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Abstract
Objective

To investigate autoantibody induction in rheumatoid arthritis (RA) and ankylosing spondylitis (AS) in a cohort of French 
patients treated with TNF-α blockers.α blockers.α

Methods
We tested the serum of patients for antinuclear antibodies (ANA), anti-DNA antibodies and C4 complement at baseline,  
and for each infusion for infl iximab, and at month 3, 6 and 12 for etanercept. We looked for all signs suggesting a drug-
induced lupus. We tried to correlate ANA and anti-DNA development with various clinical data, especially the response       

to treatment.

Results
229 patients were included in the study. 159 were treated with infl iximab (98 RA and 61 AS) and 125 with etanercept (116 
RA and 9 AS). In the infl iximab group, 43.6% of RA patients and 27.1% of AS had signifi cant levels of ANA at baseline. 

This proportion increased during the follow up to 73% in RA patients and 52% in AS patients. The proportion of patients 
positive for anti-DNA antibodies increased from 0% to 9.5% in RA group, and from 0% to 2% in AS group. In the etaner-
cept group, 58.5% of these patients had signifi cant levels of ANA at baseline; this proportion raised to 63.3% in patients 
previously treated with infl iximab, and fell to 20.6% in the patients who never received TNF-α blockers. No signifi cant α blockers. No signifi cant α
variation of ANA, anti-DNA and C4 levels was observed in the etanercept group. Only three patients developed clinical 
manifestations (chilblain lupus) possibly related to these auto-antibodies, two with infl iximab and one with etanercept.

Conclusion
The ANA induction was only observed under infl iximab therapy. Thus, ANA induction seems not to be a therapeutic class 
effect. This difference between infl iximab and etanercept treatment may be the consequence of differential capacity of a 

monoclonal antibody and a soluble receptor in inducing apoptotic cell death of the cells expressing TNF on their 
membrane.
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Introduction
The chronic infl ammatory joint dis-
eases rheumatoid arthritis (RA) and 
ankylosing spondylitis (AS) are the 
most two frequent types of autoim-
mune arthritis with a prevalence rate 
of 1-2% (1). The classical treatment 
schemes for these two pathologies con-
sist of a combination of disease-modi-
fying antirheumatic drugs (DMARDs), 
nonsteroidal anti-infl ammatory dugs 
(NSAIDs), in combination with meth-
otrexate (MTX) or sulfasalazine. But in 
numerous cases, these therapies are not 
suffi cient to control infl ammation and 
structural damage, and consequently to 
reduce disease activity and delay radio-
graphic progression (2-4).
Based on these insights, biological 
agents have been introduced for the 
treatment of chronic infl ammatory dis-
ease such as RA, spondylarthropathy, 
Crohn’s disease and recently psoriatic 
arthritis, with very good results (5-10). 
Headache, upper respiratory tract infec-
tions and injection-related reactions are 
the most commonly observed adverse 
events with infl iximab (a chimeric anti-
TNF-α monoclonal Ig1 antibody) and 
etanercept (soluble TNF-α receptor). 
However, serious adverse events, such 
as opportunistic infections, have been 
reported.
Clinical trials have shown that selective 
tumor necrosis factor (TNF)-α inhibitors 
induce autoantibodies, such as antinu-
clear antibodies (ANA), and anti-DNA 
antibodies (5, 11, 12), but rare cases 
of lupus-like syndrome have been de-
scribed (12). Biological markers of sys-
temic lupus are antinuclear antibodies, 
anti-DNA antibodies, hypocomplemen-
temia (C4) and hematologic abnormali-
ties (haemolytic anemia, thrombopenia, 
leucopenia …). Despite some limited 
clinical similarities, the drug-induced 
lupus syndromes are now recognised as 
being distinct from the classic genuine 
Systemic Lupus Erythematosus (SLE). 
For many years, numerous therapies 
such as anti-rheumatic drugs have been 
implicated in the induction of lupus-
like disease (13, 14). Characteristical-
ly, the clinical symptoms resolve upon 
withdrawal of treatment and the sero-
logical abnormalities return to normal-
ity. Serological abnormalities such as 

ANA can be found in a variety of other 
systemic autoimmune disorders like 
rheumatoid arthritis. This phenomenon 
has been shown with infl iximab, as 
well as etanercept, but with differences 
(15-18) and it seems that it was more 
important with infl iximab than etaner-
cept. The mechanism responsible for 
the production of autoantibodies dur-
ing anti-TNF-α therapy has not been 
clearly defi ned and several hypotheses 
have been suggested: clearance of ap-
optotic bodies by reducing levels of 
C-reactive protein, apoptosis, or inhi-
bition of TNF-α could favour T-helper 
2 response leading to an increased anti-
body production. Thus, the study of an-
tibodies induction during anti-TNF-α
therapy remains an important topic in 
patient follow-up.
The aim of this study was to describe 
the effect of infl iximab and etanercept 
on ANA, anti-DNA antibodies and 
C4 complement. We correlated these 
results with the quality of clinical re-
sponse, drug used and the disease of 
interest (RA versus AS).

