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La infeccidé pel VIH ha esdevingut una malaltia cronica gracies a la introduccio
del tractament antiretroviral d’alta activitat (1). Aquesta infeccid afecta
actualment a 33.2 milions de persones arreu del mén. Tot i la disminucio de la
mortalitat, la incidéncia de complicacions metaboliques relacionades amb el
tractament i la infeccid adquireixen cada cop més rellevancia clinica afectant a
la morbimortalitat dels pacients (2-4).

La infeccié pel virus del VIH promou un estat pro-oxidatiu que afavoreix la
mateixa replicacid viral i [l'aparici6 d’alteracions metaboliques com
I'aterosclerosi o la lipodistrofia (5-7). L’aterosclerosi és reconeguda com una
malaltia inflamatoria cronica iniciada per 'oxidacio de les lipoproteines a I'espai
subendotelial (8). La paraoxonasa-1 (PON1) és un enzim associat a les
lipoproteines d’alta densitat (HDL) que li confereix gran capacitat antioxidant en
prevenir I'oxidacio de les lipoproteines (9,10). Tot i que el seu sustrat fisiologic
encara no es coneix, s’ha estudiat el seu rol protector en diverses malaties
croniques com la diabetis (11), l'artritis reumatoide (12), el lupus eritematos
sistéemic (13) i diverses hepatopaties (14). Per aquesta rad creiem interessant
investigar la possible funcié d’aquest enzim antioxidant en la evolucio
immunologica i virologica de la infeccio pel VIH i aixi també en I'aparicidé de
complicacions metabdliques com [laterosclerosi i els esdeveniments

cardiovasculars d’aquests pacients.
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1. Paraoxonases

Es coneix com paraoxonases (PON) els productes proteics de tres gens
anomenats PON1, PON2 i PON3 (15) localitzats, en els humans, en posicions
adjacents al cromosoma 7 (7921.3-g22.1). Aquests tres gens comparteixen una
homologia estructural d’'un 70% pel que es pensa que provenen d’un precursor
genic comu (16,17).

En humans els gens de PON1 i PON3 s’expressen sobretot al fetge (18) i
també al rony6. L'expressié de PON2 es considera ubiquota (19). En sang
periférica els enzims PON1 i PON3 es troben units a les lipoproteines d’alta
densitat (HDL) i en canvi, el producte proteic PON2 es troba només a nivell
intracel-lular (20,21).

Dels tres enzims, el més estudiat fins ara, ha estat PON1. L'’enzim PON1 es
coneix amb el nom de paraoxonasa per la seva capacitat per hidrolitzar
I'insecticida paratio, tot i que també se’l pot anomenar arilesterasa en funcié del
substrat que s’utilitzi per a la seva determinaci6 (22,23).

Les funcions fisiologiques dels productes genics de PON2 i PON3 no son
encara conegudes. S’han associat dos polimorfismes del gen de PON2 a la
regié codificant, PON2145 (A/G) i PON2331, amb un augment del risc de malaltia
cardiovascular (S/C) (24,25). S’ha observat que PON2 té capacitat per protegir
les particules de LDL de I'oxidacioé tot i no trobar-se unida a les HDL i també té
capacitat per hidrolitzar les lactones perdo no el paraoxd o altres xenobiotics
com PON1 (26, 27). PON3 és el membre més recentment identificat i donat que
s’expressa en menor quantitat, es pensa que la seva importancia és inferior
(28).

2. L’enzim paraoxonasa-1

Mazur, 'any 1946, va descriure per primera vegada la degradacié enzimatica
de compostos organofosforats en teixits, com el fenilacetat (activitat
arilesterasa) o el paraox6 (activitat paraoxonasa) (29). Posteriorment Playfer i
cols. (30) van descobrir que la variabilitat en l'activitat paraoxonasa era

considerable identificant diferents variants géniques localitzades en un mateix
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locus autosomic. Es diferenciaven en funci6 de les activitats
paraoxonases/arilesterases dos o tres fenotips corresponents a activitats
baixes, altes i mitjanes en sérum. Posteriorment Eckerson i cols. (31,32) van
estudiar aquestes tres variants fenotipiques. A les variants amb baixa activitat
els va anomenat AA, AB a les intermédies i BB a les altes. Adkins i cols. Una
decada despres van identificar dues posicions polimorfigues a la regio
codificant de PON1: Arg/GIn a la posicié 192 (polimorfisme PON1;g,, amb dos
al-lels anomenats Q i R que es corresponen a les variants fenotipiques A i B
respectivament) (33); i Leu/Met a la posicié 55 (polimorfisme PON1ss, amb dos
al-lels anomenats L i M) (34).

Es a dir, utilitzant com a substrat el paraoxo, el polimorfisme de PON1 a la
posicio 192 amb la isoforma Q (substitucié d’'una arginina per una glutamina)
correspon al fenotip A amb activitats baixes i la isoforma R (substituint una
glutamina per una arginina) correspon amb el fenotip B amb activitats més
altes, tal i com es demostra a la Figura 1.

En quant al polimorfisme PON1ss no s’ha establert una associacio tan clara
amb l'activitat i la concentracié de I'enzim, tot i que sembla que la isoforma M

esta associada a una activitat més baixa (35).
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Figura 1. Representacio grafica de I’activitat paraoxonasa estimulada amb sals vs
P’arilesterasa. S’observen clarament els 3 polimorfismes AA, AB i BB (31).
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2.1. Funcio fisiologica de PON1

2.1.1. Degradacio de peroxids lipidics

La capacitat d’hidrolitzar els organofosforats per part de PON1 previndria la
intoxicacid a nivell del sistema nervidés central per aquests agents toxics (36),
d’altra banda, és important considerar que no son presents habitualment en la
sang humana. Aquesta premissa i el fet que la especificitat de substrat fisiologic
de PON1 no ha estat caracteritzada completament, ha provocat el debat sobre
quina podria ser la funcié fisioldogica de PONL1.

No va ser fins a la decada dels 90 en que el grup de Mackness et al. van
descobrir que PON1 unida a les HDL i també purificada era capa¢ d’inhibir la
formacié de lipoperoxids durant el procés d’oxidacido de les lipoproteines de
baixa densitat (LDL) in vitro (37,38).

Les variants geniques de les posicions
PON1,4, portadors de l'al-lel Q i a la posicid
PON1ss els portadors de l'al-lel M, serien
els al-lels que conferien més estabilitat
enzimatica i més capacitat per protegir
davant l'oxidacié dels lipoperoxids (39).
(Figura 2)
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Figura 2. Efecte dels polimorfismes de PON1ss
] (@) i PON1ig; b) i I’habilitat de les HDL de
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FONI- CRNOTYE pon-162 GENOTYPE  protegir contra la modificaci6 oxidativa (39).

Altres treballs de Mackness també demostraven que aquesta capacitat

antioxidant de I'enzim estava determinada pel genotip de PONL1.
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En la figura 3 es resumeixen, en un esquema, les posicions de les principals
variants geniques dels gens de PON1, PON2, PON3. Les seves associacions a
I'activitat de I'enzim i 'associacié a diferents malalties també ha sigut objectiu

d’altres estudis.
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Figura 3. Representacié esquematica dels polimorfismes més prevalents a la
societat per PON1, PON2 i PON3 (15,16).

Posteriorment aquests resultats es van confirmar per altres grups (39,40),
destacant el d’Aviram i col-laboradors (41) amb diverses publicacions que
confirmaven la proteccié conferida per PON1 degradant colesteril-esters i
fosfolipids oxidats continguts a les lipoproteines oxidades. Aixi mateix, PON1
també afavoreix el transport revers de colesterol via ABCAL (42). Es a dir,
PON1 seria un enzim antioxidant i amb funcions “protectores” en quant al
procés arteriosclerotic.

Cal destacar també que el mecanisme d’hidrolisi dels lipoperoxids és diferent al

del paraoxd, ja que el grup sulfhidril lliure de la cisteina 284 és necessari per la
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proteccio contra la peroxidacio lipidica de les lipoproteines i no es requereix per
la hidrolisi del paraoxé (43).

Els estudis iniciats per Shi i cols. basats en models animals confirmen aquestes
funcions in vivo (44) gracies a la creaci6 de ratolins Knockout (KO) per PON1
(PON17) i ratolins transgenics per PON1 humana (hPON1Tg) (45). El ratoli
doble KO pel PON1" i apolipoproteina E (apoE”) presentava un augment de
I'oxidacié lipidica i de lesions arteriosclerotiques respecte el ratoli apoE"‘. Les
HDL aillades del ratoli PON1" eren incapaces per prevenir 'oxidacio de la LDL.
D’altra banda, la sobre-expressi6 de PON1 humana en ratolins inhibeix la
formacioé de peroxids lipidics en 'HDL i protegeix I'estructura i la funcié de la
LDL (46-50).

2.1.2. Estructura i activitat nativa de PON1

PON1 és un enzim amb capacitat per hidrolitzar multiples sustrats, tal i com
hem descrit previament (51,52). Fins i tot, PON1 té capacitat per hidrolitzar
certs farmacs, com els éesters d’estrogens, les estatines o la warfarina (53-55).
Per aquesta rad, PON1 ha estat inclosa en aquets grup d’enzims d’ampli
espectre o també anomenats “enzims promiscus” (56,57). Aquesta diversitat de
substrats, es pensa, que és resultat de I'evolucié enzimatica que es trobava als
organismes meés primitius, com els invertebrats. El disposar d’'uns “enzims
ancestrals” amb multiples funcions catalitiques permetia mantenir la
homeostasi d’aquests organismes primitius (58,59).

Una interessant linea de recerca impulsada pel grup de Tawfik i cols. ha estat
centrada en investigar quina ha sigut la funcié nativa i I'evolucié enzimologica
de les paraoxonases (60,61).

La dificultat en poder purificar PON1 per poder estudiar I'estructura i el seu
mecanisme d’accié ha estat un dels inconvenients per tal de descobrir quin és
el substrat nadiu. A partir de I'aplicaciéo de metodologia d’evolucié dirigida (62),
s’ha formulat la hipdtesi que PON1 s’estructura en forma de turbina (G-
propeller) de sis fulles amb un centre actiu implicat en I'anclatge a les HDL
(Figura 4). Al centre del tunel es troben dues molécules de calci. El calci

inferior, és probablement estructural, mentre que el calci superior se’l considera
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catalitic (63). Les tres helix —a, localitzades a la part superior de la turbina,
estan involucrades en I'anclatge de PON1 a la particula d’HDL. Dues de les
tres hélix es disposen deixant “tancat” el centre actiu (64).

Aquest mateix grup, mitjangant estudis d’evolucié dirigida, juntament amb
estudis d’estructura-funcio, van establir que la funcié primordial de PON1 és ser
un enzim amb activitat lipolactonasa (65-67).

L’estudi de Harel i cols. també proposa un mecanisme catalitic de PON1, basat

115 - 134
-His

en la parella d’histidines His , totes dues molt properes al calci catalitic

(68). Recentment s’ha demostrat que aquesta parella d’histidines és necessaria
tant per l'activitat lactonasa de PON1 com per la degradacié de lipoperoxids
(69).

Figura 4. Estructura de PONLI.
A vista des de dalt de la turbina
amb les seves 6 fulles. Al centre
es representen com a dues esferes
els dos atoms de calci. B: vista de
la turbina de costat. En ambdues
figures es representa coma N
Pextrem N-terminal i C el C-

N ‘ X ’ terminal (63).

2.2. Sintesi i determinants de I’activitat paraoxonasa en sérum

La sintesi de PONL1 és principalment hepatica tal i com han demostrat treballs
previs (70). Donada la relacié entre les hepatopaties i I'estrés oxidatiu s’han
realitzat diversos estudis sobre la funcid6 que pot desenvolupar PON1 en
I'evolucié d’aquestes malalties i la progressié a cirrosi hepatica (71,72).

Ferré i col. van demostrar que en una cohort de malalts amb hepatopatia
cronica de diferents etiologies I'activitat front el paraoxé de PON1 discriminava
entre pacients i individus sans. Afegint I'activitat paraoxonasa a la bateria

estandard d’estudis bioquimics de funcié hepatica, la determinacié de l'activitat
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paraoxonasa augmentava la sensibilitat diagnostica sense disminuir-ne
I'especificitat (73-77).

Aixi doncs, com hem esmentat préviament, lactivitat de PON1 esta
influenciada pels polimorfismes de PONL1 principalment a les posicions 192 i 55
perdo també es veuria afectada per malalties hepatiques (78-81).

A més, darrerament, I'estudi de les paraoxonases en diverses malalties que
promouen un increment de [lestrés oxidatiu ha motivat un increment
exponencial en el nombre de publicacions en la darrera decada (82-89). S’han
publicat estudis de la possible funcio de les paraoxonases en diverses malalties
com son la diabetis, malalties neurologiques com I'Alzheimer i el Parkinson, el
lupus eritematds sistemic i I'artritis reumatoide (90-92).

L’ activitat sérica de I'enzim també es veu influenciada per altres factors
ambientals com sén factors dietetics (93-95), consum d’alcohol (96), consum
d’antioxidants com el suc de magrana (97), el consum de tabac (98,99) i
diversos farmacs com les estatines i els estrogens (53,54).

Aquesta possibilitat de modular I'activitat de PON1 fa encara més interessant
'estudi de les paraoxonases ja que podria ser considerada com un objectiu
terapeutic o farmacologic en aquelles malalties on I'estrés oxidatiu i I'oxidacio

dels lipoperoxids poden tenir repercussions cliniques .

Figura 5: Efectes biologics i modulacié de PON1 (93).
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2.3. PON1 i inflamacio

La principal font de colesterol extracel-lular prové de les LDL. Al ser oxidades
les LDL produeixen una série de fosfolipids biologicament actius que son
mediadors dels esdeveniments inflamatoris que es presenten durant el
desenvolupament de la placa d’ateroma (104). Els fosfolipids oxidats de les
LDL com el 1-palmitoil-2-(5-oxovaleroil)-sn-glicero-3-fosforilcolina (POVPC) i el
1-palmitoil-2-glutaroil-sn-glicero-3-fosforilcolina (PGPC) afavoreixen I'adhesid
dels monocits a les cél-lules endotelials i la transmigraciéo de monocits a I'espai
subendotelial a través de l'estimulacid de la produccido de la quimioquina
atraient de monocits (MCP-1) (105,106).

Com ja és conegut, les HDL sén particules que tenen un paper ben reconegut
en quan a la seva capacitat antiaterogenica degut a la seva habilitat per
extreure el colesterol dels teixits periferics a partir de la interaccié del receptor
ABCA1 i la ApoA1 (107). Perd a més d’aquesta funcid, les particules HDL
també intervenen en la modulaciéo de la resposta inflamatoria induida pels
fosfolipids oxidats de les LDL. Les HDL inhibeixen aquest estimul inflamatori a
partir de la inhibici6 de l'oxidacié dels fosfolipids mitjangant els enzims
antioxidants associats a les HDL (108) (Figura 6).

D’aquests enzims antioxidants destaquem PON1 tot i que hi ha tres enzims
més amb reconeguda capacitat per inhibir la oxidacié de les LDL com sén el
Platelet-Activating Factor Acetylhydrolase (PAF-AH), lecitina:colesterol
aciltransferasa (LCAT) i la glutation selenoperoxidasa (GS) (106, 111,112).
Mackness i cols. van demostrar in vitro la funcié antiinflamatoria directa de
PON1 (113,114). Al cultivar cel-lules endotelials incubades amb LDL oxidada
van demostrar que PON1 recombinant i PON1 unida a les HDL inhibia la
produccio de MCP-1 a partir de la inhibici6 de la produccié de les LDL
oxidades, aix0 no succeia a l'incubar les cél-lules amb HDL d’origen aviar que
no conté PONL1 (115).
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Figura 6. Esquema del paper protector de PON1 en les fases inicials de
I’arteriosclerosi. Adaptada de Camps i cols. (109) i Navab (110).

La composicio de les lipoproteines i enzims antioxidants associats a I'HDL es
modifica en resposta a estimuls pro-inflamatoris o reactants de fase aguda. Tal
i com hem descrit 'HDL és antiinflamatoria en estat basal (116), perd sota
estimuls que promouen una resposta de fase aguda les particules HDL
esdevenen pro-inflamatories (117,118).

Davant de situacions pro-inflamatories com és una dieta proaterogenica o una
infeccio aguda els nivells de ApoA-1, PON1 , PAF-AH i LCAT a les HDL es
veuen desplacats per l'increment de proteines prooxidants com el Serum
Amiloide-A (SAA) i la ceruloplasmina (119-124).

Per tant, les HDL soOn particules heterogénies que formen diferents
subfraccions que poden ser identificades en funcié de la seva densitat, tamany,
carrega i gracies a noves técniques de proteomica es pot conéixer la seva
composicié proteica (125-130). D’aquests estudis s’esdevé la conclusié de la

importancia de l'estudi de la composicié de les HDL per investigar la seva
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funcionalitat, ja que es modifica en funci6 de diverses situacions d’estres
inflamatori (132).

En la figura 7 es resumeixen les diferents propietats antiaterogeniques de les
HDL conferida per diferents components i que es poden veure influenciades en

diferents situacions cliniques.

Figura 7. Propietats antiaterogeniques de les particules HDL.
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En quant a 'enzim PON1 i la composicio de les HDL, en funci6 del tipus de
particula o subfraccié de colesterol HDL contindran diferents concentracions
PON1. Hi ha estudis que demostren que les particules més denses d’HDL;
contenen més activitat PON1 tot i que els estudis que prediuen I'habilitat de les
subclasses d’HDL per prevenir el risc de malaltia coronaria no sén concloents
(133,134).
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2.4. PON1 i malaltia cardiovascular

A partir dels resultats d’aquestes publicacions conferint a PON1 funcions
antiaterogéniques, s’han publicat multiples estudis en humans per investigar
'associacié dels genotips de PONL1 i la preséncia i gravetat de malalties
cardiovasculars (135-141). Els resultats d’aquest metanalisi, finalment no han
sigut del tot concloents (142).

Tot i aixd, s’ha de tenir en consideraci6 que davant d’una malaltia tant
complexa com [larteriosclerosi, les associacions géniques solen ser febles,
requerint mostres de poblacié molt gran. Si que sembla més clara, I'associacio
de nivells baixos de [lactivitat paraoxonasa i l'aparici6 d’esdeveniments
cardiovasculars. Navab et al. van publicar que pacients amb nivells baixos de
HDL pero0 amb activitat paraoxonasa meés alta eren menys susceptibles de
malalties cardiovasculars que aquells amb HDL més altes i activitats més
baixes (143). Un altre estudi poblacional prospectiu va afirmar que els nivells
baixos d’activitat paraoxonasa predeien [l'aparici6 d’esdeveniments
cardiovasculars (144). Per tant, abans de dissenyar estudis sobre PON1 s’ha
de considerar que pot ser tant important estudiar I'estatus de PON1 en quant a
la seva activitat i concentraciéo en serum com els seus polimorfismes genétics
(145).

3. HDL i PON1. Funcions dins la immunitat

L’aplicaci6 de noves técniques dins la branca de la protedomica com
'espectrometria de masses (125) ha propiciat el descobriment d’altres
proteines associades a les HDL fins ara no conegudes que li confereixen
funcions més amplies en quan a la seva capacitat antiinflamatoria, antioxidant i
fins i tot dins la immunitat innata i la regulacié del complement, tal i com es

reflexa en la seguent figura (Figura 8) .
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Figura 8. Adaptat de Vaisar i cols The Journal of Clinical Investigation (125)

Un altre exemple d’aquesta capacitat immune de les HDL, ha sigut el
descobriment de proteines associades a les HDL amb activitat litica contra el
parasit Tripanosoma bruceii. Aquestes lipoproteines s’anomenen apolL-l i
I'haptoglobin-related protein (HPR) i es troben present en les HDL de primats
que estan protegits contra la infeccid per aquests parasit. Aquest treball exposa
la idea que les HDL evolutivament formaven part d’un primitiu sistema de
defensa innata (146,147).

Altres interessants estudis publicats ja fa més d’'una década, van demostrar que
el plasma té una capacitat innata per protegir contra la virémia degut a les
proteines com I'interferd (IFN), el factor de necrosi tumoral (FNT) i les proteines
del complement (148).

Existeix un treball que relaciona les paraoxonases amb una funcié protectora
contra agents infecciosos. El grup de Draganov (149) va demostrar que PON1
degrada una molécula N-3-oxododecanoil homoserina lactona (30C12-HSL)
que té una funci6 central en la induccié de la regulacioé de la expressio genica
de Pseudomona aeruginosa, mecanisme utilitzat per aquets bacteri per afavorir
la seva replicacié e infectivitat. Aquesta troballa va ser confirmada in vivo pel

grup de Zabner i cols. van demostrar que en mosques transgeniques per PON1

-32-


sandra
Typewritten Text
-32-


UNIVERSITAT ROVIRA I VIRGILI

INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1
I LES SEVES COMPLICACIONS METABOLIQUES.

Sandra Parra Pére

ISBN: 978—84—693—13&”@@9@@0—2010

tipus Drosophila melanogaster tenien menys mortalitat per P aeruginosa
(150,151).

Altres estudis també han demostrat que les particules d’HDL tenen activitat
contra determinats virus com el VHS-1, el virus que provoca la malaltia de
Newcastle, el virus que provoca la estomatitis vesicular i el VIH (152,153).

En quant a la infeccié pel VIH i la capacitat immune de les HDL, existeixen
diferents estudis que han demostrat el factor protector de les HDL en aquesta
infecci6 (154).

Un treball realitzat per Segrest i cols, va demostrar que I'apoA1 i un péptid
sintétic analeg d’aquesta apoproteina composta per 18 aa, tenen capacitat per
inhibir la formacié de sincitis en cultius de cel-lules CD4 + Hela infectades pel
VIH-1 i que expressaven a la seva superficie proteines de I'envoltura del VIH-1,
gp120 i gp4l. Aquesta inhibicié de la formaci6 sincitial protegeix a les ceél-lules
no infectades pel virus de ser lisades i destruides i per tant disminueix la seva
infectivitat (155).

