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Las enfermedades cardiovasculares son la primera causa de muerte en Espaia.
Suponen mas de un tercio de los fallecimientos registrados en nuestro pais y algo mas
de cinco millones de estancias hospitalarias, con unas cifras totales de cerca de 20
millones de muertes anuales en todo el mundo. El incremento de los factores de
riesgo, como la obesidad y la diabetes, alertan sobre la posible pandemia de
enfermedad arterial periférica (EAP) en los préximos afios, todo ello a pesar de una
mayor concienciacion de la importancia del estilo de vida.

La supervivencia en los pacientes con EAP es pobre. La mortalidad a los 5, 10 y 15
afos en los pacientes con claudicacion intermitente se encuentra alrededor del 30%,
50% y 70%, respectivamente. La supervivencia de los pacientes con isquemia critica
de miembros inferiores es peor. La mortalidad de los pacientes con dolor en reposo
alcanza el 70% a los 5 afios y el 85% a los 10 afos.

Alrededor del 80% de los pacientes con EAP fallecen por una complicacién vascular:
mas del 60% por una enfermedad coronaria y el 10% por accidentes
cerebrovasculares. Los datos indican que la mortalidad se relaciona directamente con
el grado de isquemia crénica de las extremidades inferiores determinada de forma
objetiva en el momento de la presentacion.

La evolucion de los pacientes con claudicacion es cada vez mas maligna en cuanto a
accidentes cardiovasculares graves, mortales y no mortales. Alrededor del 5% de los
pacientes necesitara revascularizacién en un periodo de cinco afos por claudicacion
grave o por evolucién a isquemia critica. Gracias a estos procedimientos, los indices
de amputacién se han reducido considerablemente, pero aun asi, sigue siendo una
causa de gran invalidez con costes sociales enormes.

Todos estos datos de morbimortalidad nos indican que estamos diagnhosticando y
tratando fases avanzadas de la enfermedad arteriosclerética, pero existe un vacio
importante en el diagnostico en las fases iniciales, en las que seria posible practicar
una prevencion mas efectiva

Existen diversos factores que dafian el endotelio y que generan una respuesta
inflamatoria y fibroproliferativa que es excesiva. Es en este exceso donde se genera la
enfermedad. El estrés oxidativo y la inflamacion juegan un papel fundamental en la
arteriosclerosis.

En el primer estudio exploramos si la relacion inversa entre mecanismos de defensa
endotelial y el estrés oxidativo, y la consiguiente respuesta inflamatoria se puede
detectar en sangre. Hallamos que los resultados obtenidos en las concentraciones de
MCP-1 y PON1, asi como en las actividades lactonasa y paraoxonasa de PONL1,
prueban nuestra hipotesis y por tanto MCP-1 y PON1 constituyen nuevos marcadores

del estado de enfermedad que se podrian utilizar como biomarcadores, especialmente
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el ratio entre la concentracion de MCP-1 y PONL1, que claramente distingue entre los
pacientes y los controles.

En el segundo estudio, hallamos que la concentracion de PON3 esté incrementada en
pacientes con coronariopatia y con EAP, dos enfermedades asociadas por la
arteriosclerosis pero con muchas diferencias en las alteraciones bioquimicas.
Observamos que mientras el incremento de la concentracion plasmatica de PON3 se
encuentra relacionada a la resistencia a la insulina en la EAP, en el grupo de pacientes
con coronariopatias este aumento se correlaciona con un aumento en la concentracion

en sangre de marcadores de inflamacion.
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EPIDEMIOLOGIA DE LA ARTERIOPATIA PERIFERICA

Incidencia y prevalencia de la enfermedad arterial periférica asintomatica.

La prevalencia total de la enfermedad arterial periférica (EAP) segun andlisis objetivos
ha sido evaluada en varios estudios epidemiolégicos y oscila entre el 3% y el 10%, un

porcentaje que aumenta hasta el 15% y el 20% en las personas mayores de 70 afios™
6

La prevalencia de la EAP asintomatica en las extremidades inferiores s6lo puede
calcularse en la poblacién general con medidas incruentas. La prueba mas habitual
consiste en la determinacion del indice de presion sistélica entre el tobillo y el brazo
(indice tobillo-brazo, ITB). En los individuos sintomaticos, un ITB < 0,90 posee una
sensibilidad del 95% para detectar una arteriopatia periférica confirmada por
arteriografia y una especificidad cercana al 100% para identificar a los individuos
sanos. Con este criterio varios estudios han analizado pacientes con arteriopatia
periférica asintomatica y sintomatica en una misma poblacién. La relacién entre los
dos tipos de pacientes resulta independiente de la edad y normalmente oscila entre
1:3y1:4 "8,

Incidencia y prevalencia de la enfermedad arterial periférica sintomética.

La claudicacién intermitente (Cl) se diagnostica normalmente conforme a los
antecedentes de dolor muscular en la pierna que aparece durante el esfuerzo y que se
alivia con un breve reposo. Se han elaborado varios cuestionarios para uso
epidemiolégico. Por lo que respecta a los métodos para identificar la Cl en la
poblacién, debemos recordar que si bien es el principal sintoma de la EAP, su

evaluacion no siempre predice la presencia o ausencia de EAP.

Es posible que un paciente con EAP grave no presente dicho sintoma debido a otras
afecciones que limitan el esfuerzo o bien porque muestra unos habitos sedentarios.

Por el contrario, algunos pacientes que parecen tener Cl pueden no sufrir EAP. De

13
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forma similar, los pacientes con una EAP muy leve pueden manifestar sintomas de CI

sélo cuando realizan una actividad fisica intensa.

La incidencia anual de Cl es més dificil de cuantificar y probablemente es menos
importante que su prevalencia (a diferencia de lo que sucede con el mucho menor
namero de pacientes afectados por una isquemia critica de la extremidad (ICE)). La
prevalencia de CI parece aumentar desde alrededor de un 3% en los pacientes de
cuarenta afos hasta el 6% en los pacientes sexagenarios. En varios estudios
poblacionales de gran tamafio se ha analizado la prevalencia de la Cl. Un hallazgo
sorprendente en los estudios de cribado poblacional es que entre el 10% y el 50% de

los pacientes con Cl nunca han consultado con un médico sobre sus sintomas*™*°.

EVOLUCION DE LAS EXTREMIDADES

Pacientes asintomaticos

Las evidencias indican que la progresién de la EAP subyacente es idéntica tanto si el
sujeto tiene sintomas como si no tiene sintomas en las piernas. Nada parece indicar
gue el riesgo de deterioro local con progresion a ICE depende de la presencia o

ausencia de sintomas de claudicacion intermitente.

El desarrollo de los sintomas depende principalmente del nivel de actividad del sujeto.
Esta es una de las razones por las que la presentacion inicial de algunos pacientes es
con una ICE en ausencia de CIl anterior. Por ejemplo, un paciente que tiene una
disminucion del ITB inmediatamente por encima del nivel de dolor isquémico en
reposo pero que lleva una vida demasiado sedentaria como para presentar
claudicacién, puede desarrollar ICE debido a las heridas que no cicatrizan debido a
este nivel de perfusiéon. Es importante detectar este subgrupo de pacientes en un
momento en el que el cuidado protector de los pies y el control de los factores de
riesgo tienen su maximo potencial de mejorar la evolucién. El deterioro funcional en
dos afios estéa relacionado con el ITB basal y con la naturaleza de los sintomas de

presentacion en la extremidad °.
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Fig.1. Evolucién de los claudicantes a los 5 afios.

TransAtlantic Inter-Society Consensus (TASC II). Eur J Vasc Endovasc Surg 2007;33,S1-S75.

TASC Il. Management of peripheral arterial disease (PAD).

Pacientes con claudicaciéon intermitente

Aunque la EAP es una enfermedad progresiva en términos patolégicos, su evolucién
clinica en lo que se refiere a la pierna es sorprendentemente estable en la mayoria de
los casos. Sin embargo, los pacientes con EAP sintomatica contindan teniendo una
discapacidad funcional significativa. Los estudios poblacionales de gran tamafio
aportan los datos mas fiables. Todas las evidencias recopiladas en los ultimos 40 afios
no han podido alterar sustancialmente la impresién de que aproximadamente sélo una
cuarta parte de los pacientes con Cl tendra alguna vez un deterioro significativo. Esta
estabilizacion sintomatica puede deberse al desarrollo de colaterales, a la adaptacién
metabdlica del musculo isquémico o a que el paciente altere su marcha a favor de los
grupos musculares no isquémicos. El estadio clinico se deteriora en el 25% restante
de pacientes con Cl, con mayor frecuencia en el primer afio después del diagndstico
(7%-9%) frente al 2% al 3% por cada afio posteriormente. Esta estabilidad clinica es
relevante para la percepcion que tiene el paciente de la gravedad de su claudicacion.

Cuando estos pacientes son objeto de una evaluacion exhaustiva de su situacion

15
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funcional real, la distancia caminada medida va deteriorAndose progresivamente a lo
largo del tiempo °

En las revisiones mas recientes también se resalta que la amputacion mayor es un
resultado relativamente raro de la claudicacion, necesitando una amputacion mayor
sélo el 1% al 3,3% de los pacientes con Cl en un periodo de 5 afios ****.

Es dificil predecir el riesgo de deterioro de una claudicacion reciente. Los distintos
factores de riesgo mencionados podrian contribuir a la progresién de la arteriopatia
periférica. EI cambio del ITB es, posiblemente, el mejor factor pronéstico individual
porque si el ITB de un paciente se deteriora con rapidez, lo mas probable es que
contintie haciéndolo en ausencia de un tratamiento satisfactorio. Se ha demostrado
gue el mejor factor pronéstico del deterioro de la EAP en los pacientes con Cl es un
ITB < 0,50 con un cociente de riesgos > 2 frente a los pacientes que tienen un ITB >
0,50. En los estudios también se ha indicado que aquellos pacientes con CI en el
estrato mas bajo de presién en el tobillo (es decir, 40-60 mm Hg), el riesgo de

progresion a isquemia importante o pérdida de la extremidad es del 8,5% por afio.

|
)
)
III| Diabetic
%4

Sml:ll-:er \

i Lipid "'-f-- )

I'.-Illlllﬂ'lll.il:ll-"h. I'|II

IIIl_ Irigyhydnilin e
N isk of —

Ri
developing CLI .-'

= fx

Fig. 2. Magnitud de los factores de riesgo en el desarrollo de la isquemia critica de las extremidades en pacientes con
enfermedad arterial periférica. TASC Il. Management of peripheral arterial disease (PAD). TransAtlantic Inter-Society
Consensus (TASC Il). Eur J Vasc Endovasc Surg 2007;33,S1-S75.
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Pacientes con isquemia critica de las extremidades

Los Unicos estudios poblacionales prospectivos de gran tamafo fiables sobre la
incidencia de la ICE ofrecieron una cifra de 220 casos nuevos cada afio por millon de
habitantes. Sin embargo, existen indicios indirectos obtenidos en estudios que
analizaban la progresion de la CI, encuestas poblacionales sobre la prevalencia y
suposiciones basadas en las tasas de amputacion mayor. Sorprendentemente, la
incidencia calculada utilizando estos diferentes métodos es muy similar y varia
aproximadamente entre 500 y 1000 casos nuevos de ICE cada afio en una poblacién
europea o0 norteamericana de un millén de sujetos *.

En varios estudios se ha podido realizar un analisis de los factores de riesgo que
parecen estar relacionados con el desarrollo de ICE. Dichos factores parecen ser
independientes y, por tanto, probablemente sean aditivos ****.

Ya no es posible describir la evolucion natural de los pacientes con ICE porque la
mayoria de ellos recibe en la actualidad alguna forma de tratamiento activo. El
tratamiento depende mucho del centro al que se derive el paciente. Las encuestas de
gran tamafio indican que aproximadamente la mitad de los pacientes con ICE se
sometera a algun tipo de revascularizacién, aunque en algunos centros
intervencionistas particularmente activos se ha descrito un intento de reconstruccion
hasta en el 90% de estos pacientes 2.

Existen algunos datos de buena calidad procedentes de estudios multicéntricos
controlados estrictamente sobre el tratamiento farmacoldgico de la ICE. Estos estudios
se refieren Unicamente a un subgrupo de pacientes en los que no es posible la
reconstruccion o en los que los intentos de reconstruccion han fracasado. Los
resultados de este subgrupo ofrecen una pésima perspectiva en cuanto a que
aproximadamente el 40% de los casos perdera la pierna antes de seis meses y hasta

el 20% fallecera *.
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Fig. 3. Evolucion de los pacientes con isquemia crénica critica de la pierna. TASC Il. Management of peripheral arterial
disease (PAD). TransAtlantic Inter-Society Consensus (TASC II). Eur J Vasc Endovasc Surg 2007;33,S1-S75.

Amputacion

Se mantiene la controversia, a menudo alimentada por datos de revisiones
retrospectivas no verificados de poblaciones de gran tamafio y en continua evolucion,
sobre si se produce una reduccion significativa de las amputaciones como
consecuencia de que se realizan mas procedimientos de revascularizacién en los
pacientes con ICE. Estudios independientes y minuciosos desarrollados en Suecia,
Dinamarca y Finlandia indican que el aumento de la disponibilidad y el uso de las
intervenciones endovasculares y quirdrgicas ha dado lugar a un descenso significativo
de la amputacion por ICE. En el Reino Unido, el nUmero de amputaciones mayores ha
alcanzado una meseta, lo que podria reflejar el creciente éxito en el rescate de la
extremidad; sin embargo, los estudios mas antiguos desarrollados en los Estados
Unidos no han podido demostrar el beneficio de la revascularizacién en las tasas de
amputacion 2.

La idea de que todos los pacientes que requieren una amputaciéon han progresado
paulatinamente, desde una claudicacion creciente hasta el dolor en reposo, Ulceras vy,
en ultimo término, amputacion, es incorrecta. Se ha demostrado que mas de la mitad
de los pacientes que sufren una amputaciéon mayor por debajo de la rodilla por una

enfermedad isquémica no tenian sintomas de isquemia en la pierna de cualquier tipo
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en los seis meses anteriores . La incidencia de amputacién mayor segin los datos
obtenidos en poblaciones de gran tamafio o en estudios nacionales varia entre 120 y
500 casos/millén/afio. La relacion entre las amputaciones por debajo de la rodilla'y por
encima de la rodilla en encuestas de gran tamafio es cercana a 1:1.

Sdélo el 60% de las amputaciones que se producen por debajo de la rodilla se cura por
primera intencién, el 15% se cura después de procedimientos secundarios y el 15%
debe convertirse en una amputacion por encima de la rodilla. EI 10% de los casos
fallece en el perioperatorio.

VASCULOPATIA CONCURRENTE
Puesto que la EAP, la arteriopatia coronaria (AC) y la arteriopatia cerebral son todas
manifestaciones de la aterosclerosis, no resulta sorprendente que las tres afecciones

se presenten juntas.

Afectacion coronaria

Los estudios sobre la prevalencia de enfermedad cardiovascular en pacientes con
EAP demuestran que los antecedentes, la exploracién fisica y el electrocardiograma
identifican una prevalencia de AC y arteriopatia cerebral del 40% al 60% en estos
pacientes. En el estudio PARTNERS, el 13% de los sujetos estudiados tenia un ITB
<0,90 sin AC o arteriopatia cerebral sintométicas, el 16% tenia AP junto con AC o
arteriopatia cerebral sintomaticas y el 24% tenia AC y arteriopatia cerebral
sintomaticas con un ITB normal®. Al igual que sucede con la AP sintomatica, el
diagnéstico de AC depende de la sensibilidad de los métodos utilizados. En el entorno
de la atencion primaria, aproximadamente la mitad de los pacientes diagnosticados de
AP también tienen AC vy arteriopatia cerebral; es improbable que la prevalencia de AC
sea mas alta en los pacientes con AP que son derivados al hospital. La extension de la
AC, valorada tanto por la angiografia como por el calcio en las arterias coronarias
medido mediante tomografia computerizada, se correlaciona con el ITB. No resulta
sorprendente que los pacientes con AC documentada tengan mas probabilidades de
tener EAP. La prevalencia de AP en pacientes con cardiopatia isquémica varia en
cada serie entre el 10% y el 30%. En estudios de autopsias se ha observado que los
pacientes que fallecen por infarto de miocardio tienen el doble de probabilidades de
tener una estenosis significativa de las arterias iliaca y carétida que los pacientes que

fallecen por otras causas.
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Fig.4. Superposicion tipica de la enfermedad vascular. TASC Il. Management of peripheral arterial disease (PAD).
TransAtlantic Inter-Society Consensus (TASC Il). Eur J Vasc Endovasc Surg 2007;33,S1-S75.

