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Abstract
Objective
Chronic systemic inflammation plays a pivotal role in the development of atherosclerosis in rheumatoid arthritis (RA).
In the present study, we investigated whether anti-TNF-a antagonist-monoclonal antibody-infliximab administration alters
circulating levels of resistin, a proinflammatory adipokine. We further assessed associations of circulating resistin concen-
trations with CRP and ESR levels, platelet counts and metabolic syndrome and demographic characteristics in RA patients
on periodical treatment with infliximab.

Methods
We investigated 33 patients with RA on periodical treatment with infliximab. Serum resistin levels were determined
immediately prior to and after infliximab infusion.

Results
Upon infliximab administration, mean (SD) serum resistin concentrations (ng/ml) decreased from 21.9 (9.9) to 17.4 (8.9)
(p=0.005). Also, a significant association between the mean ESR (r=0.405; p=0.03) and CRP (r=0.571; p=0.0005) from
disease diagnosis and ESR (r=0.486; p=0.004), CRP (r=0.599; p=0.0005) and platelet count (r=0.559; p=0.0007) at the
time of the study and baseline resistin levels was found.

Conclusions
The present study shows that anti-TNF-a therapy results in a rapid reduction of serum resistin levels in patients with RA.
It also confirms a close association between laboratory markers of inflammation, particularly CRP and resistin levels.
These observations support a potential role of resistin in the inflammatory cascade in RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic
disease associated with increased cardi-
ovascular (CV) morbidity and mortality
(1). The increased risk of CV events in
patients with RA is a consequence of
atherosclerosis (2, 3). However, accel-
erated atherosclerosis in RA is not only
been explained by the presence of tradi-
tional cardiovascular risk factors (4, 5).
Indeed, besides genetic predisposition
(6, 7), chronic systemic inflammation
is now considered of pivotal impor-
tance in the development of accelerated
atherosclerosis and the increased inci-
dence of CV events in RA (7, 8).

A chronic increase of proinflammatory
cytokines such as tumor necrosis factor
(TNF)-a, interleukin (IL)-1p, and IL-
6 causes deleterious effects including
a proatherogenic lipid profile, insulin
resistance and endothelial dysfunction
in RA (8).

TNF-a blockers are highly effective in
the treatment of RA (9, 10) and may re-
duce CV mortality more than traditional
disease modifying rheumatic drugs
(DMARD:s) (11). TNF-a blockade using
the chimeric anti-TNF-o. monoclonal an-
tibody-infliximab significantly improves
endothelial function in RA patients (12,
13). Also, improvement of endothelial
function was observed after short-term
therapy with adalimumab, a fully human
monoclonal antibody directed against
TNF-a (14). Moreover, following inflix-
imab infusion, RA patients with severe
disease on periodical treatment with this
drug, experienced a rapid improvement
in insulin sensitivity (15).

Resistin is an adipocyte-derived media-
tor that was initially proposed to be in-
volved in insulin resistance and type II
diabetes mellitus (16). Although initial
studies in mice suggested that resistin is
upregulated in obesity and may contrib-
ute to the development of insulin resist-
ance (17), further studies failed to con-
firm this hypothesis and demonstrated
reduced resistin expression in human
adipose tissues (18). Also, more recent
investigations have shown that resistin
plays an important role in inflammation.
Although resistin can be detected at very
low levels in human adipose tissue, it is
found in peripheral blood mononuclear
cells (PBMC) (19), and resistin gene
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expression in PBMC is upregulated
by proinflammatory cytokines such as
TNF-a (20). Interestingly, high levels
of resistin have been found in synovial
fluid from patients with RA (21). A posi-
tive correlation of C-reactive protein
(CRP) and erythrocyte sedimentation
rate (ESR) with serum resistin has also
been observed in RA patients (22, 23).
Moreover, resistin was found to be up-
regulated by TNF-a. and has been pro-
posed as an important molecule in NF-
kB activation and cytokine production
in human PBMC (24).

In view of the above-mentioned re-
ported findings, in the present study,
we investigated whether infliximab ad-
ministration alters circulating resistin
concentrations. We also assessed asso-
ciations of circulating resistin concen-
trations with CRP levels and metabolic
syndrome and demographic character-
istics in 33 RA patients that were on
periodical treatment with the anti-TNF-
o antagonist-infliximab because of se-
vere disease refractory to therapy with
DMARD:s (25).

