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Abstract
Objective

To investigate whether anti-TNF therapy could have an effect on dendritic cells (DCs) and regulatory T cells in
rheumatoid arthritis (RA) patients.

Methods
A four-colour flow cytometric technique was used to measure CD4+CD25+ T cells i.e. CD4+CD25high+ (regulatory 

T cells) and CD4+CD25 low+ (activated T cells)), DCs as well as the in vitro, intracellular, lipopolysaccharide-
stimulated cytokine production of DCs.

Results
Clinical and laboratory parameters of disease activity decreased after anti-TNF treatment. Before anti-TNF therapy,

RA patients demonstrated a decreased count of Th2-promoting lymphoid DCs as compared to controls and after
anti-TNF therapy this decrease was sustained. Intracellular cytokine production was only found in the myeloid DCs
population and there was a higher production of TNF-α and IL1- β as compared to healthy controls. Treatment did
not alter this cytokine production. Before anti-TNF therapy, the percentage CD4+CD25 low+ T cells was significantly

elevated in RA patients than in healthy controls.

Conclusion 
These results demonstrate anti-TNF to be a potent anti-inflammatory drug, as mirrored by the decrease in clinical

and biological parameters as well as the decrease in activated CD4+ T cells. However, in this study no demonstrable
effect on DCs and regulatory T cells was found.
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Introduction
Several data indicate that DCs are like-
ly to have a role in the pathogenesis of
autoimmune diseases like rheumatoid
arthritis (RA) (1). DCs are the most
potent, professional antigen presenting
cells (APC). Myeloid DCs (DC1) and
lymphoid DCs (DC2) can polarize
naive T cells into Th1 and Th2 effector
cell development, respectively (2, 3). It
is known that RA is a Th1-mediated di-
sease (4) and is characterized by infil-
tration of different immunocompetent
cells into the synovium where a
sustained overproduction of pro-
inflammatory cytokines such as inter-
leukin 1 (IL-1), IL-6, IL-8 and tumor
necrosis factor alpha (TNF-α) is
observed. 
Besides Th1-type CD4+ T cells, a dif-
ferent T-cell subpopulation, i.e. the reg-
ulatory T cells, might play a role in
auto-immune diseases like RA. The
term “regulatory T cells” describes a
variety of T cells that display primarily
suppressive functions. Much interest is
paid to the CD4+ CD25+ T cells, where-
as it has been demonstrated that only
those expressing high levels of CD25
display regulatory activity, indicating
that the whole CD4+ CD25+ T-cell pop-
ulation contains a relatively high pro-
portion of previously activated T cells
(5). These spontaneously occurring
regulatory T cells can suppress the acti-
vation and the function of autoreactive
T cells that escape other mechanisms of
tolerance (6, 7). 
In the treatment of RA, anti-TNF thera-
py has proven to be effective in im-
proving both clinical disease activity
and laboratory parameters of inflam-
mation (8-12). We have shown that
anti-TNF therapy down-regulates the
capacity of monocytes to produce pro-
inflammatory cytokines and induces a
shift to a more pronounced anti-inflam-
matory Th2 cytokine balance (13). Fur-
thermore, it has been shown that anti-
TNF therapy downregulates the CD23
expression on T-cell activated B cells
and this is related with the presence of
circulant immune complexes contain-
ing TNF-α (14). 
The aim of this study was to investigate
if anti-TNF therapy has modulating
effects on DCs and regulatory T cells.

Materials and methods
Study population
Ten patients (6 females, 4 males; age
39-77, median 56) with active RA des-
pite stable treatment with methotrexate
(7.5-15 mg/week) and non-steroidal
anti-inflammatory drugs (NSAIDs) or
low-dose corticosteroids (4-12.5 mg/
day) fulfilling the diagnostic criteria of
the American College of Rheumatol-
ogy for the classification of RA (15)
were enrolled in this study. They were
evaluated before and after 12 weeks of
treatment with the fully human, anti-
TNF monoclonal antibody adalimumab
(40 mg, sub-cutaneously, every other
week). During this study period the
dose of methotrexate, NSAIDs and cor-
ticosteroids remained unchanged.
Disease activity was scored clinically
(number of painful and number of
swollen joints) and biologically (ery-
throcyte sedimentation rate and C-reac-
tive protein). DAS28 scores (16) were
also calculated. Responders to anti-
TNF therapy were defined as having a
decrease in DAS28 of > 1.2 (17).
The ethics committee of the University
Hospital of Antwerp approved this
study. All patients gave informed con-
sent for the study. Ten healthy age- and
sex-matched individuals served as a
control group. 

