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ORIGINAL ARTICLE
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Abstract This study was performed to analyze the effect

of etanercept, the soluble tumor necrosis factor-a (TNF-a)

receptor, on the serum levels of several chemokines

including monocyte chemotactic protein-1 (MCP-1), reg-

ulated upon activation normal T expressed and presumably

secreted (RANTES), and granzyme B in rheumatoid

arthritis (RA) patients. Twenty-eight patients with RA were

administered etanercept once or twice a week for more

than 6 months. Clinical and laboratory parameters were

measured and serum levels of MCP-1, RANTES, and

granzyme B were determined using enzyme-linked immu-

nosorbent assay (ELISA) kits at baseline and at 3 and

6 months after the initial treatment. In addition, the levels

of MCP-1, RANTES, and granzyme B produced by cul-

tured synovial cells stimulated with TNF-a were measured.

A significant decrease in serum MCP-1 levels was

observed at 3 and 6 months after initial treatment with

etanercept. Serum RANTES and granzyme B levels did

not show significant changes. TNF-a induced MCP-1,

RANTES, and granzyme B production in cultured synovial

cells from RA patients. Serum MCP-1 levels were signif-

icantly correlated with the disease activity scores of 28

joints combined with CRP (DAS28-CRP), indicating

the role of MCP-1 in the pathogenesis of rheumatoid

inflammation. This study demonstrated that a reduction of

MCP-1 production in RA patients was a newly determined

effect of etanercept. Another cascade not associated with

TNF-a may induce granzyme B and RANTES production

in RA patients.

Keywords Rheumatoid arthritis �
Monocyte chemotactic protein-1 � Etanercept

Introduction

Tumor necrosis factor-a (TNF-a) has been reported to be

associated with the pathogenesis of rheumatoid arthritis

(RA) [1, 2] through inducing the production of a number

of chemokines, cytokines, and reactive oxygen species

[3, 4]. Previous studies indicated that an anti-TNF-a
monoclonal antibody, infliximab, reduces the serum

levels of interleukin (IL)-6, IL-8, monocyte chemotactic

protein-1 (MCP-1), vascular endothelial growth factor

(VEGF) [5, 6], IL-18 [7], matrix metalloproteinase

(MMP)-1, -3, and -9 [8], IL-15, and Gro-a in RA

patients [9, 10].

In addition, we previously reported that a soluble TNF-a
receptor, etanercept, reduced serum IL-23 and MIP-3a
(CXCL20) levels in RA patients [11]. There have been

reports that TNF-a increases the gene expression of gran-

zyme B and that TNF-a increases the production of several

chemokines including RANTES [12–15]. In the current

study, we investigated the changes in the serum levels

of other chemokines, such as MCP-1, regulated upon

activation normal T expressed and presumably secreted

(RANTES), and granzyme B, which were considered to

exist in TNF-a cascade according to previous reports on

RA patients.
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Materials and methods

RA patients treated with etanercept

Twenty-eight patients (25 females and 3 males; mean age

61.1 ± 10.6 years; mean disease duration 12.4 ± 7.1

years; Steinbrocker’s stage I: 1, II: 10, III: 15, IV: 2) who

met the American College of Rheumatology diagnostic

criteria for RA were included in this study between

December 2005 and November 2007. This study was per-

formed in accordance with the guidelines of the ethics

committee of Heisei Memorial Hospital, and informed

consent was obtained from all patients. In this study,

patients who underwent treatment with etanercept for more

than 6 months without side-effects were evaluated. Sixteen

patients were administered prednisolone at constant mean

dosage of 2.53 ± 2.02 mg/day throughout this study for

more than 6 months before the etanercept administration.

Etanercept was injected subcutaneously at dosage of 25 mg

once or twice a week. Twenty patients received etanercept

in combination with methotrexate (MTX) perorally at

constant mean dosage of 4.5 ± 2.7 mg/week for more

than 6 months before the etanercept administration. Eight

patients were treated with etanercept alone. The patients

treated with etanercept were divided into MTX-treated

[MTX (?)] and MTX-nontreated [MTX (-)] groups, or

prednisolone-treated [prednisolone (?)] and prednisolone-

nontreated [prednisolone (-)] groups, and their data were

evaluated in total and respective groups.

Clinical and laboratory examinations

C-reactive protein (CRP), anti-agalactosyl IgG antibody

(CA-RF), and the disease activity scores of 28 joints

combined with CRP (DAS28-CRP) were measured during

clinical and laboratory examinations at baseline and at 3

and 6 months after the initial treatment. Serum samples

and the second urinary samples from patients in the early

morning were obtained just before the initial injection of

etanercept at baseline and at 3 and 6 months after the initial

treatment with etanercept and stored at -80�C until

assayed. Serum anti-agalactosyl IgG antibody (CA-RF)

was also measured with an enzyme-linked immunosorbent

assay (ELISA) kit (Ei test, Eisai, Tokyo, Japan).