Patients and methods

Patients

We investigated 33 consecutive patients
that met the 1987 American College of
Rheumatology criteria for RA (26) and
that were recruited from Hospital Xeral-
Calde, Lugo, northwestern Spain. The
cohort constituted a series of patients
attending hospital outpatient clinics
seen over a period of 2 months (Feb-
ruary-March 2004). Patients with dia-
betes were excluded. The local institu-
tional committee approved anti-TNF-a
therapy and each patient gave informed
consent to participate in the study. For
ethical reasons, patients included in the
present study were not randomized to a
placebo group. The same procedure has
been found acceptable and followed in
a recent study on the effect of inflixi-
mab therapy on lipid profiles in patients
with RA (27). Neither this study nor
previous studies on RA patients receiv-
ing periodical treatment with inflixmab
(13, 15, 25) were supported by any
pharmaceutical drug company.

Each of the RA patients had been
switched from traditional DMARD to
anti-TNF-alpha infliximab treatment



because of severe and active disease
(DAS28 greater than 5.1) (28). In all
patients, treatment with a DMARD had
been initiated when a diagnosis of RA
was made. Prior to anti-TNF-a therapy,
patients were required to have been
treated with at least two DMARD:s in-
cluding chloroquine, sulphasalazine,
gold, methotrexate (at least 15 mg/
week), leflunomide, and cyclosporine A
(3 mg/kg/day). Infliximab therapy (ini-
tial dose of 3 mg/kg) was administered
intravenously at 0, 2, 6 weeks and sub-
sequently every 8 weeks. However, in
some patients, because of disease sever-
ity, the dose was increased to 5 mg/kg
and, if deemed necessary, the interval
between infliximab infusions was short-
ened to 6 weeks.

All patients had received treatment
with both non-steroidal antiinflamma-
tory agents and low doses of prednisone
(generally 5 mg bid) immediately after
disease diagnosis. At the time of the
study, all patients were on infliximab 3
or 5 mg/kg given at 6 or 8 weekly in-
tervals (a range of treatment duration,
1-4.5 years), oral methotrexate 15-25
mg weekly with or without chloroquine
250 mg daily, prednisone 2.5-7.5 mg
daily and a non-steroidal antiinflamma-
tory agent (naproxen 500-1000 mg or
diclofenac 50-100 mg daily). The blood
pressure was below 140/90 mmHg in
each patient at the time of the study.
However, 7 were taking antihyperten-
sive agents (enalapril [n=3]; losartan
[n=3]; enalapril and hydrochlorothi-
azide [n=1]).

Study protocol

In each patient a disease activity score
(DAS) 28 (28) was recorded by the
same rheumatologist (MAG-G) prior to
infliximab infusion (the same day). In
all cases, the drug was given at 8 a.m.
as an intravenous infusion in a saline
solution over 120 minutes. None of the
patients received any nutrient before
and during infusion.

All measurements were made in the
fasting state. Blood samples were tak-
en at 0800 hours for determination of
the ESR (Westergren), CRP (latex im-
muno-turbidimetry), lipids (enzymatic
colorimetry), plasma glucose and serum
insulin (DPC, Dipesa, Los Angeles, CA,
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Table I. Baseline characteristics in 33 rheumatoid arthritis patients.

Age, years

Women, n (%)

Disease duration, years
Rheumatoid factor positive, n (%)

Disease activity
DAS28
Swollen joint count, n
Tender joint count®, n
VAS patient disease activity
C-reactive protein, mg/l*
Erythrocyte sedimentation rate, mm/hr*

Metabolic syndrome features
Body mass index, kg/m?
Hypertension, n (%)

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Triglycerides, mg/dl*

HDL cholesterol, mg/dl
Glucose, mg/dl

Insulin, wU/ml*

HOMA-IR, wU.mmol/ml.1*
Total cholesterol, mg/dl

LDL cholesterol, mg/dl

55 (51-60)
25 (76)
12 (10-15)
30 (91
44 (4.0-4.7)
5 (3-6)
4 (3-5)
41 (35-47)
83 (5.8-12.0)
25 (19-31)
254 (23.8-26.9)
7 @D
120 (116-134)
73 (71-76)
102 (89-115)
64 (59-68)
87  (82-92)

12.9  (10.5-16.2)
275 (2.14-3.47)
192 (181-203)

104 (97-111)

DAS: disease activity score; VAS: visual analog scale; HDL: high-density lipoprotein; HOMA-IR:
homeostasis model assessment of insulin resistance; LDL: low-density lipoprotein.
*Variables for which geometric means [95% confidence interval] are given.

