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LDL-c
HDL-c
oxLDL
TG
CVvD

CAD

ROS
H202

HOCI

Oy

PKC

MPO

NADPH

M-CSF

GM-CSF

IFN-y

MMP-9

ECs

= Low density lipoprotein cholesterol
= High density lipoprotein cholesterol
= Oxidized cholesterol

= Triglycerides

= Cardiovascular disease

= Coronary artery disease

= Reactive oxygen species
= Hydrogen peroxide

= Hypochlorous acid

anion superoxide / superoxide radical,

= Protein kinase C

= Myeloperoxidase
Nicotinamide adenine dinucleotide phosphate
= Macrophage colony-stimulating factor

= Granulocyte macrophage colony-stimulating factor

Interfargamma

Interleukin

= Matrix metalloproteinases-9

= Endothelial cells



SMCs = Smooth muscle cells

NK cells = Natural killer cells

MDM = Monocytes-derived macrophages
KRPG = Krebs-Ringer phosphate buffer with glucose
PBS = Phosphate buffer saline solution
TNB = 1,3,5-trinitrobenzéne

DTNB = 5,5 -dithiobis(2-nitrobenzoic acid)
PMA = phorbol myristate acetate

CRP = C-reactive protein

HIV = Human immunodeficiency virus

ART = Antiretroviral therapy

HAART = High active antiretroviral therapy

STI = Schedule treatment interruption

pVL = plasma viral load

s-VCAM-1 = soluble cell adhesion molecule-1
MCP-1 = monocyte chemoattractive protein-1
sCD40L = soluble CD40 ligand

CD = Cluster of differentiation

PBMCs = Peripheral mononuclear cells

M = Median

IQR = Interquartile range
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Abstract

We organized the thesis into two chapters:
Chapter I:

To evaluate the synergic effect of IL-12/IL-18 and M-CSF/GM-CSF on monocytes
differentiation and their impact on the respiratory burst and cholesterol metabolism of
monocytes-derived macrophages, monocytes were differentiated for 7 days in the presence of
both granulocyte-macrophage colony-stimulating factor (GM-CSF) and macrophage colony-
stimulating factor (M-CSF) or Interleukin-12 (IL-12) and IL-18 to produce respectively
M/GM-® and 1L12/IL18. As control, monocytes were differentiated onlyhwvil-CSF,
GM-CSF, IL-12 and IL-18 to produce respectively ®)-GM-®, IL12-® and IL18-®.
Samples analyses of four monocytes donors demonstrated a differential in the cholesterol
metabolism and respiratory burst of macrophage subpopulations. Stimulated ®/&M-
IL12/1L18-® produce high level of H202 and myeloperoxidase; gaderate significant
amount of HOCI in response to PMA. In contrast, they show low levels of anti-oxidant
enzyme catalase. Moreover they intensify LDL oxidation and spontaneously accumulate
significant amount of cholesterol when incubated with unmodified low-density lipoprotein.

The results suggest that M-CSF/GM-CSF or IL12/IL18 pathways might be some critical
synergic signals experienced by monocytes/macrophages during their differemtiairoo:
in which their atherogenic potential or their capacity to oxidize LDL increase.

Chapter II:

Recent studies show that HIV-1 load rebound after long periods of treatment interruptions
(T1), results in a burst of coronary artery disease (CAD) biomarkéesinvestigate whether
short interruptions induce a burst of these biomarketsether their levels return to the
baseline during treatment resumption and if the burst were related to the number of
interruptions. CAD biomarkers CRP, CXCL8, D-dimer, MMP-9 and plasma lipids were
measured from stored plasma samples of 21 chronically HIV-1 infected subjects enrolled in a
study evaluating six cycles of “2 weeks off” / “4 weeks on” antiretroviral therapy. Subjects

were clustered into those with a viral load rebound after stopping treatment and those without.

1



The levels of CRP, MMP-9, CXCL8, D-dimer and triglycerides rose significantly after each TI

in subjects with viral load rebound. Changes of means increment in subjects without viral load
rebound were too low relative to the baseline and without clinical interest as values stayed
between the normal plasma ranges. No times effect was observed during Tl except for CRP.

All biomarkers return to baseline levels after each treatment resumption.

The results suggest that antiretroviral Tl as short as two weeks are associated with a
clinically relevant burst of acute CAD biomarkers, that indicating the importance of adhering
to treatment.
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Chapter | Introduction

1 - Introduction

Cardiovascular disease (CVD), particularly atherosclerotic vascular disease, is a
leading cause of global mortality with an estimated 17.5 million CVD deaths in 2005,
accounting for 30% of all global deaths (WHO). Now widely recognized, inflammatory
mechanisms play a vital role in the initiation, maintenance and progression of vascular
disease with a strong correlation between inflammatory markers and prognosis in acute

and chronic coronary artery disease.
1.1- Inflammation

Is part of the complex biological response of vascular tissues to harmful stimuli,
such as pathogens, damaged cells or irritants. Inflammation is a protective attempt by
the organism to remove the injurious stimuli and to initiate the healing process. The
external agent is recognized by resident dendritic cells and macrophages in tissues,
induces the local production of quimiocines that facilitate the arrival of others immune

cells, leading to tissues infiltration and vascularization.

In addition to the induction of quimiocines, activation of macrophages induces the
production of inflammatory cytokines, free radicals and pro-oxidants enzymes [1, 2].
Prolonged inflammation known a$ironic inflammation, leads to a progressive release
of reactive oxygen intermediates at the site of inflammation and is responsible for tissue
damage [3]. This type of inflammation leads to a host of diseases, such as rheumatoid
arthritis and atherosclerosis [2, 4]. Atherosclerosis is induces by metabolic
abnormalities such as increased levels of total and low density lipoprotein (LDL)-

cholesterol [5].

1.2. Inflammation and Oxidative Stress

The inflammation and oxidative stress contribute to the pathogenesis of many
human diseases including atherosclerosis [6]. The inflammatory process is often
associated with free radical damage and oxidative stress which, in some cases, will lead

to proteins oxidation; the main process of atherosclerosis [2, 3, 7]. Protein oxidation is
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the covalent modification of a protein induced by reactive oxygen intermediates or by-

products of oxidative stress [8, 9].

Oxidative stress is a state in which the intracellular oxido-reduction homeostasis
of a cell is altered, which occurs because of excessive production of reactive oxygen
species (ROS) and/or by reduction in the antioxidants mechanisms, leading to cell
damage [3, 10, 11]. ROS include anion superoxideQ®drogen peroxide (H202)
and hydroxyl radical (*OH) [12-15] (FIG.1).

NADPH +09
NADPH Oxidase
Superoxide Q5 "
Superoxide Dismutase
Hydrogen
et +. Peroxide

Catalase
HyOp ™y

Hydroxyl O5 + H0
Radical l
OH®" Myeloperoxidase
Hypochlorite
HOCI

FIG.1. Schematic representation of Oxygen Radicals generation in activated
phagocytes.

Cellular use of oxygen generated free radicals permanently. These chemical
species are highly unstable and reactive, characterized by the presence of an unpaired
electron in the final orbit; and their high reactivity is associated with the need to take
electrons to achieve their balance; and they can react with any chemical structure that is
within their reach [10]. Usually these structures use by free radical for electronic
delivery are macromolecules such as proteins, lipids and even DNA.

A part of oxygen reaching mitochondria can escape complete reduction and
therefore, form free oxygen radical. The first is a highly reactive structure called anion
superoxide. High production of this anion leads to the activation of some phagocytes
(polymorphonuclear cells, monocytes and macrophages). In this case the
molecule superoxide becomes H202 by the action of the enzyme superoxide dismutase;
H202 oxidizes chloride to anion hypochlorite by the action of the enzyme

myeloperoxidase. These compounds of oxygen, hydrogen peroxide and anion

6



Chapter | Introduction

hypochlorite are strong oxidizing agents [7].

1.3- Enzymes involved in inflammation.

1.3.1- Pro-oxidants enzymes involved in the inflammation: the enzymes of

respiratory burst.
1.3.1.1-NADPH oxidase

Granulocytes and macrophages possess an enzyme system of membrane called
NADPH oxidase that can produce the radical superoxide from NADPH and oxygen in
response to an appropriate stimulus. In fact,dtfghagolysosome membrane enzyme
that takes an electron from NADPH and transfers it o f@rming the superoxide
radical, Q . The induction of this enzyme is controlled by the protein kinase C (PKC),
enzyme that when activated in vitro by the PMA gives rise to the formation of ROS |[2,
15-18]. The superoxide radical is only moderately reactive. However, it is soon
converted to hydrogen peroxide (H202) by the enzyme superoxide dismutase (FIG.1,
and FIG.2).

2NADPH + 20, —2NADP "+ 20,"" + 2H"

203.- + 2H+ —> HgOz + Og

FIG.2. Simplified scheme of the catalytic process

1.3.1.2- Myeloperoxidase

Another cell-derived factor that may participate in phagocyte dependent oxidation
of LDL is myeloperoxidase (MPO). MPO is an abundant heme protein released by
activated neutrophils and monocytes and present in some tissue macrophages such as
those in vascular lesions [19-21]. MPO may play a role in monocyte-macrophage

oxidation of LDL by a variety of distinct pathways. MPO can act to amplify the
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oxidizing potential of H202, the dismutation product of O2 by using it as a co-
substrate to generate a variety of oxidants, including diffusible radical species, reactive
halogens, aldehydes, and nitrating agents[22, 23]. The heme group of MPO is buried
deep within a hydrophobic binding pocket and catalyzes the oxidation of a variety of
small substrates that then can diffuse away from the enzyme and damage cellular
targets. Thus, MPO-mediated oxidation reactions occur in the absence of free transition
metal ions and are resistant to inhibition by chelators. Because of its high concentration
in biological matrices, chloride is regarded as a major substrate for MPO. MPO
catalyzes the two-electron oxidation of chloride forming the powerful oxidant,
hypochlorous acid (HOCI) (Eq.1).

MPO
Eq.1) kO, + CI ===> CIO+ H,O

Exposure of LDL to reagent HOCI results in chlorination and oxidation of protein
and lipid constituents of LDL, induces LDL aggregation, and converts the lipoprotein
into a high uptake form for macrophages. MPO-generated HOCI also oxidizes free
amino acids, abundant nutrients in plasma and extracellular fluids, converting them into
aldehydes. MPO-generated aldehydes can then modify nucleophilic targets on LDL
protein and lipids. In addition, MPO can catalyze the one-electron oxidation of L-
tyrosine, generating the tyrosyl radical [24, 25] (FIG.3). PMA-activated phagocytes can
produce tyrosyl radical and initiate LDL lipid peroxidation and dityrosine cross-linking
of proteins [21, 26-30].

z i —» chiorotyrosine

"\II 2 L= eniorinates starols
O Ti - chloramines

H0;— o= Lo reactive aliehydes

M]reluparﬂx idase
¥ protain dityrasing
tyrosyl " —— lipid peroxidation
intimal :

rﬂnnar-uc @ar - ather prodects
»:,EI

I"-—FHQE —— niirclyrosine

FIG.3. Model of potential pathways available to macrophages for generation of
MPO-derived oxidants,
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1.3.2- Antioxidants enzymes

Cells throughout the body clearly need protection from the molecules described
above. Most of these cells have superoxide dismutase and catalase, which converts the
hydrogen peroxide to oxygen and water (FIG.1). In other words, the combination of
superoxide dismutase and catalase removes oxygen radicals and protects cells of the
body [13, 31].

1.4- Atherosclerosis

1.4.1- Definition of atherosclerosis

The term arteriosclerosis generally refers to the thickening and hardening of the
artery wall. It progresses with a gradual build-up of plaque or thickening of the inside of
the artery walls, which causes a decrease in the amount of blood flow, and a decrease in

the oxygen supply to the vital body organs and extremities [6].

Classically, the lesions of atherosclerosis are listed in order of appearance in fatty

streak, fibrous plagues and complicated lesions [32-34] (FIG.4).

The fatty streak mainly consists of foamy appearing macrophage cells, sometimes
with some additional T lymphocytes, aggregated platelets and smooth muscle cells in
localized regions of the intima. Fatty streaks may be precursor of atheromas and not all
fatty streaks are destined to become fibrous plaques. This type of lesion appears at any
level of the arterial tree and to all ages, the aorta being the first affected from childhood.
The fibrous plaques are areas of thickening of the intima consisting of a core of
extracellular lipids and necrotic cell debris, covered by a fiboromuscular layer. These
plagues appear at first of the abdominal aorta, coronary arteries and carotid arteries
between 20 and 30 years and their number increases gradually with age. Finally, the
complicated lesion is a calcified fibrous plaque, which contains, in varying degrees,
necrosis, thrombosis and ulceration. These lesions are frequently associated with
various symptoms [34]. Necrosis can cause rupture of the intima responsible for an

9



Chapter | Introduction

aneurysm or hemorrhage. An arterial embolism may occur when pieces of plaque break
off and pass into the lumen. Stenosis and a functional disorder in an organ can occur as
a result of gradual occlusion of an artery due to thickening of the plaques and the

formation of clots.

Foam Falty Intermediate Fibrous  Complicated
cells streak lesion Atheroma plague lesion/Tupture

-

=

FIG.4. Order of appearance of atherosclerosis lesidaterfoscler Thromb Vasc Biol
2007;27:15-26.)

A protective fibrous cap normally forms between the fatty deposits and the artery
lining (the intima). These capped fatty deposits (called atheromas) produce enzymes
which cause the artery to enlarge over time. As long as the artery enlarges sufficiently to
compensate for the extra thickness of the atheroma, then narrowing or stenosis of the
opening lumen occurs. The artery becomes expanded and egg shaped, still with a
circular opening. If the enlargement of the atheroma thickness is beyond the proportion
of the artery, then an aneurysm is created [32, 35].

The muscular portion of artery walls usually remains strong, even after they have
remodeled to compensate for the atheromatous plagues. However, atheromas within the
vessel wall are soft and fragile with little elasticity. Arteries constantly expand and

contract with each heartbeat. In addition, the calcification deposits between the outer

10
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portion of the atheroma and the muscular wall, as they progress, lead to a loss of

elasticity and stiffening of the artery [35-37].

If the fibrous cap separating a soft atheroma from the bloodstream within the artery
ruptures, atheroma tissue fragments are exposed and released. Atheroma tissue
fragments are very clot promoting; they attract blood platelet accumulation and activate
the blood clotting system proteins. This leads to a temporary patch covering and
narrowing (stenosis) within the artery lumen. Though this is often a repetitive and
progressive process over time, it is usually asymptomatic until a severe enough events

occurs in a critical enough area [37].

Fibrous cap ruptures usually result in only a partial narrowing, stenosis, of the
artery lumen, a narrowing which usually partially re-opens with healing and regrowth of
the intimal lining. However, sometimes the combination of atheroma material release,
bleeding into the atheroma bed, platelet accumulation and accumulation of blood
clotting proteins suddenly builds to the point of creating a complete, or near complete
obstruction [35]. The obstruction, either at the site of rupture, or as a result of debris
sent downstream, prevents adequate blood flow to cells downstream. Cells starved for

adequate blood supply are injured and may die [37].

1.4.2- Macrophages and thelevelopment of atherosclerosis.

Atherosclerosis is characterized by intimal accumulation of lipids, mainly
cholesterol and cholesterol esters, and the infiltration of inflammatory cells, particularly
macrophages and T cells, in addition to migration and proliferation of medial smooth-
muscle cells. Macrophages are the most prominent cell type in atherosclerotic lesions
and are associated with two hallmarks of the disease; lipid deposition and inflammation
[6, 32, 38]. Recruitment of circulating monocytes to the subendothelial space is one of
the earliest events in atherogenesis. Within tissues, monocytes differentiate into
macrophagesThe macrophages ingest oxidized cholesterol, sldudging into large
"foam cells" — so described because of the appearance numerous vesicles take on to
accommodate their high lipid content. The early stages are called fatty streaks. Foam
cells eventually die, and further propagate the inflammatory process. Intracellular

microcalcification deposits form within vascular smooth muscle cells of the surrounding

11



Chapter | Introduction

muscular layer, specifically in the muscle cells adjacent to the atheromas. In time, as
cells die, this leads to extracellular calcium deposits between the muscular wall and
outer portion of the atheromatous plagues. Connective and elastic tissue materials also
accumulate there, as may cell debris, cholesterol crystals, and calcium. This
accumulation of fat-laden cells, smooth muscle cells, and other materials forms a patchy

deposit called an atheroma or atherosclerotic plaque [32].

Cholesterol is delivered into cell by LDL particles [39]. To attract and stimulate
macrophages, LDL must be in the oxidized form, a key step in the ongoing
inflammatory process. Additionally, macrophages must be able to remove excess
cholesterol by their functioning HDL particles (high density lipoprotein) to avoid
becoming foam cells and dying [5, 40]. To date, the only known mechanism by which

macrophages can export excess lipid is into HDL particles [41].

LDL receptor is the primary receptor for binding and internalization of plasma-
derived LDL cholesterol and regulates plasma LDL concentration [42]. LDL receptor
activity is normally under tight metabolic control via a feedback system that is
dependent on intracellular cholesterol concentration [40, 41, 43, 44]. This system
maintains a constant level of cholesterol in hepatocytes and other cells by controlling
both the rate of cholesterol uptake from LDL via LDL receptor and the rate of de novo

cholesterol synthesis [5, 45, 46].

