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Abstract

NF-κB plays a key role in the production of cytokines in inflammatory diseases. The effects 
of a novel T cell-specific NF-κB inhibitor, SP100030, were evaluated in cultured Jurkat 
cells and in murine collagen-induced arthritis (CIA). Chemical libraries were screened 
for NF-κB-inhibitory activity. SP100030, a compound identified in this process, inhibited 
NF-κB activation in PMA/PHA-activated Jurkat cells by EMSA at a concentration of 1 µM. 
Jurkat cells and the monocytic cell line THP-1 were transfected with an NF-κB promotor/
luciferase construct and activated. ELISA and RT-PCR confirmed that IL-2, IL-8, and TNF-α 
production by activated Jurkat and other T cell lines were inhibited by SP100030. How-
ever, cytokine expression was not blocked by the compound in THP-1 cells, fibroblasts, 
endothelial cells, or epithelial cells. Subsequently, DBA/1J mice were immunized with 
type II collagen. Treatment with SP100030 (10 mg/kg/d i.p. beginning on day 21) sig-
nificantly decreased arthritis severity from onset of clinical signs to the end of the study 
on day 34 (arthritis score, 5.6 ± 1.7 for SP100030 and 9.8 ± 1.5 for control; P < 0.001). 
Histologic evaluation demonstrated a trend toward improvement in SP100030-treated 
animals. EMSA of arthritic mouse ankles in CIA showed that synovial NF-κB binding was 
suppressed in the SP100030-treated mice. SP100030 inhibits NF-κB activation in T cells, 
resulting in reduced NF-κB-regulated gene expression and decreased CIA. Its selectivity 
for T cells could provide potent immunosuppression with less toxicity than other NF-κB 
inhibitors.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease of unknown etiology, af-
fecting synovial tissue in multiple diarthrodial joints. Hallmarks of this disease include 
synovial hyperplasia, angiogenesis, and erosion of articular cartilage and subchondral 
bone. Rheumatoid synovial tissue is characterized by marked intimal lining hyperplasia 
due to increased numbers of both intimal macrophages and fibroblast-like synoviocytes 
(FLS) and by the accumulation of T cells, plasma cells, macrophages, and other cells 
in the synovial sublining (1;2). Infiltrating synovial cells produce various cytokines, 
predominantly IL-1, TNF-α, and IL-6, promoting induction of adhesion molecule and 
proteinase gene expression (3). These factors play an important role in attracting and 
activating other inflammatory cells and in the degradation of cartilage and bone.

Cytokine and adhesion molecule gene expression is regulated by a variety of tran-
scription factors. One of these, NF-κB, plays an especially important role in inflammatory 
processes (4). The regulation of this particular transcription factor has been extensively 
explored in RA, in both tissues and cultured cells. For instance, its expression and activity 
is markedly increased in the RA synovium (5;6). NF-κB also plays a pivotal role in IL-6 
production by cultured FLS (7). This critical factor is a potential therapeutic target for the 
treatment of RA patients.

To assess the possible therapeutic role of NF-κB in arthritis, we investigated a novel T 
cell-specific transcription factor inhibitor, SP100030 (8). SP100030 was shown to inhibit 
NF-κB activation in vitro as well as suppress expression of NF-κB-driven genes. Subse-
quently, we demonstrated efficacy of this compound in a chronic arthritis model. These 
studies suggest that NF-κB inhibition in T cells could be beneficial in inflammatory 
arthritis.

Material and Methods

Reagents

SP100030 was obtained from Signal Pharmaceuticals, Inc. (San Diego, CA). The chemical 
formula is 2-chloro-4-(tri fluor o methyl) pyri mi dine-5-N-(3’,5’-bis(tri fluor o methyl) phenyl)-
car box amide. Phorbol 12-myristate-13-acetate (PMA) and phytohemagglutin (PHA) 
were obtained from Sigma (St. Louis, MO). A Bandshift Kit was purchased from Promega 
(Madison, WI). Oligonucleotides and Abs cross-reactive to rat p50, p65, c-Rel, RelB, and 
p52 subunits were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
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Cells

Human Jurkat T cells and THP-monocytes were obtained from the America Type Cul-
ture Collection and grown in RPMI 1640 (Media Tech, West Chester, PA) containing 2 
mM L-glutamine and 50 U/ml penicillin plus 50 µg/ml streptomycin (Life Technologies, 
Grand Island, NY), and either 10% FCS (Jurkat) or 20% FCS (Gemini Bio-Products, Inc., 
Calabasas, CA) and 2-ME (Sigma, St. Louis, MO) (THP-1). Normal human endothelial and 
epithelial cells were obtained from Clonetics (Walkersville, MD), and other cell lines were 
purchased from American Type Culture Collection (Manassas, VA).

Mice

Six- to 8-wk-old male DBA/1J mice were purchased from The Jackson Laboratory (Bar 
Harbor, ME). Type II collagen and CFA were obtained from Chondrex (Seattle, WA), IFA 
and lipopolysaccharide (LPS, E. Coli serotype 0111:B4) from Sigma (St. Louis, MO).

