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Mononuclear Cell Response to Lipopolysaccharide in
Patients with Rheumatoid Arthritis: Relationship with
Tristetraprolin Expression
MARTINA FABRIS, BARBARA TOLUSSO, EMMA DI POI, PAOLA TOMIETTO, STEFANIA SACCO, 
ELISA GREMESE, and GIANFRANCO FERRACCIOLI

ABSTRACT. Objective. To analyze tumor necrosis factor-α (TNF-α) synthesis by mononuclear cells stimulated
with lipopolysaccharide (LPS) in patients with rheumatoid arthritis (RA).
Methods. TNF-α molecular expression and extracellular release were assessed in the peripheral
blood mononuclear cells (PBMC) of 27 RA patients and 16 healthy blood donor controls during 8
hours of LPS stimulation. We also analyzed the mRNA expression of tristetraprolin (TTP), the major
TNF-α mRNA destabilizing factor. TNF receptor p75 (TNFR2) plasma concentrations were also
tested in all patients.
Results. Controls and patients demonstrated a comparable wide range of TNF-α release capability,
but patients achieved the peak value of protein release more quickly. Defining the median TNF-α
release in controls as the cutoff value to distinguish high and low LPS-induced TNF-α-releasing
phenotypes, patients with early RA (disease duration < 1 yr) belonged mainly to the low TNF-α pro-
ducer subgroup, whereas patients with long-standing RA (> 1 yr) were prevalently high TNF-α pro-
ducers. TTP molecular expression was higher in patients with shorter, than in patients with longer,
disease duration. The profile of TNF-α release in patients with early RA changed significantly when
retested after 6 months of therapy, while patients with long-standing disease maintained the same
behavior as at baseline. Finally, a baseline low TNF-α-producer phenotype predisposed to a better
responsiveness to disease modifying antirheumatic drugs.
Conclusion. The LPS-induced TNF-α-releasing phenotype differs between cells obtained from 
RA patients with different disease durations and seems to influence the therapeutic outcome. 
(J Rheumatol 2005;32:998–1005)
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The major advance in modern rheumatology has been the
discovery of the key cytokines in rheumatoid inflamma-
tion1,2, which led to more aggressive therapies directed
against targeted molecules such as tumor necrosis factor-α
(TNF-α)3-7 and interleukin 1ß (IL-1ß)8. These therapies, in
early RA (ERA) as well as in long-standing RA (LSRA)
refractory to conventional disease modifying antirheumatic
drugs (DMARD), induce deactivation and a global fall in
the number of mononuclear cells infiltrating the synovial
tissue9,10. It has been defined that mononuclear cells in

patients with RA are already preactivated in the peripheral
blood before entering the synovial tissue11, and this raises
the question whether better assessment of their status might
help to define the biological characteristics of the disease.
An innate immune response might be involved in preacti-
vating the mononuclear cells in RA. More precisely, it has
been shown that peripheral blood monocytes and tissue
macrophages show increased expression of Toll-like recep-
tor 2 (TLR-2), that their stimulation with lipoteichoic acid
(LTA) produces higher amounts of TNF-α, that their stimu-
lation with a possible endogenous ligand such as heat shock
protein 6012,13 induces higher amounts of TNF-α, which can
be profoundly downregulated by anti-TLR-4 antibodies
[TLR-4 is the natural receptor of lipopolysaccharide (LPS),
a major component of the outer membrane of the bacterial
wall], thus supporting the hypothesis that TLR might be
involved in the maintenance of chronic inflammation in
RA14. One of the most likely activators of innate immunity
is LPS15. To investigate the presence of a preactivated status
due to an innate immune response, we assessed mononu-
clear cells obtained from the peripheral blood of patients
with RA, in response to LPS, according to their disease
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duration and disease activity before and after therapy. As a
marker of basal and stimulated activation, we analyzed
TNF-α at the level of expression (mRNA) and at the level
of synthesis (protein levels). The molecular basis of TNF-α
secretion phenotype was investigated at the level of mRNA
stabilization through analysis of the expression of the key
TNF-α mRNA destabilizing protein, tristetraprolin (TTP)16.

