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FEM CONSTAR que aquest treball, titulat “Inflamacio i oxidacié en la infeccié pel virus
de la immunodeficiéncia humana: modificacions de les lipoproteines d’alta densitat”,
que presenta Gerard Aragonés Bargalld, ha estat realitzat sota la nostra direccio al
Centre de Recerca Biomédica de I'Institut d’'Investigacié Sanitaria Pere Virgili i que

acompleix els requeriments per poder optar al titol de Doctor.

Reus, 10 d’abril de 2011

El director de la tesi doctoral El codirector de la tesi doctoral

Wllerocch™, /

Dr. Carlos Alonso-Villaverde Lozano Dr. Jorge Joven Maried
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“To wrest from nature the secrets which have perplexed philosophers in
all ages, to track to their sources the causes of disease, to correlate
the vast stores of knowledge that may be quickly available for the

prevention and cure of disease... these are our ambitions”

En la memoria de Victor A. McKusick (1921-2008)
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La Tesi Doctoral, que us presentem, s’ha realitzat al Centre de Recerca
Biomédica de [Institut d’Investigacid Sanitaria Pere Virgili ubicat a [I'Hospital
Universitari Sant Joan de Reus i ha estat dirigida a la vegada pel Dr. Carlos Alonso-
Villaverde (Cap de servei de Medicina Interna de I'Hospital Son Llatzer de Palma i
Professor Assimilat de la Universitat Rovira i Virgili) i pel Dr. Jorge Joven (Cap de
Servei dels Laboratoris Clinics de I'Hospital Sant Joan de Reus, Director del Centre de

Recerca Biomédica i Professor Titular de la Universitat Rovira i Virgili).

Un dels principals objectius del nostre grup de recerca a gran escala, €s
contribuir a la reduccio de la morbiditat i mortalitat cardiovascular. Actualment, les
malalties cardiovasculars son la primera causa de mortalitat a Catalunya, i a la resta
del mén industrialitzat. Les prediccions actuals indiquen que, l'any 2020, les malalties
cardiovasculars i I'aterosclerosi, en particular, es convertiran en la principal causa
mundial de mortalitat. En aquesta Tesi Doctoral hem intentat contribuir, des del context
de la infeccid pel virus de la immunodeficiencia humana (VIH) i en especial del paper
de les lipoproteines en el desenvolupament i progressio de I'aterosclerosi, en la lluita

pel que s’ha considerat I'epidemia més important del segle XXI.

En aquest sentit, tot i que el tractament antiretroviral ha disminuit notablement
la morbiditat i mortalitat dels pacients infectats pel VIH, les complicacions
cardiovasculars son molt frequents i notablement precoces en aquests pacients. La
infeccio pel VIH afecta actualment a 33,2 milions de persones arreu del moén, i alguns
autors han demostrat recentment que, utilitzant técniques d’exploraci
ecocardiografiques, la incidencia d’aterosclerosi subclinica és més gran que
I'observada en individus no infectats, tot i ser més joves i tenir similars els altres factors
de risc cardiovascular. Aixi, era d’esperar que el control de la infeccié també reduis el
risc d’aterosclerosi associat, pero els resultats apunten cap el contrari, de manera que
les complicacions cardiovasculars s’han convertit en una notable causa de mort o
d’'incapacitacié en aquests pacients. No esta clar si aquestes anomalies metaboliques
es deuen a la propia infeccid, o pel contrari, als efectes adversos dels farmacs
utilitzats, o a la combinacié d’ambdos factors. Es habitual en estudis comparatius entre
diferents farmacs antiretrovirals explorar les diferencies obtingudes en les
concentracions plasmatiques de colesterol i triglicerids amb I'esperanca de trobar
algun avantatge del farmac estudiat respecte als factors de risc cardiovascular
establerts. Tot i aixi, aquests factors de risc no semblen explicar 'augment en la

incidencia d’arteriosclerosi en aquests pacients.



UNIVERSITAT ROVIRA I VIRGILI

INFLAMACIO I OXIDACIO EN LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA: MODIFICACIONS DE LES
LIPOPROTEINES D'ALTA DENSITAT

Gerard Aragones Bargalld

DL:T.

1353-2011

Presentacio i Justificacio

Dins d’'un paradigma més recent, i que s’esta imposant, altres factors, com els
relacionats amb la capacitat oxidant i inflamatoria, sembla que podrien jugar un paper
central, especialment, en aquests pacients sotmesos durant tota la vida a un estrés
metabolic cronic. En aquest sentit, les diferents lipoproteines plasmatiques posseeixen
diferent accié oxidant, inflamatoria o protectora depenent de la seva composicio
guimica. Els estudis publicats sobre la distribucio de lipoproteines en pacients infectats
pel VIH es limiten a aspectes quantitatius i no qualitatius, i que sén, segons la hipotesi
d’'aquesta Tesi Doctoral, els veritablement importants. En particular, la concentracio
plasmatica de les lipoproteines de baixa densitat (LDL, de l'angles low-density
lipoproteins) que contenen una sola apolipoproteina (I'apolipoproteina B) es troben en
relacié directa amb els episodis clinics de cardiopatia isquemica. Sén les lipoproteines
que, al romandre retingudes a la paret arterial, pateixen modificacions quimiques que
provoquen l'alliberament de radicals lliures i que desencadenen en Ultim terme la
inflamacié local i la lesié vascular. En canvi, les lipoproteines d’alta densitat (HDL, de
'anglés high-density lipoproteins) sén particules protectores per al desenvolupament
de la placa dateroma, ja que participen en el transport revers de colesterol,
protegeixen o eviten [l'oxidacié dels lipids i tenen capacitat antiinflamatoria,
antiapoptotica i antitrombotica. Tanmateix, en certes situacions d’estrés metaboalic,
com les que s’observen en pacients infectats pel VIH, es converteixen en lipoproteines
poc o gens funcionals, perdent les propietats ateroprotectores associades al transport

revers del colesterol, i a les seves funcions antioxidants i antiinflamatories.

En resum, tot indica que les HDL tenen un efecte multifuncional dirigit a evitar
la formacio de ceél-lules escumoses i per tant a reduir o prevenir I'aterosclerosi. Tot i
aixi, aguest efecte depen que es conservi la composicié adequada, ja que es tracta
d’'una particula “camaleonica”, com I'ha descrit algun autor, amb una doble cara. Un
estimul tan advers com és la infeccié pel VIH provoca que un element protector,
especialment dissenyat per mantenir estable els efectes perniciosos de la inflamacio i
oxidaci6, es converteixi en un element distorsionant i afavoridor d’aquests efectes
adversos. Coneixent els mecanismes que provoguen aquest canvi, pot dissenyar-se
una estratégia de tractament efica¢ i elegant. Per tant, creiem justificat que aquesta
Tesi Doctoral pretengui profunditzar en I'estudi dels canvis de composicié i tamany i de
les particules HDL com a resultat dels greus trastorns inflamatoris associats a la
infeccié pel VIH, i determinar la seva implicacio en la severitat de la infeccio i en el
desenvolupament de l'aterosclerosi, amb la finalitat de dissenyar noves estratégies

terapéutiques adequades.
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La tesi esta dividida en diferents apartats. La Introduccié que proporciona els
coneixements genérics necessaris per poder entendre el curs del treball. A
continuacio, la Hipotesi i els Objectius que justifiquen els estudis realitzats en la tesi.
Tot seguit, els Resultats de la tesi, els quals es presenten a través de tres manuscrits
diferents que han estat publicats en revistes cientifiques d’ambit internacional (Clinical
Chemistry and Laboratory Medicine, HIV Medicine i Cytokine). Després, una Discussio
General, les Conclusions Finals de la Tesi i les Referéencies de tota la bibliografia
consultada. Finalment els Annexos, que amplien la informacié referent a la infeccié pel
VIH amb dues monografies actualitzades sobre el tractament antiretroviral i les
caracteristigues generals i estructura del VIH, i per dltim s’'inclou un apartat de Material
Suplementari, en el qual hi hem afegit aquells resultats estretament lligats amb la
hipotesi d’aquesta Tesi Doctoral que encara no han estat publicats i es troben en fase

de preparacio6 per a la seva publicacio.
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2.1. ATEROSCLEROSI | MALALTIA CARDIOVASCULAR

L’aterosclerosi és un procés patologic de caracter inflamatori, que afecta a les
arteries i és la principal causa de les malalties cardiovasculars [1]. Els estudis
epidemiologics han revelat que l'aterosclerosi és una malaltia progressiva i
multifactorial [2], resultat de diversos factors ambientals i genétics. Es caracteritza, a
grans trets, per un engruiximent i pérdua d’elasticitat de la paret dels vasos sanguinis
com a consequéncia de I'acumulacié a I'espai subendotelial de material lipidic, teixit
fibrds, i restes de tipus cel-lulars i altres productes sanguinis. L'evolucié d’aquestes
lesions pot donar lloc a I'oclusié de la llum vascular, provocat pel creixement de la
propia lesié subendotelial o mitjancant complicacions trombotiques, que es
desencadenen en l'aparicid de manifestacions cliniques com la malaltia isquémica
cardiaca o els accidents vasculars cerebrals [3]. Aquestes complicacions representen
la major causa de mort als paisos desenvolupats. Concretament, a Espanya, 125.000
morts anuals es deuen a l'aterosclerosi, 5 milions de persones ingressen a I'hospital a
causa de la malaltia i més de 560.000 pacients s6n donats d'alta de I'hospital amb el
diagnostic de patir malaltia cardiovascular [4]. Les prediccions actuals indiquen que
l'any 2020 les malalties cardiovasculars i I'aterosclerosi, en particular, es convertiran
en la principal causa mundial de mortalitat. Tots dos, I'envelliment progressiu de la
poblacié del moén i un estil de vida poc saludable, hauran contribuit a aquest procés.
Durant I'tltima década, la disponibilitat de noves eines de recerca, incloent-hi models
de ratolins modificats genéticament, ha donat lloc a una millor comprensié dels
mecanismes moleculars que connecten els processos inflamatoris i els factors de risc
per al desenvolupament de la placa aterosclerotica [5]. Aixi, l'aterosclerosi no és
simplement una conseqléncia inevitable de I'envelliment degeneratiu, sind una
condici6 inflamatoria cronica que pot ser convertida en un esdeveniment clinic agut per

trencament de la placa i la trombosi.

2.1.1. Risc cardiovascular

L’aterosclerosi es desenvolupa d’una manera asimptomatica durant molts anys
com a conseqgiencia de diferents factors, tant genetics com ambientals, que
constitueixen els denominats factors de risc cardiovascular. La identificacié d’aquests
factors de risc sorgeix de la combinacio d’estudis experimentals i de les dades extretes

d’estudis epidemiologics transversals i longitudinals realitzats a la poblacié general,
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especialment I'estudi Framingham [6] i el projecte europeu SCORE [7]. A partir dels
resultats d’aquests estudis s’han establert diferents factors de risc i s’han desenvolupat
models matematics que permeten calcular el risc cardiovascular individual en un
pacient determinat. Els factors de risc cardiovasculars establerts son capagos de predir
de forma independent la malaltia cardiovascular, i poden classificar-se com a
modificables, i per tant ser susceptibles de prevencio i tractament, i els que no ho soén,
com per exemple I'edat, el sexe del pacient i la seva historia familiar (Taula 1). Per
altra banda, es continuen identificant altres factors de risc cardiovascular, denominats
emergents, que podrien explicar per qué alguns pacients sense factors de risc

tradicionals poden presentar malaltia cardiovascular, inclds en individus molt joves.

Taula 1. Principals factors de risc cardiovasculars dependents del pacient

Factors de risc cardiovascular establerts

No modificables
Antecedents familiars de primer grau de cardiopatia isquémica precog
Edat
Sexe

Modificables
Tabaquisme
Hipertensio arterial
1 colesterol-LDL i | colestrol-HDL
Diabetis mellitus
Glucosa basal alterada
Resisténcia insulinica
Sindrome metabdlica
Dieta aterogénica
1 PCR
Microalbunindria
Deficiencia d'estrogens

Factors de risc cardiovascular emergents

Lipidics
1 triglicérids
1 lipoproteina (a)
Particules LDL denses i petites
1 apolipoproteina B i | apolipoproteina A-I
1 colesterol total/colesterol-HDL

No lipidics
1 homocisteina serica
Disfunci6 endotelial
Factors pro-trombotics
Altres biomarcadors inflamatoris (IL-6, MCP-1, TNFa)
Hipogonadisme. Disfuncié ereéctil.
1 GIM carotidia
Factors genétics no lipidics

GIM: gruix intima-mitja; HDL: lipoproteina d’alta densitat; IL: interleucina; LDL:
lipoproteina de baixa densitat; MCP-1: proteina quimioatraient de monocits 1; PCR:
proteina C-reactiva; TNFa: factor de necrosi tumoral alfa
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Tot i la importancia dels lipids plasmatics, la formacio de la lesié aterosclerotica
€s un procés molt més complex, en el qual intervenen I'endoteli vascular, lipoproteines
modificades, cél-lules sanguinies com els leucocits, cel-lules musculars llises,
proteines de la matriu extracel-lular i tot tipus de moléecules inflamatories. La percepcio
de tots aquests fenomens reforca la idea que la prevenci6 de les malalties
cardiovasculars ha d’implicar no només a la correccié dels factors de risc siné a
desenvolupar noves estratégies per combatre les malalties associades a aquest

procés patologic.

2.1.2. Patogénia de I'aterosclerosi

Estudis patologics revelen I'aparicié d'una série de canvis en els vasos durant
I'aterogénesi i mostren el paper essencial de les cel-lules inflamatories, particularment
de monocits/macrofags en la progressio del procés [3]. Estudis amb teixits cel-lulars
suggereixen diverses i possibles vies d’iniciacio i progressié de la malaltia. Tot i aixi, la
principal evidéncia és el paper clau que desenvolupa I'endoteli induint la inflamacio,
'acumulacio de LDL oxidades en 'espai subendotelial, el reclutament de monocits i la
formacio de cel-lules escumoses. La progressio de laterosclerosi (Figura 1) s'inicia
com a resposta a la disfunci6 endotelial i la inflamacié vascular, seguit per la
progressiva acumulacié de colesterol, calci i restes cel-lulars en l'intima de la paret

vascular de les artéeries.

Les primeres lesions consisteixen en l'acumulacié subendotelial de colesterol
en macrofags i la formacié de cél-lules escumoses. Les cél-lules endotelials actuen
exercint un gran nombre de funcions en I'homeostasi paret vascular: regulacié de la
permeabilitat vascular i transport de molécules, que contribueixen al manteniment del
to vascular regulant el balan¢ de molecules vasodilatadores i vasoconstrictores i
proporcionen una superficie no adherent pels leucocits circulants. L’activacio i la
disfuncié endotelial, que apareix en el primer estadi de I'aterogénesi, es caracteritza
per I'increment de la permeabilitat vascular en lipoproteines, augment del reclutament
de leucocits, reduccié de la produccié d'oxid nitric i 'augment de la produccio de
vasoconstrictors, desequilibri de factors protrombotics i antitrombotics, provocant un
desequilibri en I'hnomeostasi de I'endoteli vascular. Entre els agents que medien I'efecte
de reclutament de monacits, trobem les molécules d’adhesio (selectines i integrines) i
les molécules quimiotactiques com la proteina quimioatraient de monocits-1 (MCP-1,
de l'anglés monocyte chemoattractant protein-1), el factor de necrosi tumoral alfa

(TNF-a) i la interleucina (IL)-6, entre d’altres.

11
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Figura 1. Desenvolupament de la lesié ateroscl erotica. La progressio de l'aterosclerosi

s'inicia com a resposta a la disfunci6 endotelial i la inflamacié vascular, seguit per la
progressiva acumulacioé de colesterol, calci i restes cel-lulars en I'intima de la paret vascular de
les artéries. Les primeres lesions consisteixen en I'acumulacié subendotelial de colesterol en
macrofags i la formacié de cél-lules escumoses.

(N Engl J Med 2006;354:610-21)

Les selectines (E- i P-selectina) promouen una unié transitoria dels monaocits a
I'endoteli anomenada rolling, de manera que augmenta el temps de contacte i permet
la uni6 amb la molecula d’adhesié intercel-lular-1 (ICAM-1) i la molecula d’adhesio
vascular-1 (VCAM-1) L’augment de permeabilitat vascular dona lloc a la penetracio del
subendoteli de LDL circulants, les quals interaccionen amb els proteoglicans de la

12
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matriu subendotelial i n’afavoreix la retencié i els processos de modificacié proteolitics i
oxidatius, passant a ser altament aterogeniques. L'entrada de colesterol, provinent de
les LDL modificades i principalment oxidades al macrofag de forma massiva, té lloc
principalment pels receptors scavenger (CD36) [7]. Aquest procés dona lloc a la
formacio de cél-lules escumoses, que en dipositar-se en forma de capes estratificades
a l'intima arterial, es converteix en I'anomenada estria grassa. Representa la primera
lesio detectable en el procés arteriosclerotic. En els éssers humans, la lesié d'estria
grassa es pot trobar en l'aorta en la primera decada de la vida, en les artéries
coronaries en la segona década i en les arteries cerebrals en les decades tercera i
gquarta. A causa de les diferencies en la dinamica del flux sanguini, existeixen regions
que predisposen la formacié d’aquestes lesions a les arteries. Les estries grasses no
s6n clinicament significatives, perd sén les precursores de les lesions més avancades

que es caracteritzen per I'acumulacio de lipids i restes necrotiques.

Si el procés de proliferacié continua, I'estria grassa pot evolucionar cap a una
lesi6 més aguda o placa d’ateroma, que conté major riquesa lipidica i restes cel-lulars.
A més, les plaques poden arribar a ser cada vegada més complexes amb calcificacio,
ulceraci6 a la superficie luminal, i preséncia de lesions hemorragiques que hi creixen.
Encara que les lesions avancades poden produir simptomes d’isquémia com a resultat
d’'una progressiva oclusio de la llum vascular, la complicacio clinica més important és
una ruptura de la placa ateromatosa i la formacié d'un trombe o coagul de sang,

donant lloc a un infart de miocardi o accident cerebrovascular [3, 8].

13
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2.2. ATEROSCLEROSI | INFECCIO PEL VIH

L’aparicio d’episodis cardiovasculars en pacients infectats pel virus de la
immunodeficiencia humana (VIH) ha anat creixent progressivament des que, degut a la
introduccio i posterior generalitzacié del tractament antiretroviral combinat o de gran
activitat (TARGA), ha disminuit drasticament la incidéncia i mortalitat de les malalties
definitories de SIDA i, en contrapartida, han augmentat altres comorbiditats, entre les
quals s'inclou l'aterosclerosi i la malaltia cardiovascular. A aquest augment de la
incidencia de malaltia cardiovascular també hi contribueix substancialment
I'envelliment progressiu de la poblacio infectada pel VIH, que, com a conseqtiéncia de
'augment en la supervivéncia aconseguit pel TARGA, ha comportat un increment dels
factors de risc cardiovasculars tradicionals. Aixi, existeixen nombroses dades que
suggereixen que els individus infectats pel VIH presenten una aterogénesi accelerada
respecte a la poblacio general. EI mecanisme pel qual es produeix la lesioé vascular no
es coneix amb certesa, pero se sospita que poden tenir certa importancia diversos
factors com el TARGA, el propi VIH i I'estat pro-inflamatori associat a la infeccié [10-
14].

Durant I'tlltima decada les alteracions metaboliques associades al TARGA han
constituit la principal preocupacio dels clinics degut a la seva coneguda vinculacié amb
el desenvolupament d’episodis cardiovasculars. Tanmateix, diverses dades provinents
d’estudis experimentals i observacionals i, sobretot, a les conclusions derivades de
'assaig internacional d'interrupcié de tractament (SMART, de l'anglés Strategies for
Mangement of Anti-Retroviral Therapy) [13], han reconduit I'atencié des del TARGA
cap als efectes de la propia infeccid no tractada, i que podria augmentar el risc
d’aterogénesi per diversos mecanismes (Taula 2) [15]. A continuacid, es revisen els
efectes directes del VIH sobre la paret vascular, aixi com els efectes indirectes
secundaris a la immunoactivacié i alteracions lipidiques, i s'analitzen les
conseqgiencies de la replicacié del VIH en diferents escenaris (pacients naive i

pacients que interrompen el tractament).

2.2.1. Inflamacié

S’ha demostrat que la inflamacio és un factor clau en I'inici, progressio i ruptura

de la placa d'ateroma en la poblacié general [16]. S’ha suggerit que l'estat pro-

14
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inflamatori cronic associat a la infeccio per diferents virus i bacteris pot contribuir a

accelerar el

desenvolupament de

I'aterosclerosi

[17,18]. La infecci6 pel VIH

s’acompanya d’'una activacié de diverses vies inflamatories de la paret vascular [19],

que condueix a l'alliberament de citocines i quimiocines, i a I'expressiéo de molecules

d’adhesio cel-lular que faciliten I'adheréncia i transmigracié dels leucocits. S’han trobat

concentracions plasmatiques elevades del factor de necrosi tumoral alfa (TNF-a) i

d’interleucina (IL)-6 en pacients amb infecci6 pel VIH respecte a individus no infectats,

i s’ha descrit una correlacio d’'ambdues citocines amb la carrega viral del VIH [20]. Les

concentracions de la molecula d'adhesié intercel-lular-1 (ICAM-1), de la molécula

d'adhesié vascular (VCAM-1) i del factor von Willerbrand també s’han trobat

significativament més elevades en pacients naive amb infeccié pel VIH que en no

infectats, i s’ha observat una disminucié en les seves concentracions plasmatiques

paral-lela al descens de la carrega viral del VIH en pacients amb TARGA, tant amb

pautes amb inhibidors de la proteasa (IP) com amb inhibidors de la transcriptasa

inversa no analeg de nucleosids (ITINAN) [21] (Annex |: Terapia antiretroviral en la

infeccio pel VIH ).

Taula 2. Efectes directes del VIH afavoridors de I'aterogenesi en pacients sense tractament antiretroviral

Biomarcadors bioquimics

Marcadors d’aterosclerosi

Inflamacio

Disfuncioé endotelial

Estrés oxidatiu

Coagulacio

Activacio
immunologica

Dislipémia

T ”_-6 15,20

1 TNF-a

1 MCP-1 ?"%

1 PCR™
Ji-10tt

| Adiponectina ™

T VCAM-1 11,12,21,26,27,39,43
T ICAM'l 12,21,40,43

1 Factor von Willebrand *#%+%

1 7,8-dihidro-8-oxoguanina en cel. T CD4+**
| Activitat ADN glucosilasa **

1 Concentracié de peroxids “°

+ DimerD *
1 tPAI-1
T t-PA®

1 Cél-lules CD8+/HLA-DR+/CD38+ *
1 Expressié receptor TNF-a 2 >

| Colestero-HDL ***’
1 Triglicerids °

1 GIM d'artéria carotida

Correlacié inversa entre VDE i carrega
viral de VIH **'*#
| Elasticitat arterial ®* %

1 Calcificacio artéria coronaria &

GIM: gruix intima-mitja; ICAM: molécula d’adhesié intracel-lular; IL: interleucina; MCP-1: proteina quimioatraient de monocits-
1; PCR: proteina C reactiva; TARGA: tractament antiretroviral de gran activitat; TNF-a: factor de necrosi tumoral alfa; t-PA:
activador tissular de plasminogen; tPAI-1: inhibidor de l'activador tissular de plasminogen; VCAM: molecula d’adhesié
vascular; VDE: vasodilatacié depenent de I'endoteli.
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Els mecanismes pels quals el VIH indueix activacio inflamatoria a la paret
vascular no es troben completament definits. S’ha implicat fonamentalment la proteina
gp120 de I'embolcall lipidic del VIH i dues proteines reguladores, la proteina inductora
de transcripcid (Tat) i la proteina Nef [19] (Annex II: Caracteristigues generals i
estructura del VIH ). Estudis in vitro han demostrat que Tat indueix la produccié de
TNF-a en monocits, TNF-B en monacits, limfocits T i cél-lules epitelials [22], i de factor
nuclear de cadenes lleugeres kappa potenciador de cél-lules B activades (NF-kB) i IL-6
en ceél-lules linfoblastiques i epitelials [23]. La proteina Nef indueix I'alliberament de
diverses quimiocines des de mondcits i macrofags com les proteines inflamatories
macrofagiques 1-alfa i beta, IL-6, IL-1b i TNF-a [24,25]. La glicoproteina de I'embolcall
lipidic gp120 indueix la interaccio pro-adhesiva entre les cél-lules CD4+ i els receptors

CXCR4, i I'endoteli vascular, fet que també afavoreix el procés inflamatori [26].

La importancia de la replicacié del VIH sobre el risc cardiovascular s’ha posat
de manifest en els estudis d'interrupcié del tractament, fonamentalment en I'estudi
SMART. Aquest assaig clinic ha demostrat que la interrupcié del TARGA s’associa
amb un major risc de mortalitat, i molt especificament, de mortalitat per causes
cardiovasculars [13]. Els efectes deleteris del tractament intermitent s’han associat
amb la duracié de la replicacié viral no controlada. Concretament, en un subestudi de
'assaig SMART, en el que es varen comparar diferents biomarcadors inflamatoris i
pro-trombotics en pacients que interrompien el tractament respecte als que mantenien
un tractament continu [15], les concentracions basals de IL-6, dimer D i proteina C
reactiva (PCR) es van associar significativament amb un risc més elevat de mortalitat.
Es a dir, els pacients que interrompien el tractament van mostrar un augment en les
concentracions de IL-6 i de dimer D d’'un 30 i 16%, respectivament, al cap d’'un mes,
respecte al 0 i 5% en el grup de pacients amb tractament continu. A més a més,
aquest increment dels biomarcadors es va correlacionar de forma positiva i

significativa amb la carrega viral del VIH.

Un altre assaig d'interrupcié del tractament antiretroviral, I'estudi Swiss-Thai-
Australia Treatment Interruption Trial (STACATTO) [11], ha demostrat també una
associacio entre la replicacié viral i les concentracions plasmatiques de marcadors pro
i antiinflamatoris. En aquest estudi es va observar una disminucié de VCAM-1, P-
selectina, leptina i dimer D coincidint amb el comengament del TARGA i un augment
paral-lel dels marcadors antiinflamatoris adiponectina i IL-10. A les dotze setmanes de

la interrupcid es va trobar una associacio positiva dels valors de VCAM-1 i MCP-1 amb
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I'increment de la carrega viral plasmatica, i negativa de la carrega viral amb els valors

d’adiponectina i IL-10.

Per ultim, un subestudi de l'assaig espanyol d'interrupcié del tractament
antiretroviral STOPAR, que va incloure a 77 pacients, i en el que hi va participar de
forma activa membres del nostre grup, també va constatar un augment de les
concentracions de MCP-1, IL-6 i VCAM-1, als 24 mesos, en els pacients que
interrompien el tractament en relacié als individus que es mantenien virologicament

suprimits [27].