En un altre treball, publicat pel nostre grup, va demostrar que els nivells
plasmatics d’HDL es correlacionaven amb una major probabilitat per mantenir
supressio virologica, descrivint també una homologia entre la sequéncia
d’aminoacids de la lipoproteina ApoAl i una proteina de la matriu viral del VIH-
1 anomenada gp17 (156).

També s’han trobat en diferents estudis correlacions positives directes entre els
nivells de CD4 basals i la seva recuperacié, amb els nivells de HDL en pacients
infectats pel VIH (154 157,158).

4. Infeccio pel VIH-1. Complicacions metaboliques

4.1. Relacio entre la infeccio pel VIH i 'estrés oxidatiu

Els pacients infectats pel VIH presenten un increment de I'estrés oxidatiu que
pot ser important per la progressio de la malaltia (159-160). La replicaci6 viral
afavoreix l'estimulacié de cél-lules del sistema immune que augmenten la

produccio de ROS (Reactive Oxygen Species) (161). Els ROS participen en la
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inflamacié cronica, la replicacio viral i l'apoptosi de cél-lules del sistema
immune. La preséncia de ROS activa I'expressié del factor nuclear-kappa-f3
(NF-kappa-B) que estimula la replicacio viral (162). Aquest augment de l'estat
oxidatiu dels pacients també afavoreix la progressio del deterior immunologic
mitjangant la depleccid dels limfocits CD4 induida per I'apoptosi de les cél-lules
infectades i d’altres que encara no ho estan (163,164).

L’efecte terapéutic de diferents antioxidants mitjancant la suplementacié amb
diferents vitamines i oligoelements, com el Seleni i la vitamina E, es va
proposar com una important estratégia terapeutica sobretot abans de disposar
de tractaments antiretrovirals d’alta eficacia, com actualment es disposen
(165,166).

D’altra banda, un estudi dirigit pel grup de Rosenblat M i cols. va demostrar
que en ratolins PON1-knockout, el contingut intracel-lular de glutatié reduit
estava disminuit i la produccio de peroxids lipidics estava incrementada (167).
Es a dir, PON1 podria ser important per tal de regular I'estat redox i d’evitar les
alteracions associades a l'increment de I'estrés oxidatiu produida per la infeccié
pel VIH-1.

4.2. Lainfeccio pel VIH-1i alteracions del metabolisme lipidic

La prevalenca de dislipemia en pacients infectats pel VIH és del 28-80% (168,
169). Els canvis en el perfil lipidic en la infeccio pel VIH es podrien classificar
en dos categories. La primera es trobaria en les primeres fases de la infeccio,
gue consta basicament de hipetriglicirideémia, nivells baixos de HDL i LDL amb
particules predominantment més petites i denses (170).

El segon tipus de dislipémia la trobariem en aquells pacients que ja han iniciat
tractament antiretroviral i es caracteritza per un increment dels nivells de LDL,
colesterol total i de triglicérids. A partir de I'analisi de les dades obtingudes de la
poblacié Swiss HIV cohort study, es va demostrar que la dislipemia i la
hipertrigliciridémia era 1.7-2.3 vegades més prevalent entre pacients amb
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tractament antiretroviral que contenien Inhibidors de la Proteasa (IP) que el
grup de pacients sense IP (171,172).

Per tant I'efecte global sobre el perfil lipidic en pacients infectats pel VIH és
d’'una dislipémia aterogena amb una reduccio significativa de les HDL, un
increment dels triglicérids, de la LDL oxidada i les LDL petites i denses (173-
175).

La fisiopatogénesi d’aquestes alteracions lipidiques associades a la infeccié pel
VIH no sén del tot ben conegudes. S’han proposat diferents mecanismes que
inclouen un increment de la lipogénesi hepatica, una alteracié de I'aclariment
dels lipids del plasma, i altres efectes potencials deguts a I'estat immunologic i
inflamatori (176,177).

S’ha demostrat que la infeccid pel VIH pot alterar directament el metabolisme
de les HDL incrementant la transferéncia del colesterol de les HDL a les
lipoproteines que contenen apoB, que sbn les més aterogenes (178), tal i com
s’il-lustra a la Figura 9.

La distribucié de les subpoblacions de les HDL també es veu influenciat per la

infeccio i la inflamacio cronica com hem esmenat préviament.

VIH- Negatiu

sRBT g
\ aBcar & ?

ﬂ. prep,-HDL
|

Paret vascular
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— Bilis
l aBcat
- |
ﬁ ﬂ
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Figura 9. Representacio esquematica de les alteracions en el transport revers de

colesterol durant la infecci6 pel VIH (178).
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4.3 Malalties cardiovasculars

L‘associacio entre la preséncia de malalties cardiovasculars en els pacients
infectats pel VIH ha sigut revisada en diferents treballs, tant prospectius com
retrospectius. La mortalitat relacionada directament amb la infeccié pel VIH ha
disminuit des de la introduccié del tractament antiretroviral d’alta eficacia,
objectivant un increment de morts relacionades amb malalties cardiovasculars i
essent la principal causa de mort en pacients majors de 55 anys (1, 2, 179).

En un estudi retrospectiu realitzat per Triant i cols. (180) en el que es van
incloure 3851 pacients infectats pel VIH i més d’un milié de pacients no-HIV del
1996 al 2004, es va observar que la proporcio d’infart de miocardi (IAM) era
major en pacients VIH respecte la poblacié no infectada ajustada per grups
d’edat (Figura 10).

—
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Figura 10. Incidencia de 1AM en pacients VIH (n = 3851) versus No-VIH (n =1

044 589) recollits en la base de dades administrativa de Massachusetts des de 1996-
2004 (180).

El primer estudi prospectiu sobre la preséncia de malaltia cardiovascular és el
Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D), (181,182) en el
que van participar 23468 pacients infectats pel VIH, 126 d’ells (0.5 per cent)
van tenir un primer episodi d'lAM durant el seguiment, (incidéncia de 3.5 per
1000 persona-any). D’acord amb [l'estudi D:A:D, els factors de risc

cardiovasculars classics, com sexe masculi, dislipémia, edat i tabaquisme
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estaven associats a un risc incrementat per desenvolupar un IAM en aquesta
poblacié. Aixd també ha estat ratificat amb altres estudis (183-187) que fins i tot
senyalen una major prevalenca de factors de risc cardiovascular als pacients

infectats pel VIH, com el tabaquisme.

8- Figura 11. Incidencia d’infart de
miocardi en pacients infectats pel
" VIH ajustat pel temps d’exposicié al
tractament antiretroviral (181).

Incidence per 1000 Person-Yr

None <l 1-2 2-3 3-4 >4
Exposure (yr)

No. of events 3 9 14 22 il 47
No. of person-years 5714 4140 4801 5847 1220 84717

Una altra de les conclusions més importants de I'estudi D:A:D era que la
incidéncia de IAM augmentava directament en relacié amb el temps d’exposicié
al tractament antiretroviral. (Risc Relatiu, 1.26 [Interval de Confianga del 95%,
1.12 a 1.41] per any addicional d’exposicio; P<0.001) (Figura 11).

Els investigadors d’aquest estudi posteriorment van actualitzar les dades
d’aquests resultats, recollint les dades de 23437 pacients, registrant un nimero
absolut de 345 episodis de IAM i una incidéncia de 3.65/1000 persona-any.
Una altre resultat important va ser el fet de trobar que aquest risc relatiu era
significativament més gran en pacients que havien estat tractats amb un
esquema antirretroviral basat en Inhibidors de la Proteasa (IP), [1.16(1.10-
1.23)] comparats amb un régim basat amb Inhibidors de la Transcriptasa
Inversa No Analegs (ITNAN) [1.05(0.98-1.13)].

L’'increment de risc de presentar malalties cardiovasculars en pacients HIV s’ha
relacionat també a banda dels factors de risc cardiovasculars classics, a la
major incidencia de dislipemia secundaria a tractament antiretroviral i a factors

associats a la infeccio per ella mateixa (188-192).
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L’estudi SMART (193) investigava el possible efecte beneficiés de retirar el
tractament antiretroviral de forma intermitent en aquells pacients amb CD4+
majors a 350 cél-lules/uL per tal d’evitar toxicitat farmacologica. Es va veure
que aquells pacients que feien "descans” del tractament tenien un increment de
malaltia cardiovascular. S’han postulat diferents mecanismes a partir dels quals
I'activacio de la replicacio viral pot interferir en mecanismes proaterogeénics,
com per exemple la estimulaci6 de la secreci6 de MCP-1 per cel-lules
musculars llises infectades pel VIH-1 (194) o la inhibicié del receptor ABCA-1
per la proteina viral Nef (195).

La inflamacioé promoguda per la infeccié cronica és un altre mecanisme que pot
afavorir la preséncia d’aterosclerosis accelerada en aquesta poblacié, S’ha
objectivat un augment de les citoquines proinflamatories en pacients infectats
pel VIH com la Interleuquina-6, dimer D, Factor de Necrosi Tumoral-alfa (FNT-
a), proteina C-reactiva i molécules d’adhesié com VCMA-1 i ICAM-1(193), totes
elles implicades en la fisiopatologia de I'aterogénesi.

Un estudi anatomopatoldgic va demostrar també que les lesions d’arteries
coronaries de necropsies de pacients infectats pel VIH comparat amb pacients
no infectats pel VIH presentaven gran infiltracio inflamatoria recordant a les
lesions que es presenten en pacients trasplantats (196).

En la taula 1 es resumeixen els principals estudis que relacionen la presentacio

d’esdeveniments cardiovasculars en pacients infectats pel VIH.
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EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1

Taula 1. Estudis observacionals de malalties cardiovasculars
infectats pel VIH.

Autors

Bozette
et al*®

Mary-
Krause
et aIW186
Currier
et al'®

Friis-
Moller et
a‘|18l
Coplan
et al*®®

lloeje et
a‘|197

Holmber
g et al*®

Rickerts
et al'®

Klein et
aI 200

Obel et
a|201

Triant et
a|180

Kaplan
et al

Barbaro
et al*®’

Poblacid

d’estudi
Veterans
Affairs Hospital
system

French
Hospital
Database
California
Medicaid

D:A:D

Meta-analisis
estudis fase
/11

amb IP

HIV Insight
(inclosa cohort
HOPS)

HOPS

Frankfurt HIV
Cohort

Kaiser
Permanent
Northern
California
Danish National
Hospital Registry
Healthcare
based cohort
MACS and
Women’s
Interagency
HIV Study
Italian cohort

Pacients

(n)
36766

34976

28513

23468

10986

7542

5672

4993

4159

3953
3851

2386

1551

Duraci6

1993-2001

1992-1999

1994-2000

1999-2005

30 estudis

abans del

1999

1991-2002

1993-2002

1983-1998

1996-2001

1995-2004

19962004

1984-2003

1999-2002

VIH vs

controls
No
diferéncies

T Mortalitat
per 1AM

T Risc de
cardiovascula
ren 3<35
anys 9 <45
anys

No controls

No controls

No controls

No controls

No controls

1 Ingressos
per MCV

1 incidéncia
MCV
Increment
MCV

No controls

No controls

amb pacients

Efecte TAR

No
diferencies
entre IP vs no
IP

Relacié amb
IP

T Risc Relatiu
IAM si TAR

T Risc Relatiu
amb IP

No
diferencies
entre IP i
ITINAN

T Risc Relatiu
amb IP

No
diferencies
per IP
Incidéncia en
relacio amb
TAR

No
diferencies
per IP

No
comparacio IP
No
comparacio IP
No

diferéncies
amb IP

1IAM amb
IPvs no IP

MCV, malalties cardivoasculars; TAR, Tractament antiretroviral; IAM, infart agut de miocardi; ITINAN,
Inhibidors Transcriptasa Inversa No Analegs als Nucleosdis; IP, inhibidors de la proteasa.
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4.4. Relaci6 entre limfocits CD4 i aterosclerosi

Com hem comentat préviament I'aterosclerosi €s una malaltia inflamatoria (203)
i la infeccid pel VIH esta associada amb una activacio del sistema immune amb
elevacio de marcadors inflamatoris (180,204,205). Aquesta activacio
immunitaria no esta correlacionada amb un increment dels nivells dels limfocits
CD4+. Nivells baixos de CD4+ al moment del diagnostic de la infeccio pel VIH
han sigut relacionats com a predictors de la preséncia d'esdeveniments
cardiovasculars i la progressio d’aterosclerosi (181, 206) Aquestes dades
indiquen que tant la immunodepressiéo com la reconstitucié immune posterior
poden ser proaterogéniques.

Aixi doncs, els limfocits T CD4+ constitueixen factors etiopatogenics en
I'aterogénesi (204,205). Entre els components cel-lulars de la placa d’ateroma,
les cél-lules endotelials, els monocits i les cel-lules musculars llises son els
agents principals. Els limfocits T CD4+ també promouen la formacié
d’aterosclerosis amb I'alliberacié de citoquines proinflamatories, com el factor
de necrosi tumoral i les interleuquines (207).

Ha sigut publicat préviament que en la poblacid general la infeccié per
Chlamydia i Citomegalovirus (CMV) (208) té un efecte estimulador en la
formacio d’aterosclerosi. En els pacients infectats pel VIH també s’ha associat
un increment de la preséncia d’aterosclerosis carotidea amb un increment de la
resposta especifica dels limfocits T contra el virus CMV (209).

Barbaro i cols. (210) van descriure la preséncia d’una infiltracié extensa dels
limfocits T en pacients VIH que recorden a les lesions obtingudes a partir de
necropsies de pacients trasplantats que van patir un 1AM, (figura 12) resultats
també observats per Tabib i cols. on observaven una reaccié inflamatoria
intensa en plaques ateromatoses de pacients infectats pel VIH. Aquests
mecanismes podrien explicar la preséncia d’arteritis de gran i mitja tamany

observat en alguns pacients infectats pel VIH (196).
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Figura 12. Hibridizaci6 in situ de RN-VIH-
1. Tall d’una seccié transversal de la
branca esquerre de IP’arteria descendent
anterior, d’un pacient VIH amb un Infart
de Miocardi. La tinci6o intensa indica la
presencia de sequencies de VIH-1 a
Pinterior de la intima i la media (fletxes).
Hi ha una infiltracio intensa de limfocits a

I’interior de la media i necrosis de la intima

(196).

Aquestes dades, juntament amb les dades obtingudes a partir de l'estudi
SMART que observaven també un increment d’esdeveniments cardiovasculars
en aquells pacients amb pitjor control immunologic suggereixen que la
supressio viroldogica completa preco¢ abans d’objectivar deterior immunologic o
descens de nivells de CD4 supera els riscos a patir malalties
cardiovasculars,degut a un estat proinflamatori mantingut (193).

El fet de disposar de nous farmacs antiretrovirals amb perfil lipidic més
favorable, millor tolerancia i menys efectes secundaris propicia també aqueta
possibilitat d’iniciar tractament de forma més precog. Estudis prospectius sobre
la progressi6 de malaltia cardiovascular i aterosclerosi subclinica serien

necessaris per objectivar aquet benefici.

4.5. Sindrome metabolica i lipodistrofia

La prevalenca de sindrome metabolica és significativament més elevada en
pacients VIH que en la poblacié general ajustada per edat i sexe (175) s’han
hipotetitzat diferents causes (211), com la presencia de dislipemia, resistencia
insulinica i lipotoxicitat degut a disfuncié mitocondrial (176) i alliberament

d’acids grassos lliures (212,213).
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La lipotoxicitat esta associada als farmacs antiretrovirals, especialment als
Inhibidors de la transcriptasa inversa analegs a nucleotids (ITAN) i als
inhibidors de la proteasa (IP) pero també a la propia infeccido pel virus
(214,215).

Un nombre important de pacients infectats pel VIH estan afectats per una
sindrome d’alteracié de la distribucié del greix corporal, lipodistrofia, amb greus
conseguencies psicologiques i emocionals, degut a la estigmatitzacié dels
pacients.

La lipodistrofia es presenta en forma
d’acumuls de greix de localitzacié
caracteristica  (lipohipertrofia) a
nivell de part posterior del coll i
abdomen i de desaparicio de greix a
nivell facial, d’extremitats i glutis
(lipoatrofia) tal i com es demostra en

la figura 13.

Figura 13. Lipoacumul a nivell de la
zona posterior del coll i greix visceral

a la zona abdominal i atrofia de greix

subcutani a la zona malar.

De fet la lipodistrofia, presenta grans similituds amb la sindrome metabolica
‘classica” donat que s’associa amb obesitat visceral abdominal,
hipertrigliciidémia, baixos nivells d’HDL, hipertensié arterial i resisténcia
insulinica. Sembla ser que aquets pacients amb lipodistrofia presenten un
major estat proinflamatori i alteracions immunologiques que afavoreixen també

I'aparicié d’aterosclerosis preco¢ (216-218).
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5. Marcadors d’aterosclerosi subclinica en pacients

infectats pel VIH-1. Gruix intima-mitja (GIM)

Es conegut que la majoria d’esdeveniments cardiovasculars es presenten, no
en poblacié general amb una estimacié de risc cardiovascular elevat, siné en
aguells amb un risc estimat de grau mitja (219-221). Aquest fet, juntament amb
la necessitat de disposar d’'una eina diagnostica per tal de poder valorar la
eficacia de intervencions terapéutiques en assajos clinics i en la practica
clinica, ha fet que la possibilitat de disposar d’'una eina diagnostica no invasiva
per la determinacidé de la preséncia d’aterosclerosi subclinica sigui de gran
importancia clinica.

La mesura del gruix de la intima mitja a carotides (GIM), es va idear a I'any
1986 (222). Es un métode d’estudi d’aterosclerosis subclinica (223) que s’ha
correlacionat amb els factors de risc cardiovascular (FRC) i la incidencia
d’esdeveniments cardiovasculars (ECV), també s’ha utilitzat com objectiu en
estudis d’intervencio (224). Un avantatge addicional de la determinacio del GIM
és la possibilitat de detectar directament la preséncia de lesié arteriosclerotica
en una fase preco¢ i no només un factor de risc de malaltia cardiovascular
(225).

La determinacidé del gruix de la intima mitja s’obté realitzant una ecografia-
doppler amb una sonda vascular. Es localitza la linea que apareix a la interfase
de la llum vascular i la intima i la interfase entre la capa mitja i la adventicia, tal
i com es mostra a la figura 14. La distancia entre les dues linies constitueix el
gruix intima-mitja (GIM). Per tal de facilitar I'estandarditzaciéo de la técnica
s’utilitza la localitzacié anatomica del bulb carotidi abans de la bifurcacié de la
cardtida comu. Es realitzen determinacions del GIM a I'arteria carotida interna,
bulb carotidi i carotida comdu, realitzant la mitjana dels tres territoris. La
digitalitzacié i 'analisi de les imatges a partir d’'un software (Thicksoft) també ha
facilitat la reproductibilitat de la técnica. L'estudi del GIM a femorals també ha

obtingut resultats similars als dels estudis a carotides (226).
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Figura 14. Obtencié de la mesura del GIM a carotides. (A). Determinacio del GIM
normal (B) i incrementat (C)

Diferents estudis de GIM de cardtides i femorals s’han associat a aterosclerosi
coronaria i amb el major numero de factors de risc cardiovascular (227)

La capacitat de predir esdeveniments cardiovasculars a partir de la
determinacio del GIM ha sigut validat a partir de grans estudis observacionals i
prospectius (228) O’Leary i cols. van demostrar en una cohort de 5858
participants que a major GIM major probabilitat de presentar un edeveniment
cardiovascular, tal i com es mostra a la figura 15.

Diferents estudis comparant el GIM en poblacié infectada amb VIH i poblacio
no infectada han demostrat que els pacients VIH positius presenten un
increment del GIM i una progressi6 més rapida del GIM. En la taula 2

presentem un resum dels principals estudis sobre GIM en pacients VIH.
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Figura 15. Incidéncia de IAM d’acord amb quintils de GIM. Els pacients amb el
cinque quintil de GIM tenien un risc relatiu de 3.15 presentar un IAM/ictus de
3.15[(95% IC: 2.19-452)] (228).
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Taula 2: Principals estudis de GIM en pacients infectats pel VIH

Autors Poblacio d’estudi Pacients Seguiment Resultats
Kaplan i WIHSMACS 1931 Casos No No diferencies
cols. 859 Controls
Lorenzo i Franckfurt HIV 292 Casos No VIH>Controls
cols. Cohort 1168 Controls TAR associat a GIM
Curier i ACTG 89 Casos 3 anys No diferéncies
cols. Study A5078 45 Controls
De Saint SHIVA 154 Casos No GIM depén de I’edat,
Martin i TAS, TG, i tractament
cols. amb IP
Hsue i cols. SCOPE 93 Casos No VIH> Controls

36 Controls
Maggi i PREVALEAT 133 Casos 2 anys Pacients amb IP tenen
cols. més IMT
Mangili i Nutrition for 327 Casos No No diferéncies per TAR
cols. Healthy Living

Study
Jerico i Barcelona 132 Casos No IMT>0.8mm o placa en
cols. 41.7%
Currieri ACTG Study 89 Casos No No diferéncies
cols. A5078 45 Controls
Hsue i cols. SCOPE 143 Casos 1 any Progressio IMT >VIH
63 Casos

Depaironi  Swiss HIV Cohort 168 Casos No VIH>Controls
cols. Study 68 Controls
Maggi i 102 Casos No VIH>Controls
cols. 104 Controls

ACTG, AIDS Clinical Trials Group; TAR: Tractament antiretroviral, MACS, Multicenter AIDS Cohort Study;;
PREVALEAT, Premature Vascular Lesions and Antiretroviral Therapy Study; SCOPE, Study of the
Consequences of the Protease Era; SHIVA, Study of HIV and Atherosclerosis; WIHS, Women’s
Interagency HIV Study. IP: Inhibidors de la Proteasa; TAS: tensio arterial sistolica;
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HIPOTESI

La relacié entre la infeccié pel VIH i I'estrés oxidatiu és tal que PON1 podria
tenir una funci6 amb repercussions cliniques i convertir-se en un possible

objectiu terapeutic.

Els genotips de PON1 podrien contribuir a la possible funcié immune de les
HDL amb repercussions en I'evolucié immunologica i virologica dels pacients

infectats pel VIH.

