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HIGHLIGHTS

® TNF-a, IL-1B and SAA synergistically elevated IL-6, IL-8, GM-CSF and GRO-a release in HCAEC supernatants.
o Infliximab was effective in lowering synergistically elevated IL-6, IL-8, GM-CSF and GRO-a release.

® IL-1Ra, IL-1a, VCAM-1, MCP-1, IL-10 and IL-17A were increased, but no synergistic responses were observed.
® An isolated fraction of polyclonal anti-infliximab antibodies was capable of neutralizing infliximab.

e Anti-infliximab antibodies in the circulation are potentially important for promoting atherosclerosis in patients.

ARTICLE INFO ABSTRACT

Keywords: Background and aims: Patients with rheumatic diseases have an increased risk of atherosclerosis with up-regu-
Rheumatic disease lated serum amyloid A (SAA), tumor necrosis factor-a (TNF-a) and interleukin-1 (IL-1f), which were reported
Ath'er_OSderOSis to activate human coronary artery endothelial cells (HCAEC). We aimed to investigate the effects of TNF-a
Infliximab inhibitor infliximab and anti-infliximab antibodies on the TNF-a/IL-13/SAA activated HCAEC.

Anti-Infliximab antibodies Methods: HCAEC were incubated with TNF-a, IL-1f, SAA, infliximab, anti-infliximab antibodies and their

combinations. The protein levels of pro- and anti-atherogenic analytes were measured in supernatants using
ELISA and multiplex assays, while mRNA expression was determined by RT-PCR. Anti-infliximab antibodies
were purified from sera samples by affinity chromatography.

Results: IL-6, IL-8, GM-CSF and GRO-a were synergistically up-regulated in triple stimulation with TNF-a, IL-13
and SAA, while their levels in solely SAA- or TNF-a-stimulated HCAEC did not increase. IL-1Ra, IL-1a, VCAM-1,
MCP-1, IL-10 and IL-17A were increased, but no synergistic responses were observed in triple stimulation.
Infliximab was effective in lowering the synergistic effect of IL-6, IL-8, GM-CSF and GRO-a in triple stimulation,
while anti-infliximab antibodies restored the levels. The changes were confirmed at the mRNA expression level
for IL-6, IL-8 and GM-CSF.

Conclusions: Triple stimulation with TNF-a, IL-1f and SAA synergistically elevated IL-6, IL-8, GM-CSF and GRO-
a release in supernatants of HCAEC, with infliximab substantially inhibiting their levels. An isolated, enriched
fraction of polyclonal anti-infliximab antibodies was capable of neutralizing infliximab, in the presence of TNF-
a/IL-13/SAA. The long-term presence of anti-infliximab antibodies in the circulation of patients with chronic
rheumatic diseases is potentially important for promoting the atherosclerotic process.

1. Introduction arthritis, have an increased risk of atherosclerosis and early develop-
ment of cardiovascular disease [1-6]. Studies have shown that in-

Patients with systemic immune mediated inflammatory diseases, flammatory cytokines, such as tumor necrosis factor-alpha (TNF-a), are
such as rheumatoid arthritis (RA), ankylosing spondylitis and psoriatic associated with impaired endothelium vasodilatation/dysfunction [7].
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When endothelial dysfunction occurs, the expression of pro-in-
flammatory cytokines and cellular adhesion molecules is up-regulated
[8]. Inflammatory “signals” from exogenous and endogenous sources
can stimulate endothelial cells, which play a critical role in the process
of atherosclerosis with pro-inflammatory, activated endothelial phe-
notype controlling attraction, trafficking and migration of leukocytes
into subendothelial space/vessel wall with expression of chemokines
and adhesion molecules. The local, endothelium derived up-regulation
of pro-inflammatory mediators - cytokines, can contribute to the local
paracrine milieu of cytokines, perpetuating a chronic inflammatory
state, and fosters atherosclerotic lesion progression, whereas en-
dothelial derived cytokines can cause escalation of systemic in-
flammation [9].

All of the above mentioned chronic rheumatic diseases have un-
controlled production of TNF-a and are responsive to anti-TNF-a
therapy. Monoclonal antibodies developed as TNF-a inhibitor drugs,
including infliximab, are known as an effective treatment in RA pa-
tients. They bind to TNF-a and inhibit its activity and slow down
clinical disease progression [10]. Moreover, treatment with TNF-a in-
hibitors (comprising of infliximab, adalimumab, etanercept) demon-
strated a significant improvement in endothelial function (measured as
flow-mediated dilatation, venous occlusion plethysmography, periph-
eral arterial tonometry and laser-Doppler iontophoresis) in RA patients
in pooled analysis of 20 studies, which included a total of 346 patients
[11], with an important note on lack of adequately powered, rando-
mized trials and possible publication bias (due to not including negative
results). Similarly, arterial stiffness (measured as pulse wave velocity)
was improved after 6 months [12] and 1 year [13,14] of infliximab
therapy, but carotid intima media thickness is inconsistently reported as
not changed [13] or worsened [15] with the use of infliximab, and
improved when different TNF-a inhibitors were used [14,16]. Meta-
analyses of TNF-a inhibitors in observational and randomized control
studies are also consistently reporting reduced risk of cardiovascular
events (myocardial infraction, stroke) with use of these drugs [17,18].
However, it is currently unclear whether this is due to attenuated sys-
temic inflammation or specific TNF-a inhibitor effects at plaque level
[4]. While methotrexate is consistently showing similar cardiovascular
event reducing risk [18,19], corticosteroid use and non-steroidal anti-
inflammatory drugs data in many cases exert just the opposite, possibly
due to opposing mechanisms — besides beneficial lowering of systemic
inflammation also unfavorable effects on lipid levels, hypertension and
other pleiotropic effects of acute and cumulative dose that increase
cardiovascular risk [18,20].

Biological drugs, i.e. antibodies, might elicit an immunogenic re-
sponse and anti-drug antibodies may develop. The risk of im-
munogenicity is associated with their structure and function (humani-
zation, location of therapeutic target etc.), therapeutic manufacturing
processes (chemical, posttranslational modifications etc.), clinical use
(route of administration, dose etc.) as well as with patient character-
istics (age, genetics, concomitant medication, disease status etc.) [21].
Anti-drug antibodies binding to an iditope of infliximab may neutralize
drug target binding, enabling TNF-a to elicit pro-inflammatory effects.
Ridker et al. reported that even chronic low grade inflammation may
lead to atherosclerosis and the development of cardiovascular diseases
[22]. Early anti-infliximab antibody formation increases the risk of
adverse drug reactions [23] and, as reported by a recent review, was
found associated with lower levels of drug, as well as higher disease
activity [24]. Up to now, it remains unclear if development of anti-drug
antibodies also enables the reoccurrence of pro-atherogenic effects of
TNF-a on the endothelium and could increase the risk of atherosclerotic
complications.