Patients and methods
Study cohort and treatment protocol
It was a prospective study which in-
cluded patients who attended the De-
partment of Rheumatology of Pellegrin 
University Hospital (Bordeaux, France), 
between April 2000 and December 
2004. These patients received infl ixi-
mab or etanercept, and were treated for 
RA or AS.
All RA patients included were aged 
≥18 years and met the ACR criteria 
for RA diagnosis (19), and all AS pa-
tients fulfi lled the modifi ed New York 
criteria diagnosis for axial forms (20), 
and ESSG criteria for peripheric forms 
(21). At each follow-up visit, the dis-
ease activity scores were measured 
(Disease Activity Score for 28 joints 
for RA and Bath Ankylosing Spondyli-
tis Disease Activity Index for AS). The 
French version of the Health Assess-
ment Questionnaire (F-HAQ) was also 
taken into consideration.
Infl iximab was administered at week 
0, then at week 2 and 6 regardless of 
the type of arthritis treated; the patients 
with RA received an infusion of 3 mg/
kg every each 8 weeks following while 
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the patients with AS received an infu-
sion of 3 or 5 mg/kg every each 6 or 
8 weeks. 
Etanercept was administered twice a 
week, and the patients received 25 mg 
by injection. They were followed up at 
time 0, at month 3, month 6 and each 6 
months. Blood sampling was performed 
at baseline and at every follow-up visit. 
Patients entered the study at differ-
ent time points; therefore the duration 
of follow-up was not the same for all 
patients. Blood sampling consisted of: 
ANA, anti-DNA, C4 complement, C-
reactive protein, ESR, lymphocyte and 
CD4-CD8 cell count.
Each individual signed an informed 
consent form after receiving additional 
verbal information regarding the study. 
The protocol was approved by the com-
mittee for the protection of persons 
participating in biomedical research 
(French law 88-1138; December 20, 
1988).

Detection of autoantibodies and C4 
complement
ANA levels were determined at the 
Laboratory of Immunology of the Pel-
legrin University Hospital, by an in-
direct immunofl uorescence technique 
(IIF) using Hep-2 cells (Menarini kit). 
A level equal to or greater than 1:250 

was interpreted as a positive result. For 
positive sera that had nuclear granular 
or cytoplasmic staining, the identifi ca-
tion of autoantibodies against (ENA) 
was further investigated by enzyme-
linked immunoabsorbent assay. Anti-
DNA antibodies were determined at 
the same laboratory, by an ELISA tech-
nique (enzyme-linked immunosorbent 
assay, Biomedical Diagnostic kit). The 
upper normal limit was 20 UI/ml. The 
anti-DNA determined was only anti-
double DNA and only IgG isotype was 
found (not IgM, IgA). The C4 comple-
ment was determined by nephelem-
etry (Behring), the normal values were 
0.15-0.35g/l.

Systematic recording of clinical 
adverse events
All patients were asked about all events 
that occurred since the fi rst injection, 
and a careful clinical examination was 
performed at every follow-up visit. 
Specifi c symptoms known to be asso-
ciated with systemic lupus were looked 
for. If dermatologic signs appeared, a 
specifi c dermatology consultation was 
carried out.

Statistical analysis
For each parameter of interest, we dif-
ferentiated between the infl iximab-

treated patients and those treated with 
etanercept, and also between RA and 
AS patients.
First, we performed a descriptive anal-
ysis at the inclusion of patients. We 
then studied ANA, anti-DNA antibod-
ies and C4 complement evolution be-
tween baseline and the last follow-up 
visit available for each patient.
Concerning the etanercept-treated 
sample, we later decided to differenti-
ate between patients who had received 
infl iximab previously, and those who 
had not.
Infl iximab-treated and etanercept-treat-
ed groups were compared for ANA in-
duction. The average levels of antibod-
ies and C4 complement were compared 
using Student t-test for paired data.
The proportion of newly developed 
antibodies and C4 complement in pa-
tients, who were negative at baseline, 
were compared using the χ² test or 
Fisher’s exact test where appropriate.
The threshold of tests was determined 
using a 0.05 alpha risk. Statistical anal-
yses were performed on STATA 7.0 SE 
Software (Stata, College Station, TX).