RT-PCR

Total RNA was isolated using Tri reagent (Molecular Research Center, Cincinnati, OH) 
according to the manufacturer’s instructions. Semiquantitative RT-PCR was conducted 
using 2 µg of RNA, 0.4 µM each primer (Clontech, Palo Alto, CA), 0.2 mM each dNTP, 5 
µl 10X PCR Buffer (100mM Tris-HCl, 15 mM MgCl2, 500 mM KCl, pH 8.3), 0.5 µl RNasin 
(40 U/µl, Promega, Madison, WI), 0.5 µl avian myeloblastosis virus reverse transcriptase 
(25 U/µl, Promega), 0.5 µl Taq Polymerase (5 U/µl, Boehringer Mannheim, Chicago, IL) 
in a 50-µl reaction volume. Reverse transcription was conducted at 42°C for 1 h. The 
temperature was then adjusted to 95°C for 2 min to inactivate the avian myeloblastosis 
virus reverse transcriptase. The PCR reaction was amplified for 35 Cycles. The PCR cycle 
consisted of 94°C for 1 min, 55°C for 1 min, and 72°C for 1.5 min. After the final amplifica-
tion, the reaction was elongated at 72°C for 7 min. Twenty microliters of each reaction 
mix was separated by electrophoresis by using 1.5% agarose gels, followed by staining 
with ethidium bromide.

NF-κB assay

Human Jurkat T cells were stably transfected with a synthetic promoter comprising 
three copies of an NF-κB binding site (from the MHC promoter) fused to a minimal 
SV40 promoter driving luciferase (9). Cells were counted, resuspended in fresh medium 
containing 10% Serum-Plus (Hyclone, Logan, UT) at a density of 1 x 106 cells/ml, and 
plated in 96-well round-bottom plates (200 µl per well) for18 h. SP100030 was dissolved 
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in 0.2% DMSO/H2O and then added at the appropriate concentrations to the microtiter 
plates containing the cells, and the plates were incubated at 37°C for 30 min. To induce 
transcriptional activation, 50 ng/ml of PMA and 1 µg/ml of PHA were added to each well, 
and the cells were incubated for an additional 5 h at 37°C. Control cells were treated 
with identical amounts of DMSO alone. The plates were centrifuged at 2200 rpm for 
1 min at room temperature followed by removal of the media. Sixty microliters of cell 
lysis buffer (1x Cell Culture Lysis Reagent, 25 mM Tris-phosphate, pH 7.8, 2 mM DTT, 2 
mM 1,2-diaminocyclohexane-N,N,N’,N’-tetraacetic acid, 10% glycerol, 1% Triton®X-100; 
Promega) was added to each well, and cells were lysed for 15 min. Then 40 µl of each cell 
lysate was transferred to a black 96-well plate, and 50 µl of luciferase substrate buffer 
was added. Luminescence was immediately measured using Packard TopCount (Packard 
Instruments, Meriden, CT). The β-actin assay was run as described above except for that 
the Jurkat T cells were transfected with a plasmid that contained the β-actin promoter 
driving luciferase.

Cytokine production assay

After centrifugation, supernatants were collected from each well in the above luciferase 
experiments and stored at –20°C until assay. Approximately 20- to 50-µl aliquots were 
removed and the levels of IL-2, IL-6, IL-8, IFN-γ, and TNF-α were determined by ELISA 
(Biosource International, Camarillo, CA).

Collagen-induced arthritis (CIA)

Six- to 8-wk-old male DBA/1J mice were immunized s.c. at the base of the tail with 100 
µl of a solution containing type II collagen (1 mg/ml) in CFA and IFA. On day 21, 100 µg 
of type II collagen in 100 µl PBS was injected i.p. On day 28, 50 µg of LPS in 100 µl PBS 
was injected i.p. to synchronize and exacerbate arthritis, as previously described (10). 
Using this protocol, the incidence of arthritis was 100% and peaked at day 34-35. Clinical 
arthritis scores were evaluated using a scale of 0-4 for each paw (0, normal; 1, minimal 
erythema and mild swelling; 2, moderate erythema and mild swelling; 3, marked ery-
thema and severe swelling, digits not yet involved; 4, maximal erythema and swelling, 
digits involved).

Study design

The animals were treated daily starting on day 21 till the end of the study by i.p. injection 
of either SP100030 (10 mg/kg, dissolved in polyethylene glycol 200 (ICN, Aurora, OH) 
in a total volume of 50 µl) or 50 µl polyethylene glycol 200 only. The clinical arthritis 
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scores were assessed three times a week in a blinded manner. On day 35, the mice were 
sacrificed and the two hind paws and one fore paw were harvested from each animal for 
nuclear protein and RNA extraction, as described below.

Histologic analysis

On day 35, the animals were sacrificed and one forepaw of each animal was fixed in a 
10% formalin solution, decalcified, and embedded in paraffin for histologic analysis. Five-
micrometer sections were cut, mounted on a glass slide, and stained with hematoxylin 
and eosin. The tissue was evaluated using a semiquantitative scoring system (0-3+) for 
synovial hyperplasia, cartilage erosion, and extra-articular inflammation. The maximum 
score per paw was 9.

