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Abstract Tumor necrosis factor-o. (TNF-o) has an essen-
tial role in the pathogenesis of rheumatoid arthritis (RA)
and has been known to induce the production of several
inflammatory molecules in vivo. To analyze in vivo the
active mechanism of the TNF-a blocking agent, etanercept,
the serum levels of the cytokine interleukin-15 (IL-15) and
the chemokines growth-regulated protein-o (Gro-o), and
interferon-y inducible protein-10 (IP-10) in RA patients
were measured. Twenty-two patients with RA were admin-
istered etanercept once or twice a week for more than
6 months. The clinical and laboratory parameters were
measured and serum levels of IL-15, Gro-o, and IP-10 were
determined using enzyme-linked immunosorbent assay
(ELISA) kits at the baseline and at 3 and 6 months after the
initial treatment. Additionally, the production of IL-15 and
IP-10 by cultured synovial cells stimulated with TNF-o
from RA patients was determined by ELISA. A significant
decrease in serum levels of IL-15 and IP-10 was observed
at 3 and 6 months after initial treatment with etanercept, but
not in those of Gro-o. TNF-o induced production of IP-10,
but not IL-15 in cultured synovial cells from RA patients.
This study demonstrated for the first time the reduction of
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Introduction

Tumor necrosis factor-o (TNF-o) has been considered to be
an essential cytokine forming the pathological focus of
rheumatoid arthritis (RA) [1, 2] by producing various types
of chemokines, cytokines, and reactive oxygen species
[3, 4]. Recently, the clinical use of a TNF-a blocking agent
for RA patients has brought innovative results including
regulation of joint destruction. However, the biological
mechanism of TNF-« blocking agents in vivo has not been
always understood clearly. As one mechanism of the action
of TNF-o blocking agents, it has been hypothesized that the
levels of several inflammatory chemokines and cytokines
decrease. We have previously demonstrated that infliximab
reduced the serum levels of interleukin-15 (IL-15) and
growth-regulated protein-o (Gro-o) but not those of inter-
feron-y inducible protein-10 (IP-10) in RA patients [5-7].

IP-10 has various activities including stimulation of the
migration of monocytes, natural killer cells and T cells [8]
and has been reported to exist at higher levels in the serum
and synovial fluid of RA patients [7, 9]. In addition, IP-10
is induced by a variety of inflammatory mediators including
TNF-q«, interleukin-1 (IL-1), and interferon-y (IFN-y) [10-
12]. IL-15 has been reported to induce the differentiation of
osteoclast progenitors into preosteoclasts [13]. Gro-a is
detected in the synovial membrane in RA and is a chemo-
kine induced by TNF-« [14, 15].
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Etanercept and infliximab both block TNF-a, but do not
always show the same effects in clinical use for RA patients.
Here, we measured the serum levels of IL-15, Gro-«, and
IP-10 before and after treatment by etanercept in RA
patients and analyzed the in vivo mechanism of etanercept.

Materials and methods
RA patients receiving etanercept treatment

Informed consent was obtained from all study partici-
pants. Twenty-two patients (20 females and 2 males;
mean age 61.8 9.1 years; mean disease duration
15.3 £ 7.4 years; Steinblocker’s stage II: 4, III: 14, IV: 4)
with RA, diagnosed according to the criteria of the
American Collage of Rheumatology, were evaluated in
this study between October 2005 and December 2006.
We evaluated the patients administered etanercept for
more than 6 months. Thirteen patients received a constant
dose of prednisolone (mean dose 2.4 % 2.2 mg/day)
throughout the present study. Etanercept was adminis-
tered by subcutaneous injection at a dosage of 25 mg
once or twice a week. Sixteen patients received etaner-
cept in combination with methotrexate (MTX) perorally
at a constant dosage of 4-10 mg/week. Six patients were
treated with etanercept alone. The patients treated with
etanercept were divided into MTX-treated [MTX (+)]
and MTX-nontreated [MTX (—)] groups, and their data
were evaluated in total and respective groups.

