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RESUMEN (en espaifiol)

La artritis reumatoide (AR) es una enfermedad inflamatoria cronica asociada con
elevada mortalidad y morbilidad cardiovascular (CV). Aunque los factores clasicos son
relevantes, éstos no explican la totalidad del riesgo incrementado, por lo que se sospecha que
la inflamacién crénica y la disregulacion inmunitaria son determinantes, aunque los
mecanismos exactos no se conocen. En esta Tesis Doctoral se aborda el analisis de esta
situacién a diferentes niveles, con el objetivo de identificar mediadores que puedan jugar un
papel en los procesos de dafio y reparacién endotelial, asi como potenciales biomarcadores de
interés para el &mbito clinico.

Se observo que el IFNa, incrementado en un grupo de pacientes de AR, se asoci6 con
una maduracién prematura de las células progenitoras endoteliales (EPC), mayores niveles
séricos de citocinas proinflamatorias, parametros clinicos de severidad asi como con una
mayor prevalencia de eventos CV. Ademds, se observé una deplecion de células T
angiogénicas (Tang) asociada a la actividad de la enfermedad y a los niveles séricos de IFNa,
que era mas pronunciada en pacientes con enfermedad CV. En conjunto, estos resultados
sugieren un fallo a distintos niveles de los mecanismos de reparaciéon endotelial en AR.

Por otro lado, el andlisis de distintas subpoblaciones de MP circulantes permitio
observar que los pacientes de AR exhibian un perfi de MP alterado cuantitativa y
cualitativamente, asociado a factores tanto clasicos como especificos de la enfermedad, y que
refleja una situacion de dafio endotelial y de fallo de reparacién vascular. Estudios in vitro
demostraron que las MP aisladas de pacientes de AR, pero no de individuos controles o con
factores clasicos de riesgo, desencadenaban efectos deletéreos sobre células endoteliales,
presumiblemente debido a un fenémeno de activacion endotelial.

Por otra parte, se estudi6 la utilidad de la amplitud de distribucion eritrocitaria (RDW),
un parametro clinico clasico del hemograma, como biomarcador pronéstico de enfermedad CV.
Se observo que tanto el valor de RDW al diagnéstico como el acumulado durante el primer afio

de evolucién son predictores de enfermedad CV. Ademas, un estudio transversal mostré que el
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RDW se asociaba de forma independiente con una baja frecuencia de EPC, asi como niveles
elevados de IL-8 en pacientes con una duracion de la enfermedad mayor de un afio, pero no en
pacientes al inicio. El hecho de que el RDW permita predecir el desarrollo de eventos CV aun
cuando no se detectan alteraciones en los mediadores implicados en procesos de remodelado
vascular, lleva a pensar que éste puede ser considerado un biomarcador temprano de riesgo
CV en AR. Asimismo, el andlisis de los anticuerpos anti-HDL IgG avalé su potencial como
biomarcador de riesgo CV. Los anticuerpos anti-HDL, incrementados en AR en comparacioén
con la poblacién control y de forma independiente a los factores clasicos, se asociaron con un
perfil lipidico alterado y un ambiente sérico proinflamatorio, en linea con la mayor frecuencia de
enfermedad CV.

Finalmente, se realizd6 un estudio prospectivo para analizar el efecto de la terapia con
bloqueantes del TNFa sobre estos biomarcadores. La respuesta clinica a este tratamiento se

null

asocié con una reduccion de la poblacion CD4°CD28™" y una recuperacion de células Tang,
ademas de con una menor liberacién de MP derivadas de Tang. Igualmente, los anticuerpos
anti-HDL se asociaron de forma independiente a un perfil lipidico mas favorable tras el
tratamiento.

En conjunto, los resultados de esta Tesis Doctoral proponen varios biomarcadores con
posible utilidad clinica para evaluar tanto el dafio exacerbado como la reparacion endotelial
defectiva que subyacen a la patologia CV en AR, y que ademas explican su asociaciéon con la
actividad y la duracién de la enfermedad. Asimismo, apoyan la existencia de un riesgo CV
incrementado al diagndstico que puede ser aminorado, en cierto grado, cuando hay una buena

respuesta al tratamiento.

RESUMEN (en Inglés)

Rheumatoid arthritis (RA) is an inflammatory chronic disease associated with increased
cardiovascular (CV) mortality and morbidity. Although traditional CV risk factors are important,
they cannot account for the increased CV risk, so chronic inflammation and immune
dysregulation are thought to have a pivotal role, but the actual mechanisms are still unclear.
This situation is addressed in the present thesis, with the main goal of the identification of both
mediators which can play a role in the endothelial damage and repair mechanisms, as well as
potential biomarkers for the clinical setting.

First, IFNa was found increased in a subset of RA patients, related to an endothelial
progenitor cells (EPC) imbalance, increased proinflammatory cytokine serum levels, clinical
parameters of severity and increased prevalence of CV disease (CVD). In addition, a depletion
of angiogenic T cells (Tang) was observed in RA in association with disease activity and also
IFNa serum levels. Interestingly, Tang subset was decreased to a higher degree in patients with

CVD. Overall, these findings point to generalized vascular repair impairment in RA.
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Analysis of circulating microparticles (MP) showed that RA patients exhibited a
quantitative and qualitative altered MP profile which is the result of both disease-specific and
traditional CV risk factors and suggests increased endothelial damage and impaired Tang-
mediated endothelial repair. Moreover, RA-derived MP, but not those from healthy controls or
individuals with marked traditional CV risk factors exhibited detrimental effects on endothelial
cells in vitro, presumably linked to the promotion of endothelial activation.

On the other hand, the prognostic value of RDW, a classical parameter of anisocytosis,
as CV risk biomarker was analyzed. Both RDW at diagnosis and 1l-year cumulative RDW
predicted the occurrence of CV events in RA patients. An increase in RDW during the first year
also predicted reduced CV-free survival during the follow up. Further analyses in a cross-
sectional cohort of RA patents revealed that RDW was independently associated with an EPC
depletion and IL-8 serum levels in patients with a disease duration longer than 1 year, but not in
their early counterparts. Therefore, the fact that RDW can predict CVD occurrence even before
than any alteration in mediators involved in vascular remodeling became apparent, lead us to
think that RDW could be considered as a very early biomarker of CV risk in RA. Similarly, the
findings concerning IgG anti-HDL antibodies supported its promising use as biomarkers. Anti-
HDL antibodies were increased in RA patients compared to control populations, regardless of
traditional CV risk factors, and they exhibited interesting associations with blood lipid profiles
and proinflammatory mediators, which could underlie the increased rate of CVD in patients with
the highest anti-HDL levels.

Finally, the effect of TNFo blockade on these biomarkers was assessed in a
prospective group of TNFa-naive RA patients. Clinical response upon TNFa blockade was
related to decreased CD4'CD28™", Tang recovery and lower Tang-MP shedding. Furthermore,
decreasing IgG anti-HDL levels could mediate, at least in part, the beneficial effect of TNFa
blockade on serum lipid profile.

Overall, the results herein presented provide insight on new biomarkers with potential
interest for the clinical setting not only to assess the increased endothelial damage as well as
the impaired endothelial repair underlying CVD in RA, but also because they can be the missing
link between disease activity and duration and CVD development. Moreover, these results
support the increased CV risk at RA onset linked to an immune dysregulation which could be

counteracted, to certain degree, provided that a satisfactory clinical response is achieved.

SR. PRESIDENTE DE LA COMISION ACADEMICA DEL PROGRAMA DE DOCTORADO EN BIOMEDICINA Y
ONCOLOGIA MOLECULAR



















La artritis reumatoide (AR) es una enfermedad inflamatoria cronica asociada con
elevada mortalidad y morbilidad cardiovascular (CV). Aunque los factores clasicos son
relevantes, éstos no explican la totalidad del riesgo incrementado, por lo que se sospecha
que la inflamacién crénica y la disregulaciéon inmunitaria son determinantes, aunque los
mecanismos exactos no se conocen. En esta Tesis Doctoral se aborda el andlisis de esta
situacién a diferentes niveles, con el objetivo de identificar mediadores que puedan jugar
un papel en los procesos de dano y reparaciéon endotelial, asi como potenciales

biomarcadores de interés para el ambito clinico.

Se observé que el IFNq, incrementado en un grupo de pacientes de AR, se asocid
con una maduraciéon prematura de las células progenitoras endoteliales (EPC), mayores
niveles séricos de citocinas proinflamatorias, parametros clinicos de severidad asi como
con una mayor prevalencia de eventos CV. Adema4s, se observd una deplecién de células T
angiogénicas (Tang) asociada a la actividad de la enfermedad y a los niveles séricos de
[FNa, que era mas pronunciada en pacientes con enfermedad CV. En conjunto, estos
resultados sugieren un fallo a distintos niveles de los mecanismos de reparacién endotelial

en AR.

Por otro lado, el analisis de distintas subpoblaciones de MP circulantes permitié
observar que los pacientes de AR exhibian un perfil de MP alterado cuantitativa y
cualitativamente, asociado a factores tanto clasicos como especificos de la enfermedad, y
que refleja una situacion de dafio endotelial y de fallo de reparacién vascular. Estudios in
vitro demostraron que las MP aisladas de pacientes de AR, pero no de individuos controles
o con factores clasicos de riesgo, desencadenaban efectos deletéreos sobre células

endoteliales, presumiblemente debido a un fenémeno de activacion endotelial.

Por otra parte, se estudié la utilidad de la amplitud de distribucién eritrocitaria
(RDW), un parametro clinico clasico del hemograma, como biomarcador prondstico de
enfermedad CV. Se observé que tanto el valor de RDW al diagnéstico como el acumulado
durante el primer afio de evolucion son predictores de enfermedad CV. Ademas, un
estudio transversal mostré que el RDW se asociaba de forma independiente con una baja
frecuencia de EPC, asi como niveles elevados de IL-8 en pacientes con una duracién de la
enfermedad mayor de un afio, pero no en pacientes al inicio. El hecho de que el RDW
permita predecir el desarrollo de eventos CV aun cuando no se detectan alteraciones en
los mediadores implicados en procesos de remodelado vascular, lleva a pensar que éste
puede ser considerado un biomarcador temprano de riesgo CV en AR. Asimismo, el

anadlisis de los anticuerpos anti-HDL IgG avalé su potencial como biomarcador de riesgo



CV. Los anticuerpos anti-HDL, incrementados en AR en comparaciéon con la poblacion
control y de forma independiente a los factores clasicos, se asociaron con un perfil lipidico
alterado y un ambiente sérico proinflamatorio, en linea con la mayor frecuencia de

enfermedad CV.

Finalmente, se realizé un estudio prospectivo para analizar el efecto de la terapia
con bloqueantes del TNFo sobre estos biomarcadores. La respuesta clinica a este
tratamiento se asoci6é con una reduccion de la poblacién CD4+CD28null y una recuperacion
de células Tang, ademas de con una menor liberacion de MP derivadas de Tang.
[gualmente, los anticuerpos anti-HDL se asociaron de forma independiente a un perfil

lipidico mas favorable tras el tratamiento.

En conjunto, los resultados de esta Tesis Doctoral proponen varios biomarcadores
con posible utilidad clinica para evaluar tanto el dafio exacerbado como la reparacion
endotelial defectiva que subyacen a la patologia CV en AR, y que ademas explican su
asociacién con la actividad y la duracion de la enfermedad. Asimismo, apoyan la existencia
de un riesgo CV incrementado al diagnéstico que puede ser aminorado, en cierto grado,

cuando hay una buena respuesta al tratamiento.









Rheumatoid arthritis (RA) is an inflammatory chronic disease associated with
increased cardiovascular (CV) mortality and morbidity. Although traditional CV risk
factors are important, they cannot account for the increased CV risk, so chronic
inflammation and immune dysregulation are thought to have a pivotal role, but the actual
mechanisms are still unclear. This situation is addressed in the present thesis, with the
main goal of the identification of both mediators which can play a role in the endothelial

damage and repair mechanisms, as well as potential biomarkers for the clinical setting.

First, IFNa was found increased in a subset of RA patients, related to an endothelial
progenitor cells (EPC) imbalance, increased proinflammatory cytokine serum levels,
clinical parameters of severity and increased prevalence of CV disease (CVD). In addition,
a depletion of angiogenic T cells (Tang) was observed in RA in association with disease
activity and also IFNa serum levels. Interestingly, Tang subset was decreased to a higher
degree in patients with CVD. Overall, these findings point to generalized vascular repair

impairment in RA.

Analysis of circulating microparticles (MP) showed that RA patients exhibited a
quantitative and qualitative altered MP profile which is the result of both disease-specific
and traditional CV risk factors and suggests increased endothelial damage and impaired
Tang-mediated endothelial repair. Moreover, RA-derived MP, but not those from healthy
controls or individuals with marked traditional CV risk factors exhibited detrimental
effects on endothelial cells in vitro, presumably linked to the promotion of endothelial

activation.

On the other hand, the prognostic value of RDW, a classical parameter of
anisocytosis, as CV risk biomarker was analyzed. Both RDW at diagnosis and 1-year
cumulative RDW predicted the occurrence of CV events in RA patients. An increase in
RDW during the first year also predicted reduced CV-free survival during the follow up.
Further analyses in a cross-sectional cohort of RA patents revealed that RDW was
independently associated with an EPC depletion and IL-8 serum levels in patients with a
disease duration longer than 1 year, but not in their early counterparts. Therefore, the fact
that RDW can predict CVD occurrence even before than any alteration in mediators
involved in vascular remodeling became apparent, lead us to think that RDW could be
considered as a very early biomarker of CV risk in RA. Similarly, the findings concerning
IgG anti-HDL antibodies supported its promising use as biomarkers. Anti-HDL antibodies
were increased in RA patients compared to control populations, regardless of traditional

CV risk factors, and they exhibited interesting associations with blood lipid profiles and



proinflammatory mediators, which could underlie the increased rate of CVD in patients

with the highest anti-HDL levels.

Finally, the effect of TNFa blockade on these biomarkers was assessed in a
prospective group of TNFa-naive RA patients. Clinical response upon TNFa blockade was
related to decreased CD4+CD28ml, Tang recovery and lower Tang-MP shedding.
Furthermore, decreasing IgG anti-HDL levels could mediate, at least in part, the beneficial

effect of TNFa blockade on serum lipid profile.

Overall, the results herein presented provide insight on new biomarkers with
potential interest for the clinical setting not only to assess the increased endothelial
damage as well as the impaired endothelial repair underlying CVD in RA, but also because
they can be the missing link between disease activity and duration and CVD development.
Moreover, these results support the increased CV risk at RA onset linked to an immune
dysregulation which could be counteracted, to certain degree, provided that a satisfactory

clinical response is achieved.
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ABREVIATURAS

ACL: anticuerpo anticardiolipina

ACR: American College of Rheumatology (Colegio Americano de Reumatologia)
ADN: 4cido desoxirribonucleico

AL: anticoagulante lapico

ANA: anticuerpos antinucleares

Apo: apolipoproteina

AR: artritis reumatoide

ARN: 4cido ribonucleico

a-CCP: anti-cyclic cittrullinated peptide antibody (anticuerpo anti-péptido ciclico
citrulinado)

BMI: body mass index (indice de masa corporal)
BSA: bovine serum albumin (albiimina sérica bovina)

CBA: cytometric bead array (ensayo citométrico de particulas)

CD: cluster of differentation (cluster de diferenciacion)

CE: célula endotelial

CTLA4: cytotoxic T lymphocyte associated antigen 4 (antigeno 4 asociado a linfocitos T
citotoxicos)

CV: cardiovascular

CXCR4: C-X-C chemokine receptor type 4 (receptor 4 de quimiocinas tipo C-X-C)

DAS: disease activity index (indice de actividad de la enfermedad)
DM: diabetes mellitus

EPC: endotelial progenitor cell (célula progenitora endotelial)
ELISA: enzyme-linked immunoassay (inmunoensayo ligado a enzima)
EULAR: European League Against Rheumatism (liga europea contra los reumatismos)

FAME: farmacos modificadores de la enfermedad
FCS: fetal calf serum (suero de ternera fetal)
Foxp3: forkhead box protein 3

FR: factor reumatoide

GC: glucocorticoides
GM-CSF: granulocyte-macrophage colony-stimulating factor (factor estimulante de colonias
de granulocitos y monocitos)

HDL: high density lipoprotein (lipoproteina de alta densidad)
HTA: hipertension

IFN: interferén
Ig: inmunoglobulina
IL: interleucina

LDL: /ow density lipoprotein (lipoproteina de baja densidad)
LES: lupus eritematoso sistémico



ABREVIATURAS

MCP1: monocyte chemoattractant protein 1 (proteina quimioatrayente de monocitos 1)
mEPC: mature EPC (EPC madura)

MFI: mean fluorescence intensity (intensidad de fluorescencia media)

MHC: major histocompatiblity complex (complejo principal de histocompatibilidad)

MIPlo: macrophage inflammatory protein 1 alpha (proteina inflamatoria derivada de
macrofagos 1 alfa)

MP: microparticula

MTX: metotrexato

NK: célula natural killer
NO: nitric oxide (6xido nitrico)

PBS: phosphate buffer saline (solucién tampdn fosfato)
PCR: proteina C reactiva

RDW: red cell distribution width (amplitud de distribucidn eritrocitaria)
SNP: single nucleotide polymorphism

Tang: célula T angiogénica

TBS: tris buffer saline (solucién tampdn tris)

TCR: T cell receptor (receptor de células T)

TGFB: transforming growth factor  (factor de crecimiento transformante 3)
Th: linfocito T helper

TLR: toll like receptor (receptor tipo Toll)

TNFa: tumour necrosis factor alpha (factor de necrosis tumoral alfa)

Treg: células T reguladoras

VEGF: vascular endotelial growth factor (factor de crecimiento del endotelio vascular)
VEGFR: vascular endotelial growth factor receptor (receptor del factor de crecimiento del
endotelio vascular)

VSG: velocidad de sedimentacion globular

NOTA: las abreviaturas de algunas expresiones se han mantenido en su forma inglesa por
ser ésta la mas habitual y conocida. Se incluyen otras abreviaturas mas especificas en cada
uno de los articulos que componen la presente memoria.









INTRODUCCION

1. Introduccién

1.1. Artritis reumatoide

La artritis reumatoide (AR) es una enfermedad autoinmune inflamatoria crénica,
cuya etiologia no esta totalmente clara en la actualidad. A nivel articular, se caracteriza por
una sinovitis persistente acompanada de hiperplasia sinovial con invasién hacia los tejidos
adyacentes (hueso, cartilago y ligamentos). A nivel sistémico, la AR se caracteriza por la
presencia de niveles elevados de reactantes de fase aguda (proteina C reactiva y velocidad
de sedimentacion globular), produccién de autoanticuerpos y desarrollo de algunas

manifestaciones extraarticulares (Klareskog et a/, 2009;McInnes & Schett, 2011).

La AR es la enfermedad reumatica mas frecuente, oscilando su prevalencia mundial
entre el 0,5 y el 1,0% (Spector, 1990), situandose en un 0,5 en Espana (Carmona et al,
2002), con una incidencia de 20 - 50 individuos por cada 100.000 casos al afio (Carmona et
al, 2010). Es mas habitual en el género femenino que en el masculino, con una razoén 3:1,y

suele aparecer en la cuarta o quinta década de la vida.

1.1.1. Etiopatogénesis

La AR es una enfermedad multifactorial, de etiologia muy compleja en la que
intervienen una combinacién de factores genéticos, hormonales y ambientales, que
desencadenan la alteracion de la respuesta inmunitaria, caracterizada por una pérdida de la
tolerancia frente a lo propio. Sin embargo, los mecanismos exactos que juegan un papel en

este proceso, no estan del todo claros.

Diferentes estudios han puesto de manifiesto el caracter poligénico de la AR, con un
componente genético que confiere una heredabilidad del 60% (Viatte et a/, 2013). Los loci
mas fuertemente asociados a la susceptibilidad a AR se encuentran en la regién del
Complejo Principal de Histocompatibilidad (MHC), y explican hasta el 30% del total de la
susceptibilidad genética a la AR, siendo el locus HLA-DRB1 el mas estudiado (Viatte et aj,
2015). Sin embargo, un buen nimero de loci fuera de la regién MHC, como son P7PNZZ,
STAT4, TRAF1/C5 y CTLA4 entre otros, han sido ampliamente documentados por su
asociacion con la susceptibilidad a la AR, asi como a su prondstico y diferentes

manifestaciones clinicas de la enfermedad.
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INTRODUCCION

Sin embargo, el sustrato genético de la enfermedad no es una condicién suficiente
para el desarrollo de las manifestaciones clinicas, sino que se requiere una interaccién entre
los factores genéticos y factores ambientales de diversa indole, como el tabaquismo, agentes
infecciosos o la obesidad, que actian como desencadenantes de las respuestas de tipo

autoinmune (Klareskog et al, 2009).

Resulta interesante que muchos autores han reportado la presencia de niveles
elevados de autoanticuerpos (Brink et a 2015;Rantapaa-Dahlqvist et al, 2003), reactantes
de fase aguda e incluso citocinas proinflamatorias (Deane et al 2010;Jorgensen et al,
2008;Kokkonen et al, 2010;Rantapaa-Dahlqvist et al, 2003) en el suero varios afios antes del
inicio de los sintomas de la AR, si bien la composicidon celular del tejido diana de la
enfermedad, esto es, la membrana sinovial, no presenta cambios drasticos en su
composicién incluso en las primeras fases de la enfermedad. De hecho, un articulo reciente
muestra Unicamente una ligera infiltracion de células T en la membrana sinovial en
pacientes con AR de reciente comienzo (de Hair et aj, 2014). Por tanto, parece claro que la
autoinmunidad sistémica precede en el tiempo a la apariciéon de la inflamacién sinovial

durante el desarrollo de AR (van de Sande et a/ 2011).

En este escenario, recientemente se ha sugerido que existen alteraciones tempranas
en los ganglios linfaticos que pueden tener un papel crucial en la iniciaciéon y promocién de
las reacciones autoinmunes y, por tanto, en el desarrollo de la AR (van Baarsen et aj 2013).
De hecho, modelos animales avalan el papel de los ganglios linfaticos como escenario

iniciador de la enfermedad (Li et a/, 2010;Rodriguez-Palmero et aj, 1999).

Si bien los estimulos que llevan al desarrollo de las respuestas autoinmunes y su
localizacién no estan del todo claros, menos conocidos aiin resultan los mecanismos que
conducen desde el desarrollo de autoinmunidad a nivel sistémico hasta la apariciéon de
inflamacién local a nivel articular. En este aspecto, se hipotetiza que pueden ser
determinantes la formacion o exposicion de nuevos autoantigenos, debido a cambios en el
metabolismo celular o en la microvasculatura, factores biomecanicos o traumas (Mclnnes &

Schett, 2011).

En la fase clinica de la enfermedad, la sinovitis es iniciada y mantenida debido a la
concurrencia de mecanismos patoldgicos de retroalimentacién positiva que coexisten con
fallos en los mecanismos de regulacidn, involucrando a diferentes agentes de la inmunidad
innata y adaptativa asi como a tipos celulares locales, como osteoclastos, condrocitos,

fibroblastos y células endoteliales (Figura 1).
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INTRODUCCION

La sinovitis se desencadena inicialmente por la migracién y acumulaciéon de
diferentes poblaciones leucocitarias en la membrana sinovial, en un proceso mediado por la
activacion endotelial de las células que componen la microvasculatura local (Szekanecz et aj,
2009). La infiltraciéon leucocitaria se ve favorecida por la neoangiogénesis, desencadenada
por las condiciones hipéxicas y la produccién de factores de crecimiento, asi como por una

linfoangiogénesis insuficiente, que limita el egreso celular (Polzer et aj, 2008).

Los linfocitos T son una de las poblaciones celulares mas abundantes en la
membrana sinovial durante la AR, llegando a suponer el 30 - 50% de las células del tejido,
siendo mayoritaria la subpoblacién CD4+ (Zvaifler et al, 1994). Histéricamente, la AR fue
considerada una enfermedad de tipo Th1. Sin embargo, se sabe que en las etapas tempranas
la respuesta Th2 es crucial para la produccién de autoanticuerpos (Raza et al 2005).
Asimismo, en los dltimos afios, se ha establecido y reforzado la contribucion del papel de la
respuesta Th17, especialmente en las fases mas tardias de la enfermedad y en asociacién a
los procesos de erosién y dafio articular (Chabaud et al, 1998;Miossec et al, 2009). Por otro
lado, existe una fuerte infiltracion de células T reguladoras en la membrana sinovial, si bien
su funcionalidad parece estar comprometida en pacientes (Behrens et aj 2007),

posiblemente debido a la acumulacién de TNFa (Nie et a 2013).

De forma global, los trabajos publicados hasta la fecha parecen sugerir un
compromiso funcional de las células T, ligada a una excesiva actividad proliferativa, que
tiene como consecuencia la reduccion del repertorio del receptor de células T (TCR) y la
apariciéon, como consecuencia, de un fenotipo inmunosenescente (Thewissen et aj

2005;Weyand et al, 2003).

Los linfocitos B juegan un papel importante en la patogénesis de la AR. No en vano, la
presencia de autoanticuerpos es un marcador de la enfermedad. Las células B en la
membrana sinovial se localizan en agregados de linfocitos T y B, y en estructuras linfoides
ectopicas en las fases mas tardias de la enfermedad; mientras que los plasmablastos y las
células plasmaticas tienen una distribucién mas ubicua (McInnes & Schett, 2011). Prueba de
la contribucién de las respuestas mediadas por células B a la patogénesis de la enfermedad
es el beneficio clinico del tratamiento con rituximab (anticuerpo monoclonal anti-CD20) en
pacientes con AR (Edwards et al 2004). Sin embargo, el hecho de que las células
plasmaticas no sean atacadas por el rituximab, unido a que los niveles de autoanticuerpos
resulten afectados en un grado variable tras el tratamiento, hace pensar que la contribucion

de las células B en la enfermedad va mas alld de la produccién de autoanticuerpos,
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otorgando un papel igualmente importante a la presentacion antigénica y a la produccién de

citocinas y otros factores solubles (Seyler et aj 2005).

Del mismo modo, otras poblaciones celulares de la respuesta inmune innata juegan
un papel importante en la patogénesis de la AR, siendo especialmente relevante el de los
macroéfagos y los neutréfilos. En particular, los neutréfilos contribuyen a la sinovitis
mediante la produccién de prostaglandinas, proteasas, enzimas, especies reactivas de
oxigeno y algunos tipos de citocinas (Cascao et al, 2010). Algunas de estas moléculas, junto
con la senalizacion a través de los receptores tipo Toll (TLR), la presencia de
inmunocomplejos y el contacto con células T, llevan a la activacién de los macréfagos. Estas
células son unos agentes centrales en el desarrollo de la sinovitis debido a su produccién de
citocinas (TNFa, IL-1, IL-6, IL-12, IL-15, IL18 e IL-23), especies reactivas de oxigeno,
derivados prostanoides y enzimas proteoliticas, asi como a su capacidad para llevar a cabo

la fagocitosis y presentacién antigénica (Liew & Mclnnes, 2002).

La produccién descontrolada y autoperpetuada de citocinas proinflamatorias en la
membrana sinovial desencadena la activacion de macroéfagos, condrocitos y fibroblastos
(tipo sinoviocitos)(Lefevre et al, 2009), con la consiguiente produccién de enzimas que
provocan la degradacién del colageno y la matriz extracelular, como las metaloproteasas de
matriz (MMP) y las proteasas de la familia ADAMTS (a disintegrin and metalloproteinase

with thrombospondin motifs), inicidndose asi el dafio articular (Karouzakis et aj, 2006).
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Figura 1 | Modelo integrativo de iniciacion y perpetuacion de la patogénesis de la AR. La activacion de clones autorreactivos
en el ganglio linfatico precede al egreso de éstos al tejido sinovial, donde la interaccion entre diferentes procesos inmunitarios de
tipo innato y adaptativo da lugar a fenémenos de remodelado tisular y dafio. La activacion de bucles de retroalimentacion positiva
entre diferentes poblaciones leucocitarias, fibroblastos locales, osteoclastos, condrocitos y células endoteliales, da lugar a la
perpetuacion del dafio y, con ello, la cronicidad de la enfermedad. Tomado de (McInnes & Schett, 2011).

1.1.2. Manifestaciones clinicas

La AR se puede definir como una poliartritis crénica, simétrica, erosiva y destructiva.
Afecta predominantemente a las articulaciones diartrodiales pequefias de manos
(metacarpofaldngicas y carpos, principalmente) y pies (metatarsofalangicas), si bien con la
evolucion de la enfermedad se pueden ir afectando grandes articulaciones (rodillas,
hombros, codos y caderas) y articulaciones cervicales y temporo-mandibulares, siempre de
forma simétrica. No obstante, las articulaciones interfaldngicas distales, y las de la columna

dorsal y lumbar suelen mantenerse intactas. En un pequeiio nimero de pacientes puede
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tener lugar un debut clinico con presentacién oligoarticular y asimétrica (Gomez-Reino,

2008).

Por otro lado, se conoce que la AR puede cursar con manifestaciones

extraarticulares, si bien en la mayor parte de los casos no tienen una gran importancia

clinica (Gomez-Reino, 2008). Las mas comunes son:

Nédulos reumatoides: son la manifestacion extraarticular mas comun (presentes
en el 10 - 30% de los pacientes). Pueden aparecer en cualquier érgano, si bien se
localizan preferentemente en zonas periarticulares y expuestas a presiones
mecanicas.

Manifestaciones oculares

Manifestaciones pleuropulmonares

Manifestaciones cardiacas

Vasculitis reumatoide

Amiloidosis

Sindrome de Felty

1.1.3. Diagnéstico

El diagndstico de AR es esencialmente clinico. Durante las ultimas décadas, este

diagnéstico se realizaba en base a los criterios propuestos en 1987 por el American College

of Rheumatology (Tabla 1) (Arnett et a/, 1988), que mostraban unos valores aceptables de
especificidad y sensibilidad (Arnett et al, 1988;Hakala et al, 1993;Levin et al 1996),

especialmente en fases establecidas de la enfermedad .
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Tabla 1: Criterios del ACR 1987 para la clasificacion de la AR

0 Rigidez articular prolongada tras la inactividad
Rigidez matutina en y alrededor de las articulaciones, durante al menos una hora antes de
la mejoria maxima.

0 Artritis en tres o mas articulaciones
Afectacién poliarticular en, al menos, tres areas de forma simultanea, con hinchazoén de
tejidos blandos o liquido sinovial. Las posibles areas articulares contempladas son
interfaldngicas proximales, metacarpofalangicas, metatarsofalangicas, muifiecas, codos,
rodillas y tobillos.

0 Afectacidn de las articulaciones de las manos
Inflamacidn en, al menos, un area en articulaciones de mufieca, interfaldngicas proximales,
metacarpofalangicas o mufiecas.

0  Artritis simétrica
Implicacién simultdnea de las mismas areas en ambos lados del cuerpo.

0 Noédulos reumatoideos
Presencia de nddulos subcutaneos, sobre prominencias dseas, en zonas de extensores o en
regiones yuxtaarticulares.

0 Factor reumatoide positivo
Niveles elevados de Factor Reumatoide (FR) en suero.

0 Cambios radioldgicos
Alteraciones radiolégicas tipicas de la AR (erosiones y osteoporosis yuxtaarticular) en

radiografias posteroanteriores de mano y mufieca.

Segun los criterios anteriores, se considera un diagnéstico positivo de AR cuando se
cumplen, al menos, 4 de los 7 criterios. Sin embargo, aunque esta clasificacion fue bien
aceptada como un punto de partida para la definicion de la enfermedad y para discriminar
pacientes de AR establecida de aquellos que padecian otras enfermedades reumaticas, estos
criterios no resultaban ttiles para el diagndstico en las fases tempranas de la enfermedad
(Banal et al, 2009;Harrison et al, 1998). En estudios longitudinales de pacientes con artritis
de reciente comienzo, se ha demostrado que el nimero de criterios que se cumplen aumenta
con la duraciéon del seguimiento y que no todos ellos se comportan igual (Saraux et al,
2001). Asimismo, estos criterios no contemplaban la presencia de anticuerpos anti-péptido
ciclico citrulinado (anti-CCP), cuya positividad confiere una aceptable sensibilidad y elevada
especificidad al diagndstico de AR (Nishimura et aj, 2007;Zendman et al, 2006), ni tenian en
cuenta la elevacién de reactantes de fase aguda como marcadores de la enfermedad. Por
todo ello, el ACR publicé en 2010 los nuevos criterios de clasificaciéon de AR (Tabla 2), que

proporcionan mayor sensibilidad para las fases precoces de la AR (Aletaha et aj 2010).
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Estos criterios contemplan 4 dominios con distintas variables clinicas y de laboratorio, con

diferente importancia relativa en cada una de las categorias que los integran.

Tabla 2: Criterios de ACR/EULAR 2010 para la clasificacion de la AR

Puntuacién

A. Afectacién articular

1 articulacién grande 0

2 - 10 articulaciones grandes 1

1 - 3 articulaciones pequenas (con/sin afectacion de articulaciones grandes) 2

4 - 10 articulaciones pequefias (con/sin afectacién de articulaciones grandes) 3

> 10 articulaciones (al menos una articulaciéon pequefia) 5
B. Serologia

FR y anti-CCP negativos 0

FR o anti-CCP positivos a niveles bajos 2

FR o anti-CCP positivos a niveles altos 3
C. Reactantes de fase aguda

Proteina C reactiva y velocidad de sedimentacién normales 0

Proteina C reactiva o velocidad de sedimentacién alterados 1
D. Duracién de los sintomas

< 6 semanas 0

> 6 semanas 1

A partir de estos criterios, se clasifica una enfermedad como AR definida si se
presenta sinovitis en, al menos, una articulaciéon en ausencia de un diagnéstico que lo

justifique y una puntuacién de 6, sobre un total de 10, en los cuatro dominios contemplados.
Factor Reumatoide

El Factor Reumatoide (FR) es un autoanticuerpo de isotipo IgM (aunque también se
han descrito isotipos IgG e IgA) dirigido contra la fraccién Fc de las moléculas de IgG. E1 FR
IgM proporciona una sensibilidad diagnoéstica del 40 - 80%, dependiendo de la poblacion
cribada (Greiner et al, 2005;Renaudineau et a/, 2005). En pacientes con artritis del ambito
hospitalario, proporciona un valor predictivo positivo del 70 - 80% y negativo de mas del
95% (Wolfe et al 1991;Wolfe, 1998). Asimismo, algunos autores sugieren un valor
prondstico para el FR, ya que se asocia a enfermedad mas grave, con mas extension del

compromiso articular, con mayores tasas de destruccion y discapacidad (Scott, 2000).

El FR puede aparecer en el suero varios afios antes de que se presenten los sintomas

de la artritis (Aho et a/ 1991;Rantapaa-Dahlqvist et al 2003).
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Anticuerpos anti-péptidos ciclicos citrulinados

Los anticuerpos anti-péptidos ciclicos citrulinados (anti-CCP) o anti-proteinas
citrulinadas (ACPA, siguiendo la terminologia actual), reconocen proteinas con residuos de
citrulina, que constituye una modificacién postraduccional de la arginina, llevada a cabo por
el enzima peptidoarginil deaminasa (van Venrooij et al, 2004) en diferentes situaciones

patoldgicas.

La sensibilidad de los anticuerpos anti-CCP oscila entre el 12 - 93%, proporcionando
una especificidad aceptablemente alta (63 - 100%), comparada con la proporcionada por el
FR (Nishimura et a/, 2007;Whiting et a/, 2010). Ademas, el hecho de que alrededor del 40%
de los pacientes con AR y FR negativo, exhiban positividad para los anti-CCP, unida a su baja
prevalencia en la poblacién sana, hace que su valor diagndstico sea muy importante (Quinn
et al, 2006;Zendman et al, 2006), avalando su uso como herramienta indispensable en el

diagnostico de AR en la actualidad.

Al igual que el FR, los anti-CCP pueden estar presentes en suero varios afios antes
del debut clinico de la enfermedad (Nielen et aj 2004) y sus niveles parecen asociarse con el
pronoéstico de la enfermedad (Berglin et a/, 2006), si bien la evidencia de este dltimo punto

es moderada (Liao et a/ 2011).

1.1.4. Curso clinico: actividad y remisién

El comienzo de la enfermedad suele caracterizarse por un debut clinico poco
especifico, con astenia, anorexia, fatiga, cansancio vespertino y debilidad muscular. Este
cuadro clinico puede preceder a la AR en semanas e incluso meses, hasta que el paciente
desarrolla un cuadro poliartritico simétrico, que se acompafia de dolor e inflamacion
articular. La rigidez matutina prolongada es el sintoma de comienzo mas frecuente en la AR

(Gomez-Reino, 2008).

La evolucién de la AR es variable, pero la gran mayoria de los pacientes muestran un
curso fluctuante o bien agresivo de forma mantenida, con grados variables de deformidad
articular a medio plazo. A la vista de esta situacion, se hace imprescindible contar con
medidas objetivas para evaluar el grado de afectacién articular e inflamatoria de forma
consistente y sistematizada. En por ello por lo que se recomienda monitorizar el estado del
paciente de AR mediante el uso de recuentos articulares (distinguiendo articulaciones

dolorosas y tumefactas), un parametro de evaluacién global de la enfermedad por parte del
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paciente y del médico (mediante una escala visual analdgica) y la determinacién de
reactantes de fase aguda (PCR y VSG). La sintesis de todos estos parametros puede
realizarse con los denominados indices de actividad compuestos, que actualmente

constituyen el paradigma de la monitorizacién clinica de los pacientes de AR.

El indice de actividad de la enfermedad mas ampliamente utilizado es el Disease
Activity Index Z28-joints, recomendado por la FEuropean League Against Rheumatism
(EULAR), que se calcula en base a recuentos articulares de 28 articulaciones (dolorosas y
tumefactas), el valor de VSG y la medida del estado global del paciente (EGP) (Prevoo et al,
1995). Los valores de actividad de la enfermedad segin el indice DAS28 pueden tomar
valores entre 0 y 10 y permiten la clasificaciéon del paciente segin su grado de actividad
(Tabla 3) (van Riel & van Gestel, 2000), que puede depender de la historia natural de la

enfermedad o de la respuesta al tratamiento.

Tabla 3: Actividad de la enfermedad segtin el indice DAS28

Grado de actividad DAS28
Remision <26
Actividad baja <32

Actividad moderada 32-5,1
Actividad alta >51

La clasificacion de la actividad de la enfermedad en base a indices compuestos
conlleva la formulacién del concepto de remision, que puede ser definido como la ausencia
de signos y sintomas acompafiada de niveles normales de reactantes de fase aguda (Gomez-
Reino, 2008). El concepto de remision es crucial en la estrategia terapéutica de la AR, como

se vera mas adelante.
Importancia del diagndstico precoz

Las caracteristicas clinicas mas importantes de la AR son la cronicidad y la
destruccidn articular, necesitando ambas cierto tiempo para presentarse. Sin embargo,
diferentes estudios han demostrado que la mayoria de los pacientes tienen un dafio
radioldgico significativo en los dos primeros afos de la enfermedad, siendo este periodo en
el que mas rapido progresa la patologia (Boers, 2003;Scott, 2000). Asimismo, se ha
comprobado que cuanto antes se comienza el tratamiento, mayor es la probabilidad de
controlar el proceso inflamatorio y reducir el dafio estructural (Raza et a/ 2006;Raza,
2010). Este periodo ha sido denominado la ventana terapéutica de oportunidad y justifica el
abordaje clinico basado en el diagnéstico de artritis de reciente comienzo como una

prioridad diagnostica.
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1.1.5. Tratamiento

El tratamiento en la AR tiene un enfoque global y persigue esencialmente el control
del dolor y de la inflamacidn articular a corto plazo, para asi conseguir evitar la apariciéon de
deformidades articulares e incapacidad funcional en el medio y largo plazo. En la mayoria de
los casos, debe de aplicarse un tratamiento fundamentalmente farmacoldgico, apoyado de
fisioterapia y rehabilitacion si asi lo requiere el estado del paciente, reservando la cirugia
Unicamente para casos precisos de alguna articulacién en la que no cabe esperar mejoria

clinica.

La estrategia terapéutica en la AR ha cambiado significativamente en los ultimos
afios. El compromiso articular y la incapacidad tienen lugar de forma precoz en el curso de
la enfermedad, por lo que las estrategias mdas actuales van enfocadas a controlar
rapidamente la actividad de la enfermedad y evitar con ello la progresiéon del dano. Estas
estrategias incluyen el control precoz y estricto de la actividad mediante objetivos
(estrategias Treat-to-target, T2T) (Smolen et al, 2010), el uso de fArmacos bioldgicos para el
tratamiento de la enfermedad moderada y la induccién de la remisién con el uso temprano
de farmacos biolégicos. No en vano, diferentes estudios apuntan a que la instauracion de
forma precoz del tratamiento se acompaiia de mayores probabilidades de remision
(Anderson et al, 2000;Landewe et al 2002;van der Heide et al, 1996), y existe cierta
evidencia de obtencion de mejores resultados (mayor reduccion de actividad clinica, menor
progresion radioldgica y menor discapacidad) en pacientes tratados con firmacos mas

potentes y mas rapidos (van Jaarsveld et al, 2000).

Las estrategias T2T tienen como objetivo principal en el tratamiento de la AR la
induccién de remision clinica o, en su defecto, de un estado de baja actividad de la
enfermedad, especialmente en enfermedad establecida (Smolen et aj 2010). Hasta alcanzar

esta meta, el tratamiento farmacolégico debe ajustarse cada 3 meses, aproximadamente.

Como consecuencia de la implementacién del uso de indices de actividad y de la
remision como objetivo terapéutico, se han establecido asimismo los criterios de respuesta
al tratamiento. La utilizacidn de criterios de respuesta objetivos junto con los cambios agiles
en la pauta terapéutica para conseguir una respuesta objetiva predefinida, mejora el
prondstico clinico y radiolégico de la AR (Grigor et a, 2004). Los criterios de respuesta mas
empleados en la actualidad son los criterios de respuesta EULAR, que tienen en cuenta tanto
el cambio en la actividad de la enfermedad como el grado de actividad actual (van Gestel et
al, 1999), permitiendo clasificar la respuesta en buena, moderada o nula. No obstante, a

partir de los criterios originales, algunos autores proponen una clasificaciéon en dos unicas
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categorias: respuesta satisfactoria (remisiéon completa de la enfermedad o, al menos, una
respuesta “suficiente” sin alcanzar la remisiéon completa) y respuesta insatisfactoria

(ausencia completa o casi completa de respuesta).
Agentes farmacologicos

0 Antiinflamatorios no esteroideos (AINEs): son utiles para reducir los signos y
sintomas de la AR, pero no modifican la enfermedad ni evitan la progresion
radioldgica, por lo que sélo son recomendados como una terapia concomitante para
el control del dolor y la inflamacién, siempre que sean precisos (O'Dell, 2004).

0 Glucocorticoides (GC): mejoran los signos y sintomas de la AR y ademas disminuyen
la progresion del dano radiolégico (O'Dell, 2004). Se aconseja su uso, siempre a
dosis bajas (<15 mg prednisona/dia), durante los meses iniciales de la enfermedad
en combinacién con un farmaco modificador de la enfermedad como terapia
“puente”, y en los periodos de reactivacion de la misma, por su rapido efecto
antiinflamatorio (van Jaarsveld et al, 2000;Wassenberg et a/, 2005). Sin embargo, su
uso prolongado, incluso a dosis bajas, puede asociarse con un incremento de
mortalidad y la aparicién de importantes comorbilidades (Del, I et aj, 2014;Listing et
al, 2015;Panoulas et al, 2008).

0 Farmacos modificadores de la enfermedad (FAMEs) tradicionales: se asocian con un
beneficio clinico importante puesto que son capaces de retrasar la progresion
radiologica, mejorando con ello la calidad de vida del paciente a medio plazo. Sin
embargo, su comienzo de accién es lento (1 a 6 meses) (Gomez-Reino, 2008).

- Metotrexato (MTX): acttia inhibiendo enzimas que intervienen en la sintesis

de purinas y pirimidinas, interfiriendo asi con los procesos de sintesis de
ADN vy, por tanto, de replicacion celular. Se ha descrito que el principal
mecanismo de accion del MTX es el bloqueo de la proliferacion y activaciéon
de linfocitos T, si bien éste no es el Gnico mecanismo que parece operar in
vivo (Gomez-Reino, 2008;0'Dell, 2004).

Los efectos del MTX no aparecen hasta 3 - 4 semanas desde el inicio del
tratamiento, mostrando una respuesta maxima a los 2 - 4 meses. Su
excelente perfil de eficacia y seguridad hace que el MTX sea considerado
como el farmaco de eleccion para el tratamiento de AR de inicio, ya sea en
monoterapia o en terapia combinada (Gomez-Reino, 2008;0'Dell, 2004).

- Leflunomida (LEF): es un derivado isoxazol, que interfiere con los procesos

de replicacion y activacion de linfocitos T. Al igual que el MTX, es eficaz
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controlando los signos y sintomas de la enfermedad, asi como disminuyendo
la progresién del dafio articular (Gomez-Reino, 2008;0'Dell, 2004).

- Otros: la sulfasalacina muestra un buen perfil de seguridad y es eficaz
disminuyendo la progresiéon radiologica. En AR de inicio es eficaz en
combinacién con otros FAME (Gomez-Reino, 2008). Por otro lado,
cloroquina e hidroxicloroquina, si bien son eficaces disminuyendo signos y
sintomas de la AR, no muestran un efecto significativo en la progresion
radioldgica. Sin embargo, se ha visto que pueden actuar a diferentes niveles:
interferencia en la presentacién antigénica, inhibiciéon en la liberaciéon de
citocinas proinflamatorias in vitro e in vivo, asi como de prostagandinas, y
son ademas capaces de reducir la produccién de inmunoglobulinas (Fox,
1993).

0 Farmacos modificadores de la enfermedad bioldgicos: estos tratamientos permiten
abordar el tratamiento de la AR mediante un enfoque especifico hacia alguna de las
dianas terapéuticas de la enfermedad. Debido a su especificidad, su considerable
eficacia y la capacidad que brindan para la optimizacion del uso de FAME
tradicionales, han supuesto una auténtica revolucién en el tratamiento de la AR (y
de otras enfermedades autoinmunes).

- Bloqueantes del TNFau: hasta el momento existen 5 fairmacos bloqueantes del

TNFo, que difieren en su mecanismo de accion y propiedades
farmacocinéticas (0'Dell, 2004;0lsen & Stein, 2004;Smolen et al, 2007):
» Infliximab: se trata de un anticuerpo monoclonal quimérico de
isotipo IgG1.
= Adalimumab: se trata de un anticuerpo monoclonal humano de
isotipo IgG1, que presenta una mayor vida media que el infliximab; si
bien su capacidad para neutralizar moléculas de TNFa es similar.
*  Golimumab: se trata de un anticuerpo monoclonal humano de isotipo
IgG1.
= Etanercept: es una proteina recombinante humana, formada por dos
recetores solubles humanos para el TNFa unidos a la porcién Fc de
una IgG1. Su afinidad por el TNFa soluble es inferior que la mostrada
por los anticuerpos anti-TNFa.
=  Certolizumab: est4 formado por el fragmento Fab’ de un anticuerpo
monoclonal murino humanizado unido a dos moléculas de
polietilenglicol. Su estructura pegilada le confiere una mayor vida

media plasmatica y le permite una mejor distribuciéon en tejidos
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blandos. Su capacidad para neutralizar moléculas de TNFa parece
ser superior a la de los anticuerpos monoclonales. Debido a que
carece de la fraccion Fc, no induce citotoxicidad mediada por
anticuerpos ni por complemento.

- Bloqueante de la IL-6: recientemente, se desarrolld6 un anticuerpo

monoclonal humanizado dirigido contra el receptor, tanto soluble como de
membrana, de la IL-6 (tocilizumab) (O'Dell, 2004;Smolen et al, 2007).

- Otros: existen otros FAME bioldgicos para el tratamiento de la AR, como son
el rituximab (anticuerpo monoclonal anti-CD20), abatacept (proteina de
fusion formada por una molécula de CTLA4 unida al fragmento Fc de una
IgG1) o anakinra (antagonista del receptor de la IL-1) (O'Dell, 2004;Smolen
etal, 2007).

1.1.6. Comorbilidad

El impacto de la AR se refleja en términos de disminucién de la capacidad fisica,
pérdida de la calidad de vida y acortamiento de la supervivencia, siendo la enfermedad
reumatica que produce el mayor grado de incapacidad. Diferentes estudios sugieren que
existe destruccion de las articulaciones en el 70% de los pacientes de AR dos afios después
del diagndstico de la enfermedad (Eberhardt & Fex, 1995;Scott et a/, 2000). Mas del 50% de
los pacientes sufre discapacidad grave a los 10 afios y, inicamente el 40% puede trabajar
tras 15 afios de la aparicion de la enfermedad (Blumberg & Fox, 2001). No obstante, estos
datos son consecuencia de épocas con estrategias de tratamiento ya en desuso. En relacién a
esto, se ha sugerido que en las ultimas décadas la enfermedad es mas benigna (Welsing et al,
2005;Pincus et al, 2005), probablemente debido al impacto de las nuevas pautas de

diagnéstico precoz y tratamiento.

La AR supone en consecuencia un elevado coste socioeconémico, cifrandose en
2.250 millones de Euros en el afio 2001, siendo un coste anual por paciente de 10.700 Euros
(Lajas et al, 2003). De forma relativa, se estima que el coste de tratar a un individuo con AR
equivale al triple necesario para un individuo de la misma edad y sexo (Lajas et aj 2003).
Ademas, se calcula que en Espafa hasta un 5% de todas las incapacidades laborales y

permanentes se deben a la AR (Carmona et a/, 2001).

La mortalidad asociada a la AR es superior a la de la poblacién general y esta

directamente relacionada con la gravedad de la misma (Gabriel et a/, 2003;Pincus & Sokka,
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2001). La esperanza de vida en un paciente con AR puede verse reducida entre 3 y 7 anos,
llegando a ser hasta 10 - 15 afios menor en pacientes con enfermedad mas severa
(afectaciéon de multiples articulaciones o elevacidn muy marcada de los reactantes de fase

aguda) (Myasoedova et aj, 2010b).

No se observan en la literatura cambios que sugieran una menor mortalidad debida
a la AR en los ultimos afios (Gonzalez et al, 2008a;Radovits et al, 2010), algo que se ha
observado en la poblacién general. Estos hallazgos sustentan la aparicién de una brecha de

mortalidad creciente entre los pacientes de AR y la poblacién general (Gonzalez et a/, 2007).

1.2. Enfermedad cardiovascular en artritis reumatoide

La causa mas importante del exceso de mortalidad en AR es la que tiene un origen
cardiovascular, seguida por las infecciones y los tumores. Esta situacion resulta paradoéjica
teniendo en cuenta los avances producidos en los ultimos afios en el manejo clinico de esta
patologia, que se han traducido en un mejor control de la enfermedad asi como un curso
mas benigno en términos poblacionales (Pincus et al, 2005;Welsing et al, 2005), lo que

confiere una mayor relevancia el estudio de la enfermedad cardiovascular en la AR.

1.2.1. Artritis reumatoide y riesgo cardiovascular

Si bien es conocido desde hace tiempo, en los tltimos afios se han publicado un gran
numero de estudios epidemiolégicos y registros que confirman la elevada morbilidad y
mortalidad de enfermedad CV en pacientes de AR (Avina-Zubieta et a, 2008;Avina-Zubieta
et al, 2012;del Rincon et al, 2001a;Symmons & Gabriel, 2011;Wolfe et aj 2003;Wolfe &
Michaud, 2008;del Rincon et al, 2001a;Solomon et aj, 2003;Maradit-Kremers et al, 2005).

Los pacientes de AR tienen un riesgo 1,5 - 2 veces superior de padecer infarto de
miocardio (Solomon et al, 2003;Wolfe & Michaud, 2008), 1,4 - 2,7 veces superior de sufrir
un accidente cerebrovascular (Nadareishvili et al 2008;Watson et al, 2003;Wolfe et aj,
2003) y 1,3 - 1,7 veces superior de padecer fallo cardiaco (Nicola et al, 2005;Wolfe et aj,
2003;Wolfe & Michaud, 2004), respecto a la poblacién normal. De hecho, el riesgo CV
absoluto para los pacientes de AR es equivalente al que tendrian los sujetos 10 - 15 afios
mayores de la misma poblaciéon que no padecen AR, o bien, aquellos individuos de la misma
poblacién y clase etaria pero que padecen diabetes mellitus de tipo 2 (Peters et aj

2009;Symmons & Gabriel, 2011). Por otro lado, la enfermedad CV en pacientes de AR difiere
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de aquella hallada en la poblacién normal no sélo en su edad de presentacion, sino también
en su forma de presentacion clinica y su fatalidad (Davis, III et al 2008;Myasoedova &
Gabriel, 2010). De hecho, la muerte subita por enfermedad coronaria es dos veces mas

frecuente en pacientes de AR que en la poblacion general (Maradit-Kremers et a/, 2005).

A nivel clinico, el aumento de morbi-mortalidad CV en pacientes de AR es debido al
desarrollo precoz de aterosclerosis. De hecho, se ha encontrado una elevada prevalencia de
aterosclerosis subclinica en pacientes de AR (Gonzalez-Juanatey et a/, 2003;Roman et aj,
2006). Asimismo, se ha observado la presencia de aterosclerosis subclinica (Hannawi et aj
2007) y disfuncion endotelial (Bergholm et a/, 2002) en pacientes de AR durante el primer
afio tras el diagndstico, incluso en pacientes jovenes y sin factores clasicos de riesgo

(Georgiadis et al, 2008).

1.2.2. Factores de riesgo cardiovascular en artritis reumatoide

En este escenario, resulta interesante valorar si este incremento en el riesgo CV se
debe a un incremento en prevalencia o severidad de los factores clasicos de riesgo CV
(hipertensidn, dislipemia, diabetes, obesidad y tabaquismo) en la poblacién de pacientes de

AR, o bien, si existen otros mecanismos implicados.

Los trabajos que han abordado esta compleja situacién sugieren que, en términos
generales, no existen diferencias claras en la prevalencia de factores tradicionales de riesgo
CV entre pacientes de AR y la poblacién sana (del Rincon et a/, 2001b;Solomon et aj, 2004).
No obstante, existen ciertos resultados discordantes en el caso de la diabetes (Boyer et al,
2011) y las dislipemias (Steiner & Urowitz, 2009), si bien ambas estan intimamente ligadas
al curso de la enfermedad, pudiendo ser éste un factor de confusiéon que explique esta

controversia (Choy & Sattar, 2009;Sattar et aj 2003).

Un caso particular dentro de los factores clasicos es el tabaquismo. Diferentes
estudios epidemiolégicos parecen concluir que el habito tabaquico es mas frecuente en
pacientes de AR que en la poblacién sana (Boyer et a/ 2011). Sin embargo, el tabaquismo no
puede ser considerado solamente como un factor tradicional de riesgo CV, puesto que se ha
visto implicado directamente en la iniciacion de los mecanismos patogénicos de la AR en
asociacién con la produccién de autoanticuerpos anti-CCP (Klareskog et a/, 2009). De hecho,
los pacientes de AR fumadores presentan una enfermedad mas severa, caracterizada por
mayores niveles de autoanticuerpos, mayor dano articular y peor respuesta al tratamiento

(Masdottir et al, 2000).
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Por otro lado, se ha comprobado que los factores clasicos de riesgo CV no pueden
explicar por si solos el aumento del riesgo CV en pacientes de AR (del Rincon et aj 2001a), si
bien se asocian de forma independiente con la aparicion de enfermedad CV (Del, I et aj,
2005;Dessein et al, 2005b;Gonzalez et al, 2008b). A este respecto, son varios los estudios
que sefialan que ciertos marcadores clinicos de la enfermedad, como son el indice de
actividad (Banerjee et a/ 2008), marcadores de severidad (Farragher et a/ 2007) y la
presencia de manifestaciones extraarticulares (Turesson et al, 2007), se asocian de forma
independiente al desarrollo de eventos cardiovasculares. A la vista de estas observaciones,
algunos autores proponen que la AR podria ser considerada un factor de riesgo per se

(Peters et al, 2009;van Halm et aj, 2009).