Besides TNF-a, another cytokine, critically involved in RA patho-
genesis [25,26], interleukin-13 (IL-1f), is also classified as pro-
atherogenic cytokine [27].Both cytokines were shown to activate NF-xB
signaling in vascular smooth muscle and endothelial cells [28]. Serum
amyloid A (SAA) is a major acute phase protein and inflammatory
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marker, also involved in RA [29] and coronary artery disease [30].
Association of serum SAA concentration with disease activity and risk
of cardiovascular and renal involvement was shown in RA patients
[31]. SAA stimulates pro-inflammatory cytokines, such as interleukin-1
(IL-1), TNF-q, interleukin-6 (IL-6), chemokines, such as interleukin-8
(IL-8), and initiates activation of NF-xB in endothelial cells [32]. It was
shown to be an early causal agent for atherosclerosis in animal models
[33,34]. Up-regulated TNF-a, IL-13 and SAA observed in the sera of RA
patients were previously reported to activate HCAEC [35-37], however,
their combined effects at the cellular level remain unclear. In fact, the
most important sites for clinically significant atherosclerotic disease in
humans are the coronary arteries and thus we used human coronary
artery endothelial cells (HCAEC) as our cell culture model, since spe-
cifically RA was shown to be an independent risk factor for multi-vessel
coronary artery disease [6].

Our aim was to study the individual and combined effects of TNF-a,,
IL-1PB and SAA on HCAEC, evaluate the effects of RA therapy, namely
infliximab, on cytokine-stimulated cells, and determine whether iso-
lated anti-infliximab antibodies from RA patients block the effects of
infliximab.

2. Materials and methods
2.1. Materials

Lyophilized human recombinant SAA1/2 (Peprotech, EC Ltd.,
London, UK), TNF-a and IL-13 (both Thermo Fisher Scientific,
Massachusetts, USA) were reconstituted in cell culture sterile water
according to the manufacturer's instructions to stock solutions of 1 pg/
pL, 0.1 pg/pL and 0.1 pg/pL, respectively. Aliquots were stored at
—80 °C until used.

Infliximab (Remsima™, Celltrion Healthcare, Incheon, South Korea),
solubilized in water, was stored at a stock concentration of 10 mg/mL at
4°C.

Polyclonal anti-infliximab antibodies were purified by affinity
chromatography. Firstly, sera samples of 2 patients with chronic
rheumatic diseases, who exhibited positive levels of anti-infliximab
antibodies, as previously determined by an in-house competitive ELISA,
bridging ELISA and reporter gene assay [38], were pooled. The IgG
fraction was isolated using MabTrap Kit (GE Healthcare, Chicago, Illi-
nois, USA) which consists of prepacked HiTrap protein G HP column
and all suitable buffers for isolation. Later the anti-infliximab anti-
bodies were isolated using an infliximab column. Infliximab column
was prepared using cyanogen-bromide activated sepharose (GE
Healthcare, Chicago, Illinois, USA) to immobilize infliximab (Re-
msima™) on sepharose beads through primary amines. Anti-infliximab
antibodies were concentrated in phosphate buffered saline and stored at
—80°C.

This study was conducted as part of the National Research Program
(#P3-0314) and has been approved by the Slovenian Ethical Committee
(#99/04/15).

2.2. Cell culture and treatments

Primary HCAEC were purchased from Lonza Group (Basel,
Switzerland). Cells in passage 5 were seeded to 6-well plates (TPP,
Trasadingen, Switzerland) and grown to 85% confluency in en-
dothelium growth medium (EGM-2, Lonza, Basel, Switzerland) con-
taining 5% fetal bovine serum (FBS) (Lonza, Basel, Switzerland) at
37°C in a humidified atmosphere at 5% CO,. Prior to experiments,
HCAEC were serum depleted for 2h and incubated with different
combinations of SAA1/2 (final concentration 500 nM), TNF-a (final
concentration 2.5ng/mL) and IL-1B (final concentration 1ng/mL).
Infliximab was used at a final concentration of 10 ug/mL in combina-
tion with the three stimulants. Anti-infliximab antibodies (final con-
centration 0.55pg/mL) were used together with infliximab (final
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concentration 0.1 pg/mL). All treatments were preincubated for 30 min
at 37 °C, before adding to cells. After 24 h, supernatants were collected,
centrifuged, aliquoted and frozen at —20°C. Cells were lysed with
Qiazol lysis reagent (Qiagen, Hilden, Germany) and stored at —80 °C.

2.3. Cytokines measurements

IL-6 and IL-8 levels were measured by ELISA (Invitrogen, Thermo
Fisher Scientific, Massachusetts, USA) according to manufacturer's in-
struction. Briefly, samples were diluted with standard diluent buffer
1:50 in IL-6 and IL-8 ELISAs and incubated with biotin-labeled con-
jugates for 2h. After incubation with streptavidin linked horseradish
peroxidase the substrate color was measured at 450 nm with Sunrise
Tecan microplate absorbance reader (Tecan, Méannedorf, Switzerland).
The analyte concentrations were calculated according to dilution factor
and standard curve.

Other cytokines (granulocyte-macrophage colony-stimulating factor
(GM-CSF), growth regulator oncogene a (GRO-a), interleukin 1 re-
ceptor antagonist (IL-1Ra), interleukin 1 alpha (IL-1a), vascular cell
adhesion protein 1 (VCAM-1), monocyte chemoattractant protein 1
(MCP-1), interleukin-10 (IL-10) and interleukin-17A (IL-17A)) were
measured with multiplex Magnetic LX Screening assay (R&D Systems,
Minneapolis, USA) according to manufacturer's instruction. Samples
were diluted 1:2 for IL-1Ra, IL-1a, VCAM-1, IL-10 and IL-17A and 1:10
for MCP-1, GM-CSF and GRO-a with diluent and incubated with mag-
netic beads linked to capture antibodies against measured molecules. In
following steps antibodies linked to biotin and streptavidin linked to
phycoerythrin were added. Fluorescence was measured with MAGPIX
(Luminex, Austin, Texas, USA) and the concentrations were calculated
with the system program using 5-parameter logistic standard curves.

In order to compare all the results, the data were normalized to the
responses of TNF-a, IL-13 and SAA together (and set at 1) and all other
responses were calculated accordingly.