La relacio entre la preséncia d’aterosclerosi precog i lipodistrofia en pacients
infectats pel VIH esta associada a l'elevada prevalenga de dislipémia pero
també esta en relacid a un increment de I'estrés oxidatiu i a un estat inflamatori.
Els genotips de PON1 amb diferent capacitat antioxidant i antiinflamatoria

podrien tenir influéncia en I'aparicié d’aquestes complicacions metaboliques.

L’activitat i la concentraci6 de PON1 podria ser utilitzada com a marcador
serologic predictiu per la preséncia d’aterosclerosi subclinica en els pacients
infectats pel VIH-1 i ser d’utilitat per I'avaluacié del risc cardiovascular dels

pacients.
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OBJECTIUS

1. Investigar I'existéncia de diferéncies genotipiques de PON1 en pacients

infectats pel VIH-1 respecte una poblacié control.

2. Investigar les diferéncies entre lactivitat i concentraci6 de PON1

respecte una poblacié control.

3. Investigar la influencia dels genotips de PON1 sobre I' activitat i la

concentracio sérica de I'enzim en pacients infectats pel VIH-1.

4. Investigar la influencia de la preséncia de lipodistrofia i coinfeccié pel

VHC sobre I'activitat i la concentracié de PON1.

5. Investigar la relaci6 entre els genotips de PON1 i la evolucio

immunologica i virologica dels pacients infectats pel VIH-1.

6. Investigar la influencia dels genotips de PONL1 en 'aparicié de dislipémia,

sindrome metabolica, lipodistrofia i malaltia vascular.

7. Investigar la utilitat de I'activitat i concentracié serica de PON1 per
l'avaluacié de risc cardiovascular i la preséncia d’aterosclerosis

subclinica en pacients infectats pel VIH-1.
8. Investigar la influencia de la infecci6 pel VIH-1 sobre [lactivitat

antiinflamatoria i antioxidant de I'enzim PON1 utilitzant diferents

substrats.

-51-


sandra
Typewritten Text
-51-


UNIVERSITAT ROVIRA I VIRGILI
INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1

I LES SEVES COMPLICACIONS METABOLIQUES.
Sandra Parra Pérez

ISBN:978-84-693-1531-6/DL:T-650-2010



UNIVERSITAT ROVIRA I VIRGILI

INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1
I LES SEVES COMPLICACIONS METABOLIQUES.

Sandra Parra Pérez
ISBN:978-84-693-1531-6/DL:T-650-2010

MATERIAL |

METODES



UNIVERSITAT ROVIRA I VIRGILI
INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1

I LES SEVES COMPLICACIONS METABOLIQUES.
Sandra Parra Pérez

ISBN:978-84-693-1531-6/DL:T-650-2010



UNIVERSITAT ROVIRA I VIRGILI

INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1
I LES SEVES COMPLICACIONS METABOLIQUES.

Sandra Parra Pérez

TSBN:978-84-693-1531-6/01: T-65olBfluencia de PON1 sobre I’evolucio de la infeccio pel VIH-1 i les seves
complicacions metaboliques

1. Participants | Disseny

ESTUD! 1

Es va realitzar un estudi transversal descriptiu per estudiar I'existencia de
diferéncies entre els genotips de PONL1 i el seu producte enzimatic mesurat per
I'activitat i la concentracié de I'enzim.

Van ser inclosos per I'estudi 212 pacients infectats pel VIH-1 (146 homes i 66
dones) que provenien de la consulta especialitzada de I'Hospital Universitari
Sant Joan de Reus. D’aquests pacients 129 estaven co-infectats pel VHC.

Els criteris d’exclusié van ser el tenir menys de 18 anys, una alteracio de la
funcio renal o tenir una malaltia definitoria de SIDA al moment de la seva
possible inclusio

La preséncia de lipodistrofia va ser definida per la preséncia d’alteracions de la
distribuci6 del greix corporal que podien ser clarament reconegudes pels propis
pacients i confirmades pel metge. Aquests canvis inclouen lipoatrofia
subcutania (pérdua de greix a nivell malar, venes superficials prominents a
nivell extremitats, disminucié de volum a nivell de glutis) i obesitat central
(creixement de perimetre abdominal, increment de la mida mamaria o
acumulacio de greix a la nuca i al coll).

El grup control va estar format per 409 voluntaris sans participants en un estudi
epidemiologic desenvolupat a la nostra area geografica. Els detalls d’aquesta
poblacié van ser publicats préviament (229). En resum es tracta de participants
d’origen caucasic provinent de la regié de Catalunya (194 homes i 215 dones)
amb una mitjana d’edat de 42 anys (rang de 19 a 75 anys). Els voluntaris eren
sans aparentment sense evidéncia d’insuficiéncia renal, dany hepatic,
neoplasia o alteracions mentals.

Es va obtindre una mostra de sang en deju de tot els participants. Les mostres
van ser congelades a -80°C fins la determinacio de les variables bioquimiques

estudiades.
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ESTUDI 2

Es va realitzar un estudi cas-control per investigar les diferencies entre les
distribucions genotipiques dels gens de PON1 en la poblaci6 de pacients
infectats pel VIH-1 respecte una poblacié no infectada.

Com a grup control es van utilitzar la cohort de voluntaris sans inclosos en
'estudi 1 que va ser ampliada fins a 633 voluntaris (339 dones i 229 homes)
amb una mitjana d’edat de 45 anys (rang de 18 a 81 anys).

La cohort dels pacients que es van incloure a I'estudi (n = 234; 72 dones , 162
homes, amb una mitjana d’edat de 38.7 anys (rang de 20 a 66 anys) provenien
de la mateixa consulta especialitzada de SIDA que s’ha comentat a I'estudi 1

Es va realitzar un segon estudi cas-control per tal d’analitzar les associacions
entre els haplotips de PON1 i les variables metaboliques, immunologiques i

virologiques estudiades incloent el grup dels pacients infectats pel VIH.

ESTUDI 3

Es va realitzar un estudi transversal observacional. Es van incloure 187 dels
pacients infectats pel VIH inclosos als estudis previs que se’ls va realitzar la
determinacié del gruix intima-mitja a carotides i femorals i no tenien historia
personal de malaltia cardiovascular.

Es va calcular el risc cardiovascular estimat als 10 anys utilitzant Framingham
Risk Score. Es van obtenir tres categories en funcidé del risc baix <10%,
moderat 10-20% o alt >20%.

2. Requeriments etics

Els estudis van ser aprovats pel Comité Etic de I'Hospital Universitari Sant Joan
de Reus.
Les dades van ser codificades per tal d’assegurar la confidencialitat i 'anonimat

dels pacients.
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A tots els pacients se’l va lliurar un consentiment informat que va ser signat

abans de ser inclosos en I'estudi.

Tots els procediments es van realitzar d’acord els principis i la correcta practica

clinica recollits a la Declaracié de Helsinki.

3. Determinacions analitiques

|. Parametres bioquimics generals

v' Variables immunologiques i virologiques:

a. Carrega viral de VIH-1: realitzada mitjangant el Cobas® TagMan

d.

HIV-1 assay. (Roche, Basilea, Suissa)

Poblacions limfocitaries (LT CD4+ i CD8+) mitjancant citometria
de flux (Beckman-Coulter, Fullerton, CA, EUA)

Anticossos contra VHC: Immunoassaig mitjangant analitzador
automatitzat (Abbot Axsym, Abbot Park IL, EUA)
B2-Microglobulina: marcador de destruccio limfocitaria i de
progressié de la infeccié pel VIH. Determinat per immunoassaig
turbidimétric (Beckman-Coulter, Fullerton, CA, EUA).

v' Variables Metaboliques

a.
b.

Colesterol —HDL.: realitzat per un metode homogeni (230)
Concentracio colesterol total, triglicérids i glucosa: es van utilitzar
métodes estandards (Beckman-Coulter, Fullerton, CA,EUA)
Concentracio de colesterol LDL: calculat mitjancant la férmula de
Friedewald
Concentracio LDL oxidada: ELISA utilitzant un kit comercialitzat
(Mercodia, Uppsala, Suissa)

Concentracio de apolipoproteines-A-I1, apolipoproteines-A-Il i IL-6:
Van ser determinats per immunoassaig turbidimétric (Beckman-
Coulter, Fullerton, EUA)
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Materiaki Metades

f. Proteina C-reactiva: Es va utilitzar un métode d’alta sensibilitat
(Beckman- Coulter, Fullerton, EUA)

g. Concentraci6 MCP1: Determinada per ELISA (Human MCP-1
ELISA Development Kit, Prepotech Londres, UK)

[l. Determinacions dels nivells circulants de PON1

v Activitat esterasa de PON1

Es va determinar mesurant la taxa d’hidrolisi del substrat paraoxé a 410 nm i
37°C, en un tampo glicina 0.05 mM, pH 10.5, complementat amb 1mM de clorur
de calci (CaCl2) (154). L’activitat es va expressar en U/L (1 U equival a 1 ymol
de paraoxo hidrolitzat per minut). El substrat paraox6 es va preparar de nou per

a cada determinacio.

Activitat lactonasa de PON1

L’activitat lactonasa es va analitzar mesurant la hidrolisi del substrat sintétic 5-
tiobutil butirolactona (TBBL), substrat i métode cedits pel Dr. Tawfik, del
Weizmann Institute of Science (Rehovot, Israel) (162). Els reactius utilitzats
contenien 1mM de CaCl2, 0.25 mM de TBBL i 0.5 mM de l'acid 5,5’-ditio-bis-2-
nitrobenzoic (DTNB), en 0.05 mM del tampd6 Tris- HCI pH 8. Els canvis en
I'absorbancia van ser monitorades a 412 nm durant 5 minuts. L’activitat també

es va expressar en U/L (1 U equival a 1 mmol de TBBL hidrolitzat per minut).

v Concentracié de PON1

La concentracio serica de PON1 va ser determinada per un ELISA no
comercial. L’anticos anti-PON1 va ser cedit pels Drs. Mackness (Universitat de
Manchester, Regne Unit). Es va obtenir inoculant conills amb el péptid derivat
de la sequencia especifica per PON1 madura (CRNHQSSYQTRLNALREVQ).
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4. Variables de genotipatge

Estudi 1

Partint de plasma EDTA, es van aillar leucocits, a partir dels quals es va obtenir
DNA genomic (Puregene DNA Isolation reagent set, Gentra Systems Inc.,
Minneapolis, MN, Estats Units). Posteriorment, es van determinar els
polimorfismes PON1-10;, PON1;9, i PON1ss per amplificacié per PCR i

isotipatge per restriccio enzimatica (76).
Estudi 2

Es va obtenir DNA de leucocits aillats mitjangant métodes descrits a I'apartat
anterior. Després es van analitzar 7 SNP escollits entre els més importants del
gen de PON1 (PON1;92, PON1ss, PON1.362, PON1.g3;, PON1.g99, PON1. 1076 i
PON1.1741) i també el genotip de MCP-1,5:5. Els SNPs es van analitzar segons
la tecnologia del Iplex Gold MassArrayTM (Sequenom Inc., San Diego, CA,
Estats Units) al CEGEN (Centro Nacional de Genotipado, Universitat Pompeu

Fabra, Barcelona, Espanya).

5. Mesura del gruix intima-mitja a carotides

Es van realitzar ecografies als territoris femorals i carotidis en 183 dels
pacients. Aquestes mesures van ser realitzades utilitzant els mateixos protocols
pels mateixos investigadors. Es va utilitzar 'ecograf GE Logig 700 amb una
sonda ecografica de 7-10 MHz. Es van identificar tres territoris a l'arteria
cardtida on es van realitzar les mesures. L’arteria cardtida comu (1cm a nivell
proximal de la bifurcacid), el bulb carotidi (a la bifurcacio) i I'arteria carotida
interna (1 cm distal a la bifurcacid). Es van obtindre i digitalitzar les imatges de
cada pacient i es va calcular la mitjana a partir de les determinacions dels tres
territoris. La preséncia d’aterosclerosis subclinica es va definir a partir d’'una
mitjana de GIM > 0.8 mm o la preséncia d’'una placa. Una placa es va definir a
partir d’'un engruiximent >1.5 mm o una estructura focal que envaeix la llum

vascular al menys 0.5 mm o un 50% del valor de la GIM al territori subjacent.
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ICACIONS METABOLIQUES.

Materiaki Metodes

6. Analisis estadistiques

Tots les analisis estadistiques van ser realitzats utilitzant el programa SPSS de
la versi6 12.0 ala 17.0.

La significacié estadistica minima per cada test es va es va considerar a partir
de P<0.05.

a. Es van utilitzar metodes estandard (Kolmogorov-Smirnov i Shapiro-
Wilks) per comprovar si les variables seguien una distribucié normal.

b. Les frequencies al-léliques van ser estimades pel metode gene-counting.
Es va realitzacio el tes de x* l'equilibri de Hardy —Weindberg per
analitzar les diferencies en la distribucié genotipica entre els grups.

c. Les diferencies entre dos grups es van analitzar amb el test t-Student
(paramétric) o amb el test U-Mann-Whitney (no paramétric). Les
diferéncies entre multiples grups es van analitzar amb 'ANOVA.

d. Per avaluar el grau d’associacié entre dues variables es van utilitzar els
coeficients de correlaci6 de Pearson (paramétric) i Spearman (no
parametric) o el test de Kruskall Wallis (categoric).

e. Es van crear models de regressio logistica mdltiple per estimar la
capacitat de grups de variables per predir les variables estudiades o la
preséencia o abséncia de malaltia.

f. En el cas dels analisis d’expressio d’'SNPs, de I'estudi 2 es va utilitzar el
programa Haploview 4.0 per examinar I'equilibri de Hardy-Weinberg. Les
estimacions de desequilibri de lligament entre SNPs es van calcular
mitjancant el test de Fisher. Per tal de determinar la subsequent
distribucio de les frequéncies d’haplotips en la poblacié d’estudi, es van
utilitzar els  programes PHASE (versio 2) i  SNPator

(http://www.snpator.com).
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Serum paraoxonase-1 activity and concentration are
influenced by human immunodeficiency virus
infection.

Atherosclerosis. 2007 Sep;194:175-181
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Abstract

Background: Higher high-density lipoprotein concentrations are associated with a better disease course in HIV-infected patients. Paraoxonase-
1, an enzyme contained within high-density lipoproteins, is thought to hydrolyse oxidised lipids. The aim of the present study was to investigate
the relationships between HIV infection and the circulating activity and concentration of paraoxonase-1, and the concentration of high-density
lipoproteins, apolipoprotein A-I and oxidised low-density lipoproteins.

Methods: We studied patients with HIV infection (n=212) and healthy subjects (n=409). In all the participants we measured the relevant
biochemical and genetic variables. The statistical associations between these variables and paraoxonase-1 activity and concentration were
assessed using multiple linear regression analysis.

Results: Serum paraoxonase-1 activity was decreased (P <0.001) and its concentration was increased (P =0.017) in HIV-patients compared
to the controls. HIV infected patients had lower HDL-cholesterol and apolipoprotein A-I concentrations. Multivariate regression analysis
showed that serum paraoxonase-1 activity was associated with the CD4+ T lymphocyte count (P <0.05), apolipoprotein A-I (P <0.001),
and paraoxonase-1 genetic polymorphisms (P <0.001). Paraoxonase-1 concentration was associated with that of serum 3-2-microglobulin
(P<0.001).

Conclusions: Both, paraoxonase-1 activity and concentration were influenced by HIV-infection and these were related to alterations in HDL
composition and the immunological status of the patients.

© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: High-density lipoproteins; HIV-infection; Paraoxonase-1

1. Introduction tion is known to be decreased in HIV-infected patients [3].

This lipoprotein is considered part of the innate immune sys-

Patients affected by the human immunodeficiency virus
(HIV) infection often develop long-term pro-atherogenic
metabolic alterations. This phenomenon may be explained by
the infection itself or by the secondary effects of antiretroviral
therapies [1,2]. High-density lipoprotein (HDL) concentra-

* Corresponding author. Tel.: +34 977 308128; fax: +34 977 312569.
E-mail address: jcamps @ grupsagessa.com (J. Camps).

0021-9150/$ — see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.atherosclerosis.2006.07.024
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tem. Changes in lipoprotein metabolism that occur during
the host’s response to infection include anti-infective, anti-
inflammatory and anti-oxidant effects that are part of the
host’s defence systems [4,5]. Higher HDL concentrations
have been associated with a better disease-course in HIV-
patients undergoing antiretroviral treatment [6].
Paraoxonase-1 (PON1) is a hydrolase that circulates
tightly bound to HDL in plasma and has been postulated to
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hydrolyse oxidised lipids in low-density lipoproteins (LDL),
HDL, and homocysteine-thiolactone [7—11]. The relationship
and equilibrium between PON1 and HDL can be altered in
the presence of pathological conditions such as diabetes [12]
and coronary artery disease [13]. PONI is mainly synthe-
sized by the liver and its measurement has been proposed as
a marker of hepatic function [14].

The PONI gene contains a number of functional poly-
morphisms in the coding, as well as the promoter, regions
which determine the levels of enzyme activity and, prob-
ably, the ability to protect against lipid peroxidation [9].
Some of the most-studied among these polymorphisms are
a Gln — Arg substitution at position 192 (termed the Q and
R alleles, respectively), a Met — Leu substitution at position
55 (termed M and L alleles, respectively), and the promoter
polymorphism C-1077 substitution [see reference [15] for a
recent review].

There is a paucity of data on PON1 status and its genotype
distributions in patients infected with HIV. Our hypothesis is
that the relationship between oxidation and HIV infection is
such that PON1 may play arole in this disease; a role that may
be susceptible to therapeutic modification and, consequently,
to clinical improvement of the patient. Hence, the key objec-
tive of the present study was to investigate the influence of
the HIV infection on serum PONT activity and concentration,
and their relationships with the circulating concentrations of
HDL, apolipoprotein A-I (apo A-I), oxidised LDL (ox-LDL)
and the PONI genetic polymorphisms.

2. Participants and methods
2.1. Study population

From among the HIV-infected patients attending our
clinic, 212 (146 men, 66 women; mean age 38.8 years; range
22-66) accepted the invitation to participate in the present
study. Of these patients, 129 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 wmol/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 sub-
cutaneous lipoatrophy (hollow cheeks, prominent superficial
veins in the limbs, or flattening of the buttocks) and central
obesity (increased abdominal girth, breast enlargement, or
dorsocervical fat pad) [16]. The main clinical characteristics
of the HIV-infected patients are summarised in Table 1.
The control group consisted of 409 healthy volunteers
who participated in an epidemiological study, the details
of which have been previously reported [17]. A fasting
venous sample blood was obtained from all the participants
and serum was stored at —80 °C until measurements were
performed.

-b6O-

Table 1
Clinical characteristics of the HIV-infected patients (n=212)
Characteristic n
Age (years (S.D.)) 38.8 (6.9)
Gender (n [%])
Male 141[67]
Female 71[33]
Risk factors for HIV (n [%])
Intravenous drug use 124[59]
Heterosexual contact 63[29]
Male homosexual contact 25112]
Time of sero-prevalence (years (S.D.)) 4.29 (3.55)
HCV infection (n [%]) 1291[61]
Lipodystrophy (n [%]) 45[21]

Treatment scheme (n [%])
Non nucleoside analogues 96 [46]

Nucleoside analogues 174 [84]

Protease inhibitors 132[64]
Patients naive to treatment scheme (n [%])

Non nucleoside analogues 110[53]

Nucleoside analogues 27[13]

Protease inhibitors 74[36]
CD4+ T lymphocytes (cells/mm?, mean (S.D.)) 447.6 (286.6)

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
Ethics Committee of the Hospital Universitari de Sant Joan
de Reus.

2.2. Virological and immunological measurements

Plasma viral load was measured with the Amplicor HI'V-1
monitor assay (Roche, Basel, Switzerland) and CD4+ T-cell
and CD8+ T cell counts by FAC scan flow cytometry (Becton-
Dickinson, Madrid, Spain). Antibodies against HCV were
measured by microparticle-enhanced immunoassay in an
automated analyser (Abbott Axsym, Abbott Park IL, USA).
B-2-Microglobulin, a marker of lymphocyte destruction and
progression of HIV-infection [18] was measured by a turbidi-
metric immunoassay (Biokit, Barcelona, Spain).

2.3. Metabolic parameters and PONI status

HDL-cholesterol was determined by a homogeneous
method [19]. PONI activity was analysed by measuring the
rate of hydrolysis of paraoxon at 37°C [14]. PONI con-
centration was determined by an in-house enzyme-linked
immunosorbent assay (ELISA) [20]. ox-LDL concentration
was measured by enzyme-linked immunoassay (Mercodia,
Uppsala, Sweden). Apo A-I concentration was analysed by
a turbidimetric immunoassay (Beckman-Coulter, Fullerton,
CA). Serum cholesterol and triglycerides were analysed by
standard methods (ITC Diagnostics, Barcelona, Spain). LDL-
cholesterol was calculated by the Friedewald formula [21].
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2.4. PONI genotyping Table 3
Frequency distribution of PONI genotypes
Genomic DNA was obtained from leukocytes (Pure- Isoform Control subjects HIV-infected
gene DNA Isolation reagent set; Gentra) and the PONI ;97, (n=409) patients (n=212)
PONI5ss, and PONI _j¢g7 polymorphisms of the PONI gene PONI ;92 (n [%])
were analysed by PCR amplification and restriction isotyp- QQ 198 [48.4] 114153.7]
ing, as we have described previously [17] QR 179143.8] 78 [36.7]
& P y A RR 32[7.8] 209.4]
2.5. Statistical analysis PONIss
LL 161 [39.4] 73 [34.4]
) o ) LM 191 [46.7] 105 [49.5]
Normality of distributions was tested with the MM 57[13.9] 34[16.0]
Kolmogorov-Smirnov  test. Allele frequencies were
. . . PONI 197
estimated by the gene-counting method. Hardy—Weinberg cC 88 [21.5] 55[25.9]
equilibrium, differences in genotype distributions and allele CT 201 [49.1] 94 [44.3]
frequencies between groups were tested by the x> test. T 120 [29.3] 63 [29.7]

Differences in PON1 activities and concentrations between
control subjects and HIV-infected patients were determined
by non-parametric tests (Kruskal-Wallis and Mann—Whitney
U tests) and were adjusted for the polymorphisms studied.
Results are expressed as means and the 95% confidence
intervals in parenthesis. We used the Spearman’s p test
to analyse the correlation between PONI1 activity, PON1
concentration, HDL concentrations, ox- LDL and apo A-L
A multiple linear regression model was fitted to evaluate
the factors that were independently associated with PON1
activity and concentrations in HIV-infected patients. The
variables included in the model were age, gender, positivity
for HCV antibodies, body mass index (BMI), CD4+ T
lymphocyte cell count, apo A-I, ox-LDL, HDL-cholesterol,
B-2-microglobulin and PONI genotypes. All statistical
analyses were performed using the SPSS statistical package
(version 12.0).