De forma global, los parametros clinicos asociados al desarrollo de enfermedad CV
en AR pueden considerarse ligados, en mayor o menor grado, a la carga inflamatoria
presente en esta patologia. De hecho, niveles elevados de reactantes de fase aguda (Maradit-
Kremers et al, 2005;Wallberg-Jonsson et al, 1999), especialmente durante las primeras fases
de la enfermedad (Goodson et al 2005), permiten predecir el desarrollo de estas
complicaciones en el curso de la AR. Por otro lado, varios grupos han observado que la
aterosclerosis subclinica y la disfuncién endotelial en pacientes de AR se asocian con
marcadores de inflamacién sistémica (Chung et aj 2005;Hannawi et al, 2007;Kerekes et al,
2008;Maki-Petaja et al, 2006). Estudios en modelos animales parecen confirmar esta
asociacion (Branen et al, 2004). Finalmente, se observa que la prevalencia de la enfermedad
CV se presenta igualmente incrementada en otras enfermedades inflamatorias sistémicas,
como el lupus eritematoso sistémico (LES) (Esdaile et al, 2001;Ward, 1999), pero no asi en
otras enfermedades reumaticas caracterizadas por una menor carga inflamatoria, como la
osteoartritis (0OA) (Wolfe et a/, 2003). En resumen, todas estas evidencias dan cuenta de la
relevancia de la disregulacién inmunitaria subyacente como consecuencia de la
autoinmunidad, en el inicio y progresion de la enfermedad CV en la AR, asi como en otras

enfermedades inflamatorias crénicas.

Estos resultados parecen indicar un origen multifactorial del riesgo CV en la AR en el
que, si bien los factores clasicos tienen un papel, su contribucidn relativa es menor que en la
poblacién general (Gonzalez et al, 2008b;Symmons & Gabriel, 2011), debido a la presencia
de factores de riesgo “no clasicos” o asociados a la enfermedad. Esta idea implica la
existencia de un fendmeno de “competencia” entre los factores clasicos y los factores no
clasicos en la determinacidén del riesgo CV total en la AR (Figura 2). De este modo, y en tanto
que los factores tradicionales no parecen diferir entre la poblacion sana y los pacientes de

AR, cabe esperar que el incremento de riesgo CV en estos dltimos sea debido a los factores
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no clasicos o asociados a la enfermedad. Sin embargo, los factores asociados a la enfermedad
pueden a su vez interaccionar con los factores clasicos. Asi por ejemplo, las respuestas
inflamatorias pueden provocar un estado de resistencia a la accién de la insulina (Chung et
al, 2008), o bien alterar el perfil lipidico de forma cuantitativa y cualitativa (Park et aj
1999). Del mismo modo, el tabaquismo puede provocar alteraciones en algunas respuestas
inflamatorias (Klareskog et a/, 2009), al igual que algunas particulas lipoproteicas (Hyka et
al, 2001). Ademas, la compartimentacion del riesgo CV segln diferentes factores clasicos y
asociados a la enfermedad no es un escenario fijo, sino que puede variar a lo largo del curso
de la enfermedad (Del, I et al, 2005), afiadiendo un nivel mas de complejidad al origen del

riesgo cardiovascular en la AR.

Riesgo CV en AR

Hipertension

Diabetes

Riesgo CVenla
poblacion general

Tabaquismo

Dislipemia
Edad
Género

Factores
asociados a AR

Figura 2 | Distribucion hipotética de los factores de riesgo CV en la poblacion general y en pacientes de AR. Pese a que el
riesgo CV total en pacientes de AR es superior al hallado en la poblacién general, los factores clasicos explican una proporcion
menor de éste, debido a la “competencia” con los factores asociados a la AR, como resultado de la inflamacion cronica y la
disregulacion inmunitaria. Modificado de (Symmons & Gabriel, 2011).

A la vista de la creciente importancia de la morbi-mortalidad CV en pacientes de AR,
se han realizado importantes esfuerzos dirigidos a identificar y cuantificar el riesgo CV en
estos pacientes. Sin embargo, una consecuencia inmediata de lo anteriormente expuesto es
que los algoritmos tradicionalmente empleados para la estratificacion del riesgo CV en la
poblacién general no son ttiles en AR, debido a que subestiman el mismo (del Rincon et aj,
2001a;Gomez-Vaquero et al, 2013), al no tener en cuenta los factores no clasicos o asociados

a la enfermedad.

Esta situacion pone de manifiesto la apremiante necesidad de identificar nuevos

marcadores de riesgo CV en AR. Estos nuevos marcadores no sélo permitirian una mejora en
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el manejo clinico de estos pacientes, sino que también podrian proporcionar evidencias

acerca de los mecanismos implicados en el riesgo CV en esta patologia.

En los ultimos afios, se han identificado diferentes factores que pueden ser
considerados como biomarcadores de riesgo CV en AR (Figura 3). Sin embargo, aspectos
como el papel que juegan en la patogénesis de la enfermedad CV, sus posibles vinculos con
los pardmetros clinicos de la AR y su asociacién con el resto de factores de riesgo, no estan
del todo claros. En general, varios autores coinciden en sefalar que estos factores pueden
interferir en dos procesos clave para el riesgo CV, como son el dafio y la reparaciéon

endotelial.

Factores clasicos

de riesgo CV Factores especificos
de la enfermedad

Edad
%;:qrzm I flaraciin Tratamientos
Obesidad ﬁf;:‘)’a’::d ta'a nfarmeicert Glucocorticoides
Hiperientin Duracién de la enfermedad AINEs.
Dislipemia Lefluncmida

Perfil de citecinas
Diabetes o Ciclosporina
e e Factores genéticos

Disbalance Th17/Treg
Resistencia a la insuina

Antecedentes familiares Interferones tipo |

Sindrome metabdlico

1 Riesgo CV

1 Enfermedad CV

Prevalencia Severidad Mortalidad

Figura 3 | Modelo de participacion de los factores de riesgo CV en AR. Ademas de los factores clasicos, factores relacionados
con la enfermedad, asi como factores derivados del uso de diferentes tratamientos contribuyen a explicar el incremento de riesgo
CV en pacientes de AR, tanto a nivel de las elevadas tasas de enfermedad CV, como a nivel de su peor pronéstico. La implicacion
de oftros factores de riesgo diferentes a los clasicos no ha de ser considerada como un efecto aditivo solamente, sino que la
interaccion entre ellos juega un papel relevante en este campo de estudio. Modificado de (Symmons & Gabriel, 2011).

1.3. Mecanismos de dafio y reparacién endotelial

El endotelio supone la capa mas interna (o capa intima) de los vasos sanguineos del
organismo. En los ultimos afios, la concepcion clasica del endotelio como una mera barrera

fisica que permite contener, en primera linea, el torrente circulatorio, ha dado paso a un
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concepto del endotelio como un verdadero 6rgano, con capacidad para llevar a cabo
funciones fisioldgicas altamente complejas y relevantes para la homeostasis del organismo,
como son (i) proporcionar una barrera de permeabilidad selectiva regulable, (ii) controlar
el tono vascular, (iii) modular la homeostasia tanto con acciones procoagulantes como
mediante mecanismos anticoagulantes, (iv) modular algunas etapas de la respuesta
inmunitaria y (v) llevar a cabo procesos locales de remodelado y expansion tisular

(Michiels, 2003;Verma & Anderson, 2002).

Bajo diferentes condiciones patoldgicas, las células endoteliales modifican sus
funciones de permeabilidad selectiva y capacidades biosintéticas como una estrategia
adaptativa transitoria para hacer frente al cambio en el microambiente (Simionescu, 2007),
dando lugar a un estado de activaciéon o disfuncidon endotelial (hip6tesis de “respuesta al
dafio”) (Newby, 2000;Ross, 1999). Existe cierta controversia en cuanto a si los términos
“disfuncién” y “activacion” endotelial han de ser considerados equivalentes o no. Algunos
autores proponen referirse con “disfuncién endotelial” a la situacién patologica
caracterizada por la incapacidad de las células endoteliales para llevar a cabo las funciones
homeostaticas de forma adecuada; mientras que con “activacién endotelial” se haria
referencia a los cambios en las células endoteliales que les permiten llevar a cabo nuevas
funciones (Pober et al, 2009). No obstante, un estado crénico de activacion endotelial puede

desencadenar a su vez el desarrollo de disfunciéon endotelial.

La disfuncién endotelial se caracteriza funcionalmente por una disregulacién de la
producciéon de o6xido nitrico (NO) y endotelina-1 (ET-1) (Kawashima & Yokoyama,
2004;Sudano et al, 2007), que resulta en la incapacidad de las células endoteliales para
producir una respuesta vasodilatadora correcta, asi como por un aumento de la expresiéon
de moléculas de adhesion y quimiotaxis y una alteracion de la permeabilidad (Holubarsch,
2000). De forma progresiva, este estado de disfuncién endotelial conduce a una fase de dafio
endotelial, desprendiéndose de la capa intima las células dafiadas y originando un “hueco
desnudo”, que expone al exterior el espacio subendotelial rico en colageno y proteinas
fibrilares, cuya consecuencia a largo plazo es el establecimiento de una lesiéon
aterosclerdtica (Ross & Glomset, 1973;Ross, 1999). Una revision mas reciente de la
hipotesis de respuesta al dafio sugiere que, de forma alternativa, la lesidén aterosclerética
puede producirse por la acumulacién y modificacién de particulas lipoproteicas sin que se
produzca denudacion (Newby, 2000). En cualquier caso, en ausencia de mecanismos
homeostaticos de reparacién que permitan contrarrestar estos procesos patoldgicos, tiene

lugar la progresion de la lesion aterosclerdtica.
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Existen varios mecanismos de respuesta al dafio endotelial que permiten revertir la
integridad estructural y funcional del endotelio, y que son los encargados de mantener el
balance entre dafio y reparacién endotelial, evitando asi la progresiéon de lesiones
aterosclerdticas y con ello, el desarrollo de enfermedad CV (Figura 4). Sin embargo, estos
mecanismos pueden verse desbalanceados en diferentes situaciones patoldgicas. En AR, al
igual que en otras enfermedades autoinmunes, se sabe que existe un desbalance entre
ambos procesos, ocurriendo asi un dafio endotelial exacerbado, unido a una deficiente

capacidad de reparacion.

Homeostasis

Reparacion Dafto
ondotelial endotelial
Citocinas proinflamatorias (TNF o,
IFNy, IL8, IL-17)
Foctoros peoanglogbricos (VEGF, Interforonos bpo |
POGF, PIGF, FGF, HGF, ) Respuesta Thi
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Células T angiogdnicas Micropartioulss
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Figura 4 |Balance entre procesos de dafio y reparacion endotelial. En condiciones homeostaticas, el dafio endotelial puede ser
contrarrestado de forma eficiente y proporcionada por la actuacion de mecanismos de reparacion. En AR, existe una
descompensacion entre el dafio endotelial, que se torna excesivo, y la afectacion de los mecanismos de reparacion, que no son
capaces de llevar a cabo adecuadamente su funcién.

1.3.1. Células Progenitoras Endoteliales

Las Células Progenitoras Endoteliales (£ndothelial Progenitor Cells, EPC) fueron
descritas por primera vez en 1997 por T. Asahara y colaboradores tras observar que una
poblacién de células mononucleares aisladas de sangre periférica de individuos sanos
adquirian un fenotipo endotelial in vitro y se incorporaban en capilares in vivo (Asahara et
al, 1997). Posteriormente fueron identificadas en sangre de cordén umbilical, médula 6sea e

higado fetal (Murohara et a/, 2000a;Reyes et al, 2002).

Fenotipo y caracterizacion

Las EPC comparten un antecesor comin (hemangioblasto) con las células madre
hematopoyéticas (Murasawa, 2004) y pueden enmarcarse dentro del grupo de células

pluripotenciales adultas. Su principal caracteristica definitoria es la expresion simultanea de
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marcadores de linaje endotelial y marcadores caracteristicos de células progenitoras. Si bien
inicialmente sélo fueron caracterizadas como células que expresaban los marcadores CD34
y VEGFR2 (Asahara et al, 1997;Khakoo & Finkel, 2005), estos marcadores también pueden
estar presentes en células endoteliales maduras, por lo que la identificacion de las EPC como
células CD34+VEGFR2+ no resulta precisa. Estudios posteriores permitieron encontrar que
las EPC también expresaban la molécula CD133, un marcador caracteristico de células
pluripotentes inmaduras. De hecho, trabajos subsecuentes permitieron confirmar que la
expresion de CD133 identificaba la subpoblaciéon que era capaz de diferenciarse hacia un
fenotipo endotelial adulto in vitro (Gehling et al, 2000;Peichev et al, 2000;Salven et al,
2003), asi como que la expresion de este marcador se perdia con la diferenciacién de esta
poblacién celular. La pérdida de expresion de CD133 parece coincidir con la ganancia de
marcadores caracteristicos de células endoteliales maduras (CD146, CD105, CD106, factor
de von Willebrand, factor tisular,...), si bien esto parece ocurrir de forma progresiva
(Figura) (Khakoo & Finkel, 2005;Woywodt et a/ 2004;Hristov et al, 2003). Estudios atin
mas recientes permitieron establecer que incluso puede hallarse una poblacién de EPC mas
inmadura, caracterizada por la ausencia de expresion de CD34 (Figura 5), pero que posee

las mismas capacidades funcionales in vitro (Friedrich et al, 2006).
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Figura 5 | Expresion de diferentes marcadores y caracteristicas funcionales en las poblaciones EPC y EPC-like. La
expresion de los diferentes marcadores extracelulares en base a la literatura reciente se representa segun la intensidad de las
barras horizontales. EC: endotelial cell (célula endotelial madura).
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Funciones

Funcionalmente, se sabe que las EPC son capaces de proliferar y diferenciarse hacia
varias estirpes celulares in vitro (Reyes et aj, 2002), en linea con su caracter pluripotencial.
La principal funcidn fisiolégica que se les atribuy6 a las EPC es la de dirigir el proceso de
vasculogénesis postnatal, esto es, son capaces de llevar a cabo el proceso de
neovascularizacion tras su proliferacion y migracién desde el reservorio medular hacia el
tejido diana, donde se diferencian a células endoteliales maduras (Asahara et aj
1997;Khakoo & Finkel, 2005;Schaper & Scholz, 2003). Ademas de ser el principal sustrato
del proceso vasculogénico, las EPC pueden ejercer una acciéon paracrina simultdnea,
promoviendo la angiogénesis a nivel local de forma indirecta (Li & Asahara, 2008). La
participaciéon de las EPC en la formacion de nuevos vasos sanguineos fue demostrada
mediante estudios experimentales en los que se observd la formaciéon de estructuras
similares a capilares, a partir de EPC en diferentes modelos experimentales (Li & Asahara,

2008).

La vasculogénesis constituye ademas un eficaz mecanismo de reendotelizaciéon ante
situaciones de dafio endotelial. Diferentes estudios muestran que las EPC pueden migrar y
colonizar implantes aorticos, tanto en modelos animales (Shi et a/, 1998) como en pacientes
(Peichev et al, 2000). Asimismo, se observa que en modelos animales de isquemia, la
neovascularizaciéon promovida por la administracion local o sistémica de EPC media en la
recuperacion de la funcionalidad de aquellos tejidos isquémicamente comprometidos
(Kamihata et al, 2002;Li & Asahara, 2008;Murohara et a/, 2000b). Por tanto, actualmente se
acepta que las EPC tienen un papel central en el mantenimiento de la homeostasis vascular

mediante su capacidad para llevar a cabo mecanismos de reparacién del endotelio.

Las EPC en sangre periférica en adultos sanos representan alrededor del 0,01 -
0,1%, dependiendo de los estudios consultados. En todo caso, se trata de una poblacion
minoritaria, siendo su frecuencia superior en la médula 6sea, que supone su reservorio
natural. La movilizacion de las EPC desde la médula 6sea hacia los tejidos periféricos es un
proceso complejo en el que estan involucrados diferentes mediadores (factores de
crecimiento, citocinas, proteasas, moléculas de adhesion,...), cuyos mecanismos de acciéon
interaccionan con la via de sefalizacion intracelular Pi3K/Akt/eNOS, que juega un papel
central en este proceso (Everaert et a/, 2010) (Figura 6). Las EPC quiescentes permanecen
ancladas a las células estromales de la médula 6sea (Luttun et aj 2002). El primer paso para
su movilizacidn parece ser la activacion de la metaloproteasa de matriz MMP-9, como asi

concluyen algunos estudios /n vitroy en modelos animales (Everaert et al, 2010;Heissig et
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al, 2002;Rafii et al, 2002), que actia a nivel de las uniones entre c-kitL en su forma soluble y
el receptor c-kit expresado en las EPC, pero ademas es capaz de desencadenar la secrecién
de factores de crecimiento que parecen promover la proliferaciéon y maduracion de EPC en

el reservorio medular (Heissig et al, 2002).

Numerosos estudios han demostrado que el factor de crecimiento factor de
crecimiento del endotelio vascular (vascular endotelial growth factor, VEGF) es el principal
mediador implicado en la movilizaciéon e incorporacion de EPC a las areas de dafio
endotelial. VEGF es secretado por células endoteliales y estromales como consecuencia de
las condiciones hipoxicas generadas tras estimulos de dafio endotelial de diversa indole,
como traumas fisicos, dafio isquémico estimulos toxicos (Khakoo & Finkel, 2005;Li &
Asahara, 2008). Estudios con pacientes de infarto de miocardio revelaron que el incremento
de EPC circulantes que tiene lugar tras el dano isquémico, se correlaciona con los niveles
plasmaticos de este mediador (Shintani et a/, 2001). Asimismo, en modelos animales se
observa que la administracién exégena de VEGF incrementa la movilizacion, proliferacion y
capacidad migratoria de las EPC (Asahara et a/ 1999), un efecto similar al descrito en
estudios con humanos (Kalka et aj 2000). Por otro lado, el VEGF también puede
desencadenar la liberacién de otros factores de crecimiento, tanto por las EPC como por
células estromales de la médula dsea o células endoteliales maduras (Asahara et aj,
1999;Khakoo & Finkel, 2005). En resumen, estos resultados apoyan el papel central del

VEGF en la movilizacion y funcionalidad de las EPC en diferentes situaciones.
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Figura 6 | Movilizacién de las EPC desde el reservorio medular hacia la circulacién periférica en respuesta a diferentes
estimulos. Modificado de (Murasawa & Asahara, 2005).
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Del mismo modo, se conocen otros factores de crecimiento que pueden igualmente
tener un papel en estos procesos (Everaert et al, 2010). Por otro lado, se sabe que la
regulacion de los procesos de vasculogénesis es compleja y, en cierto modo, redundante
(Carmeliet, 2003). Esto permitiria que, en el caso de que la via del VEGF no fuese funcional,
los procesos homeostaticos de reparacién del endotelio pudiesen tener lugar, al menos en
cierto grado. Esta hipdtesis se ve reforzada por la observacion de que algunos pacientes que
han sido tratados con bloqueantes especificos del VEGF muestran igualmente fenémenos de
neovascularizacién (Bartolotti et a/, 2014). Finalmente, si bien se ha sugerido que algunos
mediadores de la inflamacién podrian alterar los mecanismos vasculogénicos, qué

mediadores concretos y cual es su alcance, no estan del todo claros.

EPC y riesgo cardiovascular

A la vista de su papel como mecanismo de reparacidn endotelial, ya sea
incorporandose directamente a zonas desnudas en el endotelio, o bien reemplazando
células endoteliales disfuncionales, el estudio de las EPC cobré gran relevancia en el campo

de las enfermedades cardiovasculares y el riesgo cardiovascular.

Las primeras evidencias de una asociacién entre EPC y riesgo cardiovascular fueron
publicadas por Vasa y colaboradores, que observaron una correlacién negativa entre el
numero de factores de riesgo CV y el nimero de EPC circulantes y su funcionalidad (Vasa et
al, 2001). Estudios posteriores permitieron confirmar la asociacion entre el niimero de EPC
y la funcién endotelial y el riesgo CV (Hill et a/, 2003) en poblacién sana. En este caso, Hill y
colaboradores, en lugar de llevar a cabo una cuantificaciéon del nimero de EPC circulantes
en sangre periférica, establecieron un protocolo de cultivo que permite la observacién del
numero de colonias de EPC in vitro. El nimero de colonias de EPC podria ser un marcador
indirecto de funcionalidad de las EPC, lo cual viene apoyado por su asociacién con
marcadores de riesgo cardiovascular clasico y de disfuncién endotelial (Hill et aj
2003;Murphy et al, 2007). De hecho, el nimero de colonias de EPC parece ser mejor
predictor de la funcién endotelial que los factores clasicos (Hill et a/, 2003), sugiriendo que
existen otros parametros ademas de los factores clasicos, que han de ser tenidos en cuenta.
Un buen numero de estudios han proporcionado conclusiones similares empleando
diferentes enfoques experimentales en diferentes grupos de poblaciéon (Tabla 4).
Finalmente, Werner y colaboradores observaron una asociacién negativa entre el nimero
de EPC circulantes y el prondstico de pacientes con enfermedad coronaria, observandose
una asociacion dosis-dependiente tras ajustar para factores clasicos de riesgo

cardiovascular (Werner et a/, 2005).
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Tabla 4: Alteraciones en EPC segiin factores clasicos de riesgo CV

Factor de riesgo Efecto observado en el

Metodologf Referenci
cv ndmero y funcién de EPC etodologla eferencia

EPC circulantes (CD45, CD34,

oo T
8 Colonias de EPC
EPC circulantes (CD31, CD34,
Diabetes Frecuencia de EPC reducida areu ?/r];((‘j;]gz) (Tepper et
Migracion defectiva al, 2002)

Colonias EPC
Correlacion negativa entre

EPC circulantes (CD34, VEGFRZ, Vv t al,
Hipertension el nimero de EPC y presion circulantes ( (Vasaeta

C 1 g CD133) 2001)
arterial sistolica
Correlacion negativa entre (Kondo et
Tabaquismo el niimero de EPC y el EPC circulantes (CD34, VEGFR2, al,
habito tabaquico CD133) 2004;Vasa
etal, 2001)

EPC circulantes (CD45, CD34,
CD133)
Colonias de EPC
EPC circulantes (CD45, CD34,
CD133)
Colonias de EPC

(Hoetzer et
al, 2007)

Edad Migracion y pl.‘oliferacic')n

defectivas

(Hoetzer et
al, 2007)

Incremento en frecuencia y

Ejercicio fisico funcionalidad de EPC

En consonancia con lo anterior, diferentes estudios longitudinales con pacientes de
enfermedad coronaria (George et al, 2004), diabetes (Tepper et al, 2002) e ictus (Ghani et
al, 2005) concluyen que existe una reduccion en la frecuencia de EPC circulantes en estas
patologias. Otra evidencia que avala la conexién entre los niveles circulantes de EPC y el
riesgo CV es que se ha observado que, al menos en parte, el beneficio clinico de un buen
numero de agentes farmacolégicos dirigidos a la prevencidn, primaria o secundaria, de
enfermedades CV puede ser atribuido a cambios en la movilizacién o funcionalidad de las

EPC circulantes (Siddique et a/, 2010).

A la vista de los resultados hallados hasta la fecha, parece légico concluir que la
capacidad de las EPC circulantes como marcador de funciéon endotelial y de riesgo
cardiovascular, subyacen a su funcién como mecanismo de reparacion endotelial. De este
modo, los factores de riesgo CV podrian desencadenar una movilizacién insuficiente, una
migracion defectiva, un agotamiento del reservorio medular o una apoptosis acelerada en

las EPC circulantes, si bien los mecanismos exactos que actiian no estan del todo claros.

EPC y artritis reumatoide

Como se ha mencionado, la asociacion entre los niveles de EPC y los factores de

riesgo CV, dieron paso al estudio de las EPC en diferentes estados patoldgicos asociados a
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enfermedad CV. En este aspecto, muchos grupos pusieron su atencién en las enfermedades
autoinmunes sistémicas, como la AR y el LES, debido al incrementado riesgo CV
concomitante en estas patologias. Asimismo, otras evidencias como la disregulacion de
algunos de los factores implicados en la movilizacion de EPC, o la observacion de que estos
pacientes exhibian un dafio endotelial exacerbado, que en parte podria ser consecuencia de
unos mecanismos de reparacion defectivos, sugerian una alteracion de las EPC en niimero o

funcién en estas patologias.

La primera evidencia de una alteracién de las EPC en pacientes de AR fue publicada
por Grisar y colaboradores, que encontraron una deplecién de EPC circulantes en pacientes
de AR, en asociacion con la actividad de la enfermedad (Grisar et al, 2005). Asimismo, estos
autores observaron que la apariciéon de colonias de EPC en cultivo estaba reducida. Por
ultimo, se observaba una asociacién entre niveles bajos de EPC circulantes y niveles séricos
elevados de TNFa. Posteriormente, Herbrig y colaboradores confirmaron que tanto el
numero como la funcién in vitro de las EPC estaban reducidas en pacientes de AR y que
estos hallazgos se relacionaban con una funcién endotelial asimismo alterada (Herbrig et al,
2006). No obstante, existen diferencias relevantes en cuanto al fenotipo de las EPC, asi como
al método de identificaciéon empleado y los resultados relativos a los tratamientos seguidos
por estos pacientes. Ademas, las poblaciones de pacientes analizadas en ambos estudios no
son totalmente comparables a nivel clinico y presentan como criterio de exclusion la
presencia de factores clasicos de riesgo CV, lo que puede suponer un sesgo respecto a la

poblacidén de pacientes de AR general.

Un estudio posterior, en el que no se aplicaron estos criterios de exclusién, aporto
resultados controvertidos: aunque los niveles de EPC circulantes no eran significativamente
diferentes a los hallados en individuos control, el nimero de colonias de EPC estaba
reducido en pacientes. Sin embargo, si bien la frecuencia de EPC circulantes se asociaba
negativamente con parametros clinicos de la enfermedad (VSG y presencia de FR), el
numero de colonias se correlacionaba negativamente con los factores de riesgo CV (Egan et
al, 2008). En este caso, ademas de existir diferencias importantes en parametros clinicos
respecto a los trabajos anteriores, el grupo estudiado era relativamente menor pese a ser
mas heterogéneo, lo cual podria explicar, al menos en parte, estas controversias. En
cualquier caso, las diferencias entre los niveles de EPC circulantes y las colonias de EPC, dan

cuenta de la complejidad de este campo.

Finalmente, Jodon y colaboradores analizaron la frecuencia de EPC mediante

citometria de flujo empleando un protocolo de separacion previo, y observaron que la
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frecuencia de EPC circulantes, asi como la formaciéon de colonias in vitro, estaban
incrementadas en pacientes de AR en relacién a la actividad de la enfermedad (Jodon, V et

al, 2010).

De forma general, existen diferencias en los grupos de pacientes analizados, los
criterios y la metodologia experimental empleados para la identificacion de las EPC, lo que
dificulta sobremanera la comparacién entre estudios y puede ser una explicacién para la
variabilidad de los resultados hallados. Asimismo, estos trabajos se han realizado en grupos
relativamente reducidos de pacientes y no siempre se han tenido en cuenta los factores
clasicos de riesgo CV, por lo que resulta dificil sacar conclusiones acerca de una alteracion a

nivel de las EPC en pacientes de AR con los datos publicados hasta el momento.

1.3.2. Células T angiogénicas

Si bien las EPC cobraron mucho interés como posibles biomarcadores de riesgo CV,
un buen ndmero de dificultades metodolégicas y conceptuales dan cuenta de los

controvertidos resultados obtenidos hasta la fecha (Fadini et aj 2008).

A pesar de que el método de cultivo de colonias de EPC segun el protocolo de Hill y
colaboradores fue rapidamente aplicado en diversos trabajos, el estudio de las colonias de
EPC no atrajo menos atencion. Las colonias de EPC in vitro se componen de un nucleo de
células redondeadas desde el que irradian células ahusadas hacia la periferia (Hill et al,
2003) (Figura 7). Dos grupos independientes (Neumuller et a/ 2006;Yoder et al, 2007)
concluyeron que las colonias de EPC estaban compuestas por células funcional y
fenotipicamente diferentes a células endoteliales maduras, que expresaban diferentes
marcadores leucocitarios. Un estudio posterior (Medina et a/, 2010) concluyd que tanto el
perfil de expresion global como el proteoma de las colonias de EPC era diferente al de
células endoteliales, estando caracterizando el de las primeras por la expresiéon de genes

relacionados con inmunidad, inflamacién y hematopoyesis.

La caracterizacion fina de las colonias de EPC por el grupo de Hur y colaboradores
(Hur et al, 2007) permiti6é concluir que el nicleo central de las colonias estaba formado por
células T (CD3+) que expresaban el marcador CD31. La presencia de estas células dobles
positivas era imprescindible para la formaciéon de colonias de EPC in vitro. Ademas, se
observé que estas células expresaban el marcador CXCR4, de gran relevancia en la respuesta
frente a hipoxia, y ademas producian niveles de VEGF, IL-8 e IL-17, asi como de MMP-9,

significativamente superiores a los hallados en la subpoblacion CD3+CD31-. A nivel
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funcional, estas células eran capaces de incorporarse a capilares in vitro, promoviendo asi la
formacidn de éstos. Asimismo, estas células participaban en la formacién de nuevos vasos in
vivo y permitian la restauracion del flujo sanguineo en un modelo murino de isquemia. En
base a estos hallazgos, los autores acufiaron el término de células T angiogénicas (Tang)
(Hur et al, 2007) para referirse a esta poblacion, que parece ser un mediador indispensable
para los procesos de reparacién endotelial dirigidos por las EPC, aunque su papel reparador
puede ir mas alla dadas sus capacidades para integrarse en los capilares en formacién y para

la produccién de los mediadores proangiogénicos VEGF e IL-8.

Figura 7 | Microfotografias de las colonias formadas por EPC. Se observa la arquitectura de las colonias de EPC, formadas por
un nucleo central de células redondeadas con un halo exterior de células ahusadas que irradian hacia la periferia. Imagenes de
microscopia Optica de contraste de fases tomadas de (Hill et al, 2003;Hur et al, 2007;Yoder et al, 2007).

La caracterizaciéon de las células Tang podria tener un gran impacto en el terreno
clinico, no sélo por ser potenciales biomarcadores de riesgo CV, sino también por su
presumible papel como diana terapéutica. Sin embargo, el estudio de las células Tang en

pacientes con enfermedad CV s6lo ha sido abordado en un trabajo reciente.

Rouhl y colaboradores analizaron la frecuencia de células Tang, asi como de EPC, en
un pequeio grupo de pacientes con enfermedad cerebral de pequefio vaso, cuya patogénesis
esta ligada a un proceso de disfuncién endotelial a nivel de la barrera hemato-encefalica
(Farrall & Wardlaw, 2009). Estos autores concluyeron que tanto las células Tang como las
EPC estaban disminuidas en sangre periférica en estos pacientes en comparaciéon con
pacientes hipertensos sin dicha complicaciéon cerebral (Rouhl et aj 2012). Ademas, la

disminucién de células Tang no parecia estar influida por factores como género, edad o
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presidon arterial, sugiriendo asi un papel de las células Tang como marcadores

independientes de enfermedad vascular.

Los resultados publicados por Rouhl y colaboradores suponen la prueba de concepto
que permite relacionar las células Tang con la patologia cardiovascular en humanos,
sustentada sobre los mecanismos identificados en el articulo de Hur y colaboradores sobre

la participacién de éstas en los procesos de formacién y reparacion de vasos.

1.3.3. Microparticulas

El término microparticula (MP) hace referencia a pequefias vesiculas membranosas
que se originan por procesos de evaginacion de la membrana plasmatica y que son liberadas
hacia el exterior. Las MP tienen un didmetro entre 0,1 y 1 micras y contienen tanto una
porcién del citosol como de la membrana plasmatica de la célula a partir de la cual se

originan (Burger et aj, 2013;Hugel et a/, 2005) (Figura 8).
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Figura 8 | Estructura general de una microparticula. Las MP contienen diferentes componentes citoplasmaticos y proteinas
extracelulares procedentes de la célula a partir de la cual se originan. Estos componentes son los responsables de su funcién como
mediadores de la comunicacion intercelular. Modificado de (Hugel et al, 2005).
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A pesar de que durante mucho tiempo fueron consideradas como desechos
celulares, originadas por tanto de forma pasiva ante estimulos de dafio celular, actualmente
se acepta que las MP pueden ser generadas no so6lo en respuesta a dafio sino también de una
forma activa, y que poseen una importante funcién como mediadores de la comunicacion
intercelular por su capacidad para transportar enzimas y otras proteinas de sefializacion,
fragmentos de ARN y ADN, asi como moléculas de miARN (Beyer & Pisetsky, 2010;Burger et
al, 2013). Concretamente, se ha descrito que las MP pueden tener un papel en procesos
como la expresidn de citocinas y quimiocinas o de moléculas de adhesién y migracién, la
modulacién de receptores celulares, la activacion de diferentes vias de sefializacion asi
como de la cascada de la coagulacion o de respuesta al estrés oxidativo, entre otros (Beyer &
Pisetsky, 2010;Burger et al/ 2013). En lineas generales, que las MP desencadenen
mecanismos homeostaticos o deletéreos sobre otras poblaciones diana dependera tanto de
su contenido interno, que serd consecuencia de los estimulos que hayan llevado a su

formacién, como del nimero de MP generadas (Hugel et a/, 2005).

Las MP, también denominadas microvesiculas por algunos autores, son diferentes de
otras vesiculas extracelulares, como los exosomas o los cuerpos apoptéticos (Figura 9). Los
exosomas presentan un didmetro menor (40 - 100 nm) y se forman via cuerpos
multivesiculares; mientras que los cuerpos apoptéticos son notablemente mayores (1 - 4
micras), pueden contener organulos y material nuclear, y su membrana siempre contiene
residuos de fosfatidilserina, ademas de presentar otras alteraciones en su topologia como

consecuencia de su origen apoptotico (Burger et al, 2013).
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Figura 9 | Imagen comparativa de la formacion de exosomas, cuerpos apoptéticos y microparticulas. En la imagen se ponen
de manifiesto las diferencias en origen, tamafio y composicion de estos tres tipos de vesiculas celulares. Tomado de (Burger et al,
2013).
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La formacién de las MP tiene lugar mediante una evaginacién de la membrana
plasmatica hacia el exterior, mediado por una reorganizaciéon del citoesqueleto local.
Recientemente se ha observado que la formacién de MP tiene lugar, de forma preferente, en
microdominios especializados de la membrana plasmatica, como las regiones ricas en balsas
lipidicas (/ipid rafts) o las caveolas (Morel et a/, 2011). Si bien los mecanismos estructurales
que orquestan la formacion de MP parecen ser similares en todos los tipos celulares, los
estimulos que desencadenan este proceso no lo son tanto, observindose una marcada

heterogeneidad segun el tipo celular estudiado (Burger et a/, 2013) (Figura 10).

s o |
| TRAP =
E Shiga phytohemagglutinin e High
Shi / Toxins 5
oS Toxin E Angll || Glucese
> PMA o= |
EPO - - . staurosporin | =—— . A23187 FMLP ANCA CRP ROS
IL-B l Thrombin I otoposido ] atoposide rm——y Thromkin
r = el = PMA i TNFa ”
LTN_a Lps | | scb40l TNFa | [ Actinomycin D TNFe Fas Ligand - Infection es | | i1a fPA!‘l
L N ) A A\ 7 \ % / . il
~ ~ ~ v ~-

YT T
& - = 2 il
.l.. l l l l..

@
e® e e® o
Platelet T-cell Monocyte Neutraphil Endothelial
MPs MPs MPs MPs Cell MPs

Figura 10 | Estimulos que desencadenan la liberacion de MP en diferentes tipos celulares. La liberacién de MP es un proceso
activo que depende de la biologia de cada poblacion celular, si bien existen algunos estimulos que desencadenan la liberacion de
MP en la mayor parte de los tipos celulares analizados. Tomado de (Burger et al, 2013).

Las MP pueden generarse a partir de cualquier tipo celular. Si bien las primeras MP
observadas fueron las derivadas de plaquetas, se ha descrito la formacién de MP a partir de
células endoteliales, eritrocitos, células musculares, células T, monocitos, neutréfilos o
fibroblastos (Anfossi et a/ 2010;Barteneva et al, 2013;Burger et al, 2013). Debido a su
proceso de formacion, las MP expresan en su membrana plasmatica aquellos marcadores
que estaban presentes en la célula a partir de la que se originaron, lo cual permite su
identificacion mediante el uso de anticuerpos utilizando de diferentes técnicas (Lacroix et

al, 2010) (Tabla 5).
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Tabla 5: Marcadores extracelulares cominmente empleados para la identificaciéon de MP

Poblacién celular de origen Marcadores
Plaquetas CD41,CD42
Células endoteliales CD146,CD144, CD31, CD62E
Leucocitos CD45
Células T CD3

Células B CD19,CD20
Monocitos CD14
Granulocitos CD66b
Eritrocitos CD235

La formacién de MP tiene lugar en condiciones fisiologicas, si bien ésta se
incrementa notablemente en condiciones de activacién, dafio o muerte celular (Beyer &
Pisetsky, 2010;Burger et al, 2013). Por tanto, la cuantificacion de MP a partir de una
muestra biol6gica nos permite conocer qué procesos estan activos en ese momento y en qué
grado. De este modo, las MP son unos interesantes biomarcadores que cuentan con

importantes ventajas (Tabla 6)

Tabla 6: Ventajas de las MP como biomarcadores

Obtencidén por procedimientos no invasivos

Informacién de 6rganos/tejidos no accesibles (endotelio, musculo liso, ...)
Informacién de poblaciones minoritarias

Informacion simultanea y completa de procesos complejos en los que
intervienen diferentes poblaciones celulares

En términos generales, a la vista de las poblaciones celulares principalmente
implicadas y los estimulos que conducen a la liberacién de MP, los niveles de MP en plasma
sanguineo se asocian con patologias que implican dafio endotelial en diferente grado
(Anfossi et al, 2010;Barteneva et al, 2013;Beyer & Pisetsky, 2010;Burger et al, 2013). Asi, se
han encontrado niveles elevados de MP de diverso origen en pacientes de diabetes,
hipertension, algunos tipos de nefropatia, sindrome coronario agudo y enfermedad
coronaria, entre otros (Barteneva et al, 2013). Asimismo, la tensidn tangencial es un potente

inductor de la formaciéon de MP (Nomura et al, 2001).

A nivel funcional, se ha descrito que niveles elevados de MP de diferente origen se
asocian negativamente a la funcién endotelial in vivo (Essayagh et al, 2005;Pirro et al, 2008)
y positivamente al desarrollo de aterosclerosis subclinica (Bernard et aj 2009). Estudios

posteriores en modelos animales permitieron determinar que las MP derivadas de linfocitos
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T y células endoteliales son capaces de alterar la produccién de NO y de prostaciclinas
(Martin et al, 2004), explicando asf la disfuncién endotelial observada in vivo, y apoyando el
papel de las MP como agentes implicados en la comunicacion intercelular. Por otro lado,
existe cierta evidencia de que una elevacién de MP puede tener caracter pronostico en
enfermedad CV (Boulanger et al, 2006). Finalmente, cabe destacar que el tratamiento
farmacolégico con agentes cardioprotectores, como las estatinas, provoca un descenso en
los niveles plasmaticos de algunos tipos de MP (Suades et aj 2013). Estas evidencias
sugieren por tanto un papel relevante de las MP como potenciales biomarcadores de dafio

endotelial y riesgo CV.
MP y artritis reumatoide

Diversos trabajos han puesto de manifiesto la participaciéon de las MP en procesos
implicados en la patogenia de las enfermedades autoinmunes, como la modulacién de las
respuestas inflamatorias, la activacién endotelial, la activacion de fibroblastos, la activacion
de la cascada de la coagulacion y la formacidn y presentaciéon de inmunocomplejos (Beyer &

Pisetsky, 2010), aunque los resultados son relativamente heterogéneos y poco concluyentes.

Se ha observado que, ademas de estar incrementadas en niimero, las MP derivadas
de pacientes de AR son capaces de activar el sistema del complemento, la cascada de la
coagulacion, la produccién de quimiocinas y moléculas de adhesidn, la activacion de células
B, asi como la liberacion de metaloproteasas de matriz (Pisetsky et aj 2012;Berckmans et aj
2005). Ademds, las MP procedentes de pacientes de AR contienen moléculas de
inmunoglobulinas de isotipos G y M, que se cree pueden jugar un papel en la formacién de

inmunocomplejos y la presentacion de autoantigenos (Pisetsky et al, 2012;Ullal et aj, 2010).

Por otra parte, las MP también se encuentran presentes en el liquido sinovial
(Berckmans et al, 2002), lo cual, teniendo en cuenta los procesos en los que se han visto
implicadas, sugiere que pueden jugar un papel en la amplificaciéon de las respuestas

inflamatorias a nivel local.

Las enfermedades autoinmunes sistémicas constituyen un interesante modelo de
estudio para las MP, puesto que no sélo presentan una activaciéon inmunitaria, como
consecuencia de las reacciones autoinmunes, sino que también presentan un estado de
activacion endotelial como consecuencia de la exposicion acumulada a moléculas
proinflamatorias y otros mediadores. De este modo, ademds de desencadenar o promover
mecanismos patogénicos en relacién al contexto autoinmune, la formacién de MP en AR

podria contribuir al dafio y disfuncién endotelial.
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1.3.4. Interferones de tipo |

Debido a que la inflamacién crénica y la disregulacién inmunitaria juegan un papel
en el desarrollo y progreso de la aterosclerosis en la patologia autoinmune (Sattar et aj,
2003), resulta evidente que los mediadores de las respuestas autoinmunes puedan inducir o
promover mecanismos de dafio o alterar los mecanismos de reparaciéon endotelial. Asi,

resulta interesante el caso de los interferones (IFN) de tipo .

Los IFN de tipo I, y concretamente el I[FNo, son unas citocinas producidas como
respuesta a una infeccién de tipo virico por parte de células dendriticas, mayoritariamente
células dendriticas plasmacitoides, si bien un buen ntimero de tipos celulares son capaces de
producir IFN de tipo I (Siegal et aj 1999). La producciéon de IFN de tipo I permite inhibir la
replicacién viral, constituyendo asi uno de los principales mecanismos antivirales del
sistema inmunitario (Ivashkiv & Donlin, 2014). Los IFN de tipo I, tras ser reconocidos por su
receptor especifico, inducen la expresion coordinada de un conjunto de genes denominados
genes de respuesta a IFN (/nterferon-responding genes, IRF) que son los responsables,
entre otras funciones, de la actividad antiviral de estas citocinas (Ivashkiv & Donlin, 2014).
La expresion conjunta de estos genes se ha denominado “firma de IFN de tipo I” (Ronnblom,
2011;Ronnblom & Eloranta, 2013), siendo éste un concepto ampliamente referido en la
literatura debido a los problemas que presenta la cuantificacién directa de los niveles de

IFNao.

Ademas, estas citocinas son capaces de llevar a cabo un buen niimero de acciones
activadoras de la respuesta inmunitaria, como el incremento de la expresién de moléculas
de MHC-I y MHC-II, moléculas coestimuladoras, activacién de células NK, expresion de
quimiocinas y sus receptores, asi como la estimulacion de la diferenciacion de células B, la
produccién de anticuerpos y el cambio de clase de inmunoglobulinas. Ademas, la produccién
de estas citocinas se asocia a una polarizacién de la respuesta inmunitaria hacia un fenotipo

Th1 (Ivashkiv & Donlin, 2014;Kalliolias & Ivashkiv, 2010).

Dadas sus funciones, los IFN de tipo I pueden ser claves en la iniciacién y promocion
de reacciones de tipo autoinmune, por lo que han sido objeto de estudio en estas patologias
desde hace mas de 50 afios. Es interesante destacar que se ha observado una produccion
aberrante de IFN de tipo I en diferentes patologias autoinmunes sistémicas, lo cual ha
llevado a acufiar el término de “Interferonopatias de tipo I” para hacer referencia

colectivamente a estas enfermedades (Crow, 2011;Ronnblom, 2013).
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Las evidencias mas consistentes de la participacion del IFNa en la patogénesis de las
enfermedades autoinmunes provienen de los estudios en LES, donde los niveles séricos
tanto en pacientes (Preble et aj 1982;Willis et a/, 2012) como en modelos animales estan
incrementados respecto a la poblaciéon sana. Del mismo modo, se ha encontrado una
expresion mas marcada de genes de respuesta a IFN, esto es, de la firma del IFN, en relacion
con algunos parametros clinicos de severidad (Baechler et al 2003;Bengtsson et al,
2000;Higgs et al, 2011). Por todo ello, la neutralizaciéon del IFNa podria proporcionar un
beneficio clinico a estos pacientes, y actualmente existen fArmacos en ensayos clinicos con

este objetivo (McBride et al, 2012;Merrill et aj, 2011;Yao et al, 2009;Yao et al, 2010).

Ademas de su contribucion a los mecanismos patogénicos de la enfermedad, existen
evidencias recientes de que el IFNa podria ademas tener un papel en el dafio endotelial en
esta patologia. Estudios con modelos animales de lupus (Thacker et a/, 2010b) asi como con
pacientes (Lee et al, 2007) sugirieron una relacién entre el dafio endotelial y los niveles de
expresion de diferentes genes relacionados con la firma del IFN (Denny et a/ 2007).
Curiosamente, el dafio y la disfuncién endotelial asociados al IFNa en el contexto del LES,
tienen como nexo de unién una alteracién a nivel de las EPC. Se ha descrito que el IFNa
altera los procesos de proliferacion, migracién y funcionalidad de las EPC in vitroy ex vivo
(Thacker et al 2010a). Ademas, el IFNa puede reducir la produccién de factores
proangiogénicos in vitro, promoviendo un fenotipo disfuncional o “no angiogénico” de las
EPC (Denny et al, 2007;Thacker et al, 2010a). Por otro lado, la neutralizaciéon del IFNa
restaura el fenotipo y la funcionalidad de las EPC aisladas de pacientes de LES (Denny et a/,

2007), avalando el papel patogénico de esta citocina en el dafio endotelial en LES.

Estudios posteriores con modelos animales de lupus, permitieron caracterizar otros
mecanismos por los cuales el IFNa puede promover el desarrollo de aterosclerosis en LES
(Kaplan & Salmon, 2011). Por ultimo, Somers y colaboradores observaron que la expresiéon
de genes relacionados con la firma del IFN se asociaba con la presencia de disfuncion
endotelial y aterosclerosis subclinica en pacientes de LES tras ajustar para factores clasicos
(Somers et al, 2012), confirmando asi a nivel clinico la importancia de este mediador en la

enfermedad CV en pacientes de LES.

A diferencia del LES, el papel del IFNa en la AR ha sido menos estudiado (Tabla 7).
Sin embargo, existen indicios de que éste pueda tener un papel en la patogénesis de la
enfermedad. Por un lado, la expresion incrementada de genes de respuesta a IFN en
pacientes de LES se ha visto que se asocia a determinados polimorfismos genéticos que

estan asociados con la susceptibilidad a la enfermedad (Feng et a/ 2010;Remmers et aj,
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2007;Sigurdsson et al, 2008) y que también se ha determinado que confieren

susceptibilidad a AR (Kim et al, 2013;Lee et al, 2013;Remmers et al, 2007;Sigurdsson et aj,

2007). Por otro lado, se ha observado la presencia de firma del IFN en pacientes de AR, tanto

en sangre periférica (Bokarewa et aj, 2008) como en tejidos locales (Higgs et a/ 2011), si

bien en este caso, sélo una fraccion de los pacientes muestran esta caracteristica, a

diferencia del LES, donde esta presente en la practica totalidad.

Tabla 7: Comparacion de la evidencia actual del papel del IFNa en LES y AR

Asociacidn de genes relacionados con
la firma del IFN con la susceptibilidad
a la enfermedad

Aparicién de sintomas o
autoanticuerpos caracteristicos de la
enfermedad tras la administracion de

[FNa

Induccion de la enfermedad en
modelos animales por IFNa

Presencia de firma del IFN en sangre
periférica en pacientes (% pacientes)

Niveles séricos de IFNa
incrementados

Asociacién con parametros clinicos e
inmunolégicos

IFNa como diana terapéutica
(farmacos en disefio o ensayos
clinicos)

LES AR
Y
(Cunninghame Graham et aj, Va4

2007;Cunninghame Graham
etal, 2008;Feng et al,
2010;Remmers et al,

2007;Sigurdsson et al, 2008)

a4

(;loannou & Isenberg,
2000;Niewold & Swedler,
2005)

v
(Mathian et al/, 2005)

v 7V (90%)
(Baechler et aj,
2003;Bengtsson etal,
2000;Higgs etal, 2011)

a4
(Preble et al, 1982;Willis et al,
2012)
a4
(Baechler etal, 2003;Bauer et
al, 2006;Bengtsson et al,
2000) (Baechler etal 2004)
v
(McBride et al, 2012;Merrill et
al,2011;Yao et al, 2009;Yao et
al, 2010)

(Kim et al, 2013;Lee etal,
2013;Remmers et al,
2007;Sigurdsson et al, 2007)

v

(Cacopardo et al,
2013;lonescu et al,
2008;Johnson et aj,

1999;Kotter et al,

1999;Nesher & Ruchlemer,
1998)

v
(Magnusson et al, 2006)
v (25-65%)
(Higgs et al, 2011;van der
Pouw Kraan TC et aj,
2007;van der Pouw Kraan TC
etal, 2008)

v
(Bokarewa et a/, 2008)

v
(Bokarewa et al, 2008;van der
Pouw Kraan TC et a/, 2008)

X

En linea con lo anterior, no existen evidencias en la literatura actual de una

implicacion del IFNa en el dafio endotelial en pacientes de AR. Sin embargo, el hecho de que

las EPC se encuentren presumiblemente alteradas en numero y funcién en esta patologia

como se ha comentado, de forma, en cierto modo similar, a lo reportado en LES, podria

implicar igualmente a esta citocina en el dafio endotelial en RA.
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1.3.5. Autoanticuerpos

Habida cuenta del papel de la disregulacién inmunitaria en la iniciacién y progreso
de la enfermedad CV en las patologias reumaticas (Bartoloni et aj 2011), y de la etiologia
inflamatoria de la aterosclerosis (Ross, 1999) cabe pensar en un papel de la respuesta
humoral en este contexto. Asi, el estudio de este fendmeno ha conducido en los ultimos afios
a sugerir que algunos autoanticuerpos puedan jugar un papel esencial en el dafio endotelial

y el desarrollo de enfermedades CV (Carbone et aj 2013).

En AR, la primera evidencia que permiti6 relacionar la presencia de autoanticuerpos
con el riesgo CV, provenia de estudios epidemiologicos que relacionaron la positividad para
FR (Tomasson et al, 2010) o anti-CCP (Lopez-Longo et a/, 2009) con una mayor tasa de
eventos CV, asi como a una mayor fatalidad de los mismos (Arnab et a/, 2013;Liang et al,
2009). Sin embargo, no se ha reportado en la literatura ningiin mecanismo directo mediante
el cual estos autoanticuerpos puedan jugar un papel en el desarrollo de estas
complicaciones, por lo que la hipdtesis mas plausible es que la positividad para estos
autoanticuerpos refleje una mayor actividad o severidad de la enfermedad (van der Helm-
van Mil AH et a/, 2005), y con ello una mayor carga inflamatoria. De hecho, estudios mas
recientes parecen no confirmar los resultados anteriores (Arts et al, 2015a;Arts et al,
2015b), lo cual podria ser debido a que las mejoras en el abordaje terapéutico de esta
patologia se hayan traducido en un curso mas benigno y, por tanto, en una carga

inflamatoria de menor orden.

Por otro lado, se ha observado la presencia de otros autoanticuerpos en pacientes de
AR que si pueden estar implicados de una forma mas directa en el desarrollo y progresion

del dafio endotelial (Figura 11).
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Disregulacion inmunitaria
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Figura 11 | Mecanismos de accion que relacionan la presencia de autoanticuerpos con el desarrollo de enfermedad CV. Se
resumen diferentes mecanismos que pueden ser llevados a cabo por diversos grupos de autoanticuerpos.

Un ejemplo clasico de autoanticuerpo asociado a complicaciones de tipo CV son los
anticuerpos anti-fosfolipidos, que incluyen anticuerpos anti-cardiolipina (ACL),
anticoagulante ldpico (AL) y anti-B2glicoproteina I (anti-B2GPI). Estos autoanticuerpos
pueden provocar un estado de hipercoagulabilidad caracterizado por la aparicion de
trombosis espontdneas, y ademdas pueden desencadenar dafio y activacion endotelial de
forma directa (Frostegard, 2005). Se ha descrito la presencia de ACL y anti-B2GPI en
pacientes de AR en un tercio de los pacientes, aproximadamente (Gladd & Olech, 2009;0lech
& Merrill, 2006). La presencia de estos autoanticuerpos se asocia a niveles elevados de
homocisteina (Seriolo et a/, 2001), lo cual esta en linea con su asociaciéon con marcadores de
aterosclerosis (Sherer et al 2007). No obstante, su contribucion como factores

independientes no se ha confirmado en estudios posteriores (Holc et aj, 2011).

Otro tipo de autoanticuerpos relevantes en este escenario son los anticuerpos anti-
células endoteliales (anti-CE). Estos anticuerpos son caracteristicos de vasculitis, aunque se
han descrito en pacientes de AR con vasculitis secundaria en el 60% de los casos y en un

20% de pacientes de AR sin manifestaciones de vasculitis (Heurkens et a/ 1989;Westphal et
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al, 1994). Los autoanticuerpos anti-CE reconocen antigenos presentes en la membrana de
las células endoteliales y producen su activaciéon o bien su muerte por apoptosis (Belizna et
al, 2006;Domiciano et al, 2009). El antigeno exacto reconocido por los anti-CE es aun una
incognita, debido a la diversidad de métodos que se emplean para su deteccidon. No obstante,
parece ser que no se trata de un solo antigeno, sino que estos anticuerpos podrian reconocer
multiples antigenos e incluso que éstos fueran especificos de cada patologia (Praprotnik et

al, 2001).

Mas recientemente, el estudio de autoanticuerpos dirigidos hacia antigenos
presentes en las lipoproteinas circulantes ha cobrado cierta relevancia. Las lipoproteinas de
alta densidad (High Density Lipoproteins, HDL) desempefian funciones ateroprotectivas que
van mas alla de su papel en el transporte reverso del colesterol, puesto que protegen a las
lipoproteinas LDL de la oxidacién mediante la accion del enzima paraoxonasa, reducen la
expresion de marcadores de activacion endotelial en células endoteliales y son capaces de
inhibir la produccion de citocinas proinflamatorias (Calabresi et aj 2003;Hyka et aj, 2001),
por lo que constituyen una importante defensa frente al dafio endotelial y sus
consecuencias. Los niveles de HDL estan relacionados con la dieta y el estilo de vida en la
poblacién general, aunque evidencias recientes parecen indicar que sus niveles, y mas
particularmente su funcidn, pueden estar alterados en enfermedades sistémicas, aunque los
mecanismos exactos no parecen del todo claros en la actualidad (Choy & Sattar,

2009;Robertson et al 2013).

En el afio 2002, Delgado y colaboradores observaron que la actividad paraoxonasa
en suero estaba reducida en pacientes de LES y que existia una correlacion negativa entre la
actividad de este enzima y la presencia de anticuerpos anti-HDL de isotipo IgG (Delgado et
al, 2002). Ademas, estos autoanticuerpos estaban incrementados en pacientes de LES en
comparaciéon con controles sanos y pacientes con sindrome antifosfolipido primario. Un
estudio posterior analiz6 simultdneamente la presencia de autoanticuerpos anti-HDL asi
como anti-Apolipoproteina A-1, que constituye el principal componente proteico de
aquéllas. A pesar de que los resultados estaban de acuerdo con lo esperado, observandose
que ambos autoanticuerpos se asociaban con marcadores de estrés oxidativo e inflamacion,
asi como la actividad de la enfermedad, llama la atencidén que la correlaciéon entre ambos
autoanticuerpos (r=0,640) no era tan alta como cabria esperar (Batuca et a/, 2009). Un
articulo posterior confirmé estos hallazgos, observandose en este caso una concordancia del
62% entre ambos autoanticuerpos (O'Neill et a/ 2010). Asimismo, la presencia de niveles

elevados de estos autoanticuerpos se asociaba a enfermedad mas severa, si bien no se

50



INTRODUCCION

encontro una asociacion con la presencia de enfermedad CV en estos pacientes (Croca et aj,

2015).

En el caso de la AR, se habia descrito que los niveles elevados de autoanticuerpos
anti-Apo A-1 de isotipo IgG se asociaban de forma independiente al desarrollo de eventos CV
en el curso de la enfermedad (Vuilleumier et a/, 2010a). Asimismo, se encontré que los
niveles de estos anticuerpos se asociaban a niveles de IL-8 y de metaloproteasa de matriz 9
en suero, los cuales podrian explicar el efecto patogénico de estos autoanticuerpos. Es
interesante destacar que, tanto en pacientes de AR como en pacientes con historia de infarto
de miocardio, los autoanticuerpos anti-Apo A-1 resultaron los mejores predictores de entre

todos los estudiados (Keller et al, 2012;Vuilleumier et aj, 2010a;Vuilleumier et al, 2010b).

