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ABSTRACT

Objectives. Rheumatoid arthritis (RA)
is associated with increased cardiovas-
cular risk and involvement of inflam-
mation, coagulation and fibrinolysis.
Treatment with infliximab, a tumour
necrosis factor-o. (TNF-a) blocking
chimeric monoclonal antibody, induces
a long-term reduction of inflammation
and coagulation, but its effect on fi-
brinolysis is still unknown. We carried
out an observational study investigat-
ing plasma biomarkers of inflammation
and fibrinolysis in RA patients before
and after 14 weeks of infliximab treat-
ment given according to the therapeutic
guidelines for RA.

Methods. We studied 20 selected pa-
tients with active RA and without any
other atherosclerosis risk factor as
well as 40 healthy controls. Patients,
treated with a stable dose of methotrex-
ate, received infliximab (3 mg/kg) at
week 0, 2, 6 and 14. At week 0 and 14,
we assessed clinical, inflammatory and
fibrinolyitic parameters.

Results. Az baseline, plasminogen ac-
tivator inhibitor (PAI-1) antigen, PAI-1
activity and tissue-type plasminogen ac-
tivator (t-PA) antigen were significantly
higher in RA patients than in controls
(p=0.01, p=0.001 and p=0.0001 re-
spectively). After 14 weeks of infliximab
treatment, the levels of PAI-1 antigen,
PAI-1 activity and t-PA antigen sig-
nificantly decreased till normalization
(p=0.0001). Plasma levels of C reac-
tive protein (CRP) and interleukin-6
(IL-6) were directly correlated with
levels of PAI-1 antigen (p=0.011 and
p=0.0001), PAI-1 activity (p=0.013 and
p=0.027) and t-PA antigen (p=0.017
and p=0.040).

Conclusions. This study provides evi-
dence that TNF-o blockade by inflixi-
mab not only decreases inflammation,
but also reduces the inhibition of fibri-
nolysis. Such a combined effect may be
pivotal in reducing the whole throm-
botic risk in these patients.

Introduction

It is increasingly recognised that pa-
tients with rheumatoid arthritis (RA)
have a greater risk of premature death
than the general population, mainly
due to cardiovascular disease (CVD)
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(1). According to published studies (2,
3), RA is an independent risk factor for
the development of CVD, and this can
be explained at least in part by a direct
impact of extensive chronic inflamma-
tion. In fact, it has been shown that the
activation of the inflammatory cytokine
network induces several pro-throm-
botic conditions like insulin resistance,
dyslipidemia, endothelial dysfunction
and alteration of coagulation and fibri-
nolysis (4). In addition, the activation
of the extrinsic coagulation system and
the impairment of the fibrinolytic path-
way may contribute to amplify and per-
petuate the inflammatory response. The
local imbalance between fibrin forma-
tion and removal results in the accumu-
lation of fibrin deposits in the RA syn-
ovium (5). Fibrin degradation could be
further impaired by anti-citrullinated
protein antibodies (ACPA) which bind
to citrullinated fibrin (6). The systemic
imbalance between coagulation and
fibrinolytic pathways, which has been
reported in RA patients, may sustain a
pro-thrombotic state (7-9).

The pro-inflammatory cytokine, tumour
necrosis factor-o (TNF-av) is a pivotal
mediator of the inflammatory cascade
in RA, and it is also involved in modu-
lating the expression of all of the major
components of the fibrinolytic system
(10). In RA patients, the treatment with
the anti-TNF-a chimeric monoclonal
antibody infliximab showed an im-
provement of clinical and laboratory
parameters as well as a reduction in the
activation of coagulation and endothe-
lial dysfunction (11, 12). In particular,
Agirbasli and colleagues (11) high-
lighted the potential short-term effect,
after a single infliximab infusion, on
fibrinolytic parameters in eight RA pa-
tients, however the fibrinolytic changes
in the relatively long-term period and
their correlation with cytokine levels in
RA remains to be defined.

Thus, in the present study we investi-
gated, in a cohort of patients with active
RA and without any other atherosclero-
sis risk factor, the effects of infliximab
on circulating fibrinolytic biomarkers
and their correlation with clinical and
inflammatory parameters as TNF-a., in-
terleukin-6 (IL-6) and C-reactive pro-
tein (CRP) levels.
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Materials and methods

Patients

The study involved 20 RA patients (15
women and five men) attending the
Department of Rheumatology at Isti-
tuto Gaetano Pini, Milano, Italy, who
fulfilled the revised American College
of Rheumatology (formerly the Ameri-
can Rheumatism Association) criteria
for the classification of RA (13). Their
median age was 54.8 years (range 24-
63 years) and the median disease du-
ration was 6.1 years (range 5 months
to 27 years). All patients had active
disease with a 28-joint disease activity
score (DAS-28) of at least 3.2 and were
treated with a stable dose of methotrex-
ate (10-15mg/week) and prednisone
(5mg a day). None of our patients was
assuming non-steroidal antiinflamma-
tory drugs (NSAIDs). These patients,
previously studied for coagulation acti-
vation (12), have been re-evaluated for
atherosclerosis risk factors: they had
normal blood pressure, lipidemia, gly-
cemia, body mass index and absence of
cigarette smoking.