2.4. RNA expression

RNA was isolated using RNeasy Plus Universal Mini kit (Qiagen,
Hilden, Germany) and the purity and concentration were estimated
spectrophotometrically by Nano Drop (Thermo Fisher Scientific,
Massachusetts, USA). RNA was transcribed into cDNA by Reverse
Transcription System (Promega, Madison, Wisconsin, USA) and stored
at —20°C. PCR was performed using 5x HOT FIREPol® EvaGreen®
gqPCR Mix Plus (ROX) (Solis BioDyne, Tartu, Estonia) for $-actin, IL-6,
IL-8 and GM-CSF using 384-well optical plates with Light-Cycler 480
Instrument II (Roche Life Science, Basel, Switzerland). The temperature
of annealing was 60 °C for all. Levels of gene expression were calculated
as 2°4C* _ the analyzed gene versus the B-actin reference gene values
and normalized to untreated control. All reactions were run in tripli-
cates. In Table 1, the sets of specific primers used are listed.

Table 1
PCR primers.
Name Primer sequences (all 5’ to 3’)
B-actin F: CCT TGC ACA TGC CGG AG
R: ACA GAG CCT CGC CTT TG
IL-6 F: GTA GCC GCC CCA CAC AGA
R: CAT GTC TCC TTT CTC AGG GCT G
IL-8 F: ACA CAG AGC TGC AGA AAT CAG

R: TTT CAG AGA CAG CAG AGC AC
F: CTA AAG TTC TCT GGA GGA TGT G
R: TGT CTC TAC TCA GGT TCA GG

GM-CSF

IL-6: interleukin-6, IL-8: interleukin-8, GM-CSF: granulocyte-macrophage
colony-stimulating factor.
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2.5. Statistical analysis

All experiments were repeated in biological triplicates. Data are
presented as mean * standard error of the mean (SEM). One-way
ANOVA followed by Tukey's multiple comparison test of all pairs were
used for statistical analysis. p values of < 0.05 were accepted as sta-
tistically significant. Statistical analyses were carried out with Graph
Pad Prism 5 (CA, USA).

3. Results

3.1. The effects of infliximab and anti-infliximab antibodies on released
protein levels of analytes from TNF-a/IL-13/SAA stimulated HCAEC

3.1.1. TNF-a/IL-13/SAA stimulated HCAEC

The inflammatory response of HCAEC stimulated with TNF-o/IL-
1B/SAA separately, and in different combinations, was analyzed mea-
suring released protein levels of IL-6, IL-8, GM-CSF, GRO-a, IL-1Ra, IL-
la, VCAM-1, MCP-1, IL-10 and IL-17A.

Our results showed that the analytes grouped into two types: those
not significantly elevated with SAA or TNF-a alone, but with a sy-
nergistically elevated cytokine levels observed after triple stimulation
(Fig. 1), and those elevated with all three single stimulators, but
without a synergistic response to triple stimulation (Fig. 2). All com-
binations of double stimulation resulted in significant increases of all
measured cytokines (Fig. 1 and 2) as compared to background levels.

In the first group of analytes there are IL-6, IL-8, GM-CSF and GRO-
a. IL-1f3 alone or in combinations caused significant increase in levels of
measured analytes, but also double stimulation with TNF-a/SAA led to
significantly higher levels of these analytes (Fig. 1). The released levels
of IL-6, IL-8 and GM-CSF in triple stimulation were statistically higher
compared to all three double stimulations. The released levels of GRO-a
in triple stimulation were statistically higher only compared to TNF-a/
SAA double treatment.

In the second group, there are analytes which did not synergistically
increase in supernatants after triple stimulation. Those are IL-1Ra, IL-
la, VCAM-1, MCP-1, IL-10 and IL-17A. These analytes were up-regu-
lated with all our treatments, including TNF-a and SAA single treat-
ments, with two exceptions. IL-17A was not up-regulated in TNF-a and
SAA single treatments, while MCP-1 was not up-regulated in SAA single
treatment. Importantly, TNF-a stimulation induced levels of the se-
creted analytes similar to IL-1f stimulation (no significant differences
observed, except for IL-17A), while SAA stimulation induced a sig-
nificantly lower response, as compared to IL-1f for all analytes, except
for MCP-1. TNF-a stimulation was significantly different to SAA sti-
mulation for released IL-1a and IL-10. All combinations of double sti-
mulation did not further increase the protein levels of IL-1Ra, IL-1a,
VCAM-1, MCP-1, IL-10 and IL-17A compared to IL-f3 alone stimulation.
The levels of IL-1Ra, IL-1a, MCP-1, IL-10 and IL-17A in triple stimu-
lation were not significantly higher than the levels in double stimula-
tions, with the exception of VCAM-1 triple stimulation compared to
double stimulation with IL-13/SAA (Fig. 2).

It needs to be pointed out that the released levels of the measured
molecules were different, which cannot be observed due to normal-
ization. Specifically, in triple stimulation, we observed the highest IL-6
around 40,000 pg/mL, IL-8 around 80,000 pg/mL, GM-CSF around
6000 pg/mL, GRO-a around 120,000 pg/mL, IL-1Ra around 400 pg/
mL, IL-1a around 300 pg/mL, VCAM-1 around 40,000 pg/mL, MCP-1
around 60,000 pg/mL while IL-10 and IL-17A levels were considerable
lower (the highest IL-10 release was 26 pg/mL and IL-17A release
122 pg/mL).

3.1.2. The effects of infliximab on TNF-a/IL-18/SAA stimulated-HCAEC
Infliximab at a concentration of 10 pg/mL was effective in lowering

released molecules of both groups of analytes after stimulation with

TNF-a alone. Significant changes were observed in the second group
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Fig. 1. The effect of infliximab and anti-infliximab antibodies on released protein levels of IL-6, IL-8, GM-CSF and GRO-a from cytokine-treated HCAEC.

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Dotted lines represent the infliximab successful inhibition of the TNF-a impact, black squares represent
triple stimulation together with infliximab and anti-infliximab effects. SAA: serum amyloid A, TNF-: tumor necrosis factor alpha, IL-1f: interleukin 1f3, IFX: in-

fliximab, alFX: anti-infliximab antibodies (0.55 pg/mL).

(IL-1Ra, IL-1a, VCAM-1, MCP-1 and IL-10, while IL-17A was without
any significant change), since the induction with TNF-a alone was more
pronounced in that group (Fig. 2). As expected, infliximab did not affect
the levels of released analytes after SAA or IL-1f3 stimulation of HCAEC
alone or in combination of SAA and IL-1f (Fig. 1 and 2). When TNF-a
was present with a second stimulator (SAA or IL-1f3), successful in-
hibition/neutralization of TNF-a with infliximab was observed. The
levels of released molecules returned to the level of the second stimu-
lator alone, some with statistically significant changes (dotted lines in
Fig. 1). Similarly, in triple stimulated cells (TNF-o/IL-13/SAA), addi-
tion of infliximab decreased the released analytes to the level of IL-13/
SAA double stimulation, again showing neutralization of the TNF-a
effect. The strongest effects were observed in IL-6, IL-8 and GM-CSF
levels, which levels in the presence of infliximab decreased by around
50% compared to triple stimulation (Fig. 1). Infliximab alone had no
effect on the levels of measured analytes,the responses were statistically
not different from background (data not shown). Interestingly, we also
tested neutralization of TNF-a with 100x lower concentration of in-
fliximab, using only 0.1 pg/mL of infliximab, and observed similar in-
hibition of released analytes (Fig. 1).

