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Roxithromycin Specifically Inhibits Development of
Collagen Induced Arthritis and Production of
Proinflammatory Cytokines by Human T Cells and
Macrophages
YASUYO URASAKI, MAMORU NORI, SATOSHI IWATA, TAKAHIRO SASAKI, OSAMU HOSONO, 
HIROSHI KAWASAKI, HIROTOSHI TANAKA, NAM H. DANG, EIJI IKEDA, and CHIKAO MORIMOTO

ABSTRACT. Objective. Roxithromycin (RXM) is a macrolide antibiotic that is effective in treatment of chronic
lower respiratory tract diseases including diffuse panbronchiolitis and bronchial asthma. Its mecha-
nism of action apart from its antibacterial action remains unclear. To determine the mechanism of
action of RXM, we evaluated the effect of RXM on T cell functions and the inflammatory respons-
es in mice with collagen induced arthritis (CIA).
Methods. T cell proliferation, cytokine production by T cells stimulated through CD28, CD26, or
PMA with or without anti-CD3 Mab, cytokine production by macrophages stimulated with
lipopolysaccharide, and transendothelial migration of T cells were analyzed in the presence or
absence of various concentrations of RXM. We evaluated the effect of RXM treatment in collagen
induced arthritis in mice. 
Results. RXM did not affect the production of Th1-type and Th2-type cytokines, whereas it specif-
ically inhibited production of proinflammatory cytokines such as tumor necrosis factor-α and inter-
leukin 6 (IL-6) by T cells and macrophages. RXM inhibited T cell migration. We found that RXM
treatment of mice with CIA reduced the severity of arthritis and serum level of IL-6, as well as leuko-
cyte migration into the affected joints and destruction of bones and cartilage.
Conclusion. Our findings strongly suggest that RXM may be useful for the therapy of rheumatoid
arthritis as well as other inflammatory diseases such as Crohn’s disease. (J Rheumatol 2005;
32:1765–74)
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There is increasing evidence that macrolides have a variety
of biologic activities apart from their antibacterial actions1.
Recently, low dose and longterm erythromycin treatment

was shown to be effective in chronic lower respiratory tract
disease, including diffuse panbronchiolitis and bronchial
asthma2,3, but the mechanism of action of this drug remains
unclear. Erythromycin may have antiinflammatory proper-
ties, in addition to its antimicrobial effects. These
immunomodulatory effects are reported to be the result of
leukocyte activation, such as stimulation of phagocytosis4,5,
natural killer cell activity5,6, production of superoxide
anion5, and neutrophil chemotaxis2,7-9. Roxithromycin
(RXM), a new macrolide antibiotic, has a 14-member
macrocycline ring structure resembling that of erythromy-
cin10. RXM is characterized by rapid and complete absorp-
tion after oral administration, resulting in high serum con-
centrations11. In vitro investigation revealed that RXM mod-
ifies the function of neutrophils12 and keratinocytes13. RXM
also affects lymphocyte functions including proliferation
induced by mitogens and purified protein derivative14, as
well as proliferation and cytokine secretion induced by
mitogens10,15.

In the initial stage of immune response, a certain antigen
would be engaged by the T cell receptors, followed by
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release of various cytokines. However, this process alone is
not sufficient for induction of all events that accompany T
cell activation. Accumulating evidence suggests the pres-
ence of so-called costimulatory signals that occur through
additional T cell surface molecules, which are independent
of the CD3/T cell receptors16. These costimulatory signals
are indispensable for full activation of T cells, which is char-
acterized by T cell proliferation and cytokine production.
Triggering of costimulatory signals therefore plays an
important role in the generation of hypersensitive immune
reaction. These costimulatory signals can be provided by a
number of accessory molecules such as CD28/CTLA-417,18.
In addition, we identified CD26 as a novel costimulatory
molecule that is preferentially expressed on CD4+ memory
T cells19-21 and that is speculated to be involved in the func-
tions of effector T cells that migrate to inflammatory sites in
immune mediated diseases22.

In our study, we employed the costimulatory system of
peripheral T cells in vitro to elucidate the immunomodula-
tory effect of RXM. We evaluated the therapeutic effect of
RXM in vivo using the mouse model of rheumatoid arthritis
(RA).