At week 0,2, 6 and 14, they were treat-
ed with infliximab at the standard intra-
venous dose of 3 mg/kg, according to
the therapeutic international guidelines
for RA (14). During routine clinical as-
sessment with DAS-28 and laboratory
evaluation, patients gave their consent
to use their blood for measuring fibri-
nolytic parameters which were assessed
at week 0, before infliximab treatment,
and at week 14. The study was ap-
proved by the local review board and
informed consent was obtained from
all patients.

Controls

The control group consisted of 40
age- and sex-matched healthy subjects.
They were blood donors with no per-
sonal or family history of thrombosis
and without traditional cardiovascular
risk factors.

Blood sampling

Morning fasting blood samples were
collected in vacutainer tubes (Beckton
& Dickinson, Rutherford, NJ) by means
of the clean puncture of an antecubital
vein with minimal stasis, using so-
dium citrate 3.8% as anticoagulant.

The blood collection was performed
before infusion of infliximab (baseline)
and before the forth infusion at week
14, to evaluate its effect. The samples
were centrifuged at 2000 x g, at 4°C,
divided into aliquots, frozen and stored
at -80°C until testing.

Fibrinolysis parameters

Plasminogen activator inhibitor type 1
(PAI-1) antigen was measured by a com-
mercial enzyme-linked immunosorbent
assay — ELISA (Innotest PAI-1, Byk
Gulden, Konstanz, Germany). Intra-
and inter-assay coefficients of variation
(CVs) were 8% and 13%, respectively.
PAI-1 activity was measured using a
commercial bioimmunoassay (Chro-
molize PAI-1; Biopool, Umea, Sweden)
with intra- and inter-assay CVs of 2.4%
and 4.5%.

Tissue plasminogen activator (t-PA)
antigen was measured by a commercial
enzyme-linked immunoassay method
(Imunolyse tPA; Biopool, Umea, Swe-
den) according to the manufacturer’s
instructions. Intra- and inter-assay CVs
were 6.5% and 8%, respectively.

Inflammatory parameters

TNF-a plasma levels were measured
using a direct solid-phase immunoassay
(Enzyme Amplified Sensitivity Immu-
noassay; EASIA, Biosource, Flerus,
Belgium); with intra- and inter-assay
CVs of 8% and 10%.

IL-6 levels were measured in plasma
by an ELISA (R&D Systems, Minne-
apolis, MN). Intra- and inter-assay CVs
were 4.2% and 6.4%.

C-reactive protein (CRP) concentration
was measured using a sandwich ELI-
SA (Zymutest CRP, Hyphen BioMed,
Neuville-sur-Oise, France). Intra- and
inter-assay CVs were lower than 11%.

Statistical analysis

The descriptive statistics are reported
as median and interquartile range (25%
and 75™ percentiles). Statistical analy-
sis was performed by non-parametric
tests for independent samples when
differences between groups were eval-
uated (Mann-Whitney) and for paired
samples when the effect of treatment
was assessed (Wilcoxon). Significance
level was set at p<0.05. Data were
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analysed using the SPSS PC statisti-
cal package, version 17.00 (SPSS Inc.,
Chicago, IL).

Results

As shown in Fig. 1, at baseline, PAI-1
antigen and active PAI-1 were signifi-
cantly higher in RA patients, median
22.28 ng/ml (interquartile range 10.18—
61.95 ng/ml) and 8.77 ng/ml (7.12-
12.04 ng/ml), than in healthy controls
11.80 ng/ml (5.90-21.75 ng/ml) and
4.00 ng/ml (1.50-7.05 ng/ml) (p=0.01
and p=0.001 respectively); t-PA was
also significantly higher in patients,
46.75 ng/ml (13.33-71.05 ng/ml), than
in controls, 7.55 ng/ml (4.60-12.02 ng/
ml) (p=0.0001).

After 14 weeks of infliximab treatment,
the levels of PAI-1 antigen and active
PAI-1 significantly decreased to 9.49
ng/ml (4.30-15.65 ng/ml) and 4.93
ng/ml (0.57-8.88 ng/ml) (p=0.0001
for both) (Fig. 2); t-PA was also sig-
nificantly lower than baseline after 14
weeks, 8.16 ng/ml (4.58-31.63 ng/ml)
(p=0.0001). The median changes be-
tween baseline and week 14 were: PAI-
1 antigen -9.52 ng/ml (-3.64-34.83 ng/
ml), PAI activity -4.88 ng/ml (-2.16-
21.57 ng/ml) and t-PA -9.00 ng/ml
(-4.45-16.32 ng/ml). At week 14, the
three parameters reached the normal
range without any significant differ-
ence with normal controls.