MATERIALS AND METHODS
Patients’ characteristics. Twenty-seven consecutive RA patients meeting
the American College of Rheumatology (ACR; formerly the American
Rheumatism Association) 1987 revised classification criteria17 and 16 age
and sex matched control blood donors were recruited for the study, which
was approved by the local medical ethics committee. All patients partici-
pated after giving written informed consent. Demographic and clinical
characteristics of patients are given in Table 1. All patients had active,
aggressive disease with at least 3 of the following criteria: > 6 tender joints,
> 6 swollen joints, an erythrocyte sedimentation rate (ESR) ≥ 28 mm/h,
and early morning stiffness > 45 minutes’ duration. Patients were arbitrari-
ly divided into 2 groups on the basis of disease duration (> or < 12 months),
resulting in 15 with LSRA and 12 with ERA, respectively.

Study protocol. All the patients were analyzed after 30 days of washout
(except for low doses of corticosteroids) preceding their testing; at baseline
no patient was taking any DMARD. After the screening they were treated
as reported in Table 1. Biochemical, clinical, and immunological variables
were recorded regularly during the 24 weeks of followup. A good clinical
response was defined when Disease Activity Score (DAS) improved more
than 1.2 and reached a final value < 3.7 within 6 months of therapy18. Six
of the 27 patients dropped out before the sixth month because of disease
progression, and they were labeled as nonresponders.

Cell isolation and culture. Peripheral blood mononuclear cells (PBMC)
isolated by Ficoll-Paque (Amersham Biosciences, Buckinghamshire, UK)
density gradient centrifugation were left to adhere overnight at 37°C/5%
CO2 in RPMI-1640 medium containing 10% fetal calf serum (FCS)
(Euroclone, Celbio, Devon, UK) and 1% streptomycin/penicillin.
Nonadherent cells were removed by repeated washings with PBS (phos-
phate buffered saline, pH 7.2) and the remaining adherent cells were incu-
bated with LPS from Salmonella typhimurium (L2262, Sigma, St. Louis,
MO, USA) for the indicated times. Cellular viability was assessed by try-

pan blue exclusion, resulting in 86%–87% of viable cells. Flow cytometric
analysis of the adherent cells using the Simultest LeucoGATE (anti-leuko-
cyte/CD45FITC and anti-Leu-M3/CD14PE; Becton Dickinson, Mountain
View, CA, USA) gave the following results: monocytes 44.8% ± 2.1%,
lymphocytes 38.2% ± 1.65%, granulocytes 12.9% ± 3.8%. Thus we treated
a monocyte-enriched population19 in which monocytes only slightly over-
came CD45+ cells, resembling the cellular composition described in active
RA synovial tissue20.

Cytokine production assessment. TNF-α protein concentration in the cell
supernatant was assessed in triplicate using a highly sensitive ELISA kit
(lower limit 11 pg/ml; Biosource International, Nivelles, Belgium) accord-
ing to the manufacturer’s instructions. Given the type of stimulation, TNF-
α secretion could be largely attributable to the monocyte-macrophage sub-
population16. Without LPS stimulation we found no detectable TNF-α pro-
duction. Thus TNF-α production expressed as pg/ml for 1 million seeded
cells was corrected for the actual percentage of monocytes as obtained by
the contextually made hemocytometric analysis. TNF receptor p75
(TNFR2) plasma levels were analyzed by ELISA (sTNFR2 EASIA, range
2–142 ng/ml; Biosource) following the manufacturer’s instructions.

TNF-α and TTP analysis. Molecular analyses were done in 18 patients (8
LSRA, 10 ERA) and 9 controls that were well representative of the 2
groups. After recovery of the supernatants, the cells were washed with PBS,
and RNA was extracted by TRIzol reagent (Gibco Life Technologies,
Gaithersburg, MD, USA) and reverse transcribed using an oligo-(dT)12-18
primer and Superscript RT (Invitrogen, Carlsbad, CA, USA).
Quantification of cDNA was done by analysis of glutaraldehyde-3-phos-
phate dehydrogenase (GAPDH) expression using a competitive polymerase
chain reaction (PCR). Competitor synthesis was done by the deletion
method, creating by PCR a fragment 40 bp shorter than the target sequence
but amplifiable with the same primers. The GAPDH (GenBank accession
No. XM006959) competitor was synthesized using the following primers:
G1 (5′-AGT ATG ACA ACA GCC TCA AG-3′) and Gdel (5′-TCT AGA
CGG CAG GTC AGG TCC ACC TGA GCT TCC CGT TCA GCT-3′),
while the competitive PCR was performed using primers G1 and G2 (5′-
TCT AGA CGG CAG GTC AGG TCC ACC-3′). Efficiency and suitability
of the competitive reaction were tested by a serial dilution experiment. The
intensities of the bands were always evaluated by densitometric scanning
with a phosphorimager (Gel Doc 2000; Biorad, Hercules, CA, USA). The
GAPDH expression in each cDNA sample was quantified adding a fixed
amount of competitor (2 µl of the sample at concentration 102 mole-
cules/µl) and calculating the ratio between the competitor and the target

Table 1. Patients’ characteristics.