3. Results

3.1. Relationships between PONI activity,
concentration, and lipoprotein profile

Results are summarised in Table 2. HIV-infected patients
had significantly lower serum PON1 activity compared with
the control group (P <0.001). Conversely, the patients had a
significantly higher serum PON1 concentration (P =0.017).
Patients had significantly lower cholesterol, LDL and HDL-

Table 2

cholesterol and apo A-I concentrations than the control group
(P<0.001). Serum triglyceride concentration was higher in
HIV-infected patients than in the control group (P <0.001).
There were no significant differences in ox-LDL concentra-
tions in HIV-infected patients with respect to the control
group (P=0.940). In the control group, HDL-cholesterol
concentration showed significant direct correlations with
serum PONI activity (p=0.217; P<0.001) and apo A-I
concentration (p=0.788; P<0.01) and inverse correlations
with PON1 concentration (p=—0.125; P<0.05) and ox-
LDL (p=-0.223; P<0.05). Serum PON1 activity was also
inversely correlated with ox-LDL (p=—0.150; P<0.05) in
these subjects. Conversely, HI V-infected patients had signifi-
cant associations only between HDL-cholesterol and apo A-I
(p=0.647; P<0.01) and between HDL-cholesterol and ox-
LDL (p=-0.18; P<0.05).

3.2. PONI genotype distributions

The allele distributions of the PONI;92, PONIss and
PONI _ 97 polymorphisms followed the Hardy—Weinberg
equilibrium (x> P=0.25, 0.91 and 0.15, respectively).
We observed linkage disequilibrium between the polymor-
phisms of PONIs5 and PON1 9, and the PON155 with the
PONI1_ 97 polymorphism. There were no significant differ-
ences in the PON1 genotype distribution between the control
group and the HIV-infected patients (Table 3).

Serum PONI1 and lipoprotein profile in the control group (n =405) and HIV-infected patients (n=212)

Parameter Control group HIV-infected patients P

PONT1 activity (U/L) 410.7 (395.6-425.9) 335.7 (314.5-356.8) <0.001
PONI1 concentration (mg/L) 98.0 (90.2-105.9) 137.5 (116.8-158.1) 0.017
Cholesterol (mmol/L) 5.26 (5.15-5.36) 4.88 (4.70-5.06) <0.001
HDL-cholesterol (mmol/L) 1.53 (1.49-1.57) 1.18 (1.12-1.24) <0.001
LDL-cholesterol (mmol/L) 3.13 (3.04-3.22) 2.75 (2.60-2.90) <0.001
Triglycerides (mmol/L) 1.31(1.21-1.41) 2.68 (2.08-3.29) <0.001
Apolipoprotein A-I (g/L) 1.64 (1.61-1.70) 1.39 (1.30-1.42) <0.001
ox-LDL (U/L) 85.78 (81.80-89.70) 86.02 (81.32-90.71) 0.940

Results are presented as means and 95% CI (in parenthesis).
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Polymorphisms of PONI did not show any statistically
significant association with HDL-cholesterol, apo A-I, or ox-
LDL concentrations, either in the control group or in the HIV-
infected patients (data not shown).

3.3. Clinical and immunological factors influencing
PONI status, HDL-cholesterol, apo A-I and ox-LDL

The results are summarised in Table 4. Co-infection with
HCYV was associated with a significantly lower PON1 activ-
ity (P <0.001), and ox-LDL concentration (P <0.001). There
were no significant differences regarding PON1, HDL or apo
A-I concentrations.

Patients with an active viral replication presented with
higher PON1 concentrations (P=0.004) and lower HDL-
cholesterol levels (P =0.001); no significant differences were
found in PON1 activity between these two groups. The three
groups stratified according to the CD4+ T lymphocyte count
did not present with any significant differences in PON1 sta-
tus, HDL-cholesterol, apo A-I or ox-LDL levels.

The presence of lipodystrophy was associated with lower
HDL-cholesterol concentrations (P =0.024) and higher ox-
LDL levels (P=0.001). CD4+ T and CD8+ T lymphocyte
counts showed weak negative correlations with PON1 con-
centration (o =—0.150, P =0.045,and p = —0.168, P =0.044,
respectively). Serum [3-2-microglobulin concentration was
negatively related to apo A-I concentration (p=—0.219,
P=0.001), cholesterol-HDL (p=-0.174; P=0.012) and
PONI activity (o=—0.148; P=0.037). B-2-Microglobulin
showed a positive relationship with PON1 concentration
(p=0.264; P=0.001).

Patients treated with non-nucleoside retrotranscriptase
inhibitor-based combination therapy showed no significant
differences in PON1 status compared to the patients treated
with protease inhibitors, nor with respect to patients receiving
other types of treatment.

3.4. Multivariate analysis for PONI activity and
concentration in HIV-patients

Serum PONI activity showed significant, and indepen-
dent, relationships with CD4+ T lymphocyte cell counts
[B=0.062 (0-0.123); P=0.049], apo A-I concentration
[B=106.75 (42.84-170.66); P=0.001], PON1;9; [B=180.0
(150.6-209.4); P<0.001],and PON1 _ ;97 [B=—57.2(—81.8
to (—32.6)); P<0.001] genotypes. Serum PON1 concen-
tration showed a strong significant relationship only with
[B-2-microglobulin concentration [B=75.19 (50.32-100.06);
P<0.001].

4. Discussion
PONI is an esterase/lactonase with a broad spectrum of

possible substrates [11,22] and its physiological function is
not, as yet, completely understood. However, a considerable

-09-

body of evidence suggests that, among other roles, PON1
may hydrolyse oxidised lipid peroxides from low-density
lipoproteins (LDL) and HDL [8,10,23-25] and, thus, pos-
sess antioxidant and anti-inflammatory properties. PON1 has
been studied in relation to diseases involving oxidative stress,
including cardiovascular disease [15], systemic lupus erythe-
matosus [26], rheumatoid arthritis [27], renal insufficiency
[28], and chronic liver damage [14].

Viral replication and some clinical manifestations of
HIV infection involve an imbalance in reduction—oxidation
(redox) status and free radical production [29] and, in this
regard, the present study has identified significantly lower
serum PONI1 activity in HIV-infected patients. It is likely
that the HI'V-induced oxidised environment could result in an
increased binding of the free radicals to the PON1 resulting
in a less active PON1 in the circulation; similar to the reports
of oxidised lipids reacting with a free —-SH group at PON’s
cysteine-284 site leading to inactivation of the enzyme [30].
Another reason for this decrease could be the lower concen-
trations of HDL-cholesterol and apo A-I that we observed
in the patient group. A third reason could be an inhibitory
effect of the medical treatment on PON1 activity, since it has
been recently reported that some antibiotics inhibit PON1 in
vitro [31]. Differences in PON1 activity between patients and
controls are not due to variations in allele or genotype fre-
quency distribution of PONI gene polymorphisms since they
were observed to be similar in both groups in our study, and
to those for the general Caucasian population [17]. In this
respect, HIV infection differs from HCV infection in which
we observed a slight increase in the frequency of patients
carrying the PON1 9, RR allele [32]. In the present study we
found an increased serum PONI1 concentration associated
with the HIV infection. This finding may, initially, appear
contradictory but the findings agree with a previous observa-
tion of decreased PON1 activity and increased concentration
in patients with chronic liver impairment [20]. As an expla-
nation, we would hypothesise that the hepatic up-regulation
of PON1 synthesis is an attempt to counteract the increased
oxidative environment observed in some chronic inflamma-
tory diseases, HIV infection included.

That changes in PON1 status play a role in the course
of HIV infection is an area that is worthy of further inves-
tigation. Changes in the relative proportions of some HDL
components, such as apo A-I and PONI, are observed in
infectious diseases [33-35]. Apo A-I inhibits those steps
in HIV infection involving membrane fusion [36] and, as
such, higher apo A-I concentrations would be associated
with lower viral infectivity. We hypothesise that PON1
may also play an anti-infective role, since this enzyme
increases the cholesterol efflux from the cell and the binding
of the HDL particle to its receptor (ABCA1) [34]. It is
of note that membrane metabolism is modulated by the
efflux of cholesterol to the HDL particle (i.e. HDL particles
deplete cholesterol from the cell membrane) and that this
phenomenon would influence HIV replication since the virus
needs the cholesterol rafts of the cell membrane to perform
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the final viral assembly [4,37,38]. Therefore, a possibility
exists that PON1 status could play a role in pre-empting HIV
replication and allowing the normal cholesterol turnover
from the cell membranes to proceed.

Animportant issue that needs to be resolved is whether the
replication of the HIV1 virus itself would be related to PON1
status. We did not find any significant differences in PON1
activity in relation to the presence of a negative viral load
but, interestingly, there was a significant increase in PON1
concentration in the patients with active viral replication. In
addition, we also observed a positive association between
serum PONI1 and B-2-microglobulin concentration; the latter
being an effective marker of HIV infection activity [18].

Recently, the study of the relationship between HDL and
the course of AIDS 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 HI'V-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 [39—41].
The results of the present study suggest that PON1 status
may play a role in rectifying these derangements. This
concept warrants further research since it represents an
aspect that may engender beneficial consequences for these
patients.
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Association of Paraoxonase-1 Gene Haplotypes
with the Immunologic Outcome of and Metabolic
Disturbances and Atherosclerosis in HIV-Infected
Patients

Sandra Parra,'” Judit Marsillach,' Gerard Aragonés,' Rail Beltran,' Manuel Montero,® Blai Coll,’ Bharti Mackness,’
Michael Mackness,' Carlos Alonso-Villaverde,'? Jorge Joven,' and Jordi Camps'

'Centre de Recerca Biomedica, Servei de “Medicina Interna and *Radiologia, Hospital Universitari de Sant Joan, Institut d'Investigacié Sanitaria
Pere Virgili, Universitat Rovira i Virgili, and “Institut de Recerca Biomeédica, Hospital Arau Vilanova, Lleida, Spain

ql Background. Oxidative stress is associated with human immunodeficiency virus (HIV) infection. Paraoxonase-
1Y) 1 (PON1) is an antioxidant enzyme that is bound to high-density lipoproteins (HDLs). We evaluated whether

PONT gene haplotypes influence the metabolic disturbances, presence of subclinical atherosclerosis, and virologic
93 outcome associated with the infection.

Methods. DNA from blood samples collected from 234 HIV-infected patients and 633 healthy control subjects
had single-nucleotide polymorphisms of PONI,, PONI,, PONI_,, PONI_,, PONI_,, PONI_,,, and
PONI1_,,,, analyzed using the Iplex Gold MassArray method. Subsequently, the influence of these single-nucleotide
polymorphisms on measured biochemical and clinical variables was assessed.

Results. We observed significant differences in the haplotype distribution between the control subjects and the

4 HIV-infected patients. Haplotype H10 (GTCCGTC) was more prevalent in the HIV-infected patients (6.41% vs
0.64%; P<2.502), and haplotype H5 (GACCGTC) was less prevalent in HIV-infected patients (27.7% vs 42.9%;
P = .001). In HIV-infected patients, haplotype H7 (AATTCCT) was associated with better CD4" cell count recovery,
higher levels of HDL cholesterol (P = .048) and apolipoprotein A-I (P = .019), lower levels of triglycerides
(P = .004), and lower rates of subclinical arteriosclerosis (P < .001).

45 Conclusions. PONI haplotypes segregate with HIV infection, HDL metabolism, the presence of subclinical
atherosclerosis, and CD4" cell recovery after treatment.

The spread of human immunodeficiency virus type 1 treatment and infection will become increasingly com-
(HIV-1) infection continues to increase, whereas the mon. These consequences involve not only the im-
survival of HIV-1-infected patients is considerably ex- munocompromised status of the patient but also met-
a6 tended by new and more-effective antiretroviral ther- abolic derangements, including lipoprotein disorders

apy. Hence, it is likely that long-term consequences of that may lead to cardiovascular disease [1]. One of these

problems is increased oxidative stress resulting from

either the infection itself or the secondary effects of
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treatments [2]. Paraoxonase-1 (PON1) is an enzyme
with antioxidant properties. PON1 is an esterase and
lactonase that catalyzes the hydrolysis of oxidized phos-
pholipids and lipophylic lactones [3]. In the general
population and in patients with diabetes, PON1 pre-
serves high-density lipoproteins (HDLs) and low-den-
sity lipoproteins (LDLs) from peroxidation and, as
such, has been associated with a protective role against
the development of atherosclerosis [4-8]. PONI knock-
out mice have increased macrophage oxidative stress
and are more susceptible to atherosclerosis [9],
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Table 1.
fected Patients

General Characteristics of 234 Human Immunodeficiency Virus (HIV)-In-

Characteristic (no. of patients)® Value
Age, mean * SD, years (n = 234) 38.7 £ 6.8
Sex, male (n = 234) 162 (69.2)
Conventional risk factor for cardiovascular disease (n = 234)
Current smoker 184 (78.6)
Hypertension 21 (9.0)
Abnormal fasting glucose level 20 (8.5)
Body mass index, mean = SD, kg/m? 23.1 = 3.2
Dyslipidemia 85 (36.3)
Risk factors for HIV infection (n = 234)
Intravenous drug use 133 (56.8)
Male homosexual contact 29 (12.3)
Heterosexual contact 68 (29.1)
Time since HIV diagnosis, mean + SD, years (n = 234) 54 + 3.3
Baseline CD4* cell count, mean = SD, U/mm?® (n = 185) 359.9 + 297.3
Viral load <200 copies/mL (n = 234) 92 (39.3)
AlDS-related disease (n = 234) 77 (32.9)
HCV coinfection (n = 234) 142 (60.6)
Lipodystrophy (n = 234) 51 (21.8)
Duration of previous ART received, mean + SD, months (n = 234)
Nucleoside analogues 103.3 = 62.7
Protease inhibitor 30.2 £ 27.3
Nonnucleoside analogues 8.1 + 104
Treated with statins (n = 234) 6 (2.6)
Treated with fibrates (n = 234) 20 (8.5)
Lipid profile
Cholesterol, mean = SD, mmol/L (n = 186) 49 + 13
HDL cholesterol, mean + SD, mmol/L (n = 202) 12+ 5
LDL cholesterol, mean + SD, mmol/L (n = 171) 28 1.0
Triglycerides, mean = SD, mmol/L (n = 184) 23 £ 2.1
Apolipoprotein A-l, mean = SD, g/L (n = 146) 14 + 3
Apolipoprotein A-ll, mean = SD, g/L (n = 196) .33 = .06

NOTE. Quantitative variables are expressed as the mean value + standard deviation. Qualitative
variables are expressed as the no. (%) of patients. ART, antiretroviral therapy; HCV, hepatitis C virus;
HDL, high-density lipoprotein; HIV, human immunodeficiency virus; LDL, low-density lipoprotein; SD,

q8

standard deviation.

@ No. of patients for whom information was available.

and human PONTI transgenic mice have decreased atheroscle-
rosis formation and lipoprotein oxidation [10]. PON1 atten-
uates in vitro production of monocyte chemoattractant pro-
tein—1 (MCP-1) by monocytes. MCP-1 is a proinflammatory
chemokine that is involved in the initial step of formation of
the atheromatous plaque [11]. Previous studies from our group
demonstrated an increased plasma MCP-1 concentration in
HIV-infected patients and an association between the poly-
morphisms in the MCP-1_,,,, allele and the presence of sub-
clinical atherosclerosis [12]. We have also reported elsewhere
[13] that PONI status is influenced by the course of HIV in-
fection and results in a decrease in PONI1 activity.

The hypothesis of the present study is that the relationship
between oxidative stress, HIV infection, and atherosclerosis is

such that PONI gene polymorphisms could be associated with
the metabolic disturbances associated with the infection, as well
as with the immunologic, virologic, and clinical course of this
disease.

METHODS

Study population and design.
formed case-control comparisons to assess the differences in
genotype distributions of the PONI genes in HIV-infected pa-
tients, compared with differences in the PONI gene distribu-

In an initial study, we per-

tions noted in the general population. The study participants
who were used as the control group enrolled in a population-
based study conducted in our area. Details of this study have
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Table 2. Differences between the Haplotypes Distribution in the
Control Subjects and the Human Immunodeficiency Virus (HIV)-
Infected Patients

HIV-infected
Control subjects, patients,
no. (%) no. (%)

Haplotype (sequence) (n = 633) (n = 234) P

H1® (AACCGTC) 111 (17.5) 55 (23.5) .054
H2% (ATCCGTC) 563 (88.9) 199 (85.04) .760
H3% (GACTCTT) 57 (9.0) 16 (6.8) 419
H4® (AACCCTT) 96 (15.1) 41 (17.5) .368
H5 (GACCGTC) 272 (42.9) 65 (27.7) .001
H6 (ATTTCCT) 11 (1.7) 3(1.3) 1.000
H7* (AATTCCT) 240 (37.9) 81 (34.61) .631
H8* (GACCCTT) 80 (12.6) 31 (13.2) .740
H9 (ATCCGTT) 1(.15) 0 (0) 1.000
H10* (GTCCGTC) 4 (.63) 15 (6.41) <2.502
H11* (AATTCCC) 47 (7.42) 15 (6.41) 771
H12* (GATTCCT) 48 (7.58) 21 (8.97) 488
H13 (GACCTGG) 4 (.63) 0 (0) 578
H14 (ATCCCTT) 32 (5.05) 8 (3.41) 469
H15 (GTTCCTT) 1 (.15) 0 (0) 1.000
H16 (AACTCTT) 9 (1.42) 9 (3.84) .031
H17 (GTCCCTT) 12 (1.89) 9 (3.84) 131
H18 (AACCCTC) 4 (.63) 3(1.28) .390
H19 (AACTCCT) 1(.15) 0 (0) 1.000
H20 (ATTCCTT) 1(.15) 0 (0) 1.000
H21 (ATTTCCC) 1 (.15) 0 (0) 1.000
H22 (GTTTCCT) 1(.15) 0 (0) .265
H23 (GATCCTT) 1(.15) 0 (0) .265
H24 (AATCCTT) 1(.15) 0 (0) .265
H25 (GACCCCT) 1 (.15) 0 (0) .265

@ Haplotype with a frequency >5%.

been published elsewhere [14]. In brief, the 633 participants
were ostensibly healthy individuals (339 women and 294 men;
mean age, 45 years [range, 18-81 years]) of white ethnic origin
who were from the Mediterranean region of Catalunya. The
234 HIV-infected patients who were studied (72 women and
162 men; mean age, 39 years [range, 20-66 years]) were among
those attending our outpatient AIDS clinic and were of the
same ethnic origin as the control participants in the study. The
only exclusion criterion was age <18 years.

Expanding on the initial study, we performed a case-control
assessment of the HIV-infected patients receiving antiretroviral
treatment. The purpose of the assessment was to evaluate any
associations of PONI gene haplotypes with the metabolic, im-
munologic, and virologic variables measured. In this second
study, we defined as “cases” those HIV-infected patients who
had lipodystrophy, metabolic disturbances, dyslipidemia (as de-
fined by the National Cholesterol Education Program Adult
Treatment Panel III as a total cholesterol level >5.0 mmol/L or
an LDL cholesterol level >3.0 mmol/L; an HDL cholesterol <1.0

mmol/L in men and <1.2 in women; or a triglyceride level
>1.7mmol/L), a positive cardiovascular disease risk (as assessed
by the Framingham risk score), and the presence of athero-
sclerosis, as determined by measurement of the intima-media
thickness (IMT) in the carotid artery. Although IMT is a con-
tinuous variable, and although we have reported the data in
this form, we also defined subclinical atherosclerosis as (1) a
categorical (dichotomized) variable when the IMT was >0.8
mm or (2) the presence of an atheromatous plaque in the
analyzed zones of the arteries.

We used previously established definitions of cases and con-
trols in association with the magnitude of the increase in the
CD4" cell count—that is, we reassigned the HIV-infected pa-
tients as cases or controls on the basis of their response or lack
of response, respectively, to anti-HIV treatment. Patients who
did not have a CD4" cell count increase of >50 cells/mm” after
12 months of treatment follow-up were considered to be “non-
responders” [15]. In terms of virologic variables, we considered
cases to be those patients who experienced a rebound in the
viral load during the course of the 12-month observational
period of the study. Patients who abandoned treatment and
those who completed the 12-month observational period with
a negative viral load were censored from the present statistical
analyses.

All the participants provided fully informed consent. The
data were coded to ensure anonymity. The study was approved
by the ethics committee of the Hospital Universitari de Sant
Joan de Reus. All procedures were performed according to the
principles of the Declaration of Helsinki and Good Clinical
Practice.

Biochemical measurements. A sample of fasting venous
blood was obtained during the clinical examination. The plasma
viral load was measured using the Cobas TagMan HIV-1 assay
(Roche), and the CD4" T cell count was determined using flow
cytometry (Beckman-Coulter). HDL cholesterol levels were an-
alyzed by a homogeneous method (Beckman-Coulter). LDL
cholesterol levels were calculated using the Friedewald formula
[16]. Serum total cholesterol and triglyceride concentrations
were measured by standard methods (Beckman-Coulter). Se-
rum PONI esterase activity was measured as the rate of hy-
drolysis of paraoxon at 410 nm and 37°C in 0.05 mmol/L
glycine buffer (pH 10.5) with 1 mmol/L calcium chloride [17].
Activities were expressed as the number of units per liter, where
1 unit equals 1 micromole of paraoxon hydrolyzed per minute.
Serum PONI lactonase activity was measured in an assay re-
agent containing 1 mmol/L calcium chloride, 0.25 mmol/L 5-
(thiobutyl)-butyrolactone (TBBL), and 0.5 mmol/L 5,5-dithio-
bis-2-nitrobenzoic acid (DTNB) in 0.05 mmol/L Tris-HCL
buffer (pH 8.0). The increase in absorbance was monitored at
412 nm [18, 19]. Activities were expressed as the number of
units per liter, where 1 unit equals 1 millimole of TBBL hy-
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B. HIV-infected patients

Linkage disequilibrium structure of the PONT gene in control subjects (A) and human immunodeficiency virus (HIV)—-infected patients (B).