Arteriopatia cerebral

La relacién entre EAP y arteriopatia cerebral parece ser mas débil que con la AC.
Mediante el estudio ecografico Doppler doble se detecta arteriopatia carotidea en el
26%-50% de los pacientes con Cl, pero sélo el 5% de los pacientes con AP tendra
antecedentes de episodio cerebrovascular de cualquier tipo. También existe una
buena correlacion entre el grosor de la intima en la arteria carétida y el ITB. Existe
toda una gama de concurrencias de la enfermedad en las circulaciones cerebral,
coronaria y periférica descrita en la literatura. En el estudio REACH (Reduction of
Atherothrombosis for Continued Health) de pacientes identificados con EAP
sintomatica, el 4,7% tenia AC concomitante, el 1,2% tenia arteriopatia cerebral
concomitante y el 1,6% tenia ambas. Por tanto, aproximadamente el 65% de los casos
con AP en esta encuesta mostraba evidencia clinica de otra enfermedad vascular. Sin
embargo, en un estudio prospectivo de 1886 en pacientes con 62 afios de edad o
mayores, solo el 37% no tenia evidencias de enfermedad en ninguno de los tres

territorios 516,
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Renal

En los estudios también se ha analizado la prevalencia de estenosis de la arteria renal
en pacientes con EAP. La prevalencia de estenosis de la arteria renal del 50% o mayor
varia entre el 23% y el 42% (comparese esta cifra con la prevalencia de estenosis de
la arteria renal en la poblacién general hipertensa, que esta en torno al 3%). Aunque
no se ha estudiado especificamente, es muy probable que la estenosis de la arteria
renal también sea, en parte, un factor de riesgo independiente de mortalidad en
pacientes con EAP porque una estenosis de la arteria renal del 50% o mayor se asocia

a una tasa de mortalidad 3,3 veces més alta en comparacion con la poblacion general
15-18

EVOLUCION DE LOS PACIENTES
Pacientes con arteriopatia periférica asintomatica y con claudicacion

El mayor riesgo de episodios cardiovasculares en pacientes con EAP se correlaciona
con la gravedad de la enfermedad en las piernas, segun determina la medicién del
ITB. La tasa anual global de episodios cardiovasculares mayores (infarto de miocardio,
ictus isquémico y muerte vascular) es aproximadamente del 5%-7%.

Excluyendo aquellos casos con ICE, los pacientes con EAP tienen una incidencia
anual del 2%-3% de infarto de miocardio no mortal y su riesgo de angina es entre dos
y tres veces mayor que el de la poblacibn de edad comparable. Las tasas de
morbilidad y mortalidad por todas las causas a 5, 10 y 15 afios se acercan al 30%,
50% y 70%, respectivamente. La AC es, con mucho, la causa mas frecuente de
muerte entre los pacientes con EAP (40%-60%), siendo la arteriopatia cerebral la
responsable del 10% al 20% de las muertes. Otros acontecimientos vasculares,
principalmente la rotura de un aneurisma aértico, provocan aproximadamente el 10%
de las muertes. Por tanto, sélo el 20%-30% de los pacientes con EAP fallece por
causas no cardiovasculares.

Particularmente interesantes son los estudios en los que la diferencia entre las tasas
de mortalidad de pacientes con Cl y de su poblacién de control de edad comparable
no se vio considerablemente alterada a pesar de ajustar los resultados segun factores
de riesgo como el tabaquismo, hiperlipidemia e hipertensién. Esto resultados
sorprendentes, aunque coherentes, sugieren que la presencia de AP indica un grado
extenso y grave de aterosclerosis sistémica que es responsable de la mortalidad, con

independencia de la presencia de factores de riesgo **%.
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Fig. 5 Supervivencia de los pacientes con enfermedad arterial periférica. TASC Il. Management of peripheral arterial
disease (PAD). TransAtlantic Inter-Society Consensus (TASC II). Eur J Vasc Endovasc Surg 2007;33,S1-S75.

Gravedad de la arteriopatia periférica y supervivencia

Los pacientes con ICE cronica tienen una mortalidad del 20% en el primer afio tras la
presentacion y los pocos datos a largo plazo existentes, indican que la mortalidad
continta con la misma tasa. La mortalidad a corto plazo de los pacientes que acuden
con isquemia aguda es del 15%-20%. Una vez que han sobrevivido al episodio agudo,
su patrén de mortalidad seguira el de un paciente con claudicacion o un paciente con
ICE crénica, dependiendo de la evolucién del episodio agudo.

Existe una estrecha correlacién entre el ITB como medida de la intensidad de la EAP y
la mortalidad. Esta relacién se ha demostrado en varios estudios en los que se han
utilizado distintos valores umbral del ITB. Por ejemplo, en un estudio de casi 2000
sujetos con claudicacion, los pacientes con un ITB < 0,50 tenian el doble de mortalidad
gue los pacientes con claudicaciéon y un ITB > 0,50 en la inclusién. En el Edinburgh
Artery Study también se ha demostrado que el ITB es un buen factor pronéstico de
episodios cardiovasculares mortales y no mortales, asi como de la mortalidad total en
una poblacion general no seleccionada. Asimismo, se ha propuesto que existe una
relacion casi lineal entre el ITB y los episodios cardiovasculares mortales y no
mortales, asociandose cada descenso de 0,10 del ITB a un incremento del 10% del

riesgo relativo de sufrir un episodio vascular mayor %,
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QUIMIOCINAS: MCP-1

Las quimiocinas son pequefias proteinas que dirigen la migracion de los leucocitos

circulantes a los sitios de la inflamacién o lesion 23242,

Hay = 50 quimiocinas
humanas, que se dividen en cuatro familias en base a las diferencias en su estructura,
segun la posicion relativa de los residuos de cisteina, y funcion.

La familia mas grande que se conoce es la familia de quimiocinas CC, en las que los
dos primeros de los cuatro residuos de cisteina conservados, caracteristicos de las
quimiocinas, son adyacentes entre si. Las quimiocinas CC tienden a atraer a las
células mononucleares y se encuentran en los sitios de inflamacion cronica. La
guimiocina CC mas bien caracterizada es la proteina quimioatrayente de monocitos 1,
MCP-1 (también conocida como CCL2), un potente agonista de monocitos, células
dendriticas, células T y basdfilos.

Se ha descrito que MCP-1 juega un papel clave en el reclutamiento de monocitos de
la sangre a las lesiones aterosclergticas tempranas, el desarrollo de hiperplasia de la
intima después de la angioplastia, asi como en la vasculogénesis y la trombosis. Otros
miembros de la familia CC incluyen RANTES (CCL5), proteina inflamatoria de
macrofagos 1a (MIP-1a, también conocida como CCL3) y MIP-13 (CCL4).

La familia de las quimiocinas CXC, de los cuales la IL-8 (CXCL8) es el miembro
prototipo, atraen los leucocitos polimorfonucleares y han sido descritas por su
implicaciéon en la inflamacion pulmonar aguda. IL-8 también activa los monocitos y
puede dirigir su reclusion a las lesiones vasculares®*?. Las quimiocinas CXC tienen un
Unico residuo de aminoacido entre las dos primeras cisteinas candnica.

La tercera familia, la familia CX3C, sélo tiene una citoquina conocida por el momento,
la fractalquina (FK, o CX3CL1). FK consiste en un dominio de quimiocinas soluble

2930 por |o tanto, a

unido a un tallo tipo mucina y un dominio transmembrana
diferencia de otras quimiocinas soluble, es una proteina transmembrana de tipo 1. En
su larga estructura, unida a la membrana de proteinas, FK es un medio eficiente de
adhesion celular del receptor que puede detener las células bajo condiciones de flujo
fisiologico®>? . FK puede disociarse de la membrana celular por el factor de necrosis
tumoral a de conversién enzimatico y por la metaloproteasa ADAM-10 para liberar una
proteina soluble. De esta forma soluble, FK es un quimioatrayente potente de
monocitos, células Ty células asesinas naturales (NK)*. De este modo, dependiendo

de si existe como una proteina inmovilizada o una proteina soluble, FK puede
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funcionar como un receptor de adhesién celular o como un quimioatrayente. FK se
expresa en las lesiones ateroscleréticas y tiene varias posibles funciones en la
aterogénesis. CXCL16 también tiene un dominio soluble relacionado con un tallo de
mucina® . CXCL16 se expresa en los macrofagos y células dendriticas, y es de
especial relevancia en las enfermedades cardiovasculares, encargandose de recoger
los lipidos oxidados® .

El dltimo grupo es la familia de quimiocinas limfotacticas C, donde Unicamente hay 2
residuos de cisteina en la proteina madura.

Las quimioquinas ejercen sus efectos mediante la activacion celular de receptores
transmembrana de dominio G acoplados a proteinas. La respuesta de un leucocito a
una determinada quimioquina esta condicionada por su dotacion de receptores de
quimioquinas. La unién de las quimiocinas activa una cascada de transducciéon de
sefiales que activa la fosfatidilinositol-3 quinasa, aumenta los niveles de inositol
trifosfato y de calcio intracelular, activa Rho y las proteinas mitogénicas-activadas
quinasas, y finalmente estimula el cambio de forma de la actina, estimulando el
movimiento de las células. Aunque todavia no se entienden completamente, las vias
de senalizacion que conducen a la quimiotaxis se basan en Gai como el vinculo inicial
con el receptor activado y parece ser dependiente de la activacion de uno o mas

isoformas de la fosfatidilinositol 3-quinasa®*'.
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Fig. 6. Las quimiocinas y sus receptores.

Las quimiocinas son proteinas homologas de 8 a 10 kd que se subdividen en las familias sobre la base de la posicién
relativa de los residuos de cisteina. En las a-Quimiocinas, los dos primeros residuos de cisteina estan separados por
un solo aminoacido acido (CXC), mientras que en las B-Quimiocinas, las dos primeras cisteinas de los residuos son
adyacentes entre si (CC). Las a-Quimiocinas que contienen la secuencia de acido glutamico-leucina-arginina anterior a
la secuencia de CXC son quimiotacticas para neutréfilos, y los que no contienen esta secuencia actllan sobre los
linfocitos. La quimiocina linfotactina C sdélo tiene dos cisteinas, y las quimiocinas CXXXC tiene tres aminoacidos acidos

que separan las dos primeras cisteinas.

Los receptores de quimiocinas estan acoplados a proteinas G-proteinas que se expresan en los subgrupos de los
leucocitos. Cuatro receptores de quimiocinas CXC humana , ocho receptores de quimioquinas CC humanos, y un

receptor humano de quimioquinas CXXXC han sido identificados.
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La arteriosclerosis.

Las estrias grasas, la grasa caracteristica de las primeras lesiones ateroscleréticas,
estan compuestas de macréfagos cargados de lipidos llamados células espumosas.

Los estudios realizados en cerdos y primates®**°

indican que los monocitos circulantes
en sangre son los precursores de estas células espumosas. Varias lineas de evidencia
apoyan ahora la hipétesis de que MCP-1 juega un papel fundamental en el
reclutamiento de monocitos en las lesiones tempranas. Los primeros estudios
informaron que MCP-1 estd presente en los macrofagos ricos en placas
aterosclerdticas en los seres humanos y los primates*®*!. Los lipidos oxidados han
sido descritos como mediadores de la aterosclerosis y la formacion de células
espumosas™®. Los estudios de Cushing et al** demostraron que las lipoproteinas de
baja densidad minimamente oxidadas, inducian la produccién de MCP-1 en las células
de la pared vascular. MCP-1 por lo tanto surgié6 como un posible vinculo molecular
entre las lipoproteinas oxidadas y el reclutamiento de células espumosas en la pared
del vaso.

Los estudios de ratones transgénicos que sobreexpresan MCP-1 y de ratones
deficientes en MCP-1, o0 su receptor, proporcionan pruebas de que la MCP-1 trabaja a
favor del reclutamiento de monocitos al ateroma. Por lo tanto, la sobreexpresion de
MCP-1 en tejidos especificos provoca una infiltracion localizada de los monocitos /
macréfagos*. En los estudios de trasplante de médula 6sea, la sobreexpresion de
MCP-1 en macréfagos en la pared del vaso llevé a una mayor formacion de células
espumosas y al aumento de la aterosclerosis.

CCR2 es el Unico receptor establecido funcional para MCP-1 en células
hematopoyéticas, y su supresidn en los ratones deficientes en apolipoproteina E
(apoE), ofrece una proteccion significativa de la acumulacion de macréfagos y de la

formacion de las lesiones ateroscleréticas en respuesta a una dieta rica en grasas **“%.
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Figura 7: Los monocitos circulantes en sangre se dirigen al endotelioo. MCP-1 y otras quimiocinas son sintetizadas
por las células endoteliales, células del musculo liso y los macréfagos en respuesta a los lipidos oxidados. Cémo
MCP-1 se localiza en el endotelio, se desconoce, pero puede implicar la unidn a los proteoglicanos sulfato de
heparina. Después de entrar en el espacio subendotelial, los monocitos se diferencian en macréfagos. La ingestion
continua de lipidos conduce a la formacidén de células espumosas, y tanto los macréfagos como las células
espumosas continldan secretando moléculas bioactivas, tales como factores de crecimiento y quimioquinas, que
pueden reclutar y activar los monocitos adicionales.
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PARAOXONASAS

La familia de las paraoxonasas (PON) contiene tres componentes (PON1, PON2 y
PONS3), que presentan propiedades antioxidantes. Ultimamente ha habido un mayor
estudio e investigacion de las funciones de PON2 y PON3, pero PONL1 sigue siendo
con mucho el mas estudiado de la tres enzimas.

PON1 es una esterasa calcio-dependiente que fue descrita por primera vez por su
capacidad para hidrolizar organofosfatos y pesticidas, paraoxén incluidos, que inspird
el nombre de las tres enzimas.

PON1 es una glicoproteina de 43-45 kDa, expresada en varios tejidos*, pero se
sintetiza principalmente en el higado y circula dentro de las lipoproteina de alta
densidad (HDL) *°.

PONL1 ha sido objeto de investigacion mas intensa, debido a su evidente capacidad
para proteger las lipoproteinas de baja densidad (LDL) contra el estrés oxidativo,
reducir la formacion de células espumosas y prevenir el desarrollo de la
aterosclerosis®’. Los polimorfismos del gen de la PON1 se han asociado con varias
enfermedades humanas, incluyendo las enfermedades coronarias®, la enfermedad de
Parkinson® , la diabetes tipo 2°* y enfermedad inflamatoria intestinal®.

A pesar del interés creciente en PON2, todavia hay poca informacion sobre sus
caracteristicas y sus funciones. A pesar de que este miembro de la familia de las PON
no se asocia con las particulas de HDL circulantes, se le ha implicado en la reduccion
del estrés oxidativo y en la proteccién contra la arterioesclerosis®®. PON2 se expresa
en casi todos los tejidos humanos, incluyendo los pulmones, el higado, el corazén y
intestino®’. En las células vasculares, PON2 aparece en dos isoformas glucosiladas de
aproximadamente 40-43 kDa® y sus polimorfismos genéticos han sido implicado
varias enfermedades, como las enfermedad cardiovasculares **®°, la diabetes tipo 2 ®-
%2y las enfermedades inflamatorias del intestino®.

PON3,es similar a PON1 en términos de expresion, funcion y ubicacién. Ambos son
capaces de retrasar la oxidacion in vitro de LDL, siendo PON1 mas eficaz que PON3 a
este respecto®. Hay pocos datos disponibles hasta el momento de los polimorfismos
de la PON3, y los efectos de estas variantes en las enfermedades humanas aln no se

conocen®.
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Fig. 8. Esquema del inicio de la arteriosclerosis y la funcién protectora de PON1.