MATERIALS AND METHODS
Cells and reagents. Human peripheral blood mononuclear cells were iso-
lated from healthy volunteer donors by Ficoll-Hypaque (Pharmacia
Biotech, Piscataway, NJ, USA) density gradient centrifugation19.
Unfractionated mononuclear cells were separated into an E rosette-positive
(E+) population and were used as resting T cells. Monocytes were deplet-
ed by adherence to plastic plates for 24 h at 37°C followed by incubation
with 5 mM L-leucine methyl ester HCl (Sigma Chemical Co., St. Louis,
MO, USA) for 1 h. The monoclonal antibody (Mab) OKT3 was obtained
from the American Tissue Culture Collection (ATCC; Rockville, MD,
USA). Anti-CD26 (1F7) and the anti-CD28 Mab 4B10 were developed in
our laboratory as described18,19. RXM (generously supplied by Eisai Ltd.,
Tokyo, Japan) was dissolved in DMSO and further diluted in the culture
media consisting of RPMI-1640 and 10% fetal calf serum (FCS).

T cell proliferation assays. One hundred microliters of phosphate buffered
saline containing 0.05 µg/ml of OKT3 in the presence or absence of 5 µg/ml
of 1F7 (anti-CD26), or 5 µg/ml of 4B10 (anti-CD28) Mab, and incubated
overnight at 4°C, as described20. Highly purified T cells were resuspended
at 1 × 105 cells in 200 µl of RPMI-1640 medium containing 10% FCS, along
with 4 different concentrations of RXM (0, 1.4, 14, and 28 µM). To assess
PMA stimulation, the cell suspension supplemented with 5 ng/ml of PMA
was applied into OKT3-coated wells. Cells were incubated at 37°C in a 5%
CO2 humidified atmosphere for 3 days. Cells were pulsed with 1 µCi/well
of 3H-thymidine (ICN Radiochemicals, Irvine, CA, USA) 8 h prior to har-
vest onto a glass-fiber filter (Wallac, Turku, Finland), and the incorporated
radioactivity was quantified by a liquid scintillation counter (Wallac).

Cytokine production assays. Antibody-coated plates and purified T cells
were prepared in the manner described above, with the exception of OKT3
concentration being 0.5 µg/ml. Cytokine production by T cells was assayed
in triplicates in 96-well, flat-bottomplates as described above. After 24 h
incubation, culture supernatants were subjected to ELISA [interleukin 2
(IL-2) and IL-4: Biosource International, Camarillo, CA, USA; interferon-
γ (IFN-γ) and IL-5: R&D Systems, Minneapolis, MN, USA] to measure the
levels of IL-2, IFN-γ, IL-4, and IL-5 as well as tumor necrosis factor-α
(TNF-α) and IL-6. For TNF-α and IL-6 production by macrophages,
macrophages were enriched from E-rosette-negative cells by adherence to
plastic plates. Macrophages (1 × 106/ml) were suspended in 10% FCS-

RPMI-1640 and stimulated with 1 µg/ml lipopolysaccharide (LPS; Sigma).
After 8 h culture, supernatants were harvested and were subjected to
ELISA (TNF-α and IL-6; R&D Systems). The serum levels of IL-6, TNF-
α, IFN-γ, and IL-4 were also detected using an ELISA kit as described.

Assessment of cell viability. The trypan blue dye exclusion test was used to
assess cell viability. In all experiments, the viability was found to be > 95%
at each point measured (data not shown). 

Transendothelial migration assay. Transendothelial migration activity was
assessed using a kind of Boyden-chamber assay as described23 with modi-
fications. Human umbilical vein endothelial cells (HUVEC) obtained from
ATCC were precultured to make a monolayer sheet on Transwell cell cul-
ture inserts with 3.0 µm pore size (Corning Costar, Cambridge, MA, USA)
for 48 h. RXM was first dissolved in DMSO and further diluted in the assay
medium consisting of RPMI-1640 and 0.6% bovine serum albumin, then
added to culture plates in a final volume of 600 µl (the lower chamber) just
before the migration assay. PHA-activated T cells (1 × 106 cells/well) were
added to each insert in a volume of 200 µl simultaneously with the same
concentration of RXM as in the corresponding culture wells (the upper
chamber). Spontaneous migration (chemokinesis) assay was performed at
37°C for 8 h in the presence or absence of RXM, then harvested and count-
ed by flow cytometry (FACS Calibur, Nippon Becton-Dickinson, Tokyo,
Japan) for 1 min.