Sin embargo, no se tienen evidencias en la literatura actual acerca de los
autoanticuerpos anti-HDL de isotipo IgG en pacientes de AR, pese a que se ha sugerido que
los niveles circulantes de HDL en estos pacientes se encuentran alterados en el curso de la
enfermedad, asi como en respuesta a algunos tratamientos farmacolégicos (Choy & Sattar,
2009;Robertson et al 2013). De hecho, la alteraciéon de los niveles séricos de las
lipoproteinas en pacientes de AR en asociacién a la actividad de la enfermedad ha llevado a
algunos autores a proponer el término “/ipid paradox”, para hacer referencia a la situaciéon
caracterizada por bajos niveles de lipoproteinas circulantes asociados a un contexto de
elevado riesgo CV (Myasoedova & Gabriel, 2010), como es la AR. El estudio de este
fenomeno ha sido abordado por diferentes autores, con resultados discordantes acerca de
su origen y grado (Choy & Sattar, 2009;Gonzalez-Gay & Gonzalez-Juanatey, 2014;Robertson
et al,2013). Asimismo, no se conoce el impacto que este perfil lipidico pueda tener sobre los

niveles de citocinas proinflamatorias en pacientes de AR.

51












OBJETIVOS

2. Objetivos

Existen evidencias claras de la contribucién de la inflamacién crénica y la
disregulacién inmunitaria al riesgo cardiovascular en AR, aunque los mediadores exactos
que subyacen a este fendmeno, no estan claros. Teniendo en cuenta los antecedentes
previamente mencionados, el objetivo general de la presente Tesis Doctoral es el estudio de

nuevos biomarcadores de dafio endotelial y riesgo cardiovascular en pacientes de AR.

Para ello, se plantearon los siguientes objetivos concretos:

1. Identificar biomarcadores de dafio vascular en AR analizando diferentes
mediadores celulares y moleculares asociados con dafio o reparacion
endotelial (EPC, subpoblaciones linfocitarias, microparticulas circulantes

citocinas).

2. Determinar posibles biomarcadores prondsticos de riesgo CV que puedan

ser facilmente implementables en la practica clinica.

3. Investigar el efecto de la terapia con bloqueantes del TNFa sobre los

biomarcadores anteriores.
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3. Resultados

Capitulo I: Estudio del IFNa como biomarcador de dafio endotelial

Se ha descrito que el IFNa puede ser un factor determinante en el dafio endotelial y
el riesgo CV en LES, siendo una alteracién en el nimero y funcién de las EPC uno de los
mecanismos responsables. Sin embargo, no existian evidencias que avalaran este hecho en
AR al inicio de esta Tesis Doctoral. Curiosamente, en los ultimos afios, la hipo6tesis del [FNa
como un mediador patogénico en AR habia empezado a tomar fuerza. Asimismo, si bien
algunos autores apuntaban a una alteracién en el nimero y funcién de las EPC en AR, el
origen de este proceso no estaba claro. Dada la posible implicacién del IFNa en diferentes
enfermedades autoinmunes sistémicas, cabe pensar que la alteracion de las EPC mediada
por el IFNa pueda ser un mecanismo compartido entre diferentes patologias, y no especifico

del LES.

En un primer estudio, abordamos un andlisis comparativo de las distintas
poblaciones celulares relacionadas con las EPC en controles sanos y pacientes de LES y ARy
analizamos su relacién con parametros clinicos, inmunoldgicos y niveles de citocinas
séricas, con el fin de obtener una idea general de la alteracién de las EPC en ambas
patologias y analizar sus similitudes y diferencias. A la vista de los resultados, analizamos en
profundidad el papel de los niveles séricos de IFNa en relacidn a las poblaciones de EPC,
parametros clinicos, citocinas circulantes y factores clasicos de riesgo CV en una muestra
mayor de pacientes de AR. Por ultimo, llevamos a cabo una revision bibliografica que
permitid definir los diferentes mecanismos que relacionan al IFN« con la patogenia de la AR,
con especial énfasis en su posible papel en el dafio vascular, asi como en su potencial uso
como biomarcador para el manejo clinico de esta patologia, de una forma integradora

partiendo de la evidencia cientifica actual.

Los resultados obtenidos en este capitulo han dado lugar a las siguientes

publicaciones cientificas:

Articulo 1: Rodriguez-Carrio |, Prado C, de Paz B, Lépez P, Gomez ], Alperi-Lopez M, Ballina-
Garcia FJ], Suarez A (2012); Circulating endothelial cells and their progenitors in Systemic
Lupus Erythematosus and early Rheumatoid Arthritis patients; Rheumatology (Oxford)
51(10):1775-84.
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Aportaciéon personal al trabajo: me incorporé a este proyecto tras mi llegada al
laboratorio, centrdndome inicialmente en la finalizacion del reclutamiento de
pacientes de LES y AR y la realizacion de los inmunoensayos. Asimismo, llevé a cabo
el andlisis, interpretacion y discusion de los resultados en colaboracion con el resto
de coautores. Por ultimo, trabajé en la redaccién del manuscrito y la confecciéon de

las figuras que lo acompafian bajo la supervision de la Dra. Ana Suarez Diaz.

Articulo 2: Rodriguez-Carrio ], de Paz B, Lopez P, Prado C, Alperi-Lépez M, Ballina-Garcia FJ,
Suarez A (2013); /FNa serum levels are associated with Endothelial Progenitor Cells

imbalance and disease features in Rheumatoid Arthritis patients; PLOS One 9(1):e86069.

Aportacion personal al trabajo: mi aportaciéon a este trabajo se centrd en la

realizacion de las determinaciones por citometria de flujo y los inmunoensayos, asf
como el analisis e interpretacion de los resultados. Finalmente, llevé a cabo la
preparacién del manuscrito y sus figuras bajo la supervision de la Dra. Ana Sudrez

Diaz.

Articulo 3: Rodriguez-Carrio ], Lopez P, Sudrez A (2014); Type I IFNs as biomarkers in
Rheumatoid Arthritis: towards personalized medicine and disease profiling; Clinical Science
128:449-464.

Aportaciéon personal al trabajo: en lo referente a este trabajo, llevé a cabo la

busqueda bibliografica, su posterior organizacién y la identificacién de las ideas
claves a destacar en el trabajo, en colaboracién con las coautoras del mismo.
Asimismo, llevé a cabo la redaccién del manuscrito y preparacion de sus figuras bajo

la supervision de la Dra. Ana Sudarez Diaz.
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Abstract

Objective. The aim of this study was to investigate the endothelial progenitor cell population in SLE and
early RA patients and its potential relationships with disease features and cytokine serum levels.

Methods. Endothelial progenitor cells (EPCs), mature EPCs (mEPCs) and endothelial cells (ECs) were
measured in peripheral blood samples from 83 SLE and 85 early RA patients and 39 healthy controls
by flow cytometry on the basis of CD34, VEGF receptor 2 and CD133 expression. Serum levels of IL-18,
IL-6, IL-8, IL-17, VEGF-A, IFN-o, TGF-f and GM-CSF were quantified by immunoassays. Clinical and
immunological data were obtained by reviewing clinical histories.

Results. Circulating EPCs were increased in SLE but not in early RA patients associated with an
enhanced CD34* bone marrow-progenitor cell release but unrelated to disease features. The amount of
mEPCs, however, was significantly higher in SLE patients presenting anti-SSA/SSB antibodies and/or
malar rash, whereas the presence of specific autoantibodies was associated with EC counts in early
RA and SLE patients. As expected, most cytokines tested were altered in both diseases but, interestingly,
IFN-o levels, and to a lesser extent IL-6 and IL-1B, were associated with CD133 loss and increased mEPC
number, whereas VEGF and TGF-3 seem to exert an opposite effect.

Conclusion. Our results show that high IFN-o levels and/or the presence of disease-specific antibodies
may identify a group of SLE patients with increased mEPC and EC counts, and consequently probably
defective endothelial repair, thus supporting their use as surrogate biomarkers of endothelial damage and
high cardiovascular risk.

Key words: systemic lupus erythematosus, rheumatoid arthritis, endothelial progenitor cells, vascular damage,
autoantibodies, interferon-o..

Introduction
in patients with SLE and RA cannot be fully accounted for by

Several studies have demonstrated that most autoimmune traditional Framingham risk factors [1], and it has been
patients have an increased cardiovascular risk, leading to proposed that systemic inflammation and immune-
high cardiovascular morbidity and mortality rates. However, mediated disease-related mechanisms could play a pivotal

the accelerated development of atherosclerosis observed
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role in the increased cardiovascular risk [2], probably
through adhesion molecules and pro-inflammatory cytokine
overexpression [3]. New cardiovascular damage bio-
markers are needed to improve the cardiovascular health
of autoimmune patients.

Vascular endothelial injury, increased in autoinflamma-
tory conditions, is the primary event in atherosclerosis and
its regeneration involves endothelial progenitor cell (EPC)
mobilization from the bone marrow and their recruitment
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into damaged tissue. EPCs are a heterogeneous popula-
tion whose physiological role is to carry out vasculogen-
esis and vascular repair [4]. EPCs express endothelial
[VEGF receptor-2 (VEGFR2)] and haematopoietic (CD34
and CD133) cell markers. Nevertheless, there is no
consensus on the precise definition of EPC. During differ-
entiation to mature EPCs (mEPCs), CD133 expression is
lost and begins to express vascular endothelial (VE)-
cadherin and von Willebrand factor [5]. Because of their
potential role in vascular repair, the amount of circulating
EPCs is considered a surrogate marker for vascular dys-
function and cardiovascular risk, and thus a promising tool
in cell therapy for cardiovascular diseases, especially in
connective tissue diseases [6].

Variations in the level of circulating EPCs were reported
in different conditions affecting the vascular system.
Several reports have shown that reduced levels or
impaired EPC function correlated inversely with cardio-
vascular risk factors and cardiovascular outcomes [7, 8].
In the field of autoimmune diseases, contradictory results
have been reported. Indeed, some studies suggested a
lower EPC number in both SLE [9-13] and RA [14, 15], but
conversely, others reported higher values [16, 17], no
differences [18] or impaired function [19, 20]. Lack of stan-
dardized procedures is probably the main source of
variability between studies [21].

Pro-angiogenic factors, such as VEGF, can mobilize
EPCs and may potentiate their recruitment to the site of
endothelial injury, whereas anti-angiogenic molecules
exert an opposite effect. In fact, several pro-inflammatory
and immunosupressor cytokines, including IL-1f, IL-6,
IL-8, IL-17A, TGF-B, GM-CSF and IFN-a, are involved in
EPC mobilization, survival, recruitment or function. Given
that most of them have been reported to be deregulated in
autoimmune patients, these alterations could be a rele-
vant immune-mediated mechanism involved in vascular
damage and EPC dysfunction. In addition, it has been
suggested that disease-specific autoantibodies also
affect endothelial cells (ECs), causing inflammatory vas-
cular damage and EC apoptosis [2, 22]. Because of the
contradictory results reported with regard to circulating
EPCs in autoimmune diseases, in this work we deter-
mined circulating ECs and their progenitors in SLE and
RA patients, and evaluated the potential associations
with disease features and serum levels of cytokines rele-
vant for these autoimmune disorders.

Materials and methods

Patients and controls

The study group consisted of 83 SLE patients selected
from the Asturian Register of Lupus [23], 85 patients
with early RA consecutively recruited from the Early
Arthritis Diagnosis outpatient clinic of the Hospital
Central de Asturias and 39 sex- and age-matched healthy
controls (HCs, 32 women and 7 men; mean age (s.n.) 42.6
(11.3)], all of whom were of Caucasian origin. The ACR
criteria were used for the diagnosis of RA and SLE.
Information on clinical and immunological manifestations

and therapies received was obtained by reviewing clinical
histories. SLEDAI and DAS-28 were used to evaluate
disease activity in SLE and RA patients. Informed consent
was obtained from all participants, and the study was
approved by the Regional Ethics Committee for Clinical
Investigation from Hospital Universitario Central de
Asturias (Oviedo), in compliance with the Declaration of
Helsinki. None of the patients or controls had a history
of coronary artery disease, myocardial infarction, cardiac
insufficiency, statin therapy, cancer, diabetes or smoking
habit.

EPC quantification

EPCs were analysed by FACS as described previously,
following European League Against Rheumatism (EULAR)
Scleroderma Trials and Research (EUSTAR) recommen-
dations on EPC measurement [24]. Briefly, 100 pl of per-
ipheral blood was pre-incubated with 10pul of FcR
blocking reagent (Miltenyi Biotech, Bergisch Gladbach,
Germany). Then the cells were incubated with
anti-VEGFR2-phycoerythrin (R&D Systems, Minneapolis,
MN, USA), anti-CD34-FITC (BD Pharmingen, San José,
CA, USA), and anti-CD133-allophycocyanin (Miltenyi
Biotech) or with isotype-matched antibodies (BD
Pharmingen). Labelled cells were analysed in a BD
FACSCanto Il flow cytometer with FACSDiva Software
acquiring at least 100000 events per sample. EPCs
were identified as triple-positive cells for CD34/VEGFR2/
CD133 in the lymphocyte gate. CD34*VEGFR2*CD133~
and CD34 VEGFR2"CD133~ were identified as mEPCs
and ECs, respectively. Cell counts were expressed as
the number of positive cells per 100000 events in the
lymphocyte gate.

Quantification of cytokine serum levels

Serum samples were stored at —80°C until cytokine
measurements. VEGF-Ags, IFN-o, GM-CSF, IL-18, IL-6,
IL-8 and IL-17A were quantified using a Cytometric
Bead Array Flex Set (BD Biosciences, San José, CA,
USA) and analysed in a BD FACS Canto Il flow cytometer
using FCAP Array software (BD Biosciences). For IL-10,
IL-6 and IL-17A, an Enhanced Sensitivity Flex Set was
used. The assay sensitivity was 4.0 pg/ml for VEGF-A+gs,
1.5 pg/ml for IFN-a, 0.2 pg/ml for GM-CSF, 48.4 fg/ml for
IL-1B, 68.4 fg/ml for IL-6, 1.2 pg/ml for IL-8 and 26.1 fg/ml
for IL-17A. TGF-B1 was quantified using an ELISA kit
(eBioscience, San Diego, CA, USA), according to the
manufacturer’s instructions, with 5ng/ml of detection
limit.

Statistical analyses

All data were analysed with SPSS software (v.15.0) (IBM,
Armonk, NY, USA). The Kolmogorov-Smirnov test was
used to evaluate normality. The Mann-Whitney U-test
was used to compare differences between groups, and
Spearman’s rank test was used to evaluate correlations.
Data were expressed as median (interquartile range)
unless stated otherwise. A P-value of <0.05 was con-
sidered statistically significant.
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Fic. 1 Quantification of EPC population by flow cytometry.
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(A) Gating strategy followed for determination of EPCs (CD34*VEGFR2*CD133*), mEPCs (CD34*VEGFR2*CD1337) and
ECs (CD34 VEGFR2*CD133") in patients and controls. Representative flow cytometry analysis based on the expression
of CD34, CD133 and VEGFR2 markers in an SLE patient. (B) Comparison of total CD34" progenitor cells, EPC, mEPC and
EC counts in HCs (open circles), SLE (open squares) and early RA (open triangles) present in peripheral blood. Cell counts
were expressed as number of positive cells per 10° events in the lymphocyte gate. Differences were evaluated by the

Mann-Whitney U-test.

Results

Circulating CD34*, EPC and EC populations in SLE
and RA patients

The presence of ECs and their progenitors in the per-
ipheral circulation of 39 HC, 83 SLE and 85 early RA
patients (23 recruited at diagnosis) was analysed by
flow cytometry following the gating strategy shown in
Fig. 1A. After selecting the lymphocyte population,
CD34" cells were gated and assessed for CD133 and
VEGFR2 expression. Triple-positive cells were con-
sidered EPCs and CD34*VEGFR2*CD133~ cells
mEPCs. On the other hand, VEGFR2* cells on the
lymphocyte gate were selected and those lacking
CD34 and CD133 expression were considered ECs de-
tached from the endothelial wall.

www.rheumatology.oxfordjournals.org

Tables 1 and 2 show demographic characteristics and
disease parameters of SLE and RA patients, respectively.
Total CD34" cells and levels of circulating EPCs, mEPCs
and ECs are shown in Fig. 1B. No statistical differences
between patients and HCs were detected in the CD34*
population; however, the SLE group tended to have an
increased proportion of these cells (P =0.062), being stat-
istically significant when compared with RA (P=0.002).
Interestingly, a trend to reduce the CD34" population
was observed in RA related to disease progression, as
patients at onset (n =23) had significantly higher amounts
than those recruited after diagnosis [674 (574)/10° vs 313
(725)/10°, P=0.020], despite the short duration of the dis-
ease [26 (23.75) months].

On the other hand, SLE patients exhibit higher EPC and
mEPC absolute counts than HCs, whereas no significant
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TasLe 1 Characteristics and disease parameters of SLE
patients

TaBLE 2 Characteristics and disease parameters of RA
patients

Total SLE patients 83

Sex (female/male), n 79/4

Age at diagnosis, mean (s.p.), years 35.7 (14.5)

Disease duration, mean (s.n.), years 12.3 (8.9)

Clinical features, n (%)
Malar rash 36 (43.4)
Discoid lesions 9 (10.8)
Photosensitivity 41 (49.4)
Oral ulcers 30 (36.1)
Arthritis 51 (61.4)
Serositis 12 (14.5)
Nephritis 24 (28.9)
Neurological disorders 6 (7.2)
Haematological disorders 48 (57.8)
SLEDAI, mean (s.n.) 4.02 (4.11)
Positivity of anti-dsDNA 51 (61.4)

Anti-dsDNA levels, mean (s.p.), U/ml  19.34 (30.69)

Positivity of anti-Sm 7 (8.4)
Positivity of anti-SSA 27 (32.5)
Positivity of anti-SSB 13 (15.7)
Positivity of anti-RNP 10 (12.0)

Treatment, n (%)
None or NSAIDs 15 (18.1)
Anti-malarials 54 (65.1)
Glucocorticoids 28 (33.7)
Immunosupressive drugs® 13 (15.7)

3AZA, CSA, MMS or CYC.

differences were detected in RA. However, both popula-
tions decreased after RA diagnosis [EPC 47.5 (42.9) vs
24.9 (35.3), P=0.020; mEPC 52.9 (65.9) vs 19.8 (25.2),
P=0.010]. Interestingly, CD34" cells exhibited a positive
correlation with EPC levels (SLE: r=0.487, P <0.001; RA:
r=0.573,P <0.001; HC: r=0.278, P=0.079), so there were
no significant differences in the percentage of circulating
EPCs out of CD34" cells between the patients and the con-
trols [SLE: 6.20 (10.40), RA: 6.31 (8.77); HC: 4.92 (7.02)].
However, the frequency of mEPCs out of CD34" cells was
slightly increased in SLE, being statistically significant when
compared with RA [SLE: 10.31 (14.24); RA: 6.49 (6.16); HC:
7.38 (13.57); SLE vs RA P <0.001]. Finally, SLE patients
exhibited significantly higher EC counts than HCs, whereas
no significant differences were detected in RA (Fig. 1B), al-
though, once again, patients at diagnosis presented
increased levels [1220 (1362) vs 444 (1293), P=0.002].

All these data suggest an enhanced bone marrow-
progenitor cell release, which include EPCs, in patients
with SLE, whereas these populations seem to be influenced
by disease duration in RA. Additionally, the noticeably
enhanced absolute levels of circulating mEPCs and ECs
in SLE support the existence of systemic vascular damage.

Autoantibody status was associated to mEPC
and EC levels

Next, we wanted to determine whether alterations in the
size of the CD34", EPC or EC population was associated

Total RA patients 85

Sex (female/male), n 74/11

Age at diagnosis, mean (s.p.), years 52.9 (15.1)

Disease duration, mean (s.n.), years 2.2 (1.7)

Clinical features, mean (s.n.).
Number of tender joints 5.29 (5.38)
Number of swollen joints 2.63 (3.42)
Patient global assessment (0-100) 33.21 (22.87)
DAS-28 3.83 (1.67)
HAQ 6.06 (5.53)
CRP, md/dl 0.43 (0.64)
ESR, mm/h 24.11 (20.49)
RF positivity, n (%) 41 (48.2)
Anti-CCP positivity, n (%) 43 (50.6)

Treatments, n (%)
None or NSAIDs 19 (22.4)
Glucocorticoids 36 (42.4)
MTX 51 (61.5)
LEF 15 (18.0)
TNF-o blockers 7 (8.4)

with a specific disease phenotype or treatment followed.
Regarding CD34" cells, no associations were detected
with clinical or immunological features, but SLE patient
users of anti-malarial treatment (alone or in combination)
presented higher levels compared with non-users [802
(975) vs 353 (124), P=0.018].

On the other hand, despite the increased EPC numbers
detected in SLE, they were unrelated to disease charac-
teristics or treatments. In early RA, a trend to increase this
population was observed in patients with glucocorticoids
(n=36, P=0.068) and TNF-« blockers (n=7, P=0.08).

An interesting association was observed in the case of
mEPCs in SLE because this population was higher in
anti-SSA/B-positive patients as well as in those present-
ing malar rash when compared with their negative coun-
terparts or with HCs (Fig. 2A). Moreover, we observed a
trend towards increased CD34" release but not EPC
number, indicating that bone marrow precursors could
be prematurely differentiated towards mEPCs. The ana-
lysis of early RA patients did not show any significant re-
lationship with the amount of mEPCs.

Study of the EC population supports their relevance as
a biomarker of endothelial damage (Fig. 2B). The amount
of circulating ECs was higher in anti-SSA/B-positive SLE
patients, and there was a trend in early RA patients with
anti-CCP antibodies (P=0.080). Looking at the effects of
pharmacological treatments, both SLE and early RA un-
treated patients showed the highest EC levels (Fig. 2C),
but no significant differences were detected between
treatments. Of note, the EC number exhibited a positive
correlation with disease activity in early RA (DAS-28:
r=0.259, P=0.040) and a clear trend with anti-DNA titre
in SLE (r=0.243, P=0.057) patients. Other autoantibodies
failed to display similar associations with the studied
populations.
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IFN-o levels were related to an increased mEPC
population

To evaluate the possible relationship between EPC popu-
lations and cytokines involved in neovascularization and
usually altered in autoinflammatory disorders, we quanti-
fied serum levels of VEGF-A4gs, IFN-o, TGF-p, IL-18, IL-6,
IL-8, IL-17 and GM-CSF in patients and controls at the
time of EPC determination (Fig. 3). IFN-o was undetect-
able in most HCs, and IL-17 was only detected in 5 HC, 15
SLE and 35 early RA samples.

Serum levels of VEGF were decreased in SLE but not in
early RA patients compared with HCs. Despite its vascu-
logenic potential, no association with EPC counts was
found in any disease condition. Similarly, TGF-B levels,
decreased in both diseases, did not associate with the
number of EPCs. In contrast, serum levels of both mol-
ecules were negatively correlated with mEPCs in early RA
patients (VEGF: r=-0.364, P=0.002; TGFpB: r=—-0.432,
P <0.001), thus suggesting a protective role. Curiously,
IL-17 levels, increased in early RA, were strongly

Fic. 2 Association between mEPC and EC populations and disease features.
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(A) CD34", mEPC and EPC levels in SLE patients presenting anti-SSA/B autoantibodies and malar rash. (B) EC levels in
SLE and early RA patients with or without disease-specific autoantibodies. (C) Circulating ECs in SLE and early RA
patients without treatment (n.t.) or after at least 3 months of treatment with glucocorticoids (GC), anti-malarials (AM), MTX
(MT), immunosuppressive drugs (IS), LEF (LF) or TNF-o blockers (T-B) alone or in combination. Differences were eval-
uated by the Mann-Whitney U-test. “P < 0.05, **P < 0.01, **P < 0.0001.
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Fic. 3 Cytokine serum levels in SLE and early RA patients.
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VEGF-A+gs, IFN-0, GM-CSF, IL-1B, IL-6, IL-8 and IL-17A serum levels were quantified using a Cytometric Bead Array Flex
Set. For IL-1B, IL-6 and IL-17A, an Enhanced Sensitivity Flex Set was used. TGF- serum levels were quantified using
ELISA techniques. Levels of the cytokines tested were compared between HCs (open circles) and patients with SLE
(open squares) and early RA (open triangles) by the Mann-Whitney U-test. *P < 0.05, **P < 0.001, ***P < 0.0001.

associated with VEGF in all individuals (HC: r=0.520,
P=0.005; SLE: r=0.561, P<0.001; RA: r=0.472,
P <0.001).

The most noticeable result was obtained by analysing
IFN-o., a cytokine playing a central role in SLE and strongly
up-regulated in these patients. However, early RA patients
also showed increased levels of IFN-a, which were asso-
ciated with disease activity (DAS-28: r=0.282, P=0.028).
Interestingly, as shown in Fig. 4A, serum levels of IFN-o
correlated positively with CD34* and mEPC populations in
both diseases, but not with EPC, suggesting a specific
role on mEPC premature differentiation. In fact, IFN-o in-
creases in parallel with the mEPC/EPC ratio in early RA
(r=0.234, P=0.048) and SLE (r=0.228, P=0.061), a bal-
ance indicative of vasculogenic EPC capability, suggest-
ing the involvement of this cytokine in CD133 loss and
EPC maturation. In addition, IFN-a levels were associated
with EC number in both diseases, thus supporting the
pathogenic role of this cytokine.

It was remarkable that in SLE patients, IFN-a increased
at the same time as VEGF decreased (r=-0.386,
P =0.004), whereas no correlation was detected in HCs
or early RA patients, in which VEGF was found at
normal levels (Fig. 4B). On the contrary, IFN-o correlates
positively with IL-6, a cytokine significantly augmented in
both diseases. Furthermore, IL-6 correlated positively with
CD34*cells in all individuals (HC: r=0.533, P=0.004; SLE:
r=0.263, P=0.029; early RA: r=0.235, P=0.036) and
seemed to exhibit a similar ability to IFN-a in increasing

the mEPC/EPC ratio in SLE (r=0.303, P=0.012). In the
same way, IFN-a correlated directly with IL-1f in early
RA and showed a trend in SLE patients. This cytokine,
not significantly altered in patients, was also related to
increased mEPC counts in both SLE (r=0.233, P=0.05)
and early RA patients (r=0.301, P=0.007) and increased
in parallel with the mEPC/EPC ratio in SLE (r=0.264,
P=0.03).

Finally, IL-8 and GM-CSF levels were mutually corre-
lated in SLE (r=0.313, P=0.022) and early RA (r=0.392,
P=0.001) and significantly augmented in both diseases,
but did not exhibit any significant relationship with EPC
populations. Of note, both cytokines showed a strong
positive correlation with IL-17 levels in SLE (GM-CSF:
r=0.470, P <0.001; IL-8: r=0.559, P <0.001) and early
RA (GM-CSF: r=0.655, P <0.001; IL-8: r=0.584,
P <0.001), whereas IL-8 was directly correlated with
VEGF in all groups (HC: r=0.741, P<0.001; SLE:
r=0.483, P<0.001 and RA: r=0.562, P <0.001). All
these results confirmed significant alterations in cytokine
levels in both the diseases and suggest that IFN-a, and to
a lesser extent IL-6 and IL-1B, are associated with
increased EPC maturation and mEPC/EPC ratio, whereas
VEGF and TGF-f§ seem to exert the opposite effect.

Discussion

Despite the current advances in EPC biology and its rele-
vance in vascular homeostasis [5, 21], the most adequate
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Fic. 4 IFN-o associated with circulating mEPC and EC counts and with VEGF and cytokine levels.
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immunophenotyping technique remains unclear. In the
present study, we included CD34 and CD133 as haema-
topoietic progenitor cell markers, and VEGFR2 as a spe-
cific endothelial-lineage marker, expressed by ECs in all
differentiation stages [5]. We considered EPCs as
triple-positive for these markers, in accordance with
other authors [18, 25], whereas we contemplated the
loss of CD133 as a sign of cell differentiation and matur-
ation [5], giving rise to mEPCs. The use of these markers
after pre-staining with a blocking reagent and a correct
quantification by FACS, as performed in our study, are the
most important recommendations of EUSTAR on EPC
measurements [24].

This study showed an increased absolute number of
circulating EPCs in patients with SLE, which was directly
correlated with total CD34* counts, suggesting an
enhanced release of precursor cells from the bone
marrow, probably, in some way, because of the secretion
of soluble factors in response to systemic inflammation. In
fact, serum levels of IL-6 and IFN-o were associated with
an increase in the amount of circulating CD34" precur-
sors. It has been reported that the elevated levels of
nitric oxide (NO) present in the serum of autoimmune pa-
tients, which could be enhanced by IFN-a [26], can act on
integrins, reducing their affinity to different ligands and
leading to cell detachment from the bone marrow

www.rheumatology.oxfordjournals.org

[27, 28]. Accordingly, reduced NO availability correlated
with decreased numbers of EPCs in RA patients [15]. In
addition, enhanced EPC release could be a repair re-
sponse to the disseminated endothelial damage present
in SLE patients [27].

Because different protocols have been used for EPC
quantification in the studies performed with SLE patients,
published results are heterogeneous and contradictory
[21]. Only Grisar et al. [18] analysed CD34*VEGFR2*
CD133* cells, in a smaller SLE group (n=31), showing
no differences in EPC counts between HCs and SLE pa-
tients. In agreement with our results, other works reported
high EPC levels, although they have not used the VEGFR2
marker [18, 29]. In contrast, some authors found reduced
levels of CD34*VEGFR2" [11, 13, 32] or CD133*VEGFR2*
cells [10]. Data about EPCs in RA seem to be less con-
flictive, as most authors reported normal or reduced levels
[14, 15, 32]. Although our RA patients presented signifi-
cantly less CD34", EPCs and mEPCs than those with SLE,
results did not reflect significant differences with controls.
The relatively short disease duration of our RA cohort, as
compared with other studies, could be an important
source of discrepancies. In fact, we showed that all
these populations tend to decrease after diagnosis. Of
note, CD34 VEGFR2°CD133" cells, considered as
pre-EPC [33], were significantly reduced in RA patients
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compared with both controls (P=0.049) and SLE patients
(P=0.017).

In addition to SLE, increased EPC counts have been
detected in other rheumatic diseases [34-36]. It could
seem paradoxical that in autoimmune diseases, charac-
terized by a high risk of cardiovascular events, a cell
population involved in maintaining vascular homeostasis
was elevated rather than diminished. However, a defect-
ive functionality has been reported in EPCs from SLE
patients, exhibiting accelerated senescence [13, 20], im-
paired migration or adhesive properties [18, 19] and
reduced cluster formation [9]. The elevated IFN-a
serum levels and/or the pro-inflammatory environment
usually present in these patients could act on the EPC
population, modulating their differentiation or impairing
their functionality. Consequently, a deficient vascular
repair could enhance progenitor cell release from bone
marrow.

The quantification of CD133 EPCs (mMEPCs) as a separ-
ate EPC population performed in this work allows us to
achieve relevant results and supports the relevance of
CD133 labelling for determining the true EPC population.
Accordingly, a poor correlation has been reported be-
tween CD34"VEGFR2"CD133" and CD34*VEGFR2" cells
[37]. It has been proposed that mMEPCs represent a mature
subset of EPCs with little or no vasculogenic and/or repair
capability [5]. In our work, this subset was significantly
increased in SLE patients depending on their autoanti-
body status, as only anti-SSA and/or anti-SSB-positive
patients presented increased levels of these cells.
Furthermore, malar rash, associated with the presence
of anti-SSA/B [38, 39], was the unique clinical feature
associated with high mEPC counts. Accordingly,
anti-SSA antibodies may isolate a subset of patients at
higher risk of multiorgan vasculopathy [38] and were asso-
ciated with increased intima-media thickness [31]. In line
with this, a recent study by Kahlenberg et al. [40] showed
that anti-SSA-positive SLE patients displayed an
enhanced endothelial progenitor dysfunction due to high
IL-18 levels and was associated with an inflammasome
activation linked to IFN-a. All these results support the
use of these autoantibodies as biomarkers of defective
vascular repair in SLE patients.

An interesting result of this work was the close relation-
ship between IFN-o levels and mEPC counts, observed
not only in SLE, but also in early RA patients, presenting
a slight increase in IFN-o as well. Therefore our data sug-
gest that IFN-oe may play a role in bone marrow progenitor
release and premature EPC differentiation towards the
mEPC subpopulation and the consequent failure in endo-
thelial repair. It has been reported that IFN-o could con-
tribute to vascular damage and development of
atherosclerosis in SLE by acting on EC apoptosis [20],
platelet function [41], foam cell and monocyte recruitment
[42] and, according to our results, the EPC population,
impairing function, promoting apoptosis and leading to
an ‘antiangiogenic signature’ [10, 11, 40, 43]. On the
other hand, Thacker et al. [43], using a genomic approach,
proposed that IFN-o could impair vascular repair on

damaged endothelium by down-regulating VEGF expres-
sion, thus explaining the strong negative correlation
observed in our SLE patients between IFN-o and VEGF
levels.

Our results suggest that cytokines other than IFN-a, for
instance, IL-6 and IL-1f, could also promote EPC matur-
ation, whereas TGF-$ and VEGF, probably involved in the
maintenance and function of EPCs, may exert an opposite
effect. Accordingly, Thacker et al. [43] showed that add-
ition of IL-1p to EPC cultures from SLE patients increased
the number of mature ECs. However, our results suggest
that the repressive effects of IFN-o on IL-18 in EC cultures
reported by Thacker et al. could be masked in vivo by the
pro-inflammatory environment of autoimmune patients,
specially the cytokine background, as a negative correl-
ation between IL-1B and IFN-a serum levels was not
found. IL-6, linked to endothelial dysfunction in SLE [44]
and RA [45], could disturb vascular repair by impairing
EPC differentiation. On the other hand, despite the re-
ported angiogenic role of IL-8 [46], GM-CSF [47] and
IL-17A [48], we have not found any relationship between
these cytokines and EPC populations. However, the
strong positive correlation observed with VEGF leads us
to hypothesize that they could be acting indirectly on EPC
maintenance, up-regulating this growth factor.

Finally, EC results support their previously proposed
use as a systemic endothelial damage biomarker.
Actually these cells were increased in SLE patients with
anti-SSA/B as well as in early RA patients presenting
anti-CCP antibodies, in accordance with the reported as-
sociation of these autoantibodies with subclinical athero-
sclerosis [37, 39, 49]. Thus the autoantibody profile and
IFN-a levels, also associated with ECs, could serve in clin-
ical practice to determine patients with elevated cardio-
vascular risk. It should be noted that, although ECs are
usually identified by positive labelling for CD31 or CD146
markers, it has been shown that the majority of CD133™
cells are CD146" [50]; thus we think that endothelial
mature-specific labelling could be obviated, as the
negative labelling for progenitor cells performed
(CD34"VEGFR2*CD1337) an adequate estimation of
ECs detached from the endothelial wall.

In conclusion, this work shows that high IFN-o levels
and/or the presence of anti-SSA/B antibodies may identify
a group of SLE patients with increased mEPCs and, con-
sequently, defective endothelial repair. The observed re-
lationship between this population and IFN-o supports the
use of therapeutic intervention blocking this cytokine in
patients at high cardiovascular risk, thus proposing circu-
lating IFN-a levels as a potential biomarker of endothelial
repair status and responsiveness to anti-IFN-o therapy.
Although the main limitation of this work is the lack of
functional assays on patient EPCs to verify our hypoth-
esis, this is the first study in which EPC, mEPC and EC
populations were quantified and associated with disease
features just as with cytokines involved in neovasculariza-
tion or pathogenesis of SLE and RA, analysing >80 pa-
tients with each disease, being one of the largest EPC
quantification studies in autoimmune diseases.
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Rheumatology key messages

e Circulating mEPCs are increased in SLE patients
with anti-SSA/B antibodies.

e IFN-a0 could promote EPC maturation in SLE and
early RA patients.

o Disease-specific autoantibodies are associated with
increased ECs in SLE and early RA.
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Abstract

Introduction: IFNo. has been largely implicated in the ethiopathogenesis of autoimmune diseases but only recently it has
been linked to endothelial damage and accelerated atherosclerosis in autoimmunity. In addition, proinflammatory
conditions are supposed to be implicated in the cardiovascular status of these patients. Since a role for IFNa in endothelial
damage and impaired Endothelial Progenitor Cell (EPC) number and function has been reported in other diseases, we aimed
to evaluate the potential associations of IFNa serum levels on EPC populations and cytokine profiles in Rheumatoid Arthritis
(RA) patients.

Methods: pre-EPC, EPC and mature EPC (mEPC) populations were quantified by flow cytometry analyzing their differential
CD34, CD133 and VEGFR2 expression in blood samples from 120 RA patients, 52 healthy controls (HC), and 83 systemic
lupus erythematosus (SLE) patients as disease control. Cytokine serum levels were measured by immunoassays and clinical
and immunological data, including cardiovascular (CV) events and CV risk factors, were retrospectively obtained by
reviewing clinical records.

Results: Long-standing, but not recent onset RA patients displayed a significant depletion of all endothelial progenitor
populations, unless high IFNa. levels were present. In fact, the IFN™" RA patient group (n =40, 33%), showed increased EPC
levels, comparable to SLE patients. In addition, high IFNa serum levels were associated with higher disease activity (DAS28),
presence of autoantibodies, higher levels of IL-1f, IL-6, IL-10 and MIP-1a, lower amounts of TGF-, and increased mEPC/EPC
ratio, thus suggesting higher rates of endothelial damage and an endothelial repair failure. Finally, the relationship between
high IFNa levels and occurrence of CV events observed in RA patients seems to support this hypothesis.

Conclusions: IFNo. serum marker could be used to identify a group of RA patients with increased disease activity, EPC
imbalance, enhanced proinflammatory profile and higher cardiovascular risk, probably due, at least in part, to an impaired

endothelial repair.
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Introduction

Rheumatoid Arthritis (RA) is associated with increased cardio-
vascular (CGV) disease morbidity and mortality rates that cannot be
explained by traditional risk factors [1,2]. Moreover, endothelial
dysfunction, the main cause of premature atherosclerosis, has been
found even in young RA patients without traditional CV risk
factors [3], thus suggesting the involvement of disease-related
pathways.

Endothelial damage leads to denuded sites at the endothelial
wall that must be repaired. In this sense, bone marrow-derived
Endothelial Progenitor Cells (EPCs) carry out vasculogenesis and
endothelial repair functions, contributing to vascular homeostasis

PLOS ONE | www.plosone.org

[4]. Although there is no consensus on their precise phenotypic
definition, functional EPC are characterized by the expression of
Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2 or
CD309), CD34 and CD133 [5,6]; whereas those lacking CD34
expression are considered a pre-EPC subpopulation [7]. During
EPC differentiation, CD133 expression is lost and they begin to
express mature endothelial-specific markers, becoming mature
EPC (mEPC) with lower vasculogenic functionality [6]. As
endothelial status depends on injury and repair, the balance
between EPC populations could be a surrogate marker which may
be used as a potential CV risk factor. In fact, some studies have
shown that circulating EPC could serve as a predictor of CV
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events in several conditions [8,9]. EPC studies in RA patients,
however, are contradictory.

On the other hand, disease-related risk factors have been
identified [10,11], suggesting that immune dysregulation could
play a role in RA endothelial damage. Although the specific
pathways remains unclear, a number of inflammatory and
immune mediators seem to have a role, including C-reactive
protein (CRP), cytokines, chemokines and growth factors [12,13],
most of them dysregulated in RA patients and implicated in the
pathogenesis of autoimmune diseases. Among these mediators, it is
worth noting the case of IFNuai, since type-I interferons play a role
in the pathogenesis of SLE and probably other autoimmune
diseases [14], and recent evidence suggests their involvement in
endothelial damage and EPC dysfunction. It has been reported
that IFNo impair EPC function i vitro as well as i vivo and, as a
consequence, endothelial repair [15-18]. Moreover, type I IFNs
have been linked to atherothrombosis by acting on platelets and
foam cells [19]. In addition, IFNo-signature has been linked to
vasculopathy in systemic sclerosis patients [20].

Since previous studies suggest that circulating EPC populations
and type I IFNs could be involved in increasing cardiovascular risk
in autoimmune diseases, the main aim of this study is to determine
EPCs frequency in RA patients’ peripheral blood and evaluate the
potential associations with IFNot serum levels and clinical and
immunological features.

Patients and Methods

Patients and Controls

Our study involved 120 RA patients fulfilling the 1987 revised
criteria of the American College of Rheumatology, recruited from
the Rheumatology outpatient clinic of the Hospital Universitario
Central de Asturias, and 52 sex- and age-matched unrelated
healthy controls (47 women, age (mean=SD): 44.74*+11.04 years).
Eighty-three SLE patients (79 women, age: 48.28%£16.30 years,
disease duration: 12.3%£8.9 years, SLEDAIL: 4.02*4.11) were
included as disease controls. Routine clinical examination,
information on clinical and immunological manifestations, ther-
apies received in the previous three months and 28-joint disease
activity score (DAS28) were obtained at the time of sampling.
Clinical response to anti-TNFa therapy, in a six-month period,
was analyzed using EULAR response criteria [21]. Patients were
classified on having a ‘“good” “moderate” or “no response”
according to DAS28 change from baseline (6-month previous
clinical visit). Patients’ clinical records were exhaustively revised in
order to register the history of CV events and traditional CV risk
factors (diabetes mellitus, hypercholesterolemia, hypertension and
smoking habits). A CV event was considered if the patient suffered
from heart failure, ischemic heart disease, cerebrovascular
accident or peripheral arteriopathy from their RA diagnosis.
Clinical definition of CV events and risk factors was performed as
previously stated [22,23].

Ethics Statement

Approval for the study was obtained from the Regional Ethics
Committee for Clinical Investigation (Servicio de Salud del
Principado de Asturias, Hospital Universitario Central de Astur-
ias), according to the Declaration of Helsinki. All procedures were
performed with an informed written consent from all individuals.

Flow Cytometry EPCs Quantification

Blood samples were immediately transported to the laboratory
and processed. EPC were analyzed by FACS as described
previously [24], following EUSTAR recommendations [25] with
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IFNo Levels and EPC Imbalance in RA

few modifications. Briefly, 100 ul of peripheral blood were
preincubated with 10 pl of FcR Blocking Reagent (Miltenyi
Biotech) for 20 minutes, followed by 30-minutes triple-labelling
with anti-VEGFR2-phycoerythrin (PE, R&D Systems), anti-
CD34-fluorescein isothiocyanate (FITC, BD Pharmigen) and
anti-CD133-allophycocyanin (APC, Miltenyi Biotech) or with
identical isotype antibodies (BD Pharmigen). Labelled cells were
lysed with 2 ml BD Lysing Solution (BD Biosciences) for 5 minutes
and washed twice with PBS. Finally, samples were analyzed in a
BD FACSCanto II flow cytometer. After gating the lymphocyte
population, CD34-positive events were selected and analyzed in a
CD133 vs. VEGIFR2 dot plot, thus considering CD34/VEGFR2/
CD133 triple-positive cells as EPCs while
CD34"VEGFR2'CD133™ cells were identified as mature EPCs
(mEPCs) [24] (Figure 1A). On the other hand, VEGFR2-positive
events within the lymphocyte gate were analyzed for CD34/
CD133 expression and CD34” VEGFR2'CDI133" cells were
considered as pre-EPCs. At least 100,000 events in the lymphocyte
gate and more than 100 CD34" cells were acquired per sample.
Cell counts were expressed as the number of positive cells per
100,000 events in the lymphocyte gate.

Cytokine Serum Levels Quantifications

Serum aliquots were stored at —80°C: until cytokine immuno-
assay measurement. Levels of IL-1f, IL-6, IL-8, IL-10, IFNa,
MIP-la (CCL3) and VEGF-A gswere quantified using a Cyto-
metric Bead Array Flex Set (BD) and analyzed in a BD FACS
Canto II flow cytometer using FCAP Array v.1.0.1. For IL-1p, IL-
6 and IL-10, an Enhanced Sensitivity Flex Set was needed.
Technical detection limits were 48.4 fg/ml for 1L-1B, 68.4 fg/ml
for 1L-6, 1.2 pg/ml for 1L-8, 13.7 fg/ml for IL-10, 1.5 pg/ml for
IFNo, 0.2 pg/ml for MIP-1a. and 4.0 pg/ml for VEGF-Ag;.
TGF-B1 and TNFa serum levels were quantified using ELISA kits
(OptEIA, BD Bioscience), in accordance with the manufacturer’s
mstructions. Detection limits for these cytokines were 5 ng/ml and
0.48 pg/ml, respectively.

Statistical Analysis

All data are presented as median (Interquartile Range) unless
otherwise stated. Comparisons were performed by non-parametric
tests (Mann-Whitney U, Kruskal-Wallis tests and Spearman’s
rank) as data were not normally distributed. Categorical variables
were compared with a chi-squared test. The association between
categorical variables and the CV events was assessed and adjusted
for other factors (sex, age, traditional CV risk factors and disease
activity) using multiple logistic regression analysis. Adjusted odds
ratios (OR) and 95% confidence intervals (95% CI) were
calculated so as to evaluate the strength of the associations. A p-
value <0.05 was considered statistically significant. All data were
analyzed with SPSS v.15.0 software.

Results

Circulating EPC Populations and IFNo Serum Levels in RA
Patients

We aimed to investigate the possible relationship between EPC
populations and IFNa levels in RA patients. To this end, IFNo
serum levels and circulating pre-EPC, EPC and mEPC popula-
tions were quantified in 52 healthy controls (HC) and 120 RA
patients with different disease duration (range 0-219 months)
(Table 1). No significant differences in any endothelial progenitor
population were found between patients and HC. However,

disease duration was negatively correlated with EPC (r=—0.316,
p<<0.001) and mEPC (r=—0.342, p<<0.001), suggesting an EPC

January 2014 | Volume 9 | Issue 1 | 86069



IFNo Levels and EPC Imbalance in RA

Lymphocytes Gated CD34* events Lymphocytes Gated VEGFR2* events
EPC
g - =
2 = . 3 i
7] o 7 3
o | a
o . VEGFR2* ©
- mEPC pre-EPC
CD34 FITC VEGFR2 PE VEGFR2 PE CD133APC
B.
200 0021 150 1 0.001 300+ <0001
4 1
2 0050 ) 000 & 000
3 £ 100 S 2004
3
S 1004 T 3 '|_ 8 T
o Q O
5 e 504 & 1004
$ 501 w £
o
0. ; AT T o ==

HC ERA LRA HC

ERA LRA HC ERA LRA

Figure 1. EPC analyses in RA patients by flow cytometry. (A) Gating strategy of EPC, mEPC and pre-EPC analysis by flow cytometry in
peripheral blood samples. Representative dot plots of a HC are shown. (B) The size of endothelial precursor populations is influenced by disease
duration. Pre-EPC, EPC and mEPC counts in early (ERA, disease duration <1 year, n=36) and long-standing (LRA, n = 84) Rheumatoid Arthritis patients
and healthy controls (HC, n=52). Differences were measured by Mann-Withney U-test.

doi:10.1371/journal.pone.0086069.g001

depletion associated with disease progression. In fact, patients at
recent onset (less than one year, n = 36, early RA, ERA) showed
similar levels of these populations than HC, whereas those with
longer disease duration (n = 84, long-standing RA, LRA) exhibited
a significant depletion of all EPC populations (Figure 1B). Neither
assoclations with age at sampling, age at diagnosis, nor autoan-
tibodies status were found.

On the other hand, IFNa serum levels were increased in RA
patients compared with HG (20.25*47.61 vs. 1.76+3.08 pg/ml,
p =0.001), and positively correlated with all endothelial progenitor
populations in patients (EPC: r=0.294, p<0.001; mEPC
r=0.265, p<<0.001, pre-EPC r=0.367, p<<0.001) but not in
controls. Of note, this cytokine was associated with DAS-28 score
(r=0.253, p=0.023) but unrelated to disease duration (r=10.055,
p=0.547). In fact, ERA and LRA patients showed similar IFNo
levels (14.43%31.16 vs. 22.74%53.10, p=0.718).

In spite of the IFNa increase in RA, Figure 2 evidences that
only a fraction of patients showed high levels of this molecule,
whereas the other group presented low levels, similar to HC. Thus,
we classified RA patients in IFN'" and IFN"8" ysing the HC 90™
percentile (P90™ =4.092 pg/ml) as cut off. As shown in Table 1,
these RA groups did not differ in age, disease duration or
treatment followed, but IFN"&" patients (n=40, 33%) exhibited
higher disease activity (DAS28) and ESR as well as increased
positivity for autoantibodies. Other clinical markers such as
Tender Joint Count, Patient Global Assessment or CRP were
slightly augmented.

EPC Populations Differ According to IFNa Levels

In view of these results, we analyzed EPC populations in RA
patients according to IFNa levels and disease duration, using as
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controls healthy donors (HC) and patients with SLE, a disease
presenting altered levels of IFNo and EPCs [24]. Figure 3 shows
that among ERA patients, those with normal IFNa levels (IFN*")
displayed similar pre-EPC, EPC and mEPC counts to HC,
whereas TFN™$" ERA patients exhibited higher levels of these
populations compared with both HC and IFN™", but similar to
SLE patients. However, the most remarkable results were detected
in LRA patients, since those with normal IFNa levels showed
significantly lower pre-EPC. and EPC counts than HC, thus
highlighting a significant depletion that was missing in TFN™&"
patients. Therefore, EPC depletion seems to be a characteristic of
RA patients unless the presence of high IFNe levels hides this
effect. In fact, no significant differences in EPC populations were
present between SLE and IFN"S" RA patients, independently of
disease duration. In any case, it is important to note that although
IFN"&" RA patients displayed enhanced EPC populations, the
mEPC/EPC ratio, indicative of the endothelial repair capability
[5,6], was increased in this group compared with their IFN'"
counterparts (1.22(1.40) vs. 0.56(1.71), p=0.013), thus suggesting
an endothelial repair failure in these patients. Interestingly, no
significant differences in mEPC/EPC ratio were found between
ERA and LRA patients (p=0.090), neither by treatments (all
p>0.050), so there is no evidence that disease duration or longer
exposure to treatment drugs could modify the mEPC/EPC ratio
in RA patients.

IFNo is Associated with a Higher Rate of Cardiovascular

Events

Taking into account the reported role of IFNa in endothelial
damage and vascular repair, we aimed to evaluate the relevance of
IFNo serum levels as a CV risk factor for RA patients. To this end,
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we analyzed the CV events suffered by RA patients in relation to
both IFNo groups, demographic and clinical variables. The
frequency of RA patients who had suffered CV events was higher
in the IFN™" than in the IFN'" group (37.5 vs 15.0%, p = 0.005),
although no significant differences between groups were detected
in traditional CV risk factors (Table 1), thus supporting the role of
IFNo as an independent CV risk factor. Univariate logistic
regression analysis (Table 2) revealed that high IFNa levels, male
sex, age at diagnosis, hypertension and diabetes were associated
with the risk of CV events. After multivariate analysis by logistic
regression adjusted by age at diagnosis, sex, disease activity
(DAS28) and traditional CV risk factors, only the association with
IFNo and age at diagnosis remained significant.
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Table 1. Demographic, immunological and clinical parameters of the RA patients.
RA patients IFNa
(n=120) IFN'*" (n=80) IEFN"9" (n=40)

Sex (female/male) 101/19 70/10 31/9

Age at sampling, years 55.33£15.23 55.24+15.04 55.56+16.00

Age at diagnosis, years 53.09+18.00 52.78+14.97 53.77£16.23

Disease duration, months 21.02+20.50 23.33+20.83 16.00+19.26

Clinical features

Number of tender joints 5.24£5.25 4.29+5.59 6.86+7.00

Number of swollen joints 2.50+3.31 1.83%+3.15 3.64+3.38

Patient global assessment (0-100) 32.05+23.63 28.13+25.20 38.79+19.69

Pain of patient’s assessment (0-10) 3.21+£242 271240 4.07+2.30

Duration of morning stiffness, min 48.42+70.93 46.25+78.30 52.14+58.72

DAS28 3.81x£1.61 3.35%1.52 4.59+1.49*%

HAQ 0.77£0.70 0.68+0.70 0.95+0.67

CRP, mg/dl 0.39+0.63 0.28+0.45 0.59+0.83

ESR, mm/h 23.47+19.94 16.87+10.64 34.78+26.71*

RF positivity, n (%) 68 (56.7) 36 (45.0) 32 (80.0)***

Anti-CCP positivity, n (%) 69 (57.5) 36 (45.0) 33 (82.5)***

ANA positivity, n (%) 46 (38.3) 25 (31.2) 21 (52.5)*

Smoking habit, n (%) 49 (40.8) 32 (40.0) 17 (42.5)

Hypertension, n (%) 30 (25.0) 19 (23.7) 11 (27.5)

Hypercholesterolemia, n (%) 11 (9.1) 8 (6.6) 3 (2.5)

Diabetes mellitus, n (%) 15 (12.5) 8 (10.0) 7 (17.5)

Treatments n (%)

None or NSAIDs 19 (15.8) 10 (10.1) 9 (2255)

Glucocorticoids 58 (48.3) 40 (50.0) 18 (45.0)

Methotrexate 79 (65.8) 57 (71.3) 22 (55.0)

Leflunomide 16 (13.3) 11 (13.7) 5(12.5)

TNF-a. blockers 26 (21.6) 14 (17.5) 12 (30.0)

Cardiovascular events, n(%)

Cardiovascular events 27 (22.5) 12 (15.0) 15 (37.5)**
Ischemic heart disease 10 (8.33) 4 (5.0 6 (15.0)
Cerebrovascular accidents 4(3.33) 2(25) 2 (5.0
Heart failure 12 (10.0) 6 (7.5) 6 (15.0)
Peripheral arteriopathy 1(0.83) 0 (0.0) 1(2.5)

Data of the whole RA patients group and classified according to IFNo serum levels. Data are expressed as (mean = SD) unless otherwise was stated. Differences

between categorical variables were evaluated by chi-square test, whereas Mann-Withney U test was used for continuous ones. *p<<0.05, **p<<0.01, ***p<0.001. IFN'":

serum levels <90™ percentile in HC (4.092 pg/ml); IFN"": serum levels =90™ percentile in HC.

doi:10.1371/journal.pone.0086069.t001

On the other hand, patients who had suffered CV events
showed an increased mEPC/EPC ratio compared to those who
had not experienced such complications (1.27(3.21) vs. 1.00(2.04),
p=0.010), as well as lower VEGF levels (55.84(90.69) wvs.
122.34(150.39) pg/ml, p=0.044), thus supporting the relevance
of angiogenic cytokines and EPC balance in the endothelial repair
maintenance. All these results support that high IFNa serum levels
in RA patients could be associated with a higher rate of CV events,
maybe by increasing the mEPC/EPC ratio and impairing
endothelial repair.
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Figure 2. IFNa serum levels are increased in a subgroup of RA
patients. IFNo was quantified in 52 HC and 120 RA patients by CBA
immunoassay. Dotted line represents HC 90'™" Percentile (4.092 pg/ml),
used to classify RA patients in IEN'% (n=80, 66%) or IFNM9" (n =40,
33%). Differences were measured by Mann-Withney U-test.
doi:10.1371/journal.pone.0086069.9g002

IFN'**/hish Groups Differ in their Cytokine Profiles

Finally, to analyze whether IFNo serum marker may influence
cytokine profiles in RA patients, we studied IL-18, IL-6, IL-8, IL-
10, MIP-1a, VEGF-A 45, TNFo and TGF-f levels in patients and
controls. The whole RA population was characterized by
increased levels of IL-6 (1.05(3.41) wvs. 0.32(1.15) pg/ml,
p=0.004), IL-8 (17.12(18.08) vs. 10.18(14.06) pg/ml, p=0.008),
IL-10 (0.37(0.68) vs. 0.10(0.18) pg/ml), and TNFa (5.76(4.01) vs.
3.26(1.93) pg/ml, p=0.015), whereas TGF-f was decreased
(14.47(4.60) vs. 19.42(6.71) ng/ml, p<<0.001). Regarding to discase
duration, we observed that LRA patients showed lower amounts of
IL-1f (p=0.002), IL-6 (p=0.001) and IL-10 (p=0.028) and
slightly higher of TGF-f (p=0.060) than ERA, whereas TNFo
levels were strikingly higher in the LRA group (p<<0.001).
Restoration of cytokine levels in LRA could probably be due to
a successful response to the therapy, since almost all LRA patients
were under treatment while half of the ERA patients were
untreated. In fact, striking differences were observed between
treated and untreated patients in IL-1B (p<<0.001), IL-6 (p = 0.002)
and IL-10 (p =0.004), but not in TNFo.

Interestingly, it is remarkable that IFN"&" patients showed a
cytokine profile more similar to SLE patients than those IFN'",
except for IL-1B (Figure 4A). In fact, TFN"™8" RA patients
displayed higher levels of IL-1 (0.47(1.48) vs. 0.13(0.06) pg/ml,
p<<0.001), IL-6 (1.93(13.76) vs. 0.75(2.27) pg/ml, p = 0.004), IL-10
(0.65(1.15) vs. 0.26(0.46) pg/ml, p<<0.001), MIP-1at (3.29(4.47) vs.
0.00(4.28) pg/ml, p=0.001) and lower of TGF- (12.86(4.01) vs.
(14.98(5.45) ng/ml, p=0.025) than IFN'" patients. In addition,
although no association between IFNo and TNFa levels was
detected in the whole RA group (r= —0.028, p = 0.766), a positive
correlation was found in the IFN"is" group (r=0.407, p=0.011).
All these results indicate that both IFNo and treatment influence
cytokine levels. In fact, Figure 4B shows that treatments seem to
restore IL-1B, IL-6, IL-8, IL-10 and TGF-f levels to a greater
extent in IFN'" patients than in IFN™#" ones. Moreover, several
clinical markers suggest a better outcome of IFN'“-treated
patients than in their IFN™" counterparts (Figure 4C), thus
suggesting a potential IFNa role in therapy outcomes.