Variable RA, n = 27 Early RA, n = 12 Long-standing RA, n = 15

Age, yrs (mean ± SE) 56 ± 2.6 52.8 ± 4.1 57.9 ± 3.3
Disease duration, yrs (mean ± SE) 6.9 ± 1.6 0.96 ± 0.03 11.5 ± 2.2
RF positive (> 20 IU/ml), % 70.4 75 66.6
CRP, mg/l (mean ± SE) 31.8 ± 4.6 33.9 ± 7.8 30.1 ± 5.7
DAS (mean ± SE) 5.8 ± 0.23 5.66 ± 0.37 5.8 ± 0.28
Taking prednisone 5 mg/day, n 18 9 9
No. of DMARD given after baseline assessment of TNF-α synthesis
MTX 8 4 4
MTX + CSA 6 5 1
MTX + etanercept 4 — 4
MTX + infliximab 5 2 3
Etanercept 3 — 3
Adalimumab 1 1 —

RF: rheumatoid factor; CRP: C-reactive protein; DAS: Disease Activity Score; MTX: methotrexate 15–20
mg/week; MTX + CSA: MTX 15–20 mg/week plus cyclosporin A12; MTX + etanercept: MTX 15–20 mg/week
plus etanercept 25 mg by subcutaneous injection twice weekly; MTX + infliximab following the ATTRACT trial
schedule4; adalimumab13.
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PCR product bands. TNF-α (GenBank accession No. NM000594) com-
petitor was 44 bp shorter than the corresponding cDNA sequence, and it
was always synthesized by the deletion method using the following
primers: T1 (5′-CAG AGG GAA GAG TCC CCC AG-3′) and Tdel (5′-
CCT TTG GTC TGG TAG GAG ACG GCA GCC TTG GCC CTT GAA
GA-3); while the competitive PCR was performed using T1 and T2 (5′-
CCT TGG TCT GGT AGG AGA CG-3′). For GAPDH, serial dilution
experiments were performed to assess efficiency and suitability (data not
shown). At each timepoint TNF-α expression was calculated as the ratio
between the bands relative to cDNA and competitor, and then normalized
on the basis of the corresponding GAPDH expression. TNF-α and GAPDH
PCR conditions were both as follows: 30 s at 94°C, 30 s at 56°C, 45 s at
72°C for 35 cycles. TTP mRNA expression analysis was done following
reported conditions21,22. In brief: TTP1 forward (5’-CCC TGA TGA ATA
TGC CAG C-3′) and TTP2 reverse (5′-GGT TCA TTG CCT CCC TTA
AA-3′) primers, 1.5 mM MgCl2; 32 cycles: 95°C for 45 s, 58°C for 45 s,
72°C for 1 min.

Statistical analysis. Statistical analysis was performed using Prism
Software (Graph-Pad, San Diego, CA, USA). Data are expressed as mean
values with standard errors (SE) or as a median (range) if appropriate.
Within-group comparison was made using nonparametric tests (Mann-
Whitney rank-sum test). The Fisher exact test was performed to analyze the
contingency tables (odds ratio with 95% confidence intervals). Differences
were considered significant if p < 0.05.

RESULTS
TNF-α production at baseline. As shown in Table 1, all
patients had high disease activity. Mononuclear cell TNF-α
secretion after LPS stimulation was similar in patients and
controls (Figure 1), and no differences were seen between
patients taking or not taking glucocorticoids (data not
shown). The kinetic profile of the TNF-α production in
patients differed from that of controls: it generally peaked
faster (at 4 hours), as assessed by the mean value of the ratio
between TNF-α synthesis at 4 and 8 hours, which was sig-
nificantly higher in patients than in controls (1.16 ± 0.12 vs
0.81 ± 0.06 in controls; p = 0.03). This difference appeared
to be attributable to patients with early RA (1.20 ± 0.12; p =
0.008 vs controls; Figure 2).