Results
The demographic characteristics and 
clinical data on the study population 
are given in Table I. A cohort of 229 

Table I. Demographic characteristic of patients included.

RA (n=98) SA (n=61) RA (n=116) SA (n=9)

TNF-α blocker infl iximab infl iximab etanercept etanercept
Median age (year) 54.85 ± 12.6 45.8 ± 13.8 54.7 ± 14.3 39.1 ± 11.6
Sex ratio (male/female) 32/66 48/13 34/82 6/3
Disease duration 14.9 ± 8.1 18 ± 12 14.4 ± 9.4 15.8 ± 12.5
DAS 28 or BASDAI DAS 28 = 4.81 BASDAI = 53.77 DAS 28 = 3.77 BASDAI = 51.35*

HLA DR1 = 23  DR1 =54
 DR4 = 42 HLAB27 = 42 DR4 = 44 HLAB27 = 7
 DR1, DR4 = 10 DR1, DR4 = 13
DMARDs 4.16 1.69 4.51 1.78
CRP (mg/l) 36.38 29.44 34.46 20.89
ESR (mm/h) 45.79 37.13 45.28 31.78

Concomittants treatments:
-MTX (≥ 7.5mg/s) 80 33 60 4
-corticoides 59 10 85 2
-AINS 51 48 48 7

Follow-up Baseline, W2, W6, every 8 weeks Baseline, M3, M6, M12
TNF-α blocker received before 9 (etanercept) 3 (etanercept) 40 (infl iximab) 3 (infl iximab)

*This data is explained by missing and inadequate values for 2 peripheric spondylarthropathies.
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patients were included, 165 RA and 64 
AS. 159 patients received infl iximab 
treatment, 125 etanercept and 55 pa-
tients received both.

Infl iximab-treated RA patients (n=98)
Figures 1 and 2 shows the ANA and 
anti-DNA antibodies evolution in the 
whole RA patients group.
At the entry, before receiving any in-
fl iximab treatment, 43.6% of RA pa-
tients (n=41/94) were ANA positive, 
with titers ≥1:250. This prevalence 
rose to 73.01% at the last visit availa-
ble observed with a maximal follow-up 
of four years. The average ANA values 
increased signifi cantly during therapy 
from 1:500 to 1:1500 (pfrom 1:500 to 1:1500 (pfrom 1:500 to 1:1500 ( =7.10-4), but 
remained moderate, being inferior to 
1/1000. Figure 1 shows that this varia-
tion depends on the ANA initial value. 
The progression of ANA levels for pa-
tients who were ANA positive at base-
line was much more important than that 
for the ANA negative patients (progres-
sion mean of 1:1545 [ANA+ group] 
vs. 1:631 [ANA- group], p=0.02). We 
could observe a signifi cant ANA induc-
tion from the fi fth visit.
No patient presented anti-DNA anti-
bodies positive ratio at inclusion, and 
9.52% patients had positive values at 
the last visit available. Regarding C4 
complement, we could observe that 
4.6% (n=4/86) of the patients had an 
hypocomplementemia at the onset ver-
sus 18.6% (n=16/86) at the last visit 
available (pavailable (pavailable ( =4.10-3). 

Infl iximab-treated AS patients (n=61)
27.1% of AS patients (n=16/59) were 

ANA positive at the baseline of the 
study, and 52% (n=26/50) at the last 
follow-up visit. No statistical difference 
could be observed between baseline and 
the last visit, and also according to ANA 
baseline values. In our cohort, 31 were 
axial forms, 5 peripheral and 25 were 
axial and peripheric forms. At baseline, 
the ANA positive patients were divided 
as 10/31 for axial forms (32.25%), 0/5 
for peripheral forms (0%) and 3/25 for 
axial and peripheral forms (12%).
In this group, no difference was ob-
served between positive anti-DNA an-
tibody patients at baseline (0%) and at 
the last follow-up visit (2%).

2.27% (n=1/44) of AS patients were C4 
complement positive at baseline, com-
pared to 20.45% (n=9/44) at the last 
visit available (pvisit available (pvisit available ( <0.01).