Preparation of nuclear extracts of mouse tissue

The mouse paws were cut just above and below the ankle and the skin was removed. 
The joints were then snap frozen in liquid nitrogen and pulverized. Nuclear extracts 
were prepared according to the method described by Schreiber et al. with modifications 
(11). Homogenization of the tissue was performed using 3 ml buffer A (10 mM HEPES, 
pH 7.9, 1.5 mM MgCl2, 10 mM KCl, 1 mM DTT, 1 mM PMSF, and 0.1% Nonidet P-40). The 
supernatant was discarded after incubation on ice for 15 min and centrifugation at 850 x 
g at 4°C. The pellet was resuspended in 4 ml buffer A without Nonidet P-40, the samples 
were centrifuged, and the supernatant was again discarded. Buffer C (25 %(v/v) glycerol, 
20 mM HEPES, pH 7.9, 0.42 M NaCl, 1.5 mM MgCl2, 0.2 Sodium EDTA, pH 8.0, 1 mM DTT, 
and 1 mM PMSF; 100 µl) was added to the pellets and the samples were rocked for 30 
minutes at 4°C. After centrifugation at 4°C, the supernatants were aliquoted and stored 
at –80°C. The protein concentration was measured using the method of Bradford using 
a protein dye reagent (12).

EMSA

The Bandshift kit was used according to the manufacturer’s instructions as previously 
described (10). Double-standed NF-κB consensus oligonucleotide probe (5’-AGTTGAG-
GGGACTTTCCCAGGC-3’) or the mutant oligonucleotide probe (5’-AGTTGAGGCGACTTTC-
CCAGGC-3’) were end-labeled with [γ-32P]-ATP (50 µ Ci at 222 TBq/mmol, Amersham Life 
Science, Arlington Heights, IL). For the experiments using the Jurkat T cells, binding 
reactions contained 35 fmol of oligonucleotide and 5 µg of nuclear protein. The reac-
tions were conducted at room temperature for 20 min in a total volume of 10 µl of 
binding buffer (10 mM Tris-HCl, pH 7.5, 50 mM NaCl, 1 mM MgCl2, 0.5 mM EDTA, 0.5 
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mM DTT, 4% glycerol (v/v), and 0.5 µg poly(dI-dC) (Pharmacia, Peapack, NJ)). Unlabeled 
oligonucleotide was added 5 min before addition of radiolabeled probe in case of the 
competition reactions. For supershift analysis, 1 µg of each Ab was added 5 min before 
the reaction mixtures immediately after addition of radiolabeled probe. Following the 
binding reactions, 1 µl of 10 x gel loading buffer was added. For the experiments with the 
nuclear extracts of mouse tissue, the samples of the treated and the untreated groups 
were pooled. Two microliters of the labeled oligonucleotides were added to the nuclear 
extracts (4 µg of protein) in a total volume of 20 µl, and the samples were incubated 20 
min at room temperature. For the negative control samples, mutant or a 15-fold excess 
of cold consensus oligonucleotide was added. To perform supershift experiments, 2 µg 
of Abs to NF-κB p50 and p65 were added. Samples were incubated of 15 min at room 
temperature and loaded onto a 4% polyacrylamide gel. After electrophoresis, the gel 
was transferred to Whatman paper (Whatman International, Maidstone, U.K.) or vacuum 
dried and visualized by autoradiography.

Statistical Analysis

The clinical and histologic scores were compared using the ANOVA and Student t tests.

Results

DNA binding activity of NF-κB in Jurkat cells is reduced by SP100030

Chemical libraries were screened to identify compounds that inhibit induction of NF-κB 
binding activity in stimulated Jurkat cells. After identification of a lead and subsequent 
optimization, SP100030 was identified as a potent NF-κB inhibitor and characterized 
more completely. To assess the effect of SP100030 on NF-κB DNA binding activity, an 
EMSA was performed on nuclear extracts of Jurkat cells that had been stimulated with 
PMA and PHA for 6 h. As shown in Figure 1, the DNA binding activity was reduced in the 
SP100030-treated cells compared with the untreated cells (lanes 2 and 3, respectively). 
In supershift experiments, the DNA protein complex appeared to contain both p50 and 
p65. SP100030 decreased the intensity of both the p50 and p65 supershifted bands. 
Nonspecific bands with a higher electromobility were seen in all lanes.

Dose-response effect of SP100030 on Jurkat cells

Having demonstrated that SP100030 decreased NF-κB binding activity, we then deter-
mined whether the compound inhibited transcription of a gene regulated by NF-κB. For 
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these experiments, Jurkat cells were transfected with a construct containing the NF-κB 
promoter and the luciferase cDNA. Cells were then stimulated with PMA and PHA to 
activate NF-κB. There was a dose-response-dependent inhibition of luciferase expres-
sion in the transfected Jurkat cells (see Figure 2 for a representative experiment). The IC50 
for SP100030 was 30 nM. The compound had no effect on the β-actin promoter coupled 
to luciferase, demonstrating its specificity for NF-κB.