Oxidative modification of low density lipoprotein (LDL) plays a major role in the
pathogenesis of atherosclerosis [47-51]. It is well-known that the macrophage scavenger
receptors play an important role in the internalization of chemically modified
lipoproteins, such as oxidized low-density lipoprotein (oxLDL) by macrophages,
leading to the transformation of macrophages into lipid-laden foam cells [5, 52-56].
Subsequently, LDL is oxidatively modified by free radicals that are either secreted from
cells within lesions or generated extracellular in the arterial wall [57]. Oxidatively
modified LDL (oxLDL) induces a multitude of cellular responses which lead to

vascular dysfunction [30, 58].

12
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1.5- Macrophages subpopulations and inflammatory profile

The inflammatory profile of each macrophages subpopulation depends on the type
of cytokine present in the environment where the monocytes were differentiated into
macrophages. Macrophages have been identified as heterogeneous cells with a variety
of physiological and pathophysiological functions. Investigators have hypothesized that
monocytes will differentiate into specific macrophage subpopulations in response to
alternative cytokine environments [59]. Because of this, human monocytes entering the
vessel wall may be capable of differentiating into alternative lineage-determined
macrophage subpopulations in response to the local cytokine environment.

However, macrophages that have acquired a proinflammatory profile at the end of
their differentiation will in parallel present a respiratory burst more effective than the
cells that have acquired an anti-inflammatory profile [59, 60]. In this study, the
cytokines use to differentiate the monocytes to monocytes-derived macrophages were:

1.5.1-M-CSF

The main function of macrophage colony-stimulating factor (M-CSF) is to ensure
the survival and differentiation of mononuclear phagocytes including among others
monoblasts, promonocytes, monocytes, macrophages and osteoclasts. MCSF also
increases the cytotoxicity, phagocytosis, chemotaxis and cytokine production in
monocytes and macrophages [61, 62]. The M-CSF main producing cells are monocytes
and macrophages but it is also expressed by vascular endothelium and smooth muscle
cells. In contrast to others macrophages subpopulation, M-CSF macrophages are
elongated and spindle shaped; they present enhance expression of the proinflammatory
marker CD14 [59] and produce high level of H202 [60, 63].

1.5.2-GM-CSF

Granulocyte macrophage colony-stimulating factor (GM-CSF) is a differentiation

factor whose main function is the stimulation of progenitor cells of granulocytes and
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macrophages for their survival, proliferation and differentiation [60, 62, 64]. Its main
functions on monocytes include the increased of cell survival, adhesion and induction of
MHC-II expression. GM-CSF is produced by different cell types such as fibroblasts,
epithelial, endothelial, stromal and monocytes. Macrophages and intimal smooth muscle
cells also secrete GM-CSF within atherosclerotic lesions [6ljwever, some studies
indicate that monocytes differentiated with GM-CSF have High Basal and inducible
levels of catalase Activity [63] and therefore associated with the antioxidant system.

1.5.3-IL-12

Is a potent regulator of cell mediated immune responses and it inducgs IFN-
production by NK and T cells. It is produced by activated monocytes/macrophage cells,
neutrophils, B lymphocytes and connective tissue type mast cells. Among its biological
activities IL-12 promotes the growth and activity of activated NK, CD4+ and CD8+

cells and induces the development of lfrNroducing Thl cells [66].

1.5.4-1L-18

IL-18, a pleiotropic proinflammatory cytokine, is produce by endothelial cells
and activated macrophages. As suggested by its name, IL-18/IGIF (interferon-gamma
inducing factor)was initially recognized as a potent inducer of IFN-gamma production
by T-cells [60, 67, 68] and NK cells [69]. In synergy with IL-12, the effects of IL-18,
through its induction of IFN-gamma, can lead to a rapid activation of the
monocyte/macrophage system with an upregulation of these cell's innate immune
capabilities [70, 71]. Furthermore, IL-18 not only promotes IFN-gamma synthesis, but
also likely participates in its overall activities [67].

Beyond induction of IFN-with subsequent promotion of Thl immune response,
IL-18 enhances the expression of matrix metalloproteases (MMPs) and these two
abilities of IL-18 characterize it as a crucial and potent mediator of atherosclerotic
plaque destabilization and vulnerability. Increased expression of IL-18 in human
atherosclerotic plaque has been shown, especially in lesions prone to rupture, where it is
localized mainly in plaque macrophages [32, 72].
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1.5.5-IL-12/IL-18

The combination of interleukins IL-12/IL-18 leads to the differentiation of
monocytes into macrophages. These two cytokines act synergistically on monocytes/
macrophages system by increasing their survival, their activation and they induce the
production of inflammatory cytokines IFN-and CXCL8 once the monocytes
differentiated into macrophages [73]. Furthermore, monocytes differentiated with the
combination of IL-12 and IL-18 give rise to aggregated macrophages like those

observed in atherosclerotic plaques.

1.6- Inflammatory cytokines and markers of coronary artery disease

As inflammatory markers implicated in CAD, in our study we analyze:

1.6.1-IL-6

Is a 26-kDa single chain glycoprotein, produced by many cell types including
activated monocytes/macrophages and endothelial cells, as well as by adipose tissue.
IL-6 is able to stimulate macrophages to secrete MCP-1 and patrticipates in the
proliferation of SMCs. In addition, ECs stimulated by IL-6, express intercellular
adhesion molecule-1
(ICAM-1). IL-6 also promotes production of hepatic acute-phase reactants, including
CRP [60]. IL-6 is expressed at the shoulder region of atherosclerotic plagues and may
increase plaque instability by driving expression of matrix metalloproteinases, MCP-1,
and tumor necrosis factor (TNk){72]. Furthermore, IL-6 represents the principal
procoagulant cytokine, but its most important function is the amplification of the
inflammatory cascade through which IL-6 at least in part might exerts its direct
proatherogenic effects in the arterial wall. Indeed, large amounts of IL-6 have been

found in human atherosclerotic plaque[74].
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1.6.2-IL-8/CXCL8

Is a proinflammatory CXC chemokine of 8.4 kDa that can signal through the
CXCR1 and CXCR2 receptors. It is secreted by monocytes, macrophages and
endothelial cells. IL-8 has been implicated in a number of inflammatory
diseasesicluding atherosclerosis.IL-8 stimulates HIV-1 replication, attracts
neutrophils and T cells, stimulates the adhesion of monocytes, and contributes to

angiogenesis [75].

1.6.3-IL-10

Unlike the previous cytokines, interleukin-10 (IL-10) is an anti-inflammatory
cytokines of 18.6 kDa secreted by activated monocytes/macrophages and lymphocytes.
It has multifaceted anti-inflammatory properties including inhibition of the prototypic
proinflammatory transcription factor nuclear-factor-kB, leading to suppressed cytokine
production, inhibition of matrix-degrading metalloproteinases, reduction of tissue factor
expression, inhibition of apoptosis of macrophages and monocytes following infection,
and promotion of the phenotypic switch of lymphocytes into the Th2 phenotype. All of
these inflammatory mechanisms play a pivotal role for atherosclerotic lesion

development and progression, suggesting a potential regulatory role of IL-10 [60, 74].

1.6.4-Matrix Metalloproteinases-9

Matrix metalloproteinases-9 (MMP-9) belongs to a family of multidomain zinc-
dependent endopeptidases that promote degradation of all protein and proteoglycan-
core-protein components of the extracellular matrix. MMP-9 is widely expressed in
monocytes/ macrophages, ECs and SMCs and fibroblasts. MMPs are involved in the
embryonic development and morphogenesis, wound healing and tissue resorption. On
the other hand, MMP-9 might be implicated in vascular and cardiac remodeling as a
result of dysregulated activation of these enzymes. Recently, several lines of evidences
have demonstrated that MMP-9 play an important role in atherogenesis [32, 76]. Most

importantly, MMP-9 is highly expressed in macrophage-rich areas of the atherosclerotic
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plaque, especially at the shoulder region of the cap, which might promote weakening of

the fibrous cap and subsequent destabilization of atherosclerotic lesions.
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2 - Hypothesis

M-CSF and GM-CSF are two factors of differentiation of monocytes. IL-12 and
IL-18 together but not alone, induce monocytes differentiation and the production of
inflammatory cytokines. M-CSF is expressed by vascular endothelium, smooth muscle
cells and macrophages; and intimal smooth muscle cells also secrete GM-CSF. IL-12
and IL-18 are both produced by activated macrophages; granulocytes are also a source

of IL-12 while endothelial cells also produce IL-18.

We hypothesized that: the autocrine and/or paracrine action of both IL-12/IL18 or
M-CSF/GM-CSF on monocytes and macrophages may trigger the respiratory burst and
contribute to the atherosclerotic process.
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3- Objectives

The objectives of this study were to:

1. Determine the capacity of IL-12/IL-18 and M-CSF/GM-CSF to induce monocytes

differentiation based on changes in cells morphology and distribution.

2. Assess the synergic effect of IL-12/IL-18 and M-CSF/GM-CSF on the
respiratory burst of macrophages by:
2.1quantifying the activity of antioxidant enzyme catalase
2.2quantifying the release of the pro-oxidant product H202
2.3 quantifying the activity of pro-oxidant enzyme myeloperoxidase (MPO)

3. Assess the atherogenic potential of monocytes differentiated with IL-12/IL-18 or M-
CSF/GM-CSF based on:
3.1the ability to produce oxidants (HOCI)
3.2the ability of activated macrophages to oxidized LDL-C

4. Determine the cholesterol accumulation potential of monocytes differentiated with
IL-12/IL-18 or M-CSF/GM-CSF by quantifying the intracellular accumulation of

cholesterol
5. Assess the regulatory properties of IL-10 in the atherogenesis by analyzing:

5.1the protecting role of IL-10 in the inhibition of foam cells formation

5.2the induction of CAD biomarkers release by oxLDL
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4-Material and methods

4.1- Monocytes isolation and differentiation
4.1.1 Monocytes isolation from peripheral blood

Peripheral blood was obtained from healthy donors of the Transfusion Centre and
Tissues Bank. Mononuclear cells of peripheral blood or PBMC were obtained by the
Ficoll gradient centrifugation (Lymphoprep, Axis-Shield, Norway) from peripheral
blood. Once the PBMCs obtained, monocytes were purified by positive selection
(Automacs,) using magnetic spheres coated with antibodies against the CD14 (Miltenyi
Biotech SL, Spain).

To verified the purity of the selection, cells were labelled with antibodies against
CD3 (Markers for T cells), anti-CD19 (Markers for B cells), anti-CD56 (Markers for
NK cells) and anti-CD14 (Markers for monocytes) conjugated to fluochromes (BD,
Spain). The values of purity by positive selection were greater than 97% as determined

by flow cytometry.
4.1.2-Culture of monocytes

Once isolated, monocytes were cultured at a concentratiofi oéli0/ ml in 24-

well plates, for 7 days in an incubator at 37 © C under 95% air and 5% CO2. Monocytes
in culture were subjected to the following conditions: M-CSF (100 ng / ml, PeproTech,
UK), GM-CSF (1,000 U / ml, PeproTech, UK) or both cytokines (M-CSF / GM-CSF);
IL-12 (100 ng / ml, PeproTech, UK), IL-18 (100 ng / ml, MBL, Japan) or both
cytokines (IL-12/IL-18). The culture medium used in all cases was the complete
medium RPMI-1640 (Gibco, Invitrogen, Spain) supplemented with 20% fetal bovine
serum (FBS, Gibco, Invitrogen, Spain) and in presence of 100 U / ml penicillin and 100

pg / ml streptomycin, medium called R20.
4.1.3- Differentiation of monocytes

Monocytes were differentiated for 7 days in the presence of alternative
macrophage development cytokines: M-CSF to produce M-CSF macrophagef (M-
GM-CSF to produce GM-CSF macrophages (@Wer with both cytokines to produce
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M-CSF/GM-CSF macrophages (M/GM};, we also use IL-12 to produce IL-12
macrophages (IL1®), IL-18 to produce IL-18 macrophages (IL&§- or with both
cytokines to produce IL-12/IL18 macrophages (IL12/ILdg-

The correct differentiation of cells was assessed by microscopic observations, base

on the morphology and distribution of cells in the day seventh of culture.

4.2- Assessment of Respiratory burst in MDM
4.2.1- HO, production by macrophages

Cellular release of H202 was detected using the protocol devised by Mohanty and
colleagues [77]. In brief, cultured MDM were rinsed with phosphate-buffered saline.
After the washing step, cells were resuspended in Krebs-Ringer phosphate buffer with
glucose (KRPG) (145 mM NacCl, 4.86 mM KCI, 0.54 mM CacCl2, 1.22 mM MgS0O4, 5.7
mM sodium phosphate and 5.5 mM glucose). 8xcHis were then added to 100 pl of
reaction mixture (5@M Amplex® Red reagent and 0.1 U/mL HRP in KRPG) in 96-
well flat-bottom tissue culture plates. Immediately, after the addition of 100 ng/ml
phorbol myristate acetate (PMA) (Sigma, Spain), the plate was placed in a fluorometer
(Titertek Fluoroskan I1l; Flow Laboratories Inc.), and fluorescence was recorded for
each well (0—-120 min) at 37 °C. H202 release was calculated from the increase of

fluorescence and by using purified H202 as standard.
4.2.2- MPO and Catalase Activity in macrophages

Monocyte-derived macrophages were harvested with buffer A [(10 mmol/L
phosphate buffer containing phenylmethylsulfonyl fluoride (1 mmol/L), leupeptin (100
mmol/L), pepstatin A (1 mmol/L), and cetyltrimethylammonium bromide (0.5%) pH
=7.0]. The cells were lysated by multiples cycles of freezing in liquid nitrogen and
thawing in ice bath. The cell lysate was centrifuged at 14500 RPBIminutes at 5°C
and the supernatant was used for MPO and Catalase activity assays. Proteins content
was measured in the total cell lysate by the BCA method using the kit of Pierce.
Peroxidation activity of MPO in the cell lysate was measuredihay EnzChek®
Myeloperoxidase Activity Assay Kit (Molecular probes Invitrogen, Spamj MPO

activity was calculated by the increase of fluorescence; due to the oxidation of
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nonfluorescentAmplex® UltraRed reagent by H202-generated redorrmediates
MPO-I and MPO-II; andusing purified MPO as a standard. Furthermore Csgala
activity was assess by the Amplex® Red Catalase Assay(Mfaiecular probes
Invitrogen, Spain) and Catalase activity was calculated by the production of the highly

fluorescent oxidation product, resorufin; using purified Catalase as a standard.

4.3- HOCL release and the oxidation reactions.
4.3.1- HOCI Production and MPO Degranulation from Macrophages

HOCI production from macrophages was determined by the TNB method [22].
MDM at the concentration of 4.3@ells/mL were stimulated with 100 ng/mL PMA in 1
mL of Krebs-Henseleit buffer solution (pH 7.4) containing taurine (20 mmol/L) at 37°C
for 2 hours. After the incubation, reactions were stopped by creating cell pellets (by
centrifugation [2000g] at 4°C) and the concentration of HOCI-mediated product, taurine
chloramine, in the incubation medium was determined by adding the Ellman’s Reagent
TNB (250 uM) to the entire mixture and the absorbance recoadetdl2 nm (Ultrospec
3000, Pharmacia Biotech). 50 ug of Catalase (type C-40, 12,000 U/mg, Sigma Chemical
Co.) was added to all samples before the addition of TNB to reduce residual H202, due

to the ability of high concentrations of H202 to slowly oxidize TNB.

Preparation of TNB

TNB was prepared by reducing DTNB (Sigma Chemical Co.) as described by Lisa
M. Landino and colleagues [78]. DTNB (0.5 g) in 25 ml 0.5 M Tris-HCI pH 8.8 was
treated with 2.5 mp-mercaptoethanol (Sigma Chemical Co.). The pH ofsihlation
was adjusted to 1.5 with 6 M HCI. Orange crystals of TNB formed after 6-8 hours at 4 °
C. The crystals were filtered and washed with cold 0.1 M HCI. Solid TNB was stable at
RT indefinitely. A fresh stock solution of TNB was prepared in 0.10 M phosphate
buffer (PB) pH 7.4, and its concentration determined from its absorbance at 412 nm

assuming an extinction coefficieng= 14,150 M* cm™.
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4.3.2- Oxidation of LDL-C by activated macrophages@xidation Reactions)

Monocytes-derived Macrophages (MDM) subpopulations {4.d@lls/mL)
obtained after differentiation of monocytes, were washed two times with PBS and
incubated at 37°C in Krebs-Henseleit buffer solution (pH in.¢yesence of 0.3 mg/mL
LDL-C (Intracel, USA). MDM were activated with 100 ng/mL phorbol myristate
acetate (PMA) and maintained in suspension by intermittent inversion (Complete
System). After 2 hours, reactions were stopped by creating cell pellets (by
centrifugation [2000g] at 4°C) and adding 0.25 mM EDTA to the supernatants. The
analysis of LDL oxidation products in samples supernatants were assessed by
electrophoresis on agarosgel. LDL oxidation products were then assayed in
supernatants using Lipidophor agarose-gel electrophoresis kits (Technoclone GmbH,
Austria). We mix 50 pL of supernatant with 50 uL of prewarmed (50°C) agar. We then
put 20 pL of this mixture into the prepared cavities of the gel plates. The electrophoresis

runs for 80 min at 70 Volt and 15 mAmp.