Clinical and laboratory evaluation

Clinical and laboratory examinations including erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), anti-
agalactocyl IgG antibody (CA-RF), and a Disease Activity
Score of 28 joints (DAS28) were performed at the baseline
and at 3 and 6 months after the initial treatment. Serum
samples of RA patients were obtained just before an initial
injection of etanercept at the baseline and at 3 and 6 months
after the initial treatment with etanercept. The serum levels
of IL-15, IP-10, and Gro-o were measured in all patients as
described below.

Measurements of serum levels of IL-15, IP-10, and Gro-o

The serum levels of IL-15, IP-10, and Gro-«, and CA-RF
from RA patients with etanercept treatment were measured
using an enzyme-linked immunosorbent assay (ELISA),
following the manufacturer’s instructions (IL-15 and IP-10,
ELISA kits, Biosource, Nivelles, Belgium; Gro-a ELISA
kit, R&D, MN, USA; and CA-RF ELISA kit, Ei Test, Eisai,
Tokyo, Japan). All samples were measured in duplicate. To

@ Springer

demonstrate that this assay is not sensitive to rheumatoid
factors (RF) interaction, IL-15, IP-10, and Gro-o levels of
the serum from five RA patients without infliximab treat-
ment with RF (+) were measured with or without absorp-
tion of RF by human IgG (1 mg/ml, 24 h incubation) bound
protein G beads, as following our methods described previ-
ously [5]. Absorption of RF was made as follows: 100 pl of
human IgG (1 mg/ml) was mixed with 100 pl of protein G
beads overnight at room temperature. The beads were
washed twice with PBS. The serum samples were incubated
with the immunoglobulin-coupled beads (1:1 vols.) for 2 h
to eliminate RF. The IL-15, IP-10, and Gro-« levels of the
samples, which were incubated with or without immuno-
globulin-coupled beads, were assayed. There was no sig-
nificant difference in these cytokine levels between the no
treated serum and the serum incubated with the immuno-
globulin-coupled beads (data not shown).

Measurements of the levels of IL-15 and IP-10 produced
by cultured synovial cells stimulated with TNF-o or IFN-y

Synonival membranes were obtained from 5 patients with
RA at total knee arthroplasty. The membranes were finely
minced and then digested for 2 h at 37°C with 1 mg/ml of
collagenase type I (Sigma, St. Louis, MO, USA). The cells
were washed with phosphate-buffered saline and suspended
in culture dishes with a 12-cm diameter containing DMEM
with 10% fetal bovine serum for 2 weeks and then resus-
pended at 1 x 10° cells/well in culture dishes with a 3.5-cm
diameter. The adherent cells in the dish were incubated for
48 h after the addition of IFN-y (50 ng/ml) or TNF-« (0, 10,
or 50 ng/ml) (R&D, Minneapolis, MN, USA). The cell-free
supernatants were collected and used for IL-15 or IP-10
assays.

Statistical analysis

All data were shown as the mean =+ SD. The values in pre-
and post-treatment measurements were compared using the
Wilcoxon signed rank test. Single regression analysis was
performed, and the statistical significance of correlation
was determined with Pearson’s correlation test. P values
less than 0.05 were considered to be significant in this
study. All statistical analysis was performed on a Macin-
tosh computer using the Statcel software package.

Results
Clinical and laboratory disease activity

CRP levels in total RA patients significantly decreased
from 2.02 4= 0.96 mg/dl at pretreatment to 0.63 £ 0.85 mg/dl
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Table 1 The serum levels of interleukin-15 (IL-15), interferon-y
inducible protein-10 (IP-10), and growth-regulated protein-o: (Gro-o)
in patients with RA treated with etanercept was measured at baseline,
3 months, and 6 months after initial treatment with etanercept

Baseline 3 months 6 months

Serum IL-15 (pg/ml)

Total 1,117 £ 784 654 £ 544%* 555 £ 460%**

MTX (+) 1,202 £ 899 617 £ 519%* 476 £ 356%*

MTX (—-) 917 + 393 740 £ 623* 683 £ 554*
Serum IP-10 (pg/ml)