SP100030 inhibits NF-κB driven cytokine gene expression

We subsequently determined whether SP100030 inhibited expression of NF-κB-regulated 
cytokines in T cells. Jurkat cells were stimulated with PMA/PHA for 5 h in the presence of 
SP100030 or vehicle for 0.5-5 h, and cytokine mRNA was determined by RT-PCR analysis. 

Figure 1. Effect of SP100030 on NF-κB binding activity in Jurkat cells. Jurkat cells were stimulated with 
PMA/PHA as described in Material and Methods and NF-κB activity was determined. In lane 1, nuclear 
extract of unstimulated cells was loaded (Med). Nuclear extracts of cells stimulated with PHA/PMA in 
the presence of vehicle (“Veh”) (lanes 2, 4, and 6) or in the presence of 30 nM SP100030 (“SP”) (lanes 3, 5, 
and 7) are shown. Supershift experiments were performed for vehicle and SP100030-treated cells in the 
presence of anti-p65 Ab (lanes 4 and 5) or anti-p50 Ab (lane 6 and 7). Arrows show the specific complexes. 
Higher mobility nonspecific bands were found in all samples. Note that SP100030 suppresses NF-κB 
activity in the Jurkat cells.
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Figure 3, a representative experiment, shows the effect of SP100030 on gene expression 
for IL-2, IL-8, and TNF-α in Jurkat cells. SP100030 markedly decreased IL-2, TNF-α, and 
IL-8 mRNA levels compared with control cells. Notably, the PCR method used permits 
only a semiquantitative assessment of mRNA abundance due to potential differences 
in primer efficiency and the relative abundance of the control gene compared with the 
cytokine genes. These results suggest that SP100030 inhibits NF-κB-regulated cytokine 
production at the transcriptional level.

Specificity of SP100030 for T cell cytokine production

The effect of SP100030 on Jurkat cell cytokine protein release was then determined. PMA/
PHA-stimulated Jurkat cells were incubated for 0-5 h in the presence of either SP100030 
or vehicle, and the levels of IL-2, TNF-α, and IL-8 were measured in the supernatant by 
ELISA. Figure 4A shows that SP100030 inhibited cytokine production in a concentration-
dependent fashion in Jurkat cells. Similar effects were observed in other T cell lines using 
several methods to stimulate cells (PMA/PHA; soluble anti-CD3 plus anti-CD28 Ab; Con 
A; PMA plus ionophore (A23187)) (see Table I). For each of these lines, complete dose-
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Figure 2. Dose-response effect of SP100030 on Jurkat cells. Jurkat cells were transfected with either an 
NF-κB or β-actin promoter coupled to luciferase and activated with PHA/PMA for 5 h in the presence of 
increasing concentrations of SP100030. Luciferase expression is shown as percentage of control.
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responses were evaluated from 0.1 to 30 µM of SP100030. At least 80% inhibition of 
cytokine production was observed at a concentration of 3 µM or less (see Table I). In 
contrast, cytokine expression was not inhibited by ≥ 10 µM in THP-1 cells (Figure 4B), or 
other monocytic cell lines, endothelial cells, fibroblasts, synoviocytes, osteo blasts, and 
epithelial cell lines (see Table II). Several different methods of stimulating these cells were 
tested, including PMA, LPS, IL-1, or TNF-α, and IL-1 plus TNF-α. Although IL-8 was the 
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Figure 3. Effect of SP100030 on cytokine expression. Jurkat cells, stimulated with PMA and PHA for 5 h, 
were cultured in the presence of vehicle (“Veh”) or SP100030 (“SP”) for 0.5-5 h (duration of stimulation 
shown in the top row). Cytokine mRNA for IL-2, IL-8, and TNF-α was determined by RT-PCR analysis. In the 
first lane, mRNA from unstimulated cells (Medium) was loaded. β-Actin gene expression was used as a 
control.

Table I. Effect of SP100030 on T cell cytokine production

Cell Type Name of Line Source Stimulus Cytokines 
Assayed1

Inhibition2

 T cell Jurkat T cell leukemia PMA+ PHA IL-2, IL-8 +

PMA + A23187

CD3+ CD28

Con A

T cell HUT78 T cell leukemia PMA+ PHA IL-2, IL-8 +

PMA+ A23187

T cell MOLT-4 Acute 
lymphoblastic 

leukemia

PMA+ A23187 IL-2 +

T cell CCRF-HSB-2 T cell leukemia PMA+ A23187 IL-2, IL-8, IFN-γ +

T cell LBRM-33 Mouse T cell 
lymphoma

PMA+ PHA IL-2 +

PMA+ A23187

Con A

T cell H9 Cutaneous T cell 
lymphoma

PMA+ PHA IL-2, IFN-γ +

PMA+ A23187

Con A

1 Samples were incubated in the presence or absence of SP100030 for 6–24 h, and supernatants were 
assayed by ELISA. PMA, 50 ng/ml; PHA, 1 µg/ml; A23187, 1 µg/ml; Con A, 10 µg/ml.
2 +, >80% inhibition at 3 µM; -, <5% inhibition at 10 µM.
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primary cytokine evaluated, SP100030 also had no effect on IL-6 and TNF-α production 
in selected cell lines.