USA) and serum resistin (human resis-
tin was measured by ELISA kit, [Linco
Research, St. Charles, MO, USA]; the
assay sensitivity was 0.16 ng/ml and the
intra- and interassay coefficients of vari-
ation were <5% and <7%, respectively),
immediately prior to an infliximab infu-
sion. Insulin resistance was estimated
by the homeostasis model assessment
of insulin resistance (HOMA-IR) using
the formula= (insulin (#U/ml) x glucose
(mmol/1)+22.57.-Also, as previously re-
ported (25), soluble (s) circulating lev-
els of adhesion molecules, intercellular
cell adhesion molecule-1 (ICAM-1),
ICAM-3, vascular cell adhesion mol-
ecule-1 (VCAM-1), E-selectin and P-
selectin concentrations were measured
prior to infliximab infusion.
Subsequently, final blood sampling
was performed for determination of re-
sistin concentrations immediately after
infliximab was administered over 120
minutes.

Statistical analyses

Results were expressed as mean [95%
confidence interval (CI)], geometric
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mean [95% CI or standard deviation]
or number (n) (%). The associations
between baseline characteristics and se-
rum resistin concentrations (expressed
as mean # standard deviation [SD], and
interquartile [IQ] range) were assessed
by estimating the linear correlation co-
efficient (Pearson) for continuous vari-
ables or by the Student’s paired t-test
for categorical variables. Differences
in resistin levels between men and
women and patients with hypertension
or not were assessed by Mann-Whitney
U test. The changes in serum resistin
concentrations upon infliximab therapy
(just prior to infusion at time 0 and im-
mediately after the end of infliximab
infusion at time 120 minutes) were also
evaluated using the Student’s 7 test.
Statistical significance was accepted at
p<0.05.

Results

Descriptive data

The baseline-recorded variables in the
33 RA patients on periodical treat-
ment with infliximab are shown in
Table 1. Despite the use of infliximab,
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Fig. 1. Changes in resistin concentrations before (baseline) and 120’ after infliximab therapy (10

randomly selected patients).

120" after infusion

Table I1. Associations between baseline patient characteristics and serum resistin levels in

33 rheumatoid arthritis patients.

Patient characteristic

Resistin (ng/ml)

r p
Age, years
At disease onset -0.184 0.31
At the time of the study -0.109 0.55
Disease duration, years -0.004 0.98
Disease activity
DAS28 0.242 0.17
Swollen joints 0.134 0.46
Tender joints 0.054 0.77
VAS patient disease activity 0.043 0.81
CRP protein, mg/! at the time of the study 0.571 0.0005
Mean CRP from disease diagnosis 0.599 0.0005
ESR, mm/hr at the time of the study 0.486 0.004
Mean ESR from disease diagnosis 0.405 0.03
Platelet count/mm? at the time of the study 0.559 0.0007
Metabolic syndrome
BMI, kg/m? 0.054 0.76
Basal glucose, mg/dl 0.190 0.30
Basal Insulin, uU/ml 0.075 0.69
Basal Log HOMA-IR, wU.mmol/ml. -0.020 0.92
Triglycerides, mg/dl -0.004 0.98
Total cholesterol, mg/dl -0.122 0.50
HDL cholesterol, mg/dl -0.154 0.39
LDL cholesterol mg/dl -0.002 0.99
Systolic blood pressure, mmHg -0.128 0.48
Diastolic blood pressure, mmHg -0.203 0.26
Cumulative prednisone dosage, mg 0.015 0.93
Time from the onset of RA to the beginning 0.139 0.44
of inflixmab therapy, years
sICAM-1, ng/ml 0.021 0.91
SICAM-3, ng/ml 0.027 0.88
sVICAM-1, ng/ml 0.038 0.83
sE-selectin 0.240 0.18
sP-selectin -0.076 0.67

The data were analyzed in simple linear regression models. DAS: disease activity score; VAS: visual
analog scale; BMI: body mass index; log: logarithmically transformed; HOMA-IR: homeostasis mod-

el assessment of insulin resistance; HDL: high-density lipoprotein.
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prednisone and methotrexate, no pa-
tient experienced a disease remission
(DAS28<2.4) (29) with the lowest re-
corded DAS28 being 2.57.

Changes in serum resistin
concentrations upon infliximab
therapy

A significant reduction in the serum re-
sistin concentrations (ng/ml) was found
([21.94£9.9, median: 18.8, IQ range:
15.0-26.8] before infliximab-time O
(baseline) and [17.4+8.9; median: 15.4:
IQ range: 12.1-20.3] after infliximab
infusion-time 120 minutes (p=0.005).
In 25 patients (73.5%), the difference
between serum resistin levels at time
120 and baseline serum resistin concen-
trations prior to infliximab administra-
tion yielded negative values. This was
the result of a reduction of serum resis-
tin levels following infliximab infusion.
Figure 1 shows changes in serum re-
sistin concentrations before (baseline)
and 120’ after infliximab therapy.