4.4- Cholesterol accumulation by macrophages and Lipid staining (Oil-Red-O)
4.4.1- Cholesterol accumulation assay

MDM subpopulations were incubated with 2 mg/ml of low-density lipoprotein
(LDL) and the appropriate differentiation cytokines for 24 hours. After incubation, the
cells were washed two times with cold PBS, and lipids were extracted from the cells
with 250 pl of hexane/isopropyl alcohol (3:2, v/v) for 20 min at room temperature; dried
under N and the extract was reconstituted in 30 ul of 2-propanol-containing 10% Triton
X-100 and was used as a sample solution. Cholesterol content in cells was determined
fluorometrically (FIG.5) [79] using Amplex® Red Cholesterol Assay Kit (Invitrogen,
Spain). After lipid extraction, the remaining cellular protein was dissolved in 0.1 N
NaOH for protein determination. Protein was determined by the BCA method using a

kit obtained from Pierce.
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FIG.5. Detection of cholesterol using the Amplex® Red reagent—based assay. Each
reaction contained 150MiAmplex® Red reagent, 1 U/mL HRP, 1 U/mL cholestero
oxidase, 0.1 M cholesterol esterase and the indicated amouthieothiolesterol in 1X
reaction buffer. Samples were incubated at 37°C for for 1h. Fluorescence was
measured with a fluorescence microplate reader using excitation at 560 + 10 nm and
fluorescence detection at 590 + 10 nm.

4.4.2- Oil-Red-O staining

After incubation with native LDL as indicated in the above conditions, the cells
were washed twice in ice-cold PBS, followed by formaldehyde fixation (10% in PBS)
for 15 min at room temperature. Neutral lipids were stained using 0.5% Oil-Red-O
(Sigma) in isopropanol for 15 min; cells smear were washed with running water and
counterstained with Vector® Hematoxylin QS (Vector Laboratories, Spain). The Oil-

Red-O-stained lipids were evaluated morphologically by microscopy.
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4.5- Regulatory properties of IL-10
4.5.1- ox-LDL-mediated foam cell formation Assays

MDM subpopulations from 4 healthy donors were incubated for 24 h in the
presence of oxLDL alone (2%g/ml) or oxLDL+ IL-10 (25 pg/ml, 25 ng/ml
respectively). Foam cells formation and oxLDL accumulation were assesdgudby

mass quantification assay as described in (4.4.1).
4.5.2-CAD biomarkers analyses

The concentration of IL-6, IL-8, IN§;-IL-10, MMP-9 in samples supernatants
after incubation of MDM subpopulations with 25 pg/ml oxLDL or without oxLDL were

determined using the Luminex analysis (Millipore, Spain)

4.6- Statistical Analysis

Data in figures represent the meai®D of four monocytes donors. The difference
between two mean values was analyzed using a paired twotadstl A value oP<
0.05 was considered statistically significant.
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5 -Results

This study focuses on the combined action of cytokines MCSF / GMCSF and IL-
12/1L-18 on monocytes of peripheral blood and assesses the respiratory burst of these
cells once differentiate into macrophages, as well as the production of inflammatory

cytokines and chemokines associated with atherosclerosis.

5.1 Differentiation of monocytes with MCSF/GMCSF and IL-12/IL-18 induces
changes in morphology and distribution of MDM in culture.

We cultured monocytes at a concentration &f ciis/ml in the R20 with M-
CSF/GM-CSF, IL-12/1L-18. As control we cultured monocytes with M-CSF, GM-CSF,
IL-12 and IL-18. Cultures were maintained for 7 days to ensure the correct
differentiation, during which we made microscopic observations to determine the

distribution and morphology of each MDM subpopulation in culture.

The addition of M-CSF/GM-CSF and IL-12/IL-18 causes a change in the
distribution of cells in culture, as indicated by the results we obtained from
microscopy. Indeed, in cultures of monocytes stimulated with IL-12 (FIG.6 -B) or IL-18
(FIG.6 -C), some cells die and disappear from the cultures; leaving the possibility that
they were cleared by the remaining cells in culture. Monocytes differentiated with IL-12
have a more or less rounded shape, whereas those differentiated with IL-18 are
somewhat more or less elongated.

Human monocytes (FIG.6- A) differentiated in the presence of GM-CSF for 7 days
maintained the rounded shape of the monocytes precursors resembling the fried egg
phenotype described in previous studies (FIG.6- D). The same human monocytes
differentiated in the presence of M-CSF for 7 days produced macrophages with an
elongated shape and numerous vacuoles (FIG.6- E). In contrast, if the stimulus comes
from the combination of M-CSF/GM-CSF (FIG.6- F) or IL-12/1L-18 (FIG.6- G)
monocytes adhere totally to the plate culture and the cells appear aggregated and have a

fibroblastic appearance.
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FIG.6. Morphology of monocytes cultures. The images show the in-vitro cultures of
(A) freshly isolated monocytes or stimulated during one week with (B) IL-12, (C) IL-
18, (D) GM-CSF, (E) M-CSF, (F) M-CSF/GM-CSF and (G) IL-12/IL-18

5.2 The synergic effect of IL-12/IL18 and M-CSF/GM-CSF on the respiratory

burst of macrophages

The ability of MDM to generate ROS was assessegubwptifying the production
of antioxidant enzyme catalase and pro-oxydants enzymes MPO and NADPH oxydase
(H202).
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5.2.1 Intracellular Catalase activity in macrophages

Catalase activity in GM® lysates after 7 days of culture was about 8 ungs/m
protein, whereas those in all others macrophages subpopulations were less than 3
units/mg protein (all P 9,05) (FIG.7-A). In agreement with this enzyme activity
results, the above findings suggest that expression of catalase gene is quite different

between GM- ® and others macrophages subpopulations.

(U/mg cells Protein)

Catalase Activity at day 7
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FIG.7-A. Activities of intracellular catalase in monocyte-derived macrophages
subpopulations. At day 7 of differentiation, MDM were lysated in buffer A. Proteins
content was measured in the total cell lysate by the BCA method. Catalase activities in
cells lysate were then analyzed using a fluorimetric assay. Statistical analysis was
performed between samples using a paired two-taHesdt. GM©D showed high
catalase activities than others macrophages subpopulations (all P < 0.05).

5.2.2 H202 release by macrophages
PMA has a marked ability to stimulate the release of ROS in phagocytes. MDM

were incubated for 2h in Krebs-Ringer phosphate buffer containing PMA.

M-®, M/IGM-® and IL12/1L18- MD release a large amount of H202, but @M-
inhibits H202 release by stimulation with PMA (FIG.7-Bys demonstrated above,
GM- @ expresses high levels of catalase activity. Thiegknigssuggest the possibility
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that GM-®, but not others macrophages populations, hamrked ability to scavenge
H202. Furthermore, IL12 and IL18d H202 release were very low and these two
results show a possibility that these cytokines when alone in culture can’t maintain or
ensure the survival and viability of MDM.

As shown in (FIG.7-B), whemacrophages were stimulated with 100 ng/ml PMA
for 60 min; M-®, M/GM-® and IL12/IL18® release 2,133 1,007 nM/ml H202,
3,264 +1,733 nM/ml H202 and 2,2460,488 nM/ml H202, respectively. In contrast
GM-®, IL12-® and IL184 release only 0,476 + 0,325 nM/ml H2A2109 + 0,088
nM/ml H202 and 0,084 + 0,026 nM/ml H202, respectively. Unstimulated MDM
subpopulations did not produce H202. These findings suggest tigtNMIGM-® and
IL12/I1L18-® release large amount of H202, unlike GM-through their distinct

regulation of catalase activities.
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FIG.7-B. Stimulant-induced H202 release in monocyte-derived macrophages
subpopulations. Cultured MDM were rinsed in PBS and resuspended in Krebs-Ringer
phosphate buffer with glucose (KRPG). The reaction mixture containing 100 ng/ml
PMA was dispensed into wells containing MDM subpopulatidhs. cellular release of
H202 was recorded for 2h at 37 °C using a fluorometer. Statistical analysis was
performed between samples using a paired two-tailesk t

5.2.3 Myeloperoxidase activity in MDM subpopulations

We used cultured human monocytes to explore mechanisms that might regulate
MPO expression in macrophages. Recent studies show that GM-CSF preserved MPO

activity during the 7-day culture period, whereas M-CSF was inactive in this regard
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[65]. In our study, the combination of either M-CSF/GM-CSF or IL12/I1L18 induces the
up-regulation of MPO activity (FIG.7-C). GMb also shows high MPO activity but M-

@, IL12- ® and IL18-® were inactive in this regard (FIG.7-C). MPO acinih M-®

was very low comparing with GM» or M/GM-® (P= 0,013 and P =0,032
respectively). Similarly, MPO activity in IL12/IL18 was statiscally significant than in
IL12-® or IL18-® (P = 0,049 and P = 0,045 respectively) .These tesudlicate that
GM-CSF selectively regulates MPO levels during differentiation of circulating
monocytes into macrophages. These results also show that the combination of GM-CSF
with M-CSF or IL-12 with IL-18 improves the regulation of MPO expression in
macrophages. Furthermore, these results indicate that only the differentiation of
monocytes with M-CSF/GM-CSF or IL-12/IL-18 give rise ¥6°* "2 macrophages
phenotype.

MPO Activity at day 7
(ug/mg cells Protein)

FIG.7-C. Activities of intracellular myeloperoxidase in monocyte-derived
macrophages subpopulationsit day 7 of differentiation, MDM were lysated in buffer

A. Proteins content was measured in the total cell lysate by the BCA method.
Myeloperoxidase activities in cells lysate were then analyzed using a fluorimetric assay.
Statistical analysis was performed between samples using a paired twa-tabed
GM-®, M/GM- @ and 1L12/1L18-® show high myeloperoxidase activities than others
macrophages subpopulations (all P < 0.05).
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5.3 Atherogenic potential of monocytes differentiated with M-CSF/GM-CSF and
IL-12/IL-18

5.3.1 Ability of activated M/GM-® and IL12/I1L18-® to produce HOCI.

Taurine chloramine generation by the stimulated macrophages is mediated by
HOCI. But firstly for HOCI production the system will require H202, myeloperoxidase,
and Cl.In 4 experiments 4 X fPMA-stimulated GM®, M/GM- ® and 1L12/IL18-®
chlorinated extracellular taurine and generated respectively 15,92 + 3,37; 27,55 + 11,17;
20,98 *+ 3,87 nM chloramine during a 2h incubation, whereab, M-12-® and IL18-

@ induce only low levels of chloramines generatiol Pa 0,05) (FIG.8-A). HOCL
generation was proportional to the amount of H202 and MPO in each MDM phenotype.
These results indicate that some macrophages phenotypes can produce significant
amounts of HOCI when activated.
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FIG.8-A. Taurine chloramine formation by macrophages 4.1¢ of each MDM
phenotype were incubated with 20 mM taurine for 2h at 37°C in 1 ml of Krebs-
Henseleit buffer solution (pH 7.4). Cells were incubated in the presence of 100 ng/ml of
PMA. Taurine chloramine formation was quantitated by the TNB method. Results are
expressed as the meant SD of four monocytes donors.
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5.3.2 LDL oxidation by activatedM/GM- @ and IL12/IL18- ®.

MDM were activated in Krebs-Henseleit buffer solution containing LDL with
PMA, and the extent of LDL modification by reactive ROS species was determined by
electrophoresis. Under these conditions, GM-M/GM-® and 1L12/IL18< activation
promote protein chlorination or lipids oxidation of LDL. While ®l-failed to do it.
During oxidation of LDL, its electronegativity increases, and therefore electrophoretic
mobility on agarose gel is a good indicator of the extent of oxidation
[80, 81]. Under the conditions as described in the Methods section, native LDL and
LDL incubated with M& migrate only slowly (FIG.8-B). Electrophoretic mbty of
LDL incubated with GM®, M/GM-® and IL12/IL184 increases, but the extent of
mobility was higher in M/GM@ and IL12/I1L18< than in GM®.

FIG.8-B. Oxidation of LDL by PMA activated macrophages via the MPO/H202
system. MDM (4.18 cells/mL) were incubated at 37°C in Krebs-Henseleit buffer
solution (pH 7.4) in presence of LDL (0.3 mg/mL). Cells were activated with 100
ng/mL PMA and maintained in suspension by intermittent inversion (Complete System)
for 2 hours. Reactions were stopped by removing cells through centrifugation. LDL
oxidation products were then analyzed by electrophoresis as described in materials and
methods. Electrophoretic mobility increases significantly after oxidative modification of
the lipoproteins, indicating enhanced negative charge. (AP,MB) GM-®, (C)
M/GM-®, IL12/1L18- M® and (E) native LDL.
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5.4 Cholesterol Accumulationpotential in M/GM- @ and 1L12/I1L18- ®.

The differential expression of genes related to cholesterol homeostasis prompted
further investigation of the cholesterol accumulation potential in macrophages
subpopulations. We analyzed this potential in six macrophages phenotypes.
Macrophages subpopulations from four monocytes donors were incubated with 2 mg/ml
of native LDL. FiG.9-A summarizes the spontaneous cholesterol accumulation in these
macrophages subpopulations. ®)- M/GM-® and IL12/IL18¥ spontaneously
accumulated respectively more than 2, 1.76 and 1.36-fold LDL-derived cholesterol
relative to GM@ (all P< 0.05). Similarly, IL12/IL18b accumulated more than twice
LDL-derived cholesterol than IL1® and 1L18< (all P< 0.05). Oil-Red-O staining
images as illustrated in FIG.9-B also show the same results and demonstrate that all
macrophages subpopulations are capable to accumulate spontaneously LDL in vitro but

that cholesterol homeostasis in macrophages subpopulations is different.
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FIG.9-A. Cholesterol accumulation of differentiated macrophages. Cultured MDM

of four monocytes donors were incubated with 2 mg/ml LDL for 24 hours and their
cholesterol and protein contents were determined. Shown is the cholesterol
accumulation of macrophages subpopulations incubated with native LDL for the
indicated conditions. Mp, M/GM-® and IL12/IL18<% spontaneously accumulated
significant quantities of LDL-derived cholesterol relative to @G\4L12-® and IL18-

@ (all P< 0.05).
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FIG.9-B. Oil-Red-O staining. Cultured MDM of four monocytes donors were
incubated with 2 mg/ml LDL for 24 hours. Cells were then stain by the Oil-Red-O

technique as described in material and methods. (A),NMB) GM-®, (C) M/GM-®,
(D) IL12-®, (E) I1L18-® and (F) I1L12/IL18®.

5.5-Regulatory properties of IL-10 in atherogenesis
5.5.1- The protecting role of IL-10 in the inhibition of foam cells formation

Macrophages were incubated for 24 hours with oxLDL alone or in combination with IL-
10. Our results show that the addition of oxLDL (25 ugjneads to lipids loading in
macrophages subpopulations. However, we observed that this accumulation was still
higher in MDM subpopulations that have acquired a great oxidant potential (FIG.10-A)

We also found that IL-10 (25 ng/ml) significantly mediated decrease of neutral
lipids accumulation in oxLDL-treated macrophages after incubation for 24 h, as
measured by lipid mass quantification (FIG.10-A). Oil-Red-O staining images show
that oxLDL induces foam cells formation in all macrophages subpopulations (Figures
not show). However, with microscopic observations in cells cultures (FIG.a0eB
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FIG.10-B), we observed that IL-10 significantly reduces oxLDL-induced foam cells

formation in macrophages. When IL-10 was add in oxLDL-treated macrophages,
cellular morphology observation reveals that cells remain activated in cultures
meanwhile those cells treated without IL-10 take a foam cells like appearance.
Moreover we observed that the addition of oxLDL induces a change of distribution in

all MDM phenotypes in cultures.

2007 Bl Ox-LDL only

OxLDL + IL-10
4004

Ox-LDL accumulation
(ug /mg cell protein)

z

/
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FIG.10-A. IL-10 inhibits ox-LDL-induced lipid loading and foam cells formation in
monocyte-derived macrophages. Monocyte-derived macrophages from four
monocytes donors were incubated for 24 h in the presence of oxLDLg(RH) or
oxLDL (25 pg/ml) + IL-10 (25 ng/ml), and accumulation of nelitipid was quantified
fluorimetrically; furthermore we make an microcopy observation to assess foam cell
formation after Oil-Red-O staining. IL-10 decreases the lipid filling in all macrophages
subpopulation.
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FIG.10-B) IL-10 inhibits oxLDL-induced foam cells formation in monocyte-
derived macrophages. Cultured MDM of four monocytes donors were incubated with
25 pg/ml oxLDL or (25ug/ml oxLDL + 25 ng/ml IL-10) for 24 hours. Cells waethen
observed by microscopy using a 10X magnification. In (AYPM{B) GM-®, (C)
M/GM-®; MDM were treated with oxLDL only. In (A", B", an@") the same MDM
subpopulations were treated with the combination of oxLDL + IL-10.
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FIG.10-B". IL-10 inhibits oxLDL-induced foam cells formation in monocyte-
derived macrophages. Cultured MDM of four monocytes donors were incubated with
25 pg/ml oxLDL or (25ug/ml oxLDL + 25 ng/ml IL-10) for 24 hours. Cells waethen
observed by microscopy using a 10X magnification. In (D) I04,2E) IL18-® and (F)
[L12/IL18-®d; MDM were treated with oxLDL only. In (D", E’, arid) the same MDM
subpopulations were treated with the combination of oxLDL + IL-10.
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5.5.2 ox-LDL induces the release of CAD biomarkers by macrophages.

