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The efficacy of tumor necrosis factor-α (TNF-α) neutralizing
approaches in rheumatoid arthritis (RA) is well recognized1,2.
Despite the excellent efficacy/toxicity ratio of these agents,
there are still concerns about the risk for infections including,
but not limited to, tuberculosis3-8, carcinogenesis9-11, and
autoimmune disorders12,13 during TNF neutralization. Some of
these potential adverse effects could be at least partly related
to an impaired function of neutrophils and other phagocytic
cells during TNF-α neutralization.

On the other hand, modulation of the function of neu-
trophils and phagocytic cells could be beneficial in RA and
other chronic inflammatory disorders. TNF-α is involved in
the priming, chemotaxis, and production of reactive oxygen
species (ROS) by neutrophils14-16. These cells are abundant in
RA synovial fluid, and their production of ROS and other
inflammatory mediators may induce cartilage damage17,18.
Reduction in neutrophil priming, ROS production, and
chemotaxis have been implicated in the mechanism of action
of other rapidly-acting antirheumatic drugs such as
methotrexate (MTX), leflunomide19-22, and steroids23.
Whether this also holds true for TNF-α blocking agents is
unknown. In patients with RA, administration of infliximab, a
chimeric anti-TNF-α monoclonal antibody, has been reported
to reduce the influx of neutrophils into joints24. It has been
hypothesized that this could be due to a decreased expression
of adhesion molecules25,26. Whether blocking TNF-α alters
the physiological migration of neutrophils to inflammatory
foci has not been assessed yet. Such effect could be relevant
for the risk of infections during TNF-α neutralization, espe-
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ABSTRACT. Objective. To evaluate the effects of therapy with a fully human anti-tumor necrosis factor (TNF)-α
monoclonal antibody on the production of superoxide and other reactive oxygen species (ROS) and on
the migration capacity of neutrophils in patients with rheumatoid arthritis (RA).
Methods. A total of 29 patients with active RA and 25 healthy controls participated. Assessments were
performed at baseline and 2 weeks after the first administration of anti-TNF-α. The production of ROS
was studied in unstimulated conditions and after stimulation of receptor dependent (serum treated
zymosan, STZ) and receptor independent (phorbol mystrate acetate, PMA) pathways by luminol
enhanced chemiluminescence. As well, the PMA induced burst production of superoxide was measured
using the cytochrome-c reduction assay. Potential changes in neutrophil migration to joints were
assessed by scintigraphy with autologous leukocytes.
Results. Baseline production of ROS (both spontaneously and after STZ stimulation) and superoxide
and the ex vivo chemotaxis were similar in RA patients (n = 25) and controls (n = 25) and remained
unchanged after administration of anti-TNF-α. The production of ROS after PMA stimulation was
slightly higher in patients than in controls (p = 0.04) and this difference disappeared 2 weeks after the
first dose of anti-TNF-α (p < 0.05). The scintigraphic study showed that a single dose of anti-TNF-α,
but not placebo, markedly decreased the influx of leukocytes to inflamed joints.
Conclusion. In patients with RA, anti-TNF-α therapy rapidly decreases the influx of leukocytes into
inflamed joints but does not impair neutrophil chemotaxis and production of ROS. (J Rheumatol
2003;30:232–7)
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cially since this strategy is often combined with agents that
alter neutrophil chemotaxis such as MTX and steroids23,27.

Adalimumab (D2E7, Knoll-BASF, Ludwigshafen,
Germany) is a fully human, IgG1 monoclonal ant-TNF-α anti-
body developed using phage display techniques28 that is now
undergoing phase III studies in RA. Its efficacy has been
demonstrated in thousands of patients29-32 and can be mea-
sured within days from therapy initiation. We evaluated the
effect of a single dose of adalimumab on neutrophil function
in patients with active RA. To this aim, the production of ROS
and the chemotactic capacity of neutrophils were assessed
using ex vivo assays. The influx of leukocytes into the syn-
ovial joints was analyzed in vivo.

