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ABSTRACT

Background: the interactions between inflammation and lipidfiieoin rheumatoid arthritis
(RA) are poorly understood. The lipid profile studyRA has been biased towards lipoprotein
levels, whereas those of triglycerides (TG) andopiptein functionality have been

underestimated.

Objetives: since recent findings suggest a role for TG andrit lipoproteins (TRL) on
inflammation, we aimed to evaluate a combined ljmidfile characterized by high TG and low
HDL-cholesterol levels (TE"HDL™") in RA.

Methods: lipid profiles were analyzed in 113 RA patients31iealthy controls (HC) and 27

dyslipemic (DL) subjects. Levels of inflammatory dretors, paraoxonase-1 (PON1) activity
and Total Antioxidant Capacity (TAC) were quantfien serum. PON1-rs662 status was
evaluated by RT-PCR.

Results:the TG""HDL"" profile was detected in 29/113 RA patients. Altjouno differences
in prevalence compared to HC or DL subjects wergenked, this profile was associated with
increased TN& (p=0.004), MCP-1 (p=0.004), IP-10 (p=0.018) anptile (p<0.001) serum
levels in RA, where decreased PON1 activity and TweZe found. TE*"HDL"" prevalence
was lower among anti-TNFtreated patients (p=0.004). When RA patients vetratified by
PON1-rs662 status, these associations remaindtkifotv-activity genotype (QQ). Finally, a
poor clinical response upon TNFlockade was related to an increasing prevalerficéne
TG""HDL"" profile over treatment (p=0.021) and higher TRiels at baseline (p=0.042).

Conclusions: the TG"HDL™" profile is associated with systemic inflammatiatecreased
PON1 activity and poor clinical outcome upon TiNBlockade in RA, suggesting a role of TRL

and HDL dysfunction as the missing link betweetammimation and lipid profile.

Keywords: high density lipoproteins, triglycerides, triglya-rich lipoproteins, paraoxonase,

inflammation, oxidative status, rheumatoid arthriti
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INTRODUCTION

Blood lipid abnormalities are a frequent hallmarkaative rheumatoid arthritis (RA). Many
authors have reported an alteration of the lipidfilg in RA patients, especially those of
lipoproteins during high disease activity states Accordingly, disease activity control by
different immunomodulatory treatment strategieseliated to a restoration of the lipid profile to
different degrees, although certain controversystexi. Due to the fluctuation of some
lipoproteins in the context of a chronic inflamnoatj and taking into account that a single lipid
compound cannot provide enough information on s, othere is a need for more reliable

biomarkers related to the lipid profile in RA.

The classical clinical management of blood lipidscused on lipoproteins is currently
challenged by a compelling body of evidence hidttliigg an important contribution of other
lipid compounds, such as triglycerides (TG), lipmipin A or cholesterol remnarits. Different
panels of experts have raised the point that iddai lipoproteins alone may not be accurate for
patient stratification and treatment recommendation the clinical setting (reviewed ).
Actually, reducing LDL-cholesterol (LDL-c) levelssaa therapeutic target is now put into
guestion and there is a recommendation to consttter lipid fractions or surrogate markers as
they can be more informative TG exhibit important differences compared to fipgteins in
their origin, metabolic pathways and downstreameaff in different cell types. Therefore, it is
tempting to speculate that their inclusion in tHmical management will bring valuable
information which can complement that of provideg bpoproteins. In fact, several
epidemiological studies have found an attenuatiothe protective effect of HDL-cholesterol
(HDL-c) levels on cardiovascular disease (CVD) outes when adjusted for T&™ thus
suggesting the existence of interactive effectsraymiipid classes. Hence, there is a growing
body of evidence supporting the study of combimetices, especially when TG are includéd
Consequently, in recent years the relevance gfia firofile characterized by decreased HDL-c
levels and elevated TG has emergedrhis profile has been linked to inflammation and
atherosclerosis development, although some knowlgdgs remaif Recently, this profile has
been shown to affect the leukocyte gene expresgiayslipidemia subject¥. However, the

clinical and immunological relevance of this prefih RA is unknown.

On the other hand, current epidemiological and expmtal studies have stated that the only
analysis of lipid levels is a too simplistic appcbdhat does not reflect lipoprotein functionality.
Lipoproteins can develop a broad range of enzynaattiwities, apart from cholesterol transport
3 Interestingly, lipoprotein functionality seemshave a better clinical relevance than levels
1415 Among lipoprotein functions, anti-oxidant propest are emerging as a pivotal player to

understand the interaction between lipid profiled mflammation™®, compromised anti-oxidant
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activity being associated with a number of condiioThe most important determinant of the
anti-oxidant function of lipoproteins is the enzymaraoxonase 1 (PON1), whose activity is
regulated at the genetic level by the PON1 rs6égnparphism'”*2 Again, although the role of

genetic variants of different genes on lipid levbizs been evaluated, their influence on

lipoprotein functionality and its clinical relevamés merely started to be appreciated.