Blood sampling
Heparinized whole blood (9 mL;
Greiner Bio-one, Frickenhausen, Ger-
many) was processed within 1 hour
after collection for the analysis of T-
cell subsets, dendritic-cell phenotype
and cytokine production.

Flowcytometrical identification of DCs
DCs were identified using a combina-
tion of fluorochrome-conjugated mon-
oclonal antibodies to different mem-
brane markers (18, 19). All reagents
were obtained from BD Biosciences
(Erembodegem, Belgium): 20 µL lin-
eage cocktail 1-FITC (Lin1-FITC),
containing a mixture of CD3, CD14,
CD16, CD56, CD19 and CD20 anti-
bodies; 5 µL anti-CD34-FITC; 5 µL
anti-CD123-PE; 5 µL anti-CD11c-APC;
and 10 µL anti-HLA-DR-PerCP were
incubated with 100 µL whole blood for
15 minutes at 4°C in the dark. Cells
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were fixed and lysed with Facslysis
(BD Biosciences) for 20 minutes at
room temperature. Cells were spun at
400 g for 10 minutes, and 0.5 mL phos-
phate buffered saline (PBS) containing
0.1% NaN3 was added.
Data acquisition was performed on a 4-
colour FACScalibur (BD Biosciences)
using a well-defined gating strategy in
Cell-Quest Pro software (19) and a rep-
resentative example is showed in Fig-
ure 1. At least 5 x 105 cells were mea-
sured to obtain a minimum of 1000
HLA-DR positive DCs. Different cell
populations could then be identified: my-
eloid DCs (DC1, CD11c+ CD123dim+);
lymphoid DCs (DC2, CD11c– CD
123high+); and ldDCs (less-differentiated
DCs, CD11c– CD123dim+), a DC sub-
population that was previously describ-
ed by Hagendorens et al. (19). Results
were expressed as absolute number of
DCs (106/L) in white blood cells.

Intracellular cytokine analysis in 
circulating DCs
Intracellular cytokine analyses were
preformed as described previously (20).
Briefly, 1 mL of heparinized whole
blood was stimulated for 6 hours with 1
µg/mL lipopolysaccharide (LPS) from
E. coli (Sigma-Aldrich Corp, St. Louis,
MO, USA), in the presence of brefeldin
A (Sigma-Aldrich), added during the
last 5 hours of stimulation. After incu-
bation at 37°C in a 5% CO2 humid at-
mosphere, DCs were identified using a
combination of fluorochrome-conjugat-
ed monoclonal antibodies and different
membrane markers as described (20).
Thereafter, red blood cells were lysed
and white blood cells were fixed with
Facslysis during 20 minutes at room
temperature. After centrifugation, cell
membranes were made permeable with
0.3% saponin (Sigma-Aldrich) in PBS.
Cells were stained during 30 minutes at
4°C, with monoclonal anti-cytokine
antibodies labelled with phycoerythrin
(PE) (anti-human IL-1β-PE, anti-hu-
man TNF-α -PE, anti-human IL-12-PE,
and anti-human IL-10-PE (BD)). Irrele-
vant isotype-matched monoclonal anti-
bodies conjugated with PE were used as
negative controls. After staining, cells
were washed with PBS, spun for 5 min-
utes at 400 g and re-suspended in 0.5

mL PBS containing 0.1% NaN3.
Data acquisition was performed as des-
cribed above for the DCs phenotype.
Gating procedure was performed as
shown in Figure 1 and described before
(20). Results were expressed as the per-
centage and absolute number of cyto-
kine-producing DCs. Because prelimi-
nary data showed no detectable intra-
cellular IL-10 and IL-12 production by
circulating DCs after LPS stimulation,
IL-10 and IL-12 measurements were
not further performed in this study. 