2.2.2. Disfunci6 endotelial

La disfuncié endotelial és, juntament amb la inflamacio, un element clau en
I'aterogenesi i constitueix una de les primeres etapes del seu desenvolupament tal i
com s’ha dit anteriorment [28]. Existeix una relacio estreta entre la disfuncié endotelial i
la inflamacié, de manera que diverses citocines i quimiocines indueixen l'activacié
endotelial i n'alteren la vasodilatacid6 depenent de I'endoteli [29]. Diversos estudis
suggereixen que la infeccié pel VIH per se pot produir una disfuncié endotelial. Un
estudi recent ha demostrat que el VIH és capac¢ d'infectar cél-lules musculars llises
arterials in vitro i in vivo, produint un fenomen inflamatori local amb alliberament de
citocines pro-inflamatories i disfuncié endotelial que podria contribuir directament al
desenvolupament d’aterosclerosi [30]. Altres estudis han demostrat I'efecte nociu
produit pel VIH o les seves proteines en cel-lules endotelials en cultiu; en concret, la
proteina reguladora Tat indueix un augment de la permeabilitat i 'apoptosi de les
cel-lules endotelials [31,32], aquesta ultima també causada per la glicoproteina de
I'embolcall lipidic gp120 [33,34]. S’ha descrit que I'expressio de citocines induida per
les proteines virals Tat i gp120 afavoreix I'activacio de les cel-lules endotelials a través
d’'un augment de lI'expressié d'E-selectina, VCAM-1 i ICAM-1 [35-37] (Figura 2). En
aquest sentit, I'administraci6 de salsalat, un antiinflamatori que inhibeix al NF-kB
(factor de transcripcié ubic que controla I'expressié de gens implicats en la resposta
immunitaria, apoptosi i cicle cel-lular), millora la vasodilatacié depenent de I'endoteli en
pacients infectats pel VIH en un petit estudi pilot [38], fet que corrobora el paper de la

inflamacid i les citocines pro-inflamatories en la disfuncié endotelial associada al VIH.
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Figura 2. Infiltraci6 de monocits i limfocits T CD4+ a I'espai endotelial . En el procés inicial, la

infiltracidé leucocitaria de I'espai subendotelial en el pacients infectats pel VIH destaca per algunes
particularitats propies de la infeccié pel VIH. Els limfocits infectats tenen una major capacitat de penetrar a
I'espai subendotelial que els no infectats. Aquest fet podria estar facilitat per un augment de la
permeabilitat de I'endoteli vascular induit per la proteina viral Tat. Una vegada instal-lat a I'espai
subendotelial, el limfocit entra en contacte amb les ceél-lules endotelials induint un augment significatiu de
la replicacié viral, i per tant, un augment de I'expressié de proteines virals en I'espai subendotelial. In vitro,
les ceél-lules endotelials incubades amb Tat mostren una expressié augmentada de citocines atraients de
macrofags, en especial de MCP-1 i un augment de molecules d’adhesié (VCAM-1 i ICAM-1) per tal
d’'atraure mondcits a la paret arterial, adherir-los i facilitar la seva penetracié a I'espai subendotelial
mitjangant proteines com la fibronectina. Els mondcits que tendeixen a penetrar a I'espai subendotelial es
caracteritzen per expressar un fenotip particular, caracteritzat per una gran quantitat de receptors CCR2 a
la seva superficie, en canvi presenten molt poca quantitat de CCR5 i de CX3CRL1. Per ultim, cal destacar
que la infeccio de la paret arterial no Unicament es localitza a I'espai subendotelial, sin6 que també afecta
a les cel-lules musculars llises (CML) arterials. Les CML soén infectades pel VIH, i també expressen de

forma important a la seva membrana cel-lular, el receptor CCR2.

(Adaptat de Enferm Infecc Microbiol Clin 2009;27:33-39)

D’altra banda, diferents estudis clinics han posat de manifest la importancia del
virus del VIH en el desenvolupament de disfuncié endotelial. Ross et al. [12] han
descrit una elevacié dels parametres bioquimics de disfuncié endotelial i inflamacié en
una petita cohort de pacients naive respecte a un grup d’individus virologicament

controlats sota tractament antiretroviral i un grup de controls no infectats. En un estudi
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retrospectiu en el que s’han comparar 56 pacients naive amb 28 pacients no infectats
aparellats per edat i sexe, els valors de E-selectina, VCAM-1, MCP-1 i factor von
Willebrand han estat significativament més alts en els pacients infectats pel VIH [39].
Un altre estudi similar que comparava 115 pacients naive amb 30 individus no infectats
també ha mostrat valors més alts de ICAM-1, de I'inhibidor de I'activador tissular de
plasminogen (tPAI-1) i de la PCR en els primers [40]. En ambdos estudis s’ha
demostrat una disminucié dels marcadors de disfuncié endotelial i la PCR un cop
iniciat el TARGA, sense variacions en les concentracions de tPAI-1. Aquest descens
de marcadors d'activacio endotelial després de I'inici del TARGA també s’ha descrit en
altres estudis [21,41]. Probablement, un dels estudis més important sobre els efectes
del TARGA en la funcié endotelial és el AIDS Clinical Trial Group (ACTG) 5152, un
subestudi del ACTG 5142, en el que s’ha avaluat la vasodilataci6 depenent de
'endoteli en pacients naive que iniciaven una pauta antiretroviral sense IP (n=23),
sense ITINAN (n=31) i sense inhibidors de la transcriptasa inversa analeg de
nucleodsids (ITIAN) (n=28). En aquest estudi s’ha confirmat una millora de la funcio
endotelial respecte als valors basals en tots els grups de tractament a les setmanes 4 i
24, independentment de la pauta utilitzada, i una correlacio inversa entre el descens
de la carrega viral del VIH i la vasodilatacio depenent de I'endoteli [42]. D’altra banda,
com ja s’ha comentat anteriorment, els estudis d’interrupcio del tractament també han
descrit un increment dels marcadors d’activacié endotelial VCAM-1 [2,19,43] i ICAM-1
[43] en el grup de pacients que interrompia el TARGA i una associacio positiva entre
els valors de VCAM-1 i la carrega viral del VIH [11].

2.2.3. Estrés oxidatiu

L’estrés oxidatiu juga un paper clau en la patogénesi de l'aterosclerosi en la
poblacié general. L'estrés oxidatiu es produeix com a conseqiéncia d’'un desequilibri
entre la produccio i la neutralitzacio d’elements pro-oxidants, sobretot radicals lliures i
molécules de nitrogen, amb el consequient dany oxidatiu a proteines, lipids i acids
nucleics. Varis estudis han demostrat uns valors d'estrés oxidatiu augmentat en
pacients amb infeccio pel VIH [44,45], les consequéncies del qual a llarg termini, inclos
el seu paper en el desenvolupament prematur d’arteriosclerosi, es troben actualment
en fase d’investigacié. Un estudi transversal en pacients amb infeccié pel VIH ha
demostrat una associacié de la concentracié total de peroxids, marcador de I'estrés

oxidatiu, amb alguns factors de risc cardiovasculars, com el colesterol-LDL i la PCR
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[46]. També s’ha descrit que en pacients infectats pel VIH un descens de l'activitat de
I'enzim paraoxonasa (PON-1), proteina vehiculitzada per les particules HDL capac¢
d’inhibir la peroxidacio lipidica [47]. En la patogenesi de I'estat pro-oxidatiu d’aquest
pacients de nou s’ha implicat tant al propi virus com al TARGA. El VIH indueix estrés
oxidatiu i deplecié de I'0xid nitric a nivell vascular en models animals [48]. In vitro s’ha
demostrat una inhibici6é de la sintesi de I'enzim superoxid dismutasa en cél-lules Jurkat
i HeLa per part de la proteina Tat del VIH, el que podria explicar el seu efecte oxidant
[49]. Tot i que en alguns estudis clinics s’ha associat el TARGA, especialment els IP,
amb l'estrés oxidatiu, altres estudis han demostrat un paper protector del TARGA [44]
0 de determinats farmacs antiretrovirals, com els ITINAN [46], el que confirmaria

I'efecte pro-oxidatiu del virus.

2.2.4. Resposta immune activada

La infeccié pel VIH es caracteritza per un estat pro-inflamatori o d’activacio
immunoldgica continua caracteritzat per un augment en el recanvi de limfocits B i T i
cél-lules natural killer, valors elevats de citocines pro-inflamatories com la IL-6, IL-7 i
TNF-a [50] i una elevacié de cel-lules T CD8+ activades amb el fenotip DR+/CD38+,
que es considera un marcador de progressio [51]. El TARGA plenament supressor de
la replicacio viral és capag¢ de revertir moltes d’aquestes anomalies [21]. De nou, els
estudis d’interrupcié del tractament antiretroviral ha proporcionat un escenari per
I'estudi de les interrelacions entre el virus, I'activacié immunologica i els biomarcadors
inflamatoris. S’ha suggerit que I'activacié immunologica deguda al rebot viral després
de la interrupcio del tractament antiretroviral podria tenir un paper important en
'augment dels episodis cardiovasculars observats en I'assaig SMART [52]. En I'estudi
ACTG 5102 s’ha observat un increment significatiu del marcadors d’activacio
immunologica, com les cel-lules CD8+/HLA-DR+/CD38+ i del receptor TNF-a 2, en 47
pacients que van interrompre el tractament, coincidint amb el rebot de virémia [53].
Aquest canvi brusc cap un estat més pro-inflamatori produit per la reactivacié de la
replicacié viral podria induir un augment de l'adhesié plaguetaria i la migracié de
cel-lules inflamatories i, per tant, la formacié duna placa inestable [53], el que

incrementaria el risc d’episodi cardiovascular.
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2.2.5. Alteracions lipidiques

Un altre dels mecanismes a través del qual el VIH podria induir malaltia
cardiovascular és a través del seu efecte sobre els lipids i lipoproteines plasmatiques.
En varis estudis s’han trobat valors baixos de colesterol-HDL en pacients infectats pel
VIH [54-57]. Entre els mecanismes proposats fins al moment per explicar I'efecte del
virus sobre les particules HDL, s’ha postulat que els macrofags infectats pel VIH es
transformarien en cel-lules escumoses per acumulacié de lipids a través de la inhibicid
de la bomba d’eflux de colesterol produida per la proteina Nef del VIH [56] (Figura 3).
Un altre possible mecanisme implicat és l'augment de l'activitat de la proteina
transferidora d'ésters de colesterol (CEPT), que, sobretot en preséncia
d’hipertrigliceridemia, augmenta la transferéncia dels esters de colesterol des de les
particules HDL a les lipoproteines que contenen apolipoproteina (apo) B, el que fa

disminuir els valors de colesterol associats a les particules HDL [56].

L’efecte directe del virus en les particules HDL també s’ha posat de manifest en
'assaig SMART, en el qual el bra¢ d'interrupcié del tractament va experimentar un
descens significativament superior als valors de colesterol-HDL respecte el grup de
pacients amb tractament continu [58]. Els valors disminuits del colesterol-HDL s6n un
factor de risc independent de malaltia coronaria ben conegut en la poblacié general
[59]. La importancia del colesterol-HDL en pacients infectats pel VIH també ha quedat
reflectit en una subanalisi de casos i controls, que va incloure 248 pacients amb
episodis cardiovasculars (infart de miocardi fatal i no fatal, ictus, malaltia arterial
periférica i insuficiéncia cardiaca congestiva) i 480 controls, i on es va concloure que el
colesterol-HDL és la Unica lipoproteina significativament associada als episodis
cardiovasculars després d’ajustar el model per les diferents variables demografiques,
estatus del VIH, altres factors de risc cardiovascular i biomarcadors d’inflamacio i
coagulacio [60]. En un estudi espanyol d’interrupcié, que incloia 37 pacients, també
s’ha demostrat una disminucié del colesterol total i les apolipoproteins A-l i B, amb

augment en la relacié apo A-l/apo B, el que suposa un perfil més aterogénic [61].

Una altra de les alteracions lipidiques tipicament induida pel VIH és la
hipertrigliceridémia, ben descrita abans de la introduccio del tractament amb IP en
pacients amb infecci6 pel VIH i que s’ha associat amb un increment dels valors

plasmatics d’interfer6 gamma [62].
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Figura 3. Formacio de cel-lules escumoses a I'espai subendote  lial. Una vegada s’han instal-lat els
macrofags a l'espai subendotelial expressen un receptor que s’'encarregara de captar lipoproteines
modificades: scavenger receptor o0 CD36, I'expressié del qual augmenta en presencia d'inhibidors de la
proteasa (IP). En aquest punt, el macrofag comenc¢a a fagocitar avidament lipoproteines modificades
acumulant esters de colesterol al seu interior i transformant-se en una cel-lula escumosa o foam cell. Per
diversos mecanismes, aquestes cel-lules moren i els seus diposits de colesterol romanen formant el
nucli lipidic de la placa. La formacié de les cel-lules escumoses es troba condicionada per la quantitat de
lipoproteines modificades i la seva penetracié a I'espai subendotelial. La modificacié de les lipoproteines
de baixa densitat (LDL), en part es deu a la seva taxa catabolica. Com més temps romanen en circulacio
més possibilitats tenen de ser modificades. Els IPs inhibeixen I'expressio del receptor de LDL i, per tant,
afecten al mecanisme d’eliminacié d’aquestes lipoproteines. Existeixen diversos mecanismes a través
dels quals pot modificar-se una LDL. Poden glicosilar-se en un situacié de resisténcia a la insulina o
poden oxidar-se en un desequilibri entre oxidacio i antioxidaci6. D’altra banda, també s’ha descrit que
els pacients infectats pel VIH presenten un disminucié de l'activitat de I'enzim paraoxonasa (PONL1),
proteina vehiculitzada per les lipoproteines d'alta densitat (HDL) i encarregada d'inhibir la peroxidacio
lipidica. Per ultim, cal destacar que el transport revers de colesterol mediat per les HDL hauria de
contrarestar aquesta situacio captant el colesterol acumulat de les cél-lules escumoses, pero el seu
receptor denominat ABCA1, que permet l'eflux de colesterol cap a les HDL, es troba inhibit per la

proteina viral Nef.

(Adantat de Enferm Infecc Microbiol Clin 2009:27:33-39)
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2.3. ATEROSCLEROSI | CO-INFECCIO PEL VIRUS DE L’ HE PATITISB I C

Com ja hem comentat anteriorment, diversos estudis experimentals i
epidemiologics recolzen el paper de les infeccions en el desenvolupament i progressio
de l'aterosclerosi [63-66]. Alguns investigadors han analitzat la relacié entre els virus
de I'hepatitis B (VHB) i C (VHC) i la malaltia aterosclerotica (Taula 3).

Taula 3. Resum dels principals estudis que han avaluat la relacié entre la infeccié pel virus de
I'hepatitis B i C i la malaltia aterosclerotica.

Virus de

Refereéncies Phepatitis Disseny de I'estudi Risc de malaltia aterosclerotic a
Ishizaka B Transversal 1 GIM artéries carotides
Tong *° B Retrospectiu | Coronariografia
Ghotaslou B Retrospectiu | Coronariografia
Sung B Longitudinal, prospectiu | 1AM, ictus isquémic
Momiyama °® BiC Transversal | Coronariografia
Volzke ©’ BiC Transversal 1 1AM, ictus, GIM artéries carotides
Ishizaka ™ C Transversal 1 GIM artéries carotides
Vassalle c Transversal 1 Coronariografia
Alyan " c Retrospectiu 1 Coronariografia
Bedimo " C Retrospectiu 1 1AM, ictus
Weber " C Longitudinal, prospectiu 1 1AM

GIM: gruix intima-mitja; IAM: infart agut de miocardi

Tot i que un estudi transversal ha associat la infeccio pel virus B i la preséncia
de plagques carotidies en ecografia d'alta resolucio, la majoria d’estudis no han trobat
una vinculacio entre la infeccio persistent d’aquest virus i la preséncia de malaltia
cardiovascular [67] o d’aterosclerosi coronaria mesurada per coronariografia [68,69].
Unicament, un estudi longitudinal realitzat a Corea ha descrit que l'antigen de
superficie del VHB s’associa amb un augment del risc d'ictus hemorragic en els
pacients que presentaven disfuncié hepatica, i amb un menor risc d’ictus isquémic i
infart agut de miocardi en els pacients sense disfuncié hepatica, respecte un grup

d’individus control no infectats [70].

23



UNIVERSITAT ROVIRA I VIRGILI

INFLAMACIO I OXIDACIO EN LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA: MODIFICACIONS DE LES
LIPOPROTEINES D'ALTA DENSITAT

Gerard Aragones Bargalld

DL:T.

1353-2011

Introduccioé

Tanmateix, la relaci6 del VHC amb el desenvolupament d’aterosclerosi es
controvertida. La preséncia d’infeccié pel VHC avaluada per serologia positiva s’ha
associat amb malaltia aterosclerotica coronaria i carotidia en alguns estudis [71-73],
perdo no en d'altres [67,68]. Una analisi retrospectiva recent de la cohort de veterans
americans, que inclou a més de 20.000 pacients, ha demostrat un augment del risc
d’infart de miocardi en pacients amb infecci6 pel VIH i co-infectats pel VHC, en relacio
amb pacients no co-infectats, que es va mantenir després d'ajustar pels factors
tradicionals de risc cardiovascular (hipertensié arterial, edat, diabetis i tabac), tant
abans com després de l'inici TARGA, tot i que en aquest Ultim cas la diferéncia en el
risc d'infart de miocardi entre mono-infectats i co-infectats no va arribar a la significacio
estadistica [74]. Tanmateix, aquesta associaci6 amb el VHC no s’ha trobat en les
analisis de la cohort D:A:D, tot i que en aquesta cohort es va detectar una associacio

entre la co-infeccio pel VHC i el desenvolupament de diabetis mellitus (DM) [75].

A més a meés de I'associacio observada en la cohort D:A:D, hi ha altres estudis
epidemiologics que han posat de manifest un major risc de resisténcia a la insulina i, a
la llarga, de DM en pacients amb infeccié cronica pel VHC [76-79]. La resisténcia a la
insulina és el principal mecanisme involucrat en el desenvolupament de la sindrome
metabolica, que s’ha descrit fins en un 26% dels pacients amb hepatitis C cronica,
sobretot en el genotip 1 [80], i que constitueix una causa important d’augment de la
morbimortalitat cardiovascular. Varis mecanisme que actuen de forma simultania
podrien contribuir a explicar I'associacié entre la resisténcia a la insulina i el VHC;
probablement el triangle inflamacié cronica-esteatosis-resisténcia insulinica i les seves
interrelacions tinguin un paper clau. La resisténcia insulinica s’ha implicat com a factor
causal d’esteatosi hepatica i fibrosi en pacients amb genotip 1 del VHC [77]. El genotip
3 també s’ha associat a esteatosi, perd en aquest cas l'esteatosi s’ha relacionat
fonamentalment amb la carrega viral del VHC i no amb la resisténcia a la insulina [81].
La infecci6 pel VHC s'acompanya a més a més d'una activacié persistent de
macrofags i sobreproduccié de citocines i quimiocines pro-inflamatories, el que en
presencia de valors elevats d'acids grassos intrahepatocitaris poden alterar les vies
intracel-lulars de I'hepatocit i inhibir el senyal per a la insulina, produint resistencia
insulinica [79]. La proteina core del virus C pot directament inhibir a la insulina i
augmentar la produccio d’espécies reactives d’oxigen (ROS), contribuint a exacerbar la
resisténcia insulinica [79]. Per altra banda, la co-infeccié pel VHC s’associa a un estat
pro-trombotic amb activacié plaquetaria i disfuncié endotelial que pot augmentar el risc

cardiovascular [78]. El tractament amb interfer6 s’ha associat a una millora en la
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resisténcia insulinica mediada per I'index HOMA de funcié de cél-lula beta pancreatica
i I'index de sensibilitat a la insulina en pacients amb una resposta sostinguda al
tractament [82] i amb una millora de I'esteatosi hepatica en pacients infectats amb el

genotip 3 del VHC [83].
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2.4. LIPOPROTEINES D’ALTA DENSITAT (HDL)

L’arteriosclerosi és una malaltia multifactorial de la qual s’han determinat
multiples agents associats a la progressio de la malaltia, perdo molt pocs elements que
representin un paper protector. L'apolipoproteina A-1 i les particules HDL presenten un
paper preponderant en I'homeodstasi del colesterol, ja que promouen el pas del
colesterol des dels teixits periferics fins al fetge per a facilitar la seva excrecid. Aquest
pot ser el mecanisme a través del qual 'HDL protegeix del desenvolupament de
l'arteriosclerosi. En aquest apartat, s'intentara resumir els aspectes més rellevants del

seu metabolisme i les seves implicacions fisiopatologiques i terapéutiques.

2.4.1. Estructura, composici6 i caracteristiques ge  nerals

El nom HDL (de l'anglés, high-density lipoprotein) implica la utilitzacié d’un
criteri de densitat en la classificacio de les families lipoproteiques i a la vegada, el
métode utilitzat (ultracentrifugacid) per a la seva separacio respecte altres components
del sérum. Ultilitzant la ultracentrifugaci6 s'obtenen les diferents families de
lipoproteines: els quilomicrons, VLDL (very low-density lipoproteins), IDL (intermediate-
density lipoprotein), LDL (low-density lipoprotein) i les HDL. Utilitzant com a
classificacid aquest mateix criteri de densitat, podem distingir dues subpoblacions
majoritaries, les HDL, (densitat entre 1,063 i 1,125 g/mL) i les HDL; (densitat entre
1,125 i 1,210 g/mL) i les pre-B-HDL de més de 1,210 g/mL (Taula 4). Una altra
classificacio divideix les particules d’'HDL en funcié del seu contingut apolipoproteic.
Les apolipoproteines sén proteines, normalment de composicié bastant hidrofobica,
que estabilitzen l'estructura i confereixen bona part de la funcionalitat a les
lipoproteines. L’apolipoproteina A-I (apo A-l) és la proteina quantitativament més
abundant a les HDL, seguida de l'apolipoproteina A-1l (apo A-ll). Aixo, dona lloc al
concepte frequentment utilitzat de particules HDL amb apo A-l i sense apo A-ll, HDL
amb apo A-1 i apo A-ll, i HDL sense apo A-1 i amb apo A-Il [89]. No s’ha d’oblidar, que
aquesta classificaci6 no té en compte el contingut de les HDL en altres
apolipoproteines minoritaries, com sén C-I, C-Il, C-lll, A-1V, E, D, H i M. Per tant, inclis
dins de cadascun daquests tipus de particules existeix una heterogeneitat
apolipoproteica molt important. Una altra classificacid, basada en la mobilitat
electroforetica en gels d’agarosa, agrupa a les diferents subpoblacions d’'HDL segons

la seva carrega eléctrica, i per tant, segons la seva mobilitat com a particules a, pre-p i
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y. La separaci6 de les HDL segons el seu tamany es pot realitzar utilitzant
I'electroforesi en un gel no desnaturalitzant en gradient de poliacrilamida. D’aquesta
manera s'obtenen poblacions que, a semblanca de les obtingudes per
ultracentrifugacio, es denominen HDLj3. (7.6 nm), HDL3, (8.0 nm), HDL3, (8.4 nm),
HDL,, (9.2 nm) i HDL,, (10.6 nm) [90].

Taula 4. Resum de les principals caracteristiques i classificacié de les particules HDL.

Propietat Pre-B-HDL HDL> HDL3

Pre-p1: 71.000
Pes molecular (Da) 360.000 175.000
Pre-B,: 325.000

Mobilitat electroforética Pre-B a a
Densitat (g/L) >1,210 1,063-1,125 1,125-1,210
Subpoblacions Pre-B1, Pre-B2 i Pre-Bs HDL2p i HDL 24 HDL3ga, HDL3p i HDL3c
Pre-B1: 5,4-7 HDLp: 9,7-12 HDL3,: 8,2-8,8
Diametre (nm) HDL3py: 7,8-8,2
Pre-Bz: 12-14 HDL2a: 8,8-9,7 HDLsc: 7,2-7,8

A més a més de les apolipoproteines, en el component proteic de les HDL,
trobem enzims que s’associen a la particula. Entre aquests enzims es troben els que
estan associats al metabolisme de les HDL com son la lecitin-colesterol aciltransferasa
(LCAT), la proteina transferidora d'esters de colesterol (CEPT) i la proteina
transferidora de fosfolipids (PLTP). A més, en aquestes particules també hi podem
trobar associats altres enzims com son la paraoxonasa-1 (PON1), paraoxonasa-3
(PON3), acetilhidrolasa de factor plaquetari (PAF-AH) i glutati6 selenoperoxidasa
plasmatica (GPX3). En determinades condicions fisiologiques la composicié de les
particules HDL pot variar, com és el cas en la resposta a fase aguda, en la qual
apareixen en el plasma proteines pro-inflamatories com son el serum amiloid A (SAA),
la mieloperoxidasa (MPO), la ceruloplasmina i I'apolipoproteina J, que s’associen a les

HDL i poden variar la seva estructura i funcionalitat.
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2.4.2. Metabolisme

Les particules HDL, y HDL; madures procedeixen de particules precursores
lliures d’apo A-1i de particules pre-B-HDL que sén produides com a HDL nascents pel
fetge o intesti, o bé son alliberades per lipdlisi a causa de I'efecte de la lipoproteina
lipasa (LPL) sobre lipoproteines riques en triglicérids com les VLDL y els quilomicrons.
L'eflux de colesterol regulat per la proteina transferidora de colesterol ABCALl (ATP-
binding cassette Al) des de les cél-lules és important per al procés inicial de lipidacio
de les HDL, i 'esterificacié del colesterol regulat per LCAT provoca que el colesterol
passi al nucli de la particula, generant particules esferiques (Figura 4). Aquestes
particules continuen creixent per I'accié de la proteina transferidora de fosfolipids
(PLTP) que permet la fusié de remanents de superficie, i la LCAT continua esterificant
colesterol. En sentit invers les particules grans HDL, son de nou convertides a HDL;
per varis mecanismes. La proteina transferidora d'esters de colesterol (CETP)
intercanvia esters de colesterol de les HDL, per triglicérids de les lipoproteines amb
apo B (VLDL y LDL), i posteriorment la lipasa hepatica (HL) hidrolitza els triglicérids i
fosfolipids de les HDL disminuint-ne el seu diametre.

Per altra banda, el receptor scavenger B-1 (SR-Bl) del fetge i teixits
esteroidegénics (glandules renals i gonades) recullen selectivament els esters de
colesterol de les particules HDL,. La interconversié d’'HDL, en HDL; a través de la
CEPT i HL, i la conversié d’'HDL;i HDL, mediada per la PLTP, alliberen apo A-I lliure o
particules pobres en lipids. Una part de I'apo A-l lliure pot adquirir lipids i iniciar el cicle
de nou a través de I'eflux de colesterol mediat per ABCAL, pero una part és filtrada a
nivell glomerular al ronyd, reabsorbida a nivell tubular pel receptor cubilina megalina, i
hidrolitzada en les cel-lules tubulars del ronyo. Els lipids de les HDL sén catabolitzats o
bé de manera separada de les proteines, com és la transferencia d’'ésters de colesterol
a través de la CETP a altres lipoproteines, o bé a través de SR-BI a teixits, o bé
conjuntament com una particula. En aquest ultim punt s’ha identificat una proteina a la
membrana dels hepatocits, que uneix apo A-l i permet I'endocitosi de la particula.
Aquesta proteina ha resultat ser la cadena beta del complex ATP sintasa [91], i encara
gueda per dilucidar el mecanisme i la importancia d’aquest component de la cadena

interna mitocondrial en el metabolisme de les HDL.
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Figura 4 . Vies implicades en el metabolisme de la particula HDL. ABCAL: ATP-binding cassette A1,
ABCG1: ATP-binding cassette G1; ApoA-l: apolipoproteina A-lI; ApoB: apolipoproteina B; CEPT:
proteina transferidora d’ésters de colesterol; LCAT: lecitin-colesterol aciltransferasa; LDL: lipoproteina
de baixa densitat; LDLR: receptor per la lipoproteina de baixa densitat; PLTP: proteina transferidora de
fosfolipids; SR-BI: receptor scavenger B-1; VLDL: lipoproteina de molt baixa densitat.

(Nature 2008;451:2904-13)

2.4.3. Activitat biologica

2.4.3.1 Transport revers de colesterol (TRC)

Fa referencia al procés mitjangant el qual el colesterol captat per les particules
HDL de les cél-lules perifériques, arriba al fetge i és eliminat per les vies biliars. En els
éssers humans aquesta captacio hepatica es realitza fonamentalment a nivell de les
VLDL, lipoproteines residuals tipus IDL, i LDL. El procés pel qual els ésters de
colesterol passen de les HDL al grup de lipoproteines que contenen apo B
(quilomicrons, VLDL, IDL i LDL) es troba regulat per I'accié de la CEPT. A continuacio
s'analitzen el tres processos que componen aguest sistema, I'eflux de colesterol de les
cel-lules plasmatiques, I'esterificacié del colesterol, i el desti metabolic dels ésters de

colesterol formats.
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A. Eflux de colesterol

Existeixen dues teories sobre com es produeix I'eflux de colesterol cap a les
HDL. Una primera teoria proposa un procés de difusié aquosa en el qual el colesterol
no esterificat passa de les membranes cel-lulars als acceptors moleculars com a
vesicules de fosfolipids sense proteines, cilcodextrines sintétiques, albumina i HDL
tripsinitzada. Aquest procés és lent, receptor-independent, no saturable i té poc efecte
sobre els diposits de colesterol esterificat intracel-lulars [92]. Aquest procés pot ser
bidireccional i I'esterificacid del colesterol per la LCAT previndria la redifusio del
colesterol des de les HDL fins la membrana plasmatica, augmentant aixi, I'eflux net del
colesterol [93]. Les particules d’'HDL que capten aquest colesterol no tenen cap
especificitat caracteristica. L'expressi0 de SR-B1 incrementa aquest eflux de

colesterol, facilitant la difusié de la membrana als acceptors plasmatics.