Taken together, these lines of evidence point o fdtt that lipid profiles are much more
complex than initially thought. Not only differefood lipid species should be considered
together with lipoproteins, but also it may be imtpat to consider the lipoprotein functionality
in order to obtain a more realistic insight inte significance of the lipid profile. Therefore, in
the present report, we aim to evaluate the relevasicthe lipid profile characterized by a
combination of deleterious levels of HDL-c and TGRA patients, with a special focus on their
interaction with the inflammatory burden and thke rof oxidative status. Moreover, the role of
PON1 rs662 as genetic determinant of the HDL fametiity was also analyzed to provide a

more in-depth insight into this complex scenario.
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MATERIAL AND METHODS
Patients

This cross-sectional study involved 3 groups ofiviiials recruited (Table 1). RA patients,
fulfiling 2010 ACR/EULAR classification criteriawere enrolled from the Department of
Rheumatology at Hospital Universitario Central dgukias. A complete clinical examination,
including Disease Activity Score 28-joints (DAS2&Iculation, was performed on all patients.
Clinical records were revised so as to registatiticmal CV risk factors. An additional group of
13 biological-naive RA patients (12 women, mediage &#3 (range: 30 — 65), DAS28
5.08(1.93), 38.5% RF+, 46.1% ACPA+), candidates TotFa-blockers was prospectively
followed for 3 months. RA patients must have exgeeed failure to methotrexate and/or
conventional synthetic DMARDs and no previous expego any biological DMARD. A blood
sample was obtained immediately before (baselinestrpatment) as well as 3-months after
initiation of TNFa-blockade therapy (post-treatment). Clinical reggomwas evaluated by
EULAR criteria.

Simultaneously, 113 gender- and age-matched headtlwnteers (HC) were recruited from the
same population and a group of 27 individuals wlighlipidemia (DL) was recruited from their
primary healthcare center. Dyslipidemia diagnosiaswperformed according to national
guidelines®. Exclusion criteria was the previous diagnosisum§ immune-mediated condition.
Exclusion criteria for all study groups were: retcésB months) infections or surgeries, cancer

diagnosis or pregnancy.

Automated serum lipids analysis was performed omhal participants in fresh blood samples
after an overnight fast. TRL levels were calculatetording to the equation provided by
Hermanset al. °. Serum samples were stored at -80°C until laboratteasurements were
carried out. Approval for the study was obtainashfrthe Institutional Review Board (Comité
de Etica Regional de Investigacion Clinica), in pamce with the Declaration of Helsinki. All

the participants gave written informed consentrgiecheir inclusion in the study.
Quantification of inflammatory mediators’ serum levels

TNFa, MCP-1, sICAM-1, EGF, IP-10, leptin and resistérign levels were measured by means
of a Mini ELISA Development Kits (PeproTech), fallmg the instructions provided by the
manufacturer (detection limits were: 3.9 pg/ml,@ml, 23.4 pg/ml, 3.9 pg/ml, 3.8 pg/ml, 63
pg/ml and 24 pg/ml, respectively). IlfiSerum levels were quantified using an OptEIA BiD}

following the manufacturer’s protocol (detectiomii: 0.58 pg/ml).
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Levels of IL-8 and GM-CSF were quantified usingydinetric Bead Array Flex Set (BD) in a
FACS Canto Il flow cytometer using FCAP Array v.1L0following the manufacturer’s

instructions. The detection limits were 1.2 pg/mdil®.2 pg/ml, respectively.
Assessment of PONL1 activity

PON1 activity was measured in serum samples usangogon (Sigma Aldrich, Germany) as
substrate, as previously descrifedPON1 activity was expressed as units (U), where 0

represent the micromoles of p-nitrophenol formedrp@ute and per ml of serum.
Analysis of Total Antioxidant Capacity

A spectrophotometric method based on the cupricidied antioxidant capacity (CUPRAC
method) using a commercial kit (TAC Assay Kit, Saiell Research Laboratories) was used to
quantify the Total Antioxidant Capacity of serummgdes. Serum TAC was expressed as mM

Trolox equivalent units (mM T-Eq).
Analysis of Free Fatty Acids

The levels of total Free Fatty Acids (FFA) were mfified in serum samples using an
enzymatic, colorimetric assay using a commercial(MEFA kit, Roche) according to the

protocol provided by the manufacturer. The detedimit was 0.02 mM.
PON1 rs662 genotyping

DNA was isolated from peripheral blood using cortimral methods. The PON1 rs662
polymorphism was genotyped with TagMan predesigsaedjle-nucleotide polymorphism
(SNP) genotyping assays (C__ 2548962 20) in a 7#9U0Real-Time polymerase chain

reaction (PCR) system, as previously descried
Statistical analyses

Continuous variables were expressed as medianrdugdile range) or mean * standard
deviation, whereas n(%) was used for categoricasorDifferences among groups were
analyzed by Mann Withney U, Kruskal-Wallis (with BuBonferroni correction for multiple
comparisons)x2 or Fisher exact tests, as appropriate. Wilcoxest twas used for paired
samples. Correlations were assessed by Spearmks test. The association of categorical
variables adjusted for confounders was analyzechlijivariate logistic regression models, and
odds ratios (OR) with 95% confidence intervals (@8re computed. When required, variables
were log-transformed to achieve a normal distriutiWith an a=0.05, and assuming a
prevalence of the T8"HDL"" profile in HC of 0.20, our case-control study vedse to detect

an exposure in the case population up to 0.482-vAlpe>0.050 was considered as statistically



