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Abstract We investigated the role of nuclear factor (NF)-
kB on tumor necrosis factor (TNF)-α-induced regulated
upon activation, normal T-cell expressed and secreted
(RANTES) expression in fibroblast-like synoviocytes from
patients with rheumatoid arthritis (RA). Using cultured
human fibroblast-like synoviocytes from patients with RA,
semiquantitative reverse transcriptase-polymerase chain
reaction, electrophoretic mobility shift assay, and Western
blot were performed for RANTES expression, NF-kB acti-
vation, and degradation of IkB, respectively. In addition,
the transcriptional effect of TNF-α on RANTES gene ex-
pression was analyzed by reporter gene assay. We found
that TNF-α clearly induced RANTES protein production
and expression of RANTES mRNA in a time-dependent
manner. Furthermore, TNF-α persistently induced NF-kB
activation caused by IkBα and IkB�1 degradation.
Supershift analysis revealed that TNF-α-induced DNA-
binding complexes were composed principally of the p65
and p50 Rel family members. Moreover, transcriptional
activation of the RANTES promoter by TNF-α was de-
pendent on specific NF-kB response elements that were
regulated by NF-kB. Results herein indicate that NF-kB
activation caused by degradation of IkBα and IkB�1 by
TNF-α increased RANTES gene expression in fibroblast-
like synoviocytes, suggesting that NF-kB plays an important
role in the migration of inflammatory cells by RANTES to
the synovium in patients with rheumatoid arthritis.
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Introduction

Rheumatoid arthritis (RA) is characterized by excessive
synovial membrane growth, causing inflammatory destruc-
tion of cartilage and bone.1–3 In this disease, an autoimmune
reaction leads to progressive recruitment of inflammatory
cells from circulation to the synovium.4–6 A variety of
inflammatory cytokines such as tumor necrosis factor
(TNF)-α, interleukin-1 (IL-1), interleukin-6 (IL-6), and
interleukin-8 (IL-8) are present at high levels in arthritic
joints, and their blood concentration correlates with RA
severity.2,3 In these cytokine networks, TNF-α is considered
to play a central role because it is known to induce IL-1, IL-
6, and IL-8 in addition to itself.7 Recently, TNF-α suppres-
sion with antibodies against TNF-α or soluble TNF receptor
molecules has been shown to reduce RA symptoms and
indicators.8,9 Moreover, TNF-α transgenic mice develop
chronic inflammatory arthritis.10 Thus, it is thought that
TNF-α is mainly related to RA pathogenesis.

Initiation and maintenance of these processes correlate
with the coordinated chemokine production of two major
families. The CXC chemokine family, typified by IL-8, is an
important system for neutrophil chemoattraction, whereas
the CC chemokines play a role in recruitment of monocytes,
T cells, and eosinophils to areas of inflammation.11 Regu-
lated on activation, normal T-cell expressed and secreted
(RANTES) is a CC chemokine that mainly migrates
memory type CD4� T cells12 and is increased in the serum
and synovial fluids in patients with active RA.13 Ellingsen
et al. reported that the synovial fluid levels of RANTES
in patients with RA positively correlated to migration of
mononuclear cells to synovial tissues.14 Furthermore, high
levels of serum RANTES during the active stage of RA
were significantly lowered by treatment with methotrex-
ate.15 Additionally, polyclonal antibody to RANTES re-
portedly ameliorates symptoms in animals induced for
adjuvant-induced arthritis.16 Therefore, RANTES also
plays an important role in RA pathogenesis. Also, TNF-α
induces expression of RANTES mRNA in human RA syn-
ovial fibroblasts.17 The upstream sequence of the RANTES
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gene contains a number of putative cis-acting elements
for transcription factors such as activator protein-1, nu-
clear factor-interleukin 6, and nuclear factor (NF)-kB.18

However, little is known about the molecular mechanisms
of TNF-α-induced RANTES expression in human RA
fibroblast-like synoviocytes.