Our results show that the incubation of macrophages with oxidized cholesterol
triggers the release of pro-inflammatory cytokines IL-6, chemokine IL-8 and protease
MMP-9 (FIG.10-C). oxLDL also triggers the release of N IL12/1L18-®. Unlike
the previous results, we found that oxLDL inhibits the expression of anti-inflammatory
cytokine IL-10 in macrophages. These results clearly show that oxLDL activate the
mechanisms or pathways of inflammation in macrophages on the one hand; on the other
hand it contributes to the inhibition of anti-inflammatory mechanisms. Furthermore, we
observed that in all these macrophages subpopulations, there was no relationship
between the amount of intracellular lipid accumulation and the production of

inflammatory products.
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FIG.10-C. oxLDL mediated release of CAD makers by MDM. The concentration of

CAD biomakers in samples supernatants after incubation of MDM subpopulations with

25 ug/ml oxLDL or without oxLDL was determined using theminex analysis.
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6 -Discussion

The recruitment of monocytes and macrophages aggregationin the arterial
wall isone of the factors favorable to inflammation and the development
of atherosclerotic lesions. However, macrophages aggregation duringn-thieo
differentiation of monocytes with IL-12/IL-18 has already been described by our group
[73].

The present study evaluated the synergic effect and the atherogenic potential of
human monocyte-derived macrophage subpopulations obtain after differentiation of
monocytes by M-CSF/GM-CSF or IL-12/IL-18.

We demonstrate that human monocytes can itheremtiated into divergent
macrophage phenotypes (ie,®-GM-®, M/IGM-®, IL12-®, IL-18-d, and IL12/IL18-
@) with potentially alternative functions in humarhatosclerotic disease. Our data
underscore macrophages heterogeneity [82, 83]. In fact, in the experiments we
performed in vitro, we found that the combination of cytokines M-CSF / GM-CSF or
IL12/IL18 has an important effect on the morphology and distribution of monocytes
from peripheral blood. These two MDM phenotypes have formed aggregates or small
colonies in cultures while the rest of the four macrophages subpopulations that we have
studied (ie, M@, GM-®, IL12-® and IL-184) have shown a distribution more or less
dispersed in cultures. The increased expression of the adhesion molecule ICAM-1 was
demonstrated by our group as a factor responsible for this aggregation [73]. In this
study, we investigated the impact that macrophages aggregation may have in lipid

accumulation and deposition as well as in LDL oxidation.

The mechanisms contributing to LDL oxidation in vivo require an important
respiratory burst from macrophages [10, 84-87]. Thatis, an active source
of H202 and MPO. Increased production of ROS by activated macrophages is the result
of synthesis of increased amounts of NADPH oxidase [3, 9, 10, 87].

In our study we found that the activity of catalase enzyme in @Mas higher
than in others MDM subpopulations. Furthermore, ®@Melease low levels of H202
when activated with PMA; leaving a possibility that GM-but not others macrophages

phenotypes, has marked ability to scavenge H202 through their inducible level of
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catalase. With these results we were able to confirm that GM-CSF promotes antioxidant
mechanisms in MDM [59, 63]. However, our results also show that GM-CSF
selectively regulates the expression of the pro-oxidant enzyme MPO in MDM [65]. But
giving that an important part of H202 might be consumed by@rough their high
catalase activity, the impact of high MPO expression on HOCI production in this
macrophages subpopulation will be reduce; as some amount of H202 require for HOCI
formation will be scavenge by the enzyme catalase [26, 63, 88].

In contrast, Mb phenotype shows high levels of H202 when activatiéd PMA.
However, this result contrasts with their low levels of MPO and catalase activities.
These observations help us to conclude thatb Mphenotype promotes oxidative
mechanisms but don’'t have enough MPO to form the oxidant HOCI [59, 89].
Nevertheless, the augmentation of H202 release in activatéd ilMistrates the role
they can play in lipoproteins oxidatian-vivo; as their release may be use by some

MPO-containing macrophages to produce HOCI [28].

However, M/GM® and IL12/IL18® phenotypes produce  significant  levels
of H202 when activated with PMA. The = same macrophages  subpopulations show
higher MPO activity than others. Furthermore, this high pro-oxidant profile contrast
with their low antioxidant potential; as they show low catalase activity relative to the

level that we observed in G-

These findings clearly show that the combine action of cytokines M-CSF /GM-
CSF or 1L12/1L18 on monocytes produc&® *H2°2 macrophages phenotypes, while
GM-CSF and M-CSF when use each alone only produce MPO-positive or H202-
positive macrophages phenotypes respectively. With these observations we were able to
confirm that M-CSF/GM-CSF induces a synergic effect on monocytes/macrophages as
both factors improve the respiratory burst of macrophages. With one of these factors,
macrophages are able to produce either MPO or H202. In contrast, IL12¥lInk&d
dual signals (ie both IL-12 and IL-18) to produce either MPO or H202.

Thus, the combination of cytokines M-CSF/GM-CSF or IL12/IL18 selectively
regulates MPO and NADPH oxidase (H202 production) expression in macrophages.
H202 production in IL12/IL18DP might be a result of high INF-release by these
macrophages subpopulation [73, 90], while this production in MG Rkbmes from M-
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CSF [63]. With these result we can suggest that the type and the number of cytokines in
a given environmenh-vivo are factors that determine the pro or anti-oxidant profile of

macrophages [59].

HOCI is a powerful oxidant capable of reacting with a host of biologically
important molecules [91, 92]. Studies designed to determine the requirements for
taurine chloramine generation by the macrophages clearly indicated a pivotal role for
H202, myeloperoxidase, and @22]. GM-®, M/GM-® and IL12/IL18® generate
significant amount of taurine chloramine when activated with PMA. These data indicate
that macrophages phenotypes with the capacity to release both MPO and H202 can
generate oxidant capable of attacking the amine group of taurine to form the N-CI
derivative [93]. We obtained the identical results when the same macrophages
phenotypes initiated LDL oxidation when incubated with native LDL [94, 95].
Furthermore, M/GM® and IL12/1L18< induce high LDL oxidation and therefore
demonstrate the atherogenic potential that these macrophages phenotypes might play in
human atherosclerotic lesions. The formation of HOCI by activateddGMY/GM-d
and IL12/IL18-® also suggests that they are able to promote infiamom

developmenbr maintenance of atherosclerotic lesions in-vivo [59].

The activation of H202-MPO-containing macrophages and subsequent
degranulation might contribute to the transition to acute complications of atheroma [65].
However, For H202-MPO-positive macrophages to realize their respiratory burst
capacity and produce HOCL in the arterial wall, they must release H202 and MPO into
the extracellular space. The stimuli for and mechanisms of this degranulation remain
unknown. In our study we use PMA as stimuli. The present findings that PMA (a potent
PKC activator) induced the HOCI production from H202-MPO-positive macrophages
in vitro suggest possible signaling pathways. Thus, all these observations support the
concept that local accumulation of H202-MPO producing macrophages in plaques

could influence atheroma stability.

We also observed that all macrophages phenotypes were capable of accumulating
lipid and forming foam cellg-vitro. However; only M®, M/GM-® and IL12/IL185
take up great amount of LDL by a spontaneous mechanism and accumulate cholesterol

when incubated with native LDL [42]. These results show that these three macrophages
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phenotypes have acquired a great cholesterol accumulation during differentiation.
In addition these results also confirm that cholesterol metabolism is very different

in macrophages subpopulations [59]. Research suggests that the regulation of
macrophage cholesterol metabolism may be an extension of the inflammatory process
because similar transcription factors affect both systems [96, 97]. This suggests that
macrophages phenotypes with a great cholesterol accumulation potential will also
promote inflammation [47].

When comparing cholesterol accumulation potential in each macrophages
phenotype, we were able to suggest that M/®Mubpopulation during than-vitro
differentiation has acquired an intermediate cholesterol metabolism profile between M-
® and GM subpopulations; while IL12/1L1& has acquired a new metabolic
profile between IL12d and IL-18< subpopulations. This indicates that the presence
of M-®, M/IGM-® or IL12/IL18-® subpopulations in atherosclerotic lesions will
promote both lipids deposition and foam cell formation in the arterial wall. Moreover,
cholesterol accumulation potential in ®-M/GM-® and IL12/IL18< paralleled with
their respiratory burst potential; indicating the role that these macrophages phenotypes

may play in LDL oxidation in-vivo.

IL-10 is proposed to have a therapeutic potential in various inflammatory diseases,
including atherosclerosis [60, 74, 98]. Macrophages are central for both inflammation
and lipid deposition during atherogenesis [34, 38, 59], and we therefore used a part of
our study to investigate if IL-10 inhibit macrophages foam cell formation. We were able
to demonstrate that IL-10 decreases lipid accumulation in oxLDL-stimulated MDM.
This decrease was accompanied by a reduction of foam cells formation as observed in
microscopic images. This finding suggests that IL10 has a remarkable therapeutic
potential by protecting macrophages to become foaming through the inhibition of lipid
accumulation [98-104].

In contrast, the incubation of MDM with only oxLDL leads to lipid filling and
foam cells formation of macrophages. ®-M/GM-® and [L12/IL18< show higher
oxLDL uptake than others MDM subpopulations; indicating that macrophages

subpopulations with a great respiratory burst are the first to become foam cells and thus,
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they may be more implicated in atherosclerotic plaques formation than others

macrophages phenotypes.

Moreover, oxLDL-mediated lipid filling was accompanied by an increase or
spontaneous release of IL-6, CXCL8, INlend MMP-9 by macrophages. These results
indicate that the presence of oxLDL in artery wall will promote inflammation, activate
others immune cells, induce monocytes recruitment and atherosclerotic plaques
instability [4, 68, 74, 75, 105].

In contrast, we also observed that oxLDL inhibits the expression of anti-
inflammatory cytokine IL-10 in MDM. With the previous results, we were able to
suggest that oxLDL is a stimulant agent implicated in the activation of inflammatory
pathways of macrophages on the one hand, on the other hand it contributes to the

inhibition of anti-inflammatory mechanisms [74].

In summary our work, regarding to the combine action of IL-12 and IL-18 shows that
for the activation of macrophages a two signal is needed. IL-12 and IL-18 are from a
two very different families (Immunoglobulin and TLR pathways, and the activation
pathways respectively). This activation is needed to control the immune system and not
to produce inflammation, but only when is needed. The effect of IL-12 and IL-18 is not
additive, but is similar to the TCR and CD28 signal needed for activation of antigen
specific cell. In contrast the effect of both M-CSF and GM-CSF is additive. As these
cytokines are present in the atherosclerotic lesion they might contribute to control this

process.
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7 -Conclusions

In this present study we can give the following conclusions:

1. The synergic effect of IL-12/IL18 and M-CSF/GM-CSF on monocytes promotes
survival, differentiation to macrophages and clustering of monocytes, while with

each cytokine alone the cells remain evenly dispersed in the cultures.

2. The differentiation of monocytes with IL-12/IL-18 and M-CSF/GM-CSF
triggers the respiratory burst of macrophages by decreasing the expression of
anti-oxidant catalase (<3 units/mg), and increasing the expression of H202 and

MPO in macrophages.

3. The differentiation of monocytes with IL-12/IL-18 and M-CSF/GM-CSF
increases the capacity of macrophages to generate the oxidant HOCI in response

to exogenous stimuli.

4. The synergic effect of IL-12/IL-18 or M-CSF/GM-CSF on monocytes favors

cholesterol accumulation potential who is associated to the respiratory burst.

5. IL-10 inhibits oxLDL-induced lipid loading and foam cells formation in
macrophages.
5.10xLDL promotes both inflammation and intracellular cholesterol deposition
with formation of foam cells by macrophages.
5.1.1 Macrophages subpopulations with a pro-oxidant profile have high
affinity to oxLDL than others macrophages phenotypes.
5.20xLDL is source of IL-6, IL-8, INFy and MMP-9 production by

macrophages.
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CHAPTER I

An increase In viral load during treatment
Interruptions induces a burst of factors implicated

in cardiovascular diseases.
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1 - Introduction

1.1 HIV infection and Cardiovascular disease

Cardiovascular disease is a major cause of morbidity and mortality in HIV-1-
infected untreated subjects. HIV-1+ subjects are at a higher risk of suffering
cardiovascular disease than HIV-1-negative subjects of the same age, gender and with
similar cardiovascular risk factors [1, 2]. In subjects who have never been treated with
antiretrovirals, chronic inflammation derived from HIV-1 replication accelerates the
development of atherosclerosis. Initiation of antiretroviral therapy (ART) rapidly reduces

the cardiovascular risk associated with active HIV-1 replication [3, 4].
1.2 Antiretroviral therapy and metabolic disorders

Treatment of HIV infection with a protease inhibitor (Pl)-containing regimens
causes severe dyslipidemia, which could be a key contributor to the elevated risk of
coronary artery diseases (CAD) in HIV-infected patients [5-8]. The proposed
mechanisms mainly deal with elevation of total and low density lipoprotein cholesterol
(LDL-C) levels; however, other pathways of lipoprotein metabolism may also
contribute to the significant rise in cardiovascular risk in HIV-infected patients. High
density lipoprotein (HDL) metabolism is also affected in such patients, as HIV-induced
dyslipidemia includes low levels of HDL cholesterol (HDL-C) and high levels of
triglycerides [1, 9]. Such metabolic changes increase, in turn, the risk of cardiovascular
complications in the long term. The proatherogenic profile associated with ART leads to
cholesterol accumulation in the vascular wall through passive (injuries of endothelium)
or active mechanisms (scavenger receptors) and the formation of atherosclerotic
plagues. Recruitment of monocytes and macrophages into the atherosclerotic plaque is
responsible for the activation of enzymes and release of free radicals that cause

cytolysis, further endothelial injury and LDL oxidation[10].
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1.3 Treatment interruptions and risks of CAD

There is no doubt that continuous treatment of HIV-infected persons with
combinations of three or more antiretroviral drugs reduces morbidity and mortality from
HIV-1 infection [11-17]. Nevertheless, growing concern about the long-term toxicity of
antiretroviral drugs, the prevalence of HIV-1 drug resistance in patients receiving
therapy [18, 19], and the substantial cost of continuous treatment has focused interest on
postponing therapy or administering it only intermittently [20-28]. Potential benefits of
intermittent therapy includei)( augmentation of HIV-specific immunity through
“autovaccination” [29, 30] from recrudescent viremia that occurs during treatment
interruptions; i) lowering of drug exposure to decrease toxicity [31-33]; angl (

reduction in the cost of antiretroviral therapy [34].

The association of treatment interruptions and CAD is based in the large
interruptions studies SMART [35] and STACCATTO [3]. In the first study a total of
5.472 participants with a CD4 count above 350 cells/rambaseline were randomly
assigned to two strategy arms. In the drug conservation (DC) arm, patients stayed off
therapy while CD4 count was above 350 cellsfrand resumed when it fell to 250
cells/mn?. Those in the viral suppression (VS) arm received continuous therapy
throughout the study. Among the factors studied the SMART study found that
interleukin-6 (IL-6) and D-dimer levels rose significantly after 1 month of treatment
interruption in HIV-1-infected subjects and showed a positive correlation with viral load
and death in the interruption group unlike the steady-therapy group [35]. Similarly, a
sub-analysis of the STACCATO study [3] analysed activation markers in subjects who
did or did not interrupt therapy. In contrast with the SMART study, they did not find a
link between viral load and IL-6. Nevertheless they found an association with the levels
of soluble cell adhesion molecule-1 (s-VCAM-1) and monocyte chemoattractive protein-
1 (MCP-1), two pro-inflammatory markers of endothelial dysfunction, increased after
treatment interruption and decreased again upon treatment reinitiating. These changes

were associated with changes in viral load.

The pathological substrate of acute coronary artery disease (CAD) is plaque rupture
leading to thrombus formation and tributary tissue ischaemia or necrosis [36].
Recruitment and activation of monocytes and macrophages into the atherosclerotic

62



Chapter I Introduction

plaque is responsible for the activation of enzymes and release of free radicals that cause
cytolysis, further endothelial injury and LDL cholesterol (LDL-C) oxidation [37] as well

as the production of cytokines IL-1, IL-6 and IL-8 [38]. This pro-inflammatory cascade
increases C-reactive protein (CRP) that oxidize and opsonize LDL-C, facilitating its

uptake by macrophages through their acetyl-LDL receptors [36, 37].