1  significant. Hedges'g statistic was used to estnséte effect, g>0.8 being considered as a large

2  effect. Statistical analyses were performed in SPE8 and GraphPad Prism 5.0 for Windows.
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RESULTS
1. High triglyceride-low HDL-c profile (TG ""HDL ") in RA

Given the controversy on the blood lipid levels dhnelir functionality in RA, and taking into
account the heterogeneity among lipid classes,eg@ldd to evaluate the impact of a combined
altered lipid profile in RA. To this aim, we focuken the simultaneous presence of decreased
HDL-c levels and elevated triglycerides (T¥HDL"") by evaluating this combined profile in
113 RA patients, 27 non-autoimmune dyslipidemidguas and 113 age- and gender-matched
HC. No differences in the lipid profile between ld6d RA patients were observed. The cut-off
points for the combined lipid profile were obtairfedm the HC groug? Thus, by splitting the
HC group into tertiles, 102 mg/dl (upper tertil@deb2 mg/dl (lower tertile) were established as
high triglycerides and low HDL-c cut-offs, respeely. Of note, when these cut-offs were
applied to patients and controls, no significaffiedences in the prevalence of the "fGDL""

profile were observed among groups (Table 1).

Then, we evaluated whether the "FHDL"™" profile could be associated with clinical or
immunological parameters in RA patients. Overall,differences in clinical features, disease
duration or severity were observed (Table 2). Zirhil no differences in RF or ACPA
positivity were found. However, the T&HDL™ group was associated with higher CRP
levels, suggesting a link with the inflammatory ¢eem. When traditional CV risk factors were
analyzed, the TE"HDL"™" profile was increased in, but not restricted té, fatients with a
previous diagnosis of dyslipidemia. Similarly, tipiofile was more frequent among males and
obese patients. Surprisingly, those patients umbléia-blockade were less likely to exhibit the
TG""HDL"" profile, whereas the opposite effect was obsefgedocilizumab. No effect was

observed for other treatments, including statirg glncocorticoids.

2. Association between the T&"HDL"" profile, inflammatory mediators and oxidative

status in RA

As expected, RA patients exhibited increased lewéla number of inflammatory mediators
compared to the other groups analyzed, as well @slaced serum PON1 activity and TAC

(Supplementary Table 1).

Interestingly, TN, MCP-1, IP-10 and leptin serum levels were inagdas RA patients with
the TG""HDL"" profile, compared to their normal lipid profilewuterparts (Table 3). The
differences in inflammatory mediators remainedraftecluding those patients with a previous
CV event (CRP: p= 0.022, TN p=0.041, MCP-1: p<0.001, IP-10: p=0.096 and fepti
p=0.004) or those under statin treatment (p=0.@28.049, p=0.004, p=0.014 and p=0.022,
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respectively). Equivalent findings were observed dlucocorticoid usage. Importantly, these

differences were not observed in the DL nor inH&group.

Interestingly, the T&"HDL"" profile was associated with increased TRL levelRA patients
(41.33(19.45) vs 17.09(15.64) mg/dl, p<0.001; gb}.Gas well as in HC (28.91(7.69) vs
16.56(12.39) mg/dl, p<0.001; g=1.94) and DL (402%390) vs 24.55(11.88) mg/dl, p<0.001
g=1.15) subjects. Moreover, TRL were found to bsitpaely correlated with the levels of CRP
(r=0.204, p=0.042), TN#r (r=0.351, p<0.0001), MCP-1 (r=0.409, p<0.0001)}10P(r=0.239,
p=0.018) and leptin (r=0.257, p=0.008), and neghtiwith PON1 activity (r=-0.203, p=0.036)
in RA patients. However, TRL were not related tesd mediators in the HC or DL groups.
TRL levels were not influenced by treatments. Hindhe serum levels of FFA in RA patients
were similar between lipid profiles (T&HDL"": 0.56+0.32 vs normal: 0.53+0.30 mM,
p=0.646). No differences in FFA between RA and H€revfound (0.55+0.31 vs 0.48+0.24
mM, p=0.418).

All these results revealed that the "BHDL"" profile and TLR levels were associated with an
enhanced pro-inflammatory milieu in RA patients,endas no effect was observed in healthy
individuals or patients with dyslipidemia alone.rfhermore, TNE seem to have a prominent

role.
3. Effects of TG""HDL " profile are dependent on the PON1 rs662 genotype

In addition to their levels, a growing body of esticte highlights the relevance of HDL
functionality. Due to the significance of the POMB62 genetic variants on the HDL-PONL1
antioxidant activity, we further examined whethiee presence of the T&HDL"" profile in

RA patients could have a different effect dependinghe rs662 status.

