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ABBREVIATIONS 

 

[95% CIs]: 95% confidence intervals. 

anti-CCP: Anticyclic citrullinated peptide antibodies. 

BMI: Body mass index. 

CRP: C reactive protein. 

CV: Cardiovascular. 

CVIE: Cerebrovascular ischemic event. 

DC: Dendritic cell. 

ESR: Erythrocyte sedimentation rate. 

FMD%: Endothelium dependent vasodilatation. 

GHS-R: Growth hormone secretagogue receptor. 

HDL: High-density lipoprotein. 

HIF: Hypoxia inducible factor. 

HLA: Human lymphocyte antigen. 

IHD: Ischemic heart disease. 

IL: Interleukin. 

IMT: Intima-media thickness. 

INF: Interferon. 

IR: Insulin resistance. 

LAMs: Leukocyte adhesion molecules. 

LD: Linkage disequilibrium. 

LDL: Low-density lipoprotein. 

LPS: Lipopolysaccharide. 

MHC: Major histocompatibility complex. 
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MI: Myocardial infarction. 

MIF: Migration inhibitory factor. 

MMP: Matrix metalloproteinase. 

NK: Natural Killer. 

NO: Nitric oxide. 

NOS: Nitric oxide synthase. 

NTG%: Endothelium independent vasodilatation 

OR: Odds ratio. 

oxLDL: oxidized low density lipoprotein. 

PAI-1: Plasminogen activator inhibitor type-1. 

PBMCs: Peripheral blood mononuclear cells. 

RF: Rheumatoid factor. 

SE: Shared Epitope. 

SR: Scavenger receptor. 

TC: Total cholesterol. 

TGF: Transforming growth factor. 

TLR: Toll-like receptor. 

TNF: Tumor necrosis factor. 

TNFR: Tumor necrosis factor receptor. 

UTR: Untranslated region. 

VEGF: Vascular endothelial growth factor. 

VSMC: Vascular smooth muscle cell. 
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1. ABSTRACT 

 

Introducción 

La artritis reumatoide (AR) es una enfermedad inflamatoria crónica caracterizada por 

sinovitis persistente, con destrucción del cartílago y hueso adyacente. Es una 

enfermedad compleja en la que factores genéticos, ambientales y estocásticos se 

combinan para dar lugar a una patología con una gran variedad de manifestaciones 

clínicas,  gravedad, evolución y respuesta a tratamiento.  

A pesar de los avances producidos en los últimos años en el manejo de esta enfermedad, 

la AR sigue asociada a un incremento de mortalidad, de alrededor de un 50% con 

respecto a la población general, con una reducción de la esperanza de vida de entre 3 y 

10 años. La principal causa de muerte entre pacientes con AR es la patología 

cardiovascular (CV). 

Múltiples estudios epidemiológicos en la AR han mostrado de forma repetida un 

aumento de la prevalencia de patología CV, tanto clínica como subclínica, así como un 

aumento de mortalidad por esta causa. Los factores de riesgo CV clásicos como la 

hipertensión arterial, la diabetes mellitus (DM), el tabaquismo o la dislipemia han sido 

asociados de forma independiente a un mayor riesgo de enfermedad CV en la AR. Sin 

embargo, ninguno de estos factores, con la excepción del tabaquismo, parece ser más 

prevalente en la AR que en la población general. Esto ha llevado a considerar que el 

exceso de riesgo y de mortalidad CV que sufren los pacientes con AR es debido a 

procesos específicos o relacionados con la propia enfermedad. En este sentido, la 

elevación de marcadores inespecíficos de inflamación [como la proteína C reactiva 

(PCR)], la aparición de auto-anticuerpos [como el factor reumatoide (FR) o los 

anticuerpos anti péptidos cíclicos citrulinados (anti-CCP)] o el desarrollo de marcadores 
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de AR severa (como son cambios destructivos en articulaciones o aparición de 

enfermedad extraarticular), se han asociado a un mayor riesgo y mortalidad CV. 

Es importante tener en cuenta que la aterosclerosis es una enfermedad inflamatoria 

crónica al igual que la AR, existiendo entre ambas numerosas similitudes, como es la 

presencia a nivel de placa aterosclerótica y sinovial reumatoide de un infiltrado 

inflamatorio formado principalmente por macrófagos, linfocitos (especialmente CD4+), 

células musculares lisas de la pared vascular / sinoviocitos, células dendríticas… 

Muchas de estas células muestran signos de activación y producen citoquinas pro-

inflamatorias y metaloproteinasas de matriz, que contribuyen al crecimiento de la lesión 

y posterior desestabilización de la placa (en aterosclerosis) / invasión de cartílago y 

hueso (en la AR). La situación de inflamación crónica y sistémica que produce la AR, 

en parte debido al aumento de citoquinas circulantes en sangre periférica, actuaría  tanto 

directamente a nivel de la pared vascular como a nivel de otros órganos, para favorecer 

la aparición y el progreso de las lesiones ateroscleróticas. Uno de los primeros 

fenómenos que se producen en la aterosclerosis es la aparición de activación / 

disfunción endotelial, con aumento de la expresión de moléculas de adhesión y 

quimiocinas, dando lugar al reclutamiento de células inflamatorias desde el lumen 

vascular. A este fenómeno contribuyen tanto factores de riesgo clásicos de enfermedad 

CV, como es el aumento de lipoproteínas de baja densidad (LDL), que se acumulan y se 

oxidan en la región subendotelial, como la mayor concentración de citoquinas 

circulantes. Monocitos y linfocitos T CD4+ procedentes del lumen vascular migrarán a 

la pared arterial, donde sufrirán un proceso de activación, con producción y liberación 

de más citoquinas, quimiocinas y metaloproteinasas de matriz, lo que contribuirá a un 

mayor reclutamiento de células inflamatorias, su proliferación y activación.  
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Tanto en la AR como en la aterosclerosis, se han descrito múltiples marcadores 

genéticos asociados a un mayor riesgo de padecer estas patologías. Algunos marcadores 

son comunes a ambas, como son ciertos alelos del gen HLA-DRB1, mientras que otros, 

a pesar de su fuerte asociación con la AR, no se han observado asociados a enfermedad 

CV [como son polimorfismos de los genes proteina fosfatasa de tirosinas, no receptor 

tipo 22 (PTPN22), transductor de señales y activador de la transcripción 4 (STAT4), 

factor asociado al receptor de necrosis tumoral 1 / factor del complemento 5 

(TRAF1/C5)]. Entre los genes asociados a patología CV en el contexto de la AR se 

encuentran algunos que codifican para citoquinas y quimiocinas [interleukina 6 (IL-6), 

linfotoxina alfa (LTA), ligando de la quimiocina con motivo C-C 21 (CCL21)], para 

proteínas que intervienen en la coagulación [inhibidor de la peptidasa de serpina, 

subtipo E, miembro 1 (SERPINE1)] y para otras proteínas relacionadas con otros 

factores de riesgo CV [metilén-tetra-hidro-folato reductasa (MTHFR), sintasa de óxido 

nítrico 2, inducible (NOS2A), sintasa de óxido nítrico 3 (NOS3)].  

El objetivo de nuestro trabajo consistió en continuar con el análisis de factores genéticos 

asociados a enfermedad CV en la AR. Se estudiaron genes que codifican para proteínas 

implicadas en diferentes niveles de la patogenia de ambas enfermedades, como son 

citoquinas [factor de necrosis tumoral (TNFA)], quimiocinas [receptor de la quimiocina 

con motivo C-C 5 (CCR5)], adipocitoquinas [resistina (RETN), adiponectina 

(ADIPOQ)] agentes que promueven la neovascularización [factor de crecimiento 

vascular endotelial A (VEGFA)] o factores que regulan el apetito y el gasto energético 

[receptor del  secretagogo de la hormona de crecimiento (GHSR)]: 

- TNF-α (codificada por el gen TNFA) es una citoquina con una gran variedad de 

efectos en diferentes tipos celulares. Es producida en grandes cantidades tanto en la 

articulación inflamada como en la placa aterosclerótica, con un efecto pro-inflamatorio. 
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Además actúa sobre los adipocitos, por lo que también influencia el metabolismo de 

lípidos e hidratos de carbono. Esta citoquina juega un papel fundamental en ambas 

patologías, como demuestra el uso de medicación anti-TNF, que bloquea la interacción 

de esta citoquina con su receptor. Estos fármacos han mostrado efectividad tanto en el 

tratamiento de la AR, como en la prevención de patología CV en sujetos afectos de AR. 

En nuestro trabajo analizaremos un polimorfismo localizado en la región promotora 

(posición -308, G>A, rs1800629) que se ha asociado a una mayor producción 

espontánea y en respuesta a estímulos de TNF-α. Esta variante ha sido asociada a 

enfermedad CV subclínica y a DM, aunque no a la AR ni a enfermedad CV clínica. 

- CCR5 (codificada por el gen CCR5) es un receptor de quimiocinas que contribuye a la 

activación y acumulación de macrófagos y linfocitos, además de activación de células 

endoteliales. La ausencia de esta molécula se ha asociado a una importante disminución 

del desarrollo de aterosclerosis en modelos murinos. La variación que se estudiará 

(deleción de 32 pares de bases) se asocia a una disminución de la expresión de este 

receptor en superficie celular y a una disminución del riesgo de patología CV y 

probablemente de la AR.  

- El tejido adiposo, además de órgano de acumulación de energía, es un órgano 

endocrino que secreta múltiples proteínas con efectos a nivel metabólico e 

inmunológico. La resistina (codificada por el gen RETN) actúa como un antagonista de 

la insulina y como un agente proinflamatorio, estimulando la producción de citoquinas y 

moléculas de adhesión en células endoteliales, linfocitos, monocitos y sinoviocitos. En 

la AR los niveles de resistina parecen encontrarse levemente elevados en sangre 

periférica y de forma importante en líquido sinovial, existiendo una correlación positiva 

entre sus niveles y los de marcadores inespecíficos de inflamación como son la PCR o 

la velocidad de sedimentación globular. El polimorfismo que se analizará se localiza en 
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la región promotora del gen (posición -420, C>G, rs1862513) y ha sido previamente 

asociado a patología cerebrovascular en pacientes diabéticos.   

La adiponectina (codificada por el gen ADIPOQ) tiene un efecto sensibilizador a la 

insulina, anti-aterogénico y anti-inflamatorio. En pacientes con síndrome metabólico, 

como por ejemplo pacientes diabéticos, se han observado niveles más bajos de esta 

adipocina que en sujetos normales.  Estudiaremos dos variantes del gen, una localizada 

en la región 5’ no traducida (5’UTR; posición -11377, rs266729) y otra en el segundo 

intrón (+276, rs1501299). El primer polimorfismo ha sido asociado a DM tipo 2 y a 

enfermedad CV subclínica. El segundo polimorfismo no se ha asociado a DM, pero si a 

un menor riesgo de patología CV clínica.  

- La neovascularización es un proceso crucial para el desarrollo tanto del pannus en la 

AR como de la placa aterosclerótica. Uno de los factores más importantes que estimulan 

el crecimiento y desarrollo de nuevos vasos es el factor de crecimiento endotelial 

vascular (codificado por el gen VEGFA). Los neovasos generados a partir de los vasa 

vasorum contribuyen al crecimiento de la placa debido a su mayor permeabilidad y 

fragilidad, lo que da lugar a una mayor extravasación de células inflamatorias y a 

hemorragias. Los polimorfismos que serán analizados (-1154,  G>A, rs1570360, 

localizado en la región promotora y -634, G>C, rs2010963, localizado en la región 

5´UTR) se han asociado a una menor producción de VEGF.  

- La ghrelina, a través de su receptor (codificado por el gen GHSR) es capaz de 

estimular de secreción de GH, tiene un efecto orexígeno y regula la homeostasis 

energética. Este receptor se ha observado en células T, B, monocitos y neutrófilos, sobre 

los que ejerce un efecto anti-inflamatorio, disminuyendo la síntesis de citoquinas pro-

inflamatorias y aumentando la síntesis de citoquinas anti-inflamatorias. También se han 

observado receptores en cardiomiocitos y células endoteliales, donde ejerce un efecto 
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antiapoptótico y vasodilatador. En la AR se han observado niveles bajos de ghrelina 

circulante . Los polimorfismos que serán estudiados (rs509035, localizado en el intrón, 

rs2922126, localizado en la región promotora y rs512692, localizado en la región 

5’UTR) han sido asociados con resistencia a la insulina, síndrome metabólico y niveles 

bajos de lipoproteínas de alta densidad (HDL). 

 

Resultados 

 Análisis del gen  TNFA (rs1800629) 

En nuestro estudio observamos una mayor frecuencia de portadores del alelo menor 

(TNFA-A, individuos con genotipos GA y AA) en pacientes con patología CV 

comparado con pacientes sin eventos CV (37.6% versus 27.9%, p = 0.06, OR 1.56 [95% 

CI 0.95-2.54]). La frecuencia total del alelo menor (TNFA-A) también se encontró 

aumentada en pacientes de AR con patología CV, siendo estas diferencias cercanas a la 

significación estadística (21.0% versus 15.3%, p = 0.053, OR 1.47 [95% CI 0.97-2.22]). 

En el modelo de regresión de Cox, observamos que los portadores del alelo menor 

también se asociaron a un mayor HR, especialmente tras ajuste por género, edad de 

diagnóstico de la AR y presencia del epítopo compartido y de los factores de riesgo CV 

clásicos (p=0.023, HR 1.72 [95% CI 1.076-2.74]). 

Decidimos estratificar nuestra muestra en función de la presencia o ausencia de al 

menos una copia del epítopo compartido, para lo que introdujimos una interacción en el 

modelo de regresión de Cox, entre portar al menos una copia del epítopo compartido y 

al menos una copia del alelo menor del polimorfismo rs1800629 de TNFA. Esta 

interacción resultó significativa, tanto antes como tras el ajuste por las variables ya 

mencionadas (con la excepción de la presencia o ausencia del epítopo compartido; p= 

0.014, p=0.024, respectivamente). Observamos que la asociación entre ser portador del 
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alelo menor de rs1800629 y patología CV solo resultó significativa en los portadores del 

epítopo compartido (antes de ajuste: p=0.003, HR 2.23 [95% CI 1.32-3.78]. Tras ajuste: 

p=0.001, HR 2.43 [95% CI 1.41-4.19]).  

Por otro lado, no observamos una influencia significativa de este polimorfismo sobre los 

marcadores de patología CV subclínica (espesor intima-media carotídeo y 

vasodilatación dependiente o independiente de endotelio). 

  

 Análisis del gen  CCR5 (deleción ∆32, rs333) 

La frecuencia de portadores de la delección CCR5∆32 fue significativamente menor en 

pacientes de AR con patología CV comparado con pacientes sin problemas 

cardiovasculares (3.4% versus 11.3%, p=0.025, OR 0.28 [95% CI 0.06-0.89]). 

Asimismo, la frecuencia del alelo CCR5∆32 también fue significativamente menor en 

pacientes con patología CV (1.7% versus 5.8%, p=0.024, OR 0.28 [95% CI 0.06-0.88]).  

Posteriormente, construimos una regresión de Cox para analizar la influencia de esta 

variante en la tasa de aparición del primer evento CV, no encontrando una influencia 

significativa de la variante genética.  

Esta deleción en CCR5 no supuso ninguna influencia significativa sobre los marcadores 

de patología CV subclínica. Sin embargo, tras ajuste por las previamente mencionadas 

variables,  observamos que los portadores de la deleción se asociaron significativamente 

a una mayor vasodilatación dependiente de endotelio (FMD%; p=0.024), encontrándose 

el valor medio de este parámetro en dicho grupo por encima del límite designado para la 

normalidad.  
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 Análisis del gen RETN (rs1862513) 

No se observaron diferencias significativas en las frecuencias de alelos o genotipos 

entre pacientes con o sin patología CV en el análisis del polimorfismo rs1862513 del 

gen RETN. Tampoco se observó una influencia significativa de este polimorfismo en el 

riesgo de patología CV utilizando modelos de regresión logística ni de regresión de 

Cox, antes o después de ajuste por las variables ya mencionadas. 

Con respecto a la patología CV subclínica, los portadores del alelo menor se asociaron a 

un menor valor de FMD% (p=0.03), aunque esta diferencia dejó de ser significativa tras 

ajuste (p=0.20). 

 

 Análisis del gen ADIPOQ (rs266729 y rs1501299) 

No se observaron diferencias significativas en las frecuencias de alelos o genotipos de 

ambos polimorfismos entre pacientes con o sin patología CV. En el análisis de regresión 

logística múltiple ajustado por género, edad de diagnóstico de la AR, tiempo de 

seguimiento y presencia o ausencia de epítopo compartido y factores de riesgo CV 

clásicos, de nuevo, no se observó ninguna asociación significativa entre alelos o 

genotipos de ambas variantes y presencia de patología CV. Tras analizar el grado de 

desequilibrio de ligamiento entre ambos polimorfismos (r
2
=0.05), estimamos la 

frecuencia de las combinaciones alélicas formadas por ambas variantes, en pacientes 

con y sin patología CV, no encontrando diferencias significativas. 

Con respecto a la influencia de ambos polimorfismos en patología CV subclínica, no 

encontramos diferencias significativas en espesor intima-media carotídeo, 

vasodilatación dependiente e independiente de endotelio entre genotipos, alelos ni 

combinaciones alélicas, antes o después de ajustar por género, edad y duración de la AR 
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en el momento de la realización de la ecografía y presencia o ausencia de epítopo 

compartido y factores de riesgo CV clásicos. 

 

 Análisis del gen VEGFA (rs2010963 y rs1570360) 

No se observaron diferencias significativas en las frecuencias de alelos o genotipos de 

ambos polimorfismos entre pacientes con o sin patología CV. En el análisis de regresión 

logística múltiple ajustado por las variables previamente mencionadas, no se observó 

ninguna asociación significativa entre alelos o genotipos de ambas variantes y presencia 

de patología CV. Tampoco cuando se analizaros las combinaciones alélicas de ambos 

polimorfismos.  

Con respecto a la patología CV subclínica, ninguno de los polimorfismos mostró una 

influencia significativa sobre los valores de de espesor intima-media carotídeo, 

vasodilatación dependiente o independiente de endotelio.  

 

 Análisis del gen GHSR (rs509035, rs512692 y rs2922126) 

No se observaron diferencias significativas en las frecuencias de alelos o genotipos de 

los tres polimorfismos entre pacientes con o sin patología CV. En el modelo de 

regresión logística, antes o después del ajuste por las variables previamente 

mencionadas, no se observó influencia significativa de ninguno de los tres 

polimorfismos en el riesgo de patología CV. En el análisis condicional, la 

homozigosidad del alelo menor de las variantes rs509035 y rs2922126 fue asociado a un 

efecto protector significativo (OR 0.17 [95% CI 0.038-0.75], p=0.019 y OR 0.52 [95% 

CI 0.27-0.98], p=0.04, respectivamente). Sin embargo, tras ajuste por las variables ya 

mencionadas, el efecto dejó de ser estadísticamente significativo (p=0.08, p=0.30, 

respectivamente).  
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Con respecto a los haplotipos formados por los tres polimorfismos, tras ajuste, no se 

observó una asociación significativa con patología CV.  

 

Conclusiones 

Este trabajo contribuye a profundizar en la comprensión de las bases genéticas de la 

patología CV en la AR. Hemos estudiado el papel, como factores de riesgo de 

enfermedad CV clínica y subclínica, de varios polimorfismos localizados en genes 

implicados en la patogénesis de ambas afecciones. Todos los polimorfismos analizados 

habían sido previamente asociados con enfermedades CV o metabólicas, en estudios 

realizados en población general o en subgrupos (como son diabéticos de tipo 2), de 

origen caucásico. Es importante señalar que en este estudio es la primera vez que estos 

polimorfismos han sido analizados como factores de riesgo CV en la AR. Entre las 

variantes estudiadas de los genes TNFA, CCR5, RETN, ADIPOQ, VEGFA y GHSR, solo 

las pertenecientes a los dos primeros, TNFA y CCR5, mostraron una asociación 

estadísticamente significativa con patología CV. 
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2. INTRODUCTION 

 

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized, at the 

articular level, by persistent synovitis with synovial hyperplasia, cell activation and 

invasion of the synovium into the adjacent bone and cartilage 
1
; and at the systemic 

level, by systemic inflammation, autoantibodies production and attendant comorbidities 

2,3
. RA is a complex genetic disease in the sense that, not only several genes, 

environmental and stochastic factors interact to cause pathological events 
4
, but 

furthermore, this condition is considered a clinical syndrome spanning several disease 

subsets 
5
. These different subsets involve several inflammatory cascades 

6
, all leading 

towards a final common pathway in which are present persistent synovial inflammation 

and associated damage to articular cartilage and underlying bone.  

 

2.1. Pathogenesis of RA 

The heritability of this condition 
7
, together with the presence, in a subset of patients, of 

autoantibodies that precede the clinical onset 
8-10

, supports a pathogenetic model in 

which autoimmune propensity is long-established by the time joint inflammation is 

‘triggered’. This concept is supported by the observation of an altered cellular 

composition of the synovial membrane before clinically overt joint inflammation 

(prearthritis) 
11,12

, sharing many of the pathological features of established disease 
13

. 

Also, elevated acute phase reactants and even serum cytokines might be reflectors of 

these early inflammatory changes of the synovial membrane 
14

. A triad of genetic 

factors, environmental factors and nascent breakdown of tolerance directly would lead 

to changes of the synovial membrane and would pave the way for the initiation of 

arthritis. 
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Both family and twin studies support a strong genetic component of susceptibility to 

RA, with an heritability estimated in 60% 
7
: its prevalence can be up to 12% in first-

degree relatives of patients with the disease, siblings of patients have an increased risk 

of disease, compared with that of the general population, between 3 and 15 fold 
15

 and 

concordance rates are much higher in monozygotic (15%) than in dizygotic twins 

(3.6%) 
16

. Since RA is a complex disease, it is expected that multiple genetic loci 

contribute to disease risk, and that the effect of each individual allele is modest. 

The strongest and best-known genetic association in RA was found in the Human 

Lymphocyte Antigen (HLA) region, which lies in the Major Histocompatibility 

Complex (MHC) in chromosome 6p21, explaining approximately 30% of the total 

genetic component of susceptibility. The most important association is located in the 

HLA-DRB1 gene, with a variety of specific alleles conferring different risks 
17,18

. These 

alleles were collectively termed the shared epitope (SE), since they encode a conserved 

sequence of amino acids in the third hypervariable region of the DRB1 chain (Q/R-K/R-

R-A-[A]) 
19

. The association between HLA-DRB1 and disease has been consistently 

replicated in different ethnic population, despite the fact that SE allele frequencies differ 

significantly between ethnic groups 
20

. Also, HLA-SE alleles have been shown to be 

associated with outcome prediction 
21-23

 and to interact with environmental factors, such 

as smoking 
24-26

. Several studies have shown evidence of additional RA loci, besides the 

HLA genes, in the MHC region 
27,28

, although the interpretation of these associations is 

difficult by the presence of strong linkage disequilibrium (LD) across this region 
29

. 

The second largest genetic risk to the development of RA is conferred by a variant 

within the protein tyrosine phosphatase nonreceptor 22 (PTPN22) gene (rs2476601, 

1858C >T, R620W), located on chromosome 1p13 
30-32

. This observation is the most 

robust and reproducible genetic association with RA outside the HLA region in 
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populations of European descent. PTPN22 encodes a lymphoid-specific phosphatase 

that inhibits T-cell receptor signaling. This polymorphism results in a gain-of-function 

of this phosphatase 
33,34

, provoking the suppression of T cell receptor signaling. This 

phenomenon could lead to the survival of autoreactive T cells during thymic 

development and/or a weaker activity of T-regulatory cells 
33,35,36

. 

Another variant associated to disease was found in the STAT4 gene 
37-39

. This protein is 

a key transcription factor involved in the signaling pathways triggered by Interleukin 

(IL) -12, IL-23 and type I interferons (IFN) 
40

, promoting the differentiation of CD4+ T 

cells to Th1 and Th17 phenotypes, both cell types involved in RA pathogenesis 
41,42

. 

TRAF1/C5 has been identified of as a new risk factor locus 
43,44

, but also as a predictor 

of mortality in RA patients 
45

. Both Tumor Necrosis Factor (TNF) receptor-associated 

factor 1 (TRAF1) and component 5 (C5) are involved in immune regulation and are 

attractive candidate genes for RA. TRAF1 is involved in TNF receptors (TNFR) I and 

II, and CD40 signaling pathways. Mice deficient in Traf1 show increased T-cell 

proliferation and activation after the stimulation of TNF or T-cell receptors 
46

. On the 

other hand, the complement system is known to be involved in the pathogenesis of RA 

47
. 