The present study examines the role of NF-kB in TNF-α-
induced RANTES expression in fibroblast-like synovio-
cytes from patients with RA. Activation of NF-kB caused
by degradation of IkBα and IkB�1 in response to TNF-α
was found to increase RANTES gene expression in
fibroblast-like synoviocytes, which suggests that NF-kB
played an important role in migration of inflammatory cells
by RANTES to the synovium in patients with RA.

Materials and methods

Preparation of fibroblast-like synoviocytes

Synovial tissue samples were obtained during orthopedic
surgery from knees of patients with RA, according to
American College of Rheumatology criteria.19 The tissue
specimen was minced into small pieces, washed twice
with phosphate-buffered saline (PBS), and treated with
0.1 mg/ml collagenase (Sigma, St. Louis, MO, USA) and
3.3 mg/ml dispase (Sanko Pharmacological, Tokyo, Japan)
for 60 min at 37°C. Obtained cells were placed in tissue
culture flasks and cultured in RPMI1640 medium (Gibco
BRL, Grand Island, NY, USA) with 10% heat-inactivated
fetal calf serum (FCS; Gibco BRL), 100µg/ml penicillin,
and 100U/ml streptomycin in humidified air containing
5% CO2 at 37°C. Cells passed from the third to fifth genera-
tion were used for the following experiments. Suspension
HeLa cells were kept in Joklik modified minimum essential
medium (Gibco BRL) with 1% nonessential amino
acids, 100µg/ml penicillin, 100U/ml streptomycin, and 10%
FCS.

Reagents and plasmid constructs

Recombinant human TNF-α was purchased from
Boehringer Mannheim (Indianapolis, IN, USA) and dis-
solved in distilled water. RANTES promoter-luciferase re-
porter plasmid was a kind gift from Dr. Alan M. Krensky
(Stanford University School of Medicine). This construct
includes the 961 nucleotides of the region immediately up-
stream of the transcriptional start site and the complete
RANTES 5�-untranslated region to the KpnI site. The kB1
site at positions �53 to �44 and the kB2 site at positions
�39 to �30 of the RANTES promoter were respectively
mutated in the 961-b 5�-flanking sequence of the RANTES
gene by oligonucleotide-directed, site-specific mutagenesis
according to instructions delivered with the site-directed
mutagenesis kit (Promega, Madison, WI, USA). The
mutant sequences utilized for the kB1 and the kB2 were
GGAAACTtaC and GGtaATGCCC, respectively. Lower-
case letters represent mutant nucleotides.

ELISA for RANTES

Cultured human fibroblast-like synoviocytes were grown
to confluence in 60-mm collagen-coated culture dishes
and treated with 10ng/ml TNF-α for 0, 12, 24, 36, 48, 60,
and 72h. The supernatants were collected and analyzed
for RANTES content. Levels of RANTES were measured
using an RANTES monoclonal antibody sandwich enzyme-
linked immunosorbent assay (ELISA) employing two anti-
RANTES antibodies recognizing different, noncompeting
determinants according to the instructions delivered with
the Quantikine Human RANTES Immunoassay (R&D
Systems, Minneapolis, MN, USA).