Etanercept-treated RA patients
At entry, there was a high proportion 
of patients with ANA positive patients 
at the onset (58.6%, n=65/111), with 
differences observed between two 
classes: patients who had received in-
fl iximab before and those who had not. 
When we look at this fi rst category of 
patients, the rate of patients positive for 
ANA was 63.33% at baseline versus 
21.31% in the group who had not re-
ceived infl iximab (pceived infl iximab (pceived infl iximab ( <10-4). Regardless 

of who had received infl iximab before 
or not, we could not observe an increase 
in the proportion of ANA positive pa-
tients and in ANA levels in each group 
of treated patients. Anti-DNA and C4 
complement results are stacked.
Mean progression of the ANA ratio
in the infl iximab group was about 
1:923±2142 vs. 1:89±1278 in the etan-
ercept group (percept group (percept group ( =0.01). Thus, we clearly 
described that there is a signifi cant dif-
ference between infl iximab and etaner-
cept in ANA induction.

Etanercept-treated AS patients 
Only nine spondylarthropathies were 
included, of whom three had been    

Fig. 1. Evolution of ANA titre means during the 62 fi rst weeks of follow-up in RA patients treated 
with infl iximab.
Distinction has been performed between two groups of patients:
(––) represents patients who were ANA positive at the onset.
(-.-.) represents patients who were ANA negative at the onset.

Fig. 2.
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previously treated with infl iximab and, 
for this reason, we decided not to eval-
uate this group.

ANA induction and correlation with 
clinical response
It seems that being a good TNF-α
blocker responder is associated with 
ANA induction. In the infl iximab treat-
ed patients, 70.2% of good respond-
ers were ANA positive vs. 43.8% in 
the weak responders group of patients 
(p(p( =0.026). The same observation was 
made in the etanercept group of patients 
who had not received infl iximab be-
fore, with 45.8% (n=11/24) of good re-
sponders being ANA positive vs. 0% in 
the weak responders group (pthe weak responders group (pthe weak responders group ( =0.007). 
Thus, ANA appeared signifi cantly 
much more in good responder patients 
with a DAS 28 score <2.8, than in the 
weak responder group of RA patients. 
No correlation was observed between 
ANA ratio increase and clinical results 
in the AS patients group.

Lymphocyte count, CD4-CD8 evolution 
with infl iximab or etanercept
At entry, lymphopenia was observed 
in 62% RA and 27% AS of infl iximab 
patients treated. No inducted lympho-
penia was shown in RA (ppenia was shown in RA (ppenia was shown in RA ( =0.9) or in 
AS (pAS (pAS ( =0.7). There was no CD4-CD8 
rapport fall (prapport fall (prapport fall ( =0.52 for RA patients 
and p=0.98 for AS patients). 
These results were similar to the etaner-
cept patients treated. No lymphopenia 
induction existed (pinduction existed (pinduction existed ( =0.76), and there 
was no signifi cant variation of the 
CD4-CD8 rapport.

Clinical manifestations
Only three patients, two women and one 
man, developed chilblain lupus with no 
major organ involvement, during the 
period of follow-up. These manifesta-
tions, although minor and not specifi c, 
appeared suggestive for a lupus-like 
syndrome in the context. Two of them 
were treated with infl iximab and one 
with etanercept. All were RA patients 
and none of them had signifi cant ANA 
levels before TNF blockers were ad-
ministered. The therapy was purchased 
in spite of clinical symptoms without 
making worse, with specifi c treatment 
(calcium inhibitors, antimalaria drugs). 

The fi rst patient, a woman, had been 
treated with infl iximab for 22 months. 
She developed a chilblain lupus during 
the winter period and her ANA level 
was very high at 1:32000 (anti-DNA 
and C4 complement were normal). 
Infl iximab treatment was not stopped, 
and her chilblain lupus was improved 
by specifi c treatment. The second pa-
tient had been treated with infl iximab 
for four years, before he presented with 
chilblain lupus. Chilblains are cutane-
ous infl ammatory lesions commonly 
occurring during cold and humid peri-
ods. Long-lasting chilblains can be ei-
ther idiopathic and isolated, or associ-
ated with various connective tissue dis-
eases, especially lupus (22). He had a 
low titre of ANA (1:100), no anti-DNA 
and normal C4 level, so we complet-
ed the immunologic investigation and 
found a very high titre of anti-nucleo-
some (90 UI/L). The latter patient had 
received only two infl iximab infusions, 
but the treatment was stopped because 
of venous problems and was replaced 
by etanercept. At baseline ANA were 
1:500, after one year of treatment, 
she developed clinical symptoms of 
chilblain lupus and the treatment was 
stopped only after three weeks, and 
took again because of active RA. Her 
ANA were 1:1000 without anti-DNA 
or C4 complement abnormalities. With 

specifi c treatment, clinical symptoms 
disappeared and etanercept purchased.
Table II summarizes our observed      
results.