3.1.3. The effects of anti-infliximab antibodies isolated from patient sera on
TNF-a/IL-1$/SAA stimulated HCAEC

The effects of anti-infliximab antibodies were observed in combi-
nation with triple stimulation (Fig. 1 and 2). Isolated anti-infliximab
antibodies alone had no effect on the levels of measured cytokines (data
not shown), however, anti-infliximab antibodies (0.55 pg/mL) did re-
store the protein levels of IL-6, IL-8, GM-CSF and GRO-a released from
HCAEC treated with infliximab and TNF-0/IL-13/SAA to the same le-
vels present when cells were treated with triple cytokines. This in-
dicates a complete neutralization of infliximab TNF-a inhibition
achieved by anti-infliximab antibodies (Fig. 1).

3.2. The effects of infliximab and anti-infliximab antibodies on mRNA
expression levels of analytes from TNF-a/IL-13/SAA stimulated HCAEC

The inflammatory response of stimulated HCAEC was analyzed also
for mRNA expression levels of IL-6, IL-8 and GM-CSF.

An increase in IL-6, IL-8 and GM-CSF was confirmed at the mRNA
expression level following single or double stimulation with IL-1f or
triple cytokine stimulation, which is similar to the trend observed in
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Fig. 2. The effect of infliximab and anti-infliximab antibodies on released protein levels of IL-1Ra, IL-1a, VCAM-1, MCP-1, IL-10 and IL-17A from cytokine-treated
HCAEC.

*p < 0.05,**p < 0.01, ***p < 0.001, ****p < 0.0001. Black squares represent triple stimulation together with infliximab and anti-infliximab effects. SAA: serum
amyloid A, TNF-a: tumor necrosis factor alpha, IL-1: interleukin 18, IFX: infliximab, aIFX: anti-infliximab antibodies (0.55 pg/mL).

released protein levels of analytes. However, at the mRNA expression In addition, infliximab elicited a ~50% inhibition compared to
level at 24 h, the synergistic effect after triple stimulation was not ob- triple stimulated cells, detected as mRNA levels of IL-6, IL-8 and GM-
served. CSF. In addition, anti-infliximab antibodies were capable of
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Fig. 3. The effects of infliximab and anti-infliximab antibodies on mRNA expression levels of IL-6, IL-8 and GM-CSF following stimulation of HCAEC.

*p < 0.05,*p < 0.01, ***p < 0.001, ****p < 0.0001. Black squares represent triple stimulation together with infliximab and anti-infliximab effects. SAA: serum
amyloid A, TNF-: tumor necrosis factor alpha, IL-1: interleukin 1B, IFX: infliximab, alFX: anti-infliximab antibodies (0.55 pg/mL).

significantly inhibiting infliximab effects at the mRNA level, as shown
for IL-6, IL-8 and GM-CSF (Fig. 3).

4. Discussion

This is the first report utilizing isolated enriched polyclonal anti-
infliximab antibodies from human sera in cultures of endothelial cells,
such as HCAEC. The sera comprising anti-infliximab antibodies were
previously tested positive with a competitive ELISA, bridging ELISA and
reporter gene assay, meaning they are functional and directed against
epitopes on infliximab, preventing them to bind TNF-a. Therefore, they
are potentially able to neutralize the anti-TNF-a drug in vivo, in the
patient body [38]. The current study showed that anti-infliximab an-
tibodies from patient sera are capable of functional inhibition of in-
fliximab, resulting in reversal of the full HCAEC activation in a cell
culture model. This is in line with Weisshof et al. where TNF-a induced
IL-8 secretion from HT-29 colon cancer cells, which decreased in pre-
sence of infliximab, and was reestablished in presence of its neu-
tralizing antibodies from sera of patients with inflammatory bowel
disease [39].

The emergence of anti-drug antibodies might represent a critical

point in the treatment of patients suffering from chronic inflammatory
diseases, as they might impact pharmacokinetics of drug enhancing
drug clearance, resulting in suboptimal levels of active drug and loss of
treatment efficacy [40]. Anti-drug antibody development may also
cause hypersensitivity reactions and immune-complex mediated dis-
eases thus decreasing bioavailability with formation of immune com-
plexes [41]. In addition, another effect will influence the anti-drug
antibodies binding site - binding idiotope of the drug that may neu-
tralize drug target binding and directly affect clinical efficacy, as also
shown for infliximab [24].

The studies determining clinical meaning/impact of anti-drug an-
tibodies are inconsistent with opinion that [42] low anti-drug antibody
levels do not impair the efficacy of TNF-a inhibitor therapy, since
adequate drug levels remain, but high anti-drug antibody levels impair
treatment efficacy by considerably reducing unbound drug levels. In
regard to the clinical impact of serum anti-drug antibody levels, there is
a need to carefully distinguish between whether the used assays de-
termine clinically important neutralizing anti-drug antibody or not.
Some of them report only the presence, and binding (thus forming
immune complex and changing pharmacokinetics, which might be
clinically corrected with increasing drug dose) while others report
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neutralizing antibodies as discussed in our previous paper [38]. Ad-
ditionally, some studies determined immune complex bound antibodies
or others which utilize drug-tolerant assays [43]. Murdaca et al. [24]
showed that neutralizing antibodies against infliximab decrease the
possibility to achieve minimal disease activity or clinical remission and
increase the need for higher dosage. Furthermore, the topic of ther-
apeutic drug monitoring of infliximab in association with anti-drug
antibodies for promotion/prevention of atherosclerosis has not yet been
adequately addressed. TNF-a inhibitors can induce favorable changes
in lipid profiles with alteration of HDL composition, while TNF-a is
associated with insulin resistance, another traditional risk factor for
atherosclerosis [44]. A meta-analysis confirmed their long term effect
to increased HDL but not to LDL or atherogenic index [45]. Thus, the
clinically observed reduction in cardiovascular disease does not seem to
be explained by the changes in traditional risk factors, but rather by the
improvement of systemic inflammation [45,46]. Furthermore, HDL le-
vels were found to be a predictor of clinical response to infliximab [47].