Plasma levels of CRP were directly
correlated with levels of PAI-1 anti-
gen (r=0.569, p=0.0001), PAI-1 ac-
tivity (r=0.410, p=0.013) and t-PA
antigen (r=0.394, p=0.017). Also for
plasma levels of IL-6, a direct corre-
lation was found with levels of PAI-1
antigen (r=0.421, p=0.011), PAI-1 ac-
tivity (r=0.368, p=0.027) and t-PA an-
tigen (r=0.343, p=0.040). None of the
fibrinolytic parameters correlated with
TNF-a plasma levels. Finally, DAS-
28 score was directly correlated with
PAI-1 antigen (r=0.414, p=0.01), PAI-
1 activity (r=0.343, p=0.047) and t-PA
antigen (r=0.370, p=0.031).

Discussion

The results of our study in a group of
patients with active RA and without
any other atherosclerosis risk fac-
tor show that fibrinolysis is inhibited,



BRIEF PAPER

mainly due to an increase in plasma
levels of PAI-1 both as activity and
antigen. Infliximab treatment reduces
both inflammation and the inhibition of
fibrinolysis.

The fibrinolytic system is finely regu-
lated by means of plasminogen activa-
tors such as t-PA, and natural inhibitors
such as PAI-1. Among the plasminogen
activators, t-PA is thought to play a rel-
evant role in initiating fibrinolysis and
thrombolysis. The high baseline cir-
culating levels of t-PA antigen in our
patients are not contradictory, because
the t-PA immunoassay measures, to a
large extent, circulating complexes be-
tween t-PA and PAI-1. Consequently,
increased concentrations of t-PA anti-
gen give indirect information on PAI-1
expression and indicate a reduced ra-
ther than increased fibrinolysis (15).
The small number of our patients could
be counterbalanced by the absence of
traditional risk factors for atherosclero-
sis potentially affecting fibrinolysis.
Activation of coagulation and fibrin
deposition are a consequence of in-
flammation and the impairment of fi-
brinolytic system has been previously
reported in RA patients (7), and found
to be associated with disease activity
and rheumatoid vasculitis. PAI-1 is the
most important endogenous suppressor
of fibrinolysis, powerfully upregulated
by TNF-a (10), and elevated plasma
levels of PAI-1 have been linked to an
increase in the risk for vascular compli-
cations in several diseases as well as in
RA (10, 16).

We provide evidence that the clinical
beneficial effects, induced by intrave-
nously administered anti-TNF-o after
14 weeks of therapy, are associated
with a significant decrease in PAI-1
levels which correlate with IL-6 and
acute-phase reactants such as CRP. This
finding supports the view that normali-
sation of fibrinolysis is likely related to
the reduction of inflammation in RA pa-
tients. The lack of correlation between
PAI-1 and TNF-a plasma levels may be
due simply to the fact that the ELISA
for TNF-a antigen may detect not only
active TNF-a but also biologically in-
active TNF-a/anti-TNF-a. complexes
(17). However, it is well known that
plasma levels of TNF-o measured by
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Fig. 1. Plasma levels of plasminogen activator inhibitor type 1 (PAI-1) antigen and PAI-1 activity in
40 healthy controls and 20 rheumatoid arthritis patients. Horizontal lines represent medians.
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Fig. 2. Effects of infliximab treatment on plasma levels of plasminogen activator inhibitor type 1
(PAI-1) antigen and PAI-1 activity in 20 rheumatoid arthritis (RA) patients before (baseline) and after

14 weeks of treatment.

ELISA are not affected by anti-TNF-a
therapy (17).

Overall, the reduction of fibrinolysis
inhibition together with the reduction
of coagulation (12) described in RA
patients treated with infliximab, may
contribute in reducing the whole throm-
botic risk. In contrast in active RA pa-
tients, the inhibition of fibrinolysis may
have two main consequences. On one
hand, it may play a role in joint dam-
age because it has been demonstrated
that extravasation of plasma fibrinogen
in RA synovial tissues rapidly clotted
and led to a local deposition of fibrin
which may contribute to perpetuate
synovial inflammation and joint dam-
age (5, 6). On the other hand, inhibition
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of fibrinolysis may have important con-
sequences in the systemic circulation;
in fact, elevated plasma levels of PAI-
1 are generally considered a CVD risk
factor (11). Clinical and experimental
evidence suggests that long-term ef-
fects of PAI-1 are crucial in vascular
diseases, and therefore, the known in-
creased risk for cardiovascular events
in RA can be partially attributed to the
inhibition of fibrinolytic system and
endothelial dysfunction (10). Thus, the
decrease in the inhibition of fibrinoly-
sis related to anti-TNF-o therapy may
act both locally, reducing the joint in-
flammation/damage, and at a systemic
level reducing the thrombotic risk. This
latter aspect is further supported by the
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previous observation that anti-TNF-o
therapy reduces prothrombotic mark-
ers of coagulation activation and fibrin
degradation (12).

Key messages

Active rheumatoid arthritis in the ab-
sence of other atherosclerosis risk fac-
tors shows fibrinolysis inhibition main-
ly due to an increase of PAI-1.
Infliximab reduces inflammation and
fibrinolysis inhibition, thus potentially
reducing thrombotic risk.
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