Discussion
Our study confi rms that TNF-α block-
ers can induce the appearance of ANA 
or increase in both RA and AS patients. 
In the infl iximab group, 73% of the RA 
patients and 52% of the AS patients had 
ANA at the end of the observational pe-
riod, and 9.5% and 2% had anti-DNA 
antibodies; hypocomplementemia was 
also observed. These auto-antibody 
rates were most often moderate, and 
rarely associated with drug-induced 
lupus. During RA, the appearance of 
ANA was observed at moderated lev-
els in patients who had been previously 
ANA negative to TNF-blocker onset, 
and at higher levels if they had been 
positive at baseline, the ANA rate was 
multiplied four times at the end of the 
evaluation (mean time from baseline 
of 26.7 weeks ± 3.2). We confi rm that 
ANA induction seems not to be a thera-
peutic class effect, and to be an inde-
pendent factor of the disease treated. In 
the etanercept group, there was no ANA 
induction with 53.3% on average of the 
RA patients at the end of the period of 
observation against 58.5% at baseline 
(whether they had received infl iximab 

Table II. Description of immunologic characteristics of patients stratifi ed by treatments.

Cohort TNF-α blocker Time point ANA Anti-DNA C4 positivity Lupus-like 
   positivity  positivity  < 0.15 g/l syndrome
   (%) (%) (%)

RA(n=98) infl iximab Baseline 43.6% 0% 4.6%
  Last visit 73.0% 9.5% 18.6% 2

RA (n=116) etanercept Baseline 58.5% 20.7% 6.4%
  Last visit 53.3% 5.1% 8.5%                1*

RA (n=76) etanercept without Baseline  20.6% 0% 3.1%
 infl iximab Last visit 28.7% 2.4% 6.2%                1*

RA (n=40) etanercept  Baseline 63.3% 18.8% 14.3%
 + infl iximab Last visit 64.3% 12.5% 14.3% 0

SpA (n=59) infl iximab Baseline 27.1% 0% 2.3%
  Last visit 52% 2% 20.4% 0

SpA (n=9) etanercept Baseline 22.2% 22.2%
  Last visit not realised not realised not realised 0

*The case in these two groups is the same, so there are three cases of lupus-like syndrome as described 
in the manuscript.
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previously or not). The high proportion 
of ANA at baseline in this category 
could be explained by the high number 
of RA who had received infl iximab be-
fore: nearly one third (40/116).
We showed that ANA induction was 
correlated to good clinical response in 
the RA patients, whatever the drug used. 
Thus, this notion seems to confort the 
TH1/TH2 concept hypothesis (23, 24), 
because TNF-α blockade stops TH1 cy-
tokine induction, and benefi ts from TH2 
cytokines (IL10, IFN-α), and pull lupus 
immunologic cascade and the autoan-
tibodies production (25). It could also 
be explained by the down-regulation of 
material nuclear clearance (26, 27). 
The therapeutic maintenance of TNF-α
blockers in our three chilblain lupus 
cases did not make them worse. It asks 
the question of systematically TNF-α
blockers interruption when lupus symp-
toms appear, and their direct implication 
in their physiopathology. The infl am-
matory disease could be incriminated 
(in fact 30% of RA patients have ANA), 
as other drugs used by these patients.
Our results on the RA patients treated 
with infl iximab were similar to other 
reports published, with 44% to 81% of 
ANA at the end of the observational pe-
riod. Few studies have been carried out 
on ANA and etanercept, only two have 
been published. For the fi rst one, we did 
not have any results (28), and the sec-
ond one by Caramashi et al., seemed to 
be confi rmed by our results and showed 
no ANA induction. However, only 11 
patients were included (28, 29). The re-
sults for AS patients were contradictory 
with previous reports. ANA values were 
higher at baseline, so different from 
previous reports (30-34), and this might 
be explained by the high proportion of 
peripheric spondylarthropathy versus 
axial forms and their immmunologic 
profi le which is very close to that of 
RA. This hypothesis was not confi rmed 
in our cohort: at baseline, the ANA pos-
itive patients were divided as 10/31 for 
axial forms (32.25%), 0/5 for periph-
eral forms (0%) and 3/25 for axial and 
peripheral forms (12%). Furthermore, 
ANA induction was less important than 
the previous published studies at the end 
of the observational period (in our study 
52%, against 85 to 89% in others works) 