MATERIALS AND METHODS
Patients. We studied consenting patients with RA enrolled in double blind,
placebo controlled studies with adalimumab monotherapy at our center. All
patients fulfilled American Rheumatism Association criteria33, had active dis-
ease, defined as a disease activity score (DAS)34 > 3.2, and had undergone a
4 week washout period for disease modifying antirheumatic drugs
(DMARD). Nonsteroidal antirheumatic drugs (NSAID) and steroids, up to 10
mg daily, were kept stable 4 weeks prior to and during the study. Patients were
randomized to initiate treatment with adalimumab administered subcuta-
neously (20 to 80 mg dose) or placebo. Ex vivo and in vivo neutrophil func-
tion test and white blood cell (WBC) counts were assessed at baseline and at
Week 2. At this point, clinical response according to the EULAR criteria35

was also assessed. All ex vivo neutrophil function tests were also performed
in age and sex matched healthy controls. The study was approved by the eth-
ical committee of the University Medical Center Nijmegen.

Ex vivo neutrophil function tests. All reagents used were from Sigma
Chemicals (St. Louis, MO, USA), unless stated otherwise. Neutrophils were
isolated from heparinized blood (Vacutainer, Becton Dickinson, Rutherford,
NJ, USA) as described36. Briefly, whole blood, diluted 1:1 in 0.4% trisodi-
um citrate in phosphate buffered saline (PBS), was subjected to Percoll gra-
dient centrifugation (δ = 1.076 g/ml; Pharmacia, Uppsala, Sweden; 700 g,
18 min, 25°C). The neutrophil-containing cell pellet was resuspended in 50
ml ice-cold isotonic lysis solution (155 mM NH4Cl, 10 mM KHCO3, 0.1
mM EDTA), centrifuged (5 min, 400 g, 4°C), and remaining erythrocytes
were lysed (lysis solution, 5 min). Cytospin and trypan blue staining
showed > 97% neutrophils and > 99% viable cells in all procedures.
Neutrophils (final concentration 2 × 106 cells/ml) were kept at room tem-
perature until assay.

The “longterm” (120 min) spontaneous and stimulated respiratory burst
were measured as the production of ROS that excite luminol (luminol
enhanced chemiluminescence, LECL). To this aim, 200 µl neutrophil suspen-
sions (2 × 106 cells/ml) and 20 µl luminol (5 × 10-4 M) per well were incu-
bated in 96 well microplates at 37°C for 120 min in the absence or presence
of a neutrophil stimulus. The latter consisted of serum treated zymosan (STZ),
which induces ROS production through complement C3b receptor activa-
tion37, or phorbol myristate acetate (PMA) which yields receptor independent
activation of protein kinase C. STZ and PMA were used at final concentra-
tions of 1 mg/ml and 100 ng/ml, respectively. Chemiluminescence was mon-
itored every 30 s for 120 min using an automated LB96V Microlumat Plus
plater luminometer (EG&G Berthold, Bad Wildberg, Germany). The integral
area under the curve (AUC) over this period is expressed in relative light units
(RLU). The peak luminescence, expressed in RLU/s, was calculated using
Winglow software (EG&G Berthold).

The “short term” burst production of superoxide (O2) was measured after
stimulation with PMA for 5 min using the cytochrome-c reduction assay. The
latter measures the superoxide dismutase inhibitable reduction of ferricy-
tochrome c38, which is expressed as the maximum rate of cytochrome c reduc-
tion (in nmol/min/106 neutrophils at 550 nm) using 21.1 mM-1·cm-1 as extinc-

tion coefficient39. The assay was performed at 37°C on a thermostatted spec-
trometer (Perkin-Elmer Lambda 12, Perkin-Elmer, Norwalk, CT, USA).

Neutrophil chemotaxis was evaluated using a modification of the Boyden
chamber assay37. Briefly, neutrophils (1 × 106/ml, 400 µl per well) and N-
formyl-methionin-leucin-phenylalanin (fMLP, 10-8 M, 600 µl per well) were
loaded in the upper and bottom chamber of MilliCell-PC culture plates sepa-
rated by isopore polycarbonate membranes (12 mm diameter, 10 µm thick-
ness, 3 µm pore size) and incubated at 37°C for 1 h. The number of neu-
trophils that reached the bottom chamber was counted using a hemocytome-
ter (Coulter Counter, Coulter Electronics, Mijdrecht, Netherlands).