As expected, a gene-dosage effect was observeerom $ONL1 activity, patients harboring the
QQ genotype exhibiting the lowest levels (SuppletagnFigure 1A). However, the prevalence
of the TG"HDL"" profile in RA was similar among rs662 variants@p&L9). No effect of this
polymorphism on clinical parameters or serum leegélimflammatory mediators was registered.
Frequency of the different treatments did not diienong genotypes (all p>0.050). Similarly,
FFA serum levels and TAC were not affected by #&62 status in RA (Supplementary Figure
1B-C). Interestingly, the association between ti&"*fHDL"" profile and the inflammatory
mediators was restricted to patients harboringQkg genotype, being absent in their QR- or
RR-counterparts (Table 4). Moreover, TRL were datezl with TNFx (r=0.340, p=0.071) and
MCP-1 (r=0.604, p<0.001) levels in QQ-patients baot in those QR or RR. The altered lipid
profile did not influence the FFA levels in anythé rs662 variants (QQ: p=0.318, QR: p=0.538
and RR: p=0.864). Equivalent results were obtafoe@ON1 activity and TAC (Table 4).
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Overall, these findings revealed a link betweenTB&¢"HDL"" lipid profile and inflammation
in RA, a rs662-driven effect regulating these asgmmns. Moreover, a decreased antioxidant
milieu as a consequence of the QQ rs662 statusydiuan increased release of FFA, seem to

underlie this effect.
4. TG""HDL ' profile and inflammation upon TNFa-blockade

TNFa-blockade has been reported to be able to dowrlatgseveral inflammatory mediators
as well as to impact the lipid profile in RA patienThe negative association observed between
anti-TNFa treatment and the T&HDL" profile (Table 2) suggests that this lipid profile
could be used as a feasible serum biomarker dtalinesponse. Further analyses allowed us to
confirm that TNR-blockers usage was related to a decreased preeatérthe TGS"HDL"™"
profile even after adjusting for age, gender, qydémia, disease duration, disease activity and
obesity (OR [95% CI], p: 0.164[0.037, 0.725], p=I¥D Thus, we decided to analyze the effect
of the TNFx-blockade on inflammatory mediators, lipid profled PON1 activity in a group of

RA patients prospectively followed for three months

None of the patients who achieved an EULAR goodiiadl response exhibited the
TG"™"HDL"" profile (Table 5), whereas it was present in Gguas within the non-responder
group (p=0.021). Similarly, TNd~blockade was associated with decreasing serunislefe
TNFa and MCP-1 in responders, but not in their non-oeser counterparts. TNFblockade
had no effect on serum FFA levels (p=0.221), wheeealight increase in serum PON1 activity
was detected in the whole group (333.49+127.866@s46+122.73, p=0.062), not depending on
the clinical outcome. Finally, non-responders eitbib increased TRL levels at baseline
(23.44+12.34 mg/dl, p=0.042) and after treatmebt42+14.38 mg/dl, p=0.045) compared to
responders (10.23+3.72 and 11.48+5.18 mg/dl, reisedg.

Our findings showed increased TRL levels and anrrepeesentation of the T&HDL'"
profile in patients with a poor clinical responsgon TNFx-blockade. These changes were
paralleled to those of serum TMFhence suggesting a link between altered lipidilprand

clinical outcome.

10
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DISCUSSION

The links between the altered blood lipid profiledainflammation in RA are still poorly
understood. Although several studies have focusdddividual lipid classes, less attention has
been paid to combined lipid approaches, lipoprotairctionality as well as their impact on
surrounding mediators. In the present study, wavshe presence of a combined lipid profile in
RA, characterized by altered levels of TG and HDarnd related to the TRL levels. Although
no differences in prevalence compared to HC wetectied, this profile was associated with
systemic inflammation and a poor clinical respong®mn TNFi-blockade. A decreased
antioxidant status seems to underlie these effddtgrall, these findings emphasize the

relevance of the HDL dysfunction in RA.

Most of studies on lipid profiles in RA were focdsen lipoprotein levels, whereas the role of
TG, and its clinical relevance beyond lipid metadal in RA have been ill-defined. As in other
conditions, the use of lipid ratios has startedg¢oome used in RA. The EULAR consensus for
cardiovascular risk management in inflammatory rititthencourages the use of the total- to
HDL-c ratio 2. However, several concerns need to be underli®edthe one hand, this lipid
ratio still underestimates the use of TG levelsthey are not included. However, important
divergences in the association between TG andnimflatory markers compared to lipoproteins
or cholesterol composite indices arise in £A0n the other hand, lipid ratios imply, at least i
part, certain stoichiometry between the lipid agssonsidered. Although this may not be a
problem when similar species (for instance, liptgires) are studied, this approach may vyield
inconclusive results when different compounds arayaeed. This may account for the lack of
appropriate results when the TG/HDL ratio was &ddin other conditions. Similarly, since
non-linear associations between blood lipids aimicell outcomes have been reported in RA
simple ratios could not be adequate. It is impdrtamote that interesting findings arise even
within normal ranges of individual lipid classesys$ strengthening the relevance of the study of
the combined profile and the need for differentafis than those used for single lipid classes
alone. Therefore, a different combined approacthasone herein reported may provide more

reliable results.