The intergenic region of chromosome 6q23, between the genes OLIG3 and TNFAIP3 

has also been associated to RA 
48-52

, with at least three SNPs independently associated, 

two of them conferring susceptibility (rs6920220 and rs5029937) and one protection 

(rs13207033). Furthermore, this region has also been reported to be associated with the 

rate of joint destruction in RA patients 
53

. TNFAIP3 is a potent anti-inflammatory 

protein mainly involved in the negative-feedback regulation of NFκB but it has been 

shown to have other functions, such as antiapoptotic 
54

 and tumor suppressor 
55

 activity. 
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Several studies investigating the possible role of CTLA4 markers in RA susceptibility 

have been carried out 
56-58

. This molecule is a costimulatory receptor expressed on 

activated T cells, which downregulates the T-cell response. 

Other genes also have been associated to RA, such as IL2RB 
59,60

, the chromosomic 

regions 12q13 
60,61

, 10p15 
60,61

 (including the gene IL2RA 
60

), 4q27 
61,62

, CD40 
61,63

 

(which has been associated with a higher rate of joint destruction in anticyclic 

citrullinated peptide antibodies (anti-CCP) positive RA patients 
64

), MMEL1/TNFRSF14 

60,61
, AFF3 

59,65
. 

 

Nowadays, a integrated model of chronic inflammation explain its perpetuation on the 

basis of numerous positive feedback loops and failed regulations, involving many cell 

types, both from the adaptive and innate immune response, plus from host tissue cells, 

such as synovial fibroblasts, chondrocytes and osteoclasts (Figure 1). 

The synovial lesion in RA contains a macrophage/fibroblast-rich lining layer overlying 

interstitial tissues containing a plethora of activated leucocytes including macrophages, 

dendritic cells (DCs), B cells, CD4/CD8 T cells, mast cells, natural killer (NK) and 

NKT cells. Angiogenesis within the hypertrophic synovial sublining is an important 

early event in RA, supporting this infiltrate, driven by the increased metabolic demands 

and hypoxia of the expanding inflammatory tissue 
66,67

. New vessels in the RA pannus 

are of a characteristic branching morphology 
68

. This process reflects the relative 

abundance of proangiogenetic factors, which exceeds the machinery normally necessary 

for cellular egress via lymphatics 
67

. Vascular endothelial growth factor (VEGF), one of 

the most important promoters of neovascularization, stimulates the invasive 

proliferation of these endothelial cells. 
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Figure 1: Adaptive and Innate Immune Processes within the Joint in Rheumatoid 

Arthritis 

 

 

 

ACPA: anti-citrullinated protein antibodies, ADAMTs: a disintegrin and metalloproteinase with 

thrombospondin motifs, DAMPs: damage-associated molecular patterns, FGF: fibroblast growth factor, 

GM-CSF: granulate-macrophage stimulating factor, HSPs: heat shock proteins, INF: interferon, MMPs: 

matrix metalloproteinases, NLRs: nucleotide-binding domain leucine-rich repeat proteins, PAMPs: 

pathogen-associated molecular patterns, PAR2: proteinase-activated receptor 2, PDGF: platelet-derived 

growth factor, RF: rheumatoid factor, TGF: transforming growth factor, TLRs: toll-like receptor, TNF: 

tumor necrosis factor, VEGF: vascular endothelial growth factor. Adapted from McInnes IB, Schett G. N 

Engl J Med 2011;365:2205-2219.  
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Enriched populations of mature antigen-presenting DCs are seen in established RA 

lesions 
69

. The validity of a model in which DC antigen presentation is central to the 

initiation of this condition has not been yet confirmed due to the lack of a dominant 

arthritogenic autoantigen. DCs might alternatively contribute to the circumvention of 

central tolerance by priming the immune system to respond to self antigen that has been 

post-translationally modified, as might occur following citrullination 
70

. 

 

Fibroblast-like synoviocytes (FLSs) represent an important player in synovitis initiation, 

propagation or both, and synovial stromal cells are key in creating a microenvironment 

that favours inflammatory-cell retention and the perpetuation of immune pathology in 

RA 
71

. These and other cells like B cells and macrophages, express numerous innate 

immune sensing pathways such as Toll-like receptors (TLRs) 
72

, NOD-like receptors 

and molecular components of the inflammasome are expressed 
73,74

. TLRs are able to 

recognize specific structures of invading pathogens 
75

, as well as endogenous ligands, 

such as hyaluronan fragments 
76

. Ex vivo studies using human RA synovial tissue 

cultures implicate TLR-dependent pathways in aberrant (auto)antigen presentation, 

cytokine and matrix metalloproteinase (MMP) production 
77,78

. FLSs are also capable of 

secreting chemokines, largely responsible for the recruitment and retention of 

leukocytes at these sites 
79

. Finally, FLSs have been shown capable of autoantigen 

presentation to T cells 
80

. 

T cells are one of the most abundant cell types in RA synovium, comprising 30–50% of 

synovial tissue cells 
81

. The majority are CD4+, although CD8+ T cells are also present. 

RA was historically considered a Th1 disease. However, in very early stages of the 

disease, Th2 type responses may predominate to promote autoantibody production 
82

. 

Also Th17 cells represent a significant player in human autoimmune inflammation 
83

. 
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These cells secrete IL-17 stimulated by IL-6, Transforming Growth Factor (TGF) β and 

IL-23 
84

. Through direct or indirect effects on various cell types, this highly pleiotropic 

cytokine can induce inflammation, angiogenesis, osteoclastogenesis, and breakdown of 

bone and cartilage. Several studies have demonstrated elevated IL-17 levels in blood 

and synovium of RA patients, with correlations between synovial levels and joint 

damage 
85

. 

T-regs appear to be overrepresented in the synovium of RA patients, and evidence 

suggests that this may reflect their functional impairment within the autoimmune 

microenvironment they are supposed to suppress 
86

. Moreover, evidence suggests that 

the T-cell population as a whole is systemically abnormal in RA, having an excessive 

proliferative history; the result is a contracted T-cell receptor repertoire and an 

immunosenescent phenotype 
87

. 

Ectopic germinal-centre-like structures in the synovia of some patients create a spatially 

organized microenvironment ideally suited to humoral immune responses. Evidence 

shows that such structures can support B cell maturation and class switching and 

thereby promote autoantibody production 
88

: B cells can process and present antigenic 

peptides to pre-primed CD4+ T cells, resulting in classical adaptive humoral responses, 

and similar cognate interactions with B cells may prime naive T cells in some cases 
89

. 

In fact, co-ligation of the B-cell receptor (BCR) and TLR appears sufficient to induce 

B-cell activation and antibody production independent of T-cell ‘help’, and this 

pathway is a proven mechanism of rheumatoid factor (RF) autoantibody generation in 

experimental arthritis 
90

. RF recognizes the Fc portion of IgG molecules and is a 

characteristic, although not specific, hallmark of human RA, with approximately 70% 

of patients being ‘seropositive’ 
91

. Deposition of RF immune complexes occurs in the 

rheumatoid synovium, where these complexes fix complement, thereby reinforcing B-
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cell activation and perpetuating an Fc-receptor-mediated positive-feedback loop 
89

. As 

with ACPA, the precise role of this autoantibody has therefore yet to be fully 

elucidated, but the RA synovium appears to provide a context in which B-cell tolerance 

may be broken, autoantibody production enhanced, and an aberrant immune response 

upheld. 

Cells of the monocyte–macrophage lineage and FLSs are important effectors of 

cartilage and bone destruction in RA. A number of immune pathways such as TLR 

ligation 
92,93

 , contact with activated T cells 
94

, cytokines including IL-17 
95

, Fcγ-

receptor ligation by immune complexes, and the action of serine proteinases secreted by 

mast cells and neutrophils 
96

, converge on these cell types, resulting in the deregulated 

production of pro-inflammatory cytokines such as TNF-α and IL-1β. Pro-inflammatory 

cytokines induce chondrocytes, macrophages and FLSs to secrete cartilage-degrading 

enzymes, including MMPs 1 and 13 and ADAMTS (a disintegrin and metalloproteinase 

with thrombospondin motifs) 4 and 5. This is most evident at the interface between 

cartilage and inflamed synovium – the so-called cartilage–pannus junction, accounting 

for the striking invasiveness of the inflammatory lesion in RA 
97

. 

 

2.2. RA and Comorbidity 

RA is a condition associated to a disproportionately increased mortality: patients have 

about a 50% increased risk of premature mortality, and their life expectancy is 

decreased by 3 to 10 years compared with the general population 
98,99

. Despite the 

substantial improvements in RA management in recent years, there is little 

epidemiologic evidence for the improvement of mortality: most recent studies 

demonstrated no significant reduction in mortality in different RA populations 

worldwide 
100,101

, and even some authors reported an increased RA-related mortality 
102

. 
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Moreover, the dramatic secular declines in the overall mortality rates for the general 

population 
103

 has leaded to a widening mortality gap between subjects with RA 
104

, 

particularly those positive for RF, and the general population 
105

. This is surprising, 

considering data suggesting that there may be a temporal trend toward milder disease in 

RA 
106,107

 and the recent emphasis on tight control of disease activity for all RA 

patients.  

Besides socio demographical prognosis factors such as older age and male sex 
101

, other 

independent significant determinants of increased mortality risk are inflammatory 

markers, such as C reactive protein (CRP) and erythrocyte sedimentation rate (ESR), 

complex measures of RA activity, such as the Disease Activity Score 
101,108

, surrogated 

measures of cumulative disease activity, such as radiographic joint damage and low 

bone mineral density 
109

, and clinical indicators of disease severity, including the 

occurrence of extra-articular manifestations and features of other systemic autoimmune 

disorders 
110,111

. All of these markers, to any extent, are a reflection of the magnitude of 

the inflammatory burden of this disease. However, other factors independents of RA 

activity, such as presence of auto antibodies, are also useful for the prediction of poor 

outcomes and increased mortality in RA patients 
101,112

, even in the absence of clinical 

manifestations of rheumatic disease 
112,113

.  Genetic risk factors for RA also have been 

linked to an increased mortality risk in the patients: HLA-DRB1 gene 
114

 and TRAF1/C5 

115,116
. Conversely, the PTPN22 locus was not associated with mortality 

114
.  

The pattern of cause-specific mortality in RA seems to be relatively constant over time, 

with the major attributable causes of death in RA similar to those of the general 

population 
101,117

, therefore being the main cause cardiovascular (CV) diseases 
118

. 
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2.3. RA and Cardiovascular disease 

Many epidemiological studies 
119,120

 have reported in a consistent way the increased risk 

of nearly all forms of CV disease 
121-127

 and the increased CV mortality 
118,123,126-132

 

among RA patients. The increase in risk and mortality and the reduce life-span affect 

equally men and women 
118,128,133

.  

Relative to the general population, patients with RA are at an approximately 1.5–2-fold 

higher risk of myocardial infarction (MI) 
119,123,127,129,134

, a 1.4–2.7-fold higher risk of 

stroke 
121,123,125,127,135

 and a 1.3–1.7-fold higher risk of heart failure 
121,136,137

. Regarding 

mortality rate for any CV disease, RA patients have an overall standardized mortality 

ratio ranging from 1.5 to 5.0 
132,138

, with a 59% increase in death from ischemic heart 

disease (IHD) and a 52% increase in death from cerebrovascular disease 
118

. This 

morbidity leads to a reduction in lifespan 
128,139,140

, an important impact on quality of 

life 
141

 and an increase in health care costs 
142

.  Finally, RA patients have a higher 

prevalence of preclinical atherosclerosis 
143-145

, an early measure of arterial disease and 

a validated biomarker of CV risk 
146

. Actually the absolute CV risk in RA subjects was 

equivalent to that in non-RA subjects who were 5–10 years older 
147

. 

In view of these observations, RA can be reasonably considered an independent CV risk 

factor 
148,149

, such as diabetes mellitus (DM) 
149

: the incidence and prevalence of CV 

disease in RA are increased to a degree comparable with that in type 2 diabetes mellitus 

(T2DM), with associated preclinical arterial wall atherosclerotic damage 
132,148-150

.  

CV disease in RA exhibits a peculiar pattern characterized by its premature 

development, its silent nature and unfavorable CV outcomes 
102,151

. 

 

Traditional CV risk factors such as smoking, diabetes mellitus, hypertension or 

hyperlipidemia are independently associated with CV events 
152,153

, subclinical 
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atherosclerosis 
154,155

 and the increased risk of CV mortality in RA 
156

. However, these 

risk factors are not substantially different in RA compared to control populations 

122,157,158
. Smoking is the only clearly more frequent classical CV risk factor among RA 

patients comparing with healthy controls 
158

. DM seems also to be more prevalent 

among RA 
158

. Besides, RA itself is an important modifier of these traditional CV risk 

factors, appearing to have a lower relative impact on CV risk than expected 
152,159

. This 

implies the presence of RA-specific risk factors competing with traditional CV risk 

factors for their impact on CV disease. This finding has led to the notion that traditional 

CV risk factors may not account for the difference in CV disease risk between RA 

patients and controls and therefore RA-associated factors, such as systemic 

inflammation, must be the sole contributors to the observed increase in CV risk 
159-161

. It 

is likely that this inflammatory amplification of vascular risk is mediated both by direct 

and indirect effects. For example, high levels of systemic cytokines can contribute 

directly to endothelial dysfunction and a state of hypercoagulation 
161

, but can also 

indirectly contribute to vascular disease by influencing the qualitative nature of lipid 

particles 
162

. 

Also, due to this distortion of risk, the CV risk profile in RA may not be directly 

comparable with that in the general population and being underestimate as in other 

chronic diseases such as chronic kidney disease and diabetes 
163,164

.   

 

2.4. Atherosclerosis and Inflammation 

Atherosclerosis has a chronic inflammatory aetiopathogenesis 
165-168

. Atherosclerotic 

plaques are characterized by an accumulation of blood-borne inflammatory and immune 

cells (mainly macrophages and T cells, but also mast cells 
169

, a few B cells 
170

 and NKT 

cells 
171

), as well as vascular endothelial cells, vascular smooth muscle cells (VSMCs), 
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DCs 
172

, extracellular matrix, lipids and acellular lipid-rich debris 
170

. Early lesions 

called 'fatty streaks' consist of subendothelial depositions of lipids, macrophage foam 

cells loaded with cholesterol and T cells 
173

. Over time, a more complex lesion 

develops, with apoptotic as well as necrotic cells, cell debris and cholesterol crystals 

forming a necrotic core in the lesion, surrounded by a cap of VSMCs and a collagen-

rich matrix. The shoulder region of the plaque, which is where it grows, and the 

interface between the cap and the core, have particularly abundant accumulations of T 

cells and macrophages 
170,174

. Many of these immune cells show signs of activation and 

produce pro-inflammatory cytokines such as IFN-γ and TNF–α 
175

. 

Atherosclerosis shares many similarities with other inflammatory/autoimmune diseases 

176
 (Table 1). Indeed, atherosclerosis and RA share a number of similarities 

177
, 

including activation of monocytes, T, B, vascular endothelial and mast cells, production 

of proinflammatory cytokines such as TNF–α, IL-6, IL-12, IL-1 and IL-18, and 

heightened expression of leukocyte adhesion molecules (LAMs) and MMP 
176,178

. These 

parallels suggest possible mechanisms whereby patients with RA develop an increased 

risk of atherosclerosis and early death. The increased background level of chronic 

inflammation, in part due to the release to the systemic circulation of proinflammatory 

cytokines, might boost a number of proatherogenic functions in the liver, adipose tissue, 

skeletal muscle, and vascular endothelium, including insulin resistance (IR), 

dyslipidemia, endothelial activation, and prothrombotic and antifibrinolytic effects 

179,180
. All these processes would confer predisposition to CV disease and/or augment its 

pathogenesis and put an individual at greater risk of developing an acute coronary 

syndrome or suffering secondary complications thereafter 
167,168,181

. Patients with RA 

have elevated levels of the acute-phase reactant CRP 
182

, a marker of inflammation 

associated with increased CV risk 
183

. This condition is also associated to an increased 
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carotid artery intima-media thickness (IMT) 
144,145

, an early measure of arterial disease 

and a validated biomarker of CV risk 
146

. 

 

Table 1. Inflammatory / immunologic similarities between atherosclerosis and 

rheumatoid arthritis. 

 
 Atherosclerosis Rheumatoid Arthritis 

Macrophage activation   

TNF-α ↑ ↑ 

Metalloproteinase expression ↑ ↑ 

IL-6 ↑ (UA) ↑ 

Mast-cell activation ↑ ↑ 

T-cell activation   

Soluble IL-2 receptor ↑ (UA) ↑ 

CD3
+
DR

+
 ↑ (UA) ↑ 

CD4
+
CD28

−
 ↑ (UA) ↑ 

CD4
+
IFN-γ ↑ (UA) ↑ 

TH1/TH2 balance ↑ TH1 ↑ TH1 

B-cell activation   

Autoantibodies (ox-LDL, HSP) 0 or ↑ 0 or ↑ 

Rheumatoid factor 0 ↑ 

C-reactive protein ↑ (UA) ↑↑ 

Adhesion molecules (VCAM-1, 

ICAM-1, E-selectin, P-selectin) 
↑ ↑ 

Endothelin ↑ ↑ 

Neoangiogenesis ↑ ↑ 

Possible antigens HSP, ox-LDL, Infectious agents 
Collagen II, cartilage antigens, 

HSP, infectious agents 

 
HSP = heat-shock protein; ICAM-1 = intercellular adhesion molecule–1; IFN-γ = interferon-γ; IL = 

interleukin; ox-LDL = oxidized low-density lipoprotein; TH1 = helper T cell type 1; TH2 = helper T cell 

type 2; TNF-α = tumor necrosis factor–α; UA = unstable angina; VCAM-1 = vascular cell adhesion 

molecule-1; ↑ = increase; ↓ = decrease; 0 = no change. Adapted from 
176

. 
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2.5. Pathogenesis of Atherosclerosis 

Endothelial cell activation contributes early on to atherosclerosis development (Figure 

2). These cells form the innermost surface of the artery wall and under normal 

circumstances do not bind leukocytes. Before plaque formation occur early changes that 

include elevated expression of LAMs and chemokines that recruit inflammatory cells 

into the arterial wall.  

 

Figure 2: Anatomy of the atherosclerotic plaque. 

 

Adapted from 
173

.  

 

Triggers of endothelial cell dysfunction, such as high levels of low-density lipoprotein 

(LDL) cholesterol 
184

 and others (smoking, hypertension, hyperglycemia…) are 

associated with increased expression of LAMs, such as vascular cell adhesion molecule 

1, which binds monocytes and T lymphocytes, the very cells found in early 

atherosclerotic plaques. In the case of LDL molecules, once in the arterial wall they 

become targets for oxidative (by reactive oxygen species) and enzymatic attack (by 

myeloperoxidase and lipoxygenases). As a consequence, phospholipids are released, 
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with the capability of initiate innate inflammatory responses and activate endothelial 

cells and macrophages to express several types of LAMs and chemokines 
185,186

.  In 

fact, the lack of these molecules is associated to a reduction of atherosclerotic lesions in 

mice models 
187,188

. The expression of these LAMs is also stimulated by different 

cytokines such as IFN-γ, TNF-α, IL-1, and IL-4 
189

. 

Once adherent to the endothelium, leukocytes migrate into the underlying intima in 

response to chemokines including monocyte chemotactic protein 1, RANTES (CCL5), 

and fractalkine 
190

. Macrophage-colony stimulating factor (produced by endothelial cells 

and VSMCs 
191

) induces monocytes to differentiate into macrophages 
192

. This process 

is necessary for the development of atherosclerosis 
193

 and it is associated with 

upregulation of pattern recognition receptors including scavenger receptors (SR) and 

TLR 
192

. SR mediate uptake of oxidized LDL (oxLDL) particles leading to the 

formation of foam cells, while TLR initiate signalling cascades that lead to 

inflammatory activation. Uptake by SR does not lead directly to inflammation but can 

lead to MHC-class-II-restricted antigen presentation of internalized material, thereby 

linking innate and adaptive immunity 
194

. 

DCs that patrol arteries may take up LDL components for subsequent antigen 

presentation in regional lymph nodes. In the normal artery wall, resident DCs are 

thought to promote tolerization to antigen by silencing T cells; however, danger signals 

generated during atherogenesis may activate DCs, leading to a switch from tolerance to 

the activation of adaptive immunity 
195

. 

In the T cell population of human plaques, CD4+ cells dominate over CD8+ cells 
196

. 

They are not as abundant as macrophages. Most T cells are of the TCRαβ type and often 

found in clusters in shoulder regions of the lesion. MHC class II-expressing 

macrophages and DCs can be detected adjacent to these T cells, suggesting an ongoing 
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immune activation 
175,196

. Clonal expansion of CD4+ T cells has been demonstrated in 

lesions from humans and mice models 
197,198

, suggesting that antigen-specific reactions 

take place in the plaque. Most T cells in atheroma display an activated/memory 

phenotype 
196

 and the proportion of activated T cells is particularly high in culprit 

lesions causing acute coronary syndrome 
166,199

. 

Regarding the “athero-antigens”, a few have so far been described. oxLDL is present in 

lesions, internalize by antigen-presenting cells through the SR pathway, and after 

proteolytic processing, fragments of the protein component are displayed in cell surface 

bind to MHC class II molecules. Oxidative modification of LDL breaks tolerance and 

oxLDL-reactive T cells are localized in plaques, lymph nodes, and in the blood of 

patients with atherosclerosis 
200,201

. Most oxLDL-reactive CD4+ T cells have a Th1 

phenotype 
200

, and are able to promote atherogenesis, a conclusion supported by 

adoptive-transfer studies in severe combined immunodeficient mice lacking Apoe 
202

. 

oxLDL is also able to trigger antibody formation 
203

. Antibodies were found to promote 

clearance of oxLDL, and in some studies, predict coronary events 
204

. Other “athero-

antigen” identified was heat shock protein-60 
205-207

 and antigens derived from certain 

pathogenic microorganisms, such as Chlamydia pneumoniae 
208

. 

 

Atherosclerosis is driven by the Th1 response 
167,173

. This notion is supported by the 

finding that the prototypic Th1 cytokine, IFN-γ is produced locally 
200,209,210

 mainly by 

Th1 cells, as well as by CD8+ T cells, NKT cells, NK cells, and IL-18-stimulated 

VSMCs 
211,212

. Other Th1 inducing cytokines, such as IL-12 and IL-18 
196,213

 can also be 

found. Consequently, mice models lacking IFN-γ or its receptor 
214

, IL-12 
215

, IL18 
216

, 

TNF-α 
217

 or T-bet 
218

 (a transcription factor leading to Th1 differentiation), were 
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associated to a significant reduction of atherosclerosis. Analogously, administration of a 

Th1 inhibitory drug, pentoxifyllin 
219

 also reduces disease.  

IFN-γ is a major proatherogenic cytokine, fostering inflammation and extracellular-

matrix destabilization. It promotes macrophage and endothelial activation with 

upregulation of LAMs and MHC class II molecules, enhanced cytokines, chemokines, 

radicals, proteases, and coagulation factors production and secretion, and inhibits cell 

proliferation, both endothelial 
220

 and VSMCs 
221

, collagen production by the latter 
222

, 

and cholesterol efflux 
167

. Decreasing the cell and collagen content of the fibrous cap 

might reduce the stability of the plaque and facilitate its rupture. 

Contradictory data have also been presented for Th17 cells. Although IL-17 mRNA 

seems to be present at low abundance in atherosclerotic plaques, IL-17 protein has been 

detected in several cell types of human atherosclerotic tissue, including T cells, mast 

cells, B cells, neutrophils and VSMCs 
223

. 