To confirm that the compound had no effect on NF-κB activation, EMSA experiments 
were performed on U937 and THP-1 cells. SP100030 had no effect on NF-κB binding 
in the activated monocytic cells. Furthermore, expression of the NF-κB-luciferase con-
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Figure 4. Effect of SP100030 and vehicle on IL-2, TNF-α, and IL-8 production. Jurkat cells (A) and TPH-1 
cells (B), stimulated with PMA and PHA, were incubated for 0-5 h in the presence of either SP100030 
or vehicle, and the levels of IL-2, TNF-α, and IL-8 were measured in the supernatant by ELISA. Control 
cells were incubated in a similar concentration of the vehicle (DMSO), which had no effect on cytokine 
production.
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struct was not inhibited by the compound in transfected U937 and U2OS cells (data 
not shown).

Therapeutic effect of SP100030 in CIA

NF-κB activation and subsequent cytokine production are known to play a role in RA 
as well as animal models of inflammatory arthritis. To explore the possibility that T cell-
selective NF-κB suppression might have therapeutic efficacy in arthritis, the effect of 
SP100030 was determined in the murine CIA model. DBA/1J mice were immunized with 
type II collagen and treated with either vehicle (PEG 200; n = 13) or SP100030 (10 mg/
kg/day; n = 14) beginning on day 21. Figure 5 shows that the SP100030-treated mice 
had significantly decreased arthritis scores compared with controls (P < 0.001, ANOVA). 
Histologic evaluation of the paws from mice treated from day 20 to 34 showed a trend 
toward decreased inflammation (mean ± SEM scores: SP100030 2.86 ± 1.19; vehicle 5.73 
± 1.12; P > 0.05).

Table II. Effect of SP100030 on cytokine production by non-T cells

Cell Type Name of Line Source Stimulus Cytokines 
Assayed1

Inhibition2

Monocyte U9373 Histiocytic leukemia PMA
LPS

TNFα

IL-6, IL-8, TNF-α -

Monocyte THP-1 Acute monocytic 
leukemia

PMA
LPS

TNFα

IL-6, IL-8, TNF-α -

Monocyte HL-60 Promyelocytic 
leukemia

PMA
LPS

TNFα

IL-6, IL-8, TNF-α -

Endothelium HUVEC Primary cells IL-1
TNFα

IL-1+ TNFα

IL-8 -

Epithelium Caco-1 Colon 
adenocarcinoma

PMA IL-8 -

Epithelium HT-29 Colon 
adenocarcinoma

PMA IL-8 -

Epithelium HeLa Cervical carcinoma IL-1 IL-8 -

Synoviocyte HIG-82 Rabbit FLS IL-1 IL-8 -

Osteoblast U2OS3 Osteosarcoma IL-1 + TNFα IL-6 -

Fibroblast GM637 Skin fibroblast PMA IL-8 -

1 Samples were incubated in the presence or absence of SP100030 for 6–24 h, and supernatants were 
assayed by ELISA. PMA, 50 ng/ml; LPS, 1 µg/ml; TNFα, 20 ng/ml; IL-1, 10 ng/ml.
2 +, >80% inhibition at 3 µM; -, <5% inhibition at 10 µM.
3 Transcriptional activity via luciferase reporters also performed and confirmed cytokine results.
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Figure 5. Effect of SP100030 on paw swelling of mice with CIA. Mice with CIA were treated daily with 
10 mg/kg i.p. SP100030 or vehicle starting at day 21 after immunization. Clinical arthritis scores are on a 
scale of 0-4 for each paw. Statistical evaluation was performed by ANOVA; P<0.001 comparing vehicle to 
SP100030-treated animals.

Figure 6. NF-κB DNA binding in synovial tissue of mice with CIA treated with SP100030 or vehicle. EMSA 
results of nuclear extracts from pooled synovial samples from mice with CIA treated with SP100030 (“SP”) 
or vehicle (“Veh”) using a radiolabeled oligonucleotide containing the NF-κB consensus binding site are 
shown. Lane 1 (P) was a human positive control (which has additional nonspecific bands as in Fig.1), and 
lane 2 (CC) included competition with cold oligos. In supershift assays, anti-p50 Ab (lanes 5 and 6) and 
anti-p65 Ab (lanes 7 and 8) were present in the sample. Arrows show the specific complexes. There is a 
clear reduction of NF-κB activity in the samples of the SP100030-treated mice. A portion of the NF-κB 
binding activity appears to be due to p50, and this was decreased by SP100030.
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Synovial DNA binding activity of NF-κB is inhibited by SP100030 in mice with CIA

We have previously shown that NF-κB activity in this model gradually increases from 
day 10 to intense NF-κB binding at day 35 (10). To determine the effect of SP100030 on 
NF-κB binding activity in joints, we performed an EMSA of pooled samples from joints of 
treated and control mice (Figure 6). In the group of control animals, NF-κB binding was 
increased on day 35 (lane 3). However, the treatment group showed clearly diminished 
NF-κB binding activity. A portion of the functional NF-κB protein consisted of p50, as 
determined by supershift experiments, although the supershifted bands were not as 
clear as in the human cell line studies.