All ex vivo neutrophil tests were simultaneously assessed in patients with
RA and age and sex matched healthy controls to correct for interassay varia-
tion.

Neutrophil function in vivo. Scintigraphy with technetium-99 labeled autolo-
gous WBC. Aliquots of 50 ml venous blood were drawn and mixed with 10 ml
methylcellulose containing 0.33% acid citrate dextrose. Red blood cells were
allowed to sediment for 1 h. The WBC-containing supernatant was centrifuged
(10 min, 150 g) and the resulting cell pellet was washed, centrifuged (10 min
150 g), and resuspended in 1.5 ml PBS with 1% human serum albumin. No
isolation of the neutrophil subset was performed and WBC were labeled with
1 GBq Tc-99m-hexamethylpropyleneamine oxide (HMPAO) at room temper-
ature for 30 min. After centrifugation (10 min, 150 g), the WBC pellet was
resuspended in 5% glucose and microscopically checked for cell integrity.
Labeling efficiency (cell associated activity/total activity) was always > 75%.

A dose of 200 MBq Tc-99m-WBC was administered intravenously.
Whole body scintigraphy was obtained 1 and 4 h after injection, using a sin-
gle head gamma camera equipped with a parallel hole low energy collimator
(Siemens Orbiter, Siemens Inc., Hoffman Estate, IL, USA). Joint uptake was
scored semiquantitatively using a 0–2 scale (0 = no, 1 = equivocal, 2 = clear-
ly increased uptake) by a blinded observer40. The following joints were
scored: sternoclavicular, acromioclavicular and mandibular joints, shoulder,
elbow, wrist, metacarpophalangeal joints, proximal interphalangeal joints,
hip, knee, ankle joint (scored combined with subtalar joint), forefoot and
metatarsophalangeal joints. For each patient, a total joint score was calculat-
ed by adding the values of all joint regions at baseline and this was set as
100%. Changes in scintigraphic scores at Week 2 are expressed as percentage
change from baseline.

Statistical analysis. Data are expressed as mean or median according to their
distribution. Statistical analysis for paired observations was performed using
Student t tests and Wilcoxon signed rank tests as appropriate. Between-group
comparisons were tested using the Mann-Whitney U test. Correlation was
tested using the Spearman rank correlation test. Analyses were performed
using the Astute Base Module, version 1.50.

RESULTS
Patients. A total of 29 patients gave informed consent for dif-
ferent studies on the ex vivo and in vivo neutrophil function
tests. After unblinding, 21 patients had been randomized to
receive active treatment and 8 placebo. Baseline patient char-
acteristics in these 2 groups were similar (Table 1). At 2 weeks
after the first administration of anti-TNF Mab, 58% of the
treated patients, but none receiving placebo, fulfilled the
EULAR criteria for clinical response.

Ex vivo neutrophil tests. Ex vivo neutrophil function tests were
performed in 25 patients with RA (18 receiving anti-TNF-α
and 7 placebo) and 25 age and sex matched controls. Total
leukocyte counts and WBC subset counts in peripheral blood
showed no significant increase in neutrophil counts 2 weeks
after the first administration of anti-TNF Mab (median neu-
trophil counts 5.86 × 109/l and 6.13 × 109/l at baseline and 2
weeks, respectively; p = 0.64).
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Data on the capacity for ROS production and chemotaxis
of neutrophils are shown in Table 2. As shown, the production
of ROS, including superoxide (O2), and the ex vivo chemotac-
tic capacity of neutrophils were largely similar in RA patients
and controls (Table 2). At baseline, only the peak production
of ROS after PMA stimulation was slightly higher in RA
patients than in controls (8.6 ± 3.2 vs 6.8 ± 2.5 RLU/s, p <
0.05; patient/control ratio 1.46 ± 0.28). No such difference
was observed 2 weeks after anti-TNF-α administration. The
chemotactic activity and the burst production of O2 after PMA
stimulation did not change during the study (Table 2).