Another cytokine with a key role in atherosclerosis is TNF-α, which is produced by Th1 

cells, macrophages, and NK cells. It is pro-inflammatory and cytotoxic, inducing the 

production of reactive oxygen and nitrogen species, proteolytic enzymes and pro-

thrombotic tissue factor by endothelial cells, and modulating fibrinolysis 
224,225

. Also 

inhibits metabolic enzymes including lipoprotein lipase, which leads to the 

accumulation of triglyceride-rich lipoproteins in the blood. Such lipoproteins, and the 

TNF-α levels, have been associated with heart disease in clinical studies 
226

. Gene 

targeting of TNFA leads to reduced atherosclerosis 
216,217

. In relation with all these 

functions, TNF-α may modulate the progression of atherosclerotic plaque. Besides, RA 

patient levels of endothelial progenitor cells (a possible contributor to intimal repair) are 

low and inversely correlated with TNF-α concentration 
227,228

. 
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Inflammation promotes not only the initiation and progression of the atherosclerotic 

lesion, but also the development of the complicated or disrupted lesion. The most 

common form of physical disruption that occurs in the advanced or complex plaque 

involves rupture of the plaque's fibrous cap 
229

, releasing some of the sequestered 

contents of the atheroma core and allowing prothrombotic tissue factor to contact 

coagulation factors in the bloodstream 
168

. As mentioned before, inflammatory 

mechanisms can facilitate disruption or fracture of the fibrous cap. T lymphocytes 

participate in the inflammatory processes that inhibit the synthesis and promote the 

degradation of the interstitial collagen matrix that confers tensile strength upon the 

fibrous cap 
230

. IFN-γ limits collagen I and III synthesis by VSMCs (both basal 

production and TGF-β stimulated production) 
222

. Proinflammatory cytokines such as 

CD40 ligand, IL-1, or TNF-α may also promote plaque disruption by stimulating the 

expression in endothelial cells, macrophages, and VSMCs of collagen-degrading 

MMPs, enzymes that catabolize collagen and other macromolecules of the arterial 

extracellular matrix 
231,232

. Postmortem evaluation of coronary arteries from patients 

with MI found large proportions of activated mast cells at the site of plaque rupture, as 

well as release of serine proteinases (chymase and tryptase), which may promote 

collagenolysis via activation of MMP proenzymes 
233

. 

In addition, activated T cells may promote thrombogenesis via expression of the 

CD40L, which stimulates macrophages to produce the potent procoagulant tissue factor 

234
. Proinflammatory cytokines such as IL-1 and TNF-α may also promote thrombosis 

by increasing tissue factor expression in endothelial cells 
235

. 
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2.6. CV Risk Factors 

 

2.6.1. Traditional Risk Factors 

In patients with established disease, RA duration has been a fairly consistent RA-

specific factor independently associated with CV events 
129

 and subclinical 

atherosclerosis 
154,236-238

, although this association has not been uniform across studies 

119,135,136,144,239,240
. There is evidence even supporting an increase risk of CV disease 

before RA diagnosis 
134,241

. This phenomenon could be due to the fact that 

autoimmunity and systemic inflammation have been shown to precede clinical RA 
242

. 

Also, there is a delay of months to years between articular symptoms onset and RA 

diagnosis 
243

 in which CV events could manifest.  

Regarding mortality 
244

, a difference in observed and expected mortality emerged only 

after 10 years of followup. Acordingly, other studies have not find an increase in 

mortality before the onset of RA symptoms 
245

 or in the first 10 years after diagnosis 
246

.  

 

2.6.1.1. Hypertension 

Hypertension is common in patients with RA but it remains unclear whether it is more 

common than in a comparable general population of subjects without RA 
247

, although 

in a recent metaanlysis, the prevalence of this condition was similar to that of subjects 

without RA 
158

. There is evidence for underdiagnosis and undertreatment of 

hypertension in patients with RA 
248

 despite the fact that it is the major determinant of 

target organ damage in these patients 
249

. A link between low-grade inflammation and 

hypertension has been suggested from general population studies 
247

, although in RA 

patients this association has not been consistently observed 
248,250

. 
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Besides systemic inflammation, also physical inactivity, obesity and medications such 

as non-steroidal anti-inflammatory drugs, cyclo-oxygenase II inhibitors, corticosteroids, 

leflunomide and cyclosporine, may lead to high rate and poor control of hypertension in 

patients with RA 
247

. 

 

2.6.1.2. Hyper/Dyslipidaemia: 

Alterations of the lipid profile have been extensively reported in RA. Although 

contradictory results were observed regarding the lipid profile before RA onset 
251,252

, it 

is considered that before RA symptoms onset and in concordance with raised levels of 

immunoglobulin M RF, anti-CCP 
253

 and CRP levels 
254

 
255

, there is already a 

proatherogenic lipid profile. Also, in naïve treated patients with early RA 
256-258

, this 

lipid profile may be detected. 

Hyperlipidaemia (high total cholesterol (TC) or LDL) appears to be less common in RA 

than in non-RA subjects 
152,259

. In fact, there are studies showing a lower TC and LDL 

levels in subjects with an active RA 
260,261

, as a result from their increased catabolism or 

increased retention (subendothelial deposition) rather than decreased lipid production 

262,263
. This subendothelial lipid deposition might explain the paradox of lower 

cholesterol levels and increased CV risk in RA 
259,264-266

. 

On the other hand, dyslipidaemia (alterations of individual lipid components and their 

ratios as defined by specific criteria) may affect up to half of all patients with RA in 

hospital care 
264

. 

It is important to take into account that antirheumatic treatments, including 

glucocorticoids, hydroxychloroquine, gold, ciclosporin, as well as the biological agents 

anti-TNFα, rituximab and tocilizumab, affect lipid levels 
267,268

. 
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In vitro animal model and human in vivo studies in subjects without RA demonstrate 

that the interplay between inflammation and lipid components is far more complex than 

just alterations of their serum levels 
269

: for example, acute phase proteins and 

inflammation can alter composition and function of high-density lipoprotein (HDL) 

cholesterol, the enzymes fundamental to its metabolism or the enzymatic content of 

HDL itself , increasing the susceptibility to oxidation and convert HDL in a more pro-

oxidant, pro-atherogenic complex. Such inflammation-induced alterations of structure 

and function are not confined to HDL but involve also triglycerides and LDL. 

 

2.6.1.3. Diabetes Mellitus 

IR has been found to affect both untreated RA patients with recent disease onset 
257

 and 

patients with established RA 
270

. In the first group, IR has been correlated with 

inflammatory parameters, as well as disease activity 
258

, while in the latter IR has been 

associated with accelerated coronary atherosclerosis.  

Inflammatory markers, such as TNF-α, impair the uptake of glucose in skeletal muscle 

and stimulate lipolysis in the adipose tissue, suggesting one of the mechanisms of IR in 

RA patients 
271

. Subsequently increased lipolysis and fatty acids levels provoke an 

inflammatory response of macrophages that further stimulates TNF-α and IL-6, with a 

positive feedback cycle 
272

. 

 

2.6.1.4. Smoking 

Among traditional CV risk factors, smoking is considered one of the strongest 

environmental elements that are thought to play a relevant role in RA induction and 

progression, particularly in genetically predisposed individuals 
26

. Smoking is 

associated with severe RA, for instance with more erosive disease or extra-articular 
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involvement 
273

. Smokers are more likely to have positive RF and anti-CCP which are 

predictors of aggressive RA 
273

, but it is not clear if smoking confer the same relative 

risk for CV disease compared to the general population 
274

.  

It is well established that smoking is associated with subclinical atherosclerosis in RA 

patients 
275

. Recently, the additive and multiplicative interaction between heavy 

smoking (≥ 10 pack-year) and genetic background in seropositive RA in favoring CV 

risk has been demonstrated in a prospective cohort of female nurses with incident 

disease 
276

. 

 

2.6.2. Inflammatory risk factors 

Elevated levels of nonspecific systemic inflammatory markers (ESR and CRP), RF, 

anti-CCP, other inflammatory mediators, RA activity and severity (that is, small and 

large joint swelling, destructive changes on joint radiographs, rheumatoid nodules, 

vasculitis, rheumatoid lung disease and corticosteroid use) are statistically significantly 

associated with increased risk of CV events and/or death 
130,147,277-285

. Even the presence 

of an elevation of nonspecific systemic inflammatory markers (ESR and CRP) or RF in 

absence of rheumatic disease is a risk factor of CV disease 
278,286,287

. This suggests that 

immune dysregulation may promote CV risk in people with rheumatic disease and also 

in the general population and further supporting the hypothesis that inflammation and 

immune dysregulation are responsible, at least in part, for the excess CV risk in RA. 

However, the theory that ‘high-grade’ systemic inflammation in RA may be related to 

an accelerated atherosclerosis with generalized vascular injury, enhanced CV morbidity 

and mortality 
288

, has still not been proved. Although studies in this regard collectively 

demonstrate worse vascular function and morphology in RA than in controls, have not 

jet provided definitive answers as to whether this relates to mechanisms operating 
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before or since the onset of RA, or the relative contribution of current versus cumulative 

inflammation versus traditional CV risk factors and their interplay. Only one study has 

suggested that this may be the case in RA 
289

. 

Regarding animal models, they have shown that to knockout or neutralice the Tnfa gene 

was associated to a lower endothelial activation 
290

 and to a reduction in the extent of 

atherosclerosis 
217

, which would suggest that chronically elevated levels of circulating 

inflammatory cytokines accelerate the process of atherogenesis. However, these results 

have not been consistently reproduced in humans: only some studies have shown a 

significant association between subclinical atherosclerosis and systemic inflammatory 

markers 
145,154,237,283,291-293

, while others did not showed any association 
143,144,236,240,294-

297
. This inconsistency could be related to the possibility that chronic exposure to 

circulating cytokines may have a less potent effect on atherogenesis in RA than the one 

observed in animal studies or in the general population 
298

, particularly since 

inflammatory markers in RA patients are increased many-fold relative to non-RA 

patients, yet CV disease risk is increased by only approximately 50%. It is important to 

take into account that most of those studies were cross-sectional, powered only to 

observe large effects, and enrolled patients with established disease. Since inflammatory 

markers tend to fluctuate with time and treatment, a single cross-sectional assessment 

later in the RA disease course may not accurately reflect cumulative exposure.  

The strong associations of indirect measures of cumulative inflammation, such as RA 

duration 
144,236

 or disease severity 
239

, with measures of atherosclerosis provide 

circumstantial evidence of causality (such as the association between active disease and 

echographic measures of plaque instability 
299

), but these measures are indirect and 

could reflect pathogenic processes other than systemic inflammation. 
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2.6.3. Genetic risk factors 

A specific genetic background, in addition to confer increasing susceptibility to RA, 

may contribute to the development of subclinical atherosclerotic damage both directly 

and through the interaction with some traditional and disease-related risk factors 
300

. 

Multiple variants in multiple genes have been investigated in association with CV risk, 

classic CV risk factors and CV mortality. 

  2.6.3.1. Influence of polymorphisms of the HLA genes 

As previously pointed out, alleles from the HLA-DRB1 gene are not only risk factors for 

RA but also for CV disease (especially the HLA-DRB1*0404 allele) 
279

. Carriers of two 

copies of the SE alleles also were associated with about a two-fold increase of mortality 

from CV disease 
279,280

, particularly from IHD 
301

. When specific SE genotypes were 

analyzed, the HLA-DRB1*01/*04 combination conferred the highest risk of mortality 

from CV disease, regardless the duration of the disease 
279,280,301

. Also, this combination 

resulted predictive of mortality due to IHD independently of the inflammatory burden 

301
 (measured as ESR, RF positivity, disability, joint involvement and presence of extra-

articular disease).The HLA-DRB1 gene is also associated with subclinical 

atherosclerosis: the *0404 allele, together with carrying two copies of the SE, were 

associated to an impaired endothelium-dependent vasodilation 
302

 and atherosclerotic 

plaque 
303

. Also, an interaction between alleles of the HLA-DRB1 gene and other CV 

risk factors, such as the presence of anti-CCP (which seem to be associated with 

subclinical atherosclerosis 
304

) has been observed. The combination of carrying two 

copies of the SE alleles, in the presence of anti-CCP and with a smoking background, 

appears to confer a very high risk of premature death from CV disease 
280

. 
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  2.6.3.2. Influence of polymorphisms of the TNF superfamily genes 

Polymorphisms located in genes belonging to the TNF superfamily were analyzed 

regarding their association with CV disease or classic CV risk factors. TNF-α is an 

important pro-inflammatory cytokine, with a central role both in RA and 

atherosclerosis. Also, as pointed out before, TNF-α disturbs lipoprotein metabolism. A 

variant located in the promoter region (TNFA -1031 (T>C)) has been associated with 

smaller LDL particles, that have a greater affinity for extracellular matrix and higher 

susceptibility to oxidation 
305

. No other variants of this gene have been studied in 

association with CV disease in RA. 

TNF-β has been implicated in the early stages of the vascular inflammatory process 
306

, 

inducing expression of LAMs in endothelial cells. Also, in mice models, its 

concentration has been correlated with plaque size 
307

. The variant located at position 

252 (A>G) of the LTA gene has been associated with higher transcriptional activity and 

with a higher risk of MI in RA 
308

. 

Galectin-2 is a soluble beta-galactoside binding lectin, able to interact with TNF-β 
309

. 

There is a polymorphism located in intron 1, at position 3279 (C>T) that is associated to 

a decreased transcriptional activity of the LGALS2 gene. Due to its interaction with 

TNF-β, it has been observed that a decrease in the production of Galectin-2 results in a 

inhibition of TNF-β secretion into the medium 
309

. Although this variant showed 

association to MI in general population, no association was observed in RA patients 
308

. 

However, it was associated to hypertension 
310

. 

The TNFRII is a type I transmembrane glycoprotein that can be proteolytically cleaved 

to generate soluble receptor fragments that may function as natural TNF-α antagonists 

311
. Unlike TNFRI, TNFRII is generally inducible and mainly expressed by endothelial 

and immune cells. The interaction with TNF-α leads to the activation of pro-
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inflammatory and survival pathways via NF-κB 
312

. The polymorphism located at 

position 196 of the gene TNFRSF1B (substitution of Methionine for Arginine) was 

studied regarding its association with CV disease, observing no association neither with 

IHD nor stroke. However, this variant was associated to a higher risk of hypertension 

313
. 

 

  2.6.3.3. Influence of polymorphisms of cytokine and chemokine genes 

IL-6 is a cytokine characterized by pleiotropic and redundant actions, involved in 

inflammation, bone metabolism, immunity, endocrine functions. It is also a major 

regulator of the synthesis of acute phase reactants by the liver 
314

. IL-6 is produce by a 

wide variety of cells, including lymphocytes, monocytes, fibroblasts, endothelial cells 

and adipocytes. This cytokine is involved in CV disease and in RA: high circulating 

levels of IL-6 are associated to a higher risk of coronary heart disease and CV mortality 

315,316
. Conversely, RA patients have higher IL-6 levels that healthy controls 

317
. A 

variant located in the 5’ flanking region (-174 (G>C)) has been associated with higher 

transcriptional activity and increased levels of IL-6 
318

 in general population. Taking 

into account the previously exposed, this polymorphism has been analyzed regarding its 

association with CV disease in RA patients, observing a significant association 

independently from traditional CV risk factors 
319

. Also, a significant impairment in 

endothelium-dependent and independent vasodilation.
320

 have been observed. However, 

this variant was not associated to hypertension 
321

. 

The macrophage migration inhibitory factor (MIF) is a cytokine also produced by a 

wide variety of cells, such as monocytes/macrophages, lymphocytes, endothelial cells 

and smooth muscle cells 
322

. In RA, MIF stimulates macrophages to release cytokines 

critical in this condition, such as TNF, IL-1, IL-6, and MMP. In atherosclerosis, plaque 
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size and macrophages accumulation were found to be directly proportional to increases 

in MIF levels 
322

. Deletion of the MIF gene was associated with a marked reduction in 

lesion frequency and disease severity in atherosclerotic prone mice models 
323

. Two 

variants of MIF were studied in their association with CV disease. Both of them had 

been previously associated with higher plasma MIF levels 
324

. However, neither the 

CATT5–8 deletion 
325

 nor the -173G>C 
325,326

 polymorphism were associated to CV 

disease, nor endothelial dysfunction nor carotid IMT 
326

. 

The chemokine CCL21 has been implicated in the pathogenesis of both RA and 

atherosclerosis: regarding the first, it has been implicated in the organization of 

lymphoid tissue affected by RA 
327

. In the latter, by recruiting T cells and macrophages 

to the atherosclerotic lesions and by promoting inflammatory responses in these cells 

328
. A polymorphism from this gene (rs2812378) was analyzed regarding its influence in 

CV mortality, not finding any significant association 
329

.  

 

  2.6.3.4.  Influence of polymorphisms of the nitric oxide synthase genes 

Endothelial dysfunction constitutes one of the primary causes of initiation of 

atherosclerosis. Since the endothelium is a major source of nitric oxide (NO) in the 

vasculature, loss of normal cellular function would result in altered nitric oxide synthase 

(NOS) function and NO synthesis. The endothelium has a constitutive supply of NO 

from the endothelial NOS (eNOS, NOS3) and under certain conditions such as 

inflammation, can produce excessive NO from the inducible isoform of NOS (iNOS, 

NOS2) 
330

. In normal conditions, NO exerts vasodilatadory and anti-inflammatory 

effects on the vascular wall (inhibiting the expression of LAMs and chemokines). 

However, produced in great excess by the NOS3 of endothelial cells and macrophages, 

can induce injury to the endothelium, though the production of NO derived radicals 
330

.  
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Both genes have been studied in connection to CV disease. The polymorphism of the 

NOS3 gene located at exon 7, leading to a glutamate to aspartate substitution at position 

298, was not associated to a higher risk of CV events 
331

. The functional effects of this 

variant in the enzymatic activity are uncertain 
332

. On the other hand, two variants of the 

iNOS gene (NOS2A) located in the promoter region were analyzed: the microsatellite 

CCTTT (with a influence in the gene transcriptional activity 
333

) and the (C>T) 

substitution at position -786. Neither both variants showed a significant association with 

the risk of CV disease 
331

. However, in carriers of the HLA-DRB1*0404 allele, these 

three variants showed association with CV disease 
331

, suggesting an interaction among 

different genes. 

 

  2.6.3.5. Other polymorphisms studied 

Regarding other variants strongly associated to RA, besides HLA, such as PTPN22, 

STAT4 and TRAF1/C5, none of them showed a significant association with neither 

clinical nor subclinical CV disease 
334

. Besides, TRAF1/C5 polymorphism was not 

associated with a higher mortality from CV disease 
335

. 

 

The 5,10-methylene tetrahydrofolate reductase is an enzyme that catalyze the 

transformation of methionine to cysteine. The lack of this enzyme leads to the 

accumulation of homocysteine, an independent nontraditional risk factor for CV 

disease. Homocysteine is directly toxic to endothelial cells, increases low-density 

lipoprotein oxidation, and has prothrombotic effects 
336

. The 677 (C>T) and the 1298 

(A>C) MTHFR gene polymorphisms, that are associated to a lower enzyme activity 
337

 

338
 and higher homocysteine plasma levels, were studied regarding their association 
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with CV disease in RA. Only the MTHFR 1298 (A>C) gene polymorphism showed 

association to CV disease and endothelial dysfunction 
339

. 

 

Leptin is a non-glycosylated peptide hormone, encoded by the gene LEP in humans 
340

. 

In animal models, its synthesis is regulated by food intake, sex hormones and 

inflammatory mediators, and its levels are negatively correlated with glucocorticoids 

and positively with insulin 
341-345

. Leptin levels have also been found increased in 

humans in several inflammatory diseases, including obesity, metabolic syndrome, RA 

and atherosclerosis 
346-348

. Direct pro-inflammatory activities of leptin on immune 

response have been shown in human and murine macrophages 
349,350

, human neutrophils 

351
, NK cells 

352
, dendritic cells 

353
, T lymphocytes 

354
 and synovial fibroblasts 

355
. On 

the basis of these studies, leptin has been investigated as a marker of disease activity in 

RA patients. On this regard, controversial results have been published 
356,357

. 

Furthermore, anti-TNF-α antibody treatment did not have any effect on serum levels of 

leptin in RA patients 
358,359

. Recently, the influence of a polymorphism located in the 

5’UTR (rs2167270 (19 G>A)) in the risk of clinical or subclinical CV disease in RA 

patients was analyzed. Unfortunately, no significant association was found 
360

. This 

variant had been previously associated with leptin levels 
361

 and obesity 
362

. 

 

The plasminogen activator inhibitor type-1 (PAI-1) is the primary physiologic inhibitor 

of plasminogen activation in blood. During intravascular fibrinolysis, endothelial-

derived plasminogen activator converts plasminogen to the active protease plasmin, 

which is able to degrade fibrin. Endogenous plasminogen activator is rapidly 

neutralized by PAI-1 
363

. Because of its major role in the regulation of the fibrinolytic 

process, PAI-1 overexpression may compromise normal fibrin clearance mechanisms 
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and promote pathological fibrin deposition and thrombotic events. A polymorphism of 

this gene, located in the promoter region (where one allele has a sequence of four 

guanosines (4G) and the other has five guanosines (5G) at position − 675, upstream 

from the mRNA initiation point) has been previously associated to CV disease and 

venous thrombotic episodes 
364

 in general population. In RA patients, this variant also 

has been associated with IHD 
313

.  
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3. JUSTIFICATION AND OBJECTIVES 

 

RA and atherosclerosis are both complex diseases in which genetic and environmental 

factors interact, leading to a chronic inflammatory condition. Besides, both diseases are 

related, sharing pathophysiological mechanisms. In both disorders, inflammatory 

mediators play a central role in the initiation and development of the rheumatoid pannus 

/ atheromatous plaque. 

Cytokines are small glycoproteins that function primarily as messengers in the immune 

system via autocrine, paracrine or endocrine manners. Cytokines bind specific receptor 

complexes, which, in turn, signal via transduction pathways to modulate gene 

expression within target cells. More than 100 cytokines within large, structurally related 

super-families have been described, and these mediate a large variety of regulatory and 

effectors functions within the immune system and beyond. Cytokines tend to be 

regulated in a coordinated manner; however, some seem to occupy pivotal positions 

within this hierarchy 
96

. TNF-α is considered a pleiotropic inflammatory cytokine with a 

central role in many pathophysiologic states and in associated comorbidities that affect 

more than just the primary target tissue. It has a homotrimeric structure, able to bind to 

two receptors, TNFRI and TNFRII, and thereby, be able to influence a variety of 

molecular and cellular events that contribute to several disease states 
365

. After synthesis 

in the endoplasmic reticulum, TNF-α is trafficked to the cell membrane where it 

remains as a functional membrane protein, or is solubilized via the action of a 

membrane-bound cleaving enzyme, TNF-α converting enzyme (TACE). TNF-α 

regulates leukocyte activation, maturation, cytokine and chemokine release, and 

production of reactive oxygen and nitrogen intermediates 
366

. As such, it is a central 
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regulator of inflammatory cascades during both initiation and amplification of 

inflammatory reactions.  

TNF-α probably promotes the inflammatory cascade within the arterial wall during 

development of atherosclerosis (Figure 3). It is produced by Th1 cells, macrophages, 

and NK cells. 

 

Figure 3: Contribution of Tumor Necrosis Factor to atherosclerosis.  

 

 

TNF: Tumor Necrosis Factor. Adapted from 
366

. 

 

 This cytokine activates endothelial cells to express adhesion molecules as well as 

proinflammatory cytokine and chemokine receptors. It also promotes endothelial cell 

injury 
367

, enhancing apoptosis and suppressing the activities of endothelial cell 
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progenitors that could sustain endothelial repair 
368

. In RA patients, higher TNF-α 

concentration correlates with lower levels of circulating endothelial progenitor cells 
227

. 

TNF-α has also been implicated in promoting endothelial injury through recruitment of 

immune cells, such as neutrophils, which can mediate tissue destruction 
369

. In addition, 

TNF-α promotes oxidative stress, and can directly impair NO bioavailability with 

consequent promotion of endothelial dysfunction 
224,225

. TNF-α also promotes the 

expression of tissue factor.  

TNF-α has been implicated in the functional modulation of a variety of other tissue-

specific cell types, including chondrocytes, osteoclasts, hepatocytes, neurons and 

adipocytes. Through the latter cell type, TNF-α might contribute to regulation of lipid 

and glucose metabolism 
370,371

, which has direct clinical implications in the acute 

setting, for necessary advantageous metabolic responses to injury or severe infection, 

and in the chronic setting, for increased vascular risk.  

Another evidence of the involvement of the TNF-α in atherosclerosis pathogenesis is 

the reduced risk of CV events observed in those RA patients treated with TNF-α 

antagonist drugs 
372

. 