Una segona teoria, proposa que l'eflux del colesterol és receptor-depenent i
s’ha descrit com un mecanisme de transport rapid, especific, unidireccional, saturable,
independent de LCAT i que redueix els diposits d'éster de colesterol del citosol
cel-lular. Aquest eflux de colesterol i fosfolipids requereix d’acceptors especifics com
apolipoproteines (apo A-l, apo A-ll, apo A-1V, apo E i apo Cs) pero especialment a una
fracci6 minoritaria de particules HDL, les pre-B-HDL. Aquest tipus de particules
contenen Unicament apo A-l i suposen Unicament el 5% del total de les HDL. A través
de l'estudi de la malaltia de Tangier s’ha descobert que el receptor cel-lular que
s’associa a I'apo A-1 és 'ABCAL, i potser, a altres membres del grup de proteines ABC
[94]. Aixi, l'eflux especific implica interaccions amb proteines de la membrana
plasmatica, amb generacio de senyals intracel-lulars que provoquen la translocacio del
colesterol del reticle endoplasmatic, Golgi o endosomes cap a la membrana
plasmatica. S’ha descrit que les HDL son internalitzades pels macrofags en el
compartiment endosomal des d'on sén resecretades juntament amb els lipids [95].
L'expressi6 d’ABCAl1 en macrofags és un factor important en [|'aterogenesi,
independentment del colesterol de les HDL, permetent als macrofags eliminar I'excés

de colesterol i evitar aixi que es transformin en cel-lules escumoses.
Actualment s’accepta que els dos processos poden coexistir, i que en alguns

tipus cel-lulars l'eflux de colesterol es realitzaria utilitzant els dos sistemes, mentre que

en d’'altres un dels sistemes d’eflux seria el majoritari.
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B. Esterificacio del colesterol

El procés d’esterificacié del colesterol en el plasma es produeix Unicament per
'acci6 de la LCAT. La deficiéencia completa de LCAT no sembla repercutir de la
mateixa manera en tots els teixits de I'organisme. A més a més, existeixen evidéncies
experimentals que indiqguen que lactivitat LCAT no €s necessaria per a que es
produeixi el component rapid i especific de I'efllux de colesterol regulat per ABCAL que
va dirigit, en primer lloc, a particules pre-p-HDL. Tot i aixi, I'activitat LCAT sembla ser
necessaria per al component més lent i inespecific de I'eflux de colesterol, que va

dirigit a les particules HDL de forma depenent, principalment, de la seva concentracio.

C. Desti dels ésters de colesterol formats en les HDL

El desti dels ésters de colesterol formats en les particules HDL és variat. Els
esters de colesterol poden ser captats de forma especifica de les HDL després de la
uni6 d’'aquestes al receptor SR-BI al fetge, gonades i glandules suprarenals, sent
aquesta, la via principal de transferencia de colesterol al fetge. En aquesta via,
recentment, s’ha descrit que la carboxi-ester lipasa co-localitza amb el SR-BI i podria
actuar hidrolitzant els ésters de colesterol que aquest capta, per a ser incorporats als
hepatocits [96]. Poden ser captats pels teixits juntament amb la totalitat de la particula
HDL, a través del receptor LRP de manera minoritaria, especialment en el fetge i
rony6. S’ha identificat la cadena B de la ATP-sintasa [91] com a receptor de I'apo A-I
que regula I'endocitosi de la particula HDL en hepatdcits, encara que de moment es
desconeix la rellevancia i el mecanisme a través del qual un component del complex
de sintesi d’ATP mitocondrial regula la captacié d’'HDL. Una altra via de catabolisme
dels esters de colesterol és que aguests poden ser transferits per la CETP a particules
que contenen apo B-100, i, més tard, ser captats juntament amb aquestes, per part de

les cel-lules via receptor-depenent (receptor de LDL, receptor VLDL, LRT, etc.)

2.4.3.2. Activitat antioxidant

Un aspecte que esta despertant un interés creixent alhora d’explicar la

capacitat antiaterogénica de les HDL és la seva capacitat d’'inhibir la modificacié
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oxidativa de les LDL, un fenomen que sembla essencial per a la génesi de
I'aterosclerosi [97,98]. El paper central de les LDL en I'aterogénesi és en part, degut a
gué a lI'entrar a I'espai subendotelial queden retingudes en una matriu complexa de
proteoglicans. De fet, la concentracio d’apo B que trobem a la paret arterial és el doble
de la que trobem en circulaci6. Contrariament, les particules HDL no queden
retingudes i la concentracié d’apo A-l a la paret arterial és tnicament d'un 10 al 20%
de la circulant [99]. Navab et al. han demostrat que les LDL contenen petites quantitats
d’hidroperoxids derivats de la via de les lipooxigenases que poden ser potencialment
iniciadors de I'oxidaci6. L'apo A-l és capag de recollir aquests hidroperoxids de les LDL
in vitro, i també in vivo després de la infusié d’apoA-I a ratolins i humans [100]. Quan
les concentracions de lipids oxidats de la LDL excedeix un determinat limit, es formen
de manera no enzimatica fosfolipids oxidats amb propietats pro-inflamatories [101],
derivats de la fosfatidilcolina. Alguns d’aquests lipids amb activitat pro-inflamatoria sén
el POVPC (1-palmitoil-2-oxovaleroil-sn-glicero-3-fosfocolina), el PGPC (1-palmitoil-
2glutaril-sn-glicero-3-fosfocolina) i el PEIPC (1-palmitoil-(5,6-epoxiisoprostano E2)-sn-
glicero-3-fosfocolina) [102]. Aquests fosfolipids oxidats en la paret arterial
posteriorment iniciaran tota la cascada d’episodis inflamatoris que donaran lloc a la
formacié de l'estria grassa i a la lesié aterosclerotica. Les LDL oxidades perden
I'afinitat pel receptor de LDL i Unicament son eliminades pels receptors scavenger dels
macrofags. S’ha demostrat que I'HDL és capag d’extreure i inhibir I'activitat dels lipids
oxidats de les LDL, evitar que les cél-lules de la paret arterial transfereixin més
especies reactives a les LDL retingudes i inactivar els fosfolipids oxidats pro-
inflamatoris que s’hagin format [102]. Encara que s’han descrit propietats antioxidant
de l'apo A-l i 'apo A-Il [103], es creu que almenys una part important de la capacitat
antioxidant de les HDL és deguda als enzims que tenen associats. Agquests sén
capacos de convertir productes dels acids grassos oxidats amb propietats
inflamatories en d’altres que no tenen activitat bioldgica, com s’ha descrit per a la
PON1 i la PAF-AH [104,105], tot i que també s’ha suggerit per a la LCAT [106] i GPX3
[107].

2.4.3.3. Activitat antiinflamatoria i manteniment d e la funcié endotelial

Tal i com s’ha explicat anteriorment, I'aterosclerosi és una malaltia inflamatoria

cronica caracteritzada per un acumulacié de macrofags i limfocits T en la intima

arterial. Un pas inicial d’aquest procés inflamatori, és I'adhesié de mondcits a cél-lules
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endotelials a través de molécules d'adhesio i quimiotactiques. Les HDL tenen la
capacitat d’inhibir les quimiocines com MCP-1 i IL-6, i molecules d’adhesié ICAM-1,
VCAM-1 i E-selectina expressades per part de les cel-lules endotelials [99] i mantenir
inclus la secrecidé d’eNOs en situacions d’hipercolesterolemia [108]. Aquesta capacitat
pot tenir potencialment una gran importancia com a mecanisme protector de les HDL

per tal d’evitar la inflamaci6 i mantenir la funcionalitat de I'endoteli.

2.4.3.4. Activitat antiapoptotica

Les particules HDL potencialment inhibeixen l'apoptosi de les cél-lules
endotelials induida per LDL oxidades [109] o TNF-a [110]. Aquest efecte és paral-lel a
la disminucié d'espécies reactives a l'oxigen (ROS) i de les concentracions de
marcadors apoptotics, indicant que pot existir una relacié amb la capacitat antioxidant
intracel-lular de les particules d’'HDL o dels seus components. A més a més, les
particules HDL contenen lisofosfolipids bioactius, com la sphingosine-1-phosphate o
S1P (un potent agent antiapoptotic), el qual podria regular I'efecte antiapoptotic de

I'HDL augmentant la produccié de eNOS.

2.4.4. HDL no funcionals i pro-inflamatories

Tanmateix, a més a més del seu reconegut paper antiaterogénic, les particules
HDL juguen un rol destacat en la immunitat innata. S’ha proposat que les HDL podrien
formar part de la resposta sistemica inflamatoria (resposta a fase aguda), molt
conservada evolutivament, per tal de lluitar contra les infeccions. Durant aquesta
resposta a fase aguda les particules HDL podrien modificar significativament la seva
composicié proteica i lipidica enriquint-se amb reactants de fase aguda (com el sérum
amiloid A o SAA, ceruloplasmina i mieloperoxidasa o MPO), i modificant les
concentracions dels enzims antioxidants i el contingut de colesterol (Figura 5).
Aquestes HDL modificades han estat denominades per alguns autors com a “HDL
disfuncionals”. A més a més, en certes condicions i individus, aquests canvis de
composicio en les HDL, podrien persistir provocant una cronicitat de la resposta a fase
aguda en la qual les particules HDL no Gnicament perdrien la seva capacitat
antiaterogenica siné que podrien esdevenir pro-inflamatories. Aquest fenomen pot
suposar un factor de risc que relacioni la inflamacié cronica, amb una major

susceptibilitat a I'aterogenesi.
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Figura 5. Canvis enzimatics i proteics a les particules HDL d  urant la resposta a fase aguda. A-l:
apolipoproteina A-I; A-ll: apolipoproteina A-Il; CEPT: proteina transferidora d’'eésters de colesterol; LCAT:
lecitin-colesterol aciltransferasa; PAF-AH: acetilhidrolasa de factor plaquetari; PLTP: proteina
transferidora de fosfolipids; PON1: paraoxonasa 1; SAA: serum amiloid A; sPLA2: fosfolipasa A2 no
pancreatica secretora.

(Curr Opin Lipidol 2004;15:269-78)

2.4.4.1. Valoracio de la funcionalitat de les parti  cules HDL

La capacitat antiinflamatoria o pro-inflamatoria de les particules HDL pot ser
caracteritzada utilitzant diversos assaigs in vitro que determinen la seva habilitat
d’'inhibir o limitar la inflamacié cel-lular, I'oxidacio lipidica, I'eflux de colesterol o totes
tres a la vegada. Un d’aquests tests és I'assaig de quimiotaxi de mondcits (MCA, de
'angles monocyte chemotaxis assay), el qual quantifica la inhibici6 de I'activitat
quimiotactica dels mondcits produida en un model cel-lular de paret vascular, format
per un co-cultiu de cel-lules endotelials aortiques i cél-lules musculars llises, en
resposta a la preséncia de LDL [101]. Aixi, les particules HDL amb capacitat
antiinflamatoria redueixen la quimiotaxi de monocits, mentre que les HDL pro-

inflamatories augmenten I'entrada de monaocits al co-cultiu. Inclus, es calcula un index
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inflamatori que representa el quocient de la quimiotaxi de monocits en preséncia i
absencia de particules HDL; un index > 1,0 indica que les HDL afavoreixen el procés
inflamatori, mentre que un index < 1,0 indica un efecte antiinflamatori de les HDL. De
forma similar, I'assaig fluorometric lliure de cél-lules (CFA, de I'anglés cell-free assay),
determina els canvis en l'oxidaci6 del PGPC (1-palmitoil-2glutaril-sn-glicero-3-
fosfocolina) per tal d’avaluar I'efecte protector/inductor de les HDL en preséncia d’'un
potent oxidant i utilitzant un marcador fluorescent [111]. Els seus resultats també
poden ser indexats basant-se en l'alteracié de la senyal fluorescent en funcié de l'accio
de les HDL. Un tercer assaig in vitro, avalua I'impacte de les particules HDL en
'expressio d'ICAM-1 i VCAM-1 en un cultiu de cél-lules HUVEC (de l'angles, human
umbilical vein endothelial cells) [112]. D’altra banda, també s’han desenvolupat
diferents metodes de laboratori per avaluar I'efecte de les HDL sobre el TRC, incloent
els assaigs in vitro d’eflux de colesterol utilitzant macrofags carregats de colesterol en

cultiu, aixi com determinacions cinétiques i excrecions fecals d’esterols [113].

Cal destacar, que quan els diferents assaigs de valoracié de la funcionalitat de
les HDL han estat realitzats en les mateixes mostres, els resultats han estat
significativament concordants, tot i la variada metodologia utilitzada. Per exemple, els
resultats obtinguts en l'assaig MCA és correlacionen positivament amb els resultats
obtinguts en el CFA [114], pero negativament amb I'assaig d’eflux de colesterol [115],
indicant que tant l'alteracié del TRC com l'augment en la quimiotaxi de monocits es
troben associats amb la preséncia de lipoproteines oxidades i pro-inflamatories
[116,117]. La coincidéncia de varis aspectes de la funcionalitat de les HLD avaluades
individualment, probablement reflecteix les caracteristiques critiques de la
concentracié proteica i lipidica de les particules HDL, aixi com de les seves activitats

enzimatiques.

2.4.4.2. Interacci6 entre la inflamaci6 sistemica i les particules HDL

Les HDL poden perdre la seva capacitat protectora i inclis esdevenir pro-
inflamatories en el context dinflamacié sistemica. Les condicions que han estat
associades amb particules HDL pro-inflamatories inclouen malaltia coronaria arterial
[114], sindrome metabolica [118], malaltia renal cronica [119], apnea obstructiva de la
son [120], cirurgia [121], infeccions [121] i algunes malalties reumatiques [122] (Taula
5).
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Taula 5. Efectes de la inflamacié sistemica en les particules HDL

Condici6 Marcadors de funcionalitat de les particules HDL

Malaltia coronaria arterial ™* 1 Oxidaci6 LDL (CFA)
1 MCP-1 en resposta a la preséncia de LDL (MCA)
1T Apo E
J TRC

Diabetis mellitus *** 3

| Activitat antioxidant
1 Apo A-l, LCAT
1 Index inflamatori

| Eflux de colesterol mediat per ABCA1

Sindrome metabolica *'*'* 1 MCP-1 en resposta a la preséncia de LDL (MCA)
1 Hidroperoxids lipidics

Malaltia renal cronica **° | Apo A-l, apo A-ll i LCAT
| Activitat PON1 | GPX3
1 SAA

122,130

Malaltia reumatiques 1 Haptoglobina, hemoglobina i MPO

| Activitat PON1
| TRC

Apnea obstructiva del son'®® 1 Oxidacié LDL (CFA)

121,131

Cirurgia 1 Index inflamatori
| Eflux de colesterol mediat per ABCA1
Infeccié aguda '*’ 1 Oxidacié LDL (CFA)

1 MCP-1 en resposta a la preséncia de LDL (MCA)
| PON1i PAF-AH

ABCA1L: ATP-binding cassette Al; Apo: apolipoproteina; CFA: assaig lliure de ceél-lules; GPX3:
glutatié selenoperoxidasa plasmatica; LCAT: lecitin-colesterol aciltransferasa; LDL: lipoproteina
de baixa densitat; MCA: assaig de quimiotaxi de mondcits; MCP-1: proteina quimioatraient de
monocits 1; MPO: mieloperoxidasa; PAF-AH: acetilhidrolasa de factor plaquetari; PONL1:
paraoxonasa 1; SAA: sérum amiloid A; TRC: transport revers de colesterol

Diferents factors de risc cardiovascular com el tabac, la malaltia coronaria
arterial (MC), la diabetis mellitus (DM), i la sindrome metabdlica (SM) han estat
associats amb una perdua de la capacitat antioxidant i antiinflamatoria de les HDL. El
tabac, per exemple, s’ha associat amb una composicio i funci6 anomala d’aquestes
lipoproteines. En comparacié amb individus no fumadors, els individus fumadors
mostren una disminucié significativa de la concentracié de la LH i de la PLTP, amb un
augment de la concentracié de la CEPT [123]. La MC es troba normalment associada
amb particules HDL pro-inflamatories, independentment dels valors circulants de
colesterol-HDL [114]. Ansell et al. [114] han demostrat que les particules HDL de

pacients amb MC exhibeixen un fenotip pro-inflamatori amb uns indexs inflamatoris de
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1,28+0,29 per I'assaig MCA i de 1.37+0.19 pel CFA, en comparacié a un grup control
d'individus sans amb uns indexs inflamatoris de 0.35+0.11 i 0.66+0.21,
respectivament. Curiosament, quan aquests pacients son tractats amb simvastatina
(40 mg/dia durant 6 setmanes), els resultats de I'assaig de quimiotaxis de monocits es
redueixen significativament (index inflamatori de 1.08+0.71), tot i que les HDL encara
mostren una lleugera capacitat pro-inflamatoria. Gowri et al. [124] han demostrat que
les HDL aillades de pacients amb DM tenen disminuida la capacitat d'eflux de
colesterol mediat per ABCAL. Aquesta perdua de la funcié de les HDL sembla ser
deguda als processos de glicosilacié que pateixen les HDL en aquests pacients. Altres
estudis en pacients amb DM, mostren que la disfuncié de les particules HDL també
s'associa a les madificacions estructurals i quimiques que pateixen les diferents
apolipoproteines i enzims antioxidants associats a la particula. Utilitzant I'assaig MCA,
Watson et al. [118] han mostrat que els pacients amb SM presenten HDL pro-
inflamatories i unes concentracions augmentades d’hidroperoxids lipidics en
comparacié amb un grup de controls amb uns valors similars de colesterol-HDL
circulant. Hansel et al. [125] també han descrit com les HDL aillades de pacients amb
SM presenten una deterioracié de la capacitat antioxidant de les particules HDL en
comparacid6 amb un grup d'individus control normolipémics. Anomalies en la
funcionalitat de les HDL també han estat associades en un altre grup d’individus amb
un incrementat risc cardiovascular: dones post-menopausiques. Zago et al. [126] han
demostrat que les particules HDL de dones sanes post-menopausiques tenen alterada
la capacitat d’inhibir I'oxidaci6 de les LDL, i que aquesta perdua de capacitat
antioxidant es correlaciona positivament amb el contingut de triglicérids de les HDL, i

no pas amb el contingut de colesterol.

D’altra banda, s’ha descrit la preséncia de particules HDL amb capacitat pro-
inflamatoria en pacients amb inflamacié sistemica deguda a causes no vasculars. Per
exemple, individus intervinguts quirdrgicament presenten HDL amb capacitat pro-
inflamatories que, curiosament, reverteixen espontaniament a les 48 hores de la
intervencio [121]. La infeccid pel virus influenza produeix temporalment HDL pro-
inflamatories en models animals amb una disminucio de la concentracio de PONL1,
PAFAH i una inhibicié de la quimiotaxis de monocits i de 'oxidacio de les LDL [127],
potser explicant 'augment de risc d’infart de miocardi que ha estat observat durant les
epidémies de la grip [128]. Algunes condicions reumatiques s’acompanyen amb un
augment significatiu de risc de malaltia coronaria. El diagnostic de lupus eritematos
sistemic (LES) es troba associat amb un risc 50 vegades superior d’'infart de miocardi

[129], i lartritis reumatoide (AR) amb un risc entre dues i tres vegades superior de
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malaltia coronaria, inclis després d’haver controlat els factors de risc tradicionals
[130]. McMahon et al. [122] han observat que el 48% dels pacients amb LES i el 20%
dels individus amb AR presenten HDL pro-inflamatories en comparacié amb un grup
d’individus control, i que la capacitat pro-inflamatoria de les HDL es correlaciona
positivament amb el curs i activitat de la malaltia, i que en la composicié de les seves
particules s’hi ha detectat concentracions significativament més elevades

d’haptoglobina, hemoglobina i MPO.

En les malalties renals croniques també s’ha descrit una funcié anomala de les
HDL. Kaysen et al. [119] han observat que les HDL aillades de 32 pacients que rebien
hemodialisi presentaven una disminucié de la seva activitat antioxidant caracteritzada
per una reduccio significativa de la concentracié d’apo A-l, apo A-Il i LCAT, aixi com de
lactivitat PON1 i GPX3. Altres estudis han trobat una disminucié de l'apo A-I,
acompanyada d'un augment molt significatiu de SAA i fosfolipasa secretora A2
(sPLA2) en la superficie de les HDL.

En individus que han patit un transplantament cardiac, sovint associat amb
malaltia coronaria agressiva, tot i mostrar concentracions elevades de colesterol-HDL,
les particules HDL presenten in vitro menys d’'una tercera part de I'efectivitat en la
promocio de l'eflux de colesterol en macrofags [131]. A més a més, la mesura de la
dilataci6 de larteria braquial mediada per flux (FMD) en resposta a la infusio
d’acetilcolina no varia entre els pacients trasplantats amb diferents concentracions de
colesterol-HDL circulant, indicant que la mesura clinica i rutinaria dels valors de

colesterol-HDL no és un bon predictor d’aterosclerosis en aguests pacients.

En individus amb apnea obstructiva de la son, les particules HDL mostren una
capacitat significativament inferior en la prevencié de l'oxidacié de les LDL en
comparacio a les HDL d’individus control amb les mateixes concentracions circulants
de colesterol-HDL [120]. A més a més, la severitat de la malaltia es correlaciona

positivament amb el grau de disfuncid lipoproteica.

2.4.4.3. Modificacions quimiques de les particules HDL

S’han descrit diferents mecanismes que podrien conferir caracteristiques pro-

inflamatories a les particules HDL. En aquest sentit, la glicosilaci6 sembla ser una
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modificacio particularment rellevant en la diabetis i la resisténcia a la insulina. Hedrick
et al. [132] han observat que HDL incubades en presencia de concentracions elevades
de glucosa durant una setmana mostren una reduccio significativa (65%) de I'activitat
PONL1 i de la capacitat d’inhibir la quimiotaxi de mondcits en resposta a la preséncia de
LDL in vitro amb un index inflamatori > 1. Aquests resultats in vitro sén similars als
obtinguts in vivo en estudis de caracteritzacié de les particules HDL en pacients amb
DM, i mostren que una modificaci6 no enzimatica clarament pot perjudicar la funcio

antioxidant de les particules HDL.

Ferretti et al. [133] han observat un augment dosi i temps-depenent de la
produccié de substancies reactives a I'acid tiobarbitaric quan les particules HDL sén
incubades a diferents concentracions de glucosa. Els investigadors proposen que el
procés de glicosilaci6 de les lipoproteines permet per una banda un increment en
I'oxidacio de les LDL i una disminucié de la capacitat antioxidant de les HDL [134].
Aixi, oxidacio i glicosilacio de les LDL augmenta la recaptacié del receptors scavenger
en les cel-lules escumoses i una acceleraci6 del creixement de la placa

aterosclerotica.

Sovint en situacions de resposta a fase aguda s’observen importants
alteracions enzimatiques i estructurals en les particules HDL. Durant la inflamaci6
sistémica, les particules HDL s’enriqueixen de reactants de fase aguda com el SAA i
'apo J, mentre que el contingut en apo A-l, A-ll, PON1 i LCAT disminueix [135]. La
substitucié d’aquests components pels reactants de fase aguda es correlaciona amb
una conversié cap a una particula molt més pro-inflamatoria [135]. D’altra banda, la
mieloperoxidasa (MPO, producte enzimatic dels leucocits) sembla tenir un paper
destacat en aquest procés. Durant la inflamacié sistemica, la MPO pot transformar
I'oxid nitric en potents molecules pro-oxidants que faciliten la nitritacio, cloracio i
oxidacié de les proteines i lipids vasculars [136]. A més a més, la MPO és capac
d'unir-se especificament a l'apo A-l i provocar canvis quimics i de conformacio
especifics que afectaran el transport revers de colesterol mediat per ABCAL [136]
(Figura 6). A més a més s’ha demostrat que tant la MPO com un dels seus productes,
la nitrotirosina, la qual ha estat identificada en plaques d’ateroma, poden ser modulats
a través del tractament amb estatines, i son factors independents predictors de

malaltia cardiovascular [137-139].
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Figura 6. La mieloperoxidasa (MPO) especificament s’uneix a I' apolipoproteina A-l1 (ApoA-I1) i produeix
espeécies reactives d'oxigen que son les responsables de les modificacions quimiques dels residus de
tirosina de I'ApoA-l. Conseqlientment, la particula HDL modificada no és capa¢ de promoure I'eflux de

colesterol depenent del receptor ABCA1 dels macrofags.
(Adaptat de JACC 2005;46:1792-8)
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Hipotesi i Objectius

3.1. HIPOTESI

La infeccio pel VIH determina greus trastorns inflamatoris i metabolics que
s’'associen amb alteracions de la composicié proteica i del tamany de les particules
HDL. L'efecte de la infeccié pel VIH sobre les particules HDL s’acompanya d’un
increment de I'aterosclerosi subclinica que presenten aquests pacients, i de la severitat
de la propia infeccié. Consequentment, considerem que la concentracié en colesterol
d’'aquestes particules determinada en els laboratoris clinics té una rellevancia clinica

relativa en aquest context

3.2. OBJECTIUS

1. Estudiar I'efecte de la infeccié pel VIH sobre el tamany, distribuci6é i composicio

proteica de les particules HDL.

1.1. Determinar la seva relacio amb el tractament antiretroviral i els
parametres clinics, virologics i immunologics associats amb la infeccid.
1.2. Determinar la seva relacié6 amb I'aparicié d’'alteracions metaboliques i el

desenvolupament d’aterosclerosi.

2. Estudiar la rellevancia clinica dels valors circulants de colesterol-HDL en

pacients infectats pel VIH.

2.1. Avaluar la metodologia actual emprada en la determinaci6 de la
concentracio de colesterol-HDL.

2.2. ldentificar els possibles factors de confusié associats amb la infecci6 pel
VIH.

3. Estudiar la influéncia relativa de certes variants geniques sobre I'estat pro-

inflamatori associat als pacients infectats pel VIH.

3.1. Determinar la seva relacié amb I'aparicié d'alteracions metaboliques i el

desenvolupament d’aterosclerosi.
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ESTUDI 1

Human immunodeficiency virus-infection induces
major changes in high-density lipoprotein particle size
distribution and composition: the effect of

antiretroviral treatment and disease severity

Clin Chem Lab Med 2010:48:1147-52
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Human immunodeficiency virus-infection induces major
changes in high-density lipoprotein particle size distribution
and composition: the effect of antiretroviral treatment and

disease severity
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Abstract

Background: Human immunodeficiency virus (HIV) infec-
tion is associated with abnormal high-density lipoprotein
(HDL) particles. We evaluated whether HIV infection and
antiretroviral treatment promotes changes in cholesterol dis-
tribution among subpopulations of HDL particles of defined
sizes.

Methods: HDL particles were isolated from 78 HIV infected
patients and fractionated by gel permeation chromatography
to obtain five subpopulations. Thirty-six patients were anti-
retroviral treatment naive, while 42 patients were treated with
efavirenz or protease inhibitors. Uninfected individuals were
also included as controls.

Results: The distribution of cholesterol across HDL particle
sizes was affected by HIV infection itself. Antiretroviral ther-
apy reduced these alterations; only minor changes in small
and very small HDL particles were observed in treated
patients (p=0.01). Untreated patients with low CD4 + T cell
counts had less cholesterol in medium (p=0.006), small
(p=0.04) and very small (p=0.03) HDL particles. Treated
patients with high CD4+ T cell counts had less cholesterol
in the largest HDL particles (p=0.04), with overall particle
distributions resembling those observed in uninfected
participants.

*Corresponding author: Carlos Alonso-Villaverde, Hospital
Universitari Sant Joan, Sant Joan s/n, 43201-Reus, Spain
Phone: +34 977 310 300, Fax: +34 977 319 984,
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Conclusions: HIV infection itself may promote major
changes in cholesterol distribution among HDL subpopula-
tions that could be partially attenuated by current antiretro-
viral treatments. Further studies in larger populations are
necessary to confirm the impact of HIV on lipoprotein com-
position and distribution.

Clin Chem Lab Med 2010;48:1147-52.

Keywords: antiretroviral therapy; CD4 + T cell; HIV infec-
tion; lipoprotein; particle size.