RNA extraction and semiquantitative RT-PCR analysis

Total RNA was extracted from cultured fibroblast-like
synoviocytes according to the method of Chomczynski
and Sacchi,20 which includes a single step of acid guanidium
thiocyanate (GTC) and phenol/chloroform extraction.
RNA was quantified spectrophotometrically. Synthesis of
the first strand of cDNA and polymerase chain reaction
(PCR) analysis were performed according to instructions
delivered with the RNA PCR Kit (AMV) Ver.2 (TaKaRa,
Tokyo, Japan) as described previously.21 In brief, 500ng
total RNA was subjected to first-strand cDNA synthesis in
a 20-µl reaction containing 10mM Tris-HCl (pH 8.3),
50mM KCl, 5mM MgCl2, 1µM of each deoxynucleoside
triphosphate (dNTP), in presence of 2.5µM random 9-mer
nucleotides, 20U RNase inhibitor, and 5U avian myeloblas-
tosis virus reverse transcriptase (RT). After completion of
first-strand cDNA synthesis, the reaction was stopped by
heat inactivation (5min, 99°C). For semiquantitative RT-
PCR analysis, cDNA amounts equivalent to 500ng total
RNA were subjected to PCR amplification in a 50-µl reac-
tion containing 10mM Tris-HCl (pH. 8.3), 50mM KCl,
5mM MgCl2, 200µM of each dNTP, 20µM of each primer,
and 2.5U of TaKaRa Taq DNA polymerase. Samples from
fibroblast-like synoviocytes were amplified at 94°C for
5min, at 55°C for 30s, and at 72°C for 90s followed by 28
cycles at 94°C for 30s, at 55°C for 30s and at 72°C for 90s.
The following primers were used: for glyceraldehyde phos-
phate dehydrogenase (GAPDH), sense 5�-ACATCGCTC
AGACACCATGG-3�, antisense 5�-GTAGTTGAGGTC
AATGAAGGG-3�; for RANTES, sense 5�-GCTGTC
ATCCTCATTGCTAC-3�, antisense 5�-TCCATCCTAG
CTCATCTCCA-3�.

Then, 10 µl of the PCR products was electrophoresed
through 1.5% agarose gels and visualized by ethidium bro-
mide, and PCR was performed at different cycle numbers
for each primer set to ensure that the assay was in the linear
range for each molecule tested.

Preparation of whole-cell extracts and electrophoretic
mobility shift assay

Whole-cell extracts were prepared as described pre-
viously.22 Briefly, cells were washed twice with PBS and
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incubated in 20mM hydroxy ethylpiperazine ethane sul-
fonate (HEPES) (pH 7.9), 350mM NaCl, 1mM MgCl2,
0.5 mM ethylenediaminetetraacetic acid (EDTA), 0.1mM
ethyleneglycoltetraacetic acid (EGTA), 1% Nonidet P-40,
0.5 mM dithiothreitol (DTT), and 0.4mM 4-(2-amino-ethyl)
benzenesulfonyl fluoride hydrochloride (Boehringer
Mannheim) on ice at 15min. After centrifugation at
10,000g for 20min, the supernatant was used as a whole-cell
extract. For electrophoretic mobility shift assay (EMSA)
experiments, equal amounts of whole-cell extracts (10µg
protein) were incubated with 30000 cpm of 32P-labeled H2k
oligonucleotide probe for binding NF-kB. Reactions were
performed in 20µl binding buffer containing 20mM HEPES
(pH 8.4), 60 mM KCl, 4% Ficoll, 5mM DTT, 1µg bovine
serum albumin, and 2µg poly (dI-dC) for 20min at 30°C.
The reaction mixture was loaded on a 4% polyacrylamide
gel and run in 1� Tris-borate � EDTA (TBE) buffer. The
gel was dried and subjected to autoradiography.

Western blot analysis and antibodies for IkB

Whole-cell extracts (40µg) were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and blotted onto polyvinyldifluoride membrane as
described previously.22 Blots were blocked for 1h in PBS-T
(PBS and 0.1% Tween 20) containing 5% skim milk,
washed with PBS-T, and incubated in primary antibody for
1h at room temperature with agitation. Blots were washed
with PBS-T and incubated in biotin-conjugated secondary
antibody under similar conditions. After incubation in
horseradish peroxidase streptavidin (Vector, Minneapolis,
MN, USA) for 1h at room temperature, Western blots
were analyzed by ECL Western blotting detection reagents
(Amersham, Arlington Heights, IL, USA). Anti-IkBα/
MAD3 (sc-203; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and anti-IkB�1 (sc-945, Santa Cruz Biotechnology)
were used for primary antibodies.