Induction of CIA. Male DBA/1J mice were purchased from Japan Charles
River Breeding Laboratories (Tokyo, Japan). Bovine type II collagen
(Collagen Research Center, Tokyo, Japan) was dissolved at 4 mg/ml in 0.05
M acetic acid and then emulsified with an equal volume of complete
Freund’s adjuvant (Difco). For the primary immunization, 100 µl of the
immunogen were injected intradermally into 8-week-old mice at the tail
base. After 3 weeks, the mice received the same dose of immunogen sub-
cutaneously. Arthritis developed within 10 days of the second immuniza-
tion. These mice were kept under specific pathogen-free conditions in a
clean room at the Animal Research Center, Institute of Medical Science,
University of Tokyo.

Assessment of CIA disease severity. After physical examination, legs were
scored as follows: 0, normal; 1, erythema and mild swelling confined to the
ankle joint or toes; 2, erythema and mild swelling extending from the ankle
to the midfoot; 3, erythema and severe swelling extending from ankle to the
metatarsal joints; 4, ankylosing deformation with joint swelling24. The dis-
ease score for each mouse was calculated as the sum of the scores for the 2
hind legs.

Oral roxithromycin for CIA mice. RXM was dissolved in 5% arabic gum in
0.9% NaCl, and different doses of RXM (100, 200, 400, and 800 µg) were
orally given to 5 different groups comprising 8 mice in each group. The 5%
arabic gum, 0.9% NaCl combination alone was also given to the control
mouse group orally. RXM or 5% arabic gum in 0.9% NaCl was given oral-
ly to mice every day up to Day 14 after second immunization of type II col-
lagen.

ELISA of cytokines and type II collagen antibody levels in CIA mice. Serum
samples from CIA mice were collected on the day of the first and second
immunizations and Days 7, 14, and 21 after the second immunization. IL-
6, TNF-α, IL-4, and IFN-γ levels were assayed by ELISA. Type II collagen
antibody levels were assayed by ELISA (Chondrex, Redmond, WA, USA).
Comparison of antibody levels was performed at 490 nm optical density. 

Histology. Mice were euthanized by CO2 asphyxiation and hind paws taken
from CIA mice 3 weeks after the second immunization were fixed in 10%
phosphate-buffered formalin (pH 7.4), decalcified in 10% EDTA, and
embedded in paraffin. Sections (4 µm) were stained with hematoxylin and
eosin.

Statistical analysis. Statistical analysis was performed by the 2-tailed
Student’s t test for all the assays (3H-thymidine incorporation assay,
ELISA, and transendothelial migration assay). Statistical differences of
ankle width and paw width of CIA mice were assessed by Student t test, and
the disease score was evaluated by Mann-Whitney U test.
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RESULTS
Effect of roxithromycin on T cell proliferation through dif-
ferent costimulatory pathways. As shown in Figure 1, CD3
stimulation alone resulted in the induction of low levels of T
cell proliferation. Marked T cell proliferation was observed
with CD3 stimulation in combination with an additional sec-
ond signal, such as anti-CD26 Mab, anti-CD28 Mab, or
PMA. Under these conditions, RXM did not inhibit T cell
proliferation from different donors at virtually any concen-
tration tested (1.4 to 28 µM). It should be noted that at high-
er concentration (28 µM), only slight inhibition of T cell
proliferation was observed in certain donors.

Effect of roxithromycin on Th1-type and Th2-type cytokine
production through different costimulatory pathways. As
shown in Figure 2A, RXM, even at 28 µM, did not inhibit
IL-2 production under all costimulatory conditions. In addi-
tion to IL-2, RXM did not show any apparent effect on the
production of IFN-γ at any concentrations tested (1.4 to 28
µM; Figure 2A).

Since Th2-type CD4+ T cells may play a role in allergic
disorders such as asthma25,26, we next examined the effect

of RXM on Th2-type cytokine production. As shown in
Figure 2A, RXM did not inhibit IL-4 and IL-5 production
under each costimulatory condition at any tested doses (1.4
to 28 µM). Our results therefore indicated that RXM did not
inhibit Th1-type and Th2-type cytokine production in our
experimental systems.

Effect of roxithromycin on proinflammatory cytokine pro-
duction through different costimulatory pathways. We next
examined the effect of RXM on the production of proin-
flammatory cytokines. As shown in Figure 2B, production
of the proinflammatory cytokines IL-6 and TNF-α was sig-
nificantly inhibited by RXM in a dose-dependent manner
under each costimulatory condition. Therefore RXM inhib-
ited proinflammatory cytokine productions by T cells stim-
ulated by our costimulatory conditions.