Introduction

High-density lipoproteins (HDLs) are currently monitored
using simple laboratory methods that measure cholesterol
concentrations. These procedures do not account for the fact
that lipoproteins are both heterogeneous, with numerous sub-
fractions, and polydisperse, with a different proportion of
components in each subfraction (1-3). Therefore, measure-
ment of overall HDL cholesterol concentration may not
accurately reflect the cardioprotective properties of HDL par-
ticles. These properties are primarily mediated by its role in
reverse cholesterol transport (4), and in preventing oxidation
of low-density lipoproteins (LDLs) through the action of
paraoxonase-1 (PON1) (5). Other anti-coagulant, anti-apop-
totic and anti-inflammatory properties may also contribute
to the anti-atherogenic capacities of HDL. HDL particles
contain a wide array of proteins that mediate these properties,
and their binding affinities may depend on HDL particle size
and distribution (6). Moreover, HDL particles reportedly lose
their antioxidant and anti-inflammatory properties in several
different types of viral infections (7), and during the acute
response phase (8). Consequently, changes in HDL sub-
populations may be important in determining the function of
HDL in patients with human immunodeficiency virus (HIV)
infection. The degree and nature of changes in HDL particles
in HIV infected patients are unknown, and data regarding
the effects of antiretroviral therapy on HDL particles are
scarce (9—11). This topic is especially relevant because the
risk of atherosclerosis is substantially increased in these
patients (12). Therefore, we tested the hypothesis that chang-
es in HDL particle distribution and composition may be
common in these patients and that current therapy could play
an important role.
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Table 1 Clinical characteristics of the HIV-infected patients
(n=78).

Characteristics
Age, years 38.8 (6.9)
Gender, n (%)
Male 54 (69.2)
Female 24 (30.8)
Risk factors for HIV, n (%)
Intravenous drug use 46 (58.9)
Heterosexual contact 23 (29.4)
Male homosexual contact 9 (11.7)
Time since first evidence of HIV infection, years 4.3 (3.6)
HCYV infection, n (%) 48 (61.5)
Lipodystrophy, n (%) 17 (21.8)
Treatment scheme, n (%)
Treatment-naive 36 (46.2)
Non-nucleoside analogues (efavirenz) 30 (38.4)
Nucleoside analogues (lamivudine or 33 (42.3)
zidovudine)
Protease inhibitors (lopinavir/ritonavir) 12 (15.4)
Patients naive to treatment scheme, n (%)
Non-nucleoside analogues (efavirenz) 48 (61.6)
Nucleoside analogues (lamivudine or 45 (57.6)
zidovudine)
Protease inhibitors (lopinavir/ritonavir) 64 (82.1)
Undetectable HIV-1 RNA viral load®, n (%) 51 (65.4)

CD4+ T cell count, cells/wL 447.6 (286.6)

Values are the means and the standard deviations (SD), unless oth-
erwise indicated. “Limit of detection: 40 copies/mL.

Materials and methods

Subjects and study design

All procedures were approved by the Ethics Committee of the Hos-
pital Universitari Sant Joan de Reus. A total of 78 HIV infected
patients (69.2% male, age range 35-51 years old) were included,

A VLDL LDL HDL
(30-80 nm) (16-30 nm) (8-16 nm)

according to a previously published study design (12). Patients were
undergoing two different treatment regimens. Thirty-six subjects
were antiretroviral treatment-naive, and 42 had received continuous
treatment with an antiretroviral regimen containing lopinavir/rito-
navir (n=12) or efavirenz (n=30) for at least 6 months. The anti-
retroviral adjuvant drugs were zidovudine or lamivudine. All treated
patients were naive to other antiretroviral treatment schemes and
had not received previously any type of antiretroviral drugs. Perti-
nent HIV related clinical and laboratory data were collected for each
individual, including age, gender, body mass index (BMI), hepatitis
C virus (HCV) co-infections, lipodystrophy (LD), previous AIDS-
related diseases, history of opportunistic infections, time since first
serologic evidence of HIV infection, HIV-1 RNA viral load and
CD4+ and CD8+ T lymphocyte counts. The main clinical char-
acteristics of the HIV infected patients are summarized in Table 1.
In an effort to control most of the factors affecting HDL particles,
we ensured that both groups of patients (treated and untreated) had
similar distributions of patients with HCV co-infection, as well as
similar degrees of physical activity, time since first serologic evi-
dence of HIV infection, alcohol and tobacco consumption, and BMI.
For selected variables, we also included uninfected control subjects
(n=5) who were ostensibly healthy and free of infections.

Laboratory measurements

Plasma total cholesterol, triglycerides, apolipoprotein A-I (apoA-I)
and apolipoprotein A-II (apoA-II) concentrations, and LDL and
HDL cholesterol concentrations were measured using standard pro-
cedures (13). Plasma C-reactive protein (CRP) concentration was
measured using a high-sensitivity immunoassay (Quantex hs-CRP
kit; Biokit, Barcelona, Spain). Plasma monocyte chemoattractant
protein-1 (MCP-1) concentration was measured with an enzyme-
linked immunosorbent assay (Human MCP-1 ELISA, PeproTech,
London, UK). PON1 activity and concentration were measured as
described (5).

HDL subfractionation was performed using high-performance
liquid chromatography (HPLC) with gel permeation columns (14).
HDL particles were arbitrarily classified into five subgroups on the
basis of mean particle size: very large (13.5-16.0 nm), large
(12.1 nm), medium (10.9 nm), small (9.8 nm) and very small
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Figure 1 Representative lipoprotein chromatographic cholesterol fractionation.

Pooled sera (A) and HDL (B) subfractionation was performed in HIV infected and uninfected control subjects using high-performance
liquid chromatography with gel permeation columns. The sizes and positions of very low-density lipoprotein (VLDL), LDL and HDL elution
are represented by horizontal lines. Standard deviations are omitted for clarity.
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(6.0-8.8 nm). The cholesterol concentrations in each particle size
group were measured (Figure 1A, B).

<350 CD4 +
0.88 (0.2)°
0.21 (0.06)
1.18 (0.25)
0.28 (0.06)°

169.3 (230.3)
3.6 (3.9)

'F/mL (n=13)
82.1 (23.2)°

Statistical analysis

209.3 (147.4)

Analysis of variance was used to compare differences between
quantitative variables, and the y>-test was used for categorical
variables. The Mann-Whitney U-test was used to compare differ-
ences between any two groups of patients, and the Spearman coef-
ficient was used to analyze bivariate correlations. A multiple linear
regression model was fitted to evaluate the factors independently
associated with cholesterol concentrations among HDL subpopula-
tions in HIV infected patients. The variables included in the model
were age, gender, HDL-cholesterol, total cholesterol, triglycerides,
BMI, presence of LD, HIV-1 RNA viral load, CD4 + T cell count,
antiretroviral drugs and time since first serologic evidence of HIV
infection. All statistical analyses were performed using the SPSS
statistical package (version 17.0). P<0.05 were considered statis-
tically significant.

>350 CD4 +
T/mL (n=23)
1.23 (0.3)

0.18 (0.08)
1.45 (0.3)
0.36 (0.06)
215.7 (213)
399.2 (91.3)
68.8 (33.1)
2.8 (2.9)

36)
1.18 (0.37)

0.19 (0.06)
1.36 (0.2)
0.31 (0.06)

181.4 (189.9)
3.10 3.7)

Untreated patients

Total
337.1 (158.9)

71.1 (32.6)

(n

Results

HIV infection caused a significant and deleterious effect on
HDL particle-specific components with respect to the unin-
fected group (Table 2). Untreated patients exhibited a sig-
nificant and deleterious reduction in total HDL cholesterol
concentrations that was apparently attenuated in patients
undergoing antiretroviral treatment. These differences were
probably mediated by the severity of the HIV infection itself,
as observed when untreated patients were segregated accord-
ing to CD4+ T cell count. Untreated patients with counts
<350 cell/mL had the lowest HDL-cholesterol and apoA-I
and apoA-II concentrations (Table 2). These differences with
respect to disease severity were not observed in treated
patients. A similar effect was observed in the analysis of
selected oxidative and inflammatory markers (Table 2).

When we evaluated the cholesterol distribution among
subpopulations of HDL particles, the effect of HIV infection
and treatment was evident. Only the concentration of cho-
lesterol in large HDL particles was unaltered with respect to
uninfected participants. Cholesterol in HDL particle popu-
lations in untreated HIV infected patients were significantly
different with respect to uninfected subjects with respect to
the very small (p=0.006), small (p=0.01), medium
(p=0.02) and very large (p=0.03) sizes (Figure 2A). How-
ever, in the treated HIV infected group, the differences were
limited to small (p=0.012) and very small (p=0.019) HDL
particles (Figure 2A). We did not observe any significant
association between the duration or nature of antiretroviral
treatment and cholesterol concentrations among HDL parti-
cle populations (Figure 2B). However, patients with LD had
significantly lower cholesterol concentrations in very small
HDL particles (p=0.027) compared to patients without such
condition (Figure 2C).

When both groups of patients were segregated according
to disease severity, we observed that untreated patients with
a CD4+ T cell count <350 cell/mL had lower cholesterol
concentrations in medium (p=0.006), small (p=0.04) and
very small (p=0.03) HDL particles compared with untreated

<350 CD4+
1.23 (0.56)
0.18 (0.06)
1.37 (0.42)
0.34 (0.08)
121.3 (94.2)
287.7 (139.9)
78.72 (44.6)
4.05 (3.9)

T/mL (n=14)

>350 CD4+
T/mL (n=28)
1.20 (0.59)
0.19 (0.08)
1.40 (0.35)
0.34 (0.06)
137.8 (95.1)
368.9 (162.1)
66.96 (39.9)
5.31 (9.31)

1.21 (0.59)
0.19 (0.07)
1.39 (0.39)
0.34 (0.07)y

132.5 (94.8)°

71.07 (39.9)
4.97 (8.2)

HIV-infected patients
Treated patients
Total

(n=42)

339.6 (155.1)

Uninfected
control group
1.53 (0.44)*
0.22 (0.10)
1.64 (0.33)*
0.40 (0.05)*
98.1 (53.9)*
410.7 (132.5)*
61.54 (42.4)*
0.75 (0.6)*

MCP-1 concentration, pg/L

Apolipoprotein A-II, g/L
CRP, mg/L

PONI, mg/L
Oxidative and inflammatory markers

Cholesterol, mmol/L
Triglycerides, mmol/L
Apolipoprotein A-1, g/L.
PONI1 activity, U/L

Values are the means and the standard deviations (SD). CRP, C-reactive protein; PON1, paraoxonase-1; MCP-1, monocyte chemoattractant protein-1. *p <0.05 vs. both HIV-infected groups;

Table 2 HDL particle-specific lipids/proteins and selected metabolic markers in treated and untreated patients as a whole group or segregated according to the severity of HIV-infection.
°p<0.05 vs. patients with >350 CD4+ T cell/mL; °p<0.05 vs. untreated group.

HDL-associated components
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Figure 2 Effect of HIV infection, antiretroviral treatment and lipodystrophy (LD) on cholesterol concentration distribution among HDL
particles.

The effect of HIV infection and treatment was evident. Only the concentration of cholesterol in large HDL particles was unaltered with
respect to uninfected participants (A). There were no significant differences between the nature of antiretroviral treatment and cholesterol
concentrations among HDL particles (B). Patients with LD had significantly lower cholesterol concentrations in very small HDL particles
in comparison to patients without such condition (C). LD indicates lipodystrophy; very large denotes particles between 13.5 and 16.0 nm
in size; large, mean particle size 12.1 nm; medium, 10.9 nm; small, 9.8 nm; and very small, between 6.0 and 8.8 nm.

patients with higher counts (Figure 3A). In contrast, treated
patients with a CD4+ T cell count <350 cell/mL showed
higher cholesterol concentration in very large and large HDL
particles (p=0.04) compared with treated patients with high-
er counts (Figure 3B). These results indicate that the severity
of disease is a major determinant in cholesterol distribution
among HDL populations.

In multivariate analysis, age, gender, HDL cholesterol
concentrations and CD4 + T cell counts contributed signif-
icantly in explaining the distribution of cholesterol concen-
trations among the main HDL populations in HIV infected
patients. Of note, antiretroviral treatment only showed a sig-
nificant, and independent relationship with cholesterol con-
centrations in very large (B=0.328; p=0.021) and very
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Figure 3 Effect of severity of infection on cholesterol concentration distribution among HDL particles.
The severity of HIV infection, defined by the CD4 +cell count at the time of HDL measurements, had different effects in untreated patients
(A) and treated patients (B). Very large denotes particles between 13.5 and 16.0 nm in size; large, mean particle size 12.1 nm; medium,

10.9 nm; small, 9.8 nm; and very small, between 6.0 and 8.8 nm.

small (B=0.501; p=0.004) HDL particles. HIV-1 RNA viral
load showed a strong significant relationship with cholesterol
concentration in large (B=0.521; p=0.011) and medium
(B=0.542; p=0.013) HDL particles in untreated HIV infect-
ed patients.

Apo A-I concentrations were significantly and positively
related to cholesterol concentrations in all HDL particle sub-
types of both groups of patients considered. However, in
patients treated with efavirenz, apoA-II was only positively
correlated with the amount of cholesterol in medium, small
and very small HDL particles (p=0.447, p=0.006;
p=0.427, p=0.009; and p=0.392, p=0.01, respectively).
These results suggest that protein composition is normalized
as a result of antiretroviral treatment. PON1 concentrations
did not show any relationship with cholesterol particle size
distribution. However, PON1 activity was significantly high-
er in very small HDL particles (p=0.03). This finding was
further confirmed with multivariate analyses [B=14.8
(2.14-25.7); p=0.02]. In addition, the concentration of cho-
lesterol in very large HDL particles was positively associated
with plasma CRP [B=2.83 (0.32-4.9); p=0.047]. However,
plasma MCP-1 was inversely associated with the concentra-
tion of cholesterol in small HDL particles [B=-3.12 (-6.8
to —0.67); p=0.019]. No differences were observed among
groups.

Discussion

During metabolic and/or inflammatory stress, HDL particles
may lose their anti-inflammatory and anti-oxidative proper-
ties. They may even become dysfunctional, exhibiting pro-
inflammatory and consequently pro-atherogenic effects (8).
This phenomenon is likely due to changes in the composition
of proteins that are normally associated with HDL through
the displacement and/or exchange by acute phase reactants.
Altered HDL cholesterol concentrations are common in HIV
infected patients and are usually attributed to the effects of
antiretroviral drugs (11). However, it is also possible, as

demonstrated by our data, that HIV infection itself may have
a profound impact on HDL particle metabolism, and these
changes may be directly related to the severity of the disease.
These changes may be at least partially reversed by adequate
antiretroviral treatment strategy. We also show that the cur-
rent clinical assessment of HDL, i.e., measuring its choles-
terol concentration, may be not adequate to fully understand
the heterogeneous and polydisperse nature of these
lipoproteins.

Moreover, as previously suggested, various HDL subpop-
ulations may play different causal roles in coronary heart
disease (15-18). HIV infected patients had active inflam-
matory stimuli, as indicated by high plasma concentrations
of plasma CRP and MCP-1. Both of these are accepted bio-
markers of inflammation and potential biomarkers of cardio-
vascular risk (19). Such inflammatory stress is probably asso-
ciated with the observed changes in HDL-related variables.

It is not fully understood whether HDL subfractionation
may add relevant information to the function of HDL in the
absence or presence of HIV treatment. Here, we present nov-
el evidence that the cholesterol concentration of large HDL
particles (ranging from 12 to 16 nm) may vary substantially
during treatment, and that it is significantly correlated with
plasma CRP concentrations. Conversely, HDL particles
smaller than 11 nm had lower cholesterol concentrations in
untreated patients with more severe disease (CD4+ T cell
count <350 cell/mL), which was also associated with lower
PONI1 activity and higher circulating MCP-1 concentrations.
We speculate that untreated patients with higher degrees of
immunosuppression have HDL particle distributions that are
pro-inflammatory and have fewer anti-oxidant properties.
Also, HIV infection itself may have a deleterious but revers-
ible effect on HDL function. It remains to be determined
whether such variations add further significance to the accel-
erated atherosclerosis observed in these patients. However,
these results are concordant with our previous finding that
higher plasma MCP-1 concentration and lower PON1 activ-
ity are associated with higher rates of atherosclerosis (12,
20).
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A limitation to this study is that the number of patients
included was relatively low. This aspect limits the validity
of the conclusions, which should be confirmed in larger pop-
ulations. Another drawback was the cross-sectional study
design which resulted in our inability to indicate a causality
of HIV infection regarding a significant and deleterious
effect on HDL particle-specific components compared to the
uninfected control group. A valuable study design would be
to investigate patients before antiretroviral therapy and after-
wards, with sufficiently long follow-up and different time
points to exclude variability of measurements.

In conclusion, our data are consistent with the hypothesis
that HIV infection may modify HDL particle size distribu-
tion of cholesterol and proteins, and these changes cannot be
assessed with current clinical methods. Thus, adequately
controlling HIV infection may be critical to maintaining the
physiological role of HDL.
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Pitfalls in measuring high-density lipoprotein cholesterol
concentrations in HlV-infected patients
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Objectives

HIV infection and its treatment are associated with dyslipidaemia and increased risk of
cardiovascular disease. Accurate high-density lipoprotein (HDL) cholesterol values are necessary for
the management of these abnormalities, but current methods have not been properly assessed in
these patients. The aim of this study was to assess in HIV-infected patients the consistency and
accuracy of a synthetic polymer/detergent homogeneous assay used to measure HDL cholesterol
concentrations and to evaluate the impact of storage.

Methods

HDL cholesterol was measured using a synthetic polymer/detergent homogeneous method in
samples from HIV-infected patients and healthy subjects for each of the storage regimens: baseline,
after 1 week at 4 °C, and after 12 months at — 80 °C. The ultracentrifugation and precipitation
assays were used for comparison.

Results

Three out of every 20 samples from HIV-infected patients had discrepant HDL cholesterol values
with respect to the ultracentrifugation method. Overestimation was associated with high C-reactive
protein concentrations and underestimation with plasma y-globulin concentrations, an effect that
was amplified by any of the storage conditions tested.

Conclusions

Caution is needed when using the synthetic polymer/detergent homogeneous method for direct
measurement of HDL cholesterol concentrations in HIV-infected patients. This assay is of limited use
in clinical trials in which frozen samples are analysed.

Keywords: high-density lipoproteins, HIV, measurement methods, sample storage.
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Introduction

Pro-atherogenic metabolic disturbances in HIV-infected
patients are increasingly a clinical concern because of the
higher cardiovascular disease risk observed in these
patients with respect to uninfected populations [1]. Low
high-density lipoprotein (HDL) cholesterol concentrations
are common and characterize dyslipidaemia in patients
undergoing long-term antiretroviral therapy [2], resulting
in an increased incidence of cardiovascular events [3].
Consequently, clinical laboratories should provide accurate

Correspondence: Dr Carlos Alonso-Villaverde, Servei de Medicina Interna,
Hospital Universitari Sant Joan, Sant Joan s/n, 43201-Reus, Spain. Tel: + 34
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and reliable measurements of HDL cholesterol as part of the
continuous management and evaluation of these patients [4].

Automated homogeneous assays have been adopted for
the direct quantification of HDL cholesterol in clinical
laboratories. However, although these methods show good
agreement with reference methods in healthy subjects [5],
falsely low HDL cholesterol concentrations have been
observed in patients with different disease states [6,7]. HIV
infection results in persistent inflammatory stimuli [8] and
HDL particles have been reported to lose their athero-
protective properties (i.e., cholesterol efflux capacity, and
anti-oxidative and anti-inflammatory activities) during
inflammation and could be modified during the acute
response phase [9]. It is unknown whether major changes
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in HDL particles are elicited by HIV infection and data on
the impact of such changes on HDL cholesterol measure-
ments obtained using the homogeneous assay have not
been properly assessed. Moreover, hepatitis C virus (HCV)
coinfection may be relevant in Mediterranean area, where
injecting drug use is a predominant cause of HIV infection
[10]. Multiple viral infections may represent an additional
confounding factor in homogeneous assays [11], and
progressive liver dysfunction may produce abnormal HDL
particles which may be a source of inaccuracies in HDL
cholesterol measurements. Additionally, the effect of
sample storage on serum HDL cholesterol concentration
measurements should be assessed because most epidemio-
logical and research studies are performed on samples that
have been stored at different temperatures for different
periods of time. The stability of HDL particles obtained
from HIV-infected patients has not been determined
previously, despite the fact that there is direct and indirect
evidence indicating structural and compositional modifi-
cations in HDL as a consequence of HIV infection and/or its
treatment [12]. Therefore, in this study, we aimed to assess
the agreement among three methods for measuring HDL
cholesterol concentrations, to evaluate the impact of
storage and to identify possible confounding factors.

Methods

Study participants

Sixty-one consecutive HIV-infected patients attending our
clinic were invited to participate in the study after
pertinent data had been collated from medical records.
Exclusion criteria were age <18 years, presentation of
AIDS-related opportunistic diseases, hypertriglyceridaemia
(>4.5mmol/L), renal failure or myocardial infarction.
Patients with liver cirrhosis or major liver disease accord-
ing to clinical and laboratory assessments were also
excluded [13].

Patients were on various treatment regimens: (i) not on
treatment but with active HIV replication (n=20); (ii) on
treatment with an efavirenz-based regimen (n=25) and (iii)
on treatment with a lopinavir/ritonavir-based regimen
(n=16). Treated groups had been under antiretroviral
therapy for more than 12 months and the adjuvant
drugs used were zidovudine or lamivudine. The control
group consisted of 49 apparently healthy, uninfected
individuals participating in a routine health check. All
participants gave written informed consent and the Ethics
Committee of the Hospital Universitari de Sant Joan
approved the study.

A fasting blood sample was collected and serum aliquots
were stored in sterile conditions either at 4 °C for 1 week or

© 2009 British HIV Association HIV Medicine (2010) 11, 260-265

at -80 °C for 12 months. Serum HDL cholesterol concen-
trations were then measured within a few hours of blood
collection and in each of the storage regimens using a
homogeneous assay. We used the ultracentrifugation and
dextran sulphate precipitation (DSP) procedures for com-
parison.

Homogeneous assay

Samples were assayed using a homogeneous assay based
on the synthetic polymer/detergent method, version 3
(Beckman-Coulter, Fullerton, CA, USA) [7,14]. Briefly, 2 uL
of plasma was incubated for 3.5min with 210puL of a
mixture of polymers and polyanions that block the
apoprotein B-containing lipoprotein particles. Noncom-
plexed cholesterol was measured using the cholesterol
oxidase-peroxidase method.

Ultracentrifugation

Isolation of the HDL fraction was performed in a Centricon
75 ultracentrifuge (Kontron Instruments Ltd, Watford, UK)
using a Kontron TFT 45.6 fixed angle rotor, according to
Havel et al. [15]. For all comparisons, the result obtained
was considered to be the true HDL cholesterol value.

Precipitation procedure

Following a procedure previously described [16], 500 puL of
serum was mixed with 50pL of a solution containing
500 mmol/L MgCl, and 10 g/L dextran sulphate (molecular
weight 50000 Da). After incubation at room temperature
for 10 min, the reaction mixture was centrifuged at 3000 g
at 4 °C for 15min to pellet the apoprotein B-containing
lipoproteins, and cholesterol was measured in the super-
natant.

Other laboratory measurements

Antibodies against HCV were measured by immunoassay in
an automated analyser (Abbott Axsym, Abbott Park, IL,
USA). C-reactive protein (CRP) and apolipoprotein A-I
(apoA-I) concentrations were analysed in a turbidimetric
immunoassay (Beckman-Coulter). y-Globulin was sepa-
rated and quantified by capillary electrophoresis in a
Paragon CZE 2000 (Beckman-Coulter).

Statistical analysis

The agreement among methods was estimated by bivariate
correlations using the Spearman rank coefficient and
by the Bland-Altman graphical procedure [17]. The
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differences between the means of HDL cholesterol con-
centrations obtained in the different storage regimens with
the homogeneous assay were compared using Student’s
t-test. Univariate analysis was used to identify the variables
with significant contributions to these differences, and a
multiple linear regression model was fitted to evaluate
independent associations in HIV-infected patients. The
most influential variables included in the model were age,
sex, total cholesterol, triglycerides, CRP, glucose and
HDL cholesterol concentrations measured at baseline,
v-globulin values and HIV-related variables. All statistical
procedures were performed with the spss 17.0 statistical
package (SPSS Inc., Chicago, IL, USA).

Results

Most HIV-infected patients in this study were smokers
(69.19%), 39 (63.9%) were male, and their ages ranged from
29 to 64 years. Forty-one patients (67%) had undetectable
HIV-1 viral load. Obesity was not found in these patients
but 19 (31%) showed severe lipodystrophy. The predomi-
nant cause of infection was injecting drug use (61%) and in
the remaining patients, sexual factors were positively
identified. Laboratory assessment in 36 (59%) HCV-
coinfected patients showed that liver impairment, if
present, was negligible for the purpose of this study.

Comparison among methods

Previous studies have clearly established that the homo-
geneous assay produces results that are concordant with
those of the ultracentrifugation and precipitation methods
in control subjects [7]. For this reason, agreement among
the three methods in control subjects was not evaluated in
the present study. In HIV-infected patients, Spearman
correlation coefficients in comparisons of the methods
were highly significant (homogeneous vs. ultracentrifuga-
tion: y=0.89x - 0.13; r=0.94, P<0.001; homogeneous
vs. DSP: y=0.92x - 0.08; r=0.97, P<0.001), indicating
good correlations among methods. This was further
confirmed when we assessed the degree of agreement
using Bland-Altman plots (Fig. 1a and b). However, when
comparing the homogeneous method and ultracentrifuga-
tion, we found that 16.4% of samples showed discrepancies
of > 1 standard deviation (SD). We did not identify clinical
variables related to this discrepancy, but those patients
whose HDL cholesterol concentrations were overestimated
by the homogeneous assay showed significantly higher
plasma CRP concentrations [11.5 (6.9) vs. 6.26 (2.15) mg/L
for other patients; P=0.03], suggesting that they had
higher concentrations of altered-pro-inflammatory HDL
particles. Patients whose HDL cholesterol concentrations

were underestimated showed a trend towards higher
plasma y-globulin concentrations [24.70 (7.9) ws. 19.31
(7.4) g/L for other patients; P=0.1]. Notably, HCV-coin-
fected patients had higher (P=0.03) plasma y-globulin
concentrations [20.99 (7.9) g/L] than patients who were not
coinfected [16.84 (4.5) g/L]. However, we did not detect any
relationship between HCV coinfection and changes in the
overall lipoprotein profile.

To assess the clinical significance of these discrepancies
among methods, HDL cholesterol values (obtained using
the homogeneous method or ultracentrifugation) were used
to assign HIV-infected patients as having low or high HDL
cholesterol concentrations. For this purpose, we applied the
Framingham risk scored based on the Adult Treatment
Panel III (ATP III) classification of HDL cholesterol [18]. As
shown in Figure 1c, the total percentage of misclassifica-
tions was 11.4%.

Impact of storage on HDL cholesterol measurement: the
role of plasma y-globulin concentrations

We found that the HDL cholesterol values for stored
samples were significantly lower than the baseline
measurements [at baseline: 1.14 (0.4) mmol/L; storage at
—80°C for 1 year: 1.05 (0.4)mmol/L; P<0.001 uvs.
baseline; storage at 4 °C for 1 week: 1.02 (0.4) mmol/L;
P<0.001 vs. baseline]. As shown in Figure 1d, the effect of
storage regimen on HDL cholesterol concentration was
more pronounced in HIV-infected patients than in control
subjects. Most samples from HIV-infected patients showed
lower HDL cholesterol values compared with baseline, but
in healthy subjects lower values were only found for 35%
of the samples. However, other changes in particle
composition were unlikely because an effect of storage
was not found when the apoA-I concentration was
measured (Fig. 1e), indicating that apoA-I is less influenced
by the storage conditions. Among the variables studied,
none showed a significant impact in control samples, but in
samples from HIV-infected patients we found a positive
and significant correlation between the decrease of HDL
cholesterol values and plasma y-globulin concentrations in
both storage regimens (at 4°C for 1 week:
y=0.01x+ 0.05; r=0.37, P<0.003; at —80°C for 1
year: y=0.003x+0.07; r=0.25, P<0.05). This was
further confirmed with multivariate analyses either in
samples stored at 4 °C [B=0.008 (—0.004 to 0.012);
P<0.001] or in samples stored at — 80 °C [B=0.006
(0.002-0.010); P = 0.004]. However, as illustrated in Figure
1f, we did not observe a significant impact of plasma
v-globulin concentration on apoA-I determination.
Moreover, the formula resulting from the application of
linear regression analysis, with apoA-I and vy-globulin

© 2009 British HIV Association HIV Medicine (2010) 11, 260-265
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Fig. 1 HDL cholesterol concentration measurements (a, b) Bland-Altman plots for high-density lipoprotein (HDL) cholesterol concentrations to
assess the degree of agreement between the homogeneous assay and (a) ultracentrifugation or (b) dextran sulphate precipitation in HIV-
infected patients. (c) The percentage of HIV-infected patients having low or high HDL cholesterol concentrations (based on the ATP Il
classification) differed depending on which value of HDL cholesterol (obtained using ultracentrifugation or the homogeneous assay) was used.
(d, €) The percentage reductions in (d) HDL cholesterol and (e) apolipoprotein A-I concentrations after storage for 1 week at 4°C according to
v-globulin concentrations. (f) Impact of plasma y-globulin concentrations on HDL cholesterol and apolipoprotein A-l determinations in
HIV-infected patients. DSP, dextran sulphate precipitation; HDL-C, HDL cholesterol; HG, homogeneous assay; HIV +, HIV-infected patients;
SD, standard deviation; UC, ultracentrifugation; *P<0.001.
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concentrations included in the model, was HDL cholester-
ol=—-0.85+[1.2 x apoA-I  (g/L)] +[0.011 X y-globulin
(g/L)], and this predicts 80% of the variance in the true
HDL cholesterol values (ultracentrifugation).

