Rheumatol Int (2015) 35:2069-2078
DOI 10.1007/500296-015-3314-1

Rheumatology

INTERNATIONAL

N
@ CrossMark

ORIGINAL ARTICLE - OBSERVATIONAL RESEARCH

Anti-TNF-o therapy reduces endothelial cell activation
in non-diabetic ankylosing spondylitis patients

Fernanda Genre' - Raquel Lépez-Mejias! - José A. Miranda-Filloy” -

Begoiia Ubilla! - Verénica Mijares' - Beatriz Carnero-Lépez? -

Inés Gomez-Acebo*® - Trinidad Dierssen-Sotos*® - Sara Remuzgo-Martinez' -
Ricardo Blanco! - Trinitario Pina' - Carlos Gonzilez-Juanatey® - Javier Llorca*® -

Miguel A. Gonzilez-Gay'

Received: 27 February 2015 / Accepted: 23 June 2015 / Published online: 5 July 2015

© Springer-Verlag Berlin Heidelberg 2015

Abstract Endothelial dysfunction can be detected by the
presence of elevated levels of biomarkers of endothelial
cell activation. In this study, we aimed to establish whether
correlations of these biomarkers with characteristics of
patients with ankylosing spondylitis (AS) exist. We also
studied the effect of anti-TNF-a therapy on these biomark-
ers. Serum sE-selectin, MCP-1 and sVCAM-1 levels were
measured by ELISA in 30 non-diabetic AS patients under-
going anti-TNF-a therapy, immediately before and after
an infusion of infliximab. Correlations of these biomark-
ers with clinical features, systemic inflammation, meta-
bolic syndrome and other serum and plasma biomarkers of
cardiovascular risk were studied. Potential changes in the
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concentration of these biomarkers following an infliximab
infusion were also assessed. sE-selectin showed a positive
correlation with CRP (p = 0.02) and with other endothelial
cell activation biomarkers such as sVCAM-1 (p = 0.019)
and apelin (p = 0.008). sVCAM-1 negatively correlated
with BMI (p = 0.018), diastolic blood pressure (p = 0.008)
and serum glucose (p = 0.04). sVGCAM-1 also showed
a positive correlation with VAS spinal pain (p = 0.014)
and apelin (p < 0.001). MCP-1 had a negative correlation
with LDL cholesterol (p = 0.026) and ESR (p = 0.017).
Patients with hip involvement and synovitis and/or enthesi-
tis in other peripheral joints showed higher levels of
MCP-1 (p = 0.004 and 0.02, respectively). A single inflixi-
mab infusion led to a significant reduction in sE-selectin
(p = 0.0015) and sVCAM-1 (p = 0.04). Endothelial dys-
function correlates with inflammation and metabolic syn-
drome features in patients with AS. A beneficial effect of
the anti-TNF-a blockade on endothelial dysfunction, mani-
fested by a reduction in levels of biomarkers of endothelial
cell activation, was observed.

Keywords Ankylosing spondylitis - Endothelial
activation - Anti-TNF-a - sE-selectin - MCP-1 - sVCAM-1

Introduction

Chronic inflammatory diseases such as ankylosing spondy-
litis (AS) are closely associated with cardiovascular (CV)
disease and metabolic syndrome (MeS). In this regard,
not only do patients with AS have higher incidence of tra-
ditional CV risk factors, but also the presence of systemic
inflammation in these patients boosts the development of
accelerated atherosclerosis and increases CV mortality risk
[1,2].
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It is well known that systemic inflammation leads to
the release of pro-inflammatory factors that promote a
series of pro-atherogenic functions in different tissues and
organs, leading thus to insulin resistance, dyslipidemia and
endothelial cell activation, among others [3].

Endothelial cell activation is one of the first steps in the
progression of the atherosclerotic process. Inflammation and
the presence of CV risk factors lead to an increased expres-
sion of leukocyte adhesion molecules, such as vascular
endothelial adhesion molecule 1 (VCAM-1) and E-selectin,
which favor the binding of monocytes and T lymphocytes
to the inflamed endothelium [4]. After leukocyte adhesion,
the monocyte chemoattractant protein 1 (MCP-1) promotes
the migration and penetration of inflammatory cells into the
sub-endothelial space and synovium [5].