TNF-α production may have a genetic component up to 60% 
373

.  Its synthesis is tightly 

regulated at the level of gene transcription. It is important to take into account that 

determining whether a particular polymorphism is directly responsible for a phenotype 

and disease association is difficult when the polymorphism is within the MHC region, 

due to strong LD between alleles across the MHC. The minor allele of the -308 (G>A) 

polymorphism, located in the promoter region of the TNFA gene, is strongly associated 

with the MHC haplotype A1, B8, DR3 
374

, which is also associated with high TNF 

production  
375,376

 and autoimmune diseases, including insulin-dependent diabetes 

mellitus 
377

 and systemic lupus erythematosus 
378

. The minor allele of the TNFA variant 
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is also associated with enhanced spontaneous or stimulated TNF-α production in both in 

vitro and in vivo 
379,380

. However, so far evidence suggests that circulating TNF-α levels 

do not seem to correspond with the − 308 polymorphisms: circulating TNF-α level 

might be under a multifactoral regulatory process, meanwhile local TNF-α 

concentration might be of greater importance and under more control by specific 

polymorphisms 
380

.  

Due to the influence of this polymorphism in TNF-α production, an association with RA 

risk and response to therapy, especially anti-TNF therapy was predicted. However, in 

one hand the association with RA has been replicated with inconsistent results and in a 

recent metaanalysis, it seems that this polymorphism may represent a significant risk 

factor for RA in Latin Americans, but not in Europeans 
381

. On the other hand, this 

variant is neither a predictor of clinical response to anti-TNF treatment 
382,383

. 

Regarding CV disease, this variant has not been associated to subclinical atherosclerosis 

in Caucasian 
303

 no Indian 
384

. With respect to clinical CV disease, the results have been 

contradictory, although in a recent metaanlysis, it seems that this variant is not 

associated to CV disease 
385

. However, this variant was associated to CV disease in 

patients with end stage renal disease 
386

 or DM 
387

. 

 

Chemotactic cytokines, or chemokines, are small signalling proteins which main 

function is to attract and stimulate specific subsets of leukocytes, therefore playing a 

major role in acute and chronic inflammatory processes 
388

. Both in RA and 

atherosclerosis, several chemokines have been detected in synovial tissue and 

atheromatous plaques mediating not only migration, but also maturation and activation 

of leukocytes and other inflammatory cells present in the lesions 
389,390

. CCR5 is a 

heptahelical serpentine G protein-coupled receptor that binds multiple ligands, 
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including CCL3 (MIP-1α), CCL4 (MIP-1β), CCL5 (RANTES) and CCL8 (MCP-2). Of 

these ligands, MIP-1α and MIP-1β are considered to be selective to CCR5 
391

. CCR5 is 

expressed on macrophages, monocytes, Th1 cells, immature DCs and also in non-

immune cells such as endothelial cells and VSMCs 
392-396

. This molecule contributes to 

the survival 
397

 and accumulation 
398

 of macrophages during inflammation as well as to 

the recruitment and activation of T cells 
399

. It participates in osteoclasts formation 
393

 

and VSMCs activation and secretion of tissue factor 
394

. Consistent with its role in these 

cell types, CCR5 is considered to play a part both in RA and atherosclerosis.  

Regarding atherosclerosis prone mice models, CCR5 is implicated in the development 

and progression of the atheromatous plaque 
396,400,401

. Knockout mice studies have 

showed a reduction in plaque formation associated to a lower macrophage, Th1 and 

smooth muscle cell accumulation and increased expression of anti-inflammatory 

cytokines such as IL-10. Furthermore, studies using an antagonist of the CCR5 and 

CCR3 
402

 or a recombinant RANTES receptor antagonist 
403

 have demonstrated an 

attenuation of atherogenesis in Ldlr knock-out mice. 

A naturally occurring variant of the CCR5 gene, known as CCR5∆32 (dbSNP rs333), 

exists at allele frequencies of typically 10% in European populations 
404

 and it is defined 

by a 32-bp deletion that leads to a truncated nonfunctional receptor 
405

. Consequently, in 

individuals homozygous for CCR5∆32, the CCR5 receptor is eliminated from the cell 

surface 
406

 and in heterozygous individuals, surface expression is reduced by 20% to 

30% relative to the wild-type 
407

. 

It is not clear the association between this variant and CV disease. Several publications 

have demonstrated a protective effect of the CCR5∆32 allele with CV disease 
408-412

 

including reduced CRP, increased plasma HDL, decreased plasma triglycerides, 

decreased carotid IMT, reduced incidence of CV disease for a 10-year period, and even 
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a greater incidence of longevity. However, other studies have demonstrated no 

relationship with CV events 
413-417

 and in a single study,  an increased CV risk 

associated with CCR5∆32 allele and an earlier age of onset of MI in women was 

reported 
418

. These inconsistencies may reflect differences in study design, power, or 

population, and additional data will be helpful to understand the role of this CCR5 

polymorphism. 

Regarding RA, the association between the CCR5∆32 and this condition is also 

controversial 
419

. Some studies could not confirm a link 
420,421

 although a meta-analysis 

(5 studies/1790 RA patients) suggested a protective effect 
422

. Regarding CCR5∆32 

variant and disease severity, also conflicting results have been reported 
420,423,424

. 

Several studies observed a milder disease (such as less swollen joints, less morning 

stiffness and lower frequency of RF positivity) in RA patients carrying this deletion 

423,424
, although another found a non significant more severe disease in RA patients 

carrying CCR5∆32 
420

. 

 

Adipose tissue was previously regarded merely as an energy-storing organ, but now it is 

recognised as an active endocrine organ, secreting a variety of proteins that influence 

metabolism 
425

, known as ‘adipokines’ or ‘adipocytokines’. These molecules orchestrate 

via endocrine, paracrine, autocrine and juxtacrine mechanisms different processes, 

including food intake, insulin sensitivity, immunity and inflammation 
426,427

. 

Adipocytokines induce their activities through the binding to selective transmembrane 

receptors on different cell types. At present, the most studied adipocytokines are 

adiponectin, resistin, leptin and TNF-α.  

Resistin is secreted from adipocytes in mice and its main action is to antagonize the 

action of insulin 
428

: mice over expressing the Retn gene are insulin-resistant through 
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increased levels of serum resistin 
428,429

, while mice without Retn show decreased 

fasting plasma glucose levels 
430

. However, in humans resistin is believed to play a role 

in inflammatory responses 
431

: RETN appears to be mainly expressed in monocytes, 

macrophages 
432,433

, as well in synoviocytes 
434

, while isolated human primary 

adipocytes and preadipocytes do not express RETN 
434

. Its expression and secretion may 

be regulated by innate inflammatory signals, such as endotoxin and proinflammatory 

cytokines, like TNF-α 
435-440

. In turn, recombinant resistin up-regulates the expression of 

pro-inflammatory cytokines and LAMs on human endothelial cells 
441,442

, peripheral 

blood mononuclear cells (PBMC) 
435

, synoviocites from RA patients 
435

 and adipocytes 

434
. Consistent with this observations, resistin has been shown to induce pro-

inflammatory activities in chronic inflammatory diseases, including RA and 

atherosclerosis 
435,442-445

.  

Plasma resistin levels are highly correlated with levels of diverse inflammatory markers 

in healty subjects 
431

 , although in fully adjusted models, only soluble TNFRII (an index 

of TNF-α systemic activation 
446

), phospholipase A2 and IL-6 but not CRP, remained 

positively associated with resistin levels. Several small studies have reported that 

circulating resistin levels are increased with obesity 
447,448

, and T2DM 
449

, although not 

all reports have been consistent in this regard 
450

. In the latter, resistin levels are strongly 

associated with plasma soluble TNFRII 
431

, but not with measures of adiposity or IR. 

Regarding CV disease, no clear association with subclinical atherosclerosis, such as 

coronary arterial calcification, has been observed 
431,451

. 

In RA, the reports regarding resistin serum levels are not consistent, but it seems that, at 

least in Caucasians, or serum levels are not significantly different comparing with 

healthy subjects 
347,436

, or the increased levels observed in some reports are not due to 

the disase itself, as the difference does not remain significant after adjust for body mass 



 58 

index (BMI), inflammation, or both 
452

. However, in Japanese populations, RA is an 

independent factor associated to higher resistin levels 
453

. 

Regarding synovial fluid, there is a significant higher level of extracellular resistin 

compared with matched blood samples 
436,454

 and compared with synovial fluid from 

patients with a degenerative/traumatic joint disease 
436,445,454

.  

In synovial tissue, macrophages (CD68), B lymphocytes (CD20) and plasma cells 

(CD138) but not T lymphocytes (CD3) showed colocalisation with resistin 
445

.  

In RA patients, resistin levels are correlated with markers of inflammation such as 

circulating levels of IL-1Ra 
453,455

 and TNF- α 
453

. In fact, treatment with anti-TNF-

alpha therapy results in a rapid reduction of serum resistin levels 
456

. Also, some studies 

have shown a correlation between resistin and levels of CRP, ESR and leucocytes count 

445,453,456,457
, although these findings have not been always replicated 

435
. Also, 

association between resistin levels and DAS28 in RA patients has been described 
445

, as 

well as a weak association with a higher Larsen score 
452

. 

In RA resistin levels did not correlate neither with anthropometric parameters, IR 
457,458

 

nor coronary arterial calcification 
458

.  

The variant located in the promoter region at position −420 (C>G) of the RETN gene is 

associated to an enhanced promoter activity and therefore to higher resistin plasma 

levels 
459-461

, especially in Asian populations. The haplotype defined by the minor allele 

of this variant and the minor allele of another polymorphism located at -358 was 

associated to the higher resistin plasma levels 
462

. However, the latter is likely 

monophormic in Caucasians (http://www.hapmap.org/index.html.en). Conversely, in 

healthy Caucasian populations, the -420 polymorphism seemed not to be associated 

with plasma levels 
463-465

 or only account for a minor variation in circulating resistin 

451,466
. The molecular mechanism underlying this apparent ethnic difference is uncertain 
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but also might relate to reported variation in regulation of mRNA transcription across 

ethnicity 
467

. This variant, in healthy subjects, has been associated with soluble TNFRII 

levels 
451

.  

Reports of the -420 RETN variant associations with BMI or other measures of adiposity 

in populations of European descent have been inconsistent in the literature: some have 

reported no association 
451,461,464,468

, while others did so only in subgroup analyses 
469-

471
. Regarding T2DM, contradictory results have been observed: the −420 variant was 

reported a primary determinant of susceptibility 
472

 in Japanese population, meanwhile 

other studies did not find an association neither in Caucasian  

461,473-475
 nor in Chinese 

476
 populations. However, both in Caucasian 

474
 and in Japanese 

T2DM patients 
460

, the -420 polymorphism has been associated to cerebrovascular 

disease. This variant has not been associated to coronay arterial disease in Caucasian 
465

 

and in a Chinese population the results are conflictive 
476,477

. Also in Caucasians, there 

was neither association with carotid atherosclerosis nor with MI 
478

 nor mortality form 

all causes nor with CV mortality 
465

. 

Adiponectin (encoded by the ADIPOQ gene) is the most abundant adipokine in human 

plasma 
479,480

. It was previously thought to be secreted by adipocytes only 
479

, but has 

been shown to be expressed by other cell types, including osteoblasts and synovial cells 

such as RA synovial fibroblasts 
481

. Peripheral levels show a pronounce differences 

between men and women with about 1.5 times higher concentrations in women 
482,483

. 

Adiponectin has an insulin-sensitising, anti-inflammatory and anti-atherogenic 

properties, playing a critical role in the development of IR 
484

. This adipocytokine exerts 

its insulin-sensitising effects in the liver by suppressing gluconeogenesis and in the 

skeletal muscle by enhancing fatty acid oxidation 
485

. Furthermore, adiponectin exhibits 

anti-inflammatory and atheroprotective actions in various tissues by suppressing the 
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expression of LAMs 
486

 and SR 
487

, reducing the expression of TNF-α 
488

, raising NO 

production 
489

, suppressing the proliferation and migration of VSMCs 
490

 and reducing 

neointimal formation in response to vascular injury (in mice) 
491

. Also it suppresses the 

proliferation of myelomonocytic progenitors 
488

. Opposed to the antiinflammatory and 

antiatherogenic properties of adiponectin in CV and metabolic diseases 
492-494

, in RA 

this adipokine seems to exert proinflammatory effects: in vitro and in animal studies 

demonstrated the ability of adiponectin to activate proinflammatory pathways in 

synoviocytes 
481,495

 (especially those derived from RA subjects in comparison with 

those derived from osteoarthritis), leading to production of chemokines, cytokines and 

matrix-degrading enzymes (especially CCL20, CXCL11, MMP10, MMP3) 
496,497

, 

chondrocytes, leading to production of IL-6, IL-8 
497

 and MMP3 
498

, and osteoclasts 
499

 

that may mediate damage to cartilage and bone. In this regard, adiponectine levels have 

been linked with erosive damage in RA 
500-502

 and erosive osteoarthritis 
503

. 

Plasma adiponectin levels have been reported as decreased in states of obesity 
482,504,505

, 

T2DM 
504,506-509

 and coronary arterial disease 
510-517

. Adiponectin plays an important 

role in the pathogenesis of T2DM and low levels of adiponectin serve as predictor for 

develop of  IR and T2DM 
506,518

. 

However, in RA, plasma levels were found higher than in healthy control 
347

 and 

synovial levels were higher compared with osteoarthritis patients 
454

. 

ADIPOQ is placed on chromosome 3q27. This genomic region has been shown to 

segregate with IR traits and T2DM in several family studies 
519,520

. A recent, systematic 

analysis of this locus in Europeans suggests that this gene is organized in two blocks of 

high LD separated by a region of low LD placed in the middle of the first intron 
483

.  

Adiponectin levels are highly heritable (30–70%) 
521-523

 and various polymorphisms 

located in the ADIPOQ gene showed a major influence in adiponectine plasma levels 
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524-526
. However, the variants that will be analyzed in our work have not been 

consistenly associated to this adipocytokine peripheral levels,  nor in Caucasian 

523,524,526,527
 nor in Asian 

525
 populations. It is unclear whether these differences in 

association across studies reflect differences in genetic background or modifying 

environmental factors between populations are the result of discrepancies in 

ascertainment criteria or phenotyping methods or simply represent statistical 

fluctuations 
523

. However, both have been associated to CV and metabolic diseases. 

The rs266729 variant, located in the 5’ flanking region, position −11377, has been 

associated with T2DM in Caucasians in two recent metaanalysis 
528,529

, although in a 

previous one no association was described 
523

. Regarding CV disease, there was 

association with ischemic stroke 
530

 in non-diabetic Chinese subjects. However, 

Caucasians did not show association with clinical CV disease 
531,532

 but was related to a 

significant (>50%) coronary stenoses 
531

 and to a greater carotid IMT 
533

. 

Regarding the rs1501299 polymorphism, located in the second intron at position +276, 

it was not found associated with T2DM in various metanalysis 
523,528

, although, in 

T2DM subjects, the minor allele was associated to a reduced CV risk 
523

. In non diabetic 

population, no association was observed in two different studies with Caucasian 

subjects of north European ancestry 
531,534

. However, in a cohort of Caucasians of south 

European ancestry, an association was observed between this variant and a lower risk of 

CV disease 
535

. Regarding subclinical atherosclerosis, association with carotid IMT or 

ischemic stroke was described neither in Asians 
536

, nor in Caucasians 
537

. No 

association with coronary stenoses was observed in north European Caucasian 

population 
531

. 
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Neovascularization is an important process in the development and instabilization of 

atherosclerotic plaques 
538

. The immature vessels induced by pro-angiogenic factors can 

contribute directly (through intraplaque hemorrhage) or indirectly (by supplying 

inflammatory cells) to the instability of the plaque 
539-541

. It has been observed that 

treatment of mice models prone to atherosclerosis with recombinant human VEGF 

causes an increase in plaque growth 
542

. As the atheromatous plaque grows and the 

intima thickens, oxygen diffusion from the lumen becomes more difficult, resulting in 

low oxygen tension and activation of proangiogenic substances. Most neovessels in the 

plaque originate from branches of vasa vasorum 
543

 and typically are dysmorph and 

immature 
544

. One of the most important pro-angiogenic factors is VEGF. Hypoxia, 

through hypoxia inducible factor (HIF)-1 
545

, is able to increase the expression of both 

VEGF and VEGF receptors, facilitating angiogenic processes and enabling endothelial 

cells to stimulate the receptors through autophosphorylation 
546

. HIF-1 expression can 

be induced also by inflammatory 
547

, oxidative 
548

, vasoactive 
549

 and thrombotic factors 

550
. On the other hand, inflammation may also regulate angiogenesis independent of 

HIF-1 
551

: pro-inflammatory cytokines such as IL-6, IL-1β and TNF-α are able to 

increase VEGFA expression 
552,553

. 

VEGF can act as an endothelial-cell mitogen and as a modulator of changes in vascular 

permeability 
554

: it is able to stimulate endothelial cell proliferation and growth and to 

prevent apoptosis in ischemic conditions 
555

. Besides, it is able to modulate the 

recruitment of leucocytes, increasing the vascular permeability 
556

, by increasing the 

expression of various LAMs in endothelial cells of newly formed vessels 
557,558

. It is 

also able to stimulate the production and release of chemokines, such as monocyte 

chemoattractant protein-1 
559,560

, and to directly stimulate the migration and activation 

of monocytes through its receptor Flt-1 
561

. In turn, activated monocytes produce TNF-α 
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and IL-1β and various MMP. Although these enzymes, from a physiological 

perspective, clear the road for growing neovessels, they also contribute to the 

weakening of the fibrous cap and thus to the instability of the plaque 
562

. 

Different evidences have supported a role of VEGF in RA angiogenic processes 
563,564

. 

As in the atheromatous plaque, VEGF expression is enhanced in response to the 

hypoxic conditions in the RA joint 
66,565

 and by a variety of pro-inflammatory cytokines, 

such as  TNF-α, IL-1, IL-6, IL-17, IL-18, NO, hepatocyte growth factor, macrophage 

MIF, endothelin-1 and prostaglandins 
66,564,566-569

. Accordingly, RA patients show 

elevated levels of VEGFA expression in synovial fluids 
570

 and serum, with a correlation 

between serum VEGF with RA severity 
571

. 

Several polymorphisms have been described within the VEGFA promoter and 5´UTR 

regions, which regulate VEGFA expression at the post-transcriptional level 
572,573

. We 

selected two variants with functional relevance: the -1154 G>A (rs1570360) located 

within the VEGFA promoter and -634 G>C (rs2010963) located within 5´UTR 
574

. 

Minor allele of the -1154 variant has been associated to a lower VEGFA transcription 

574
. The -634 polymorphism seems to affect the activity of the internal ribosomal entry 

site B 
574

, reducing VEGFA translation of the normally secreted VEGF isoforms 
574

. 

Accordingly, the major allele is associated to higher serum VEGF levels 
573,575,576

. In 

turn, the -1154 variant has been associated to greater VEGF production by PBMC 

574,577
, but not to higher peripheral levels 

578
. 

Despite the functional relevance of these polymorphisms, no association with the risk of 

RA have been observed, nor in Caucasian 
579

, nor in Asian populations 
580

. Regarding 

other conditions, the -634 variant has been associated to severe diabetic complications 

573
, neurodegenerative disorders 

574
, Behçet disease 

581
 and giant cell arteritis 

582
 and the 

presence of severe ischemic complications 
583

 in this disease. Regarding CV disease, 
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this variant showed association only in subjects with T2DM 
576

. In turn, the -1154 

polymorphism has not been associated with CV disease 
584,585

. 

 

Immune responses and cytokine expression are influence by alterations in circulating 

hormones and nutrients, and, in turn, proinflammatory cytokines and immune-derived 

growth factors produced during inflammation influence hormone secretion, 

neuroendocrine function and metabolism 
586

. Growth hormone is one of the most 

studied endocrine factors in this regard owed to the many effects that exert on cells and 

organs of the hematopoietic and immune systems, including effects on cell survival, T-

cell development, cytokine regulation and the proliferation of lymphoid cells 
587

. In 

turn, it has been described a 28-amino-acid peptide, known as ghrelin, that binds to the 

growth hormone secretagogue receptor (GHS-R). Through this receptor it exerts its 

main endocrine functions, such as stimulation of GH secretion from the pituitary 

(independent from that of hypothalamic GH-releasing hormone), induction of food 

intake 
588

 and regulation of energy homeostasis 
589,590

. This peptide is mainly 

synthesized and secreted by the X/A-like cells in the oxyntic glands of the stomach 

591,592
. However, lower ghrelin expression and secretion have been also demonstrated in 

the gastrointestinal tract, pancreas, brain, pituitary gland, kidney, lung, placenta and the 

heart 
590,591

. Acylation on the third serine residue, promoted by ghrelin O-

acyltransferase 
593

 is essential for binding to the GHS-R1a 
594

, a highly functional 

conserved G-protein-coupled receptor 
595

. Besides the endocrine, other ghrelin functions 

have been reported: release of various hormones like ACTH, cortisol and prolactin 
596

; 

modulation of cell proliferation and survival; glucose metabolism, pancreatic function, 

and gastric acid secretion 
590,597

; and immune modulation. Both ghrelin and GHS-R 

have been detected on the surface of immune cells: T cells, B cells, neutrophils, and 
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monocytes 
598,599

. This peptide is able to inhibit the expression of proinflammatory 

cytokines such as IL-1β, IL-6 and TNF-α in T lymphocytes and monocytes 
598

, and 

TNF-α and H2O2-induced cytokine release in endothelial cells 
600

. It also augments the 

anti-inflammatory cytokine production and chemokine levels in experimental arthritis 

601,602
. Accordingly with these anti-inflammatory functions, lower ghrelin plasma levels 

have been observed in RA patients compared to controls 
603

 and treatment with anti-

TNF-α drugs increases ghrelin concentrations 
604

.  

GHS-R has also been found in heart, blood vessels and endothelial cells 
605

, suggesting 

that ghrelin could have direct effects on CV regulation, cardiac structure and function as 

well as atherosclerotic lesions 
600

. Ghrelin has showed effects as an inotropic regulator, 

enhancing the cardiac output 
605-607

 through a non-GHS-R 1a receptor, leading to the 

release of cyclooxygenase metabolites from endothelial cells 
608

. Also ghrelin has a 

direct vasodilatation effect 
609,610

, by stimulating NO production and release from the 

endothelium 
611,612

, and by antagonizing the effect of endothelin1 
613

, in an endothelium-

independent mechanism. Also, this molecule has a cardioprotective effect, protecting 

the cardiomyocytes against apoptosis 
614

, both in ischemia-reperfusion animal models 

615,616
 and in congestive heart failure 

617
. In this condition, the expression in atrium and 

ventricles of ghrelin is decreased, while the GHS-R1a expression is increased 
618

. It has 

been observed that ghrelin receptors are also up-regulated in atherosclerotic coronary 

arteries 
619

. 

Different studies have associated different GHSR variants with obesity 
620

, coronary 

artery disease 
621

 and left ventricular hypertrophy 
622

. The rs509035 variant, located in 

the intron has been associated to insulin-resistance traits 
623

 and lower HDL levels in 

women 
624

. On the other hand, the rs2922126 variant, located in the promoter region, 

has been linked to metabolic syndrome, an increased waist circumference and increased 
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fast blood glucose in women 
624

. None of these polymorphisms, besides the rs512692, 

located in the 5’UTR region, have been associated to a higher risk of developing RA 
625

. 

 

The objective of our work is to deepen in the understanding of the genetic risk factors 

for CV disease in RA patients. To accomplish this goal, we proposed to study different 

polymorphisms belonging to genes that have been implicated both in RA and CV 

disease. We selected genes that code for proteins involved at different levels of the 

pathology of both conditions, such as cytokines (TNFA), chemokines (CCR5), 

adipokines (RETN, ADIPOQ), molecules that promote neovascularization (VEGFA) and 

factors that regulated energy balance and intake (GHSR).  

The specific objectives for this study are: 

a) To analyze the role of the TNFA −308 (rs1800629) polymorphism in the risk of 

clinical and subclinical CV disease in RA patients. 

b) To study if in RA patients, the deletion ∆32 of the CCR5 gene (dbSNP rs333) is 

associated to a lower risk of clinical or subclinical CV disease.  

c) To asses the influence of the RETN polymorphism located at -420 (rs1862513) 

in RA patients regarding the risk of clinical or subclinical CV disease. 

d) To evaluate the association between the ADIPOQ rs266729 (−11377) and 

rs1501299 (+276) variants and CV disease, both clinical and subclinical, in RA 

patients. 

e) To analyze if the VEGFA -634 (rs2010963) and -1154 (rs1570360) 

polymorphisms are a risk factor in RA patients of clinical or subclinical CV 

disease. 

f) To asses the influence in clinical and subclinical CV disease of the GHSR 

rs509035, rs512692 and rs2922126 polymorphisms in RA patients.  
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Objective: To assess the influence of the TNFA rs1800629 (G > A) polymorphism in the risk of cardiovascular

(CV) disease and subclinical atherosclerosis in patients with rheumatoid arthritis (RA).