Our findings revealed an association between th&"HBL"" profile with elevated TRL, thus
supporting the deleterious effect of this combipeafile. High TG and TRL levels can impact
the HDL-c levels, composition and thus, functiosttus. Elevated TG and TRL may lead to a
greater cholesteryl ester exchange via Choleskstgr Transfer Protein (CETP) between TRL
and nascent HDL, resulting in TG-rich small, deheL particles with reduced anti-oxidant
and anti-inflammatory activiies and decreased easterol-accepting propertie$*?

Importantly, increased CETP has been reported in?RAJnder these circumstances, LDL

11
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hepatic metabolism turns these lipoproteins int@lln and denser particles, with reduced
avidity for their liver receptors. Then, these mdes exhibit a longer half-life and are more
susceptible to oxidization and to subsequent maedmacrophages uptaké’. Interestingly, it
has been demonstrated that HDL particles from iddalds with low HDL-c and high TG levels
exhibit a reduced capacity to promote cholestefftixe(CE) **. Decreased CE has been also
found in RA patients linked to disease activiy and being partially restored upon ToNF
blockade®*™" although certain controversy exisfs These lines of evidence align with the
decreased prevalence of the ™BIDL profile in RA patients undergoing anti-TNF
treatment found in our study. Moreover, these tesuhy suggest certain degree of causality of
the TNFa pathway in the altered lipid profile in RA. Thectahat an effective TNg blockade
was associated with a normal lipid profile, whertreeslack of a beneficial effect related to the
presence of this altered profile, is also in acanog with this hypothesis. Although our findings
may suggest the use of the "HDL"™" profile as a biomarker of therapy response, the lo
sample size of our study is an important limitatibarger and long-term clinical studies are

needed.

The altered CE may account, at least in part, lier dssociations between the altered lipid
profile and the inflammatory burden. CE by HDL cesduce the raft-like regions in the
membrane®. Higher levels of cholesterol in plasma membraokseukocytes are linked to
inflammatory responsés > Hence, decreased CE and reduced HDL-c levelot@onnteract
the pro-inflammatory activities of TRL, includingoregulation of adhesion molecules and the
promotion of monocyte recruitment and activatf8f’. Interestingly, we have found strong
associations between TRL levels and those of inflatory mediators, most of them related to
monocyte activation. Therefore, our findings previdew insight into the lipid profile—
monocytes—systemic inflammation axis in RA, whi@n de of outstanding relevance for the

clinical outcome of this condition.

A key result from our study is the interaction beén the lipid profile and the oxidative status.
The clinical relevance of the T&HDL"" profile was not uniform among individuals, but it
seemed to be dependent on the oxidative statuss, Bhprofound effect on the inflammatory
burden was observed in RA, where PONL1 activity BA€ were strongly diminished, but not
in HC or DL groups. This notion is strengthenedthg association with the PON1 rs662
genetic variants. Among RA patients, only in thas the lowest PON1-mediated antioxidant
activity (that is, those harboring the QQ statis)vged that association. Therefore, these results
disclose a link between the altered lipid profilelahe oxidant status, which are reinforced by
the negative association between TRL levels and Pautivity. In this sense, it is important to
note that the impaired CE in RA has been relatedidoreased PON1 functionality and
increased MPO activity®. A causative role of MPO in the HDL dysfunctionshiaeen also

12
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proposed in other scenarid$ Overall, these results expand the current knogdedn the
clinical relevance of the PON1 rs662 polymorphistnongly determined by gene-environment
interactions. Environmental factors can criticaltypair the antioxidant activity of individuals
the low activity genotypé>***° hence explaining their increased susceptibilitydifferent
clinical outcomes. Interestingly, loss of PON-1idtt in knockout mice models was associated
with increased lipid oxidation and inflammatith oxidized lipid species playing a crucial role.
Surprisingly, Wang and colleagues have revealetl TR can release oxidized lipid species
which in turn can elicit pro-inflammatory responsesluding TNFx secretion and upregulation
of adhesion molecules, in a more potent fashion tiative FFA*. These results may explain
the strong association between TRL and inflammatoeegiators, but not FFA, in RA patients
harboring the QQ genotype. Moreover, TRL can aledpce reactive oxidative species on their
own *®. Additionally, TRL have been also reported to pobenNFKB expressiorf*, which can
control MCP-1 production.