Finally, we analyzed the clinical response to anti-TNF therapy
among a 6-month period, since it has been proposed a role of the
IFN/TNF cross-regulation in the response to this treatment [26—
27]. Of note, within the IFN'" group (n = 14), 35% of the patients
(n=15) reached a good response, and a similar percentage was
found for those with a moderate response. In contrast, any patient
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Figure 3. Long-standing RA patients with low IFNo levels
exhibited a depletion of all endothelial progenitor popula-
tions. Pre-EPC, EPC and mEPC counts in early (ERA) and long-standing
(LRA) Rheumatoid Arthritis patients were analyzed according to their
IFNa. serum levels. Healthy donors (HC) and SLE patients were included
as both healthy and disease controls. Differences were assessed by
Kruskal-Wallis test and Dunn’s multiple comparisons post hoc test.
*p<<0.05, **p<<0.01.

doi:10.1371/journal.pone.0086069.g003

of the TFN™" group (n=12) reached a good response, whereas
only 41.6% (n=>5) fulfilled the criteria for a moderate one and
more than a half (n=7) exhibited no response to anti-TNF
treatment.

Discussion

Recent evidence suggests a role of type I IFNs in vascular
damage and EPC disbalance, mainly in SLE patients [15-18,24],
probably due to the central involvement of IFNo in the SLE
pathogenesis [14,28-30]. However, whether IFNa levels could
play a major role in the clinical outcome and/or vascular damage
in RA patients remains unknown.

Although most of the previous works reported an EPC depletion
in RA patients that could be associated with disease activity [31—
33], recent studies show contradictory results [34-36]. Our data
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may explain these conflicting data, since we demonstrated that
only a group of RA patients exhibited a significant EPC depletion.
We have previously confirmed that EPC population decreases
with disease duration, whereas at disease onset it was similar to
healthy subjects [24]. This finding is in line with previous studies
where CV risk in RA patients has been reported to be associated
with disease duration, probably due to disease-specific factors [37].
In addition, we reported for the first time, that EPC and pre-EPC
populations were significantly reduced in patients with low IFNo
serum levels, whereas higher levels of this cytokine were associated
with higher counts of EPC populations, which leads to an increase
in the mEPC/EPC ratio, in a similar way to the results observed in
SLE [24]. Moreover, IFN"8" patients displayed higher discase
activity and an elevated prevalence of autoantibodies, as was
reported in IEN"" SLE patients [38]. Thus, we think that IFNo
serum levels could be an important bias in EPC studies in

PLOS ONE | www.plosone.org

Table 2. Association between presence of IFNo serum marker and CV events in RA patients.
Cardiovascular events Univariate Analysis Multivariate Analysis*
Absent (n=93) Present (n=27) OR [95% CI] P OR [95% ClI] P

IFNo

IFN'Y 68 (73.1) 12 (44.4) 1 1

|FNhigh 25 (26.9) 15 (55.6) 3.400 [1.401-8.253] 0.007 4.816 [1.254-18.488] 0.022
Sex

Women 83 (89.2) 18 (66.6) 1

Men 10 (10.8) 9 (33.6) 4.150 [1.475-11.680] 0.007
Age at diagnosis 51.00 (17.00) 56.00 (23.00) 1.050 [1.008-1.093] 0.019 1.038 [1.015-1.084] 0.021
DAS28 score 3.94 (2.66) 3.26 (2.09) 0.814 [0.580-1.143] 0.235
HTA

Normotensive 72 (77.4) 15 (55.5) 1

Hypertensive 21 (22.6) 12 (44.4) 3.032 [1.218-7.547] 0.017
DM

Non-diabetic 84 (91.3) 20 (74.1) 1

Diabetic 9(8.7) 7 (25.9) 3.675 [1.192-11.326] 0.023
Smoking habit

Non-smoker 50 (53.7) 19 (70.3) 1

Smoker 43 (46.3) 8 (29.6) 1.947 [0.773-4.904] 0.157
Hypercholesterolemia

Normocholesterolemic 83 (89.2) 26 (96.2) 1

Hypercholesterolemic 10 (10.7) 1 (3.70) 0.311 [0.038-2.559] 0.278
RF

Negative 34 (36.5) 8 (30.8) 1

Positive 60 (64.5) 19 (69.2) 1.530 [0.598-3.916] 0375
Anti-CCP

Negative 33 (35.4) 7 (25.9) 1

Positive 50 (53.7) 20 (74.1) 1.791 [0.678-4.734] 0415
ANA

Negative 56 (60.2) 18 (66.6) 1

Positive 37 (47.3) 9 (33.3) 0.730 [0.296-1.800] 0.499
Associations were evaluated by logistic regression analysis using the presence of CV events (ischemic heart disease, n = 10; cerebrovascular accidents, n =4; heart failure,
n=14; peripheral arteriopathy, n=1) as dependent variable. Associations that reached statistic significance in multivariate analyses are highlighted in bold.
*Multivariate analysis adjusted by sex, age at diagnosis, disease activity, smoking habits and presence or absence of HTA, DM and hypercholesterolemia. Accuracy of
prediction of the final model was 76.7%.
doi:10.1371/journal.pone.0086069.t002

autoimmune diseases and it could be taken into account in future
works.

Recent genomic studies have reported the presence of type I
IFN signature in around 25-50% of RA patients [28-30,39],
which is according to our IFN™" subset size (30%) and using
similar criteria as cut off (90™ percentile), but no correlations had
been detected between IFN signature and clinical or immunolog-
ical disease parameters. However, in this study, we showed that
serum IFNa is correlated with clinical parameters, in the same way
that has been previously reported in SLE patients [40], thus
supporting the feasibility of IFNo serum marker in autoimmunity.

Although EPC depletion has been linked to higher rates of CV
disease, our data show that IFN"s? patients, with increased EPC
counts, exhibit a higher occurrence of GV events, thus highlighting
the role of IFNa levels as an independent CV risk biomarker. In
fact, these results are in accordance with the reported role of IFNa
in vascular damage and EPC dysfunction [15,17,18], and with the
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Figure 4. Cytokine profiles and disease features in RA patients are dependent on IFN¢ serum levels. (A) Proinflammatory cytokines are
increased in IFNM9" patients compared with both HC and IFN'" patients. (B) Serum cytokines levels are restored in IFN'°“-treated patients but not in
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doi:10.1371/journal.pone.0086069.9004

increased mEPC/EPC ratio found in these patients, suggestive of
an impaired EPC function. Actually, recent studies have linked
endothelial repair failure in autoimmunity with the IFNo pathway,
probably by altering the balance between endothelial cell
apoptosis and vascular repair mediated by EPC [15]. This effect
has been proposed to be mediated, at least in part, through VEGF
repression in EPC [16]. Accordingly, IFN signature in EPC-
treated cultures has been associated with impaired functionality
and endothelial dysfunction [18]. Moreover, type I IFNs have
been linked to atherosclerosis progression and vascular damage in
both murine models [17] and human patients [41-43], thus
proposing a type I IFN-mediated pathogenic role in CV disease in
autoimmune patients. In addition, IFNo pharmacological treat-
ment in non-RA subjects has been associated with CV disease
[44,45]. The increased rate of CV events in IFN™® patents
reported in our study support these findings. Accordingly, Somers
et al. [42] reported that type I IFNs were independently associated
with atherosclerotic development after adjusting for Framingham
(traditional) risk factors. Similarly, in SLE, high disease activity is
considered a better CV disease predictor than traditional risk
factors [46].

In view of our results, we hypothesize that a potential
mechanism by which IFNa could increase CV risk may be by
promoting a premature EPC differentiation, generating mEPC
(CD133 ") with little or no vasculogenic and/or repair capability
[6], probably similar to the “non-angiogenic phenotype” reported
in murine SLE models [16], consequently resulting in a defective
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EPC-mediated endothelial repair. That is, although counterintu-
itive, higher EPC counts are not associated with cardioprotection,
but endothelial repair failure, because of the high IFNa levels,
which are causing a shift towards the mEPC phenotype. In
addition, we showed that patients who had experienced CV events
exhibited a higher mEPC/EPC ratio, thus linking IFNa, EPC
maturation and impaired EPC functionality.

Another interesting finding was the differences in the cytokine
patterns of RA patients, which seem to be related to treatment and
IFNa levels. In fact, IFN"" RA patients showed cytokine
disturbances closer to SLE patients, characterized by a proin-
flammatory profile and higher IL-10 levels, which are associated
with disease activity and poor prognosis markers, suggesting that
this cytokine could be acting as a proinflammatory mediator in
these conditions, as some authors have reported [47,48].
Moreover, the IFN"" group exhibited a positive correlation
between IFNot and TNFo serum levels, similar to previously
reported in SLE patients [49,50]. Although Palucka et al. [26] have
been proposed a negative cross-regulation between these cyto-
kines, many other associations have been published thereafter,
highlighting the relevance of the disease, the experimental model,
the sample origin and the characteristics of the patients. It seems
that, in some autoimmune disorders, the negative TNF/IFN cross-
regulation loop is missed, leading to high serum levels of both
cytokines in patients in which they may exert a pathological effect
[39,49]. Moreover, different associations of these two mediators
have been reported even in a single disease [51], as seen in our
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study.Actually, we think that IFN™" RA patients might display an
impaired endothelial repair partly due to their proinflammatory
cytokine network, mainly represented by higher serum levels of IL-
1B and IL-6 (a Thl7 inducer cytokines) and low TGF-f,
compared to their IFN™" counterparts. In fact, reported in vitro
experiments showed that proinflammatory conditions are enough
to impair EPC functionality [33,52,53]. Morecover, Mélarstig et al.
[13] have showed that raised IL-10 levels are associated with poor
outcomes and enhanced systemic inflammation in acute coronary
syndrome, supporting, at least in part, our findings.

Finally, differences in cytokine levels between treated and
untreated patients among IFN™" and IFN"&" groups suggest that
IFNo could be a predictive factor for treatment outcomes, being
IFN™M8" patients associated with a poor response. This was
especially clear for anti-TNF therapy, since clinical response
among the previous 6 months was higher in those patients within
the IFN™" group. Similar conclusions were published by other
authors [29,54]. Therefore, this result makes us hypothesize that
the IFN™#" group could benefit from an anti-IFNo therapy [55]
rather than traditional DMARDs. However, relatively short

References
1. Avina-Zubieta JA, Thomas J, Sadatsafavi M, Lehman A]J, Lacaille D (2012) Risk

of incident cardiovascular events in patients with rheumatoid arthritis: a meta-
analysis of observational studies. Ann Rheum Dis. annrheumdis-2011-200726
[pii];10.1136/annrheumdis-2011-200726 [doi].

2. Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch DA, et al. (1994) The mortality
of rheumatoid arthritis. Arthritis Rheum 37: 481-494.

3. Hansel S, Lassig G, Pistrosch F, Passauer ] (2003) Endothelial dysfunction in
young patients with long-term rheumatoid arthritis and low disease activity.
Atherosclerosis 170: 177-180. S0021915003002818 [pii].

4. Pompilio G, Capogrossi MC, Pesce M, Alamanni F, DiCampli C, et al. (2009)
Endothelial progenitor cells and cardiovascular homeostasis: clinical implica-
tions. Int J Cardiol 131: 156-167. S0167-5273(08)00949-2 [pii];10.1016/
j-ijcard.2008.08.033 [doi].

5. Gehling UM, Ergun S, Schumacher U, Wagener C, Pantel K, et al. (2000) In
vitro differentiation of endothelial cells from AC133-positive progenitor cells.
Blood 95: 3106-3112.

6. Peichev M, Naiyer AJ, Pereira D, Zhu Z, Lane WJ, et al. (2000) Expression of
VEGFR-2 and AC133 by circulating human CD34(+) cells identifies a
population of functional endothelial precursors. Blood 95: 952-958.

7. Friedrich EB, Walenta K, Scharlau J, Nickenig G, Werner N (2006) CD34—/
CD133+/VEGFR-2+ endothelial progenitor cell subpopulation with potent
vasoregenerative capacities. Circ Res 98: e20-e25.
01.RES.0000205765.28940.93 [pii];10.1161/01.RES.0000205765.28940.93
[doi].

8. Hill JM, Zalos G, Halcox JP, Schenke WH, Waclawiw MA, et al. (2003)
Circulating endothelial progenitor cells, vascular function, and cardiovascular
risk. N Engl J] Med 348: 593-600. 10.1056/NEJMo0a022287 [doi];348/7/593
[pii.

9. Werner N, Kosiol S, Schiegl T, Ahlers P, Walenta K, et al. (2005) Circulating
endothelial progenitor cells and cardiovascular outcomes. N Engl J Med 353:
999-1007. 353/10/999 [pii];10.1056/NEJMoa043814 [doi].

10. Full LE, Ruisanchez C, Monaco C (2009) The inextricable link between
atherosclerosis and prototypical inflammatory diseases rheumatoid arthritis and
systemic lupus erythematosus. Arthritis Res Ther 11: 217. ar2631 [pii];10.1186/
ar2631 [doi].

11. Sattar N, McCarey DW, Capell H, McInnes IB (2003) Explaining how ‘high-
grade” systemic inflammation accelerates vascular risk in rheumatoid arthritis.
Circulation 108: 2957-2963. 10.1161/01.CIR.0000099844.31524.05
[doi];108/24/2957 [pii].

12. Dessein PH, Joffe BI, Singh S (2005) Biomarkers of endothelial dysfunction,
cardiovascular risk factors and atherosclerosis in rheumatoid arthritis. Arthritis
Res Ther 7: R634-R643. ar1717 [pii];10.1186/ar1717 [doi].

13. Malarstig A, Eriksson P, Hamsten A, Lindahl B, Wallentin L, et al. (2008)
Raised interleukin-10 is an indicator of poor outcome and enhanced systemic
inflammation in patients with acute coronary syndrome. Heart 94: 724-729.
hrt.2007.119271 [pii];10.1136/hrt.2007.119271 [doi].

14. Ronnblom L (2011) The type I interferon system in the etiopathogenesis of
autoimmune diseases. Ups J Med Sci 116: 227-237. 10.3109/
03009734.2011.624649 [doi].

15. Denny MF, Thacker S, Mehta H, Somers EC, Dodick T, et al. (2007)
Interferon-alpha promotes abnormal vasculogenesis in lupus: a potential
pathway for premature atherosclerosis. Blood 110: 2907-2915. blood-2007-05-
089086 [pii];10.1182/blood-2007-05-089086 [doi].

PLOS ONE | www.plosone.org

IFNo Levels and EPC Imbalance in RA

follow-up period, differences in treatment duration and the low
numbers of patients included do not lead us to achieve consistent
conclusions in this issue.

Conclusions

In summary, we show that high IFNo serum levels could
identify a group of RA patients with increased disease activity,
EPC imbalance, enhanced proinflammatory profile and higher
cardiovascular risk, probably due, at least in part, to an impaired
endothelial repair. In addition, IFNa could be not only a marker
of poor prognosis, but also of poor response to therapy, thus
highlighting the relevance of this cytokine as a potential
therapeutic target in RA.
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Abstract

RA (rheumatoid arthritis) is a chronic rheumatic condition hallmarked by joint inflammation and destruction by
self-reactive immune responses. Clinical management of RA patients is often hampered by its heterogeneous
nature in both clinical presentation and outcome, thereby highlighting the need for new predictive biomarkers. In
this sense, several studies have recently revealed a role for type | IFNs (interferons), mainly IFN¢, in the
pathogenesis of a subset of RA patients. Genetic variants associated with the type I IFN pathway have been linked
with RA development, as well as with clinical features. Moreover, a role for IFN« as a trigger for RA development has
also been described. Additionally, a type | IFN signature has been associated with the early diagnosis of RA and
clinical outcome prediction in patients undergoing biological drug treatment, two challenging issues for
decision-making in the clinical setting. Moreover, these cytokines have been related to endothelial damage and
vascular repair failure in different autoimmune disorders. Therefore, together with chronic inflammation and disease
features, they could probably account for the increased cardiovascular disease morbidity and mortality of these
patients. The main aim of the present review is to provide recent evidence supporting a role for type | IFNs in the
immunopathology of RA, as well as to analyse their possible role as biomarkers for disease management.

Key words: autoimmunity, biomarker, endothelial damage, interferon «, rheumatoid arthritis, type | interferon

INTRODUCTION transcription) 1 and STATZ2, leading to their activation andeti-

ization (Figure 1). Then, the activated STAT1/STAT2 complex
Type | IFNs (interferons) are a family of cytokines discovered assembles with IRF9 (IFN-regulatory factor 9) and this trimeric
more than 50 years ago by their ability to inhibit (interfere with) complex binds to specific DNA target sequences, known as ISREs
viral replication. Since their discovery, they have beerstilgiect ~ (IFN-stimulated response elements), thereby activating the tran-
of intense research not only from a basic science perspebiit  scription of several related genes, coined as IRGs (IFN-response
also for their roles in autoimmunity, as well as their therapeuticgenes) or IFI (IFN-inducible) genes (such as IRF5, IRF7, etc.)
use in a variety of conditions. (Figure 1) [1]. These IRGs are responsible for the antiviral and

The human type | IFN family comprises 13 functional N  immunomodulatory effects triggered by type | IFNs. Actually,

genes and single genes for IBNFNk, IFNe and IFNw, all de-  type | IFNs have been reported to modulate up to 200 genes,
rived from one common ancestral gene. All type | IFN cytokine highlighting their pleiotropic character.

bind to a single heterodimeric receptor composed of two sitbu During viral infections, although most human cell types are
[IFNAR1 and IFNAR2 (IFNe receptor 1 and 2 respectively)] [1], able to secrete type | IFNs, DCs (dendritic cells), and mainly
resulting in the activation of two receptor-associated pndte- pDCs (plasmacitoid DCs), are the most efficient tFpfoducers

osine kinases JAK1 (Janus kinase 1) and TYK2 (tyrosine kinas¢2]. Virus and viral RNA/DNA stimulate type | IFN produc-
2), which phosphorylate STAT (signal transducer and activalft ~ tion through cell-associated pattern recognition receptsuch

Abbreviations: CCR cyclic citrullinated peptide; CV, cardiovascular; DAS, disease activity score; DC, dendritic cell; EPC, endothelial progenitor cell; ET-1, endothelin-1; HCQ,
hydroxychloroquine; IFI, IFN-inducible; IFNAR, IFNe receptor; IFN, interferon; IL, interleukin; IL-1RA, IL-1 receptor antagonist; IRAK, interleukin receptor-associated kinase; IRF,
IFN-regulatory factor; IRG, IFN-response gene; ISRE, IFN-stimulated response element; JAK, Janus kinase; NSAID, non-steroidal anti-inflammatory drug; pDC, plasmacitoid DC; PRKR,
protein kinase R; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; STAT, signal transducer and activator of transcription; Tang cell, angiogenic T-cell; TLR, Toll-like receptor;
TNF, tumour necrosis factor; TRAF, TNF receptor-associated factor; TYK2, tyrosine kinase 2; VEGF, vascular endothelial growth factor.
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Figure1 Type | IFN pathway in pDCs
Type | IFNs can activate the transcription of IRGs through the JAK/STAT pathway. The type | IFNs can regulate almost
200 genes, whose simultaneous increased expression is referred to as the so-called IFN signature. These genes are
responsible for the antiviral effects of type | IFNs and are also involved in the triggering of type | IFNs, as well as in a
variety of immunomodulatory effects of type | IFNs. On the other hand, interferogenic immune complexes in autoimmune
disorders can stimulate type | IFN gene transcription by engaging FcyRlla receptors, thereby leading to higher type I IFN
expression. Molecules reported to be associated with genetic susceptibility to RA are highlighted in red.

as TLRs (Toll-like receptors), this synthesis being tightly requ-TYPE | IFNS AND AUTOIMMUNITY
lated and limited in time. However, interferogenic immune com-
plexes, containing self-nucleic acids, have been repantsdme  Owing to their immune-stimulatory effects, type | IFNs andith
autoimmune disorders [3,4] to induce type | IFNs, predominantlysignalling pathways represent a key factor in the breakdafvn
IFNe, after internalization in endosomes vigfRlla (Figure 1).  tolerance and the subsequent development and/or peripetuat
At this point, TLR7/TLR9 present in pDC endosomes activateof autoimmune phenomena (Figure 2). Therefore their role in
the MyD88 (myeloid differentiation factor 88) adaptor piot, autoimmune diseases has been intensely studied. The nhost re
which associates with TRAF3/TRAF6 [TNF (tumour necrosis evant results come from SLE (systemic lupus erythematosus),
factor) receptor-associated factor 3and 6] and IRAK1/IRAK where IFNv seems to have a prominent role. However, many
(interleukin) receptor-associated kinase 1 and 4]. This complexther autoimmune conditions have been related to the IFN path-
promotes the phosphorylation and translocation to the nacieu  way, such as 8jgren syndrome, systemic sclerosis and, more re-
IRF3, IRF5 and IFR7, which ultimately activate the transcription cently, RA (rheumatoid arthritis). Actually, some of these autoim-
of type | IFN genes [5,6]. mune conditions (or, specifically, some subsets of patients) may
Regarding their functions, type | IFNs efficiently inhibit be classified as ‘Type | interferonopathies’, a recently coined term
viral replication, thus being the major innate immune respons to cover the broad spectrum of conditions hallmarked by alperr
against viral infections. However, type | IFNs can also carrytype | IFN signalling [8,9].
out a wide range of immunomodulatory functions, including  Consistent data indicate a role for type | IFNs (and especially
the up-regulation of MHC-I and MHC-II, maturation of DCs, IFN«) in SLE pathogenesis. High plasma levels of tFivere
activation natural killer cells, and induction of chemadén  found in SLE patients [10], and were reported to be associated
chemokine receptors and co-stimulatory molecules (CD& anwith serological features, as well as with disease activity [11].
CD86), as well as stimulating B-cell differentiation, dotdy Similar findings were observed when expression arrays were per-
production and isotype class switching [5—7]. In addition, theseformed in peripheral blood cells and tissue from SLE patients
cytokines have been associated with a Thl shift [5,7]. There[12]. Additionally, IFNo therapy is associated with the occur-
fore type | IFNs can influence both innate and adaptive re-rence and increase in the titre of antinuclear antibodiesptbe
sponses, leading to the activation of cellular and humoralotypical autoantibodies in SLE) in healthy subjects asd alith
immunity. worsening of pre-existing SLE conditions [13,14].
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Figure 2 Proposed roles of type | IFNs on immune activation and CV disease in RA
Type | IFNs are pleiotropic cytokines that carry out a wide variety of cellular and molecular processes. Immunomodulatory
effects of type | IFNs can lead to an enhanced immune activation by affecting both innate and acquired immunity,
thus precipitating a breakdown in the tolerance and, hence, onset and perpetuation of the autoimmune phenomena
characteristic of RA. Additionally, effects other than immune stimulation may have a role in premature atherosclerosis and
impaired vascular repair, therefore promoting CVD (CV disease) progression in RA patients.

Further evidence for a pathogenic function of b=k SLE In contrast with SLE, up-regulation of type | IFNs have only
has come from animal models [15], where a role for the ge-been found in a subset of RA patients and unexpected differ-
netic background in IFi signalling [16,17] has been suggested. ences between the two subtypes of type | IFNs ¢Fxid IFNS)
These findings are in line with the heterogeneity of SLE andhave been reported, thereby highlighting the relevance skthe
thus probably account for the different expression patt@fns cytokines in the pathogenesis of this disease. Interestinglys IFN
the type I IFN pathway in different patients [12]. Later stuwdie has predominantly anti-inflammatory properties, inhibits metal-

le

have delineated the cellular network where éFiNas involved  loproteinases and plays a role in bone homoeostasis. Proposed

in SLE pathogenesis (reviewed in [18]), with a prominent role explanations for these tissue protection capabilities haea that
for pDCs and immunocomplexes in a self-perpetuating circlelFNg: (i) regulates inflammation and cell migration by decregsin
of chronic IFN stimulation and B-cell activation. These lines of the expression of adhesion molecules, (i) modulates tlenbea
evidence and the fact that anti-I&N/accination resulted in a between (metallo)-proteases and protease inhibitors, thus inhibit-
notable amelioration of clinical features in murine modéa ] ing tissue remodelling, and (iii) inhibits cartilage desttion and
led to the consideration of IrNas a therapeutic target in SLE. osteoclastogenesis by inhibiting RANKL (receptor actvatf
In this sense, two monoclonal antibodies have been desamtd nuclear factok B ligand)-mediated c-Fos activation [22—-27]. Al-
the first clinical trials have been conducted [20,21]. Infar though these regulatory mechanisms of friday contrast with
tion concerning clinical benefit it is not yet sufficient teeévate ~ the immunomodulatory effects proposed for lENFNp ther-
the efficacy of this therapy. However, despite being a promisin apy did not show clinical benefit in RA patients [28], in costra
therapeutic tool, it should be taken into account that ontiepgs ~ with the pre-clinical studies. Probably mode of administration
with increased IFi serum levels or type | IFN signature expres- and doses may account for the lack of efficacy in this clinical
sion might respond favourably, thus highlighting a cleardhfee  trial. Additionally, the beneficial effect of IFBlis supposed to
predictive biomarkers in this field. be IL-1RA (IL-1 receptor antagonist)-mediated [29]. However,
In spite of the consistent body of evidence that supports a roléL-1RA treatment exhibits a modest clinical effect in RA [30,31].
for IFN« in SLE, it has received little attention in RA (Table 1). Moreover, the same schedule for IBNwdministration was fol-
RA is a complex disease, characterized by high heterogeineit lowed as in multiple sclerosis patients, but these diseaffes di
genetic predisposition, clinical presentation, disease progressioim terms of immunopathology and type | IFN activation [32].
co-morbidities and response to therapies. Some lines ofesgde As previously stated, differences in type | IFN subtypes @FN
supporta pathogenicrole fortype I IFNsin RA (Table 2), althoughand IFNB) arise in RA and may also explain these contradictory
some controversy also exists. findings. It is important to note that, whereas =M mainly
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Tablel Comparison between the state of the art knowledge concerning type | IFN between SLE, the prototypical IFN«o-
mediated autoimmune condition, and RA
The number of ticks represents the strength of the evidence for each issue.

SLE RA

Type | IFN-related genes association with v V' v [45,165-168] v’ v [36,45,169,170]
genetic susceptibility

Disease and/or disease-specific v v v [13,14,56] (reviewed in [55]) v [67-60,63]
autoantibodies occurrence after treatment
with type | IFNs

Disease triggered in mouse models by IFN« v [15] v [71]

Increased type | IFN signature in peripheral V' V'V (up to 90%) [11,12,82] (reviewed in [7]) v’ (25-65%) [68,82,87]
blood from patients (% of patients)

Increased type | IFN plasma levels v v [10,114] v [75,142]

Association with clinical and serological v’ v [11,12,171] (reviewed in [18]) v [68,75,142]
features

Targeted therapy against type | IFN approved v’ [20,21,122,125] X
and/or clinical trials performed

Association with CV risk and CV disease v'v [134,136-138,147,158,172] v [142,143,160,161]

occurrence in patients

Table 2 Outline of the current evidence for and against a pathogenic role for type I IFNs in RA

Study For Against

Pre-clinical studies Pathogenic role in RA animal models [70,71] Anti-inflammatory effects (IFNB) [22,23,26]
Type | IFN blockade is clinically effective in mouse models [19] Inhibition of cartilage and bone destruction (IFNB) [25,27]
IFNAR-deficient mice do not develop RA [69,71] Inhibition of vascularization and cell trafficking [173-175]
IRF-deficient mouse are resistant to RA [43] Treatment with IFNS ameliorate clinical symptoms in animal
IFN« injection in joints induces RA development in mice [71] models [27]

IFNe-producing cells detected in synovial tissue [77,79]
Increased ex vivo IFNa-production by pDCs from RA patients [77]

Clinical studies Genetic variants linked to susceptibility and clinical features RA remission after IFNS treatment [178]
[35,37,40,42,44,45,47-50,169,176,177] Type | IFN signature is only found in a subset of patients
Viral infections promote disease exacerbations [66,67] [68,82,87]

IFN« treatment associated with disease occurrence or
aggravation [13,56-64]

Induction of RA-specific autoantibodies during IFN« therapy
[56,62,65]

Increased expression in peripheral blood and target tissue
(synovia) [68,82,84,87]

Associations with clinical features [68,142]

Association with poor clinical response [94-96,98-101,106]
Association with erosive lesions [75]

Promotion of vascular repair failure [142,143,160,161]

produced by pDCs, IFBlis produced widely, with several cell constant challenge and, recently, the possibility of considering

types involved. More recently, a potential role for type Il IFNs type | IFNs as biomarkers in RA has emerged.

(IFN) in RA has been proposed [33], as common downstream

mediators of type | and type lll IFNs have been identified and

type 1l IFNs can induce the expression of a number of type |

IFN-induced genes [34]. However, the role for IElM yettobe IRGs AND RA SUSCEPTIBILITY

clarified. All of these features make the study of the type | IFN

system in RA challenging. Extensive research has shed light on the genetic predisposition of
The search for new biomarkers that could assist in the clinicaRA, thus underlining the relevance of more than 60 risk loci that

management of RA patients is not only a necessity, but also account for 50% of the total heritability in RA. Most of these
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genes are related to antigen presentation, the threshold afiiem The notion that type | IFNs could play a role in RA came
responses and cytokine regulation. Given the immune efédcts from a clinical setting, since increased autoimmune reastio
type I IFNs and the reported role of their genetic variants@irth and occurrence of autoantibodies were detected in patiétits
dysregulation in autoimmunity [5,7], polymorphisms in IRGs viral infections or haematological malignancies upon dRiNer-
may be a plausible explanation of the genetic susceptimliRA. apy [55]. The immune-stimulatory effect of this treatment ca
Actually, among the identified risk genes for RA, a considirab precipitate immune-mediated reactiatesnovo or exacerbate an
number are involved in the regulation or production of thestyp  existing autoimmune tendency. This is supported by the observed
IFN pathway, (Figure 1). increase in the titre of antibodies and by the developmentof cli
Several studies revealed a role for IRF5in RA susceptibil-ical disease in patients with pre-existing antibodies [B&jver-
ity, with three polymorphisms being documented [35]. Addi- theless, it must be noted that not all of the patients recg Nl
tional studies confirmed this association, especially edhse developed autoantibodies, and the occurrence of autcatiti®
of patients harbouring the shared epitope [36,37], therglvg{  did not necessarily mean autoimmune disease developntaat. T
stricting the genetic predisposition to a subset of patients withfeature highlights IFi as a trigger of autoimmunity, but also
special characteristics, and (ii) associating IFN-related genetithe need for additional mechanisms (genetic backgrournd, fo
susceptibility to patients with enhanced immune respomses instance).
viral antigens [38,39]. Interestingly, the susceptibility to RA as-  Development of RA in the context of IFNtherapy has been
sociated with IRF5 variants seems to be similar to that of SLEwidely documented [57-62], and was associated with rheumat
[40]. Furthermore, these variants conferred increased BiM-a  oid factor occurrence in up to 34% of the cases [56], whereas
ity in SLE patients, therefore suggesting a functional role of thesdew cases developed anti-CCP (cyclic citrullinated peptide) an-
polymorphisms at the protein level. Whether this effect i@ als tibodies and erosive lesions. However, in most of the cases, RA
present in RA is still unknown; however, some controversy ex-manifestations remitted after IelNtherapy was withdrawn; this
ists regarding IRF5 and RA susceptibility, probably duehe t did not happen when the patient exhibited anti-CCP antibod-
ethnicity of the subjects and the approach used [41,42f-Lik ies or harboured the shared epitope, and these patientséad p
wise, a lack of activation of the IFN pathway in mice lacking dominantly a persistent disease. Another remarkable finding
IRF1 has been described to result in a decreased frequency amEN-induced RA is that almost all the patients exhibited &po
severity of RA [43], and copy number variations in this locus arearticular onset. This is especially important, since a langan
implicated in RA development in human studies [44]. Additio  ber of joints affected at disease onset was associated with an
ally, different polymorphisms in STAT4 [45], STAT1 and STAT3 aggressive outcome. Moreover, most patients were unrespons-
genes [46], implicated in the IFN pathway, have been prahoseive or showed weak response to NSAIDs (non-steroidal anti-
to be associated with RA development. inflammatory drugs), even after cessation of the therapB@Bd,
Associations with genetic variants of pattern recognitien  65]. Interestingly though, improvements were reported after hy-
ceptors have also been reported. IFI1H is an RNA cytoplasmiaroxychloroquine treatment [60,65]; however, these cases n
receptor that acts as innate immune sensor for viral infectto  to be interpreted with caution, as it is not clear whetherdhes
can also activate the IFN pathway and has been associated withaits can be classified as definite RA by classical criteria.
aberrant IFN signalling in the so-called interferonopath#4.[ These findings led us to hypothesize that éFiay be con-
Polymorphisms in IFI1H have also been described as risk loci fosidered a trigger for RA in predisposed individuals. Furthermore,
RA [48,49]. Likewise, several authors have reported increasedhese patients probably have an aggressive disease phenotype,
RA susceptibility due to some alleles in TLR genes being implic-with a large number of affected joints and a poor response to
ated in IFN responses (TLR2, TLR4, TLR8 and TLR9) [50]. NSAIDs, but better to antimalarials, in accordance with the in-
Therefore it must be considered that the IFN pathway anchibitory effect of this therapy on the IFNpathway.
IRGs can have a role in RA susceptibility, at least in subgroups The idea of IFNs as a trigger of RA is also supported by
of patients with characteristics of severe disease (shared epitogvidence that infectious agents may not only have a roleén th
or erosive course). origin of RA, but also in the exacerbation of the disease [66,67].
Accordingly, it has been reported that a subgroup of RA pa-
tients exhibited a transcriptional profile that is similar tottha
of a viral infection [68], with IFN-mediated immunity being
strongly up-regulated in these subjects. These patients also ex-
IFNs AS A TRIGGER OF RA hibit increased anti-CCP positivity, which can be associated with
the breakdown of tolerance and increased B-cell activgiion
The first descriptions of type | IFNs in RA patients go back to moted by IFNv. Moreover, anti-CCP positivity is commonly as-
1979, when increased levels were described in plasma [51], ansociated with rapid progression, hence associating IFN-mediated
later confirmed in synovial fluid [52]. Further studies asatexl immunity with poor outcome.
high IFNo: serum levels with extra-articular manifestations [53].  Animal models of RA may also provide interesting insights
However, decreased IFN levels were also reported [54]. Neverinto this field. Defects in DNA clearance were followed by
theless, this controversial evidence suggested the existence ah autoantibody-mediated chronic polyarthritis in micat tre-
dysregulated IFNs in RA patients and proved worthy of furthersembles human RA [69]. Additionally, nucleic acids by them-
research. selves have been described to induce RA development in mouse
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models [70] because of their ability to induce l&Mdynthesis  pathology between these two conditions and supports the idea th
[71]. Although signalling through IFNAR is needed, PRKR (pro- type | IFNs are actually more complex than initially consth
tein kinase R), a well-known downstream mediator of the IFN being heterogeneous even among different ‘related’ déseas
pathway, is not required for RA development. Therefore a role  Asaconsequence, the applicability of the IFN signature is still
for IRF3 and IRF7 in IFN-induced RA would be expected. Other a matter of debate that needs further investigation. It cacebe
studies have also reported a role of TLR7 and TLR8 in nucleic-culated from many different IFN-stimulated genes, that, although
acid-induced IFN production [72]. Actually, all of these medi- most of them show similar expression patterns, differences are
ators are also linked with RA susceptibility in humans. Neverthe-notable. In fact, a considerable variability and a wide en§
less, the frequency of RA development differed among difier  IFN-stimulated gene expression have been reported. Satredrs
mouse strains even upon the same stimuli [70], thus reinforcing89] stated that PRKR expression in SLE patients was comlylet
the involvement of additional mechanisms, such as genetic-ba independent of that of other IFN-induced genes studied @X-
ground, for RA development. IF144L, IFIT1 and IF144). Interestingly, PRKR had been reported
All of these findings are in line with the observation that circu- to be irrelevant for IFN-induced RA [71], thereby emphasizing
lating nucleic acids, and autoantibodies directed againstear  the complexity of the type I IFN system. On the other hand, data
antigens, can be found in RA patients [73,74]. Moreover, the presmodelling and analysis also differ among studies [85], dnisl t
ence of both nucleic acids and increased dHivels has been makes the comparison between different studies difficukeréh
reported in the synovial fluid, as well as the peripheral blodd, o fore analysis of a IFN-induced profile based on average gene
some RA patients with erosive disease [75,76]. Actually, synovialexpression levels ignores co-regulation and interactions of such
pDCs produce large amounts of IkNI75,77], which induce fur-  IFN-induced genes [85]. Moreover, it has been reported tleat th
ther maturation of pDCs, and are able to present arthritogenitFN signature in the rheumatoid synovium could also be induced
antigens to T-cells [78—80], thereby promoting autoimmume-p by TNFw [90,91], thus pointing to a role for TNFFas a modulator
nomena and RA progression. of the IFN signature and bringing into question the specificity of
the IFN signature as a biomarker of type | signalling in RA.
However, whether this mechanism occurs in peripheral blsod i
unknown.
IFN SIGNATURES IN RA PATIENTS In conclusion, transcriptomic profiles, such as the IFN signa-
ture, could provide a direct insight into the genes and paylsw
Signalling through the type | IFN pathway results in an incegas involved in a certain disease in a single patient. Additignal
expression of several IFN-stimulated genes. This global expreshey are non-invasive techniques, thus being valuable tools for
sion profile is referred to as the ‘IFN signature’ and it hasrbe the clinical management of complex diseases. Howeveryaeve
profoundly studied in rheumatic diseases. Although the first evid-concerns also exist and the results need to be interpretiedavi-
ence of rheumatic patients exhibiting an IFN signature ciaome ~ tion. In RA, apart from providing new insights into pathogenic
studies in SLE [81], subsequent studies have demonstriaéd t mechanisms, the IFN signature also has direct implications in
several systemic rheumatic conditions, including a subgroup ofwo unmet clinical needs, namely early diagnosis and ptiedic
RA patients, are hallmarked by an IFN signature [82]. This signa-of therapy response.
ture in RA was also reported in the synovial membrane, thereby
supporting their involvement in the target tissue, similarly to other
organ-specific autoimmune disorders [82].
An IFN signature has been reported in 25-65% of RA pa-IFN AND RA DIAGNOSIS
tients. Some studies reflect that this transcriptomic signature is
not different in RA compared with SLE patients [83,84], wiere One of the main challenges in the clinical management of RA is
others have revealed lower IFN activation in RA [82,85]. A-pre early diagnosis. In this sense, the IFN signature has been reported
vious study of peripheral blood gene expression signatures bin the pre-clinical phase of RA and it has been demonstrated t
Smiljanovic et al. [86] revealed that, despite being shase8LE exhibit a consistent predictive value [92,93]. In addition, the IFN
and RA patients, the RA IFN signature qualitatively differs from signature increased the predictive value of traditional markers
that of SLE patients in terms of target genes and transcniptio (anti-CCP and rheumatoid factor) [92]. Moreover, the fact that
factor-binding sites and, remarkably, genomic imprints found inthe IFN signature is found in patients even before the clinical
RA patients are more heterogeneous, thus suggesting the existiagnosis reinforces the hypothesis of IFN as a trigger for RA,
ence of distinctive transcriptional programmes between &dE  thereby ruling out the idea of the IFN signature in RA as an
RA. RA patients characterized by this transcriptional peafk-  epiphenomenon or consequence of the disease itself.
hibit increased expression of JAK/STAT mediators, as wellas nu-  Genetic variants, infections or dysregulation of the IFN path-
merous chemokines, chemokine receptors and adhesioinsote way could be potential explanations to account for the presen
thereby suggesting an underlying enhanced immune activati of the IFN signature before the clinical onset of RA [7]. Rega
[68,87]. Additionally, studies by genomic microarrays oeed less of the mechanism, the continuous IFN-mediated aidivat
that IFl gene expression patterns are different at the synovial levedf the immune system will progressively lead to breakdown of
between SLE patients with arthritic symptoms and RA pasient tolerance and the development of autoimmunity. The fadt tha
[88]. This finding is in line with the differences observed in joint this signature can be detectable before the clinical orlkstsa
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an opportunity for the establishment of early treatmentictvh  expression is associated with the presence of a B-cell clone in-
has been reported to result in a better sustained diseaselcontr sensitive to the effects of rituximab, whose activity andvaial
may be promoted by B-cell survival factors, such as BLyS [102].
Indeed, BLyS expression has been associated withy[Na
number of autoimmune diseases [103—-105].

IFN AND THE CLINICAL RESPONSE TO More recently, a potential role for the IFN signature in the

TREATMENT prediction of clinical response to tocilizumab has been psedo
[106], although evidence is limited.

Another major challenge in RA clinical routine is the prediati Taken together, in general these results suggest a predictive

of therapy outcome, especially to biological therapiesasdo  value for the IFN signature in RA patients undergoing commonly
avoid ineffective treatment in potentially unresponsive patientsused biological therapies, with a high IFN signature at baseline
thereby keeping these patients away from adverse effects anaeing associated with poor clinical outcome. This effecivh
high costs. ever, may not be specific for RA. Comabella et al. [107] have
Van Baarsen et al. [94] reported data from whole-blood real-reported a lack of response to IBNherapy in a subgroup of
time PCR analysis of IRGs in infliximab-treated patients, con-multiple sclerosis patients characterized by an overexpression of
cluding that a high IFN signature was associated with poortype | IFN-induced genes, which is linked to increased secre-
clinical outcome, as measured as a change in DAS (disead#n of IFN« upon stimulation and elevated activation of DCs
activity score) from baseline and EULAR (European League[107]. This observation highlights a relevant question concern-
Against Rheumatism) response criteria after 12 weeksI&iyi  ing type | IFNs: should they be considered ‘as a whole’ or could
Sekiguchi et al. [95] found that sustained low expressiordl-l  differences be expected among different types, suchas 8?
regulated genes is associated with a good response [ACR (AmeMavragani et al. [108] have addressed this question. In a pro-
ican College of Rheumatology) 50 % criteria] after 22 we@kg.[  spective study of RA patients treated with Té&Blockers, they
Additionally, infliximab treatment decreased anti-CCP titres in found that both IFN and IFN3 explained the IFN signature, but
patients with a low, but not in those with a high, IFN signature the better clinical response was associated with argHised
[96], which is in accordance with the differences in anti-CCP balance, presumably via IL-1Ra production [108], a cytokine ant-
antibodies levels depending on the IFN groups [68]. Anotheragonist up-regulated by IFNs [109]. These results emphasize the
plausible explanation could be the existence of an anti-CCPdifferences between both type | IFNs, suggesting that the IFN
producing plasma cell clone highly activated by IFN in thesesignature as a whole should be interpreted with caution. How-
patients. However, this latter study did not report clihiiffer- ever, IL-1Rais only modestly effective in RA [30,31]. In addition,
ences in response to ThFblockade. Moreover, contradictory these results explain the discrepancies observed ip{fféated
results have been recently reported in a prospective study of RRA patients [26,27], as it could be not only the dose of fEN
patients undergoing TNFblockade [97] when the IFN signature but also its balance with IR that really matters in the clinical
in neutrophils was analysed. Differences not only in the asbay context of RA. Finally, these results may confirm a pathogenic
population, but also in the transcription factors focusedmth role for IFN« in a subgroup of RA patients where this cytokine
more attention paid to the STAT factors in the latter study, maycan counteract the ‘protective’ effects of IBN110].
contribute to this controversy. Since both the IFN signature and its role as a predictive bio-
Similarly, some studies point to a role for the IFN signature marker seem to be present in many autoimmune conditions, it
as a predictor of a negative response to B-cell therapy in RA. Ahas been proposed that the IFN signature is patient-specific rather
previous study by Raterman et al. [98] using a whole genomehan disease-specific. This idea provides a new rationateéor
transcript profile approach revealed that, among all of theege  apy indications in autoimmunity based on the relevance of mo-
in the human genome, only IRGs were associated with poor clinlecular profiling, as it has been adopted in other clinicalterts.
ical response and a change in the DAS28 score after rituximab In this scenario, the IFN signature could be a key factor for
therapy. Actually, serum IF& bioactivity at baseline correlated decision-making in RA treatment, with two possible approaches
negatively with clinical response after 24 weeks in asinstady ~ that need to be considered: (i) the IFN signature as a biagnark
[99]. Accordingly, a greater decrease in autoantibody titees  to optimize and stratify the clinical management; and (i) RN
found in patients with a low IFN signature compared with their signature as a therapeutic target. In the first strategy, IFN could
counterparts with a high IFN signature, thus reinforcing the hy-be considered a useful tool to stratify patients as suitable can-
pothesis of a resistant B-cell clone probably stimulated bydFN didates (or not) for biological therapies, thus aiming tduee
Similar results were reported from synovial samples [100], withcosts and adverse effects. In the second strategy, the IFN sig-
high IFN-related gene expression being associated with a smallgrature could be considered as a target itself [111], with amaj
change in DAS28 score and poor clinical response. Subsequenole in the pathogenesis of some RA patients, so pharmacological
studies revealed, however, that good responders are ofaract inhibition of this pathway may lead to better disease control. In
ized by a slight increase in IRG expression early after therapyfact, patients with a high IFN signature might benefit from HCQ
whereas this expression was constitutively increased (unchange¢ydroxychloroquine), a treatment that ameliorates IFtlszed
in non-responders [101]. What seems clear is that the loveer thRA in some patients and which is able to reduce dFpro-
IFN signature, the better the clinical response to therapy.rigai duction [112—-114]. Moreover, antimalarial treatment has been
a potential explanation of these results could be that high IFNeported to be able to decrease circulating immunocomplexes in
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RA patients [115], which are potent IFN stimulators. Moreover, In this scenario, a potential role for type | IFNs has beemsho
chloroquine was able to block rheumatoid factor production in in autoimmune patients. Because of the relevance of the IFN
duced by immune complexes in activated B-cells by inhigitin signature in its pathogenesis, most evidence has been obtained
TLR9 signalling [116]. Additionally, HCQ also decreases IL-1, from SLE studies, although some authors have also provided new
IL-6 and TNFw levels [117], thereby accounting for its beneficial insights in RA patients as well. However, most of these studies
effect in RA patients [118,119]. However, direct evidencedo have been confirmeth vitro in the presence of IF¥ thereby
beneficial effect of HCQ on IFX production in RA is lacking. suggesting that detrimental effects on vascular biologyccba
JAK inhibitors are also attractive therapies for these patientsttributed to IFN¢, whereas the contribution of IFfNremains
not only because of the central involvement of JAK protems i unclear.
the IFN pathway, since JAK1 and TYK2 are involved in signal ~ The IFN signature has been associated with increased and
transduction downstream of the IFNAR upon type | IFN ligatio premature direct endothelial damage in murine models ofdupu
[6], but also for their ability to decrease type | IFN syntlseisi [134] and with endothelial dysfunction in SLE patients [1385]
DCs and synovial cells from RA patients [120,121]. This effect fact, type | IFNs have been reported to modulate several steps
seems to be mediated by suppression of the phosphorylation d@f atherosclerotic plaque progression in murine models of lupus
STAT1, thereby avoiding broad IRF gene activation. and atherosclerosis [136]. Several studies point to a prominent
Finally, IFN«a blockade might be advisable in these patients,role of EPC (endothelial progenitor cell) dysfunction mediated
although there is limited evidence from clinical experiendhw by increased type | IFNs. This hypothesis was also confirmed in
this therapy. However, despite being initially conceived éiser-  later studies, thereby revealing detrimental effects of typ&s
apy for SLE patients [122], some advances have been made ifmainly IFN«) in EPC recruitment, differentiation and function-
other type | IFN-mediated conditions [123,124], thus reinforcing ality. In fact, IFNx skewed the human EPC population to a ‘non-
again the idea of IFM as a patient-specific target, rather than a angiogenic’ phenotype, as characterized by their impaiasdu-
disease-specific one. logenic abilityin vitro [137]. Interestingly, it has been reported
Previously, some authors have proposed the use of the typethat IFNx treatment down-regulated pro-angiogenic mediators in
IFN signature as both a disease target and a pharmacodynamicurine EPC cultures [138], which is in line with decreased VEG
biomarker [125] in SLE, since differential expression of type | (vascular endothelial growth factor) levels detected in QlaE
IFN-related genes probably account for different response to antitients [137,139]. Furthermore, IFlNwas able to down-regulate
IFN« therapy. This personalized approach will possibly benefit aangiogenic mediators in several cell types [140,141], thereby pro-
number of patients and it would be also a potential explandtir moting a generalized failure of vascular repair. Of notepgh-
the lack of success in some clinical trials with biologicalgsu  tion of IFN signalling resulted in restoration of normal vascular
since patients are frequently recruited and randomizedhen t function. These findings are consistent with an early
basis of unresponsiveness to traditional therapies, but no attervascular damage in SLE, suggesting that highdFXpression
tion is paid to the activation pathways, which actually are thecould promote CV disease in lupus patients after the onseeof th
underlying mechanisms that need to be interfered with. Todisease, thus explaining the association between the IFN signa-
the best of our knowledge, no studies have been performed folture and subclinical CV disease reported in SLE patients [89].
lowing this scheme, probably because of the lack of stanziealdi Although the IFN signature has not been studied in RA in
and validated procedures for assessment of the type | IFN sigrelation to CV disease, it has been positively correlatedh wit
nature, but pharmacodynamic biomarkers are becomingaeere increased immune activation, cell adhesion, blood clgtéand
ingly important in the context of personalized medicine. fatty acid metabolism pathways [87], which are of relevaimce
However, despite their clear advantages, expression ggofil atherosclerotic progression. Our group has recently reported in-
exhibit a number of limitations that should be consideradhsaas  creased IFd serum levels in a subgroup of RA patients [142].
the differential proportion among leucocyte populatictiffer- Of note, these patients presented an EPC imbalance asslociate
ential response in expression profiles in these populationsyith aggressive disease markers and pro-inflammatory cytokines.
different sources from the isolated RNA, and technical and sta Probably, this pro-inflammatory environment leads to aceétel
istical approaches [126]. EPC maturation and altered vascular repair, which coulgatip
the increased rate of CV events observed in these patients [142].
Additionally, we have reported a new detrimental role foK&~
in vascular repair failure in RA patients, since lieNeems to be
IFNo AND VASCULAR DAMAGE associated with lower Tang cell (angiogenic T-cell) countsa-
tients and irin vitro cultures [143]. Tang cells have recently been
Rheumatic conditions are associated with increased CV (cardidiscovered by their ability to promote vascular repair tigtou
ovascular) disease mortality and morbidity [127,128]. Actually, co-operation with EPCs, and lower Tang cell counts have been
RA patients exhibit a CV risk profile similar to that of a 10-year- related to vascular disease [144].
older non-RA population or same-aged diabetic patient§][12 Several mechanisms may explain the vascular damage asso-
This increased risk is unexplained by the effect of tradaild@Vv ciated with high IFN¢ expression (Figure 3). Type | IFNs have
risk factors [128], but it seems to be influenced by disease paraseen linked to destabilization of atherosclerotic plaquets]
meters [130]. It is clear that chronic inflammation and immuneand exhibit widespread negative effects on the vasculatyre b
dysregulation underlie, at least in part, this excess risk [130-133Jaffecting many cell types in atherosclerosis [146]. Besidhes t
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Figure 3 IFNa and vascular damage
IFN« is associated with vascular damage through different ways, including by promoting increased endothelial injury (direct
endothelial damage, platelet activation, foam cell differentiation and plaque destabilization) and impaired endothelial repair
(EPC dysfunction and Tang cell decrease). ROS, reactive oxygen species.
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crucial role of local pDCs, IFN enhances lipid uptake by mac- inflammation resulted in decreased ET-1 levels and improved
rophages, thereby promoting foam cell differentiatiord #mey  cardiac function [157]. Hence ET-1 could have a major role in
have been associated with vascular disease in SLE patidimk [1 IFN-induced endothelial damage in RA. Parallel quantifarati

In addition, since type | IFNs can increase the expression obf the IFN signature in these studies would provide insights into
co-stimulatory molecules and promote a shift towards Thl rethe actual role of type | IFNs in vascular damagevivo, but
sponses, they could induce and amplify a local immune responseurrent evidence is limited.

within the plaque, thus promoting increased plaque instgHi- Finally, itis noteworthy that polymorphisms in IRFs have been
nally, vascular repair is impaired by the effect of keldn EPCs  related to CV disease susceptibility [158,159] and to markers of
and Tang cells. subclinical atherosclerosis [160,161] in RA patients. Further-

Apart from VEGF, other molecular mediators behind the neg-more, pharmacological therapy with I&Nin non-autoimmune
ative effects of IFl on the vasculature have been described. Thesubjects) has also been associated with CV events [162—164], thus
IFNa pathway has been directly involved in endothelial damagereinforcing the pathogenic role for type | IFNs, and especially
It has been reported that IFI16, a DNA sensor induced by type IFN«, on the vasculature even in the absence of autoimmune
IFNs, promotes endothelial damage and activation and can pemilieu.
petuate inflammatory responses [148-151]. Interestingly, serum
levels of soluble IFI16 are increased in autoimmune patients, es-
pecially in RA [150]. Another mediator that deserves to be men-
tioned is ET-1 (endothelin-1), a potent vasoconstrictor involved inCONCLUSIONS
cardiopulmonary pathology, that is inducible by lFNL52,153]
and nucleic acids via TLR3. In fact, ET-1 protein levels increaseDespite the role played by type | IFNs in several autoimmune
after IFNx treatment [152] and correlated with IFN-induced pro- disorders, evidence supporting their relevance as a trigger for
teins [153] in systemic sclerosis patients. Therefore IFN-induced?A is only recently emerging. Increased type | IFN levels may
ET-1 levels may account for the adverse cardiopulmonary effectsharacterize a subgroup of RA patients with distinctive genomic
of IFN« therapy and could have a role in IFN-mediated vas-expression profile, as well as specific clinical featuree fact
cular damage. Accordingly, ET-1 levels are increased inrseru that the IFN signature is found even in the pre-clinical phase of
and synovial fluid from RA patients [154,155], mainly in pa- the disease and its potential role as a predictive marker for biolo-
tients with altered capillaroscopy profiles [155] or examdicular  gic therapies support the use of I&Ns possible biomarker for
manifestations [156]. In addition, control of disease activity anddifferent steps in the clinical management of RA. Since tiwae
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of biological drugs has increased in recent years, and itistheco 13
ing increasingly greater as new targets are characterizesl,| typ
IFNs are useful biomarkers that should be taken into account
for clinical decision-making. The use of type I IFN signatures as
pharmacodynamic biomarkers is a promising area not only in RA
but also in a number of autoimmune conditions. Additionaitg,
involvement of type I IFNs in endothelial damage and vascular 15
repair failure may account for the increased CV risk found in
RA patients and could allow, along with other disease features,
the identification of patients at risk. Taken together, thelisicin

of type | IFN signatures in algorithms for individualized trea 16
ments, as well as for CV risk stratification, would notablyeft

a number of RA patients.
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RESULTADOS

Capitulo II: Andlisis de las células T angiogénicas en AR

Si bien las EPC tienen un papel crucial en los procesos de reparaciéon endotelial,
existen otras poblaciones celulares implicadas en estos mecanismos, como son las células
Tang. Sin embargo, presumiblemente por lo reciente de su descubrimiento, esta poblacién
celular ha sido poco estudiada y no se habia abordado el analisis de esta poblacién celular

en pacientes de AR al inicio de esta Tesis Doctoral.

Por tanto, decidimos llevar a cabo el estudio de esta poblacidn celular en pacientes
de AR con el objetivo de determinar si existia una alteraciéon a nivel de las células Tang en
esta patologia. Asimismo, investigamos cudles eran los principales factores que
determinaban la frecuencia de esta poblacién en controles sanos y pacientes de AR,
analizando conjuntamente pardmetros clinicos y factores clasicos de riesgo CV en estos

ultimos.

Articulo 4: Rodriguez-Carrio ], Alperi-Lopez M, Lopez P, Alonso-Castro S, Ballina-Garcia
F], Suarez A (2015); Angiogenic T cells are decreased in Rheumatoid Arthritis patients;
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EXTENDED REPORT

Angiogenic T cells are decreased in rheumatoid

arthritis patients

Javier Rodriguez-Carrio,' Mercedes Alperi-Lépez,® Patricia Lopez,
Sara Alonso-Castro,? Francisco J Ballina-Garcia,” Ana Suarez'

ABSTRACT

Objective The mechanisms underlying the increased
cardiovascular risk (CVR) of rheumatoid arthritis (RA)
patients remain unclear. Since the recently discovered
angiogenic T cells (Tang) could have a role in endothelial
repair through cooperating with endothelial progenitor
cells (EPC), the main aim of this study was to analyse
the Tang and EPC populations in relation to disease-
specific features and traditional CVR factors.