Los monocitos circulantes se activan,como consecuencia de un entorno pro-oxidativo y proinflamatorio, y se diferencian
en macréfagos. Las particulas de LDL también atraviesan la pared. Los macréfagos promueven la oxidacion de LDL
mediante la liberacién de radicales libres. Las LDL oxidadadas entran en los macréfagos y contribuyen a su conversion
a células espumosas.La oxidacién de LDL y la formacién de células espumosas son las sefias de identidad de la
aterogénesis precoz. La hidrolisis de PON1 de los lipidos oxidados en LDL revierte esta lipoproteina en LDL normal y,
por tanto, atendia el desarrollo de la arteriosclerosis. Camps et al. Critical Reviews in Clinical Laboratory Science,

2009; 46(2): 83-106.
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Las tres formas de PON son protagonistas en el mantenimiento de un bajo nivel en el
estado oxidativo de la circulaciéon y, por tanto, en la prevencion de la aterosclerosis.
Las asociaciones de sus polimorfismos con varias enfermedades humanas muestran
una posible implicacion de estos enzimas en otros 6rganos. Es de destacar que los
polimorfismos genéticos de PON1 se ha demostrado que representan mas del 60% de
las variaciones interindividual en la concentracién de la enzima y su actividad, pero las
tres PON han demostrado ser moduladas por diversas moléculas nutricionales y
farmacologicas y algunos eventos fisiopatolégicos como la inflamacion y el estrés
oxidativo.

PON1, HDL E INFLAMACION

Gran cantidad de datos experimentales muestran un vinculo entre la la peroxidacion
lipidica y la inflamacion®. Las particulas de HDL han demostrado que poseen

propiedades antioxidantes®”®°

y antiinflamatorias, incluyendo la supresién de las
moléculas de adhesion celular inducidas por citoquinas (CAM)"®"2. Estudios recientes
realizados en voluntarios sanos mostraron una estrecha relacion entre los niveles de
HDL, la respuesta inflamatoria de la endotoxina, la incidencia y severidad de los
sintomas clinicos y las concentraciones plasmaticas de factor de necrosis tumoral asi
como las interleucinas 1, 6 y 8, y la proteina quimioatrayente de monocitos-1 (MCP-1),
siendo mayor en los sujetos con bajas concentraciones de HDL que aquellos con
normalidad en los niveles de HDL™® .

MCP-1 estd intimamente involucrado en la respuesta inflamatoria. Las quimiocinas
regulan la migracion de monocitos en los tejidos y su posterior diferenciacion en los
macrofagos ™.

En un sistema de co-cultivo de monocitos humanos y de células endoteliales, la HDL
atentia la estimulacion de la migracién de monocitos inducida por las LDL oxidadas ™,
proporcionando evidencia indirecta de que el HDL elimina la produccién de MCP-1.
Desde que la PON1 actia como un enzima antioxidante, no seria descabellado
considerar que participa en estas funciones antiinflamatorias de HDL"®.

Mackness et al.”’

demostraron por primera vez que la PON1 inhibe la produccion de
MCP-1 en las células endoteliales incubadas con LDL oxidado. Estos autores hallaron
gue el colesterol HDL, asi como la PON1 recombinante, suprimen la produccion de
MCP-1 en cultivos de células endoteliales, mientras que el HDL aviar (que, a diferencia

de el HDL humano, no tiene PON1 vinculado con él) no pudo provocar esta reaccion.
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La inhibicion de PON1 sobre la produccion de MCP-1 parece ser debida a su
capacidad para inhibir la oxidacién de LDL.

Estudios en animales de experimentacion apoyan el concepto de una funcion
antiinflamatoria de la PON1. Los ratones transgénicos (generados por la
microinyeccion de genes clonados de PON1 humana en Ovulos fecundados)
alimentados con una dieta rica en grasas y rica en colesterol, desarrollaron menores
lesiones ateroscleréticas, menor estrés oxidativo, y aproximadamente una expresion
un 44% menor en sus aortas en comparacion con las aortas de ratones no tratados .
Estos resultados confirman otros estudios que muestran que la PON1 de ratones
tenian mayor peroxidacién de lipidos periféricos y un mayor grado de estrés oxidativo
de macréfagos’. Las investigaciones posteriores han demostrado que esta funcion
antioxidante y antiinflamatorios de PON1 es compleja y puede involucrar no sélo a una
la inhibicién de la peroxidacion lipidica, sino también un aumento de la macréfagos a
través de la salida del colesterol HDL.

Parece claro que la PON1 inhibe la transmigracion de monocitos a macréfagos
inducida por el estrés oxidativo, debido a su capacidad de degradar los peréxidos
lipidicos y a la regulacion a la baja de la produccion de MCP-1 por las células
endoteliales vasculares, asi como a su capacidad para aumentar los macrofagos
asociados a colesterol. Este razonamiento proporciona un mecanismo de vinculacion
entre la peroxidacion lipidica, la inflamacién, y las funciones de PON1 y HDL.

La respuesta de fase aguda asociada con muchas enfermedades infecciosas e
inflamatorias pueden estar relacionados a una disminucién en la actividad de PON1 en
suero y, en consecuencia, a la proteccion mas ineficaz contra el estrés oxidativo, lo
gue agrava el proceso inflamatorio.

La molécula de HDL constituye el medio natural para la actividad de la enzima PONL1,
y la actividad es sensible a alteraciones en las particulas de HDL. Incluso con HDL
normal, la PON1 activa se encuentra en una parte muy especifica de la poblacién de
HDL, es decir, la subfraccibn menos densa de HDL3, que contiene las apolipoproteinas
E y J¥8 La PON1 necesita de la apolipoproteina A-lI para su actividad. Por el
contrario, la presencia de la apolipoproteina A-Il en el colesterol HDL esta asociado
con la inactivacion PON1%. Ademas, la fase aguda de HDL, no soélo inactiva las ya
sintetizadas moléculas de PONL1, sin6 que ademas también inhibe la expresion

genética hepatica *°.
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PON2 Y PON3

En la actualidad, no se sabe mucho acerca de la PON2 PON3. Sus genes fueron

identificados en 1996, cuando Primo-Parmo et al.*®

identificaron un gran namero de
secuencias de cDNA en la Base de datos del genoma con una homologia significativa,
pero no idénticas, con las PON1 humanas. El porcentaje de identidad entre los genes
PON1, PON2 y PON3 es similar (70%) y se cree que los genes derivan de un mismo
precursor®.

Pronto se hizo evidente que PON2 participa en la regulacion del metabolismo de las
lipoproteinas. Boright et al.®” demostraron que los polimorfismos genéticos de PON2
estan asociados con variaciones en el colesterol sérico y las concentraciones de

apolipoproteina A-l. Casi al mismo tiempo, Sanghera et al.®®

mostré que los
polimorfismos de PON2 estaban relacionados con las enfermedades cardiovasculares.
Ng et al.>® demostré que las PON2 no estan presentes en las lipoproteinas, aunque su
expresion genética se ha detectado en varios tejidos humanos. También se informé
gue las células transfectadas con el gen humano PON2 tienen mayor capacidad
antioxidante y son menos eficaces en la oxidacion de LDL que las células que no
fueron transfectadas.

PONS3 esta presente en las HDL y previene LDL de la oxidacion in vitro. Ambos son

capaces de hidrolizar lactonas, pero no paraxén ni otros xenobiéticos %,
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El presente proyecto tiene como finalidad investigar la utilidad e importancia de nuevos
marcadores de stress oxidativo e inflamacion en el diagnostico, prondstico y

seguimiento de la enfermedad arterial periférica (EAP).

1. Busqueda de nuevos marcadores para el diagnéstico y seguimiento en pacientes
con EAP, basados en la determinacion de parametros relacionados con el stress
oxidativo y la inflamacion, fendbmenos que juegan un papel fundamental en el

desarrollo de la arteriosclerosis.

2. Proponer una nueva aproximacién bioquimica basada en el papel coordinado entre
las paraoxonasas (PON1) y la proteina quimioatrayente de monocitos (MCP-1),
moléculas que intervienen en la regulacion del stress oxidativo y los procesos

inflamatorios.

3. Determinar la posible asociacion entre la concentracion de PON3 circulante y sus
polimorfismos genéticos con la enfermedad arterial periférica (EAP) y la enfermedad

coronaria.
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Il RESULTADOS
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The role of combined assessment of defense against oxidative stress and inflammation
in the evaluation of peripheral arterial disease

Current molecular medicine 2011, 11, 453-464

Los factores que lesionan el endotelio generan una respuesta inflamatoria que es el
inicio del proceso de la enfermedad arteriosclerética.

La arteriosclerosis en la enfermedad arterial periférica en pacientes sintomaticos,
afecta ampliamente al territorio arterial de las extremidades inferiores. La respuesta
inflamatoria es extrema en estos pacientes, representando un proceso inflamatorio de
gran importancia que puede medirse mediante variables relacionadas con la
inflamacion. Creemos que la interaccion entre la defensa frente el estrés oxidativo y la
inflamacion, PON1 y MCP-1, puede ser Util para valorar esta respuesta inflamatoria.
Para ello, se han medido los valores de MCP-1 y de PON1 (y parametros
relacionados) en un grupo de pacientes con EAP sintomaticos y dos grupos mas, uno
con pacientes sanos, y otro grupo de pacientes afectados de cardiopatia isquémica sin
presentar EAP. Hemos observado que los valores para MCP-1 y PON1, especialmente
su concentracion, diferencia casi perfectamente pacientes de controles, sugiriendo, asi
pues que, existe un equilibrio entre MCP-1 y PON1 que puede ser detectado en
sangre y que puede actuar como un indicador de la extension de la arteriosclerosis o
del dafio endotelial.

Hemos encontrado que los resultados obtenidos de MCP-1 y la concentracion de
PON1, asi como PON1 paraoxonasa Yy actividades lactonasa, prueban nuestra
hipétesis y pueden constituir un indicador del estado de enfermedad que pueden
actuar como biomarcadores. La disminucién de las actividades paraoxonasa y
lactonasa se asociaron significativamente con el aumento de las concentraciones
circulantes de MCP-1. Un aumento de MCP-1 se asocia con una disminucion de la
concentracion de PONL1, diferenciando claramente los pacientes con respecto a los
controles y mostrando un fuerte valor predictivo.

Hemos mostrado una buena correlacién de MCP-1 con los niveles plasmaticos de 32
microglobulina (82M) y proteina C reactiva (PCR), por lo tanto, proponemos el uso
combinado de ambos.

Los resultados en los pacientes con CAD, con posiblemente una menor carga de
aterosclerosis, también sugiere un papel de coordinacion entre PON1y MCP-1.

En conclusién, nuestros resultados clinicamente identifican una relacién inversa entre

MCP-1 y PON1, que es independiente de las variaciones genéticas y que la relacion
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entre la defensa frente el estrés oxidativo y la inflamacién puede ser detectado

mediante simples mediciones de laboratorio en pacientes con aterosclerosis.
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The Role of Combined Assessment of Defense Against Oxidative
Stress and Inflammation in the Evaluation of Peripheral Arterial
Disease

A. Rull", R. Garcia?, L. Fernandez-Sender', R. Beltran-Debon’, G. Aragonés’,
J.M. Alegret®, C. Alonso-Villaverde®, B. Mackness', M. Mackness', J. Camps’,
V. Martin-Paredero? and J. Joven*"

"Centre de Recerca Biomédica, ISPV, Universitat Rovira i Virgili, Spain; Servei d’Angiologia, Cirurgia
Vascular i Endovascular, Hospital Universitari Joan XXIll de Tarragona, Universitat Rovira i Virgili, Spain;
3Cardiology Unit, Hospital de Sant Joan. Reus, Spain; “Servei de Medicina Interna. Hospital Son Llatzer,
Palma, Mallorca, Spain

Abstract: Atherosclerosis in symptomatic peripheral arterial disease affects wide portions of numerous arteries
in lower extremities. The resulting active inflammation in a considerable amount of arterial tissue facilitates
systemic detection via measurement of inflammation-related variables. We reasoned that the combined
assessment of defense against oxidative stress, in the form of paraoxonase-1 (PON1), and monocyte
migration measured as circulating (C-C motif) ligand 2 (CCL2), may play a role in the evaluation of these
patients. Plasma CCL2 and serum PON1-related variables, assessed by their interaction with functional
genetic variants, were measured in a cross-sectional study in patients with symptomatic PAD. We found that
PON1 activity and concentration were significantly lower and CCL2 concentration higher in PAD patients
compared to controls, that the combination of plasma CCL2 and PON1- related values, especially PON1
concentration differentiated, almost perfectly, controls from patients and that the expression of CCL2 and
PON1 generally co-localized in the atherosclerotic lesion. Since no association with genetic variants was
found, such a relationship is probably the result of the disease. Our data suggest a coordinated role between
CCL2 and PON1 that may be detected in blood with simple measurements and may represent an indicator of
the extent of atherosclerosis.

Keywords: Atherosclerosis, CCL2, inflammation, lactonase, monocyte chemoattractant protein-1, paraoxonase-1,

peripheral vascular disease, polymorphism.

1. INTRODUCTION

Generalized atherosclerosis is likely in symptomatic
peripheral arterial disease (PAD), affecting wide
portions of numerous arteries in the lower extremities.
This is usually the effect of a sustained and silent
progression of the disease in which adequate and
effective prevention measures are either applied too
late or not implemented at all [1-6]. Conceivably, the
burden of atherosclerosis is higher than in those
patients with adverse events in other arterial territories
and this may represent a differential aspect of this
disease that may aid in designing strategies to facilitate
prompt identification. For instance, the fact that
inflammation is present in a significant amount of
arterial tissue facilitates its systemic detection via
routine laboratory tests, especially high-sensitivity C-
reactive protein (hsCRP) and Bz-microglobulin (f2M)
[7-10]. Searching for potential indicators of disease
state and/or susceptibility, we propose a novel
approach based on a putative coordinated role
between paraoxonase-1 (PON1) and monocyte

*Address correspondence to this author at the Centre de Recerca
Biomedica, ISPV, Universitat Rovira i Virgili. Carrer Sant Lloreng 21,
43201, Reus, Spain; Tel: +34977310300; Fax: +34977342105;
E-mail: jorge.joven@urv.cat

1566-5240/11 $58.00+.00

chemoattractant protein-1/chemokine (C-C maotif)
ligand 2 (CCL2), that is the combined value of markers
of a plausible interaction between defense against
oxidative stress and inflammation.

Cytokines are involved in essentially every
important biologic process, especially inflammation,
and represent feasible therapeutic targets [11].
Chemokines, CCL2 in particular, are central to the
vascular inflammatory response as mediators of
monocyte recruitment into the arterial wall [12]. We
have previously found in vitro that PON1 inhibits the
production of CCL2 induced by oxidative stress in
endothelial cells and that both PON1 and CCL2 are
ubiquitously distributed in mouse tissues suggesting a
joint localization and combined systemic effects [13-
14]. Clinical data suggest that circulating CCL2
concentration or serum PON1 esterase and lactonase
activities, or both, may be important biomarkers of a
variety of diseases involving inflammatory response to
an increased oxidative stress [15-20]. However, to the
best of our knowledge, the hypothesis that an inverse
relationship may be detected in blood with simple
measurements and may represent an indicator of the
extent of atherosclerosis is novel. With the rationale
that relationships, if any, will be more evident in
patients with a high burden of diseased arteries we
have performed a cross-sectional study in patients with

© 2011 Bentham Science Publishers Ltd.
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symptomatic PAD to explore whether genetic and
biochemical assessment of CCL2 and PON1 may add
substantial information to the pathogenesis of
advanced atherosclerosis. Further, the balance
between CCL2 and PON1 may affect the efficacy of
frequently prescribed medications in these patients [21,
22].

2. MATERIALS AND METHODS
2.1. Experimental Design

The study was approved by the institutional review
committee and participants signed fully-informed
consent. Patients, all males and aged between 55 and
80 years, were recruited consecutively between 2008
and 2009 among patients attending our outpatient
Clinic in which clinically diagnosed symptomatic PAD
was considered to require hospitalization for further
evaluation and/or surgical procedures. At entrance,
relevant data were collated by clinical records,
interview and physical examination. Participants were
considered to be current smokers if they have been
smoking within the previous year and former smokers if
consumption of tobacco products has ceased for at
least one year. Data on alcohol beverage consumption
was assessed by the number of standard drink units
per day and per week. Diabetes was defined by history,
use of diabetes medication, or fasting serum glucose
levels >126mg/dL (6.99 mmol/L). Hypertension was
defined as a systolic blood pressure > 140 mmHg,
diastolic blood pressure > 90 mmHg, previous
physician’s diagnosis or medication use. Dyslipidemia
was considered to be present by previous diagnosis,
medication use or high levels of LDL-cholesterol (> 160
mg/dL or 4.13 mmol/L) and/or low levels of HDL-
cholesterol (< 40mg/dL or 1.03 mmol/L). Selected
laboratory parameters were measured as well as the
ankle to brachial index (ABI) and the degree of internal
carotid artery (ICA) stenosis using widely accepted
methods and recommendations [23, 24]. The degree of
ICA was classified using the duplex criteria developed
by the University of Washington based on the
percentage of arterial diameter reduction. We finally
included 85 patients once excluded those in which
there were signs of infection (n=35), renal disturbances
(n=9), liver disease (n=9), neoplasia (n=3) or
autoimmune diseases (n=15). For further analyses,
patients were considered to have moderate (ABI <0.9
and >0.4) or severe (ABI<0.4) disease according to
previously published criteria [23]. For genotypic and
laboratory comparisons, a group of sex, weight and
age-matched ostensibly healthy individuals with ABI 2
1.0 was further recruited (n=170). To further explore
the hypothesis concerning the extent of atherosclerosis
we selected samples and data from an open access
collection (CARDIOBANC) of patients who survived a
myocardial infarction and had well documented
coronary artery disease (CAD). They were male (n
=85) matched with PAD patients for body mass index
(BMI), incidence of diabetes, hypertension and
corresponding treatments as well as for percentage of

Rull et al.

current-past smokers. In these patients, there were no
significant alterations in ICA and ABI measurements
were >1.0. They also were significantly younger (49.12
+ 0.81 years) suggesting a probably lower burden of
atherosclerosis.