Measurements of the serum levels of MCP-1,

RANTES, and granzyme B in RA patients treated

with etanercept and control individuals

The serum levels of MCP-1, granzyme B, and RANTES in

RA patients undergoing etanercept treatment and in healthy

individuals were measured using an enzyme-linked immu-

nosorbent assay (ELISA) following the manufacturer’s

instructions (MCP-1 and granzyme B ELISA kits, Bender

MedSystem GmbH, Vienna, Austria; RANTES Instant

ELISA kit, Bender MedSystem GmbH, Vienna, Austria).

All samples were measured in duplicate.

We have previously reported that serum total, urinary

total, and urinary free pentosidine decreased after etanercept

treatment [16]. In the present study, the serum total and

urinary total pentosidine levels were also measured for

single regression analysis between these pentosidine levels

and the serum levels of MCP-1, granzyme B, and RANTES.

Measurements of the levels of MCP-1, RANTES,

and granzyme B produced by cultured synovial cells

stimulated with TNF-a

Synovial membranes were obtained from six patients with

RA at total knee arthroplasty. The synovial membranes

were finely minced and then digested for 2 h at 37�C with

1 mg/ml collagenase type I (Sigma, St. Louis, MO, USA).

The synovial cells were washed with phosphate-buffered

saline and suspended in culture dishes with a 12-cm

diameter containing Dulbecco’s modified Eagle’s medium

(DMEM) with 10% fetal bovine serum for 2 weeks and

then resuspended at 1 9 105 cells/well in culture dishes

with a 3.5 cm diameter. After 2 days, the adherent cells in

the dish were incubated for 48 h after the addition of TNF-

a (0, 5, or 50 ng/ml) (R&D, Minneapolis, MN, USA). The

cell-free supernatants were collected and used for MCP-1,

RANTES, and granzyme B assays.

Measurements of serum and urinary pentosidine levels

Takahashi et al. have previously established a method for

measuring the total pentosidine levels composed of dehy-

drated forms and the free pentosidine of an undehydrated

form, respectively [17]. The levels of serum total and

urinary total pentosidine in RA patients before and after

treatment with etanercept and of control healthy indivi-

duals were measured using high-performance liquid chro-

matography, as previously described [17].

Statistical analysis

In this study, all data are expressed as means ± standard

deviation (SD). A comparison of the values obtained in

the pre- and post-treatment measurements of CRP, serum

CA-RF, DAS28-CRP, serum MCP-1, granzyme B, and

RANTES in RA patients was performed using the Wilcoxon

signed rank test. In addition, a comparison of the data at

baseline in RA patients with the data in control individuals

was performed using the Mann–Whitney U test. Single

regression analysis between serum MCP-1, RANTES, and

granzyme B and other parameters including CRP, ESR,
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DAS28-CRP, and serum total and urinary total pentosidine

was also performed, The statistical significance of corre-

lation was determined with Pearson’s correlation test. P

values less than 0.05 were considered to indicate significant

difference. This calculation was performed on a Macintosh

computer using the Statcel software package.

Results

Clinical and laboratory disease activity

In total RA patients, CRP levels significantly decreased

from 2.81 ± 1.26 mg/dl at pretreatment to 0.86 ±

0.99 mg/dl (P \ 0.01) and 0.89 ± 1.06 mg/dl (P \ 0.01)

at 3 and 6 months after the initial injection of etanercept,

respectively (Table 1). These tendencies did not depend on

MTX (?) or MTX (-), and prednisolone (?) and pred-

nisolone (-). In total RA patients, DAS28-CRP also was

significantly decreased at 3 and 6 months compared with at

pretreatment, but serum CA-RF levels were not. These

tendency also did not depend on MTX (?) or MTX (-),

and prednisolone (?) and prednisolone (-).

Serum levels of MCP-1, RANTES, and granzyme B,

and total pentosidine and urinary levels of total

pentosidine

The mean serum MCP-1 levels in total RA patients receiving

etanercept treatment decreased significantly from

1607 ± 1135 pg/ml at pretreatment to 848 ± 513 pg/ml

(P \ 0.05) and 913 ± 683 pg/ml (P \ 0.01) at 3 and

6 months after the initial injection of etanercept, respec-

tively (Table 1). The mean serum baseline levels of MCP-1,

RANTES, and granzyme B in total RA patients were higher

than those in control individuals. The serum levels of

RANTES and granzyme B in total RA patients did not

significantly change at 3 and 6 months compared with the

levels measured before the etanercept treatment. The serum

total and urinary total pentosidine levels in total RA patients

also decreased at 6 months, as we have described previously

[16]. These changes of the levels of the mean serum MCP-1,

RANTES, granzyme B, and pentosidine and those of uri-

nary total pentosidine did not depend on MTX (?) and MTX

(-) groups, or prednisolone (?) and prednisolone (-).