Total 395 +£ 291 153 &+ 213%%* 121 4 163%**

MTX (+) 430 + 334 116 £ 164** 122 £ 180**

MTX (—-) 300 £ 81 274 £ 271 120 &+ 116*
Serum Gro-o (pg/ml)

Total 219 + 340 203 + 358 247 + 448

MTX (+) 267 £ 400 244 + 426 298 £ 529

MTX (—-) 107 £ 59 107 + 27 120 + 23
CRP (mg/dl)

Total 2.02 £ 0.96 0.63 £+ 0.85%* 0.70 £ 1.05%**

MTX (+) 1.68 £0.72 0.32 £ 0.22%* 0.38 £ 0.41%*

MTX (—) 2.82 £0.99 1.35 + 1.30* 1.46 £+ 1.66*
ESR (mm/h)

Total 55+17 37 £ 24%%* 33 & 19%*

MTX (+) 59+ 18 36 £ 28** 36 £ 22%*

MTX (—) 48 £ 11 38 + 12% 25 +£5.8%
Number of swollen joints

Total 8.0+4.0 3.8 £ 3.2%* 3.1 £ 2.1%*

MTX (+) 9.1 £3.7 5.1 £ 2.9%%* 4.0 £ 1.8%*

MTX (—) 50+34 0.9+ 1.1* 1.0 £ 0.8%*
Number of tender joints

Total 25+ 1.1 0.3 £ 0.7%* 0.5 £ 1.2%*

MTX (+) 26+ 1.1 0.4 + 0.8%* 0.1 &£ 0.4%*

MTX (—) 26£1.0 0.6 +1.0 0.3 £0.5%
DAS28-CRP

Total 4.47 +£0.50 2.70 £ 0.59%%** 2.20 £ 0.51%**

MTX (+) 448 £0.55 2.71 £ 0.69%** 2.81 £ 0.66%**

MTX (—-) 442 +0.38 2.60 £ 0.83* 2.94 £ 0.52*
Serum CA-RF (AU/ml)

Total 383 + 642 469 + 898 476 £ 800

MTX (+) 180 £ 133 153 £ 107 217 £ 199

MTX (—-) 788 £ 993 1,101 &+ 1,354 904 + 1,055

The clinical and laboratory data were also obtained at the same time

Data are shown by mean =+ SD values. Data at 3 and 6 months were
compared with those at baseline using Wilcoxon signed rank test.
Patients treated with etanercept were divided into methotrexate (MTX)
(+) and MTX (—) groups

** P <(0.01 versus baseline, * P < 0.05 versus baseline

(P<0.01) and 0.70 & 1.05 mg/dl (P<0.01) at 3 and
6 months after the initial injection of etanercept, respec-
tively (Table 1). Those in MTX (+) and MTX (—) patients

receiving etanercept treatment significantly decreased at 3
and 6 months after the initial injection of etanercept,
respectively. ESR levels, DAS28-CRP, and number of
swelling joints except for serum CA-RF levels were also
significantly decreased at 3 and 6 months compared with
those at pretreatment.

Measurements of serum levels of IL-15, IP-10, and Gro-o
by etanercept treatment

To investigate whether these ELISA systems are sensitive
to IL-15, IP-10, and Gro-o, we measured the levels of
serum or SF from RA patients after the addition of human
IgG for absorption of RF. The addition of human IgG
(1 mg/ml) and absorption of RF did not make a statistically
significant difference in the IL-15, IP-10, and Gro-« levels
(data not shown).