2.2. Laboratory Measurements

Fasting blood samples were drawn. Standard
measurements were performed immediately in an LXi
725-Synchron (Beckman Coulter, Fullerton, California,
USA) automatic analyzer using enzymatic assays or
chemiluminescent immunoassays, including 2M and
hsCRP using reagents for turbidimetry from BioKit
(Barcelona, Spain). Insulin resistance was estimated by
using the homeostasis model assessment index
(HOMA-IR). Additional plasma and serum aliquots
were stored at -80° C until analyses. Plasma
concentration of CCL2, interleukin-6 (IL-6), interleukin-
8 (IL-8), soluble CD40 ligand (sCD40L), soluble P-
Selectin (sP-Selectin) and tissue plasminogen activator
(t-PA) were measured with a commercially multiple
enzyme-linked assay (FlowCytomix, Bender
MedSystems). Serum paraoxonase and lactonase
activities, as well as serum PON1 concentration were
measured as described [18, 19]. Samples from
collection were stored at -80° C between 1 and 5 years
but possible measurement errors are considered
negligible [21]. To confirm the presence of CCL2 and
PON1 in atherosclerotic lesions, we performed
immunohistochemical analyses in available arterial
tissues (n=20) essentially as described [25]. For
genotyping, DNA was extracted from EDTA blood
using a column-based method from Qiagen (IZASA,
Barcelona, Spain). We selected 6 common CCL2
single-nucleotide polymorphisms (SNPs) and 7 PON1
SNPs spanning the genes according to published data
[26, 27]. Details on primers and SNP identification
appear at Supportive/Supplementary Table 1.

2.3. Statistical Analysis

Sample size was calculated with Open Epi [28] in
an exposed to unexposed ratio of 1:2 using data from
previously accepted biomarkers. Kolmogorov-Smirnov
test was used to check for normality of distribution of
the variables. Selected variables are presented as
mean (SEM) unless otherwise stated. Comparisons
between groups were made with Student’s unpaired ¢t
test or Kruskal-Wallis one-way analysis of variance.
For the multiple correlation analyses, data was
positively skewed using natural logarithm. The Hardy-
Weinberg equilibrium (HWE) and allele frequencies
were assessed and compared using chi-square test.
The effect of each SNP in PAD was assessed using
dominant, co-dominant and recessive models and
sample size was considered to be adequate to detect
modest effects according to the allele frequency and
sample sizes previously reported [26, 27]. To evaluate
haplotype blocks, linkage disequilibrium (LD) between
loci expressing genetic variation and pairwise
measurements (D’ and r2) the Haploview software
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package was used [29]. To analyze the association
between variables, multiple regression models were
used. Data, including odds ratios and receiving
operating characteristic (ROC) curves were analyzed
with SPSS, version 18.0 (SPSS Inc., Chicago ).

3. RESULTS

3.1. The Effect of ABlI Values on Outcomes of
Patients with PAD: Clinical Characteristics

All patients were symptomatic and according to the
Fontaine classification, most were included in grades llI
and IV. Moderate claudication was observed in patients
with moderate disease according to the ABI values
(Table 1). There were no obese (BMI>30) patients but
overweight (BMI>25) was common and had no
apparent effect on the severity of the disease. As
expected, patients were aged and the incidence of
current or past smoking habit, diabetes mellitus and
dyslipidemia was considerably higher than that
observed in the general population but these were not
significant factors with respect to the severity of the
disease. Accepted treatment to correct cardiovascular
risk factors were prescribed in most patients.
Hypertension and the consequent use of anti-
hypertensive agents were clearly higher among
patients with severe PAD. Antecedents of coronary

Table 1.
According to ABI Values
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heart disease were recorded in 1 out of 5 patients but
cerebrovascular events were not recorded. This is
particularly important because all patients showed
concomitant carotid disease, most with a 16 to 49%
reduction in the diameter of ICA. No differences were
found between right and left ICA examinations
(Supportive/Supplementary Table 2). Surprisingly,
severe cases (>80%) of stenosis were only observed
among patients with moderate PAD. The severity of
PAD also segregated patients with respect to the final
treatment outcome after evaluation (Supportive/
Supplementary Table 3); there were no differences in
endovascular treatment, stenting or amputation but
patients with moderate PAD received more medical
treatment and less bypass surgery than patients with
severe PAD.

3.2. Selected Laboratory Measurements were not
Significantly Affected by ABI Values but
Discriminate with Respect to Unaffected Controls

All selected variables, with the exception of plasma
t-PA, showed significant changes in patients with
respect to those obtained in the control group (Table
2). Plasma concentration of inflammation- and PON-
related variables were consistently increased or
decreased respectively in patients with respect to
controls and associated with HDL-cholesterol levels.

Selected Clinical Variables in Patients with Lower Extremity Peripheral Artery Disease (PAD) and Segregated

Total PAD patients Moderate PAD Severe PAD p-value
n=85 n=54 n=31

Clinical characteristics, %

Age, years 69.61 £ 0.93 70.22 +1.14 68.54 + 1.61 0.392
BMI, Kg/m? 24.98 £ 0.37 25.14 £ 0.45 24.70 £ 0.64 0.572
Current + past smokers 75.2 77.8 87.1 0.290
Alcoholism 8.9 11.1 6.5 0.479
Diabetes 59.4 57.4 58.1 0.953
Hypertension 62.4 53.7 74.2 0.062
Dyslipidemia 30.7 27.8 38.7 0.297
Coronary heart disease 21.8 18.5 29.0 0.263
Medication, %

Lipid-lowering treatment 36.5 33.3 41.9 0.428
Diabetes treatment 39.6 32.3 40.7 0.437
ACE/ARB 30.6 25.9 38.7 0.218
Beta-blockers 9.4 9.3 9.7 0.949
Other anti-hypertensive 42.4 33.3 58.1 0.026
Anti-platelet agents 67.1 61.1 77.4 0.124
Pentoxiphiline and/or cilostazol 14.9 16.7 16.1 0.949
Fontaine classification, %

IIb, moderate to severe claudication 9.4 14.8 0.0 0.016
Ill, ischemic rest pain 40.0 37.0 45.2 0.462
IV, ulceration or gangrene 49.4 46.3 54.8 0.448

Moderate PAD defined by ABI between 0.40-0.90. Severe PAD defined by ABI <0.40.

Age and BMI are given as mean + SEM.
ACE: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker.
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Table 2. Laboratory Measurements in Patients with Peripheral Artery Disease (PAD) as Compared with those

Obtained in Unaffected Controls

Controls Total PAD patients p-value

(n=170) (n=85)
Hemogram
Red Blood Cells (x10'%/L) 4.98 (0.04) 4.15(0.07) d <0.001
Hemoglobin (g/dL) 14.98 (0.14) 12.36 (0.21) d <0.001
Hematocrit (%) 44.63 (0.43) 37.88 (0.65) d <0.001
Leukocytes (x10°/L) 6.68 (0.14) 8.46 (0.30) 1) <0.001
Platelets (x10°/L) 217.38 (5.37) 266.62 (10.40) 1) <0.001
Biochemical variables
Total cholesterol, mmol/L 5.46 (0.90) 3.85(0.09) d <0.001
HDL-cholesterol, mmol/L 1.40 (0.32) 1.04 (0.03) d <0.001
LDL-cholesterol, mmol/L 3.33(0.09) 2.20 (0.09) d <0.001
Triglycerides, mmol/L 1.61(0.14) 2.90 (0.09) 1) <0.001
Glucose, mmol/L 5.13 (0.14) 6.49 (0.26) 1) <0.001
Insulin, pmol/L 49.83 (3.10) 138.70 (22.60) 1) 0.002
HOMA-IR 1.64 (0.12) 6.55 (1.45) 1) 0.001
Inflammation-related measurements
B2M (mgl/L) 0.9 (0.4) 4.15(0.28) 1) <0.001
CCL2 (pg/mL) 427.91 (18.02) 645.11 (27.49) 1) <0.001
High-sensitivity CRP (mg/L) 2.30(0.30) 23.01 (2.67) 1) <0.001
Interleukin-6 (pg/mL) 3.29 (0.98) 22.35 (2.46) 1) <0.001
Interleukin-8 (pg/mL) 4.92 (1.99) 27.57 (3.04) 1) 0.002
Soluble CD40 ligand (x10* pg/mL) 1.91(0.18) 4.2 (0.40) 1) 0.001
Soluble P-Selectin (pg/mL) 194.55 (4.36) 206.30 (3.69) 1) 0.054
t-PA (x10° pg/mL) 5.19 (0.40) 6.39 (0.33) - 0.377
PON-related measurements
Lactonase activity (U/L) 6.58 (0.29) 3.19(0.14) d <0.001
Paraoxonase activity (U/L) 331.85(13.24) 188.80 (9.28) d <0.001
PON1 concentration (mg/L) 120.24 (9.65) 31.83 (1.51) d <0.001
CCL2/PON1 ratio 4.35(0.32) 26.49 (1.58) 1) <0.001

Values are given as mean + SEM or percentages.

However, few variables discriminated among patients
according to the severity of the disease indicating
dissociation between clinically obtained ABI values and
laboratory measurements (Table 3, Supportive/Supple-
mentary Figs. 1 and 2).

3.3. Plasma CCL2 and Serum PON1-Related
Variables in Patients with PAD: Co-Localization of
both Proteins in the Atherosclerotic Lesion

The correlation matrix (Supportive/Supplementary
Table 4) showed significant and positive correlations
among plasma PB2M, hsCRP and CCL2 levels and
significant and inverse correlations with PON1 esterase
and lactonase activities. Of note, PON1 concentration
showed no relationship with measured enzymatic

activities. These results indicate that plasma CCL2 may
be considered as a potential candidate to assess
inflammation in patients with clinically advanced PAD
extending the concept that the design of a biomarker
panel [30] may aid in clinical evaluation. All selected
variables showed a high probability of predictive value
as measured by odds ratio and ROC curves and such
probability increased when combined (Supportive/
Supplementary Fig. 3). Plasma CCL2 concentration
were consistently higher in patients (Table 2 and Fig.
1A) than in controls and even when adjusted for
confounding factors showed a significant (p = 0.01)
predictive value for the presence of PAD (Fig. 2B). On
the other hand, serum PON1-associated activities and
concentration were significantly decreased in patients
when compared with controls (Table 2 and Fig. 1).
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Table 3. Laboratory Measurements in Patients with Lower Extremity Peripheral Artery Disease (PAD) and Segregated

According to ABI Values

Moderate PAD Severe PAD p-value Adjusted OR (Cl),
(n=54) (n=31) p-value

Hemogram

Red Blood Cells (x10'%/L) 4.26 (0.10) 4.06 (0.11) 0.240

Hemoglobin (g/dL) 12.80 (0.31) 12.19 (0.34) 0.212

Hematocrit (%) 38.72 (0.95) 37.08 (1.02) 0.271

Leukocytes (x10°/L) 7.72(0.34) 8.77 (0.57) 0.096

Platelets (x10°/L) 258.39 (12.90) 259.76 (19.98) 0.952

Fibrinogen (g/L) 6.46 (0.44) 6.18 (0.24) 0.543

Lipid variables

Total cholesterol, mmol/L 3.88 (0.13) 3.60 (0.14) 0.155

HDL-cholesterol, mmol/L* 1.05 (0.47) 1.03 (0.54) 0.752

LDL-cholesterol, mmol/L* 2.30(0.11) 1.86 (0.15) 0.021 3.88 (0.89-16.94), 0.071

Triglycerides, mmol/L 2.82(0.12) 2.79 (0.18) 0.898

Glucose, mmol/L 6.46 (0.32) 6.43 (0.47) 0.953

Insulin, pmol/L* 177.02 (39.27) 81.98 (16.48) 0.030 1.04 (1.00-1.08), 0.039

HOMA-IR* 5.79 (0.99) 2.60 (0.47) 0.005 0.61(0.37-1.01), 0.054

Inflammation-related measurements

B2M (mg/L) 4.06 (0.32) 4.19 (0.63) 0.854

CCL2 (pg/mL) 664.94 (44.81) 589.16 (37.46) 0.258

High-sensitivity CRP (mg/L) 22.51(3.30) 23.42 (5.61) 0.882

Interleukin-6 (pg/mL) 20.76 (3.35) 23.77 (4.33) 0.585

Interleukin-8 (pg/mL) 26.19 (6.80) 27.81 (4.52) 0.496

Soluble CD40 ligand (x10° pg/mL)* 5.19 (0.60) 2.24 (0.38) <0.001 1.00 (1.00-1.00), 0.018

Soluble P-Selectin (pg/mL) 207.30 (5.15) 204.10 (6.67) 0.707

t-PA (pg/mL) 5.90 (0.77) 7.26 (0.85) 0.135

PON-related measurements

Lactonase activity (U/L) 3.30 (0.25) 3.25(0.27) 0.894

Paraoxonase activity (U/L) 192.95 (11.22) 203.70 (21.69) 0.628

PON1 concentration (mg/L) 29.73 (1.92) 31.98 (2.14) 0.481

CCL2/PON1 ratio 23.71 (1.72) 23.97 (2.59) 0.914

Values are given as mean + SEM or percentage.

*Variables included in the multivariate model. Adjusted model also included diabetes, dislipemia, HTA and their corresponding medical treatments.

Moreover, the combination of plasma CCL2 and PON"1
related values, especially PON1 concentration,
segregated almost perfectly controls from patients (Fig.
2A). Although significant trends were observed,
individual associations were not confirmed in the
adjusted multivariate model (Fig. 2B) but the
CCL2/PON1 ratio completely predicts the presence of
disease (Odds ratio= 4.3; p= 0.02; mean area under
the curve= 0.995). Those patients with the highest
plasma CCL2 concentration showed the lowest values
of serum PON1 concentration and there were
significant inverse correlations between plasma CCL2
and both paraoxonase (r= - 0.331, p < 0.001) and

lactonase (r= - 0.293, p = 0.003) activities suggesting a
coordinated mechanism in the pathogenesis of
atherosclerosis (Supportive/Supplementary Fig. 1).
However this was not confirmed in the assessment of
the degree of ICA stenosis (Supportive/Supplementary
Fig. 4). To further explore the association between
CCL2 and PON1 we analyzed peripheral vascular
tissues discarded in surgical procedures using
immunohistochemical methods (see representative
results in Fig. 3). In most samples, the expression of
CCL2 protein in adventitia was intense while PON1
staining was faint or even absent. The same trend was
observed in the extracellular lipid droplets lining the
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Fig. (1). Distribution of plasma CCL2 concentration (pg/mL) (A), serum PON1 concentration (mg/L) (B), lactonase activity (C)
and CCL2/PON{1 ratio (D) comparing patients with peripheral artery disease (PAD) and unaffected controls.

lumen. However, PON1 and CCL2 expression were co-
localized in the atherosclerotic lesion. It was also
evident that both proteins were increasingly expressed
in more advanced lesions (not shown).