Linkage disequilibrium structure of 7 common single-nucleotide polymorphisms (SNPs) labeled by their RS numbers vertically. Note that SNP number
1 is PONT,y, followed by PONTy, PONT_,q, PONT_g, PONT_ g PONT_,, and PONT_,,,,. Each square denotes the strength and significance of
linkage disequilibrium between pairs of markers in the region. Red denotes no (or minimal) evidence of historical recombination. The numbers of
squares denote 100XD’ (a statistical measure of linkage disequilibrium), with missing values denoting a result of 100.

drolyzed per minute. The serum PON1 concentration was de-
termined by enzyme-linked immunosorbent assay (ELISA) per-
formed using an antibody raised against a peptide derived from
the sequence of mature PON1 [6]. The serum concentration
of oxidized LDL was measured by ELISA (Mercodia). Serum
apolipoprotein (apo) A-I and A-II concentrations were deter-
mined by immunoturbidimetry (Beckman-Coulter and Dialab
Gmbh, respectively). The serum concentration of C-reactive
protein (CRP) was measured using a high-sensitivity method
(Beckman-Coulter). The plasma concentration of MCP-1 was
measured by ELISA (Human MCP-1 ELISA Development Kit;
Prepotech).

Genotyping. Genomic DNA was obtained from leukocytes
(Puregene DNA Isolation reagent set; Gentra Systems).
PON1,,,, PONI,,, PONI_,.,, PONI ,,, PONI 5, PONI s
PONI_,,,,, and MCP-1_,;,, single-nucleotide polymorphisms
(SNPs) were analyzed using the Iplex Gold MassArray method
(Sequenom) at the Spanish National Genotyping Center (Cen-
tro Nacional de Genotipado of the Universitat Pompeu Fabra,
Barcelona, Spain).

Arterial IMT measurement. We performed carotid and
femoral ultrasound measurements for 183 HIV-infected pa-
tients. By use of an identical protocol, these measurements were
conducted by the same investigators who performed a previ-
ously published study [12], all of whom were blinded with
respect to the results of the other variables studied. We used a
GE Logiq 700 with an ultrasound probe of 7-10 MHz. We
identified 3 segments in the carotid arteries on which to con-
duct the measurements: the common carotid artery (1 cm prox-

imal to the bifurcation), the carotid bulb (in the bifurcation),
and the internal carotid artery (1 cm distal to the bifurcation).
We evaluated the common femoral artery 1 cm proximal to
the bifurcation. The far-wall IMT images were obtained and
digitized for each participant.

Statistical analysis. 'We used the x test to assess the degree
of association between categorical variables. An analysis of var-
iance (ANOVA) test or Student’s ¢ test was used for continuous
variables that followed a normal distribution. The Mann-Whit-
ney U test and the Wilcoxon rank-sum test were used for
nonparametric variables. The results are presented as the mean
value * standard deviation (SD), for parametric variables, and
the median value (range), for nonparametric variables. SNPs
were tested for Hardy-Weinberg equilibrium by use of Hap-
loview software (version 4.0) [20]. Estimates of linkage dis-
equilibrium between SNPs were calculated using D’ and r’.
Haplotype estimations were performed using PHASE software
[21] with default settings and the SNPator package [22]. Linear
or logistic regression models were used to identify the haplo-
types that predicted the dependent variables adjusted for po-
tential confounding factors, such as age, sex, dyslipidemia,
smoking habit, hypertension, fasting glucose, body mass index,
hepatitis C virus coinfection, lipid-lowering treatment, duration
of each antiretroviral treatment scheme, and basal CD4" cell
count. The Kaplan-Meyer hazard model was used to determine
the association between the haplotypes and the time to an
undetectable viral load at a 95% confidence interval (CI). All
statistical analyses were performed using the SPSS statistical
package (version 15.0; SPSS).
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Figure 2. A, Differences between the haplotype distributions in control
subjects and human immunodeficiency virus (HIV)—-infected patients. B,
Differences in the proportion of HIV-infected patients with a CD4* cell
response in relation to the presence of absence of haplotype H7. C,
Differences in the proportion of HIV-infected patients with subclinical
atherosclerosis in relation to the presence or absence of haplotype H7.

RESULTS

Genotype distributions in control subjects and HIV-infected
patients. The general characteristics of the patients are sum-
marized in Table 1. We obtained 25 different haplotypes cor-
responding to the SNP mutations PON1,,,, PON1,,, PONI_,,
PONI _,,,, PONI ,,, PONI _,,,,, and PONI_,,,, (Table 2). We
observed strong linkage disequilibrium between all the SNPs
in HIV-infected patients (D' =43), except for the SNP between

the PON1,,, and PONI;; polymorphisms (Figure 1). We ob-

served significant differences in the distributions of haplotype
H10 (odds ratio [OR], 10.6 [95% CI, 3.52-32.2]; P<2.502)
and haplotype H5 (OR, 0.61 [95% CI, 0.46-0.83]; P = .001)
between control subjects and HIV-infected patients (Figure 2A).

Association of PON1 haplotypes with the immunologic and
virologic outcomes in HIV-infected patients. In a bivariate
analysis, we found significant differences in the CD4" cell
counts of HIV-infected patients segregated according to hap-
lotype. Patients carrying the H7 haplotype had higher basal
CD4" cell counts (Figure 2B and Table 3). After segregating
patients according to CD4" cell count, we also observed a
greater number of responders among patients carrying the H7
haplotype than among patients who did not carry this hap-
lotype (72.9% vs 52.7%; P = .017).

The probability of maintaining an undetectable viral load
while receiving antiretroviral treatment was also significantly
associated with PON1 gene haplotypes. Carrying haplotypes
H10 and H5 was associated with a higher probability of main-
taining viral suppression (P = .047 and P = .022, respectively).

Association of PON1 haplotypes with the presence of lip-
odystrophy, metabolic disturbances, cardiovascular disease
risk, and dyslipidemia. We did not observe (by use of bi-
variate analysis) any association between PONTI haplotypes and
lipodystrophy, metabolic disturbances, or the 10-year risk of
cardiovascular disease, as assessed by the Framingham risk
score. However, we did find an association between dyslipi-
demia and the H7 and H4 haplotypes (P = .025 and P =
.006, respectively). Patients carrying the H7 haplotype had
lower serum triglyceride concentrations, higher HDL choles-
terol levels, and higher apo A-I and apo A-II concentrations
(Table 3).

HIV-infected patients carrying the H4 haplotype also had
lower serum triglyceride levels (mean = SD, 2.16 * 2.05
mmol/L vs 3.09 = 2.35 mmol/L; P = .042) and higher HDL
cholesterol levels (1.23 #+ 0.53 mmol/L vs 0.97 = 0.25 mmol/
L; P = .012). In a linear logistic regression model, HDL cho-
lesterol levels (as a dependent variable) were predicted by tri-
glycerides (8 = —.075 [95% CI, —.107 to —.044]; P <.001)
and the duration of nonnucleoside antiretroviral treatment
(B = .009 [95% CI, .004 to .015]; P<.001). In a linear re-
gression model, serum apo A-I concentrations were predicted
by the H7 haplotype (8 = .176 [95% CI, .070-.283]; P =
.008), the duration of antiretroviral treatment (8 = .008 [95%
CI, .003-.0012]; P<.001), and hepatitis C virus coinfection
(8 = —.106 [95% CI, —.119 to .012]; P = .028).

Association of PONI haplotypes with the presence of sub-
We found
an association between the presence of subclinical atheroscle-
rosis and the H7 haplotype (Figure 2C). Patients who did not
carry this haplotype had higher rates of subclinical atheroscle-

clinical atherosclerosis in HIV-infected patients.
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Table 3. Differences in the Lipid Profile, Inflammatory and Oxidative Markers, PON1 Levels,
and CD4* Cell Counts in Human Immunodeficiency Virus (HIV)-Infected Patients Segregated with
Respect to Presence of the H7 Haplotype

Patients,
Laboratory value or characteristic, H7 haplotype carrier no. Value® P
Cholesterol level, mmol/L
Yes 49 5.05 + 1.45 .260
No 137 489 + 94 .260
HDL cholesterol level, mmol/L
Yes 56 1.28 = 45 .048
No 146 1.14 + 44
LDL cholesterol level, mmol/L
Yes 47 2.81 + .79 .832
No 124 2.77 + 1.07
Apolipoprotein A-l level, g/L
Yes 53 1.49 + 28 .019
No 93 1.36 = 7.0
Apolipoprotein A-ll level, g/L
Yes 51 .35 = .07 .030
No 145 .32 + .06
Triglycerides level, mmol/L
Yes 49 1.36 (.6-5.6) <.001
No 135 2.77 + 1.07
PON1 esterase activity, U/L
Yes 57 258.6 (115.1-667.0) .090
No 153 306.8 (75.9-818.1)
PON1 lactonase activity, U/L
Yes 56 5.10 = 1.68 .702
No 158 519 + 1.69
PON1 level, U/L
Yes 56 126.1 + 107.6 .5609
No 151 140.9 + 166.1
Ox-LDL level, U/L
Yes 57 82.14 = 38.3 .329
No 158 87.4 = 33.01
CRP level, mg/L
Yes 57 4.48 + 7.97 528
No 152 3.90 + 4.07
MCP-1 level, ng/L
Yes 47 73.65 + 41.65 718
No 125 76.48 + 47.20
Basal CD4* cell count, cells/mm?
Yes 49 4259 + 3209 .035
No 136 318.1 = 2825
Age, years
Yes 49 372 £ 7.1 .056
No 136 39.7 £ 73

NOTE. CRR C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MCP-1, monocyte
chemoattractant protein—1; ox-LDL, oxidized LDL.

¥ Data are expressed as the mean + standard deviation, for variables with parametric distributions, and as the
median (range), for variables with nonparametric distributions.

-80-


sandra
Typewritten Text
-80-


UNIVERSITAT ROVIRA I VIRGILI
INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1
I LES SEVES COMPLICACIONS METABOLIQUES.
Sandra Parra Pérez
ISBN:978-84-693-1531-6/DL:T-650-2010

q36

q37

q38

q39

q40

qé

rosis (83.3% vs 16.7%; P<.001). In the logistic regression
model, the variables that predicted presence of atherosclerosis
were age (8 = 1.261 [95% CI, 1.136-1.401]; P<.001), the
MCP-1 —2518G allele (8 = .162 [95% CI, .056—.470]; P =
.001), and the H7 haplotype (8 = .381 [95% CI, .1510-.961];
P = .041).

The absence of the H7 haplotype was also associated with
an increased IMT as a continuous variable (mean *+ SD, 0.78
+ 0.19 vs 0.70 * 0.16 mm) in patients carrying the H7 hap-
lotype (P = .010). In the linear regression model, the variables
that predicted the IMT values in the carotid arteries were age
(B = .010 [95% CI, .006-.014; P<.001), the duration of an-
tiretroviral treatment (8 = .004 [95% CI, .001-.007]; P =
.005), and the H7 haplotype (8 = —.075 [95% CI, —1.141 to
.010]; P = .026).

We did not observe any significant association between the
serum PONI activity or concentration and the immunologic,
virologic, metabolic, or clinical variables analyzed.

DISCUSSION

The results of the present study show significant differences
between control subjects and HIV-infected patients with respect
to the genetic distribution of 2 PONI gene haplotypes. The
H10 haplotype is more prevalent in HIV-infected patients than
in control subjects, although the small number of participants
carrying this haplotype makes this conclusion very preliminary.
The absence of the H10 haplotype is also associated with a
higher probability of maintaining a negative viral load. As such,
we can suggest that this haplotype is more prevalent in HIV-
infected patients because it is associated with increased patient
survival. The H5 haplotype is significantly less prevalent in HIV-
infected patients than in control subjects, and its absence is
also associated with a higher probability of maintaining viral
suppression. Perhaps patients with this genotypic background
show less capability of controlling viral replication when re-
ceiving antiretroviral treatment and may be less protected in
the first stages of HIV transmission.

The strong linkage disequilibrium observed between the
SNPs of PONI also allowed us to detect candidate SNPs with
functional and clinical implications that warrant further in-
vestigation. PON1,,, codes for isoenzymes that show different
functional antioxidant activity, as has been reported elsewhere
[5, 23]. The H10 and H5 haplotypes contain the R allele at
position 192; the R allele is the allele that is less effective in
the protection against lipid peroxidation [7]. The H7 haplotype
appears to have an important role with respect to the lipid
profile, the presence of atherosclerosis, and the CD4" cell count.
We observed that patients who carried this haplotype had
higher levels of HDL cholesterol and apo A-I, as well as lower
triglyceride levels. The H7 haplotype was also associated with
lower rates of subclinical atherosclerosis. In the multivariate

regression model, not carrying the haplotype predicted the pres-
ence of atherosclerosis, after adjustment for other classical car-
diovascular disease risk factors. Also in the regression model,
the adjusted apo A-I levels, but not the triglyceride levels, were
predicted by the H7 haplotype. That apo A-I and HDL levels
are influenced by the PONI polymorphisms can be hypothe-
sized to be an effect related to conformational changes in the
PON1 isoform which confers a more stable binding to apo A-
I [24]. The H7 haplotype carries the Q allele at the PON1,,,
position, and this allele is known to confer better antioxidant
properties and better protection against the development of
atherosclerosis [5].

It is of note that the H7 haplotype was also associated with
higher basal CD4" cell counts and better CD4" cell recovery
with treatment. The basal CD4" cell count is an independent
risk factor for atherosclerosis in HIV-infected patients [25, 26].
As such, it is possible that the PONI genotypic background
modulates the lipid profile and also confers a better oxidative
status, which, in turn, lowers CD4" cell apoptosis and, con-
sequently, lowers the predisposition to atherosclerosis related
to the proinflammatory and prooxidative status of this patient
population.

A caveat of the present study is that, despite a clear asso-
ciation between PONI gene haplotypes and severe complica-
tions of HIV infection, we did not observe any significant as-
sociation between these derangements and circulating levels of
PONI1, with respect to either the activity or the concentration
of the enzyme. The explanation for this phenomenon cannot
be ascertained from the present study, but a possible underlying
mechanism could be related to the aforementioned observa-
tion—that is, the PONI,,, polymorphism may influence PON1
binding to apo A-I and HDL, causing differences in enzyme
stability and modifying HDL function independently of PON1
levels [24]. Our results showing that patients who carry the H7
haplotype (which contains the PONI,,, polymorphism) have
higher HDL cholesterol and apo A-I concentrations would tend
to support this hypothesis. Another limitation of the present
study is its cross-sectional design, which makes any conclusions
about associations with disease progression and pathogenesis
very preliminary. Prospective, longitudinal studies investigating
the influence of PONI haplotypes on seroconversion and pa-
tient survival would be necessary to describe more clearly the
role of these haplotypes in disease progression.

In conclusion, PONI haplotypes are associated with HDL
and apo Al levels, the presence of atherosclerosis, immunologic
status, and virologic outcome after treatment. The clinical im-
plication is that novel therapeutic strategies may need to take
into account the PONI genotypic background of the patient,
especially if the therapeutic option is to modulate serum PON1
activity and HDL or apoA-I levels [27, 28]. Our results suggest
that the PON1-HDL complex may play a role in the homeo-
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Nonconcordance between subclinical atherosclerosis
and the calculated Framingham risk score in HIV-
infected patients: relationships with serum markers of
oxidation and inflammation.
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Objectives

HIV-infected patients show an increased cardiovascular disease (CVD) risk resulting, essentially,
from metabolic disturbances related to chronic infection and antiretroviral treatments. The aims
of this study were: (1) to evaluate the agreement between the CVD risk estimated using the
Framingham risk score (FRS) and the observed presence of subclinical atherosclerosis in
HIV-infected patients; (2) to investigate the relationships between CVD and plasma biomarkers
of oxidation and inflammation.

Methods

Atherosclerosis was evaluated in 187 HIV-infected patients by measuring the carotid intima-media
thickness (CIMT). CVD risk was estimated using the FRS. We also measured the circulating levels of
interleukin-6, monocyte chemoattractant protein-1 (MCP-1) and oxidized low-density lipoprotein
(LDL), and paraoxonase-1 activity and concentration.

Results

There was a weak, albeit statistically significant, agreement between FRS and CIMT (x = 0.229,
P<0.001). A high proportion of patients with an estimated low risk had subclinical atherosclerosis
(n=66; 56.4%). In a multivariate analysis, the presence of subclinical atherosclerosis in this
subgroup of patients was associated with age [odds ratio (OR) 1.285; 95% confidence interval (CI)
1.084-1.524; P = 0.004], body mass index (OR 0.799; 95% CI 0.642-0.994; P = 0.044), MCP-1
(OR 1.027; 95% CI 1.004-1.050; P = 0.020) and oxidized LDL (OR 1.026; 95% CI 1.001-1.051;
P=0.041).

Conclusion

FRS underestimated the presence of subclinical atherosclerosis in HIV-infected patients. The
increased CVD risk was related, in part, to the chronic oxidative stress and inflammatory status
associated with this patient population.
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metabolic complications, including dyslipidaemia, insulin

Since the advent of effective antiretroviral therapy, HIV
infection has become a chronic disease [1]. The life
expectancy of HIV-infected patients is progressively
improving, but undesirable secondary effects of these
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resistance, altered body fat distribution and hypertension
[2,3]. An increase in atherosclerosis at a relatively young
age becomes evident in these patients, probably secondary
to the pro-inflammatory and pro-oxidative status of
chronic infection exacerbating classical cardiovascular
disease (CVD) risk factors, including dyslipidaemia [4-7].
The decision to initiate a treatment to prevent CVD is
commonly based on the individual’s risk estimation
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generated from equations derived from data for the general
population [8-10]. The Framingham risk score (FRS) is the
most widely used estimation, and use of the FRS is
considered the reference method. In HIV-infected patients,
the clinical management of CVD risk is complex because of
the wide range of drugs used and their pharmacological
interactions. A follow-up of patients within the D:A:D study
reported that HIV-infected patients receiving antiretroviral
treatment had a risk of developing myocardial infarction that
was similar to, or somewhat higher than, that predicted by
the FRS [11]. In addition, more recent reports suggest that
FRS may underestimate the real CVD risk in HIV-infected
patients [12-15].

Although conventional factors undoubtedly play an
important role in determining CVD risk in HIV-infected
patients, FRS and the other indices do not take into account
crucial clinical factors related to chronic HIV infection in
these patients, such as their inflammatory and oxidative
status. Inflammatory and oxidative parameters, along with
surrogate markers of arteriosclerosis, are of considerable
interest because they facilitate therapeutic decisions regard-
ing CVD prevention, especially in the clinical management of
HIV-infected patients in whom treatment is complex because
of multiple drug interactions and opportunistic infections.

The measurement of carotid intima-media thickness
(CIMT) has been proposed as a surrogate marker of
atherosclerosis and a valuable index of the future appear-
ance of adverse vascular events in the at-risk patient
within the general population [16]. We and others have
demonstrated an increase in CIMT in HIV-infected patients;
these patients also have a faster rate of progression of
atherosclerosis [17,18]. This indicates that CIMT is a realistic
reflection of arterial lesion status in these patients. Together
with CIMT, several biochemical markers of inflammation
and oxidation can be analysed to evaluate the early
development of arteriosclerosis in HIV-infected patients.
C-reactive protein (CRP) is a useful marker of adverse
cardiovascular events in the general population [19]. The
roles of other plasma constituents are under investigation.
For example, interleukin-6 (IL-6) is an inflammatory
cytokine that stimulates the liver to increase the production
of acute-phase reactants [20]. Monocyte chemotactic
protein-1 (MCP-1) is another inflammatory cytokine that
enhances the recruitment of monocytes into the sub-
endothelial space, where they differentiate into macrophages
and become foam cells. MCP-1 has been shown to be
associated with the presence of subclinical atherosclerosis
[21] in HIV-infected patients and in those with lipodystro-
phy [22]. Serum oxidized low-density lipoprotein (oxLDL)
has been extensively studied as a marker of oxidative stress.
oxLDL and paraoxonase-1 (PON1) are considered to have
important functions in the process of atherosclerosis [23].
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PON1 is an antioxidant enzyme bound to high-density
lipoproteins (HDLs) that attenuates lipid peroxidation and
protects against atherosclerosis [24-26].

We previously reported a decrease in PON1 activity and an
increase in PON1 concentration in HIV-infected patients [27].
The aim of the present study was to investigate, in a cohort of
HIV-infected patients, the relationships among the presence
of subclinical atherosclerosis (measured as CIMT), individual
CVD risk (estimated using the FRS), and the measured
circulating levels of inflammation and oxidation biomarkers.

Methods

Participants and eligibility

The study was observational and cross-sectional. We
recruited 187 consecutive HIV-positive patients attending
the clinics of the Hospital Universitari de Sant Joan. The
exclusion criteria were age < 18 years, having an AIDS-
related opportunistic disease at the beginning of the study,
or having a previous history of clinical CVD. The study was
approved by the Ethics Committee of the Hospital and
written informed consent was obtained from all the
participants in the study.