In vivo neutrophil function. Scintigraphic evaluation with
radiolabeled leukocytes was performed in 4 patients who had
been randomized to anti-TNF-α (n = 2) and placebo (n = 2).
At baseline, a polyarticular pattern of uptake mirroring the

clinically inflamed joints was observed in all patients (Figure
1). Scintigraphic joint scores obtained at baseline (absolute
values ranging from 6 to 18) correlated with swollen joint
counts (within-patient values ranging from R = 0.3 to 0.64; p
= 0.008 to < 0.0001).

Scintigraphic images obtained 2 weeks after the first dose
of anti-TNF-α showed a markedly decreased uptake of leuko-
cytes into inflamed joints (Figure 1). In the treated patients
30% of the joints showing clearly increased leukocyte uptake
(score 2) at baseline had become normal by Week 2 (score 0),
and 64% decreased to score 1. In contrast, no change from
baseline values  was observed in patients receiving placebo.
Scintigraphic scores normalized for the baseline values were
53% and 33% in treated patients and 100% and 106% in the
placebo group, respectively.

DISCUSSION
Our results show that treatment with adalimumab drastically
reduces neutrophil migration into synovial joints shortly after
initiation of therapy without inducing an increase in neu-
trophils in peripheral blood. The decreased homing of neu-
trophils to the target organ is not the result of downmodulation
in leukocyte function, as adalimumab does not impair the pro-
duction of ROS or the chemotactic capacity of neutrophils ex
vivo or in vivo.

In our study, the reduction of neutrophil homing to the
joints was observed using scintigraphy with radiolabeled
WBC. This is a sensitive method for assessing joint inflam-
mation and correlates well with clinical signs41,42, in our case
especially with joint swelling scores. The scintigraphy was
performed using radiolabeled leukocytes without isolation of
the neutrophil subset. However, we obtained results similar to
a study by Taylor, et al with another anti-TNF-α Mab24 using
isolated radiolabeled neutrophils. Although only a limited
number of patients were studied, the scintigraphic results were
consistent (observed only in treated patients and not in the
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Table 1. Baseline patient characteristics.

Percentage, Mean ± SD or Adalimumab, Placebo, 
Median (p25–p75) as Appropriate n = 21 n = 8

Age, yrs 55 ± 12 57 ± 10
Sex, % female 62 75
Rheumatoid factor, % > 10 IE 100 100
Disease duration, yrs 13 ± 8 9 ± 6
Number of previous DMARD 6 (4–8) 5 (3–6)
NSAID use, % 95 100
Prednisone use, % of patients 71 75
Disease Activity Score 5.4 ± 0.8 5.3 ± 0.9
Swollen joints 44/66* 18.8/21.6 25.5/20.3
RAI/tender joints 68* 25.3/37 25.5/29.3
CRP, mg/l 53 ± 42 71 ± 32
ESR, mm/h 33 ± 25 32 ± 20
EULAR responses after 2 weeks, % 58 0

* In Study 1 Ritchie Articular Index and swollen 44 were measured; in
Study 2 swollen 66 and tender joints 68 were used. No statistically signif-
icant differences were present at baseline.

Table 2. Neutrophil chemotaxis and ROS production, patients versus controls (n = 25), treated (n = 18) versus placebo (n = 7).

Mean ± SD or Median (p25–p75) Before After
Patients Controls Patients Controls

All Patients Anti-TNF-α Placebo Anti-TNF-α Placebo

Superoxide production 8.6 ± 2.3 8.5 ± 2.5 9.0 ± 1.9 10.0 ± 3.2 8.5 ± 1.8 7.1 ± 2.6 9.7 ± 2.5
Chemiluminescence

Spont. AUC 5.7 (3.7–11.5) 6.4 (3.1–11.6) 5.0 (3.8–7.2) 7.4 (4.5–10.8) 6.9 (3.6–15.7) 6.5 (4.3–7.8) 9.4 (5.6–15.9)
Spont. peak 2.0 (1.0–2.7) 2.1 (0.9–3.5) 1.4 (1.1–2.3) 1.8 (1.2–3.1) 1.6 (1.0–3.6) 1.6 (1.0–2.3) 2.5 (1.6–4.5)
STZ AUC 25.8 ± 10.1 23.5 ± 8.6 31.6 ± 12.0 26.3 ± 10.9 22.4 ± 5.7 27.3 ± 6.1 24.7 ± 7.5
STZ peak 12.5 ± 3.9 12.2 ± 3.5 13.4 ± 5.0 12.4 ± 4.3 10.8 ± 1.8 12.6 ± 4.4 11.2 ± 1.9
PMA AUC 11.6 ± 3.7 11.2 ± 3.5 12.8 ± 4.8 10.8 ± 4.0 9.8 ± 3.5** 11.3 ± 4.9 10.4 ± 4.2
PMA peak 8.6 ± 3.2 8.5 ± 3.4 9.7 ± 4.2 6.8 ± 2.5* 7.1 ± 2.6** 8.9 ± 4.4 6.8 ± 2.5