Discussion

The inverse association between HDL cholesterol concen-
tration and the risk of coronary disease has been
established in epidemiological studies [3]. Consequently,
HDL cholesterol and other lipid measurements are included
in current clinical practice guidelines [18].

In clinical laboratories, the development of the so-called
homogeneous assays has been welcomed and rapidly
accepted world-wide. However, these methods have shown
inaccuracies in patients with cardiovascular, renal and
hepatic disorders [7]. Our data in this study indicate that
this is also the case for HIV-infected patients. We found
discrepancies in three out of every 10 measurements, and,
to further complicate the interpretation, we found both
positive and negative inaccuracies. We confirm the
findings of previous reports that associated hyper-
v-globulinaemia with negative inaccuracies [11]. Positive
inaccuracies have already been described in these assays as
a consequence of the elevated triglycerides in very low-
density lipoprotein particles [19]. Although our results are
not consistent with this finding, previous studies suggest
that HCV coinfection may represent a confounding factor
in patients with significant liver impairment and/or
uncontrolled viral replication. For economic and technical
reasons, other methods cannot be recommended for the
determination of HDL cholesterol levels in these patients in
fully automated medical laboratories in our hospitals, but a
note of caution should be added to final reports in order to
facilitate thorough evaluation by the clinician.

It is common practice in clinical and epidemiological
studies to store one or more aliquots of serum from
participants. This approach, although used extensively, is
not valid when the stability of the component during
storage has not been determined. It is already known that
the storage process may affect the precipitation and
ultracentrifugation methods [20], an effect that has been
attributed to the relative instability of HDL particles. We
extend these findings to the homogeneous assay in healthy
subjects. However, the observed decrease was significantly
greater in samples from HIV-infected patients, and this was
clearly related to the initial plasma concentration of
v-globulin. Although linear regression analysis resulted
in a formula that predicts 80% of the variance in HDL
cholesterol values, further studies are needed to enable
accurate adjustment of HDL cholesterol levels measured
using the homogeneous assay.

In conclusion, lipid research laboratories supporting
long-term clinical trials should take into account the
limitations of the synthetic polymer/detergent homoge-
neous method to measure HDL cholesterol concentrations
and interpret with caution the results obtained. These
considerations are important because the development of
antiretroviral therapy may cause cardiovascular disease to
become an increasingly common cause of death in HIV-
infected patients. The results from the present study
suggest that the monitoring of HDL levels in these patients
should not be based only on HDL cholesterol measure-
ments, but should include the concentration of serum
apoA-I, which is more stable and is a key molecule
involved in many of the physiological functions of HDL.
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Background: Circulating CCL2 concentration has been implicated in promoting atherosclerosis in patients
infected with HIV. We evaluated whether CCL2 gene variants are associated with metabolic disturbances
and plasma CCL2 levels in HIV-infected patients. Methods and results: CCL2 genotypes and estimated hap-
lotypes, plasma CCL2 levels and indicators of metabolic status in HIV-infected patients were compared
with a representative group of the general population. We also performed a carotid/femoral artery ultra-
sonography to detect sub-clinical atherosclerosis in these patients. Six haplotypes were estimated in

gglvgfrdse: more than the 5% of individuals, and accounted for more than 98% of the population. In HIV-infected
Haploig)pe patients, carriers of H1, H2 and H5 haplotypes had higher CCL2 concentration than carriers of H3, H4

HIV and H6 haplotypes. However, only carriers of H1 and H5 haplotypes presented higher insulin resistance
as well as higher proportion of patients affected with sub-clinical. Conversely, carriers of H2 haplotype,
which also showed high plasma CCL2 concentration, were associated with less deleterious metabolic dis-
turbances. Conclusions: Our data are consistent with the hypothesis that the genetic background of the
host is involved in CCL2 production and that this chemokine is implicated in promoting metabolic distur-

Inflammation
Insulin resistance

bances and sub-clinical atherosclerosis in HIV-infected patients.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Host genetic factors influence the individual’s susceptibility to
HIV infection, the response to antiretroviral therapy and the dura-
tion of the AIDS-free survival period. Particular attention has been
focused on the role of virus co-receptors and their ligands but the
crucial role of other cytokines, mainly chemokines, in leukocyte
trafficking and survival has also raised considerable research effort
[1-6].

For instance, in genetically modified mice, plasma concentra-
tion of CC-chemokine ligand 2 or CCL2 (also called monocyte che-
moattractant protein-1, or MCP-1) is important for the integration
of endocrine and metabolic signals which are highly influenced by
inflammatory or infectious stimuli [7-9]. It is likely that a chronic
inflammatory stress could impinge quite heavily on the overall
regulation of the CCL2 gene. We, and others, have previously
shown that, in HIV-infected patients, plasma CCL2 concentrations
and/or the CCL2 —2578 genetic variant are major factors determin-
ing the course of several and apparently unrelated clinical manifes-

* Corresponding author. Address: Servei de Medicina Interna, Hospital Univers-
itari de Sant Joan, IISPV, Universitat Rovira i Virgili, Sant Joan s/n, 43201 Reus, Spain.
Fax: +34 977 319 984.

E-mail address: quinavir@gmail.com (C. Alonso-Villaverde).

1043-4666/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cyt0.2010.05.008

tations of the disease [10-13] (for review, see Ref. [14]). This is
probably because regulation of the CCL2 gene is complex and re-
quires the assembly of multiple regulatory transcription factors
with established roles in the overall control of cellular metabolism.
Regulatory regions for this gene include domains for inflammatory
tumour necrosis factor (TNF)-inducible enhancer [15], for C/EBPB, a
member of the CCAAT/enhancer binding protein family of tran-
scription factors [16], and for C/EBPB homologous protein (CHOP)
[17]. All are implicated in CCL2 regulation and provide a link
between CCL2 promoter activity and factors such as metabolic
stress and visceral adipose tissue distribution [15-19].

With the rationale that the cross-talk between metabolism and
inflammation could have important clinical implications, we have
conducted, in a HIV-infected population, an analysis of CCL2 genet-
ic variations and its relation to plasma levels of MCP-1, metabolic
traits (i.e. lipid profile, insulin resistance and obesity) and sub-
clinical atherosclerosis in a case-control, cross-sectional study.

2. Materials and methods
2.1. Participants and eligibility

All procedures were approved by the Ethics Committee of the
Hospital Universitari Sant Joan de Reus. The patients provided
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fully-informed consent and anonymity was guaranteed. A group of
HIV-infected patients (n=287) who agreed to participate were
drawn from among those attending our outpatient clinic. Excluded
were those aged <18 years, those having AIDS-related complica-
tions at the commencement of the study and those reporting an
ancestry and/or geographic origin different from that of the control
group. The control group consisted of non-infected individuals
(n=796) participating in other population-based studies (HOMFOL
and GENUP studies) and are representative of the general popula-
tion in our geographic area. Criteria for inclusion consisted of age
greater than 18 years and the absence of acute disease or clinical
signs of inflammation. Subjects with clinical or analytical evidence
of renal insufficiency, major liver disease, neoplasia or neurological
disorders were excluded. The details of the control group have
been described elsewhere [20].

2.2. Measurements

A detailed clinical record was taken from each individual and a
thorough physical examination was performed at interview. Data
on age, gender and body mass index (BMI; defined as the weight
in kilograms divided by the square of the height in metres) were
collected. Fasting serum glucose, insulin, cholesterol and triglycer-
ides were measured with the LXi 725-Synchron (Beckman Coulter,
Fullerton, California, USA) automatic analyser using enzymatic as-
says or chemiluminescent immunoassays. HDL-cholesterol levels
were measured as described [21]. The LDL-cholesterol concentra-
tion was calculated using the Friedewald formula [22]. Insulin
resistance was estimated by using the homeostasis model assess-
ment index (HOMA-IR), calculated as fasting glucose (in mmol/L)
times fasting insulin (in mIU/L) divided by 22.5 [23]. The plasma
concentration of CCL2 was measured with an enzyme-linked
immunosorbent assay (Human MCP-1 ELISA, PeproTech, London,
UK).

In the group of HIV-infected patients, we also collated pertinent
clinical and laboratory data including hepatitis-C virus (HCV) co-
infection, previous AIDS-related diseases, the history of opportu-
nistic infections, the HIV-1 RNA viral load, the CD4" and CD8" T
lymphocyte counts, and the presence of lipodystrophy (defined
as the presence of body-fat changes that could be clearly recog-
nized by the patients themselves and confirmed by the physician;
these changes included subcutaneous lipoatrophy and central
obesity) [24]. To further explore the effect of prescribed drugs, a
subset of these patients who had the relevant information in their
clinical notes, was selected to provide data on the course of plasma
lipid profile changes with treatment. The treatments being em-
ployed were either protease inhibitor (PI)-based antiretroviral
combined treatment regimen (n =117) or efavirenz (n = 99).

2.3. Genotyping

DNA was extracted by a standard phenol-chloroform proce-
dure. We selected six single nucleotide polymorphisms (SNP)
spanning the CCL2 gene from those in the National Center for
Biotechnology Information SNP public database (NCBI; http://
www.ncbi.nlm.nih.gov/projects/SNP/). The criteria defining the
haplotype blocks were previously established in samples obtained
from the Framingham Heart Study [25]. We used the SNPlex geno-
typing system as previously described [26] and the genotyped SNPs
were: —2835 C/A (rs2857654), —2578 A/G (also named —2518,
rs1024611), —2136 A/T (rs1024610), —1811 A/G (rs3760399),
—927 G/C (rs3760396) and +3726 T/C (rs2530797); the names re-
flect their distance, in nucleotides, from the translational start point.
Supplementary data Table 1 provides genotyping information for all
polymorphisms.

2.4. Ultrasound assessment

The carotid and femoral ultrasound measurements were per-
formed in 212 patients using a Logiq 700 Expert apparatus from
GE Healthcare (Chalfont St. Giles, UK) with an ultrasound probe of
7-10 MHz according to a previously standardised protocol. These
investigators were blinded with respect to the results of the other
measured variables. Digitally recorded measurements of the inti-
ma-media thickness (IMT) were made in the common carotid artery
(1 cm proximal to the bifurcation), the carotid bulb (in the bifurca-
tion), the internal carotid artery (1 cm distal to the bifurcation)
and the common femoral artery. All IMT measurements were per-
formed at these predefined points using the image processing soft-
ware AnaliSYS (Soft Imaging System, Miinster, Germany).
Measurements on each arterial segment were averaged to define
those patients with and those without significant alterations [12].

2.5. Statistical analysis

Standard methods (Kolmogorov-Smirnov and Shapiro-Wilk
Test) were used to check for normality of distribution of the vari-
ables and, when necessary, values were logarithmically trans-
formed. Non-parametric test were used for univariate analysis
when appropriate. The Chi-square test was used for comparison of
categorical variables, and multiple regression models were used to
analyse the associations between clinical variables and the haplo-
types, genotypes and alleles. Haplotypes were estimated using the
expectation-maximisation algorithm (Helixtree, version 5.0.7,
Golden Helix). Since each subject has two haplotypes (diplotype;
one on each chromosome) and diplotype homozygosis had very
low frequencies to obtain reliable conclusions, we doubled the data
considering the haplotype as the unit of analysis. The analysis of
linkage disequilibrium (LD), Hardy-Weinberg equilibrium devia-
tions and D’ values were calculated with the same software. Data
are presented as means with the standard error of the mean in
parenthesis (SEM) except when otherwise indicated. We performed
univariate and multivariate analysis to evaluate the variables that
were associated to CCL2 concentration. In the multivariate analysis
we included in the model age, gender, BMI, lipid profile, glucose and
insulin levels and HIV-related variables (i.e. HIV-1 RNA viral load,
CD4" T lymphocyte counts, antiretroviral treatment scheme, pres-
ence of lipodystrophy and co-infection by HCV). Patients virologi-
cally uncontrolled (HIV-1 RNA viral load >200 copies/mL) were
excluded. To analyse the course of the lipid profile changes with
treatment we used the multivariate linear general model while
adjusting the models by the same variables listed previously.

3. Results

Demographic and clinical characteristics and laboratory mea-
surements of both groups as well as data only applicable to the
HIV-infected patients are summarised in Table 1. HIV-infected pa-
tients were younger and leaner but showed significant lipid and
glucose concentration alterations as compared with healthy partic-
ipants. Age and gender distribution did not show a significant im-
pact on the genotype distribution and were not further considered.
In most patients, the risk factor for HIV was intravenous drug
abuse (60.4%) followed by heterosexual contact (30.7%) and male
homosexual contact (8.9%). Mean time of serologic evidence of
the infection was 4.29 (0.2) years. There were 175 patients co-in-
fected with HCV, and 73 had severe lipodystrophy.

3.1. Genotypes, haplotypes and plasma CCL2 concentration

The genotype and allele frequencies of the selected CCL2 poly-
morphisms showed no significant variation between groups (see
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Table 1
Main clinical characteristics in the control group and HIV-infected patients.
Control group  HIV-infected p Values
(n=796) patients (n =287)

Gender, male (%) 393 (48) 185 (63) 0.09
Age (years) 44.6 (0.5) 38.8 (0.48) <0.0001
BMI (kg/m?) 27 (0.18) 22.9 (0.25) 0.001
Total cholesterol (mmol/L)  5.26 (0.03) 4.88 (0.09) <0.0001
HDL-cholesterol (mmol/L) 1.5 (0.01) 1.17 (0.03) <0.0001
VLDL-cholesterol (mmol/L)  0.57 (0.01) 0.84 (0.05) <0.0001
LDL-cholesterol (mmol/L) 3.15 (0.03) 2.75 (0.07) <0.0001
Triglycerides (mmol/L) 1.3 (0.03) 2.68 (0.3) <0.0001
Glucose (mmol/L) 4.96 (0.05) 5.38 (0.07) <0.0001
Insulin (pmol/L) 64.6 (5.4) 71 (4.8) 0.3
HOMA-IR 1.1 (0.07) 1.4 (0.1) 0.055
CCL2 (pg/mL) 61.54 (1.97) 71.57 (2.8) 0.003
Undetectable HIV-1 n.a. 192 (65) -

viral load,* n (%)
CD4" T cell count (cells/ul) n.a. 447 (16) -
CD8" T cell count (cells/uL) n.a. 1084 (34) -
Treatment scheme, n (%) -

NNRTI n.a. 135 (46) -

PI/r n.a. 184 (63) -

NRTI n.a. 216 (73) -

Values are the mean and the standard deviations (SD) of the mean, unless otherwise
indicated.

BMI: body mass index; HOMA-IR: homeostasis model assessment-estimated insu-
lin resistance; NNRTI: non-nucleoside analogues reverse transcriptase inhibitors;
NRTI: nucleoside analogues reverse transcriptase inhibitors; Pl/r: protease inhibi-
tors/ritonavir boosted; n.a.: not applicable; *Limit of detection: 40 copies/mL.

Table 2), but the plasma CCL2 concentration was significantly high-
er in HIV-infected patients. The genotype frequencies for each al-
lele followed the Hardy-Weinberg equilibrium in both groups.
Except for the relationship between polymorphisms —1811 A/G
and —927 G/C, all the CCL2 polymorphisms were in linkage dis-
equilibrium (LD) with each other, as graphically represented in
Fig. 1A.

The expectation-maximisation algorithm revealed 9 haplotypes
for healthy participants and 11 for the group of HIV-infected pa-
tients, but only 6 haplotypes (H1 through H6, from higher to lower
estimated frequencies; see Fig. 1B) were present in more than the
5% of individuals, and accounted for more than 98% of the popula-
tion in both groups. The lack of LD between —1811 A/G and —927

Table 2
Genotype distribution of the CCL2 polymorphisms in the control group and HIV-
infected patients.

Polymorphism Control group HIV-infected

(n=796) patients (n = 287)
n (%) n (%)

—2835 C/A cC 450 (56.7) 155 (54.0)
rs2857654 CA 293 (36.9) 116 (40.4)
AA 51 (6.4) 16 (5.6)
—2578 A/G AA 454 (57.0) 155 (54.0)
rs1024611 AG 292 (36.7) 118 (41.1)
GG 50 (6.3) 14 (4.9)
—2136 AT AA 493 (62.0) 179 (63.0)
rs1024610 AT 259 (32.6) 88 (31.0)
TT 43 (5.4) 17 (6.0)
—1811 A/G AA 712 (89.4) 253 (88.2)
rs3760399 AG 84 (10.6) 34(11.8)

GG - -
-927 G/C GG 564 (70.9) 208 (72.5)
rs3760396 CG 217 (27.3) 73 (25.4)
cC 14 (1.8) 6(2.1)
+3726 T/C TT 263 (33.1) 103 (35.9)
rs2530797 TC 376 (47.3) 126 (43.9)
cC 156 (19.6) 58 (20.2)

G/C and the different D’ values obtained in our population resulted
in a different haplotype estimation percentage compared with pre-
vious data [20]. Although differences in LD are common even be-
tween nearby populations, these may be relevant for further
interpretation of the results. Consequently, data were included
only after full concordance of at least two separate measurements.
Thirty diplotype configurations were estimated but only eight had
frequencies higher than 5% (i.e. H1/H1; 5.3%, H3/H1; 9.4%, H1/H2;
11.3%, H1/H4; 8.6%, H3/H2; 9.3%, H2/H2; 5.3%, H3/H4; 5.4%,
H2/H4; 6%). The configuration of diplotypes showed that there
were not differences between groups in homozygosis for the esti-
mated haplotypes except for H5 (2.4% in patients and 0.3% in con-
trols; p = 0.005).

There were no statistically significant associations between
plasma CCL2 concentrations and genotypes in healthy participants.
HIV-infected patients showed consistently higher plasma CCL2
concentrations but the differences were only significant in carriers
of the —2835 AA (p <0.001), —2578 GG (p <0.001) and —1811 AG
(p<0.0001) polymorphisms (see Fig. 2A). There were no differ-
ences in plasma CCL2 concentrations in controls with respect to
the haplotype distribution. In HIV-infected patients, however, car-
riers of H1, H2 and H5 haplotypes had higher plasma CCL2 concen-
trations than carriers of H3, H4 and H6 in relation to their
corresponding controls (see Fig. 2B and Supplementary data
Table 2). The distribution of the CCL2 alleles among the haplotypes
was similar in both groups. We found significant associations in
relation to measured variables only in HIV-infected patients, indi-
cating a prominent role for factors related to the infection itself and
the probable inflammatory stimuli. When a multivariate analysis
was performed in all participants, healthy and HIV-infected group,
only CAAGGT haplotype [B=17 (6.4), $=0.13, p = 0.008] and to be
infected by the HIV [B=14 (4.1), =0.18, p=0.001] significantly
contributed to explain serum CCL2 concentration. Similarly, when
a multivariate analysis was conducted only in HIV-infected group,
circulating levels of CCL2 were also associated with the CAAGGT
haplotype [B=35.1(12.8), $=0.29, p = 0.007].

3.2. Blood constituents and CCL2 gene variants

There were no differences in the distribution of haplotypes and/
or genotypes in HIV-infected patients in relation to any of the cat-
egorical variables measured or with respect to the HIV-1 RNA viral
load, the CD4" or CD8"* T lymphocyte count and the frequency of
severe lipodystrophy. HIV-infected patients had higher plasma glu-
cose and lower HDL-cholesterol concentrations than healthy par-
ticipants (see Table 1). The only genotype-related difference was
found in relation to the +3726 T/C polymorphism. Carriers of the
genotype +3726 CC had lower plasma glucose and higher HDL-cho-
lesterol concentrations than those with the TC and TT genotypes
(p < 0.008 for each comparison). Such differences remained signifi-
cant when analysed in relation to all the other genotypes (p < 0.05).

When segregated with respect to haplotypes, univariate and
multivariate analysis did not identify any significant distribution
of values in healthy participants in relation to glucose metabolism
or to BMI. However, in HIV-infected patients, we found significant
variations in measured variables in relation to the haplotype distri-
bution. Such differences were confined to carriers of the H1, H2
and H5 haplotypes, i.e. those with higher plasma CCL2 concentra-
tion (see Fig. 2C and Supplementary data Table 2). Carriers of the
H5 haplotype showed the less favourable combination of distur-
bances in biomarkers of glucose metabolism.

We did not observe significant variation among haplotypes with
respect to lipid disturbances, probably as a consequence of the well-
documented effects of the drugs prescribed. We found that, in H1
haplotype carriers, plasma triglyceride concentration was positively
associated with the use of protease inhibitors (p =0.001) and, as
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Fig. 1. (A) Linkage disequilibrium maps of the CCL2 gene. The panels represent the linkage disequilibrium (LD) correlation and D’ values (a statistical measure of LD). The colours
of squares represent the different degrees of values according to the colour scale. (B) Genomic organization and location of polymorphic variations in CCL2 gene. CCL2 lies on long
arm of chromosome 17 in cluster with other chemokine genes. It has 3 exons extending over ~2000 bp. It is known to have both distal and proximal regulatory elements
important for cytokine-induced and constitutive activity, respectively. Polymorphisms studied here span the gene and are named for their distance in nucleotides from
translational start point. Haplotypes were estimated using the expectation-maximisation algorithm (Helixtree, version 5.0.7, Golden Helix). Haplotypes with an estimated
frequency <5% were not considered. Please note that regarding polymorphism nomenclature, those nucleotides presented by McDermmott et al. [20] are in parentheses and
superscript in positions —927 and +3726. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

such, we entered the different treatment schemes as a possible
confounding factor in the analyses. To further explore this point,
we assessed the course of lipid changes in patients who had been
treatment-naive and subsequently treated with either protease
inhibitors or efavirenz. The effect of efavirenz on lipid metabolism
was statistically negligible. Data on patients treated with protease
inhibitors showed that the course-of-change in the HDL-cholesterol
concentration was predictable and segregated with the +3726 CC

genotype, and with hypertriglyceridaemia being more likely in car-
riers of the H1 haplotype (see Fig. 2D and E).

3.3. CCL2 gene variants and sub-clinical atherosclerosis
Data were analysed using the presence or absence of significant

sub-clinical atherosclerosis as an outcome measurement. Sub-clin-
ical atherosclerosis was defined by previously-described criteria
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Fig. 2. Impact of CCL2 gene variants on serum CCL2 concentrations and metabolic parameters in HIV-infected patients and control subjects. (A) CCL2 concentrations (pg/L)
vary according to CCL2 polymorphisms. (B) CCL2 concentrations (pg/L) vary according to CCL2 haplotypes. (C) Influence of AGAAGT (opened bars), CAAAGC (grey bars) and
CAAAGT (closed bars) haplotypes on variables related to glucose metabolism or BMI (see Supplementary data Table 2). (D) Impact of +3726 T/C genotype on HDL-cholesterol
concentrations course in HIV-infected patients treated with scheme based on protease inhibitors. CC homozygote patients are represented with a black line (p <0.01). (E)
Impact of AGAAGT haplotype on triglyceride concentration in the course of HIV-infected patients receiving scheme based on protease inhibitors. The black line represents the

AGAAGT haplotype. *p <0.001; **p < 0.01; ***p < 0.05.

[12] based on the intima-media thickness (IMT) and/or the pres-
ence of plaques. We found deleterious effects of the —2835 A and
—2578 G alleles and a protective effect of the +3726 C allele in rela-
tion to the presence of atherosclerosis (see Fig. 3 and Supplemen-
tary data Table 2). Multivariate analyses showed that the
haplotypes H1, H2 and H5 were significantly associated with arte-
rial lesions. As expected, carriers of the H1 haplotype showed a
higher proportion of affected patients than non-affected; albeit
the difference was only statistically significant with respect to
the femoral artery. Carriers of the H5 haplotype also showed a sig-
nificantly higher proportion of affected patients, mainly with re-
spect to the carotid artery. Conversely, carriers of the H2
haplotype, which also showed high plasma CCL2 concentration,
were relatively protected and the proportion of non-affected pa-
tients was higher than those with significant lesions. Curiously,
this was associated with lower insulin resistance, lower BMI and
less deleterious metabolic disturbances.

4. Discussion

There were no statistically significant differences among control
individuals and HIV-infected patients with respect to the genotype

and allele frequencies of the selected CCL2 polymorphisms. Despite
this similarity, we observed different phenotypes among the HIV-
infected patients. This suggests that the HIV-infection itself, or
associated factors, could induce a differential response in the
expression of the CCL2 gene. As schematically presented in Fig. 4,
only some haplotypes such as H1, H2 and H5 (representing approx-
imately the 50% of the population) respond to the inflammatory
stimuli with and with higher plasma CCL2 concentrations. This
was expected for the H1, which is mainly defined by the well-doc-
umented —2578 G allele, but not for the other two haplotypes, sug-
gesting that other factors could also be implicated in regulating
plasma CCL2 levels. Recently, Schnabel et al. found a single genetic
variant, DARC rs12075 (Asp42Gly), that explains approximately
20% of the variation in serum MCP-1 concentration [27].

Among HIV-infected patients, carriers of H1 haplotype showed
a higher proportion of hyperinsulinaemia, higher plasma glucose
concentration, hypertriglyceridaemia and sub-clinical atheroscle-
rosis. This is in accordance with previous data assessing the role
of the —2578 G allele [12]. Patients carrying the H5 haplotype also
had the less favourable metabolic scenario including high insulin
resistance and BMI, and which could explain the higher proportion
of these patients having sub-clinical atherosclerosis. Therefore, it
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Fig. 3. Percentage of HIV-infected patients having sub-clinical atherosclerosis (affected B) and without sub-clinical atherosclerosis (non-affected OJ) segregated with respect
to CCL2 haplotypes (A) and genotypes (B) in carotid artery; or CCL2 haplotypes (C) and genotypes (D) in femoral artery. Logistic regression model was applied to assess
association of carotid and femoral atherosclerosis with the CCL2 gene variants (see Supplementary data Table 2). *p < 0.05.

could be argued that these manifestations may be the effect of
higher plasma CCL2 concentrations [28], but carriers of the H2 hap-
lotype, despite similar plasma CCL2 values, had lower atheroma-
tous lesions in carotid and femoral arteries than carriers of non-
H2 haplotype. Therefore, there may be a protective effect of this
particular haplotypes, characterised by the +3726 C allele, since
it is associated with lower BMI values, conserved glucose metabo-
lism. Although influenced by treatment [29,30], this allele is clearly
associated with higher HDL-cholesterol concentrations. Additional
clinical data may also support a close, and protective, relationship
between low BMI, lower insulin resistance and higher HDL-choles-
terol levels in HIV-infected patients [31,32].

An unambiguous interpretation of our findings regarding lipo-
protein changes is complicated by the effect of the different treat-
ment schemes employed in our patients. However, we found a

consistent relationship between hypertriglyceridaemia and high
plasma CCL2 concentrations in untreated patients [14], as has also
been observed in other scenarios of inflammation and in patients
with the metabolic syndrome [33-35]. A similar reasoning may
be applied to the relationship between insulin resistance and high
plasma CCL2 concentrations [36-38] which are concordant with
findings in mice [7,8].