As a consequence of the involvement of VCAM-I,
E-selectin and MCP-1 in the atherosclerotic process and
inflammation, these molecules are considered as biomark-
ers of endothelial cell activation and atherosclerosis. Addi-
tionally, these molecules have been directly associated with
CV disease [6, 7]. Elevated levels of soluble cell adhesion
molecules such as VCAM-1 have been reported in the
presence of endothelial dysfunction, atherosclerosis and
chronic inflammatory diseases such as rheumatoid arthritis
(RA) [8-10].

Anti-TNF-a therapy is widely used for the treatment
of AS patients, since it reduces inflammation, with the
ensuing improvement in the disease [11, 12]. Addition-
ally, several authors have reported that anti-TNF-a therapy
improves endothelial function in these patients [13]. A ben-
eficial effect of this drug has previously been demonstrated
on some biomarkers of endothelial cell activation, inflam-
mation, adipokines and metabolic syndrome (MeS)-related
biomarkers in patients with AS [2, 14, 15].

To further investigate the biological mechanisms that
may be associated with an improvement in endothelial
function mediated by anti-TNF-a therapy, we assessed the
effect of the chimeric anti-TNF-a monoclonal antibody
infliximab on three well-known endothelial cell activation
biomarkers: E-selectin, MCP-1 and VCAM-1, in non-dia-
betic AS patients undergoing periodic treatment with this
drug. We also aimed to establish whether correlations of
these biomarkers with characteristics of patients with AS,
including clinical features, laboratory parameters and other
biomarkers, may exist.

Patients and methods
Patients

We assessed a consecutive series of 30 patients with AS
attending hospital outpatient clinics seen over 14 months
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(January 2009-March 2010), who fulfilled the modified
New York diagnostic criteria for AS [16]. They were treated
by the same group of rheumatologists and were recruited
from the Hospital Lucus Augusti (Xeral-Calde), Lugo,
Spain.

AS patients on treatment with infliximab seen during the
period of recruitment with diabetes mellitus or with plasma
glucose levels greater than 110 mg/dL were excluded. None
of the patients included in the study had hyperthyroidism or
renal insufficiency. Also, patients seen during the recruit-
ment period who had experienced CV events, including
ischemic heart disease, heart failure, cerebrovascular acci-
dents or peripheral arterial disease, were excluded. Patients
were diagnosed as having hypertension if blood pressure
was >140/90 mmHg or they were taking antihypertensive
agents. Patients were considered to have dyslipidemia if
they had hypercholesterolemia and/or hypertriglyceridemia
(defined as diagnosis of hypercholesterolemia or hypertri-
glyceridemia by the patients’ family physicians, or total
cholesterol and/or triglyceride levels in fasting plasma
being >220 and >150 mg/dL, respectively). Obesity was
defined if body mass index (BMI) (calculated as weight in
kilograms divided by height in squared meters) was >30
[14, 15].

In all cases, the anti-TNF-o monoclonal antibody inf-
liximab was the first biologic therapy prescribed to these
patients. This biologic therapy was started because of
active disease. All patients included in the current study
had begun treatment with non-steroidal anti-inflammatory
drugs (NSAIDs) immediately after the disease diagnosis.
All of them were still being treated with these drugs at the
time of the study. At the time of this study, most patients
were on treatment with naproxen: 500-1000 mg/day.
Although the 2010 updated recommendations facilitate
initiation of TNF-a blockers in AS and only ask for two
NSAIDs with a minimum total treatment period of 4 weeks
[17], for the initiation of anti-TNF-a therapy in these series
of patients recruited between January 2009 to March 2010
they had to be treated with at least three NSAIDs prior to
the onset of infliximab therapy. In addition, at the time of
the study 23 of the 30 patients were in treatment with sul-
fasalazine (2-3 g/day) or they had previously been treated
with this drug.

A clinical index of disease activity Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI range
of 0-10) [18] was evaluated in all patients at the time of
the study. Clinical information on hip involvement that
was considered as an isolated feature, history of synovitis
and/or enthesitis in other peripheral joints, history of ante-
rior uveitis, presence of syndesmophytes and HLA-B27
status (typed by cell cytotoxicity) was assessed. Moreo-
ver, C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), serum glucose, total cholesterol, high-density
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lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol and triglycerides (fasting overnight
determinations) were assessed in all the patients at the time
of the study.