Chemotaxis 53.6 ± 18.5 49.1 ± 18.8 61.4 ± 18.8 49.9 ± 17.6 39.6 ± 25.3 46.2 ± 12.2 42.5 ± 20.0

Superoxide production is expressed as nmol/min/106 neutrophils; chemiluminescence is expressed as RLU/s for peak value and AUC of the RLU/s for AUC;
chemotaxis is expressed as percentage of cells that passed the membrane. STZ: serum treated zymosan, RLU; relative light units. 
* p < 0.05, patients compared to controls at baseline. ** p < 0.05, comparison patient/control ratio after treatment versus before treatment and treated patients
versus placebo group.
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placebo group) and concomitant with the clinical response
and the decrease in acute phase reaction (data not shown).

In view of our results, a direct systemic effect on the intrin-
sic chemotactic capacity of neutrophils seems very unlikely.
Instead, the decreased influx of neutrophils after anti-TNF-α
may be mediated through local deactivation of the synovial
endothelium, as suggested by the decrease of local and sys-
temic levels of adhesion molecules25,26 and by a decreased
local production of chemoattractants such as interleukin 843,44.
The study by Taylor, et al also corroborates this hypothesis, as
the observed decrease in granulocyte homing to inflamed
joints was not accompanied by a similar change in granulocyte
influx in noninflamed organs like the lungs and the spleen.

The findings described here have several potential conse-
quences. First, it does not seem probable that suppression of
neutrophil function or motility is implicated either in the
mechanisms of action or in some of the potential adverse
effects of anti-TNF-α therapy. This is especially true for the
susceptibility to bacterial infections, since the killing of these
microorganisms by neutrophils and other phagocytes is large-
ly dependent on the production of reactive oxygen metabo-
lites. However, care should be taken in extrapolating these
findings to the active site of inflammation in RA, as different
conditions may precipitate different behavior of the inflam-
matory cells.

Second, the knowledge that TNF blockade does not down-
regulate neutrophil functions can be used to design combina-
tion therapies with synergistic effects. In this context, several
studies do suggest that some antirheumatic drugs such as
steroids, leflunomide, and MTX and certain NSAID can mod-
ulate neutrophil ROS production and migration19-22. The mode
of action of anti-TNF-α does not seem to include modulation
of neutrophil function, which provides a rationale for the com-

bination of TNF blocking strategies with agents (e.g., MTX)
that do influence neutrophil activity.

Some other observations in our study deserve further men-
tion. Comparison of the neutrophil ROS production and
migration between patients with RA and healthy controls did
not show important differences. Only the peak production of
ROS after stimulation by receptor-independent pathways
(PMA) was slightly higher in RA than in controls. This differ-
ence was not apparent 2 weeks after the first administration of
anti-TNF-α and was also not detected using time-integrated
measures (AUC) or by the cytochrome-c reduction assay. Our
findings suggest the neutrophil function in patients with RA is
not impaired and corroborate findings in several previous
studies45. Potential bias due to concomitant therapies cannot
be definitively ruled out, but these remained unchanged dur-
ing the whole study period.

One potential limitation of our study might be the short fol-
lowup period. Therefore, these observations cannot be direct-
ly extrapolated to the situation during longterm TNF neutral-
ization. Nevertheless, the effect of this anti-TNF-α Mab and
other TNF blocking agents is extremely rapid and the drug
half-life of adalimumab is roughly 12 days46. Moreover the
lifespan of neutrophils is only a few hours for nonactivated
neutrophils, somewhat longer under inflammatory condi-
tions47. This explains the time-schedule used in our studies
and the hypothesis that short and longterm anti-TNF-α treat-
ments will not differ much concerning their effects on neu-
trophils.