Flowcytometrical analysis of T cell
subsets
Fifty µL whole blood was incubated for
15 minutes in the dark at 4°C with 10
µL of three-colour monoclonal antibo-
dy panels (CD3-PerCP + CD4-FITC +
CD8-PE, BD Biosciences) and 5 µL of
CD25-APC (BD Biosciences). 
Subsequently, the red blood cells were
lysed with Facslysis for 20 minutes at
room temperature. The cells were pel-
leted at 400 g for 10 minutes and 0.5

mL PBS, containing 0.1% NaN3, was
added and analyzed on a 4-colour FAC-
Scalibur within 24 hours using Cell-
Quest Pro software. Through gating on
sideward scatter and CD3+ cells, the
different T-cell subsets were determin-
ed (13). Results are expressed as medi-
an (range) percentage (%) and as ab-
solute numbers (106/L).
For detecting the CD4+CD25+ T cell
population, an irrelevant, isotype-
matched monoclonal antibody conju-
gated with APC (BD Biosciences) was
used as a negative control.
CD4+CD25high+ T cells were defined as
having a fluorescence intensity of CD-
25 expression exceeding channel 400
(21). Results are expressed as a per-
centage of the CD4+ T cells. Figure 2
shows a representative example of the
gating strategy for the T-cell subtypes.

Statistics
Data analysis was performed using
SPSS 11.0 for Windows statistical
package. Results are expressed as me-
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Fig. 1. Gating strategy for identification of dendritic subtypes and TNF-α production. (A) Dendritic
cells were characterised as cells negative for lineage markers (DClineage-FITC) and positive for HLA-
DR-PerCP. (B) After gating DCs, a CD-123-PE/CD11c-APC plot showed 3 distinct cell populations:
myeloid DCs were CD11c+ CD123dim+, lymphoid DCs are CD11c– CD123high+ and CD11c– CD123dim+

cells were considered as less differentiated DCs (ldDC). (C) Within the gate of CD11c+ DCs, intracel-
lular TNF-α producing DCs were determined in a histogram of the cytokine measured. The dotted line
represented the isotype match irrelevant antibody and the marker was set on the 99th percentile.

Fig.2. Gating strategy for identification of T-cell subtypes.
(A) The different T-cells were characterised as CD3+CD4+CD8– (T-helper cells) and CD3+CD4–CD8+

(T-cytotoxic cells) T-cells. (B) For detecting the CD4+CD25+ T-cell population, an irrelevant antibody
was used as negative control and the marker was set on the 99th percentile. (C) CD4+CD25+high T-cells
were defined as having a fluorescence intensity of CD25 expression exceeding channel 400.
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dians and corresponding ranges. The
Mann-Whitney U-test and Wilcoxon
signed-rank test were used as appropri-
ate. A p-value < 0.05 was considered
statistically significant.

Results
Disease activity
Most clinical and biological parameters
of disease activity decreased signifi-
cantly after anti-TNF treatment (Table
I). There were 7 responders to the anti-
TNF therapy.

DCs subsets
Before treatment, a decreased number
of lymphoid DCs was found in the
peripheral blood of RA patients as
compared to controls (p < 0.05) (Table
II). No significant differences in ab-
solute numbers of circulating DCs (p =
0.15) and no shift in the ratio of
myeloid DCs to lymphoid DCs (p =
0.1) were found between RA patients
and controls. As depicted in Table II,
anti-TNF did not alter numbers of DCs
and DCs subsets. 

Intracellular cytokine production by
circulating DCs
The percentage of TNF-α producing
DCs was significantly higher in RA pa-
tients compared with controls (p =
0.007) (Fig. 3). Furthermore, the per-
centage of IL1-β producing DCs tend-
ed to be higher in the RA patients (p =
0.05). After anti-TNF therapy no alter-
ations was found. When only evaluat-
ing the responders, the percentage
TNF-α producing DCs remained in-
creased (p = 0.03). When expressed as
absolute numbers no differences were
found.