The characteristics of the AS patients included in this
study have previously been described [15]. Briefly, 21
(70 %) were men, 6 (20 %) had hip involvement, and 11
(37 %) had synovitis and/or enthesitis in other peripheral
joints. Also, 6 (20 %) had experienced anterior uveitis,
10 (33 %) had syndesmophytes on plain radiographs,
and 20 (67 %) were HLA-B27 positive. The median
disease duration at the time of the study (interquartile
range—IQR) was 19 (12.5-27) years. The median (IQR)
duration of periodical treatment with infliximab prior
to the study date was 2 (1-3 years) years. Since at that
time all patients were undergoing periodical treatment
with the anti-TNF-o monoclonal antibody, infliximab,
the mean BASDAI =+ standard deviation (SD) was only
2.94 +2.11.

The local institutional committee approved anti-TNF-a
therapy. Also, patients gave informed consent to participate
in this study. This study was not supported by a pharmaceu-
tical drug company.

Study protocol

In all cases, infliximab was given as an intravenous
infusion in a saline solution over 120 min. All the basal
determinations were made in the fasting state, prior to an
infliximab infusion, and patients were kept in this state
during the intravenous administration of the drug. Blood
samples were taken at 0800 hour (time 0) for determi-
nation of the ESR (Westergren), CRP (latex immuno-
turbidimetry), lipids (enzymatic colorimetry), plasma
glucose and serum insulin (DPC, Dipesa, Los Angeles,
CA, USA). As previously described, insulin resistance
was estimated by the homeostasis model assessment of
insulin resistance (HOMA-IR) using the formula [insu-
lin (uU/mL) x glucose (mmol/L)/22.57] [19]. Com-
mercial ELISA kits were used to measure serum (S)
E-selectin, MCP-1 and sVCAM-1 according to the man-
ufacturer’s instructions (Invitrogen, KHS2011, assay
sensitivity = 0.033 ng/mL, intra- and interassay coef-
ficients of variation were <5.4 and <6 %, [CA, USA];
Life Technologies, KHC1011; assay sensitivity = 5 pg/
mL, intra- and interassay coefficients of variation were
<4.9 and <7.5 % [CA, USA]; eBioscience, BMS232CE,
assay sensitivity = 0.6 ng/mL, intra- and interassay coef-
ficients of variation were <3.1 and <5.2 % [Vienna, Aus-
tria]). Total plasma adiponectin, osteoprotegerin (OPG),
insulin-like growth factor 1(IGF-1) and insulin-like
growth factor-binding protein 3 (IGFBP-3) levels, serum
resistin, leptin, visfatin, apelin, angiopoietin 2 (Angpt-2),

asymmetric dimethylarginine (ADMA), gelsolin, ghre-
lin, osteopontin (OPN), retinol-binding protein 4 (RBP-
4) and tumor necrosis factor-related apoptosis-inducing
ligand (TRAIL) levels were determined by ELISA as pre-
viously described [15].

Subsequently, final blood sampling was performed for
the determination of sE-selectin, MCP-1 and sVCAM-1
levels immediately after the infliximab infusion (at time
120 min). No blood samples were taken at later times since
the aim of the project was to evaluate the immediate effect
of a single infliximab infusion on sE-selectin, MCP-1 and
sVCAM-1 levels, avoiding thus confounding factors (such
as concomitant medications), which could alter the results
if samples were taken after a more prolonged period of
time. For the same reason, no control group was included
in the study.

Statistical analysis

Variables were expressed as mean = SD or median
(IQR). Correlation between basal sE-selectin, MCP-1 and
sVCAM-1 at time 0 with selected continuous variables was
performed adjusting for age at the time of the study, sex
and classic CV risk factors via estimation of the Pearson
partial correlation coefficient (r).

The associations between baseline characteristics and
E-selectin, MCP-1 and sVCAM-1 serum concentrations
were assessed by the Student’s paired ¢ test. Differences
in sE-selectin, MCP-1 and sVCAM-1 levels between men
and women and in patients with hypertension or not were
assessed by Mann—Whitney U test.

Changes in sE-selectin, MCP-1 and sVCAM-1 levels
upon an infliximab infusion (just prior to—at time 0—and
immediately after the end of infliximab infusion—at time
120 min) were compared using the paired Student ¢ test.

Two-sided p values <0.05 were considered to indicate
statistical significance. Analyses were performed using
Stata 12/SE (StataCorp, College Station, TX, USA).