We found that treatment with the human anti-TNF-α Mab
adalimumab effectively suppressed neutrophil migration into
inflamed joints in RA. This therapy did not interfere with the
physiologic functions of neutrophils such as oxidative burst
and chemotaxis.

Figure 1. Scintigraphic image of a hand taken 4 h after administration of Tc-99m labeled autologous leukocytes in a patient with RA. Before treatment (A) uptake
is seen in the wrists (black arrows), the 2nd MCP joint of the left hand, and several PIP joints (white arrows). Two weeks after the first injection of anti-TNF-α
(B), the activity in the wrists is almost normal and the increased leukocyte uptake in the finger joints has disappeared.

den Broeder, et al: Anti-TNF and neutrophil function 235

A B

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


The Journal of Rheumatology 2003; 30:2236

REFERENCES
1. Elliott MJ, Maini RN, Feldmann M, et al. Randomised double-blind

comparison of chimeric monoclonal antibody to tumour necrosis
factor alpha (cA2) versus placebo in rheumatoid arthritis. Lancet
1994;344:1105-10.

2. Moreland LW, Baumgartner SW, Schiff MH, et al. Treatment of
rheumatoid arthritis with a recombinant human tumor necrosis
factor receptor (p75)-Fc fusion protein. N Engl J Med
1997;337:141-7.

3. Keane J, Gershon S, Wise RP, et al. Tuberculosis associated with
infliximab, a tumor necrosis factor alpha-neutralizing agent. N Engl
J Med 2001;345:1098-104.

4. Liu Z, Simpson RJ, Cheers C. Interaction of interleukin-6, tumour
necrosis factor and interleukin-1 during Listeria infection.
Immunology 1995;85:562-7.

5. Nakane A, Okamoto M, Asano M, Kohanawa M, Minagawa T.
Endogenous gamma interferon, tumor necrosis factor, and
interleukin-6 in Staphylococcus aureus infection in mice. Infect
Immun 1995;63:1165-72.

6. Mastroeni P, Villarreal Ramos B, Hormaeche CE. Effect of late
administration of anti-TNF alpha antibodies on a Salmonella
infection in the mouse model. Microb Pathog 1993;14:473-80.

7. Warris A, Bjorneklett A, Gaustad P. Invasive pulmonary
aspergillosis associated with infliximab therapy. N Engl J Med
2001;344:1099-100.

8. Ricart E, Panaccione R, Loftus EV, Tremaine WJ, Sandborn WJ.
Infliximab for Crohn’s disease in clinical practice at the Mayo
Clinic: the first 100 patients. Am J Gastroenterol 2001;96:722-9.

9. Schuurman B, Heuff G, Beelen RH, Meyer S. Enhanced killing
capacity of human Kupffer cells after activation with human
granulocyte/macrophage-colony-stimulating factor and interferon
gamma. Cancer Immunol Immunother 1994;39:179-84.

10. Han SK, Brody SL, Crystal RG. Suppression of in vivo
tumorigenicity of human lung cancer cells by retrovirus-mediated
transfer of the human tumor necrosis factor-alpha cDNA. Am J
Respir Cell Mol Biol 1994;11:270-8.

11. Keller R, Keist R, Wechsler A, Leist TP, van der Meide PH.
Mechanisms of macrophage-mediated tumor cell killing: a
comparative analysis of the roles of reactive nitrogen intermediates
and tumor necrosis factor. Int J Cancer 1990;46:682-6.

12. Charles PJ, Smeenk RJ, De Jong J, Feldmann M, Maini RN.
Assessment of antibodies to double-stranded DNA induced in
rheumatoid arthritis patients following treatment with infliximab, a
monoclonal antibody to tumor necrosis factor alpha: findings in
open-label and randomized placebo-controlled trials. Arthritis
Rheum 2000;43:2383-90.

13. Russell E, Zeihen M, Wergin S, Litton T. Patients receiving
etanercept may develop antibodies that interfere with monoclonal
antibody laboratory assays. Arthritis Rheum 2000;43:944.