Methods Tang (CD3*CD31*CXCR4™) and EPC
(CD34*VEGFR2*CD133") populations were quantified
by flow cytometry in peripheral blood samples from 103
RA patients and 18 matched healthy controls (HC).
Clinical features and traditional CVR factors were
obtained from clinical records, and 28-joint Disease
Activity Score was used for measuring disease activity.
Interferon (IFN) o serum levels were measured by
immunoassays.

Results Tang and EPC were strongly decreased in RA
patients. In HC, but not in patients, both populations
were positively correlated and inversely related to low
density lipoprotein- and total-cholesterol levels. Sex,
diabetes, dyslipidaemia, hypertension or obesity did not
significantly influence Tang in patients, although
detected in smokers. However, Tang were closely related
to disease activity, autoantibody positivity and IFNo.
levels. Multiple regression analysis adjusted for
traditional CVR factors confirmed that only disease
activity, age at diagnosis, antinuclear antibody positivity
and smoking habit could predict Tang frequency. Finally,
patients who had suffered a CV event since their RA
diagnosis presented higher Tang decrease and IFNc.
levels than those who were CV event-free.
Conclusions Disease-specific parameters, including
disease activity, autoantibody profiles and IFNa: levels,
are associated with Tang decrease in RA, thus probably
accounting for CVR.

INTRODUCTION

An increased prevalence of cardiovascular (CV)
events, not fully explained by traditional risk
factors,! has been widely reported in rheumatoid
arthritis (RA) patients.” * Therefore, other causes,
such as disease activity, chronic inflammation,
glucocorticoid treatment and genetic background,
have been proposed as disease-related independent
risk factors.>™ Such factors could increase CV risk
by promoting the development of early atheroscler-
otic lesions and impairing the endothelial repair
mechanisms. Moreover, it has been reported that
endothelial repair mechanisms were impaired in RA
and other autoimmune diseases, partly due to the

altered number or function of endothelial progeni-
tor cells (EPC), a haematopoietic-derived popula-
tion involved in vasculogenesis and vascular
repair.*°

Although EPC levels have been considered as a
surrogate marker of CV status in healthy sub-
jects,'! 12 different and even contradictory data
about their role in RA patients have been reported.
Recently, a novel T cell subset, the so-called angio-
genic T cells (Tang),"® has been described that
seems to cooperate with EPCs and enhance endo-
thelial repair function, possibly through the secre-
tion of proangiogenic cytokines. In fact, in vitro
experiments showed that Tang depletion could
abrogate EPC functionality.'> Animal models of
ischaemia also highlighted the relevance of the
Tang population in capillary formation."® Tang cells
are characterised by the coexpression of CD3,
CD31 (platelet endothelial cell adhesion molecule)
and CXCR4 (receptor for stromal-cell-derived
factor-1) and may express CD4 or CDS8. This
subset is characterised by the coexpression of naive
and memory markers, thus revealing its heteroge-
neous nature. A recent study in human patients
revealed, for the first time, that lower Tang
numbers are associated with vascular disease.'®
Thus, Tang may be used as a novel putative bio-
logical marker for CV disease.

On the other hand, among other factors that
could impair endothelial repair, type I interferons
(IFNs) deserve to be noted. IFNo and related cyto-
kines are a family of pleiotropic molecules with
potent antiviral effects and an established relevance
in systemic autoimmunity."> However, increasing
evidence points out their roles in endothelial injury
and repair failure. In fact, several mechanisms by
which IFNo could damage the endothelium have
been described.’®™"? In addition, this cytokine has
been associated with the occurrence of CV disease
in systemic lupus erythematosus independent of
traditional CV risk factors.”® Similar conclusions
have been reached by our group when studying RA
patients.?!

Given the very recent description of the Tang
population, no such studies in RA patients have yet
been reported. Thus, we hypothesised that the
increased CV risk of RA patients could be related
to altered numbers of Tang cells. Therefore, the
main aims of the present study were: (i) to quantify
Tang population in RA patients, (ii) to evaluate clin-
ical parameters that could be associated with these
cells and (iii) whether IFNo. serum levels could
influence Tang numbers in these patients.
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MATERIAL AND METHODS

Patients and controls

Our study involved 103 RA patients consecutively recruited
from the outpatient clinic from the Rheumatology Department
at the Hospital Universitario Central de Asturias, fulfilling the
1987 American College of Rheumatology criteria. Routine clin-
ical examination, including 28-joint Disease Activity Score
(DAS28) calculation, was performed during the patients’ visit.
Then, patients’ clinical records were exhaustively revised so as
to obtain previous therapies, traditional CV risk factors and his-
tories of previous CV events. Definition and classification of CV
events and traditional risk factors (hypertension, diabetes, dysli-
pidaemia, obesity and smoking) was performed as previously
established.”” ** A CV event was considered if the patient suf-
fered from heart failure, ischaemic heart disease or cerebrovas-
cular accident since their RA diagnosis to the time of sampling.
Simultaneously, matched healthy volunteers (n=18; 15 women;
age range 23-63 years) without any pathology or treatment
were recruited from the Centro Comunitario de Sangre y
Tejidos de Asturias. Automatised blood count and serum lipids
analysis were carried out for all the participants. Approval for
the study was obtained from the Regional Ethics Committee for
Clinical Investigation, according to the Declaration of Helsinki
and all the participants gave written informed consent.

Flow cytometry analyses

EPC and Tang frequencies were measured by flow cytometry.
EPCs were quantified as previously described.”” Tang were
stained with anti-CD3 PerCP-Cy$,5, anti-CD31 fluorescein iso-
thiocyanate (FITC) and CXCR4 PE-Cy7, and those CD31/
CXCR4™" were considered Tang (figure 1A) (see online supple-
mentary text).

Cytokine serum level quantification

Serum aliquots were stored at —80°C until cytokine measure-
ments. IFNo and tumour necrosis factor (TNF)o serum levels
were analysed by immunoassays (see online supplementary text).

In vitro cultures

Peripheral blood mononuclear cell (PBMC) cultures were
carried out to investigate the effect of IFNa, TNFa and patients’
serum on Tang frequency in vitro (see online supplementary
text).

Statistical analysis

All data are presented as median (IQR) unless otherwise stated.
Mann-Whitney, Spearman’s ranks, analysis of the variance
(ANOVA), %* tests and multivariate regression analysis were
used as appropriate. A p value<0.05 was considered statistically
significant (see online supplementary text).

RESULTS

Angiogenic-T cells were reduced in RA patients

To evaluate Tang cells in RA patients in relation to
EPC-mediated endothelial repair ability and traditional CV risk
factors, blood samples from 103 RA patients and 18 healthy
controls (HC) were analysed by flow cytometry, quantifying
Tang population by means of their CD3, CD31 and CXCR4
expression (figure 1A), whereas EPC populations were deter-
mined according to their CD34, CD133 and VEGFR2 expres-
sion, as previously described.** Demographic and clinical
characteristics of patients were summarised in table 1. Results
showed a strong decrease of Tang population in RA patients

compared with HC, both in absolute numbers (figure 1B) and
as a percentage of T cells (2.06 (1.89)% vs 5.52 (4.77)%,
p=0.0002). Circulating EPCs, as previously reported, were also
decreased in patients (figure 1C).

On the other hand, we observed interesting associations
between Tang and CV risk factors in HC that were absent in RA
patients (table 2). First, these cells exhibited a strong positive
correlation with EPC levels. Of note, this association was found
with CD34*CD133*VEGFR2" cells (the so-called ‘true EPC’),
but not with total CD34% or CD34*CD133" progenitor cells
or with the CD34"VEGFR2" population. In addition, Tang
from HC were negatively associated with total cholesterol and
low density lipoprotein (LDL)-cholesterol, but not with high
density lipoprotein. Furthermore, EPC levels from HC showed
similar correlations (total cholesterol: r=-0.573, p=0.013;
LDL-cholesterol: r=-0.562, p=0.015), thus supporting the
association of both Tang and EPC populations with CV risk
factors. Nevertheless, these correlations were completely absent
in RA patients. Moreover, male sex and the presence of dia-
betes, hypertension, dyslipidaemia or obesity did not signifi-
cantly influence Tang in RA patients, although even lower levels
were detected in smokers (p=0.037).

Finally, a stronger Tang-blood decrease was found in the sub-
group of RA patients who had suffered a CV event since their
RA diagnosis (n=19, time between RA diagnosis and CV event:
70.56+61.11 months) when compared with those without this
complication (2.61 (1.88) vs 3.56 (3.75)-10° cells/uL,
p=0.014). Thus, we analysed the influence of traditional CV
risk factors in RA patients with and without previous history of
CV events using logistic regression modelling. We found that
none of the variables included in the analysis were significantly
associated with the occurrence of a CV event (age: p=0.704,
male sex: p=0.074, obesity: p=0.958, hypertension: p=0.079,
dyslipidaemia: p=0.569, diabetes: p=0.211 and smoking habit:
p=0.840). Therefore, traditional CV risk factors did not appear
to be the most relevant causes for Tang decrease in RA patients.

Disease activity and autoantibodies influenced Tang in RA
patients

Therefore, we aimed to look for disease-specific features which
may be involved in Tang reduction in peripheral blood. Among
the analysed clinical parameters, the strongest association was
detected with DAS28 score (figure 2A), indicating that disease
activity plays an important role in Tang decrease. Moreover,
Tang and EPC levels remained correlated, although at a lower
degree than in HC, in patients with low disease activity
(DAS28<2.6, n=27) (figure 2B). This association was com-
pletely lost in patients with active disease (DAS28>2.6, n=76).
Other clinical parameters such as tender joint counts (r=
—0.260, p=0.009), erythrocyte sedimentation rate (r=-0.330,
p=0.001) and age at diagnosis (r=—0.352, p<0.0001), but not
disease duration (r=0.009, p=0.929), were negatively corre-
lated with Tang population. In fact, the analysis of RA patients
recruited at diagnosis and without treatment (n=7) indicated
that Tang were strongly decreased even at early stage of the
disease compared with HC (3.98 (4.13)-10% vs 8.93 (6.63)-10°
cells/ul, p=0.006), showing similar levels as they established
disease counterparts (3.30 (3.28)-10% cells/uL).

Likewise, the analysis of immunological features showed that
presence of autoantibodies was also related with Tang-blood
population, since patients presenting rheumatoid factor (RF),
anticyclic citrullinated peptide antibody (anti-CCP) or antinuc-
lear antibody (ANA) exhibited lower Tang levels than their nega-
tive counterparts (figure 2C). In fact, Tang were negatively
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Tang and endothelial progenitor cell (EPC) are decreased in peripheral blood of rheumatoid arthritis (RA) patients. (A) Representative

CD31 versus CXCR4 dot-plots of a healthy controls (HC) and a RA patient. Gated CD3 lymphocytes were analysed for CD31 and CXCR4 expression
by flow cytometry. Tang population was identified as the triple-positive CD3/CD31/CXCR4 cells in the lymphocyte gate. Quadrants were set
according to the fluorescence signal provided by the isotype controls. Box plots represent Tang (B) and EPC (C) peripheral blood reduction in RA
patients compared with HC. Differences were evaluated by Mann—-Whitney U test.

associated with RF and ANA titres (r=-0.473, p<0.0001 and
r=-0.252, p=0.011, respectively). Additionally, patients with
previous CV events presented higher frequency of anti-CCP
(88.9% vs 62.5%, p=0.031) and a trend for RF positivity
(83.3% vs 62.5%, p=0.091).

Therefore, in order to evaluate the relevance of clinical and
immunological features in determining Tang frequencies, a
multivariate linear regression analysis were performed. After
adjusting for traditional CV risk factors (age, sex, dyslipidaemia,
diabetes, hypertension, obesity and smoking), only disease activ-
ity (B (95% CI) —0.546 (—1.008 to —0.339), p=0.0001), age at
diagnosis (—0.041 (—0.088 to —0.018), p=0.003), ANA positiv-
ity (-1.046 (-1.959 to —0.184), p=0.019) and smoking
(-0.732 (-2.189 to —0.374), p=0.006) showed a significant
effect in predicting Tang levels, thus supporting that, except for
smoking, disease-specific parameters rather than traditional CV
risk factors, are implicated in Tang numbers in RA patients.

IFNa. levels were associated with Tang decrease in

peripheral blood

In addition to clinical parameters, other factors involved in RA
pathogenesis and inflammation burden could have a role in
Tang frequency reduction. Thus, to evaluate possible serum
markers associated with endothelial damage, we quantified cir-
culating IFNo. and TNFo, two cytokines involved in the patho-
genesis of several autoimmune diseases. Results showed that
serum levels of IFNa were significantly increased in patients
(p=0.004) (see online supplementary table S1) and correlated
inversely with Tang (figure 3A). Although IFNo was undetect-
able in the 49.3% of patients, this association remained signifi-
cant in the IFNo-detectable subgroup (r=-0.233, p=0.048),
which displayed lower Tang levels (2.64 (3.03)-10° vs 4.51

(4.48)-10% cells/uL, p=0.004). This relationship was completely
absent in HC (r=-0.028, p=0.918), probably because IFNa
was undetectable in most of them (88%). No associations with
total CD3 or CD31 cells were found, suggesting that detrimen-
tal effects were specific for Tang population rather than a gener-
alised effect on T cells. Moreover, RA patients with previous CV
events exhibited higher IFNa serum levels compared with those
without them (p=0.019, 78% of IFNa positive). On the other
hand, TNFa levels, also increased in patients (p=0.014), failed
to exhibit a significant association with Tang numbers (see
online supplementary figure S1A), although patients with the
highest levels (>80th percentile, 39.49 pg/mL) showed a trend
to lower Tang counts (2.49 (1.74)-10° vs 3.92 (3.93)-10° cells/
uL, p=0.081). No significant differences were detected in
patients with previous CV events (p=0.573).

Finally, culture assays were performed in order to evaluate the
effects of these cytokines on Tang population. Thus, PBMCs
were cultured for 4 days in medium alone or in the presence of
IFNo (1000 U/mL). Tang frequency was significantly reduced (up
to a 26.6%) in [FNo-treated cells (figure 3B), although the total
amount of viable T lymphocytes was similar in both cultures
(p=0.516). Therefore, to determine the possible effect of the
IFNo present in RA serum, PBMCs were cultured in medium
supplemented with 10% of pooled sera from either HC or RA
patients and with increasing concentrations of anti-IFNa or
control rabbit IgG antibodies added to RA serum. At day 4, RA
serum-treated cells displayed a strong Tang decrease compared
with those HC-treated that was partially restored, dose-
dependently, by anti-IFNa blockade. No differences in total CD3
counts were observed after IFNo or RA serum treatment.
Moreover, the Annexin V/7-Actinomycin D (AAD) staining
showed that both early and late Tang apoptosis was not different
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Table 1 Demographic and clinical parameters of RA patients
RA patients (n=103)
Gender (female : male) 83:20

Age at sampling, years (mean=SD) 54.81+14.37
Disease features
Disease duration, years (mean (range))

Age at diagnosis, years

5.58 (0-30.00)
47.83 (13.92)

Disease activity (DAS28) 3.49 (1.90)
Tender joint count 2.00 (4.00)
Swollen joint count 1.00 (3.00)
Patient global assessment (0—100) 37 (36.50)
ESR, mm/h 13.00 (22.50)
CRP, mg/L 2.00 (3.90)
HAQ (0-3) 0.87 (1.21)
RF (+), n (%) 65 (63.1)
aCCP (+), n (%) 66 (64.0)
ANA (+), n (%) 51 (49.1)
Shared epitope, n (%) 41 (39.8)
Erosive disease, n (%) 48 (46.6)
Traditional CV risk factors, n (%)
Dyslipidaemia 36 (34.9)
Hypertension 35 (33.9)
Diabetes 9 (8.7)
Obesity (BMI>30) 20 (19.4)
Smoking habit 34 (33.0)
CV events, n (%)
Previous CV events 18 (17.4)
Ischaemic heart disease 8(7.7)
Heart failure 8(7.7)
Cerebrovascular accidents 2 (1.9)
Treatments, n (%)
None or NSAIDs 7 (6.7)
Glucocorticoids 56 (54.3)
Methotrexate 77 (74.7)
TNFa blockers 44 (42.7)
Tocilizumab 12 (11.6)
Statins 20 (19.4)

Categorical variables are summarised as n (%), and continuous one as median (IQR)
unless otherwise was stated.

oCCP, cyclic citrullinated peptide antibody; ANA, antinuclear antibody; BMI, Body
Mass Index; CRP, C reactive protein; CV, cardiovascular; DAS28, 28-joing Disease
Activity Score; ESR, Erythrocyte Sedimentation Rate; HAQ, Health Assessment
Questionnaire; NSAIDs, non-steroidal anti-inflammatory drugs; RA, rheumatoid
arthritis; RF, rheumatoid factor; TNFo,, tumour necrosis factor o.

in IFN-treated cultures than in the negative control (early: 0.53
+0.21 vs 0.82+0.28, p=0.114; late: 0.16=0.20 vs 0.08+0.07,
p=0.771). However, IFNa seemed to be able to downregulate
CXCR4 expression (mean fluorescence intensity (MFI) in Tang:
7630.50=1575.82 vs 5318.50+3253.80; in CD3 cells: 4359
+799.23 vs 3606.25+454.77), thus being one potential mechan-
ism to explain lower Tang numbers.

These results point out the detrimental role of IFNa on Tang
subset and the involvement of other serum factors in this effect.
In fact, TNFo was also able to slightly decrease Tang frequencies
(7.4%) in vitro (see online supplementary figure S2B), although
no associations were observed in patients.

DISCUSSION

In recent years, several studies have been performed to explore
the mechanisms underlying the increased CV risk and endothe-
lial damage observed in RA patients. The results presented

Table 2 Associations of angiogenic T cells with EPC populations
and CV risk factors

HC RA
EPC populations
CD34*VEGFR2*CD133* (EPC) r=0.886 r=—0.052
p<0.0001 p=0.679
CD34 r=0.252 r=0.126
p=0.313 p=0.263
CD34*CD133* r=0.318 r=0.142
p=0.198 p=0.205
CD34*VEGFR2* r=0.362 r=—0.010
p=0.139 p=0.933
Traditional CV risk factors
Total cholesterol (mg/dL) r=—0.688 r=0.040
p=0.002 p=0.709
HDL-cholesterol (mg/dL) r=—0.099 r=0.112
p=0.695 p=0.300
LDL-cholesterol (mg/mL) r=—0.670 r=0.107
p=0.002 p=0.325
Male sex p=0.360 p=0.282
Diabetes p=0.712
Hypertension p=0.570
Obesity (BMI >30) p=0.119
Smoking habit p=0.037

Associations between Tang and continuous variables were assessed by Spearman
rank correlations (r coefficient and p value are shown), and Mann-Whitney U test
was used with categorical variables (p value is shown).

BMI, Body Mass Index; CV, cardiovascular; EPC, endothelial progenitor cell;

HC, healthy controls; HDL, high density lipoprotein; LDL, low density lipoprotein;
RA, rheumatoid arthritis.

herein are the first reporting a new factor that seems to be impli-
cated in this condition: the recently described subpopulation of
immune cells, the so-called Tang.

It has been suggested that Tang cells may be used as a bio-
marker for CV risk and endothelial function.’® Accordingly, the
evaluation of Tang cells in healthy individuals performed in this
work showed that this population was negatively correlated
with total and LDL-cholesterol levels. In addition, Tang were
positively associated with CD34*VEGFR27CD133™" cells, the
true EPC population, but not with other phenotypes
(CD34"VEGFR2* or CD347CD133™). This result highlights
the special relevance of CD133 labelling for EPC measurements
by flow cytometry.”> Although a positive correlation between
Tang and EPC colonies in vitro has been previously reported,*?
this is the first study showing a correlation between EPC and
Tang in human peripheral blood. These findings suggest a con-
nection between decreased Tang numbers and increased CV
risk.

The most important finding of our work, however, was the
striking circulating Tang decrease detected in RA patients,
even at diagnosis, which, additionally, was unrelated to EPC
levels and traditional CV risk factors, except for smoking.
Instead, disease activity and presence of autoantibodies
seemed to have detrimental effects on the Tang population.
These cells were decreased in a disease activity-dependent
manner in RA patients, thus suggesting that specific disease
features were implicated in Tang decrease. In fact, the associ-
ation between EPC and Tang was partially recovered in
patients with low disease activity. These findings are in line
with the idea that an accurate control of the disease will have
a positive impact on CV risk management.”® However, our
data could support an alternative role of Tang in chronic
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inflammation, since Tang behaviour under this situation is yet
unknown. In fact, it might be expected that Tang-blood cells
would migrate to the inflamed tissues, thus explaining the
low circulating counts and the inverse relationship with
inflammatory markers. Therefore, we cannot exclude that
Tang cells in patients with an active inflammatory disease
could be involved in the chronic inflammation rather than in
angiogenic repair.

On the other hand, Tang were also associated with late age at
diagnosis and the presence of ANA, RF and anti-CCP anti-
bodies, all of them previously associated with poor prognosis
and CV risk in RA.>” %8 Moreover, autoantibody positivity has
been previously related to CV events in RA*® and other clinical
conditions.*® 3! Therefore, our data suggest that the negative
effect of autoantibodies on Tang could be one of the underlying
mechanisms by which they influenced CV risk, at least in RA.
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Figure 3 Interferon (IFN)o exhibited negative effects on Tang population. (A) IFNc: serum levels were negatively correlated with Tang frequency in
rheumatoid arthritis (RA) patients. (B) Peripheral blood mononuclear cell (PBMC) cultured in the presence or absence (medium) of 1000 U/mL of
recombinant human IFNo. prompted an in vitro Tang reduction, which was totally abrogated by IFNo. blockade. A similar decrease was observed
when culturing in the presence of RA pool serum (IFNo:: 159.65 pg/mL; TNFou: 88.63 pg/mL) compared with those healthy controls sera-treated
(IFNow: undetectable; TNFo: 5.09 pg/mL). Serum RA-treated reduction was partially recovered by IFNo: blockade in a dose-dependent fashion:

1 ug/mL (=) and 10 pug/mL (w). Independent cultures were performed with freshly isolated PBMC from different blood donors (n=7). Correlations
were analysed by Spearman ranks test and differences between among treatments were evaluated by a repeated measures analysis of the variance
(ANOVA) and Bonferroni post hoc test. Horizontal bars represent the mean value ***p<0.001, **p<0.01.
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According to our results, disease-specific features rather than trad-
itional CV risk factors, apart from smoking, appear to be associated
with Tang reduction in RA, thus supporting the idea that new
factors should be taken into account in CV risk assessment in RA. In
line with this, an interesting result of this work was the suggested
harmful role played by IFNo on Tang cells. Type I IFN signature has
been widely associated with the pathogenesis of autoimmunity, first
in systemic lupus erythematosus (SLE),*? but currently also in a
subset of RA and other disorders."® 3* ** Moreover, type I IFNs
have been associated with disease activity>® and clinical features®® 37
as well as with atherosclerosis markers'” ** 3 and CV disease.?’ In
fact, different ways by which IFNa could damage the endothelium
have been described.*® Additionally, IFNe treatment has been asso-
ciated with increased CV events in non-RA subjects.*'™* Thus, the
role of IFNo. in Tang decrease reported here may suggest a new way
by which this cytokine could have a negative impact on endothelial
repair and CV risk, in the subgroup of RA patients with the IFNa
‘signature’.’® 3* Recently, systemic disease has been associated with
the occurrence of CV events in RA patients.** Our results are in line
with all these findings, since patients with higher IFNa levels are
characterised by a higher rate of CV events and lower Tang frequen-
cies. Thus, in addition to inflammatory and disease-specific
markers, high IFNa levels might be helpful in the identification of
RA patients with high CV risk.

Finally, the analysis of patients with a history of CV events
may support the use of Tang as a putative marker of endothelial
damage and CV disease in RA, as was suggested in other path-
ologies.'* These patients exhibited lower Tang counts than
those CV-free, highlighting the role of Tang cells in vascular
repair. These patients also displayed increased levels of IFNa,
previously associated with the development of premature ath-
erosclerosis®® *° and CV disease'® in lupus. Accordingly, type I
IFN signature has been found to be upregulated even several
years after CV event occurrence.'” Therefore, Tang cells could
be an interesting target in RA and CV disease.

In conclusion, our data indicate that peripheral Tang decrease,
in addition to an altered EPC function, is associated with the
increased CV risk in RA patients, probably by impairing endo-
thelial repair. These low Tang levels are closely related to
disease-specific parameters. Specifically, high disease activity and
autoantibody positivity are strong indicators of Tang reduction,
whereas presence of high IFNa levels could be considered an
additional factor in a subgroup of patients. We cannot exclude,
however, that severe disease, chronic inflammation and IFNo
can directly promote endothelial dysfunction, thus increasing
CV risk independently of Tang population. In any case, these
disease features could be interesting tools to account for CV risk
in RA patients. Although further studies are needed to investi-
gate the functionality of these cells in inflammatory conditions,
increasing Tang number and/or function might be a promising
intervention in RA patients, mainly in those with high risk or
history of CV disease. In this sense, IFNo. blockade*’ could be a
valuable therapy for patients with high levels of this cytokine.
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RESULTADOS

Capitulo III: Estudio de las microparticulas circulantes en AR

Las MP circulantes son unos mediadores muy interesantes en el estudio del dafio
endotelial y la enfermedad CV, tanto por su capacidad para desencadenar diferentes tipos de
respuestas biolégicas, como por las ventajas que ofrecen como biomarcadores. Aunque la
investigacion de las MP en pacientes con enfermedad CV y disfuncién endotelial ha aportado
evidencias de gran interés para entender los procesos patogénicos asociados a la progresion
de la disfuncion endotelial, el estudio de las MP en AR no habia recibido la misma atencién
que otras patologias y se habia centrado en su papel patogénico en las respuestas
inflamatorias implicadas en la patogénesis de la enfermedad. Ademas, la utilizacién de
diferentes metodologias para la identificacién y cuantificacién de MP dificulta enormemente

la comparacion de los resultados obtenidos en los diferentes trabajos publicados.

Hasta el inicio la presente Tesis Doctoral, no se habia estudiado la presencia y
distribucién de diferentes tipos de MP circulantes en pacientes de AR, en relacién a los
parametros clinicos y los factores clasicos de riesgo de forma simultanea, lo cual es de gran
relevancia al coexistir un estado de activacién inmunitaria con la activacién endotelial. Por
tanto, decidimos abordar este estudio optimizando ademdas un nuevo protocolo para la
identificacion de MP circulantes procedentes de muestras de plasma mediante citometria de

flujo.

Articulo 5: Rodriguez-Carrio ], Alperi-Lopez M, Lopez P, Alonso-Castro S, Carro-Esteban SR,
Ballina-Garcia FJ, Suarez A (2015); Altered profile of circulating microparticles in

Rheumatoid Arthritis patients; Clinical Science 128:437-448.

Aportacion personal al trabajo: en este estudio corrié a mi cargo la mayor parte del

trabajo experimental, tanto en la parte realizada con muestras de pacientes como los
estudios in vitro. Asimismo, llevé a cabo el andlisis y discusion de los resultados con
el resto de los coautores. Por ultimo, realicé la redaccidén del manuscrito y las figuras

que lo acompafian en colaboracién con la Dra. Ana Suarez Diaz.
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Altered profile of circulating microparticles in
rheumatoid arthritis patients
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Santiago R. Carro-Esteban*, Francisco J. Ballina-Garciat and Ana Suarez*

*Area of Immunology, Department of Functional Biology, University of Oviedo, Asturias, Spain
tDepartment of Rheumatology, Hospital Universitario Central de Asturias, Asturias, Spain

Abstract

Microparticles (MPs) could be considered biomarkers of cell damage and activation as well as novel signalling
structures. Since rheumatoid arthritis (RA) is characterized by immune and endothelial activation, the main aim of
the present study was to analyse MP counts in RA patients. Citrated-blood samples were obtained from 114 RA
patients, 33 healthy controls (HC) and 72 individuals with marked cardiovascular (CV) risk without autoimmune
manifestations (CVR). MPs were analysed in platelet-poor plasma (PPP) and different subsets were identified by
their surface markers: platelet- (CD417), endothelial- (CD1467), granulocyte- (CD66™), monocyte- (CD14%) and
Tang- (CD3TCD31™") derived. Disease activity score (DAS28), clinical and immunological parameters as well as
traditional CV risk factors (diabetes, hypertension, dyslipidaemia and obesity) were registered from clinical records
and all data were integrated using Principal Component Analysis (PCA). Absolute MP number was increased in RA
patients compared with HC and positively correlated with traditional CV risk factors, similar to that of CVR subjects.
In addition, frequency of the different MP subsets was different in RA patients and significantly associated with
disease features. Moreover, in vitro assays revealed that MPs isolated from RA patients were able to promote
endothelial activation and exhibited detrimental effects on human microvascular endothelial cells (HMEC-I)
endothelial cell functionality. Circulating MPs from RA patients displayed quantitative and qualitative alterations that
are the result of both disease-specific and traditional CV risk factors. Accordingly, this MP pool exhibited in vitro
detrimental effects on endothelial cells, thus supporting their role as biomarkers of vascular damage.

Key words: angiogenic T-cell, cardiovascular risk factor, endothelial damage, microparticle, rheumatoid arthritis
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INTRODUCTION exhibit an array of surface markers derived from their parental
cell that can be used to assess their origin [4].

Microparticles (MPs) are small membrane vesicles (0.1x Increased levels of MPs have been reported in patients with

constitutively released by many cell types under physiologicallymalignancies, infections, systemic inflammation, autoimmune
conditions, but enhanced in many pathological situations, mainlyand vascular diseases, among other pathological states [5]. Thus,
associated with cell damage. Largely considered as inert celtirculating MPs have been commonly considered as biomark-
debris, previous studies have demonstrated they could have &rs of injury, since they originate after cell activation and apop-
role in intercellular communication [1]. They have been demon-tosis, or are actively released upon specific activating receptors
strated to harbour nucleic acids, signalling molecules, cytokinesignals [2,6]. This is especially relevant in the context of cardi-
and even organelles, thereby supporting their active role in celbvascular (CV) disease, since MPs derived from different cell
biology [2,3]. These facts have led to more attention being fo-types implicated in the etiopathology of the disease (endothelial
cused on MPs, since they could exert different effects dependingells, lymphocytes, monocytes, smooth muscle cells and plate-
on the conditions under which they originated as well as on thdets) have been found to be increased in patients [7,8]. Actually,
cell type from which they have been released. Accordingly, MPSMPs from platelets and endothelial cells are proposed to play a

Abbreviations: APC, allophycocyanin; BMI, body mass index; CV, cardiovascular; CVR, cardiovascular risk; HMEC-I, human microvascular endothelial cells; EMR endothelial-derived MP;
ESR, erythrocyte sedimentation rate; GMP granulocyte-derived MP; HC, healthy controls; DAS28, disease activity score (28 joints); MoMPR monocyte-derived MP; MR microparticle; PCA,
Principal Component Analysis; PE, phycoerythrin; PMP platelet-derived MP; PPP platelet-poor plasma; PRR platelet-rich plasma; RA, rheumatoid arthritis; Tang, angiogenic T-cell; Tang-MP
Tang-derived MP; TNFe, tumour necrosis factor «; VEGFR2, vascular endothelial growth factor receptor 2j; VPD, Violet Proliferation Dye 450.

Correspondence: Dr Ana Sudrez (email anasua@uniovi.es).

© The Authors Journal compilation © 2015 Biochemical Society 437



J. Rodriguez-Carrio and others

role in thrombogenesis as well as in endothelial activation [9,10] dyslipidaemia, obesity and smoking) were performed as previ-
Moreover, platelet-derived MPs are known to be able to activateously established [22,23].
neutrophils [11,12], thereby promoting an innate immune activa-  Simultaneously, 33 healthy volunteers within a similar age
tion that leads to neutrophil extracellular traps (NET) formation range and gender as patients were recruited from the same pop-
[13]. These mechanisms are also involved in vascular damageilation, and a group of 72 individuals with different traditional
thus supporting the link between MPs, inflammation and CVCV risk factors were recruited from their primary care referral
disease. In fact, the chronic inflammation associated with mangentre (Table 1).
autoimmune disorders could underlie the increased prevalence Automatized complete blood count and serum lipids analysis
of CV events reported in these patients [14,15]. However, thewvere carried out for all the participants. Approval for the study
role played by MP subsets in these situations remains unknowrwas obtained from the Regional Ethics Committee for Clinical
Therefore, knowledge of these events could help to identify painvestigation, in compliance with the Declaration of Helsinki.
tients at risk and improve specific therapies. Additionally, theyAll the participants gave written informed consent prior to study
represent accessible and valuable biomarkers of different tissuesclusion.
(especially the vasculature) that are difficult to reach and study.
Taking into account these considerations, rheumatoid arthritiBlood sampling and isolation of platelet-poor
(RA), an autoimmune condition in which both immune and en- plasma
dothelial activation can be found, provides an interesting scenari@ fasting blood sample was obtained by venipuncture in 4.5 ml
to analyse MPs subsets. Previous evidence is limited and resultdtrate-containing tubes (BD Vacutainer), which were transferred
concerning disease associations and MP subsets are heterogén-the laboratory and centrifuged at 30§@or 15 min at room
eous (reviewed in [1]). A plausible explanation to account fortemperature to obtain platelet-poor plasma (PPP) within a max-
these discrepancies, also found in other pathologies, is the ladkmum of 2 h after blood collection. The resulting plasma was
of standardized protocols to analyse MPs. Because of their smatlivided in three aliquots and stored-a80°C until analysis.
size and the large heterogeneity of plasma MPs, most studies are
performed by flow cytometry, although other methods have alsdAnalysis of MPs by flow cytometry
been used. Traditionally, MPs had been identified by annexin VPPP aliquots were thawed at room temperature and.20@re
binding in their surface [16], but previous evidence has broughtransferred into new tubes and centrifuged at 13000 rpm for
into question this methodology, since annexin V-negative MPs30 min at 15C. Then, the upper 180l were carefully discarded
express specific surface markers [17,18] and have been reporteghd the initial volume was restored with 0.2eh double- filtered
to have clinical relevance [19]. Consequently, many authors hav®BS. To identify cell-derived MPs, a Violet Proliferation Dye
chosen different approaches to avoid annexin staining, such a50 (VPD, BD Biosciences) staining was performed, thus avoid-
MP total labelling [20] or no labelling [4]. ing annexin V limitations [24]. Hence, 150 were transferred
With the aim of estimating the contribution of MPs to into a new tube, brought to a final volume of 1 ml with double-
RA pathogenesis, this work simultaneously analysed total andiltered PBS and Ll of 1 mM VPD was added. After incub-
platelet-, endothelial-, granulocyte- and monocyte-derived MPstion at 37C for 15 min, staining was stopped by placing the
inrelation to disease-specific parameters as well as traditional C'¢amples immediately on ice for 20 min. Finally, VPD-stained MP
risk factors. In addition, since we have recently proposed a rolesuspensions were divided into different tubes and pairs of anti-
for angiogenic T-cells (Tang) in RA [21], we aimed to evaluate bodies were added to identify specific MP subsets: anti-CD41—
whether Tang-derived MPs can be found and if associations withFITC (Immunostep) and anti-CD146— allophycocyanin (APC)
clinical parameters could provide new insights into this T-cell (Miltenyi Biotech); anti-CD14— phycoerythrin (PE) (Miltenyi)
subset. Finallyjn vitro studies were performed to estimate the and anti-CD66b—APC (BD); anti-CD3—-APC (Immunostep) and
potential deleterious effect of RA-MPs on vascular endothelium.anti-CD31-PE (Immunostep). Antibodies were previously cent-
rifuged (16 060y rpm, 10 min, £C) in order to avoid aggregates
[25]. Incubation was performed at room temperature for 15 min
and then MP suspensions were transferred into Stepcount tubes

MATERIALS AND METHODS (Immunostep), which allow absolute quantification. Tubes were
immediately processed by flow cytometry.
Patients Samples were analysed in a FACS Canto |l flow cytometer.

We conducted a case—control study involving 114 RA patientd~orward scatter (FSC) and side scatter (SSC) were adjusted
fulfilling the 2010 American College of Rheumatology RA cri- to logarithmic gain. The MP gate was designed using latex
teria, consecutively recruited from the Department of Rheum-microbeads (Sigma—Aldrich) and confirmed with platelet-rich
atology (Hospital Universitario Central de Asturias, Oviedo). plasma (PRP) [26], setting 1.1 and Q.8 as the upper and
Routine clinical examination, including disease activity scorelower detection limits. Below 0.2m, only debris seemed to
(28 joints) (DAS28) calculation, was performed at the time of be detected after analysing double-filtered PBS. Unstained MPs
sampling. Medical records were revised in order to register clin-were used to set the threshold for VPD-positive signal and un-
ical and immunological parameters, medications, traditional CVstained negative control of VPD-stained MPs to establish specific
risk factors and previous CV events. Definition and classificationantibody fluorescence. No spillover between VPD and the fluoro-
of CV events and traditional risk factors (hypertension, diabeteschromes assayed was registered. Acquisition was performed until
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Tablel1 Demographic and clinical parameters of RA patients
Categorical variables are summarized as numbers (percentage), and continuous variables as medians (interquartile range)
unless otherwise stated *[median (range)]. 2P value <0.01 (HC compared with RA: P=0.696). °P value <0.01 (CVR compared
with RA: P=0.460). DAS28, disease activity score (28 joints); HAQ, Health Assessment Questionnaire; RF, rheumatoid
factor; «CCR cyclic citrullinated peptide antibody; ANA, antinuclear antibody; NSAIDS, non-steroidal anti-inflammatory drugs.
Differences were assessed by Kruskal-Wallis and Dunn-Bonferroni multiple comparisons tests and chi-square test, as
appropriate.

Parameter HC (n=33) CVR (n=72) RA patients (n=114)

Gender (female:male) (n) 25:8 38:34° 90:24

Age at sampling (years)* 44.29 (23-72)P 57.41 (33-69) 55.04 (22-87)

Disease features
Disease duration (years) 4.91 (7.19)
Age at diagnosis (years) 48.41 (14.62)
Disease activity (DAS28) 3.61 (1.97)
Tender joint count 2.00 (6.00)
Swollen joint count 1.00 (4.00)
Patient global assessment (0-100) 40.00 (41.25)
ESR (mm/h) 15.50 (23.00)
Patient pain assessment (0-10) 4.00 (4.00)
HAQ (0-3) 0.87 (1.22)
RF (+) (n) 70 (61.4%)
aCCP (+) (n) 70 (61.4%)
ANA (+) (n) 58 (50.8 %)
Shared epitope (n) 47 (41.2%)
Erosive disease (n) 49 (42.9%)

Traditional CV risk factors (n)
Dyslipidaemia 40 (35.3%)
Hypertension 38 (33.3%)
Diabetes (Type 2) 9 (7.8%)
Obesity (BMI >30) 22 (19.3%)
Smoking habit 38 (33.3%)
Number of traditional CV risk factors* 1.00 (0-4)
Previous CV events 18 (15.7 %)

Treatments (n)
None or NSAIDs 12 (10.5%)
Glucocorticoids 61 (53.5%)
Methotrexate 80 (70.1%)
TNFa blockers 45 (39.4%)
Tocilizumab 12 (10.5%)
Statins 20 (17.5%)

10000 microbeads from Stepcount tubes were acquiredects of each group [HC: 1.8610° total MPs/ml, 9.3« 10*
(<4 min/tube) at medium rate. All samples were processed anglatelet-derived MPs (PMP)/ml, 968.87 endothelial-derived MPs
analysed batchwise to minimize technical variations. (EMP)/ml, 244.01 granulocyte-derived MPs (GMP)/ml, 190.57
Total and subset specific cell-derived MPs (absolute num-Tang-derived MPs (Tang-MP)/ml and 3:8L0° monocyte-
ber/ml plasma) were calculated according to the MP counts acderived MPs (MoMP)/ml; CVR: 2.% 10° total MPs/ml,
quired, the total number of microbeads from Stepcount tubes and.9x 10* PMP/ml, 500.23 EMP/ml, 172.64 GMP/ml, 227.61

the dilution performed during sample preparation. Tang-MP/ml and 2.& 10* MoMP/ml; and RA: 4.1x 10°
total MPs/ml, 12.4< 10 PMP/ml, 2200.6 EMP/mI, 1024.86
In vitro assays with HMEC-I cells GMP/ml, 829.65 Tang-MP/ml and 5:110° MoMP/ml]. Sim-

The in vitro effects of plasma-isolated MPs on endothelium ilarly, age and gender distribution did not differ among groups
were evaluated using human microvascular endothelial cell§P=0.70 andP=0.327, respectively). PPP was centrifuged
(HMEC-I) cells. To this end, pooled MP suspensions fromas previously described and supernatants were discarded and
healthy controls (HC), cardiovascular risk (CVR) individuals replaced with HMEC-I complete medium so as to eliminate re-
and RA patients were prepared from ten representative subsidual plasma containing soluble mediators. Then, the volume
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was adjusted to obtain uniform total MP concentrations in theRESULTS
different pools and serial dilutions were performed according to
the experimental design. Two different pools were prepared peMP counts were increased in RA patients
group and assayed simultaneously. HMEC-I cells were culturedCirculating MPs were quantified by flow cytometry in plasma
in MCDB131 medium (Sigma) supplemented with 10% foetal samples from 114 RA patients (Table 1), 33 HC and 72 indi-
calf serum (PAA, Belgium), 10@g/ml streptomycin and ampi-  viduals with different traditional CV risk factors (Supplementary
cillin (PAA), 2 mM glutamine (Sigma), Lg/ml hydrocortisone  Table S1). The strategy used to identify MPs is presented in Fig-
(Sigma) and 10 ng/ml epidermal growth factor (Immunostep) inure 1. The MP gate was set within 0.3 and Arh using latex mi-
a humidified incubator with 5% Cgat 37°C. Assays were per- crobeads and PRP, with most of the detected MPs being smaller
formed within the second and sixth passages. than 0.6um (Figure 1A). Total cell-derived MPs were defined
For angiogenesis assays, 96-well plates were coated wjih 50 as those events within this gate and positive for VPD staining
of Matrigel (BD) and left for 30 min at 37C for polymerization.  (Figure 1B). Specific MP subsets were identified by their sur-
Then, 50000 HMEC-I cells resuspended in 10®f complete  face markers: CD41(PMP), CD146 (EMP), CD14 (MoMP),
medium were added to each well, followed by the addition of MPCD66b" (GMP) and CD3 CD31* (Tang-MP) (Figure 1C). Gates
suspensions (50l) at different concentrations in duplicate. After were adjusted by the signal provided by the negative control of
16 h of culture, both tube formation and branching points wereVPD-stained MPs.
quantified on one focal plane in three non-overlapping fields per  Absolute counts of total MPs in patients and controls and
well (27) at 40< magnification, using a Motic AE2000 (Motic) that of different subsets are summarized in Figure 2. Total num-
inverted microscope equipped with a compatible digital camereber of MPs was significantly increased in CVR individuals com-
(Moticam 2000, Motic). pared with HC [3.14 (2.6 10° compared with 2.10 (1.23) 10°
To assay endothelial activation, HMEC-I cells were cultured MPs/ml] and further increased in RA patients [4.21 (3.02)0°
in 24-well plates with MP suspensions at different concentrationgvPs/ml]. Although platelets were the main source of MPs among
for 16 h. Then, cells were washed and stained with Fixable Viabthe analysed subsets, they did not show a significant increase in
ility dye e450 nm (eBioscience) for 30 minin the dark. Next, cells any group. However, the absolute number of MPs derived from
were washed and stained with different antibodies: anti- vasculagndothelial cells, granulocytes and Tang lymphocytes was signi-
endothelial growth factor receptor 2 (VEGFR2)—PE (R&D), anti- ficantly increased as was the number of total MPs in RA patients.
CD144-APC (Milteny) and anti-CD62E-APC (Immunostep) for Accordingly, the frequency of these MP subsets out of the total
30 min at #C. Finally, cells were washed again to eliminate non- MPs was also increased in RA patients compared with HC [EMP:
binding antibodies and immediately analysed by flow cytometry.0.05 (0.10) compared with 0.02 (0.067)P6= 0.029; GMP: 0.02
(0.03) compared with 0.01 (0.00)%,=0.001; Tang-MP: 8.16
(11.70) compared with 1.20 (6.76)% < 0.0001]. Conversely, no
TNF« quantification differences were registered in the different MP subsets between
Serum aliquots were stored a80°C until cytokine measure- the CVR group and HC. Therefore, RA patients exhibit not only
ments. Tumour necrosis fac®w(TNFo) serum levels were quan-  a quantitative increase but also an altered MP profile.
tified using a BD OptEIA kit (BD) following the manufacturer's
instructions. The detection limit was 1.95 pg/ml. MP profile was associated with traditional CV risk
factors and disease-specific parameters
Next, we wondered whether traditional CV risk factors and/or
Statistical analysis disease-specific parameters could account for the MP alterations
Data are expressed as median (interquartile range) unless otHetected in RA patients. Notably, total MPs number was posit-
erwise stated. Differences between MP concentrations were assely associated with some traditional CV risk factors in both
sessed using the Kruskal-Wallis test with Dunn—Bonferroni cor-RA and CVR patients. Specifically, similar significant correl-
rection for multiple comparisons test, whereas correlations werations were detected with triacylglycerols (triglycerides) (RA:
studied using the Spearman ranks test. &lffect on MP counts  r =0.390,P < 0.0002; CVR:r =0.358,P =0.012), total/high-
was studied by multivariate linear regression analysis adjusted fodensity lipoprotein (HDL)-cholesterol ratio (RAr=0.319,
traditional CV risk factors. MPs counts were log-transformed for P=0.004; CVR:r =0.298, P=0.040) and body mass index
normalization prior to regression analyses. Because of the higBMI) (RA: r =0.232,P=0.021; CVR:r =0.304,P =0.022).
number of parameters studied, a Principal Component Analysié\lso, the number of traditional CV risk factors correlated with
(PCA) was performed, including traditional CV risk factors and total MP countsi(=0.221,P =0.030). However, none of these
demographic, clinical and inflammatory parameters. The numbeassociations were observed with any specific MP subset.
of components retained was based on 18 valsd3 &nd loadings Nevertheless, the striking increase in the absolute number
>0.5 were used to identify the variables comprising a componentand the differences in MP composition detected in RA pa-
Principal component scores were calculated for each patient aniients could not be explained by the presence of traditional CVR
used for multivariate regression analysis. Results fiowtroas- ~ factors. Therefore, cellular damage and/or activation related to
says were analysed by one-way ANOVA with Dunnett post-hocdisease specific parameters may play a role. In this sense, in-
test. SPSS 19.0, R 3.0.3 and GraphPad Prism 5.0 for Windowteresting associations were found: EMP counts correlated pos-
were used. itively with disease durationr & 0.285,P =0.005); GMP with
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Figure 1 Gating strategy for MP analysis

(A) Latex beads were used to calibrate FSC and SSC logarithmic gain and to design the MP gate. Analysis of MP suspension
revealed that most MPs had this size. PRP sample was prepared to confirm MP gate. (B) Total MPs were defined as those
events VPDT. Threshold was adjusted with an unstained MP suspension. (C) Gating strategy for PMPs (CD41" MPs), EMPs
(CD146" MPs), GMPs (CD66b* MPs), MoMPs (CD14" MP) and Tang-MPs (CD3* MPs were first gated and evaluated by
their CD31" expression and those CD3TCD31™ double-positive were defined as Tang-MPs).

DAS28 =0.271,P=0.032), erythrocyte sedimentation rate ive approach for the different factors included, avoiding potential
(ESR) ¢ =0.233,P=0.022) and age at diagnosis=£0.233,
P =0.021); Tang-MP with DAS28& (= 0.275,P = 0.007), tender
(r=0.229,P =0.026) and swollenr(=0.306,P =0.003) joint
counts and MoMP with RF (rheumatoid factor) titre<0.240,
P =0.041). Interestingly, patients on tocilizumab treatment ex-the Bartlett test of sphericityP(= 107*°). Results of the PCA

hibited lower Tang-MPs K=0.050) and GMPsR=0.011),

collinearity bias and multiple testing concerns. PCA was conduc-
ted with the parameters summarized in Table 2 and all of them
exhibited communalities higher than 0.5. The Kaiser—Meyer—
Olkin test provided a good adequacy of the data (0.687) as did

provided four components with eigen valueg, which were in-

whereas methotrexate usage was related to decreased Tang-N#?preted based on the loadings relating the variable to the com-
counts P=0.033), probably associated with the lower DAS28 ponent. Thus, loadings higher than 0.5 were used to identify the
(P < 0.001 andP =0.008, respectively) found in these patients. variables that define each component. As seenin Table 2, disease-
Therapies used in the CVR did not result in different MPs countsspecific parameters loaded on the first component (‘rheumatic-

in any of the subsets analysed.

related’), whereas traditional CV risk factors loaded on the

All these results indicated that a large number of parametsecond component (‘traditional CV-related’), only disease dur-
ers, including traditional CV risk and disease specific factors,ation loaded on the third component (‘duration-related’) as ESR
accounted for total and specific MP subsets in RA patientsdid on the fourth (‘inflammation-related’). This model explained
Therefore, we employed a PCA to reduce this number into 89.0% of the total variance.

small set of components that could explain most of the vari-

Finally, we analysed whether principal components were as-

ance of the MP counts. This method also provides an integratsociated with the different MP subsets by multiple regression
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Figure 2 Total and specific MP subsets in patients and controls
Absolute number of total MPs and PMPs, EMPs, MoMPs, GMPs and Tang-MPs was analysed in 114 RA patients, 72
individuals with traditional CVR factors and 33 HC. Horizontal lines represent median and interquartile range. Differences
were assessed by Kruskal-Wallis with Dunn—-Bonferroni multiple comparison tests. Kruskal-Wallis P value for each subset
is indicated at the bottom. Only significant P values from multiple comparisons tests are indicated.

Table2 Component loadings from PCA
Variables included in the analysis and their corresponding loading on each component are shown. Variables were assigned
to each component based on loadings >0.5. Loadings in bold indicate the component on a variable loaded the highest.

Component loadings

Variable Cc1 c2 c3 c4

Disease duration (years) 0.123 0.330 0.580 —-0.470
Tender joints count 0.774 —0.356 —0.280 0.014
Swollen joints count 0.701 —0.330 —0.255 —0.019
Health Assessment Questionaire (0-3) 0.706 0.140 0.031 —0.203
Patient pain assessment (1-10) 0.665 0.054 0.066 —0.315
Global patient assessment (1-100) 0.861 —0.002 0.037 —-0.107
ESR (mm/h) 0.262 0.172 0.574 0.704
Disease activity (DAS28) 0.844 —0.104 0.135 0.360
BMI (kg/m?) 0.293 0.786 —0.126 0.055
Total/HDL colesterol ratio 0.031 0.622 —0.422 0.180
Number of traditional CV risk factors 0.068 0.715 —0.411 0.034
Age at sampling (years) 0.143 0.581 0.322 —0.050

analysis (Table 3), each MP subset being adjusted for the fourole in MP release, serum levels of this cytokine were quantified
components. Interestingly, we found that traditional CVR factorsin RA patients and HC.

(component 2) can predict total MP numbers, whereas the counts In spite of the increased levels of TNpresent in RA patients

of specific MP subsets are only explained by disease-specifi{8.42 (9.12) compared with 5.35 (4.25) pg/mRl=0.001], they
parameters (components 1 and 3). These observations suppaevere unrelated to the total MP number=0.037,P =0.730).

our previous findings. Further analysis of MP subsets showed Tang-MP counts were
slightly associated with TNE (r =0.171,P =0.097), but this

TNFa levels correlated with Tang-MPs unless correlation becomes relevant in RA patients without any tradi-

traditional CV risk factors were present tional CV risk factor = 24,r =0.669,P < 0.0001). Moreover,

Elevated production of TN, a cytokine involved in RA patho- this association was also apparent, although at a lower level, in
genesis, has been related to cell activation, apoptosis and epatients with less than two traditional CV risk factors={51,
dothelial damage. Therefore, to evaluate whether it could play a = 0.459,P =0.001), and in those with less than three factors
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Table 3 Multivariate regression analyses of MP subsets in RA patients
Multivariate regression analyses of MP subsets (as dependent variables) and the four components obtained by PCA (as
predictors) associated with specific disease variables: rheumatic-related (Rhe-rel), traditional CV-related (tCV-rel), disease
duration-related (Dur-rel) and inflammation-related (Infl-rel). Results are expressed as B coefficient and (P value) for each PCA
component. Significant coefficients are highlighted in bold.

Variable Total MPs PMPs EMPs GMPs Tang-MPs MoMPs

C1 (Rhe-rel) —0.085 (0.387) —0.007 (0.948) —0.131 (0.290) 0.296 (0.014) 0.319 (0.010) 0.209 (0.835)
C2 (tCV-rel) 0.290 (0.004) 0.100 (0.331) 0.039 (0.743) —0.107 (0.350) —0.008 (0.944) —0.105 (0.389)
C3 (Dur-rel) —0.014 (0.889) —0.017 (0.869) 0.329 (0.008) —0.053 (0.650) 0.073 (0.540) —0.173 (0.167)
C4 (Infl-rel) 0.058 (0.551) 0.061 (0.548) —0.119 (0.312) 0.091 (0.427) 0.118 (0.316) 0.164 (0.186)

(n=73,r =0.244 P = 0.038), indicating that the higher the num- within the total MP count, whereas MoMPs and PMPs from RA
ber oftraditional CV risk factors, the lower the TNEontribution  patients could have a detrimental effect by themselves.

to MP release. Actually, analysing all RA patients in a multivari-  Therefore, MPs from RA patients are able to disturitro

ate regression model including traditional CV risk factors, ®\F endothelial functionality dose-dependently, maybe due to en-
was associated with Tang-MP counts{0.259,P=0.012). No  dothelial activation, whereas HC- and CVR-MPs did not pro-
association with other MP subsets was found. mote this effect, even at greater concentrations. These results
are a proof of concept that supports functional qualitative and
quantitative effects associated with a skewed composition of RA

MPs from RA patients promoted endothelial MP
s.

disturbance in vitro
Finally, since MPs have been linked to CV risk and endothelial ac-
tivation, we performedn vitro experiments to evaluate whether DISCUSSION
circulating MPs isolated from HC, RA patients or individuals
with traditional CVR factors could affect angiogenic tube form- The study reported here shows relevant differences in the num-
ation and endothelial activation in HMEC-I cells. ber and composition of circulating MPs in RA patients compared
Angiogenesis assays on Matrigel were conducted after addingiith HC and individuals with traditional CV risk factors. Ad-
HC-, CVR- or RA-MP pools at different concentrations (0.5— ditionally, the main finding is that this altered MP pool is the
8 x 10° MP/ml), selected according to the range of total MP result of disease features as well as traditional CV risk factors,
counts in controls (Figure 3A). Results showed that the number oés was supported using a PCA approach. This distinct profile
both branching points and tubes were dose-dependently inhibitedould underlie the detrimental effects exhibited by RA-MPs in
by RA-MPs, whereas no effect was seen with HC- or CVR-MPsendothelial cell assays, presumably by promoting an endothelial
(Figure 3B). Interestingly, MPs from RA patients exhibited an activation status. The results presented support the use of MPs as
anti-angiogenic effect at & 10° MP/ml, a lower concentration biomarkers of endothelial damage in RA patients, with potential
than is usually found in plasma. use for clinicians in decision making and CV risk stratification.
Additionally, MP-mediated activation of endothelial cellswas In line with our results, other studies performed with RA pa-
estimated by analysing by flow cytometry different endothelial- tients showed increased MP counts, total or specific from different
specific markers, as well as cell viability, in HMEC-I cells cul- cell subsets and associated with some clinical features [27-29].
tured in the presence of the different MP pools (Figure 3C).However, evidence is limited and results are heterogeneous and
No cytotoxic effect was seen under any of the conditions testedeven contradictory, probably because of the different methodo-
thus excluding that viability could affect endothelial functional- logies used. We have developed an MP total labelling strategy
ity. However, we observed that RA-, but not HC- or CVR-MPs, so as to (i) identify virtually all MPs and not only those derived
increased the expression of CD62E, CD144 and VEGFR2 (alfrom apoptosis and (ii) avoid the technical drawbacks associated
P < 0.050), thus suggesting the promotion of an activated enwith annexin V staining. Recent evidence suggests the relevance
dothelial status. of annexin V-negative MPs in many conditions. Actually, Nielsen
Finally, to assess whether these findings could be attributed tet al. reported that in systemic lupus erythematosus patients only
a specific cell-derived MP subset, the amount of each MP subsetnnexin V-negative MPs were increased and associated with clin-
present in the cultures was compared with the effects found incal parameters [19], whereas other authors have reported that
angiogenic assays. Figure 4 shows that the detrimental effeghost MPs did not express annexin V [17,18,30], so limiting the
observed with total RA MPs was also detected when the differenstudy to this subset could bias the conclusions. On the other hand,
subsets were analysed, but it seems to be different depending dreezing steps and several other factors are thought to affect the
their cellular origin. Analysing the effects at physiological levels annexin V binding-fraction [26,31-33], thus making the com-
(median value in HC), striking differences between RA and HCparison between different studies difficult and emphasizing the
were observed with MoMPs and PMPs but not with GMPs andneed for alternative protocols. To this end, studies using different
Tang-MPs, thus suggesting that the deleterious effect of Tangreagents have been published [18,34—-37] to overcome annexin V
and GMP-RA MPs could be due to the increased proportiondisadvantages.
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Figure 3 In vitro effects of MPs isolated from patients and controls
HMEC-I cells were cultured alone (negative control, NC) or in the presence of MP pools at different concentrations isolated
from RA patients, individuals with traditional CVR factors or HC. (A) Representative microphotographs (x40) of HMEC-I
cells cultured on Matrigel coated plates to perform angiogenic assays. (B) Branching points and tube numbers identified in
different cultures (n =8). (C) Flow cytometry analysis of CD62E, CD144 and VEGFR2 expression on HMEC-I cells cultured
in the presence of the different MP pools (n =4). Bars represent means + S.D. and differences between each treatment
and the negative control were assessed with one-way ANOVA and Dunnett post-hoc test.