Taken together, these lines of evidence may deknadidirectional interaction between lipid
profile and inflammation. Classically, inflammatiovas known to influence the lipid profile.
However, it has been recently reported that inflatiom can marginally explain lipid
disturbances in RA® and the idea that lipids indeed influence inflaation is emerging.
Actually, the altered lipid profile can appear Iretpreclinical stage of RA“* Furthermore,
this double interaction aligns with the existendeaccross-talk between traditional and non-
traditional risk factors in RA™*® In fact, the anti-atherogenic functionality of Hi» known to
be diminished in RA and other chronic inflammatagnditions *>*°. Inflammation-driven
protein composition shifts towards a decreasedxidéint and pro-inflamamatory profile may

cause these finding8

It is tempting to speculate that the findings herejported may unravel new perspectives for the
CV risk in RA. However, this should be interpretedh caution. One the one hand, some
controversy exists regarding the altered CE in*R®n the other hand, whether impaired HDL
function is associated with increased CV risk in Ra#s to be elucidated in prospective studies
%2 However, our results may shed some light intas¢heonnections, as a role for specific
mediators of inflammation (TNF MCP-1, EGF and leptin) and those of lipid metéol
(TRL) is reported. Additionally, inflammation andcreased oxidative status are known to
impact vascular repair by directly impairing ciratihg progenitors®, hence bridging abnormal
lipid profile, vascular repair and CV risk. Takeogéther, these lines of evidence warrants
further studies addressing the interaction amond. dizsfunction, endothelial homeostasis and
CVrisk in RA.
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Our findings provide valuable insight for the ctial setting and personalized medicine.
Although lipid ratios are recommended in the clhimanagement of RA, its current use may
be revised and additional biomarkers are needededder, whether lipoprotein ratios can
provide information on the functional status of HI4 unknown. Taking into account the
relevance of a disturbed lipoprotein functionafit§’' it may be advisable to include this
pathological finding in the clinical setting. Howesy routine analyses for HDL functional status
are lacking, due to its time and methodologicaltitions. Taking into account our findings, the
TG""HDL"" profile can be considered as a surrogate biomarkan altered HDL functional
status. Thus, our results provide a new rationagétient stratification and treatment decision
in this sense, as the TBHDL"™" profile can be used to identify RA patients withenhanced
systemic response and increased pro-oxidative sstdittked to HDL dysfunction. These
patients may be considered for anti-TiNEreatment and/or some therapeutic drugs able to

counteract oxidative stress linked to inflammafion

In conclusion, our results revealed that the™f8DL"" lipid profile in RA patients is
associated with a number of inflammatory mediatansl negatively related to anti-TNF
therapy usage. More importantly, the effect of gmsfile seems to be related to a decreased
antioxidant activity, a negative link between TRidaPON1 activity being observed. Finally, a
good clinical outcome upon TN#blockade was associated with prevention of thisredl
profile. To the best of our knowledge, this is flist study emphasizing the relevance of this
lipid profile in RA patients and addressing a coetygnsive analysis of the altered lipid profile,

oxidative status, inflammation and genetic deteamis of HDL-PON1 functionality.
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TABLES

Table 1: Demographic features and lipid blood measements in the individuals recruited

for this study. Continuous variables are summarized as mediaer¢inartile range), whereas
categorical variables are expressed as n, unlbsswitse specified. Differences between groups
were assessed by Kruskal-Wallis tests (p-valuem fbunn-Bonferroni correction for multiple
comparisons tests are indicated in superscriptgpdests, as appropriated. DL (dyslipidemia),
HC (healthy controls), TRL (triglyceride-rich lipogteins), RA (rheumatoid arthritis).

HC RA DL

(n=113) (n=113) (n=27) p-value
Age, years; median 53.83 (23.17 - 53.43(22.00- 57.50 (44.00 — 0.331
(range) 80.00) 87.00) 68.67)
Gender, f/m 82/31 92/21 17/10 0.131
Lipid profile
Total-cholesterol, mg/dl 199.00 (46.50) 209.00 %62. 211.00 (95.50) 0.389
HDL-cholesterol, mg/dl 61.00 (21.50) 62.00 (19.00) 52.00 (19.00§ 0.014
LDL-cholesterol, mg/dl 122.00 (44.00) 118.50 (45.75 133.5 (65.00) 0.260

Triglycerides (TG), mg/dl 98.00 (17.50) 106.00 0B). 145.50 (102.75) <0.007
Total/HDL-cholesterol

_ 3.56 (1.16) 3.36 (1.40) 3.97 (1.54) 0.032
ratio
TRL, mg/dl 20.91 (13.53) 22.00 (23.44) 30.50 (2022 <0.001
TG, n(%) 45 (37.1) 59 (52.2) 20 (74.0)  0.002
HDL™ n(%%) 39 (34.5) 35 (30.9) 11 (40.7) 0.438
TG"" HDL™, n(%) 30 (26.5) 29 (25.6) 11 (40.7) 0.215

4 DL vs HC: p=0.035, DL vs RA: p=0.011
® Hedges'g statistic (DL vs HC): g=0.50
°DL vs HC: p<0.001, DL vs RA: p<0.006
4 Hedges'g statistic (DL vs HC): g=1.31
°DL vs RA: p=0.029

4 DL vs HC: p<0.0001, DL vs RA: p<0.007
"Hedges'g statistic (DL vs HC): g=1.22

9 power=0.952 (a=0.05)
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Table 2: Clinical and immunological features of RApatients according to the lipid profiles
studied in RA patients. Continuous variables are expressed as mediandu#drle range),
whereas categorical ones are summarized as n(Y4gssumtherwise specified. Differences
between groups were assessed by Mann-Withney2lhr Fisher exact tests, as appropriated.
ACPA (anti-citrullinated proteine antibodies), CRE-reactive protein), DAS28 (disease
activity score 28-joints), ESR (erythrocyte seditagion rate), HAQ (health assessment

questionnaire), RF (rheumatoid factor)