(30-32). This could be explained by the 
high proportion of patients treated with 
methotrexate therapy (33/61). Of inter-
est in this context is the observation by 
Boehm et al. that methotrexate therapy 
could lead to a decrease in circulating 
autoantibodies in patients with cutane-
ous lupus (35), and by Gerards et al. 
who explained that methotrexate is able 
to inhibit cytokine production (36). 
Antibody production is probably initi-
ated by a double action. They reduce 
infl ammation protein synthesis, which 
participates in the clearance of apop-
totic blebs. Prolonged exposure to the 
immune system of excessive amounts 
of intracellular material potentially in-
duces and maintains an ANA response 
by repeated stimulation. Infl iximab 
is composed of an Fc fragment which 
allows the induction of Autoantibody 
Dependant Cell Cytotoxicity (ADCC) 
phenomenon and cell apoptosis with 
the release of apoptotic nuclear mac-
romolecules. Etanercept is also com-
posed of an Fc fragment, without in-
ducing any ADCC phenomenon. It was 
confi rmed by the differences observed 
between etanercept and infl iximab in 
our cohort. This difference may be the 
consequence of the differential capacity 
of a monoclonal antibody and a solu-
ble receptor in inducing apoptotic cell 
death of the cells expressing TNF on 
their membrane.
The idea of different action way could 
be confi rmed by their different bio-
chemistry, biomolecular parameters and 
their different effi cacy in Crohn disease 
(CD) or others granulomatosis, as sar-
coidosis. Some reports showed that in-
fl iximab could increase the number of 
apoptotic T lymphocytes in the lamina 
propria and apoptotic monocytes in 
peripheral blood in CD, but not etaner-
cept. The risk of reactivation of latent 
Mycobacterial tuberculosis infection is 
greater with the TNF monoclonal anti-
body infl iximab than with the soluble 
TNF receptor etanercept, and could 
be explained by their different effects 
on TNF and IFN gamma (37). Infl ixi-
mab is also able to release intracellular 
bacillus after cell apoptosis (37-42). 
These differences were confi rmed by a 
French team, who suggested that in vivo
infl iximab and adalimumab were more 

effi cient than etanercept. They decrease 
the frequency of memory CD4+ T lym-
phocyte releasing IFN-gamma upon 
challenge with mycobacterial antigens 
(41). 
In conclusion, our study confi rms that 
the induction of autoantibodies 1) is ab-
sent under etanercept therapy, 2) is in-
dependent of the arthritic disease treat-
ed, and 3) there are very few lupus syn-
dromes associated with no severe organ 
damage. Further studies are needed to 
confi rm the class effect therapeutic ab-
sence with adalimumab and the etaner-
cept effect in spondylarthropathies.

References
  1. GABRIEL SE, CROWSON CS, O’FALLON WM: 

Comorbidity in arthritis. J Rheumatol 1999; Rheumatol 1999; Rheumatol
26: 2475-9.

  2. CALLAHAN LF, PINCUS T, HUSTON JW, 3RD, 
BROOKS RH, NANCE EP, JR., KAYE JJ: Meas-
ures of activity and damage in rheumatoid 
arthritis: depiction of changes and prediction 
of mortality over fi ve years. Arthritis Care 
Res 1997; 10: 381-94.

  3. ABU-SHAKRA M, TOKER R, FLUSSER D et 
al.: Clinical and radiographic outcomes of 
rheumatoid arthritis patients not treated with 
disease-modifying drugs. Arthritis Rheum
1998; 41: 1190-5.

  4. MCQUEEN FM, STEWART N, CRABBE J et al.: 
Magnetic resonance imaging of the wrist in 
early rheumatoid arthritis reveals progres-
sion of erosions despite clinical improve-
ment. Ann Rheum Dis 1999; 58: 156-63.

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

  6. BRANDT J, HAIBEL H, CORNELY D et al.: 
Successful treatment of active ankylosing 
spondylitis with the anti-tumor necrosis fac-
tor alpha monoclonal antibody infl iximab. 
Arthritis Rheum 2000; 43: 1346-52.

  7. BRAUN J, SIEPER J, BREBAN M et al.: Anti-
tumour necrosis factor alpha therapy for 
ankylosing spondylitis: international experi-
ence. Ann Rheum Dis 2002; 61 (Suppl. 3): 
iii51-60.