High and low TNF-α producers are differently distributed
between LSRA and ERA. Both control and RA cells showed
great interindividual variability in LPS-induced global syn-

thesis of TNF-α, as shown by the wide range of the area
under the curve (AUC) values [median 20,960 pg/ml (range
4566 to 105,110) in RA vs median 26,275 (range 5812 to
107,600) in controls]. This wide range clearly demonstrates
that mononuclear cells, under the same experimental condi-
tions, behave much differently on an individual basis. We
took the median control AUC value (26,275) to define low
(below the median) and high (above the median) TNF-α-
producing subjects among both controls and RA patients.
When assessed 9 months after the first blood collection, 2
control samples (one high and one low TNF-α producer)
gave comparable results (Figure 3), indicating a constitutive
state in TNF-α mononuclear cell secretion after LPS stimu-
lation. As shown in Table 2, the cutoff value represented by
the median of the controls allowed us to identify 9 high-pro-
ducer and 18 low-producer patients: high-producer patients
were more prevalent in the LSRA group (8/15, 53.3%) than

Figure 1. TNF-α production after LPS stimulation in RA patients and controls. Mean value with standard error
bars is shown at each timepoint. X-axis indicates the time after LPS stimulation.

Figure 2. Data for 4/8-hour TNF-α production ratio in RA patients and con-
trols. The central box represents values from lower to upper quartile (25th
to 75th percentile), middle line represents the median, vertical line shows
minimum and maximum values. Control values 0.81 ± 0.06 pg/ml com-
pared to RA 1.16 ± 0.12 (*p = 0.03); controls compared to ERA 1.20 ± 0.12
(**p = 0.008); ERA compared to LSRA 1.1 ± 0.21 (p = nonsignificant).
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in the ERA group (1/12, 8.3%) (OR 12.57, 95% CI
1.26–123.6, p = 0.0192). No differences were seen in C-
reactive protein or ESR values, while a higher percentage of
rheumatoid factor (RF)-positive patients (and a significant-
ly higher RF serum titer: 614 ± 165.2 vs 55 ± 2.5 IU/ml; 
p = 0.0031) were recorded among the low-producer patients.
Finally, low-producer patients tended to be generally more
prone to respond to therapy than high-producer patients
(61% responders in low-producers vs 22% in high-produc-
ers), and 5 out of 6 of the patients who dropped out of the
study before the sixth month were high-producers.

TNF-α in vitro production and TNFR2 plasma concentra-
tion. It is known that TNF-α stimulates the release of

TNFR2 in a concentration-dependent manner20. TNFR2
was easily detected in our plasma samples and was found to
correlate inversely with the TNF-α cellular release only in
ERA patients (R = –0.615, p = 0.041, Spearman rank test).

LPS-induced TNF-α-releasing phenotype: modulation by
therapy. After 6 months of therapy we repeated the LPS
stimulation on PBMC obtained from 7 ERA and 12 LSRA
patients (4 responders, 3 nonresponders, and 5 at the time of
dropout) who consented to be tested again. We found no
gross differences in AUC values between baseline and the 6-
month experiments in patients with ERA and LSRA (Figure
4A). But we found that only ERA patients (1 NR and 6 Rs)
uniformly reverted to the profile of their TNF-α kinetics
compared to baseline behavior. Indeed, the ratio between the
TNF-α concentrations at 4 and 8 hours globally changed
from a mean of 1.2 ± 0.1 at baseline to a mean of 0.76 ± 0.05
at the 6-month assessment (p = 0.0313, Wilcoxon signed-
rank paired T test; Figure 4B). In contrast, no significant dif-
ference was found in LSRA patients, particularly in
dropouts (from 1.2 ± 0.38 to 0.93 ± 0.1 at the 6-month test
in LSRA and from 1.23 ± 0.32 to 1.34 ± 0.44 in the dropout
patients; p = nonsignificant).

TNF-α production level and TTP mRNA expression. To find
a possible explanation for the 2 LPS-induced TNF-α-releas-
ing phenotypes, molecular analyses were done in 18 patients
(8 LSRA and 10 ERA) and 9 controls. The TNF-α mRNA
expression profile did not differ between controls and RA
patients, or between LSRA and ERA patients, or between
high-producer and low-producer patients.