We acknowledge that our observations may be limited to cer-
tain areas. Proven CCL2 mutations have been inconsistent in differ-
ent studies [39,40], there are clear differences in the frequency of
the SNPs studied among different populations (see Table 3) and
consequently the haplotype structure may differ among popula-
tions. Moreover, it is well-documented that haplotype diversity
may be found even among neighbouring populations [41,42].
Other possible sources of errors are the possibility of population
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Fig. 4. Host CCL2 haplotypes induce a differential metabolic-parameter response in
HIV-infected patients. Some haplotypes (H1, H2 and H5) respond to the HIV-related
outcomes with higher plasma CCL2 concentrations. However, only H1 (AGAAGT)
and H5 (CAAAGT) haplotypes are related to both pro-atherogenic metabolic
abnormalities and premature sub-clinical atherosclerosis, but not for the H2
(CAAAGC) haplotype; an indication of the far-from-understood complexity of the
CCL2 gene regulation.

stratification and the absence of family-tree information to estab-
lish phase. Based on our matching procedure and on previous anal-
yses in unlinked SNPs [43], we believe that the risk of stratification

Table 3

Summary of the frequencies of CCL2 polymorphisms in different populations (as
presented at http://www.ncbi.nlm.nih.gov/sites/entrez?db=snp&cmd=search&term=
human+ccl2).

Polymorphism This European  African Asian  Sub-Saharan
study® (%) American (%) African (%)
(%) (%)
—2835 A/C AA 6 5 6
rs2857654 AC 37 33 44
cC 57 62 50
—2578 A/G AA 57 66 75 60 90
rs1024611 AG 37 32 25 20 10
GG 6 2 - 20 -
—-2136 T/A AA 62 68 88 87 90
rs1024610 TA 33 30 12 © 10
TT 5 2 - 4 -
-1811 A/G AA 89 89 97 91 100
rs3760399 AG 11 10 3 8 -
GG - 1 - 1 -
-927 G/C GG 2 7 - 1 -
rs3760396 CG 27 38 5 15 -
cc 71 55 95 84 100
+3726 T/C TT 33 45 65 55 80
rs2530797 TC 47 40 30 40 20
cC 20 15 5 5 =

¢ Detailed data in Table 2.

is relatively low in this study. Also, phased haplotypes and inferred
haplotypes have been previously shown to be similar in this partic-
ular genomic region [44].

Despite these obvious limitations, our data indicate that the ge-
netic background of the host could be involved in CCL2 production
and that this chemokine may contribute to the metabolic distur-
bances and the presence of sub-clinical atherosclerosis in HIV-in-
fected patients. Our findings have important clinical implications
since current medications for reducing coronary disease mortality
and balancing metabolic alterations are effective and may be par-
ticularly indicated in patients who have ultrasound evidence of
arterial disease.
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La infecci6 cronica pel VIH, ha esdevingut un paradigma de model
fisiopatologic d’estat pro-oxidatiu [140-144] i pro-inflamatori amb complicacions
metaboliques que cada cop precisen d’'una atencié medica més complexa [145]. La
disminucié de la mortalitat associada a la immunodepressié severa i a les malalties
definitories de SIDA, ha promogut que cada cop els metges especialitzats en el
seguiment i tractament d’aquests pacients hagin de tractar les complicacions cliniques
degudes als efectes adversos dels farmacs antiretrovirals, a I'aparicio i coexistencia
d’'altres malalties importants com les hepatopaties viriques, neoplasies, complicacions
renals i Ossies, i a una série de trastorns metabolics relacionats amb alteracions

lipidiques i lipoproteiques i amb I'increment de la resisténcia a la insulina [146,147].

Classicament, les particules HDL Unicament eren enteses com a particules
relativament importants en la regulacié del metabolisme lipidic degut al seu paper en el
transport, recollida, processament i eliminacié de I'excés de colesterol i dels lipids
oxidats [99,148]. Tanmateix, en condicions d'estrés metabdlic o inflamatori, les
particules HDL poden perdre la seva funcionalitat, i esdevenir particules no funcionals,
i inclts, exhibir efectes pro-inflamatoris i pro-oxidants, que incrementen la quimiotaxi
de monocits [99], i en consequéncia el desenvolupament i progressié de
I'aterosclerosi. S’ha demostrat que els ratolins genéeticament modificats i susceptibles a
desenvolupar aterosclerosi (ratolins deficients amb apolipoproteina E o0 ratolins
deficients pel receptor de les LDL), presenten un augment de particules HDL pro-
inflamatories [148,149]. Per tant, les particules HDL, no Unicament extreuen I'excés de
colesterol dels teixits periférics actuant com a particules transportadores, siné que
també tenen un paper clau en la regulacio dels efectes deleteris associats a un procés

inflamatori més o menys persistent.

Recentment, I'estudi de les relacions entre les particules HDL i el curs de la
infeccié pel VIH esta tenint gran rellevancia entre la comunitat cientifica. L’adaptacio
d’'aquesta lipoproteina a un estat pro-inflamatori i pro-oxidant cronic, conjuntament
amb les alteracions metaboliques associades a la infeccid, sén aspectes que estan
rebent una gran atencié. Les concentracions disminuides de colesterol-HDL en els
pacients infectats pel VIH és habitual, i s'atribueix als efectes de la terapia antiretroviral
a la qual es troben sotmesos aquests pacients [54]. Tanmateix, els trastorns pro-
aterogenics observats durant la infeccié no poden ser atribuits Gnicament a les baixes
concentracions circulants de colesterol-HDL que presenten aquests pacients, sinG
també a les modificacions qualitatives que pateixen les particules HDL. L’estrés

oxidatiu i la inflamacié propies de la infeccié pel VIH i la prevalenca d’aquest estat
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inflamatori contribueix a la pérdua de l'activitat antiinflamatoria de les HDL en aquests
individus. Inclis, s’ha descrit que alguns farmacs antiretrovirals podrien promoure
canvis beneficiosos en les particules HDL, induint un augment del transport revers de
colesterol i una millora de la capacitat antioxidant [150]. Per tant, és plausible, tal i com
demostrem en aquesta Tesi Doctoral, que la infeccid per ella mateixa determini un
greu impacte en el tamany i composicio proteica de les particules HDL, i que aquests
canvis es relacionin directament amb la severitat de la infeccio. A més a més, sembla
ser, que aquests canvis podrien patir una reversio, almenys parcial, quan s’aplica una
correcta terapia antiretroviral, i per tant, un optim control immuno-viroldgic. Per d’altra
banda, també mostrem en aquesta Tesi Doctoral, que les determinacions cliniques
actuals de les particules HDL, és a dir, la mesura de les concentracions de colesterol
associat a les particules HDL, no és la millor manera d'avaluar la qualitat i dinamica
morfologica natural d’aquestes lipoproteines, ja que com s’ha vist préviament, existeix
una gran dispersié i heterogeneitat d'aquestes particules que desenvolupen un paper

pro- o antiaterogenic independentment del contingut en colesterol.

En IEstudi 1 d'aquesta Tesi Doctoral i com a resposta al primer objectiu
plantejat, presentem per primera vegada dades que evidencien que la preséncia
particules HDL de major tamany (de 12 a 16 nm) associada a la infeccié pel VIH,
poden variar substancialment durant el tractament antiretroviral i que es correlacionen
significativament amb les concentracions plasmatiques de marcadors inflamatoris. A
més a meés, mostrem com els pacients no tractats i amb un baix nombre de limfocits T
CD4+ presenten una quantitat menor de particules HDL petites (de menys de 11 nm),
fet que s’associa significativament amb menys activitat PON1 i unes concentracions
circulants de MCP-1 més elevades. Per tant, creiem que aquells pacients no controlats
virologicament i amb uns alt grau d'immunosupressié presenten una distribucio de les
particules HDL amb un perfil més aterogenic i amb menys capacitat antiinflamatoria i
antioxidant. Tot i que no queda clar si aquestes variacions tenen alguna relacié directa
o indirecta amb el procés d’aterosclerosi accelerada que presenten aquests pacients,
els nostres resultats confirmen resultats previs del nostre grup, en els quals mostravem
com les concentracions augmentades de MCP-1 i disminuides d'activitat PON1
s'associaven amb la preséncia d'aterosclerosi [47,156]. Som conscients, pero, que el
baix nhombre de pacients inclosos en aquest primer estudi limita I'acceptacié dels
nostres resultats, els quals s’haurien de confirmar en estudis amb un nombre superior
de participants. A més a més, el disseny transversal que hem utilitzat determina la
impossibilitat d’indicar la causalitat de la infeccié pel VIH en les modificacions de les

particules HDL en comparacié a un grup d’individus no infectats.
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Cal destacar que els estudis més recents dels nostre grup i que son una
continuacié dels estudis presentats en aquesta Tesi Doctoral (veure Material
Suplementari ), mostren que en la poblacié de pacients infectats pel VIH, tots els
individus estudiats presenten una marcat augment (fins a 10 vegades) de la
concentracio serica de PON3 i SAA, i hem descrit una relacié inversa entre els valors
circulants de PON3 i la concentracié de LDL-oxidada, i una relacié directa entre els
valors de SAA i la concentracio de diferents marcadors inflamatoris, fet que recolzaria
el concepte que PON3 juguen un paper protector envers I'estres oxidatiu i I'augment
de la peroxidacio lipidica durant la infeccid, i que el SAA podria interpretar-se com un
reflex de I'estat pro-inflamatori associat a la infeccié. No existeixen gaires dades en la
literatura de condicions cliniques associades a augments en I'expressié de PON3 que
avalin els nostres resultats, pero en un estudi recent s’ha descrit una augment similar
(de fins a 5 vegades) en els valors de RNA missatger de PON3 en estadis avancats de
gestacid, un estat fisiologic en el qual s’ha observat un augment de l'estres oxidatiu
[157]. A més a més, aquest resultats també suggereixen, tal i com s’esperava, que la
infeccié pel VIH s’associa amb un important augment de reactants de fase aguda que
presenten activitat antivirica in vitro [158] i que podrien modificar de manera
significativa la composicié proteica de les particules HDL. En aquest sentit, les
particules HDL semblen jugar un paper central en el resposta immunitaria innata
[159,160], i els resultat dels nostres estudi on es descriuen associacions entre les
concentracions de PON3 i SAA, amb els valors de B-2-microglobulina i el nombre de
limfocits T CD4+ suggereix que la PON3 i el SAA, i per tant les particules HDL, podrien

presentar certa funcionalitat antivirica.

L’associacio inversa entre la concentracio de colesterol-HDL i el risc de malaltia
coronaria ha estat ben establert en diferents estudis epidemiologics [152].
Consequentment, el colesterol-HDL i altres determinacions lipidiques han estat
incloses en les guies actuals de practica clinica [153]. En aquest sentit, 'aparicié dels
anomenats assaigs homogenis en els diferents laboratoris clinics dels nostres
hospitals, ha estat molt ben acceptada. Tanmateix, aguests métodes sén poc acurats
en pacients amb alteracions metaboliqgues com malaltia cardiovascular, renal o
hepatica [154]. Els resultats que presentem en I'Estudi 2 i en resposta a I'Objectiu 2
plantejat en aquesta Tesi Doctoral mostren com el greu trastorn inflamatori associat a
la infeccid pel VIH també determina una valoracié equivoca de les concentracions de
colesterol-HDL. Hem trobat discrepancies en tres de cada deu determinacions
realitzades, i aquestes s’associen significativament a la hipergammaglobulinémia, tal i

com ja s’havia descrit préviament [155]. D’altra banda, altres estudis previs
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suggereixen que la co-infeccid pel virus de I'hepatitis C, també podria representar un
factor de confusié important en pacients amb hepatopatia virica i replicacié viral no
controlada. Malauradament i degut a aspectes técnics i economics, la determinacio de
la concentracié de colesterol-HDL en aquests pacients no pot ser realitzada utilitzant
els métodes de referéncia estandards no rutinaris en els nostres laboratoris clinics
automatitzats. Per tant, hem de ser conscients de les limitacions del métodes utilitzats
en la rutina diaria i hem de prendre molta precaucié alhora d’interpretar els valors de
colesterol-HDL en aquests pacients. A més a més, en la practica clinica i en els
estudis epidemiologics és molt habitual emmagatzemar una o varies aliquotes de
sérum dels participants en projectes d’'investigacio per tal d’avaluar posteriorment i de
forma conjunta diferents variables bioquimiques. Aquest costum, tot i ser utilitzat
extensament, no és valid quan I'estabilitat durant 'emmagatzematge del component a
analitzar no ha estat previament determinada. En I'estudi 2 d’aquesta Tesi Doctoral
també mostrem l'efecte deleteri del procés d’emmagatzematge, tant en mostres de
pacients infectats pel VIH com en mostres d'individus no infectats, alhora de
determinar la concentracié de coleterol-HDL utilitzant I'assaig homogeni. Tanmateix, la
disminucié observada en els valors de colesterol-HDL és significativament més gran
en les mostres dels pacients infectats pel VIH, i aquesta disminucié s’associa molt
marcadament de nou amb la concentracié plasmatica inicial de gammaglobulines. Tot i
que l'analisi de regressio lineal ha determinat una férmula que prediu el 80 % dels
valors de colesterol-HDL en aquests pacients, s6n necessaris nous estudis en
poblacions més extenses per tal de confirmar aquests resultats. Aixi, queda clar, que
la determinacié de les concentracions de colesterol-HDL, no és la metodologia més

adequada per tal de valorar la qualitat d’aquestes lipoproteines.

La infeccid pel VIH s’associa a un estimul inflamatori persistent amb elevades
concentracions circulants de MCP-1, reconegut marcador d'inflamacié i de risc
cardiovascular [151]. Tot i aixi, tal i com demostrem en I'Estudi 3 i en resposta a I'Gltim
objectiu plantejat en aquesta Tesi Doctoral, a més a més de la carrega genética dels
individus infectats pel VIH, existeixen altres factors que regulen i modulen la resposta
metabolica determinada per I'estat inflamatori lligat als valors de MCP-1, ja que no tots
els pacients amb una resposta inflamatoria exacerbada presenten, en consequéencia,
alteracions metaboliques pro-aterogéniques (Figura 7). En concret, els individus
portadors de I'haplotip 2 (en referencia als diferents polimorfismes estudiats en el gen
CCL2), determinat per la variant genica +3726C que, curiosament, es troba
relacionada amb les concentracions de colesterol-HDL, presenten un fenotip metabolic

antiaterogenic, en comparaci6 amb els individus portadors dels haplotips 1 i 5,
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suggerint el possible paper clau de les particules HDL en la regulacié6 de l'estres
inflamatori.

INFLAMMATOR
STIMULI

increased ccl2 expression

[acaner_

higherincidence of lowerincidence of
atherosclerotic lesion atherosclerotic lesion

Figura 7. La carrega genetica d’'un individu predisposa a una resposta inflamatoria
diferent en els pacients infectats pel VIH. Tanmateix, Gnicament dos dels tres grups de
pacients que son portadors d’'un haplotip associat a concentracions més elevades de
MCP-1, presenten un fenotip pro-aterogénic.

79



UNIVERSITAT ROVIRA I VIRGILI

INFLAMACIO I OXIDACIO EN LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA: MODIFICACIONS DE LES
LIPOPROTEINES D'ALTA DENSITAT

Gerard Aragones Bargalld

DL:T.

1353-2011

Discussié General

En resum, els resultats presentats en aquesta Tesi Doctoral suggereixen que
les propietats anti-aterogéniques de les particules HDL en condicions normals, podrien
trobar-se alterades en els individus infectats pel VIH tot i estar sotmesos a un
tractament antiretroviral d’alta activitat considerat immuno-virologicament exitos, ja que
presenten greus alteracions del seu tamany, distribucio i composicié proteica. A més a
més, les determinacions estandards dels laboratoris clinics per a determinar el perfil
lipidic no sén les més adequades per avaluar la qualitat de les particules HDL, i en

consegliencia, el risc de malaltia cardiovascular present en aquest pacients.
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1. La infecci6é pel VIH s’associa amb un tamany i di  stribucié de particules
HDL amb un perfil més aterogénic i amb menys capaci tat anti-inflamatoria
i anti-oxidant.

1.1. El control de la infeccié pot ser determinant pel manteniment de les
seves funcions.

1.2. Aguests canvis no poden ser detectats pels metodes actuals instal-lats
en els laboratoris dels nostres hospitals. S6n necessaris estudis
prospectius de llarga durada per tal d’'investigar més profundament la
possible influencia de les modificacions de la particula en el curs de la

infeccid i en el desenvolupament de I'aterosclerosi

2. La infecci6 pel VIH determina una valoraci6 equi voca de les
concentracions de colesterol-HDL.

2.1. Els laboratoris d’investigacié en lipids que realitzen assaigs clinics de
llarga durada han de tenir en compte les limitacions del meétode
homogeni en la determinaci6 de colesterol-HDL i interpretar amb
cautela els resultats obtinguts.

2.2. La monitoritzacié de les particules HDL en aquests pacients no ha
d’'estar basat Unicament en la determinacid de la concentracié del
contingut de colesterol, sin6 que ha d’'incloure la determinacié d’altres

parametres associats a les particules HDL.

3. Les variants géniques de CCL2 contribueixen parcialment a les

alteracions metaboliques i a la preséncia d’aterosc  lerosi subclinica en

pacients infectats pel VIH.

3.1. Els nostres resultats podrien tenir implicacions cliniques importants
degut a que els farmacs utilitzats actualment per a reduir la mortalitat
cardiovascular i I'equilibri de les alteracions metaboliques son molt
efectius i podrien ser particularment indicats en els pacients infectats pel
VIH amb evidéncies de malaltia arterial.
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8.1. ANNEX I: TERAPIA ANTIRETROVIRAL EN LA INFECCIO PEL VIH

8.1.1. Historia de la terapia antiretroviral

La identificacié del VIH com I'agent infeccidés causant de la SIDA constitueix un
dels esdeveniments cientifics més importants de la historia de la medicina. Igualment,
el desenvolupament d’una terapia antiretroviral (ARV) eficag contra la infeccié pel VIH
ha estat, sense dubte, un dels avencos meés importants que han tingut lloc al llarg dels

24 anys transcorreguts des de I'inici de I'epidemia de la SIDA.

Durant aquest temps els esforcos de la comunitat cientifica per controlar la
infeccid no ha fet més que créixer, i el coneixement de la patogenia del virus ha
contribuit al desenvolupament de terapies que actuen en punts clau del cicle vital del
VIH. Basicament, la terapia ARV pretén disminuir al maxim la viremia en I'organisme
del pacient infectat, i contribuir al restabliment normal del sistema immunitari.
D’aquesta manera, s’aconsegueix millorar I'evolucié natural de la infecci6 i disminuir
drasticament la mortalitat dels pacients. El primer farmac ARV administrat contra el
VIH fou la zidovudina (AZT), que va ser aprovat per la FDA (Food and Drug
Administration) I'any 1987. Originariament, I'AZT es va desenvolupar com un farmac
contra el cancer, pero no va resultar efectiu en aquest sentit. No obstant, el 1985 es va
demostrar la seva activitat anti-VIH in vitro, i des d’aleshores s’ha utilitzat amb aquesta
finalitat. L’AZT és un analeg del nucleosid timidina capac d’interferir en la replicacio del
virus mitjancant la inhibicié de la transcriptasa inversa (TI) del VIH. S’inclou dins la
familia de farmacs coneguts com inhibidors de la Tl analegs de nucleosid (ITIAN).
Durant anys va constituir I'tnic ARV capag de frenar la progressié de la infeccio virica,
gue va millorar la supervivéncia dels pacients amb SIDA. Pero la seva administracié en
forma de monoterapia resultava insuficient i, a més, la seva utilitzacié continuada
produia miopatia als pacients com a principal efecte secundari. Entre 1991 i 1994 es
van introduir altres farmacs analegs de nucleosid alternatius contra el VIH, com la
didanosina (ddl), la zalcitabina (ddC) i l'estavudina (d4T), que presentaven un
mecanisme d’accié ARV similar a I'AZT. A mida que proliferaven els farmacs ARVS,
augmentava la probabilitat d’éxit terapéutic, pero també la incertesa sobre quin era el
farmac més adequat i la dosi més eficag. Situant-nos en context, aquesta epoca va
resultar una de les més mortiferes per la SIDA, doncs molts individus s’havien
contagiat a l'inici de la decada dels 80. La preocupacié sanitaria, cientifica i social

anava en augment, i els esforcos es concentraven en el desenvolupament d'una
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terapia eficag contra el VIH i contra les infeccions oportunistes. El 1995 es va
demostrar que leficacia de la terapia amb dos analegs de nucledsid era
significativament superior a la monoterapia. A partir d’aguest moment es va implantar
I'administracio d’una terapia combinada amb dos analegs de nucleosid. Paral-lelament,
gracies als progressos en el coneixement de I'estructura molecular del VIH, es van
desenvolupar els farmacs inhibidors de la proteasa (IP) (saquinavir -SQV-, ritonavir -
RTV- i indinavir -IDV-), un nou grup d’ARVs amb capacitat d'interferir amb la proteasa
del VIH. El 1996 es va demostrar que I'addicié d'un IP (RTV) al tractament amb dos
analegs de nucleosids millorava radicalment I'eficacia ARV i la supervivéncia dels
pacients infectats. Aquesta investigacio revoluciona el camp de la terapia ARV, i va
iniciar una era farmacologica basada en I'Us del tractament combinat amb tres ARVSs,
conegut com a terapia ARV de gran activitat (TARGA). Donat el benefici clinic del
TARGA, el seu Us es va anar generalitzant a gran velocitat, fins el punt que actualment
constitueix el patro terapeutic habitual als paisos desenvolupats des del moment en el
que esta indicat linici del tractament. A partir d’aleshores, van continuar emergint
ARVs amb més poténcia terapeutica. EI 1996 es van incorporar els ARVs inhibidors de
la TI no-analegs de nucleosid (ITINAN) (nevirapina —NVP-), i més recentment, els
inhibidors de la fusié (IF) (enfuvirtide —T20-), que interfereixen amb I'entrada del virus a

la céel-lula.

La intensa investigacié farmacologica portada a terme durant aquests anys ha
aportat grans beneficis als pacients que conviuen amb el VIH. En primer lloc, ha donat
com a fruit un ampli espectre terapeutic, doncs actualment s'utilitzen en humans més
de 20 ARVs diferents, que combinats entre si augmenta la possibilitat de tractament de
forma considerable. Com a resultat, el TARGA ha aconseguit disminuir la carrega viral
de molts dels malalts infectats pel VIH fins a unes concentracions indetectables i
augmentar el nivell de limfocits T CD4+, la qual cosa ha reduit drasticament la
mortalitat i morbiditat dels pacients. A més, la impressié que tenen els pacients
d’absoluta dependéncia del tractament farmacologic ha disminuit, doncs el nombre de
comprimits diaris i la dosi administrada s’ha reduit considerablement. En consequéncia
s’ha millorat 'adheréncia a la terapia ARV, la qual cosa suposa un punt clau per I'exit
terapeutic, que depén molt estretament de la correcta administracié dels farmacs. En
aquestes condicions, la infeccié pel VIH ha passat de ser una malaltia d’elevada
mortalitat a considerar-se una malaltia cronica. D’altra banda, I'is cronic dels ARVSs,
juntament amb una major superviveéncia dels pacients ha anat associat amb un
augment de la descripcio clinica d’efectes farmacologics adversos, que actualment

representen un dels principals problemes vinculats a 'administracio d’ARVs. També,
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cal tenir en compte que una adheréncia baixa al tractament pot promoure la generacio
de soques viriques resistents als farmacs i conduir al fracas virologic. Aquest fet,
juntament amb els efectes secundaris que pot ocasionar el tractament, implica que

moltes vegades els pacients es vegin sotmesos a canvis en les pautes ARVS.

L'objectiu fixat en el desenvolupament dels farmacs ARVs futurs consisteix
basicament en produir un efecte anti-VIH més potent, durant més temps, amb una dosi
farmacologica minima efectiva, i amb un minim efecte toxic per al pacient. Malgrat la
gran innovacié terapeutica, I'AZT continua essent en l'actualitat un dels components

més utilitzats en les combinacions de tractament ARV.

8.1.2. Classes de farmacs ART disponibles actualmen t

L'esquema general del TARGA consisteix en la combinacié de dos ITIAN més
un tercer farmac que pot ser un ITINAN, un IP o un altre ITIAN. Actualment s’estan
assajant les possibilitats antiretrovirals d’altres combinacions farmacologiques. Donat
el gran ventall de farmacs que es comercialitzen actualment, les possibles
combinacions terapeutiques son mdultiples. L'administracié d’una combinacié o altra
dependra de I'historial clinic i terapeutic de cada pacient (p.e. de si es tracta d'una
terapia de primera linia o pel contrari és de rescat, de la viremia i de lestat
immunoldgic del pacient, dels factors de risc per desenvolupar algun efecte secundari
al tractament, del patr6 de resisténcia del pacient, etc.). Els farmacs ARVs aprovats
per la FDA i comercialitzats a Europa fins 'any 2010 actuen inhibint diferents enzims
virics que intervenen en diferents punts clau del cicle replicatiu del VIH. Basicament es
divideixen en tres families segons el pas del cicle viric que bloquegen: els inhibidors de
la transcriptasa inversa, els inhibidors de la proteasa i els inhibidors de la fusi6. A

continuacié es descriu el mode d’acci6 de les diferents classes de farmacs ARVSs:

8.1.2.1. Inhibidors de la transcriptasa inversa (IT 1)
Inhibeixen la transcriptasa inversa (TI) del virus, I'enzim ADN polimerasa ARN-

depenent, responsable de transformar 'ARN del virus en ADN de doble cadena, per

permetre la seva integracid al genoma de la cel-lula infectada. En consequéncia,
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s’atura el cicle vital del VIH i el virus no es pot replicar. Es classifiquen en 2 subfamilies

segons siguin analegs de nucleosids (o nucleotids) o no analegs.
A. Inhibidors de la transcriptasa inversa analegs de n ucleos/tids (ITIAN/ITIANt)

Els ITIAN son dideoxinucleosids que actuen com a substractes alternatius de la
TI, competint amb els nucleosids fisiologics adenosina (A), timidina (T), citidina (C) i
guanosina (G). Per poder exercir la seva funcié s’activen per fosforilacié a l'interior de
la cél-lula infectada, gracies a l'acci6 de quinases cel-lulars. Els derivats trifosfat
(ddNTPs; o dideoxinucleosids trifosfat) resultants inhibeixen la replicacié de I'ADN
proviral quan sén incorporats per la Tl a la cadena d’ADN viric que s’esta sintetitzant
(Figura 8), ja que els manca el grup hidroxil a la posici6 3’ (3'-OH) de la molécula de
ribosa, i en consequencia, I'enllag fosfodiester necessari en la polimeritzacié de I'ADN

no es pot formar.

Cadena d ADN proviral
(s'estd sintetitzant per
transcripcié inversa)

] G G
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Figura 8. Mecanisme d'accio dels ITIAN. L'analeg del nucleosid de timidina, com per
exemple I'AZT, competeix amb els nucledsids naturals per la transcriptasa inversa. La
incorporacié d’AZT a la cadena de DNA proviral nascent bloqueja la sintesi de DNA, ja

aue no pot formar I'enllac fosfodiéster necessari per a la polimeritzacié

L'’AZT i el d4T s6n analegs de la timidina, i com que competeixen per les
mateixes bases la seva combinacié conjunta no és recomanada. El ddC, la lamivudina
(3TC) i la emtricitabina (FTC) s6n analegs de la citidina, i no se solen combinar
conjuntament per la mateixa raé que els ARVs anteriors. El ddl es un analeg de la
inosina i és transformat en dideoxiadenosina abans d’exercir la seva funcié. L’abacavir
(ABC) és un analeg de la guanosina. L’Gnic analeg de nucleotid (ITIANt) avui dia
disponible contra la infeccié pel VIH és el tenofovir disoproxil fumarat (TDF). El TDF és

un profarmac del tenofovir, que actua com un analeg del nucleotid adenosina 5'-
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monofosfat. A diferéncia dels analegs de nucleodsids, el TDF conté un grup fosfat a la
seva estructura i, per tant, només requereix dues fosforilacions per les quinases
cel-lulars per generar el metabolit actiu, tenofovir difosfat. El tenofovir actua de forma
similar als analegs de nucleosid, com un fals substrat de I'enzim TI. EI TDF
s'administra en una sola dosi al dia, presenta una elevada biodisponibilitat, una
activitat anti-VIH potent, un perfil de resisténcia favorable i una gran tolerabilitat, per la
gqual cosa es considera un nou farmac de gran atractiu per a I'Gs clinic. Els ITIAN sén
potents inhibidors de la replicacié del VIH, la majoria s’administren en una sola dosi
diaria i presenten poca interaccié amb altres farmacs. Per aquest motiu, formen part de
la majoria de combinacions ARVs que s’administren en l'actualitat, i solen representar
una part important de qualsevol esquema TARGA. D’altra banda, el seu Us continuat
ha estat associat a una seérie d’efectes adversos greus com acidosi lactica,
polineuropatia, pancreatitis | lipoatrofia (alteracio del greix corporal), que sovint obliga

al pacient a modificar la combinaciéo TARGA.