Correlation analysis between serum levels of MCP-1,

RANTES, and granzyme B and clinical and laboratory

parameters

Serum MCP-1 levels showed significant correlation with

DAS28-CRP, serum granzyme B, and serum total and

urinary total pentosidine levels (Table 2).

The levels of MCP-1, RANTES, and granzyme B

produced by cultured synovial cells stimulated with

TNF-a

Cultured synovial cells from RA patients were stimulated

with TNF-a. TNF-a at concentrations of 5 and 50 ng/ml

significantly induced a large amount of MCP-1, RANTES,

and granzyme B production in comparison with the cul-

tured medium levels (Fig. 1).

Discussion

The use of TNF-a inhibitors can affect the production

levels of a variety of cytokines, chemokines, mitogens, and

proteases, which may exist at a site downstream of a TNF-a
cascade in RA patients [5–10]. Catrina et al. reported that

the serum levels of MMP-1 and MMP-3 in RA patients

decreased after etanercept treatment [18]. Previously, we

reported that etanercept reduces the serum levels of IL-23

and MIP-3a and the serum and urinary levels of pentosi-

dine in RA patients [11].
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Fig. 1 RA synovial fibroblast cells (1 9 105 cells/well) obtained

from knees were incubated for 48 h after the addition of TNF-a (0, 5,

or 50 ng/ml). MCP-1, RANTES, and granzyme B levels of the

supernatant were measured using ELISA kits. Significant differences

are indicated by *P \ 0.05 and **P \ 0.01
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Table 1 Clinical and laboratory parameters: serum monocyte che-

motactic protein-1 (MCP-1), regulated upon activation normal T

expressed and presumably secreted (RANTES), and granzyme B, and

serum total and urinary total pentosidine, in patients with RA treated

with etanercept, performed at baseline and at 3 and 6 months after

initial treatment with etanercept

Baseline 3 months 6 months Control

Serum RANTES (ng/ml)

Total 14.2 ± 9.0 14.2 ± 10.5 13.9 ± 7.4 5.0 ± 2.8*

MTX (-) 12.5 ± 7.23 13.3 ± 7.87 14.1 ± 9.73

MTX (?) 15.4 ± 10.2 14.4 ± 12.3 12.4 ± 6.58

Prednisolone (-) 13.8 ± 6.18 25.8 ± 14.1 16.9 ± 9.54

Prednisolone (?) 15.6 ± 10.2 12.9 ± 11.5 12.8 ± 7.52

Serum granzyme B (pg/ml)

Total 53.8 ± 33.8 56.7 ± 30.0 49.7 ± 19.0 6.0 ± 29.8*

MTX (-) 37.8 ± 7.6 54.4 ± 11.3 52.3 ± 13.3

MTX (?) 64.4 ± 40.7 58.2 ± 37.3 47.8 ± 23.0

Prednisolone (-) 62.5 ± 52.3 45.8 ± 14.8 48.8 ± 11.8

Prednisolone (?) 50.3 ± 27.3 61.3 ± 33.9 50.1 ± 21.0

Serum MCP-1 (pg/ml)

Total 1607 ± 1135 848 ± 513* 913 ± 683** 162 ± 95**

MTX (-) 1091 ± 681 708 ± 385* 592 ± 358*

MTX (?) 1950 ± 1278 941 ± 586* 1127 ± 779*

Prednisolone (?) 1530 ± 1183 554 ± 335* 610 ± 483*

Prednisolone (-) 1645 ± 1174 995 ± 530** 1065 ± 739*

Serum total pentosidine (nmol/L)

Total 223 ± 103 166 ± 98* 116 ± 28** 83 ± 10**

MTX (-) 214 ± 68.3 144 ± 46* 113 ± 13*

MTX (?) 230 ± 131 184 ± 128 120 ± 39*

Prednisolone (-) 266 ± 145 244 ± 164 132 ± 51*

Prednisolone (?) 203 ± 90 138 ± 51* 111 ± 10*

Urinary total pentosidine (nmol/mmol cre)