3.4. Plasma CCL2 and Serum PON1-Related
Variables in Patients with CAD

We then explored this effect in relatively young
patients with well documented CAD but possibly lower
burden of atherosclerosis, i.e. less amount of affected
arterial tissue, to test whether these changes were
quantitatively different and consequently may predict
the degree of endothelial damage. We found that
plasma CCL2 concentration was not different in
patients with CAD with respect to controls and
consequently does not discriminate (Supportive/
Supplementary Fig. 5). Also, we found that serum
paraoxonase activity, although lower in CAD patients
(320+10 U/L) with respect to controls was significantly
higher (p<0.001) than that obtained in PAD patients
(18949 U/L). Serum lactonase activity in CAD patients
was similar (5.85+0.14 U/L) to that obtained in controls
(6.58+0.29 U/L) but significantly higher (p<0.01) than in

PAD patients (3.1940.14 U/L). However serum PON1
concentration was significantly different in CAD
patients and there were no statistical differences with
respect to that obtained in PAD patients (Table 2 and
Fig. 1) indicating that this variable may constitute an
early indicator of atherosclerosis. Further, the
CCL2/PON1 ratio was also clearly discriminative
between CAD patients and controls. Similar genotype
frequencies in the distribution of genetic variants of
CCL2 and PON1 were found in CAD patients and
controls (not shown). Taking together, these results
clearly suggest that variations in CCL2 and PON1-
related variables are more important in patients with
PAD and probably associated with the extent of
atherosclerosis.

3.5. The Distribution of Functional Genetic Variants
of CCL2 and PON1 was not Different in Patients
with PAD with Respect to that Observed in
Unaffected Participants

To ascertain whether the relationship between
CCL2 and PON1 was caused by a different distribution
among groups of functional genetic variants, we
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Fig. (2). Individual plasma CCL2 concentrations plotted against the corresponding PON1 concentration (A) and calculated
relevant variables for the predicting value of proposed markers (B, C). AUC, area under the curve. Different models were
constructed according to results in univariate and multivariate analysis that include *HOMA index, serum triglycerides
concentration, plasma CCL2 concentration, BMI and smoking. ®serum HDL-cholesterol concentration, serum paraoxonase and
lactonase activities, BMI and smoking. ®serum HDL-cholesterol concentration, BMI and smoking and CCL2/PON1 ratio, HOMA
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Fig. (3). Representative photomicrographs of immunohistochemical analyses of CCL2 and PON1 in a femoral arteries obtained
in bypass-surgery treatment indicating a high expression of both molecules in tissue and co-localization which is more evident in
regions with inflammatory cells.
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genotyped the study participants for each of the
indicated CCL2 and PON1 polymorphisms. Genotype
and allelic frequencies were virtually the same in
patients with respect to controls indicating that genetic
effects are unlikely. The possibility of false negative
results is low as no effect was detected using
dominant, co-dominant and recessive models
(Supportive/Supplementary Table 5 and Supportive/
Supplementary Table 6). Further, there were also no
differences when haplotypes were considered.
However, linkage disequilibrium (LD) of CCL2
polymorphisms was uniform in controls but not in
patients and consequently the haplotype block used for
analyses was limited to that formed with the -2835 C/A
and -2578 A/G polymorphisms. LD analyses of PON1
polymorphisms covered a unique central block region
identical for patients and controls in which - 1741 C/T,
+ 55 L/IM and + 192 Q/R polymorphisms were
excluded. The expectation-maximization algorithm
revealed the resulting haplotype and diplotype
distribution as shown in Fig. 4. The genotype-
phenotype relationship was carefully assessed and we
found that patients showed consistently higher plasma
CCL2 levels and lower PON-1 concentration and
activities with respect to controls in all genotypes
(Supportive/Supplementary Fig. 6). The predicted
heritable linkage between -2835 C/A and -2578 A/G
CCL2 genotypes was confirmed with a similar
phenotype distribution (Fig. 5A). The predicted
hereditary linkage between the PON1 polymorphisms -
1076 A/G and -162 G/A was only observed with
respect to serum PON1 concentration. The described
effect of the + 55 L/ML and + 192 Q/R polymorphisms
on paraoxonase and lactonase activities was observed
in both control and patients and we did not identify
changes in values with respect to other genotypes (Fig.
5B and Fig. 5C). The relatively minor changes were
independent of other clinical and laboratory variables
(not shown) and were considered irrelevant to explain
the inverse relationship between CCL2 and PON1-
related variables.

4. DISCUSSION

According to currently accepted paradigm of the
pathogenesis of atherosclerosis, factors injuring the
endothelium elicit a protective, inflammatory,
fibroproliferative response that becomes excessive and
in its excess results in the disease process [31].
Therefore, to explore the intensity of such inflammatory
response may be clinically relevant. Measurement of
circulating markers of inflammation, mainly hs-CRP,
has been proposed, with conflicting results, as a useful
clinical procedure in order to predict adverse events in
coronary arteries [32, 33]. Manifestation of
atherosclerosis in lower extremity arteries, however,
may show characteristics which are not seen in other
clinical events. For instance, proteomic profiling and
clinical studies in patients with PAD suggest that
plasma P2M concentration may represent a more
specific and sensitive biomarker [34]. We show that the
inflammatory response is extreme in these patients,

suggesting that this is causally related to advanced and
extensive disease. We subsequently explored for the
first time whether the inverse relationship between
generally accepted mechanisms of endothelial defence
against oxidative stress and the consequent
inflammatory response may be detected in blood. We
reasoned that patients with symptomatic PAD
represent a clinical model with considerable extension
to multiple diseased vessels and high burden of
atherosclerosis. We found that results obtained for
plasma CCL2 and serum PON1 concentrations as well
as PON1 paraoxonase and lactonase activities prove
our hypothesis and may constitute novel indicators of
disease state that may help as biomarkers. Of note, it
was also evident a clear dissociation of clinical
perception, vessel permeability and inflammatory
response. Our design, however, is also a limitation
because in these patients it is difficult to interpret the
combination of multiple variables derived from the
concomitant presence of platelet dysfunction,
hyperlipidemia, hypertension, diabetes, previous
events and the corresponding effect of prescribed
medications. The use of adjusted models, with this
sample size, does not allow us to discard concealed
effects but these are unlikely because the effects were
universally observed in all patients. Decreased
paraoxonase and lactonase activities were significantly
associated with increased concentrations of circulating
CCL2. However, interpretation of plasma CCL2 is
difficult. Although in other conditions plasma CCL2
concentration was independent of other inflammatory
variables [35, 36] we have shown a good correlation
with plasma p2M and hsCRP levels, partially
confirming the in vitro effects of certain circulating
molecules on chemokine expression in human
endothelial cells [37-39]. Moreover, the influence of
endothelial receptors on the concentration of circulating
chemokines has been recently described and we have
previously shown that measurements in serum and
plasma may be significantly different and dependent on
certain genetic variants [40]. We therefore propose the
use in combination of both the higher CCL2 associated
with lower PON1, especially the CCL2 to PON1 ratio,
which clearly differentiated patients with respect to
controls and showed a strong, nearly complete,
predictive value. We acknowledge that our clinical
approach cannot demonstrate a coordinated role
between both molecules but suggest a strong systemic
response. The issue is further complicated by the fact
that our previous studies in vitro and in animal models
pioneeringly revealed apparently  contradictory
mechanisms [13, 15]. At the cellular level [13] PON1
seems to modulate CCL2 production, but both are
ubiquitously distributed in most tissues [15]. Moreover,
in diseased vessels, expression of both proteins is
increased indicating that observations in plasma do not
necessary correlate with the actual role at the
molecular level. This is obviously irrelevant for
diagnostic purposes but suggests the results may have
a prognostic value that should be further ascertained in
future prospective studies, mainly in asymptomatic
patients. Our results in patients with CAD, with possibly
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Fig. (5). Comparisons of plasma CCL2 concentration according to the CCL2 genotype variants -2835 C/A and -2578A/G (A) and
the effect of +55 L/M and +192 Q/R PON1 genotype variants in serum paraoxonase activity (B) and lactonase activity (C).
*p<0.05 in PAD patients compared to controls. p<0.05 Difference in genetic variants compared to the most common genotype in
each SNPs from control group. °p<0.05 Difference in genetic variants compared to the most common genotype in each SNPs

from PAD patients.

a lower burden of atherosclerosis are also suggestive
of a coordinated role of PON1 and CCL2 and possibly
of a quantitative relationship. Contrary to findings in
patients with PAD, we did not find significant changes
in plasma CCL2 or PON1 lactonase with respect to
controls and only slightly lower values of PON1
paraoxonase  activity = but  circulating PON1
concentration was lower indicating a possible predictive
value of the CCL2 to PON1 ratio on the extent of

atherosclerosis. Comparison between both groups also
highlight that decrease in PON1 activity is mainly
dependent on the extension of the disease rather than
on decreased HDL-cholesterol levels.

We have also shown that the effects of
methodological constraints [41] are unlikely, and are
not the consequence of associated genetic factors
because genotype and allelic frequencies were similar
between controls and patients and this was observed in
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Serum paraoxonase-3 concentration is associated with insulin sensitivity in peripheral
artery disease and with inflammation in coronary artery disease

Atherosclerosis 2012, 220(2): 545-51

En el presente estudio se describe, por primera vez, las alteraciones en las
concentraciones séricas de PON3 en pacientes con coronariopatia(CAD) y con
aterosclerosis periférica (EAP).

Nuestros pacientes con enfermedad coronaria o arterial periférica tenian un aumento
significativo de las concentraciones de PON3 en suero, que fue acompafiado por una
disminucion de las concentraciones de PON1 (y actividades en EAP) y la disminucion
de niveles de colesterol HDL. Esto implica un enriquecimiento relativo de las particulas
de HDL en PON3 en estos pacientes, que es, posiblemente, un mecanismo
compensatorio para contrarrestar la disminucién de PONL1. Esta conclusion esta de
acuerdo con los estudios experimentales que muestran que la sobreexpresion de
PON3 humana en ratones protege a estos animales de la progresién de la
aterosclerosis.

Un hallazgo interesante del presente articulo es la relacion observada entre las
concentraciones séricas PONS3, hipertensién arterial y alteraciones metabdlicas en la
EAP, y en particular con la insulina y el indice HOMA (Homeostasis Model
Assessment), que no se ha encontrado en pacientes con CAD.

La diabetes es la plataforma de la enfermedad subyacente mas comuin que causa
EAP, y estos resultados sugieren un papel de PON3 en la regulacién del metabolismo
de la glucosa, que es uno de los trastornos mas importantes relacionados con el
sindrome metabdlico. En la EAP, sin embargo, las concentraciones séricas de PON3
no fueron asociadas a marcadores inflamatorios circulantes como la 2M, MCP-1 o
PCR, una asociacién que se observé de manera positiva en el CAD. No sabemos la
razon de estas diferencias, pero las concentraciones séricas de PON3 fueron
significativamente menores en la EAP, mientras que los niveles de marcadores
inflamatorios fueron mucho mas altos. Existe la posibilidad de que la magnitud de la
extension fisica de las areas afectadas en la EAP hace que la PON3 no pueda impedir

la inflamacion masiva arterial en estos pacientes.
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Objective: There are no data on the relationship between serum paraoxonase-3 (PON3) concentration and
atherosclerosis in humans. Our aim was to investigate possible associations, using recently developed
methods, in patients with peripheral artery disease (PAD) or coronary artery disease (CAD).

Methods: We studied 118 PAD and 72 CAD patients and 175 healthy volunteers. Serum PON3 was
determined by in-house ELISA using polyclonal antibodies generated against a synthetic peptide with
a sequence specific to PON3. Polymorphisms of the PON3 promoter were analysed by the Iplex Gold
MassArray™ method.

Results: There was a significant increase in serum PON3 concentration in both groups of patients with
respect to the control group. In PAD patients, we observed significant positive correlations between PON3,

Keywords:
Antioxidants
Atherosclerosis

Lipoproteins
Myocardial infarction insulin levels and HOMA index. These associations were not observed in CAD. There were significant
Paraoxonases positive associations between serum PON3 and 3-2-microglobulin, CCL2 and high-sensitivity C-reactive

Peripheral vascular disease proteinin CAD patients, but not in PAD. We did not find any significant differences in PON3 gene promoter
polymorphisms and their haplotypes between patients and controls, indicating that associations were
not genetically determined.

Conclusion: In both atherosclerotic phenotypes, serum PON3 concentration was increased, but this was
associated with decreased insulin sensitivity in PAD and with inflammation in CAD.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction represents a differential aspect, since they can develop advanced

and extensive arterial alterations without any immediate threat to

Atherosclerosis remains one of the leading causes of morbid-
ity and mortality worldwide. The pathobiology of this disease is
characterised by a sustained and silent progression, and the clini-
cal consequences may vary depending on the anatomic localisation
of the lesions. Patients with coronary artery disease (CAD) may
develop sudden death or myocardial infarction, sometimes at rela-
tively young age. On the other hand, patients with peripheral artery
disease (PAD), have a higher burden of atherosclerosis than those
patients with adverse events in other arterial territories, and this

* Corresponding author. Tel.: +34 977 310300; fax: +34 977 312569.
E-mail addresses: jcamps@grupsagessa.com, jcamps@grupsagessa.cat
(J. Camps).
1 These authors contributed equally to this work.

0021-9150/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2011.11.021

survival. However, both forms of atherosclerosis share some under-
lying molecular mechanisms. To-date, it is generally accepted that
one of the main metabolic causes of atherosclerosis is oxidative
stress and the associated increased lipid peroxidation, leading to
the activation of inflammatory cells. Thus, the enzymes involved
in protection against oxidative stress have received a great deal of
attention in recent years [1].

Paraoxonases (PON) are a family of enzymes comprising 3 mem-
bers, PON1, PON2 and PON3, whose genes are located adjacent to
each other on chromosome 7g21-22 [2]. In humans, PON1 and
PON3 genes are produced in many cell types [3], and their pro-
tein products are found in the circulation bound to high-density
lipoproteins (HDL) [4]. Conversely, PON2 is an intracellular enzyme
which is not, however, found in plasma [5]. All these enzymes are
able to retard low-density lipoprotein (LDL) oxidation and cellular
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oxidative stress [6]. In addition, studies using a variety of mouse
models of atherosclerosis have consistently shown that human
PONT, 2 or 3 expression inhibits, or reverses, the development of
atherosclerosis via mechanisms involving the reduction of oxida-
tive stress, the promotion of cholesterol efflux from macrophages,
and the normalisation of vascular endothelium function [6].

Although the knowledge on PON1 and PON2 structure and func-
tion is rapidly expanding, not much is known about the PON3
protein. Its gene was identified in 1996 when Primo-Parmo et al.
[2] detected a large number of cDNA sequences in the Genome
Data Base similar to human PON1. The percentage identity among
human PON1, PON2, and PON3 genes is high (about 70%) and the
genes are believed to derive from a common precursor [7]. Clinical
research on PON3 has been hampered by the lack of methods for
measurement [5], but we recently described a high-throughput,
reliable enzyme-linked immunosorbent assay (ELISA) to analyse
PON3 concentration in human serum [8]. The present study was
aimed to investigate the possible association between serum PON3
concentration with PAD and CAD.

2. Methods
2.1. Study population

Patients with clinically diagnosed symptomatic PAD (n=118,
85.6% men, 55-80 years old) were recruited from the outpatient
clinics of Hospital Universitari Joan XXIII. At entrance, relevant data
were collated by clinical records, interview and physical exami-
nation. Selected laboratory parameters were measured as well as
the ankle to brachial index (ABI) and the degree of internal carotid
artery (ICA) stenosis using widely accepted methods and recom-
mendations [9,10]. The ABI testing was performed with the patient
in the supine position, after 5 min of rest, using a standard proto-
col. The brachial blood pressure measurement was obtained in the
left arm, and in the right and left dorsalis pedis arteries, using a
5-7mHz hand-held Doppler. The ABI was calculated by dividing
the ankle blood pressure by the brachial blood pressure for each
lower extremity. Chronic ischemia symptoms were detected using
the Fontaine classification, a standardised physician-administered
questionnaire that inquires about the presence of exertional calf
discomfort related to walking uphill or walking rapidly. The degree
of ICA was classified using the duplex criteria developed by the Uni-
versity of Washington based on the percentage of arterial diameter
reduction (Supplementary Table 1). They had no signs of infection,
renal impairment, liver disease, neoplasia, or autoimmune diseases.

Subjects with CAD (n=72, all men, 47-51 years old) were
patients that survived to an episode of myocardial infarction and
were recruited in the Cardiology Unit of the Hospital Universitari
de Sant Joan. They were matched with PAD patients for body mass
index (BMI), incidence of diabetes, hypertension and corresponding
treatments. The proportion of smokers and non-smokers was also
similar in both groups. In these patients, there were no significant
alterations in ICA, and ABI measurements were >1.0.