1.4 Inflammatory makers of coronary artery disease

1.4.1 IL-6

Is a 26-kDa single chain glycoprotein, produced by many cell types including
activated monocytes/macrophages and endothelial cells, as well as by adipose tissue.
IL-6 is able to stimulate macrophages to secrete MCP-1 and patrticipates in the
proliferation of SMCs. In addition, ECs stimulated by IL-6, express intercellular
adhesion molecule-1 (ICAM-1). IL-6 also promotes production of hepatic acute-phase
reactants, including CRP. IL-6 is expressed at the shoulder region of atherosclerotic
plaqgues and may increase plaque instability by driving expression of matrix
metalloproteinases, MCP-1, and tumor necrosis factor (bNBB]. Furthermore, IL-6
represents the principal procoagulant cytokine, but its most important function is the
amplification of the inflammatory cascade through which IL-6 at least in part might
exerts its direct proatherogenic effects in the arterial wall. Indeed, large amounts of IL-6

have been found in human atherosclerotic plaque[36].

1.4.2 IL-8/CXCL8

Is a proinflammatory CXC chemokine of 8.4 kDa that can signal through the
CXCR1 and CXCR2 receptors. It is secreted by monocytes, macrophages and
endothelial cells. IL-8 has been implicated in a number of inflammatory
diseasesicluding atherosclerosis.IL-8 stimulates HIV-1 replication, attracts
neutrophils and T cells, stimulates the adhesion of monocytes, and contributes to

angiogenesis [38].
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1.4.3 CRP

Is synthesized by hepatocytes and its production is under transcriptional control of
several cytokines, with interleukin (IL)-6 being a primary stimulus. However, recent
evidence has suggested that CRP may be also produced locally in vascular smooth
muscle cells (SMCs) and macrophages of atherosclerotic lesions [40, 41]. In vivo data
support the concept that CRP is able to bind to lipids [42], opsonize native LDL for
macrophages [43], present in atherosclerotic plaquesidd) therefore, play a direct
role in atherogenesis. A recent post-mortem study further confirmed a potential
pathogenic role of CRP in atheromatous plaque vulnerability,[45] demonstrating that
higher CRP concentrations strongly correlated with increased numbers of thin cap
fibroatheromas. Functionally, CRP has several effects that may influence progression of
vascular disease, including activation and chemoattraction of circulating monocytes,
mediation of endothelial dysfunction, induction of a prothrombotic state, increase of
cytokine release, activation of the complement system, facilitation of extracellular

matrix remodeling as well as lipid-related effects[46].

1.4.4 D-dimer

Both coagulation and fibrinolytic systems play an important role in the clinically
silent evolution and progression of atheroma and in events that follow the rupture of the
plaque resulting in clinical symptoms [47].Thrombus formation in a disrupted
atherosclerotic plague triggers most of the cardiovascular ischemic events. As the
thrombus is dissolved by the fibrinolytic system, researchers hypothesized that a
decrease in fibrinolytic activity could be a risk factor for ischemic events [48350].
Dimer fragments are produced when plasmin, an enzyme that activates fibrinolytic
system[51],degrades fibrin to remove it from blood vessels, ducts and organic
fluids. When the conversion of fibrinogen in fibrin takes place, the mechanism that
keeps the hemostatic balance is activated, with the conversion of plasminogen to
plasmin, for fast removal of fibrin, preventing thrombotic complicatidximer
plasma levels evaluate not only the activation of the fibrinolytic system, but also the
severity of a hypercoagulability condition[52].

In the SMART Study[35], a large international treatment strategy trial comparing

CD4 cell-guided structured treatment interruption versus continuous antiretroviral
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therapy, researchers found that the level of IL-6 increased by about 30% and D-dimer
increased by about 15% in the treatment interruption arm, while remaining stable in the
continuous therapy arm. Both markers increased progressively as HIV viral load rose
after stopping treatment. Interestingly, increased levels of IL-6 and D-dimer were more
strongly associated with all-cause mortality than with heart-related death specifically,
indicating that their detrimental effects likely extend beyond the cardiovascular system.
Researchers concluded that HIV infection results in activation of coagulation and
inflammatory pathways that may impact multiple organs.” They suggested that HIV
viraemia may directly affect the vascular endothelium, or lining of the blood vessels,

resulting in increased coagulation.

1.4.5 Matrix Metalloproteinases-9
Matrix metalloproteinases-9 (MMP-9) belongs to a family of multidomain zinc-

dependent endopeptidases that promote degradation of all protein and proteoglycan-
core-protein components of the extracellular matrix. MMP-9 is widely expressed in
monocytes/ macrophages, ECs and SMCs and fibroblasts. MMPs are involved in the
embryonic development and morphogenesis, wound healing and tissue resorption. On
the other hand, MMP-9 might be implicated in vascular and cardiac remodeling as a
result of dysregulated activation of these enzymes. Recently, several lines of evidences
have demonstrated that MMP-9 play an important role in atherogenesis [53]. Most
importantly, MMP-9 is highly expressed in macrophage-rich areas of the atherosclerotic
plaque, especially at the shoulder region of the cap, which might promote weakening of

the fibrous cap and subsequent destabilization of atherosclerotic lesions.

1.4.6 Soluble CD40 Ligand

CD40 and CD40L (CD 154), both members of the TNF superfamily, are
coexpressed by all major cells implicated in atherosclerosis, namely activated T-
lymphocytes, vascular ECs, SMCs, and monocytes/macrophages. Both, the receptor and
the ligand are functional and CD40/CD40L interactions enhance the expression of
various proatherogenic molecules like adhesion molecules, various chemokines (eg,
MCP-1), cytokines, growth factors, and MMPs. In addition, CD40L mediated functions
include prothrombotic actions by enhancing the expression of tissue factor and
diminishing the expression of thrombomodulin. OXxLDL may play a role as an initial
trigger of CD40/CD40L expression. Platelet activation induced by plague rupture

65



Chapter I Introduction

results in increased surface expression of CD40L, which is then cleaved. Circulating
soluble (s) CD40L may activate ECs and CD40 expressed in other cells constitutive for
the atherosclerotic plague and induce a proinflammatory cascade in the vessel wall.
Human studies indicated that sCD40L is associated with high intraplaque lipid content

in patients[53].
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2 - Hypothesis

Recent studies show that HIV-1 load rebound after long periods of antiretroviral

therapy (ART) treatment interruptions, results in burst of coronary artery disease
biomarkers.

We hypothesized that treatment interruptions as short as two weeks might also trigger
a rebound of viral load and induce a burst of inflammatory mediators implicated in the

instability of atherosclerotic plaque.
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3 - Objectives

1)

The objectives of this study were to:

Investigate whether in the early phases of interruption (2 weeks), an increase in
viral load rebound resulted in an increase in the levels of inflammatory cytokines
and other CAD associated factors.

1.1) Assess whether the levels of all these mediators of atherosclerosis only

depend on the plasma viral load.

2) Assess whether short ART treatment interruption induce major changes in lipids

3)

4)

profile

Investigate whether during the periods of treatment resumption the levels of these
factors returned to basal levels

Investigate whether the burst of inflammatory factors were related to the number

of interruptions over time.
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4-Material and methods

4.1 Study design.

This was a retrospective reanalysis of stored plasma samples (collected from 1998
to 2000) from a prospective, randomized, controlled study designed to assess the
virological and immunological effect of a fixed schedule of antiretroviral treatment
interruptions in chronically HIV-1-infected subjects (“2x4 Study”). The procedures
followed in the study were in accordance with the Helsinki Declaration in 1975, as
revised in 1983, were approved by the Clinical Research Ethical Committee of the
Hospital Universitary Germans Trias i Pujol, and all patients gave verbal informed

consent.

The present sub-analysis sought to investigate whether repeated ART interruptions
and an increase in viral load were associated with rapid increases in CAD-related

biomarkers.

4.2 Study population.

The parent “2x4 Study” included 21 HIV-1-infected subjects over 18 years of age,
with a plasma viral load <20 copies/ml for at least the previous 2 years, a CD4/CD8+ cell
ratio > 0.7 during the previous 6 months and a CD4+ count at nadid00 cells/ml,
who did not show any contraindication for receiving antiretroviral treatment and had no

AIDS-related illness or severe clinical events.
4.3 Intervention and sampling.

In the parent study, all 21 participants underwent six cycles of a “2 weeks off” /
“4 weeks on” antiretroviral treatment interruption schedule. Plasma samples were drawn
and cryopreserved at —80 ° C on the day when subjects interrupted and reinitiated
therapy. In total, 12 serial plasma samples per patient were tested for the presence and

levels of CAD biomarkers.
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These subjects were divided in two groups; those that had a viral rebound during
these two weeks of interruption and those that the viral load remained undetectable. We
compared a comprehensive set of inflammatory mediators associated with acute CAD
(CXCLS, IL-1B, TNF-a , IL-6), CRP [38] metalloproteinase-9 (MMP-9) [540luble
CD40 ligand (sCD40L), as well as the lipidic profile of these subjects as the levels of
plasma lipids also contribute to the pathology of the disease including (total cholesterol
(TC), high density lipoprotein cholesterol (HDL-C), triglycerides (TG), and low density
lipoprotein cholesterol (LDL-C ).

4.4 Laboratory methods

CD4+ T cell counts were determined in whole blood by flow cytometry. Plasma
HIV-1 RNA levels (pVL) were gquantified by PCR (Roche Amplicor HIV-1 Monitor
assay, Roche, Barcelona, Spain). Plasma inflammatory markers CXCL8, CRR, IL-1p
TNF-a and IL-6 (LabClinics S.A., Barcelona, Spain), D-dm(American Diagnostica
Inc. Stamford, CT, USA), MMP-9 and sCD40L (LabClinics S.A.) were measured by
highly sensitive ELISA with commercial kits according to the manufacturer's
instructions. Total cholesterol (TC), high density lipoprotein cholesterol (HDL-C),
triglycerides (TG), and LDL-C were measured by standard enzymatic methods
(Biochemistry laboratory). LDL cholesterol was evaluated according to the Friedewald
equation: LDL-C = TC - (HDL-C + TG/ 5) when triglycerides were no higher than 5.75

mmol/ml.

4.5 Statistical analysis.

Differences between subjects with pVL rebound and those without rebound were
assessed using nonparametric tests (Mann-Whitney U). The study of the changes in
CAD markers over time involves the analysis of repeated measures corresponding to
markers measured at different times for each subject. The analysis of this longitudinal
data was performed with a linear mixed-model[55] , which provides the average change
trajectory for each CAD marker. Spearman’s test was used to assess the correlation

between cardiovascular markers and pVL. Two-tailed p vaiug€5 were considered
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statistically significant. Statistical analyses were conducted using SPSS Version 15.0
software and GraphPad PRISM Version 4.00 for Windows.

The results are expressed as mean = SE unless stated otherwise.
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5 -Results

5.1Kinetics of T lymphocytes and HIV-1 RNA

Of the 21 subjects enrolled in the study through six cycles of STI, 13 suffered from a
significant pVL rebound in the period of treatment interruption in each cycle (Group A)

while in the other 8 subjects the pVL remained constant (Group B). In group A, the
rebound of pVL was accompanied by a drop in CD4+ T cell levels that was not seen in
the other group (data not shown). Finally, the repeated interruptions had a significant
time effect on pVL as the mean increments of pVL tended to decrease over time with

each cycle.

5.2 Baseline values

At baseline, all 21 subjects had an undetectable viral load and CD4+ T cell counts
> 400 cells/pl (Table 1). Of the 21 subjects, 19 had levels of total, LDL and HDL
cholesterol above normal levels .2, < 3.36, < 1.45 mmol/ml respectively). Only 5
subjects in which 3 was in Group A were considered hypertriglyceridemic as TG levels
were higher than normal<(2 mmol/ml). There were no statistically significant
differences in the basal values of the two groups of patients for any of the parameters

studied between the group A and group B (Table 1).
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GroupA(n=13) GroupB (n=28)

Women 3 3

Men 10 5

Mean age 37.5+£6.3 40+ 4.5

CD4+ T cell counts (Median, IQR) 901(695-1150) 863(705-1050)
CD4+ cell nadir in cells/ml >400 >400

Median Logo HIV RNA (copies/ml) <20 <20

CXCL8 in pg/ml (M, IQR) 6.75(6.23-7.91)  7.71 (6.78-8.20)
CRP in pg/ml (M,IQR) 0.2 (0.13-0.27) 0.13 (0.04-0.23)
D-dimer in ng/ml (M, IQR) 39.33 (30.98-50.75%4.08 (26.29-47.13)
MMP-9 in ng/ml (M, IQR) 66.11 (53.75-74.33)66.95 (56.51-69.09)
sCD40L in ng/ml (M, IQR) 0.95 (0.55-1.28) 0.84 (0.31-1.13)
T. Cholesterol in mmol/ml (M, IQR) 5.7 (4.7-7.4) 6.9 (5.75-7.45)
LDL Cholesterol in mol/ml (M, IQR) 4.5 (3.42-4.91) 4.89 (4.01-5.1)
HDL Cholesterol mmol/ml (M, IQR) 1.17 (0.88-1.37) 1.1 (1.04-1.2)
Triglycerides in mmol/ml (M, IQR) 1.9 (1.4-2.35) 1.55 (1.03-2.01)

Table 1. Characteristics of the subjects at baseline.

Group A represent subjects with plasma viral load rebound after each interruption and
Group B subjects without plasma viral rebound throughout the “2X4” Study.
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5.3 Induction of inflammatory cytokines

We then compared changes in the levels of inflammatory cytokines (CXCLS8, IL-6(3

and TNFu.) during the periods of interruption. The leveldlofl, TNFa and IL-6 were
undetectable in all except two patients, but we observed a sharp increase in CXCLS8 in
each period of interruption followed by a reduction in CXCL-8 during the periods of
treatment (Table 2). That increment was higher in Group A than in Group B (13.19 £
2.35 pg/mL; P= 0.001 vs. 2.51 £ 0.81 pg/mL; P = 0.015). Furthermore, no significant
time effect was observed in any of the groups as the mean increments were similar over
time. Interestingly during the 4 weeks of reintroduction of HAART, we observed a

reduction in both viral load and in CXCLS8 levels.

5.4 Effect of pVL rebound on other cardiovascular disease biomarkers

We then investigated whether the increase in viral load had any effect on the
levels of CRP (a protein that has the ability to oxidize and opsonize LDL-C, facilitating
its uptake by macrophages). In this study, we observed cyclical changes in CRP plasma
concentration with peaks in periods of ART interruption in subjects of Group A (Table
2). Nevertheless, a significant effect of time was observed as the mean increment in CRP
tended to decrease over time (1.14 £ 0.07 ug/mL; P < 0.0001). In those subjects without
rebound (Group B), although the mean increment in CRP was significant, it was 4-fold
lower than that in the former group (0.32 + 0.06 pg/mL; P = 0.0001). No statistically

significant changes were observed over time.

In a similar way we observed a significant increase in the mean increment of
plasma D-dimer (a fibrin degradation product present in plasma after a blood clot is
degraded by fibrinolysis) and of MMP-9 (a protease that contributes to plague instability
and rupture) in patients from Group A and Group B (D-dimer: 62.9 = 8.1 ng/mL;
P<0.0001 vs. 16.7 = 3.5 ng/mL; P = 0.016; MMP9: 122.3 + 20.8 ng/mL; P < 0.0001 vs.
12.1 £ 2.1 ng/mL; P < 0.0001) (Table 2). Overall, the mean increment in D-dimer and
MMP-9 levels closely paralleled viral load levels. The mean increments at each

interruption were similar and did not vary over time.
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In contrast there was no parallelism between changes in pVL and sCD40L (the
sCD40 ligand can activate CD40 expressed on endothelial cells and, thereby, induce a
proinflammatory cascade in the vessel wall [36] ). There was a drop in sCD40L levels
during treatment interruption in subjects with or without pVL rebound, although it did
not reach statistical significance. Nevertheless the increase in the levels of sCD40L
during treatment reinitiation seemed to be associated with an increase in the CD4+ T cell

count.

5.5 Plasma lipids

The group of subjects with pVL rebound (Group A) had abnormally high levels
of TG when ART was interrupted (2.65 + 0.71; P = 0.002) when compared with the
group of subjects without viral rebound (Group B), in which no significant increment in
TG levels was observed (-0.01 £ 0.12 mmol/mL; P = 0.999).