Discussion

RA is a synovial inflammatory disease marked by accumulation of mononuclear cells, 
increased numbers of blood vessels, and hyperplasia of the invasive intimal lining 
(2). Production of inflammatory cytokines is a key feature of this process, and recent 
advances in anti-cytokine therapy confirm that these factors play a critical role in the 
pathogenesis of RA (13;14). Development of novel treatment strategies that alter the 
cytokine milieu would be greatly facilitated by dissecting the regulatory elements that 
control mediator production in the joint.

Of the many transcription factors involved in joint inflammation, NF-κB appears to be 
especially important. For instance, production of IL-1 and TNF-α by synovial macrophages 
is regulated by NF-κB, as is the expression of TNF-α and IL-6 in FLS (15-20). In addition, 
constitutive IL-6 production by RA FLS clones is NF-κB-dependent (7). Increased cytokine 
production driven by NF-κB can enhance expression of vascular adhesion molecules 
that attract leukocytes into the joint, as well as matrix metalloproteinases, which help 
degrade the extracellular matrix (21-23). NF-κB protein is readily detected in rheumatoid 
synovium, especially in the nuclei of intimal lining cells (5;6;20). Although the proteins 
are also detected in osteoarthritis synovium, NF-κB DNA binding activity is much greater 
in RA than osteoarthritis (10). These data suggest that this signal transduction pathway 
can play a pivotal role in the synovial cytokine cascade.

NF-κB is a ubiquitous transcription factor that is primarily comprised of homo- or 
heterodimeric combinations of proteins belonging to the Rel family that shares a highly 
homologous N-terminal region. This domain contains sequences required for DNA bind-
ing, protein dimerization, and nuclear localization. Several Rel-containing dimers exist, 
of which p50/p65 (NF-κB1/RelA) heterodimers and the p50 homodimers are the most 
common. NF-κB normally resides as an inactive protein in the cytoplasm, where it is 
bound to an inhibitory protein, IκB. Activation is initiated by many stimuli, including IL-1, 
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TNF-α, platelet-derived growth factor, and phorbol esters. Signal transduction proceeds 
through activation of two IκB kinases, IKK-1 (IKK-α) and IKK-2 (IKK-β), which phosphory-
late IκB. These kinases are constitutively expressed by RA FLS, and IKK-2 stimulation is 
necessary and sufficient for NF-κB activation in these cells (20). After phosphorylation 
and degradation of IκB, NF-κB is translocated to the nucleus, where it binds to its target 
genes to initiate transcription.

The therapeutic potential for NF-κB suppression led us to screen libraries for com-
pounds that inhibit NF-κB activation. After optimization, one compound, SP100030, 
was an especially potent inhibitor of NF-κB activation in a T cell line with an IC50 of 30 
nM for NF-κB inhibition. Preliminary pharmacologic studies with SP100030 in rodents 
demonstrated anti-inflammatory effects in cutaneous delayed-type hypersensitivity and 
allogeneic cardiac transplantation (8). The purpose of the experiments described in the 
current report was to characterize the in vitro activity of SP100030 more completely and 
evaluate its mechanism of action in a chronic model of inflammatory arthritis in mice.

After confirming the effect of SP100030 on NF-κB activation in Jurkat cells, we dem-
onstrated that the compound inhibited NF-κB-driven expression of a luciferase reporter 
gene. This effect could not be explained by nonspecific toxicity because it had no ef-
fect on β-actin transcription. Furthermore, expression of endogenous NF-κB-regulated 
cytokine genes was also suppressed at the mRNA and protein levels by SP100030. Al-
though this compound blocked NF-κB activation in T cell lines (including Jurkat, Molt-4, 
Hut-78, and H9), it had no effect on cytokine production by monocytoid cells, fibroblasts, 
synoviocytes, endothelial cells, epithelial cells, and osteoblasts. Additional EMSA and 
NF-κB-driven reporter gene studies in selected non-T cell lines confirmed that SP100030 
did not suppress NF-κB activation. Hence, its action appears to be relatively specific to T 
cells. The mechanism of action is currently under investigation, but does not appear to 
be related to IKK inhibition or decreased IκB phosphorylation (data not shown). In any 
case, the selectivity for the T cell lineage suggests that SP100030 does not act at signal 
transduction pathways that are common to T cells and macrophages.