The control group consisted of 175 healthy volunteers (42.9%
men, 50-80 years old) participating in an epidemiological study
as described previously [11]. We recruited those volunteers that,
after an interview, attended a clinical examination and provided a
fasting blood sample. In the control group overweight was com-
mon (28.96 & 0.30 kg/m?) and current smoking habit was less than
50% (23.6%). Incidence of diabetes, defined by history, use of dia-
betes medication or fasting serum glucose levels >6.99 mmol/L,
was present in an 8% of subjects. Dyslipidaemia, considered to be
present by previous diagnosis, medication use or high levels of LDL-
cholesterol (>4.13 mmol/L) and/or low levels of HDL-cholesterol
(<1.03mmol/L), and hypertension, defined by history and

medication use, were not present in the control group. Also, there
was no clinical analytical evidence of renal insufficiency, major liver
disease, neoplasia or neurological disorders in these participants.

A fasting venous sample blood was obtained from all the par-
ticipants and serum and EDTA-plasma were stored at —80 °C until
measurements were performed. All the participants provided fully
informed consent to participation in the study on the under-
standing that anonymity of all data is guaranteed. The study was
approved by the Ethics Committees of the participating hospitals
(Institutional Review Boards).

2.2. Measurement of serum PON1 and PON3 levels

Serum PON1 and PON3 concentrations were determined by in-
house ELISA with rabbit polyclonal antibodies generated against
synthetic peptides with sequences specific of mature PONs. The
employed peptides were CRNHQSSYQTRLNALREVQ (specific for
PON1) and CRVNASQEVEPVEPEN (specific for PON3). Details of
these methods have been previously reported [8,12]. Serum PON1
lactonase activity was analysed by measuring the hydrolysis of
5-thiobutyl butyrolactone (TBBL) as described [13,14]. Lactonase
activity was measured in an assay reagent containing 1 mM
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Fig. 1. (A) Serum PON3 concentrations in control subjects and patients with coro-
nary artery disease (CAD) and peripheral artery disease (PAD). (B) Relationships
between serum PON1 and PON3 concentrations in patients with CAD (yellow dots)
and PAD (red dots). (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 2. Relationships between serum PON3 concentrations and serum glucose,
insulin and the HOMA index in patients with peripheral artery disease (PAD).

CaCl,, 0.25mM TBBL and 0.5mM 5,5'-dithio-bis-2-nitrobenzoic
acid (DTNB) in 0.05mM Tris-HCl buffer, pH 8.0. The change in
absorbance was monitored at 412 nm. Activities were expressed
as U/L (1U=1 mmol of TBBL hydrolysed per minute). Serum PON1
esterase activity was determined by measuring the rate of hydrol-
ysis of paraoxon at 410 nm and 37°C in a 0.05 mM glycine buffer,
pH 10.5 with 1mM CaCl, [15]. Activities were expressed as U/L
(1U=1 pmol of paraoxon hydrolysed per minute).
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Fig. 3. Relationships between serum PON3 concentrations and inflammatory mark-
ers in patients with coronary artery disease (CAD).

2.3. Other biochemical measurements

Serum [3-2-microglobulin (2M), high-sensitivity C reactive
protein (hs-CRP), glucose, insulin, cholesterol, triglycerides, and
HDL-cholesterol concentrations were measured in an automated
analyser (UniCel™ DxI 800, Beckman Coulter, Fullerton, CA, USA).
LDL-cholesterol concentrations were estimated by the Friede-
wald formula [16]. Insulin resistance was estimated by using the
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homeostasis model assessment index (HOMA-IR)[17]. Plasma CCL2
concentration was measured by flow cytometry (FlowCytomix,
Bender MedSystems).

2.4. PON3 genotyping

Genomic DNA was obtained from leukocytes (Puregene DNA
[solation reagent set, Gentra Systems Inc., Minneapolis, MN, USA).
Selected single nucleotide polymorphisms (SNP’s) of the PON3
promoter were analysed by the Iplex Gold MassArray™ method
(Sequenom Inc., San Diego, CA, USA) at the Spanish National Geno-
typing Center (Centro Nacional de Genotipado, Universitat Pompeu
Fabra, Barcelona, Spain).

2.5. Statistical analysis

Sample size was calculated with Open Epi (Open Epi: Open
Source Epidemiologic Statistics for Public Health, Version 2.3.1.
www.Openepi.com) using data from previously accepted biomark-
ers and own results [18]. The normality of distributions was
determined with the Kolmogorov-Smirnov test. Differences
between two groups were assessed with the Student’s t-test (para-
metric) or the Mann-Whitney U-test (non-parametric). Differences
between multiple groups were analysed by the Kruskal-Wallis test.
Pearson or Spearman correlation coefficients were used to eval-
uate the degree of association between variables. Each SNP was
tested for Hardy-Weinberg equilibrium using Haploview 4.0 soft-
ware [19]. Estimates of linkage disequilibrium between SNPs were
calculated using Fisher's test. Results are shown as means and SEM
in parenthesis. The SPSS 18.0 package was employed for all statis-
tical calculations.

3. Results

3.1. Serum PON3 and PON1 levels and other biochemical
variables in CAD and PAD patients

Results of the biochemical measurements in patients with CAD
or PAD compared to those obtained in the control group are shown
in Fig. 1 and Table 1. There was a significant increase in serum
PON3 concentration in the CAD and PAD patients with respect to
the control group. Both groups of patients showed significantly
lower levels of HDL-cholesterol, LDL-cholesterol and higher serum
triglyceride concentrations. All PON1-related variables (serum
PON1 concentration, PON1 lactonase and paraoxonase activi-
ties) were significantly lower in PAD patients, but not in CAD
patients who only presented a significant decrease in serum PON1
concentration compared to the control group. 32M and hs-CRP con-
centrations were higher in CAD and PAD patients than in normal
subjects. CCL2 concentration was only significantly higher in PAD
patients. It was also evident from Table 1 that the lowest values of
PONT activity were found in PAD with little overlapping with CAD
and controls.

We observed significant positive associations between serum
PON3 and PON1 concentrations in both CAD and PAD patients
(Fig. 1B), which were not observed in the control group (=004,
P=0.958). No significant associations between serum PON3 con-
centrations and PON1 lactonase and paraoxonase activities was
observed in any of the groups (Supplementary Table 2).

When PAD patients were characterised by Fontaine classifica-
tion, no significant differences were observed between groups in
relation to biochemical parameters, inflammatory markers or PON-
related measurements, although PON1 and PON3 concentrations
showed a trend to be higher (Supplementary Fig. 1 and Table 3).

3.2. Relationships between serum PON3 concentrations and the
clinical characteristics of the patients

No association was found between serum PON3 concentration
and gender, smoking status or diabetes diagnosis in PAD and CAD
patients. Only in PAD patients, we observed a significant posi-
tive correlation between PON3 and insulin levels and HOMA index
(Fig. 2). These associations were not observed in CAD [Insulin:
p=0.017; P=0.887; HOMA index: p=0.026; P=0.828]. Also in PAD
patients we observed a significant positive association between
serum PON3 concentrations and the presence of hypertension [2.07
(0.11) vs 1.67 (0.08) mg/L; P=0.038], not observed in CAD patients.
When the influence of antihypertensive treatments in PAD patients
was evaluated, a significant positive relationship was observed
between PON3 and the combination of angiotensin converting
enzyme inhibitor (ARE) and angiotensin receptor blocker (ARB)
treatment [2.21 (0.13) vs 1.82 (0.08)mg/L; P=0.019). Multiple
regression analysis confirmed the significant positive association
between serum PON3 concentration and insulin in PAD patients
(Supplementary Table 4).

3.3. Relationships between serum PON3 concentrations and
inflammation-related markers

There were significant positive associations between serum
PON3 levels and 32M, CCL2 and hs-CRP concentrations in CAD
patients (Fig. 3). However, these associations were not observed
in subjects with PAD (Supplementary Fig. 2). Most PAD patients
had elevated serum CRP concentrations, indicating an acute inflam-
matory condition. Multiple regression analysis confirmed the
significant positive association between serum PON3 concentration
and 32M in CAD patients (Supplementary Table 5).

As described in Section 2, all PAD patients were symptomatic,
and most were included in grades III and IV of the Fontaine clas-
sification, meaning that most of them had ulceration or gangrene
lesions. Less than 5% of PAD patients had serum CRP concentra-
tion <5 mg/L. These patients had similar serum PON3 concentration
than the control subjects (Supplementary Fig. 3).

3.4. Influence of genotypic variants on serum PON3
concentrations in CAD and PAD patients

The distribution of PON3 genotype variants among cases and
controls and the Odds Ratios (95% CI) for CAD and PAD risk in rela-
tion to PON3 genetic polymorphisms are shown in Supplementary
Tables 6 and 7. More than 95% of the subjects were successfully
typed in each PON3 polymorphism. Genotype frequencies of each
PON3 polymorphism did not deviate from the Hardy-Weinberg
equilibrium, neither in patients nor in controls. Linkage disequilib-
rium analyses revealed that all six PON3 polymorphisms covered
a unique central block region identical for patients and controls
(Fig. 4A). The expectation-maximization algorithm revealed three
possible combinations with similar percentage frequency in all of
the groups, but the frequency of ATGTGT showed a trend to be
minor in control subjects than in patients.

Finally, the genotype-phenotype relationship was carefully
assessed in control and patients. We observed that PON3_;,
PON3_gg5 and PON3_5g7 polymorphisms were those more signif-
icantly associated with changes in PON3 concentrations in the
different groups (Fig. 4B).

4. Discussion
Oxidative stress and inflammation play a key role in atheroscle-

rosis [20-22]. Atherosclerotic plaque formation and progression
is characterised by endothelial cell dysfunction, accumulation



UNIVERSITAT ROVIRA I VIRGILT

INFLAMACION Y ESTRES OXIDATIVO EN EL SINDROME DE ISQUEMIA CRONICA DE MIEMBROS INFERIORES
Ratl Garcia Vidal

Diposit Legal: T. 191-2013

A. Rull et al. / Atherosclerosis 220 (2012) 545-551 549

PON3 gene

1 5 w—1 I\l —
498446 L 1050 q460T B

5
4970 T/G 17882539 665 A/G 567C/T
rsl11770903 rsl1764079
Control CAD PAD
(= L =it} - L 11  — 11
-4984 -4370  -4105 -746 665 567 -4984 -4970 4105 -T46 -665 567

Block 1 (4 kb)
1

CAD PAD
Control 2.9% 1.8%
! ATGTGT
223% ATGTGT 175% ATGTGT 17.7%
ATGCAC ATGCAC
6%
77.9%
! AC ATGCAC
ATGCAC ATGCAC
C—J Control
== CAD
4 EEEPAD 4 4
P<0.05

T % peoont d =
_? . F <0.05 P <0.001
= 24 2- 2
[ar]
=
o
e 14 14 1

0 : 0- ; , 0 : : -

AA T TG GG GG GA AA
-4984 AIG -4970 T/IG -4105 G/A
4- 4- 4-
P<0.05 P<0.05 P<0.05 P=0.05 P<0.05 P<0.05

- 3 3- 3 |
= P<0.001 P<0.05 P <0.001 P<0.05 P<0.001
E: F G l_‘ I—\ ’—\ P<0.05
;‘ 24 ’ﬁ 2+ 2 F
z
o
a 14 1- 1-

0 T 0 T T T 0 T T T

cc cT Bel AA AG GG cc cT e
-746 CIT -665 AIG -567 CIT

Fig. 4. (A) Linkage disequilibrium structures across the PON3 promoter gene, in control subjects, patients with coronary artery disease (CAD) and patients with peripheral
artery disease (PAD), calculated by the Haploview software and labelled by their gene position. Pairwise linkage disequilibrium values are given in each square intersecting
for each pair of SNPs and haplotype blocks outlined. There were not any significant differences in the haplotype frequencies between patients and controls. (B) Influence of
the PON3 gene promoter polymorphisms on serum PON3 concentrations in the three groups of subjects studied.
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Table 1

Selected biochemical variables in patients with coronary artery disease (CAD) and peripheral artery disease (PAD) compared with the control group.
Variable Controls (n=175) CAD (n=72) PAD (n=118) P-value CAD vs P-value PAD vs P-value

control control PAD vs CAD

Total cholesterol, mmol/L 5.45 (0.07) 4.40 (0.15) 3.98 (0.09) <0.001 <0.001 0.015
HDL-cholesterol, mmol/L 1.53(0.03) 1.18 (0.09) 1.08 (0.03) <0.001 <0.001 1.000
LDL-cholesterol, mmol/L 3.33(0.07) 2.68(0.12) 2.30(0.09) <0.001 <0.001 0.006
Triglycerides, mmol/L 1.32 (0.06) 1.45(0.13) 2.98(0.10) 0.762 <0.001 <0.001
Glucose, mmol/L 5.20(0.11) 6.44 (0.29) 6.55(0.25) <0.001 <0.001 0.831
Insulin, pmol/L 53.22 (2.47) 78.04 (6.59) 114.71 (11.17) <0.001 <0.001 0.283
HOMA-IR 0.99 (0.04) 1.54 (0.13) 2.19(0.20) <0.001 <0.001 0.337
PONT1 concentration, mg/L 117.95 (6.84) 57.16 (2.09) 32.02(1.43) <0.001 <0.001 <0.001
PON3 concentration, mg/L 1.69 (0.04) 2.12(0.07) 1.98 (0.08) <0.001 0.05 0.011
Lactonase activity, U/L 5.85(0.13) 5.91(0.21) 3.31(0.14) 0.420 <0.001 <0.001
Paraoxonase activity, U/L 322.78 (9.53) 331.23 (14.50) 197.94 (9.66) 0.528 <0.001 <0.001
B2M, mg/L 0.9(0.4) 1.88 (0.08) 4.15(0.28) <0.001 <0.001 <0.001
CCL2, ng/L 458.84 (29.73) 430.66 (12.38) 656.33 (320.33) 0.555 <0.001 <0.001
High-sensitivity CRP, mg/L 2.42(0.36) 4.95(1.13) 58.16 (7.33) <0.001 <0.001 <0.001

Values are given as mean & SEM or percentages.

of lipoprotein aggregates in the intima, and monocyte migra-
tion through the endothelium and their differentiation into
macrophages [23]. Lipid peroxidation is linked to the progression
of the disease from fatty streak to advanced atherosclerotic plaque
[24]. Both PAD and CAD present with common biochemical char-
acteristics linked to the onset and progression of atherosclerosis,
but the extent of the diseased area in PAD is considerably higher to
that in CAD. For this reason, it would be logical to expect qualitative
and quantitative differences in the molecular factors involved in the
progression of these diseases [25]. Manifestation of arteriosclero-
sis in lower extremity arteries may show characteristics which are
not seen in other clinical events and to explore the similarities and
differences between CAD and PAD may be clinically relevant. For
instance, increase in hs-CRP and 32M concentrations is quantita-
tively much more important in patients with PAD than in patients
with CAD, showing that the inflammatory response is extreme in
these patients, which is probably related to the physical exten-
sion of this disease [26]. We recently reported that serum PON1
lactonase and paraoxonase activities, as well as concentration, are
dramatically decreased in patients with PAD compared to controls,
suggesting that this enzyme may be involved in the biochemical
derangements leading to this disease [18].

In the present study we describe, for the first time, alterations
in serum PON3 concentrations in patients with coronary and with
peripheral atherosclerosis. Our patients with CAD or PAD had a sig-
nificantly increased serum PON3 concentrations with respect to the
control group which was accompanied by decreased PON1 con-
centrations (and activities in PAD) and decreased HDL-cholesterol
levels. Although the increase in PON3 is quantitatively small, about
1 mg/L on average, compared to the 50-70 mg/L decrease in PON1,
it has to be taken into account that PON3 is about 100 times more
potent per mg of protein than PON1 in protecting LDL against lipid
peroxidation [27] and, thus, the increase in the enzyme’s expres-
sion in these patients would be sufficient to balance the alterations
in PONT1 levels. This conclusion is in agreement with experimental
studies showing that the overexpression of human PON3 in mice
protected against the progression of atherosclerosis in mice [28]. It
is to note, however, that PON1 activity is essentially normal in CAD
patients and extremely low in PAD. This is important, due to the
wide prescription of clopidogrel in these patients and, as recently
suggested, the need for PON1 for its activation [29]. Whether this
fact is relevant for clinical management of patients with PAD or
CAD remains to be ascertained [30].