T-cell subsets
Before treatment, the absolute numbers
of peripheral blood lymphocytes,
CD3+, CD4+ and CD8+ T cells were sig-
nificantly lower in RA compared with
controls (Table III). Twelve weeks of
therapy with anti-TNF resulted in a
normalization of the lymphocyte
counts.
Before anti-TNF therapy, the percentage
CD4+CD25+ T cells was significantly
higher in RA patients compared with
controls (p < 0.03) and there was nor-

malization after treatment (p =  0.26). As
shown in Figure 4 this was mainly due
to the differences in the subpopulation
CD4+CD25low+ T cells. These normaliza-
tions were also found when only evalu-
ating the responders (p = 0.17, p = 0.49
for CD4+CD25+ T cells and CD4+ CD
25low+ T cells, respectively).
No difference was found in the subpop-
ulation CD4+CD25high+ T cells between
patients at baseline and controls or be-
tween patients before and after treat-
ment (Fig. 4).

Discussion
Although the pathogenesis of RA is
complex and not completely under-
stood, it is generally accepted that the
disease process involves presentation
of a putative antigen by APC and acti-
vation of autoreactive T cells. The ob-
servation that anti-TNF rapidly sup-
presses clinical and biological disease
activity stimulated us to investigate
whether this therapy could affect DCs
or regulatory T cells. In our study, be-
fore anti-TNF therapy, there were de-

Table I. Different parameters in RA patients before (d0) and after 12 weeks of therapy with
anti-TNF. Given values are expressed as median (min-max).

Before therapy    d0 After therapy     w12 p-value

ESR (mm/h) 37.5 (16-120) 24 (2-108) 0.02

CRP (mg/dL) 1.9 (<0.35-6.5) 0.6 (< 0.35-5.9) 0.05

Ritchie index 19 (8-25) 5 (0-27) 0.04

Number of swollen joints 6 (4-20) 4 (0-13) 0.26

DAS28 6.2 (5.4-7.6) 4.1 (2.4-7.6) 0.01

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS: Disease Activity Score.

Table II. Absolute numbers of DCs, myeloid DC (CD11c+ CD123dim+), lymphoid DC (CD11c–

CD123high+) and less-differentiated DCs (ldDC, CD11c– CD123dim+) detected in peripheral blood
of controls and RA patients before and after therapy. Given values are expressed as median (min-
max) x 106cells/L.

Controls RA before therapy RA after therapy
(n = 10) (n = 10)

DC 24 (18-53) 19 (6-45) 19 (6-66)

CD11c+ CD123dim+ 12 (8-23) 8 (4-21) 10 (3-35)

CD11c– CD123high+ 5 (2-19) 2 (0-12)§ 2 (0-11)

CD11c– CD123dim+ 8 (2-12) 5 (2-11) 7 (2-22)

§p < 0.05 vs. controls.

Fig. 3. Percentage of TNF-α producing DCs after 6 hours stimulation with 1 µg/ mL lipopolysaccha-
ride from E. coli of controls (n =10) and RA patients before and after anti-TNF therapy (n = 10). Bars
represent the median.



creased counts of peripheral blood
lymphoid DCs in RA patients as com-
pared to healthy controls. This decrease

in lymphoid DCs might result in a
down-regulation of peripheral blood
Th2 cells and a relative predominance

of myeloid DCs inducing a Th1 cyto-
kine production in RA. Although re-
cruitment of lymphoid DCs to the in-
flamed joints, a phenomenon that has
been demonstrated recently, can not be
excluded (22-24). It also has to be men-
tioned that treatment with predniso-
lone, although in our study low doses
were used, might have an effect on the
number lymphoid DCs (25). When
anti-TNF therapy was given we could
not observe alterations of these lymph-
oid DCs counts. Concerning in vitro
stimulated cytokine production an in-
crease was observed in the percentage
TNF-α and IL-1β producing myeloid
DCs, which could impair the Th1-Th2
cytokine balance with a further skew-
ing to the Th1 cytokine responses. Re-
cently, Radstake et al. (26) also report-
ed elevated cytokine production in cul-
tured DCs of RA patients. In our study,
twelve weeks of anti-TNF therapy did
not result in an altered cytokine pro-
duction. Perhaps longer treatment with
anti-TNF therapy could change the per-
centage TNF-α producing DCs.
Apart from Th1 and Th2 induction, it
has been suggested that DCs might
promote the development of regulatory
T cells (27, 28). In animal models, evi-
dence has emerged that regulatory T
cells play an important role in the
maintenance of immunological self-
tolerance (29). However, the role of
these cells in the pathogenesis of hu-
man autoimmune diseases such as RA
remains to be delineated.
In this study, no differences were found
in regulatory T cells between healthy
controls and the RA patients. This is in
line with a previous report (30). 
On the other hand there was an in-
creased percentage of peripheral blood
CD4+CD25+ T cells in RA patients
compared with the blood of healthy
controls and this was due to an increase
in the subpopulation of activated CD4+