Given the pivotal role of TTP in the regulation of TNF-α
mRNA stability and translation16, we analyzed TTP mRNA
expression modulation by LPS in the same samples. TTP
expression presented a clear induction after 30 minutes of
LPS incubation in both control and RA cells (Figure 5), as
previously reported for bone marrow-derived murine
macrophages21. However, while PBMC from RA patients
definitely returned to basal expression level after 4 hours of
LPS incubation, control cells maintained a higher level of
TTP expression (5.95 ± 1.25 vs 2.01 ± 0.39; p = 0.004).
Total TTP mRNA expression during the 8 hours of observa-
tion (as expressed by the AUC) resulted in statistically sig-
nificantly greater elevation in ERA than in LSRA patients
(48.21 ± 10.73 vs 25.12 ± 3.88; p = 0.007) and in controls
compared to LSRA patients (p = 0.005; Figures 6A, 6B).
Finally, high-producer RA patients (3 LSRA and 1 ERA)
tended to have less TTP expression than low-producer RA
patients (data not shown).

DISCUSSION
Unravelling the molecular basis of the process that leads to a
disordered synovial microenviroment such as that of RA
should clarify why chronic synovitis persists. One way to ana-
lyze this problem is to assess the circulating cells that are “pre-
cursors” of those recruited and retained at the local level11.

Figure 3. TNF-α mononuclear cell secretion after LPS stimulation: a con-
stitutive feature in HBDs. Two controls, one a high TNF producer (SS) and
one a low TNF producer (MF), were analyzed again 9 months after (MF 2
and SS 2) the first blood collection (MF 1 and SS 1). (A and B) TNF-α
secretion kinetic; (C) total production during the 8 hours of LPS stimula-
tion. AUC data in arbitrary units (AU) are shown. The arrow indicates the
cutoff value of 26,275 for the AUC.
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Table 2. Characteristics of the high-producer (HP) and low-producer (LP) RA patients at baseline.

Variables LP-RA, n = 18 HP-RA, n = 9

Age, yrs 53.6 ± 3.5 59.7 ± 2.6
4/8 h ratio of TNF-α synthesis 1.2 ± 0.16 1 ± 0.19
DAS 5.7 ± 0.3 6.02 ± 0.35
CRP, mg/l 31.9 ± 6 33.3 ± 7.7
ESR, mm/h 50 ± 6.7 57 ± 4.5
RF, % positive 72 44.4
RF serum level, IU/ml 614 ± 165.2 55 ± 2.5 p = 0.0031
Positive response (global), % 61.1 22.2
Response to anti-TNF agents (yes/no) 6/2 2/3
Response to MTX/CSA (yes/no) 5/5 0/4
ERA, n 11 1 OR = 12.6; CI = 1.28–
LSRA, n 7 8 123.6; p = 0.0192

Data are expressed as mean ± standard error. DAS: Disease Activity Score; CRP: C-reactive protein; ERA: early
patients; LSRA: long-standing patients; 4/8 h ratio: ratio between TNF-α secretion after 4 and 8 hours of LPS
stimulation; MTX: methotrexate; CSA: Cyclosporin A.

}

Figure 4. Therapy-related TNF-α secretion profile modulation. After 6 months of therapy, or at time of dropout (last), LPS stim-
ulation of mononuclear cells from 7 ERA, 7 LSRA, and 5 LSRA patients who dropped out was repeated, and data were analyzed
for (A) global TNF-α production, as represented by the mean ± SE AUC values, and (B) the changes in the profile of the kinet-
ic, represented by the mean ± SE 4/8-hour ratio. The 4/8-hour ratio changed from 1.2 ± 0.1 at baseline to 0.76 ± 0.05 at the 6th
month in ERA patients (*p = 0.0313), while values for LSRA patients, the dropout patients in particular, did not change substan-
tially. Arrow indicates the AUC cutoff value of 26,275 that distinguishes high and low TNF-α producers.
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The extraordinary success of anti-TNF-α drugs provided
an excellent reason to suspect a fundamental role of the
“macrophage”-secreted cytokines in RA, and led us to
investigate whether TNF-α secretion by LPS-stimulated
mononuclear cells at the circulating level could reveal a pos-
sible systemic “pathological preactivation” contributing
subsequently to local persistent inflammation.

The majority of reports on synovial tissue histopatholo-
gy23-28 indicate that, in terms of inflammatory cell compo-
nents and the molecules produced, synovitis remains the
same over time in patients with RA. It remains unclear
whether the same cells present different genomic activation
settings, depending on their original phenotype, or modify
their pattern of expression and synthesis according to the
disease duration and activity.