Total 7.63 ± 2.51 6.31 ± 2.49* 5.74 ± 2.50* 3.2 ± 1.1**

MTX (-) 7.95 ± 3.05 6.63 ± 2.20 5.00 ± 1.06*

MTX (?) 7.43 ± 2.32 6.09 ± 2.78* 6.20 ± 3.15*

Prednisolone (-) 8.77 ± 3.67 7.02 ± 3.97 6.03 ± 3.14*

Prednisolone (?) 7.11 ± 1.84 5.84 ± 1.57* 5.30 ± 1.93*

CRP (mg/dl)

Total 2.81 ± 1.26 0.86 ± 0.99** 0.89 ± 1.06** ND

MTX (-) 2.62 ± 0.90 0.50 ± 0.57** 0.44 ± 0.46**

MTX (?) 2.97 ± 1.55 1.17 ± 1.20** 1.30 ± 1.30**

Prednisolone (-) 3.24 ± 1.71 1.11 ± 1.49** 0.80 ± 1.26**

Prednisolone (?) 2.59 ± 1.00 0.73 ± 0.69** 0.94 ± 1.02**

DAS28-CRP

Total 4.53 ± 0.55 2.77 ± 0.65** 2.97 ± 0.99** ND

MTX (-) 4.57 ± 0.41 2.71 ± 0.69** 2.81 ± 0.66**

MTX (?) 4.51 ± 0.68 2.80 ± 0.77** 2.99 ± 1.14**

Prednisolone (-) 4.48 ± 0.67 2.30 ± 0.75* 2.34 ± 0.53*

Prednisolone (?) 4.56 ± 0.67 2.99 ± 0.62** 3.17 ± 0.99**

Serum CA-RF (AU/ml)

Total 284 ± 515 314 ± 692 277 ± 576 ND

MTX (-) 380 ± 746 500 ± 1049 400 ± 901

MTX (?) 234 ± 229 191 ± 170 244 ± 228

Prednisolone (-) 440 ± 906 583 ± 1255 462 ± 994
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To further analyze the in vivo action of etanercept, we

measured the serum levels of MCP-1, granzyme B, and

RANTES, at pre and post treatment with etanercept in RA

patients. These chemokines have been found to increase

when stimulated with TNF-a in several kinds of cells

[12–15]. Therefore there is a possibility that the production

of these chemokines in vivo may be reduced by the

administration of etanercept. In this study, clinical and

laboratory parameters in RA patients improved significantly

in response to etanercept treatment. Decreases of serum

MCP-1 levels in RA patients after etanercept treatment

were seen, but granzyme B and RANTES levels were not

significantly changed. This is the first report describing the

effect of etanercept in RA patients.

The MCP-1, known as CCL2, was designated as a

monocyte chemotactic and activating factor because it

stimulates chemotactic migration of human monocytes and

activates them to kill tumors in vitro [19]. In addition,

MCP-1 is a monocyte, B-cell, CD45RO ? T-lymphocyte

[20, 21], and natural killer (NK) cell [22, 23] chemoat-

tractant belonging to the CC subfamily of chemokines, and

is produced by macrophages, endothelium, synovial fibro-

blasts, and chondrocytes in the RA joint [14, 24, 25].

Furthermore, MCP-1 has been expressed in various types

of tissues such as the thymus, spleen, kidney, liver, and

lung [26]. MCP-1 has been shown to be expressed in many

different inflammatory diseases, such as atherosclerosis,

allergic asthma, idiopathic pulmonary fibrosis [27], and

inflammatory bowel disease [28].

Previous studies demonstrated that MCP-1 levels were

elevated in the plasma, synovial fluid, and synovial tissue

of patients with RA [29, 30], and also that the levels of

MCP-1 in the synovial fluid of RA patients were higher

than in serum, reflecting local production [31, 32]. Recent

studies have confirmed that MCP-1 acts as a marker for RA

joint inflammation due to its significant correlation with the

number of swollen joints and the Ritchie Articular Index

[29, 30]. Plasma MCP-1 has been reported to be a candi-

date marker for monitoring the clinical efficacy of drug

treatment in RA patients [29]. Our study also indicated that

serum MCP-1 levels were significantly correlated with

DAS28-CRP. Furthermore, serum MCP-1 levels were

correlated with serum granzyme B. Thus MCP-1 may be a

key chemokine in inflammatory status in RA and may have

a relationship with a cytokine and chemokine network

in vivo. The injection of MCP-1 antagonist was shown to

markedly reduce the severity of arthritis and the infiltration

of monocytes, and pretreatment with this antagonist pre-

vented the development of experimental arthritis [33, 34].

In a randomized controlled trial with an anti-CCL2 (MCP-

1) monoclonal antibody in patients with RA [35], there was

no detectable clinical benefit of an anti-CCL2 monoclonal

antibody compared with placebo. Therefore, it is unclear

whether MCP-1 becomes a target for RA treatment.