B. Inhibidors de la transcriptasa inversa no analegs d e nucleosids (ITINAN)

Els ITINAN s6n compostos no analegs dels nucledsids naturals que, a
diferéncia dels ITIAN no competeixen amb els nucleosids fisiologics, sin6 que
interaccionen directament amb la Tl del VIH bloquejant la seva activitat enzimatica.
S'uneixen a un lloc proxim al centre d'unié del substrat, provocant un canvi de
conformacio en I'enzim que bloqueja el centre catalitic, de forma que la polimeritzacio
de 'ADN proviral s’inhibeix significativament. A diferencia dels ITIAN, els ITINAN no
requereixen activar-se a l'interior de la cél-lula per exercir la seva funcié (Figura 9).
Exerceixen gran activitat anti-VIH en combinacié triple amb altres ARVs, especialment
amb els ITIAN. Malgrat que el desenvolupament de nous ITINAN no ha estat tan
prolific com els analegs, sén components habituals en les combinacions TARGA,
especialment neviparina (NVP) i efavirenz (EFV), doncs presenten una posologia
simple i un gran perfil de tolerabilitat. Delavirdina (DLV) presenta una prescripcié més
limitada, donat la seva posologia més complexa. L'Us cronic dels ITINAN no s’ha
associat amb efectes secundaris de gran rellevancia, perdo poden generar resisténcia

amb facilitat.
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Figura 9. Mecanisme d’accié dels ITINAN. La unié d'un ITINAN, com per exemple la

nevirapina (NVP) a la transcriptasa inversa provoca un canvi de conformacié en I'enzim que

blogueja la seva activitat, i en consequiéencia, la sintesi del DNA proviral queda inhibida.

8.1.2.2. Inhibidors de la proteasa (IP)

Els IP sén compostos que utilitzen la proteasa del VIH com a diana terapeutica.
Actuen inhibint la proteasa del virus, que s’encarrega de proteolitzar post-
traduccionalment les proteines viriques per donar lloc a les subunitats funcionals. La
inhibicié de la proteasa evita, per tant, la maduracié i activacio de les proteines del
virus i, en consequencia, es formaran noves particules viriques no infectives (Figura
10). S6n farmacs amb una gran eficacia clinica, per la qual cosa es consideren una
part fonamental del TARGA, especialment en pacients préviament tractats.
L'administracio dels IP s’associa amb alteracié del perfil lipidic, resisténcia a la insulina
i diabetis, que condueixen a un increment del risc cardiovascular. Igualment, s’ha
atribuit als IP un possible paper patogenic en el desenvolupament d'un efecte

secundari greu de redistribucio de greix corporal (lipodistrofia).

Interior de la c&l-lua hoste _ Plasma sanguini

deficient ‘ EHSﬂMbla@E @ @

Protedlis
* !
AL ® - @ -
Moculn Proteines-YIH i mmadu res @
TARGA precursa ra-YIH {no funcionals) Era,
Membrana © = Particules viriques
cel-lular = no infectives

Figura 10 . Mecanisme dels IP. Els IP, com per exemple el nelfinavir (NFV) s’uneixen a la proteasa
del VIH alterant la seva activitat proteolitica. En conseqiiéncia, es generen proteines immadures, que

s’ensamblen donant lloc a particules viriques que no podran infectar noves cel-lules.
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8.1.2.3. Inhibidors de la fusié (IF)

Els IF so6n farmacs d'Ultima generaci6. Recentment s’ha comencat a
comercialitzar a Europa el T-20, I'Gnic prototip d’aquesta categoria actualment
disponible en la practica clinica. Actuen evitant la fusio entre el virus i la cél-lula, i per
tant bloquegen I'entrada del VIH a linterior de la cel-lula diana, evitant aixi noves
infeccions. Es consideren molts importants perqué aquesta familia d’ARVs actuen
extracel-lularment i, per tant, s’espera que tinguin una baixa citotoxicitat. El T-20 és un
péptid de 36 aminoacids que s’administra per via subcutania, com la insulina. Presenta
una eficacia limitada, perd una gran tolerabilitat. El principal efecte secundari derivat
de la seva administracié a curt termini és una lleu reacci6 local a la zona de la injeccio.
La seva prescripcid6 esta especialment indicada en les terapies de rescat. El
desenvolupament i la comercialitzacié del T-20, ha permes obrir una nova etapa en el
tractament de la infeccio pel VIH, ja que actua per un mecanisme diferent al de la resta

de farmacs existents.

La investigacié per al desenvolupament de nous farmacs, més efectius i amb
menys efectes toxics pels pacients, és avui dia una tasca molt activa. En aquest sentit,
s’estan estudiant possibles dianes terapéutiques, com el receptor CD4 que permet la
unié del virus a la cél-lula, i els co-receptors necessaris per la fusio virus-cel-lula que,
de la mateixa manera que els IF, actuarien evitant I'entrada del VIH a I'interior cel-lular.
Una altra diana en desenvolupament ve representada per la integrasa del VIH .
Actualment, s’estan assajant farmacs inhibidors de la integrasa, que bloguegen la
incorporacié del genoma viric al nucli. Possiblement, en els propers anys hi hagi
disponibles nous farmacs, tant de les tres families ja existents, com d’altres diferents.
També s’esta incrementant I'estudi en el camp de la immunoterapia, que pot suposar
una nova alternativa terapéutica en el futur. Consisteix en potenciar una combinacio
TARGA amb un tractament immunomodulador, basat en la utilitzacié d'interfero,

interleucina, hidroxiurea, etc., que potencialment pot produir un efecte ARV addicional.
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8.2. ANNEX Il: CARACTERISTIQUES GENERALS | ESTRUCTU RA DEL VIH

El VIH és un retrovirus animal, del genere lentivirus, que infecta principalment
als limfocits T CD4+ i macrofags de I'especie humana, amb I'objectiu de replicar-se i
completar el seu cicle vital. EI VIH pot entrar a I'organisme per qualsevol de les tres
vies principals de transmissio que es coneixen: (I) transmissid sexual: constitueix la
principal forma de contagi, que es déna per contacte directe amb les secrecions d’'una
persona infectada. La major quantitat de virus es troba a la sang i al fluid seminal; (II)
transmissio parenteral: per I'Us compartit d'agulles o xeringues, instruments
contaminats, transfussié sanguinia, transplantament d'organs, etc.; | (lll) transmissio

vertical: de la mare al fetus (durant 'embaras, el part o la lactancia).

Es coneixen dos tipus de VIH: el VIH-1 i el VIH-2, que presenten d'un 40 al
60% d’homologia proteica. La majoria de casos d'infeccio pel VIH ho sén pel VIH-1. El
VIH-2 és més freqiient a 'oest d’Africa i resulta fins a 8 vegades menys transmissible i
menys virulent que el VIH-1. Els estudis que es presenten en aquesta Tesi Doctoral
fan referéncia Unicament i exclusivament a la infeccié pel VIH-1. El VIH-1 es divideix
en diferents subtipus, doncs s’han detectat algunes variants viriques (o0 genotips), que
presenten una determinada distribucié geografica. El subtipus predominant a Europa

occidental és el B.

El VIH consisteix en una particula esferica d'uns 100 nm, formada per una

estructura de tres capes (Figura 11):

A. Embolcall lipidic:  representa I'estructura més externa. Consisteix en una bicapa
lipoproteica que deriva de la cél-lula infectada, i per tant conté diferents proteines que
provenen de l'hoste, com antigens d’histocompatibilitat de classe | i Il, i algunes
molecules d’adhesid, que poden facilitar el contacte amb altres cél-lules diana. A més,
s'integren 72 complexos glucoproteics (gp) virals com gpl120 i gp4l, que es projecten

cap a l'exterior de la particula virica.

B. Capside o matriu: consisteix en una estructura intermedia en forma circular,

associada a la part interna de I'embolcall lipidic, i constituida per la proteina p17.

C. Nucleocapside o core: representa I'estructura més interna amb forma d’icosaedre,

constituida per la proteina p24, a l'interior de la qual es localitza el genoma del virus, les
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nucleoproteines p9 i p7 i la maquinaria enzimatica necessaria per a la replicacio viral

(transcriptasa inversa, integrasa i proteasa).

integrasa — |
(p32)

& T2 | embolcall lipidic
Projaasa | —— | capside o matriu

(p11)
@ nucleocapside o core

Figura 11 . Estructura del VIH .

El genoma del virus esta format per dues molécules idéntiques de RNA
monocatenari de polaritat positiva de ~9,5 Kb encapsidat al core. Com en tots els
retrovirus, I'accio enzimatica de la Tl transforma I'’ARN viric en DNA proviral bicatenari
a l'interior de la cel-lula hoste, que s’integra al genoma cel-lular per replicar-se. A partir
de I'DNA proviral es transcriuen els RNA missatgers (RNAm) que codifiquen les
proteines virals. Aquestes, juntament amb el RNA genomic viral nou, constitueix una
nova particula infectiva que emergeix per gemmacio a través de la membrana de la
cél-lula infectada. El genoma del VIH esta constituit per tres gens estructurals: gag, pol
i env, caracteristics de tots els retrovirus, que codifiquen components proteics de la
particula virica; i per sis gens accessoris reguladors: tat, rev, nef, vif, vpr i vpu, que

codifiquen proteines que controlen I'expressio virica i la infectivitat (Figura 11 ).

El gen gag codifica proteines de la capside i el core. El gen env produeix les
glicoproteines de I'emboilcall lipidic, i el gen pol genera la Tl i altres enzims necessaris
per a la replicacio del virus. Els gens tat i rev codifiquen proteines reguladores que
estimulen la transcripcio de I'’ADN proviral a l'interior del nucli. A més, la proteina Rev
exporta els RNAm virals del nucli al citosol cel-lular. La proteina Nef realitza diverses

funcions, entre les que cal destacar la seva contribucié a la patogenicitat del virus,
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mitjangant la regulaci6 negativa de I'expressi6 d'antigens CD4+ i antigens
d’histocompatibilitat de classe I i Il, la qual cosa representa un mecanisme de proteccio
contra l'atac citotoxic mediat per les cél-lules T CD8+, i evita el reconeixement pels
limfocits T CD4+. Vpr incrementa el cicle de replicacio viral en les cél-lules infectades,
estimulant aixi la produccié de particules viriques. Igualment, sembla ser important pel
transport del DNA proviral cap el nucli. Vpu és una proteina essencial pel procés de
gemmacio, en el que s’alliberen noves particules viriques infectives al plasma
sanguini. La proteina Vif és important pel transport intracel-lular de molts components
virics. A més, sembla afectar a la morfogenesi viral, i s'associa a la capacitat infectiva

del virus extracel-lular.

El genoma del VIH es caracteritza per presentar una elevada taxa de mutacio,
degut als errors que comet la Tl durant la copia del RNA a DNA i a la capacitat de
recombinacio que tenen els genomes de dos virus diferents quan co-existeixen en una
mateixa cel-lula. En consequéncia, el VIH exhibeix una extrema variabilitat genetica,
qgue genera una poblacio viral heterogenia, que existeix entre diferents individus i dins
d'una mateixa persona. Aquest fet dificulta, d’'una banda, el reconeixement i
I'eliminacié de les particules viriques per part del sistema immunitari i, d’altra banda,

obstaculitza la sintesi d’'una vacuna eficag contra la infeccio pel VIH.

gag vif vpu env nef
°LTR D i | D SLTR
pol vpr 7\ H
rev
tat

Figura 11 . Organitzacio del genoma del VIH.  El genoma del VIH esta format per
dues moléecules de RNA identiques de 9,5 Kb, que conté tres gens estructurals
(gag, pol i env), comuns a tots els retrovirus, i sis gens reguladors (vif, vpr, vpu, rev,
tat i nef). Les regions LTR (long terminal repeat) no codifiquen cap proteina del
virus, i representen els extrems finals del genoma viric, que s’uneixen al DNA de la

cel-lula eucariota un cop integrat al nucli.
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ABSTRACT

Our objective was to investigate the influence of the HIV infection on serum
paraoxonase-3 (PON3) concentration, and to assess a possible relationship with
lipoprotein-associated alterations, immunological response, and accelerated
atherosclerosis. We studied 207 HIV-infected patients and 356 healthy volunteers.
Serum PON3 was determined by in-house ELISA. Polymorphisms of the PON3
promoter were analyzed by the Iplex Gold MassArray™ method. PON3 distribution in
lipoproteins was investigated by FPLC. PON3 concentrations were increased (up to 10
times) in HIV-infected patients with respect to the controls (p < 0.001), and were
inversely correlated with oxidized LDL levels (p = 0.038) and CD4 + T cell counts (p <
0.001).There was a direct relationship (p < 0.001) between PON3 and (-2-
microglobulin (a marker of lymphocyte destruction and progression of HIV-infection).
Treatment with efavirenz was associated with a normalization of PON3 levels. PON3
was mainly found in HDL in HIV-infected patients, but a substantial amount of the
protein was detected in the LDL fraction. The present study shows an important
increase in serum PON3 concentration in HIV-infected patients, associated with their
oxidative, virological and immunological status, and suggests that PON3 may play a

protective role against lipid peroxidation and viral infectivity in this disease.

INTRODUCTION

Human immunodeficiency virus (HIV)-infected patients often develop long-term
metabolic alterations and concomitant atherosclerosis [1,2]. This association has
acquired clinical relevance since the introduction of effective therapeutic measures
which have changed HIV infection from an acute to a chronic disease, and the
consequences of metabolic derangements become more evident over time. In the
course of HIV infection there are several key changes in lipoprotein metabolism
including increased lipid peroxidation, hypertriglyceridemia and low high-density
lipoprotein (HDL) concentration [3]. Among them, changes in HDL are particularly
important since HIV-infected patients with higher HDL-cholesterol concentrations
appear to have a better HIV disease course than those with lower HDL concentrations
[4]. Also, we have previously documented that serum paraoxonase-1 (PON1) activity
and concentration are influenced by HIV infection [5], and that PON1 gene
polymorphisms are related to the presence of sub-clinical atherosclerosis and CD4+ T

cell recovery following treatment [6] .
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The PON enzyme family comprises 3 members, PON1, PON2 and PON3, whose
genes are located adjacent to each other on chromosome 7q21-22 [7]. In mammals,
the PON1 and PON3 genes are expressed in many cell types [8], and their protein
products are found in the circulation bound to HDL [9]. Conversely, PON2 is an
intracellular enzyme which is not, however, found in the circulation [10]. All these
enzymes are able to retard low-density lipoprotein (LDL) oxidation and cellular
oxidative stress [11]. In addition, data obtained from a variety of mouse models of
atherosclerosis have consistently shown that human PON1, 2 or 3 expression inhibits,
or reverses, the development of atherosclerosis via mechanisms involving the
reduction of oxidative stress, the promotion of cholesterol efflux from macrophages,
and the normalization of vascular endothelium function [12-15]. The PON family also
plays a role in innate immunity and can prevent bacterial infection [16].

Although knowledge on PON1 and PONZ2 structure and function is rapidly expanding,
data from PONS protein remain elusive. Its gene was identified in 1996 when Primo-
Parmo et al. [7] detected a large number of cDNA sequences in the Genome Data
Base with significant similarity to, but not identical with, human PON1. The percentage
identity among human PON1, PON2, and PON3 genes is high (about 70%) and the
genes are believed to derive from a common precursor [11]. Clinical research on
PON3 has been hampered by the lack of methods for measurement, but we recently
described a high-throughput, reliable enzyme-linked immunosorbent assay (ELISA) to
analyze PON3 concentration in human serum [17]. The key objective of the present
study was to investigate whether serum PON3 concentration is influenced by HIV

infection and its associated complications.

MATERIAL AND MEDTHODS

Study population

From among the HIV-infected patients attending our clinic, 207 (139 men, 68 women;
mean age 38 years; range 22 to 66) accepted an invitation to participate in the present
study. Of these patients, 122 were co-infected by the hepatitis C virus (HCV). The
exclusion criteria were age < 18 years, or renal function impairment defined as
creatinine levels higher than 106 pmol/l, or having an AIDS-related opportunistic
disease at the time of the study. Forty-five patients had lipodystrophy, defined as the
presence of body-fat changes that could be clearly recognized by the patients
themselves and confirmed by the physician. These changes included subcutaneous
lipoatrophy (hollow cheeks, prominent superficial veins in the limbs, or flattening of the

buttocks) and central obesity (increased abdominal girth, breast enlargement, or
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dorsocervical fat pad) [18]. Carotid and femoral ultrasound measurements were
performed in 178 patients and the intima-media thickness (IMT) was recorded as an
estimate of the presence of sub-clinical atherosclerosis, as previously reported [19].
Patients were considered to have atherosclerosis when IMT was = 0.8 mm, or when an
atheromatous plague was seen in the analyzed areas of the arteries. The main clinical
characteristics of these patients are summarized in Supplementary Table 1. The
control group consisted of 356 healthy volunteers who participated in an ongoing
epidemiological study being conducted in our geographical area.

A fasting venous blood sample was obtained from all the participants. CD4+ T-cells
and CD8+ T-cells were analyzed immediately, and serum and leukocytes were stored
at —80°C until the other measurements were performed. All the participants provided
fully-informed consent to participation in the study on the understanding that anonymity
of all data is guaranteed. The study was approved by the Hospital Universitari de Sant

Joan de Reus Institutional Review Board.

Measurement of serum PON1 and PONS levels

Serum PON1 and PON3 concentrations were determined by in-house ELISA using
rabbit polyclonal antibodies generated against synthetic peptides with sequences
specific to mature PONs. The employed peptides were CRNHQSSYQTRLNALREVQ
(specific for PON1) and CRVNASQEVEPVEPEN (specific for PON3). Details of these
methods have been previously reported [17,20]. Serum PONL1 lactonase activity was
analyzed by measuring the hydrolysis of 5-thiobutyl butyrolactone (TBBL) as described
[21,22]. Lactonase activity was measured in an assay reagent containing 1mM CacCl,,
0.25 mM TBBL and 0.5 mM 5,5’-dithio-bis-2-nitrobenzoic acid (DTNB) in 0.05 mM Tris-
HCI buffer (pH = 8.0). The change in absorbance was monitored at 412 nm. Activities
were expressed as U/l (1 U = 1 mmol of TBBL hydrolyzed per minute). Serum PON1
phosphotriesterase activity was determined by measuring the rate of hydrolysis of
paraoxon at 410 nm and 37°C in a 0.05 mM glycine buffer (pH = 10.5) with 1 mM CacCl,
[23]. Activities were expressed as U/l (1 U = 1 pmol of paraoxon hydrolyzed per

minute).
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Supplementary Table 1. General characteristics of the HIV-infected patients (n = 207)

Characteristics Value

Age, years 38 (7)
Gender; % Male 139 (67.1)
Conventional cardiovascular disease risk factors

Current smoker 163 (78.7)

Hypertension 18 (8.7)

Abnormal fasting glucose 17 (8.2)

BMI (kg/m?) 23.0(3.2)

Dyslipidemia 75 (36.2)
Risk factors for HIV infection

Intravenous drug use 117 (56.5)

Male homosexual contact 25 (12.1)

Heterosexual contact 60 (29.0)
Years since HIV diagnosis 5.4 (3.3)

Baseline CD4+ T count; U/mm?® *

Baseline CD8+ T count; U/mm?® *

444.4 (286.6)

1084.3 (580.7)

Ratio CD4+ / CD8+ * 0.41 (0.33)
Viral load <200 copies/mL; % 81 (39.1)
AIDS-related disease; % 68 (32.8)
Hepatitis C virus co-infection; % 122 (58.9)
Presence of lipodystrophy; % 45 (21.7)
Antiretroviral therapy; %

NNRTI 112 (54.1)

PI 95 (45.9)

NRTI 174 (84.0)
Treated with statins; % 4(1.9)
Treated with fibrates; % 17 (8.2)

NRTI: Nucleoside reverse transcriptase inhibitor; NNRTI: Non-nucleoside reverse transcriptase inhibitor; PI:
Protease inhibitor. Quantitative variables are reported as means and SD (in parentheses). Qualitative variables are
reported as n and % (in parentheses).

* These parameters were analyzed in 177 patients.

Biochemical and serological measurements

Plasma viral load was measured with the COBAS"” TagMan" HIV-1 assay (Roche,
Basel, Switzerland) and CD4+ T-cell and CD8+ T-cell counts by flow cytometry
(Coulter Epics XL-MLC, Beckman Coulter, Fullerton, CA, USA). Antibodies against
HCV, serum B-2-microglobulin (a marker of lymphocyte destruction and progression
of HIV-infection [24]), and serum cholesterol, triglycerides, HDL-cholesterol, and
apolipoprotein (apo) A-I were measured in an automated analyzer (UniCel™ DxI 800,
Beckman Coulter, Fullerton, CA, USA). Oxidized LDL levels were measured by ELISA
(Mercodia, Uppsala, Sweden).
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FPLC lipoprotein fractionation

PONS3 distribution in lipoproteins was assessed by FPLC (Bio-Rad BioLogic DuoFlow
10 system, Bio-Rad Laboratories, Inc. Hercules, CA). Sera from 3 HIV-infected patients
and 3 non-infected participants were pooled separately. To maximize the possible
differences between groups, sera from the HIV-infected patients were chosen to have a
PONS3 concentration > 20 mg/l. Two-hundred pl from each pool were injected into a
Superose 6/300 GL column (GE Healthcare Europe GmbH, Glattbrugg, Switzerland),
and five-hundred pl fractions were collected. Cholesterol, triglycerides, PON1 and

PONS3 in each fraction were measured as described.

PON3 promoter genotyping

Genomic DNA was obtained from leukocytes (Puregene DNA Isolation reagent set,
Gentra Systems Inc., Minneapolis, MN, USA). Selected single nucleotide
polymorphisms (SNPs) of the PON3 promoter were analyzed by the Iplex Gold
MassArray™ method (Sequenom Inc., San Diego, CA, USA) at the Spanish National
Genotyping Center (Centro Nacional de Genotipado, Universitat Pompeu Fabra,

Barcelona, Spain).

Statistical analysis

The normality of distributions was determined with the Kolmogorov-Smirnov test.
Differences between two groups were assessed with the Student’s t-test (parametric)
or the Mann-Whitney U test (non-parametric). Differences between multiple groups
were analyzed by the Kruskal-Wallis test. Pearson or Spearman correlation coefficients
were used to evaluate the degree of association between variables. Each SNP was
tested for Hardy-Weinberg equilibrium using Haploview 4.0 software [25]. Estimates of
linkage disequilibrium between SNPs were calculated using Fisher's test. Diagnostic
accuracy for the measurement of serum PON3 concentration was calculated with ROC
analysis [26]. Results are shown as means and SD (parametric) or as medians and
95% confidence interval (Cl; non-parametric). The SPSS 18.0 package was employed

for all statistical calculations.

RESULTS
Relationships between serum PON3 concentrations, PON1 status and lipoprotein
alterations
Serum PON3 concentrations were significantly increased in HIV-infected patients with
respect to the control group (p < 0.001; Fig. 1A). The results of the ROC analysis for

serum PON3 concentration measurement are shown in Fig. 1B. The area-under-the
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curve (AUC) was 0.94 (95% CI: 0.92 — 0.97; p < 0.001), which highlights the
remarkable differences in serum PON3 concentrations between patients and controls.
We observed a significant inverse relationship (r = — 0.147; p = 0.038) between serum
PONS3 concentration and oxidized LDL levels (Fig. 1C) in HIV-infected patients. HIV-
infected patients had an altered lipoprotein profile with and increase in serum
triglycerides concentration and a decrease in cholesterol in all lipoprotein fractions;
however, there were no significant changes in serum PON1 concentration or in PON1
lactonase or paraoxonase activities (Table 1). There were no significant associations
between serum PON3 concentrations, PON1 status, cholesterol and triglycerides

(Supplementary Table 2).

Table 1. Lipoprotein-related variables in the control group and in HIV-infected patients

Parameter Contrgl group HIV—infecEed patients D
(n = 356) (n =207)
Cholesterol (mmol/l) 5.28 (0.98) 4.89 (1.23) <0.001
Triglycerides (mmol/l) 1.1 (0.5-2.6) 1.5(0.6 - 8.5) <0.001
HDL-cholesterol (mmol/l) 1.48 (0.39) 1.18 (0.45) <0.001
LDL-cholesterol (mmol/l) 3.20 (0.95) 2.75 (0.96) <0.001
Apolipoprotein A-I (g/l) 1.69 (0.28) 1.38 (0.31) <0.001
Oxidized LDL (U/l) 84.5(81.8-88.7) 81.5 (40.5 — 145.9) 0.951
PON1 concentration (mg/l) 96.5 (43.6 — 290.5) 98.9 (14.1 - 344.4) 0.858
PON1 lactonase activity (U/l) 5.1(2.9-8.4) 5.2(2.8-8.5) 0.777
PON1 paraoxonase activity 278.8 (161.3-579.9) 285.7 (153.4 — 679.3) 0.171

(urn)

Results are presented as means and SD in parentheses (parametric) or as medians and 95% ClI in parenthesis (nonparametric).

Supplementary Table 2. Correlation coefficients of the regression lines between
serum PON3 concentrations and lipoprotein variables in HIV-infected patients

Parameter Spearmanp P

Cholesterol -0.092 0.223
Triglycerides —-0.045 0.549
HDL-cholesterol -0.048 0.526
LDL-cholesterol -0.044 0.583
Apolipoprotein A-l -0.111 0.136
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Fig. 1. (A) Serum PON3 concentrations in control subjects and HIV-infected patients. (B) ROC plot for serum PON3 concentration
measurement in HIV-infected and non-infected people. AUC: Area-under-the curve; Cl: Confidence interval. (C) Relationship between

serum PON3 concentrations and oxidized LDL levels (ox-LDL) in HIV-infected patients.

FPLC lipoprotein fractionation

In non-infected participants, PON1 and PON3 immunoreactivity was observed almost
exclusively in HDL fractions. However, in the HIV-infected pool, a substantial amount of
both proteins eluted with the smallest HDL, and with LDL particles (Fig. 2).
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Fig. 2. FPLC lipoprotein fractionation and PON1 and PONS3 lipoprotein distribution in the control and the HIV-infected pools.

Influence of genotypes on serum PON3 concentrations

The frequency distributions of the selected PON3 promoter gene polymorphisms are
shown in Supplementary Table 3. There were no significant differences between
control subjects and HIV-infected patients. These polymorphisms moderately
influenced serum PON3 concentrations in the control subjects, but not in the patients’
group.

All PON3 promoter polymorphisms were strongly linked in a single haplotype, and we

did not observe any significant differences between patients and controls (Fig. 3).
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Fig. 3. Linkage disequilibrium (LD) structures across the PON3 promoter gene, in control subjects and HIV-infected patients, calculated by
the Haploview software and labeled by their gene position. Pairwise linkage disequilibrium (D) values are given en each square intersecting
for each pair of SNPs and haplotype blocks outlined. There were not any significant differences in the haplotype frequencies between

patients and controls.