The responsiveness of HCAEC to individual cytokines was pre-
viously reported [32,35,36,48,49], however, in the present study, we
investigated their combined effects on HCAEC for the first time. The
concentrations of TNF-a and IL-1f3 we used corresponded to the levels
observed in RA patients at baseline by Danis et al. [50]. In our study,
the cytokines released from stimulated HCAEC have been grouped and
analyzed into 2 types - those which are synergistically elevated in TNF-
a/IL-13/SAA stimulation and those which are not. In the first group
there are IL-6, IL-8, GM-CSF and GRO-a, which are only slightly re-
sponsive to single SAA or TNF-a stimulation, but IL-1f induces them
more potently. IL-6, IL-8, GM-CSF and GRO-a were found to be asso-
ciated with atherosclerotic development and cardiovascular disease in
epidemiologic studies [27,51-53]. The second group of measured
analytes also consisted of molecules importantly implicated in devel-
opment of atherosclerosis, but were not synergistically increased in
triple inflammatory stimulation and consisted of those inhibiting
atherosclerotic development (IL-1Ra, IL-10) and those shown to “acti-
vate” it (IL-la, VCAM-1, MCP-1, IL-17A). Only low levels of released
atheroprotective IL-10 [54] and IL-1Ra [51] were observed. Further-
more, the levels of IL-1a, as well as IL-17A, were low in all stimulations
in our study, even in combinations. However, adhesion molecule
VCAM-1 and chemotactic MCP-1 were expressed at higher levels and
showed significantly increased expression in double and triple stimu-
lations.

We used two concentrations of infliximab, whereby 0.1 ug/mL
corresponds to the dose determined in serum of non-responding pa-
tients, while 10 ug/mL represents the concentration present in re-
sponders, as it was reported by Wolbink et al., where the median (in-
terquartile range) 0.5 (0.2-2.2) pg/ml of infliximab is reported in RA
non-responders and 3.6 (1.4-8.2) pg/ml in RA responders [55]. Fol-
lowing only TNF-a stimulation, we observed that infliximab inhibits
HCAEC activation to background levels and in combinations of stimu-
lants infliximab decreased the levels of measured analytes to only SAA
and/or IL-1f3 stimulation. This reduction of TNF-a effect was present
with both concentrations of infliximab to a similar level, showing that
we reach successful inhibition of 2.5ng/mL of TNF-a already with
0.1 pg/mL of the infliximab. It is hard to compare this stimulation di-
rectly with in vivo data, as studies report up to 1000x different levels of
TNF-a in sera of RA patients [50,56]. Calculating from molecular
weight of infliximab, which is 150 kDa while TNF-a is 17 KDa, we had
453x more infliximab molecules than TNF-a molecules in the cell cul-
ture medium when cells were stimulated with 10 ug/mL of infliximab,
and 4.5x more, when stimulated with 0.1 pg/mL of infliximab.

The concentration of anti-infliximab antibodies used to block the
effects of infliximab on TNF-a stimulated cells was determined from
competitive ELISA, back-calculating concentration from the titer where
100% inhibition of binding of HRP-labeled infliximab to TNF-a was
observed. In our sample, the inhibition was reached with 0.55 pg/mL of
anti-infliximab antibodies and thus this concentration was used for in
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vitro experiments. The concentration of isolated anti-IFX antibodies was
measured with in-house bridging ELISA using the MA-IFX10F9 standard
developed at KU Leuven [57,61]. Competitive ELISA is our in-house
assay and its results highly correlate with functional reporter gene assay
results, enabling the determination of only neutralizing anti-infliximab
antibodies [38].

Our results demonstrate that clinically important concentrations of
infliximab [58] prevent TNF-a- stimulated effects in our cell model.
When HCAEC are stimulated with combinations of cytokines, in-
fliximab is able to neutralize the extent that is contributed by TNF-a
stimulation, even more in IL-6, IL-8, GM-CSF, GRO-a, where infliximab
excludes a synergistic response. In a similar study, Rios-Navarro et al.
evaluated the impact of adalimumab, infliximab and etanercept on in-
teractions between human leukocytes and HUVEC activated with TNF-
a. They showed a decrease of leukocyte adhesion to the level of
background [59]. Using mouse anti-human TNFR1 and TNFR2, Qiu
et al. showed the inhibition of TNF-a-induced adhesion molecules, IL-6
and GM-CSF, in HCAEC [48].

To conclude, TNF-a, IL-1( and SAA synergistically elevated IL-6, IL-
8, GRO-a and GM-CSF release in supernatants of HCAEC. Infliximab
was capable of functionally inactivating the TNF-a effect on HCAEC,
used alone or in combination with SAA and/or IL-1f3. According to our
results, it will be interesting to investigate if IL-13 inhibitors are also
capable of inhibiting the synergistic triple effects (TNF-a/SAA/IL-B)
described in the current report, as the CANTOS study recently described
anti-IL-1f antibody reduces cardiovascular event rates in patients with
history of myocardial infarction [60]. An isolated fraction of polyclonal
anti-infliximab antibodies was capable of neutralizing the infliximab
effects in HCAEC, allowing for the reversal of the TNF-a stimulating
effect to increase cytokine levels back to triple stimulated (TNF-o/IL-
133/SAA) HCAEC levels. This suggests that long-term presence of neu-
tralizing anti-infliximab antibodies in the circulation of patients with
chronic rheumatic diseases could promote chronic inflammation, not
only in primary disease, but also in atherosclerosis in vivo, which would
need to be explored further in the future.

Conflicts of interest

The authors declared they do not have anything to disclose re-
garding conflict of interest with respect to this manuscript.

Financial support

The authors acknowledge financial support from the Slovenian
Research Agency for funding the National Research Program “Systemic
Autoimmune Diseases” #P3-0314.

Author contributions

All the authors have accepted responsibility for the entire content of
this submitted manuscript and approved submission.

References

[1] Y. Shoenfeld, R. Gerli, A. Doria, E. Matsuura, M.M. Cerinic, N. Ronda, et al.,
Accelerated atherosclerosis in autoimmune rheumatic diseases, Circulation 112
(21) (2005) 3337-3347.

[2] Y. Sherer, Y. Shoenfeld, Mechanisms of disease: atherosclerosis in autoimmune
diseases, Nat. Clin. Pract. Rheumatol. 2 (2) (2006) 99-106.

[3] F. Carbone, A. Bonaventura, L. Liberale, S. Paolino, F. Torre, F. Dallegri, et al.,
Atherosclerosis in rheumatoid arthritis: promoters and opponents, Clin. Rev.
Allergy Immunol. (2018) 1-14, https://doi.org/10.1007/512016-018-8714-z.