Our study reveals a large interindividual variability
among RA patients in response to the most common innate
immunity stimulator, LPS, in their mRNA expression and
protein synthesis of TNF-α, and also reveals a kinetic
resembling a preactivated status, mostly in patients with a

shorter disease duration, since they showed a more rapid
increase in TNF-α cellular release compared to controls.

This finding is in accord with some previous studies29-31

(but not with others32-34) that showed higher than normal
levels of TNF-α in small series at a single-point assessment.
A possible reason for these discrepancies might be that RA
PBMC present the previously defined preactivated status
only in some phases of the disease. Recently, Triggiani, et
al35 described a preactivated status of the cells obtained
from synovial fluids of RA patients. Our data may reconcile
these different reports by demonstrating that when stimulat-
ed by LPS, PBMC from patients with ERA but not those
with LSRA respond more promptly compared to control
cells. 

Cope has recently argued36 that a lengthy uncontrolled
disease with a prolonged high TNF-α exposure might lead
to a profound change in T cell biology, with a reduction of
immunoregulatory mechanisms. Therefore changes in cell
biology between patients with early and long-standing RA
could be related mostly to the prolonged exposure to a high
level of TNF-α and other proinflammatory cytokines that is
intrinsic and characteristic of the disease. Thus, disease
duration per se, as reported by Anderson, et al37, could at
least in some cases compromise the degree of drug efficacy.

Given the large interindividual variability, we had to use
the median TNF-α global production of our controls (repre-
sented by the AUC) as the cutoff value to separate the
patients into high-producer and low-producer groups. This
cutoff value allowed us to determine that the disease dura-
tion, while silencing the preactivation, led to a prevalence of
the high-producer phenotype and that this phenotype was
strongly associated with a subsequent poor response to ther-
apy. Since our patients were not treated uniformly and anti-
TNF-α therapy was generally more efficacious than
methotrexate or cyclosporin A, we stratified the patients on
the basis of disease activity after any treatment and then
analyzed LSRA patients separately from ERA patients: a

Figure 5. PBMC TTP mRNA expression kinetic after LPS stimulation in
RA patients and controls. TTP mRNA expression at each timepoint is rep-
resented by the mean value with SE bars. At 4 hours, control cells main-
tained higher TTP expression than patients’ cells, 5.95 ± 1.25 compared to
2.01 ± 0.39 (*p = 0.004).

Figure 6. RA PBMC TTP expression after LPS stimulation in relation to and disease duration. (A) TTP mRNA expres-
sion after LPS stimulation in LSRA and ERA patients. (B) The AUC mean value in LSRA patients is 25.12 ± 11.65 com-
pared to 69.95 ± 45.27 in controls (*p = 0.005) and 48.21 ± 32.2 in ERA patients (**p = 0.007). Each column represents
the mean value with SE bars. AU: arbitrary units.
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baseline high-producer phenotype always characterized the
patients who experienced poor response.

Many variables could be responsible for the low or high
TNF-α-producing phenotype after LPS stimulation38, but
no differences were seen at the transcriptional level. Post-
transcriptional regulatory mechanisms39-41 might provide a
possible explanation, since PBMC obtained from LSRA
patients (mostly high-producers) showed lower TTP expres-
sion by LPS stimulation than PBMC from ERA patients
(mainly low-producers). TTP destabilizes TNF-α mRNA
and lack of it, as in knock-out mice, leads to extra synthesis
of the cytokine and to precocious RA-like symptoms21,42.
The individual program responsible for the high or low
TNF-α producing behavior, possibly related to TTP expres-
sion42, to other downstream molecular events (MAPK-
dependent)43, and to the genetic background44, could be
important in prefiguring the sensitivity to DMARD, as well
as the progression of the disease. But other molecules must
also be taken into account16,45.

In summary, analysis of TNF-α synthesis after LPS stim-
ulation by PBMC from patients with early onset and long-
standing RA disclosed very high interindividual producer
phenotypes; and identified 2 main subsets of patients on the
basis of their TNF-α-synthesizing behavior: a high-produc-
er subset associated preferentially with long disease dura-
tion and a poorer response to DMARD therapy, and a low-
producer subset associated mainly with a short disease dura-
tion and better response to DMARD. These findings should
be tested in a prospective study designed to reveal difference
between early and long-standing RA.
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