Methods: 587 patients fulfilling the 1987 American College of Rheumatology classification criteria for

RA were studied. Patients were genotyped for the TNFA rs1800629 polymorphism using predesigned

TaqMan single nucleotide polymorphism genotyping assay. Also, HLA-DRB1 genotyping was performed

using molecular based methods. Carotid artery intima-media thickness, flow-mediated endothelium-

dependent and endothelium independent vasodilatation, used as surrogate markers of subclinical

atherosclerosis, were measured in a subgroup of patients.

Results: We observed a higher frequency of carriers of the minor allele A among the patients with CV

disease (with 37.6% vs. without 27.9%, p = 0.06, OR 1.56 [95% confidence interval-CI 0.95–2.54]). Carriers

of the minor allele A exhibited a higher risk of CV events after adjustment for demographic and tradi-

tional CV risk factors (p = 0.023, HR 1.72 [95% CI 1.076–2.74]). Also, a significant interaction between this

polymorphism and the presence of the rheumatoid shared epitope (SE) was observed (p = 0.024). Due to

this, the association between carriers of the minor allele A and CV disease was only present in carriers of

the SE, even after adjustment (p = 0.001, HR 2.43 [95% CI 1.41–4.19]). No significant association between

the TNFA variant and the surrogate markers of subclinical atherosclerosis was observed.

Conclusion: Our results show that TNFA rs1800629 gene polymorphism is associated with predisposition

to CV complications in patients with RA. This predisposition is restricted to individuals carrying the

rheumatoid SE.

© 2011 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: HLA, human leukocyte antigen; TNF, tumor necrosis factor;

RA, rheumatoid arthritis; CV, cardiovascular; OR, odds ratio; CI, confidence inter-

val; FMD, endothelium-dependent-flow-mediated vasodilatation-(post-ischemia);

NTG, endothelium independent- (post-nitroglycerin) vasodilatation; RF, rheuma-
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1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease

associated with high risk of cardiovascular (CV) events due to accel-

erated atherosclerosis [1,2]. In this regard, CV disease is the most

common cause of mortality in patients with RA [3]. Both traditional

(classic) [4] and non-traditional CV risk factors such as chronic

inflammation [5] have been implicated in the elevated CV mor-

bidity observed in these patients.

Since the outcome of patients with RA is strongly linked to the

development of accelerated atherosclerosis and CV complications

[1–3] and RA is a complex polygenic disease, an issue of major

importance is to determine the genetic implication in the risk of

0021-9150/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.atherosclerosis.2010.10.052
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CV morbidity of these patients. With respect to this, we previously

observed a contribution of the human leukocyte antigen (HLA)-

DRB1 gene to the risk of endothelial dysfunction, CV events and CV

mortality in Spanish individuals with RA [5,6]. Also, we reported a

contribution of the inducible and endothelial nitric oxide synthase

(NOS2A and NOS3) gene polymorphisms to CV event risk in patients

with RA [7]. Moreover, we have recently reported an implication

of the methylene tetrahydrofolate reductase (MTHFR) A1298C gene

polymorphism in the increased risk of atherosclerosis of patients

with RA [8].

Tumor necrosis factor-alpha (TNF-a) is a potent immunomedi-

ator and proinflammatory cytokine that has been implicated in the

pathogenesis of a large number of human diseases, including RA [9]

and atherosclerosis [10]. TNF-a mediates a wide variety of effec-

tor functions that are of major importance in the pathogenesis of

RA, including endothelial cell activation and chemokine amplifica-

tion leading to leukocyte accumulation, osteoclast and chondrocyte

activation promoting joint destruction, nociceptor sensitization

and development of metabolic syndrome [9]. In atherosclerosis,

TNF-a activates inflammatory and endothelial cells, induce a pro-

thrombotic state as well as insulin resistance and dyslipidemia

[10].

TNF-a synthesis is tightly regulated at the level of gene tran-

scription, and its production may have a genetic component

of approximately 60% [11]. A single nucleotide polymorphism

located at position −308 in the TNFA promoter (G > A, rs1800629)

has been associated with enhanced spontaneous or stimulated

TNF-a production both in vitro and in vivo [12,13]. However,

circulating TNF-a level does not seem to be influenced by this

polymorphism. While TNFA rs1800629 polymorphism has been

considered to be a risk factor in some autoimmune diseases

such as insulin-dependent diabetes mellitus and systemic lupus

erythematosus [12], the potential association of this polymor-

phism with RA has shown contradictory results. In this regard,

a recent meta-analysis disclosed that this polymorphism may be

a risk factor for RA in Latin Americans but not in Europeans

[14]. Moreover, TNFA polymorphism has not been confirmed to

be a predictor of the clinical response to anti-TNF treatment in

RA [15,16].

Since the incidence of coronary artery disease is a function

of the development and progression of atherosclerosis, the use

of noninvasive surrogate markers of atherosclerosis may be use-

ful for the diagnosis of CV disease through the identification of

subclinical disease. Noninvasive imaging techniques provide an

approach for identifying high-risk individuals who may benefit

from active intervention to prevent clinical disease. They offer

a unique opportunity to study the relation of surrogate markers

to the development of atherosclerosis. Among them, ultrasound

techniques based on flow velocity and intima thickness are con-

sidered an efficient way to measure the subclinical atherosclerosis.

There are some other noninvasive imaging modalities such as coro-

nary, and aorta imaging, left ventricular echocardiography imaging,

electron-beam computed tomography, magnetic resonance imag-

ing, and ankle–brachial index.

Taking into account all these considerations and the central role

played by TNF-a in RA and atherosclerosis, in the present study

we aimed to determine the influence of TNFA rs1800629 polymor-

phism in the increased incidence of CV events observed in patients

with RA. Considering the previously reported high experience of

our group in the assessment of subclinical atherosclerosis in differ-

ent rheumatic diseases using ultrasound techniques, in the present

study we also assessed whether the TNFA rs1800629 (G > A) gene

polymorphism might be associated with an increased risk of sub-

clinical atherosclerosis manifested by the presence of endothelial

dysfunction or increased carotid artery intima-media wall thick-

ness (IMT).

2. Patients and methods

2.1. Patients and study protocol

Between March 1996 and March 2008, 608 consecutive patients

that fulfilled the 1987 American College of Rheumatology classifi-

cation criteria for RA [17] were recruited from the rheumatology

outpatient clinics of Hospital Xeral-Calde, Lugo and Hospital Clínico

San Carlos, Madrid, Spain. A DNA sample (see below) was extracted

from these patients at the time of recruitment. Between December

2009 and January 2010 patient’s clinical records were examined

until patient’s death, loss of follow-up or December 1st, 2009. Socio-

demographical and clinical data regarding clinical manifestations,

classic CV risk factors and history of CV events were registered.

Clinical definitions for CV events and classic CV risk factors were

established as previously described [5,18]. In this regard, patients

were considered to have diabetes mellitus if before disease diag-

nosis they had been diagnosed as having diabetes mellitus by their

family physicians or if 2 fasting plasma glucose levels on different

days at the time of disease diagnosis or over the extended follow-up

were >125 mg/dl [5]. Smoking habit was considered to be present

in those patients who smoked at the time of disease diagnosis, dur-

ing the follow-up or who had smoked within the 10 years before

the onset of RA symptoms or the disease diagnosis.

A CV event was considered to be present if the patient had

ischemic heart disease, heart failure, cerebrovascular accident or

peripheral arteriopathy.

The definition of ischemic heart disease (IHD) included acute

coronary syndromes with or without persistent ST-segment ele-

vation and chronic coronary heart disease. IHD was diagnosed if

any of the following criteria were satisfied: a recorded diagno-

sis of ischemic cardiopathy, on account of some acute coronary

syndrome (acute myocardial infarction or unstable angina), the

presence of pathological Q waves in the electrocardiogram, and

coronary images showing >50% stenosis of at least one coronary

vessel [5]. Data regarding the clinical presentation of heart failure

were also collected from all patients, based on the Framingham

criteria [18]. A patient was considered to have a cerebrovascu-

lar accident when he/she had a stroke and/or transient ischemic

attacks (TIAs). Strokes were classified according to their clinical

features and they were confirmed by computed tomography and/or

magnetic resonance imaging. TIAs were diagnosed if the symptoms

were self-limited in less than 24 h, without residual neurological

damage [5]. Peripheral arterial disease was considered to be present

if it was confirmed by Doppler and arteriography [19]. Informa-

tion on the main demographic characteristics, CV risk factors and

CV events of patients in whom genotyping success was achieved

(n = 587 [97%]) is shown in Table 1. Genotype and allele distribu-

tion in our RA sample was similar to that previously described in

non-RA healthy Spanish population [20].

Since Hospital Xeral-Calde and Hospital Clínico San Carlos are

the referral centers for the population of each respective area, the

first CV event was defined as an event (case) of CV complication

diagnosed at the hospital in a patient without a previous history

of CV disease. Based on previously established protocols of man-

agement, all patients on methotrexate therapy were treated with

folate supplementation.

To determine the potential association between the TNFA

rs1800629 polymorphism and the presence of subclinical

atherosclerosis, between March 2007 and September 2009 a ran-

dom subgroup of patients from the Lugo cohort with no previous

history of CV events was selected. Presence of endothelial dys-

function was assessed by a brachial artery reactivity study in 130

patients. Flow-mediated endothelium-dependent vasodilatation-

FMD (post-ischemia) and endothelium-independent-NTG (post-

nitroglycerin) vasodilatation were measured by brachial ultra-
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Table 1

Demographic characteristics and genotype distribution of the patients with rheuma-

toid arthritis included in the study.

Variables n = 587

Females 435 (74.1)

Age of patients at the time of disease

diagnosis, years, median [IQR]

56 [45–65]

Time follow-up, years, median [IQR] 13.5 [7–18]

Anti-CCP positive (n = 401) 243 (60.6)

Rheumatoid factor positive (n = 581) 435 (74.9)

Shared epitope (n = 526) 344 (65.4)

HLA-DR3 (n = 479) 57 (11.9)

Cardiovascular events 93 (15.8)

Ischemic heart disease 51 (8.7)

Cerebrovascular accidents 27 (4.6)

Heart failure 23 (3.9)

Peripheral arteriopathy 7 (1.2)

Hypertension (n = 583) 219 (37.6)

Diabetes mellitus (n = 583) 67 (11.5)

Dyslipidemia (n = 583) 244 (41.9)

Obesity (n = 583) 59 (10.1)

Smoking habit (n = 581) 103 (17.7)

TNFA rs1800629

GG 414 (70.5)

GA 156 (26.6)

AA 17 (2.9)

G 984 (83.8)

A 190 (16.2)

Except where indicated otherwise, values are n (%). IQR, interquartile range; anti-

CCP, anti-cyclic citrullinated peptide antibodies.

sonography as previously reported [6,21]. A value of FMD less than

7% was considered pathologic, indicating the presence of endothe-

lial dysfunction [21]. Intra-observer variability for FMD and NTG

was 1.3% and 1.9%, respectively, based on the repeat of the brachial

ultrasonography in 32 healthy controls. Assessment of endothelial

function of patients undergoing anti-TNF therapy was performed

24–48 h before drug administration. Also, carotid ultrasonography

studies were performed in 108 patients to determine the carotid

artery IMT. It was assessed in the right common carotid artery as

previously reported [22]. Based on a second carotid ultrasonogra-

phy performed to 20 RA patients and 20 healthy controls within

a week after the first assessment, the correlation coefficient for

carotid IMT was 0.98.

The subject’s written consent was obtained according to the dec-

laration of Helsinki, and the design of the work was approved by

the Ethics Committee of Galicia (Spain). The Ethics Committee of

the Hospital Clinico San Carlos (Madrid) also approved the study.

2.2. Genotyping

2.2.1. TNFA genotyping

DNA from patients was obtained from whole peripheral blood,

using standard methods.

Subjects were genotyped to determine TNFA rs1800629 status

using TaqMan Assays-on-Demand from Applied Biosystems fol-

lowing the manufacturer’s protocol and analyzed using the ABI

7900HT Fast Real-Time PCR System (Applied Biosystems, Foster

City, CA, USA). The typing was successful in 587 patients (96.5%).

Also, 10% of the samples were re-genotyped at random. However,

no differences were observed with the results obtained before.

2.2.2. Shared epitope and DR3 determination

Several HLA-DRB1 alleles (HLA-DRB1*0401, *0404, *0405, *0408,

*0101, *0102, *1001, and *1402) are associated with susceptibil-

ity to RA. These alleles encode a conserved amino acid sequence

(QKRAA, QRRAA, or RRRAA), called the shared epitope (SE), at posi-

tion 70–74 in the third hypervariable region of the HLA-DRb1

molecule [23].

HLA-DRB1 typing was carried out using a reverse dot-blot

kit with sequence-specific oligonucleotide (SSO) probes (Dynal

RELITM SSO HLA-DRB1 typing kit; Dynal Biotech, Bromborough,

UK). When necessary, high-resolution typing of HLA-DRB1*03 sam-

ples was performed using Dynal AllSetTM SSP DRB1*03.

In our RA sample, 65.4% of the patients had at least one copy

of the rheumatoid SE, which was a frequency higher than that

described in non-RA Spanish individuals [24].

2.3. Statistical analysis

Comparison of means was performed using T-test. Comparison

of proportion between 2 or more group was carried out using �2

test or Fisher test, when required. Hardy–Weinberg (HWE) equi-

librium was tested in the RA patients with and without CV disease.

Both groups were in HWE (RA with CV disease p = 0.99, RA with-

out CV disease p = 0.60). Strength of association between CV events

and genotypes of the TNFA rs1800629 polymorphism was esti-

mated using odds ratios (ORs) and 95% confidence intervals (CIs),

via multiple logistic regression; estimates were further adjusted for

gender, age at RA diagnosis, time of follow-up, presence or absence

of SE and classic (traditional) CV risk factors (hypertension, diabetes

mellitus, dyslipidemia, obesity and smoking habit) as potential con-

founders. The study had an 80% power for detecting an OR≥2.

Later, a statistical interaction between TNFA rs1800629 polymor-

phism and presence or absence of SE was introduced in the logistic

regression model. A Cox regression model was used to estimate

the influence of the TNFA rs1800629 polymorphism on CV disease.

We used the occurrence of at least one CV event as the outcome

and the survival time when the first CV event occurred. The sur-

vival time of individuals without CV events was the age at patient’s

death, loss of follow-up or December 1st, 2009. Patients who died

of any other causes different from CV events were considered as

not having CV events. Proportional hazard assumption was tested

using Schoenfeld residuals. Results were expressed as hazard ratios

(HRs) with 95% confidence intervals [95% CIs] and were computed

as both crude and adjusted for age at RA diagnosis, gender and clas-

sic CV risk factors. The selected variables used for adjustment were

selected due to their association with the outcome (CV event) and

the exposure (rs1800629 genotype) and because they produced a

change greater than 10% in the HR.

The association between genotypes of the TNFA rs1800629 gene

polymorphism and carotid IMT, FMD%-endothelium dependent

vasodilatation and NTG%-endothelium independent vasodilatation

was also tested using analysis of covariance (ANCOVA) adjusting for

gender, age and duration of the disease at the time of the ultrasono-

graphic study, and presence or absence of the SE and traditional

CV risk factors. This study had 80% power to detect a difference in

carotid intima-media thickness of 0.1 mm or higher, a difference of

2.5% or higher in FMD-endothelium-dependent vasodilatation and

a difference of 3.5% or higher in NTG-endothelium-independent

vasodilatation. Statistical significance was defined as p≤0.05. Cal-

culations were performed with STATA 10 (STATA Corporation,

College Station, Texas).

3. Experimental results

3.1. Influence of TNFA rs1800629 polymorphism in the risk of CV

events

We compared the genotypic and allelic frequencies of the TNFA

rs1800629 polymorphism between the subgroup of RA patients

that suffered CV events and those who did not experience such

CV complications (Table 2). We found an increased frequency of

homozygous and heterozygous for the minor allele A (GA + AA
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Table 2

Differences between RA patients with CV events or without CV events according to TNFA rs1800629 polymorphism.

TNFA rs1800629 genotype n (%) With CV events Without CV events p OR [95% CI]

GG 58 (62.4) 356 (72.1) 1

GA 31 (33.3) 125 (25.3) 0.087 1.52 [0.94–2.46]

AA 4 (4.3) 13 (2.6) 0.280 1.89 [0.60–5.99]

GA + AA 35 (37.6) 138 (27.9) 0.060 1.56 [0.95–2.54]

Allele 2n (%)

G 147 (79.0) 837 (84.7) 1

A 39 (21.0) 151 (15.3) 0.053 1.47 [0.97–2.22]

CV, cardiovascular; OR [95% CI], odds ratio with 95% confidence interval.

genotypes) among patients who experienced CV events (37.6%

vs. 27.9% in those without CV events, p = 0.06, OR 1.56 [95% CI

0.95–2.54]). Also, the minor allele A frequency was increased

among the RA patients with CV events (21.0% vs. 15.3%, p = 0.053,

OR 1.47 [95% CI 0.97–2.22]).

Taking into account these results, we performed a Cox regres-

sion model to account for the variation of risk of the first CV event

through time according to the TNFA rs1800629 polymorphism,

assuming a dominant model of effect (carriers of the minor allele A

vs. non carriers: GA + AA vs. GG). In the crude analysis we observed

a non significant increased high risk for the carriers of the minor

allele A over time (p = 0.071, HR 1.49 [95% CI 0.97–2.31]). How-

ever, after adjustment for classic CV risk factors, a significantly

increased risk of CV events among carriers of the minor allele A was

found (p = 0.023, HR 1.72 [95% CI 1.076–2.74]). This latter model

was adjusted for the presence or absence of at least one copy of

the alleles belonging to the rheumatoid SE, therefore ascertain-

ing the independency of both variables SE and the TNFA rs1800629

polymorphism.

3.2. Influence of TNFA rs1800629 polymorphism in the risk of CV

events, according to the presence or absence of the SE

In a further step we stratified our sample according to the pres-

ence of absence of the SE (Table 3). To do so, in Cox regression model

described above we established a statistical interaction between

the presence or the absence of the SE and the fact of carrying or not

at least one copy of the minor allele A of the TNFA rs1800629 poly-

morphism. We found a significant interaction (p = 0.014), meaning

that the effect of the TNFA rs18006229 polymorphism in the risk

of CV events was different according to the presence or absence

of SE. We observed that being a carrier of the minor allele A was

associated with a higher risk of CV events but only in those RA

patients with at least one copy of the SE (p = 0.003, HR 2.23 [95%

CI 1.32–3.78]). This association between both variables was still

maintained after adjustment for gender, age and classic CV risk

factors (p = 0.024), and the significant association between carri-

ers of the minor allele A and CV disease was only confirmed in

those RA patients carrying the rheumatoid SE (p = 0.001, HR 2.43

Table 3

Association between TNFA rs1800629 polymorphism and the presence of cardio-

vascular events, according to a dominant pattern of effect, taking into account an

interaction between this polymorphism and the presence or absence of shared

epitope.

p HR [95% CI] pa HR [95% CI]a

GA + AA vs. GG

SE+ 0.003 2.23 [1.32–3.78] 0.001 2.43 [1.41–4.19]

SE− 0.26 0.44

Interaction 0.014 0.024

SE, shared epitope; HR [95% CI], hazard ratio with 95% confidence interval.
a Analyses adjusted for gender, age at rheumatoid arthritis diagnosis, presence

or absence of rheumatoid factor, hypertension, diabetes, dyslipidemia, obesity and

smoking habit.

[95% CI 1.41–4.19]). In this regard, SE negative RA patients showed

no association between this TNFA polymorphism and CV events

(unadjusted p = 0.26, adjusted p = 0.44) (Table 3).

In a recent study we described a significant association

between the MHTFR rs1801131 polymorphism and the HLA-DRB1

0401*/0404*alleles with CV disease [5,8]. Taking into account these

results, in the present study we assessed the combined effect of

these two polymorphisms along with the TNFA rs1800629 poly-

morphism. Therefore, we analyzed the combined effect of these

three genetic risk factors creating a variable ranging from 0 to 3

according to the number of genetic risk factors that were present.

For this purpose we defined the following genetic risk factor: (1)

being carrier of the minor allele C of the MHTFR rs1801131 polymor-

phism, (2) being carrier of the minor allele A of the TNFA rs1800629

variant and (3) the presence of at least one copy of the HLA-DRB1

0401*or 0404* alleles. We considered the number of genetic risk

factors that were present regardless of the type of genetic risk fac-

tor that was present. Using this new variable we performed a Cox

regression model that was adjusted for gender, age at RA disease

diagnosis, presence or absence of rheumatoid factor, hypertension,

diabetes, dyslipidemia, obesity and smoking habit. Following this

procedure we observed that only when these three genetic risk

factors together were present the association with CV disease was

significant (p = 0.019, HR 3.07 95% CI [1.21–7.79]).

3.3. Influence of TNFA rs1800629 polymorphism in the presence

of subclinical atherosclerosis

Regarding the surrogate markers of subclinical atherosclerosis,

we observed that patients who were homozygous for the minor

allele A had higher values of carotid IMT and lower values of FMD%

and NTG%. However, the low number of patients carrying this

genotype (3 from the group in whom carotid ultrasonography was

performed and 4 from those in whom a brachial ultrasonography

was carried out) did not allow us to draw any strong conclusion

(Table 4A). On the other hand, when we grouped the patients who

carried of the minor allele A (GA + AA) and compared them with

the remaining patients (those carrying the GG genotype), we did

not observe significant differences regarding any surrogate marker

of subclinical atherosclerosis. Also, in the ANCOVA model (Table 4B)

and after adjustment for demographical and classic CV risk factors,

we did not find significant differences regarding carotid IMT values,

FMD% and NTG%.

3.4. HLA-DR3 and CV disease

Due to the linkage disequilibrium between the TNFA rs1800629

polymorphism and HLA-DR3, we assessed the presence of HLA-

DR3 in a subsample of both cohorts (n = 481). Fifty-seven patients

(11.9%) carried at least a copy of HLA-DR3. We observed a sig-

nificant association between the presence of HLA-DR3 and the

presence of the minor allele A of TNFA rs1800629 polymorphism

(p < 0.0001). Due to this linkage between HLA-DR3 and TNFA

rs1800629 polymorphism, we assessed the effect of HLA-DR3 in
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Table 4

(A) Comparison of carotid artery intima-media thickness, flow-mediated

endothelium-dependent (post-ischemia) vasodilatation (FMD) and endothelium-

independent (post-nitroglycerin) vasodilatation (NTG), according to TNFA

rs1800629 polymorphism. (B) Comparison of carotid artery intima-media thickness,

flow-mediated-endothelium dependent vasodilatation and endothelium-

independent vasodilatation, according a recessive pattern of effect of TNFA

rs1800629 polymorphism in an ANCOVA model.

IMT mm, median (IQR) p

(A)

GG (n = 70) 0.74 (0.19)

AG (n = 35) 0.71 (0.16)

AA (n = 3) 0.86 (0.18)

GA + AA vs. GG 0.72 (0.16) 0.67

FMD%, median (IQR) p NTG% median (IQR) p

GG (n = 84) 6.12 (5.49) 17.29 (7.71)

AG (n = 42) 5.25 (4.00) 17.70 (7.73)

AA (n = 4) 3.03 (2.21) 10.88 (6.16)

GA + AA vs. GG 5.05 (3.91) 0.25 17.10 (7.79) 0.89

IMT FMD% NTG%

(B)

p GA + AA vs. GGa 0.92 0.11 0.40

FMD, flow-mediated endothelium-dependent vasodilatation; NTG, endothelium-

independent (post nitroglycerin) vasodilatation; IMT, carotid artery intima-media

thickness; SD, standard deviation.
a Analyses adjusted for gender, age at the time of ultrasonography performance,

follow-up time and presence or absence of SE, hypertension, diabetes, dyslipidemia,

obesity and smoking habit.

the risk of suffering CV events. However, no significant associations

were observed (p = 0.74).

4. Discussion

The present study showed that RA patients carrying the minor

allele A of the TNFA rs1800629 (G > A) polymorphism are associated

with a higher risk of CV events, after adjustment for demographic

and classic CV risk factors.