Moreover, the concentration of HDL-C remained unchanged in both groups while there
was a reduction in LDL-C levels in all subjects. No significant time effect was observed
for TG, HDL-C or LDL-C in either group. Interestingly, there was no parallelism
between LDL-C levels and pVL, suggesting that other factors such as HAART
administration may play a critical role in lipid disorders caused by LDL-C in HIV-1-

infected subjects.
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VIRAL REBOUND WITHOUT VIRAL REBOUND
Markers units MEAN SE P T.E MEAN SE P T.E
CXCLS8 pg/ml 13.19 235 0.001 NO 251 081 0.015 NO
CRP pg/ml 1.14 0.07 <0.0001 YES,{ 0.32 0.06 0.0001 NO
D-dimer ng/ml 62.97 8.12 <0.0001 NO 16.76  3.54 0.016 NO
MMP9 ng/ml 122.36 20.83 <0.0001 NO 12.06 2.18 <0.0001 NO
sCD40 ng/ml -0.27 0.17 0.142 NO -0.58 0.24 0.076 NO
HDL mmol/ml 0.026 0.15 0.859 NO -0.11  0.03 0.100 NO
LDL mmol/ml -0.367 0.03 <0.0001 NO -0.38 0.06 <0.0001 NO
TRIG mmol/ml 2.65 0.71  0.002 NO -0.01 0.12 0.999 NO

Table 2. Changes in CAD makers levels during six cycles of structured treatment interruptiarCAD markers levels were measured during
six cycles of a “2 weeks off” and “4 weeks on” ART interruption schedule in 21 chronically HIV-1-infected subjects. Thirteen patients had a VL
rebound following treatment interruption. Data are presented as Mean and Standard Error. TE: time effect.
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6 -Discussion

Cardiovascular complications have become one of the prominent causes of
mortality and morbidity in HIV-1 subjects [1, 4-6, 56-59]. The risk of having a
cardiovascular event increases with treatment interruptions [60, 61], and although STI
are not currently recommended, they form a model for subjects that do not adhere to
treatment. The SMART study [35] has shown that higher levels of IL-6 and D-dimer in
plasma were strongly associated with an increase risk of death. In STACCATO study
[3], soluble cell adhesion molecule-1 (s-VCAM-1) and monocyte chemoattractive
protein-1 (MCP-1) increased after treatment interruption followed by a decrease after
treatment reinitiation, but the did not found changes in IL-6.

The design of our study differs from the others in that, all 21 participants underwent
six cycles of a “2 weeks off” / “4 weeks on” antiretroviral treatment interruption schedule
and allowed us to compare those that had a rebound of viral load and those that did not at
the early events of STI . It also allowed us to investigate the time effect of repeated

cycles of interruptions on the different markers.

Furthermore, at early stages of interruption, we could not detect any IL-1, IL-6 or
TNF except for two patients that were positive for IL-6. It is possible that the levels of
circulating cytokines in plasma were too low to be detectable with our assays. In contrast,
after only 2 weeks of interruption we already found high level of IL-8 in the patients in
group A, a cytokine / chemokine that stimulates HIV-1 replication, attracts neutrophils
and T cells, stimulates the adhesion of monocytes, and contributes to angiogenesis [38].
Furthermore it's produced by macrophages and endothelial cells. Interestingly, once
treatment was reinitiated, the level of these markers decreased to basal levels including
viral load in only 4 weeks. the same ratio that viral load returned to negative levels,
reinforcing the hypothesis that the activation induced by viral load might explain our

observations.

At the same time the levels of CRP, D-dimer, MMP9 and TG mean also
incremented rapidly in the subjects from that group A and all play an important role in
the formation and instability of the atheroma plaque. [35, 36, 38, 40, 53, 54, 62-65]. It is

unlikely that the changes observed in the levels of these markers are due to the local

81



Chapter I Discussion

production of inflammatory cytokines or from the plaques themselves as they will get
diluted in the plasma at very low levels. A plausible explanation for the increased risk of
acute CAD after STIs is that the rebound of HIV replication following ART interruption

could lead to a burst of inflammatory mediators that, in turn, could induce instability in a

previously stable atherosclerotic plaque [3, 66, 67].

In group B we also observed statistically significant change in the levels of CRP,
MMP9 during the interruption periods (p<0.0001) but these changes were not clinically
relevant as their values were always between the normal plasmatic levels. These results
also show that very low or undetectable levels of viral load rebound may induces
baseline changes of some CAD markers. In this study, and as an exception, sCD40L
expression was not only dependent on pVL during the “off” treatment periods but was
correlated with the expansion and activation of CD4 lymphocytes during treatment

reintroduction [68] .

Less is known about the lipid profile in HIV subjects; the positive correlation
between viral load and triglycerides that we found in this study revealed that subjects
without an adequate virological response often suffer from hypertriglyceridemia
associated with hypoalphalipoproteinemia [1, 58, 59, 61]. Interestingly,
hypertriglyceridemia may depend on, or mirror, the severity of the infection, as those
subjects with high CD4+ T cell counts did not suffer from hypertriglyceridemia [1],
whereas patients with low CD4+ T cell counts sometimes might [60, 69, 70]. No
changes were observed in the lipidic profile of HDL in any of the two groups and no
changes were observed between the two stages of the interruption and reinitiation of the
treatment. In contrast, big changes in LDL cholesterol were observed in both groups
supporting the idea that antiretroviral drugs might influence the levels of LDL.
Furthermore in agreement with recent studies [61] , we found that STI contributes to the

baseline reduction in high LDL-C levels.

Thus, although STI reduces the risk of tiiassociated with long-term treatment
with ART, short and repeated interruptions do not prevent the increase in mediators of
atherosclerosis. The upregulation and down regulation of these factors are very quick as
in only two weeks we can have major changes in these inflammatory markers. In a
similar way in only 4 weeks the levels of these markers can return to the normal.

Changes in biomarkers plasma levels are not related to the number of interruptions.
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Furthermore, we found that STI induces hypertriglyceridemia associated with a
reduction in HDL-C levels in subjects without control of pVL rebound. Repeated

interruptions change the lipid profile towards a less atherogenic profile due to the
progressive reduction in LDL-C. Thus these data emphasize the importance of adhering

to treatment to avoid the risk of cardiovascular complications.
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7 -Conclusions

In this present study we can give the following conclusions:

1. Short periods of ART treatment interruptions do not prevent the increase in
mediators of atherosclerosis and are associated with a clinically relevant burst of
CRP, D-dimer, MMP-9, and CXCLS8 in subjects without control of pVL rebound.

1.1.The levels of these mediators of atherosclerosis mainly depend on the level
of plasma viral load while that of SCD40L is more influenced by the level of
CD4+ T cells.

1.2.Undetectable levels of viral load rebound may induce baseline changes of

some CAD markers during ART treatment interruptions.

2. Short ART treatment interruptions induce significant changes in plasma
triglycerides and LDL levels.
2.1.Hypertriglyceridemia increases with the rebound of viral load
2.2.LDL-C plasma level is not influenced by the viral load but rather by
antiretroviral drugs administration.
2.3.Lipid profile change towards a less atherogenic profile due to the

progressive reduction in LDL-C level.

3. In short interruptions of ART the burst of CAD biomarkers is reversible after

antiretroviral treatment resumption.

4. Changes in biomarkers plasma levels are not related to the number of interruptions.

4.1.As an exception, the number of interruptions might influenced plasma viral

load and CRP as both paralleled throughout the interrupted cycles.
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Abstract: CD31+ 15 a marker for recent thymic emagrants. Neveribebess if i present i a propertson of memory cells. We
looked at the dutnbution of CD2 1 on CD4 Tecell subpopalations. In cord blood, CD31 was present in the majorty of the
CD4SRA™™ and 80% of the CDMSRA™ cells, and m adults over 70% of “tme” natve and m 5—10% of all memory sub-
populstsons (central memory, effecior memory, follvenlar belper and T regulsiony cells) Mo major differences were ween
m the dustribution of chemokme receptors between CD3 |+ and CD3 - populations wathan the nanve cells nor the memorny

populations except for CCR3 and CURY, which were

v expressed an the CD31+ memory cells. The CD31

distnbution and cytokme receplors was sumalar between HIV oegative and perative mdmaduals, and between adull blood
and tomsls. There was & correlation betwesn the levels of TRECs and the parcentages of CD31 m all samplas shadiad.

Kevwoirds: HIV, CD31, récent thyane emamgrants, thymms, TRECS, chemokine receptors, cord blood, tensil

INTRODUCTION

CDAl, also Eneam a4 the Plateler ¢ell adhesion moleciile
1 (PECAM 1), 15 » surface glycoprotein of 130 kDa that
belongs 1o the mununoglobulin super family [1]. Thi
melecule is mvolved in the migration of cells through the
endothelinn cell junction and mediates cell-to-cell adhesion
[2]. CD31 s expressed on a diversity of cell types incloding
thymecytes,  Ivmphocyies, endothelial cells, circulating
monocytes, and grannlocyies [1].

Becanse CD31 s expressed i the majonty of thymic
cells and on 85% of CD4 cells from cord blood [3.4] it has
been suggested that CD31 is a usefinl marker for recent
thymic emigrants. Besides. the CD31+ populations in adulrs
contain very high levels of T-Cell Receptor Excision Circles
(TRECs) an  episomal DNA  produced dwring  the
rearrangement of the TCR in the thymus {where the level of
TRECs is very high). The episomal DNA i diluted during T
cell division and accordingly. naive T cells have higher
levels of TREC: that memory cells. In adults, CD31 is
expressed m CD4SRA+ subpopulation of CD4+T-cells that
containis the majonity of TRECs detected on CD4 T-eells [4].

* Address correspondence 1 this suther si the Fandacd iraCanca, Crra. 2
Casvet vin, 08915, Badakns, Spamc Tel 34 93 465 6374, Fax. 34 93
4653968, E-muil mbofill Farvicasns es

1574226210

This population has been named a3 ™ naive CD4 T cells
[5]. & cell population that expands in the pertphery under
hmmslnu-: stimmbi. The CDJYSRA+ CD31 - cell population has
been called ™= naive aid if expads drough TR engagenént
[5]. €131 is also expressed on abour 10% of CD4 memory T-
cells [3, 4], anel accordigly, small muounts of TRECs have also
ben oy in the mdmiory population.
The expression of CDM5RA and CDHSRO, wo isoforms of
the CD45 family, has classically been nsed 10 define naive and
s CDd T. Nevertheless, CD4 T cells are fimctionally and
phenotvpically  heteropeneons depending on  the  antigenic
stimwli. e enviromument where the cells are located. the state of
differentiation of the cells, etc [6). In this smady, we have
compared the ditnbution of CD31 on a aohigen aafve ad
antigen primed envaonment by studying CD4 T cells from cord
blaad and pen blood from adull. Cord bioad CD4 T cells
do not usually express CD4SRO. However, there are two
CD4SEA populations the infensity of expression of
CIMSRA: a CDYSRA 5P and o CDMSRAM™, the latter being
virmally sbsent in adult PRMCs [T]. We then compared the
levels of TREC withm these populations and obierved that the
level of TRECs were higher in the CD45RA high than the
CDHSRA™ CD4 Tocells, Second, in order to see whether the 4
major CD31+ and CD31 - nadve and memory population had
different expression of chamokimne receptons. we compared M
distribamion of CXCR3. CXCRS, CCR4, CCRS. CCRG, CCE3
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and CCR2 from peripheral blood and fonsils. Third., as the naive
and ooy pepuilations e heleropeneons we el Brese
smidies by looking the sxpression of CD31 within the following
“palve” and “memony” CD4 subpopulation: CDMERAS
CDdSREO-, CCRT+ CDL2ZT+ CCRT+ells  (ue™ mamve
populations). CD4SRA- COMSRO+ CORT-+ (cenral memory),
CDMSRO+CCET- CDd T COMSRA= (effector memory [S]).
CD45RA- CDASRO= CXCRS+ (follicnlar helper) [9] the
CD4SRA- CDSRO~ CD25 bright (T regs) [10] populations,
ad e CD4SRA+ CDMSRO+. CD27-. CCRT- and CD62L-
reverted memary popaiarion,

Finally becanse HIV infection can have a dramartic effect
oft CD4 T cells [11] we compared the comelation of TRECs
and CD31 and the expression of chanokine recepiors
berween healthy donors and HIV+ panents o check how
HITW conild affect CD4d naivie populations

MATERIALS AND METHODOLOGY
Subjects nmd Samples

Blood samples from healtlyy adult volunteers, buffy coars
and ¢ord bleod were provided by the Centre de Transfusions
i Baie de Tewits (Valle Hebron Hospital. Barcelona, Spam).
Feripheral blood from 34 HIV-infected volureers that
attended the VIH clouc was provided by the Hoepital
Upiversitar Giermans Trias [ Pujol. Twelve owt of the 34
patients had mever received antiretroviral therapy. Teonsils (n
= 15} and penpheral blood were obtamed fro patients who
underwent routine tonsillectoany at the Hospital Municipal
de Badalona (Spam). The procedures followed m the smdy
in aceordanee with the Helzinki Declaration in 1975, as
revised in 1083, were approved by the local Ethical
Conpuites and all patients gave mformed consent.

The tonsils were disaggrepatéd with forceps and the
ronsillar cells were stainad by immumofluorescence.

Isolation of CT T Subsers

PBMCs from buffy coats, peripheral blood, and tonsil
suspensions were isoland by density-gradient centrifugation
on Freell-Pague gradient (Atom Fesctiva, Barcelona, Spam),
and resuspended in onlmre meedinm.

Isolated CDG/CDMSEA+ or CDA5SRO+ cells were
obtained by negative selection by magnetic purification
{StemBSep™,  StemCell Technologies Ine,  Wamoouver,
Canada) with a purty greater than 95% and furiler ennched
for CDA1+ (90- 99 %) and CD31- (1- 10 %) with magnetic
beads (EasySep™, SiemlCell Technologies Ine, Vancouver,
Canada). Allematively, T CD4+ lanphocytes were 1solated
by inunupomagnetic separation eolumms (StemSep) (purity
mealer 95%) amd subsequently stained with CDESEA md
CDE1 immmunofluorescent antibodies and sorted with purity
=082 i both CD3 1+ and CD31- fractions.

Viral Load

Plaznn HIWV-1 PNA was measured m 0.5 mL of plasia
wsing the Aanplicor HIV-1 Moutor ulirasensitive test (Roche
Diagnostics, Barcelona, Spain) & reverse ranscription-PCR-
based assay with a limit of detection of 50 HIV-1 ENA
copies per millilirzr,

Annex
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Flow Cyvtomery Analysis

Phenoypic amalysis was performed on wholz blood or
romsillar cells by direct inummofluorescence wsing  four
fluoroclrome  combmations of reagents and  monoclonal
amribodies w CD4, CDRE5RA, CIMSRO, CDGIL, CD27, D3
(Becton Dickinson, Pharmingen, Madrid, Spain), CD127,
CD2s, and CO68-FITC (DakoCytomation, Barcelona, Spain).
Staining of CCRT was camied out by a primary TgM mouse
anti-lnman CCRT mnbody, 1sotype Igd (BD Pharmmesn).
followed by a secondary goai antibody. anti-monse Ighi FITC
(BD Pharmingen), The isotype antibodies were nsed as negative
confols. Stamed swples were acquired usmg a FACScGlitar
flow cytometer (BD).

CQuantification of T-Cell Recepror Exclsion Cycles

Genontie DMNA was extracted from pellets of PBMC:
tonsillar cells and iselmed subsets uwsimg QLAamp DNA
Bleod Mini or Micro Kit (QLAzen. Valencia, CA) according
o the mamifRcmrer’s instrcions, 2.5,

Quantification of TREC and CCRS was caried out by
Real-Time quantitative PCR, performwed in a spectrofinoro-
metrie  thermal cyeler (ABI PRISM  7000:  Applied
Biosystems, Foster City, CA). CCRS has beep used as a
reference gene [12] as it is known that it only has two copies
of CCRS per cell [13]. The thermal cycling condifions were
2 muin ab 50 °C, 10 min av 95 °C, and 50 ¢ycles each at 05 °C
For 15 sec and &0 °C for | mun, The PCR prumer and probe
sequences were: TREC, forward S =CACATOCCTT TCAA
CCATGCT= 37 and reverse 5'=0UCCAGCTOCAGD GTTTA
GG-3" and the flucrogenic probe was FAM - 87 -AC ACCT
CTGGTTITTGTAAAGGTGUCCACT-3" - TAMRA. CCRS
coding sequence was used 1© measure cell equivalents in the
input DNA. CCRS primers were: forward 5=TCATTACAC
CTOGCAGCTCTCATTT- 3" and reverse 5'-ACACCGAAG
CAGAGTTTTTAGGAT- 3', and the fluoragenic probe was
VIC -5 -CTEGGTCCTGOOGOTGCT TGTCA-3' -TAMRA.
[ Applied Biosysten, Wanington, Cheshire, UKD,

Each 50 pul meaction nuxhire comtmned 25 pl Tagmam
Universal PCR Master Mix (PE Applisd Biosystems, Foster
City, CA), or 250 nh of each TREC primer and 160 oM TREC
probe or 300 nivi OCRS forward proner. 500 v COCRS reverse
primer and 150 nh CCRS probe and 5 1l of DNA saniple.