Effect of RXM on proinflammatory cytokine production by
macrophages. Since macrophages play a role in host
defense against infection and in the local modulation of
immune and inflammatory responses27, we also examined
the effect of RXM on the production of proinflammatory
cytokines by macrophages. The preliminary time-course
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Figure 1. Effect of RXM on the proliferative response of peripheral T cells stimulated with anti-CD3 Mab alone, anti-CD3 Mab
plus PMA, anti-CD3 plus anti-CD28 (4B10) Mab, and anti-CD3 plus anti-CD26 (1F7) Mab. Counts per minute (cpm) value in the
case of nonstimulated T cells was near background level (data not shown). Mean cpm values ± SD from triplicate samples from 4
different donors are shown. RXM did not significantly inhibit proliferative response of T cells induced by the stimuli described
above.
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experiment showed that 8 hours after stimulation was opti-
mal for LPS-stimulated proinflammatory cytokine produc-
tion by macrophages. As shown in Figure 2C, RXM inhibit-
ed both IL-6 and TNF-α production by macrophages in a
dose-dependent manner.

Effect of RXM on transendothelial migration of activated T
cells. We next examined its effect on transendothelial migra-
tion of PHA-stimulated T cells. These preactivated T cells
spontaneously migrate from the upper chamber to the lower
chamber through the endothelial monolayer, which is there-
fore regarded as chemokinesis. As shown in Figure 3, T cell
migration was significantly inhibited in a range from 14 to
28 µM in a dose-dependent manner when RXM was present
during the endothelial migration assay (p < 0.05). Compared
to proinflammatory cytokine production by T cells and
macrophages, RXM at dose of 1.4 µM did not inhibit migra-
tion of T cells from 5 different donors; but from 14 to 28 µM
RXM, T cell migration was always inhibited. In contrast,
when we pretreated HUVEC with various concentrations of
RXM for 48 hours, and then HUVEC were washed and
exposed to PHA-stimulated T cells, RXM did not affect the

migration of T cells through HUVEC even at the highest
concentration tested (28 µM; data not shown).

Effect of RXM therapy on the development of CIA. Finally,
we investigated whether RXM affects the pathophysiology
of CIA. Oral treatment of RXM was started after the second
immunization of type II collagen, and daily treatment of
RXM was continued up to Day 14. As shown in Figure 4,
disease scores were suppressed in a dose-dependent manner
after 7 days of treatment. In mice treated with RXM at a
dose of 100, 200, 400, and 800 µg and control mice, statis-
tically significant differences in disease score suppression
were observed (p < 0.05 and p < 0.01). It should be noted
that in the groups of mice treated with RXM 400 µg/day and
800 µg/day, disease scores were markedly inhibited, but the
differences in the disease scores between the 2 groups did
not reach statistical significance differences after 14 days of
treatment. These results therefore indicate that RXM treat-
ment inhibited the development of CIA.

Effect of RXM treatment on serum levels of IL-6, TNF-α, IL-
4, and IFN-γ and type II collagen antibody levels. Since IL-
6 and TNF-α appear to be involved in the development of
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Figure 2A. Effect of RXM on peripheral T cell production of IL-2, IFN-γ, IL-4, and IL-5. T cells were stimulated with anti-CD3
plus PMA, CD3 plus CD28, and anti-CD3 plus anti-CD26 for 24 h, and culture supernatants were assayed by ELISA for cytokine
levels shown here. Cytokine levels of T cells stimulated with anti-CD3 alone were always the background level (data not shown).
Mean values ± SD from triplicate samples are shown; data are representative of 3 independent experiments.
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CIA28, we examined the serum levels of those proinflam-
matory cytokines as well as IFN-γ and IL-4 in CIA mice on
Days 0, 7, 14, and 21 after RXM treatment. While treatment
of RXM did not affect the serum level of IFN-γ (Figure 5A),
serum IL-6 levels increased in control CIA mice on Day 7,
and then decreased to an undetectable level by Day 14. In
contrast, in RXM-treated CIA mice, serum IL-6 levels were
reduced on Day 7 in a dose-dependent manner. Particularly
in CIA mice treated with 400 µg and 800 µg RXM, serum

IL-6 levels were significantly reduced on Day 7 (p < 0.05;
Figure 5B).