Transfection and luciferase assays

Transfection of suspension HeLa cells was performed by
electroporation with a Bio-Rad (Hercules, CA, USA) Gene
Pulser as described previously.22 In detail, cells were grown
at 5 � 105 cells/ml. Then, 0.4ml of cells was mixed with 20µg
DNA at room temperature, electroporated at 250 V and
950µF, and immediately transferred to small culture flasks
containing 10ml prewarmed medium. After 24h, trans-
fected cells were treated with TNF-α, and harvested after an
additional 24 hours. For reporter gene assays, HeLa cells
were transfected by electroporation with RANTES pro-
moter-reporter plasmids (20µg). Luciferase activities were
measured with a Luminometer (Lumat LB9501; Berthold,
Bad Wildbad, Germany).

Results

Production of antigenic RANTES by TNF-α

To examine the effect of TNF-α on RANTES production
in fibroblast-like synoviocytes, conditioned media were
collected from cells treated with TNF-α. TNF-α signifi-
cantly increased RANTES protein production in a time-
dependent manner (Fig. 1A). Moreover, RANTES
mRNA expression was clearly upgraded by TNF-α (Fig.
1B). Cell viability was intact in the medium containing all
TNF-α concentrations (data not shown).

Induction of DNA-binding activity of NF-kB by TNF-α

To determine the effect of TNF-α on NF-kB activation in
fibroblast-like synoviocytes, EMSA was performed. Whole-
cell extracts were prepared from fibroblast-like synovio-
cytes following 15-min to 24-h incubations with TNF-α
(10ng/ml). The kB-binding activity of the protein extracts
was analyzed using an oligonucleotide encoding the NF-kB
site of the major histocompatibility complex class I pro-
moter. Here, DNA-binding activity of NF-kB was strongly
induced by TNF-α and was maximal at 15 min (Fig. 2A, lane
3). Moreover, TNF-α continuously activated DNA-binding
activity of NF-kB until 24h (Fig. 2A, lanes 3–7). In addition,
TNF-α-induced mobility shifts were abrogated by prior
heat inactivation (95°C, 10min) (data not shown). To iden-
tify Rel proteins associated with TNF-α-induced NF-kB-
DNA complexes, competition and supershift analyses
were performed. Whole-cell extracts from fibroblast-like
synoviocytes activated by TNF-α (10ng/ml) were used. Suc-
cessful competition was observed using unlabeled NF-kB
probe (Fig. 2B, lane 3), whereas an unrelated oligonucle-
otide was ineffective (Fig. 2B, lane 4). Moreover, TNF-α-
induced DNA-binding activity of NF-kB was clearly
supershifted by anti-p65 and p50 antibodies but not by anti-
c-Rel antibody (Fig. 2B, lanes 5–7 compared with lane 2).

Degradation of IkBα and IkB�1 by TNF-α

To evaluate persistent effects of TNF-α on NF-kB activa-
tion, Western blot analysis of the corresponding extracts
with IkB isoform-specific antibodies was performed.
Whole-cell extracts (40µg) were separated by SDS-PAGE
and blotted onto a polyvinyldifluoride membrane. Strong
degradation was performed on IkBα and IkB�1 with 10ng/
ml of TNF-α (Fig. 3). At 15 and 30min after stimulation
with TNF-α, IkBα was completely degraded (Fig. 3, lanes
2,3). Furthermore, IkB�1 degradation was induced at
15min after treatment with TNF-α and continued for 24h
(Fig. 3, lanes 8–12). Accordingly, these results imply that
persistent NF-kB activation induced by TNF-α in
fibroblast-like synoviocytes was a result of degradation of
IkB�1, possibly suggesting that persistent IkB�1 degrada-
tion led to continuous RANTES production in fibroblast-
like synoviocytes.
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lanes 5–12). These results might indicate TNF-α induced
RANTES gene expression through NF-kB activation.

Discussion

Accumulation and activation of selected populations of in-
flammatory cells within an arthritic joint are salient RA
characteristics. One putative signal for this process is the
production, by resident cells, of a group of inflammatory
mediators known as the chemokines, e.g., IL-8, monocyte
chemotactic protein 1 (MCP-1), and RANTES.4–6 Such
chemokines are target cell specific chemoattractants pro-
duced by synovial fibroblasts in response to TNF-α stimula-
tion.7 Cellular composition of inflammatory synovial tissues
reveals an extensive infiltrate of T cells and macrophages.
In RA, T cells in inflamed joints are CC chemokine receptor
5 positive.23 These findings suggest a role for RANTES in
recruitment of proinflammatory T cells to the inflamed joint
in RA.

