases treated with infliximab
(Fig. 3). Only one subject out of eight did not respond to in-
fliximab; her plasma ROS levels did not decrease and, instead,
slightly increased during the infliximab treatment (Fig. 3). In
this one case, after 10 weeks of treatment with infliximab,
different DMARDs were challenged. According to the ACR20
response criteria at 10 weeks, the other seven subjects with
RA were determined to be responders to infliximab. We next
examined the alterations of plasma ROS levels in these re-
sponders. Significant decreases in plasma ROS levels were
clear (Fig. 4). Therefore, treatment with infliximab resulted
in not only the improvement of RA symptoms, but also a de-
creased plasma redox state. However, not all subjects with RA
respond to this TNF-� blocker, as in the case of one member
of the current study group. In some cases, side effects, such
as tuberculous and fungal infections, were reported with in-
fliximab treatment. In these cases, an important practical ques-
tion is whether it is worthwhile to prescribe the other TNF-�
blocker (21) or whether this is simply a waste of time and
money, in terms of a cost–benefit analysis (10, 13). It is im-
portant that a precise and sensitive marker to define respon-
ders to TNF-� blocker treatment be found (22).

In conclusion, the plasma redox state may be a new marker
for monitoring the progression of RA, although long-term
and randomized studies will be necessary to determine the
precise role of ROS.
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FIG. 1. Radiographs of a 45-year-old woman with RA.
The subject complained of right knee joint pain. At entry into
the study, there were no abnormalities detected on a radiograph
(left). Although she received DMARD therapy for 3 years, her
knee pain did not improve and joint destruction progressed
(middle). At 5 years, she received a total knee replacement
(right).
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FIG. 2. Plasma ROS levels of healthy age- and sex-
matched controls and subjects with RA before infliximab
treatment. All subjects with RA were diagnosed according to
the revised ACR criteria. Levels of plasma ROS were measured
using d-ROMs assay kits. Bars represent the means. *p < 0.01.
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ABBREVIATIONS

ACR, American College of Rheumatology; CARR U, Carr
unit; CRP, C-reactive protein; DMARD, disease-modifying
antirheumatic drug; MTX, methotrexate; RA, rheumatoid arthri-
tis; ROS, reactive oxygen species; SJC, swollen joint count;
TJC, tender joint count; TNF-�, tumor necrosis factor-�.

APPENDIX

1. Levels of plasma ROS were measured using the d-ROMs
assay kit (Diacron, Grosseto, Italy). The d-ROMs test is a
spectrophotometric test that permits the assessment, in a

biological sample, of the concentration of hydroperoxides
(4, 11). In brief, a drop of blood obtained from the subject
is mixed with a chromogenic substrate. Depending on the
concentration of hydroperoxides in the drop of blood, a
colored derivative (pink to red) develops. This colored com-
plex is detectable and quantifiable using an integrated ana-
lytical system consisting of a dedicated photometer with
incorporated centrifuge (FRAS3, Diacron). The concen-
tration of hydroperoxides, which directly correlates with
detected color intensity, is expressed as arbitrary units
(CARR U).

2. The study was conducted in the Department of Ortho-
paedic Surgery of the Kinki University School of Medi-
cine, Osaka, Japan. The study group consisted of eight fe-
male RA subjects (mean age: 41.7 ± 7.3 years) who were
treated with infliximab. Patients were eligible for this study
if they had a diagnosis of RA according to the revised
1987 American College of Rheumatology (ACR) criteria
(1). Fourteen healthy female individuals (mean age: 38.3 ±
9.5 years) formed the control group.

3. Infliximab was intravenously administered, as instructed by
the manufacturer, as a 3 mg/kg infusion, at baseline (0 weeks)
and at 2 and 6 weeks. To determine plasma redox state, blood
was collected at baseline and at 2, 6, and 10 weeks.