T cells. The presence of these activated
CD4+ T cells have been demonstrated
in the peripheral blood of RA patients
earlier (31).
We found that anti-TNF therapy signif-
icantly decreased activated CD4+ T
cells, reflecting suppression of disease
activity, but did not alter regulatory T
cells. Obviously, our data do neither
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Table III. Lymphocyte subsets in healthy controls and RA patients before and after 12
weeks of anti-TNF therapy adalimumab. Results are expressed as median (range) percent-
age (%) and as absolute numbers (106/L).

Controls RA before therapy RA after therapy
(n = 10) (n = 10) (n = 10)

CD3+ (%) 69 (57-75) 63 (11-78) 61 (34-84)

CD4+ (%) 40 (31-46) 45 (5-57) 42 (19-71)

CD8+ (%) 23 (15-35) 12 (5-30)* 16 (8-28)

Lymphocytes (x 106/L) 2100 (1600-3500) 1100 (300-1900)* 1700 (400-2900)§

CD3+ ( x 106/L) 1469 (928-2436) 676 (89-1490)* 958 (212-1670)§

CD4+ (x 106/L) 783 (527-1558) 529 (43-830)* 617 (108-1052)§

CD8+ (x 106/L) 549 (256-760) 109 (14-562)* 187 (65-596)§

*p < 0.04 vs. controls.
§p < 0.03 vs. RA patients before treatment.

Fig. 4. Percentage of
CD4+CD25+ T cells (A),
CD4+CD25high+ T cells (B)
and CD4+CD25low+ T cells
(C) in peripheral blood
from healthy controls (n
=10) and RA patients be-
fore and after anti-TNF
therapy (n = 10). 
Results are expressed as a
percentage of total CD4+

T cells. Bars represent the
median.
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exclude functional changes nor chan-
ges of regulatory T cells at the target
organ. This data diverge from the re-
cently described increase in both T cell
subpopulations, respectively CD4+

CD25high+ and CD4+CD25low+, in RA
patients that actually did respond to
anti-TNF therapy (32). In this study of
Ehrenstein et al., patients were classi-
fied as responders and non-responders
to anti-TNF. When we reanalysed our
results and only included responders
our results of decreased activated CD4+

T cells after therapy remained. This
discrepancy might, to some extent, be
attributed to some important differ-
ences between these two studies. First,
we phenotyped these cells in whole
blood samples and not after cell isola-
tion. Second, there were differences
between the RA populations enrolled
(type of anti-TNF therapy, concomitant
treatment). They also showed that the
CD4+CD25high+ subset has a functional
defect that is restored in RA patients
treated and responding to a TNF block-
ing agent. 
The observed increase in peripheral
blood T lymphocytes and CD4+ and
CD8+ cells after anti-TNF therapy is in-
line with previous reports (13, 33, 34)
and might reflect a diminished migra-
tion of T cells into the inflamed target
tissues possibly due to a treatment-
induced down-regulated expression of
adhesion molecules by synovial endo-
thelia (35). 
In conclusion our data demonstrate that
anti-TNF is a potent anti-inflammatory
drug, as mirrored by the decrease in
clinical and biological parameters of
disease activity and the decrease in
activated CD4+ T cells. On the other
hand we did not observe phenotypical
changes in DCs and regulatory T cells
and further functional studies are nec-
essary.

Acknowledgements
We want to thank Dr. Segurado for
helpful suggestions.

References
1. BAYRY J, THIRION M, DELIGNAT S et al.:

Dendritic cells and autoimmunity. Autoim-
mun Rev 2004; 3: 183-7.

2. MOSER M, MURPHY KM: Dendritic cell reg-
ulation of TH1-TH2 development. Nat

Immunol 2000; 1:199-205.
3. RISSOAN MC, SOUMELIS V, KADOWAKI N

et al.: Reciprocal control of T helper cell and
dendritic cell differentiation. Science 1999;
283:1183-6.