The mean serum IL-15 levels in total RA patients receiv-
ing etanercept treatment decreased significantly from
1,117 £ 784 pg/ml at pretreatment to 654 £ 544 pg/ml
(P<0.01) and 555+ 460 pg/ml (P<0.001) at 3 and
6 months after the initial injection of etanercept, respec-
tively (Table 1). Those in MTX (+) and MTX (—) patients
receiving etanercept treatment significantly decreased at 3
and 6 months after the initial injection of etanercept,
respectively. The mean serum level of IP-10 at pretreatment
(395 £ 291 pg/ml) also decreased significantly at 3 (153 &+
213 pg/ml) (P<0.05) and 6 months (121 & 163 pg/ml)
(P <0.01) after the initial injection of etanercept, respec-
tively. Those in MTX (+) patients receiving etanercept
treatment significantly decreased at 3 and 6 months after
the initial injection of etanercept, respectively. The mean
serum IP-10 levels in MTX (—) patients significantly
decreased at 6 months. The mean serum Gro-a levels in
total, MTX (+), and MTX (—) patients did not show signifi-
cant differences at 3 and 6 months after the initial injection
of etanercept compared with the basic levels.

Correlation analysis among serum IL-15, Gro-«, and IP-10
and other clinical and laboratory parameters

Serum IL-15 levels showed significant correlation with the
numbers of tender joints (r=0.470, P <0.05) (Table 2).
Serum IP-10 levels significantly correlated with DAS28-
CRP levels (r =0.415, P < 0.05).

The levels of IL-15 and IP-10 produced by cultured
synovial cells stimulated with TNF-a or IFN-y

Cultured synovial cells from RA patients were stimulated
with TNF-« and IFN-y. TNF-« at the concentrations of 10
and 50 ng/ml significantly induced a large amount of IP-10
production but did not induce a significant change in the
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Table 2 Analysis of correlations between serum IL-15, Gro-o, and IP-10 and other clinical and laboratory parameters in RA patients who received

etanercept treatment

IL-15 Gro-o. IP-10

Correlation P value Correlation P value Correlation P value

coefficient coefficient coefficient
CRP 0.275 0.244 —-0.199 0.379 0.465 0.244
ESR (1 h) 0.265 0.264 —0.003 0.991 0.160 0.471
CA-RF 0.358 0.122 —0.265 0.278 0.260 0.273
DAS28-CRP 0.389 0.090 —0.366 0.094 0.415% 0.048
Swollen joints 0.154 0.521 —0.348 0.135 0.210 0.340
Tender joints 0.470* 0.035 —0.220 0.331 0.213 0.334

Single regression analysis between serum IL-15, Gro-«, and IP-10 and other clinical and laboratory parameters was performed. The data of sample
levels and clinical parameters used in correlation analysis were obtained at the baseline and at 3 and 6 months after initial treatment with etanercept,
and data are shown by correlation coefficient. The statistical significance of correlation was determined using Pearson’s correlation test

*P<0.05
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Fig. 1 The levels of IP-10 and IL-15 produced by cultured synovial
cells stimulated with IFN-y or TNF-o.. Synonival membranes obtained
from RA patients were finely minced and digested for 2 h at 37°C with
1 mg/ml of collagenase type I. The cells were suspended in culture
dishes with a 12-cm diameter containing DMEM with 10% fetal bo-

production of IL-15 (Fig. 1). IFN-y at the concentrations of
50 ng/ml significantly induced a large amount of IP-10 pro-
duction but did not induce a significant change in the pro-
duction of IL-15.

Discussion

TNF-o blocking agents have been shown to affect the pro-
duction of a variety of cytokines, chemokines, mitogens,
and proteases, which may exist at sites downstream of the
TNF-« cascade in RA patients [5, 6, 16]. On the other hand,
it has been known that TNF-« induces the production of
various cytokines and chemokines [6, 17-20]. For instance,
there are some reports that IL-15, IP-10, and Gro-« are pro-
duced by TNF-o stimulation [21, 22]. Previously we dem-
onstrated that treatment of RA patients with infliximab
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vine serum for 2 weeks and then resuspended at 1 x 10° cells/well in
culture dishes with a 3.5-cm diameter. The adherent cells in the dish
were incubated for 48 h after the addition of IFN-y (50 ng/ml) or
TNF-o (0, 10, or 50 ng/ml). The supernatants were collected and the
levels of IP-10 and IL-15 were measured by ELISA kits

decreased their serum levels of IL-15 and Gro-u« but did not
significantly change those of IP-10 [6, 7]. In the present
study, we investigated the effect of etanercept on these pro-
teins. The serum levels of IL-15 and IP-10 in RA patients
after etanercept treatment were decreased.