14. Ferrante A. Tumor necrosis factor alpha potentiates neutrophil
antimicrobial activity: increased fungicidal activity against
Torulopsis glabrata and Candida albicans and associated increases
in oxygen radical production and lysosomal enzyme release. Infect
Immun 1989;57:2115-22.

15. Ferrante A. Augmentation of the neutrophil response to Naegleria
fowleri by tumor necrosis factor alpha. Infect Immun
1989;57:3110-5.

16. Shau H. Characteristics and mechanism of neutrophil-mediated
cytostasis induced by tumor necrosis factor. J Immunol
1988;141:234-40.

17. Moore AR, Iwamura H, Larbre JP, Scott DL, Willoughby DA.
Cartilage degradation by polymorphonuclear leucocytes: in vitro
assessment of the pathogenic mechanisms. Ann Rheum Dis
1993;52:27-31.

18. Kowanko IC, Ferrante A. Adhesion and TNF priming in neutrophil-

mediated cartilage damage. Clin Immunol Immunopathol
1996;79:36-42.

19. Kraan MC, de Koster BM, Elferink JG, Post WJ, Breedveld FC,
Tak PP. Inhibition of neutrophil migration soon after initiation of
treatment with leflunomide or methotrexate in patients with
rheumatoid arthritis: findings in a prospective, randomized, double-
blind clinical trial in fifteen patients. Arthritis Rheum
2000;43:1488-95.

20. Laurindo IM, Mello SB, Cossermelli W. Influence of low doses of
methotrexate on superoxide anion production by
polymorphonuclear leukocytes from patients with rheumatoid
arthritis. J Rheumatol 1995;22:633-8.

21. Mur E, Zabernigg A, Hilbe W, Eisterer W, Halder W, Thaler J.
Oxidative burst of neutrophils in patients with rheumatoid arthritis:
influence of various cytokines and medication. Clin Exp Rheumatol
1997;15:233-7.

22. Al Balla S, Johnston C, Davis P. The in vivo effect of nonsteroidal
anti-inflammatory drugs, gold sodium thiomalate and methotrexate
on neutrophil superoxide radical generation. Clin Exp Rheumatol
1990;8:41-5.

23. Youssef PP, Cormack J, Evill CA, et al. Neutrophil trafficking into
inflamed joints in patients with rheumatoid arthritis, and the effects
of methylprednisolone. Arthritis Rheum 1996;39:216-25.

24. Soykan I, Ertan C, Ozden A. Severe anaphylactic reaction to
infliximab: report of a case. Am J Gastroenterol 2000;95:2395-6.

25. Paleolog EM, Hunt M, Elliott MJ, Feldmann M, Maini RN, Woody
JN. Deactivation of vascular endothelium by monoclonal anti-
tumor necrosis factor alpha antibody in rheumatoid arthritis.
Arthritis Rheum 1996;39:1082-91.

26. Tak PP, Taylor PC, Breedveld FC, et al. Decrease in cellularity and
expression of adhesion molecules by anti-tumor necrosis factor
alpha monoclonal antibody treatment in patients with rheumatoid
arthritis. Arthritis Rheum 1996;39:1077-81.

27. Okuda A, Kubota M, Watanabe K, et al. Inhibition of superoxide
production and chemotaxis by methotrexate in neutrophils primed
by TNF-alpha or LPS. Eur J Haematol 1997;59:142-7.

28. Salfeld J, Kaymakcalan Z, Tracey D, Roberts A, Kamen R.
Generation of fully human anti-TNF antibody D2E7 [abstract].
Arthritis Rheum 1998;41 Suppl:S57.

29. Schattenkirchner M, Kruger K, Sander O, et al. Efficacy and
tolerability of weekly subcutaneous injections of the fully human
anti TNF antibody D2E7 in patients with rheumatoid arthritis.
Results of a phase I study [abstract]. Arthritis Rheum 1998;41
Suppl:S57.

30. Rau R, Sander O, den Broeder A, et al. Long term efficacy and
tolerability of multiple i.v. doses of the fully human anti-TNF anti-
body D2E7 in patients with rheumatoid arthritis. Arthritis Rheum
1998;41 Suppl:S55.