Results

Relationship of sE-selectin, MCP-1 and sVCAM-1
levels with disease activity and clinical features

No difference was observed between circulating sE-selec-
tin and MCP-1 and disease activity parameters, such as
disease duration, BASDAI or VAS spinal pain at the time
of the study (Table 1). However, a significant positive cor-
relation was observed between sVCAM-1 and VAS spinal
pain (r = 0.47; p = 0.014) (Table 1). When patients were
stratified according to history of anterior uveitis, presence
of syndesmophytes, hip involvement, synovitis and/or
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Table 1 Partial correlation of serum sE-selectin, MCP-1 and
sVCAM-1 levels with clinical characteristics and routine labora-
tory parameters prior to an infliximab infusion, adjusting by age at

the time of the study, sex and classic cardiovascular risk factors (dys-
lipidemia, smoking, obesity, hypertension) in 30 non-diabetic patients
with ankylosing spondylitis

Variables sE-selectin MCP-1 sVCAM-1

r p r p r p
Clinical characteristics
Age at the onset of symptoms 0.05 0.794 0.09 0.671 —0.16 0.419
Disease duration® —0.12 0.561 —0.12 0.568 0.23 0.259
BMI* —-0.34 0.083 —0.02 0.920 —0.45 0.018
Systolic blood pressure® 0.20 0.307 0.30 0.125 —0.08 0.691
Diastolic blood pressure® —0.19 0.334 0.12 0.545 —0.50 0.008
BASDAT? —0.13 0.519 0.09 0.656 0.25 0.201
VAS spinal pain® 0.05 0.786 0.14 0.484 0.47 0.014
Routine laboratory parameters
ESR (natural log-transformed)* 0.23 0.247 —0.11 0.595 0.01 0.960
CRP (natural log-transformed)* 0.45 0.020 0.11 0.600 0.20 0.308
ESR (natural log—transfonned)b 0.04 0.845 —0.46 0.017 —0.01 0.944
CRP (natural log—transformed)b 0.26 0.199 —0.22 0.260 0.33 0.092
Total cholesterol (natural log-transformed)® —0.22 0.274 —0.23 0.239 —0.23 0.239
HDL cholesterol (natural log-transformed)? —-0.24 0.233 0.04 0.834 —0.28 0.153
LDL cholesterol (natural log-transformed)* —-0.25 0.207 —-0.43 0.026 —0.21 0.285
Atherogenic index (total cholesterol/HDL)?* 0.13 0.521 —0.24 0.228 0.17 0.383
Triglycerides (natural log-transformed)® 0.37 0.058 0.39 0.044 0.23 0.249
Serum glucose (natural log-transformed)* —0.16 0.437 —-0.33 0.095 —0.40 0.040

Correlation between basal sE-selectin, MCP-1 and sVCAM-1 at time 0 with selected continuous variables was performed adjusting for age at

the time of the study, sex and classic CV risk factors via estimation of the Pearson partial correlation coefficient (r)

Significant results are highlighted in bold

BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BMI body mass index, CRP C-reactive protein, ESR erythrocyte sedimentation
rate, HDL high-density lipoprotein, LDL low-density lipoprotein, MCP-1 monocyte chemoattractant protein 1, sVCAM-1 soluble vascular cell

adhesion molecule-1, VAS visual analogue scale
* At the time of the study

® At the time of disease diagnosis

enthesitis in other peripheral joints and HLA-B27 status,
we disclosed that patients with hip involvement or synovitis
and/or enthesitis in other peripheral joints had significantly
higher levels of sVCAM-1 (p = 0.004 and 0.02, respec-
tively) (Table 2).

Relationship of demographic features, inflammation,
adiposity and adipokines with circulating sE-selectin,
MCP-1 and sVCAM-1 levels

No significant association was observed between sE-
selectin, MCP-1 or sVCAM-1 levels and age at the onset
of symptoms (Table 1). However, a negative correlation
between sVCAM-1 and BMI, as well as between MCP-1
and ESR at the time of disease diagnosis was observed
(r=-0.45; p =0.018 and r = —0.46; p = 0.017, respec-
tively) (Table 1). Additionally, a positive correlation
between sE-selectin and CRP at the time of the study was
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observed (r = 0.45; p = 0.02) (Table 1). When we assessed
the potential association of these endothelial cell activa-
tion biomarkers with adipokines, a positive correlation of
sE-selectin and sVCAM-1 with apelin levels was found
(r = 0.50; p = 0.008 and r = 0.77; p < 0.001, respec-
tively) (Table 3). No difference in sE-selectin, MCP-1 or
SVCAM-1 serum levels between men and women was
observed (Table 2).