Relationships between serum PON3 concentrations and the immunological and

virological outcomes
Co-infection with HCV was associated with a significantly higher PON3 concentration

[5.8 (2.6 — 11.1) vs. 4.5 (2.4 — 11.6) mgl/l, respectively; p = 0.024]. There was a
significant curvilinear inverse association (r = 0.363; p < 0.001) between serum PON3
concentration and CD4+ T cell counts (Fig. 4A), but not with CD8+ T cell counts, the
CD4+/CD8+ ratio or the plasma HIV-1 viral load (Supplementary Table 4). There was a
significant direct linear relationship (r = 0.397; p < 0.001) between serum PON3 and [3-

2-microglobulin concentrations (Fig. 4B).
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Supplementary Table 3. Distribution of PON3 genotypes in the control group and HIV-infected patients

Genotype frequency (%) PON3, mg/L
Polymorphism
Control HIV Control HIV
cc 59.8 61.7 1.83 (0.45) 5.97 (0.21)
PON3.567* CT 36.4 32.1 1.68 (0.41) 6.19 (0.31)
TT 3.8 6.3 1.56 (0.28) 5.51 (0.55)
AA 59.6 61.7 1.83 (0.45) 5.97 (0.21)
PON3.ges* AG 36.6 32.1 1.68 (0.40) 6.19 (0.31)
GG 3.8 6.3 1.56 (0.28) 5.51 (0.55)
cc 59.7 61.5 1.83 (0.44) 5.98 (0.21)
PON3.746* CT 36.5 31.8 1.67 (0.41) 6.21 (0.32)
T 3.8 6.6 1.56 (0.27) 5.45 (0.52)
GG 61.7 64.8 1.82 (0.45) 5.95 (0.20)
PON3.105 GA 35.3 30.0 1.68 (0.40) 6.18 (0.32)
AA 3.0 5.2 1.56 (0.32) 5.89 (0.66)
T 62.7 64.5 1.82 (0.45) 5.99 (0.20)
PON3.s70 TG 34.8 30.7 1.69 (0.39) 6.14 (0.32)
GG 25 4.9 1.51 (0.31) 5.54 (0.60)
AA 62.4 64.6 1.81 (0.46) 5.97 (0.20)
PON3.4984 AG 34.8 30.5 1.69 (0.39) 6.08 (0.32)
GG 2.8 4.9 1.51 (0.31) 5.54 (0.60)

There were not any significant differences in genotype frequencies between patients and controls. * These polymorphisms were associated with significant

decreases (p < 0.05) of serum PON3 concentrations in control subjects, but not in HIV-infected patients.
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Fig. 4. Relationships between serum PON3 concentrations, CD4+ T cell counts and -2-microglobulin concentrations in HIV-infected patients.
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Influence of treatments on serum PON3 concentrations

We observed a significant inverse relationship between serum PON3 concentrations
and the duration of the antiretroviral treatment in patients given a non-nucleoside
reverse transcriptase inhibitor (r = - 0.250; p = 0.035), but not in patients given
protease inhibitors (r = - 0.059; p = 0.408), or nucleoside reverse transcriptase
inhibitors (stavudine: r = - 0.242; p = 0.133; lamivudine: r = - 0.113; p = 0.240).

PONS3 and sub-clinical atherosclerosis

When patients were segregated according to whether they had sub-clinical
atherosclerosis (n = 137) or not (n = 41), we did not observe any significant differences
in serum PON3 concentrations [5.2 (2.5 - 11.2) vs. 5.4 (2.5 — 11.1) mg/l, respectively;
p = 0.959]. There was no significant association between serum PON3 concentration
and the quantitative value of the IMT (r = 0.047; p = 0.544).

DISCUSSION

Viral replication and some clinical manifestations of HIV infection involve an imbalance
in reduction-oxidation (redox) status and free radical production [27]. Moreover,
oxidative stress may also be induced by antiretroviral treatments [28]. PON3 is an
enzyme with lactonase activity [29], the physiological function of which is not
completely understood, but evidence suggests that it has an antioxidant role by
hydrolyzing oxidized lipid peroxides, similarly to PON1 and PON2. Purified human and
rabbit PON3 and recombinant PON3 have been shown to decrease macrophage
oxidative stress and inhibit the in vitro oxidation of LDL [30-33]. The present study
pioneeringly revealed a remarkable increase (up to 10 times) in serum PON3
concentration in HIV-infected patients that may be clinically relevant. ROC analysis
showed an AUC very close to 1.0, demonstrating a high sensitivity and specificity of
serum PON3 measurement in distinguishing between HIV-infected and non-infected
people. Interestingly, oxidized LDL levels were not significantly increased, but a
significant inverse relationship was observed between their levels in circulation and
those of PON3. These data support the concept that PON3 plays a protective role
against oxidative stress and increased lipid peroxidation in HIV infection. Whether this
increase in circulating PON3 is related to a higher cellular expression is, as present,
unknown. However, a recent study observed a similar increase (5 times) in Pon3
MRNA expression in late gestation, a physiological estate in which oxidative stress is
observed [34].
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Our results also suggest that PON3 participates in the organism’s defence mechanism
against HIV infection. This disease is associated with important increases in several
acute phase proteins, including C-reactive protein, serum amyloid A, and the virus
inhibitory peptide. All these proteins have been shown to possess anti-viral activity in
vitro [35]. Indeed, HDL is thought to play a role in the innate immune system [36,37],
and the finding from the present study of associations between serum PON3, [3-2-
microglobulin, and CD4+ counts suggests that PON3 may play a role in this function.
The mechanisms by which PON3 could play this putative anti-infective role are
unknown. Membrane metabolism is modulated by the efflux of cholesterol to the HDL
particle (i.e. HDL particles deplete cholesterol from the cell membrane) and this
phenomenon would influence HIV replication since the virus needs the cholesterol rafts
of the cell membrane to perform the final viral assembly [38,39]. PON3 has been
reported to increase cholesterol efflux from macrophages [32] and, thus, the possibility
exists that this enzyme plays a role in pre-empting HIV replication and allowing normal
cholesterol turnover from the cell membranes to proceed.

Recently, the study of the relationship between HDL and the course of HIV infection
has attracted a great deal of attention from the scientific community. The adaptation of
this lipoprotein to a chronic inflammatory and an oxidant state, together with its
relationships to HIV-related metabolic disturbances, are areas that are receiving
greater attention because, with the new treatments becoming available, these patients
have longer survival times and, as such, other physiological perturbations are
becoming increasingly relevant. The use of some nucleoside reverse transcriptase
inhibitors and protease inhibitors are associated with a lipoprotein profile that is
considered atherogenic [40]. On the contrary, non-nucleoside reverse transcriptase
inhibitors, such as efavirenz, promote anti-atherogenic changes in HDL particles and
function, including normalization of size and lipid composition, enhancement of the
reverse cholesterol transport, and improvement of the antioxidant capacity [41,42]. In
the present study, treatment of HIV-infected patients with efavirenz, but not with other
anti-retroviral agents, was associated with a normalization of serum PON3
concentrations, supporting the concept that the expression of this enzyme is enhanced
when viral replication is exacerbated and the immune response is hampered.

We did not find any significant differences in genotype or haplotype PON3 promoter
gene polymorphisms between patients and controls, suggesting that genotype does not
influence the course of the disease. In our previous report, we observed a moderate
influence of some polymorphisms on serum PON3 concentration in the normal
population [17], but this is not the case in HIV-infected patients. Possibly, the up-

regulation of PON3 expression secondary to the infection masks the small effect of
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these polymorphisms. Unlike PON1 [6], PON3 seems not to be associated with the
presence of sub-clinical atherosclerosis is HIV-infected patients. This may suggest that
the protective effects of these enzymes differs under certain situations, and that
perhaps PON1 is more efficient in protecting against the alterations leading to
atherosclerosis and PON3 is in some way involved in protection against infection. This
is, to the best of our knowledge, the first in vivo evidence suggesting such a
hypothesis, and warrants further investigation. Another interesting point has been to
find a wider lipoprotein distribution of PON1 and PON3 in HIV-infected patients. They
are observed in substantial amounts in the smallest HDL and in LDL particles. The
accepted concept to-date is that these enzymes are exclusively transported in the
circulation by HDL [11], and only associated with other lipoproteins in exceptional
circumstances [43]. Perhaps the excess PON3 produced in HIV infection cannot be
properly packed in the HDL particles, as the conformation of HDL-associated
apolipoprotein A-1 leaves little free surface area for other proteins to bind [44]. This may
have resulted in some PONS redistributing to LDL. The physiological implications of
this observation require further investigation.

A surprising result from the present investigation was the absence of finding any
significant alteration in PON1 activity or concentration in HIV-infected patients. This
contradicts our own previous results [5]. We do not know the reason for this
discrepancy but, in our previous studies, the differences in PON1 status between
patients and controls, although significant, were not quantitatively very important (less
than 20% change). Indeed, we already suggested that PON1 gene polymorphisms are
more important than the actual enzyme levels in influencing metabolic and
immunological disturbances in HIV infection [6].

In conclusion, the present study reports for the first time an important increase in serum
PON3 concentrations in HIV-infected patients which is associated with the oxidative,
virological and immunological status of the patients and their treatment with efavirenz.
Long-term, prospective studies are needed to further investigate the possible influence
of this enzyme on the course of this disease and its possible utility as an analytical

biomarker.
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ABSTRACT

Background: The role of pro-inflammatory lipids in systemic immune activation in HIV
infection remains largely unknown. We hypothesized that HIV-infected persons on
antiretroviral therapy would have pro-inflammatory high density lipoprotein (HDL), and
that SAA exacerbate the inflammatory properties of HDL in these persons.

Methods: We studied 207 HIV-infected patients and 161 healthy volunteers. Serum
SAA concentration was determined by ELISA and its distribution in lipoproteins was
investigated by FPLC. A proteomic analysis of isolated HDL particles were analyzed by
2D-DIGE

Results: SAA concentrations were increased in HIV-infected patients with respect to
the controls (p < 0.001), and were inversely correlated with CD4+ T cell counts (p <
0.001) and CD4 + T cell counts (p < 0.001).There was a direct relationship (p < 0.001)
between SAA and markers of inflammation (MCP-1 and PCR). Treatment with
protease inhibitors was associated with an increase of SAA levels. SAA was only found
in HDL particles from in HIV-infected patients.

Conclusions: The important increase in SAA in the HDL particles from HIV-infected
patients, associated with their virological and immunological status, could suggests that
the anti-inflammatory properties of HDL are defective in HIV-infected persons despite

treatment that is considered to be virologically successful.

INTRODUCTION

With improved antiretroviral therapies and survival among patients with HIV-infection,
cardiovascular disease (CVD) has become an increasingly important cause of
morbidity and mortality [1]. The magnitude of the increased CVD risk among persons
with HIV-1 infection is unclear, however, as are the relative contributions of viremia,
immune activation, antiretroviral therapy (ART), conventional cardiovascular risk
factors (such as increasing age and hypertension), and changes in systemic
inflammation [1]. Understanding the relative contributions of host, virus, and
antiretroviral therapy to risk of CVD in HIV-1 infection will aid in the development of
strategies for prevention and treatment.

Inflammation has increasingly been recognized to be pivotal in the initiation and
perpetuation of arterial injury leading to atherosclerosis and its complications [2]. Pro-
inflammatory high density lipoprotein (HDL) may play a role in this process; higher

serum levels of pro-inflammatory HDL are associated with the increased rates of CVD
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in certain chronic inflammatory conditions such as rheumatoid arthritis, systemic lupus
erythematosus, and type |l diabetes mellitus [3]. While immune activation is a hallmark
of HIV-infection, it is unknown if HIV-infection affects levels of pro-inflammatory HDL, or
if increases in HDL-cholesterol observed after initiation of ART in longitudinal studies
are neutral, atheroprotective or atherogenic in nature [2,4-8].

In view of the systemic immune activation that is not entirely reversed despite effective
ART [9,10] and which could therefore be conducive to generating pro-inflammatory
lipids, we hypothesized that HIV-infected persons on ART would have pro-inflammatory
HDL.

MATERIALS AND METHODS

Participants and eligibility

From among the patients infected with HIV who attended our outpatient clinic, 207
accepted the invitation to participate in the study and provided fully informed consent.
Among the exclusion criteria were being <18 years-old, having AIDS-related
opportunistic diseases at the commencement of the study, and declining the invitation
to participate. For comparisons, we recruited non-infected participants on a previous
population-based study (GENUP, n=161), designed to be representative of the
population living in our particular geographic area. The Ethics Committee of the

Hospital Universitari de Sant Joan de Reus approved the study.

Clinical and Laboratory Measurements

A detailed clinical record was taken of each subject and a thorough physical
examination was performed at interview. Data on age, gender and body mass index
(defined as the weight in kilograms divided by the square of the height in meters) were
collected. A sample of fasting venous blood was taken for the measurement of glucose,
total cholesterol, HDL-cholesterol (HDL-c), and triglycerides concentrations. The
analyses were conducted using standard laboratory methods. The LDL-cholesterol
(LDL-c) values were calculated using the Friedewald formula. Plasma HIV-1 RNA viral
load was measured with Cobas TagMan HIV-1 Test (limit of detection was 40
copies/mL; Roche Diagnostics, Branchburg, NJ, USA). CD4+ and CD8+ T cell counts
were assessed by standard FACscan flow cytometry (Becton-Dickinson, Madrid,
Spain). Antibodies against HCV were measured by immunoassay in an automated
analyser (Abbott Axsym, Abbott Park IL, USA).
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Venous blood samples were collected into EDTA-containing tubes. ApoA-1 and ApoA-Il
concentrations were analysed by a turbidimetric immunoassay (Beckman-Coulter,
Fullerton, CA). The concentration of C-reactive protein (hsCRP) was measured by a
particle-enhanced turbidimetric immunoassay (Quantex hs-CRP kit, Biokit), which had
a sensitivity of 0.10 mg/L. MCP-1 and SAA concentrations were measured according to
the manufacturer's recommendations with an enzyme-linked immunosorbent assay
(PeproTech, UK). PONL1 activity was analysed by measuring the rate of hydrolysis of
paraoxon at 37 °C [9]. PON1 concentration was determined by an in-house enzyme-
linked immunosorbent assay (ELISA) [10], and oxidized-LDL concentration was

measured by enzyme-linked immunoassay (Mercodia, Uppsala, Sweden).

Ultrasound assessment

Carotid and femoral ultrasound measurements were performed in 178 patients and the
intima-media thickness (IMT) was recorded as an estimate of the presence of sub-
clinical atherosclerosis, as previously reported [11]. Patients were considered to have
atherosclerosis when IMT was >0.8 mm, or when an atheromatous plaque was seen in

the analyzed areas of the arteries.

FPLC lipoprotein fractionation

SAA distribution in lipoproteins was assessed by FPLC (Bio-Rad BioLogic DuoFlow 10
system, Bio-Rad Laboratories, Inc. Hercules, CA). Sera from 12 HIV-infected patients
and 6 non-infected participants were pooled separately. Two-hundred pl from each
pool were injected into a Superose 6/300 GL column (GE Healthcare Europe GmbH,
Glattbrugg, Switzerland), and five-hundred pl fractions were collected. Cholesterol,

triglycerides and SAA in each fraction were measured as described.

Isolation of HDL

Blood samples in EDTA-containing tubes were obtained from six healthy volunteers
and from twelve HIV-infected patients (six untreated patients and six under
antiretroviral therapy at least for 12 months), after an overnight fast. After centrifugation
(15 min, 1 500 x g) at room temperature, plasma was obtained. EDTA (1 mg/mL) and
sucrose (final concentration 0.5%) were added to prevent HDL oxidation and
aggregation, respectively. Samples were ultracentrifugated at d = 1.063 g/mL at 40 000
rpm (100 000 x g) at 10C for 20 h to obtain apolip oprotein B-containing lipoprotein
particles (supernatant). The remaining sample present in the infranatant was adjusted
at d = 1.210 g/mL with solid KBr and ultracentrifugated again at 40 000 rpm (100 000 x
g) at 10T for 40 h to obtain HDL particles (supern atant). HDL was then concentrated

133



UNIVERSITAT ROVIRA I VIRGILI

INFLAMACIO I OXIDACIO EN LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA: MODIFICACIONS DE LES
LIPOPROTEINES D'ALTA DENSITAT

Gerard Aragones Bargalld

DL:T.

1353-2011

Material Suplementari

using centrifugal filter devices (Amicon Ultra-4; Millipore), and desalted by size-
exclusion chromatography on PD-10 columns (Sephadex G-25 M; GE Healthcare)
equilibrated with PBS (50 mM, pH 7.4). Protein concentration in the HDL solution was
determined with Bio-Rad protein Assay by the method of Bradford. HDL preparations
were stored in the dark at —80°C until use. All ultracentrifugation steps were performed
in a Centricon 75 ultracentrifuge (Kontron Instruments, Ltd) using a Kontron TFT 45.6

fixed angle rotor.

Sample Preparation and 2-D Differential In Gel Ele  ctrophoresis (DIGE)

The HDL preparations were delipidated with two volumes of ice-cold solution of
chloroform:methanol (1:3). The mixture was incubated for 1 hour at 4°C, and
centrifuged twice at 1 200 x g at 4°C. The supernatant was discarded and the pellets
were dried and resuspended for 1-2 h in 2-D buffer (7M urea, 2M thiourea, 4%
CHAPS). Finally, proteins were purified and concentrated by precipitation with the 2-D
Clean-Up Kit (GE Healthcare) according to the manufacturer's instructions, and protein
concentration was measured with the 2-D Quant Kit (GE Healthcare). Proteins were
purified by precipitation using a 2D Clean-Up Kit (GE Healthcare, Piscataway, NJ)
according to the manufacturer's instructions. After precipitation, protein pellets were
resuspended in 7 M urea, 2 M thiourea, 2% CHAPS, 50 mM DTT, 1% Pharmalyte (pH
3-10) before minimal labelling or 0.1% Triton X100 before saturated labelling. Protein
concentration was measured using a 2D Quant Kit (GE Healthcare Piscataway, NJ)
and Bio-Rad Dc Protein Assay (Bio-Rad Laboratories, Hercules, CA).

Protein samples were prepared and labelled according to the manufacturer’s protocol.
Briefly, 50 pg of each protein sample was labelled separately at 0°C in the dark for 30
min with 400 pmoles of the N-hydroxysuccinimide esters of cyanine dyes (Cy3 and Cy5
CyDyes; GE Healthcare) dissolved in 99.8% DMF (Sigma). The internal standard, the
equimolecular mixture of all the protein extracts, was labelled with the Cy2 CyDye. The
labelling reaction was quenched by the addition of 1 mL of a 10-mM L-lysine solution
(Sigma) and left on ice for 10 min. After labelling and quenching, the Cy2, Cy3 and Cy5
appropriate samples were mixed, and a volume of 2-D buffer containing 50 mM DTT
and 1% IPG buffer was added.

2-D was performed using precast immobilized polyacrylamide gel (IPG) strips (pH 3-11
non-linear, 24 cm length; GE Healthcare) in the first dimension (IEF). Samples were
applied by cup-loading onto IPG strips previously rehydrated with 450 mL rehydration
buffer (7M urea, 2M thiourea, 2% CHAPS, 0.5% Pharmalyte 3—-10, 97 mM De-Streak
and minute amounts of bromophenol blue). 150 g protein was loaded on each IPG

strip and IEF was carried out using a commercial horizontal electrophoresis system
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(IPGPhor lll; GE Healthcare). The proteins were then focused at 53 000 Vh at maxium
voltatge of 8 000 V and at 50 pA per strip. After IEF separation, the strips were
immediately equilibrated twice for 15 min with 75 mM Tris-HCI pH 8.8, 6M urea, 30%
glycerol, 2% SDS and a trace of bromophenol blue. The first equilibration solution
contained 2% DTT (reduction step), and 4% iodoacetamide was added in the alkylation
step instead of DTT. Second-dimension SDS-PAGE was performed in a vertical
electrophoresis system (Protean Ettan DALT II; GE Healthcare) using 12.5% (26 cm x
20 cm x 1 mm) homogeneous polyacrylamide gels, and was carried out at a constant
current until the dye front reached the bottom of the gel (45 min at 2 mA/gel and about
5 h at 20 mA/gel) and constant temperature (20°C).

Image acquisition and analysis

For visualization of protein spots used for identification gels were scanned at 532 nm
on Typhoon 9410. Spots selected for protein identification after DeCyder analysis were
picked from gels by automatic Ettan Spot Picker (GE Healthcare, Piscataway, NJ) with

2 mm diameter tip.

In-gel digestion of proteins

Protein spots from flamingo-stained preparative gels were excised manually and then
digested automatically using a Proteineer DP protein digestion station (Bruker-
Daltonics, Bremen, Germany). Gel plugs were submitted to reduction with 10 mM DTT
(GE Healthcare) in 50 mM ammonium bicarbonate (99.5% purity; Sigma-Aldrich) and
alkylation with 55 mM iodoacetamide (Sigma-Aldrich) in 50 mM ammonium
bicarbonate. The gel pieces were then rinsed with 50 mM ammonium bicarbonate and
ACN (gradient grade; Merck, Darmstadt, Germany) and dried under a stream of
nitrogen. Modified porcine trypsin (sequencing grade; Promega) at a final concentration
of 13 ng/mL in 50 mM ammonium bicarbonate was added to the dry gel pieces and the
digestion proceeded at 37°C for 6 h. Finally, 0.5% TFA (99.5% purity; Sigma-Aldrich)

was added for peptide extraction.

MALDI-ToF and MS—-MS analysis

Spots were cut from 2D gels and digested with trypsin (Promega Biotech, Madrid,
Spain) at 37<C overnight using a Montage In-Gel Dig estz (Millipore, Madrid, Spain), as
recommended by the manufacturer. Peptides were dried, resuspended in trifluoroacetic
acid, mixed with a -cyano-4-hydroxycinnamic acid and analyzed by a MALDI-ToF
Voyager DE Pro mass spectrometer (Applied Biosystems, Madrid, Spain). Spectra

were accumulated for 100 laser shots and analyzed using MSFit software version 3.2.1
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(52). For MS-MS analysis, pellets of samples from chloroform precipitation were
resuspended in NH,COH, and digested with trypsin. Next, digested peptides were
isolated by C18 reversed-phase columns using ZIPTips (Millipore, Madrid, Spain).
Eluted peptides were dried and resuspended in 50% acetonitrile/5% acetic acid in
water and applied off-line to the mass spectrometer LCQ Deca XP ion trap (Thermo
Finnigan Corporation, Waltham, MA, USA) and sprayed into the LCQ. The MS/MS
acquired data searches were performed out with SEQUEST (Thermo Finnigan
Corporation) against amino acid sequences listed in the International Protein Index
(IPl.fasta) of protein database of the EBI. At least three peptides were found per
protein. The IPlI was compiled by the EBI to provide a top-level guide to the main

databases that describe human, rat and mouse proteomes: SWISS-PROT.

Statistical analysis

The normality of distributions was determined with the Kolmogorov-Smirnov test.
Differences between two groups were assessed with the Student’s t-test (parametric)
or the Mann-Whitney U test (non-parametric). Differences between multiple groups
were analyzed by the Kruskal-Wallis test. Pearson or Spearman correlation coefficients
were used to evaluate the degree of association between variables. Results are shown
as means and SD (parametric) or as medians and 95% confidence interval (Cl; non-

parametric). The SPSS 18.0 package was employed for all statistical calculations.

RESULTS

From among the HIV-infected patients attending our clinic, 207 (139 men, 68 women;
mean age 38 years; range 22 to 66) accepted an invitation to participate in the present
study. Of these patients, 122 were co-infected by the hepatitis C virus (HCV). Forty-five
patients had lipodystrophy, The main clinical characteristics of these patients are

summarized in Table 1.

Serum SAA concentrations were significantly increased in HIV-infected patients with
respect to the control group (p < 0.001; Fig. 1). We observed a significant increase of
serum SAA concentrations in patients given a protease inhibitors with respect to
patients given non-nucleoside reverse transcriptase inhibitor (p = 0.01; Fig. 1), or

untreated patients (p = 0.007; Fig. 1).
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Table 1. General characteristics of the HIV-infected patients (n = 207)

Characteristics Value

Age, years 38 (7)
Gender; % Male 139 (67.1)
Conventional cardiovascular disease risk factors

Current smoker 163 (78.7)

Hypertension 18 (8.7)

Abnormal fasting glucose 17 (8.2)

BMI (kg/m?) 23.0(3.2)

Dyslipidemia 75 (36.2)
Risk factors for HIV infection

Intravenous drug use 117 (56.5)

Male homosexual contact 25 (12.1)

Heterosexual contact 60 (29.0)
Years since HIV diagnosis 5.4 (3.3)

Baseline CD4+ T count; U/mm?® *

Baseline CD8+ T count; U/mm® *

444.4 (286.6)
1084.3 (580.7)

Ratio CD4+ / CD8+ * 0.41 (0.33)
Viral load <200 copies/mL; % 81 (39.1)
AIDS-related disease; % 68 (32.8)
Hepatitis C virus co-infection; % 122 (58.9)
Presence of lipodystrophy; % 45 (21.7)
Antiretroviral therapy; %

NNRTI 112 (54.1)

PI 95 (45.9)

NRTI 174 (84.0)
Treated with statins; % 4(1.9)
Treated with fibrates; % 17 (8.2)

NRTI: Nucleoside reverse transcriptase inhibitor; NNRTI: Non-nucleoside reverse transcriptase inhibitor; PI:
Protease inhibitor. Quantitative variables are reported as means and SD (in parentheses). Qualitative variables are

reported as n and % (in parentheses).
* These parameters were analyzed in 177 patients.
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Fig. 1. Serum SAA concentrations in control subjects and HIV-infected patients.
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We observed a significant inverse relationship (r = — 0.264; p < 0.001) between serum
SAA concentration and CD4+ T cell count (Fig. 2A) in HIV-infected patients, but not
with CD8+ T cell counts, the CD4+/CD8+ ratio or the plasma HIV-1 viral load. HIV-
infected patients had an altered lipoprotein profile with an increase in serum
triglycerides concentration and a decrease in cholesterol in all lipoprotein fractions.
There were no significant associations between serum SAA concentrations, ApoA-1,
PON1 status, cholesterol and triglycerides. There was a significant direct linear
relationship between serum PON3 and MCP-1 (r = 0.397; p < 0.001; Fig. 2B), PCR (r =
0.397; p < 0.001; Fig. 2C) and (3-2-microglobulin concentrations (Fig. 2D).
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Fig. 2. Relationship between serum SAA concentration and CD4+ T cell counts, MCP-1, PCR and (-2-

microglobulin in HIV-infected patients.
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As shown in Fig. 3, in HIV-infected participants, SAA immunoreactivity was observed

exclusively in HDL fractions.
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Fig. 3. FPLC lipoprotein fractionation and SAA lipoprotein distribution in HIV-infected patients

When patients were segregated according to whether they had sub-clinical
atherosclerosis (n = 137) or not (n = 41), we did not observe any significant differences
in serum SAA concentrations. There was no significant association between serum

SAA concentration and the quantitative value of the IMT).

Finally, to define differentially expressed protein in isolated HDL particles between
healthy individuals and HIV-infected subjects, this study used 2D-DIGE multiplex
proteomic approach. Isolated HDL protein samples were differentially labeled with a
fluorescent cyanine dye and co-resolved in the same gel to obtain relative quantitative
information. Fig. 4 shows the 2D-PAGE gels images of the co-electrophoresed HDL
sample from healthy subject (Fig. 4A), untreated HIV-infected patient (Fig. 4B) and
treated HIV-infected patient (Fig. 4C). Analysis of the protein maps revealed that 5
protein spots demonstrated a clear change in volume (at least >1.5) between the
uninfected and HIV-infected group (Fig. 4 E). These spots were excised and analyzed.
From these 5 picked protein spots, 3 of them (spots 5004, 5033 and 5085) were

identified confidently by mass spectrometry representing one unique protein: SAA-1.
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Fig. 4. Two dimensional DIGE analysis of proteins in isolated HDL particles. The images represent proteins spot

from non-infected patient (A), untreated HIV-infected patient (B) and treated HIV-infected patient (C), all patients
together (D) and flamingo-stained preparative gel where protein spots that showed a >1.50-fold change in

abundance are numbered.

Discussion

Classically, HDL is believed to play an important role in mitigating oxidative stress and
inflammation by uptake, processing and disposal of oxidized lipids [2,12]. However,
systemic inflammation has been shown to lower this antioxidant and anti-inflammatory
activity by transforming HDL to a pro-oxidant, pro-inflammatory acute-phase HDL that
enhances the tendency of LDL to induce monocyte chemotaxis [2]. It has been
demonstrated that mice that are genetically susceptible to develop atherosclerosis
have augmented pro-inflammatory HDL [12,13]. HDL, therefore, not only removes
excess LDL-derived cholesterol from peripheral tissues, but also has a major role in

mitigating LDL-induced inflammation. Oxidative stress and inflammation are nearly
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constant features of HIV-infection and the prevailing inflammatory state likely
contributes to the observed reduction of HDL anti-inflammatory function in this
population. This could lead to a vicious cycle in which the underlying inflammation and

oxidative stress induce HDL dysfunction, which results in further inflammation.

The present study pioneeringly revealed a remarkable increase in serum SAA
concentration in HIV-infected patients that may be clinically relevant. These preliminary
observations suggest that the composition of HDL are significantly different in HIV-
infected persons with respect to non-infected individuals, despite treatment that is
considered to be virologically successful, and that standard clinical lipid profile testing
may not be an adequate measurement of the risk for CVD in these individuals. In
conclusion, to our knowledge this is the first demonstration that HIV infection is

associated with a marked increase of SAA on HDL patrticles.
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