Slandard smal I:IFJ.II[I.IHI:I": {from 40 000 to 10 copies for
TRECs, and 10° to 10° copies for CCRS) of plasmid DNA
containing the signal-joint TREC or CCRS fragment in the
pIEM T Easy Vector (Promega. Barcelona, Spain) were
usad to quantfy TREC: and the munbar of cells in aach
sample. Samples were analvsed in triplicate. Values with a
deviation lagher than 0.3 Ct were discarded and the results
obtamed were averaged. Results were expressed as TREC
copiez'million calls {2 X CCRS copies) [12. 13]

Staristical Analysis

Stanstical analysis was performed with CraphPad Prnsan
4.0 sofrware (GraphPad Softwars Ine, San Disgo, CA).
When comparing twe groups we nsed the Mann-Whiey
test followed by the Wilcoxon test if the resulis were
obtaimed  from  the same  samples.  Non-parametnc
distribution was azsumed and sipnificance wis sef an p<0.01.
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RESULTS AND DISCUSSION

Expression of CD31 and TRECs on CD4 T-Cells from
Cord Bleod

In order to study the expression of CD31 0 an antigen-
free envioonment, we analysed the expression of CD31 on
CD4 T-cell subsats from cord blood, where the faral bumuone
gystem iz unlikely e have bean in comtact with forsign
annigans. Accordingly. the majoriry of cord bleod CD4 T-
cells are CD4SRO- [7], the latter being a marker that is usad
o detect memory eells in adults (Fig. 1), In contrasi, the
expression of CDMSRA was haterogensous (Fig. 1a). with
calls that exprassad hj@ o nagligible lavels of CD4SRAL
Over £5% of CD4SRAM® gells expressed CD31 while the
CD4sSEA™™ pepulation confainad only 0% of czlls positive
for CD31. Furthermore, the CD4sRAM® population
contained rwo to three times higher levels of TRECS than the
CD45RA "™ (27,5 2 5.1 versus 13.3 2 4.05 copies x 10°
cells: (p = 0.02) (Fig. 2} suggesting a possible pathway of
differenuation frem thymic madullary T-cells o recent
thynie emigrants (CD4SRA™/CD31+), to a CD4SRAM
CD31+ and a CD4SRA ™ CD31- population in cord blood,
In sdults, and after antigenic stinmlation. thiz population
might give rise o mwo adult populations: CD4SROMS,
CD45RA "™CDa1+ and CD4SRO™®, CD4SRA ™™ CD31-,
This lypothests 15 supported by the fact that after TcR
activation tn vitre the CD4+CDASRA™™ Tocells down-
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regulate the level of CDGSRA and up-regulate CD4SRO,
imdicating that antigenic challenge might be responsible for
the induction of CDMSRO in adults [14]. From that point of
View i ks possible thar CD4 SRAS™ colls in cord blood are the
equivalent  of memory cells  from  antigen-exposed
individuals.

Distribution of CR3I+ Cells in the CIM Popalations fram
Peripheral Blood amd Tonsils from Adulfs

Maive and memory cells have differenr re-circulanion
parrems: while naive T-cells waffic from the peripheral hlood
to the Iymph nodes throngh the high endothelm vennles.
memory T-cells fravel from the penpheral tissue to the
Iymph nodes vig the affersnt Iymph [15]. As CD31 is
involved in the transmigranon of lymphoid cells throngh
high endothelial venules, we compared the populations from
peripheral blood and ronsils oboined from the same subjects
m order fo see whether any of the populations were
seleciively retained m the rissues. Furthemmore we compaged
the chamokine receptors profiles on these populations,

As shown i Table 1, the homeostatic receptors CCRT
and CXCR4 were presént in both pasitive and neégative
CDA 1 pavie mémory sibsets. The mflanimatory eheokuie
receptors (CXRCR3, CXCRS, CCR4, CCRS, CCRS, CCRI
and COCRS) were restricted fo the two positive and negative
memory CD31 populations. We did nor find any major

—

==le

Cord blood

PBMC

CD45RO CD45RO CDA45RO

CD45RA

Fig. (1} Percentage of CD3I

CD45RA

 CD4 Tewells and levels aof TRECY in the different CDH T-cell populations from cord Isload.

Tonsll

Mononiiclear cells from cord blood, penipheral blood and tomml were stamed wath antibodies to CD4, CDMSRA. CDMSRO and CD31 The
E;gurc shows the expression of CD45RA and CD43RO (a-c) or CD45RA and CD31 {d-0) on CD4-gated T-cells i one representative
expermment. Fig. (a) shows a very low expression of CDMSRO i cord blood and the presence of a COMSRA™™ CD4SRO™™ population

present m cond Blood bt in very m low nambers m adults
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Table ], Expression of the Percentage CD31+ Cells in Naive and Memory CD4 T-Cells jn Adults
PHMC (HIV g X =14 FHMC (HIV i X =11 Tonsil X =11
NAI’-E (D-l!&‘.‘r‘.“ R.u- f..".-|-=- _‘.5 -r'.'-;T =. :.".ﬂ :T L] = LB
True narve CHdERA-CCRT - T2 Tudd TE%ul9 EXSal?
CDaSEA=CDGIL= Tid®d 7T TG9mT9 EEdwld
CDSEACDET= Ti9=x44 TE4=18 EHiz 1S
CDMSEA+CTI T Tlaxid TdE x2S EldmlE
Narve T oo CIHSRA+CDIET- HIzhd 51158 73412
_?!EENRY CIMSEO=FA a.6 w0l T2wD4 114A=0T
Ceamal memory CD4ZRA-LCRT 121216 175217 4316
Effector memory T CDaSRA-CCRT Tat=04 Gaz14 11=07
Follscular helper CH4ERA-CXCRE TOx0ZX iSull 49a03
Tllﬂllll.lll".' LIS EA-C 2T~ aE=lo fE=]8 LEE 3L
REVERTED MEAMOEY
{.'D'IF-R.PL“;;..E:- i-f-.-.i.f'.- . 5 51..5-: l-}ﬁ 3-“} = 23”
CD4SRACDAIL- 293252 158238 Niz3a
CDasRAMCDI. 123234 11218 T

differences bepvesn the percentages of these cyiokine
receptors berween CD31 positive and CD31 negative cells
from penpheral blood or tonsillar cells, except for the
presence of CORY and CCRO, which weré moré nibmeros in
the CD3l= than in the CDE1- cells, The hgands [or thess
o receplors attract cells 1o the mucosal sifes (16, 17]
These populations were uevertheless abwent o onsillar
cells. mdicating that the cells in mueosal fissues might have
a different circulation pathway compared to wflamouatory
cells.

We then compared the presence of TRECs in the PEMCs
and tonsllar cells to elncidate the rate of éxpansion of the
naive ceélls ar both sites, As menhwoned above, the loss of
CDdSPA was closely movored by a decrease m the
percemiage of CD31+ cells. The majority of TRECs were
found m the CD45EA~ CDAl+ cells compared to the
CDMSRA+ CDAl= cells and memory populations. and the
fevels of TRECS present m these populations m blood and
tonsils were very sinular except for the CD4SREA+ CD31-
pepulation. m whizh the levels of TREC: in the onsils were
rwice as high as that in peripheral blood (Fig. 2b),

We then looked ar the distribution of CD31 in the CD4
T-cell subpopulations shown in Table 1. The percentage of
CD31 on owe naive CDd T-cells was identified by the co-
exprestion of CDGMSEA and CCRT. CDI17. CD6ZL or
CD27. Over 90% of CD45SRA+ CDd Te-cells expressed
CCRT, CDGAL., CD2T and CD127. CD¥31 was present in
around T0% of the cells i these populations (Table 1) froam
bt perrplieral Blood md tonsils,

It has been postilaied that a small proportion of the
CDY4sRA+ CDI127- populaton can be idamvified a5 a
pracurser of a subrype of regulatory T-calls [18]. We found
that 6.2 = 6.7% of adult peripberal bood and 734 = 12 2%
of tonsillar cells with this phenotype also expressed CD31
These values are intermediare berwveen those observed in the
CD4SREA+ mafve and CD45RA- memory populations.

The diata i sxpaiiisd ad Mean snd Standad Baas of Meds ﬁ!lr & pariphical Blaod maasaisbbar £allu

indicating that CID31 nught be lost during differepnation
tpwards regulanory T-cells.
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Fig. (2). Percentage of CD21 + CD4 Tecells and levels of TREC
im €04 subseis from card bleod, peripheral blood and fonsil
samples, A) Cond blood CO4 CTMSRAM® and COASRAM™ CD4 T
calls were isolyted mapgnene beads, and further sorted by the
expression of CD31, The levels of T-cell reeptor excision cireles
withm each fraciion were measured &5 desenbed m the Matenal and
methods. The bars show the number of TRECs x 10" cells in the
CD45RA™ CD31 posttve and neg populshons and i the
CD4SRA™™ CD31+ and CD3L neg populanions The data 15
expressed as neean £ SEM. B) The CDUSRAS CDE1-, CIMERA+
CD31 nepatrie and CDM5RO- CD4 T-cells from penpheral blood
(whate bard) sl tomsals (prey bars) were solated s disenbed m
panterenl and methods The levels of T-cell TeeplorT GXoron cireles
(TRECK) were measirred as described m the Materal and methods
The bars show the nuober of TRECs x 10 cells within the different
subpopulations. Tle data 15 expresied a5 mean 2 SEM (n = 4)
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Table 3. Patienis Chavacterisiics
Subject | Age(Vears) ?_;kr;": b "E;:d,{y":ﬁ' A Vears of Iufectio 'E:IF:; Yeurs “&;‘:ﬂ“ e
1 3R 401 50 15 T 5
2 56 an =50 ] 7 ]
3 32 T <50 13 g F |
4 k] 651 =40 5 5 4
5 4l D =50 o g &
-] il 194 =50 z z 1
T 41 i <30 ¥ B 4
8 55 446 =30 16 s (L]
9 L 512 =50 1& 11 -]
10 40 B 350 10 @ 3
i 18 M7 =50 ] ] ]
12 i 210 <40 4 4 1
13 51 440 <50 & & ]
14 48 450 =50 11 10 o5
15 38 575 =30 18 11 z
14 4 i <50 ] ] i
17 47 162 <50 ] ¥ 7
1t 58 i “ad 11 1 [
L 41 232 =30 17 kS L]
0 56 434 =50 0 4 Qs
21 43 A8 =50 18 & L]
p 4 575 =50 ] -] I
I 41 aa] <30 ° Name NA
4 L2 479 1100 1 Maive HA
25 £ 448 20000 R Mave HA
po 28 355 0000 1 Maive HNA
2 25 1235 13000 1 Mave Ha
28 19 54 6200 4 Maive A
ks £ 1] 48 15000 1 Hamwe HA
10 i 445 Tep00 2 Mave XA
i1 A 17 =30 1 Maive HA
32 41 7 <50 1 Mave NA
13 2% i a0 1 Haive HA
M 26 538 20000 1 Mawe NA
T expressed a5 C0M eedls per eubae millimese.

WL = Vaud Load expresied = HIV-1 BXA coprevpulbibie (Anphes HIV-1 Memier ulimasszuabive il {Recbe, Dagoovisn, Beodess, Spua)

HA = nca spplcable
Maice = Subjectt that had nal resavoed sahretrsnal thecapy

We then focussed our attention on fhe subpopulations of
memory CDESRO= cells (Table 1) Ouly 6 0 10% of the
CDYSRO+ cells were CD31+, but this small percentage of
positive cells was also present in all subsets smacied,

mcluding the  follicular helper  population (CD4SRO+
CHCES +) and the regulatory T-cells (CDASEO+ CDNIT-)
There was neverthelzss a smmall but sigmbicant difference
the percentage of CD31+ cells berween the CCR7- central
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and CCR7+ effector memory populations (12.1 = 1.6 v 4.7
+ 0.4%, p = 0.0001). This difference was not observed
tonsils, where the percentage of CD31 cells was sumilar to
thar of peripheral blood effector memory cells (4.7 = 0.4 vy

4107

In sharp contrast, the percentage of CD3 1+ cells in the
peripheral blood reverted memory populations. defined by
the expression of CD4SEA and lack of expression of CCRT,
CDEIL or CD2T7, was very heterogencous (35,4 = 7.3%; 29.3
£ 52% and 123 = 3.5% respectively) and invelved
percentages of CD31+ cells that were miermediate between
memory and naive CDu+ T-cells. This snggests that the
subpopulations identified by the lack of expression of CCR7,
CDo2L or CD27 were not identical and that more specific
markers are needed to identify this population. In contrast,
the percentage of CD31 in the corresponding tonsillar
poputations (CDY4SRO+. CCRT=. CD62L- and CD27=) was
similar to the levels observed in nafve cells (34.0 = 2 8%
T1.3 = 3.4% and 85.5 = 2.5%, respectively).

HIV Infection

Becanse HIV infection can damage beth thymic and
peripheral CD4 T-cells [11]. we were interested fo Know
whether HIV infection conld influence the expression of
CD31. To answer this question we analysed 34 HIV infected
subjects from winch 12 had oot previowsly received
antwetroviral therapy (Table 3). We first looked at whether
CT31 also correlnted with the amount of TRECS present in
e samples (Fig. 3). and mdeed, we found a positive and
sigmificant comrelatien between the percentage of CD31+
cells and the oumber of TRECS present i the populations
isolated from HIV ntgam*e and positive individuals (Fig. 3)
(HIV negative W = : r = 0.3 and HIV posinve: r = 0.2;
Subjects 1 w 22} .ﬂ.-. in HIV non-infected subjects, |l'|.e
najority of TRECs were present in the D4+ CDISRA-
CD31= cells (data not shown),

Furthemwore, we found no  satstically  significan
differences bebtween the percentage of CD31+ cells nether
within the CD4 subpopnlasions (Table 1) nor in the
expraszion of chemokine raceptors (Table 2) in HIV naganve
and HIV positive patients who had not received antiretroviral
therapy (Patients 23 o 34 fom Table 1) Therefore, CD31
cam be nsed as a marker for recent thymic emigrants in HIV-
infected patients. The uwse of CD3las a marker for recent
thymic emigrants has an advantage on the use of the munber
of TRECS m that the measurement of CD31 15 much suuplar,
quicker and can be carnied our ar a single cell level in whole
blood withowt the need to isolarte the relevant populations,

In swmmary, we have described a population of cells i
cord blood that may be the equivalent of memory cells m an
anfigen nafve environment, These cells acquire CDISRO and
lose COMSEA upon antigenic stimulation i vira,

We have shown the distribution of CD31 among nafve
and memory subsets and  shown that  all  memory
subpopulations have around 10% of cells that express CD3]1.
Althongh CI31 is invelved in the Tansmigration of cells we
did nor find any differences berween peripheral blood and
tonsillar cells. Finally, we have shown thm CD31 also
comelates with the number of TRECs w an untreated HIV
population and is a marker thar can be vsed to follow recenr
ernigrants in elimical mals.
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ABBREVIATIONS

TRECs = T-cell receptor excision circles
HIV = Humiam Imnvinedeficiency vinis
1L - Interlenkine

Treg = T regulatory cells

D = Cluster of differentiation
PECAM-1 = Platelet cell adhesion molecule 1
Th = T helper

PBMCs = Peripheral mononuclear cells
MF1 = hean finerescancs mensine
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Abstract

Background: Recent studies show that HIV-1 load rebound after long periods of treatment

interruptions (TI), results in burst of coronary artery disease (CAD) biomarkers.

Objective: We investigate whether short interruptions induce a burst of these biomarkers,
whether their levels return to the baseline during treatment resumption and if the burst were

related to the number of interruptions.

Methods: CRP, CXCL8, D-dimer, MMP-9 and plasma lipids were measured from stored plasma
samples of 21 chronically HIV-1 infected subjects enrolled in a study evaluating six cycles of “2
weeks off” / “4 weeks on” antiretroviral therapy. Subjects were clustered into those with a
viral load rebound after stopping treatment (Group A) and those without (Group B). Plasma
measurements were done by ELISA or by enzymatic methods. The analysis of longitudinal data

was performed with a linear mixed-model.

Results: The mean increment of CRP (1.1 = 0.1 pug/mL), MMP-9 (122.3 + 20.83 ng/mL, CXCLS8
(13.1 + 2.3 pg/mL), D-dimer (62.9 = 8.1 ng/mL) and triglycerides (2.6 + 0.1 mmol/ml) was
statistically significant higher (p<0,001) after each Tl in subjects with viral load rebound.
Changes of means increment in group B were too low relative to the baseline and without
clinical interest as values stayed between the normal plasma ranges. No times effect was
observed during Tl except for CRP. All biomarkers return to baseline levels after each

treatment resumption.

Conclusions: Antiretroviral Tl are associated with a clinically relevant burst of acute CAD

biomarkers, that indicating the importance of adhering to treatment.

Key words: HIV, Coronary artery disease, Treatment interruptions, CXCL-8, C-reactive protein.
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INTRODUCTION

Cardiovascular disease is a major cause of morbidity and mortality in HIV-1-infected untreated
subjects [1, 2]. Chronic inflammation derived from HIV-1 replication result in the acceleration of

atherosclerosis [3, 4].

The association of treatment interruptions and CAD is based in the large interruptions studies
SMART [5] and STACCATTO [3]. In the first study a total of 5.472 participants with a CD4 count
above 350 cells/mm?® at baseline were randomly assigned to two strategy arms. In the drug
conservation (DC) arm, patients stayed off therapy while CD4 count was above 350 cells/mm?
and resumed when it fell to 250 cells/mm?®. Those in the viral suppression (VS) arm received
continuous therapy throughout the study. Among the factors studied the SMART study found
that interleukin-6 (IL-6) and D-dimer levels rose significantly after 1 month of treatment
interruption in HIV-1-infected subjects and showed a positive correlation with viral load and
death in the interruption group unlike the steady-therapy group [5]. Similarly, a sub-analysis of
the STACCATO study [3] analysed activation markers in subjects who did or did not interrupt
therapy. In contrast with the SMART study, they did not find a link between viral load and IL-6.
Nevertheless they found an association with the levels of soluble cell adhesion molecule-1 (s-
VCAM-1) and monocyte chemoattractive protein-1 (MCP-1), two pro-inflammatory markers of
endothelial dysfunction, increased after treatment interruption and decreased again upon

treatment reinitiating. These changes were associated with changes in viral load.