IL-15 stimulates the differentiation of osteoclast progeni-
tors into preosteoclasts [13] and acts at the early stage of
osteoclastogenesis. IL-15 has been shown to be responsible
for local T cell activation and to stimulate the proliferation
of T cells prepared from peripheral blood and synovial fluid
samples from RA patients [23]. The synovial fluid of
patients with RA was shown to have elevated levels of IL-15
[24], and IL-15 was detected on synovial fibroblasts of RA
[23]. In a collagen-induced (CIA) arthritis model known to
be an animal model for RA, the soluble IL-15 receptor
alpha-chain suppressed the development of CIA [25].
Antagonistic IL-15 mutant/Fcgamma?a fusion protein,
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which targets the IL-15 receptors, also blocked disease
progression in a CIA model [26]. Thus, IL-15 may play a
crucial role in the pathogenesis of RA including osteo-
clastogenesis, which is a cause behind the joint destruction
of RA [13]. The decrease of IL-15 production in RA
patients after etanercept treatment may elucidate its ability
to moderate joint destruction and the existence of the cyto-
kine cascade by which IL-15 is induced by TNF-« in RA
patients in vivo. But in our present study, TNF-a stimula-
tion for cultured synovial cells from RA patients did not
induce IL-15 production. Ernestam etal. previously
reported that the levels of IL-15 in synovial membranes
were not significantly unchanged after treatment with
infliximab [27]. Taken together, these findings suggest that
the production of IL-15 may be indirectly induced by the
stimulation of another molecule induced by TNF-o.

IP-10 has been known to be induced by various
inflammatory mediators including IL-1, TNF-o, IFN-«, and
IFN-y, in monocytes, neutrophils, keratinocytes, fibro-
blasts, endothelial cells and synovial cells [28-34]. TNF-«
enhances phenotypic and functional maturation of human
epidermal Langerhans cells and induces IP-10 production
[10]. IP-10 has various biological activities, including stim-
ulation of monocyte, natural killer cell and T cell migration,
bone marrow progenitor maturation, modulation of adhe-
sion molecule expression, and inhibition of angiogenesis
[35]. Furthermore, it was recently reported that IP-10
stimulated the expression of RANKL and TNF-« in CD4+
T cells and showed osteoclastogenic potential in co-cul-
tures of CD4+ T cells and osteoclast precursors [36]. In a
CIA model, the levels of RANKL and TNF-o were
decreased by an antibody to IP-10, and IP-10 has been
shown to be involved in bone erosion in inflamed joints
[36]. Indeed, RA synovial fluid (SF) contained
greater amounts of IP-10 compared with osteoarthritis SF
[37]. IP-10 has been detected on infiltrating macrophage-
like cells, and fibroblast-like cells in the RA synovium [38].
Thus, IP-10 is considered to have a relationship with bone
destruction that is essential for the pathogenesis of RA. Our
data indicated that TNF-« induced the production of IP-10
in the RA synovial membrane in vivo and that etanercept
reduced the serum levels of IP-10 in RA patients; therefore,
the cascade by which IP-10 is induced by TNF-a stimula-
tion may exist in vivo. The discovery of the reduction of
serum levels of IP-10 in RA patients by etanercept treat-
ment is new to this report.

Gro-o levels were not significantly changed after etaner-
cept treatment. However, in our previous study, serum Gro-o
levels were significantly decreased after infliximab treat-
ment. Although there is a report that the synovial fluid lev-
els of Gro-o are high in RA patients, the function of Gro-«
in the pathogenesis of RA is not yet understood.