4. Clinical and laboratory efficacy assessments were conducted
on subjects with RA at baseline and at 2-week intervals for
10 weeks. The ACR core criteria were monitored at each
study visit: tender joint count (TJC) and swollen joint count
(SJC); the assessment of pain, disease activity, and dis-
ability by the subject; the global assessment of disease ac-
tivity by the doctor; and the erythrocyte sedimentation rate
and CRP levels (7). The primary measure of efficacy was
the number of subjects meeting ACR20 response criteria
at 10 weeks. Subjects were classified as responders if they
fulfilled the ACR20 core criteria for a clinical response to
treatment (that is, >20% improvement in TJC and SJC,
plus >20% improvement in three or more of the following
five criteria: the assessment of pain, disease activity, or
disability by the subject; the global assessment of disease
activity by the doctor; and plasma CRP levels).
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FIG. 3. Alteration in the plasma ROS lev-
els in subjects with RA treated with inflix-
imab. Levels of plasma ROS were measured
using the d-ROMs assay kit. Almost all patients
receiving infliximab showed an early decline
in the number of swollen and tender joints (re-
sponder, �). However, one patient did not re-
spond to infliximab and, after 10 weeks, dif-
ferent DMARDs were challenged (�).
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FIG. 4. Alteration in the plasma ROS levels in responders.
Data are expressed as the percentage of baseline control, i.e.,
ROS levels before treatment in each patient. Circles and bars
represent the means and the standard deviations, respectively.
*p < 0.05.

14024C35.pgs  8/10/05  2:36 PM  Page 1407



1408 NONAKA ET AL.

REFERENCES

1. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries
JF, Cooper NS, Healey LA, Kaplan SR, Liang MH, Luthra
HS, et al. The American Rheumatism Association 1987 re-
vised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 31: 315–324, 1988.

2. Bjorklund L. The Bone and Joint Decade 2000–2010. In-
augural meeting 17 and 18 April 1998, Lund, Sweden.
Acta Orthop Scand 281: 67–80, 1998.

3. Blake DR, Merry P, Unsworth J, Kidd BL, Outhwaite JM,
Ballard R, Morris CJ, Gray L, and Lunec J. Hypoxic reper-
fusion injury in the inflamed human joint. Lancet 1: 289–
293, 1989.

4. Cesarone MR, Belcaro G, Carratelli M, Cornelli U, De
Sanctis MT, Incandela L, Barsotti A, Terranova R, and
Nicolaides A. A simple test to monitor oxidative stress. Int
Angiol 18: 127–130, 1999.

5. Cravens PD and Lipsky PE. Dendritic cells, chemokine re-
ceptors and autoimmune inflammatory diseases. Immunol
Cell Biol 80: 497–505, 2002.

6. Eggleton P, Wang L, Penhallow J, Crawford N, and Brown
KA. Differences in oxidative response of subpopulations
of neutrophils from healthy subjects and patients with
rheumatoid arthritis. Ann Rheum Dis 54: 916–923, 1995.

7. Felson DT, Anderson JJ, Boers M, Bombardier C, Chernoff
M, Fried B, Furst D, Goldsmith C, Kieszak S, Lightfoot R,
et al. The American College of Rheumatology preliminary
core set of disease activity measures for rheumatoid arthri-
tis clinical trials. The Committee on Outcome Measures in
Rheumatoid Arthritis Clinical Trials. Arthritis Rheum 36:
729–740, 1993.

8. Geborek P, Crnkic M, Petersson IF, and Saxne T; South
Swedish Arthritis Treatment Group. Etanercept, infliximab,
and leflunomide in established rheumatoid arthritis: clini-
cal experience using a structured follow up programme in
southern Sweden. Ann Rheum Dis 61: 793–798, 2002.

9. Goldenberg MM. Etanercept, a novel drug for the treat-
ment of patients with severe, active rheumatoid arthritis.
Clin Ther 21: 75–87, 1999.

10. Homik JE and Suarez-Almazor M. An economic approach
to health care. Best Pract Res Clin Rheumatol 18: 203–
218, 2004.

11. Incandela L, Belcaro G, Cesarone MR, De Sanctis MT,
Griffin M, Cacchio M, Nicolaides AN, Bucci M, Barsotti
A, Martines G, Cornelli U, and Di Renzo A. Oxygen free
radicals decrease in hypertensive patients treated with ler-
carnidipine. Int Angiol 20: 136–140, 2001.