Serum IL-4 and TNF-α levels could not be detected in
these groups of CIA mice due to the low degree of sensitiv-
ity of the available detection kits. Regarding type II collagen
antibody levels (Figure 5C), a type II collagen antibody was
detected after Day 7 of the second immunization of colla-
gen, but RXM treatment did not affect the serum titer of this
antibody. Thus we concluded that RXM treatment, particu-
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Figure 2B. Effect of RXM on peripheral T cell production of IL-6 and TNF-α. T cells were stimulated by the same conditions as in
(A), and culture supernatants were assayed by ELISA for IL-6 and TNF-α. Cytokine levels of T cells stimulated with anti-CD3 alone
were always the background level (data not shown). Mean values ± SD from triplicate samples are shown; data are representative of
3 independent experiments. *p <0.01, **p < 0.05 between 0 and 1.4 µM, 0 and 14 µM, 0 and 28 µM RXM; 2-tailed Student t test.

Figure 2C. Effect of RXM on production of IL-6 and TNF-α by macrophages stimulated with LPS (1 µg/ml) for 8 h; culture super-
natants were assayed by ELISA for IL-6 and TNF-α. Mean values ± SD from triplicate samples are shown; data are representative
of 3 independent experiments. *p <0.01 between 0 and 1.4 µM, 0 and 14 µM, 0 and 28 µM RXM; 2-tailed Student t test.

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2005.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


larly at the higher dose levels 400 µg and 800 µg, signifi-
cantly inhibited the production of IL-6 in the serum of CIA
mice.

RXM inhibition of leukocyte migration and bone destruction
in affected joints of CIA mice. Histological analysis of
inflamed joints and synovial tissue from those mice revealed
large numbers of cells of leukocyte origin, synovial mem-
brane proliferation, and pannus formation as well as destruc-
tion of bone and cartilage in control CIA mice not treated
with RXM (Figure 6). On the other hand, in CIA mice treat-
ed with 200 and 800 µg RXM per day, the infiltration of

leukocytes, cartilage and bone destruction, and pannus for-
mation were strongly suppressed in a dose-dependent man-
ner (Figure 6). Especially in 800 µg RXM-treated CIA mice,
no cartilage and bone destruction, pannus formation, and
synovial membrane proliferation was observed. These
results indicated that RXM inhibited leukocyte migration as
well as cartilage and bone destruction.

DISCUSSION
We demonstrated that RXM clearly inhibited the production
of the proinflammatory cytokines TNF-α and IL-6 by acti-
vated T cells and macrophages. In addition, RXM inhibited
T cell migration. Most importantly, RXM treatment of CIA
mice inhibited the development of CIA, serum IL-6 levels,
the migration of leukocytes into affected joints, and the
destruction of bone and cartilage.

Previous studies showed that RXM could not inhibit con-
canavalin A (ConA)-induced T cell proliferation, but could
inhibit ConA-induced IL-2 and IL-4 production by T cells15.
Moreover, the same investigators reported that RXM inhib-
ited production of Th2-type cytokine IL-4 and IL-5 but not
Th1-type cytokine IL-2 and IFN-γ by T cells stimulated with
the same costimulatory stimuli used in our study29.
Although the precise reasons for the discrepancy between
our findings and their data are unclear, it may be due to dif-
ferences in the methods used for stimulation. Moreover,
other researchers reported that other macrolides such as
midecamycin, clarithromycin, and josamycin inhibited pro-
duction of both Th1-type and Th2-type cytokines, such as
IL-2, IL-4, and IL-5, by ConA-stimulated T cells30.
Meanwhile, erythromycin and RXM inhibited TNF-α pro-
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Figure 3. Inhibitory effect of RXM on transendothelial migration
(chemokinesis) of PHA-activated T cells, as described in Materials and
Methods. Bars show mean values ± SD of triplicate cultures. *p < 0.05
between 0 and 14 µM RXM, **p < 0.01 between 0 and 28 µM RXM; 2-
tailed Student t test. Data are representative of samples from 5 different
donors.

Figure 4. Effect of RXM therapy on development of CIA. Disease scores of CIA mice meas-
ured from Day 0 to Day 21 after the second immunization. Sums of scores are shown for 4
different doses of RXM (100, 200, 400, 800 µg; n = 8 for each group) and control group (n =
8). Mean values ± SD from 8 mice are plotted. *p < 0.01, **p < 0.05 between 0 and 100, 200,
400, 800 µg/day; 2-tailed Student t test.
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duction by macrophages stimulated with LPS31,32. Recently,
Guchelaar, et al reported that erythromycin inhibited TNF-
α and IL-6 production induced by heat-killed Streptococcus
pneumoniae in human whole blood ex vivo33.