Taking into account that the presence the rheumatoid SE has

been repeatedly associated with endothelial dysfunction, CV events

and a poor outcome of RA [5,6,25,26], we aimed to analyze the effect

of the TNFA rs1800629 (G > A) polymorphism stratifying our series

of patients according to the presence or absence of the rheuma-

toid SE. For this purpose, we introduced an interaction between

the TNFA polymorphism and the SE in the Cox regression model.

Following this procedure we observed that the association between

the TNFA variant and CV events was only restricted to those patients

carrying the SE.

The higher CV risk and accelerated atherogenesis observed in

patients with RA cannot only be explained by the presence of

traditional CV risk factors [1,4]. This fact led to the notion that

RA or a high-grade systemic inflammatory status act as indepen-

dent risk factors, conferring predisposition to the pathogenesis of

the atherosclerotic disease or accelerating the disease process in

affected individuals [27]. Therefore, the interaction between SE

and TNFA may implicate that the alterations produced by the TNFA

rs1800629 itself are not strong enough to yield an increase in the

risk of CV events.

Regardless of potential controversies, most data suggest a

potential role of the TNFA rs1800629 polymorphism in the regula-

tion of TNFA gene expression [12]. However, no association between

this TNFA variant and CV disease was observed in subjects without

RA [28–33]. Therefore, it is plausible to think that some additional

factors, such as those induced by the presence of the rheumatoid

SE in patients with RA, may be required to experience a clinically

evident CV effect mediated by the TNFA variant. Although our data

may also suggest that patients with RA carrying the A allele of the

TNFA may have more severe subclinical atherosclerosis manifested

by increased carotid IMT and worse values of FMD% and NTG%, the

low number of patients analyzed who were homozygous for the

TNFA rs1800629 AA genotype did not allow us to raise any strong

conclusion about this finding.

Our results are in accordance with the previously described

deleterious effects of TNF-a over endothelial cells such as pro-

motion of endothelial dysfunction through impairing nitric oxide

bioavailability, cell injury [34], and apoptosis and suppression

of the activities of endothelial progenitor cells that may sustain

endothelial repair [35]. TNF-a also promotes endothelial injury

through recruitment of immune cells, such as neutrophils, which

can mediate tissue destruction. On the other hand, anti-TNF therapy

has been associated with an improvement of endothelial function in

RA patients with severe disease refractory to conventional disease

modifying anti-rheumatic drugs [36]. Also, registry databases have

shown that anti-TNF therapy may reduce the CV risk in patients

with RA, potentially through a reduction in the inflammatory load

[37].

5. Conclusions

Our findings suggest that the TNFA rs1800629 (G > A) gene poly-

morphism is associated with predisposition to CV complications in

patients with RA. This predisposition seems to be restricted to indi-

viduals carrying the rheumatoid SE. Taking together; these results

reinforce the potential implication of a genetic component in the

development of CV disease in patients with RA.
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Abstract

Introduction: The aim of our study was to analyze the influence of the CCR5∆32 polymorphism in the risk of

cardiovascular (CV) events and subclinical atherosclerosis among patients with rheumatoid arthritis (RA).

Methods: A total of 645 patients fulfilling the American Rheumatism Association 1987 revised classification criteria for

RA were studied. Patients were genotyped for the CCR5 rs333 polymorphism using predesigned TaqMan assays. Also,

HLA DRB1 genotyping was performed using molecular-based methods. Carotid intima-media thickness, flow-mediated

endothelium-dependent dilatation (FMD) and endothelium-independent vasodilatation, which were used as surrogate

markers of subclinical atherosclerosis, were measured in a subgroup of patients with no clinical CV disease.

Results: A lower frequency of carriers of the CCR5∆32 allele among patients with CV events (3.4% versus 11.3%, P =

0.025, odds ratio 0.28, 95% confidence interval (95% CI) 0.06 to 0.89) was observed. However, after adjusting for

gender, age at time of RA diagnosis, and the presence of shared epitope, rheumatoid factor and classic CV risk

factors in the Cox regression analysis, this reduction of CV events in CCR5∆32 allele carriers was slightly outside the

range of significance (P = 0.097; hazard ratio 0.37 (95% CI 0.12 to 1.19)). Carriers of the CCR5∆32 deletion also showed

higher FMD values than the remaining patients (CCR5/CCR5∆32 patients: 7.03% ± 6.61% versus CCR5/CCR5 patients:

5.51% ± 4.66%). This difference was statistically significant when analysis of covariance was performed (P = 0.024).

Conclusions: Our results show a potential influence of the CCR5∆32 deletion on the risk of CV disease among

patients with RA. This may be due to a protective effect of this allelic variant against the development of vascular

endothelial dysfunction.

Keywords: rheumatoid arthritis, atherosclerosis, cardiovascular disease, genetics, CCR5Δ32, rs333

Introduction
CCR5 is a G protein-coupled receptor that is expressed on

macrophages, monocytes, Th1 cells, immature dendritic

cells, endothelial cells and vascular smooth muscle cells

(VSMCs) [1-4]. The activation of this molecule through

one of its ligands contributes to the survival and accumu-

lation of macrophages [5] during inflammation, to the

recruitment and activation of T cells [6] and to the activa-

tion and secretion of tissue factor [2] of VSMCs. It also

participates in osteoclast formation [1]. Consistent with its

roles, CCR5 is considered to play a role in both rheuma-

toid arthritis (RA) and atherosclerosis [7].

The CCR5∆32 (dbSNP rs333) polymorphism is defined

by a 32-bp deletion that leads to a truncated nonfunctional

receptor [8], which is eliminated from the cell surface in

homozygous individuals or its expression is reduced by

20% to 30% in heterozygous individuals [9]. Several studies

have demonstrated a protective effect of the CCR5∆32

allele in patients with CV disease [10,11], although others

have demonstrated no association [12-14].

CCR5∆32 deletion also was suggested to have a protec-

tive effect on RA susceptibility in a Spanish cohort [15].

Although other studies could not confirm a protective

effect of this variant [16], a meta-analysis has suggested a

protective effect [17]. When the influence of the
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CCR5∆32 polymorphism and disease severity were ana-

lyzed, conflicting results were reported [16,18]. These

contradictions may be the result of differences in study

design, study power or the populations assessed; there-

fore, additional data will be helpful to understand the

role of CCR5 gene polymorphisms. Taking all of these

considerations together, the aim of the present study was

to analyze the influence of the CCR5∆32 polymorphism

on the risk of CV events and subclinical atherosclerosis

in patients with RA.

Materials and methods
Patients and study protocol

Between March 1996 and March 2008, 660 consecutive

patients who fulfilled the American Rheumatism Associa-

tion 1987 revised classification criteria for RA [19] were

recruited from the rheumatology outpatient clinics of

Hospital Xeral-Calde (Lugo, Spain) and Hospital Clínico

San Carlos (Madrid, Spain). DNA samples were extracted

from these patients at the time of recruitment. Between

December 2009 and January 2010, patients’ clinical

records were examined until death, loss of follow-up or 1

December 2009. Sociodemographic and clinical data

regarding clinical manifestations, classic CV risk factors

and history of CV events were registered. Clinical defini-

tions for CV events and classic CV risk factors were

established as previously described [20,21]. Information

on the main demographic characteristics, CV risk factors

and CV events of patients in whom genotyping success

was achieved (n = 645 (97.7%)) is shown in Table 1.

Hospital Xeral-Calde and Hospital Clinico San Carlos are

the referral centers for the population of each respective

area. The first CV event was defined as an event (case) of

CV complication diagnosed at the hospital in a patient

without a history of CV disease.

Endothelial dysfunction was assessed between March

2007 and September 2009 in a random subgroup of

patients in the Lugo cohort with no history of CV dis-

ease. Flow-mediated endothelium-dependent vasodilata-

tion FMD (postischemia) and endothelium-independent

vasodilatation NTG (postnitroglycerin) were assessed on

the basis of a brachial artery reactivity study in 127

patients as previously reported [22,23]. Intraobserver

variability was 1.3% and 1.9%, respectively, based on

repeat ultrasonography in 32 healthy controls. Assess-

ment of the endothelial function of patients undergoing

anti-TNF therapy was performed 24 to 48 hours before

drug administration. Carotid artery intima-media thick-

ness (IMT) was determined in 105 patients as previously

reported [23,24]. The correlation coefficient was 0.98

based on repeat ultrasonography in 20 RA patients and

20 healthy controls. Participants’ written consent was

obtained according to the Declaration of Helsinki, and

the design of the study was approved by the Ethics

Committee of Galicia (Spain) and the Hospital Clinico

San Carlos (Madrid).

Genotyping

CCR5 genotyping

DNA from patients was obtained from whole peripheral

blood using standard methods. Participants were geno-

typed to determine CCR5 status using TaqMan Assays-

on-Demand from Applied Biosystems following the

manufacturer’s protocol and analyzed using the Applied

Biosystems 7900 HT Fast Real-Time PCR System

(Applied Biosystems, Foster City, CA, USA). The typing

was successful in 645 patients (97.7%). Ten percent of

the samples were regenotyped at random. We observed

no differences from the results obtained before.

Shared epitope determination

Several HLA-DRB1 alleles are associated with suscept-

ibility to RA, encoding a conserved amino acid sequence

at positions 70 to 74 in the third hypervariable region,

called the “shared epitope” [25]. HLA DRB1 typing was

carried out using a reverse dot-blot kit with sequence-

specific oligonucleotide probes (Dynal RELI SSO HLA-

DRB1 Typing Kit; Dynal Biotech, Bromborough, UK). In

Table 1 Demographic characteristics and genotype

distribution of the patients with rheumatoid arthritis

included in the studya

Variables Patients
(N = 645)

Females 484 (75.0)

Median patient age at time of disease diagnosis,
years (IQR)

56 (45 to 65)

Median follow-up, years (IQR) 13 (7 to 19)

Anti-CCP-positive (N = 470) 283 (60.2)

Rheumatoid factor-positive (N = 635) 474 (74.7)

Shared epitope (N = 579) 366 (63.2)

Cardiovascular events 87 (13.5)

Ischemic heart disease 47 (7.3)

Cerebrovascular accidents 19 (2.9)

Heart failure 23 (3.6)

Peripheral arteriopathy 10 (1.6)

Hypertension (N = 640) 248 (38.8)

Diabetes mellitus (N = 637) 74 (11.6)

Dyslipidemia (N = 621) 282 (45.4)

Obesity (N = 610) 66 (10.8)

Smoking habit (N = 621) 112 (18.0)

CCR5∆32 rs333

CCR5/CCR5 579 (89.8)

CCR5 /CCR5∆32 64 (9.9)

CCR5∆32 /CCR5∆32 2 (0.3)

CCR5 1,222 (94.7)

CCR5∆32 68 (5.3)

aAnti-CCP: anticyclic citrullinated peptide antibodies; IQR: interquartile range.

Values are n (%) except where indicated otherwise.
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our sample, 63.2% of the patients had at least one copy

of the rheumatoid shared epitope, a frequency higher

than that found previously in Spanish individuals with-

out RA [26].

Statistical analysis

Comparison of means was performed using a t-test.

Comparison of proportions between two or more groups

was carried out using a c
2 test or Fisher’s exact test when

required. Hardy-Weinberg equilibrium (HWE) was tested

in the RA patients with and without CV disease. Both

groups were in HWE (P = 0.87 and P = 0.93, respec-

tively). The study had 80% power for detecting an odds

ratio (OR) ≥ 2. A Cox regression model was used to esti-

mate the influence of the CCR5 polymorphism on CV

disease. We used the occurrence of at least one CV event

as the outcome. Survival time was defined as “age of the

subjects at” or “elapsed time between RA diagnosis and”

the first CV event, patient’s death, loss of follow-up or 1

December 2009. Patients who died as a result of any

cause other than CV events were considered not to have

had CV events. Proportional hazards assumptions were

tested using Schoenfeld residuals. The results are

expressed as hazard ratios (HRs) with 95% confidence

intervals (95% CIs) and were computed as both crude

analysis and adjusted for age at RA diagnosis, gender and

classic CV risk factors. The selected variables used for

adjustment were selected on the basis of their association

with the outcome (CV event) and the exposure (CCR5

genotype) and because they produced a change > 10% in

the HR.

The association between CCR5∆32 and carotid IMT,

FMD and NTG was also tested using analysis of covar-

iance (ANCOVA) adjusting for gender, age and duration

of the disease at the time of ultrasonography as well as

for the presence or absence of the shared epitope and tra-

ditional CV risk factors. This study had 80% power to

detect a difference in carotid IMT of 0.1 mm or higher, a

difference of 2.5% or higher in FMD and a difference of

3.5% or higher in NTG. Statistical significance was

defined as P ≤ 0.05. Calculations were performed with

Stata version 10 software (StataCorp LP, College Station,

TX, USA).

Results
Influence of the CCR5∆32 polymorphism on the risk of

cardiovascular events

We compared the genotypic and allelic frequencies of the

CCR5∆32 polymorphism between the subgroups of RA

patients with and without CV events (Table 2). We found

a decreased frequency of carriers of the deletion (CCR5/

CCR5∆32 + CCR5∆32/CCR5∆32) among the patients with

CV events (3.4% versus 11.3%, P = 0.025, OR 0.28 (95% CI

0.06 to 0.89)). Likewise, the CCR5∆32 allele frequency was

also decreased among the RA patients with CV events

(1.7% versus 5.8%, P = 0.024, OR 0.28 (95% CI 0.06

to 0.88)).

We performed Cox regression analysis to account for

the variation of risk of the first CV event over time

according to the CCR5∆32 variant, assuming a domi-

nant model of effect (carriers versus noncarriers of the

deletion) (Table 3). When age was used as a measure of

survival time, to carry at least a copy of the CCR5∆32

allele was not associated with a lower risk of CV disease

over time, in both the crude and adjusted analyses (P =

0.14 and P = 0.14, respectively). When elapsed time

from RA diagnosis was used, the reduction of CV events

in carriers was slightly outside the range of significance

in the crude analysis (P = 0.078, HR 0.35 (95% CI 0.11

to 1.12)) and in the adjusted analysis (P = 0.097, HR

0.37 (95% CI 0.12 to 1.19)).

Influence of the CCR5∆32 polymorphism in subclinical

atherosclerosis

Owing to the small number of homozygotes for the

CCR5∆32 deletion, none of those patients underwent

ultrasonography for the assessment of subclinical athero-

sclerosis. Therefore, the comparisons were performed

between heterozygote and homozygote subjects with two

copies of the allele without the 32-bp deletion. In the

Table 2 Differences between rheumatoid arthritis patients with or without cardiovascular events according to

CCR5∆32 polymorphisma

RA patients, n (%)

CCR5 genotype With CV events Without CV events P value OR (95% CI)

CCR5/CCR5 84 (96.6) 495 (88.7) 1

CCR5/CCR5∆32 3 (3.4) 61 (10.9) 0.029 0.29 (0.06 to 0.92)

CCR5∆32/CCR5∆32 0 (0.0) 2 (0.4) 0.99 0.0 (0.0 to 31.63)

CCR5∆32 carriers 3 (3.4) 63 (11.3) 0.025 0.28 (0.06 to 0.89)

Allele 2

CCR5 171 (98.3) 1,051 (94.2) 1

CCR5∆32 3 (1.7) 65 (5.8) 0.024 0.28 (0.06 to 0.88)

aCV: cardiovascular; OR (95% CI): odds ratio with 95% confidence interval; RA: rheumatoid arthritis.
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unadjusted analysis, we did not observe a significant dif-

ference regarding carotid IMT, FMD or NTG (P = 0.32,

P = 0.28 and P = 0.64, respectively) (Table 4). However,

in the adjusted ANCOVA, we observed a significant asso-

ciation between being heterozygous for the CCR5∆32

deletion and a higher FMD (P = 0.024) (Table 5). In this

regard, the mean FMD percentage among heterozygotes

was higher than in those without the allelic variation

(7.03% ± 6.61% versus 5.51% ± 4.66%, respectively). Inter-

estingly, the mean FMD percentage among heterozygous

patients was considered normal [23].

Discussion
This study is the first to address the role of the CCR5∆32

deletion in the risk of CV disease in RA patients. We

observed a lower frequency of this variant among the

patients with CV complications. However, in the Cox

regression model, the potential protective role of the

CCR5∆32 deletion was slightly outside the range of sig-

nificance. Regarding the surrogate markers of subclinical

atherosclerosis, we observed that RA patients with a copy

of the CCR5 allele containing the 32-bp deletion had a

higher FMD value. In fact, the mean FMD value in those

patients was over the cutoff point for normal endothelial

function observed in our echocardiography laboratory.

These observations suggest a protective effect of the

CCR5∆32 deletion against the development of endothe-

lial dysfunction, an early step in the atherogenic process,

in patients with RA. Although no association of

CCR5∆32 deletion with carotid IMT was observed in our

series, a significantly lower carotid IMT in the common

carotid artery was found in individuals carrying the

CCR5∆32 deletion in the Bruneck study [27], which is a

prospective population-based survey of the epidemiologi-

cal pathogenesis of atherosclerosis. Since FMD constitu-

tes a physiologic assessment of endothelial dysfunction

and carotid IMT is an anatomic structural measure of

subclinical atherosclerosis, it is logical that FMD might

be a more useful diagnostic marker than carotid IMT in

the early stages of the disease. In this regard, no relation-

ship between carotid IMT and brachial artery FMD was

found in middle-aged men without a history of CV dis-

ease who were considered to be at low or intermediate

risk for future CV events based on current risk stratifica-

tion algorithms [28]. Brachial FMD and carotid IMT

values may indicate distinct and independent stages in

the complex pathways leading to accelerated athero-

sclerosis in patients with RA. It was recently reported

that, in patients with RA without CV disease, the associa-

tion between FMD and carotid IMT values was observed

only in patients with long disease duration [29].

As we pointed out in the Introduction, CCR5 seems to

play an important role in the development of athero-

sclerosis. In rodent knockout models, the lack of CCR5

was associated with a reduction in plaque formation and

macrophages, Th1 and smooth muscle cell accumula-

tion, and increased expression of anti-inflammatory

cytokines such as IL-10 [4,30,31]. Furthermore, studies

using an antagonist of the CCR5 and CXCR3 chemokine

receptors [32] or a recombinant RANTES (regulated

upon activation, normal T cell expressed and secreted)

receptor antagonist [33] have demonstrated an attenua-

tion of atherogenesis in low-density lipoprotein recep-

tor-null mice. In humans, the presence of the CCR5∆32

Table 3 Cox regression model to estimate the influence of the CCR5∆32 polymorphism in the risk of cardiovascular

disease in patients with rheumatoid arthritisa

Patient group characteristics P value HR (95% CI) P valueb HR (95% CI)b

Carriers vs. noncarriersc 0.14 0.42 (0.13 to 1.33) 0.14 0.42 (0.13 to 1.33)

Carriers vs. noncarriersd 0.078 0.35 (0.11 to 1.12) 0.097 0.37 (0.12 to 1.19)

aHR (95% CI): hazard ratio with 95% confidence interval. bAnalyses adjusted for gender, age at rheumatoid arthritis (RA) diagnosis, presence or absence of shared

epitope, rheumatoid factor, hypertension, diabetes, dyslipidemia, obesity and smoking habit. cUsing as survival time the patient’s age at the time of the first

cardiovascular event, patient’s death, loss of follow-up or 1 December 2009. dUsing as survival time the elapsed time between RA diagnosis and the time of the

first cardiovascular event, the patient’s death, loss of follow-up or 1 December 2009.

Table 4 Comparison of carotid artery intima-media thickness, flow-mediated endothelium-dependent (postischemia)

vasodilatation and endothelium-independent vasodilatation according to the CCR5∆32 polymorphism distributiona

CCR5∆32 polymorphism Mean IMT, mm (SD) P value Mean FMD % (SD) P value Mean NTG % (SD) P value

CCR5/CCR5 (n = 95) 0.73 (0.16)

CCR5/CCR5∆32 (n = 10) 0.79 (0.32)

CCR5∆32/CCR5∆32 (n = 0) - 0.32

CCR5/CCR5 (n = 113) 5.51 (4.66) 17.2 (7.64)

CCR5/CCR5∆32 (n = 14) 7.03 (6.61) 18.21 (8.45)

CCR5∆32/CCR5∆32 (n = 0) - 0.28 - 0.64

aIMT: intima-media thickness; FMD: flow-mediated endothelium-dependent (postischemia) vasodilatation; NTG: endothelium-independent (postnitroglycerin)

vasodilatation.
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deletion, when associated with lower or even absent

expression of the CCR5 molecule on the cell surface [9],

has also been associated with a lower risk of CV disease

in some studies [10,11]. In the present study, we observed

better endothelial function in response to ischemia

among those RA patients carrying the CCR5∆32 deletion.

However, this fact was not associated with a strong

reduction in the risk of CV disease. Since endothelial dys-

function is an early step in the atherogenic process, these

observations might appear to be contradictory. However,

RA is a chronic inflammatory disease, and it is well

known that the persistence of chronic inflammatory bur-

den is of major importance in the development of CV

events in these patients [20]. Because of that, it is possible

that a chronic inflammatory status might overcome the

potential protective effect that the CCR5∆32 deletion

may have against the progression of the atherogenic

process.

Conclusions
In summary, our results show a potential influence of the

CCR5∆32 deletion on the risk of CV disease in patients

with RA. This may be due to a protective effect of this

allelic variant against the development of vascular

endothelial dysfunction. However, further studies need to

be carried out to replicate our findings and confirm the

role of this molecule in the atherosclerosis disease

observed in patients with RA.
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Lack of association between RETN rs1862513 polymorphism 

and cardiovascular disease in patients with rheumatoid 

arthritis
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5Department of Epidemiology and Computational Biology, School of Medicine, University of 
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Abstract
Objective

To assess the influence of the RETN rs1862513 polymorphism in the risk of cardiovascular (CV) disease and subclinical 

atherosclerosis in patients with rheumatoid arthritis (RA).

Methods

Six hundred and sixty-eight patients fulfilling the 1987 American College of Rheumatology classification criteria for RA, 

seen at the rheumatology outpatient clinics of Hospital Xeral-Calde, Lugo, and Hospital San Carlos, Madrid, Spain, were 

studied. Patients were genotyped for the RETN rs1862513 polymorphism using predesigned TaqMan single nucleotide 

polymorphism genotyping assay. Also, HLA-DRB1 genotyping was performed using molecular based methods. Carotid 

intima-media thickness (IMT), flow-mediated endothelium-dependent and endothelium independent vasodilatation, used as 

surrogate markers of subclinical atherosclerosis, were measured in a subgroup of patients. 

Results

No significant differences in the genotypic or in the allelic distribution between RA patients with or without CV disease 

were found. In this regard, we only observed a slight increased frequency of homozygous and heterozygous for the minor 

allele G (CG+GG  genotypes) among patients who experienced CV events compared to those without CV events  (53.04% 

vs. 52.62%, p=0.94). A higher frequency of classic CV risk factors was observed among the carriers of the minor allele G. 

However, in the adjusted logistic regression model no association between the RETN variant and CV disease was found 

(p=0.50). Also, when surrogate markers of subclinical atherosclerosis were assessed, in the adjusted ANCOVA model only 

a trend towards a higher carotid IMT was found among allele G carriers (p=0.06). 