Results herein demonstrate that TNF-α persistently in-
duced RANTES expression in fibroblast-like synoviocytes
from patients with RA through NF-kB activation. For genes
involved in the immune and inflammatory response, NF-kB
is an essential regulator.24–27 In most cell types, NF-kB is

Fig. 1A,B. Effect of tumor necrosis factor-alpha (TNF-α) on regulated
upon activation, normal T-cell expressed and secreted (RANTES)
production in rheumatoid arthritis (RA) fibroblast-like synoviocytes.
A RANTES protein in conditioned media. Enzyme-linked immuno
sorbent assay (ELISA) was performed as described in Materials
and methods. Conditioned media were collected after treatment with
10 ng/ml TNF-α for indicated times. Experiments were performed in
quadruplicate. Results are presented as mean � SE of three indepen-

dent experiments. B RANTES mRNA. Semiquantitative reverse
transcriptase-polymerase chain reaction (RT-PCR) analysis was per-
formed using total RNA in fibroblast-like synoviocytes from patients
with RA as described in Materials and methods. Glyceraldehyde phos-
phate dehydrogenase (GAPDH) was used as an internal control. Bot-
tom: densitometric quantification of RANTES mRNA/GAPDH
mRNA ratio

Roles of NF-kB in TNF-α-induced RANTES
promoter activity

To test effects of TNF-α on RANTES gene expression, a
luciferase assay was performed using the reporter plasmid.
According to dosage, TNF-α increased RANTES gene
expression (Fig. 4B, lanes 1–4). Thus, TNF-α induced
RANTES expression at the transcriptional level. Next, to
define more precisely the roles of kB sites in TNF-α-
controlling RANTES expression, each cis-acting element
of NF-kB-binding sites was mutated individually. The
RANTES gene upstream sequence contains the two puta-
tive NF-kB binding sites (kB1 and kB2; �44 and �30 rela-
tive to the transcription start site, respectively). Figure 4A
presents mutations of individual cis-acting elements of NF-
kB binding sites. The base vector for these constructions
was the wild-type pN construct (Fig. 4A, upper). Because of
the extremely poor transfection efficiency of fibroblast-like
synoviocytes, the resulting wild-type, or mutant, construc-
tions were transiently transfected into suspension HeLa
cells that were highly transfectable. RANTES RNA blot
hybridization showed that suspension HeLa cells responded
to TNF-α with similar kinetics as the fibroblast-like
synoviocytes (data not shown). Mutation of either kB1 or
kB2 ablated TNF-α inducibility, suggesting that both sites
were required for TNF-α induction of RANTES (Fig. 4B,
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Fig. 2A,B. DNA-binding activity of nuclear factor (NF)-kB was in-
duced by TNF-α in fibroblast-like synoviocytes. Electrophoretic mobil-
ity shift assay (EMSA) using H2k oligonucleotide for a probe was
performed as described in Materials and methods. A Time course.
Fibroblast-like synoviocytes were treated with 10 ng/ml TNF-α for indi-
cated times. Specific NF-kB bands, closed triangle; nonspecific bands
and unbound labeled oligonucleotides, open triangles (N.S. and Free),
respectively. Data are representative of three similar experiments. B

Competition and supershift analysis. For competition, EMSA was per-
formed using specific (SC) or nonspecific (NC) oligonucleotides on
extracts obtained following 30 min of 10 ng/ml TNF-α. For supershift
analysis, EMSA was performed using anti-p65, p50, or c-Rel antibody
on extracts obtained following 30 min of 10 ng/ml TNF-α. Specific
NF-kB bands (p65 and p50), closed triangle; nonspecific bands and
unbound labeled oligonucleotides, open triangles (N.S. and Free),
respectively. Data represent three similar experiments