[4] G. Tocci, D. Goletti, V. Marino, A. Matucci, G.M. Milano, F. Cantini, et al.,
Cardiovascular outcomes and tumour necrosis factor antagonists in chronic in-
flammatory rheumatic disease: a focus on rheumatoid arthritis, Expert Opin. Drug
Saf. 15 (supl) (2016) 55-61.

[5] A. Alhusain, I.N. Bruce, Cardiovascular risk and inflammatory rheumatic diseases,
Clin. Med. 13 (4) (2013) 395-397.

[6] K.J. Warrington, P.D. Kent, R.L. Frye, J.F. Lymp, S.L. Kopecky, J.J. Goronzy, et al.,
Rheumatoid arthritis is an independent risk factor for multi-vessel coronary artery


http://refhub.elsevier.com/S0021-9150(19)31497-2/sref1
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref1
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref1
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref2
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref2
https://doi.org/10.1007/s12016-018-8714-z
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref4
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref4
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref4
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref4
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref5
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref5
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref6
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref6

M. Ogric, et al.

[7

—

(8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

disease: a case control study, Arthritis Res. Ther. 7 (5) (2005) R984-R991.

S. Chia, M. Qadan, R. Newton, C.A. Ludlam, K.A. Fox, D.E. Newby, Intra-arterial
tumor necrosis factor-alpha impairs endothelium-dependent vasodilatation and
stimulates local tissue plasminogen activator release in humans, Arterioscler.
Thromb. Vasc. Biol. 23 (4) (2003) 695-701.

T.J. Anderson, Assessment and treatment of endothelial dysfunction in humans, J.
Am. Coll. Cardiol. 34 (3) (1999) 631-638.

M.A. Gimbrone Jr., G. Garcia-Cardena, Endothelial cell dysfunction and the pa-
thobiology of atherosclerosis, Circ. Res. 118 (4) (2016) 620-636.

D. Tracey, L. Klareskog, E.H. Sasso, J.G. Salfeld, P.P. Tak, Tumor necrosis factor
antagonist mechanisms of action: a comprehensive review, Pharmacol. Ther. 117
(2) (2008) 244-279.

F. Ursini, C. Leporini, F. Bene, S. D'Angelo, D. Mauro, E. Russo, et al., Anti-TNF-
alpha agents and endothelial function in rheumatoid arthritis: a systematic review
and meta-analysis, Sci. Rep. 7 (1) (2017) 5346.

L.S. Tam, Q. Shang, E.K. Li, S. Wang, R.J. Li, K.L. Lee, et al., Infliximab is associated
with improvement in arterial stiffness in patients with early rheumatoid arthritis — a
randomized trial, J. Rheumatol. 39 (12) (2012) 2267-2275.

M. Wong, S.P. Oakley, L. Young, B.Y. Jiang, A. Wierzbicki, G. Panayi, et al.,
Infliximab improves vascular stiffness in patients with rheumatoid arthritis, Ann.
Rheum. Dis. 68 (8) (2009) 1277-1284.

K. Angel, S.A. Provan, M.K. Fagerhol, P. Mowinckel, T.K. Kvien, D. Atar, Effect of 1-
year anti-TNF-alpha therapy on aortic stiffness, carotid atherosclerosis, and cal-
protectin in inflammatory arthropathies: a controlled study, Am. J. Hypertens. 25
(6) (2012) 644-650.

P. Di Micco, P. Ferrazzi, L. Libre, L. Mendolicchio, I. Quaglia, M. De Marco, et al.,
Intima-media thickness evolution after treatment with infliximab in patients with
rheumatoid arthritis, Int. J. Gen. Med. 2 (2009) 141-144.

F. Del Porto, B. Lagana, S. Lai, I. Nofroni, F. Tinti, M. Vitale, et al., Response to anti-
tumour necrosis factor alpha blockade is associated with reduction of carotid in-
tima-media thickness in patients with active rheumatoid arthritis, Rheumatology 46
(7) (2007) 1111-1115.

C. Barnabe, B.J. Martin, W.A. Ghali, Systematic review and meta-analysis: anti-
tumor necrosis factor alpha therapy and cardiovascular events in rheumatoid ar-
thritis, Arthritis Care Res. 63 (4) (2011) 522-529.

C. Roubille, V. Richer, T. Starnino, C. McCourt, A. McFarlane, P. Fleming, et al., The
effects of tumour necrosis factor inhibitors, methotrexate, non-steroidal anti-in-
flammatory drugs and corticosteroids on cardiovascular events in rheumatoid ar-
thritis, psoriasis and psoriatic arthritis: a systematic review and meta-analysis, Ann.
Rheum. Dis. 74 (3) (2015) 480-489.

S.L. Westlake, A.N. Colebatch, J. Baird, N. Curzen, P. Kiely, M. Quinn, et al.,
Tumour necrosis factor antagonists and the risk of cardiovascular disease in patients
with rheumatoid arthritis: a systematic literature review, Rheumatology 50 (3)
(2011) 518-531.

7. Varga, S.R.A. Sabzwari, V. Vargova, Cardiovascular risk of nonsteroidal anti-
inflammatory drugs: an under-recognized public health issue, Cureus 9 (4) (2017)
ell44.

M. Krishna, S.G. Nadler, Immunogenicity to biotherapeutics - the role of anti-drug
immune complexes, Front. Immunol. 7 (2016) 21.

P.M. Ridker, Inflammation, atherosclerosis, and cardiovascular risk: an epidemio-
logic view, Blood Coagul. Fibrinolysis : an international journal in haemostasis and
thrombosis 10 (Suppl 1) (1999) S9-S12.

S.B. Krintel, V.P. Grunert, M.L. Hetland, J.S. Johansen, M. Rothfuss, G. Palermo,
et al., The frequency of anti-infliximab antibodies in patients with rheumatoid ar-
thritis treated in routine care and the associations with adverse drug reactions and
treatment failure, Rheumatology 52 (7) (2013) 1245-1253.

G. Murdaca, F. Spano, M. Contatore, A. Guastalla, E. Penza, O. Magnani, et al.,
Immunogenicity of infliximab and adalimumab: what is its role in hypersensitivity
and modulation of therapeutic efficacy and safety? Expert Opin. Drug Saf. 15 (1)
(2016) 43-52.

1.B. Mclnnes, G. Schett, The pathogenesis of rheumatoid arthritis, N. Engl. J. Med.
365 (23) (2011) 2205-2219.

A. Arida, A.D. Protogerou, G.D. Kitas, P.P. Sfikakis, Systemic inflammatory response
and atherosclerosis: the paradigm of chronic inflammatory rheumatic diseases, Int.
J. Mol. Sci. 19 (7) (2018).