Previously, treatment of RA patients with infliximab did
not result in a significant change of serum IP-10 levels but
decreased the serum Gro-o levels [6, 7]. Although both of
etanercept and infliximab are TNF-a blocking agents, they
do not always show identical effects in clinical use, even on
the same RA patient. This may result from a different
mechanism in TNF-o blocking. For example, infliximab
has a reverse signal through transmembrane TNF-o on the
cell surface [39, 40]. CA-RF levels in RA patients were
decreased significantly by infliximab in our previous study,
but not by etanercept in the present study [7]. Although the
in vivo mechanism of the TNF-a blocker etanercept is not
completely understood, the present study provides an
important clue. In the present study, we investigated the
change of serum levels of IL-15, IP-10, and Gro-o using
etanercept; as an additional study, we need to measure the
levels of these proteins in the synovial membrane. This
may elucidate further the function of the respective TNF-o
blocking agents.

Acknowledgments In this study, I appreciate the cooperation of the
division of host defense at the department of infectious disease in Ham-
amatsu University School of Medicine for the measurement of the lev-
els of a cytokine and chemokines.

References

1. Arend WP, Dayer J-M (1995) Inhibition of the production and
effects of interleukin-1 and tumor necrosis factor alpha in rheuma-
toid arthritis. Arthritis Rheum 38:151-160

2. Maini RN, Taylor PC (2000) Anti-cytokine therapy for rheuma-
toid arthritis. Ann Rev Med 51:207-229

3. Woo CH, Kim TH, Choi JA, Ryu HC, Lee JE, You HJ et al (2006)
Inhibition of receptor internalization attenuates the TNF alpha-in-
duced ROS generation in non-phagocytic cells. Biochem Biophys
Res Commun 351:972-978

4. Sakon S, Xue X, Takekawa M, Sasazuki T, Okazaki T, Kojima Y
etal (2003) NF-kappaB inhibits TNF-induced accumulation of
ROS that mediate prolonged MAPK activation and necrotic cell
death. EMBO J 22:3898-3909

5. Kageyama Y, Takahashi M, Torikai E, Suzuki M, Ichikawa T,
Nagafusa T et al (2007) Treatment with anti-TNF-alpha antibody
infliximab reduces serum IL-15 levels in patients with rheumatoid
arthritis. Clin Rheumatol 26:505-509

6. Torikai E, Kageyama Y, Suzuki M, Ichikawa T, Nagano A (2007)
The effect of infliximab on chemokines in patients with rheuma-
toid arthritis. Clin Rheumatol 26:1088-1093

7. Kageyama Y, Torikai E, Nagano A (2007) Anti-tumor necrosis
factor-alpha antibody treatment reduces serum CXCL16 levels in
patients with rheumatoid arthritis. Rheumatol Int 27:467-472

8. Neville LF, Mathiak G, Bagasra O (1997) The immunobiology of
interferon-gamma inducible protein 10 kD (IP-10): a novel, pleio-
tropic member of the C-X-C chemokine superfamily. Cytokine
Growth Factor Rev 8:207-219

9. Hanaoka R, Kasama T, Muramatsu M, Yajima N, Shiozawa F,
Miwa Y et al (2003) A novel mechanism for the regulation of IFN-
gamma inducible protein-10 expression in rheumatoid arthritis.
Arthritis Res Ther 5:74-81

@ Springer



730

Rheumatol Int (2010) 30:725-730

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Berthier-Vergnes O, Bermond F, Flacher V, Massacrier C, Sch-
mitt D, Péguet-Navarro J (2005) TNF-alpha enhances phenotypic
and functional maturation of human epidermal Langerhans cells
and induces IL-12 p40 and IP-10/CXCL-10 production. FEBS Lett
579:60-68

Thorburn E, Kolesar L, Brabcova E, Petrickova K, Petricek M,
Jaresova M et al (2009) CXC and CC chemokines induced in hu-
man renal epithelial cells by inflammatory cytokines. APMIS
117:477-487

Boorsma DM, de Haan P, Willemze R, Stoof TJ (1994) Human
growth factor (huGRO), interleukin-8 (IL-8) and interferon-gam-
ma-inducible protein (gamma-IP-10) gene expression in cultured
normal human keratinocytes. Arch Dermatol Res 286:471-475
Ogata Y, Kukita A, Kukita T, Komine M, Miyahara A, Miyazaki
S et al (1999) A novel role of IL-15 in the development of osteo-
clasts: inability to replace its activity with IL-2. J Immunol
162:2754-2760