Because of their role in inflammation, angiogenesis and vasallows us to confirm that MP disturbances in RA are specific to
cular reactivity, MPs have been extensively studied in RA andthe disease itself and independent of comorbidities. Additionally,
rheumatic diseases [1]. However, this is the first study in whichalthough PCA component scores are independent in the whole
PCA was used as an integrative tool to analyse MP counts, thuRA group, rheumatic- and traditional CV-related components
avoiding multiple-testing concerns and supporting previous reswere positively correlated in the patients who had a history of
ults. This work clearly indicates that total MP counts can beCV events { =0.602,P =0.008;n=18) but not in the CV-free
explained by traditional CV risk factors in individuals at risk group ¢ =0.032,P=0.759), revealing the relationship between
(RA and CVR subjects), but RA patients exhibited a profile of these two features. These results are in line with previous evid-
increased MP subsets that is only explained by disease-specifence about the interplay of traditional CV risk factors and dis-
factors. Results from CVR individuals as positive CV-risk control ease parametersin RA [38,39]. Moreover, disease-specific factors
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Figure 4 In vitro effects analysed according to different MP subsets
The in vitro effect of MPs (measured as number of branching points) was analysed separately according to the different
subsets studied. RA MPs (triangles, grey full line) exhibited greater detrimental effect on branching point numbers than
those from HC (circles, black line) and CVR (squares, broken grey line) even at the same concentration, although differences
were observed when PMPs and MoMPs were compared with GMPs and Tang-MPs. Vertical dotted lines represents the
median values found in HC.

associated with MP subsets in the present study (disease durtire interplay between traditional CV risk factors and disease
tion, DAS28 and age at diagnosis) have been associated with C¥éatures.
disease in RA [38,40,41], thereby supporting the relevance of In spite of the striking increase in total MPs in patients, there
MPs as biomarkers of endothelial activation and damage in RAvere no differences compared with controls in the PMP counts,
patients. suggesting that the RA-specific MP profile may not simply be due
Another interesting finding of this work is the role played to a general MP increase, but rather specific mechanisms target-
by MPs derived from Tang cells, a previously-discovered T-ing different cell populations may be implicated. Accordingly, no
cell subset that enhances endothelial repair through cooperatirassociations were detected between PMPs and PCA components,
with endothelial progenitor cells [42]. Although no differences whereas EMPs, GMPs and Tang-MPs correlated positively with
in the frequency of MPs derived from T-lymphocytes were de-disease-related parameters. Another plausible explanation is that
tected, both frequency and absolute number of Tang-MPs wertherapies would interfere with platelet function; however, no ef-
increased in RA patients. Interestingly, this increased Tang-MHRect of the concomitant medications was observed either when un-
formation could account for the decreased Tang cell counts pretreated patients (allowed to use non-steroidal anti-inflammatory
viously reported in RA [21]. Moreover, our research revealeddrugs) were analysed, thus excluding a confounding effect of drug
a DAS28-dependent Tang-MP shedding, thus linking DAS28usage on platelet activation. Hence, we could attribute these res-
with impaired endothelial repair. Actually, the disease parametults to the analysis performed in our study. In fact, increased PMP
ers positively associated with Tang-MP in this work were thecounts in RA were observed when annexin-V binding was used
same as have been found to be negatively associated with Tarjg8,29]; however, when alternative procedures were performed,
frequency [21]. Consequently, Tang-MPs could be considereapposite results were achieved [19,29]. This leads us to hypo-
as a surrogate biomarker of endothelial damage and vasculdhesize that the total labelling protocol performed in this work
repair failure. Furthermore, the association between df’N&  could mask the differences in Annexin V-positive PMPs due to an
proapoptotic cytokine increased in RA, and Tang-MPs reinforceslevated number of negative-events. Therefore, although possible
this hypothesis and the link between disease-specific parameplatelet activation during PPP isolation cannot be ruled out, our
ers and MP release. Again, the finding that the presence dfunctional assays indicated that timevitro detrimental effects of
traditional CV risk factors disturbs this association confirms MPs from RA patients depend on qualitative alterations in PMPs
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rather than differences in absolute counts, contrary to what waseffects of each specific MP subset, timevitro results suggest
observed with Tang-MPs or GMPs (Figure 4). differences between them. Further studies are needed to confirm

The fact that the RA MP profile can only be explained by this hypothesis, however, MP separation procedures from plasma
disease-specific features leads us to think that these MPs mdyave not been implemented yet. Furthermore, circulating MPs are
have arole in RA pathogenesis. Recent studies analysing the Mpresentnvivo as a (heterogeneous) group, so ‘individuaVitro
proteome support this idea [43]. Accordingly, differential ‘MP effects of a single population need to be considered with caution.
signature’ was found in synovial fluid from RA patients com- In conclusion, the findings of the present study reveal that RA
pared with other arthritic diseases [44]. Thus, in this pathologicalpatients exhibited not only increased MP counts but also a qualit-
situation, MPs could be acting in a vicious circle: disease-relatedhtively altered MP profile that is associated with disease-specific
cell injury could generate a RA-specific MP pool which in turn and CV risk factors. Moreover, this MP profile could be capable
might worsen specific clinical features, such as damaging thef disturbing the vascular endothelium. In addition, increased
vascular endothelium, with subsequent increase in CV risk. Ac-Tang-MPs, probably associated with the DAS28-dependent Tang
cordingly, MPs from RA patients have been reported to be ablalecrease, could have a role in endothelial repair failure in these
to modulate chemokines and cytokines from synoviocytes [45] patients, thereby supporting the use of both Tang and Tang-MPs
thus probably amplifying inflammatory responses. as biomarkers of endothelial repair failure.

Finally, the existence of a RA-specific MP profile was sup-
ported by ouriin vitro assays, since they revealed that effects on
endothelial cells depend on the MP pool rather than the concen-
tration (even within physiological concentrations). Specificall, CLINICAL PERSPECTIVES
RA-MPs were able to inhibit HMEC-I Matrigel tube formation
in a dose-dependent manner, whereas MPs derived from HC ar® It is known that the number of cell-derived microparticles
CVRindividuals failed to exhibit similar results. This detrimental ~ (MPs) is associated with endothelial dysfunction and impaired
effect may be due to the promotion of endothelial activation, as vascular repair.
was indicated by flow cytometry analysis of endothelial markers.® RA patients exhibit a specific MP profile that is associated with
In fact, endothelial activation has been associated with impaired both disease-specific features and traditional CVR factors.
endothelial function in a variety of conditions [46], including  This specific profile could underlie the detrimental effects on
RA [47]. A role for MPs in CV disease and endothelial function  endothelial cellsnvitro, presumably by promoting endothelial
has been previously reported [48,49], but this is the first study activation.
where MPs isolated from RA patients have been assayed. Despi®e MPs could be considered as biomarkers of endothelial damage
providing limited evidence, these results could support the role in RA patients, with potential use for clinicians in decision
of MPs as active players in RA pathogenesis, proving worthy of making and CV risk stratification.
further research.

However, it should be noted that not all MPs art_e proath-AUTHOR CONTRIBUTION
erogenic. Actually, some groups have revealed anticoagulant
and protective effects of some MP subsets [50-52], in contrasJ[aVier Rodriguez-Carrio performed most of the experimental proced-
with the procoagulant and deleterious results reported by otherdes: carried out statistical analyses and drafted the manuscript.
[10,27,45,48,53]. Interestingly, these diverse effects could be al}_Datricia L6pez and Santiago Carro-Esteban performed some experi-
tributed to the exposure to different mediators, such as activatef'€"ta! Procedures. Mercedes Alperi-Lopez, Sara Alonso-Castro and
protein C, tissue factor or von Willebrand factor, among MP Sub_Francisco Ballina-Garcia were in charge of patients recruitment and
sets. Although these effects cannot be excluded using the aCtu((‘alr'nical data collection. Ana Suarez conceived the study, designed
data, our results frorm vitro assays point to a pathogenic role of the protocols and drafted and edited the manuscript. All authors
MPs in RA patients. read and approved the final version of the manuscript.

Some remarks about the current study should be made. First,
despite coverlng the same age rangg, HC were younger that RQCKNOWLEDGEMENTS
and CVR patients. However, no associations between age and MP
counts were detected in any group. Additionally, age was includedve thank Ms Isabel Crespo (IDIBAPS, Barcelona) for her technical
in the PCA in order to correct for potential differences. On the advice and clinical staff from primary care health centre Centro de
other hand, the lack of a standardized protocol to determine cel$2!ud Sariego (Pola de Siero, Asturias) for blood samples manage-
derived MPs is the main limitation in the field of MPs. The fact Ment and clinical data collection.
that we have developed a new protocol enabling the determination
of the total MPs could make the comparison of our results Wi[hFUNDING
other studies difficult, since usually only apoptosis-derived MPs_— :
were analysed. However, this is a common problem in the fieldThIS work was ,SUDﬁorted ,by ,the European Union FEDER funds,
and a balance between innovative methods and potential resul gndo de InveSt'ga_Clon _Sar_”,tana (FIS) [grant number PI12/00523];
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RESULTADOS

Capitulo IV: Papel de la amplitud de distribucion eritrocitaria como biomarcador de riesgo
cardiovascular

Dado el enfoque traslacional del segundo objetivo de este proyecto de investigacion,
resultaria interesante investigar el papel de parametros clinicos como biomarcadores de
riesgo CV en pacientes de AR, con el objetivo de aportar evidencias para su implementacion
en el manejo clinico del riesgo CV, asi como para analizar qué mecanismos subyacen a su

capacidad indicadora y aportar nuevas evidencias al campo de estudio.

En este punto, observamos que el parametro amplitud de distribucién eritrocitaria
(ADE, RDW: Red cell Distribution Width) estaba cobrando importancia como biomarcador
emergente de riesgo CV en poblacion general, asi como en diferentes cuadros clinicos de

enfermedad CV como factor prondstico.

Dado que la posible capacidad como predictor del RDW parecia estar asociado a la
inflamacién, parecia un candidato prometedor como biomarcador de riesgo CV en AR, por lo

que decidimos profundizar en su estudio.

Inicialmente, llevamos a cabo un estudio retrospectivo a partir de una muestra de
pacientes de AR reclutados previamente por nuestro grupo, en el que se estudi6 el poder
predictor de eventos CV del RDW. Basandonos en los resultados obtenidos, realizamos un
estudio posterior con disefio transversal e incluyendo un mayor nimero de pacientes, en el
que se analizaron las asociaciones del RDW con biomarcadores de dafio y reparacion

endotelial.

Articulo 6: Rodriguez-Carrio ], Alperi-Lépez M, Lopez P, Alonso-Castro S, Ballina-Garcia FJ,
Suarez A (2015); Red Cell Distribution Width is associated with cardiovascular risk and

disease parameters in Rheumatoid Arthritis; Rheumatology (Oxford) 54(4):641-6.

Aportacién personal al trabajo: mi contribucién en este trabajo se centr6 en el

diseno del estudio, procesamiento de las variables analizadas y su analisis
estadistico, asi como la discusion de los resultados con los coautores. Ademas, llevé
a cabo la redaccién del manuscrito y la preparacién de las figuras bajo la supervisiéon

de la Dra. Ana Suarez Diaz.

Articulo 7: Rodriguez-Carrio ], Alperi-Lopez M, Lopez P, Alonso-Castro S, Carro-Esteban SR,
Ballina-Garcia F], Suarez A (2015); Red Cell Distribution Width is associated with
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240(1):131-6.
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Red cell distribution width is associated with
cardiovascular risk and disease parameters in
rheumatoid arthritis
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Sara Alonso-Castro?, Francisco J. Ballina-Garcia? and Ana Suarez'

Abstract

Objective. Since red cell distribution width (RDW) has been associated with cardiovascular (CV) disease
and inflammation in several conditions, the main aim of this study was to evaluate its prognostic value in
RA patients and its potential associations with clinical features.

Methods. The history of CV events was retrospectively reviewed in 160 RA patients and RDW was
recorded at disease onset and 6 and 12 months after diagnosis to calculate the accumulated value
[area under the curve (AUC) RDW] and change during the first year (ARDW). In addition, RDW was
analysed in 110 patients with established disease in relation to clinical features.

Results. Increased RDW at diagnosis and AUC RDW were able to predict the occurrence of CV events in
RA patients [hazard ratio (HR) 1.247 (95% CI 1.079, 1.441), P=0.003 and HR 1.038 (95% CI 1.018, 1.059),
P =0.0001, respectively] after adjusting by potential confounding factors. Receiver operating characteristic
curve analyses revealed a better power of discrimination for the AUC RDW (P =3.394 x 10~°). In addition,
an increase in RDW during the first year was associated with poor CV outcome (P=0.010). On the other
hand, RDW in patients with established RA was significantly associated with disease activity, acute phase
reactants and severity.

Conclusion. RDW at disease onset may be used as an early marker of CV risk in RA, whereas in patients
with established disease it was related to the activity of the disease. These findings suggest that RDW can
be considered as a surrogate marker of inflammation and, consequently, CV risk in RA patients.

Key words: red cell distribution width, rheumatoid arthritis, cardiovascular disease, biomarker.

Introduction Early control of the disease could lead to sustained clin-

ical remission by controlling inflammation and thereby
preventing erosive progression, extra-articular manifest-
ations and CV disease [5], since disease progression is
a key factor for RA prognosis and CV risk [6]. An acceler-
ated atherosclerotic process is thought to be an early
event in RA [7]. The identification of predictive early mar-
kers for CV disease is therefore a relevant challenge in RA
investigation.

Red cell distribution width (RDW) is a measurement of

RA is an autoimmune disease characterized by joint in-
flammation and destruction. RA patients exhibit increased
prevalence and severity of cardiovascular (CV) disease
compared with healthy controls, but traditional CV risk
factors fail to account for this increase [1]. Immune dysre-
gulation, chronic underlying inflammation and genetic fac-
tors are therefore thought to explain this excess risk [2-4].
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the heterogeneity in size of the circulating erythrocytes
(anisocytosis). Commonly regarded as a useful index for
differential diagnosis in anaemia [8], it has frequently been
ignored in other disorders. Nevertheless, it has recently
been reported that elevated RDW values are associated
with poor CV prognosis in several CV conditions [9]. In
addition, it has been proposed as a marker of mortality

© The Author 2014. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For Permissions, please email: journals.permissions@oup.com 1
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not only in these patients but also in the general popula-
tion [10]. Although the mechanisms underlying this effect
remain unclear, it has been hypothesized that increased
RDW may reflect an inflammatory burden in these condi-
tions [11], thus suggesting a possible alteration in chronic
inflammatory diseases such as RA. However, the potential
associations of inflammation and disease parameters with
RDW in RA patients and whether it might have a prognos-
tic value in the development of CV events in this disease
are still unknown. Consequently, the main aim of the pre-
sent work was to evaluate the prognostic value of RDW
determination at early stages of RA and to study whether
RDW could be associated with disease-specific param-
eters in RA patients with established disease.

Materials and methods

RA patients

All the patients (n=160) fulfilled the 2010 ACR criteria,
attended the RA Early Diagnosis Outpatient Clinic at the
Hospital Universitario Central de Asturias (HUCA) and
were registered in the clinical database (see the flowchart
in supplementary Fig. S1, available at Rheumatology
Online). For the retrospective analysis, clinical records
were examined until October 2013 in order to obtain a
history of CV events, RDW (at diagnosis as well as 6
and 12 months thereafter) and clinical parameters. The
definition and classification of CV events and traditional
risk factors were as previously established [12]. A CV
event was considered if the patient suffered from heart
failure, ischaemic heart disease or cerebrovascular acci-
dent since their RA diagnosis. CV events were clustered
together in order to globally analyse CV disease in RA
patients, as previously reported [4, 12]. Also, a blood
sample was obtained from 110 of these patients, repre-
sentatives of the initial cohort, in which complete clinical
and laboratory parameters were registered at the time
of sampling. Approval for the study was obtained from
the Regional Ethics Committee for Clinical Investigation
at HUCA, Oviedo, and all the participants gave written
informed consent according to the Declaration of Helsinki.

RDW

A complete blood count (including RDW) was performed
in the haematology laboratory (HUCA) using an ADVIA
2120 automated haematology analyser (Siemens,
Munich, Germany). The cut-off of 14% was identified as
the upper limit by trained haematologists. Patients were
classified as having anaemia if they had haemoglobin
<13 g/dl and/or haematocrit <37 for men and <12 g/dl
and/or <35 for women.

Statistical analysis

Results are presented as the median [interquartile range
(IQR)] for continuous variables or n (%) for categorical
ones. The integral of RDW in the first year after diagnosis
[area under the curve (AUC) RDW] was calculated in order
to evaluate the total RDW accumulated over time (0, 6 and
12 months). ARDW was the difference between RDW at

12 months and at diagnosis. The association between
changes in RDW during the first year of the disease and
CV event occurrence was analysed by using ARDW as a
categorical variable (>0, increased). Mann-Witney U,
Wilcoxon and chi-squared tests were used for compari-
sons as appropriate. Spearman’s rank correlation test
was used to analyse correlations.

The discrimination of RDW for CV event occurrence
was assessed using the AUC of the receiver operating
characteristic (ROC) curve. A Cox regression model ad-
justed for age, disease duration and sex was used to es-
timate the influence of RDW (as time-dependent variable)
on CV event occurrence. Hazard ratios (HRs) and 95% Cls
were provided to indicate the strength of the associations.
Survival analyses were performed using the Kaplan-Meier
method and comparisons were made using the log-rank
test. We used the time since 12 months after diagnosis
and the occurrence of a CV event, or the end of the retro-
spective study for those who had not suffered from a CV
event, as the survival time.

A P-value <0.050 was considered to be statistically sig-
nificant and all statistical analyses were performed with
SPSS 18.0 (IBM, Armonk, NY, USA), R software version
2.15 (R Project for Statistical Computing, Vienna, Austria)
and GraphPad Prism 5.00 for Windows (GraphPad
Software, La Jolla, CA, USA).

Results

RDW and CV events in RA patients

Patients included in the retrospective study were 131/160
(81.8%) women, had a median disease duration of 5.50
years (range 1-30) and 28/160 (17.5%) had experienced
a CV event (see supplementary Table S1, available at
Rheumatology Online).

Analysing the whole RA group, no differences were de-
tected between RDW at diagnosis (RDW DX) and 1 year
later [13.90 (s.0. 1.70) vs 13.96 (s.n. 1.65), P=0.898].
However, the change along the first year (ARDW) was
greater in patients who had suffered from a CV event
than in those who were CV event-free [0.64 (s.p. 0.48) vs
—0.06 (s.n. 1.59), P=0.025]. In addition, the CV event
group exhibited a higher RDW DX [14.81 (s.p. 2.48) vs
13.60 (s.n. 1.44), P=0.004], and even greater differences
were observed when analysing the total RDW accumu-
lated (AUC RDW) in the first year after diagnosis [180.06
(s.0. 17.22) vs 164.83 (s.0. 15.76), P=3.386 x 10~%). Cox
regression analyses adjusted for sex, age at diagnosis
and disease duration revealed that both RDW DX [HR
1.247 (95% CI 1.079, 1.441), P=0.003] and AUC RDW
[HR 1.038 (95% CI 1.018, 1.059), P=0.0001] were pre-
dictors of CV events. Interestingly, neither disease dur-
ation [median 5.50 years (IQR 4.18-8.89 4.71) vs 5.41
(IQR 4.04-8.46)] nor time of follow-up [median 2.01
years (IQR 1.25-3.00) vs 3.08 (IQR 1.00-5.00)] differed be-
tween groups (P =0.743 and P =0.204, respectively). ROC
analyses showed that RDW DX has a moderate discrim-
inative power for the occurrence of CV events, being good
in the case of AUC RDW (Fig. 1A). Actually, choosing the
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Fic. 1 RDW as a predictive factor of CV events in RA patients
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(A) ROC analysis of AUC RDW and RDW DX. Choosing the 75th percentile of AUC RDW (173.3) as the cut-off point,
we found a positive predictive value of 45.00% (95% CI 29.27, 61.51) and a negative predictive value of 91.67% (95% CI
85.20, 95.92). (B) Kaplan-Meier analyses of CV-free survival. Patients were classified according to AUC RDW tertiles
and according to changes in RDW after the first year after diagnosis (ARDW). Time to CV event (years) started at 1 year
after diagnosis. Comparisons between groups were assessed by log-rank test. RDW: red cell distribution width; CV:
cardiovascular; ROC: receiver operating characteristic; AUC: area under the curve; RDW DX: RDW at diagnosis;

AUC RDW: accumulated RDW during the first year.

75th percentile of the AUC RDW (173.3) as the cut-off
point, we found a specificity of 83.33% (95% CI 75.86,
89.25) and a sensitivity of 64.29% (95% CI 44.07, 81.33)
for CV events.

Furthermore, Kaplan-Meier models were used to con-
firm the value of repeated RDW measurements during
early RA to predict the occurrence of CV events. Fig. 1B
shows that the highest AUC RDW tertile was associated
with a higher rate of CV events. Similar results were ob-
tained when the tertiles of RDW DX were analysed
(P=0.015). Moreover, an RDW increase in the first year
(ARDW > 0) was associated with poor CV outcome.

Finally, these analyses were performed excluding pa-
tients with signs of anaemia (n=29). All the associations
remained significant, thus excluding the possible effect of
erythrocyte disorders.

RDW and disease parameters

Next, to evaluate whether RDW could be associated with
clinical features or inflammatory markers, we analysed
RDW and disease parameters at the time of sampling in
110 RA patients with established disease. Analysis of clin-
ical and demographic features according to RDW tertiles

www.rheumatology.oxfordjournals.org

(Table 1) showed that patients in the highest tertile were
older than, but had a similar age at diagnosis to the other
groups, thus having a significantly longer disease dur-
ation. They were also more likely to be overweight, while
other traditional CV risk factors did not show significant
differences. Furthermore, they were less likely to be trea-
ted with tocilizumab, but no difference was detected with
other therapies.

Regarding disease features, it is remarkable that pa-
tients in the highest tertile exhibited higher 28-joint DAS
(DAS28) scores and other severity markers, thus sug-
gesting an association of RDW with progression of the dis-
ease. Moreover, Spearman’s rank correlation test showed
that RDW was significantly associated with CRP (r=0.288,
P=0.005), ESR (r=0.279, P=0.006), DAS28 (r=0.298,
P=0.001) and HAQ (r=0.305, P=0.002), thus suggest-
ing an association of RDW with disease activity and
severity.

Discussion

Although several studies have suggested that inflamma-
tion and disease-specific features underlie the increased
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TasLe 1 Characteristics of patients according to red cell distribution width tertiles

Third tertile
(>14.42) (n=37)

First tertile Second tertile

(13.60-14.42) (n =37)

(<13.60) (n =36)

Age at sampling, median (range), years 52.25 (22-87) 54.95 (32-79) 60.25 (28-87)**

Female, n (%) 31 (86.1) 30 (81.0) 29 (78.3)
BMI, mean (s..) 23.33 (6.98) 26.33 (9.14)* 28.22 (7.07)**
HTA, n (%) 7 (19.4) 13 (35.1) 13 (35.1)
Diabetes, n (%) 1(2.7) 4 (8.1) 4 (8.1)
Dyslipidaemia, n (%) 10 (19.6) 14 (28.0) 13 (25.4)
Smokers, n (%) 8 (22.2) 14 (37.8) 11 (29.7)
Age at diagnosis, median (range), years 45.50 (18-85) 47.83 (21-77) 49.58 (23-80)
Swollen joint count, mean (s.p.) 2.00 (3.00) 1.50 (4.25) 2.00 (4.00)*
Tender joint count, mean (s.p.) 0.00 (1.00) 1.50 (4.00)* 1.00 (3.00)
Global patient assessment (0-100), mean (s.D.) 15.00 (37.00) 32.50 (32.50)* 45.00 (24.00)*
CRP, mean (s.p.), mg/dl 1.05 (3.03) 2.00 (3.85) 3.00 (7.30)
ESR, mean (s.n.), mm 9.00 (16.50) 16.50 (21.00)* 13.00 (33.00)*
DAS28, mean (s.p.) 2.76 (2.03) 3.59 (1.13)* 3.73 (1.94)*
HAQ, mean (s.0.) 0.31 (0.91) 0.87 (1.16)* 1.12 (0.86)**
Patient pain assessment (0-10), mean (s.p.) 2.50 (4.50) 3.50 (4.25) 5.00 (3.15)**
Disease duration, median (range), years 3.41 (1-16) 5.75 (1-22) 7.08 (2-30)*
RF, n (%) 20 (55.5) 20 (54.0) 27 (72.9)
aCCP, n (%) 20 (55.5) 22 (59.4) 22 (569.4)
ANA, n (%) 16 (44.4) 15 (40.5) 19 (51.3)
Erosive disease, n (%) 12 (33.3) 13 (35.1) 18 (48.6)

SE, n (%) 9 (25.0) 9 (24.3) 15 (40.5) *
Glucocorticoids, n (%) 17 (47.2) 21 (56.7) 24 (64.8)
MTX, n (%) 30 (83.3) 28 (75.6) 28 (75.6)
TNFa-blockers, n (%) 11 (30.5) 17 (45.9) 17 (45.9)
Tocilizumab, n (%) 8 (22.2) 2 (5.5) 2 (5.5)*
Statins, n (%) 4 (11.1) 4 (10.8) 7 (18.9)

Differences compared with the first tertile were assessed by the x? test or Mann-Witney U test, as appropriate. *P < 0.050,
**P < 0.010. aCCP: cyclic citrullinated peptide antibody; DAS28: 28-joint DAS; HTA: hypertension; RDW: red cell distribution

width; SE: shared epitope.

CV risk in RA patients, the actual origin of this phenom-
enon is still unknown [1, 3]. Therefore new biomarkers
allowing early identification of patients at risk are needed
for the clinical management of these patients. In this re-
gard, the present work supports the use of cumulative
RDW measurements in early disease as a potential CV
predictive marker.

RDW is a reproducible, automated and widely used
parameter that is easily available in all health facilities.
Moreover, it has been previously optimized and
validated and it is included in the total blood cell
count, so it does not add any further costs nor does it
need any special technical requirements. In addition,
since it is measured frequently, monitoring is relatively
simple, which was shown in our study to increase its
prognostic value.

The results herein clearly indicate a predictive value of
RDW in RA patients as a CV risk biomarker. The prognos-
tic value is improved if a cumulative measurement is taken
into account. Importantly, these associations were inde-
pendent of the presence of anaemia, and RDW remained
an independent predictor of CV disease after being ad-
justed for potential confounding factors. These findings

support the use of RDW as a novel risk indicator for CV
disease [8]. Although the mechanistic links between RDW
and CV disease remain unclear, it has been hypothesized
that increased values are linked to the inflammatory
burden. Accordingly, inflammation has been reported to
be associated with high RDW levels [11, 13], probably
because of impaired erythrocyte maturation [14].

In line with this, we have shown that RDW is associated
with markers of activity, inflammation and severity in pa-
tients with established disease. Accordingly, current stu-
dies have revealed an increased CV risk in patients with
aggressive disease [6]. In fact, our results support the idea
that inflammatory burden is behind CV risk excess in
RA patients, since our patients exhibited a positive cor-
relation between RDW and acute phase reactants.
Moreover, as opposed to what happens with acute
phase reactants, RDW is not influenced by recent infec-
tions. Consequently, it provides a consistent measure of
inflammation—and disease activity—in patients with in-
fections or other conditions that can alter acute phase
reactants. RDW could therefore be a potential index to
provide additional information about the disease activity
of RA patients. Furthermore, RDW is associated not only

www.rheumatology.oxfordjournals.org
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with inflammation and disease-specific parameters, but
also with traditional CV risk factors, such as age or BMI,
thus being an integrative measure of different underlying
factors implicated in CV disease susceptibility.

In conclusion, we found that RDW changes in the first
year after diagnosis may predict CV disease occurrence.
In line with the concept of window of opportunity [15, 16],
our results may be particularly relevant to clinical practice,
since monitoring RDW during the first stage of the disease
could allow for control of inflammation, thus possibly lead-
ing to a lower rate of CV events. Accordingly, since RDW
is also associated with disease activity and inflammation
in patients with established disease, aggressive treatment
to reduce disease activity in early RA patients has been
related to lower CV risk and mortality rates [7, 17-20].

Rheumatology key messages

o Red cell distribution width, especially the cumula-
tive measurement, may represent a simple and
useful cardiovascular risk biomarker in early RA.

o Red cell distribution width correlated with inflamma-
tion, disease activity and severity in RA patients.
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Objectives: The role of Red Cell Distribution Width (RDW) as a predictor of cardiovascular (CV) events has
been proposed in a variety of conditions, including Rheumatoid Arthritis (RA). However, the mechanisms
underlying this effect are still unknown. Since inflammation and Endothelial Progenitor Cells (EPCs)
imbalance have been reported in RA patients to be related to CV disease, we wondered whether RDW
could be linked to endothelial repair failure in RA.
Methods: EPCs (CD34"VEGFR2"CD133") were quantified by flow cytometry in peripheral blood samples
from 194 RA patients. IFNa, TNFa, IFNYy, IL-8, VEGF, GM-CSF, MCP-1, ICAM-1, EGF, Leptin and Resistin
serum levels were quantified by immunoassays. Clinical and immunological parameters as well as his-
tory of traditional CV risk factors and CV events were registered from medical records. RDW was
measured in complete blood cell count analyses.
Results: RDW was negatively related to EPC counts in patients with established disease (>1 year,
n = 125) (r = —0.306, p < 0.001). Moreover, RDW was independently associated to an EPC depletion in
the whole group (B [95% CI]: —3.537 [-6.162, —0.911], p = 0.009) after adjusting for clinical parameters,
disease duration, treatments and traditional CV risk factors. Additionally, RDW was positively correlated
with IFNa serum levels, a cytokine related to endothelial damage, and with IL-8, VEGF and neutrophil to
lymphocyte ratio, thus supporting the association with inflammation and vascular remodelling.
Conclusions: RDW was associated to EPC depletion and increased levels of different mediators linked to
endothelial damage and vascular repair failure, thereby shedding new light on the nature of RDW as CV-
predictor.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

possibility, concluding that RDW could be a CV risk biomarker in RA
patients [4].

Red Cell Distribution Width (RDW) is a traditional marker of
anisocytosis, widely used for anaemia diagnosis. However, recent
evidence points to a role for RDW as a cardiovascular risk
biomarker [1]. Additionally, other authors have linked high RDW
measurements with increased markers of inflammation [2]. These
findings make RDW an attractive candidate to be regarded as CV
risk biomarker in autoimmune conditions and, especially, in
Rheumatoid Arthritis (RA) [3]. We have recently looked into this
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However, the actual mechanisms that underlie the predictive
role of RDW as a CV risk biomarker in RA remain unclear. Disease
activity [3] and inflammation [5] have been linked to CV disease in
RA probably because of the effects they could cause on vascular
damage and repair. In this scenario, circulating Endothelial Pro-
genitor Cells (EPC) could play a pivotal role in endothelial damage
repair. Decreased or functionally impaired EPCs have been reported
in RA, associated in most cases with disease activity and inflam-
matory mediators [6—8], and linked to CV disease development
[9—11]. In this context, we wondered whether RDW would be
associated to an endothelial repair failure. Due to the growing
relevance of EPCs in the field of rheumatic diseases, this would be of
special interest in the clinical setting, since it would provide in-
formation regarding EPC imbalance through an easy, inexpensive
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and validated parameter.

On the other hand, although RDW has been associated with
inflammatory burden, the exact mechanisms that underlie this
effect remain unknown. Only associations with general markers of
inflammation (that is, CRP and ESR) have been reported [2,12]. Due
to the relevance of the cytokine network in RA pathogenesis [13]
and CV disease susceptibility [14], dissecting the actual circuits
within the inflammatory burden that account for the RDW values in
RA, would provide valuable insights about the nature of RDW as a
biomarker and, additionally, new strategies for CV risk manage-
ment in RA.

Consequently, the main aim of this study was to explore the
mechanisms that underlie the role of RDW as a CV risk biomarker in
RA patients and evaluate its potential associations with proven
biomarkers of endothelial damage and impaired vascular repair.

2. Material and methods
2.1. Patients

Our study involved 194 RA patients consecutively recruited from
the Rheumatology Department at Hospital Universitario Central de
Asturias (HUCA). All patients fulfilled American College of Rheu-
matology 2010 criteria. Routine clinical examination included
DAS28 score calculation and assessment of ongoing therapies and
concomitant traditional CV risk factors. Furthermore, clinical
medical records were revised to register past CV events. Traditional
CV risk factors and CV events were classified as previously
described [10,15]. A fasting blood sample was obtained by veni-
puncture. A complete blood count (including RDW) was performed
in an ADVIA 2120 automated haematology analyser (Siemens) in
the haematology laboratory at the HUCA.

Approval for the study was obtained from the Regional Ethics
Committee for Clinical Investigation, in compliance with the
Declaration of Helsinki, and all the participants gave written
informed consent.

2.2. Flow cytometry analysis

Circulating EPCs were quantified in blood samples by flow
cytometry as previously described [10]. Briefly, 100 ul of whole
blood were preincubated with FcR Blocking Reagent (Miltenyi
Biotec) for 20 min at 4 °C. Then, anti-CD34 FITC (BD Biosciences),
anti-VEGFR2 PE (R&D) and anti-CD133 APC (Miltenyi) or isotype-
matched controls were added and incubated for 30 min at 4 °C.
Finally, red cells were lysed and cells were washed twice with PBS.
Stained cells were acquired in a FACS Canto II (BD Biosciences) at a
low rate until more than 100,000 events in the lymphocyte gate
and 100 events in the CD34" gate were registered. EPCs were
identified as CD34"CD133*VEGFR2™ cells within the lymphocyte
gate.

2.3. Quantification of serum cytokine levels

Serum aliquots were obtained from RA patients and were stored
at —80 °C until cytokine measurements were conducted. IFNa
serum levels were measured in 194 patients (69 early and 125 long-
standing RA, whereas other cytokines were analysed in 129 in-
dividuals (29 and 110, respectively). IFNa, IL-8, VEGF and GM-CSF
serum levels were quantified using a Cytometric Bead Array Flex
Set (BD) in a BD FACS Canto II flow cytometer using FCAP Array
v.1.0.1, following the manufacturer's instructions. The theoretical
detection limits were 1.25 pg/ml, 1.2 pg/ml, 4.5 pg/ml and 0.2 pg/
ml, respectively.

IFNy serum levels were assessed using an OptEIA kit (BD)

following the manufacturer's instructions (detection limit: 0.58 pg/
ml). Levels of ICAM-1, TNFa, MCP-1, EGF, leptin and resistin were
quantified using Mini ELISA Development Kits (PeproTech), ac-
cording to the manufacturer's instructions (detection limits were:
23 pg/ml, 3.9 pg/ml, 8 pg/ml, 8 pg/ml, 63 pg/ml and 24 pg/ml,
respectively).

2.4. Statistical analysis

Data are expressed as median (interquartile range) or n (%), as
appropriate. Since data were not normally distributed, spearman
rank's test was used to analyse correlations and Mann—Withney U
test was used to assess differences between groups. Variables were
log-transformed to achieve normal distribution prior to multiple
regression analyses. A p-value <0.050 was considered as statisti-
cally significant. Statistical analyses were performed under SPSS v.
19.0 and R software v. 2.15.1.

3. Results
3.1. EPC depletion correlates with RDW levels

Given the association between RDW and CV disease in RA pa-
tients, we aimed to evaluate whether this parameter could be
related to EPC counts, a surrogate marker of endothelial repair. To
this end we quantified circulating EPCs by flow cytometry in 194 RA
patients (Table 1) with different disease duration (from 0 to 258
months). Our data revealed that EPC counts correlated negatively
with disease duration (Fig. 1A). In fact, long-standing (>1 year) RA
patients (n = 125) exhibited an EPC depletion compared to their
early counterparts (0.025(0.027) vs 0.060(0.060)-10%/ul, p = 0.012),
whereas RDW did not differ between groups (p = 0.103).

Although the analysis of the whole RA group showed a negative
association between RDW and EPC counts (r = —0.186, p = 0.014),
this correlation was stronger in long-standing patients but was not
detected in the early group (Fig. 1B). Multivariate regression ana-
lyses confirm that this effect was detected in long-standing patients
even after adjusting for traditional CV risk factors (hypertension,
dyslipidaemia, diabetes, BMI and smoking habit) and treatments
(glucocorticoids, methotrexate, TNFa-blockers, tocilizumab and
statins) as possible confounding variables (B[95% CI], p-
value: —4.182 [-6.394, —1.970], p = 0.0003), but not in their early
counterparts (—1.779 [-9.583, 6.025], p = 0.634). Interestingly,
RDW did not correlate with total CD34+ or CD133+ progenitors
(r=0.044, p = 0.559; and r = 0.049, p = 0.441; respectively), thus
confirming that this effect was specific for the EPC population and
not due to a generalized mobilization of bone-marrow progenitors.

On the other hand, the analysis of clinical parameters revealed
that RDW was associated with inflammation, disease activity and
severity in the long-standing group, but not in the early stage
disease group (Table 2). Interestingly, RDW was also associated
with traditional CV risk factors (age and BMI) in these patients.
Moreover, these results were consistent after controlling for
traditional CV risk factors (B, p-value: age at sampling: 0.257,
p = 0.037; disease duration: 0.367, p < 0.001; BMI: 0.435, p = 0.012;
CRP: 0.249, p = 0.032; ESR: 0.259, p = 0.024; PGA: 0.415,
p < 0.0001; DAS28: 0.272, p = 0.018 and HAQ: 0.267, p = 0.019),
hence excluding any potential effect of comorbidities-derived
inflammation. Therefore, a multivariate regression analysis using
EPC counts as dependent variable was performed in the whole
group, including the demographic and clinical parameters associ-
ated with RDW (as shown in Table 2) as well as traditional CV risk
factors and immunomodulatory treatments as potential con-
founding variables. Our results confirm that RDW was indepen-
dently associated with an EPC depletion (B [95% CI]: —3.537



J. Rodriguez-Carrio et al. / Atherosclerosis 240 (2015) 131-136 133

Table 1
Clinical characteristics of RA patients.

RA patients Disease duration
(n=194)
<1 year >1 year p-value
(n = 69) (n=125)
Gender (female:male) 159:35 27:12 102:23 0.861
Age at sampling, years 53 (24-87) 51 (24-79) 57 (22-84) 0.117
(median (range))
Disease features
Disease duration, years 2.62 (5.60) 0.32 (0.92) 5.25(6.33) 0.0001
Age at diagnosis, years 49 (18—85) 50 (18—78) 49 (18—85) 0.212
(median (range))
Disease activity 3.79 (2.10) 5.03 (2.27) 3.49 (1.92) 0.0001
(DAS28)
Tender Joint Count 3.00 (7.00) 8.00 (9.00) 2.00 (5.00) 0.0001
Swollen Joint Count 2.00 (5.00) 5.00 (5.00) 1.00 (3.00)  0.0001

Patient Global
Assessment (0—100)

40.50 (40.00) 51.50 (41.00) 37.00(35.50) 0.002

ESR, mm/h 16.00 (23.00) 26.50 (29.50) 14.00 (21.00) 0.136
CRP, mg/l 2.17 (5.53) 3.25(8.13) 2.00(4.35) 0.480
HAQ (0-3) 0.93 (1.13) 1 27 (1.11) 0.87(1.18)  0.001
RF (+), n (%) 109 (56.1) 2 (46.3) 77 (61.6) 0.038
aCCP (+), n (%) 110 (56.7) 5(50.7) 75 (60.0) 0353
ANA (+), n (%) 79 (40.7) (34.7) 55 (44.0) 0.640
Traditional CV risk factors, n(%)
Dyslipidemia 65 (33.5) 24 (34.7) 41(32.8) 0.390
Hypertension 50 (25.7) 14 (20.2) 36(28.8) 0.742
Diabetes 17 (8.7) 5(7.2) 12 (9.6) 0.976
Obesity (BMI > 30) 26 (13.4) 7 (10.1) 19(15.2) 0.358
Smoking habit 52 (26.8) 17 (24.6) 35(28.0) 0.589
Previous CV events, n(%)
Previous CV events 33(17.0) 9(13.0) 24(19.2) 0.293

Ischaemic heart 14 (7.2) 5(7.2) 9(7.2)

disease

Heart failure 15(7.7) 4(5.7) 11(8.8)

Cerebrovascular 4 (2.0) 0(0.0) 4(3.2)

accidents
Treatments, n(%)
None or NSAIDs 5(18.0) 5(50.7) 0(0.0)
Glucocorticoids 8 (50.5) 4 (34.7) 74 (59.2) 0.001
Methotrexate 126 (64.9) 7 (39.1) 99(79.2) 0.0001
TNFo blockers 49 (25.2) 2 (2.8) 47 (37.2)  0.0001
Tocilizumab 2(6.1) 0(0.0) 12 (9.6)
Statins 4 (12.3) 3(4.3) 21(16.8) 0.203

Data are expressed as median (interquartile range) for continuous variables and n(%)
for categorical ones, unless otherwise stated. Statistical differences between pa-
tients and onset and with long-standing disease were assessed by Mann—Withney U
or x° tests, as appropriate.

[-6.162, —0.911], p = 0.009), in addition to the effect of disease
activity (—0.142 [-0.280, —0.004], p = 0.044). These results indicate
that RDW could be used as a clinical biomarker of EPC depletion in
RA patients, even after adjusting for traditional CV risk factors and
therapies, hence suggesting that it could reflect the impaired EPC-
mediated endothelial repair capability associated with the disease
course.

3.2. RDW and vascular mediators

The altered balance between endothelial damage and repair
that underlie vascular injury in RA patients is influenced by cyto-
kines and other vascular and inflammatory mediators [16—23].
Thus, we aimed to explore the associations between RDW and
several mediators involved in these processes: cytokines related to
Th1 pathogenesis (TNFa and IFNYy), endothelial damage (IFNa) or
vascular remodelling (IL-8, VEGF, GM-CSF and MCP-1); adipokines
(leptin and resistin); endothelial factors (ICAM-1 and EGF); and
haematological markers of inflammation (neutrophil to lympho-
cyte (N/L) ratio). It is important to note that no differences in RDW
were observed due to glucocorticoids (p = 0.348), methotrexate
(p = 0.271) or TNFa blockers (p = 0.158) usage, although a lower
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Fig. 1. Association between EPC counts and disease features in RA patients. (A) EPC
counts are negatively associated with disease duration. (B) RDW paralleled EPC
depletion in long-standing patients but not in their early counterparts. Correlations
were assessed using the Spearman ranks correlation test.

RDW was detected in patients on tocilizumab therapy (p = 0.036).

Again, RDW failed to exhibit any significant association with the
analyzed mediators in early RA patients, whereas IFNa, IL-8, VEGF
and N/L ratio showed a positive correlation in the long-standing
group (Table 3). However, significant differences in these media-
tors between long-standing and early RA patients were only found
in IFNy, MCP-1 and resistin levels (Table 4). Exclusion of patients
with previous CV events did not change these findings.

It is noteworthy that RDW was associated with IFNa. in the entire
RA group. This association remained significant after controlling for
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Associations between RDW and clinical features in RA patients.

Table 4

Cytokine levels in RA patients according to disease duration.

RA patients (n = 194)

Disease duration

<1 year (n = 69)

>1 year (n = 125)

RA patients (n = 194) Disease duration

<1 year (n = 69)

>1 year (n = 125)

TNFa. (pg/ml)
IFNy (pg/ml)
IFNa (pg/ml)
IL-8 (pg/ml)
VEGF (pg/ml)
GM-CSF (pg/ml)
MCP-1 (pg/ml)
ICAM-1 (ng/ml)
EGF (pg/ml)

350.69 + 441.43
8.93 + 15.99
37.86 + 70.95
51.02 + 28.83
123.57 + 42.09
40.71 + 45.93
389.91 + 381.50
280.28 + 148.69
113.59 + 100.65

319.63 + 194.83
3.75+1.39
18.12 £ 20.24
60.58 + 46.24
133.63 + 49.31
66.19 + 82.33
23440 + 113.84
313.41 + 17547
109.30 + 43.89

355.81 + 470.34
9.78 £ 17.11™
34.02 + 76.00
49.04 + 23.64
121.49 + 4043
35.45 +32.34
422.02 + 409.00™*
273.44 + 142.68
167.33 + 169.68

Age at sampling r=0119 r=-0.077 r=0.214
p=0.101 p=0.728 p=0.018
Disease duration r=0236 r=-0.081 r=0.239
p=0.001 p=0.508 p = 0.009
BMI r=0223 r=0.046 r=0.297
p=0.001 p=0.818 p =0.004
CRP r=0.120 r=-0.097 r=0.281
p=0.146 p=0.522 p =0.004
ESR r=0.169 r=-0.043 r=0.297
p=0.060 p=0.758 p =0.002
Patient Global Assessment 1 =0.165 r= —-0.075 r=0.394
p=0.047 p=0.603 p < 0.0001
DAS28 r=0180 r=0.210 r=0.341
p=0.078 p=0.080 p < 0.0001
HAQ r=0.141 r=-0.125 r=0.320
p=0.077 p=0397 p <0.001

Correlations were assessed by Spearman rank’s test.
Associations found to be statistically significant are highlighted in bold.

Table 3
Associations between RDW and cytokines and other mediators.

RA patients (n = 194) Disease duration

<1 year (n = 69) >1 year (n = 125)

TNFo (pg/ml) r = 0.091 r = 0.042 r=0.079
p = 0.358 p = 0.893 p = 0.459
IFNY (pg/ml) r=0.109 r=0.388 r = 0.089
p=0.285 p =0.239 p = 0470
IFNa. (pg/ml) R =0.211 r=0.202 r=0.222
p = 0.005 p =0.109 p =0.020
IL-8 (pg/ml) r=0.193 r=-0.197 r=0.260
p =0.049 p=0.519 p=0.012
VEGF (pg/ml) r=0.212 r=-0.039 r=0.244
p =0.029 p = 0.900 p=0.019
GM-CSF (pg/ml) r=0.161 r=0.157 r=0.140
p = 0.099 p = 0.609 p =0.181
MCP-1 (pg/ml) r=0.129 r=0.102 r =0.091
p=0.189 p=0.739 p = 0.387
ICAM-1 (ng/ml) r=-0.010 r=-0.083 r =0.019
p=0923 p =0.787 p =0.854
EGF (pg/ml) r = 0.020 r=-0.420 r=0.030
p = 0.840 p =0.153 p =0.779
Leptin (ng/ml) r=0.168 r=0.116 r = 0.141
p = 0.089 p = 0.705 p=0.183
Resistin (ng/ml) r=-0.142 r=-0.327 r=-0.102
p=0.181 p = 0.276 p =0377
N/L ratio r=0.265 r=-0.327 r=0.269
p =0.006 p =0.227 p =0.009

Correlations were assessed by Spearman rank’s test.
Associations found to be statistically significant are highlighted in bold.

disease duration, activity, ESR and exposure to glucocorticoids,
methotrexate, TNFa blockers and tocilizumab (0.011[0.001, 0.021],
p = 0.032). Actually, recently-diagnosed patients showed a similar
correlation trend to their long-standing counterparts, whereas the
significant associations detected for IL-8, VEGF and N/L ratio were
exclusively due to long-standing patients and were completely
absent in the early group. In addition, IFNa levels were strongly
correlated with RDW in patients with previous CV events
(r=0.524, p =0.002; n = 33), this group having higher levels of this
cytokine than their CV-free counterparts (4116 + 79.31 vs
23.30 + 66.10, p = 0.030). Of all the studied molecules, this rela-
tionship was unique for IFNa, a cytokine previously associated with
endothelial damage and CV disease in RA patients. These results
support the idea of RDW as a marker of endothelial damage and
repair failure in RA, hallmarked by an EPC imbalance and increased
IFNa serum levels.

Leptin (ng/ml) 15.79 + 22.03 10.30 + 6.60 16.93 + 23.89
Resistin (ng/ml)  10.23 + 4.06 13.11 £ 5.03 9.64 + 3.58**
N/L ratio 351 +294 3.20 + 1.90 3.56 + 3.09

Data are expressed as mean =+ standard deviation. Differences between early and
long-standing RA patients were assessed by Mann—Withney U test. *p < 0.050,
**p < 0.010, ***p < 0.001.

On the other hand, the association of RDW with IL-8 and VEGF in
long-standing RA patients suggests its potential role as biomarker
of vascular remodelling. Moreover, IL-8 was found to be indepen-
dently related to RDW after adjusting for disease duration, activity,
ESR and treatments (0.062[0.004, 0.120], p = 0.037). Finally, the
correlation between RDW and the N/L ratio in these patients sup-
ports the use of both haematological parameters as inflammatory
markers.

These results seem to link RDW with vascular remodelling
processes, thereby supporting its association with vascular damage
and repair failure.

4. Discussion

This study provides novel insights about the nature of RDW as a
CV risk biomarker in RA, thereby shedding new light into the
mechanisms underlying the predictive value of RDW previously
reported [4] in these patients. Our main results revealed that RDW
was associated with EPC depletion as well as with markers of
vascular damage and remodelling processes, all of them features
which usually occur during the disease course and are linked to CV
disease development. These findings were restricted to the long-
standing RA group, whereas RDW in patients at the early stage of
the disease remain unrelated to these parameters. In addition, our
results remain significant after adjusting for traditional CV risk
factors and exposure to treatments, thereby supporting the inde-
pendent role for RDW as biomarker of CV risk.

CV disease occurrence in RA patients is the result of traditional
CV risk factors and disease parameters [3,5,24,25]. Although the
actual mechanisms are still unknown, disease parameters seem to
influence CV risk by their effects on endothelial repair and damage.
In this scenario, the role played by EPCs deserves a mention. EPCs
have been reported to be depleted or functionally impaired in RA
patients [6—11], associated with disease activity and duration. This
situation was also found in other rheumatic and inflammatory
diseases and supports the role for EPC depletion in the increased CV
risk found in these patients [26,27]. Therefore, identification of EPC
depletion may be of special interest for these conditions, but in this
sense, biomarkers are lacking. This is the first study in reporting
that RDW could be independently related to EPC depletion, thereby
supporting a new dimension for this well-known parameter in the
clinical setting.

Our results highlight important differences between recent
onset and long-standing RA patients, which probably reflects a
progressive vascular impairment during the course of the disease.
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Whereas RDW was related to markers of vascular damage,
inflammation and disease activity in patients with established
disease, these associations were missing in the early group. Even
the associations with age or BMI, which are independent of disease
parameters, are not present in the early group. It is plausible that
changes in the cytokine and inflammation networks are taking
place in the early patients, so the associations of RDW with disease
parameters could be different to those seen in patients with
established disease [28]. Nevertheless, including all clinical pa-
rameters in a regression model, our results confirm that RDW was
an independent predictor of EPC depletion in the whole RA group.
Moreover, the fact that early changes in RDW are predictors of CV
prognosis in RA patients [4] suggests that this parameter is pre-
maturely altered, even earlier than usual molecular or cellular signs
of vascular damage. These results highlight the differences between
these two stages of the disease and are in line with the concept of
‘window of opportunity’, whose implication in CV disease predic-
tion in RA has been recently proposed [29—32].

We have previously reported that RDW measurements during
the early phase of the disease are predictors of CV occurrence in RA
patients [4]. Accordingly, RDW was associated to markers of
impaired endothelial repair and vascular remodelling, thereby
supporting, to some extent, our previous findings. Additionally,
differences between early and established RA patients give us
relevant clues on the mechanisms underlying the role for RDW as
predictive biomarker. The associations with EPC and vascular me-
diators observed in long-standing patients could be a consequence
of a cumulative exposure to inflammation, immune dysregulation
and traditional CV risk factors. However, as these changes are
linked to disease course, they cannot me monitored in the early
stage, thereby explaining the lack of associations in this group. All
these lines of evidence herein presented here lead us to think that
RDW could be a very early marker of vascular damage, since small
changes in RDW can predict CV outcome even after other phe-
nomena become evident. This is especially relevant since RDW has
several advantages as a biomarker [33]. The different nature of
RDW as a biomarker (since it is not a classic cell or molecular
marker) probably may account for its early sensitivity and proves
RDW may have a differential consideration than the classic well-
known biomarkers. Actually, RDW has been related to atheroscle-
rosis plaque formation [34] and also to endothelial dysfunction
[35,36], which is the subclinical step prior to atherosclerosis plaque
formation. Endothelial dysfunction has been found in recent onset
RA patients, even in the absence of traditional CV risk factors [37].

On the other hand, RDW was associated with IL-8 and VEGF,
factors linked to active vascular remodelling processes, in long-
standing but not in early patients. Both endothelial injury and
EPC depletion are associated with disease duration, so vascular
remodelling mechanisms are expected not to be so active in the
early stage. This could explain why there was no association be-
tween these molecules and RDW in the early group. However, in
patients with longer disease duration, because of the chronic
exposure of EPCs to multiple risk factors, an EPC exhaustion can be
detected, thereby resulting in a decreased endothelial reparative
capability. During this stage, reparative mechanisms are not able to
counteract endothelial damage, which becomes clinically relevant.
The association between RDW and IL-8 in a multivariate model
provide potential mechanistic insights about RDW as a biomarker.
IL-8 is an inflammatory chemokine released by macrophages,
which is involved in neutrophils chemotaxis and induction of
adhesion molecules in endothelial cells. Neutrophils have a rele-
vant role in atherosclerosis [21,38], especially in the early steps [39].
Moreover, neutrophils have been connected with enhanced
vascular damage and impaired vascular repair in autoimmunity
[40], with a central role for type I IFNs, thereby linking IL-8,

neutrophils, type I IFNs and impaired vascular repair. Additionally,
IL-8 has been proposed as a biomarker for risk stratification of CV
disease patients [41] and also for the identification of patients at
risk of developing a CV event [42]. Therefore, our findings point to a
role for IL-8-neutrophils axis in CV disease in RA patients.

In line with this, RDW was associated with N/L ratio, which has
been reported to be a marker of inflammation and CV risk in
different conditions [43]. Although the potential role of this
parameter in RA is unknown, it is supported by the involvement of
neutrophils in RA pathogenesis [44] as well as in atherosclerosis
progression [39,40]. Thus, the correlation with RDW made the N/L
ratio a new candidate as a risk biomarker that should be taken into
account in future studies with RA patients.

Similarly, another interesting result is the association between
RDW and IFNa serum levels. Of the studied mediators, this is the
only molecule that presented the same trend in all patients,
although statistical significance was not reached in early patients.
In recent years, a growing body of evidence has proposed a role for
IFNa (and type I IFNs) in endothelial damage and repair failure [45].
IFNo. has been reported to promote abnormal vasculogenesis by
altering EPC phenotype and functionality [46—48] in SLE patients
and murine models of lupus and atherosclerosis. We have reported
an EPC imbalance and increased CV events occurrence associated
with IFNa serum levels in RA patients [10]. Additionally, genetic
variants of interferon regulatory factors, linked to increased sig-
nalling through type I IFN intracellular pathway, have been asso-
ciated with markers of early atherosclerosis and CV disease
occurrence in RA patients [49,50].