D. Tousoulis, E. Oikonomou, E.K. Economou, F. Crea, J.C. Kaski, Inflammatory
cytokines in atherosclerosis: current therapeutic approaches, Eur. Heart J. 37 (22)
(2016) 1723-1732.

A. Tedgui, Z. Mallat, Cytokines in atherosclerosis: pathogenic and regulatory
pathways, Physiol. Rev. 86 (2) (2006) 515-581.

G. Cunnane, S. Grehan, S. Geoghegan, C. McCormack, D. Shields, A.S. Whitehead,
et al., Serum amyloid A in the assessment of early inflammatory arthritis, J.
Rheumatol. 27 (1) (2000) 58-63.

B.D. Johnson, K.E. Kip, O.C. Marroquin, P.M. Ridker, S.F. Kelsey, L.J. Shaw, et al.,
Serum amyloid A as a predictor of coronary artery disease and cardiovascular
outcome in women: the national heart, lung, and blood institute-sponsored women's
ischemia syndrome evaluation (WISE), Circulation 109 (6) (2004) 726-732.

B. Targonska-Stepniak, M. Majdan, Serum amyloid A as a marker of persistent in-
flammation and an indicator of cardiovascular and renal involvement in patients
with rheumatoid arthritis, Mediat. Inflamm. 2014 (2014) 793628.

K. Lakota, K. Mrak-Poljsak, B. Bozic, M. Tomsic, S. Sodin-Semrl, Serum amyloid A
activation of human coronary artery endothelial cells exhibits a neutrophil pro-
moting molecular profile, Microvasc. Res. 90 (2013) 55-63.

G.S. Getz, P.A. Krishack, C.A. Reardon, Serum amyloid A and atherosclerosis, Curr.
Opin. Lipidol. 27 (5) (2016) 531-535.

P.A. Krishack, C.V. Bhanvadia, J. Lukens, T.J. Sontag, M.C. De Beer, G.S. Getz, et al.,
Serum amyloid a facilitates early lesion development in ldlr-/- mice, Journal of the
American Heart Association 4 (7) (2015).

K. Lakota, K. Mrak-Poljsak, B. Rozman, T. Kveder, M. Tomsi¢, S. Sodin-Semrl,

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Atherosclerosis 291 (2019) 1-8

Serum amyloid a activation of inflammatory and adhesion molecules in human
coronary artery and umbilical vein endothelial cells, Eur. J. Inflamm. 5 (2) (2007)
73-81.

K. Lakota, K. Mrak-Poljsak, B. Rozman, S. Sodin-Semrl, Increased responsiveness of
human coronary artery endothelial cells in inflammation and coagulation, Mediat.
Inflamm. 2009 (2009) 146872.

A. Matsuda, H. Morita, H. Unno, H. Saito, K. Matsumoto, Y. Hirao, et al., Anti-
inflammatory effects of high-dose IgG on TNF-alpha-activated human coronary
artery endothelial cells, Eur. J. Immunol. 42 (8) (2012) 2121-2131.

M. Ogric, P. Zigon, K. Lakota, S. Praprotnik, D. Drobne, B. Stabuc, et al., Clinically
important neutralizing anti-drug antibodies detected with an in-house competitive
ELISA, Clin. Rheumatol. 38 (2) (2018) 361-370, https://doi.org/10.1007/s10067-
018-4213-0.

R. Weisshof, B. Ungar, A. Blatt, A. Dahan, S. Pressman, M. Waterman, et al., Anti-
infliximab antibodies with neutralizing capacity in patients with inflammatory
bowel disease: distinct clinical implications revealed by a novel assay, Inflamm.
Bowel Dis. 22 (7) (2016) 1655-1661.

K. Bendtzen, P. Geborek, M. Svenson, L. Larsson, M.C. Kapetanovic, T. Saxne,
Individualized monitoring of drug bioavailability and immunogenicity in rheuma-
toid arthritis patients treated with the tumor necrosis factor alpha inhibitor in-
fliximab, Arthritis Rheum. 54 (12) (2006) 3782-3789.

G.J. Wolbink, L.A. Aarden, B.A. Dijkmans, Dealing with immunogenicity of biolo-
gicals: assessment and clinical relevance, Curr. Opin. Rheumatol. 21 (3) (2009)
211-215.

P.A. van Schouwenburg, T. Rispens, G.J. Wolbink, Immunogenicity of anti-TNF
biologic therapies for rheumatoid arthritis, Nat. Rev. Rheumatol. 9 (3) (2013)
164-172.

T. Van Stappen, E. Brouwers, S. Vermeire, A. Gils, Validation of a sample pre-
treatment protocol to convert a drug-sensitive into a drug-tolerant anti-infliximab
antibody immunoassay, Drug Test. Anal. 9 (2) (2017) 243-247.

D.Y. Chen, Y.M. Chen, T.Y. Hsieh, C.W. Hsieh, C.C. Lin, J.L. Lan, Significant effects
of biologic therapy on lipid profiles and insulin resistance in patients with rheu-
matoid arthritis, Arthritis Res. Ther. 17 (2015) 52.

C.I Daien, Y. Duny, T. Barnetche, J.P. Daures, B. Combe, J. Morel, Effect of TNF
inhibitors on lipid profile in rheumatoid arthritis: a systematic review with meta-
analysis, Ann. Rheum. Dis. 71 (6) (2012) 862-868.

E. Toussirot, Effects of TNFalpha inhibitors on adiposity and other cardiovascular
risk factors: implications for the cardiovascular prognosis in patients with rheu-
matoid arthritis, Expert Opin. Drug Saf. 14 (4) (2015) 525-532.

R. Saraceno, S. Rizza, S. Faleri, M. Federici, S.P. Nistico, M. Copetti, et al., High
density cholesterol level as predictor of clinical response to anti-TNF-alpha therapy
in psoriatic patients, J. Biol. Regul. Homeost. Agents 27 (3) (2013) 903-908.
H.N. Qiu, B. Liu, W. Liu, S. Liu, Interleukin-27 enhances TNF-alpha-mediated ac-
tivation of human coronary artery endothelial cells, Mol. Cell. Biochem. 411 (1-2)
(2016) 1-10.

A. Artenjak, J. Omersel, P. Ahlin Grabnar, I. Mlinaric-Rascan, Y. Shoenfeld,

S. Sodin-Semrl, et al., Oxidatively altered IgG with increased immunoreactivity to
beta2-glycoprotein I and its peptide clusters influence human coronary artery en-
dothelial cells, Lupus 24 (4-5) (2015) 448-462.

V.A. Danis, G.M. Franic, D.A. Rathjen, R.M. Laurent, P.M. Brooks, Circulating cy-
tokine levels in patients with rheumatoid arthritis: results of a double blind trial
with sulphasalazine, Ann. Rheum. Dis. 51 (8) (1992) 946-950.