Systemic administration of macrolide antibiotics (eryth-
romycin and RXM) has been shown to be effective in the
treatment of lower and upper airway inflammatory diseases
such as bronchial asthma and diffuse panbronchiolitis2,32-34.
Although these inflammatory diseases have been reported to
be successfully treated with low dose administration of
macrolide antibiotics, which cannot be expected to act as
antibacterial agents, the precise mechanisms of action to
explain the clinical effectiveness of this therapy are not well
understood. It was recently reported that bronchial asthma is
a T cell-mediated inflammatory disorder, and selective
recruitment of CD4+ T cells into sites of inflammation may
contribute to the development of different pathological con-
ditions35,36. Current studies suggest that TNF-α may poten-
tially be involved in the development of bronchial hyperre-
sponsiveness by directly altering the contractile properties
of the airway smooth muscle37,38. As a regulator of IgE syn-
thesis, increased levels of IL-6 have been detected in blood

and bronchoalveolar lavage after bronchial challenge of
patients with asthma, while bronchial biopsies of these
patients reveal increased expression of IL-639. Thus, inhibi-
tion of TNF-α and IL-6 production by T cells and
macrophages as well as inhibition of T cell migration by
RXM may also have important therapeutic implications for
bronchial asthma.

In both CIA and RA, joint inflammation and cartilage
and bone destruction depend on the concentrations of TNF-
α and IL-6 in affected joints28,40. At the site of inflammation
in the affected RA synovium, infiltration of leukocytes,
especially T cells from blood vessels, is the initial step nec-
essary for the development of the RA lesion. The in vivo
effectiveness of RXM in preventing CIA development is
likely linked to the ability of RXM to inhibit T cell migra-
tion and proinflammatory cytokine production by T cells
and macrophages in vitro.

Based on the pharmacokinetics data in rats, oral adminis-
tration of RXM at 5 mg/kg, which corresponds to 100
µg/mouse, resulted in the maximum plasma concentration
around 1.9 µg/ml (2.3 µM). The usual dose in humans, 300
mg/adult, resulted in the maximum plasma concentration
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Figure 5. Effect of RXM treatment on serum levels of IFN-γ, IL-6, and type II collagen antibody in CIA mice, as described in
Materials and Methods. Serum levels were plotted from 4 different doses of RXM (100, 200, 400, 800 µg; n = 8 for each group)
and controls (n = 8). Mean values ± SD from 8 mice were plotted. IL-4 and TNF-α levels were always below background levels
(data not shown). *p < 0.05, 0 versus 400 and 800 µg/day; 2-tailed Student t test.
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around 8.1 µg/ml (9.6 µM). Therefore, the in vivo concen-
tration of RXM may correspond to the concentration that
inhibits immune/inflammatory phenomena in vitro. Further,
the doses employed in our in vitro and in vivo experiments
correspond to the human daily dose.

Advances in understanding the pathogenesis of RA based
on studies of human tissues and animal models of disease
have led to identification of molecular targets for immuno-

therapeutic intervention. Of these, TNF-α has been validat-
ed as an appropriate target for treatment, and to date 2 bio-
logical agents that target TNF-α have been licensed for clin-
ical use40. These are infliximab, an anti-TNF-α Mab41, and
etanercept, an engineered p75 TNF receptor dimer linked to
the Fc portion of human IgG142. Therapies inhibiting TNF-
α in patients with active RA result in rapid and sustained
improvement in symptoms and signs of disease, improve-

1772 The Journal of Rheumatology 2005; 32:9

Figure 6. Ankle joints of CIA mice were collected on Day 21 after the second immunization of collagen. Mice had been treated with 0, 200, and 800 µg RXM.
H&E stain; original magnification ×40 (left panels) and ×100 (right panels).
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ment in the quality of life, and protection of joints from
structural damage40,43. Moreover, anti-TNF-α treatment has
been reported to be effective in Crohn’s disease44. IL-6 reg-
ulates the production of acute-phase proteins by hepatocytes
and activates osteoclasts to absorb bone45,46. In a preclinical
study, a humanized anti-IL-6R Mab has been used to treat
patients with severe RA, and clinical improvements have
been reported47.

Besides bronchial asthma, RA, and Crohn’s disease,
RXM may also be useful for the treatment of disorders in
which TNF-α and IL-6 may play a role in pathophysiology,
such as graft versus host disease (GVHD) following allo-
geneic bone marrow transplant48, heart failure49, and
Castleman’s disease50.
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