An interesting finding of the present article is the observed
relationship between serum PON3 concentrations, hypertension
and metabolic alterations in PAD, and particularly with insulin
and the HOMA index, that was not found in subjects with CAD.

Diabetes is the most common underlying disease causing PAD, and
these results suggest a role for PON3 in the regulation of glucose
metabolism, which is one of the most important derangements
related to metabolic syndrome. Indeed, human PON3 transgenic
mice have been reported to have lower insulin concentrations than
their corresponding littermates and are protected against obesity
development [31]. In PAD, however, serum PON3 concentrations
were not associated to circulating inflammatory markers as 32M,
CCL2 or hs-CRP, an association that was positively observed in CAD.
We do not know the reason for these differences, but serum PON3
concentrations were significantly lower in PAD, while the levels
of inflammatory markers were much higher. The possibility exists
that the magnitude of the physical extent of the diseased areas
in PAD makes for PON3 impossible to thwart the massive arterial
inflammation observed in these patients. We also analysed PON3
gene promoter polymorphisms, to ascertain whether the observed
differences in serum PON3 concentrations could be explained by
differences in the gene frequency distribution between patients
and controls. We did not find any significant differences in these
polymorphisms and their haplotypes, and their influence on serum
PON3 concentrations was similar in the three groups of subjects.

5. Conclusion

PONS3 is still a relatively newly identified antioxidant enzyme
and much work has yet to be done in order to elucidate its physio-
logical functions and its implications in atherosclerosis. The present
cross-sectional, pilot study found that serum PON3 concentration
is increased in patients with CAD or PAD, two different manifesta-
tions of atherosclerosis with clearly differentiated phenotypes. We
observed that PON3 seems to be more narrowly related to insulin
sensitivity in PAD and to inflammation in CAD. However, further
detailed studies would be necessary to fully understand the role of
PONS3 in human atherosclerosis.
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El estrés oxidativo y la inflamacién juega un papel clave en la arterosclerosis. La
formacion de placa aterosclerética y su progresion se caracteriza por una disfuncién
de las células endoteliales, la acumulacion de agregados de las lipoproteinas en la
intima, y a la migracion de monocitos a través del endotelio y su diferenciacion en
macréfagos. La peroxidacion de los lipidos esta relacionada con la progresion de la
enfermedad de la estria grasa a la placa aterosclerética avanzada. Sin embargo, los
pacientes con EAP sintomatica representan una condicién en la cual la extensién en
multiples vasos puede garantizar una alta carga de aterosclerosis, mayor que en los
pacientes con CAD, y es probable que se presenten diferencias cualitativas y
cuantitativas de los factores moleculares implicados en la progresion de la
enfermedad. Por ejemplo, el aumento de PCR ultrasensible y las concentraciones de
B2M son cuantitativamente mucho mas importantes en los pacientes con EAP que en
los pacientes con CAD, que muestran que la respuesta inflamatoria es extrema en
estos pacientes, y que probablemente esta relacionada con la extension fisica de esta
enfermedad.

Exploramos por primera vez, si la relacion inversa entre los mecanismos de aceptacion
general de defensa contra el estrés oxidativo del endotelio y la consiguiente respuesta
inflamatoria se puede detectar en la sangre. Hemos encontrado que los resultados
obtenidos de MCP-1 plasmético y las concentraciones séricas de PONL1, asi como
PON1 paraoxonasa y lactonasa prueba nuestra hipétesis y pueden constituir un
nuevo indicador del estado de la enfermedad que pueden actuar como biomarcadores.
La disminuciébn de las actividades paraoxonasa y lactonasa se asociaron
significativamente con un aumento de las concentraciones circulantes de MCP-1. Sin
embargo, la interpretacion de MCP-1 plasmatico es dificil. Aunque en otras
condiciones la concentracion plasmatica de MCP-1 fue independiente de otras
variables inflamatorias, se ha mostrado una buena correlacibn con los niveles
plasmaticos de PCR y B2M, confirmando parcialmente los efectos in vitro de ciertas
moléculas que circulan por la expresion de quimioquinas en las células endoteliales
humanas.

Por tanto, proponemos el uso en combinacién de ambos, el mayor MCP-1 asociado
con un menor PON1, especialmente el ratio entre MCP-1 y PON1, que distingue
claramente a los pacientes de los controles y muestra un fuerte, casi completo valor

predictivo.
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A nivel celular PON1 parece modular la produccion de MCP-1, pero ambos son
distribuidos por doquier en la mayoria de los tejidos. Por otra parte, en los vasos
enfermos, la expresion de ambas proteinas es mayor.

Nuestros resultados en los pacientes con CAD, con posiblemente una menor carga de
aterosclerosis, también se sugiere un papel de coordinacién de PON1 y MCP-1 v,
posiblemente, de una relacion cuantitativa. Contrariamente a los hallazgos en
pacientes con enfermedad arterial periférica, no se encontraron cambios significativos
en el MCP-1 plasmatico o PONL1 lactonasa con respecto a los controles y valores solo
ligeramente inferiores de la actividad de la paraoxonasa PON1, pero la concentracion
circulante de PON1 fue menor, mostrando un posible valor predictivo del ratio de
MCP1 con PONL1 en la extension de la arteriosclerosis.

En conclusién, nuestros resultados clinicamente identificar una relacion inversa entre
MCP-1 y PON1, que es independiente de las variaciones genéticas y que la relacién
entre la defensa contra el estrés oxidativo y la inflamaciéon puede ser detectado
mediante simples mediciones de laboratorio en pacientes con aterosclerosis.

En el segundo estudio se describe, por primera vez, las alteraciones en las
concentraciones séricas de PON3 en pacientes con CAD y con aterosclerosis
periférica. Nuestros pacientes con enfermedad coronaria o arterial periférica tenian un
aumento significativo de las concentraciones en el suero PON3 que fue acompafiado
por una disminucién de las concentraciones de PONL1 (y actividades en PAD) y la
disminucion de niveles de colesterol HDL. Esto implica un enriguecimiento relativo de
las particulas de HDL en PON3 en estos temas, que es, posiblemente, un mecanismo
compensatorio para contrarrestar la disminucion de PON1. Esta conclusién esta de
acuerdo con los estudios experimentales que muestran que la sobreexpresién de
PON3 humana en ratones protege contra la progresion de la aterosclerosis en ratones.
Un hallazgo interesante del presente articulo es la relacion observada entre las
concentraciones séricas PONS3, hipertensién arterial y alteraciones metabdlicas en la
EAP, y en particular con la insulina y el indice HOMA, que no se ha encontrado en
pacientes con CAD. En la EAP, las concentraciones séricas de PON3 no fueron
asociados a marcadores inflamatorios circulantes como f2M, CCL2 o hs-CRP, una
asociacion que se observé de manera positiva en el CAD. No sabemos la razén de
estas diferencias, pero las concentraciones séricas PON3 fueron significativamente
menores en la EAP, mientras que los niveles de marcadores inflamatorios fueron
mucho mas altos. También se investigé la posibilidad de una asociacion entre la
aterosclerosis y PON3 polimorfismos de promotor del gen. No se encontrd ninguna

diferencia significativa en estos polimorfismos y sus haplotipos entre pacientes y
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controles, y su influencia en las concentraciones séricas de PON3 fue similar en los
tres grupos de sujetos. PON3 sigue siendo una enzima antioxidante relativamente
recientemente identificados y mucho trabajo atin no se ha hecho con el fin de aclarar
sus funciones y sus implicaciones en la aterosclerosis. El estudio piloto encontré que
la concentracion sérica de PON3 es mayor en pacientes con enfermedad coronaria o
arterial periférica, dos enfermedades diferentes asociados con la aterosclerosis, pero
con algunas diferencias en las alteraciones bioquimicas subyacentes. Hemos
observado que PON3 parece estar mas estrechamente relacionados con la resistencia

a la insulina en la EAP y la inflamacién en el CAD.
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-La relacién entre defensa, estrés oxidativo e inflamacion se puede detectar mediante

pruebas analiticas de laboratorio

-Existe una relacién inversa entre MCP-1 y PONL1 que es independiente de variaciones

genéticas.
-La concentracion sérica de PON3 estd aumentada en pacientes con coronariopatias

(asociado a incremento de parametros inflamatorios) y en pacientes con enfermedad

arterial periférica (asociado a sensibilidad a la insulina).
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Supportive/Supplementary Table I. Summary of primers and identification for the CCL2 and PON1 SNPs genotyped in this study.

Genomic Localization SNP ID .
Primer probes
CCL2
-2835 C/A rs2857654 TGTGTCCCCAAGCGAGAGTCCAACCIC/AJAGGTTTGTGCCAGAGCCTAACCCAG
-2578 AIG rs1024611 GAGCAGAAGTGGGAGGCAGACAGCT[A/G]TCACTTTCCAGAAGACTTTCTTTTC
-2136 AIT rs1024610 AGTTCATGGTAAAGGATGCACTAAC[A/T]IGATTAGAGAGAGGTTTCCCCTGATA
-1811 A/IG rs3760399 AATTCCACCAGAGTCTGAAATGGCC[A/G]JCTCCATAGAGTCTCTGCTCTGGGAT
-927 G/C rs3760396 TGAGGACAGAGAGAGGACCCAAGCA[G/C]GCAACTAGTTGGAGGACTTGTACAC
+3726 T/C rs2530797 TGCAAACAAATGAGACCTCATCATA[T/CJGGCTTCCGAGCAGCAACCTTTTGAC
PON1
-1741 CIT rs757158 TTGACATGCCCACTGGGGTGTTTAA[C/TJAGTCTTTTCAAAATGTGTCCAAAGG
-1076 A/IG rs854573 AACATGCTTTACTTATCACCTTTAG[A/G]TTTCTGGGGGGAAGCTTCTTTGGCC
-909 C/G rs854572 AGGAGGTGCCTCTGTACAACCATGT[C/G]JTCTCTTCTCTGCTGTCTGCTGTTAC
-832 CIT rs854571 AGGAGGTGCCTCTGTACAACCATGT[C/T]JTCTCTTCTCTGCTGTCTGCTGTTAC
-162 G/A rs705381 GGGCCGACCAGGTGCACAGAAGGCG|G/A]JGGCTTGCGGTCAGCCCCCACCGCAG
+55 L/IM rs854560 GCCAGTCCATTAGGCAGTATCTCCA[L/M]GTCTTCAGAGCCAGTTTCTGCCAGA
+192 Q/R rs662 TAAACCCAAATACATCTCCCAGGATI[Q/R]JGTAAGTAGGGGTCAAGAAAATAGTG

Genomic Localization is given in bp relative to the transcription start site (position 0).

L, Leu; M, Met; Q, GIn; R, Arg.
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Supportive/Supplementary Table I1. Degree of internal carotid artery (ICA) stenosis in patients with peripheral artery disease (PAD).

Total PAD patients (n=85)

Moderate PAD patients (n=54)

Severe PAD patients (n=31)

Arterial diameter reduction Right ICA Left ICA Right ICA Left ICA Right ICA Left ICA
0% (normal) 0 0 0 0 0 0
1% - 15% 17.6 (15) 15.3(13) 22.2(12) 20.4 (11) 9.7 (3) 6.5(2)
16% - 49% 67.1(57) 70.6 (60) 66.7 (36) 66.7 (74) 77.4 (24) 77.4 (24)
50% - 79% 11.8 (10) 12.9(11) 5.6 (3) 11.1(13) 16.1 (5) 16.1 (5)
80% - 99% 3.6 (3) 1.2 (1) 5.6 (3) 1.9() 0 0

Degree of ICA stenosis was defined by the criteria of University of Washington. Values are given as percentage (n).
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Supportive/Supplementary Table I11. Indications for treatment in patients with peripheral artery disease (PAD) included in the study and segregated according to
ABI values.
Total PAD patients Moderate PAD Severe PAD p-value
n =85 n =54 n =31
Elective Treatment, %
Medication 23.2 32.7 13.8 0.063
Endovascular treatment 12.6 135 10.3 0.683
Superficial femoral 6.3 5.8 6.9 0.840
Distal segment 2.1 1.9 0.0 0.452
lliac artery 4.2 5.8 3.4 0.644
Stenting 7.4 9.6 34 0.320
Bypass surgery 34.7 26.9 55.2 0.012
Femoro-femoral/popliteal/tibial 23.2 21.2 27.6 0.512
Aorto-bifemoral 6.3 3.8 13.8 0.101
Axillo-bifemoral 5.3 1.9 13.8 0.033
Amputation 22.1 17.3 17.2 0.994

Moderate PAD defined by ABI between 0.40-0.90. Severe PAD defined by ABI <0.40.



UNIVERSITAT ROVIRA I VIRGILI

INFLAMACION Y ESTRES OXIDATIVO EN EL SINDROME DE ISQUEMIA CRONICA DE MIEMBROS INFERIORES

Raul Garcia Vidal

Diposit Legal:

T. 191-2013

Supportive/Supplementary Table 1V. Correlation matrix of inflammatory and PON1-related variables measured in patients with peripheral artery disease.

¥ s = i actonase Na i\ s sP-Selectin t-P:
2M CCL2  hsCRP IL-6 IL8 L PON PON1 CD40L sP-Selecti PA
r=0.368 | r=0407 | r=0237 |r=-0295 |r=-0.339 |[r=-0.422 | r=0.305 | r=0116 | r=-0.008 |[r=0.124
p<0.001 | p<0.001 | p=0081 | p=0096 | p=0.002 | p<0.001 | p=0.005 | p=0300 | p=0943 | p=0352
r=0.148 | r=0019 | r=0231 |r=-0.293 |r=-0.331 | r=-0056 | r=0174 | r=0.141 |[r=-0052
p=0179 | p=0879 | p=0.163 | p=0.003 | p<0.001 | p=0586 | p=0.087 | p=0.165 | p=0.610
r=0.595 | r=0202 |r=-0.339 |r=-0.394 | r=0.185 | r=0.106 | r=-0.008 |r=-0.183
p<0.001 | p=0244 | p=0.002 | p<0.001 | p=0091 | p=0339 | p=0943 | p=0.096
r=0241 |r=-0200 | r=-0209 | r=-0.184 | r=0.065 | r=0119 |r=-0.059
p=0208 | p=0.104 | p=0.090 | p=0.137 | p=0.600 | p=0336 | p=0.637
r=0016 | r=0.196 | r=0021 |r=-0.036 | r=0081 |r=-0.093
p=0923 | p=0237 | p=0903 | p=0830 | p=0628 | p=0579
r=0591 | r=-0016 |r=-0.165 | r=-0.231 | r=0078
p<0.001 | p=0.115 | p=0.105 | p=0.022 | p=0443
r=-0084 | r=0033 | r=0009 |r=0091
p=0412 | p=0.748 | p=0930 | p=0377
r=-0004 | r=-0.106 | r=0.127
p=0968 | p=0302 | p=0215
r=0363 |r=-0.094
p<0.001 | p=0360
r=-0.036
p=0.728

N

B2M

CCL2

hsCRP

Lactonase

PONa

PON1

sCD40L

sP-Selectin

t-PA
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Supportive/Supplementary Table V. Genotype frequencies and statistical assessment of comparisons between controls and affected patients (PAD) with co-

dominant, dominant and recessive models of the selected CCL2 single nucleotide polymorphisms.

Control PAD Co-dominant Dominant Recessive
Gene Genotype % % OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
-2835 C/A cC 57 58 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs2857654 CA 37 35 1.08 (0.71-1.64) 0.92 05 (071156 0.80 0.81
AA 6 7 0.93 (0.42-2.05) 05(0.71-1.56) 0.91 (0.42-1.96)
-2578 AIG AA 57 58 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs1024611 AG 37 36 1.04 (0.68-1.58) 0.98 1.04 (0.69-1.54) 0.87 ' 0.97
GG 6 6 1.00 (0.43-2.30) ' : : 0.98 (0.43-2.22)
-2136 AIT AA 62 64 1.00 (reference) 1.00 (reference)
rs1024610 AT 32 31 1.08 (0.70-1.66) 0.94 0.73 1.00 (reference) 0.93
™ 6 5 1.07 (0.44-2.59) 1.07(0.71-1.62) 1.04 (0.43-2.50)
-1811 A/IG AA 89 87 1.00 (reference)
rs3760399 AG 11 13 1.79 (0.44-1.42) 0.45 not applied due to the absence of GG individuals
GG - -
-927 GIC GG 71 73 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs3760396 CG 27 24 1.18 (0.74-1.87) 0.40 0.70 0.25
cC 11 2 0.51 (0.16-1.59) 1.09(0.70-1.69) 0.49 (0.16-1.52)
+3726 T/C TT 33 35 1.00 (reference) 1.00 (reference)
1.00 (reference)
rs2530797 TC 47 47 1.05 (0.67-1.63) 0.88 0.72 0.64
cc 20 18 1.16 (0.65-2.06) 1.13 (0.67-1.89) 0.99 (0.67-1.48)

OR: odds ratio; Cl: confidence interval
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Supportive/Supplementary Table VI. Genotype frequencies and statistical assessment of comparisons between controls and affected patients (PAD) with co-

dominant, dominant and recessive models of the selected PON1 single nucleotide polymorphisms.