The effect of SP100030 was then evaluated in murine CIA. We have previously shown 
that NF-κB is activated in the joints of mice 10 days after systemic immunization with 
type II collagen even though clinical arthritis does not appear until day 25-30 (10). Joint 
swelling was significantly decreased in animals that were treated with SP100030 before 
to the onset of joint swelling, although the degree of disease suppression was surpris-
ingly modest. Clinical efficacy was accompanied by diminished NF-κB activation in joint 
extracts, suggesting that the compound acted through this mechanism in vivo. Although 
SP100030 only appears to suppress NF-κB activation in T cells, the dependence of syn-
ovial inflammation on T cell activation in CIA likely results in decreased NF-κB activation 
in other cell types as well. Efficacy in this animal model also indicates that SP100030 
can block NF-κB expression in normal cells in addition to the cell lines tested in vitro. 
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Of interest, animals with established disease did not appear to benefit when treatment 
was begun on day 35. At this later time point, many additional transcription factors, 
such as AP-1, are highly activated in CIA and could interfere with efficacy. Alternatively, 
T cell-independent processes in established disease might diminish the effectiveness of 
a selective T cell approach.

These data suggest that modulation of NF-κB activation by compounds like SP100030 
could be beneficial in chronic inflammatory diseases like arthritis. Of interest, it recently 
has been shown that the incidence and severity of CIA was significantly reduced in 
transgenic mice expressing a constitutive inhibitor of NF-κB/Rel (IκBα) in the T cell 
lineage (24). Selectivity for T cells could also potentially minimize systemic toxicity that 
could complicate inhibition of a key signal transduction pathway. However, in light of 
the importance of macrophage-derived cytokines and the relative lack of T cell products 
in RA, efficacy in this particular disease would depend on the ability of SP100030 to sup-
press local lymphocyte-dependent responses that support the macrophage-fibroblast 
cytokine network (3;25). Other anti-rheumatic drugs, such as salicylates, sulfalazine, and 
glucocorticosteroids also appear to suppress NF-κB activation, possibly contributing to 
their clinical efficacy (26-28). Furthermore, NF-κB activation prevents Fas ligand- and 
TNF-α-mediated apoptosis in arthritis and contributes to synovial hyperplasia (29). Sup-
pression of NF-κB in rat arthritis with NF-κB decoy oligonucleotides increased apoptosis 
in the inflamed synovium, thereby decreasing swelling. In conjunction with our studies, 
these data suggest that NF-κB is a potential therapeutic approach in RA that is amenable 
to small molecule inhibitors.



Chapter 2
T cell-specific N

F-κB inhibitor

37

Reference List

 1. Tak PP, Smeets TJ, Daha MR, Kluin PM, Meijers KA, Brand R et al. Analysis of the synovial cell infil-
trate in early rheumatoid synovial tissue in relation to local disease activity. Arthritis Rheum 1997; 
40(2):217-225.

 2. Firestein GS. Etiology and pathogenesis of rheumatoid arthritis. In: Kelly WN, Harris ED, Ruddy S, 
Sledge CB, editors. 5th ed. Saunders Co., Philiadelphia; 1996. 851.

 3. Firestein GS, Zvaifler NJ. How important are T cells in chronic rheumatoid synovitis? Arthritis 
Rheum 1990; 33(6):768-773.

 4. Barnes PJ, Karin M. Nuclear factor-kappaB: a pivotal transcription factor in chronic inflammatory 
diseases. N Engl J Med 1997; 336(15):1066-1071.

 5. Handel ML, McMorrow LB, Gravallese EM. Nuclear factor-kappa B in rheumatoid synovium. Local-
ization of p50 and p65. Arthritis Rheum 1995; 38(12):1762-1770.

 6. Marok R, Winyard PG, Coumbe A, Kus ML, Gaffney K, Blades S et al. Activation of the transcription 
factor nuclear factor-kappaB in human inflamed synovial tissue. Arthritis Rheum 1996; 39(4):583-
591.

 7. Miyazawa K, Mori A, Yamamoto K, Okudaira H. Constitutive transcription of the human interleu-
kin-6 gene by rheumatoid synoviocytes: spontaneous activation of NF-kappaB and CBF1. Am J 
Pathol 1998; 152(3):793-803.

 8. Goldman ME, Ransone LJ, Anderson DW, Gaarde WA, Suto MJ, Sullivan RW et al. SP100030 is a 
novel T-cell-specific transcription factor inhibitor that possesses immunosuppressive activity in 
vivo. Transplant Proc 1996; 28(6):3106-3109.

 9. Sullivan RW, Bigam CG, Erdman PE, Palanki MS, Anderson DW, Goldman ME et al. 2-Chloro-4-(tri-
fluor o methyl) pyri mi dine-5-N-(3’,5’- bis(trifluoromethyl)phenyl)-carboxamide: a potent inhibitor 
of NF-kappa B- and AP-1-mediated gene expression identified using solution-phase combinato-
rial chemistry. J Med Chem 1998; 41(4):413-419.

 10. Han Z, Boyle DL, Manning AM, Firestein GS. AP-1 and NF-kappaB regulation in rheumatoid arthri-
tis and murine collagen-induced arthritis. Autoimmunity 1998; 28(4):197-208.