Relationship of sE-selectin, MCP-1 and sVCAM-1
levels with MeS features other than adiposity

sE-selectin did not show any statistical correlation with
systolic or diastolic blood pressure, total cholesterol,
LDL cholesterol, HDL cholesterol, triglycerides, serum
glucose levels, insulin sensitivity (QUICKI) or insulin
resistance (HOMA-IR) (Tables 1, 3). However, an inverse
correlation between sVCAM-1 and diastolic blood
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Table 2 Differences in basal sE-selectin, MCP-1 and sVCAM-1 serum levels (time 0) according to categorical variables

Variables Category (n) sE-selectin (ng/mL) MCP-1 (pg/mL) sVCAM-1 (ng/mL)

Mean + SD )4 Mean + SD p Mean + SD p

Sex Men (21) 51.30 £21.32 0.184 185.62 £ 60.59 0.327 668.17 + 374.41 0.455
Women (9) 40.39 + 16.69 208.98 £+ 53.82 568.10 4= 183.94

Arterial hypertension Yes (12) 47.59 + 18.41 0.925 181.40 + 59.04 0.402 667.01 & 236.65 0.702
No (18) 48.32 +22.15 200.11 = 59.00 618.91 4 383.85

Dyslipidemia Yes (11) 42.96 + 15.48 0.309 177.67 + 50.87 0.297 589.40 &+ 290.76 0.546
No (19) 50.96 £ 22.64 201.28 4+ 62.48 666.37 + 353.61

Current smoker Yes (13) 54.69 £ 24.56 0.119 201.68 £+ 64.50 0.470 734.07 + 453.64 0.166
No (17) 4293 + 1543 185.71 + 54.91 564.80 + 168.99

Hip involvement Yes (6) 55.30 +27.39 0.337 180.65 + 59.34 0.586 967.10 4+ 558.13 0.004
No (24) 46.21 + 18.56 195.62 + 59.48 555.91 + 182.77

Synovitis and/or enthesitis Yes (11) 50.82 +21.16 0.578 189.13 + 50.81 0.809 818.01 £ 458.98 0.020

In other peripheral joints No (19) 46.41 £ 20.35 194.65 + 64.12 534.02 & 161.42

Anterior uveitis Yes (6) 43.44 +18.92 0.547 188.84 + 29.23 0.863 678.81 &+ 150.88 0.741
No (24) 49.17 +20.98 193.57 + 64.49 627.99 + 361.83

Syndesmophytes Yes (10) 51.72 £21.50 0.493 173.47 £ 43.90 0.212 650.92 + 263.00 0.884
No (20) 46.18 +20.14 202.20 + 63.74 631.77 + 363.64

HLA-B27 Positive (20) 47.33 +20.91 0.788 202.22 +51.78 0.327 694.63 + 376.77 0.189
Negative (10) 4497 +15.42 175.59 + 82.87 494.96 + 153.31

The associations between baseline characteristics and E-selectin, MCP-1 and sVCAM-1 serum concentrations were assessed by the Student’s
paired ¢ test. Differences in sE-selectin, MCP-1 and sVCAM-1 levels between men and women and patients with hypertension or not were

assessed by Mann—Whitney U test
Significant results are highlighted in bold
HLA human leukocyte antigen, SD standard deviation

pressure and serum glucose was disclosed (r = —0.50;
p = 0.008 and r = —0.40; p = 0.040, respectively), and
also between MCP-1 and LDL cholesterol (r = —0.43;
p = 0.026). Besides, a marginally significant correla-
tion between MCP-1 and triglycerides was observed
(r = 0.39; p = 0.044) (Table 1). No correlation was
observed between the concentration of sE-selectin,
MCP-1 or sVCAM-1 and MeS-associated biomarkers
such as ghrelin or RBP-4 (Table 3). Likewise, when we
stratified patients according to the presence or absence
of arterial hypertension, no significant differences in
the levels of the three biomarkers studied were shown
(Table 2).