Clinical and laboratory measurements

A detailed clinical history was taken and a thorough
physical examination performed at interview. Anthropo-
metric variables, including body mass index (BMI), gender,
age, smoking status and treatment with hypolipidaemic
or antiretroviral drugs were recorded. The presence of
hypertension or diabetes was defined according to standard
international criteria [8]. Lipodystrophy was defined as the
presence of body fat changes that could be clearly recognized
by the patient and confirmed by the doctor. Body fat changes
included subcutaneous lipoatrophy (hollow cheeks, promi-
nent superficial veins on the limbs, or flattening of the
buttocks) and central obesity (increased abdominal girth,
breast enlargement, or dorsocervical fat pad) [21,22]. A
sample of fasting venous blood was obtained during the
clinical examination. Serum glucose, cholesterol and trigly-
ceride concentrations were measured by standard methods
(Beckman-Coulter, Fullerton, CA, USA). HDL cholesterol was
analysed using a homogeneous method (Beckman-Coulter).
LDL concentrations were calculated using the Friedewald
formula [28]. Serum apolipoprotein (apo) A-I and IL-6
concentrations were determined by immunoturbidimetry
(Beckman-Coulter). Plasma viral load was measured with
the Cobas" TagMan HIV-1 assay (Roche, Basel, Switzerland)
and CD4 T-cell count was determined by flow cytometry
(Beckman-Coulter). The serum concentration of oxLDL was
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measured by enzyme-linked immunosorbent assay (ELISA)
(Mercodia, Uppsala, Sweden). The serum concentration of
CRP was measured using a high-sensitivity method (Beck-
man-Coulter) [29]. The plasma concentration of MCP-1
was measured by ELISA (Human MCP-1 ELISA Develop-
ment Kit; Peprotech, London, UK). Serum PON1 activity
and concentration were analysed as previously reported
[29,30].

CVD risk assessment

The 10-year CVD risk was assessed in all patients by
applying the FRS. We categorized individuals on the basis
of three levels of CVD risk: low (< 10%), moderate (10-
20%) and high (> 20%).

Measurement of CIMT

CIMT measurements were obtained by ultrasonography as
previously described using a GE Logiq 700MR system
(General Electric, Milwaukee, WI, USA). We identified three
segments of the carotid arteries on which to conduct the
measurements, the common carotid artery (1 cm proximal
to the bifurcation), the carotid bulb (in the bifurcation) and
the internal carotid artery (1cm distal to the bifurcation).
Far wall CIMT images were obtained and digitalized for
each patient [31]. The median value of the measurements
obtained in the three segments was used in the statistical
analyses. The presence of subclinical atherosclerosis was
defined as a median CIMT >0.8 mm or the presence of a
plaque. A plaque was defined as a thickness > 1.5mm or a
focal structure that encroaches into the arterial lumen by at
least 0.5 mm, or 50% of the surrounding CIMT value [32].

Statistical analysis

We used the y* test or Fisher's exact test to evaluate the
associations between categorical variables. The k coefficient
was used as a measure of the agreement between the
presence of subclinical atherosclerosis and the CVD risk
calculated by the FRS. Means for variables with a normal
distribution were compared using analysis of variance
(aNova) and the Kruskall-Wallis test was used for variables
with nonnormal (skewed) distributions. When significant
differences among CVD risk groups were found, pair-wise
comparisons were performed between the groups represent-
ing the three levels of CVD risk. Post hoc analyses included
the Bonferroni test. Logistic regression analysis was used to
study the variables associated with the presence of
subclinical atherosclerosis (as a binary variable) in the
group of patients with low CVD risk as stratified by FRS (i.e.
risk < 10%). Variables included in the multivariate analyses
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were age, gender, smoking status, systolic blood pressure
(SBP), diastolic blood pressure (DBP), glucose, LDL choles-
terol, HDL cholesterol, triglycerides, BMI, HIV-1 basal viral
load, basal CD4 cell count, lipodystrophy, exposure time to
nucleoside reverse transcriptase inhibitor (NRTI), nonnu-
cleoside reverse transcriptase inhibitor (NNRTI) and pro-
tease inhibitor (PI) treatments, inflammatory markers, and
oxidative markers. Statistical analyses were performed with
the spss 17.0 statistical package (SPSS, Chicago, IL, USA). A
significant difference was defined as two-tailed P<0.05.

Results

Relationship between the presence of subclinical
atherosclerosis and the FRS

We observed a low level of agreement between the
stratification of CVD risk measured using the FRS and the
presence of subclinical atherosclerosis measured using
CIMT (Table 1). Of note is the finding that a high number of
patients who did have subclinical atherosclerosis were
classified as having a low CVD risk using the FRS score
(n = 66; 56.4%).

Differences among groups stratified by CVD risk
according to the FRS and the presence of subclinical
atherosclerosis according to CIMT

Table 2 summarizes the data on the patients stratified into
three groups according to the presence of atherosclerosis,
but with a low or high CVD risk according to the FRS. The
group of patients with a high CVD risk according to the
FRS and with atherosclerosis were older (P<0.001) and
contained a greater proportion of males (P<0.001) than the
other groups of patients. With respect to HIV-related
variables, we did not find any significant difference in
immunological or virological status, or the time since
diagnosis. There was a significantly higher proportion of
patients with lipodystrophy among those with athero-
sclerosis and higher CVD risk (P<0.001).

Table 1 Correlation between the presence of subclinical atherosclero-
sis assessed using carotid intima-media thickness (CIMT) and
cardiovascular disease risk estimated using the Framingham risk score
(FRS)

No atherosclerosis Atherosclerosis P-value
based on CIMT based on CIMT (Fisher's

FRS (%) [n (%)] [n (%)] test) k (P-value)
<10 51 (43.6) 66 (56.4) <0.001 0.229 (<0.001)
10-20 1(1.9) 27 (96.4)

>20 2 (20) 8 (80)
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Table 2 Characteristics of HIV-infected patients stratified according to the presence or absence of atherosclerosis as assessed using carotid intima-

media thickness (CIMT) and the Framingham risk score (FRS)

Characteristic No atherosclerosis FRS < 10% Atherosclerosis FRS < 10% Atherosclerosis FRS > 10% P
Age (years) 35.9 (3.5) 39.0 (4.3)" 46.7 (7.8)""i <0.001
Gender (%) 0.073
Male 58 47 66 <0.001
Female 42 53 34
Hepatitis C virus coinfection (%) 18 29 M 0.160
Risk factors for HIV infection 0.809
Injecting drug use (%) 54 68 45 0.143
Male homosexual contact (%) 14 5 19
Heterosexual contact (%) 32 27 36
Months since HIV diagnosis 82 (53) 95 (49) 86 (52) 0.549
Basal CD4 cell count (cells/uL) 364.28 (313.05) 332.37 (276.49) 285.94 (207.56) 0.182
Viral load <40 copies/mL (%) 60 69 74 0.565
Lipodystrophy (%) 12 35 43 <0.001
AlIDS-related disease (%) 28 33 37 0.070
Previous antiretroviral therapy (months)
NRTIs 89 (65) 105 (67) 103 (58) 0.431
Protease inhibitors 28 (30) 29 (28) 32 (27) 0.385
NNRTIs 8 (10) 9 (1) 5(9) 0.177
Cardiovascular disease risk factors
Current smoker (%) 88 83 80 0.625
Fasting glucose (mmol/L) 5.18 (0.52) 5.25 (0.73) 6.02 (1.73)" <0.001
BMI (kg/mz) 19.65 (2.75) 18.79 (2.67) 19.76 (3.14) 0.138
SBP (mmHg] 114.05 (13.56) 117.25 (13.10) 134.28 (22.08)w <0.001
DBP (mmHg) 74.5 (11.17) 75.81 (8.98) 85.21 (13.87)*'1 <0.001
CIMT (mm) 0.65 (0.07) 0.81 (0.14)* 0.93 (0.29)" <0.001
Lipid profile
Cholesterol (mmol/L) 47 (1.2) 47 (1.2) 57 (1.3)" <0.001
LDL cholesterol (mmol/L) 2.6 (0.9) 2.64 (1.0) 3.4 (1.2)7 0.003
HDL cholesterol (mmol/L) 1.4 (1.0) 1.2 (0.4) 1.0 (0.3) 0.113
Triglycerides (mmol/L) 1.74 (1.40-2.08) 1.92 (1.63-2.22) 3.38 (2.50—4.24]+'i <0.001
Apolipoprotein A-I (mg/L) 1.41 (0.34) 1.36 (0.32) 1.33 (0.22) 0.621
Inflammation and oxidation markers
IL-6 (mg/L) 0.68 (0.68) 0.69 (0.70) 0.86 (0.73) 0.467
CRP (mg/L) 4.27 (7.60) 3.90 (4.89) 4.09 (4.02) 0.899
MCP-1 (ng/L) 59.4 (24.3) 81.9 (57.4)* 67.2 (23.3) 0.006
PON1 activity (U/L) 307.2 (267.8-346.5) 340.6 (298.9-382.37) 347.6 (285.1-410.2) 0.784
PON1 concentration [mg/L) 158.3 (110.1-206.5) 164.2 (115.8-212.4) 174.7 (54.4—95.0]i 0.006
oxLDL (U/L) 76.22 (28.43) 86.69 (31.34) 97.80 (29.22]* 0.013

Unless otherwise stated, results are presented as mean (standard deviation) for variables with parametric distributions, and as median (range) for variables

with nonparametric distributions.

*P<0.05 for comparison between the group ‘No atherosclerosis and FRS<10%'" and the group ‘Atherosclerosis and FRS < 109%'".

TP<0.05 for comparison between the group ‘No atherosclerosis and FRS < 10%' and the group ‘Atherosclerosis and FRS > 10%.

#P<0.05 for comparison between the group ‘Atherosclerosis and FRS < 10%' and the group ‘Atherosclerosis and FRS > 10%'.

BMI, body mass index; CIMT, carotid intima-media thickness; CRP, C-reactive protein; DBP, diastolic blood pressure; HDL, high-density lipoprotein; IL,
interleukin; LDL, low-density lipoprotein; MCP, monocyte chemoattractant protein; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside
reverse transcriptase inhibitor; oxLDL, oxidized LDL; PON, paraoxonase; SBP, systolic blood pressure.

With respect to the conventional CVD risk factors, we
found statistically significant differences among the three
groups in relation to blood pressure (P<0.001), fasting
glucose (P<0.001), serum cholesterol (P<0.001), LDL
cholesterol (P=0.003) and triglycerides (P<0.001). We
did not observe any significant differences with respect to
HDL cholesterol and apoA-1 concentrations.

Of particular note in the present study was that plasma
MCP-1 concentrations were significantly higher in patients
with atherosclerosis, but with a low CVD risk, than in
patients without atherosclerosis (P = 0.006). In addition,
oxLDL and PON1 concentrations were significantly higher
in patients with atherosclerosis and > 10% risk (P = 0.013

and P=0.006, respectively) than in patients without
atherosclerosis. Mean CIMT was significantly higher in
patients with higher CVD risk [0.90 (0.29)mM ws. 0.74
(0.14) mM; P<0.001].

Variables associated with the presence of subclinical
atherosclerosis in the group of patients with
<10% FRS

In the logistic regression analysis, the variables that were
significantly associated with the presence of subclinical
atherosclerosis in patients with low estimated CVD risk
were age [odds ratio (OR) 1.285; 95% confidence interval
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(CD) 1.084-1.524; P=0.004], BMI (OR 0.779; 95% CI
0.642-0.994; P = 0.044), oxLDL (OR 1.026; 95% CI 1.001-
1.051; P=0.041), and MCP-1 concentration (OR 1.027;
950 CI 1.004-1.050; P = 0.020).

Discussion

Viral suppression and immune reconstitution have become
achievable goals in the treatment of HIV infection as a
consequence of effective antiretroviral drugs becoming
available under the various public health systems in
developed countries [1]. However, CVD has increasingly
been reported as a clinical complication of HIV infection
[2]. The pathogenic factors associated with an increase in
CVD risk in this relatively young population are mainly
dyslipidaemia and insulin resistance related to antiretro-
viral treatment [3]. Chronic HIV infection together with the
pro-oxidative and pro-inflammatory status of these
individuals could also play an important role in the
increase in CVD, as has been demonstrated previously [5].

Because there is still controversy regarding the applica-
tion of these population-derived CVD risk scores to HIV-
infected patients [12-15], we decided to assess the
agreement of the FRS with the presence of subclinical
atherosclerosis in a representative sample of this HIV-
infected patient population. We found a good concordance
between the estimated FRS and atherosclerosis (as mea-
sured by CIMT) in patients with FRS > 10%. However, there
was a high proportion of HIV-infected patients who had
low CVD risk (as estimated by the FRS) but who already
had evidence of atherosclerosis (as measured by CIMT).
This observation is probably attributable to the impact of
age in all these risk indices and to the fact that HIV-
infected patients are usually young. This finding also
supports the conclusion that different tools to address the
clinical status of this patient population need to be
developed. CIMT together with inflammatory and oxidative
biomarkers may be useful measurements for a more precise
CVD risk assessment in these patients. Carotid ultrasono-
graphy is a noninvasive diagnostic tool that provides a
direct image of the arterial wall, and is strongly related to
coronary atherosclerosis. Hence, CIMT is useful in making
clinical decisions regarding implementation of therapy to
prevent future adverse cardiovascular events. Also, the
CIMT measurement enables the effect of treatments on
atherosclerosis progression/regression to be evaluated in
patient follow-up. Unfortunately, we have not measured
CIMT in age- and gender-matched control subjects and we
are therefore unable to present carotid thickness compar-
isons. However, a recent meta-analysis showed that CIMT
in healthy populations is around 0.6-0.7 mm on average,
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similar to the values obtained in the present investigation
in HIV-infected patients without atherosclerosis [16].

HIV-infected patients have a higher CVD risk, mainly
because of lipid disturbances promoted by antiretroviral
drugs, as well as the HIV infection itself. We found a higher
rate of an abnormal fasting glucose, high blood pressure
and lipodystrophy in the HIV-infected patients with
atherosclerosis, reflecting insulin resistance associated with
HIV infection and the antiretroviral drugs used [33,34].
Paradoxically, a low BMI was associated with greater CIMT.
A low BMI in HIV-infected patients is often attributable to
the wasting syndrome and immune system depletion.
Hence, the elevated inflammatory and oxidative activities
that characterize this situation could, at least in part,
explain this correlation.

The results of the present study suggest that the chronic
oxidative and inflammatory status related to HIV infection
may explain the discrepancy we observed between the
presence of subclinical atherosclerosis and the FRS. Indeed,
plasma MCP-1 concentrations were significantly increased
in patients with subclinical atherosclerosis and low CVD risk
estimated by the FRS and, in the multivariate analysis, both
serum oxLDL and MCP-1 concentrations were associated
with the presence of atherosclerosis. This finding is of
particular note as these biochemical parameters can be
measured relatively easily in order to improve the ability to
identify at-risk individuals. In addition, the relationship
between these markers and vascular lesions suggests that
anti-inflammatory and antioxidant treatments could assist
in the management of CVD risk in these patients. However, a
caveat is that the OR for the association between these
parameters and the presence of atherosclerosis was rela-
tively small. This is probably a reflection of atherosclerosis
development in HIV-infected patients being a highly
complex phenomenon, and other factors, as yet unknown,
may be involved. This is illustrated by the observation that
our patients with atherosclerosis and high FRS had an
increased cholesterol but not MCP-1 concentration, in
contrast to those with low FRS. Overall, most data suggest
that traditional and nontraditional CVD risk factors may
combine in a variety of ways to promote atherosclerosis.
These factors warrant further investigation. Another point to
be taken into account is the high prevalence of current
smokers in our HIV-infected patients. This high prevalence
of current smokers may be associated with a high incidence
of injecting drug use, and may influence the mean
circulating levels of oxidation and inflammation markers.
Therefore, we cannot be certain that our conclusions can be
generalized to other HIV-infected populations.

In conclusion, the assessment of CVD risk with FRS
underestimates HIV-infected
patients. Apart from the classical CVD risk factors such

atherosclerosis in our
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La funcio fisiologica de PON1 en diverses malalties croniqgues que comporten
un increment de I'estrés oxidatiu i 'aterosclerosi €s una area d’investigacié amb
resultats que aporten coneixement sobre la funcionalitat de les particules de
colesterol HDL en diverses situacions fisiopatologiques.

La infeccio cronica pel retrovirus VIH-1, ha esdevingut un paradigma de model
fisiopatologic d’estat pro-oxidatiu (159-163) i pro-inflamatori amb complicacions
metaboliques que cada cop precisen d’'una atencié médica més complexa, com
sén diverses malalties associades i I'aterosclerosi (168).

La disminucié de la mortalitat associada a la immunodepressio severa i 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 la coexisténcia d’altres malalties importants com les
hepatopaties viriques, complicacions renals, 0ssies i una série d’alteracions
metaboliques relacionades amb alteracions del perfil lipidic i un increment de la
resisténcia insulinica (216,217).

El possible efecte de la infeccio pel virus del VIH sobre 'estat séric de I'enzim
PON1 esta resumits a I'estudi 1. En aquest primer treball vam demostrar que
I'estat de la infeccié produia alteracions en I'activitat i la concentracio sérica de
I'enzim, tot i que no hi havia diferéncies genotipiques de PON1 respecte les
variants al-leliques estudiades entre els pacients infectats i la poblacié control.
Vam obijectivar que l'estat d’infeccio reduia significativament 'activitat sérica de
PON1 i augmentava la concentracié de I'enzim, resultats que ens confirmaven
la hipotesi que l'alteracio de I'equilibri redox dels pacients es podria veure
reflexat en I'estat seric de PON1. També vam observar en aquest primer estudi
que les activitats de PONL1 utilitzant el paraox6 com a substrat estaven
determinades pels polimorfismes a les posicions PON1;9,, PON1ss i a la regid
promotora PON1.;07 de la mateixa manera tant en la poblacié control com en la
poblacio infectada i tal i com estava descrit previament a la literatura.
D’aquesta forma es podien descartar, en principi, que les variacions de
I'activitat sérica de I'enzim observada al comparar les dues poblacions,

estiguessin en relacio a diferéncies genotipiques.
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L’'increment de la concentracio serica de PON1 és una troballa que també s’ha
descrit en altres patologies (74,75), hipotetitzant que pot tractar-se d’un
increment de la sintesi per tal de contrarestar aquest ambient oxidatiu.

Els pacients amb replicacié viral no suprimida presentaven una concentracio
serica de PONL1 significativament més elevada i en l'analisi multivariant els
nivells de (2-microglobulina, un marcador de replicacié viral, també
presentaven una forta associacié positiva amb els nivells de PON1, suggerint
que existeix una relaci6 entre una major replicacio viral i l'increment de
concentraci6 de PON1. També vam trobar que la coinfeccié pel VHC produia
diferéncies en quant els nivells de l'activitat de PON1 tal i com s’ha descrit
previament (74) tot i que també aquests pacients prentaven nivells més
inferiors de LDL oxidada, probablement en relaci6 amb uns nivells de LDL
totals més baixos.

En el nostre treball no hem trobat que la presencia de lipodistrofia produeixi
alteracions del producte séric de PONL, tot i que si que presenten nivells més
baixos d’HDL total i nivells més elevats de LDL oxidada. Aquests parametres
reflexen les alteracions metaboliques associades a un major estres oxidatiu i la
presencia de resistencia insulinca present en la sindrome metabodlica i la
lipodistrofia.

Per tant, en aquest estudi es demostra que la concentracié i I'activitat de
'enzim PON1 estan influenciades per la infeccié pel VIH i que aquestes
alteracions es relacionen amb els nivells de HDL i apo-Al i al mateix temps
amb I'estat immunologic dels pacients.

En Pestudi 2 vam profunditzar en I'analisi de les diferencies dels genotips de
PON1 respecte una poblacié control més amplia, procedent de la mateixa area
geografica. Vam realitzar I'estudi d’'un major nombre de variants al-léliques de
PON1 i vam comparar si existien diferencies respecte la preséncia dels
haplotips entre les dues poblacions. Aquests resultats van ser obtinguts
gracies a la col-laboraci® amb un grup de recerca especialitat en l'analisi
d’estudis geneétics, el Centre Nacional del Genotipat (CeGen).

Els resultats obtinguts es mostren en aquest treball, obtenint diferéncies

estadisticament significatives per la presencia de dos haplotips obtinguts a
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partir dels SNPs de PON1. Aquests haplotips anomenats H10 (GTCCGTC) i
H5 (GACCGTC) mostren també una associacio estadistica amb la capacitat per
mantenir la supressio viral completa.

L’haplotip H10 (GTCCGTC) esta associada a una major probabilitat de
mantenir una supressio viral i també es troba en un percentatge
significativament més elevat en la cohort de pacients infectats respecte el
control. Per oferir una explicacio a aquesta associacié es podria especular que
la preséncia de I'haplotip afavoriria un increment en la supervivencia dels
pacients. En canvi [I'haplotip H5 (GACCGTC) es troba de forma
significativament menys freqlient en els pacients infectats respecte la poblacio
general i la seva preséncia s’associa amb una major probabilitat per presentar
fracas en el manteniment de la carrega viral, hipotetitzant que aquest genotip
conferiria menys capacitat per controlar la replicacio viral i fins i tot els pacients
podrien ser més vulnerables en les primeres fases de la transmissié del virus.
Tot i aquests resultats seria nhecessari confirmar previament aquesta associacio
estadistica en estudis poblacionals molt més amplis, i en diferents regions
geografiques amb étnies diferents. També seria interessant realitzar aquest
estudis en cohorts de pacients resistents a I'exposicio o fins i tot en poblacions
amb alta barrera immunologica com els LTNP (Long Term Non Progressors).
Una altre haplotip diferent de PON1 el H7(AATTCCT) en canvi sembla tenir una
funcié important respecte el perfil lipidic, els nivells basals de CD4, la seva
capacitat de reconstitucié immune i la preséncia d’aterosclerosis subclinica.

En resum, en abséncia d’aquest haplotip els pacients presenten major
proporcié d’aterosclerosis subclinica i menors nivells de CD4 basals, d’'HDL i
lipoproteina Apo-A1. La preséncia de I'haplotip es troba en la majoria de
pacients que recuperen els nivells de CD4 després de linici de tractament
antiretroviral.

L’associacio entre aquest haplotip i els nivells de lipoproteina apo A-1 i de
colesterol HDL ens permeten hipotetitzar que els polimorfismes de PON1
poden estar relacionats amb canvis conformacionals de la isoforma de PONL1.
Aquests canvis conformacionals conferirien una major estabilitat a la unié de

PON1 i apo A-1 i un major nombre de particules de colesterol HDL. De fet,
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I'haplotip H7, conté l'al-lel Q a la posici6 PON1;9, que com hem explicat
préviament, és la isoforma de I'enzim que té millors propietats antioxidants.