12. Jaswal S, Mehta HC, Sood AK, and Kaur J. Antioxidant
status in rheumatoid arthritis and role of antioxidant ther-
apy. Clin Chim Acta 338: 123–129, 2003.

13. Kobelt G, Eberhardt K, and Geborek P. TNF inhibitors in
the treatment of rheumatoid arthritis in clinical practice;
costs and outcomes in a follow up study of patients with
RA treated with etanercept or infliximab in southern Swe-
den. Ann Rheum Dis 63: 4–10, 2004.

14. Laiho K, Tuomilehto J, and Tilvis R. Prevalence of rheuma-
toid arthritis and musculoskeletal diseases in the elderly
population. Rheumatol Int 20: 85–87, 2001.

15. Lipsky PE, van der Heijde DM, St Clair EW, Furst DE,
Breedveld FC, Kalden JR, Smolen JS, Weisman M, Emery
P, Feldmann M, Harriman GR, and Maini RN, for the Anti-
Tumor Necrosis Factor Trial in Rheumatoid Arthritis with
Concomitant Therapy Study Group. Infliximab and metho-
trexate in the treatment of rheumatoid arthritis. N Engl J
Med 343: 1594–1602, 2000.

16. Mikuls TR and Moreland LW. TNF blockade in the treat-
ment of rheumatoid arthritis: infliximab versus etanercept.
Expert Opin Pharmacother 2: 75–84, 2001.

17. O’Dell JR, Leff R, Paulsen G, Haire C, Mallek J, Eck-
hoff PJ, Fernandez A, Blakely K, Wees S, Stoner J,
Hadley S, Felt J, Palmer W, Waytz P, Churchill M,
Klassen L, and Moore G. Treatment of rheumatoid
arthritis with methotrexate and hydroxychloroquine,
methotrexate and sulfasalazine, or a combination of the
three medications: results of a two-year, randomized,
double-blind, placebo-controlled trial. Arthritis Rheum
46: 1164–1170, 2002.

18. Ozturk HS, Cimen MYB, Cimen OB, Kacmaz M, and
Drek J. Oxidant/antioxidant status of plasma samples from
patients with rheumatoid arthritis. Rheumatol Int 19: 35–
37, 1999.

19. Tanaka S, Hamanishi C, Kikuchi H, and Fukuda K. Fac-
tors related to degradation of articular cartilage in os-
teoarthritis: a review. Semin Arthritis Rheum 27: 392–399,
1998.

20. Toussirot E and Wendling D. The use of TNF-alpha block-
ing agents in rheumatoid arthritis: an overview. Expert Opin
Pharmacother 5: 581–594, 2004.

21. van Vollenhoven R, Harju A, Brannemark S, and
Klareskog L. Treatment with infliximab (Remicade) when
etanercept (Enbrel) has failed or vice versa: data from the
STURE registry showing that switching tumour necrosis
factor alpha blockers can make sense. Ann Rheum Dis 62:
1195–1198, 2003.

22. van Vollenhoven RF and Klareskog L. Clinical responses
to tumor necrosis factor alpha antagonists do not show a
bimodal distribution: data from the Stockholm tumor necro-
sis factor alpha followup registry. Arthritis Rheum 48:
1500–1503, 2003.

23. Yamazaki K, Fukuda K, Matsukawa M, Hara F, Matsushita
T, Yamamoto N, Yoshida K, Munakata H, and Hamanishi
C. Cyclic tensile stretch loaded on bovine chondrocytes
causes depolymerization of hyaluronan: involvement of
reactive oxygen species. Arthritis Rheum 48: 3151–3158,
2003.

Address reprint requests to:
Kanji Fukuda, M.D.

Department of Orthopaedic Surgery
Kinki University School of Medicine

377–2, Ohno-higashi, Osaka-Sayama
Osaka 589–8511, Japan

E-Mail: k-fukuda@med.kindai.ac.jp

Received for publication December 15, 2004; accepted March
1, 2005.

14024C35.pgs  8/10/05  2:36 PM  Page 1408