Several cytokines have been demonstrated to increase

the production of MCP-1 [12–14, 36]. IL-15 stimulates

monocytes to produce MCP-1 and IL-8 production [37].

IL-1b and TNF-a-stimulated mesangial cells express MCP-

1 messenger RNA (mRNA) and MCP-1 activity [12]. TNF-

a, IFN-c, and IL-1b stimulate the production of MCP-1 by

mesothelial cells [13]. In RA, IL-1b and TNF-a stimulated

the expression of MCP-1 mRNA and de novo MCP-1

synthesis by cultured synovial cells [14]. In our study,

Table 1 continued

Baseline 3 months 6 months Control

Prednisolone (?) 213 ± 225 190 ± 190 185 ± 221

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, or prednisolone (?) and prednisolone (-) groups. Data

of control individuals were compared with those at total baseline of RA patients using Mann–Whitney U test

ND not done

* P \ 0.05 versus baseline; ** P \ 0.01 versus baseline

Table 2 Correlations between serum MCP-1, RANTES, and gran-

zyme B and other clinical and laboratory parameters in RA patients

who received etanercept treatment

Serum

MCP-1

Serum

RANTES

Serum

granzyme B

CRP 0.300 -0.0715 -0.0636

DAS28-CRP 0.363* -0.185 0.00942

Serum total pentosidine 0.666** -0.141 0.224

Urinary total pentosidine 0.745** -0.164 0.0471

Serum MCP-1 – – –

Serum RANTES -0.129 – –

Serum granzyme B 0.573** -0.0477 –

Single regression analysis between MCP-1, RANTES, and gran-

zyme B and other clinical and laboratory parameters was performed.

Sample levels and clinical parameters were evaluated at baseline and

at 3 and 6 months after initial treatment with etanercept, and data are

shown by correlation coefficient. The statistical significance of cor-

relation was determined using Pearson’s correlation test

* P \ 0.05; ** P \ 0.001
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TNF-a at concentration of 5 and 50 ng/ml induced the

production of MCP-1, RANTES, and granzyme B by cul-

tured rheumatoid synovial cells. Although the concentra-

tion of 50 ng/ml of TNF-a is high, this concentration may

be able to exist locally in the synovium in vivo. Therefore

the cascade by which TNF-a induces MCP-1 exists in RA

patients, and etanercept blocks the production of this

cascade.

There is a report that the administration of infliximab

caused a reduction in serum RANTES and MCP-1 in RA

patients [38]. In addition, monoclonal anti-TNF-a antibody

has been shown to reduce the expression levels of MCP-1

in synovial cells in RA patients [39]. The CC chemokines,

including RANTES and MCP-1, attract and activate a

variety of cells, including monocytes, macrophages,

lymphocytes, eosinophils, and basophils, and have been

implicated in chronic inflammatory disease [40–43].

Recent data from animal models suggest that both RAN-

TES and MCP-1 play important roles in the pathogenesis

of arthritis [43–45]. In adjuvant-induced arthritis in the rat,

increased levels of RANTES have been found in both the

blood and the joints, and synovial levels of RANTES have

been found to correlate with clinical symptoms of joint

inflammation [43, 45]. Boiardi et al. [46] observed high

levels of serum RANTES in a series of adult RA patients

during the active stage of the disease, and MTX treatment

significantly lowered the serum RANTES levels. High

serum levels of RANTES after 6 months of MTX treatment

seem to be predictive of radiologic erosion after 1 year in

the same patient cohort [46]. Furthermore, the adminis-

tration of anti-RANTES antibody has been shown to pre-

vent the onset of arthritis and to greatly ameliorate arthritis

symptoms once the disease develops [45]. In our study,

etanercept treatment did not reduce the serum RANTES

levels. RANTES production may depend on molecules

other than TNF-a in vivo.

Granzyme B is expressed in NK cells and T cells [47].

Granzyme B is produced by rheumatoid synovial cells,

degrades proteoglycans of cartilage, and plays an essential

role in synovial inflammation and joint destruction [48].

The high levels of granzyme B in RA have already been

reported [49], as described in our study. In our study,

although TNF-a was able to induce the production of

granzyme B in RA-cultured synovial cells, serum gran-

zyme B levels were not significantly affected by etanercept

treatment. This may suggest that another cascade not

associated with TNF-a induces granzyme B production

in RA.

Our study demonstrated that etanercept reduced the

production of MCP-1 in RA patients. In this study, che-

mokines such as RANTES or granzyme B did not show

reduced levels by etanercept treatment. Therefore, blocking

therapy for these chemokines, when combined with

etanercept administration, may be effective for RA

treatment.