Konig A, Krenn V, Toksoy A, Gerhard N, Gillitzer R (2000) Mig,
GRO alpha and RANTES messenger RNA expression in lining
layer, infiltrates and different leucocyte populations of synovial tis-
sue from patients with rheumatoid arthritis, psoriatic arthritis and
osteoarthritis. Virchows Arch 436:449-458

Plater-Zyberk C, Hoogewerf AJ, Proudfoot AE, Power CA, Wells
TN (1997) Effect of a CC chemokine receptor antagonist on colla-
gen induced arthritis in DBA/1 mice. Immunol Lett 57:117-120
Klimiuk PA, Sierakowski S, Domyslawska I, Chwiecko J (2004)
Effect of repeated infliximab therapy on serum matrix metallopro-
teinases and tissue inhibitors of metalloproteinases in patients with
rheumatoid arthritis. J] Rheumatol 31:238-242

Zhang HG, Hyde K, Page GP, Brand JP, Zhou J, Yu S et al (2004)
Novel tumor necrosis factor alpha-regulated genes in rheumatoid
arthritis. Arthritis Rheum 50:420-431

Zoja C, Wang JM, Bettoni S, Sironi M, Renzi D, Chiaffarino F et al
(1991) Interleukin-1 beta and tumor necrosis factor-alpha induce
gene expression and production of leukocyte chemotactic factors,
colony-stimulating factors, and interleukin-6 in human mesangial
cells. Am J Pathol 138:991-1003

Visser CE, Tekstra J, Brouwer-Steenbergen JJ, Tuk CW, Boorsma
DM, Sampat-Sardjoepersad SC et al (1998) Chemokines produced
by mesothelial cells: huGRO-alpha, IP-10, MCP-1 and RANTES.
Clin Exp Immunol 112:270-275

Harigai M, Hara M, Yoshimura T, Leonard EJ, Inoue K, Kashiwa-
zaki S (1993) Monocyte chemoattractant protein-1 (MCP-1) in
inflammatory joint diseases and its involvement in the cytokine
network of rheumatoid synovium. Clin Immunol Immunopathol
69:83-91

Arend WP, Dayer JM (1990) Cytokines and cytokine inhibitors or
antagonists in theumatoid arthritis. Arthritis Rheum 33:305-315
Harada S, Yamamura M, Okamoto H, Morita Y, Kawashima M,
Aita T, Makino H (1999) Production of interleukin-7 and interleu-
kin-15 by fibroblast-like synoviocytes from patients with rheuma-
toid arthritis. Arthritis Rheum 42:1508-1516

Miranda-Carus ME, Balsa A, Benito-Miguel M, Perez de Ayala C,
Martin-Mola E (2004) IL-15 and the initiation of cell contact-
dependent synovial fibroblast-T lymphocyte cross-talk in rheuma-
toid arthritis: effect of methotrexate. J Immunol 173:1463-1476
Raza K, Falciani F, Curnow SJ, Ross EJ, Lee CY, Akbar AN et al
(2005) Early rheumatoid arthritis is characterized by a distinct and

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

transient synovial fluid cytokine profile of T cell and stromal cell
origin. Arthritis Res Ther 7:784-795

Ruchatz H, Leung BP, Wei XQ, Mclnnes IB, Liew FY (1998) Sol-
uble IL-15 receptor alpha-chain administration prevents murine
collagen-induced arthritis: a role for IL-15 in development of anti-
gen-induced immunopathology. J Immunol 160:5654-5660
Ferrari-Lacraz S, Zanelli E, Neuberg M, Donskoy E, Kim YS,
Zheng XX et al (2004) Targeting IL-15 receptor-bearing cells with
an antagonist mutant IL-15/Fc protein prevents disease develop-
ment and progression in murine collagen-induced arthritis.
J Immunol 173:5818-5826