  8. MORELAND LW, SCHIFF MH, BAUM-
GARTNER SW et al.: Etanercept therapy in 
rheumatoid arthritis. A randomized, control-
led trial. Ann Intern Med 1999; 130: 478-86.Ann Intern Med 1999; 130: 478-86.Ann Intern Med

  9. RUTGEERTS P, D’HAENS G, TARGAN S et al.: 
Effi cacy and safety of retreatment with anti-
tumor necrosis factor antibody (infl iximab) 
to maintain remission in Crohn’s disease. 
Gastroenterology 1999; 117: 761-9.

10. WOOLACOTT NF, KHADJESARI ZC, BRUCE 
IN, RIEMSMA RP: Etanercept and infl iximab 
for the treatment of psoriatic arthritis: a sys-
tematic review. Clin Exp Rheumatol 2006; Clin Exp Rheumatol 2006; Clin Exp Rheumatol
24: 587-93.



407

ANA, anti-DNA antibodies and C4 in RA and AS treated with anti-TNF / C. Gonnet-Gracia et al.

11. 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.

12. CHARLES PJ, SMEENK RJ, DE JONG J, FELD-
MANN M, MAINI RN: Assessment of antibod-
ies to double-stranded DNA induced in rheu-
matoid arthritis patients following treatment 
with infl iximab, a monoclonal antibody to tu-
mor necrosis factor alpha: fi ndings in open-
label and randomized placebo-controlled tri-
als. Arthritis Rheum 2000; 43: 2383-90.

13. RUBIN RL: Etiology and mechanisms of 
drug-induced lupus. Curr Opin Rheumatol 
1999; 11: 357-63.

14. OLSEN NJ: Drug-induced autoimmunity. Best 
Pract Res Clin Rheumatol 2004; 18: 677-88.

15. BLEUMINK GS, TER BORG EJ, RAMSELAAR 
CG, CH STRICKER BH: Etanercept-induced 
subacute cutaneous lupus erythematosus. 
Rheumatology (Oxford) 2001; 40: 1317-9.

16. BRION PH, MITTAL-HENKLE A, KALUNIAN 
KC: Autoimmune skin rashes associated with 
etanercept for rheumatoid arthritis. Ann In-
tern Med 1999; 131: 634.

17. CAIRNS AP, DUNCAN MK, HINDER AE, TAG-
GART AJ: New onset systemic lupus ery-
thematosus in a patient receiving etanercept 
for rheumatoid arthritis. Ann Rheum Dis
2002; 61: 1031-2.

18. MISERY L, PERROT JL, GENTIL-PERRET A, 
PALLOT-PRADES B, CAMBAZARD F, ALEX-
ANDRE C: Dermatological complications of 
etanercept therapy for rheumatoid arthritis. 
Br J Dermatol 2002; 146: 334-5.

19. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Association 
1987 revised criteria for the classifi cation of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

20. VAN DER LINDEN S, VALKENBURG HA, CATS 
A: Evaluation of diagnostic criteria for an-
kylosing spondylitis. A proposal for modi-
fi cation of the New York criteria. Arthritis 
Rheum 1984; 27: 361-8.

21. AMOR B, DOUGADOS M, MIJIYAWA M:     
[Criteria of the classifi cation of spondy-
larthropathies]. Rev Rhum Mal Osteoartic
1990; 57: 85-9.

22. RICHEZ C, DUMOULIN C, SCHAEVERBEKE 
T: Infl iximab induced chilblain lupus in a   

patient with rheumatoid arthritis. J Rheuma-
tol 2005; 32: 760-1.

23. SINGH VK, MEHROTRA S, AGARWAL SS: The 
paradigm of Th1 and Th2 cytokines: its rele-
vance to autoimmunity and allergy. Immunol 
Res 1999; 20: 147-61.

24. ROMAGNANI S: Th1/Th2 cells. Infl amm 
Bowel Dis 1999; 5: 285-94.

25. MACZYNSKA I, MILLO B, RATAJCZAK-STE-
FANSKA V et al.: Proinfl ammatory cytokine 
(IL-1beta, IL-6, IL-12, IL-18 and TNF-al-
pha) levels in sera of patients with subacute 
cutaneous lupus erythematosus (SCLE). Im-
munol Lett 2006; 102: 79-82.

26. BICKERSTAFF MC, BOTTO M, HUTCHINSON 
WL et al.: Serum amyloid P component con-
trols chromatin degradation and prevents 
antinuclear autoimmunity. Nat Med 1999; 5: 
694-7.