In conclusion, our results support that RDW changes during the
early stage of RA could be a predictor of CV occurrence because it
may be considered as a very early biomarker of subclinical endo-
thelial damage, opposed to other molecular or cellular markers
which are undetectable at this stage. After this period, RDW was
associated with disease activity and severity as well as with
vascular remodelling mechanisms, which may be probably trig-
gered by the progression of the subclinical damage, becoming
evident at a cellular and molecular level. However, the increased
IFNo. levels and the EPC depletion presented by these patients could
account for the vascular repair failure, thereby leading to athero-
sclerosis and CV disease progression in RA. All these findings
reinforce the potential use of RDW to stratify CV risk in RA in the
clinical setting.
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RESULTADOS

Capitulo V: Determinacion de autoanticuerpos anti-HDL en pacientes de AR

La literatura cientifica mas reciente ha probado la participaciéon de diferentes tipos
de anticuerpos en el desarrollo de enfermedad CV, lo cual va en linea con la hipdtesis del
origen inflamatorio de la aterosclerosis. Por tanto resulta légico pensar que en
enfermedades autoinmunes sistémicas, debido a la pérdida de tolerancia frente a antigenos
propios, este mecanismo pueda tener incluso mayor relevancia. Este hecho ha sido
ampliamente estudiado en LES, donde se han caracterizado un buen ndmero de
autoanticuerpos con capacidad proaterogénica, entre los que se encuentran los
autoanticuerpos anti-HDL y anti-Apo A-1. Sin embargo, la presencia de mecanismos
patogénicos compartidos entre ambas patologias, asi como evidencias previas de otros
grupos, hace pensar que estos autoanticuerpos podrian estar presentes también en AR. La
presencia de estos autoanticuerpos es relevante dado que podrian tener un papel
prondstico y se trata ademas de biomarcadores facilmente implementables en los

laboratorios de rutina clinica.

A la vista de estos antecedentes, decidimos investigar la presencia y niveles de
anticuerpos anti-HDL de isotipo IgG en pacientes de AR y sus posibles relaciones con los
niveles séricos de lipoproteinas, parametros clinicos, factores clasicos de riesgo CV y su

relacién con mediadores de inflamacién y dafio endotelial.

Articulo 8: Rodriguez-Carrio ], Alperi-Lépez M, Lopez P, Ballina-Garcia F], Abal F, Suarez A
(2015); Antibodies to High Density Lipoprotein are associated with inflaimmation and

cardiovascular disease in Rheumatoid Arthritis patients; Clinical Science (enviado).

Aportacién personal al trabajo: mi contribucién en este trabajo se centr6 en el

diseno e implementacion del protocolo de determinacién de estos autoanticuerpos,
asi como la realizacién de la mayor parte de los inmunoensayos. Igualmente, realicé
el anadlisis de los resultados y contribui a la interpretacién de los mismos.
Finalmente, llevé a cabo la redacciéon del manuscrito y la preparaciéon de las figuras,

bajo la supervision de la Dra. Ana Suarez Diaz.
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ABSTRACT

Since factors other than chronic inflammation may underlie the altered lipid profiles in Rheumatoid Arthritis (RA)
patients, and the presence of antibodies against HDL lipoproteins has been reported in other autoimmune conditions,
we undertook this study to evaluate whether they are present in RA and associated with clinical and cardiovascular (CV)
parameters. To this end, IgG anti-HDL antibodies and total IgG serum levels were quantified in 212 RA patients, 131
sex- and age-matched healthy controls (HC) and 52 subjects with traditional CV risk factors. A subgroup of 13 RA
patients was prospectively followed upon TNFa-blockade. TNFa, IFNa, MIP1a, IFNy, IL-8, VEGF, GM-CSF, IL-17,
MCP1, SDF-1a, resistin and leptin serum levels were quantified by immunoassays.

lgG anti-HDL levels were higher in RA patients compared to HC (p<0.0001) and CVR subjects (p=0.015). Differences
with HC remained after correction for total IgG levels (p<0.003). Anti-HDL/IgG were negatively associated with HDL
levels in RA (-1.182[-1.823, -0.541], p=0.0003) after adjusting for demographical, clinical, inflammatory parameters and
treatments. RA patients with high levels of anti-HDL/IgG (n=40, 18.8%) were more likely to have experienced a CV
event (p<0.0001), and exhibited increased levels of several proinflammatory mediators (CRP, IFNo, MIP1e, IFNy, IL-8,
GM-CSF, IL-17 and MCP1). Finally, change in anti-HDL antibodies upon TNFa-blockade was independently associated
with increasing HDL levels. Overall, IgG anti-HDL antibodies are increased in RA independently of traditional CV risk
factors and associated with a proinflammatory milieu and impaired lipid blood profile, which may contribute to the
increased rate of CV events in these patients.

Key words: anti-HDL antibodies, HDL, cardiovascular risk, chronic inflammation, Rheumatoid Arthritis, anti-TNFa
therapy



IgG anti-HDL autoantibodies in RA patients
INTRODUCTION

Rheumatoid Arthritis (RA) is associated with greater
rates of cardiovascular disease (CVD) morbidity than
the general population. This greater risk cannot be
explained only by traditional CV risk factors [1], and
different non-traditional factors, such as genetic
background, chronic inflammation or exposure to
treatments seem to be involved [2].

Serum lipids and lipoproteins are pivotal players in the
field of CVD. Raised low-density lipoproteins (LDL)-
cholesterol and reduced high-density lipoprotein (HDL)-
cholesterol levels are well established risk factors in the
general population. In RA, however, the association
between serum lipids and CVD seems to be more
complex. Active RA patients tend to exhibit lower levels
of lipids than the general population but an excess of
CV risk. Control of the disease using different disease-
modifying antirheumatic drugs (DMARDs) is usually
accompanied by increasing lipid levels, mainly in HDL-
cholesterol, to variable degrees [3;4]. The phenomenon
that a condition associated with increased CVD
morbidity was associated with reduced lipid levels was
termed as “lipid paradox” [4;5], and several lines of
evidence point towards a role of chronic inflammation
as the underlying factor. However, the mechanisms that
potentially drive the interactions between inflammation
and lipid metabolism are not entirely understood.

HDL lipoproteins are important in preventing the
development of atherosclerotic lesions and endothelial
homeostasis [6], and chronic inflammation has been
described not only to be able to decrease HDL levels
[4] but also to impair their protective functions [7], by
modification of its composition [8]. Moreover, effective
disease activity control leads to normalization of HDL
levels in some studies [9;10], but not in others [11],
whereas other authors found that a good clinical
outcome may induce restoration of HDL functions
rather than changes in levels [12]. Consequently, some
gaps remain in the understanding of changes in lipids in
RA and this warrants further studies on the potential
contribution of emergent players.

Recently, the hypothesis that certain autoantibodies
may have a role in CVD development in chronic
autoimmune diseases has emerged [13]. The presence
of anti-HDL IgG antibodies has been reported in
Systemic Lupus Erythematosus (SLE) patients [14;15],
associated with severe disease and inflammatory
burden. Interestingly, anti-HDL antibodies can interfere
with the anti-inflammatory and anti-oxidant intrinsic
functions of HDL [16]. However, the presence and

possible clinical role of anti-HDL IgG antibodies in RA
patients remains unknown.

Therefore, the main aims of this study were (i) to
investigate whether anti-HDL IgG are present in RA
patients, (ii) whether they could be related to the altered
lipid profile, clinical characteristics and traditional CV
risk factors and (iii) to analyze if this antibodies might
be associated with lipid changes upon anti-TNFo
treatment.

MATERIAL AND METHODS

Patients and controls

This was a cross-sectional case-control study with three
different groups of individuals enrolled (Table 1). Our
study involved 212 RA patients recruited from the
Department of Rheumatology at Hospital Universitario
Central de Asturias. All of them fulfilled the 2010
American College of Rheumatology classification
criteria for RA. A complete clinical examination,
including Disease Activity Score 28-joints (DAS28)
calculation, was performed on each patient on the day
of their clinic appointment and a blood sample was
drawn by venipuncture. Also, clinical records were
retrospectively revised so as to register traditional CV
risk factors and the history of CV events. Definition and
classification of CV events and traditional risk factors
(hypertension, diabetes, dyslipidemia, obesity and
smoking) were performed as previously established
[17]. In addition, a subgroup of 13 RA patients (12
women, median age 43 (range: 30 - 65), DAS28
5.08(1.93), 38.5% RF+, 46.1% anti-CCP+), candidates
for TNFo—blockers, was prospectively followed and a
blood sample was drawn immediately before and 3
months after anti-TNFa therapy. Clinical response after
TNFa-blockade was evaluated by EULAR criteria [18].

Simultaneously, 131 gender- and age-matched healthy
volunteers (HC) were recruited from the same
population and a group of 52 individuals with marked
traditional CV risk factors [tCVR: 22 (42.3%) diabetes,
32 (61.5%) hypertension, 32 (61.5%) dyslipidemia, 19
(36.5) smoking and 17 (32.6%) obesity] was recruited
from their primary care referral center.

Automated serum lipids analysis was carried out on all
the participants from fresh blood samples. Serum
samples were stored at -80°C until laboratory
measurements were performed. Approval for the study
was obtained from the Regional Ethics Committee for
Clinical  Investigation, in compliance with the



Declaration of Helsinki. All the participants gave written
informed consent prior to their inclusion in the study.

Determination of anti-HDL antibodies

lgG antibodies against HDL were measured in all
serum samples by ELISA as previously described [14]
with slight modification. ELISA Maxisorp plates (Nunc)
were half-coated overnight at 4° C with 20 pg/ml human
HDL-cholesterol (Sigma) in 70% ethanol (test half) or
ethanol alone (control half). Plates were blocked with
PBS 1% BSA (Sigma) for 1 hour at room temperature
and then washed with PBS. Serum samples, previously
diluted 1:50 in PBS containing 0.1% BSA, and standard
curves from pooled sera (diluted 1:16 to 1:512) were
incubated for 2 hours at room temperature. After that,
three washes with TBS were performed and alkaline
phosphatase-conjugated anti-human 1gG (1:1000)
(Immunostep) was added. Finally, the plate was
washed twice with TBS followed by addition of p-
nitrophenylphosphate (Sigma) in dietanolamine buffer.
Absorbance at 405 nm was recorded and signal from
the control half of the plate was subtracted to that of the
test half. Anti-HDL Arbitrary Units (AU) were calculated
for each sample according to the standard curves.

Similarly, total 19gG was quantified by conventional
ELISA techniques and AU values obtained from the
anti-HDL ELISA were corrected using total IgG levels
(anti-HDL/IgG).

Quantification of cytokine serum levels

Analyses of serum cytokines were performed in a
subsample of RA patients (n=129). IFNa, MIP1a, IL-8,
IL-17A, VEGF and GM-CSF serum levels were
quantified using a Cytometric Bead Array Flex Set (BD)
in a BD FACS Canto Il flow cytometer using FCAP
Array v.1.0.1, following the manufacturer’s instructions.
The theoretical detection limits were 1.25 pg/ml, 0.6
pg/ml, 1.2 pg/ml, 1.25 pg/ml, 4.5 pg/ml and 0.2 pg/ml,
respectively.

IFNy serum levels were assessed using an OptEIA kit
(BD) following the manufacturer's instructions
(detection limit: 0.58 pg/ml). Levels of TNFo, MCP-1,
leptin and resistin were quantified using Mini ELISA
Development Kits (PeproTech), according to the
manufacturer's instructions (detection limits were: 3.9
pg/ml, 8 pg/ml, 63 pg/ml and 24 pg/ml, respectively).

Statistical analysis

Data are expressed as mean + standard deviation or
median  (interquartile range), as  appropriate.
Categorical variables were expressed as n(%) and
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analyzed using chi-square tests. Spearman rank’s test
was used to analyze correlations, whereas one-way
ANOVA (Bonferroni multiple comparisons test),
Kruskal-Wallis (Dunn-Bonferroni correction for multiple
comparisons test) or Mann-Withney U tests were used
to assess differences between groups. Variables were
log-transformed to achieve normal distribution prior to
multiple regression analyses. A p-value <0.050 was
considered as statistically significant.  Statistical
analyses were performed under SPSS v. 19.0 and R
software v. 2.15.1.

RESULTS

Anti-HDL antibodies as predictors of altered HDL-
cholesterol levels in RA patients

Anti-HDL IgG levels were quantified in serum samples
from the groups summarized in Table 1, RA patients
exhibiting increased amounts of these antibodies both
as arbitrary units (AU) and after correction for total 1gG
levels (anti-HDL/IgG). The tCVR group did not exhibit
significant differences with HC, suggesting that anti-
HDL antibodies were present in RA independently of
comorbidities.

No differences were observed in anti-HDL antibodies
(p=0.859) between RA patients recruited at onset
(n=47) and their long-standing counterparts. However,
serum levels of HDL-cholesterol were negatively
associated with anti-HDL/IgG in recent onset RA
patients (Figure 1), but not in the long-standing group
(r= -0.051, p=0.553), suggesting that disease features
or treatments could influence the lipid profile in RA. In
fact, although no differences in HDL-cholesterol were
detected between HC and the whole RA group, patients
recruited at onset exhibited decreased levels compared
to their long-standing counterparts (51.60+15.62 vs
62.98+17.23, Bonferroni p<0.001) and the HC group
(p=0.021).

Therefore, to evaluate whether anti-HDL/IgG antibodies
could influence the lipid profile in RA patients, a multiple
linear regression analysis adjusted for age, markers of
inflammation (CRP and ESR), disease activity and
duration as well as treatments received was performed.
Results showed that anti-HDL/IgG antibodies
significantly predicted low HDL-cholesterol levels (Table
2), and similar effect was obtained analyzing anti-HDL
AU (-0.587 [-0.957, -0.216], p=0.002). Moreover, when
the total:HDL-cholesterol ratio was entered as the
dependent variable, anti-HDL/IgG was found to be the
only independent predictor (0.188 [0.123, 0.253],
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p=8.95-108).0f note, despite not reaching significance,
was that a slight effect for the TNFo-blockers usage in
this analysis (-0.512 [-1.067, 0.043], p=0.070) may be

hypothesized. All these results support a role for anti-
HDL/IgG antibodies in the altered lipid profile of RA
patients.

Table 1: Demographic parameters, serum lipids and anti-HDL antibodies on the populations studied

HC RA tCVR! p-value
n 131 212 52
Gender (f/m) 97/34 175137 37115 0.080
Age at sampling, years (mean (range)) 52 (26 - 80) 53 (18 - 87) 55 (33 - 68) 0.452
Total-cholesterol, mg/dl 205.91£33.56 207.42+35.71  216.60+42.97 0.476
HDL-cholesterol, mg/d| 58.79+14.00  60.56+17.60  57.91+14.30 0.515
LDL-cholesterol, mg/dl 126.46429.35  122.60+32.38 136.00+£50 0.175
Total/HDL-cholesterol ratio 3.67+£1.00 3.7241.35 3.93+£1.13 0.211
Anti-HDL, AU (median (range)) 0 _3171'22.35) 0 18gégf_;7) o _6219;226) <0.0001
Anti-HDL/IgG, (median (range)) 0 _12'1972.00) 0 352;301 0 0 _1183'%_23) 0,005

Continuous variable are summarized as mean * standard deviation, unless otherwise stated. Differences were assessed by Kruskal-Wallis test
with Dunn-Bonferroni correction for multiple comparisons, or chi-square test, as appropriated. "tCVR population (diabetes n=22, hypertension
n=32, dyslipidemia n=32, smoking n=19 and obesity n=17) *HC vs. RA: p<0.0001, CVR vs RA: p=0.015. **HC vs. RA p=0.003.

levels in early RA patients.
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Correlation was assessed by Mann-Withney U test.
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Anti-HDL/IgG antibodies were negatively correlated with HDL-
cholesterol levels in RA patients recruited at onset (n=47).
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Anti-HDL antibodies and clinical features

Since our results suggest that development of anti-HDL
antibodies could be an early event in some RA patients,
we hypothesize that the presence of high levels of
these autoantibodies, in addition to their effect on blood
lipids, might identify a subgroup of RA patients with
special clinical or immunological characteristics. Thus,
patients were classified into two groups using the HC
90t percentile of anti-HDL/IgG antibodies (169.80) as
cut off. Disease parameters, treatments, CV factors and
serum levels of several cytokines were evaluated in
accordance (Table 3).

No significant differences in the frequency of anti-
HDLhigh patients (40/212, 18.8%) were observed
between recent onset and long-standing RA (p=0.292).
However, anti-HDL"g" patients tended to be increased
among males (12/40, 30.0% vs 28/172, 16.3% in
females), exhibited larger disease duration, high CRP
levels and increased frequency of erosive disease.
Although no differences in disease activity were found,



patients in remission (DAS28<2.6) were less likely to
exhibit high anti-HDL/IgG levels than those with
moderate or active disease (DAS>2.6) (9.75% vs
23.7%, p=0.030). Interestingly, anti-HDLMg" patients
were not associated to either RF- or anti-CCP positivity,
thereby excluding widespread autoantibody production
or a potential effect of cross-reactivity with other
autoantibodies. Similarly, no differences in received
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therapies were registered. However, it is noteworthy
that anti-HDL"gh patients were much more likely to have
suffered from a CV event than their anti-HDL'ow
counterparts, whereas the distribution of traditional CV
risk factors, except for dyslipidemia, was similar
between groups. Actually, in a multivariate regression
analysis where age, gender, traditional CV risk factors,

Table 2: Effect of anti-HDL/IgG antibodies on HDL-cholesterol levels in RA patients

B [95% Cl] p-value

Anti-HDL/IgG -1.182 [-1.823, -0.541] 0.0003
Age -0.010 [-0.168, 0.148] 0.904
CRP -0.118 [-0.475, 0.238] 0.513
ESR -0.019[-0.157, 0.120] 0.791
Disease duration 1.949 [-0.722, 4.620] 0.628
DAS28 score 0.484 [-1.487, 2.455] 0.628
Glucocorticoids 4,584 [-0.379, 9.547] 0.070
Methotrexate 2.148[-3.511, 7.808] 0.454
TNFa blockers 2.050 [-3.385, 7.485] 0.457

Linear multivariate regression analysis was performed using HDL-cholesterol levels as dependent variable.

disease activity and duration, autoantibodies,
inflammatory markers and treatments entered as
dependent variables, only anti-HDL and hypertension
remained significant predictors of CV disease
(p<0.0001 and p=0.021, respectively).

On the other hand, anti-HDLMg" patients displayed
higher IFNo levels, a cytokine associated with vascular
damage, and were related to a higher systemic
inflammation, as several proinflammatory mediators
were upregulated (MIP1a, IFNy, IL-8, GM-CSF, IL-17A
and MCP-1), which is in line with the increased levels of
CRP also found in this group.

Hence, anti-HDLhigh RA patients were hallmarked by a
proinflammatory milieu, IFNow production and increased
prevalence of CV events, suggesting the use of anti-
HDL antibodies as biomarkers for CV risk.

Effect of TNFa-blockade on anti-HDL antibodies

Since TNFa-blockade has been related to change in
lipid profiles in RA patients [4;19], we aimed to test the
possible effect of TNFa antagonists on anti-HDL

antibody production. To this end, a subgroup of RA
patients (n=13) candidates for TNFo blockade were
prospectively followed for 3 months and changes on
lipid profile, anti-HDL and total 1gG levels as well as
disease outcome were analyzed.

First, we observed that DAS28 improvement was
accompanied by both an increase in HDL-cholesterol
levels and a decrease in anti-HDL/IgG values (Figure
2). Interestingly, changes in anti-HDL/IgG paralleled
those of HDL-cholesterol, thus supporting the
relationship between decrease of anti-HDL production
and recovery of HDL-cholesterol levels. Equivalent
results were obtained when the change on total:HDL-
cholesterol ratio was analyzed, confirming the role of
these autoantibodies in the partial restoration of lipid
profile.

Finally, we performed a multiple regression analyses to
exclude the possible effect of disease activity as a
confounding factor. Results revealed that changes in
anti-HDL/IgG  antibodies upon  TNFa-blockade
independently predicted change on HDL-cholesterol
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levels after adjusting for CRP decrease and EULAR
clinical response (-3.164 [-5.510, -0.818], p=0.015),
thereby supporting their role in the lipid profile
maintenance in patients on biologic therapy. However,

TNFa blockade did not result in a significant change on
HDL-cholesterol ~ (58.00+15.89 vs 62.00+14.44,
p=0.170) or anti-HDL/IgG levels (143.99(319.93) vs
62.62(178.13), p=0.101).

-

~

Figure 2: Anti-HDL antibodies, HDL-cholesterol levels and clinical improvement upon TNFa-blockade.
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DISCUSSION

Although a growing number of studies support the link
between RA pathogenesis and CVD development, and
several lines of evidence point to an altered lipid profile
in RA patients, the connection between CVD and lipid
profiles in RA is poorly understood. The results
presented in this paper suggest the involvement of a
new player, anti-HDL antibodies, in this scenario.

Altered lipid profiles in RA patients have been widely
reported (reviewed in [4]), gradually associated with the
number of fulfilled ACR criteria [20]. Most authors have
explained these results on the basis of an inflammatory
burden [20-22] and poor disease activity control [3;20].
However, results are quite heterogeneous and even
contradictory. On the one hand, in spite of the main role
of inflammation in the so-called “lipid paradox” in RA
[5], the magnitude of the differences in lipid levels
explained by inflammation is limited [23]. On the other
hand, patients with similar degrees of disease activity
control, and thus similar levels of immunosuppression,
may exhibit important differences in lipid levels [4;24],
thus highlighting a role for the involvement for
mechanisms other than inflammation. The results
presented here indicate anti-HDL antibodies as the

missing link that could explain these discrepancies.
Actually, our results confirm that anti-HDL antibodies
can explain low HDL-cholesterol levels even after
adjustment for several potential confounders, including
inflammation, demographic parameters, treatments and
disease activity and duration, hence supporting its
independent effect. Moreover, our findings are
strengthened by the fact that anti-HDL antibodies could
also explain total:HDL-cholesterol ratio, which is the
preferred parameter for CV stratification in RA patients
[25]. However, since we studied anti-HDL antibodies
and some papers reported very modest changes on
total:HDL-cholesterol ratio [3], we decided to primarily
focus our results on HDL-cholesterol levels.

Our data show that anti-HDL antibodies were not
associated with traditional CV risk factors in RA, and
individuals with traditional CV risk did not exhibit
increased anti-HDL levels compared to the control
population. Similarly, increased anti-HDL levels in RA
patients were not associated with increased total 19G
levels. This leads us to hypothesize that anti-HDL
antibodies may identify a subgroup of RA patients with
specific clinical and immunological characteristics that
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Table 3: RA patients classified according to levels of anti-HDL antibodies

anti-HDL'ov anti-HDLhigh
(n=172) (n=40) p-value
Age (years) 53.87 (16.22) 56.58 (22.69) 0.184
Gender (female:male) 144:28 28:12 0.053
Disease features
Disease duration (years) 2.12 (4.81) 4.33 (8.00) 0.010
TJC 3.00 (8.00) 2.00 (7.00) 0.993
SJC 1.00 (5.00) 1.50 (4.00) 0.830
CRP 1.00 (2.70) 2.85 (6.43) <0.001
ESR 18.00 (23.00) 21.00 (28.00) 0.193
DAS28 score 3.67 (2.45) 4.04 (1.84) 0.443
RF 88 (51.1) 28 (70.0) 0.095
Anti-CCP 92 (53.4) 23 (65.0) 0.325
Age at diagnosis 50.00 (17.00) 49.67 (20.00) 0.880
Shared epitope (n=141) 64 (57.1) 18 (62.0) 0.632
Erosions (n=129) 32 (34.4) 19 (55.8) 0.029
Blood lipids, mean+SD
Total cholesterol (mg/dl) 206.00+36.20 211.05+34.44 0.419
HDL-cholesterol (mg/dl) 61.80+17.93 55.17£16.13 0.050
LDL-cholesterol (mg/dl) 121.75+33.61 124.70£27.92 0.513
Total:HDL-cholesterol ratio 3.63+1.18 4.23+1.92 0.060
Treatments, n(%)
None or NSAIDs 41 (23.8) 6 (15.0) 0.207
GC 80 (46.5) 23 (57.5) 0.248
MTX 111 (64.5) 28 (70.0) 0.669
TNFa-blockers 36 (20.9) 12 (30.0) 0.248
Tocilizumab 7(4.0) 5(12.5) 0.173
Traditional CV risk factors, n(%)
Hypertension 51 (29.6) 14 (35.0) 0.517
Dyslipidemia 36 (20.9) 16 (40.0) 0.013
Diabetes 16 (9.3) 6 (15.0) 0.285
Obesity (n=129) 22 (23.9) 7(22.5) 0.880
Smoking 61 (37.6) 13 (32.5) 0.708
History of CV events, n(%) 22 (12.7) 16 (40.0) <0.0001
Cytokines (n=129) n=95 n=34
TNFo (pg/ml) 216.14 (291.32)  312.04 (266.50) 0.451
IFNa (pg/ml) 0.00 (15.83) 16.06 (95.92) 0.006
MIP1c (pg/ml) 7.12(19.74) 21.75 (76.47) <0.001
[FNy (pg/ml) 4.20 (3.44) 7.15(8.78) 0.004
IL-8 (pg/ml) 41.78 (10.79) 46.85 (18.68) 0.006
VEGF (pg/ml) 112.43 (42.04) 117.29 (50.55) 0.313
GM-CSF (pg/ml) 26.76 (6.88) 29.75 (19.55) 0.033
IL-17A (pg/ml) 3.71(25.74) 26.33 (101.43) 0.002
MCP-1 (pg/ml) 282.04 (325.38)  382.54 (794.84) 0.024
SDF-1a (ng/ml) 2.74 (6.69) 3.97 (7.35) 0.402
Resistin (ng/ml) 9.3 (5.27) 10.33 (4.90) 0.158
Leptin (ng/ml) 10.34 (11.31) 14.24 (15.57) 0.402

Continuous variables were summarized as median (interquartile range), unless otherwise stated. Differences were assessed by Mann Withney
U or chi-square tests, as appropriated. Anti-CCP: anti-Cyclic Citrullinated Peptide antibody, CRP: C-reactive protein, CV: cardiovascular, GC:
glucocorticoids, DAS28: Disease Activity Score (28 joints), ESR: Erythrocyte Sedimentation Rate, HAQ: Health Assessment Questionnaire,
MTX: methotrexate, TSJ: tender joint count, SJC: swollen joint cont.
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are more likely to suffer from a CV event. This is
supported by the fact that these autoantibodies were
present at disease onset. Recently, Wick and
colleagues reported the presence of anti-Apo A1
antibodies in patients with periodontitis associated with
atherosclerosis burden [26]. Interestingly, periodontal
inflammation has been hypothesized to have an early
role in RA development [27;28], and the lipid profile of
RA patients has been reported to be altered even
before RA diagnosis [23], hence suggesting that both
anti-HDL and altered lipid profiles are early events in
RA pathogenesis, at least in a subset of patients,
presumably driven by an inflammatory environment.

The findings herein presented show that patients with
high anti-HDL levels exhibited an enhanced systemic
immune response, characterized by increased levels of
a number of proinflammatory cytokines. Although we
cannot know whether this inflammatory milieu is the
cause or the consequence of anti-HDL production, we
thought that previous inflammatory events could
underlie anti-HDL production which, in turn, can amplify
inflammatory responses, by several mechanisms.
Actually, anti-inflammatory and antioxidant properties of
HDL-cholesterol particles are impaired by anti-HDL
antibodies [16]. This “HDL dysfunction” leads to higher
levels of oxidized lipids (mainly oxLDL) [16;29] and
increased levels of proinflammatory mediators.

HDL particles can inhibit the production of IL-1p and
TNFo by interfering with the crosstalk between T cells
and monocytes [30]. Similarly, HDL can decrease MCP-
1 production by human macrophages [7] and some
apolipoproteins are able to decrease the IL-8
production in neutrophils [31]. Moreover, auto-
antibodies can directly promote monocyte and
endothelial cells activation [32], and in particular, anti-
Apo A1 antibodies have been reported to induce the
production of IL-8 by human macrophages [33]. These
findings regarding IL-8 are especially important, since
this chemokine is the main chemoattractant for
neutrophils, and neutrophil recruitment and activation
are important steps in atherosclerotic plaque formation
[34]. Additionally, neutrophils can enhance the oxidative
burst, thus promoting oxLDL formation and also
impeding the HDL protective effects by chlorination
[35], thereby stimulating a positive feedback loop
between  inflammation,  lipid  oxidation  and
atherosclerosis. Finally, the fact that IgG auto-
antibodies can activate MyD88 [36] as well as TLR
intracellular pathways [37] could explain the increased
IFNo levels in anti-HDLhigh RA patients. Previous data

from our group also highlight the relevance of the IL-8-
neutrophil axis as emergent biomarkers of CV risk in
RA patients [38]. Neutrophils have been associated
with enhanced vascular injury in autoimmunity, type |
IFNs having a crucial role in this scenario [39;40].
Additionally, type | IFNs have been reported to impair
endothelial repair by several mechanisms (reviewed in
[41]). Therefore, anti-HDL antibodies may identify a
group of patients with an enhanced systemic
proinflammatory response that could be linked to an
increased rate of CV disease.

This study is the first to analyze anti-HDL antibodies in
RA, but the results are in line with previous studies on
anti-Apo A1 antibodies in RA [33;42]. The fact that we
obtain a slightly higher amount of “positive” patients for
these antibodies compared with those working with
anti-Apo A1 is easily explained as Apo A1 is only one
component of the HDL lipoproteins. Moreover, as HDL
particles contains many other proteins [43] and Apo A1
is displaced by other components in situations of
inflammation [8], we thought that focusing on total HDL
particles would be a better approach in the clinical
setting than relying on a unique target. In fact,
correspondence between both anti-HDL and anti-Apo
A1 positivity was only found in around 60% of SLE
patients, thus underlining the relevance of other
antigens on HDL particles [15]. However, which
antibody approach provides the best predictive power
remains unknown.

Another interesting finding from this work is the role of
anti-HDL antibodies in the lipid outcome after TNFo-
blockade in RA patients. This treatment has been
associated with HDL-cholesterol increases in half of the
studies evaluated in a recent review [3], thereby again
suggesting a role for additional factors involved in the
lipid profile maintenance in RA. To date, anti-
TNFo agents have been hypothesized to change lipid
levels by an indirect counteracting inflammation and the
derepression of genes involved in lipid metabolism
[44;45]. Our results point towards an independent effect
on anti-HDL reduction, even after adjusting for changes
in CRP as well as EULAR response, and may explain
the modification on HDL function in RA patients
undergoing TNFa-blockade [12]. However, our results
did not exhibit statistical differences in lipid levels upon
treatment, which is in line with the short period of follow
up [3]. Longer-term studies on the effect of TNFa-
blockade on anti-HDL antibodies and HDL function are
warranted. Nevertheless, these results are a proof of
concept that anti-HDL antibodies could have a role in
the change in lipid profiles upon anti-TNFo. therapy.



Our results are of special interest for the clinical setting,
as anti-HDL determination may be a useful tool in the
CV risk stratification in RA. Traditional CV risk factors
fail to fully explain the CVD morbidity in RA [1], and
some modifications have been proposed [25], but they
also rely on lipid levels, so additional biomarkers are
needed. Anti-HDL stratification could be an additional
clinical target, as lipid lowering agents displayed
beneficial effects on CV endpoints in RA patients [46]
and on HDL function [47]. Actually, Anti-Apo A1 levels
provided incremental prognostic information over the
Framingham risk score for CVD development in RA
[42].

Finally, this study has some limitations that should be
stated. Prospective analyses on the TNFa-blockade
was conducted on a small group and followed for a
short period, which probably accounts for the lack of
significant changes on lipid levels. In addition, the tCVD
group was smaller when compared to both HC and RA,
thus resulting in a considerable deviation of the data in
this subset. Moreover, this group was composed of
patients with different traditional CV risk factors but all
were CVD-naive. It is plausible to think that some of
these patients, mainly those with higher anti-HDL
levels, are about to develop a CV event in the short
term, hence also explaining the great heterogeneity
found in this group.

In summary, we report for the first time the potential
role for anti-HDL antibodies in the altered lipid profile in
RA patients, independently of the inflammatory burden.
These antibodies are linked with an enhanced
proinflammatory milieu, which can underlie the
increased rate of CVD in these patients. Moreover, our
results point to the role of anti-HDL antibodies in the
lipid outcome upon TNFa-blockade after adjusting for
the EULAR response. Collectively, our data point
towards a clear role for these antibodies, and thus the
humoral immune response, in the connection between
lipid profile and CV disease in RA. These antibodies
could be a promising tool for CV risk stratification and
management in this condition.

IgG anti-HDL autoantibodies in RA patients
CLINICAL PERSPECTIVES

e Despite exhibiting an increased cardiovascular
risk, the associations between lipid profiles and
cardiovascular disease in RA are poorly
understood.

e RA patients exhibit increased levels of anti-HDL
lgG antibodies, which are associated with
altered lipid profile, enhanced proinflammatory
mediators and increased cardiovascular rate,
but not with traditional cardiovascular risk
factors. Decreasing anti-HDL levels could
mediate, at least in part, the beneficial effect of
TNFa-blockade on serum lipids levels.

¢ Anti-HDL antibodies could have a pivotal role in
the connection between lipid abnormalities and
inflammation in RA. Therefore, anti-HDL
antibodies may be considered as promising
biomarkers of cardiovascular risk in RA
patients, with potential use in the clinical setting
for CV risk stratification and early treatment
consideration.
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RESULTADOS

Capitulo VI: Efecto de la terapia con agentes bloqueantes del TNFa

Como objetivo final de este proyecto, se valor6 la realizacion de un estudio
prospectivo en pacientes de AR antes y después de la instauracién de un tratamiento, con el
objetivo de estudiar los cambios que se producian en los biomarcadores anteriormente

descritos.

Se eligio realizar este estudio en el contexto de la terapia con bloqueantes del TNFa
debido a que ofrecia importantes ventajas para este campo de estudio: se trata de una
terapia muy especifica, su mecanismo de accidn, y por tanto las vias de control de la
inflamacién por las que actia, estdn notablemente caracterizadas, y se ha asociado en
estudios epidemioldgicos con menores tasas de enfermedad CV, asi como con cierto grado
de restauracion de la funcién endotelial a corto plazo. A la vista de estas observaciones, y
con los resultados obtenidos en los anteriores capitulos de esta Tesis Doctoral, decidimos
estudiar cudl era el efecto del tratamiento con agentes bloqueantes del TNFa sobre los
biomarcadores anteriormente descritos y evaluar si el cambio en éstos se asociaba a la

respuesta clinica.

Este objetivo fue abordado en un grupo de pacientes de AR candidatos a tratamiento
con TNFa que fue seguido prospectivamente durante 3 meses. En ellos se evaluaron las EPC,
Tang, MP derivadas de células Tang, anticuerpos anti-HDL IgG (resultados recogidos en el
articulo 8), asi como algunas citocinas y factores de crecimiento solubles. Ademas, debido a
que algunos autores sugerian la existencia de un fenémeno de inmunosenescencia en AR,
que podia ser contrarrestado mediante el tratamiento con agentes anti-TNFo y cuyos
mediadores a nivel celular parecen jugar un papel en la enfermedad CV, decidimos ampliar
nuestro proyecto al estudio de la inmunosenescencia, y su posible contribucion al riesgo CV,

en pacientes de AR.

Articulo 9: Rodriguez-Carrio ], Alperi-Lépez M, Lopez P, Alonso-Castro S, Ballina-Garcia FJ,
Sudrez A (2015); TNFa polymorphism as marker of immunosenescence for Rheumatoid

Arthritis; Experimental Gerontology 61:123-129.

Aportacién personal al trabajo: en lo referente a este trabajo, realicé la mayor parte

de la labor experimental, el analisis de los resultados, asi como la discusion de los
resultados con los coautores. Ademas, realicé la preparacion del manuscrito y las

figuras bajo la supervision de la Dra. Ana Suarez Diaz.
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Articulo 10: Rodriguez-Carrio ], Alperi-Lépez M, Lépez P, Ballina-Garcia F], Sudrez A (2015);
Good response to Tumour Necrosis Factor alpha blockade results in an Angiogenic T Cell

recovery in Rheumatoid Arthritis patients; Rheumatology (Oxford) (in press).

Aportacion personal al trabajo: en este trabajo corrié a mi cargo la mayor parte de la

labor experimental, asi como el analisis e interpretaciéon de los resultados.
Finalmente, llevé a cabo la preparacion del manuscrito y las figuras bajo la

supervision de la Dra. Ana Suarez Diaz.
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Background: Expansion of CD4"CD28™ !, a common feature of immunosenescence, which has been reported in
rheumatoid arthritis (RA) patients, may also be associated with a CD4* imbalance. Although the increase of
CD4*CD28™! cells has been related to TNFow exposure, nothing is known about the possible role of genetic var-
iants of this cytokine.

Methods: Participants were genotyped for TNFA rs1800629 (—308 G > A) and frequency of the CD4*CD28",
regulatory T cells and Th1 cells subsets were quantified in peripheral blood samples by flow cytometry in 129
RA patients and 33 healthy controls.

Results: The expansion of CD4+CD28™!! cells in RA patients was associated with TNFA genotype, even at diagno-
sis, and linked to markers of aggressive disease in patient carriers of the minor allele. Analysis of regulatory T cells
and IFNy-CD4 " expression suggested that defective suppression and/or Th1-shift could underlie the expansion
of this population in these patients. Finally, although treatment with TNFa-blockers reduced CD4+CD28™ ! cells
in most patients, only those carriers of the common GG genotype reached values within the range of HC and
showed a disease activity improvement correlated to this decrease.

Conclusions: Our results provide evidence for a genetic basis of the premature immunosenescence of RA patients

and highlight its potential role in clinical outcome after TNFa blockade.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Since life expectancy has increased in recent decades, research into
the immunobiology of aging is of outstanding relevance. The progres-
sive deterioration of the immune system, termed immunosenescence,
leads the elderly to become more susceptible to some types of diseases
such as cancer, infections, chronic inflammation or autoimmunity. Actu-
ally, some features of immunosenescence are also linked to the develop-
ment of rheumatoid arthritis (RA) even in young or middle aged
individuals (Lindstrom and Robinson, 2010).

Immunosenescence is associated with an impaired CD4* pheno-
type, with a decline in numbers of naive CD4* cells and increased pro-
portion of highly differentiated effector and memory CD4™" cells, such as
the CD28™!" population (Weyand et al., 2003). In fact, the expansion of
CD4+(D28™! cells has been associated with immunosenescence in a
variety of conditions, not exclusively elderly, and could be considered
as a marker of immunosenescence itself. CD47CD28""!" cells exhibit

* Corresponding author at: Area of Immunology, Department of Functional Biology,
Faculty of Medicine, University of Oviedo, Campus El Cristo, C/Julidn Claveria s/n, 33006
Oviedo, Spain.

E-mail address: anasua@uniovi.es (A. Sudrez).

http://dx.doi.org/10.1016/j.exger.2014.12.009
0531-5565/© 2014 Elsevier Inc. All rights reserved.

a special immunophenotype characterized by the loss of CD28
costimulatory molecule and that of CD7, accompanied by the gain of ex-
pression of CD57 and killer immunoglobulin-like receptors (KIRs).
Functionally, this population is composed by terminal differentiated
cells that exhibit a cytotoxic and proinflammatory profile (Weyand
et al.,, 2003; Namekawa et al., 1998) and are resistant to apoptosis
(Schirmer et al., 1998).

RA is associated with a premature immunosenescence, as shown by
lower numbers of T cell excision circles, perturbation of the T-cell reper-
toire and premature telomeres shortening (Thewissen et al., 2005;
Wagner et al., 1998; Fujii et al., 2009), findings linked to a CD4+CD28"!
expansion (Thewissen et al., 2007a). This premature aging of the im-
mune system seems to be independent of disease duration and treat-
ments (Koetz et al., 2000; Schmidt et al., 1996a; Schonland et al.,
2003) and its origin remains unknown. Actually, CD4" repertoire im-
balance is present in the early phases of the disease (Koetz et al.,
2000), thus pointing to a potential role for genetic factors predisposing
to immunosenescence in RA.

Taking this into consideration, it is interesting to note that CD4*"
CD28™" cells have been related to the exposure to TNFa (Bryl et al.,
2001), a strong proinflammatory cytokine playing a relevant role in
RA. It is noteworthy that TNFa expression is highly determined by
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several genetic variants (Wilson et al., 1997), of which rs1800629
(—308 G > A) has been reported to be associated with high TNFa pro-
duction in the case of the minor (A) allele. Moreover, the rs1800629 ge-
notype has been associated with clinical features and treatment
response in RA patients (Toonen et al., 2012). Interestingly, this poly-
morphism has been linked to longevity in healthy individuals (Cardelli
et al.,, 2008). However, whether this genetic variant is associated with
immunosenescence in RA is still unknown.

The main aim of this study is to determine the possible role of
the TNFa rs1800629 genotype as a marker for premature
immunosenescence in RA patients analyzing CD28""!! cells and
CD4" imbalance. Additionally, we evaluate the effect of TNFa-
blocking treatment on this population.

2. Material and methods
2.1. Patients and controls

Our study involved 129 RA patients, consecutively recruited from
the outpatient clinic from the Rheumatology Department at the Hospi-
tal Universitario Central de Asturias (HUCA), fulfilling the 2010
American College of Rheumatology criteria. Routine clinical examina-
tion, including 28-joint disease activity score (DAS28) calculation as
well as blood sample collection were performed during the patients'
visit. Then, patients' clinical records were revised in order to register
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previous therapies and traditional CV risk factors. Global patient health
was also assessed in a subset of patients (n = 54) using a SF-36 Ques-
tionnaire, and both physical and mental component scores were calcu-
lated (Ware et al.,, 1995). An additional subgroup of 13 RA patients (12
women, median age 43 (range: 30-65), DAS28 5.08(1.93), 38.5% RF +,
46.1% anti-CCP +), naive to TNFa antagonists, was recruited and a
blood sample was drawn immediately before and 3 months after anti-
TNFa therapy.

Matched healthy volunteers (n = 33) without any pathology or
treatment (25 women, median age 49 (range: 35-60)) were recruited
from the Centro Comunitario de Sangre y Tejidos de Asturias at the
same time as patients. Approval for the study was obtained from the Re-
gional Ethics Committee for Clinical Investigation, according to the Dec-
laration of Helsinki and all the participants gave written informed
consent.

2.2. Flow cytometry analyses

The frequency of CD4*CD28"!" and CD4*CD25MePFOXP3+
(regulatory T cells, Treg) cells in peripheral blood was analyzed
by flow cytometry. For CD4+*CD28™!! population, peripheral
blood was immunostained with anti-CD3 PerCP-Cy 5.5 (BD Biosci-
ences, Germany), anti-CD4 CF-Blue (Immunostep, Salamanca) and
anti-CD28 APC-Cy7 (BD) or isotype controls (all from BD) for
30 min at 4 °C. Then, 2 ml of FACS Lysing Solution (BD) was
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Fig. 1. FACS analyses of the studied populations. Representative dot-plots of the analyses performed to analyze the different T cell subsets. (A) Treg cells: CD4™" gated lymphocytes were
evaluated for their CD25 expression and those CD25"€" (brightest CD25 expression (de et al., 2012)) and FOXP3* were considered as Treg. (B) CD4 " IFN+y expression: intracellular I[FNy
levels in CD4 ™ T cells (black solid line) was determined and that of isotype control was subtracted (gray dotted line) to calculate MFL. (C) CD4*CD28™" population: gated CD4* lympho-
cytes were evaluated for their expression of CD28, being those below the signal provided by the isotype control considered as CD4*CD28™! cells. A representative dot-plot from a healthy

control (HC) and two RA patients with different rs1800629 genotype are shown.
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added to each tube and left for 5 min at 4 °C. Finally, cells were cen-
trifuged (1600 rpm, 5 min, room temperature) and washed twice
with sterile PBS. Tubes were analyzed in a FACS Canto II flow
cytometer and 30,000 events within the CD3™" gate were acquired.
The frequency of CD4*CD28™! cells was calculated as the percent-
age of CD28-negative cells in the gated CD3"CD4 ™ population and
expressed as the percentage within the total lymphocyte gate.

For the Treg subset, peripheral blood was extracellularly stained
with anti-CD4 APC-Cy7 (BD), CD25 FITC (BD) for 30 min at 4 °C. Then,
cells were lysed, fixed and permeabilized (FOXP3 transcription factor
staining kit, eBioscience, California) and intracellularly stained with
anti-FOXP3 PE and anti-IFNy PerCP-Cy 5.5 (both from eBiosciences) or
isotype controls (eBioscience). Samples were analyzed and 50,000
CD4* lymphocytes were acquired. Isotype controls were used to set
up the CD25-negative population and CD25"8" population selected ac-
cording to the CD25 brighter expression (de et al., 2012). This popula-
tion was analyzed for the expression of FOXP3" according to the
signal provided by the isotype control. CD4+CD25M"FOXP3+ cells
were considered as regulatory T cells (Treg) and were quantified as
the percentage within the total lymphocyte gate.

Additionally, CD4 " cells were analyzed for the intensity of IFNy in-
tracellular staining (measured as mean fluorescence intensity, MFI)
(Thewissen et al., 2007a).

2.3. TNFA 151800629 polymorphism genotyping

DNA from 121 patients (93.7%) and all the controls was obtained
from whole peripheral blood using standard methods.

Subjects were genotyped to determine TNFA rs1800629 status by
analyzing the Tm of the probe/target duplex after PCR amplification
and hybridization with fluorescent-labeled probes matched with one
sequence variant (LighCycler; Roche Diagnostics, Germany), as previ-
ously stated (Lopez et al., 2006). The primers used were 5’-CCT GCA
TCC TGT CTG GAA GTT A and 5’-CTG CAC CTT CTG TCT CGG TTT. The hy-
bridization probes (TIB MOLBIOL, Germany) were AAC CCC GTC CCC
ATG CCC C-F and LC Red 640-CCA AAC CTA TTG CCT CCA TTT CTT TTG
GGG AC. Samples were analyzed in batches with negative and positive
controls.

24. Cytokine serum levels

Serum aliquots were stored at — 80 °C until cytokine measurement.
TNFa serum levels were quantified using a Mini EDK kit (Peprotech)
following the manufacturer's instructions (detection limit: 3.9 pg/ml),
whereas IFNy serum levels were assessed by an OptEIA kit (BD) (detec-
tion limit: 0.58 pg/ml).

2.5. Statistical analysis

Data are expressed as median (interquartile range) for continuous
variables, whereas n(%) was used in categorical ones. Clinical and labo-
ratory variables were compared using Mann-Whitney U test, two way
ANOVA or y2 square test, as appropriate. Correlations were assessed
by a Spearman's rank or Pearson tests as appropriate. For the prospec-
tive analyses, paired T test was used. Additionally, multivariate regres-
sion analyses were performed to ascertain the effect of CD4*CD28™!
population on DAS28 score improvement. Since comparisons were

Table 1
Clinical characteristics of the whole group of RA patients and grouped according to rs1800629 polymorphism.
RA patients (n = 129) rs1800629 genotype
GG (n=91) AG/AA (n = 30) p-Value

Gender (female:male) 103:26 74:17 23:7 0.579
Age at sampling, years (median (range)) 54 (22-82) 55 (22-79) 53 (18-82) 0.904
Disease features

Disease duration, years 4 50 (7.15) 5 16 (7.25) 3 83 (8.92) 0.457
Age at diagnosis, years (median (range)) 47 (18-80) (18-80) (22-75) 0.831
Disease activity (DAS28) 3.65 (2.08) 3 68 (2.08) 3 52 (2.61) 0.820
Tender joint count 2.00 (6.75) 2.00 (6.00) 1.00 (7.00) 0.639
Swollen joint count 1.00 (4.00) 1.00 (4.00) 1.00 (6.00) 0.098
Patient global assessment (0-100) 40.00 (45.00) 41.00 (47.00) 32.50 (52.50) 0.776
ESR, mm/h 16.00 (22.75) 18.00 (23.00) 10.00 (19.50) 0.038
Patient pain assessment (0-10) 4.00 (4.00) 5.00 (4.00) 4,00 (3.00) 0.718
HAQ (0-3) 0.87 (1.13) 1.00 (1.20) 0.93 (1.14) 0.189
SF-36 physical component (0-100) 51.00 (33.5) 51.00 (30.00) 52.00 (41.50) 0.600
SF-36 mental component (0-100) 72.00 (36.50) 73.00 (29.00) 72.00 (52.50) 0.970
RF (+), n(%) 78 (60.4) 56 (61.5) 17 (56.6) 0.864
aCCP (+), n(%) 78 (60.4) 6 (61.5) 17 (56.6) 0.864
ANA (+), n(%) 61 (47.2) 43 (47.2) 14 (46.6) 0.782
Shared epitope, n(%) 57 (44.1) 5 (49.4) 11 (36.6) 0.201
Erosive disease, n(%) 50 (38.7) 0 (43.9) 7(23.3) 0.129
CV risk factors, n(%)

Dyslipidemia 45 (34.8) 33(36.2) 9 (30.0) 0.483
Hypertension 42 (32.5) 28 (30.7) 11 (36.6) 0.574
Diabetes (type II) 12 (9.3) 6 (6.8) 6 (16.6) 0.100
Obesity (BMI > 30) 29 (224) 20 (21.9) 7(23.3) 0.899
Smoking habit 43 (33.3) 1(34.0) 9 (30.0) 0.655
Previous CV events 19 (14.7) 12 (13.1) 5(16.6) 0.496
Treatments, n(%)

None or NSAIDs 19 (14.7) 11 (12.0) 6 (20.0) 0.279
Glucocorticoids 72 (55.8) 49 (53.8) 20 (66.6) 0.265
Methotrexate 90 (69.7) 64 (70.3) 20 (66.6) 0.586
TNFa blockers 45 (34.8) 38 (41.5) 5(16.6) 0.010
Tocilizumab 12 (9.3) 8 (8.7) 3(10.0) 0.869
Statins 24 (18.6) 18 (19.7) 4(13.3) 0.387

Categorical variables are expressed as n(%) whereas median (interquartile range) was used for continuous ones, unless otherwise stated. RA patients were compared by rs1800629 poly-
morphism using the Mann-Whitney U or x? square test, as appropriate. p-Values are indicated in the right column.



126

performed between groups with different sample sizes (n), Hedge's g
statistic was calculated for each reported significant outcome in our
study (Nakagawa and Cuthill, 2007), with values of g > 0.8 considered
of a large effect. Power analysis was performed according as previously
described (Dupont and Plummer, 1998).

SPSS 18.0 and GraphPad Prism 5.00 packages were used for statisti-
cal analysis. A p-value < 0.050 was considered statistically significant.

3. Results

3.1. Association between TNFa 151800629 genotype and CD4™ subpopula-
tions in RA patients

RA patients and HC were classified into two groups (GG and AG/
AA) according to the TNFo rs1800629 genotype. To evaluate
immunosenescence and CD4" imbalance, the frequency of CD28""!
and Treg (CD25M8"FOXP3+) cells as well as intracellular IFNy ex-
pression in CD4 ™" lymphocytes were analyzed (Fig. 1). No differences
in disease features were observed between groups, although treat-
ment with anti-TNFa blockers was less frequent in AG/AA patients
(Table 1).

The entire RA group exhibited a noticeable increase in CD4+CD28™!
cells compared to HC (p < 0.0001, Hedge's g = 1.08). No differences be-
tween genotypes were observed in HC. However, patient carriers of the
minor allele (AG/AA genotypes) exhibited higher levels of this popula-
tion than GG-homozygous (p < 0.0001, Hedge's g = 2.35) (Fig. 2A). In
order to exclude a potential confounding effect due to differential distri-
bution of TNFa blockers between genotypes, a two way ANOVA was
performed, thereby confirming that both rs1800629 genotype and
TNFo blockers usage had an effect on CD47CD28™" subset (both p <
0.050), whereas the interaction between factors did not achieve statisti-
cal significance (p = 0.590). This result ruled out the possibility of any
interaction between these variables, thus allowing us to study both fac-
tors independently. Moreover, AG/AA patients at diagnosis presented a
higher frequency of CD4*CD28™" cells compared to their established-
disease counterparts, whereas no differences were found in patients
with the GG genotype (Fig. 2B). Also, CD4"CD28™! subset correlated
with several parameters of disease severity and disability in the AG/
AA group (Table 2). No associations were found related to age or sex.
These results support premature immunosenescence in RA patients
that was associated with TNFa genotype and linked with clinical
markers of aggressive disease.

Additionally, both TNFa and IFN<y serum levels were increased in RA
patients compared to HC (249.36(278.91) vs 42.54(113.20) pg/ml, p <
0.001; and 4.48(5.05) vs 3.00(3.12) pg/ml, p = 0.002, respectively).
TNFa serum levels were associated with CD4*CD28™" frequency in
the whole group (r = 0.246, p = 0.002), although no associations
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Table 2
Associations between CD4*CD28™" cells and clinical features in RA patients according to
rs1800629 genotype.

GG (n=91) AG/AA (n = 30)
Tender joints count r = 0.045 r=0.399

p = 0.683 p = 0.029
Swollen joints count r=—0.120 r = 0.442

p=0.276 p=0.014
Patient pain assessment r=—0.027 r=0.490

p = 0.805 p = 0.006
Health assessment questionnaire r=—0.158 r = 0.469

p =0.150 p = 0.009
Global patient assessment r=20.110 r = 0.456

p=0.312 p =0.011
DAS28 score r=—0.043 r=20510

p = 0.694 p = 0.004
Physical component (SF-36) r=0.192 r=-—0771

p=0.229 = 0.002
Mental component (SF-36) r=0.259 r=—0.732

p =0.102 p = 0.004

Correlations were analyzed using the Spearman's rank test.

were found when patients and HC were analyzed independently. No as-
sociations were found with IFNy serum levels.

On the other hand, Treg frequency in patients did not differ between
genotypes (GG: 0.360(0.383)% vs AG/AA: 0.297(0.252)%, p = 0.103),
and was similar to HC (0.338(0.319)%, p = 0.906). However, this popu-
lation was negatively correlated with CD4*CD28™!! cells in HC and also
in patients with the GG genotype, but not in carriers of the A allele
(Table 3). Additionally, IFNy expression in CD4™" cells was positively
correlated with CD4CD28™" cells in AG/AA patients, but not in HC or
GG patients. Again, no differences in IFN'y expression were detected be-
tween genotypes (GG: 50.00(28.00) vs AG/GG: 52.50(55.00), p =
0.370), but it was increased in patients compared with HC
(49.50(37.00) vs 29.00(17.00), p < 0.0001). Therefore, our results sug-
gest that Th1 shift and compromised Treg subset could underlie CD4*"
CD28™! expansion in RA patient carriers of the high TNFo-producing
genotype, thus linking immunosenescence with CD4* imbalance in
RA patients.

3.2. Effect of TNFo blockade on CD4*CD28™! population

In view of these results, we hypothesized that the CD4*CD28""!
population could be affected by anti-TNFa therapy in these patients.
The analysis of the whole RA group revealed a significantly lower fre-
quency of CD4*CD28™!" cells in patients undergoing this therapy
(Fig. 3A). However, when genotypes were taken into account, this effect
was clear in GG-homozygous (p = 0.003) but not in carriers of the AG/
AA genotype (p = 0.414), thereby suggesting a role for TNF-related
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Fig. 2. Analysis of CD4*CD28™" cell frequency among HC and RA patients. (A) Frequency of CD47CD28™" cells in HC (n = 33) and RA patients (n = 129). RA patients were grouped
according to their rs1800629 genotype (GG: n = 91; AG/AA: n = 30). (C) CD4*CD28™! population in rs1800629 AG/AA RA patients is increased at diagnosis (n = 6) compared to
established disease (n = 24), but not in those carrying GG genotype (n = 11 and n = 80, respectively) (clear circles, long-standing RA patients; gray circles, RA patients at diagnosis).

Differences were assessed using the Mann-Whitney U test.
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Table 3
Associations between CD4+CD28™" cells and other CD4™ subsets.

HC (n = 33) RA (n = 129) rs1800629 genotype
GG (n =91) AG/AA (n = 30)
CD4+CD25ME"FOXP3+ (%) r = —0.446 r=—0.241 r=—0.244 r=—0.204
p = 0.009 p = 0.007 p = 0.024 p=0.280
IFN<y (MFI, CD4™) r=—0259 r=0.241 r=0.177 r=0.561
p = 0.146 p = 0.008 p=0.104 p = 0.001

Correlations were analyzed using the Spearman'’s rank test.

immunosenescence in the immunological and clinical response to TNFa
blockade in RA patients.

Given the low number of patient carriers of the AA/AG genotype in-
cluded in the group, to confirm these results and to assess whether
these differences in clinical response could underlie these findings, we
recruited a new group of 13 RA patients, naive to TNFa blockers, to per-
form a prospective study analyzing the CD4"CD28™!! population before
and after 3-months of anti-TNFa therapy.