R. Kleemann, S. Zadelaar, T. Kooistra, Cytokines and atherosclerosis: a compre-
hensive review of studies in mice, Cardiovasc. Res. 79 (3) (2008) 360-376.

W. Wang, X.T. Song, Y.D. Chen, X.S. Yang, F. Xu, M. Zhang, et al., Prediction of risk
of cardiovascular events in patients with mild to moderate coronary artery lesions
using naive Bayesian networks, J Geriatr Cardiol 13 (11) (2016) 899-905.

L. Castillo, A. Rohatgi, C.R. Ayers, A.W. Owens, S.R. Das, A. Khera, et al.,
Associations of four circulating chemokines with multiple atherosclerosis pheno-
types in a large population-based sample: results from the dallas heart study, J.
Interferon Cytokine Res. 30 (5) (2010) 339-347.

P.J. Kusters, E. Lutgens, Cytokines and immune responses in murine atherosclerosis,
Methods Mol. Biol. 1339 (2015) 17-40.

G.J. Wolbink, A.E. Voskuyl, W.F. Lems, E. de Groot, M.T. Nurmohamed, P.P. Tak,
et al., Relationship between serum trough infliximab levels, pretreatment C reactive
protein levels, and clinical response to infliximab treatment in patients with rheu-
matoid arthritis, Ann. Rheum. Dis. 64 (5) (2005) 704-707.

T. Takeuchi, N. Miyasaka, Y. Tatsuki, T. Yano, T. Yoshinari, T. Abe, et al., Baseline
tumour necrosis factor alpha levels predict the necessity for dose escalation of in-
fliximab therapy in patients with rheumatoid arthritis, Ann. Rheum. Dis. 70 (7)
(2011) 1208-1215.

T. Van Stappen, T. Billiet, N. Vande Casteele, G. Compernolle, E. Brouwers,

S. Vermeire, et al., An optimized anti-infliximab bridging enzyme-linked im-
munosorbent assay for harmonization of anti-infliximab antibody titers in patients
with inflammatory bowel diseases, Inflamm. Bowel Dis. 21 (9) (2015) 2172-2177.
N. Vande Casteele, M. Ferrante, G. Van Assche, V. Ballet, G. Compernolle, K. Van
Steen, et al., Trough concentrations of infliximab guide dosing for patients with
inflammatory bowel disease, Gastroenterology 148 (7) (2015) 1320-1329 e3.

C. Rios-Navarro, C. de Pablo, V. Collado-Diaz, S. Orden, A. Blas-Garcia,

M.A. Martinez-Cuesta, et al., Differential effects of anti-TNF-alpha and anti-IL-12/
23 agents on human leukocyte-endothelial cell interactions, Eur. J. Pharmacol. 765
(2015) 355-365.

A.W. Aday, P.M. Ridker, Antiinflammatory therapy in clinical care: the CANTOS
trial and beyond, Frontiers in cardiovascular medicine 5 (2018) 62.

M. Ogri¢, P. Zigon, D. Drobne, B. Stabuc, S. Sodin-Semrl, S. Cuénik, S. Praprotnik,
Routinely utilized in-house assays for infliximab, adalimumab and their anti-drug
antibody levels. Immunol Res 66 (6) (2018) 726736, https://doi.org/10.1007/
512026-018-9050-3.


http://refhub.elsevier.com/S0021-9150(19)31497-2/sref6
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref7
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref7
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref7
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref7
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref8
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref8
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref9
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref9
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref10
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref10
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref10
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref11
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref11
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref11
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref12
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref12
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref12
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref13
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref13
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref13
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref14
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref14
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref14
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref14
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref15
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref15
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref15
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref16
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref16
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref16
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref16
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref17
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref17
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref17
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref18
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref18
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref18
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref18
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref18
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref19
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref19
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref19
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref19
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref20
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref20
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref20
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref21
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref21
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref22
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref22
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref22
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref23
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref23
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref23
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref23
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref24
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref24
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref24
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref24
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref25
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref25
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref26
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref26
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref26
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref27
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref27
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref27
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref28
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref28
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref29
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref29
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref29
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref30
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref30
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref30
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref30
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref31
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref31
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref31
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref32
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref32
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref32
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref33
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref33
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref34
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref34
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref34
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref35
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref35
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref35
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref35
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref36
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref36
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref36
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref37
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref37
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref37
https://doi.org/10.1007/s10067-018-4213-0
https://doi.org/10.1007/s10067-018-4213-0
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref39
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref39
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref39
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref39
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref40
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref40
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref40
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref40
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref41
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref41
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref41
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref42
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref42
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref42
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref43
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref43
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref43
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref44
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref44
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref44
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref45
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref45
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref45
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref46
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref46
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref46
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref47
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref47
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref47
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref48
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref48
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref48
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref49
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref49
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref49
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref49
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref50
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref50
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref50
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref51
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref51
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref52
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref52
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref52
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref53
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref53
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref53
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref53
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref54
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref54
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref55
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref55
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref55
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref55
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref56
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref56
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref56
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref56
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref57
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref57
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref57
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref57
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref58
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref58
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref58
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref59
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref59
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref59
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref59
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref60
http://refhub.elsevier.com/S0021-9150(19)31497-2/sref60
https://doi.org/10.1007/s12026-018-9050-3
https://doi.org/10.1007/s12026-018-9050-3

	Neutralizing effects of anti-infliximab antibodies on synergistically-stimulated human coronary artery endothelial cells
	Introduction
	Materials and methods
	Materials
	Cell culture and treatments
	Cytokines measurements
	RNA expression
	Statistical analysis

	Results
	The effects of infliximab and anti-infliximab antibodies on released protein levels of analytes from TNF-α/IL-1β/SAA stimulated HCAEC
	TNF-α/IL-1β/SAA stimulated HCAEC
	The effects of infliximab on TNF-α/IL-1β/SAA stimulated-HCAEC
	The effects of anti-infliximab antibodies isolated from patient sera on TNF-α/IL-1β/SAA stimulated HCAEC

	The effects of infliximab and anti-infliximab antibodies on mRNA expression levels of analytes from TNF-α/IL-1β/SAA stimulated HCAEC

	Discussion
	Conflicts of interest
	Financial support
	Author contributions
	References