The pathological substrate of acute coronary artery disease (CAD) is plaque rupture leading to
thrombus formation and tributary tissue ischaemia or necrosis [6]. Recruitment and activation
of monocytes and macrophages into the atherosclerotic plaque is responsible for the activation
of enzymes and release of free radicals that cause cytolysis, further endothelial injury and LDL
cholesterol (LDL-C) oxidation [7] as well as the production of cytokines IL-1, IL-6 and IL-8 [8].
This pro-inflammatory cascade increases C-reactive protein (CRP) that oxidize and opsonize LDL-

C, facilitating its uptake by macrophages through their acetyl-LDL receptors [6, 7].

The aim of this study was 1) to investigate whether, in the early phases of interruption,
(2 weeks) an increase in viral load rebound resulted in the activation of macrophages and
therefore an increase in the levels of inflammatory cytokines and other CAD associated factors.
2) To investigate whether during the periods of treatment the levels of these factors returned to
basal levels and 3) whether the burst of inflammatory factors were related to the number of

interruptions over time .
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In order to solve that question, we used stored plasma samples from subjects who
underwent six cycles of a fixed “2 weeks off” / “4 weeks on”, ART interruption schedule (“2x4
Study”) from 1998 to 2000, These patients were divided in two groups; those that had a viral
rebound during these two weeks of interruption and those that the viral load remained
undetectable. We compared a comprehensive set of inflammatory mediators associated with
acute CAD (CXCLS, IL-1B, TNF-a , IL-6), CRP [8] metalloproteinase-9 (MMP-9) [9], soluble CD40
ligand (sCD40L), as well as the lipidic profile of these subjects as the levels of plasma lipids also
contribute to the pathology of the disease including (total cholesterol (TC), high density
lipoprotein cholesterol (HDL-C), triglycerides (TG), and low density lipoprotein cholesterol (LDL-
C).
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METHODS

Study design.

This was a retrospective reanalysis of stored plasma samples (collected from 1998 to
2000) from a prospective, randomized, controlled study designed to assess the virological and
immunological effect of a fixed schedule of antiretroviral treatment interruptions in chronically
HIV-1-infected subjects (“2x4 Study”). The procedures followed in the study were in accordance
with the Helsinki Declaration in 1975, as revised in 1983, were approved by the Clinical
Research Ethical Committee of the Hospital Universitary Germans Trias i Pujol, and all patients

gave verbal informed consent.

The present sub-analysis sought to investigate whether repeated ART interruptions and an

increase in viral load were associated with rapid increases in CAD-related biomarkers.

Study population.

The parent “2x4 Study” included 21 HIV-1-infected subjects over 18 years of age, with a
plasma viral load <20 copies/ml for at least the previous 2 years, a CD4/CD8+ cell ratio > 0.7
during the previous 6 months and a CD4+ count at nadir of > 400 cells/ml, who did not show any
contraindication for receiving antiretroviral treatment and had no AIDS-related illness or severe

clinical events.
Intervention and sampling.

In the parent study, all 21 participants underwent six cycles of a “2 weeks off” / “4
weeks on” antiretroviral treatment interruption schedule. Plasma samples were drawn and
cryopreserved at —80 ° C on the day when subjects interrupted and reinitiated therapy. In total,
12 serial plasma samples per patient were tested for the presence and levels of CAD

biomarkers.
Laboratory methods

CD4+ T cell counts were determined in whole blood by flow cytometry. Plasma HIV-1
RNA levels (pVL) were quantified by PCR (Roche Amplicor HIV-1 Monitor assay, Roche,
Barcelona, Spain). Plasma inflammatory markers CXCL8, CRP, IL-1B, TNF-a and IL-6 (LabClinics
S.A., Barcelona, Spain), D-dimer (American Diagnostica Inc. Stamford, CT, USA), MMP-9 and

sCD40L (LabClinics S.A.) were measured by highly sensitive ELISA with commercial kits according
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to the manufacturer's instructions. Total cholesterol (TC), high density lipoprotein cholesterol
(HDL-C), triglycerides (TG), and LDL-C were measured by standard enzymatic methods
(Biochemistry laboratory). LDL cholesterol was evaluated according to the Friedewald equation:

LDL-C = TC - (HDL-C + TG/ 5) when triglycerides were no higher than 5.75 mmol/ml.

Statistical analysis. Differences between subjects with pVL rebound and those without
rebound were assessed using nonparametric tests (Mann-Whitney U). The study of the
changes in CAD markers over time involves the analysis of repeated measures corresponding
to markers measured at different times for each subject. The analysis of this longitudinal data
was performed with a linear mixed-model[10] , which provides the average change trajectory
for each CAD marker. Spearman’s testwas used to assess the correlation between
cardiovascular markers and pVL. Two-tailed p values < 0.05 were considered statistically
significant. Statistical analyses were conducted using SPSS Version 15.0 software and

GraphPad PRISM Version 4.00 for Windows.

The results are expressed as mean + SE unless stated otherwise.
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RESULTS

Kinetics of T lymphocytes and HIV-1 RNA

Of the 21 subjects enrolled in the study through six cycles of STI, 13 suffered from a
significant pVL rebound in the period of treatment interruption in each cycle (Group A ) while in
the other 8 subjects the pVL remained constant (Group B). In group A, the rebound of pVL was
accompanied by a drop in CD4+ T cell levels that was not seen in the other group (data not
shown). Finally, the repeated interruptions had a significant time effect on pVL as the mean

increments of pVL tended to decrease over time with each cycle.
Baseline values

At baseline, all 21 subjects had an undetectable viral load and CD4+ T cell counts > 400
cells/ul (Table 1). Of the 21 subjects, 19 had levels of total, LDL and HDL cholesterol above
normal levels (£ 5.2, < 3.36, < 1.45 respectively). Only 5 subjects in which 3 was in Group A were
considered hypertriglyceridemic as TG levels were higher than normal (£ 2 mmol/ml). There
were no statistically significant differences in the basal values of the two groups of patients for

any of the parameters studied between the from group A and group B (Table 1)

Induction of inflammatory cytokines

We then compared changes in the levels of inflammatory cytokines (CXCLS8, IL-1B, IL-6
and TNF-a.) during the periods of interruption. The levels of IL-1B, TNF-a and IL-6 were
undetectable in all except two patients, but we observed a sharp increase in CXCL8 in each
period of interruption followed by a reduction in CXCL-8 during the periods of treatment (Table
2). That increment was higher in Group A than in Group B (13.19 + 2.35 pg/mL; P= 0.001 vs. 2.51
+ 0.81 pg/mL; P = 0.015). Furthermore, no significant time effect was observed in any of the
groups as the mean increments were similar over time. Interestingly during the 4 weeks of

reintroduction of HAART, we observed a reduction in both viral load and in CXCLS8 levels.

Effect of pVL rebound on other cardiovascular disease biomarkers

We then investigated whether the increase in viral load had any effect on the levels of
CRP (a protein that has the ability to oxidize and opsonize LDL-C, facilitating its uptake by

macrophages). In this study, we observed cyclical changes in CRP plasma concentration with
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peaks in periods of ART interruption in subjects of Group A (Table 2). Nevertheless, a significant
effect of time was observed as the mean increment in CRP tended to decrease over time (1.14 +
0.07 pg/mL; P < 0.0001). In those subjects without rebound (Group B), although the mean
increment in CRP was significant, it was 4-fold lower than that in the former group (0.32 + 0.06

ug/mL; P = 0.0001). No statistically significant changes were observed over time.

In a similar way we observed a significant increase in the mean increment of plasma D-
dimer (a fibrin degradation product present in plasma after a blood clot is degraded by
fibrinolysis) and of MMP-9 (a protease that contributes to plaque instability and rupture) in
patients from Group A and Group B (D-dimer: 62.9 + 8.1 ng/mL; P<0.0001 vs. 16.7 + 3.5 ng/mL;
P =0.016; MMP9: 122.3 + 20.8 ng/mL; P < 0.0001 vs. 12.1 + 2.1 ng/mL; P < 0.0001) (Table 2).
Overall, the mean increment in D-dimer and MMP-9 levels closely paralleled viral load levels.

The mean increments at each interruption were similar and did not vary over time.

In contrast there was no parallelism between changes in pVL and sCD40L (the sCD40
ligand can activate CD40 expressed on endothelial cells and, thereby, induce a proinflammatory
cascade in the vessel wall [6] ). There was a drop in sCD40L levels during treatment interruption
in subjects with or without pVL rebound, although it did not reach statistical significance.
Nevertheless the increase in the levels of sCD40L during interruption seemed to be associated

with an increase in the CD4+ T cell count.

Plasma lipids

The group of subjects with pVL rebound (Group A) had abnormally high levels of TG
when ART was interrupted (2.65 + 0.71; P = 0.002) when compared with the group of subjects
without viral rebound (Group B), in which no significant increment in TG levels was observed (-

0.01 + 0.12 mmol/mL; P = 0.999).

Moreover, the concentration of HDL-C remained unchanged in both groups while there was a
reduction in LDL-C levels in all subjects. No significant time effect was observed for TG, HDL-C or
LDL-C in either group. Interestingly, there was no parallelism between LDL-C levels and pVL,
suggesting that other factors such as HAART administration may play a critical role in lipid

disorders caused by LDL-C in HIV-1-infected subjects.
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DISCUSSION

Cardiovascular complications have become one of the prominent causes of mortality and
morbidity in HIV-1 subjects [1, 4, 11-16]. The risk of having a cardiovascular event increases
with treatment interruptions [17, 18], and although STI are not currently recommended, they
form a model for subjects that do not adhere to treatment. The SMART study [5] has shown
that higher levels of IL-6 and D-dimer in plasma were strongly associated with an increase risk
of death. In STACCATO study [3], soluble cell adhesion molecule-1 (s-VCAM-1) and monocyte
chemoattractive protein-1 (MCP-1) increased after treatment interruption followed by a

decrease after treatment reinitiation, but they did not found changes in IL-6.

The design of our study differs from the others in that, all 21 participants underwent six cycles
of a “2 weeks off” / “4 weeks on” antiretroviral treatment interruption schedule and allowed us
to compare those that had a rebound of viral load and those that did not at the early events of
STl . It also allowed us to investigate the time effect of repeated cycles of interruptions on the

different markers.

Furthermore, at early stages of interruption, we could not detect any IL-1, IL-6 or TNF except for
two patients that were positive for IL-6. It is possible that the levels of circulating cytokines in
plasma were too low to be detectable with our assays. In contrast, after only 2 weeks of
interruption we already found high level of IL-8 in the patients in group A, a cytokine /
chemokine that stimulates HIV-1 replication, attracts neutrophils and T cells, stimulates the
adhesion of monocytes, and contributes to angiogenesis [8]. Furthermore it’s produced by
macrophages and endothelial cells. Interestingly, once treatment was reinitiated, the level of
these markers decreased to basal levels including viral load in only 4 weeks. the same ratio that
viral load returned to negative levels, reinforcing the hypothesis that the activation induced by

viral load might explain our observations.

At the same time the levels of CRP, D-dimer, MMP9 and TG mean also incremented rapidly in
the subjects from that group A and all play an important role in the formation and instability of
the atheroma plaque. [5, 6, 8, 9, 19-24]. It is unlikely that the changes observed in the levels of
these markers are due to the local production of inflammatory cytokines or from the plaques
themselves as they will get diluted in the plasma at very low levels. A plausible explanation for
the increased risk of acute CAD after STls is that the rebound of HIV replication following ART
interruption could lead to a burst of inflammatory mediators that, in turn, could induce

instability in a previously stable atherosclerotic plaque [3, 25, 26].
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In group B we also observed statistically significant change in the levels of CRP, MMP9 during
the interruption periods (p<0.0001) but these changes were not clinically relevant as their
values were always between the normal plasmatic levels. These results also show that very low
or undetectable levels of viral load rebound may induces baseline changes of some CAD
markers. In this study, and as an exception, sCD40L expression was not only dependent on pVL
during the “off” treatment periods but was correlated with the expansion and activation of CD4

lymphocytes during treatment reintroduction [27] .

Less is known about the lipid profile in HIV subjects; the positive correlation between viral load
and triglycerides that we found in this study revealed that subjects without an adequate
virological response often suffer from hypertriglyceridemia associated with
hypoalphalipoproteinemia [1, 15, 16, 18]. Interestingly, hypertriglyceridemia may depend on,
or mirror, the severity of the infection, as those subjects with high CD4+ T cell counts did not
suffer from hypertriglyceridemia [1], whereas patients with low CD4+ T cell counts sometimes
might [17, 28, 29]. No changes were observed in the lipidic profile of HDL in any of the two
groups and no changes were observed between the two stages of the interruption and
reinitiation of the treatment. In contrast, big changes in LDL cholesterol were observed in both
groups supporting the idea that antiretroviral drugs might influence the levels of LDL.
Furthermore in agreement with recent studies [18] , we found that STI contributes to the

baseline reduction in high LDL-C levels.

In conclusion, although STI reduces the risk of toxicity associated with long-term treatment
with ART, short and repeated interruptions do not prevent the increase in mediators of
atherosclerosis. The up-regulation and down regulation of these factors are very quick as in
only two weeks we can have major changes in these inflammatory markers. In a similar way in
only 4 weeks the levels of these markers can return to the normal. Changes in biomarkers
plasma levels are not related to the number of interruptions. Furthermore, we found that STI
induces hypertriglyceridemia associated with a reduction in HDL-C levels in subjects without
control of pVL rebound. Repeated interruptions change the lipid profile towards a less
atherogenic profile due to the progressive reduction in LDL-C. Thus these data emphasize the

importance of adhering to treatment to avoid the risk of cardiovascular complications.
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ABBREVIATIONS

CAD = Coronary artery disease

CRP =C-reactive protein

HIV = Human immunodeficiency virus
pVL = plasma viral load

MMP-9 = Matrix metalloproteinase-9
sCD40L = soluble CD40 ligand

CXCLS, IL8 = Interleukin-8
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Table 1. Characteristics of subjects at baseline.

Annex

Group A represent subjects with plasma viral load rebound after each interruption and Group B

subjects without plasma viral rebound throughout the “2X4” Study.

Group A (n =13)

Group B (n=8)

Women

Men

Mean age

CD4+ T cell counts (Median, IQR)
CD4+ cell nadir in cells/ml

Median Log;, HIV RNA (copies/ml)
CXCLS8 in pg/ml (M, IQR)

CRP in pug/ml (M,IQR)

D-dimer in ng/ml (M, IQR)

MMP-9 in ng/ml (M, IQR)

sCD40L in ng/ml (M, IQR)

T. Cholesterol in mmol/ml (M, IQR)
LDL Cholesterol in mol/ml (M, IQR)
HDL Cholesterol mmol/ml (M, IQR)

Triglycerides in mmol/ml (M, IQR)

3
10
37.5£6.3
901(695-1150)
2400
<20
6.75( 6.23-7.91)
0.2 (0.13-0.27)
39.33 (30.98-50.75)
66.11 (53.75-74.33)
0.95 (0.55-1.28)
5.7 (4.7-7.4)
4.5 (3.42-4.91)
1.17 (0.88-1.37)

1.9 (1.4-2.35)

3

40+ 4.5
863(705-1050)
2400
<20
7.71 (6.78-8.20)
0.13 (0.04-0.23)
44.08 (26.29-47.13)
66.95 (56.51-69.09)
0.84 (0.31-1.13)
6.9 (5.75-7.45)
4.89 (4.01-5.1)
1.1 (1.04-1.2)

1.55(1.03-2.01)

M= Median; IQR= Interquartile range; CRP= C-reactive protein; MMP= Matrix

Metalloproteinases; sCD40L= soluble CD40 ligand; LDL=low density lipoprotein; HDL= High

density lipoprotein
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Table 2. Changes in CAD marker levels during six cycles of structured treatment interruption. CAD marker levels were measured during six cycles of a “2
Annex
weeks off” and “4 weeks on” ART interruption schedule in 21 chronically HIV-1-infected subjects. Thirteen patients had a VL rebound following treatment

interruption.

Data are presented as Mean and Standard Error. TE: time effect

VIRAL REBOUND WITHOUT VIRAL REBOUND
Markers units MEAN SE P T.E MEAN SE P T.E
CXCL8 pg/ml 13.19 235 0.001 NO 251 0.81 0.015 NO
CRP ug/ml 1.14 0.07 <0.0001 YES,{ 0.32 0.06 0.0001 NO
D-dimer ng/ml 62.97 8.12 <0.0001 NO 16.76 3.54 0.016 NO
MMP9 ng/ml 122.36 20.83 <0.0001 NO 12.06 2.18 <0.0001 NO
sCD40 ng/ml -0.27 0.17 0.142 NO -0.58 0.24 0.076 NO
HDL mmol/ml 0.026 0.15 0.859 NO -0.11  0.03 0.100 NO
LDL mmol/ml -0.367 0.03 <0.0001 NO -0.38 0.06 <0.0001 NO
TRIG mmol/ml 2.65 0.71  0.002 NO -0.01 0.12 0.999 NO
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