Relationship of sE-selectin, MCP-1 and sVCAM-1
serum levels with other biomarkers of endothelial cell
activation and inflammation

No association was observed between sE-selectin, MCP-1
and sVCAM-1 serum levels and biomarkers of endothelial
cell activation and inflammation such as ADMA, Angpt-2,
OPN, OPG and gelsolin (Table 3). However, we found a
positive correlation between sE-selectin and sVCAM-1 lev-
els (r = 0.45; p = 0.019) (Table 3).

Changes in sE-selectin, MCP-1 and sVCAM-1 levels
upon infliximab administration

We disclosed that sE-selectin, MCP-1 and sVCAM-1
serum levels were reduced after a single anti-TNF-a inf-
liximab infusion. In this regard, the mean + SD values of
sE-selectin were 48.09 £ 20.76 ng/mL immediately prior
to infliximab infusion (time 0) and 40.77 + 20.24 ng/mL
at the end of the infusion (time 120 min) (p = 0.0015).
Likewise, sVCAM-1 levels at time 0 were 650.96 + 327.04
and 588.52 + 209.38 ng/mL at time 120 min (p = 0.040).
Regarding MCP-1, the mean concentration decreased from
192.71 4 59.77 pg/mL at time O to 178.34 £ 50.28 pg/mL
at time 120 min, even if it did not reach statistical signifi-
cance (p = 0.074) (Fig. 1).

Discussion

In the present study, we provide evidence of the implica-
tion of endothelial cell activation molecules in the develop-
ment of MeS in patients with AS, which could further influ-
ence the atherosclerotic process observed in these patients
[20, 21]. We also observed an effect of TNF-a blockade
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Table 3 Partial correlation of serum sE-selectin, MCP-1 and and classic cardiovascular risk factors (dyslipidemia, smoking, obe-
sVCAM-1 at baseline, prior to an infliximab infusion (at time 0), with sity, hypertension) in 30 patients with ankylosing spondylitis
metabolic parameters, adjusting by age at the time of the study, sex

Variable sE-selectin MCP-1 sVCAM-1
r p r p r p

HOMA-IR at time 0* —0.15 0.464 0.19 0.348 —0.03 0.874
QUICKI at time 0* 0.03 0.881 0.10 0.617 0.00 0.982
Resistin at time 0 0.19 0.397 —0.01 0.965 0.14 0.546
Adiponectin at time 0 0.003 0.989 0.05 0.823 0.25 0.210
Leptin at time 0 0.09 0.670 —0.16 0.444 —-0.17 0.409
Visfatin at time 0 0.05 0.803 0.10 0.629 0.00 0.983
Angpt-2 at time 0 -0.07 0.733 0.19 0.347 0.13 0.509
Apelin at time 0 0.50 0.008 0.14 0.496 0.77 <0.001
ADMA at time 0 0.29 0.147 0.29 0.150 —0.05 0.802
Ghrelin at time 0 —0.14 0.505 —0.27 0.187 —0.16 0.429
GSN at time 0 0.03 0.884 0.07 0.730 0.13 0.529
OPN at time 0 —0.18 0.375 —0.34 0.085 0.02 0.936
RBP-4 at time 0 —0.05 0.820 0.24 0.233 —0.03 0.899
OPG at time 0 —0.02 0.922 0.36 0.066 0.22 0.272
TRAIL at time 0 0.02 0.926 0.29 0.145 0.27 0.166
IGFBP-3 at time 0 —0.05 0.807 0.12 0.543 0.03 0.866
IGF-1 at time 0 —0.14 0.475 —0.09 0.672 0.16 0.428
sE-selectin at time 0 - - 0.10 0.607 0.45 0.019
MCP-1 at time O - - - - —0.07 0.726

Correlation between basal sE-selectin, MCP-1 and sVCAM-1 at time 0 with selected continuous variables was performed adjusting for age at
the time of the study, sex and classic CV risk factors via estimation of the Pearson partial correlation coefficient (r)
Significant results are highlighted in bold

ADMA asymmetric dimethylarginine, Angpt-2 angiopoietin 2, GSN gelsolin, HOMA-IR homeostasis model assessment of insulin resistance,
IGF-1 insulin-like growth factor 1, /IGFBP-3 insulin-like growth factor-binding protein 3, MCP-1 monocyte chemoattractant protein 1, OPG
osteoprotegerin, OPN osteopontin, QUICKI quantitative insulin sensitivity check index, RBP-4 retinol-binding protein 4, TRAIL tumor necrosis
factor-related apoptosis-inducing ligand, sVCAM-1 soluble vascular cell adhesion molecule-1