Fig. 3. Degradation of IkBα and IkB�1 induced by TNF-α in
fibroblast-like synoviocytes. Western blot analysis was performed as
described in Materials and methods. Cells were treated with TNF-α
for indicated times. Positions of IkBα (lanes 1–6) and IkB�1 (lanes 7–
12) in the Western blot are indicated. Data represent three similar
experiments

present as a heterodimer comprising a 50-kDa (p50) and a
65-kDa subunit (p65) that is sequestered in the cytoplasm
by a member of the IkB family of inhibitory proteins, which
includes IkBα (also called MAD-3), IkB�1, IkB�2, IkBγ,
IkBε, and Bcl-3.22,28–32 Such IkB proteins mask the NF-
kB nuclear localization signal, thereby preventing NF-kB
nuclear translocation. Fujisawa et al. reported that NF-kB
played a pivotal role in synovial cell proliferation by treat-
ment with TNF-α, as N-acetyl-l-cysteine inhibited both
TNF-α-induced NF-kB activation and synovial cell prolif-
eration.33 In that report, TNF-α was shown to upregulate
mRNA expression of TNF-α itself and to persistently in-
duce DNA-binding activity of NF-kB for more than 24h in
synovial cells from patients with RA.33 However, they did
not show the effect of TNF-α on IkBs degradation. In this
report, we present for the first time that continuous NF-kB
activation stimulated by TNF-α was, at least in part, also
due to IkB�1 degradation in RA fibroblast-like synovio-
cytes. Degradation of IkB�1 is not associated with its rapid
resynthesis, probably because the gene encoding IkB�1 is
not upregulated by NF-kB.34–37 Treatment with TNF-α was
well correlated with late-phase induction of NF-kB contain-
ing p65 and p50. Consequently, these findings suggest that
degradation and downregulated expression of IkB�1 might
be an important mechanism for sustained induction of NF-
kB nuclear expression by TNF-α. However, further study
should examine degradation of other inhibitory molecules
such as IkB�2 and IkBε.
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Fig. 4A,B. TNF-α-induced RANTES gene expression through two cis-
acting elements of kB sites on the RANTES promoter. A Schematic
maps of the RANTES reporter constructions. Two NF-kB binding sites
are shown as kB1 and kB2. Here, pN was the wild-type RANTES
promoter construct plasmid. Mutated sites, X. Mutation of kB1 or kB2
site is shown as pmkB1 or pmkB2, respectively. B Transcriptional
effect of TNF-α on RANTES gene expression. Cells were transfected
with 20 µg of pN, pmkB1, or pmkB2. After transfection, cells were
incubated with indicated concentrations of TNF-α. After 24 h, cellular
extracts were prepared for luciferase enzyme assay. Experiments were
performed in quadruplicate. Levels of luciferase activity of pN in
unstimulated cells were taken as 1.0. Results are mean � SE of three
independent experiments

Functional studies indicate that multiple cis-acting ele-
ments interspersed within the RANTES promoter se-
quence contribute to promoter activity on cell activation.18

This study asserts that mutation on NF-kB-binding sites
markedly reduced TNF-α inducibility, possibly indicating
that NF-kB is a potent inducer of RANTES expression
in response to TNF-α. Aupperle et al. reported that only
inhibition of IkB kinase-2 (IKK2) function could prevent
TNF-α-induced expression of intercellular adhesion mol-

ecule 1 in RA fibroblast-like synoviocytes, identifying IKK2
as the key convergence site for the TNF-α-induced NF-kB-
mediated pathway.38 Moreover, IKK2 induces IkBα and
IkB�1 degradation in human monocytic cells.39 Thus, in
synoviocytes, TNF-α might activate IKK2 and induce
NF-kB activation, which transcriptionally upregulates
RANTES expression.

In summary, these results might indicate that NF-kB
activation is required for TNF-α-induced RANTES expres-
sion through two NF-kB-binding sites of the RANTES
promoter in fibroblast-like synoviocytes.