Control PAD Co-dominant Dominant Recessive
Gene Genotype % % OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

-1741 CIT CcC 40 41 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs757158 CT 46 47 1.01 (0.66-1.53) 0.71 1.06 (0.71-1.58) 0.77 ' 0.41

TT 14 11 1.29 (0.67-2.47) 1.28 (0.70-2.36)

-1076 A/G AA 60 58 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs854573 AG 35 37 0.92 (0.61-1.40) 0.82 0.90 (0.61-1.35) 0.62 ' 0.61

GG 4 5 0.76 (0.31-1.89) 0.79 (0.32-1.92)

-909 C/G cC 37 37 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs854572 CG 46 47 0.98 (0.63-1.51) 0.96 1.00 (0.66-1.51) 1.00 ' 0.79

GG 17 16 1.06 (0.59-1.91) ' ' ' 1.07 (0.63-1.84)

-832 C/IT ccC 54 54 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs854571 CT 40 39 1.04 (0.69-1.58) 0.85 1.01 (0.68-1.50) 0.96 ' 0.59

TT 6 7 0.82 (0.37-1.81) ' ' ' 0.80 (0.37-1.75)

-162 G/A GG 61 58 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs705381 GA 35 37 0.92 (0.60-1.39) 0.79 0.90 (0.60-1.34) 0.59 ' 0.58

AA 4 6 0.75 (0.30-1.85) 0.77 (0.32-1.88)

+55 L/IM LL 37 33 1.00 (reference) 1.00 (reference) 1.00 (reference)
rs854560 LM 47 46 0.91 (0.59-1.43) 0.38 0.84 (0.55-1.27) 0.40 ' 0.18

MM 16 21 0.67 (0.39-1.17) ' ' ' 0.71 (0.44-1.16)

+192 Q/R QQ 48 54 1.00 (reference) 1.00 (reference)

rs662 QR 43 39 1.25 (0.83-1.89) 0.49 127 (0.85-L88) 0.24 1.00 (reference) 0.61

RR 8 7 1.34 (0.61-2.93) ' ' ' 1.21 (0.57-2.60)

OR: odds ratio; Cl: confidence interval
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Supportive/Supplementary Figure I. Individual plasma CCL2 concentration plotted against the corresponding

PONL1 concentration (A), paraoxonase activity (B) and lactonase activity (C) in PAD patients.
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Supportive/Supplementary Figure I1. Individual plasma CCL2 concentration (A), serum PONL1 levels (B), and

CCL2/PON1 ratio (C) plotted against the corresponding ABI values in PAD patients.
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Supportive/Supplementary Figure I11. Diagnosis of PAD based on plasma biomarkers (A). Receiving operating
characteristic curves and areas under the curve (AUC) values for predicting PAD with individual (B) and

combined biomarkers (C). Adjusted model includes BMI1 and smoking.
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Supportive/Supplementary Figure 1V. Plasma CCL2 concentration, serum PONL1 levels and CCL2/PONL1 ratio

in PAD patients according to the degree of internal carotid artery (ICA) stenosis.
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Supportive/Supplementary Figure V. Plasma CCL2 values, serum PON1 concentration and activity, and CCL2/PONL ratio in survivors of myocardial infarction

(CAD, coronary artery disease) as compared with unaffected controls.
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Supportive/Supplementary Figure V1. Effect of CCL2 genotype variants in plasma CCL2 concentration (A) and that of PON1 genotype variants in serum PON1
concentration (B), paraoxonase activity (C) and lactonase activity (D). *p<0.05 in PAD patients compared to healthy patients. ®p<0.05 Difference in genetic variants
compared to the most common genotype in each SNPs from the same group. "p<0.05 Difference in genetic variants compared to the most common genotype in each

SNPs from PAD patients.
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SUPPLEMENTARY DATA

Serum paraoxonase-3 concentration is associated with insulin sensitivity in peripheral artery disease and with
inflammation in coronary artery disease

Supplementary Table 1

Degree of internal carotid artery (ICA) stenosis defined by the criteria of University of Washington in patients with peripheral artery disease (PAD).

Total PAD patients (n=118)

Arterial diameter reduction Right ICA Left ICA
0% (normal) 0 0
1% - 15% 19.5 (23) 17.8 (21)
16% - 49% 61.9 (73) 67.4 (76)
50% - 79% 14.4 (17) 16.4 (20)
80% - 99% 3.8(4) -
Occlusion (100%) 0.8 (1) 0.8 (1)

Values are given as percentage (n).
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Supplementary Table 2

Correlation coefficients of the regression lines between serum PON3 concentrations and PON1-related measurements in patients with coronary artery disease
(CAD) and peripheral artery disease (PAD).

CAD patients (n =72) PAD patients (n =118)
Parameter Spearman’s p P-value Spearman’s p P-value
PONL1 concentration 0.576 1.204E-07 0.521 4.640E-09
Paraoxonase activity 0.102 0.398 -0.024 0.804

Lactonase activity -0.081 0.503 -0.058 0.544
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Supplementary Figure 1

Serum PON3 concentration in patients with peripheral artery disease classified by Fontaine index.
Fontaine classification was defined as IIb, moderate to severe claudication; Ill, ischemic rest pain; and IV, ulceration or gangrene.
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Supplementary Table 3

A. Rull et al.

Clinical characteristics and biochemical variables of patients with peripheral artery disease (PAD) classified by Fontaine index

Total PAD PAD patients by Fontaine classification

patients P-value

(n =118) Ib 1" v
Clinical characteristics, %
Age, years 70.65 (0.79) 68.60 (2.72) 67.30 (1.52) 72.66 (0.93) 0.010
Gender, male 85.6 % 100 % 94.4 % 78.9 % 0.039
BMI, Kg/m? 24.91 (0.30) 25.60 (0.99) 25.88 (0.57) 24.32 (0.36) 0.076
Biochemical variables
Total cholesterol, mmol/L 3.98 (0.09) 4.23 (0.26) 3.89 (0.17) 3.99 (0.12) 0.582
HDL-cholesterol, mmol/L 1.08 (0.03) 0.82 (0.08) 1.08 (0.05) 1.10 (0.04) 0.065
LDL-cholesterol, mmol/L 2.30 (0.09) 2.60 (0.31) 2.27 (0.14) 2.28 (0.12) 0.600
Triglycerides, mmol/L 2.98 (0.10) 3.18 (0.16) 3.04 (0.18) 2.89 (0.13) 0.582
Glucose, mmol/L 6.55 (0.25) 6.36 (0.50) 6.19 (0.36) 6.76 (0.36) 0.614
Insulin, pmol/L 114.71 (11.17) 156.21 (46.94) 99.52 (21.87) 110.45(12.18) 0.240
HOMA-IR 2.19 (0.20) 2.81 (0.76) 1.84 (0.38) 2.18 (0.24) 0.188
PON:-related variables
PONL1 concentration, mg/L 32.02 (1.43) 27.32 (3.43) 29.69 (2.55) 33.90 (1.93) 0.292
PONS3 concentration, mg/L 1.98 (0.08) 1.80 (0.13) 1.81 (0.10) 2.08 (1.11) 0.602
Lactonase activity, U/L 3.31(0.14) 3.65 (0.40) 3.10 (0.17) 3.34 (0.20) 0.575
Paraoxonase activity, U/L 197.94 (9.66) 201.18 (24.04) 192.29 (17.10) 199.34 (13.20) 0.769
Inflammation-related markers
B2M, mg/L 4.15 (0.28) 3.45 (0.33) 4.10 (0.59) 4.39 (0.36) 0.265
CCL2, ng/L 656.33 (320.33)  620.38 (82.94) 633.18 (36.56) 669.13 (45.06) 0.899
hs-CRP, mg/L 58.16 (7.33) 26.66 (10.05) 51.69 (13.00)  68.32 (10.29) 0.210

Values are given as mean + SEM or
percentages.

Fontaine classification was defined as IIb,
moderate to severe claudication; IlI,
ischemic rest pain; and IV, ulceration or
gangrene.

B2M: B-2-microglobulin; hs-CRP: high-
sensitivity C-reactive protein.
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Supplementary Table 4
Multiple regression analysis of the determinants of PON3 concentration in patients with peripheral artery disease (PAD).
Unstandardized coefficients Standardized coefficients
B Std. Error Beta t P-value
Gender -0.098 0.277 -0.046 -0.353 0.725
BMI, kg/m2 0.037 0.031 0.145 1.200 0.234
Total cholesterol, mmol/L 0.274 0.298 0.335 0.918 0.362
HDL-cholesterol, mmol/L -0.468 0.437 -0.189 -1.071 0.288
LDL-cholesterol, mmol/L -0.333 0.283 -0.362 -1.177 0.243
Triglycerides, mmol/L -0.215 0.115 -0.290 -1.868 0.066
Glucose, mmol/L -0.031 0.034 -0.110 -0.916 0.363
Insulin, pmol/L 0.002 0.001 0.321 2.667 0.010
Diabetes diagnosis 0.259 0.218 0.148 1.184 0.240

BMI, body mass index.
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Supplementary Figure 2
Relationships between serum PON3 concentrations and inflammation markers in patients with peripheral artery disease (PAD)
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Supplementary Table 5
Multiple regression analysis of the determinants of PON3 concentration in patients with coronary artery disease (CAD).
Unstandardized coefficients Standardized coefficients
B Std. Error Beta t P-value
HDL-cholesterol, mmol/L 0.096 0.103 0.126 0.929 0.358
LDL-cholesterol, mmol/L 0.131 0.072 0.257 1.805 0.077
Triglycerides, mmol/L -0.104 0.076 -0.224 -1.366 0.178
Glucose, mmol/L 0.051 0.039 0.205 1.314 0.195
Insulin, pmol/L 0.000 0.002 -0.019 -0.112 0.911
CCL2, ng/L 0.001 0.001 0.160 1.217 0.230
B2m, mg/L 0.287 0.141 0.299 2.038 0.047
hs-CRP, mg/L 0.010 0.008 0.169 1.273 0.209
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Supplementary Figure 3

Serum PON3 concentration in control subjects and in patients with coronary artery disease (CAD) or peripheral artery disease (CAD), and segregated
according to their CRP levels.
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Supplementary Table 6

Genotype frequencies and statistical assessment of comparisons between controls and CAD patients with co-dominant, dominant and recessive models of the

selected PONS single nucleotide polymorphisms

A. Rull et al.

CAD Control Co-dominant Dominant Recessive
0, 0,
Gene Genotype N (%) n (%) OR (95%Cl) Pvalue  OR(95%Cl)  P-walue  OR(95%Cl)  P-value
-4984 A/IG AA 45 (66.2) 87 (58.8) 1.00 (reference) 1.00 (reference)
1.00 (reference)
- AG 21 (30.9) 56 (37.8)  0.725(0.391-1.344)  0.584 0.301 0.798
0.729 (0.400 - 1.328)
GG 2(2.9) 5 (3.4) 0.773 (0.144 - 4.144) 0.866 (0.164 - 4.583)
-4970 T/G TT 46 (65.7) 87 (58.8) 1.00 (reference) 1.00 (reference)
1.00 (reference)
- TG 22 (31.4) 56 (37.8)  0.743(0.404-1.366)  0.619 0.327 0.838
0.744 (0.411 - 1.345)
GG 2(2.9) 5 (3.4) 0.756 (0.141 - 4.052) 0.841 (0.159 - 4.446)
-4105 G/A GG 46 (65.7) 85 (57.4) 1.00 (reference) 1.00 (reference)
1.00 (reference)
- GA 22 (31.4) 58 (39.2)  0.701(0.382 - 1.287) 0.506 0.243 0.838
0.704 ( 0.389 - 1.271)
AA 2 (2.9) 5 (3.4) 0.739 (0.138 - 3.960) 0.841 (0.159 - 4.446)
-746 CIT CcC 43 (61.4) 83 (56.5) 1.00 (reference) 1.00 (reference)
1.00 (reference)
rs17882539 CT 24 (34.3) 58 (39.5)  0.799 (0.437-1.457)  0.763 0.488 0.943
0.814 (0.455 - 1.456)
TT 3 (4.3) 6(4.1)  0.965 (0.230 - 4.049) 1.052 (0.255 - 4.336)
-665 A/G AA 43 (61.4) 83 (56.1) 1.00 (reference) 1.00 (reference)
1.00 (reference
rs11770903 AG 24 (34.3) 59 (39.9) 0.785(0.430-1.431)  0.730 0.455 0.936
0.802 (0.448 - 1.432)
GG 3 (4.3) 6 (4.1) 0.965 (0.230 - 4.049) 1.059 (0.257 - 4.367)
-567 CIT CcC 43 (61.4) 83 (56.5) 1.00 (reference) 1.00 (reference)
1.00 (reference)
rs11764079 CT 24 (34.3) 58 (39.5) 0.799 (0.437-1.457)  0.763 0.488 0.943
0.814 (0.455 - 1.456)
TT 3(4.3) 6 (4.1) 0.965 (0.230 - 4.049) 1.052 (0.255 - 4.336)

OR: odds ratio; Cl: confidence interval
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Supplementary Table 7
Genotype frequencies and statistical assessment of comparisons between controls and PAD patients with co-dominant, dominant and recessive models of the
selected PONS single nucleotide polymorphisms

PAD Control Co-dominant Dominant Recessive
0, 0,
Gene Genotype n (%) n (%) OR (95%Cl) Pvalue  OR(95%Cl)  P-alue  OR(95%Cl)  P-value
-4984 A/IG AA 70 (64.2) 87 (58.8) 1.00 (reference) 1.00 (reference)
1.00 (reference)
- AG 36 (33.0) 56 (37.8) 0.799 (0.473-1.349)  0.674 0.377 0.775
0.794 (0.476 - 1.324)
GG 3(2.8) 5 (3.4) 0.745 (0.172 - 3.229) 0.809 (0.189 - 3.461)
-4970 T/G TT 72 (65.5) 87 (58.8) 1.00 (reference) 1.00 (reference)
1.00 (reference)
- TG 36 (32.7) 56 (37.8)  0.776(0.461-1.309)  0.476 0.276 0.445
0.752 (0.451 - 1.255)
GG 2 (1.8) 5 (3.4) 0.483 (0.091 - 2.566) 0.529 (0.101 - 2.782)
-4105 G/A GG 72 (65.5) 85 (57.4) 1.00 (reference) 1.00 (reference)
1.00 (reference)
- GA 36(32.7) 58(39.2) 0.732(0.435-1.234)  0.376 0.192 0.445
0.712 (0.427 - 1.186)
AA 2 (1.8) 5 (3.4) 0.472 (0.089 - 2.507) 0.529 (0.101 - 2.782)
-746 CIT CcC 69 (63.3) 83 (56.6) 1.00 (reference) 1.00 (reference)
1.00 (reference)
rs17882539 CT 37 (33.9) 58 (39.5)  0.775(0.461-1.300)  0.517 0.270 0.568
0.752 (0.452 - 1.249)
TT 3(2.8) 6(4.1)  0.601(0.145 - 2.494) 0.665 (0.162 - 2.720)
-665 A/G AA 69 (62.7) 69 (62.7) 1.00 (reference) 1.00 (reference)
1.00 (reference)
rs11770903 AG 38 (34.5) 38(34.5) 0.775(0.601-0.145)  0.531 0.283 0.566
0.758 (0.458 - 1.257)
GG 3(2.7) 3(2.7) 0.601 (0.145 - 2.494) 0.663 (0.162 - 2.713)
-567 CIT CcC 69 (62.7) 83 (56.5) 1.00 (reference) 1.00 (reference)
1.00 (reference)
rs11764079 CT 38 (34.5) 58 (39.5)  0.788(0.469-1.324)  0.562 0.312 0.559
0.770 (0.465 - 1.278)
TT 3(2.7) 6 (4.1) 0.601 (0.145 - 2.494) 0.658 (0.161 - 2.694)

OR: odds ratio; Cl: confidence interval
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