TG high H DL low
(n=29)

Normal lipid profile

-value
(n=84) P

Demographical features

Age, years; median (range) 53.29 (22.00 — 82.50).91581.50 — 76.17)  0.765
Gender, f/m 74/10 18/11 0.002

Disease features

Disease duration, years 5.00 (9.08) 3.87 (6.25) 8.1
Age at diagnosis, years; mediad6.00 (18.00 — 78.50) 50.12 (21.25-70.33) 0.206

(range)

Recruited at onset, n(%) 9 (10.7) 6 (20.7) 0.207
Disease activity (DAS28) 3.66 (1.99) 3.63 (1.53) 479.
Tender Joint Count 3.00 (6.00) 2.00 (6.50) 0.470
Swollen Joint Count 2.00 (5.00) 2.00 (4.50) 0.685
Patient Global Assessment (0- 46.00 (40.75) 35.00 (40.00) 0.138
100)

ESR, mm/h 16.50 (23.25) 12.00 (30.50) 0.918
CRP, mgl/l 1.70 (3.50) 3.00 (6.53) 0.012
HAQ (0-3) 1.00 (1.13) 0.75 (1.25) 0.495
RF (+), n(%) 48 (60.0) 20 (71.4) 0.281
ACPA (+), n(%) 53 (66.3) 16 (57.1) 0.388
Erosive disease, n(%) 32 (39.0) 8 (29.6) 0.380
Traditional CV risk factors, n(%)

Dyslipidemia 21 (25.3) 19 (65.5) <0.001
Hypertension 26 (31.3) 12 (41.4) 0.325
Diabetes 4 (4.8) 4 (13.8) 0.106
Obesity (BMI>30) 13 (16.0) 10 (34.5) 0.036
Smoking habit 24 (28.6) 13 (44.8) 0.108
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Treatments, n(%)

Glucocorticoids
Methotrexate
TNFa blockers
Tocilizumab

Statins

50 (60.2)
61 (73.5)

35 (43.2)
4 (4.8)
13 (15.9)

13 (44.8)
20 (60.0)
4 (13.8)
7 (24.1)
8 (27.5)

0.150
0.639
0.004
0.006
0.104
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Table 3: Serum levels of inflammatory mediators andxidative status parameters according to the lipicprofiles studied in HC, RA and DL patients.Continuous

variables are expressed as mean *

(dyslipidemia), HC (healthy controls), TRL (trigde-rich lipoproteins), PON1 (paraoxonase 1),(R®umatoid arthritis), TAC (total antioxidant capg).

standard deviattomedian (interquartile range). Differenceswasn groups were assessed by Mann-Withney U t&dts.

DL

HC RA
Normall lipid TGN L o o Norma! lipid TG DL o o
profile profile
(n=30) value (n=29) value
(n=83) (n=84)

Normal lipid
profile
(n=16)

TG high HDL low
(n=11)

p_
value

Cytokines and

inflammatory mediators

TNFa (pg/ml)
IFNy (pg/ml)
IL-8 (pg/ml)
GM-CSF (pg/ml)
MCP-1 (pg/ml)
SICAM-1 (pg/ml)

158.14+193.97 136.89+173.870.916 282.92+243.78  582.64+753.270.004

3.00+9.68 5.89+27.27 0.195 8.23+14.22 7.93+12.95 0.884
25.74+37.54 18.46+6.72 0.930 50.69481 58.40+40.64  0.156
1.34+1.68 0.99+1.09 0.659 32.61389. 49.00+58.14  0.655

289.74+220.18
219.31+147.80

242.74+£159.48.765
368.24+240.53).146

419.18+418.34
256.01+144.26

639.83+538.32D.004
302.36+171.940.154

141.19+187.76
3.40+61.07
14.96+8.26
4.20+3.21
336.64+208.26
213.77+100.47

191.49+193.810.397

6.20+52.01
13.59+6.04
4.10+25.07

0.148
1.000
0.343

500.45+327.240.148
326.61+90.780.008

EGF (pg/ml) 119.95+87.57 111.21+465.85 0.948 13873902  225.80+255.86 0.137 156.75+169.89 138.81+119.28.959
IP-10 (pg/ml) 87.27+103.37 89.70+121.67 0.866 10689.25  165.19+124.00 0.018 74.79+55.01 100.97£51.25 0.087
Leptin (ng/ml) 9.21+7.80 11.70+11.10 0.664 12.30.6B 27.27+£37.97 <0.001 12.98+£11.92 12.01+10.99 0.878
Resistin (pg/ml) 7.3243.32 8.54+2.51 0.120 9.3853. 11.40+4.90 0.084 8.19+2.44 8.36+2.58 0.799
Oxidative status parameters

PONL1 (V) 336.36+134.19  392.53+135.8@.097 251.43+112.45  220.50+97.50 0.223 329.4741K45 378.63+171.13 0.507
TAC (mM T-Eq) 4.43+0.86 5.01+1.21 0.060 3.8240.81  4.00+0.86 0.236 4.57+0.91 5.08+1.46 0.697
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Table 4: Differential effect of the TG""HDL " profile on the inflammatory milieu and oxidative gatus parameters depending on the PON1 rs662 genetvariants

in RA patients. DNA was available from 103/113 (91.1%) RA patientariables are summarized as mean + standardtaevidifferences between lipid profiles were

assessed by Mann-Withney U tests. PON1 (paraoxd)aS&cC (total antioxidant capacity).