4. SCHULZE-KOOPS H, KALDEN JR: The bal-
ance of Th1/Th2 cytokines in rheumatoid
arthritis. Best Pract Res Clin Rheumatol
2001; 15: 677-91.

5. BAECHER-ALLAN C, BROWN JA, FREEMAN
GJ, HAFLER DA: CD4+CD25high regulatory
cells in human peripheral blood. J Immunol
2001; 167: 1245-53.

6. SAKAGUCHI S: Regulatory T cells: key con-
trollers of immunologic self-tolerance. Cell
2000; 101: 455-8.

7. SHEVACH EM: Regulatory T cells in autoim-
mmunity. Annu Rev Immunol 2000; 18: 423-
49.

8. 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.

9. ELLIOTT MJ, MAINI RN, FELDMANN M et
al.: Treatment of rheumatoid arthritis with
chimeric monoclonal antibodies to tumor
necrosis factor alpha. Arthritis Rheum 1993;
36: 1681-90.

10. MAINI R, ST CLAIR EW, BREEDVELD F et
al.: Infliximab (chimeric anti-tumour necro-
sis factor alpha monoclonal antibody) versus
placebo in rheumatoid arthritis patients
receiving concomitant methotrexate: a ran-
domised phase III trial. ATTRACT Study
Group. Lancet 1999; 354: 1932-9.

11. MAINI RN, BREEDVELD FC, KALDEN JR et
al.: Therapeutic efficacy of multiple intra-
venous infusions of anti-tumor necrosis fac-
tor alpha monoclonal antibody combined
with low-dose weekly methotrexate in
rheumatoid arthritis. Arthritis Rheum 1998;
41: 1552-63.

12. KEYSTONE EC, KAVANAUGH AF, SHARP JT
et al.: Radiographic, clinical, and functional
outcomes of treatment with adalimumab (a
human anti-tumor necrosis factor monoclon-
al antibody) in patients with active rheuma-
toid arthritis receiving concomitant metho-
trexate therapy: a randomized, placebo-con-
trolled, 52-week trial. Arthritis Rheum 2004;
50: 1400-11.

13. SCHUERWEGH AJ, VAN OFFEL JF, STEVENS
WJ, BRIDTS CH, DE CLERCK LS: Influence
of therapy with chimeric monoclonal tumour
necrosis factor-alpha antibodies on intracel-
lular cytokine profiles of T lymphocytes and
monocytes in rheumatoid arthritis patients.
Rheumatology (Oxford) 2003; 42: 541-8.

14. DE MIGUEL S, JOVER JA, VADILLO C,
JUDEZ E, LOZA E, FERNANDEZ-GUTIER-
REZ B: B cell activation in rheumatoid arthri-
tis patients under infliximab treatment. Clin
Exp Rheumatol 2003; 21: 726-32.

15, 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.

16. PREVOO ML, ‘T HOF MA, KUPER HH, VAN

LEEUWEN MA, VAN DE PUTTE LB, VAN RIEL

PL: Modified disease activity scores that
include twenty-eight-joint counts. Develop-
ment and validation in a prospective longitu-
dinal study of patients with rheumatoid arth-
ritis. Arthritis Rheum 1995; 38: 44-8.

17. DEN BROEDER AA, CREEMERS MC, VAN

GESTEL AM, VAN RIEL PL: Dose titration
using the Disease Activity Score (DAS28) in
rheumatoid arthritis patients treated with
anti-TNF-alpha. Rheumatology (Oxford)
2002; 41: 638-42.

18. ALMEIDA J, BUENO C, ALGUERO MC et al.:
Extensive characterization of the immuno-
phenotype and pattern of cytokine produc-
tion by distinct subpopulations of normal
human peripheral blood MHC II+/lineage-
cells. Clin Exp Immunol 1999; 118: 392-401.

19. HAGENDORENS MM, EBO DG, SCHUER-
WEGH AJ et al.: Differences in circulating
dendritic cell subtypes in cord blood and
peripheral blood of healthy and allergic chil-
dren. Clin Exp Allergy 2003; 33: 633-9.

20. HAGENDORENS MM, EBO DG, BRIDTS CH,
DE CLERCK LS, STEVENS WJ: Flow cyto-
metrical determination of regulatory cyto-
kines (IL-10, IL-12) and circulating dendritic
cell cytokines in allergic asthmatic children.
Cytokine 2004; 26: 82-8.