Conflict of interest statement None.

References

1. Arend WP, Dayer J-M. Inhibition of the production and effects of

interleukin-1 and tumor necrosis factor alpha in rheumatoid

arthritis. Arthritis Rheum. 1995;38:151–60.

2. Maini RN, Taylor PC. Anti-cytokine therapy for rheumatoid

arthritis. Ann Rev Med. 2000;51:207–29.

3. Woo CH, Kim TH, Choi JA, Ryu HC, Lee JE, You HJ, et al.

Inhibition of receptor internalization attenuates the TNF alpha-

induced ROS generation in non-phagocytic cells. Biochem Bio-

phys Res Commun. 2006;351:972–8.

4. Sakon S, Xue X, Takekawa M, Sasazuki T, Okazaki T, Kojima Y,

et al. NF-kappaB inhibits TNF-induced accumulation of ROS

that mediate prolonged MAPK activation and necrotic cell death.

EMBO J. 2003;22:3898–909.

5. Paleolog EM, Young S, Stark AC, McCloskey RV, Feldmann M,

Maini RN. Modulation of angiogenic vascular endothelial growth

factor by tumor necrosis factor alpha and interleukin-1 in rheu-

matoid arthritis. Arthritis Rheum. 1998;41:1258–65.

6. Feldmann M, Maini RN. Anti-TNF alpha therapy of rheumatoid

arthritis: what have we learned? Ann Rev Immunol. 2001;

19:163–96.

7. Pittoni V, Bombardieri M, Spinelli FR, Scrivo R, Alessandri C,

Conti F, et al. Anti-tumor necrosis factor (TNF) alpha treatment

of rheumatoid arthritis (infliximab) selectively down regulates the

production of interleukin (IL) 18 but not of IL12 and IL13. Ann

Rheum Dis. 2002;61:723–5.

8. Klimiuk PA, Sierakowski S, Domyslawska I, Chwiecko J. Effect

of repeated infliximab therapy on serum matrix metalloprotein-

ases and tissue inhibitors of metalloproteinases in patients with

rheumatoid arthritis. J Rheumatol. 2004;31:238–42.

9. Kageyama Y, Takahashi M, Torikai E, Suzuki M, Ichikawa T,

Nagafusa T, et al. Treatment with anti-TNF-alpha antibody inf-

liximab reduces serum IL-15 levels in patients with rheumatoid

arthritis. Clin Rheumatol. 2007;26:505–9.

10. Torikai E, Kageyama Y, Suzuki M, Ichikawa T, Nagano A. The

effect of infliximab on chemokines in patients with rheumatoid

arthritis. Clin Rheumatol. 2007;26:1088–93.

11. Kageyama Y, Ichikawa T, Nagafusa T, Torikai E, Shimazu M,

Nagano A. Etanercept reduces the serum levels of interleukin-23

and macrophage inflammatory protein-3 alpha in patients with

rheumatoid arthritis. Rheumatol Int. 2007;28:137–43.

12. Zoja C, Wang JM, Bettoni S, Sironi M, Renzi D, Chiaffarino F,

et al. 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. 1991;138:991–1003.

13. Visser CE, Tekstra J, Brouwer-Steenbergen JJ, Tuk CW,

Boorsma DM, Sampat-Sardjoepersad SC, et al. Chemokines

produced by mesothelial cells: huGRO-alpha, IP-10, MCP-1 and

RANTES. Clin Exp Immunol. 1998;112:270–5.

14. Harigai M, Hara M, Yoshimura T, Leonard EJ, Inoue K,

Kashiwazaki S. Monocyte chemoattractant protein-1 (MCP-1) in

inflammatory joint diseases and its involvement in the cytokine

network of rheumatoid synovium. Clin Immunol Immunopathol.

1993;69:83–91.

15. Guilloton F, Jean C, de Thonel A, Laurent G, Quillet-Mary A.

Granzyme B induction signaling pathway in acute myeloid

Mod Rheumatol (2009) 19:372–378 377

123



leukemia cell lines stimulated by tumor necrosis factor alpha and

Fas ligand. Cell Signal. 2007;19:1132–40.

16. Kageyama Y, Takahashi M, Nagafusa T, Torikai E, Nagano A.

Etanercept reduces the oxidative stress marker levels in patients

with rheumatoid arthritis. Rheumatol Int. 2008;28:245–51.

17. Takahashi M, Ohishi T, Aoshima H, Kawana K, Kushida K,

Inoue T, Horiuchi K. The Maillard protein cross-link pentosidine

in urine from diabetic patients. Diabetologia. 1993;36:664–7.