References

1. Harris ED Jr. Rheumatoid arthritis: pathophysiology and implica-
tions for therapy. N Engl J Med 1990;322:1277–89.

2. Feldmann M, Brennan FM, Maini RN. Rheumatoid arthritis. Cell
1996;85:307–10.

3. Badolato R, Oppenheim JJ. Role of cytokines, acute-phase pro-
teins, and chemokines in the progression of rheumatoid arthritis.
Semin Arthritis Rheum 1996;26:526–38.

4. Burmester GR, Stuhlmuller B, Keyszer G, Kinne RW. Mono-
nuclear phagocytes and rheumatoid synovitis. Arthritis Rheum
1997;40:5–18.

5. Kinne RW, Palombo-Kinne E, Emmrich F. T-cells in the patho-
genesis of rheumatoid arthritis: villains or accomplices? Biochim
Biophys Acta 1997;1360:109–41.

6. Berek C, Kim HJ. B-cell activation and development within
chronically inflamed synovium in rheumatoid and reactive arthri-
tis. Semin Immunol 1997;9:261–8.

7. Eigler A, Sinha B, Hartmann G, Endres S. Taming TNF: strategies
to restrain this proinflammatory cytokine. Immunol Today
1997;18:487–92.

8. Lipsky PE, van der Heijde DM, St Clair EW, Furst DE, Breedveld
FC, Kalden JR, et al. Infliximab and methotrexate in the treatment
of rheumatoid arthritis. Anti-Tumor Necrosis Factor Trial in
Rheumatoid Arthritis with Concomitant Therapy Study Group. N
Engl J Med 2000;343:1594–602.

9. Bathon JM, Martin RW, Fleischmann RM, Tesser JR, Schiff MH,
Keystone EC, et al. A comparison of etanercept and methotrexate
in patients with early rheumatoid arthritis. N Engl J Med
2000;343:1586–93.

10. Keffer J, Probert L, Cazlaris H, Georgopoulos S, Kaslaris E,
Kioussis D, et al. Transgenic mice expressing human tumor necro-
sis factor: a predictive genetic model of arthritis. EMBO J
1991;10:4025–4031.

11. Ward SG, Bacon K, Westwick J. Chemokines and T lymphocytes:
more than an attraction. Immunity 1998;9:1–11.

12. Schall TJ, Bacon K, Toy KJ, Goeddel DV. Selective attraction of
monocytes and T lymphocytes of the memory phenotype by
cytokine RANTES. Nature 1990;347:669–71.

13. Snowden N, Hajeer A, Thomson W, Ollier B. RANTES role in
rheumatoid arthritis. Lancet 1994;343:547–8.

14. Ellingsen T, Buus A, Moller BK, Stengaard-Pedersen K. In vitro
migration of mononuclear cells towards synovial fluid and plasma
from rheumatoid arthritis patients correlates to RANTES synovial
fluid levels and to clinical pain parameters. Scand J Rheumatol
2000;29:216–21.

15. 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.

16. 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.

17. Rathanaswami P, Hachicha M, Sadick M, Schall TJ, McColl SR.
Expression of the cytokine RANTES in human rheumatoid syn-
ovial fibroblasts. Differential regulation of RANTES and inter-



43

leukin-8 genes by inflammatory cytokines. J Biol Chem 1993;268:
5834–9.

18. Nelson PJ, Kim HT, Manning WC, Goralski TJ, Krensky
AM. Genomic organization and transcriptional regulation
of the RANTES chemokine gene. J Immunol 1993;151:2601–12.

19. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Coo-
per NS, et al. The American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis. Arthritis
Rheum 1988;31:315–24.

20. Chomczynski P, Sacchi N. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem 1987;162:156–9.

21. Maruyama N, Hirano F, Yoshikawa N, Migita K, Eguchi
K, Tanaka H. Thrombin stimulates cell proliferation in human
fibroblast-like synoviocytes in nuclear factor-kB activation and
protein kinase C mediated pathway. J Rheumatol 2000;27:2777–85.