Ernestam S, af Klint E, Catrina Al, Sundberg E, Engstrom M,
Klareskog L, Ulfgren AK (2006) Synovial expression of IL-15 in
rheumatoid arthritis is not influenced by blockade of tumour
necrosis factor. Arthritis Res Ther 8:R18

Bédard PA, Golds EE (1993) Cytokine-induced expression of mR-
NAs for chemotactic factors in human synovial cells and fibro-
blasts. Cell Physiol 154:433-441

Boorsma DM, Flier J, Sampat S, Ottevanger C, de Haan P, Hooft
L etal (1998) Chemokine IP-10 expression in cultured human
keratinocytes. Arch Dermatol Res 290:335-341

Cassatella MA, Gasperini S, Calzetti F, Bertagnin A, Luster AD,
McDonald PP (1997) Regulated production of the interferon-gam-
ma-inducible protein-10 (IP-10) chemokine by human neutro-
phils. Eur J Immunol 27:111-115

Ebnet K, Simon MM, Shaw S (1996) Regulation of chemokine
gene expression in human endothelial cells by proinflammatory
cytokines and Borrelia burgdorferi. Ann N'Y Acad Sci 797:107—
117

Luster AD, Unkeless JC, Ravetch JV (1985) Gamma-interferon
transcriptionally regulates an early-response gene containing
homology to platelet proteins. Nature 315:672-676

Luster AD (1998) Chemokines-chemotactic cytokines that medi-
ate inflammation. N Engl J Med 338:436-445

Luster AD, Ravetch JV (1987) Biochemical characterization of a
gamma interferon-inducible cytokine (IP-10). J Exp Med
166:1084-1097

Neville LF, Mathiak G, Bagasra O (1997) The immunobiology of
interferon-gamma inducible protein 10 kD (IP-10): a novel, pleio-
tropic member of the C-X-C chemokine superfamily. Cytokine
Growth Factor Rev 8:207-219

Kwak HB, Ha H, Kim HN, Lee JH, Kim HS, Lee S et al (1997)
Reciprocal cross-talk between RANKL and interferon-gamma-in-
ducible protein 10 is responsible for bone-erosive experimental
arthritis. Arthritis Rheum 58:1332-1342

Hanaoka R, Kasama T, Muramatsu M, Yajima N, Shiozawa F,
Miwa Y et al (2003) A novel mechanism for the regulation of IFN-
gamma inducible protein-10 expression in rheumatoid arthritis.
Arthritis Res Ther 5:74-81

Patel DD, Zachariah JP, Whichard LP (2001) CXCR3 and CCR5
ligands in rheumatoid arthritis synovium. Clin Immunol 98:39-45
Rigby WF (2007) Drug insight: different mechanisms of action of
tumor necrosis factor antagonists-passive-aggressive behavior?
Nat Clin Pract Rheumatol 3:227-233

Mitoma H, Horiuchi T, Hatta N, Tsukamoto H, Harashima S,
Kikuchi Y et al (2005) Infliximab induces potent anti-inflamma-
tory responses by outside-to-inside signals through transmem-
brane TNF-alpha. Gastroenterology 128:376-392



	Etanercept treatment reduces the serum levels of interleukin-15 and interferon-gamma inducible protein-10 in patients with rheumatoid arthritis
	Abstract
	Introduction
	Materials and methods
	RA patients receiving etanercept treatment
	Clinical and laboratory evaluation
	Measurements of serum levels of IL-15, IP-10, and Gro-alpha 
	Measurements of the levels of IL-15 and IP-10 produced by cultured synovial cells stimulated with TNF-alpha or IFN-gamma
	Statistical analysis

	Results
	Clinical and laboratory disease activity
	Measurements of serum levels of IL-15, IP-10, and Gro-alpha by etanercept treatment
	Correlation analysis among serum IL-15, Gro-alpha, and IP-10 and other clinical and laboratory parameters
	The levels of IL-15 and IP-10 produced by cultured synovial cells stimulated with TNF-alpha or IFN-gamma

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