27. LORENZ HM, HERRMANN M, WINKLER T, 
GAIPL U, KALDEN JR: Role of apoptosis in 
autoimmunity. Apoptosis 2000; 5: 443-9.

28. ERIKSSON C, ENGSTRAND S, SUNDQVIST 
KG, RANTAPAA-DAHLQVIST S: Autoanti-
body formation in patients with rheumatoid 
arthritis treated with anti-TNF-alpha therapy. 
Ann Rheum Dis 2005; 64; 403-7 [Epub 2004 
August 5].

29. CARAMASCHI P, BIASI D, COLOMBATTI M
et al.: Anti-TNFalpha therapy in rheumatoid 
arthritis and autoimmunity. Rheumatol Int
2006; 26: 209-14.

30. DE RYCKE L, BAETEN D, KRUITHOF E, VAN 
DEN BOSCH F, VEYS EM, DE KEYSER F: The 
effect of TNFalpha blockade on the antinu-
clear antibody profi le in patients with chronic 
arthritis: biological and clinical implications. 
Lupus 2005; 14: 931-7.

31. DE RYCKE L, KRUITHOF E, VAN DAMME N
et al.: Antinuclear antibodies following inf-
liximab treatment in patients with rheuma-
toid arthritis or spondylarthropathy. Arthritis 
Rheum 2003; 48: 1015-23.

32. FERRARO-PEYRET C, COURY F, TEBIB JG, 
BIENVENU J, FABIEN N: Infl iximab thera-
py in rheumatoid arthritis and ankylosing 
spondylitis-induced specifi c antinuclear and 
antiphospholipid autoantibodies without au-
toimmune clinical manifestations: a two-year 
prospective study. Arthritis Res Ther 2004; 
6: R535-43.

33. SELLAM J, ALLANORE Y, BATTEUX F, DES-

LANDRE CJ, WEILL B, KAHAN A: Autoan-
tibody induction in patients with refractory 
spondyloarthropathy treated with infl iximab 
and methotrexate. Joint Bone Spine 2005; 
72: 48-52.

34. DE RYCKE L, BAETEN D, KRUITHOF E, VAN 
DEN BOSCH F, VEYS EM, DE KEYSER F: In-
fl iximab, but not etanercept, induces IgM 
anti-double-stranded DNA autoantibodies 
as main antinuclear reactivity: biologic and 
clinical implications in autoimmune arthritis. 
Arthritis Rheum 2005; 52: 2192-201.

35. BOEHM IB, BOEHM GA, BAUER R: Manage-
ment of cutaneous lupus erythematosus with 
low-dose methotrexate: indication for modu-
lation of infl ammatory mechanisms. Rheu-
matol Int 1998; 18: 59-62.

36. GERARDS AH, DE LATHOUDER S, DE GROOT 
ER, DIJKMANS BA, AARDEN LA: Inhibition of 
cytokine production by methotrexate. Stud-
ies in healthy volunteers and patients with 
rheumatoid arthritis. Rheumatology (Oxford) 
2003; 42: 1189-96.

37. SALIU OY, SOFER C, STEIN DS, SCHWANDER 
SK, WALLIS RS: Tumor-necrosis-factor block-
ers: differential effects on mycobacterial im-
munity. J Infect Dis 2006; 194: 486-92.

38. VAN DEN BRANDE JM, BRAAT H, VAN DEN
BRINK GR et al.: Infl iximab but not etaner-
cept induces apoptosis in lamina propria T-
lymphocytes from patients with Crohn’s dis-
ease. Gastroenterology 2003; 124: 1774-85.

39. TEN HOVE T, VAN MONTFRANS C, PEPPELEN-
BOSCH MP, VAN DEVENTER SJ: Infl iximab 
treatment induces apoptosis of lamina pro-
pria T lymphocytes in Crohn’s disease. Gut
2002; 50: 206-11.

40. FURST DE, WALLIS R, BRODER M, BEENHOU-
WER DO: Tumor necrosis factor antagonists: 
different kinetics and/or mechanisms of ac-
tion may explain differences in the risk for 
developing granulomatous infection. Semin 
Arthritis Rheum 2006.

41. HAMDI H, MARIETTE X, GODOT V et al.: In-
hibition of anti-tuberculosis T-lymphocyte 
function with tumour necrosis factor antago-
nists. Arthritis Res Ther 2006; 8: R114.

42. DI SABATINO A, CICCOCIOPPO R, CINQUE B
et al.: Defective mucosal T cell death is sus-
tainably reverted by infl iximab in a caspase 
dependent pathway in Crohn’s disease. Gut 
2004; 53: 70-7.