 11. Schreiber E, Matthias P, Muller MM, Schaffner W. Rapid detection of octamer binding proteins 
with ‘mini-extracts’, prepared from a small number of cells. Nucleic Acids Res 1989; 17(15):6419.

 12. Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye binding. Anal Biochem 1976; 72:248-254.

 13. Elliott MJ, Maini RN, Feldmann M, Kalden JR, Antoni C, Smolen JS et al. Randomised double-blind 
comparison of chimeric monoclonal antibody to tumour necrosis factor alpha (cA2) versus pla-
cebo in rheumatoid arthritis. Lancet 1994; 344(8930):1105-1110.

 14. Moreland LW, Baumgartner SW, Schiff MH, Tindall EA, Fleischmann RM, Weaver AL et al. Treatment 
of rheumatoid arthritis with a recombinant human tumor necrosis factor receptor (p75)-Fc fusion 
protein. N Engl J Med 1997; 337(3):141-147.

 15. Miyazawa K, Mori A, Okudaira H. IL-6 synthesis by rheumatoid synoviocytes is autonomously 
upregulated at the transcriptional level. J Allergy Clin Immunol 1999; 103(5 Pt 2):S437-S444.

 16. Bondeson J, Foxwell B, Brennan F, Feldmann M. Defining therapeutic targets by using adenovirus: 
blocking NF-kappaB inhibits both inflammatory and destructive mechanisms in rheumatoid syn-
ovium but spares anti-inflammatory mediators. Proc Natl Acad Sci U S A 1999; 96(10):5668-5673.

 17. Firestein GS, Boyle DL, Yu C, Paine MM, Whisenand TD, Zvaifler NJ et al. Synovial interleukin-1 
receptor antagonist and interleukin-1 balance in rheumatoid arthritis. Arthritis Rheum 1994; 
37(5):644-652.



Ch
ap

te
r 2

T 
ce

ll-
sp

ec
ifi

c 
N

F-
κB

 in
hi

bi
to

r

38

 18. Dayer JM, Burger D. Interleukin-1, tumor necrosis factor and their specific inhibitors. Eur Cytokine 
Netw 1994; 5(6):563-571.

 19. Shin H, Kitajima I, Nakajima T, Shao Q, Tokioka T, Takasaki I et al. Thrombin receptor mediated sig-
nals induce expressions of interleukin 6 and granulocyte colony stimulating factor via NF-kappa 
B activation in synovial fibroblasts. Ann Rheum Dis 1999; 58(1):55-60.

 20. Aupperle KR, Bennett BL, Boyle DL, Tak PP, Manning AM, Firestein GS. NF-kappa B regulation by I 
kappa B kinase in primary fibroblast-like synoviocytes. J Immunol 1999; 163(1):427-433.

 21. Sakurada S, Kato T, Okamoto T. Induction of cytokines and ICAM-1 by proinflammatory cytokines 
in primary rheumatoid synovial fibroblasts and inhibition by N-acetyl-L-cysteine and aspirin. Int 
Immunol 1996; 8(10):1483-1493.

 22. Vincenti MP, Coon CI, Brinckerhoff CE. Nuclear factor kappaB/p50 activates an element in the 
distal matrix metalloproteinase 1 promoter in interleukin-1beta-stimulated synovial fibroblasts. 
Arthritis Rheum 1998; 41(11):1987-1994.

 23. Burger D, Rezzonico R, Li JM, Modoux C, Pierce RA, Welgus HG et al. Imbalance between intersti-
tial collagenase and tissue inhibitor of metalloproteinases 1 in synoviocytes and fibroblasts upon 
direct contact with stimulated T lymphocytes: involvement of membrane-associated cytokines. 
Arthritis Rheum 1998; 41(10):1748-1759.

 24. Seetharaman R, Mora AL, Nabozny G, Boothby M, Chen J. Essential role of T cell NF-kappa B activa-
tion in collagen-induced arthritis. J Immunol 1999; 163(3):1577-1583.

 25. Smeets TJ, Dolhain RJEM, Miltenburg AM, de KR, Breedveld FC, Tak PP. Poor expression of T cell-
derived cytokines and activation and proliferation markers in early rheumatoid synovial tissue. 
Clin Immunol Immunopathol 1998; 88(1):84-90.

 26. Wahl C, Liptay S, Adler G, Schmid RM. Sulfasalazine: a potent and specific inhibitor of nuclear 
factor kappa B. J Clin Invest 1998; 101(5):1163-1174.

 27. Kopp E, Ghosh S. Inhibition of NF-kappa B by sodium salicylate and aspirin. Science 1994; 
265(5174):956-959.

 28. Barnes PJ. Anti-inflammatory actions of glucocorticoids: molecular mechanisms. Clin Sci (Lond) 
1998; 94(6):557-572.

 29. Miagkov AV, Kovalenko DV, Brown CE, Didsbury JR, Cogswell JP, Stimpson SA et al. NF-kappaB 
activation provides the potential link between inflammation and hyperplasia in the arthritic joint. 
Proc Natl Acad Sci U S A 1998; 95(23):13859-13864.