Conclusion

RETN rs1862513 polymorphism does not seem to be a genetic risk factor for both clinically evident CV disease and 

subclinical atherosclerosis in patients with RA. 
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rheumatoid arthritis, atherosclerosis, cardiovascular disease, genetics, RETN, rs1862513
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Introduction

Rheumatoid arthritis (RA) is a chronic 
disease associated with an accelerated 
atherosclerosis (1-3), causing an in-
creased cardiovascular (CV) morbid-
ity and mortality (4). This accelerated 
atherosclerosis is a consequence of both 
traditional CV risk factors (5, 6) and the 
presence of a chronic systemic inflam-
matory status (7-9). With respect to this, 
a strong correlation between systemic 
inflammation and CV disease has been 
observed among RA subjects (8, 10).
Resistin is an adipokine that in humans 
is mainly expressed in monocytes and 
macrophages (11, 12). Unlike mice (13), 
human isolated primary adipocytes and 
preadipocytes do not express this adi-
pokine (14). It is believed that resistin 
plays a role in inflammatory responses 
(15). Resistin expression and secre-
tion is regulated by innate inflamma-
tory signals such as endotoxins or LPS 
(16) and proinflammatory cytokines 
(17-21), such as TNF-α. Interestingly, 
high levels of resistin have been found 
in synovial fluid from patients with RA 
(22). Also, resistin serum levels are 
higher among RA patients compared 
to healthy controls (22). A positive 
correlation between C-reactive protein 
(CRP) and erythrocyte sedimentation 
rate (ESR) with serum resistin has also 
been observed in RA patients (23-26). 
Also, higher DAS28 (23) and Larsen 
score (24) seem to be associated to 
higher resistin levels.
A RETN polymorphism located at -420 
(rs1862513 C>G) has been associated 
to an enhanced RETN promoter activ-
ity, resulting in higher resistin plasma 
levels (25) in Asian populations. How-
ever, in Caucasians, this influence 
seems to be much weaker (26-29). 
Taking into account the role of this 
adipokine in the inflammatory response 
and the emerging role of chronic in-
flammation in atherosclerosis (30), as-
sociation between polymorphism of 
RETN rs1862513 and CV disease has 
been investigated. In nondiabetic Cau-
casian samples, no association between 
this polymorphism and coronary arteri-
al calcification (29), angiographic coro-
nary arterial disease (28), occurrence of 
myocardial infarction (31), CV mortal-
ity (28) or carotid atherosclerosis (31) 

was described. However, in Caucasian 
(32) and Japanese (33) diabetic patients, 
this polymorphism has been associated 
with cerebrovascular disease. 
Taking into account the potential role 
played by this adipokine in RA and that 
RETN rs1862513 polymorphism may 
play a role in CV disease in those sub-
ject with an underlying chronic inflam-
matory diseases (34), we decided to 
analyse the potential role of this poly-
morphism to develop CV disease in RA 
patients. 

Material and methods

Patients and study protocol

Between March 1996 and March 2008, 
696 consecutive patients, fulfilling the 
1987 American College of Rheumatol-
ogy classification criteria for RA (35), 
were recruited from the rheumatology 
outpatient clinics of Hospital Xeral-
Calde, Lugo and Hospital Clínico San 
Carlos, Madrid, Spain. A DNA sample 
(see below) was extracted from these 
patients at the time of recruitment. 
Between December 2009 and January 
2010 patient’s clinical records were 
examined until patient’s death, loss of 
follow-up or December 1st, 2009. So-
cio-demographical and clinical data 
regarding clinical manifestations, tra-
ditional CV risk factors and history of 
CV events were registered. Clinical 
definitions for CV events and risk fac-
tors were established as previously de-
scribed (7, 36). In this regard, patients 
were considered to have diabetes mel-
litus if before disease diagnosis they 
had been diagnosed as having diabetes 
mellitus by their family physicians or 
if 2 fasting plasma glucose levels on 
different days at the time of disease di-
agnosis or over the extended follow-up 
were >125 mg/dl (7). Smoking habit 
was considered to be present in those 
patients who smoked at the time of dis-
ease diagnosis, during the follow-up or 
who had smoked within the 10 years 
before the onset of RA symptoms or the 
disease diagnosis. A CV event was con-
sidered to be present if the patient had 
ischaemic heart disease, heart failure, 
cerebrovascular accident or peripheral 
arteriopathy.
The definition of ischaemic heart dis-
ease (IHD) included acute coronary 
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syndromes with or without persist-
ent ST-segment elevation and chronic 
coronary heart disease. IHD was diag-
nosed if any of the following criteria 
were satisfied: a recorded diagnosis of 
ischaemic cardiopathy, on account of 
some acute coronary syndrome (acute 
myocardial infarction or unstable an-
gina), the presence of pathological Q 
waves in the electrocardiogram, and 
coronary images showing >50% steno-
sis of at least one coronary vessel (7). 
Data regarding the clinical presentation 
of heart failure were also collected for 
all patients, based on the Framingham 
criteria (36). A patient was considered 
to have a cerebrovascular accident 
when he/she had a stroke and/or tran-
sient ischaemic attacks (TIAs). Strokes 
were classified according to their clini-
cal features and they were confirmed 
by computed tomography and/or mag-
netic resonance imaging. TIAs were 
diagnosed if the symptoms were self-
limited in less than 24 hours, without 
residual neurological damage (37). 
Peripheral arterial disease was consid-
ered to be present if it was confirmed 
by Doppler and arteriography (38). In-
formation on their main demographic 
characteristics, CV risk factors and CV 
events are shown in Table I.
Since Hospital Xeral-Calde and Hos-
pital Clínico San Carlos are the refer-
ral centres for the population of each 
respective area, the first CV event was 
defined as an event (case) of CV com-
plication diagnosed at the hospital in 
a patient without a previous history of 
CV disease. Based on previously es-
tablished protocols of management, all 
patients on methotrexate therapy were 
treated with folate supplementation. 
To determine the potential associa-
tion between RETN rs1862513 gene 
polymorphisms and the presence of 
subclinical atherosclerosis, between 
March 2007 and September 2009 a 
random subgroup of patients among 
the Lugo cohort with no previous his-
tory of CV events was selected. Pres-
ence of endothelial dysfunction was 
assessed by a brachial artery reactiv-
ity study in 124 patients. Flow-medi-
ated endothelium-dependent dilatation 
FMD (post-ischaemia) and endotheli-
um independent- NTG (post-nitroglyc-

erin) vasodilatation were measured by 
brachial ultrasonography as previously 
reported (39, 40). A value of FMD less 
than 7% was considered pathologic, 
indicating the presence of endothelial 
dysfunction (40). Intra-observer vari-
ability for FMD and NTG was 1.3% 
and 1.9%, respectively, based on the 
repeat of the brachial ultrasonography 
in 32 healthy controls. Assessment of 
endothelial function of those patients 
undergoing anti-TNF therapy was per-
formed 24-48 hours before its admin-
istration. Also, carotid ultrasonography 
studies were performed in 104 patients 
to determine the carotid artery intima-
media thickness (IMT). It was assessed 
in the right common carotid artery as 
previously reported (40, 41). 
Informed consent was obtained from 
all patients. The local institutional com-
mittees approved the study.

Genotyping

– RETN genotyping

DNA from patients was obtained from pe-
ripheral blood, using standard methods. 
Six hundred and ninety-six subjects 
were genotyped to determine RETN 

rs1862513 status using TaqMan Assays-
on-Demand from Applied Biosystems 
following the manufacturer’s protocol 
and analysed using the ABI 7900HT 
Fast Real-Time PCR System (Applied 
Biosystems, Foster City, CA, USA). 
The typing was successful in 668 pa-
tients (95.98%).

– Shared epitope determination

Several HLA-DRB1 alleles (HLA-

DRB1*0401, *0404, *0405, *0408, 
*0101, *0102, *1001, *1402) are asso-
ciated with susceptibility to rheumatoid 
arthritis. These alleles encode a con-
served amino acid sequence (QKRAA, 
QRRAA, or RRRAA), called the 
shared epitope, at position 70-74 in the 
third hypervariable region of the HLA-
DRβ1 molecule (42).
HLA-DRB1 typing was carried out us-
ing a reverse dot-blot kit with sequence-
specific oligonucleotide (SSO) probes 
(Dynal RELITM SSO HLA-DRB1 typ-
ing kit; Dynal Biotech, Bromborough, 
UK). When necessary, high-resolution 
typing of HLA-DRB1*03 samples was 
performed using Dynal AllSetTM SSP 
DRB1*03.

Table I. Demographic characteristics and genotype distribution of the patients with rheu-
matoid arthritis included in the study.
  
Variables n=668

Females 497 (74.40)
Age of patients at the time of disease diagnosis, years, median [IQR] 56.0 (45.0–65.3)
Time follow-up, years, median [IQR] 13.3 (6.8–22.9)
anti-CCP positive (n=487) 285 (58.52)
Rheumatoid Factor positive (n=652) 480 (73.62)
Shared epitope (n=598) 375 (62.71)
Cardiovascular events 115 (17.22)
Ischaemic heart disease   62 (9.28)
Cerebrovascular accidents 32 (4.79)
Heart failure 30 (4.49)
Peripheral arteriopathy 13 (1.95)
Hypertension (n=663) 265 (39.97)
Diabetes mellitus (n=661) 84 (12.71)
Dyslipidemia (n=645) 299 (46.36)
Obesity (n=627) 67 (10.69)
Smoking habit (n=637) 112 (17.58)

RETN rs1862513 
CC 316 (47.31)
CG 276 (41.32)
GG 76 (11.38)
C 908 (67.96)
G 428 (32.04)

Except where indicated otherwise, values are n (%). IQR: Interquartile range. Anti-CCP: anti-cyclic 
citrullinated peptide antibodies.



22

RETN polymorphism & cardiovascular risk in RA / L. Rodríguez-Rodríguez et al.

Statistical analysis 

Comparison of means was performed 
using t-test. Comparison of proportion 
between 2 or more groups was carried 
out using χ2 test or Fisher’s exact test, 
when required.
Strength of association between 
CV events and genotypes of RETN 
rs1862513 polymorphism was esti-
mated using odds ratios (OR) and 95% 
confidence intervals (CI), via multi-
ple logistic regression; estimates were 
further adjusted by gender, age at RA 
diagnosis, time of follow-up, presence 
or absence of shared epitope and tra-
ditional CV risk factors (hypertension, 
diabetes mellitus, dyslipidemia, obesity 
and smoking habit) as potential con-
founders. A dominant pattern of effect 
was considered for the RETN variant 
(CG+GG vs. CC).
A Cox regression model was used to 
estimate the influence of the RETN 
rs1862513 polymorphism on CV dis-
ease. We used the occurrence of at least 
one CV event as the outcome and the 
survival time when the first CV event 
occurred. The survival time of indi-
viduals without CV events was the age 
at patient’s death, loss to follow-up or 
December 1st, 2009. Patients who died 
of any other causes different from CV 
events were considered as not having 
CV events. Proportional hazard as-
sumption was tested using Schoenfeld 
residuals. Results were expressed as 
hazard ratios (HRs) with 95% confi-
dence intervals [95% CIs] and were 
computed as both crude and adjusted 
for age at RA diagnosis, gender and 
classic CV risk factors. 
The association between genotypes 
and alleles of the RETN rs1862513 
gene polymorphism and carotid IMT, 
FMD%-endothelium dependent va-
sodilatation and NTG%-endothelium 
independent vasodilatation was tested 
using unpaired t-test, to compare be-
tween 2 groups, and one-way analy-
sis of variance (ANOVA), to compare 
among more than two groups. Moreo-
ver, we also tested association between 
these parameters and alleles using 
analysis of covariance (ANCOVA) ad-
justing by gender, age and duration of 
the disease at the time of the ultrasono-
graphic study, and presence or absence 

of shared epitope and traditional CV 
risk factors. 
Statistical significance was defined as 
p≤0.05. Calculations were performed 
with STATA 10 (STATA Corporation, 
College Station, Texas).

Results

Influence of RETN rs1862513 

gene polymorphism in the risk of CV 

disease in patients with RA

After the examination of all patients’ 
clinical records, we observed that 115 
(17.22%) patients had experienced CV 
events after de diagnosis of RA.
We compared the genotypic and allelic 
frequencies of RETN rs1862513 poly-
morphism between the subgroup of 
patients who experienced CV disease 
and the remaining patients with RA. 
No statistically significant difference 
between both groups was observed 

(Table II). In this regard, we only ob-
served a slight increased frequency of 
homozygous and heterozygous for the 
minor allele G (CG+GG  genotypes) 
among patients who experienced CV 
events compared to those without CV 
events  (53.04% vs. 52.62%, p=0.94).   
In a further step we analysed the distri-
bution of the clinical characteristics and 
CV risk factors between carriers and 
non carriers of the minor allele G (Ta-
ble III). We observed a higher frequen-
cy of classic CV risk factors among the 
carriers of the minor allele G (hyper-
tension in non G carriers 35.90% vs. G 
carriers 43.59%, p=0.04, diabetes mel-
litus 10.26% vs. 14.90%, p=0.07, dys-
lipidemia 42.90% vs. 49.42%, p=0.10, 
smoking habit 14.90% vs. 20.00%, 
p=0.09), except for obesity (p=0.77). 
We wanted to take into account this 
different distribution of classic CV risk 

Table II. Differences between RA patients with CV events or without CV events according 
to the RETN rs1862513 polymorphism.

RETN rs1862513 with CV events without CV events p-value OR [95% CI] 

Genotype n (%) 

CC 54 (46.96) 262 (47.38)  1
CG 50 (43.48) 226 (40.87) 0.74 1.07 [0.69–1.68]
GG 11 (9.57) 65 (11.75) 0.58 0.82 [0.38–1.73]
CG+GG 61 (53.04) 291 (52.62) 0.94 1.02 [0.68–1.52]

Allele 2n (%)    
C 158 (68.70) 750 (67.81)  1
G 72 (31.30) 356 (32.19) 0.79 0.96 [0.70–1.32]
    
CV: Cardiovascular. OR [95% CI]: Odds Ratio with 95% Confidence Interval.

Table III. Demographic characteristics and CV risk factor distribution in carriers and non 
carriers of the minor allele G of the RETN rs1862513 polymorphism.
  
 Variables 

RETN rs1862513 CC CG+GG p-value

Females 238 (75.32) 259 (73.58) 0.61

Age of patients at the time of disease 56 (46-66) 56.4 (45-65) 0.66
   diagnosis, years,  median [IQR] 

Time follow up, years, median [IQR] 13 (7.7-19.0) 14.4 (6.4-19.3) 0.27

anti-CCP positive (n=487) 132 (58.15) 153 (58.85) 0.88

Rheumatoid Factor positive (n=652) 226 (72.67) 254 (74.49) 0.60

Shared epitope (n=598) 173 (61.79) 202 (63.52) 0.66

Hypertension (n=663) 112 (35.90) 153 (43.59) 0.04

Diabetes mellitus (n=661) 32 (10.26) 52 (14.90) 0.07

Dyslipidemia (n=645) 130 (42.90) 169 (49.42) 0.10

Obesity (n=627) 33 (11.07) 34 (10.33) 0.77

Smoking habit (n=637) 45 (14.90) 67 (20.00) 0.09

Except where indicated otherwise, values are n (%). IQR: Interquartile Range. Anti-CCP: anti-cyclic 
citrullinated peptide antibodies.
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factors between carriers and non carri-
ers of the minor allele in the influence 
of the RETN rs1862513 polymorphism 
on the risk of CV disease in RA patients. 
Therefore we constructed a logistic 
regression model to explain the pres-
ence of CV disease according to RETN 

rs1862513 polymorphism. However, 
the adjusted model showed no associa-
tion between the RETN variant and CV 
disease (p=0.50) (Table IV).
In a further step, we specifically as-
sessed the influence of this polymor-
phism in the occurrence of cardiac is-
chaemic events or cerebral ischaemic 
events. Again, no significant associa-
tions were found in both the adjusted 
(p=0.96, p=0.73 respectively) and in 
the unadjusted (p=0.25, p=0.25 respec-
tively) analyses. 
We analysed the occurrence of CV 
events over a median of 13.4 years (in-
terquartile range 6.8-18.8). We calcu-
lated the HR for the RETN variant, as-
suming a dominant pattern of effect, in 
a crude and adjusted model. However, 
we did not observe any significant as-
sociation (unadjusted p=0.75, adjusted 
p=0.44).

RETN rs1862513 polymorphism 

and the presence of subclinical 

atherosclerosis

When we studied the carotid IMT ac-
cording the RETN rs1862513 geno-
types, we observed, a trend for a higher 
carotid IMT (p=0.09) and a signifi-
cantly lower EDV% values among al-
lele G carriers (p=0.03). No significant 
differences were found regarding EIV 
(p=0.20) (Table V A). However, in the 

adjusted ANCOVA model, only a trend 
towards a higher carotid IMT was 
found among allele G carriers (p=0.06) 
(Table V B). 

Discussion

Data from the present study show that 
the RETN rs1862513 polymorphism 
does not seem to be a genetic risk fac-
tor for CV disease in patients with RA. 
Previous studies on gene polymor-
phisms associated with susceptibil-
ity to RA have shown contradictory 
results in terms of genetic association 
with the increased risk of CV disease 
observed in patients with this condi-
tion. In this regard, an association of 
HLA-DRB1*04 shared epitope alleles 
with increased incidence of CV events 
(7), CV mortality (7) and endothelial 
dysfunction (39) has been reported in 
Spanish individuals with RA. This as-
sociation of HLA-DRB1 alleles with CV 
disease in patients with RA was also 
confirmed in British individuals (43, 
44). However, we could not establish 

an association with clinically evident 
CV disease or subclinical atheroscle-
rosis in Spaniards when the influence 
of other gene variants located outside 
the MHC region (PTPN22, STAT4 and 
TRAF1/C5) which are also associated 
with increased disease susceptibility 
to RA was studied (45). Although an 
association of endothelial dysfunction 
with genes implicated in the inflamma-
tory response such as IL6 was observed 
in patients with RA (46), no association 
between subclinical atherosclerosis or 
CV events with other gene polymor-
phisms such as MIF-173 was found 
(47). In contrast, we recently observed 
that the methylene tetrahydrofolate re-

ductase 1298 A>C gene polymorphism 
confers an increased risk for subclini-
cal atherosclerosis and CV events in 
patients with RA (48). Therefore, the 
search for potential gene candidates 
that may influence the development of 
CV disease in patients with RA needs 
further investigation. Interestingly, an 
association of the RETN rs1862513 

Table IV. Logistic regression model to ex-
plain the presence of cardiovascular disease 
in rheumatoid arthritis patients according 
to RETN rs1862513 genotype, adjusted for 
classic CV risk factors. 

 p-value* OR [95% CI]*

G carriers vs. 0.50 0.83 [0.50-1.40] 
   non carriers 

*Analyses adjusted for gender, age at rheumatoid 
arthritis diagnosis, follow-up time, presence or 
absence of shared epitope, hypertension, diabe-
tes mellitus, dyslipidemia, obesity and smoking 
habit. 
OR [95% CI]: Odds Ratio with 95% Confidence 
Interval.

Table V. A. Comparison of carotid artery intima-media thickness, Flow-mediated endothe-
lium dependent (post-ischaemia) vasodilatation (FMD) and endothelium independent 
(post-nitroglycerin) vasodilatation (NTG), according to RETN rs1862513 polymorphism. 
B. Comparison of carotid artery intima-media thicknesss, Flow-mediated endothelium 
dependent (post-ischaemia) vasodilatation (FMD) and endothelium independent (post-
nitroglycerin) vasodilatation (NTG), according to RETN rs1862513 polymorphism in an 
adjusted ANCOVA model.
       

A

 IMT mm, mean (SD)    p-value  

CC (n=51) 0.71 (0.14)   
CG+GG (n=53) 0.76 (0.20)   
Model   0.09  
C 0.74 (0.17)   
G 0.74 (0.19)   
   0.84  

 FMD%, mean (SD)      p-value NTG% mean (SD)        p-value

CC (n=63) 6.75 (5.39)  18.00 (8.19) 
CG+GG (n=61) 4.79 (4.58)  16.27 (6.71) 
Model   0.03   0.20
C 6.20 (5.29)  17.60 (7.77) 
G 4.87 (4.46)  16.14 (6.82) 
   0.06   0.16

B

 IMT FMD NTG

p carrier G vs. non carrier G* 0.06 0.20 0.59

* Analyses adjusted for gender, age at brachial ultrasonography performance, follow-up time, presence 
or absence of shared epitope, hypertension, diabetes, dyslipidemia, obesity and smoking habit. FMD: 
Flow-mediated endothelium-dependent Vasodilatation. NTG: Endothelium independent (post nitro-
glycerin) vasodilatation.  IMT: Carotid artery intima-media thickness. SD: Standard Deviation.
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polymorphism with CV disease (spe-
cifically cerebrovascular ischaemic 
disease) in Caucasian (32) and Japa-
nese (33) diabetic patients has been 
reported. However, it is important to 
highlight that this RETN rs1862513 
polymorphism does not seem to be as-
sociated with susceptibility to diabetes 
mellitus in Caucasian subjects (25, 32, 
49, 50). 
Taking together all these observations 
we feel that the lack of association of 
this RETN rs1862513 polymorphism 
with CV disease (28, 29, 31), except 
when CV disease was specifically as-
sessed in diabetic patients (32, 33), 
suggests that the RETN variant may in-
crease the risk of CV disease only if an-
other underlying predisposing disease 
is present. RA can also be considered a 
predisposing condition for CV disease 
(4, 7). A chronic inflammatory status 
seems to be responsible for the higher 
risk of CV disease observed in patients 
with this RA (7, 8). Nevertheless, in 
the present study we could not find a 
significant association between the 
RETN rs1862513 polymorphism and 
the presence of clinically evident CV 
disease in patients with RA. Regarding 
subclinical atherosclerosis, carriers of 
the minor allele G seemed to be asso-
ciated with greater carotid IMT, even 
after adjustment for classic CV risk 
factors, although this potential asso-
ciation did not reach statistical signifi-
cance (p=0.06). Therefore, this result 
would require confirmation in a larger 
patients’ sample. On the other hand, no 
strong association between the RETN 
rs1862513 polymorphism and endothe-
lial function was observed.
A potential limitation of this work was 
the lack of determination of serum re-
sistin concentration in all the RA pa-
tients assessed in the present study. 
However, this RETN variant seems to 
exert only a small influence in the se-
rum levels of resistin (26-29). In this 
regard, as previously described (51), 
serum resisting levels were assessed in 
a representative subsample of 39 pa-
tients with RA included in the present 
study. However, no statistically signifi-
cant differences in the serum resistin 
concentrations were found when these 
39 patients were stratified according to 

the RETN rs1862513 genotypes (data 
not shown).
Resistin seems to play a role in the 
pathophysiology of RA. Its production 
is induced by and in turn induces cy-
tokine synthesis such as TNF-α and IL-
6 (16-21), both playing a pivotal role in 
RA (52-53) and atherosclerosis patho-
genesis (54-55). In this regard, a strong 
correlation between serum resistin lev-
els and inflammatory markers such as 
C-reactive protein has been observed 
in patients with RA undergoing TNF-
alpha antagonist therapy due to severe 
disease refractory to conventional dis-
ease modifying anti-rheumatic drugs 
(51). Moreover, resistin seems to exert 
a deleterious effect on the human carti-
lage by altering the proteoglycan syn-
thesis (56). 
In conclusion, the RETN rs1862513 
polymorphism does not seem to be a ge-
netic risk factor for CV disease in RA. 
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Abstract

To assess the potential association between ADIPOQ rs266729 and rs1501299

gene polymorphisms, either isolated or in combination, and cardiovascular disease

in patients with rheumatoid arthritis (RA), 674 patients seen at the rheumatology

outpatient clinics of Hospital Xeral-Calde, Lugo, and Hospital San Carlos, Madrid,

Spain, were analyzed. Genotyping was performed using predesigned TaqMan assays

(Applied Biosystems, Foster City, CA). Carotid intima-media thickness, flow-

mediated endothelium-dependent and endothelium-independent post-nitroglycerin

vasodilatation, which are used as surrogate markers of subclinical atherosclerosis,

were measured in a subsample. No significant differences in the genotype, allele

or allele combination frequencies of both polymorphisms were found between

RA patients with or without cardiovascular events or subclinical atherosclerosis.

Therefore, ADIPOQ rs266729 and rs1501299 polymorphisms do not seem to be

associated with cardiovascular disease in RA.

The aim of the present study was to analyze the associ-

ation between two polymorphisms of the adipokine gene

(ADIPOQ), rs266729 (−11377, C > G) and rs1501299

(+276, G > T), and the presence of clinically evident

cardiovascular (CV) disease or subclinical atherosclerosis in

a series of rheumatoid arthritis (RA) patients. RA is a

chronic autoimmune condition associated to a higher risk

of CV disease (1) because of an accelerated atherosclero-

sis (2). Adiponectin is a protein secreted by adipocytes and

released in the circulation of human healthy subjects at rel-

atively high levels (3). Adiponectin exerts insulin-sensitizing

*These authors contributed equally to this work.

†These authors shared authorship in this study.

effects by suppressing gluconeogenesis in the liver and by

enhancing fatty acid oxidation in the skeletal muscle (4).

Also, adiponectin exhibits anti-inflammatory (5) and athero-

protective actions by reducing the expression of vascular

adhesion molecules (6), scavenger receptors (7), inflamma-

tory cytokines such as TNF-α (8) and raising nitric oxide

production (9). Moreover, adiponectin suppresses the prolifer-

ation and migration of smooth muscle cells into the atheroma-

tous plaque (10). Plasma adiponectin levels have been found

decreased in obesity (11–13), type 2 diabetes (14) and coro-

nary artery disease (15, 16).