18. Catrina AI, Lampa J, Ernestam S, Klint E, Bratt J, Klareskog L,

et al. Anti-tumor necrosis factor (TNF)-alpha therapy (etaner-

cept) down-regulates serum matrix metalloproteinase (MMP)-3

and MMP-1 in rheumatoid arthritis. Rheumatology (Oxford).

2002;41:484–9.

19. Valente AJ, Graves DT, Vialle-Valentin CE, Delgado R, Sch-

wartz CJ. Purification of a monocyte chemotactic factor secreted

by nonhuman primate vascular cells in culture. Biochemistry.

1988;27:4162–8.

20. Huffnagle GB, Strieter RM, Standiford TJ, McDonald RA,

Burdick MD, Kunkel SL, et al. The role of monocyte chemotactic

protein-1 (MCP-1) in the recruitment of monocytes and CD4? T

cells during a pulmonary Cryptococcus neoformans infection.

J Immunol. 1995;155:4790–7.

21. Husson H, Carideo EG, Cardoso AA, Lugli SM, Neuberg D,

Munoz O, et al. MCP-1 modulates chemotaxis by follicular

lymphoma cells. Br J Haematol. 2001;115:554–62.

22. Allavena P, Bianchi G, Zhou D, van Damme J, Jı́lek P, Sozzani S,

et al. Induction of natural killer cell migration by monocyte che-

motactic protein-1, -2 and -3. Eur J Immunol. 1994;24:3233–6.

23. Taub DD, Sayers TJ, Carter CR, Ortaldo JR. Alpha and beta

chemokines induce NK cell migration and enhance NK-mediated

cytolysis. J Immunol. 1995;155:3877–88.

24. Carr MW, Roth SJ, Luther E, Rose SS, Springer TA. Monocyte

chemoattractant protein 1 acts as a T-lymphocyte chemoattrac-

tant. Proc Natl Acad Sci USA. 1994;91:3652–6.

25. Pulsatelli L, Dolzani P, Piacentini A, Silvestri T, Ruggeri R,

Gualtieri G, et al. Chemokine production by human chondro-

cytes. J Rheumatol. 1999;26:1992–2001.

26. Vogel CF, Nishimura N, Sciullo E, Wong P, Li W, Matsumura F.

Modulation of the chemokines KC and MCP-1 by 2, 3, 7, 8-

tetrachlorodibenzo-p-dioxin (TCDD) in mice. Arch Biochem

Biophys. 2007;461:169–75.

27. Antoniades HN, Neville-Golden J, Galanopoulos T, Kradin RL,

Valente AJ, Graves DT. Expression of monocyte chemoattractant

protein 1 mRNA in human idiopathic pulmonary fibrosis. Proc

Natl Acad Sci USA. 1992;89:5371–80.

28. Daly C, Rollins BJ. Monocyte chemoattractant protein-1 (CCL2) in

inflammatory disease and adaptive immunity: therapeutic oppor-

tunities and controversies. Microcirculation. 2003;10:247–57.

29. Ellingsen T, Buus A, Stengaard-Pedersen K. Plasma monocyte

chemoattractant protein 1 is a marker for joint inflammation in

rheumatoid arthritis. J Rheumatol. 2001;28:41–6.

30. Hayashida K, Nanki T, Girschick H, Yavuz S, Ochi T, Lipsky PE.

Synovial stromal cells from rheumatoid arthritis patients attract

monocytes by producing MCP-1 and IL-8. Arthritis Res.

2001;3:118–26.

31. Koch AE, Kunkel SL, Harlow LA, Johnson B, Evanoff HL,

Haines GK, et al. Enhanced production of monocyte chemoat-

tractant protein-1 in rheumatoid arthritis. J Clin Invest.

1992;90:772–9.

32. Koch AE, Kunkel SL, Harlow LA, Mazarakis DD, Haines GK,

Burdick MD, et al. Macrophage inflammatory protein-1 alpha. A

novel chemotactic cytokine for macrophages in rheumatoid

arthritis. J Clin Invest. 1994;93:921–8.

33. Ogata H, Takeya M, Yoshimura T, Takagi K, Takahashi K. The

role of monocyte chemoattractant protein-1 (MCP-1) in the

pathogenesis of collagen-induced arthritis in rats. J Pathol.

1997;182:106–14.

34. Gong JH, Ratkay LG, Waterfield JD, Lewis IC. An antagonist of

monocyte chemoattractant protein 1 (MCP-1) inhibits arthritis in

the MRL-lpr mouse model. J Exp Med. 1997;186:131–7.

35. Haringman JJ, Gerlag DM, Smeets TJ, Baeten D, van den Bosch

F, Bresnihan B, et al. A randomized controlled trial with an anti-

CCL2 (anti-monocyte chemotactic protein 1) monoclonal anti-

body in patients with rheumatoid arthritis. Arthritis Rheum.