% At the time of the study

(@) (b) (c)
p=0.0015 p=0.07 S p=0.04
8 ¢ S 1 o o o .
- ® 8 .
- - — T S
S 8 | - 8 i g -~ S
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Fig. 1 Box plots showing differences between basal (time 0) and post-infliximab infusion (time 120 min) concentrations of sE-selectin (a),
MCP-1 (b) and sVCAM-1 (c) (using the paired Student ¢ test)

manifested by a rapid reduction in the levels of biomark-  observed by anti-TNF-a therapy on the mechanisms asso-
ers of endothelial cell activation following an infusion of = ciated with accelerated atherosclerosis in patients with
infliximab. These changes may explain the beneficial effect ~ chronic inflammatory rheumatic diseases.
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We also disclosed an association between sVCAM-1
and clinical features of the disease such as VAS spinal
pain, hip involvement or synovitis and/or enthesitis in
other peripheral joints. These results are in line with those
reported by Azevedo et al. [22] in AS patients with active
disease but not receiving anti-TNF-a therapy. According to
these observations, it seems that sSVCAM-1 may be a good
marker of disease activity and severity.

Regarding sE-selectin, we observed a positive associa-
tion between the levels of this protein and CRP. This finding
is in accordance with the pro-inflammatory role proposed
for the endothelial cell activation biomarkers. However,
paradoxically, MCP-1 serum levels displayed an inverse
correlation with ESR at the time of disease diagnosis.
Similar results were obtained by Cid et al. [23] in giant cell
arteritis patients when they stratified these patients accord-
ing to the severity of the acute-phase response (taking into
account parameters such as fever, weight loss, anemia and
ESR values). Cid et al. [23] suggested that MCP-1 could
be sequestered by its receptor, CCR2, which is known to
be up-regulated in activated monocytes. The sequestration
of circulating MCP-1 by its receptor could help to create a
gradient of this molecule, facilitating thus the migration of
monocytes and activated Th1 lymphocytes toward the sites
of inflammation.

When we assessed the potential association between
the endothelial cell activation molecules studied and other
biomarkers of endothelial activation and inflammation,
MeS-related biomarkers and adipokines, we also disclosed
results that are in agreement with previously published
data. In this regard, we found that apelin serum levels cor-
related positively with sVCAM-1 and sE-selectin. Interest-
ingly, similar results were obtained in a study performed
by Malyszko et al. [24] in chronic kidney disease patients.
Even if these results may seem paradoxical, since apelin is
supposed to be an anti-atherogenic and anti-inflammatory
adipokine, this could be part of a compensatory mechanism
to reduce CV risk in these patients. In this regard, in vitro
studies have shown that apelin-13 induces the expression of
VCAM-1 [25]. In line with these results, we also disclosed
a positive association between SVCAM-1 and sE-selectin
serum levels, which is in agreement with the pro-inflamma-
tory function reported for these molecules.

Previous reports described that sVCAM-1 is signifi-
cantly associated with BMI [22, 26]. Unexpectedly, in
our study we disclosed an inverse association between
sVCAM-1 and BMI. With respect to this, it is known that
a pro-inflammatory status is related to obesity. However,
only three of the 30 AS patients included in this study had
BMI >30 kg/m?. On the other hand, it is important to keep
in mind that in our study we assessed patients chronically
treated with infliximab, who had low disease activity and
very low inflammatory burden at the time of assessment. In

addition, it has been previously observed that chronically
infliximab-treated individuals with RA experience clini-
cal improvement and increase in weight that may be due in
part to a reduction in inflammation [27].

It has previously been reported that anti-TNF-a inflixi-
mab treatment may lead to an increase in cholesterol in
patients with rheumatic diseases [28, 29]. Therefore, we
believe that the inverse association between MCP-1 and
LDL cholesterol shown in this study could be due to the
qualitative and quantitative changes in the lipids mediated
by the prolonged use of biologic therapy in our cohort of
AS patients. On the other hand, we also disclosed a posi-
tive correlation between MCP-1 serum levels and triglycer-
ides, which is in line with the results obtained by Simeoni
et al. [30] in patients who underwent coronary angiography
because of a history of chest pain or the presence of nonin-
vasive tests consistent with myocardial ischemia.