PONL1 rs662 genotype QQ QR RR
Normal. lipid TG DL o o Normall lipid TG L oW o Normall lipid TGN L o o
profile (n=14) value profile (n=10) value profile (n=3) value
(n=36) (n=31) (n=9)
Cytokines and inflammatory
mediators
TNFa (pg/ml) 235.15+161.49  783.23+804.370.002 329.91+323.54  260.61+136.311.000 337.23+227.96  368.88+193.130.864
IFNy (pg/ml) 5.93+6.22 5.36+3.77 1.000 11.58+22.08 6.14+2.69 0.782 4.95+2.81 2.98+0.45 0.133
IL-8 (pg/ml) 48.83+30.58 60.03+50.73  0.253 54.5348 52.95+19.70  0.932 43.45+15.76 42.10+4.61 (®.60
GM-CSF (pg/ml) 30.82+19.28 43.75£52.70  0.905 3424259 27.75+2.29 0.483 32.98+13.68 23.25+2.88 00@.1
MCP-1 (pg/ml) 344.65+330.65 685.71+622.99.013 479.01+515.64 593.41+319.590.073 387.53+256.55 240.93+108.99.482
sICAM-1 (pg/ml) 247.20+142.73  292.37+170.2%.310 294.31+152.05 293.99+133.09.905 239.06+149.74  472.26+285.00.209
EGF (pg/ml) 113.69+63.91  286.36+336.3%.047 159.80+£83.24  223.33+162.520.449 159.08+£122.14  102.91+93.45 0.482
IP-10 (pg/ml) 94.11+96.81 194.77+£142.969.018 121.57+£88.88  142.35+111.570.621 116.20+60.33  135.33£141.8D.727
Leptin (ng/ml) 9.32+7.00 29.71+43.44 0.002 15.27+£12.63 18.84+8.27 0.195 14.65+9.87 14.2928.8 1.000
Resistin (pg/ml) 9.37+3.74 10.51+3.71 0.389 9.83+3.44 9.11+2.87 0.591 8.91+2.77 15.07£3.55 058.
Oxidative status parameters
PONL1 (U) 175.42+63.49 177.09+£58.18 0.947 316.68229 258.35+112.88 0.183 363.30+91.85 374.97+86.37 1.000
TAC (mM T-EQq) 3.86+4.11 10.51+3.71 0.181 3.52+0.79  3.83+0.52 0.171 4.20£1.00 3.49+0.84 0.282
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Table 5: Changes in lipid profiles, inflammatory meliators, oxidative status parameters and blood lifg classes in RA patients upon TN&-blockade. RA patients are

stratified according to the clinical response aeticbased on EULAR criteria after three monthsraf-&GNFa treatment. Variables are summarized as mean tlatdn

deviation. Categorical data are expressed as ferBifces were analyzed by Wilcoxon paired tests(liseline), FFA (free fatty acids), PON1 (para@asml), PT (post-

treatment), TAC (total antioxidant capacity).

Responders (n=5)

Non-responders (n=8)

BL PT p-value BL PT p-value
Lipid profile
TG"HDL", n 0 0 4 6
HDL-c, mg/dl 69.40+9.31 71.80+1.92 0.465 49.85+33.00 55.42+15.79.344
TG, mg/dl 74.80+23.22 83.00+22.56 0.892  109.14+40.60 13783 0.116
TRL, mg/dl 10.23+3.72 11.48+5.18 0.699 23.44+12.34 25.44+14.38.389

I nflammatory mediators and oxidative status parameters

TNFa (pg/ml)

MCP-1 (pg/ml) 225.38+72.72  145.11+63.31 0.043

PON1 (U) 206.62+141.02 377.49+142.30 0.225
TAC (mM T-Eq) 3.64+0.78 2.95:0.68  0.138
FFA (mM) 0.56+0.28 0.54+0.37  0.893

451.05+£265.98 150.14+153.47 0.045 352.02+197.97 394.95+179.31 0.484
250.37+60.01
252.51+116.62305.99+119.20 0.161

213.02+72.14  0.161

0.327
0.161

3.69+0.35
0.31+0.20

4.07+0.99
0.54+0.30
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HIGHLIGHTS

e TG"HDL'™lipid profile is associated with inflammatory mediatorsin RA
« High TRL levels may underlie the effect of the TG""HDL'™" profile
«  Theassociation between TG""HDL'™ and inflammation depends on oxidative status

o TG""HDL'™ profileisrelated to a poor clinical outcome upon TNFa-blockade in RA