2006;54:2387–92.

36. Yoo JK, Kwon H, Khil LY, Zhang L, Jun HS, Yoon JW. IL-18

Induces monocyte chemotactic protein-1 production in macro-

phages through the phosphatidylinositol 3-kinase/Akt and MEK/

ERK1/2 pathways. J Immunol. 2005;175:8280–6.

37. Badolato R, Ponzi AN, Millesimo M, Notarangelo LD, Musso T.

Interleukin-15 (IL-15) induces IL-8 and monocyte chemotactic

protein 1 production in human monocytes. Blood. 1997;90:

2804–9.

38. Klimiuk PA, Sierakowski S, Domyslawska I, Chwiecko J. Reg-

ulation of serum chemokines following infliximab therapy in

patients with rheumatoid arthritis. Clin Exp Rheumatol.

2006;24:529–33.

39. Taylor PC, Peters AM, Paleolog E, Chapman PT, Elliott MJ,

McCloskey R, et al. Reduction of chemokine levels and leuko-

cyte traffic to joints by tumor necrosis factor alpha blockade in

patients with rheumatoid arthritis. Arthritis Rheum. 2000;43:

38–47.

40. Luster AD. Chemokines–chemotactic cytokines that mediate

inflammation. N Engl J Med. 1998;338:436–45.

41. Baggiolini M. Chemokines and leukocyte traffic. Nature.

1998;392:565–8.

42. Zlotnik A, Yoshie O. Chemokines: a new classification system

and their role in immunity. Immunity. 2000;12:121–7.

43. Inoue T, Yamashita M, Higaki M. The new antirheumatic drug

KE-298 suppresses monocyte chemoattractant protein (MCP)-1

and RANTES production in rats with adjuvant-induced arthritis

and in IL-1-stimulated synoviocytes of patients with rheumatoid

arthritis. Rheumatol Int. 2001;20:149–53.

44. Plater-Zyberk C, Hoogewerf AJ, Proudfoot AE, Power CA, Wells

TN. Effect of a CC chemokine receptor antagonist on collagen

induced arthritis in DBA/1 mice. Immunol Lett. 1997;57:117–20.

45. Barnes DA, Tse J, Kaufhold M, Owen M, Hesselgesser J, Strieter

R, et al. Polyclonal antibody directed against human RANTES

ameliorates disease in the Lewis rat adjuvant-induced arthritis

model. J Clin Invest. 1998;101:2910–9.

46. Boiardi L, Macchioni P, Meliconi R, Pulsatelli L, Facchini A,

Salvarani C. Relationship between serum RANTES levels and

radiological progression in rheumatoid arthritis patients treated

with methotrexate. Clin Exp Rheumatol. 1999;17:419–25.

47. Liu CC, Persechini PM, Young JD. Perforin and lymphocyte-

mediated cytolysis. Immunol Rev. 1995;146:145–75.

48. Ronday HK, van der Laan WH, Tak PP, de Roos JA, Bank RA,

TeKoppele JM, et al. Human granzyme B mediates cartilage

proteoglycan degradation and is expressed at the invasive front of

the synovium in rheumatoid arthritis. Rheumatology (Oxford).

2001;40:55–61.

49. Tak PP, Spaeny-Dekking L, Kraan MC, Breedveld FC, Froelich

CJ, Hack CE. The levels of soluble granzyme A and B are ele-

vated in plasma and synovial fluid of patients with rheumatoid

arthritis (RA). Clin Exp Immunol. 1999;116:366–70.

378 Mod Rheumatol (2009) 19:372–378

123


	Etanercept reduces the serum levels of macrophage chemotactic protein-1 in patients with rheumatoid arthritis
	Abstract
	Introduction
	Materials and methods
	RA patients treated with etanercept
	Clinical and laboratory examinations
	Measurements of the serum levels of MCP-1, RANTES, and granzyme B in RA patients treated �with etanercept and control individuals
	Measurements of the levels of MCP-1, RANTES, �and granzyme B produced by cultured synovial cells stimulated with TNF-&agr;
	Measurements of serum and urinary pentosidine levels
	Statistical analysis

	Results
	Clinical and laboratory disease activity
	Serum levels of MCP-1, RANTES, and granzyme B, �and total pentosidine and urinary levels of total pentosidine

	Correlation analysis between serum levels of MCP-1, RANTES, and granzyme B and clinical and laboratory parameters
	The levels of MCP-1, RANTES, and granzyme B produced by cultured synovial cells stimulated with TNF-&agr;

	Discussion
	Conflict of interest statement
	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 false
  /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 <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