High baseline resistin levels were asso-
ciated with larger reductions in resistin
levels upon infliximab infusion. How-
ever, no differences between patients
who experienced decrease and those
who showed increase in serum resistin
levels after infliximab infusion were
found (data not shown).

Changes in serum resistin concentra-
tions after 120 minutes of the inflixi-
mab infusion showed a moderate cor-
relation with changes in P-selectin
(r=0.295; p=0.09). However, no corre-
lation between changes in serum resis-
tin concentrations and changes in other
adhesion molecules after 120 minutes
of the infliximab infusion was observed
(data not shown).

Associations between baseline
recorded characteristics and serum
resistin levels

No significant differences in resistin
concentrations (ng/ml) between men
(26.6x14.4) and women (20.4+7.8)
and between patients with hyperten-
sion (21.446.2) and patients without
hypertension (22.0+10.8) were found
(p=0.45 and p=0.76, respectively). No
correlations between resistin levels ob-
tained before infliximab administration
and age at the time of the study or at
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the onset of the disease, disease dura-
tion, tender, and swollen joints, VAS
patient’s disease activity, DAS28 and
BMI were observed (Table II). How-
ever, significant associations between
the mean ESR (r=0.405; p=0.03) and
CRP (r=0.571; p=0.0005) from disease
diagnosis and ESR (r=0.486; p=0.004),
platelet count (=0.559; p=0.0007) and
CRP (r=0.599; p=0.0005) at the time
of the study and baseline resistin levels
were found (Table II). This was par-
ticularly true for CRP at the time of the
study that showed a strong positive cor-
relation with baseline levels of resistin.
The other baseline-recorded character-
istics were not associated with resistin
concentrations (Table II).

Discussion

In the present study, anti-TNF-a ther-
apy resulted in a rapid reduction of se-
rum resistin levels in RA patients with
severe disease. We also confirmed a
close association between laboratory
markers of inflammation, particularly
CRP, with serum resistin levels. These
observations support the potential role
of resistin in the inflammatory cascade
in RA.

Although some studies did not disclose
a significant difference in blood re-
sistin levels between RA patients and
controls (24, 30), others revealed high-
er resistin levels in RA patients than
in healthy individuals (22) or patients
with osteoarthritis (23).

Migita et al. found a positive correla-
tion between serum resistin levels and
TNF-a (22). In line with this finding,
endotoxin lipopolysaccharide adminis-
tration has proved to result in a dramatic
and dose-responsive increase in resistin
gene expression and enhanced serum
resistin production that was mediated
by TNF-a (31). Moreover, Bokarewa et
al. confirmed proinflammatory proper-
ties of resistin mediated by upregulation
of IL-6 and TNF-a. from PBMC (24).
A strong correlation between systemic
inflammation and CV disease has been
observedin RA (8, 32). This contributes
to the excess of CV mortality observed
in RA (8). In support of this notion,
Goodson et al. emphasized the impor-
tance of the baseline CRP concentra-
tions as a predictor of all-cause mor-

tality, and specifically of CV mortality,
in patients with inflammatory polyar-
thritis in a 10-year period following
the onset of the inflammatory polyar-
thritis (33). In keeping with these ob-
servations, we reported an association
between the mean CRP levels and the
development of subclinical atheroscle-
rosis in RA patients without clinically
evident CV disease or classic CV risk
factors (34). Also, both the mean CRP
concentrations and ESR showed a sig-
nificant association with the develop-
ment of CV events and CV mortality in
a follow-up study of RA patients from
northwestern Spain (7). CRP is known
to promote atherosclerotic processes
and endothelial cell activation. CRP
downregulates endothelial nitric ox-
ide synthase transcription and also de-
creases both basal and stimulated nitric
oxide release (35).

In line with the above, in the present
study we have found a strong associa-
tion between serum resistin levels and
laboratory markers of inflammation,
particularly with CRP but not with
BMI. These data are consistent with
the reported findings by Migita et al.
and Senolt er al. in individuals with
RA with very different genetic back-
grounds (22, 23).

Interestingly, in a community-based
sample of 879 asymptomatic subjects
who had a family history of premature
coronary artery disease, serum resis-
tin levels were positively associated
with levels of inflammatory markers,
including soluble TNF-a receptor-2,
IL-6, and lipoprotein-associated phos-
pholipase A2, but not with measures
of insulin resistance (36). In addition,
in the same study, resistin levels were
significantly associated with coronary
atherosclerosis.

In summary, we report, for the first
time, a significant decrease in serum
resistin levels following TNF-a block-
ade. Whether this effect may play a
potential role in the reduction of CV
events and CV mortality associated
with anti-TNF-a therapy in patients
with RA needs further investigation.
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