22. Hirano F, Chung M, Tanaka H, Maruyama N, Makino I, Moore
DD, et al. Alternative splicing variants of IkB� establish differen-
tial NF-kB signal responsiveness in human cells. Mol Cell Biol
1998;18:2596–2607.

23. Suzuki N, Nakajima A, Yoshino S, Matsushima K, Yagita H,
Okumura K. Selective accumulation of CCR5� T lymphocytes
into inflamed joints of rheumatoid arthritis. Int Immunol
1999;11:553–9.

24. Baeuerle PA, Baltimore D. NF-kB: ten years after. Cell 1996;87:
13–20.

25. Anderson DM, Maraskovsky E, Billingsley WL, Dougall WC,
Tometsko ME, Roux ER, et al. A homologue of the TNF receptor
and its ligand enhance T-cell growth and dendritic-cell function.
Nature 1997;390:175–9.

26. Bohuslav J, Kravchenko VV, Parry GC, Erlich JH, Gerondakis S,
Mackman N, et al. Regulation of an essential innate immune re-
sponse by the p50 subunit of NF-kB. J Clin Invest 1998;102:1645–
52.

27. Sha WC. Regulation of immune responses by NF-kB/Reel tran-
scription factors. J Exp Med 1998;187:143–6.

28. Sen R, Baltimore D. Inducibility of k immunoglobulin enhancer-
binding protein NF-kB by a posttranslational mechanism. Cell
1986;47:921–8.

29. Zabel U, Baeuerle PA. Purified human IkB can rapidly dissociate
the complex of the NF-kB transcription factor with its cognate
DNA. Cell 1990;61:255–65.

30. Haskill S, Beg AA, Tompkins SM, Morris JS, Yurochko AD,
Sampson-Johannes A, et al. Characterization of an immediate-
early gene induced in adherent monocytes that encodes IkB-like
activity. Cell 1991;65:1281–9.

31. Whiteside ST, Epinat JC, Rice NR, Israel A. IkBε, a novel member
of the IkB family, controls RelA and cRel NF-kB activity. EMBO
J 1997;16:1413–26.

32. Wulczyn FG, Naumann M, Scheidereit C. Candidate proto-
oncogene bcl-3 encodes a subunit-specific inhibitor of transcription
factor NF-kB. Nature 1992;358:597–9.

33. Fujisawa K, Aono H, Hasunuma T, Yamamoto K, Mita S,
Nishioka K. Activation of transcription factor NF-kB in human
synovial cells in response to tumor necrosis factor α. Arthritis
Rheum 1996;39:197–203.

34. Suyang H, Phillips R, Douglas I, Ghosh S. Role of
unphosphorylated, newly synthesized IkB� in persistent activation
of NF-kB. Mol Cell Biol 1996;16:5444–9.

35. Johnson DR, Douglas I, Jahnke A, Ghosh S, Pober JS. A sustained
reduction in IkB� may contribute to persistent NF-kB activation
in human endothelial cells. J Biol Chem 1996;271:16317–22.

36. McKinsey TA, Brockman JA, Scherer DC, Al-Murrani SW,
Green PL, Ballard DW. Inactivation of IkB� by the tax protein
of human T-cell leukemia virus type 1: a potential mechanism
for constitutive induction of NF-kB. Mol Cell Biol 1996;16:2083–
90.

37. Velasco M, Diaz-Guerra MJ, Martin-Sanz P, Alvarez A, Bosca L.
Rapid up-regulation of IkB� and abrogation of NF-kB activity in
peritoneal macrophages stimulated with lipopolysaccharide. J Biol
Chem 1997;272:23025–30.

38. Aupperle KR, Bennett BL, Han Z, Boyle DL, Manning AM,
Firestein GS. NF-kB Regulation by IkB kinase-2 in rheumatoid
arthritis synoviocytes. J Immunol 2001;166:2705–11.

39. O’Connell MA, Bennett BL, Mercurio F, Manning AM,
Mackman N. Role of IKK1 and IKK2 in lipopolysaccharide
signaling in human monocytic cells. J Biol Chem 1998;273:30410–
4.


	metapress.com
	Untitled-4