Unexpectedly, in our study we observed that sVCAM-1
serum levels were inversely correlated with serum glucose
and diastolic blood pressure, both features of MeS. Again,
a possible explanation for our results may be that patients
enrolled in our study had been chronically treated with inf-
liximab, showing low disease activity and low inflamma-
tory burden at the time of assessment. On the other hand,
an improvement in MeS features including insulin sensitiv-
ity following an infliximab infusion was already described
in AS patients treated with anti-TNF-a [19]. Therefore, as
observed in that series, it is possible that prolonged inf-
liximab therapy associated with a marked reduction in the
inflammatory burden may negatively modify the expected
correlation between the biomarkers of endothelial cell acti-
vation and MeS. In this regard, previous studies on this
issue have yielded in some cases contradictory results,
since some of them described a positive association with
MeS features [31], while others did not observe any asso-
ciation between these parameters [32]. Therefore, further
studies are needed to elucidate this issue, in particular in
chronically treated patients with inflammatory arthritis that
at the time of assessment have low disease activity and very
low inflammatory response.

Finally, we assessed the immediate effect of an infu-
sion of the anti-TNF-a antagonist infliximab on biomark-
ers of endothelial cell activation. Infliximab administration
led to a statistically significant reduction in sE-selectin and
sVCAM-1. Similar results were previously obtained in
a series of RA patients with active disease who had been
treated with anti-TNF-o therapy for more than 14 weeks.
In that study, it was disclosed that anti-TNF-a infusion led
to a decrease in serum sE-selectin and sSVCAM-1 levels,
even if they did not achieve statistical significance [33].
Although some authors also reported a significant reduc-
tion in VCAM-1 expression [34] or E-selectin [35] after
anti-TNF-a treatment, others did not find any difference
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in the concentration of these molecules following TNF-o
blockade [36, 37]. These apparently contradictory results
may be due to the period of time elapsed between the
assessment of these biomarkers and the time of anti-TNF-a
administration.

Regarding MCP-1, Klimiuk et al. [38] reported a reduc-
tion in MCP-1 levels after infliximab infusion, mainly at
week 2. Similar results were obtained by Eriksson et al.
[39]. In the present study, we observed a rapid but not
statistically significant short-time decrease in MCP-1 lev-
els after a single infliximab infusion. Taking into account
previous studies [38], it is possible that the assessment of
MCP-1 levels in our patients later, that is to say several
hours after infliximab administration, could have yielded
significant differences when compared to baseline levels of
this biomarker.

In a former study of our group, we assessed the effect
of a single infusion of infliximab on endothelial function
measured by flow-mediated vasodilatation in patients with
RA refractory to conventional disease-modifying antirheu-
matic drugs [40]. They had been treated with infliximab
for at least 1 year and were currently being treated with
this drug every 8 weeks. Following infusion of the drug, a
dramatic and rapid increase in the percentage of endothe-
lial-dependent vasodilatation was found. Percentages of
endothelial-dependent vasodilatation at day 2 after infu-
sion were greater than those observed 2 days before infu-
sion. At day 7 post-infusion, the percentage of endothelial-
dependent vasodilatation in all these patients was greater
than before infusion at day 2. However, values returned to
baseline by 4 weeks after infusion of the drug [40]. There-
fore, this study showed that the effect of a single infusion
of infliximab on endothelial function was transient [40]. In
keeping with the former study, all the AS patients included
in the present study were receiving infliximab therapy
prior to the assessment and a rapid effect on biomarkers
of endothelial cell activation was found. However, we did
not assess the effect of the infusion later (e.g., after 14 days
post-infusion). This constitutes a potential limitation of our
study as we could not establish how sustainable were the
effects of a single infusion of infliximab on biomarkers of
endothelial cell activation. Nevertheless, considering the
results shown in the former study [40], we may assume that
the effect on biomarkers of endothelial function is probably
transient.

In conclusion, despite potential limitations due to the
small patient cohort and the low disease activity after
long-term TNF-a blocker therapy, our results indicate that
endothelial dysfunction correlates with inflammation and
metabolic syndrome features in non-diabetic patients with
AS undergoing anti-TNF-a therapy. A beneficial effect of the
anti-TNF-a blockade on endothelial dysfunction, manifested
by a reduction in levels of biomarkers of endothelial cell
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activation, was observed. These results may have biological
implications due to the role of these biomarkers in the mech-
anisms associated with endothelial dysfunction and athero-
sclerosis in patients with chronic inflammatory arthritis.
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