Aixi doncs, sembla ser que la constitucié genetica de PON1 confereix un estat
oxidatiu més optim en els pacients infectats pel VIH, repercutint en la modulacio
del perfil lipidic i els nivells de CD4. Com s’ha descrit en altres estudis
(202,206), els nivells basals baixos de CD4 son un factor de risc per la
presencia d’aterosclerosis i esdeveniments cardiovasculars en els pacients
infectats pel VIH. Possiblement menors nivells de CD4 basals son un reflexe o
consequencia d'un estat pro-oxidatiu que afavoreix, ell mateix, I'apoptosi i
destruccid d’aquestes cél-lules (163,164). Aquest mecanisme de deplecid
immunitaria podria ser modulat per I'efecte antioxidant de PON1 i les particules
de colesterol HDL (49,156,161,178,205).

Per tant en els pacients infectats pel virus del VIH, I'estudi entre la interaccié de
'enzim PON1 i HDL, juntament amb el coneixement de la seva predisposicio
geneética, podria ser d'utilitat per tal de considerar aquells pacients que es
troben en major risc per presentar pitjor recuperacié immunologica i més
complicacions metaboliques. Aquest coneixement podria ser d'utilitat per tal
d’optimitzar l'inici de tractament antiretroviral de forma més individualitzada, i
fins i tot, plantejar estrategies terapeutiques alternatives per tal de potenciar
I'activitat antioxidant de PON1 i la funcié immunomoduladora de les HDL a
través d’una homeostasi de I'estrés oxidatiu dels pacients.

Una altra hipotesi que ens vam plantejar en I'estudi 3, va ser I'aplicabilitat
clinica de la determinacio de l'activitat i la concentracié sérica de PON1 per
avaluar el risc cardiovascular global dels pacients. Un estudi prospectiu sobre
poblacié general, no infectada, si que va relacionar un descens de I'activitat
sérica de PONL1 per tal de predir I'aparicié d’esdeveniments cardiovasculars
(144). Els estudis d’associacido genica de PON1 i malalties cardiovasculars
tampoc han sigut concloents (83,142) arribant a la conclusio que potser €s més
important I'estudi de l'activitat i la concentracié enzimatica que els factors
genetics de PON1, és a dir, el coneixement del “PON1 status” (78).

En aquest treball, també ens vam plantejar com a objectiu estudiar la

concordanga entre la preséncia d’aterosclerosi subclinica i la utilitzacid
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d'escales d’estimacid de risc cardiovascular als 10 anys utilitzades
habitualment en la poblacid6 general no infectada. En aquestes escales no
s’inclouen factors de risc “no classics” relacionats amb la inflamaci6 i I'oxidacio,
gue com hem esmenat, s6n importants en la patogénesi de I'aterosclerosi en
aquesta poblacié i poden donar més informacié sobre el risc individual de
presentar esdeveniments cardiovasculars.

En la figura 16 es resumeixen els factors a partir dels quals es desenvolupa

més aterosclerosi en els pacients infectats pel VIH.

Figura 16: Interaccions entre hoste, virus i tractament antiretroviral amb el risc de

patir malaltia cardiovascular
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En els resultats d’aquest treball vam observar que una gran proporcié de
pacients amb una estimacidé de risc cardiovascular baix, segons I'escala
Framingham, en realitat ja presentaven aterosclerosi subclinica (56.4% dels
pacients amb un FRS <10% als 10 anys). S’ha de tenir en compte que aquesta

escala és de les més pessimistes en quant a I'estimacio del risc cardiovascular
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en comparacié amb altres escales utilitzades en poblacions de risc més baix,
com l'area mediterrania (REGICOR, SCORE).

En aquest estudi vam observar que a més dels factors de risc cardiovasculars
classics associats a la preséncia d’aterosclerosi subclinica, els pacients amb
aterosclerosi i risc baix presentaven nivells més elevats de la citoquina pro-
inflamatoria MCP-1 i també nivells més elevats de LDL oxidada i concentracio
sérica de PON1. No vam trobar diferencies significatives entre els grups en
funcié de la presencia d’aterosclerosi i risc cardiovascular en quan a nivells de
Interleuquina-6 o proteina C-reactiva. En aquell grup de pacients amb una
estimacioé de risc baix i la preséncia d’aterosclerosi subclinica els nivells de
MCP-1 i LDL oxidada a més de l'edat i I'index de massa corporal eren els
valors predictius de la preséncia de aterosclerosi subclinica. Es a dir, a més
dels factors de risc cardiovascular classics com tabac, HTA, perfil lipidic els
pacients infectats pel VIH presenten un elevat risc de presentar malalties
cardiovasculars donat a un increment de l'estat inflamatori i pro-oxidatiu. Per
optimitzar l'avaluacié del risc cardiovascular en pacients infectats pel VIH,
s’haurien de valorar altres marcadors serologics d’aterosclerosi com els nivells
de MCP-1 i LDL oxidada. Majors nivells plasmatics de PON1 també semblen
estar relacionats amb una major preséncia d’aterosclerosi perd en l'analisi
multivariant no sembla un predictor serologic de la preséncia d’aterosclerosi
subclinica. Potser seria de major utilitat la utilitzacié d’un substrat més especific
per valorar la capacitat antiaterogénica de PON1 en aquesta poblacio.

De fet, a I'estudi que s’indica a l'annex 1, s’observa que la utilitzacio de
diferents substrats (lactones o paraoxd), per determinar I'activitat de I'enzim
PONL1, sembla que reflexava diferents propietats antiinflamatories i antioxidants
que varien en funcio de la presencia de la infeccio pel VIH.

Aix0 podria ser explicat per diferents raons, com les interaccions entre el
substrat enzimatic, les proteines virals o els farmacs antiretrovirals. També és
important tenir en consideracié que la mida i les particules dHDL es veuen
influenciades per la infeccio cronica. Per tant, la utilitzacié d’'un substrat optim

per avaluar la funcié fisiologica de PON1 podria donar informaci6 més
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especifica sobre els efectes antioxidants i antiinflamatoris de I'enzim en
aquesta situacio clinica.

Una altra limitaci6 del nostre estudi en quant a la utilitat de [lactivitat
paraoxonasa per valorar la capacitat funcional antioxidant de les HDL, és que
nomeés tenim una unica determinacié en un temps. L’estudi de la variabilitat de
I'activitat de PON1 en diferents determinacions, en un mateix pacient al llarg del
temps, podria correlacionar-se amb I'evolucié clinica i immunolodgica dels
pacients. En aquest sentit, I'estudi referit a 'annex 2 demostra que els nivells
d’activitat de PON1 realitzats de forma seriada en un temps donen una idea de
la influéncia d’estats pro-inflamatoris i prooxidants en pacients afectes de
lipodistrofia tractats amb diferents antidiabétics orals que disminueixen la
resisténcia insulinica. L’estudi investiga sobre la influéncia negativa de l'estat
postprandial en citoquines inflamatories, els nivells d’activitat de PON1 i la
resistencia insulinica amb resultats que confirmen una menor resisténcia
insulinica en aquells pacients amb nivells més elevats d’activitat paraoxonasa.
Per tant, I'estudi genotipic perd també seroldogic de I'enzim PON1 pot ser

d’utilitat en els pacients infectats pel VIH-1.
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CONCLUSIONS

La concentracio i I'activitat de PON1 estan influenciades per la infeccid
pel VIH. Els pacients amb replicacio viral activa i nivells més elevats de
B2-microglobulina presenten majors concentracions de PONL1.

La preséncia de coinfeccié per VHC s’associa a nivells d’activitat

paraoxonasa inferiors.

Els haplotips de PON1 estan associats a la infeccio pel VIH, el
metabolisme de les HDL, la presencia d’aterosclerosi subclinica, aixi

com a la seva recuperacio immunologica.
La utilitzaci6 de [I'estimacié de risc cardiovascular als 10 anys pel
meétode de Framingham infradiagnostica els pacients VIH amb preséncia

d’aterosclerosi subclinica.

La presencia d’aterosclerosi subclinica esta associada als factors de risc

cardiovasculars classics i a un estat inflamatori i pro-oxidatiu.
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PERSPECTIVES

L'activitat de PON1 pot ser un biomarcador de la capacitat funcional del
colesterol HDL amb efectes clinics sobre la regulacié immunitaria a través de la

homeostasi de I'estrés oxidatiu.

La valoracio individual del risc cardiovascular en els pacients infectats pel VIH
hauria d’incloure la utilitzacié de marcadors d’aterosclerosis subclinica com la
determinacié del gruix intima-mitia a carotides i marcadors serologics

d’inflamacio i oxidacio.

L’estudi de la funcié antioxidant de PON1 en els pacients infectats pel VIH
podria optimitzar-se amb la utilitzaci6 d’'un substrat enzimatic més especific
sense possibles interaccions amb els farmacs antiretrovirals i les particules

virals.
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Abstract: Background: Paraoxonase-1 (PON1) is an antioxidant enzyme that attenuates the production
of the monocyte chemoattractant protein-1 (MCP-1) in vitro. In the present study, we explored the
relationships between the circulating levels of PON1 and MCP-1 in HIV-infected patients in relation to
the multifunctional capabilities of PON1.

Methods: We measured selected variables in 220 HIV-infected patients and in a control group of 409
participants. Serum PON1 esterase and lactonase activities were analysed by measuring the rate of
hydrolysis of paraoxon and 5-(thiobutyl)-butyrolactone, respectively. Serum PON1, oxidised LDL, and
MCP-1 concentrations were determined by ELISA.

Results: There were significant relationships between PON1 activity and several indices of oxidation
and inflammation in control subjects and in HIV-infected patients. However, our results indicated that
such relationships may vary with disease status, or on the type of substrate used to measure PON1.
Conclusion: The present study is a cautionary tale highlighting that results of clinical studies on PON1
may vary depending on the methods used as well as the disease studied. We suggest the simultaneous
employment of at least two different substrates. Also, the measurement of PON1 concentration is
recommended in order to improve the reliability of the results obtained.
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Abstract

Background: Paraoxonase-1 (PONL1) is an antioxidant enzyme that attenuates the
production of the monocyte chemoattractant protein-1 (MCP-1) in vitro. In the present
study, we explored the relationships between the circulating levels of PON1 and MCP-1
in HIV-infected patients in relation to the multifunctional capabilities of PON1.
Methods: We measured selected variables in 220 HIV-infected patients and in a control
group of 409 participants. Serum PONL1 esterase and lactonase activities were analysed
by measuring the rate of hydrolysis of paraoxon and 5-(thiobutyl)-butyrolactone,
respectively. Serum PON1, oxidised LDL, and MCP-1 concentrations were determined
by ELISA.

Results: There were significant relationships between PONL1 activity and several
indices of oxidation and inflammation in control subjects and in HIV-infected patients.
However, our results indicated that such relationships may vary with disease status, or
on the type of substrate used to measure PON1.

Conclusion: The present study is a cautionary tale highlighting that results of clinical
studies on PON1 may vary depending on the methods used as well as the disease
studied. We suggest the simultaneous employment of at least two different substrates.
Also, the measurement of PON1 concentration is recommended in order to improve the

reliability of the results obtained.

Keywords: HIV infection; inflammation; oxidative stress; paraoxonase-1
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Paraoxonase-1 (PONL1) is an enzyme with esterase and lactonase activities found in the
circulation bound to high-density lipoproteins (HDL). Research into PON1 has
increased exponentially over the past few years because many studies associate this

enzyme with inflammation and cardiovascular disease. The physiological substrates of

©CO~NOOOTA~AWNPE

10 PONZ1 have not been completely delineated, but in vitro studies suggest that a key

12 function is to degrade oxidised phospholipids in low-density lipoproteins (LDL) and
HDL and, as such, has an antioxidant role (1). PON1 attenuates the production of the

17 monocyte chemoattractant protein-1 (MCP-1) in cultured endothelial cells. MCP-1 is a
19 pro-inflammatory chemokine involved in the initial steps in the formation of the

22 atheromatous plaque (2). Previous studies from our group have shown that HIV-

24 infected patients have decreased serum PONL1 activities and increased plasma MCP-1
27 concentrations, and that the genetic polymorphisms of both molecules are associated

29 with the presence of sub-clinical atherosclerosis (3-5). Although oxidation and
inflammation are closely related processes, the association between PON1 and MCP-1
34 has not been completely characterised, as yet. This is probably due, at least in part, to
the limitations of the current methods of measuring serum PONL activity i.e. the current
39 use of synthetic substrates limits the interpretation of the data since it is not clear to

41 what extent these measured activities reflect the real endogenous physiological activity
44 of the enzyme.

46 The present study was aimed at further investigating the relationships between
49 the circulating levels of PON1 and MCP-1 in HIV-infected patients using two assay

51 methods for the different enzyme activities (esterase and lactonase) and by measuring
the PONL1 protein concentration as well.

56 We studied 220 HIV-infected patients and 409 healthy volunteers. The exclusion

58 criteria for the patients were age <18 years, or having an AIDS-related disease. The
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clinical characteristics of these patients have been previously published (3). The study
was approved by the Ethics Committee of our Hospital.
Serum PONL1 esterase activity was measured as the hydrolysis of the substrate

paraoxon (6), the lactonase activity was measured as the hydrolysis of the substrate 5-

©CO~NOOOTA~AWNPE

10 (thiobutyl)-butyrolactone (TBBL) (7), and the concentration of PON1 was determined
12 by an in-house ELISA with a polyclonal antibody directed against a specific sequence
of mature PON1(8). HDL-cholesterol and apolipoprotein (apo) A-I were analysed by
17 standard methods (Beckman-Coulter, Fullerton, CA, USA), oxidised LDL (ox-LDL) by
19 ELISA (Mercodia, Uppsala, Sweden), C-reactive protein (CRP) by a high sensitivity
22 immunoturbidimetric method (Beckman-Coulter), and MCP-1 by ELISA (Prepotech,
24 London, UK).

27 Normality of distributions was tested with the Kolmogorov-Smirnov test. We
29 used Spearman’s (p) test to identify correlations between variables, and curve
estimation analyses when non-linear correlations were found. Statistical analyses were
34 performed with the SPSS 17.0 statistical package. Results are presented as means (SD)
Results of the selected biochemical variables are shown in Table 1. There were
39 significant decreases in serum PONL1 activity and HDL-cholesterol and apolipoprotein
41 A-1 concentrations in HIV-infected patients with respect to the control group.

44 Conversely, there were significant increases in plasma MCP-1 and serum CRP

46 concentrations. oxLDL levels showed a slight trend to increase, but differences did not
49 reach statistical significance. We observed a significant inverse relationship between
51 serum PON1 esterase activity and oxLDL levels in the control subjects (linear; p = -
0.125; p = 0.015), but not in the HIV-infected patients (Figure 1A). Conversely, we

56 observed a significant curvilinear relationship between PON1 esterase activity and

58 MCP-1 in HIV-infected patients (p = 0.023), but not in the control group (Figure 1B).
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Esterase activity was also significantly correlated with HDL-cholesterol concentration
in control subjects (linear; p = 0.217; P < 0.001) and in HIV-infected patients
(curvilinear; p = 0.004). We did not find any statistically significant relationship
between serum PONL1 esterase activity and apo A-1 or CRP in any of the studied groups.

Serum PONL1 lactonase activity was significantly related to MCP-1 in the control
subjects (linear; p = 0.208; p = 0.002) but not in HIV-infected patients (Figure 1C).
Conversely, we observed a significant curvilinear relationship between lactonase
activity and oxLDL (p = 0.003) in HIV-infected patients (Figure 1D), but not in the
control group. We also found significant associations between serum PON1 lactonase
activity and apo A-1 (linear; p = 0.281; P < 0.001) and CRP (curvilinear; p = 0.027) in
HIV-infected patients, but not in the control group.

The present study shows that the significant relationships between PON1
activity and several indices of oxidation and inflammation depend not only on the HIV
infection but also on the substrate used to measure PON1. Methods using the non-
physiological paraoxon as substrate have traditionally been used to measure PON1
activities, the levels of which have been proposed as indicators in the prediction of
cardiovascular disease (1). Recently, the lactonase activity assay using TBBL has been
developed and evaluated (7,9) and, although TBBL is also a synthetic substrate, it
probably measures an activity that is closer to the physiological state. Experimental
evidence suggests that, essentially, the lactonase assay measures PONL1 that is tightly
bound to HDL particles, while the esterase assay measures the tightly as well as the
loosely bound enzyme (7). The differences between methods, therefore, could also be
related to the observed changes in structure and composition of the HDL particles
during HIV infection. These changes may be due to the chronic inflammation per se, or

to secondary effects of the antiretroviral treatments (10). There is the possibility that
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these changes affect PON1 activity and that this is further influenced by the type of
substrate used to measure PON1. We acknowledge that the different relationships
observed between PONL1 activities and MCP-1 in HIV-infected patients may not be
extrapolated, perhaps, to non-diseased control subjects. Nevertheless, the wide
distribution of PONL1 in different cell types and co-localisation with MCP-1 in most
tissues (11) suggests a fundamental association between these two molecules in the
regulation of oxidation and inflammation.

We conclude with a cautionary note to researchers conducting clinical studies on
PONL i.e. the present study highlights that the experimental results can vary depending
on the methods of measurement used, and the disease studied. Until more specific
methods using physiologically-akin substrates are developed for PON1 measurement,
the simultaneous employment of at least two different substrates to measure PON1
activity, plus the measurement of PON1 concentration, would be the recommended

evaluation in order to improve the reliability of the results obtained.
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Table 1 Results of the analytical measurements

Parameter Control subjects HIV-infected patients p-value

PONL esterase activity, U/L 410.7 (132.5) 336.8 (115.4) <0.001

©CO~NOOOTA~AWNPE

11 PONL lactonase activity, U/L 6.8 (3.0) 5.3(1.6) <0.001
13 HDL-cholesterol, mmol/L 1.50 (0.01) 1.17 (0.03) <0.001
15 Apolipoprotein A-I, g/L 1.69 (0.03) 1.38 (0.31) <0.001
17 ox LDL, U/L 85.7 (80.1) 94.0 (90.8) NS

19 MCP-1, ng/L 61.54 (1.97) 71.57 (2.80) 0.003

21 C-reactive protein, mg/L 0.75 (0.01) 4.13 (3.30) <0.001

o5 Results are shown as means and SD (in parenthesis)
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Figure legend
Figure 1 Relationships between serum PONL1 esterase and lactonase activities and

oxidised LDL and MCP-1 concentrations in the control group (open circles) and HIV-

infected patients (closed circles). The lines within the graphs represent the linear or

©CO~NOOOTA~AWNPE

11 curvilinear regression lines of the distributions of measured values in the control group

13 (dashed lines) and the HIV-infected patients (continuous lines). NS = not significant.
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Abstract

Highly active antiretroviral therapy in Human Immunodeficiency Virus (HIV) has been associated with lipodystrophy, insulin resistance and
atherosclerosis. We investigated the effects of rosiglitazone or metformin on fasting and postprandial inflammatory and antioxidant variables in
HIV-infected males with lipodystrophy.

Thirty-one patients were randomly assigned to receive either rosiglitazone (4 mg twice daily) or metformin (1 g twice daily) for 26 weeks. At
baseline and after treatment, standardized 10-h oral fat loading tests were performed. Before treatment, inflammatory variables remained unchanged
but there was a postprandial decrease in high density lipoprotein (HDL)-cholesterol and paraoxonase (PON1) activity. Rosiglitazone and metformin
reduced homeostasis model assessment index (HOMA) similarly (—34% and —37%, respectively, P<0.05 for each). Both treatments increased
fasting and postprandial PONT1 activity and decreased postprandial monocyte chemoattractant protein 1 (MCP-1) concentrations. However, plasma
C-reactive protein (CRP) and Interleukin-6 (IL-6) concentration did not change throughout the study.

To decrease insulin resistance results in a higher anti-oxidant and consequent lower pro-inflammatory action of HDL. This may confer
protection against accelerated atherosclerosis in these patients.
© 2006 Elsevier B.V. All rights reserved.

Index words: HIV; Paraoxonase; Monocyte chemoattractant protein-1; Postprandial; Metformin; Rosiglitazone

1. Introduction

The use of highly active antiretroviral therapy (HAART) in
Human Immunodeficiency Virus (HIV) has greatly reduced mor-
bidity and mortality due to acquired immunodeficiency syndrome
(AIDS) (Palella et al., 1998), but it is strongly associated with
changes in fat distribution (lipodystrophy), dyslipidemia and
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insulin resistance, which increase the risk of atherosclerosis (Carr
et al., 1998; Balasubramanyam et al., 2004; Hadigan et al., 2001;
Friis-Moller et al., 2003). Atherosclerosis is generally accepted to
be a low-grade inflammatory disease, initiated by the oxidation of
lipoproteins in the subendothelial space, which induces chemo-
taxis and adhesion and transmigration of circulating monocytes
into the arterial wall (Ross, 1999). Inflammation is mediated by
cytokines. Particularly, the recruitment of monocytes to the sub-
endothelial space is stimulated by monocyte chemoattractant
protein 1 (MCP-1) (Gu et al., 1997). Other biomarkers of inflam-
mation, C-reactive protein (CRP), has shown to be a direct toxic
of endothelial cells (Libby and Ridker, 2004), and Interleukin-6
(IL-6) has been demonstrated to be higher in HIV-infected
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patients (Dolan et al., 2005), that represent predictors of cardio-
vascular events.

The enzyme paraoxonase 1 (PONT1), located on High Density
Lipoprotein (HDL), has potent antioxidant properties by hydro-
lyzing oxidized lipids formed on Low Density Lipoprotein (LDL)
and HDL (Mackness et al., 1993). As such, it inhibits the oxidation
of lipoproteins in the subendothelial space that, otherwise, could
lead to the formation of foam cells. Supporting this concept, serum
PONI activity is low in patients with insulin resistance and ath-
erosclerosis (Durrington et al., 2001; Mackness et al., 2000) and
mice lacking serum PONT activity are more susceptible to athero-
sclerosis (Shih et al., 1998). Furthermore, it has been demonstrated
in vitro that PONI attenuates the endothelial production of MCP-1
mediated by oxidized-LDL (Mackness et al., 2004). Therefore,
PONI has anti-inflammatory and anti-atherogenic properties and
it is related to the action of MCP-1.