As expected, after anti-TNFo therapy, CD4+CD28™! frequency
showed a notable decrease in most individuals (Fig. 3B). In fact, analysis
by genotypes showed significant differences in both groups (GG: p =
0.017; AA/AG: p = 0.043), although of the GG-homozygous patients
most (7/8) reached values within the range of HC (mean + 2SD), whereas
this effect was not seen in the AG/AA group (0/5). Moreover, we detected
an interesting association with the clinical response to treatment. DAS28
improvement after therapy was inversely correlated with the change in
CD4+CD28™ " cells in patient carriers of the GG genotype but not in
those AG/AA (Fig. 3C). This finding was studied by linear regression anal-
ysis adjusted by CD4+CD28™" frequency pre-treatment, as notable
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differences exist between genotypes. This analysis was performed choos-
ing the change in DAS28 score as the dependent variable, and it revealed
that CD4"CD28™" decrease predicts DAS28 improvement in GG-
homozygous (3[95% CI] —2.324[—3.449, —1.200], p = 0.003) but not
in the AG/AA group. Statistical analysis revealed a power of 0.977 for
the multivariate regression of GG group, whereas a value of 0.320 was ob-
tained for the AG/AA one.

These results indicate that anti-TNFa therapy may ameliorate the
immunosenescence associated with RA disease in patients harboring
the GG genotype and suggest that the reduction of CD4+CD28™! cells
may be a new mechanism that could partly explain the better response
of TNF rs1800629 GG patients to TNFa blockers, thus suggesting an as-
sociation between immunosenescence and clinical outcome.

4. Discussion

The findings presented here support a genetic basis for
immunosenescence in RA and a connection between clinical parameters
and the immunosenescent profile of patients. Additionally, we
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Fig. 3. Effect of anti-TNFo therapy on CD4*CD28™" population. (A) Frequency of CD4*CD28™!" population depending on TNFa blockers usage (no TNFa blockers: n = 84; TNFa blockers:
n = 45). (B) Changes in CD4+CD28™"" population before and after three months of anti-TNFo therapy (n = 13). gray-shaded area represents the area covered by mean = 2SD of CD4+-
D28 frequency in HC. (C) Association between the change in CD4*CD28™!" population after anti-TNFe treatment and the improvement in DAS28 score during the same period de-
pending on rs1800629 genotype (GG: n = 8; AG/AA: n = 5). Mann-Whitney U test, paired T test and Pearson correlation test were used as appropriate.
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conclude that these factors may have a role in the clinical outcome to
anti-TNFa.

During the process of immunosenescence, CD4*CD28™!! cells devel-
op survival strategies and effector functions that are relevant for the dis-
ease manifestations of RA. Actually, most CD4+CD28™" cells are
autoreactive cells in RA patients (Schmidt et al., 1996b), their cytotoxic
features are relevant to the pathogenesis (Namekawa et al., 1998;
Griffiths et al., 1992) and the expansion of this population is associated
with aggressive disease (Pawlik et al., 2003). However, little is known
about the association between clinical markers and CD4*+CD28™!"

Our results provide some evidence that immunosenescence is asso-
ciated with clinical features depending on genetic variants. Therefore,
the association between the CD4*CD28™!" subset and TNFo polymor-
phism demonstrated in this work could be of interest in the daily clinical
routine in order to identify and stratify RA patients by risk, thus improv-
ing clinical management in this heterogeneous condition. Currently,
few predictive markers are available (anti-CCP positivity, shared epi-
tope) and immunosenescence as a predictive marker is not taken into
account. However, Goronzy and colleagues reported that CD4*CD28™"
frequency, and other markers of immunosenescence, can be considered
as a predictive factor for erosive course in RA (Goronzy et al., 2004). Fur-
thermore, markers of immunosenescence may also be of interest in the
management of individuals at risk of developing RA, in order to estab-
lish earlier therapies. In fact, diagnosis of early/pre-clinical RA is cur-
rently a matter of outstanding interest, because of its relevance to
achieving disease remission and avoiding long-term disability (van
Nies et al., 2010).

On the other hand, since chronic exposure to TNFa could also under-
lie increased CD4*CD28™ " frequency (Bryl et al., 2001), and therefore,
contribute to immunosenescence in RA, we wondered whether TNFot
blockade could reverse or ameliorate this process. In fact, the reversion
of T-cell senescence (Goldberg et al., 2007) and “rejuvenation” of the
immune system (Warrington et al., 2003; Weyand et al., 2009) have
been proposed as therapeutic approaches. Our findings revealed that
the effect of anti-TNFa therapy on CD47CD28"!! depends again on
the rs1800629 polymorphism. It seems that immunosenescent status
in carriers of the GG genotype is lower than that of their AG/AA-
counterparts. This could explain why the former were almost able to re-
duce this population to within the range of healthy individuals, opposite
to the situation in the latter, even after adjusting for the pre-treatment
CD4*CD28™" frequency. Additionally, CD4+CD28™ ! decrease in pa-
tients carrying GG genotype was associated with DAS28 improvement,
although no effect was observed in patients carrying AG/AA variant.
These findings highlight the relevance of immunosenescence in the
clinical outcome of patients undergoing this therapy. Moreover, these
results could explain, at least in part, the better clinical response report-
ed in patients with this genotype (Maxwell et al., 2008; O'Rielly et al.,
2009). Interestingly, because the CD4*CD28"" reduction paralleled
the DAS28 score decrease; it could be thought that this effect was due
to clinical improvement. However, we think this possibility can be
ruled out, since DAS28 was only related to the size of CD28™!! popula-
tion in AA/AG patients. Therefore, we think this result was a specific ef-
fect of the TNFat blockade on this subset, rather than an epiphenomenon
of clinical outcome.

On the other hand, since a previous study suggested that CD4 "~
CD28™"! cells were resistant to in vitro immunoregulation by Treg sub-
set (Thewissen et al.,, 2007b), we analyzed for the first time, the
association between CD47CD28™" and Treg subsets in RA patients.
Our findings point to a compromise of Treg subset that could explain
the lower degree of correlation between Treg subset and CD4*CD28™!
cells in patients compared to HC. Interestingly, this is especially clear in
patients carrying the AG/AA genotype. However, whether Treg impair-
ment in patients could lead to CD47CD28™!' expansion or if
immunosenescence may have a role in Treg compromise in patients
cannot be determined from our study.

In spite of the relevance of immunosenescence in RA, it is not com-
monly used in prognostic or predictive studies. Instead, “calendar” age
of the patients is considered as a marker of aging. However, although
some studies propose a role for age as a predictive factor in clinical re-
sponse (Atzeni et al., 2014), others did not find such an association
(Hyrich et al., 2006). A plausible explanation for this controversy is
that age in years of RA patients is not a good marker, since premature
aging of RA patients has been reported and seems to be different
among patients. As a result, “real” or “biological” age of RA patients,
that is, immunosenescence, should be taken into account. The concept
that a gap exists between “calendar” and “biological” age is supported
by the fact that whereas CD4*CD28™! frequency associated with age
in healthy individuals, that is not the case for autoimmune patients, as
we also observed in our patients. In addition, CD4 *CD28™! cells in RA
patients seem to be unrelated to disease duration (Martens et al.,
1997), reinforcing the idea that immunosenescence is not simply asso-
ciated to lengths of time, but underlying specific mechanisms are
involved.

Finally, CD4*CD28™" could have a role in the main comorbidity in
RA, that is, cardiovascular disease (CVD) (del Rincon et al., 2001). The
CD4*CD28™" population has been reported to be increased in patients
with cardiovascular conditions (Liuzzo et al., 1999), thus suggesting a
role for premature immunosenescence in these patients. Although no
associations were found in our study with CVD or CV risk in RA patients,
it is interesting to note that clinical features associated with increased
CD4* (D28 frequency have been previously related to CVD suscepti-
bility in RA (Rodriguez-Rodriguez et al., 2011; Turesson et al., 2007).
Moreover, CVD in RA is the result of the interaction between genetic fac-
tors and immune dysregulation (Gonzalez-Gay et al., 2007). Interesting-
ly, the same situation seems to explain CD4"CD28™!" numbers,
according to our findings.

The main limitation of our study was the low number of patients
with the genotype AG/AA in the prospective study, which did not lead
us to properly evaluate the effect of the change in CD4"CD28™! num-
bers on disease activity improvement.

In conclusion, we have identified a genetic basis to account for
CD4+(D28"" expansion and premature immunosenescence in RA pa-
tients, the associations with clinical parameters and the role in clinical
outcome after TNFa blockade in these patients. Our results suggest a
role for immunosenescence as a marker for RA, thereby highlighting
its potential use in the clinical management of RA.
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Good response to tumour necrosis factor alpha
blockade results in an angiogenic T cell recovery
in rheumatoid arthritis patients

Sir, The increased cardiovascular (CV) morbidity of RA is
associated with disease activity and the underlying inflam-
matory burden [1], although the actual mechanisms by
which they play a role in CV susceptibility remain unclear.
It has been proposed that angiogenic T cells (Tang), in
cooperation with endothelial progenitor cells (EPCs),
play a role in vascular repair. However, both populations
are decreased in the circulation of RA patients, Tang
being strongly related to disease activity [2]. Actually, dis-
ease activity may have a role in microparticle shedding
from Tang, thereby suggesting a detrimental role for
disease activity in this subset [3] that could potentially
account for the decreased Tang levels in RA. Therefore,
we aimed to analyse the effect of clinical response to
TNFa-blockade on circulating Tang, EPCs and Tang-
derived microparticles (Tang-MPs).

A total of 13 RA patients naive to TNFa blockers were
longitudinally recruited [age: 48 (range 32-65) years, 1
man and 12 women, disease duration 1.50 (range
1.00-7.17) years, 5 RF*, 6 anti-CCP™, 3 active smokers],
and a blood sample was taken immediately before as well
as 3 months after anti-TNFa therapy (11 golimumab and 2
etanercept). All patients were on concomitant MTX, and
10 (76.9%) were also on low-dose glucocorticoid therapy.
Clinical and immunological parameters and fasting lipid
analysis were assessed at each patient visit. Clinical re-
sponse was determined following the EULAR criteria [4].
EPCs (CD34*VEGFR2"CD133"), Tang (CD3*CD31*CXCR4")
and Tang-MPs were analysed by flow cytometry, as pre-
viously described [2, 3]. Serum TNFa, VEGF, IL-8, leptin
and stromal cell-derived factor 1 (SDF-1a) levels were
measured by immunoassays. A total of 33 healthy indi-
viduals [age: 49 (range 35-59) years, 11 men and 22
women] were used as healthy controls (HCs) (supple-
mentary Table S1, available at Rheumatology Online).
Differences were assessed by paired tests, and Hedges’
g statistic was calculated to measure size effect (9 > 0.8
was considered as a large effect) [5]. Data were
expressed as mean (interquartile range) or median (s.n.)
as appropriate. Our study had a calculated power of 0.95
with «=0.05. Approval from the local ethics committee
(Comité de Etica de Investigacién Clinica del Principado
de Asturias) was obtained. Written informed consent was
obtained from all participants.

Both Tang [4.03 (5.22) vs 7.57 (8.85)x 10° cells/pl,
P=0.002; g=0.82] and EPC [0.007 (0.021) vs 0.034
(0.024) x 10°® cells/ul, P=0.005; g=1.72] populations
increased after anti-TNFo therapy. However, whereas
Tang reached levels similar to those found in HCs

[10.37 (7.14), P=0.522], EPCs remained below normal
levels [0.052 (0.039), P=0.030]. The DAS28 score was
significantly decreased after 3 months [4.05 (1.98) vs
5.15 (1.74), P <0.001]. Moreover, the DAS28 score im-
provement paralleled Tang increase after treatment
(r=0.676, P=0.011), but not that of EPC (r=0.225,
P=0.449). Multivariate analysis adjusted by MTX and
glucocorticoid dosages and smoking habit revealed that
DAS28 improvement was the only predictor of Tang
increase [$=0.906 (95% CI 1.811, 0.001); P=0.050],
thereby highlighting the dependence of Tang on disease
activity, and excluding the potential effects of concomi-
tant DMARDs.

Additionally, Tang frequency after treatment was
related to traditional CV risk factors (total-cholesterol/
HDL ratio: r=-0.629, P=0.028), as has been reported
in HCs [3], but not at baseline (P =0.236). Similar findings
were observed with EPCs (baseline: r=0.484, P=0.131;
after therapy: r=—-0.741, P=0.006), suggesting that dis-
ease activity control is a crucial step that should be tar-
geted as aggressively as possible as part of the RA clinical
routine.

Further analysis of patients according to clinical re-
sponse, showed a greater Tang increase after treatment
in good responders (n=5) compared with moderate/
non-responders (n=8) [5.83 (5.32) vs 2.50 (2.42) x 10°
cells/ul, P=0.030; g=0.96]. In fact, whereas good re-
sponders reached Tang values similar to those of HCs
[11.47 (11.98) vs 10.37 (7.14) x 10° cells/ul, P=0.598],
a trend to a lower frequency was detected in moderate/
non-responders [6.24 (7.55), P=0.115] (Fig. 1). Moreover,
only good responders displayed a parallel increase in
Tang and EPCs (correlation between the change in both
populations: r=0.900, P=0.037), suggesting a more
favourable pattern of vascular repair in these patients
through cooperation between the two involved popula-
tions. Analysis of serum biomarkers revealed that
TNFa blockade was associated with decreasing VEGF
[122.84 (41.87) vs 105.76 (32.60) pg/ml, P = 0.002] leptin
[16.07 (10.94) vs 13.58 (9.45) ng/ml, P = 0.014] and SDF-
1o levels [5.09 (5.33) vs 3.49 (4.67) ng/ml, P = 0.002] in
the whole group, whereas IL-8 and TNFa were only
reduced in good responders [TNFa: 451.05(265.98) vs
150.14 (153.47)pg/ml, P=0.045; IL-8: 43.41(6.92) vs
33.84 (3.78) pg/ml, P=0.040]. Interestingly, the decrease
in TNFa levels paralleled EPC recovery (r=0.900,
P=0.036), whereas that of leptin paralleled a decrease
in EPCs (r=0.850, P=0.050) and Tang (r=0.850,
P =0.050), thus suggesting that tighter control of inflam-
matory and vascular-related mediators is associated with
better Tang and EPC recovery.

Finally, Tang-MP shedding was decreased after TNFa
blockade in all patients [3929.91 (9374.93) vs 7859.83
(9798.62) MP/ml, P=0.021; g=0.60], but to a greater
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Patients were grouped by their clinical response according to EULAR criteria, and graphs indicate frequency before (t=0)
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(50th percentile). Differences were assessed by paired t-test. Tang: angiogenic T cells; EPCs: endothelial progenitor cells;

HCs: healthy controls.

extent in good responders [280.70 (1038.62) MP/ml,
P =0.006; g=2.36), in line with the greater Tang-recovery
in this group.

In summary, our results confirm that disease activity
control is responsible for the Tang recovery in RA patients
undergoing TNFa blockade therapy. Additionally, lower
Tang-MP shedding supports this hypothesis. This mech-
anism could underlie the clinical benefit of TNFo blockers
on CV endpoints, which is dependent on clinical response
[6, 7] and therefore on disease activity, a parameter clo-
sely related to the maintenance of this population [2].
Although total EPC recovery after anti-TNFa therapy has
been reported [8], technical and clinical differences be-
tween the two studies should be noted. However, larger
studies are needed to confirm these findings.

Rheumatology key message

e Good response to TNFa-blockers leads to an
angiogenic T-cell recovery in RA.
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DISCUSION

4., Discusion

Consideraciones iniciales

Durante el desarrollo del proyecto de investigacion que compone la presente Tesis
Doctoral, se ha abordado el estudio de diferentes mediadores de diversa naturaleza y origen
que pueden tener un papel determinante en el dafio endotelial y el riesgo CV en el contexto
de la AR. Ademas, se ha profundizado en los mecanismos que subyacen al papel de estos
mediadores, tratando de arrojar luz sobre el origen de las alteraciones que pueden estar

implicadas, desde un punto de vista mecanistico, en este proceso.

En los articulos que integran los resultados experimentales de esta Tesis Doctoral, se
incluye la discusion detallada de los resultados obtenidos en cada uno de ellos, por lo que
corresponde a este apartado proporcionar una visién global de los hallazgos mas
importantes de este trabajo, poniendo en relevancia las relaciones que existen entre ellos y
situdndolos en el contexto actual de la investigacion acerca del dafio endotelial y el riesgo CV

en AR.

Origen del dafio endotelial y el riesgo CV en AR

Tras la constatacion del incremento de morbi-mortalidad por enfermedad CV en
pacientes de AR, la dimensién temporal del riesgo CV en pacientes de AR ha resultado una

constante en la investigacion en el campo durante los dltimos anos.

Un buen numero de estudios han observado que la duracién de la enfermedad
constituye un pardmetro predictor del desarrollo de enfermedad CV clinica y subclinica
(Chung et al, 2005;Gabriel et al, 2003;Gonzalez-Juanatey et al, 2003;Naz et al, 2008). De
hecho, la EULAR sefiala en su documento de recomendaciones para el manejo clinico del
riesgo CV en pacientes con artritis inflamatorias (Peters et a/ 2010), la duracién de la
enfermedad superior a 10 afios como uno de los criterios para estratificar pacientes con
especial riesgo. Como resulta légico, estas observaciones son atribuidas a una exposicion

mas prolongada del paciente a un estado proinflamatorio.

Sin embargo, este hallazgo no ha sido observado consistentemente en todos los
estudios. Recientemente, dos estudios de disefio prospectivo y con un nimero considerable
de pacientes, reflejan que, si bien el indice de actividad de la enfermedad es un factor
predictor del desarrollo de enfermedad CV, la duracidén de la enfermedad no se asocia con la

aparicion de eventos CV (Arts et al, 2015a;Arts et al, 2015b). De hecho, los autores no
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observan un incremento de riesgo CV tras 10 afios de duracion de la enfermedad (Arts et aj,

2015a).

Estas discrepancias pueden ser explicadas por el hecho de que trabajos anteriores
muestran conclusiones que son resultado de otras estrategias de diagndstico y tratamiento
de la AR, mientras que estudios mas recientes, en los que el diagnostico precoz y las nuevas
estrategias terapéuticas suponen el estandar para el manejo clinico de estos pacientes,
muestran una tendencia hacia un curso de la enfermedad menos agresivo y mas controlado.
Por tanto, en estudios mas recientes, si bien los pacientes se ven expuestos a un estado
proinflamatorio como consecuencia de la enfermedad, la magnitud de la carga inflamatoria
en éstos es de menor grado. Presumiblemente, este efecto puede explicar que el tiempo de
exposicién no sea un factor tan relevante, en tanto que la carga inflamatoria a la que los
pacientes se ven expuestos es menor. Estas consideraciones, que pueden ser el origen de la
heterogeneidad de estos resultados, resaltan la necesidad del estudio conjunto de duraciéon
y actividad de la enfermedad. Ha de ser tenido en cuenta que ambos parametros pueden
verse asociados, de forma artificial, como consecuencia de la instauracién de tratamientos y
la respuesta a los mismos. Es por ello que resulta imprescindible un correcto analisis que

permita tener en cuenta esta interaccion.

Los resultados obtenidos en esta Tesis Doctoral aportan nuevas ideas en este punto.
A la vista de los resultados obtenidos en los articulos 1 y 2, la duracién de la enfermedad se
acompana de una deplecion progresiva de EPC circulantes en pacientes de AR, si bien esta
asociacion es mas evidente en pacientes con bajos niveles de IFNa y queda enmascarada en
pacientes IFNhigh, Ya sea por un agotamiento del reservorio medular que impida una
movilizacion adecuada hacia la periferia, a una excesiva migraciéon hacia la membrana
sinovial inflamada como consecuencia de fenémenos de quimiotaxis, o bien debido a una
maduracién acelerada de las EPC circulantes hacia el fenotipo CD133- (mEPC) en la
periferia, la duracion de la enfermedad parece acompanarse de una alteraciéon de las EPC
que conllevaria una reparacidén endotelial defectiva de forma generalizada. En linea con
estas observaciones, los resultados del articulo 5 mostraron que el nivel de MP derivadas de
células endoteliales, que constituye un marcador de dafio endotelial, aumenta con la
duracion de la enfermedad. Estos resultados parecen reflejar una situaciéon de dafio
endotelial asociado con la evolucién de la enfermedad, que no podria ser reparado debido a
una afectacion progresiva de los mecanismos de reparaciéon vascular, en este caso, la
poblacién de EPC circulantes. De hecho, el RDW, propuesto como biomarcador de riesgo CV
en el articulo 6, se encontré asociado con la deplecion de EPC circulantes y con marcadores

de procesos de remodelado vascular en pacientes con una duraciéon de la enfermedad
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superior a 1 afio, pero no en pacientes con una evoluciéon menor, donde no cabe que éstos

sean tan aparentes (articulo 7), lo que apoyaria este razonamiento.

Sin embargo, este deterioro progresivo no es extrapolable a otros mecanismos de
reparacién. A partir de los resultados presentados en el articulo 4, se observa que la
frecuencia alterada de células Tang en pacientes de AR se correlaciona con la actividad de la
enfermedad, no habiendo asociacién con el tiempo de evolucidn. De hecho, se observé que la
deplecion de células Tang ya era manifiesta en pacientes al diagnéstico y sin tratamiento. El
estudio de MP derivadas de células Tang confirmo6 que el dafio en éstas parece obedecer
unicamente al indice de actividad. Adema3s, el control de la actividad de la enfermedad
mediante el tratamiento con agentes bloqueantes del TNFa se tradujo en una normalizacién
de los niveles de células Tang circulantes, de forma paralela a la mejora clinica y la
reduccion de mediadores proinflamatorios. Sin embargo, pese a que el grado de control de
la actividad obtenido fue suficiente para normalizar la frecuencia de las células Tang, éste no
produjo el mismo efecto en la poblacidn de EPC, sugiriendo nuevamente la participacion de
otros parametros en el control de esta poblacion. Estos resultados ponen de manifiesto, por
tanto, la existencia de una afectacion paulatina de los mecanismos de reparacion endotelial
debido al deterioro de las EPC, que ademas se puede amplificar como resultado de periodos
de alta actividad de la enfermedad, por el compromiso de las Tang. Como consecuencia de lo
anterior, se podria pensar que los pacientes de AR pueden tener alterados distintos
mecanismos de reparacion endotelial de forma diferente segun sus caracteristicas clinicas,
por lo que el origen del dafio y, por tanto, la forma de abordarlo, puede ser diferente en

distintos tipos de pacientes.

Por otro lado, son varios los autores que han observado que el desarrollo de
enfermedad CV en pacientes de AR es un evento relativamente temprano en el curso de la
enfermedad, apareciendo dentro de los primeros 10 afios de duracién de la misma (Kremers
et al, 2008;Franklin et al, 2010;Holmqvist et al, 2012;Kerola et aj, 2012;Lindhardsen et aj,
2011). Estos resultados son consistentes con evidencias proporcionadas por otros autores
en relacion a cambios subclinicos relacionados con la enfermedad CV. Asi, se ha observado
que el grosor intima-media carotideo en pacientes de AR con menos de un afio de duraciéon
se encuentra incrementado respecto a individuos control (Ahmed et a/ 2010;Hannawi et aj,
2007;Turiel et al, 2009). Del mismo modo, se ha descrito que la funcién endotelial en
pacientes de AR estd alterada ya en los primeros meses tras el diagndstico (Bergholm et aj,
2002;Foster et al, 2012;Hannawi et al, 2009), incluso en pacientes jévenes en ausencia de

factores tradicionales de riesgo CV (Vaudo et aj, 2004).
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El hecho de que haya evidencias de enfermedad cardiovascular subclinica en
pacientes de AR al diagndstico, hace pensar que si bien el tiempo de evolucién puede ser un
factor importante para la progresion del dafio endotelial, otros factores han de explicar el
desarrollo de éstas en pacientes de forma previa al progreso de la afectacion articular. En
este escenario, la alteracion de las células Tang sugiere un papel de la alteracién temprana

de las respuestas del sistema inmunitario.

Aunque a priori podria resultar controvertida la participacién de mecanismos
patogénicos antes del diagndstico de la enfermedad, se ha de tener en cuenta que existe una
ventana temporal desde la aparicién de la disregulaciéon inmunitaria hasta la aparicién de
los primeros sintomas a nivel sinovial que dan lugar al diagnéstico clinico de la AR (Tak,
2001). Como se ha mencionado en apartados anteriores, la autoinmunidad a nivel sistémico
precede el desarrollo de la afectacion articular (van de Sande et al, 2011), como atestigua la
presencia de niveles séricos elevados de citocinas y autoanticuerpos con anterioridad al
diagndstico clinico (Deane et a/, 2010;Jorgensen et al, 2008;Kokkonen et a/, 2010;Rantapaa-
Dahlqvist et al, 2003).

Este fendmeno podria tener un papel en el desarrollo de aterosclerosis precoz y
disfuncién endotelial tempranos en AR o, mas correctamente, en pacientes con AR preclinica
(Gerlag et al, 2012). Se ha descrito ademas que el perfil lipidico estd alterado en estos
individuos antes del diagndstico definitivo de AR (Steiner & Urowitz, 2009), lo cual puede

contribuir al desarrollo de disfuncién endotelial temprana.

En este punto, es interesante considerar la participaciéon de factores genéticos.
Diferentes estudios han puesto de manifiesto que las variantes génicas pueden tener un
papel en la susceptibilidad a enfermedad CV en pacientes de AR (Rodriguez-Rodriguez et al,
2012). Teniendo en cuenta que se ha visto una asociacion entre diferentes alelos del locus
HLA-DRB1 con el desarrollo tanto de eventos CV asi como aterosclerosis subclinica
(Gonzalez-Gay et al, 2007), se podria suponer que estas variantes génicas se relacionan con
una mayor susceptibilidad y severidad de la AR que podria explicar de forma indirecta una
mayor prevalencia de enfermedad CV en estos pacientes. Sin embargo, otros loci
clasicamente asociados con susceptibilidad a AR (PTPN22, STAT4, TRAF1/C5) no se han
asociado con enfermedad CV o aterosclerosis subclinica. Resultados mas recientes en otros
loci (LTA, CCR5, IL6, SERPINE1, TNFA, MTHFR, IRF5) pueden sugerir la participacion de
mecanismos patogénicos diferentes a los relacionados con la patogénesis de la AR, que
podrian actuar de forma adicional, contribuyendo asi al exceso de riesgo CV y severidad de

la enfermedad CV en AR en comparacion con la poblacion general.
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A nivel clinico se ha descrito recientemente que la instauracién temprana de
tratamiento en pacientes con AR de reciente comienzo se acompafia de una mejoria en el
perfil de factores clasicos de riesgo CV, asi como en los marcadores de inflamacién sistémica
(Ajeganova et al, 2013;Georgiadis et aj 2008). Ademas, la supresion de la inflamacidn en las
fases iniciales de la enfermedad se ha asociado a una reduccién del riesgo CV (Dessein et al,
2002;Dessein et al, 2005a), apoyando igualmente la presencia de un riesgo CV incrementado

en AR ya al inicio de la enfermedad.

Parte de los resultados obtenidos en esta Tesis aportan evidencias que se alinean
con estas ideas. Por un lado, se encuentran niveles séricos elevados de IFNa en una fracciéon
de pacientes de AR, ya al diagndstico y con independencia de la duracién de enfermedad.
Este marcador esta asociado en estos pacientes con un disbalance temprano mEPC/EPC, asi
como con un descenso mas acusado de células Tang. Ademads, estos pacientes se
caracterizan por exhibir niveles mas elevados de citocinas proinflamatorias en suero en
comparacion con aquellos pacientes [FNlw, Cabe destacar que la activacion de la via de los
IFN de tipo I ha sido descrita en pacientes al diagnoéstico e incluso en la fase preclinica de la
enfermedad (Lubbers et al, 2013;van der Pouw Kraan TC et a/, 2007). Por otro lado, se
observa que un porcentaje importante de pacientes de AR al diagnéstico presenta
anticuerpos anti-HDL IgG, asociados de forma independiente a un perfil lipidico alterado. En
este caso, si bien no se ha analizado la presencia de estos anticuerpos en la fase previa al
diagnostico de AR, es importante sefialar que se ha descrito su presencia en pacientes con
enfermedad periodontal en asociaciéon con marcadores de aterosclerosis precoz (Wick et al,
2013), lo cual resulta de interés si se tiene en cuenta que se ha sugerido que la inflamacién
periodontal puede jugar un papel como mecanismo desencadenante de la AR (Chen et aj,
2013;de et aj 2009). En resumen, estos resultados apoyan el papel patogénico de una
disregulacién de la respuesta inmunitaria en el contexto del riesgo CV en la fase mas precoz

dela AR.

Esta situacién pone el foco sobre el estudio de los mediadores de inflamacién, ya sea
de tipo clinico o subclinico, durante la fase mas temprana de la enfermedad. Sin embargo,
resulta complejo el estudio de la asociacion entre inflamaciéon y enfermedad CV en AR,
debido a que puede haber variaciones tanto en el grado de inflamacién a lo largo del curso
de la enfermedad como en el grado de respuesta que ésta puede desencadenar en un
contexto de inflamacién croénica. Asimismo, el disefio transversal con un andlisis de una
medicién puntual no resulta una buena aproximacion para el estudio de este fené6meno, en
tanto que, por un lado, s6lo se observarian efectos de cierta magnitud y, por otro lado, no

permiten contemplar posibles fluctuaciones de los niveles de inflamacién sistémica.
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Ademas, si bien se hipotetiza cierto grado de inflamaciéon en las primeras fases de la
enfermedad, algunos pacientes pueden exhibir una inflamacién subclinica de reducida
magnitud que puede no ser cuantificable mediante los marcadores rutinarios, como los
reactantes de fase aguda. Por tanto, las caracteristicas de este campo sugieren la necesidad
de contar con marcadores tempranos, con relativa sensibilidad y la posibilidad de recoger

informacién de caracter acumulativo.

En este escenario se enmarcan los resultados obtenidos en el estudio del RDW como
un biomarcador pronostico de enfermedad CV en AR. Por un lado, el RDW es un
biomarcador que no se ve influido por infecciones agudas (Hu et a/ 2013), que tienen como
resultado alteraciones en los niveles de reactantes de fase aguda y que podrian dificultar el
uso de estos marcadores en pacientes de AR, siendo un riesgo especialmente delicado en
pacientes con altas dosis de inmunosupresores. Por otro lado, aunque el RDW se informa
como un parametro puntual, se podria considerar que recoge, en cierto modo, informacion
de caracter acumulativo. Esto es debido a que se calcula en base a la heterogeneidad en
tamafio de los eritrocitos, y habida cuenta de que éstos cuentan con una vida media de 3
meses, el valor de RDW en un momento puntual recoge la respuesta de los eritrocitos ante
diferentes estimulos nocivos que hayan podido alterar su morfologia como consecuencia de
la exposicion a éstos. Asimismo, debido a su propia naturaleza, el RDW podria ser capaz de
detectar fenémenos de inflamacién subclinica, que los reactantes de fase aguda no son
capaces de detectar, debido a que el efecto sobre los eritrocitos podria “amplificar” este
estimulo, haciéndolo asi apreciable. Estas caracteristicas hacen del RDW un biomarcador
muy interesante y con multiples ventajas para su posible implementacién en el manejo

clinico del riesgo CV en pacientes de AR, y posiblemente en otras enfermedades sistémicas.

En resumen, se podria decir que los resultados de esta Tesis Doctoral apoyan el
origen multifactorial del dafio endotelial que subyace al riesgo CV en AR, asociandose los
diferentes biomarcadores estudiados a distintos mecanismos de dafio. Asi, mientras que
EPC y Tang se asocian principalmente con la duracién y la actividad de la enfermedad,
respectivamente, el dafio asociado con IFNa y anti-HDL tiene como origen una alteracion
inmunolégica presente en un subgrupo de pacientes y de forma independiente a la duracion
de la enfermedad. Igualmente, el RDW reflejaria una situacion de disregulacién inmunitaria,
en este caso en forma de inflamacion subclinica temprana, Por ultimo, el perfil de MP indica
un dafio celular asociado con esta patologia, que refleja no s6lo un dafio endotelial sino un

compromiso de la reparacion endotelial mediada por células Tang.
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Interaccién entre factores clasicos y no clasicos de riesgo CV en AR

Actualmente se acepta que los factores clasicos de riesgo CV interaccionan con los
factores especificos de la enfermedad (también denominados factores no clasicos) en el
desarrollo de enfermedad CV en pacientes de AR. Diferentes estudios retrospectivos
(Wallberg-Jonsson et al, 1999) y prospectivos (Gonzalez-Gay et al, 2007;Innala et aj, 2011)

coinciden en senalar este hecho.

La interaccion entre ambos tipos de factores puede ser consecuencia de la existencia
de similitudes y mecanismos compartidos entre la patogénesis de la AR y la aterosclerosis,

como ha sido descrito por algunos autores (Tabla 8) (Bartoloni et a/, 2011;Pasceri & Yeh,

1999).

Tabla 8: Similitudes entre la aterosclerosis y la AR

Aterosclerosis AR

Activacién de macréfagos

TNFo 1 0

Expresién de MMP 1 i

IL-6 1 (angina inestable) 1
Activacion de mastocitos 1 i
Activacion de neutrofilos 1 1
Activacion de células T

sIL-2R 1 (angina inestable) 1

CD3+DR* 1 (angina inestable) 1

CD4+CD28- 1 (angina inestable) 1

CD4+IFNy+ 1 (angina inestable) ™

Balance Th1/Th2 1 Thl 1 Thl

Respuesta Th17 /- )
Activacion de células B

Autoanticuerpos /- ™"

IL relacionadas /- 1
PCR 7 (angina inestable) ™
Moléculas de adhesion ) 1
Endotelina ) T
Neovascularizacién 1 )

Antigenos caracterizados

HSP, oxLDL, agentes
infecciosos

Colageno clase I,
antigenos del
cartilago, HSP,

agentes infecciosos
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Parece ldgico pensar entonces que la participacion de mecanismos patogénicos
desencadenados por la AR favoreceria el progreso de la disfunciéon endotelial hacia lesiones
aterosclerdticas mas severas, como recientemente se ha sugerido (Sodergren et aj, 2010).
Ademas, esta hipotesis permite explicar no sélo la razén de la rapida progresidon de las
lesiones aterosclerdticas en AR, sino también su severidad y extension morfolégica, que
parece estar incrementada en pacientes de AR en comparacién con individuos sin
enfermedad autoinmune sistémica concomitante (Hollan et a/, 2007;Hollan et a/, 2008), al
verse implicados mecanismos patogénicos adicionales en los primeros que no estan

presentes en estos ultimos.

Nuestros resultados pueden avalar en cierto modo estas hipétesis. Por un lado,
hemos observado que, aunque los niveles de células Tang en la poblacién control se asocian
con factores clasicos, un conjunto de factores clasicos y factores asociados a la enfermedad
(actividad de la enfermedad, edad al diagnéstico, presencia de ANA y tabaquismo) se

relacionan con estos niveles en pacientes de AR.

De la misma manera, los resultados obtenidos en el estudio de las MP han
proporcionado resultados interesantes en este punto. Por un lado, si bien el nimero total de
MP circulantes puede ser explicado por factores clasicos, lo cual estd de acuerdo con el
diferente nimero de MP halladas en controles sanos, pacientes con riesgo CV clasico en
ausencia de enfermedad autoinmune y pacientes de AR, la frecuencia de los diferentes tipos
de MP se relacioné con pardmetros clinicos exclusivamente. Del mismo modo, el andlisis de
la relacién entre el nimero de MP derivadas de células Tang y los niveles séricos de TNFa
fue dependiente del nimero de factores clasicos de riesgo CV, sugiriendo asi que a mayor
contribucién de éstos, menor contribucién cabia esperar del TNFa en la produccién de estas
MP. Por ultimo, el andlisis de componentes principales realizado en este trabajo aport6 otro
resultado relevante: pese a que las variables componentes son, por definicion, incorreladas
entre si, cuando se analizd la correlacion entre la componente que resumia las variables de
los factores clasicos de riesgo CV y la componente relacionada con los pardmetros clinicos
de actividad de la enfermedad, se observd que ambas estaban fuertemente correlacionadas
en el subgrupo de pacientes que presentaban una historia previa de enfermedad CV, siendo
su coeficiente de correlacion proximo a 0 en los individuos que no mostraban esta

complicacion.

Estos resultados apoyan por tanto la existencia de una interaccién entre ambos tipos
de factores y podrian sugerir el andlisis de MP como una aproximacién relevante para el

estudio de estas interacciones, que pueden ser evaluadas de una forma mas directa en
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comparacién con los estudios epidemiolégicos (Figura 12). Ademads, un analisis basado en
MP permitiria el estudio de estas interacciones en situaciones de cambio, como en

diferentes fases de la enfermedad, ante diferentes tratamientos, etc.
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Figura 12 | Asociacion de Tang y Tang-MP con factores clasicos y factores asociados a AR. Los graficos muestran la
asociacion entre la frecuencia de células Tang o de Tang-MP con factores de riesgo clasicos y asociados a AR. Las variables que
recogen los factores de riesgo (clasicos y asociados a AR) se muestran como las componentes principales calculadas a partir de las
variables originales.

En respuesta al tratamiento, la interaccién entre factores clasicos y no clasicos
parece ser diferente. En los resultados obtenidos en el articulo 4, se observa que en
pacientes de AR las células Tang no se asocian con los factores clasicos, mientras que la
actividad de la enfermedad parece ser el principal factor que explica sus niveles. De forma
similar, en el articulo 10, se observa que los factores cladsicos no se asocian con esta
poblacién celular en las muestras previas al tratamiento con anti-TNFa; mientras que se
observa una relacién entre ambos parametros una vez se ha controlado la actividad de la

enfermedad.

De forma global, estos resultados proporcionan evidencias experimentales que
avalan la hipétesis tedrica de la competencia entre los factores clasicos y los especificos de

la enfermedad propuestos por Symmons y Gabriel (Symmons & Gabriel, 2011). Asimismo,
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proporcionan nuevas evidencias que sustentan de forma empirica la recomendacién EULAR
de tratamiento agresivo de la enfermedad como intervencién para la reduccién del riesgo

CV en pacientes de AR (Peters et aj, 2010).

Bloqueo del TNFa, respuesta clinica y riesgo CV

En linea con lo anteriormente expuesto, se ha observado que el control de la
actividad de la enfermedad se asocia con una menor prevalencia de enfermedad CV en
estudios epidemiolodgicos (Choi et al, 2002;Meek et al, 2014;Solomon et al, 2015) y con una
menor disfuncion endotelial (de et al 2015) en pacientes de AR. En este aspecto, se ha
estudiado en profundidad el efecto del tratamiento con agentes bloqueantes del TNFq,
concluyéndose asi que la respuesta satisfactoria a este tratamiento se traduce en menores
tasas de enfermedad CV (Dixon et al, 2007), lo cual podria ser debido a una reduccién de
disfuncién endotelial (Gonzalez-Juanatey et al 2012). Resulta logico pensar que las
funciones ateroprotectoras consecuencia del tratamiento con agentes anti-TNFa puedan
resultar del bloqueo de los mecanismos deletéreos desencadenados por el TNFa sobre el
endotelio y otros tejidos (alteracién del perfil lipidico, resistencia a la insulina, activacion
endotelial, activacion de la coagulacion,...) (McKellar et a/ 2009), que contribuyen al
progreso de la aterosclerosis (Dixon & Symmons, 2007). Sin embargo, existen resultados
contradictorios en la literatura actual (Chung et a/ 2003;Kwon et al, 2003;Listing et aj,

2008;Mann et al, 2004;Setoguchi et al, 2008;Van et al, 2005).

En los ultimos afios se ha visto que pacientes con angina muestran un aumento en
sangre periférica de una subpoblacién de células CD4+ que carecen de la expresion de la
molécula CD28 (CD4+CD28mn) (Liuzzo et al, 2007). Esta poblacién se ha relacionado con
fendmenos de inestabilizacion de placas de ateroma, debido a su capacidad de producir
elevados niveles de citocinas proinflamatorias y moléculas citotéxicas (Dumitriu et aj, 2009)
que explican su capacidad de inducciéon de apoptosis en células endoteliales in vitro
(Nakajima et al, 2002), proponiendo asi una via de participacidon en la patogénesis de la
enfermedad CV. Esta poblacién celular se ha visto aumentada también en pacientes de AR,
particularmente en aquellos con manifestaciones extraarticulares y en asociacién con
marcadores de disfuncion endotelial (Gerli et a 2004;Pawlik et aj 2003). En linea con las
observaciones anteriores, el TNFa parece jugar un papel crucial en la diferenciaciéon de esta
poblacién (Bryl et al, 2001), y de hecho algunas evidencias sefialan que el bloqueo de esta
citocina se acompana de una reduccidon en los niveles de esta poblacién tanto in vitro

(Rizzello et al 2006) como in vivo (Pawlik et al, 2004).
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Los resultados presentados en esta Tesis Doctoral en el articulo 9, sugieren que la
elevacién de esta poblacion celular en pacientes de AR se presenta mayoritariamente en
individuos portadores del alelo minoritario 7NFA -308 A* cuya asociacién con la
susceptibilidad a enfermedad CV en esta patologia ha sido recientemente descrita
(Rodriguez-Rodriguez et al, 2011). De este modo, una de las causas que subyacen al mayor
riesgo de enfermedad CV en los individuos portadores de este alelo, podria ser la expansion
de esta poblaciéon. Sin embargo, nuestros resultados no muestran una asociacién directa
entre la presencia de enfermedad CV y el aumento de esta poblacién, mas alla de su
asociacion con parametros de actividad y severidad de la enfermedad. Diferencias en la
presentacién clinica de la enfermedad CV (los pacientes con enfermedad isquémica y
accidentes cerebrovasculares muestran mayores niveles de esta poblacidn, si bien se no se
observan diferencias estadisticamente significativas, posiblemente por no contar con un
tamafio muestral adecuado), asi como que el disefio retrospectivo del estudio no permita
contemplar la posibilidad de que la frecuencia de esta poblacién se reduzca tras el evento

CV, son importantes limitaciones que pueden ser la base de estas discrepancias.

Asimismo, se observa que el tratamiento con bloqueantes del TNFa en este grupo de
pacientes se asocia con una reducciéon menos significativa y no asociada a la mejoria clinica.
No obstante, se precisan mas estudios con mayor niimero de pacientes para el andlisis de las
diferencias en la respuesta clinica segin los diferentes alelos de este locus y su relaciéon con

la poblacién CD4+CD28null,

También en relaciéon con la respuesta al tratamiento con agentes bloqueantes del
TNFa, los resultados obtenidos en esta Tesis Doctoral revelan que los individuos
respondedores muestran una mayor recuperacion de células Tang circulantes, en linea con
una menor liberacién de MP derivadas de esta poblacién celular, asi como en asociacién con
el cambio en la poblacién de EPC. En cuanto a los mediadores solubles, se encuentra una
reducciéon mas pronunciada en los niveles de TNFa e IL-8 en los individuos respondedores.
Finalmente, se observa que el tratamiento con agentes anti-TNFa se acompafié de una
reduccién en los niveles de anti-HDL IgG que se asociaron de forma independiente con la

restauracion de los niveles de HDL.

En general, nuestros resultados aportan evidencias que avalan el papel
ateroprotector del tratamiento con bloqueantes del TNFo a diferentes niveles, dando cuenta

de la validez como biomarcadores de los diferentes mediadores analizados.
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Perspectivas futuras

Estratificacion del riesgo CV

El hecho de que el riesgo CV se haya encontrado aumentado ya en las primeras fases
de la enfermedad (Franklin et a/, 2010;Kerola et al, 2012;Kremers et al, 2008), unido a la
observacién de que la instauracién de un tratamiento temprano y la respuesta efectiva al
mismo se acompafien tanto del control de algunos factores clasicos y no clasicos de riesgo
CV (Georgiadis et al, 2008), como de la restauraciéon de indicadores de disfuncién endotelial
y progresion aterosclerodtica a corto (Hannawi et al, 2009;Georgiadis et al, 2008) y largo
plazo (Turiel et al, 2010), asi como una menor incidencia de enfermedad CV a largo plazo
(Ajeganova et al, 2013), sugiere la existencia de una ventana temporal donde seria
conveniente realizar un control estricto de la enfermedad, no s6lo desde el punto de vista

articular, sino poniendo especial atencién también en el riesgo CV.

Con este objetivo, seria imprescindible contar con herramientas que permitiesen
una monitorizacion del riesgo CV de los pacientes, de forma que se pudiese realizar una
estratificacion del riesgo en base a los mismos, permitiendo asi diferentes intervenciones

terapéuticas de prevenciéon de una forma proporcional al riesgo.

El avance en el conocimiento del papel de los factores de riesgo y su interrelacion ha
llevado en los ultimos afios a un cambio en el paradigma del estudio del riesgo CV, pasando
los factores de riesgo de ser estudiados de forma individual a ser considerados de forma
conjunta bajo el concepto de “riesgo global”, el cual proporciona una fuerza predictiva de
mayor valor que cualquier factor de forma independiente (Grundy et al, 1998;Pearson et al,
2003;Pyorala et al, 1994). Este hecho justifica el uso de algoritmos para el calculo del riesgo
CV global, que se basan en la presencia y grado de diferentes factores de riesgo CV, como las
escalas de Framingham (Framingham Risk Score), SCORE (Systematic Coronary Risk
Evaluation) o REGICOR (Registre Geroni del Cor).

Sin embargo, estos algoritmos presentan algunas limitaciones. Se ha visto en algunos
estudios que una proporcion relevante de pacientes con enfermedad CV no presenta
factores clasicos de riesgo (Oh et al, 2010). Ademas, se ha observado que el control de estos
factores no se traduce consistentemente en un menor riesgo cardiovascular real en las

poblaciones analizadas (Ford et a/, 2009).

Estos algoritmos han sido realizados a partir de grandes cohortes de poblacion
general e incluyen solamente, en consecuencia, factores clasicos de riesgo CV. El uso de

estos algoritmos en situaciones patoldgicas que puedan alterar la presentacion clinica de los
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factores clasicos, o bien, que impliquen a otros factores de riesgo explicaria la mala
adecuacion de estos algoritmos en algunas situaciones. De hecho, son varios los estudios
que sugieren la relevancia de otros factores de riesgo cardiovascular que no estan recogidos

dentro de los llamados factores clasicos (Bianchi et aj 2007;Muntner et al, 2004).

En el caso de la AR, estos algoritmos han mostrado una escasa efectividad, en
consonancia con lo anteriormente expuesto (del Rincon et aj 2001a;Gomez-Vaquero et aj,
2013). A la vista de la participacion de los factores especificos de la enfermedad en el riesgo
CV de los pacientes de AR, resulta légico que la consideraciéon tinicamente de los factores
clasicos no resulte un enfoque adecuado. Es por ello que en los ultimos afios se ha
considerado la introducciéon de otros factores de riesgo con el objetivo de mejorar la

valoracion del riesgo CV en estos pacientes.

En este sentido, algunos expertos apoyan la inclusiéon de pruebas de imagen, como la
ecografia carotidea, de forma paralela a la valoracién del riesgo CV mediante el algoritmo
SCORE en pacientes de AR con sospecha de especial riesgo (Corrales et al 2014;Gonzalez-
Gay et al, 2012). Por otro lado, la EULAR ha propuesto algunas recomendaciones
especificamente para la valoracién del riesgo CV en artritis inflamatorias (Peters et aj

2010).

Los resultados obtenidos en esta Tesis Doctoral podrian ser de futura aplicacion en
este campo. Por un lado, se podria sugerir el uso del RDW como un potencial biomarcador
temprano de ayuda en la estratificacion del riesgo CV en estos pacientes ya al diagndstico de
AR, si bien se requieren mas estudios para confirmar los resultados obtenidos en este
trabajo, asi como un andlisis de su posible estandarizacion inter-centros, que podria ser el
principal inconveniente de este parametro (Lippi et a/ 2014). No obstante, el hecho de
poder contar en el ambito clinico con un biomarcador que permita reflejar la alteraciéon de
los mecanismos de reparacion endotelial, debidos tanto al descenso en la frecuencia de EPC
como al aumento de los niveles séricos de citocinas proinflamatorias, especialmente de

aquellas asociadas a procesos de dafio y remodelado vascular, seria de gran utilidad.

Del mismo modo, los anticuerpos anti-HDL podrian ser unos candidatos atractivos
en este punto. Al hecho de que el trabajo con autoanticuerpos, tanto como variable clinica
para la toma de decisiones como en su parte técnica y de estandarizaciéon, sea un
procedimiento comun en el ambito clinico, se le une el hecho de que la positividad para
autoanticuerpos anti-HDL IgG nos permite identificar pacientes con un perfil sérico de
citocinas muy relevantes para el dafio endotelial y el riesgo cardiovascular en AR (Tabla 9).

Identificar conjuntamente este perfil a través de un Unico marcador, en este caso la
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positividad para anticuerpos anti-HDL, resulta muy ventajoso y factible, puesto que los
niveles de citocinas resultan mas complejos de medir de forma rutinaria y su significado

clinico a nivel individual es dificil de interpretar.

Tabla 9: Ambiente proinflamatorio en individuos con autoanticuerpos anti-HDL IgG

e Perfil proaterogénico

Perfil lipidico . C P . . .
e Disfuncién de HDL (pérdida de funcién antiinflamatoria y
alterado o
antioxidante)
e Dafio endotelial directo
e Activacidn de plaquetas
1 IFNa e Diferenciacion y activacion de células espumosas
e Alteracion de la reparacion endotelial por EPC y Tang
e Inestabilizacion de placas
1 MIP1la e Activacién y quimiotaxis de monocitos
e Inestabilizacion de placas
1 IFNy e Diferenciacidn de células espumosas

e Diferenciacion de células CD4+CD28null

e Activacién y quimiotaxis de neutroéfilos
1 IL-8 e Activacion de MMP
e Expresion de moléculas de adhesion en células endoteliales
e Activacién y quimiotaxis de monocitos

1 GM-CSF _
e Produccién de IL-23
e Activacion de formacion de Neutrophil Extracellular Traps
$ IL-17A (NETs), implicadas directa e indirectamente en el dafio
endotelial y su progresién en pacientes con enfermedades
autoinmunes sistémicas
1 MCP-1 ¢ (Quimiotaxis de monocitos

Ademas, cabe destacar que los resultados obtenidos en el estudio de estos
autoanticuerpos fueron independientes de los factores clasicos, por lo que es esperable que
la inclusi6on de estos biomarcadores mejore notablemente el poder predictor de los
algoritmos basados exclusivamente en factores clasicos, como se ha observado con los
anticuerpos anti-Apo Al recientemente (Keller et a/, 2012;Vuilleumier et al, 2010a). De
hecho, aunque el SCORE incorpora informacién sobre los niveles de HDL mediante el ratio
Colesterol total/HDL, y pese a ser ésta la forma preferida para el andlisis de estos niveles en
AR (Peters et al, 2010), se ha descrito que la inclusion de los niveles de HDL de forma
independiente mejora la prediccién de este modelo, especialmente en aquellos individuos
con niveles extremos de esta lipoproteina (Cooney et al, 2009), como podria ser el caso de
los pacientes de AR. Este hecho podria ser debido a que la inclusién de los niveles de HDL de

forma independiente permite aportar, en cierto modo, informacion ligada a las funciones del
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HDL mas alld de su papel en el transporte reverso de colesterol (Calabresi et aj 2003),

resaltando asi el papel crucial de estas lipoproteinas en el riesgo CV.

Riesgo CV en fase preclinica

El avance del conocimiento acerca de los mecanismos que gobiernan la patogénesis
de la AR ha dado lugar a numerosas evidencias clinicas y experimentales que coinciden en
sefialar las diferencias existentes ente la AR precoz o de reciente comienzo y la AR
establecida. De forma paralela, se ha ido avanzando en el estudio del dafio endotelial y el
riesgo CV en relacion a ambas fases de la enfermedad, si bien es un campo relativamente

reciente.

El hecho de que varios estudios hayan observado disfunciéon endotelial en pacientes
de AR al diagnoéstico (Vaudo et al, 2005), e incluso lesiones ateroscleréticas en algunos casos
(Hannawi et al, 2007), hace pensar que los mecanismos de dafio endotelial y la alteracion de
los procesos de reparacién han de preceder al diagnéstico clinico de la enfermedad. El hecho
de que se ha observado la presencia de citocinas proinflamatorias y autoanticuerpos en el
suero en individuos durante la fase preclinica de la enfermedad, sugiere que los fenémenos
que conducen al incremento del riesgo CV en AR ya estdn actuando durante esta fase.
Existen algunas evidencias de que algunos mediadores pueden condicionar el riesgo CV en
la fase preclinica, como la implicaciéon de diferentes variantes génicas en la disfuncién
endotelial, asi como el hecho de que se haya descrito un perfil lipidico alterado (Myasoedova
et al, 2010a;Steiner & Urowitz, 2009) y una elevacién en marcadores de activacion

endotelial (Rantapaa-Dahlqvist et al, 2007) en individuos con artritis preclinica.

Seria por tanto interesante analizar los biomarcadores propuestos en esta Tesis
Doctoral durante la fase preclinica de la enfermedad con el objetivo de profundizar en el
estudio de estos mecanismos. Este enfoque nos permitiria delimitar la contribucién de los
mecanismos patogénicos de la AR al riesgo CV y nos proporcionaria un escenario muy
interesante para estudiar si el incremento de riesgo CV en AR es diferente segtn la etapa de
la enfermedad o si, por el contrario, el incremento de dafio endotelial que sugieren algunos
trabajos actuales es un mero producto de la acumulacién pasiva de dafio durante el tiempo
de exposiciéon analizado. Asimismo, de forma equivalente a lo hallado acerca de la
importancia de la ventana de oportunidad en el abordaje terapéutico de la AR, el estudio de
estos parametros nos permitiria proporcionar nuevas evidencias que sean de ayuda para la

mejora del manejo clinico del riesgo CV en esta patologia.
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5. Conclusions

1.

[FNa can be detected in serum in a subgroup of RA patients, in higher levels
than healthy controls and comparable to those from SLE patients. IFNa
serum levels are associated with an EPC imbalance characterized by a shift
towards a mature EPC phenotype which hides the disease duration-related
EPC decrease in RA. High [FNa serum levels identify RA patients with higher
disease activity, presence of autoantibodies, increased levels of

proinflammatory cytokines and occurrence of CV events.

Tang are negatively correlated with total- and low density lipoproteins-
cholesterol levels and they also exhibit a positive correlation with EPC
frequency in healthy controls. Decreased Tang counts are found in RA
patients in association with disease activity, age at diagnosis, antinuclear
autoantibodies and smoking habit. Low disease activity is related to a partial
recovery of EPC to Tang correlation. RA patients who have suffered from a

cardiovascular event exhibited a greater Tang depletion.

[FNo serum levels are negatively associated with Tang frequency in
peripheral blood in RA patients. This cytokine also prompts an in vitro

decrease in Tang frequency which can be abrogated by IFNa blockade.

RA patients exhibit an altered MP profile characterized by an increase in
total MP counts as well as in the number of endothelial-, granulocyte- and
Tang-derived MP compared to both healthy controls and patients with
traditional CV risk factors. Whereas the total number of MP is related to
traditional CV risk factors, the numbers of specific MP subsets are associated
with disease-related parameters. MP from RA patients, but not those from
healthy controls or individuals with traditional CV risk factors, promote
endothelial activation and exhibited detrimental effects on endothelial

functionality in vitro.
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10.

11.

Both RDW at diagnosis and 1-year cumulative RDW predict the occurrence
of CV events in RA patients. An increase in RDW during the first year also

predicts reduced CV-free survival during the follow up.

RDW is negatively correlated with EPC frequency in long-standing RA
patients, but not in those with early disease. After controlling for clinical
parameters, disease duration, traditional CV risk factors and treatments,

RDW is an independent predictor of EPC depletion in peripheral blood.

RDW is associated with disease activity, duration and severity in long-
standing RA patients, as well as with IFNa, IL-8 and VEGF levels. RDW is
independently associated with IL-8 serum levels after adjusting for disease

duration and activity, ESR and treatments.

IgG anti-HDL antibodies are increased in RA patients compared with healthy
controls, even after correcting for total IgG levels, and are associated with an
impaired lipid blood profile, especially at the disease onset. RA patients with
high levels of IgG anti-HDL antibodies are more likely to have suffered a CV

event and exhibit increased levels of proinflammatory mediators.

CD4+CD28null cells are expanded in RA patients linked to the TNFA -308
minor allele and related to markers of aggressive disease, but not with
cardiovascular disease. Poor regulatory T cell-mediated suppression or Thl
shift could underlie this expansion. After TNFa-blockers usage, lower
decrease of this population, unrelated to clinical improvement, is achieved in

these patients in comparison to those with the common genotype.

Change in IgG anti-HDL antibodies is related to change in HDL levels in RA
patients upon TNFa blockade, even after correcting for clinical response and

CRP decrease.

Good response to TNFa-blockade is related to an angiogenic T cell recovery
which parallels change in EPC, and also with decreased Tang-derived MP
shedding. Frequency of Tang after TNFa blockade is associated with total to

HDL-cholesterol ratio.
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ANEXO0

Anexo: Informe de factor de impacto de las publicaciones
presentadas
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