31. van de Putte LB, van Riel PL, den Broeder A, et al. A single dose
placebo controlled phase I study of the fully human anti-TNF anti-
body D2E7 in patients with rheumatoid arthritis [abstract]. Arthritis
Rheum 1998;41 Suppl:S57.

32. Rau R, Simianer S, Weier R, et al. Effective combination of the
fully human anti-TNF antibody D2E7 and methotrexate in active
rheumatoid arthritis [abstract]. Ann Rheum Dis 1999;Suppl:A907.

33. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

34. van der Heijde DM, van’t Hof MA, van Riel PL, et al. Judging
disease activity in clinical practice in rheumatoid arthritis: first step
in the development of a disease activity score. Ann Rheum Dis
1990;49:916-20.

35. van Gestel AM, Prevoo ML, van’t Hof MA, van Rijswijk MH, van
de Putte LB, van Riel PL. Development and validation of the
European League Against Rheumatism response criteria for

2001-744-5

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


rheumatoid arthritis. Comparison with the preliminary American
College of Rheumatology and the World Health
Organization/International League Against Rheumatism Criteria.
Arthritis Rheum 1996;39:34-40.

36. Kuijpers TW, Tool AT, van der Schoot CE, et al. Membrane surface
antigen expression on neutrophils: a reappraisal of the use of
surface markers for neutrophil activation. Blood 1991;78:1105-11.

37. van Lent PL, Van den Hoek AE, van den Bersselaar LA, et al. In
vivo role of phagocytic synovial lining cells in onset of experimen-
tal arthritis. Am J Pathol 1993;143:1226-37.

38. Kessels GC, Krause KH, Verhoeven AJ. Protein kinase C activity is
not involved in N-formylmethionyl-leucyl-phenylalanine-induced
phospholipase D activation in human neutrophils, but is essential
for concomitant NADPH oxidase activation: studies with a
staurosporine analogue with improved selectivity for protein kinase
C. Biochem J 1993;292:781-5.

39. van Gelder BF, Slater EC. The extinction coefficient of cytochrome
c. Biochem Biophys Acta 1962;58:593-5.

40. de Bois MH, Arndt JW, van der Velde EA, et al. 99mTc human
immunoglobulin scintigraphy — a reliable method to detect joint
activity in rheumatoid arthritis. J Rheumatol 1992;19:1371-6.

41. Liberatore M, Clemente M, Iurilli AP, et al. Scintigraphic
evaluation of disease activity in rheumatoid arthritis: a comparison
of technetium-99m human non-specific immunoglobulins,
leucocytes and albumin nanocolloids. Eur J Nucl Med
1992;19:853-7.

42. Jones AK, al Janabi MA, Solanki K, et al. In vivo leukocyte
migration in arthritis. Arthritis Rheum 1991;34:270-5.

43. Taylor PC, Peters AM, Paleolog E, et al. Reduction of chemokine
levels and leukocyte traffic to joints by tumor necrosis factor alpha
blockade in patients with rheumatoid arthritis. Arthritis Rheum
2000;43:38-47.

44. van Leeuwen MA, Westra J, Limburg PC, van Riel PL, van
Rijswijk MH. Interleukin-6 in relation to other proinflammatory
cytokines, chemotactic activity and neutrophil activation in
rheumatoid synovial fluid. Ann Rheum Dis 1995;54:33-8.

45. Miesel R, Murphy MP, Kroger H. Enhanced mitochondrial radical
production in patients with rheumatoid arthritis correlates with
elevated levels of tumor necrosis factor alpha in plasma. Free Radic
Res 1996;25:161-9.

46. Kempeni J. Preliminary results of early clinical trials with the fully
human anti-TNF alpha monoclonal antibody D2E7. Ann Rheum
Dis 1999;58 Suppl 1:I70-2.

47. Kettritz R, Falk RJ, Jennette JC, Gaido ML. Neutrophil superoxide
release is required for spontaneous and FMLP-mediated but not for
TNF alpha-mediated apoptosis. J Am Soc Nephrol 1997;
8:1091-100.

den Broeder, et al: Anti-TNF and neutrophil function 237

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