Since humans are non-fasting most part of the day, this period
may be of particular importance in the pathogenesis of athero-
sclerosis. It is known that HIV-infected patients have delayed
clearance of postprandial triglyceride-rich lipoproteins compared
with healthy controls (Stein et al., 2005) and increased
postprandial lipemia has been linked to accelerated atherosclero-
sis (Groot et al., 1991; Weintraub et al., 1996). The underlying
mechanisms may involve increased generation of oxidative stress
leading to endothelial dysfunction (van Oostrom et al., 2003;
Ceriello et al., 2004). Metformin and rosiglitazone are used in
clinical medicine to improve insulin resistance and glycemic
control in patients with type 2 diabetes (Yki-Jarvinen, 2004;
Hundal and Inzucchi, 2003). However, these agents may also
have a role in treating patients with nondiabetic insulin-resistant
conditions, such as HIV-lipodystrophy (Hadigan et al., 2000,
2002, 2004; Saint-Marc and Touraine, 1999; Carr et al., 2004;
Sutinen et al., 2003). Presumptively, the treatment of the
metabolic and inflammatory derangements may exert a protec-
tive effect from atherosclerosis in HIV-infected patients. We have
studied the effects of a high-fat meal on inflammatory (MCP-1,
CRP and IL-6) and antioxidant (PON1 activity and HDL-
cholesterol) variables in HAART-treated HIV-infected patients
with lipodystrophy, and investigated the effects of the insulin-
sensitizing agents rosiglitazone and metformin on these variables.

2. Materials and methods
2.1. Study population

We included thirty-one males aged between 30 and 65 with a
documented HIV infection and HIV-RNA values<10,000
copies/ml, who were on HAART for at least 18 months with
no changes in the treatment regimen during the 6 months prior
to inclusion. We did not consider those with HIV-related symp-
toms (opportunistic infectious disease, malignancies or unex-
plained weight loss), renal, thyroid and/or liver diseases, diabetes
mellitus and an alcohol intake >3 U a day. The presence of HIV-
lipodystrophy was defined as signs and symptoms of loss of
subcutaneous fat (face, arms, legs and buttocks) with or without
increased abdominal girth or development of a buffalo hump. The
research project was primarily designed to study the effects of
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treatment on lipodystrophy course as well as endothelial function
studies, the results of which have been already published (van
Wijk et al., 2005).

2.2. Study design

At inclusion, a fasting blood sample was obtained and height,
weight, blood pressure and waist and hip circumference were
measured. A complete medical record was obtained and a thorough
physical examination was performed. Participants underwent a
standardized 10-h oral fat loading test, and were randomly assigned
to receive either rosiglitazone (4 mg twice daily) or metformin
(1000 mg twice daily) for 26 weeks. Patients visited the hospital
after 2 and 4 months of treatment for safety evaluation. At the end
of the period the second oral fat loading test was performed. The
study protocol was approved by the local research ethics commit-
tees of the University Medical Center (Utrecht, the Netherlands)
and the Hospital Universitari de Sant Joan (Reus, Spain).

2.3. Oral fat loading test

The subjects fasted overnight for at least 12 h and did not drink
alcohol on the day before the test. After placing a cannula for
venous blood sampling, subjects rested for 30 min before the fat
load was administered. Fresh cream was used as the fat source. It
was a 40% (weight/volume) fat emulsion with a poly-unsaturated/
saturated fat ratio of 0.10, containing 0.001% (w/v) cholesterol and
3% (w/v) carbohydrates. The total energy content was 3700 kcal/l.
Cream was ingested within 5 min at a dose of 50 g fatand 3.75 g
glucose per m? body surface. The participants remained supine
during each test and were only allowed to drink mineral water.
Blood samples were collected into sodium EDTA-containing
tubes for MCP-1, IL-6 and lipoprotein measurements, and most of
the other biochemical analyses. Samples were collected into tubes
with no anticoagulants added to measure PON1 activity. Samples
were obtained before the fat load meal and at 2-h intervals up to
10-h postprandially.

Table 1
Selected baseline characteristics for each treatment group

Metformin Rosiglitazone P
(N=16) (N=15) value
Age, years 48.3 (1.9) 48.4 (1.8) 0.95
HIV diagnoses, years 8.4 (0.8) 12.2 (1.1) 0.01
Time under HAART¥, years 7.6 (0.8) 9.06 (0.9) 0.23
ART prescribed, %
Nucleoside analogues 100 100
Protease inhibitors 61 68 0.59
Non nucleoside analogues 39 32 0.16
Cardiovascular risk factors
(see also Table 2)
Current smoker, % 22 26 0.71
Body Mass Index, kg/m® 24.9 (0.4) 22.5(0.6) 0.002
Systolic blood pressure, mm Hg 132 (3.45) 133 (3.73) 0.88
Diastolic blood pressure, mm Hg 81 (1.83) 82.2 (2.71) 0.77
HIV viral load, log;o/ml 1.96 (0.14)  2.20 (0.22) 0.37
CD4 cell count, cells/mm’ 573 (58) 868 (87) 0.008

Unless otherwise indicated, values are mean (S.E.M.).
*HAART =highly-active antiretroviral therapy.
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Table 2
Effects of rosiglitazone and metformin on fasting clinical and laboratory variables

Overall (N=31)

Metformin (N=16) Rosiglitazone (N=15)

Pre treatment  Post treatment P value  Pre treatment  Post treatment P value  Pre treatment  Post treatment P value

Body Mass Index, kg/m>  23.8 (0.4) 24.0(0.3) 043 24.9 (0.4) 24.5(04) 0.5 22.5 (0.6) 23205  0.02
Waist to Hip Ratio, m 098 (0.01) 098 (0.01)  0.31 0.99 (0.01)  0.97(0.01)  0.02 098 (0.01)  0.98 (0.01)  0.43
Glucose, mmol/l 551(0.13)  5.15(0.18)  0.003 5.64(024)  530(0.35)  0.10 5.37 (0.09) 50(0.11)  0.004
Insulin, mU/I 7.90 (1.18)  5.64 (0.74)  0.005 8.06 (1.13)  5.51(0.67)  0.03 772(2.17)  578(1.38)  0.08
HOMA index* 2.03 (0.34) 1.31(0.19)  0.002 2.16 (0.43) 1.36 (0.26)  0.01 1.88 (0.54) 126 (0.28)  0.06
Total cholesterol, mmol/l ~ 5.70 (0.16)  5.70 (0.23)  0.98 5.68(0.24)  5.33(028) 0.8 572(024)  6.11(035) 0.12
HDL cholesterol, mmol/l 1.12 (0.05) 1.10 (0.04)  0.67 1.03 (0.04) 1.10 (0.06)  0.17 1.22 (0.09) 1.11 (0.08)  0.06
LDL cholesterol, mmol/l 3.42(0.15)  3.27(0.18) 034 355(022)  3.15(0.25)  0.05 326 (0.20)  3.41(028) 0.53
Triglycerides, mmol/I** 3.02(0.53)  3.81(047) 0.9 3.61(0.94)  4.05(0.77)  0.59 239 (043)  3.56(0.56)  0.01
MCP-1, pg/ml 85.99 (5.33)  76.96 (3.20)  0.10 83.50 (6.71)  70.14 2.71)  0.05 88.64 (8.56)  84.25(545) 0.6
CRP, mg/I** 463(093)  341(0.71) 0.5 475(1.58)  2.78(1.20)  0.15 399 (1.20)  3.78 (0.99)  0.52
IL-6, pg/ml** 28432 (56) 24620 (51) 036 147.90 23) 16588 (66)  0.91 390.42 (105)  321.01 (84)  0.28
PONI1, U/l 34001 (30)  392.64 (33)  0.002 36470 (48)  426.45(52)  0.04 313.66 (35)  356.58 (42)  0.003

Values are expressed as mean (S.E.M.). *HOMA = Homeostasis Model Assessment. **These were log transformed for statistical purposes.

2.4. Laboratory measurements

Plasma glucose, total cholesterol and triglycerides were mea-
sured by standard methods. LDL was isolated by ultracentrifuga-
tion. HDL-cholesterol was analyzed using a homogeneous method
(ITC Diagnostics, Barcelona, Spain). Insulin, plasma MCP-1 and
IL-6 were measured by enzyme-linked immunosorbent assay
(ELISA) (Mercodia, Uppsala, Sweden and Peprotech, London,
UK). The Homeostasis model assessment index (HOMA) was
calculated as [fasting insulin (mU/1)  fasting glucose (mmol/1)]/
22.5. The serum concentration of CRP was measured using a high
sensitivity method (hs-CRP) (Quantex hs-CRP kit, Biokit, S.A.,
Barcelona, Spain) with a lower limit of detection of 0.10 mg/l.
PONI activity towards paraoxon was measured after the reaction
of paraoxon hydrolysis into p-nitrophenol and diethylposphate, as
described previously, Ferré et al. (2003).

2.5. Statistical analysis

Results are expressed as means (S.E.M.). Continuous variables
were compared using analyses of variance (ANOVA) and the
categorical variables using the Chi square test. During serial
measurements, time effects were tested by repeated measures
ANOVA. The effects of treatment were analyzed with paired #-
tests, and in non-normal distributed variables log transformation
was applied. To compare the differences between the effects of
treatment an ANOVA of the mean change was applied. To evaluate
the effect of treatment and during serial measurements, we took into
account these variables that presented significant differences
between groups in the baseline situation. Calculations were per-
formed using SPSS 12.0 (SPSS Inc. Chicago, IL, USA). Statistical
significance was taken at the 5% level. The size of the sample was
calculated with $=0.10 and =0.05 and based on a reduction of
20% in inflammatory variables. A multistep regression analyses
was performed to study the variables that might have an influence
on the response of MCP-1, PONI1 activity, CRP and HDL cho-
lesterol. We considered dependent variables AAUC MCP-1,
AAUC PONI, AAUC CRP, AAUC IL-6 and AAUC HDL
cholesterol, and independent variables those which had been
correlated in a significant manner in a univariate analyses.
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3. Results
3.1. General characteristics

Thirty-one HIV-infected patients were included in the study.
The baseline characteristics of the study group are depicted in
Table 1. Patients assigned to rosiglitazone were diagnosed of
HIV infection significantly earlier and their CD4 cell count was
higher than those patients in the group of metformin (Table 1).

A Triglycerides, mmol/l
71 ® *
61 ® Metformin
5 -
44
3
2 T r r . .
0 2 4 6 8 10
Time, hours
B
71 . .<
64

Rosiglitazone

0 2 4 6 8 10
Time, hours

Fig. 1. Mean (S.E.M.) plasma triglyceride concentrations in HIV-infected
patients before (@) and after treatment (O) in metformin (A) and rosiglitazone
(B)-treated groups. There were no significant differences before and after
treatment in the triglyceride response to fat overload. * Indicates P<0.01
comparing with =0 when a paired #-test was applied.
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A B
PON-1, UN Metformin HDL cholesterol, mmol/l Metformin
450 1.134
. 1.11
425 1 ¥ * % 5 1.091
400{ 1.07 4
1.051
3754 ’/I\’,H/’g 1.031
3501 1.01 1
0.991
3251 0.971
300 0.95 T T T T T
0 2 + 6 8 10 0 2 4 6 8 10
Time, hours Time, hours
C - D -
400- PON-1, UN Rosiglitazone HDL cholesterol, mmol/l Rosiglitazone

225 T T T T T " 1 ; ; ; ; ;
0 2 4 6 8 10 0 2 4 6 8 10
Time, hours Time, hours

Fig. 2. Mean (S.E.M.) serum PONT1 activity and HDL cholesterol in HIV-infected patients before (@) and after treatment (O) in metformin (panels A and B) and
rosiglitazone-treated patients (Panels C and D). Although a significant (P<0.05) increase in fasting PONI activity was observed in both groups 7, postprandial
decreases were found significant (*P<0.03) when compared to /=0.

Further, patients in the group of metformin presented with a  tivity and mass) variables, among patients assigned to receive
significant higher body mass index. All participants were on a  rosiglitazone or metformin.

nucleoside analogue agent plus a protease inhibitor and/or a Both, rosiglitazone and metformin significantly decreased
non-nucleoside reverse transcriptase inhibitor. We did not find fasting insulin and HOMA index compared with baseline. Pa-
significant differences either in the baseline lipid profile or in tients assigned to rosiglitazone, experienced a significant increase
the inflammatory (MCP-1, CRP) and anti-oxidant (PON1 ac- in the fasting triglyceride concentration (Table 2). Patients

A % MCP-1, pg/ml Metformin B5 5. CRP, mg/l Metformin
85 Rh I S S S S
80 1 4.5
751 41
70 3.51
65 1 3 M
60 - . 2.5
55 2 - - . . :

0 2 4 6 8 10 0 2 4 6 8 10
Time, hours Time, hours

C MCP-1, pg/ml Rosiglitazone D } CRP, mg/l Rosiglitazone
90+ 5.5
851 51
801 4.5
751 4

3.5
704 3]
651 " ] 2.5
60 : 2 ; . . .
0 2 4 6 8 10 0 2 4 6 8 10

Time, hours Time, hours

Fig. 3. Mean (S.E.M.) plasma MCP-1 and CRP concentrations in HIV-infected patients before (@) and after treatment (O) in metformin (panels A and B) and
rosiglitazone-treated patients (panels C and D). We did not find significant differences among groups but there was a significant decrease in postprandial MCP-1 in the
oral fat loading test performed after treatment with metformin and rosiglitazone *P<0.01, when compared to /=0.
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Rosiglitazone
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Fig. 4. Mean (S.E.M.) plasma IL-6 concentrations in HIV-infected patients
before (@) and after treatment (O) in metformin (A) and rosiglitazone (B)-
treated groups. There were no significant differences before and after treatment
in the IL-6 response to fat overload.

assigned to metformin experienced a significant increase in fasting
HDL cholesterol (0.06 mmol/I) when compared to those assigned
to rosiglitazone (—0.10 mmol/l, P=0.02). Furthermore, in the
patients on metformin, fasting total cholesterol showed a decrease
(—0.35 mmol/l) that was significantly different when compared to
those with rosiglitazone (+0.38 mmol/l, P=0.02 for treatment
effect). We did not find significant differences between groups,
before the randomization, in MCP-1, CRP, PON1 and IL-6.

3.2. Postprandial study

Plasma triglycerides increased significantly after fat inges-
tion, reaching maximum concentrations 4-h postprandially, and
returning to baseline at the end of the test. Both, rosiglitazone
and metformin did not change the AUC for triglycerides com-
pared with the pre-treatment situation (Fig. 1). PONI activity
experienced a significant postprandial decrease throughout the
postprandial test (Fig. 2). Both, metformin and rosiglitazone
increased fasting PON1 activity (Table 2), but the postprandial
course of PON1 showed a progressive and significant decrease
in the postprandial period after both treatments. The course of
HDL-cholesterol after the oral fat load was similar to that
observed for PON1 activity, reaching a nadir 6 h postprandially
(Fig. 2). Treatment with metformin or rosiglitazone did not
significantly affect the response of HDL cholesterol to the oral
fat load.

Before treatment, plasma MCP-1 decreased significantly in the
group treated with metformin reaching a nadir at 4 h; however
MCP-1 did not change after the oral fat load in rosiglitazone-
treated participants (Fig. 3). After 26 weeks of treatment, how-
ever, fasting MCP-1 decreased with metformin, but not with

rosiglitazone (Table 2). There was a progressive and significant
decrease in plasma MCP-1 concentration in the postprandial
period that was observed with both treatments. Metformin, but not
rosiglitazone, tended to reduce fasting CRP levels, but there were
no postprandial changes as a effect of treatment. Although pa-
tients assigned to receive rosiglitazone presented with higher
concentration of plasma IL-6 before treatment, the difference was
not statistically significant (P=0.10). Similarly, the postprandial
response of IL-6 did not present significant variations when
compared the effect of treatment and throughout the postprandial
period (Fig. 4).

In a univariate analyses, we found a significant and positive
correlation between the AAUC of MCP-1 and the increase in the
total cholesterol and LDL cholesterol concentrations (P=0.01),
but changes in insulin concentration or body mass index through-
out the study did not correlate with changes in inflammatory
variables, such as MCP-1 and CRP concentrations. Further, the
AAUC of PON1 activity was correlated with HDL cholesterol
(P=0.02). However, when a multistep, multivariate analyses was
applied we did not find any significant association with any of the
dependent variables in any of the treatment groups.

4. Discussion

As the survival of subjects with HIV increases, metabolic and
vascular complications will become an increasingly important
aspect in the management of these patients, specially those
derived from accelerated atherosclerosis (Carr et al.,, 1998;
Balasubramanyam et al., 2004; Hadigan et al., 2001; Friis-Moller
et al.,, 2003). Since humans in Western societies are in a
postprandial state most of the day, it is important to explore the
postprandial period, which is thought to play an important role in
the pathogenesis of atherosclerosis (Groot et al., 1991; Weintraub
et al., 1996; van Oostrom et al., 2003; Ceriello et al., 2004). This
effect will be presumably more intense in HIV-infected patients
with lipodystrophy who show insulin resistance and increased
postprandial lipaemia (Stein et al., 2005). These metabolic
disturbances and the infection itself, represent a considerable
degree of inflammation and oxidative stress to these patients. We
determined the effects of two different insulin-sensitizing agents
on fasting and postprandial inflammatory and antioxidant
variables. We found that rosiglitazone and metformin both
increased fasting PONI activity, suggesting increased protection
from oxidation. In addition, both treatments decreased the
postprandial response of MCP-1, suggesting a reduction of the
postprandial inflammatory response. These potentially beneficial
effects may be the result of improved insulin sensitivity.

Both treatments significantly increased fasting PON1 activity,
despite their different modes of action. Metformin mainly acts by
decreasing hepatic glucose output, while the molecular mechan-
isms underlying the improved insulin sensitivity remain
controversial (Hundal and Inzucchi, 2003). Rosiglitazone
improves peripheral insulin sensitivity through transcriptional
mechanisms (Yki-Jarvinen, 2004). It is likely that increased insulin
sensitivity, which occurred similarly in both groups, may partially
explain the observed effects on PON1 activity (Yamada etal., 2001;
Mackness et al., 1998; Senti et al., 2003), however, these variables

-133-


sandra
Typewritten Text
-133-


UNIVERSITAT ROVIRA I VIRGILI

INFLUENCIA DE PARAOXONASA-1 (PON1) EN L'EVOLUCIO DE LA INFECCIO PEL VIRUS DE LA IMMUNODEFICIENCIA HUMANA-1
I LES SEVES COMPLICACIONS METABOLIQUES.

Sandra Parra Pérez

ISBN:978-84-693-1531-6/DL: 1-650-2010 B. Coll et al. / European Journal of Pharmacology 544 (2006) 104-110 109

were not significantly correlated in a linear regression model.
Moreover, insulin supplementation in apolipoprotein E-deficient
mice reduced the atherosclerotic lesion size by 22-37%, and
showed a concomitant 30% increase in PON1 activity and an 18%
reduction in lipid peroxide levels (Shamir et al., 2003). The
postprandial response of PON1 was consistent with this concept
and PONT activity was higher at all time points which is probably
due to a significant increase in fasting serum PONI1 activity.
Whether the increment in PONT1 activity produced by rosiglita-
zone or metformin in our patients translates into clinical benefit
with a reduced cardiovascular risk remains to be shown. We also
expected changes in inflammatory variables. Serum CRP is a
reliable and easily accessible marker of inflammation and is a
strong predictor of cardiovascular events (Libby and Ridker,
2004). We found that the postprandial serum CRP concentrations
did not change. Previous studies in type 2 diabetic patients treated
with rosiglitazone have shown marked reductions in serum CRP
concentrations (Haffner et al., 2002; Mohanty et al., 2004) and the
postprandial concentration of IL-6 experimented a significant
increase in type 2 diabetic patients (Ceriello et al., 2005).
However, we should take into account that our HIV-infected
patients are under an inflammatory stimulus which is probably
unaffected by insulin-sensitizing agents. Also, the population
studied was receiving HAART, which may have direct effects on
inflammation. Metformin tended to reduce serum CRP concen-
tration but did not reach statistical significance. However, we
should take into account that larger trials assessing these variables
should be of great value, since we are aware of the limitation of
our study due to, at least in part, to sample size. The lack of a
placebo control group is a limitation of our study; it should be of
great value to perform the same design in non-HIV-infected
participants with the concomitant presence of classic cardiovas-
cular risk factors, such as patients with high blood pressure,
diabetes or overweight. This comparison could give us interesting
data in recognizing HIV infection as a pro-atherogenic status.

MCP-1 plays a crucial role in initiating atherosclerosis by
recruiting inflammatory cells to the subendothelial space (Gu et al.,
1997). Although the response of MCP-1 to a high-fat challenge has
not been studied before, in vitro studies have suggested that
chylomicrons induce a higher expression of MCP-1 (Domoto et al.,
2003). At baseline, MCP-1 levels did not change postprandially.
However, both metformin and rosiglitazone modified the post-
prandial response of MCP-1 by reducing the postprandial plasma
concentrations of MCP-1. This may be a beneficial effect, because
MCP-1 has been identified as a crucial mediator of atherosclerosis,
and its plasma concentration has been positively correlated with
subclinical atherosclerosis (Deo et al., 2004). We have also shown
that HIV-infected patients with the MCP-1-2518G allele, which
increases the expression of the MCP-1 gene, have a 5-fold in-
creased risk of atherosclerosis (Alonso-Villaverde et al., 2004).
Such a postprandial decrease in MCP-1 observed after treatment
might be the direct result of improved insulin sensitivity, but the
changes in body weight may be an additional factor to be con-
sidered (Christiansen et al., 2005).

In summary, a high-fat meal has only minor effects on inflam-
matory and antioxidant variables in HIV-infected patients with
lipodystrophy, but treatment with metformin or rosiglitazone
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increased fasting and postprandial protection from oxidation and
reduced the postprandial pro-inflammatory response by reducing
plasma MCP-1 concentrations.
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