21. LIU MF, WANG CR, FUNG LL, WU CR: De-
creased CD4+CD25+ T cells in peripheral
blood of patients with systemic lupus erythe-
matosus. Scand J Immunol 2004; 59: 198-
202.

22. LANDE R, GIACOMINI E, SERAFINI B et al.:
Characterization and recruitment of plasma-
cytoid dendritic cells in synovial fluid and
tissue of patients with chronic inflammatory
arthritis. J Immunol 2004; 173: 2815-24.

23. VAN KRINKS CH, MATYSZAK MK, GASTON
JS: Characterization of plasmacytoid dendrit-
ic cells in inflammatory arthritis synovial
fluid. Rheumatology (Oxford) 2004; 43: 453-
60.

24. CAVANAGH LL, BOYCE A, SMITH L et al.:
Rheumatoid arthritis synovium contains
plasmacytoid dendritic cells. Arthritis Res
Ther 2005; 7: R230-R240.

25. SHODELL M, SIEGAL FP: Corticosteroids
depress IFN-alpha-producing plasmacytoid
dendritic cells in human blood. J Allergy Clin
Immunol 2001; 108: 446-8.

26. RADSTAKE TR, VAN LENT PL, PESMAN GJ
et al.: High production of proinflammatory
and Th1 cytokines by dendritic cells from pa-
tients with rheumatoid arthritis, and down re-
gulation upon FcgammaR triggering. Ann
Rheum Dis 2004; 63: 696-702.

27. CUROTTO DE LAFAILLE MA, LAFAILLE JJ:
CD4(+) regulatory T cells in autoimmunity
and allergy. Curr Opin Immunol 2002; 14:
771-8.

28. JONULEIT H, SCHMITT E, STEINBRINK K,
ENK AH: Dendritic cells as a tool to induce
anergic and regulatory T cells. Trends Im-
munol 2001; 22: 394-400.

29. CRISPIN JC, VARGAS MI, ALCOCER-VAR-
ELA J: Immunoregulatory T cells in auto-
immunity. Autoimmun Rev 2004; 3: 45-51.

30. VAN AMELSFORT JM, JACOBS KM, BIJLSMA
JW, LAFEBER FP, TAAMS LS: CD4(+) CD
25(+) regulatory T cells in rheumatoid arthri-
tis: differences in the presence, phenotype,



Effect of anti-TNF on Tregs and DCs in RA / EJ. Dombrecht et al. 

37

and function between peripheral blood and
synovial fluid. Arthritis Rheum 2004; 50:
2775-85.

31. MAURER D, FELZMANN T, HOLTER W,
PETERA P, SMOLEN J, KNAPP W: Evidence
for the presence of activated CD4 T cells
with naive phenotype in the peripheral blood
of patients with rheumatoid arthritis. Clin
Exp Immunol 1992; 87: 429-34.

32. EHRENSTEIN MR, EVANS JG, SINGH A et
al.: Compromised function of regulatory T

cells in rheumatoid arthritis and reversal by
anti-TNFalpha therapy. J Exp Med 2004;
200: 277-85.

33. MAURICE MM, VAN DER GRAAFF WL, LEOW
A, BREEDVELD FC, VAN LIER RA, VERWEIJ
CL: Treatment with monoclonal anti-tumor
necrosis factor alpha antibody results in an
accumulation of Th1 CD4+ T cells in the
peripheral blood of patients with rheumatoid
arthritis. Arthritis Rheum 1999; 42: 2166-73.

34. LORENZ HM, ANTONI C, VALERIUS T et al.:

In vivo blockade of TNF-alpha by intra-
venous infusion of a chimeric monoclonal
TNF-alpha antibody in patients with rheuma-
toid arthritis. Short term cellular and molecu-
lar effects. J Immunol 1996; 156: 1646-53.

35. TAK PP, TAYLOR PC, BREEDVELD FC et al.:
Decrease in cellularity and expression of ad-
hesion molecules by anti-tumor necrosis fac-
tor alpha monoclonal antibody treatment in
patients with rheumatoid arthritis. Arthritis
Rheum 1996; 39: 1077-81.