Polymorphisms located in the ADIPOQ gene exert a high

influence on adiponectin serum levels (17, 18). However, it

seems that these genetic variants do not significantly influence
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the risk of CV disease (19). The ADIPOQ rs266729 and

rs1501299 polymorphisms have not shown a clear association

with serum adiponectin levels (18). Conversely, the minor

allele G of ADIPOQ rs266729 polymorphism (20, 21) and

the major allele G of the rs1501299 polymorphism (18, 22)

seem to be associated with CV disease.

The RA patients studied in the present work were recruited

between March 1996 and March 2008 from the rheumatology

outpatient clinics of Hospital Xeral-Calde, Lugo, and Hospi-

tal Clı́nico San Carlos, Madrid, Spain. All patients fulfilled

the 1987 American College of Rheumatology classification

criteria for RA (23), and at the time of recruitment DNA

samples were extracted. Between December 2009 and Jan-

uary 2010, patient’s clinical records were examined until

patient’s death, loss of follow-up or 1 December 2009. Socio-

demographical and clinical data regarding clinical manifesta-

tions, traditional CV risk factors and history of CV events

were registered (24, 25). A CV event was considered to be

present if the patient had ischemic heart disease, heart failure,

cerebrovascular accident or peripheral arteriopathy.

Between March 2007 and September 2009, a subgroup of

patients from the Lugo cohort with no previous history of CV

events was selected at random to establish the existence of

subclinical atherosclerosis using as surrogate markers the pres-

ence of endothelial dysfunction [determined by brachial ultra-

sonography assessing brachial artery reactivity: flow-mediated

endothelium-dependent (FMD, post-ischemia) vasodilata-

tion and endothelium-independent (NTG, post-nitroglycerin)

vasodilatation] (24, 26) and the carotid artery intima-

media thickness (IMT) determined by carotid ultrasonogra-

phy (27, 28). Informed consent was obtained from all patients.

The local institutional committees approved the study. Typ-

ing of both ADIPOQ polymorphisms was performed using

TaqMan Assays-on-Demand from Applied Biosystems fol-

lowing the manufacturer’s protocol and analyzed using the

ABI 7900HT Fast Real-Time PCR System (Applied Biosys-

tems, Foster City, CA). Typing was successful in 96.8% of the

sample (n = 674). The main features of the patients assessed

in this study were the following: 495 females (73.44%), the

median age at RA diagnosis in years was 56 [interquatile rank

(IQR) 45–65] and the median time of follow-up in years was

13 (6.6–18.1). Of those patients on whom data were avail-

able, 58.47% (290/496) were anti-cyclic citrulinated peptide

antibody positive, 73.10% (481/658) were rheumatoid factor

positive and 62.85% (379/603) had at least one copy of the

rheumatoid shared epitope (SE). Also, 119 (17.66%) had expe-

rienced clinically evident CV disease [ischemic heart disease

in 65 patients (9.64%), cerebrovascular accidents in 34 sub-

jects (5.04%), congestive heart failure in 30 patients (4.45%)

and peripheral arteriopathy in 15 patients (2.23%)]. Regarding

classic CV risk factors, 40.15% (269/670) had hypertension,

12.76% (85/666) had diabetes mellitus, 46.54% (303/651)

had dyslipidemia, 10.78% (68/631) were obese and 18.04%

(116/643) were current or former smokers.

Genotype data was checked for deviation from Hardy–

Weinberg equilibrium (HWE) using http://ihg.gsf.de/cgi-bin/

hw/hwa1.pl. Neither RA patients with CV disease nor those

RA patients without CV disease had a deviation from HWE

for the ADIPOQ rs1501299 and the rs266729 polymorphisms.

We compared the genotype and allele frequencies of

the ADIPOQ rs266729 and rs1501299 variants between

the RA patients with and without clinically evident CV

disease using the chi-squared test. However, we did not

observe any significant differences (Table 1). We performed

a multiple logistic regression adjusted for gender, age at

RA diagnosis, time of follow-up, presence or absence of the

rheumatoid SE and traditional CV risk factors (hypertension,

diabetes mellitus, dyslipidemia, obesity and smoking habit)

as potential confounders to account for the influence of these

variables in the association between ADIPOQ polymorphisms

Table 1 Differences between RA patients with or without cardiovascular disease according to ADIPOQ rs266729 and ADIPOQ rs1501299

polymorphisms

With CV disease Without CV disease P OR (95% CI)

ADIPOQ rs266729

CC 67 (56.30) 327 (58.92) — 1

CG 46 (38.66) 188 (33.87) 0.40 1.19 (0.77–1.85)

GG 6 (5.04) 40 (7.21) 0.49 0.73 (0.24–1.84)

Allele 2n (%)

C 180 (75.63) 842 (75.86) — 1

G 58 (24.37) 268 (24.14) 0.94 1.01 (0.72–1.42)

ADIPOQ rs1501299

GG 69 (57.98) 287 (51.71) — 1

GT 44 (36.97) 224 (40.36) 0.34 0.82 (0.53–1.26)

TT 6 (5.04) 44 (7.93) 0.21 0.57 (0.19–1.41)

Allele 2n (%)

G 182 (76.47) 798 (71.89) — 1

T 56 (23.53) 312 (28.11) 0.15 0.79 (0.56–1.10)

CV, cardiovascular; OR (95% CI), odds ratio with 95% confidence interval.
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and CV disease. Again, we did not find any significant

association between any of these polymorphisms and CV

disease (rs266729 adjusted P = 0.84, rs1501299 adjusted P =

0.11). In a further step, to assess the independency of both

polymorphisms in their association with clinically evident

CV disease, we performed a conditional analysis. However,

no significant association was observed (rs266729 adjusted

P = 0.50, rs1501299 adjusted P = 0.082).

We also analyzed the combined association of both poly-

morphisms with CV disease. We estimated the linkage

disequilibrium (LD) between both variants and their allelic

combinations using the unphased software (29). We observed

a low LD (r2
= 0.05) and three allelic combination with a fre-

quency on RA patients without CV disease higher than 5%

(Table 2). No significant differences were observed among the

combinations.

Regarding subclinical atherosclerosis, we compared the

mean values of carotid IMT, endothelium dependent (FMD) or

independent (NTG) vasodilatation according to the rs266729

or the rs1501299 genotypes (using the ANOVA test) and

alleles (using an unpaired t-test). No significant differences

were observed in both cases [ADIPOQ rs266729: carotid

IMT CC (n = 53) mean (SD) 0.73 mm (0.15), CG (n =

44) 0.76 mm (0.21), GG (n = 9) 0.65 mm (0.14), P =

0.21; FMD CC (n = 65) 6.43% (5.34), CG (n = 51) 4.88%

(4.67), GG (n = 11) 6.55% (4.32), P = 0.22; NTG CC

(n = 65) 17.57% (7.94), CG (n = 51) 16.82% (7.10), GG

(n = 11) 16.84% (8.16), P = 0.86. ADIPOQ rs1501299:

carotid IMT GG (n = 53) 0.74 mm (0.21), GT (n = 49)

00.72 mm (0.15), TT (n = 4) 0.75 mm (0.10), P = 0.83;

FMD GG (n = 67) 5.35% (5.61), GT (n = 56) 6.37% (4.25),

TT (n = 4) 5.88% (5.07), P = 0.54; NTG GG (n = 67)

17.02% (8.05), GT (n = 56) 17.54% (7.23), TT (n = 4)

15.65% (4.57), P = 0.85). We also performed an analysis

of covariance (ANCOVA) to test the association between

the surrogate markers of subclinical atherosclerosis and the

ADIPOQ variants, adjusting for gender, age and duration of

the disease at the time of the ultrasonographic study, and

presence or absence of SE and traditional CV risk factors.

No association was observed (ADIPOQ rs266729 carotid

IMT P = 0.59, FMD P = 0.52, NTG P = 0.86; ADIPOQ

rs1501299 carotid IMT P = 0.27, FMD P = 0.87, NTG P =

0.61). Also, no association between the polymorphisms,

analyzed simultaneously in a conditional analysis, and any of

the surrogate markers of subclinical atherosclerosis was found

(data not shown).

As previously described (30), serum adiponectin levels

were assessed in a representative subsample of 39 patients

with RA included in the present study. However, no statisti-

cally significant differences in the serum adiponectin concen-

trations were found when we stratified the patients according

to the ADIPOQ rs266729 or rs1501299 genotypes (data not

shown).

Both ADIPOQ polymorphisms analyzed in this study have

been associated to CV disease in non-RA individuals. The

minor allele G of ADIPOQ rs266729 polymorphism was

associated with CV disease (16, 20, 21), and the minor

allele T of the rs1501299 variant was associated with a

reduced frequency of CV disease (18, 31). However, in the

present study neither of these two ADIPOQ variants showed

a significant association with clinically evident CV disease or

with subclinical atherosclerosis in patients with RA.

The accelerated atherosclerosis observed in RA is a con-

sequence of both traditional CV risk factors (32, 33) and

the presence of chronic systemic inflammation (24, 34). In

this regard, a strong correlation between systemic inflamma-

tion and both clinically evident CV disease and subclinical

atherosclerosis has been observed (24, 35). In patients with

severe RA, high-grade inflammation was independently neg-

atively correlated with serum adiponectin (30), a finding that

was similar to what has been reported in non-RA subjects.

Also, as in non-RA subjects, the metabolic syndrome fea-

tures of glucose and atherogenic dyslipidemia were inversely

related to serum adiponectin concentrations in patients with

severe RA refractory to conventional therapies (30). However,

no association between adiponectin levels and disease activity,

joint damage (36, 37), insulin resistance (30, 38) and coro-

nary artery calcification score determined by electron beam

computed tomography (38) has been observed in RA.

Our study exhibited two potential limitations: a power

of 70%–75% for detecting odds ratio (OR) = 0.5 or lower

and the lack of a replication cohort. However, in line

Table 2 Distribution of allelic combinations of ADIPOQ rs266729 and ADIPOQ rs1501299 polymorphisms in rheumatoid arthritis patients with or

without cardiovascular disease

ADIPOQ rs266729–

ADIPOQ rs1501299 With CV disease Without CV disease P OR (95% CI) Pa OR (95% CI)a

C-G 126 (52.94) 545 (49.10) — 1 — 1

G-G 56 (23.53) 253 (22.79) 0.81 0.96 (0.98–1.36) 0.74 0.93 (0.60–1.44)

C-T 54 (22.69) 297 (26.76) 0.18 0.79 (0.55–1.11) 0.17 0.73 (0.47–1.14)

G-Tb 2 (0.84) 15 (1.35) — — — —

CV, cardiovascular; OR (95% CI), odds ratio with 95% confidence interval.
aAnalyses adjusted for gender, age at rheumatoid arthritis diagnosis, follow-up time and presence or absence of shared epitope, hypertension,

diabetes mellitus, dyslipidemia, obesity and smoking habit.
bThe allelic combination G-T was not included in the analysis because of its low frequency.
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with the observations described above, our data show no

significant association of ADIPOQ rs266729 and rs1501299

polymorphisms, either as isolated or in combination, with the

risk of clinically evident CV disease or with any surrogate

marker of subclinical atherosclerosis in RA patients.
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Abstract

To determine the contribution of the vascular endothelial growth factor A (VEGFA)

rs2010963 (-634 G>C) and rs1570360 (-1154 G>A) polymorphisms to the risk

of cardiovascular (CV) disease in a series of patients with rheumatoid arthritis

(RA). Six hundred sixty-one patients fulfilling the 1987 American College of

Rheumatology classification criteria for RA, seen at the rheumatology outpatient

clinics of the Hospital Xeral-Calde, Lugo, and the Hospital San Carlos, Madrid, Spain,

were studied. Patients were genotyped for the VEGFA rs2010963 (-634 G>C) and

rs1570360 (-1154 G>A) polymorphisms using predesigned TaqMan single nucleotide

polymorphism (SNP) genotyping assay (Applied Biosystems, Foster City, CA). Also,

human leukocyte antigen (HLA) DRB1 genotyping was performed using molecular-

based methods. Clinical histories of the patients were reviewed for the presence

of CV events that were considered to be present if the patient had ischemic heart

disease, heart failure, cerebrovascular accident, or peripheral arteriopathy. Also, a

subgroup of patients without the history of CV events was assessed for the presence

of subclinical atherosclerosis manifested by the presence of endothelial dysfunction

by brachial artery reactivity (n = 126) and increased carotid artery intima–media

thickness (n = 105) using high resolution Doppler ultrasonography. No significant

association between the VEGFA rs2010963 and the rs1570360 polymorphisms (neither

isolated nor joined as allelic combinations) with clinically evident CV disease was

found in this series of patients with RA. It was also the case when we examined the

contribution of these polymorphisms to the development of subclinical atherosclerosis.

VEGFA polymorphisms do not seem to exert a significant influence on the risk of CV

disease in patients with RA.

Introduction

Atherosclerosis is a chronic inflammatory disease charac-

terized by lipid-containing inflammatory lesions of large-

and medium-sized arteries (1). Neovascularization plays an

important role both in the development and instabilization of

atherosclerotic plaques (2, 3). Most neovessels in the plaque

originate from branches of vasa vasorum (4).

*Drs LR-R, MG-B, and CG-J contributed equally to this work.

†Drs MAG-G and JM shared senior authorship in this study.

It has been shown that these neovessels growing into

the plaque through angiogenesis are dysmorphic and imma-

ture (5), contributing to the instability of the plaque through

intraplaque hemorrhage or by supplying inflammatory cells (3,

6, 7). One of the most important pro-angiogenic factors is

the vascular endothelial growth factor (VEGF). This fac-

tor may play an important role in atherosclerosis as treat-

ment with recombinant human VEGF causes an increase in

the plaque growth (8, 9). It exerts different actions in the

endothelial cells: stimulates proliferation and growth, prevents

apoptosis (10), and increases vascular permeability (11) by

augmenting the expression of adhesion molecules (12–14)
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and modulating the recruitment of leucocytes. VEGF can also

stimulate monocytes (15), increasing the expression of pro-

inflammatory cytokines and metalloproteinases.

Expression of the 5′ UTR and promoter region of the

VEGFA gene is performed at the post-transcriptional level (16,

17). The minor allele of the rs1570360 (-1154 G>A) polymor-

phism (18, 19), located within the promoter and the major

allele of the rs2010963 (-634 G>C) polymorphism, located

within 5′ UTR (20, 21) have been related to a lower VEGFA

gene expression and lower VEGF circulating levels. In this

regard, functional studies have shown that the VEGFA -634 G

allele is associated with lower circulating VEGF levels in vivo,

reduced VEGF transcription, and less internal ribosomal entry

site B-mediated VEGF expression (21). With respect to this,

we described a potential role of VEGFA -634 G→C polymor-

phism in the clinical spectrum of manifestations of patients

with giant cell arteritis (GCA), a systemic vasculitis involving

middle- and large-sized blood vessels (22). In this regard, the

G allele was significantly overrepresented in biopsy-proven

GCA patients with ischemic complications and, addition-

ally, a higher risk of developing severe ischemic complica-

tions was observed for -634 GG homozygous individuals.

Moreover, an implication of VEGF -634 G→C polymor-

phism was observed in the development of severe diabetic

complications (20) and several autoimmune and inflamma-

tory disorders, such as Behçet’s disease (23), a condition

that encompasses a group of multisystemic complications sec-

ondary to occlusive vasculitis.

Rheumatoid arthritis (RA) is a chronic inflammatory disease

associated with an accelerated atherosclerosis (24, 25), which

is responsible for an increased cardiovascular (CV) morbidity

and mortality (26). The chronic systemic inflammatory status,

independent of the traditional CV risk factors, plays a pivotal

role in the development of the accelerated atherogenesis

observed in the patients with RA (24, 27–30). Interestingly,

elevated levels of VEGF have been observed in the serum of

patients with RA (31) and these levels seem to be correlated

with the severity of the disease (32).

Taking into account all these considerations, the aim

of this study was to determine the contribution of the

VEGFA rs2010963 (-634 G>C) and rs1570360 (-1154 G>A)

polymorphisms to the risk of CV disease in a series of patients

with RA.

Patients and methods

Patients

Six hundred sixty-one consecutive patients, fulfilling the 1987

American College of Rheumatology classification criteria for

RA (33), seen at the rheumatology outpatient clinics of the

Hospital Xeral-Calde, Lugo, and the Hospital Clı́nico San

Carlos, Madrid, Spain, between March 1996 and March 2008

were assessed for the VEGFA rs2010963 (-634 G>C) and

rs1570360 (-1154 G>A) polymorphisms.

Study protocol

At the time of recruitment, socio-demographical and clinical

data regarding clinical manifestations, traditional CV risk

factors and previous history of CV events were registered.

Clinical definitions for CV events and traditional (classic) CV

risk factors were established as previously described (27, 34).

Smoking habit encompassed to those patients who smoked at

the time of disease diagnosis, during the follow-up, or who had

smoked within the 10 years before the onset of RA symptoms

or the disease diagnosis. A CV event was considered to be

present if the patient had ischemic heart disease, heart failure,

cerebrovascular accident, or peripheral arteriopathy.

Patients were prospectively followed and assessed every

3–6 months. Clinical records were examined until patient’s

death, loss of follow-up, or December 2009. Information

on the main demographic characteristics, traditional CV risk

factors, and CV events of this cohort of patients with RA is

shown in Table 1.

As Hospital Xeral-Calde and Hospital Clı́nico San Carlos

are the referral centers for the population of each respective

area, the first CV event was defined as an event (case) of CV

complication diagnosed at the hospital in a patient without

a previous history of CV disease. Specific information on

CV events was collected based on the patients’ medical

records. On the basis of previously established protocols of

Table 1 Distribution of demographic and RA-related characteristics,

cardiovascular disease events and cardiovascular risk factors, and

genotype distribution of the patients with RA included in the studya

Variables n = 661

Females 484 (73.22)

Age of patients at the time of disease

diagnosis, years, median [IQR]

56.00 [45.33–65.37]

Time follow-up, years, median [IQR] 13.42 [6.95–19.00]

Anti-CCP positive (n = 484) 288 (59.50)

Rheumatoid factor positive (n = 646) 476 (73.68)

Shared epitope, presence (n = 600) 376 (62.67)

One extra-articular manifestations 181 (27.38)

Two or more extra-articular manifestations 47 (7.11)

Subcutaneous nodules 94 (14.22)

Sjogren’s syndrome 147 (22.24)

Vasculitis 12 (1.82)

Pulmonary involvement 18 (2.72)

RA subjects with cardiovascular disease 113 (17.10)

Ischemic heart disease 62 (9.38)

Cerebrovascular accidents 32 (4.84)

Heart failure 26 (3.93)

Peripheral arteriopathy 14 (2.12)

Hypertension (n = 657) 267 (40.64)

Diabetes mellitus (n = 653) 83 (12.71)

Dyslipidemia (n = 640) 296 (46.25)

Obesity (n = 619) 68 (10.99)

Smoking habit (n = 631) 113 (17.91)

Anti-CCP, anti-cyclic citrullinated peptide antibodies; IQR, interquartile

range; RA, rheumatoid arthritis.
aExcept where indicated otherwise, values are n (%).
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management, all patients on methotrexate therapy were treated

with folate supplementation.

To determine the potential association between VEGFA

rs2010963 (-634 G>C) and rs1570360 (-1154 G>A) gene

polymorphisms and the presence of subclinical atheroscle-

rosis between March 2007 and September 2009, a random

subgroup of patients from the Lugo cohort with no pre-

vious history of CV events was selected. The presence of

endothelial dysfunction was assessed by a brachial artery reac-

tivity study in 126 patients. In these patients, flow-mediated

endothelium-dependent (post-ischemia) dilatation (FMD) and

endothelium-independent (post-nitroglycerin) vasodilatation

(NTG) were measured by brachial ultrasonography as previ-

ously reported (35, 36). A value of FMD <7% was considered

pathologic, indicating the presence of endothelial dysfunc-

tion (36). Intraobserver variability for FMD and NTG was

1.3% and 1.9%, respectively, based on the repeat of the

brachial ultrasonography in 32 healthy controls. To minimize

the effect of TNF-antagonist therapy, assessment of endothe-

lial function in patients undergoing anti-TNF therapy was

performed 24–48 h before administration of these drugs (36).

Also, carotid ultrasonography studies were performed in 105

patients to determine the carotid artery intima–media thick-

ness (IMT). It was assessed in the right common carotid

artery as previously reported (36, 37). Informed consent was

obtained from all patients. The local institutional committees

approved the study.

Genotyping

VEGFA rs2010963 (-634 G>C) and rs1570360 (-1154 G>A)

genotyping

DNA from patients was obtained from peripheral blood, using

standard methods. Subjects were genotyped to determine the

VEGFA rs2010963 (-634 G>C) and rs1570360 (-1154 G>A)

polymorphisms status using TaqMan Assays-on-Demand from

Applied Biosystems following the manufacturer’s protocol

and analyzed using the ABI 7900HT Fast Real-Time PCR

System (Applied Biosystems, Foster City, CA).

Shared epitope determination

Several human leukocyte antigen (HLA)-DRB1 alleles (HLA-

DRB1 *0101, *0102, *0401, *0404, *0405, *0408, *1001,

and *1402) are associated with susceptibility to RA. These

alleles encode a conserved amino acid sequence (QKRAA,

QRRAA, or RRRAA), called the shared epitope, at position

70–74 in the third hypervariable region of the HLA-DRβ1

molecule (38). HLA-DRB1 typing was carried out using a

reverse dot-blot kit with sequence-specific oligonucleotide

(SSO) probes (Dynal RELITM SSO HLA-DRB1 typing kit;

Dynal Biotech, Bromborough, UK). The presence of the

shared epitope was defined as to carry at least one or any

combination of the following HLA-DRB1 alleles: *0101,

*0102, *0401, *0404, *0405, *0408, *1001, and *1402.

Statistical analysis

All genotype data were checked for deviation from Hardy–

Weinberg equilibrium (HWE) using http://ihg.gsf.de/cgi-bin/

hw/hwa1.pl. None of the patients from this series had a

deviation from HWE for one of both VEGFA polymorphisms.

Linkage disequilibrium values (r2) and allelic combinations

were generated using unphased software (39).

Comparison of proportions was carried out using chi-

squared test or Fisher test, when required. Strength of asso-

ciation between CV events and genotypes, alleles or allelic

combinations of the VEGFA polymorphisms was estimated

using odds ratios (OR) and 95% confidence intervals (CI) via

multiple logistic regression; estimates were further adjusted

for gender, age at RA diagnosis, time of follow-up, absence

or presence of the rheumatoid shared epitope, and traditional

CV risk factors (hypertension, diabetes mellitus, dyslipidemia,

obesity, and smoking habit) as potential confounders. The

association between genotypes, alleles, or allele combinations

of the VEGFA polymorphisms and carotid IMT, FMD, or

NTG was tested using unpaired t-test to compare between two

groups and by one-way analysis of variance (anova) to estab-

lish comparisons among more than two groups. Moreover, we

also tested association between these parameters and alleles

using analysis of covariance (ancova) adjusting for gender,

age, and duration of the disease at the time of the ultrasono-

graphic study, and absence or presence of shared epitope and

traditional CV risk factors. The Bonferroni correction for mul-

tiple testing was applied and significant P value changed from

<0.05 to <0.005. Calculations were performed with stata 10

(STATA Corporation, College Station, TX).

Results

Influence of the VEGFA rs2010963 (-634 G>C) and

rs1570360 (-1154 G>A) polymorphisms in the risk of

clinically evident CV disease in RA patients

Genotype and allele distribution of the patients with RA

assessed in the study is shown in Table 2. In our RA sample

set, 37.33% of the patients were shared epitope negative,

48.00% had one copy of the shared epitope and 14.67% had

two copies. The most prevalent HLA-DRB1 genotypes were

one copy of the *0401 allele + one copy of a shared epitope

negative allele (16.21%), one copy of the *0101 allele + one

copy of a shared epitope negative allele (11.13%), and one

copy of the *0405 allele + one copy of a shared epitope

negative allele (7.03%).

The power of this study to detect a difference between

absence or presence of CV disease in RA patients with an

estimated OR between 1.5 and 2.0, a type I error rate of 0.05,

a dominant inheritance mode, and 0.15% of population risk,

was between 48% and 89% for the rs2010963 polymorphism

and between 49% and 91% for the rs1570360 polymorphism.
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Table 2 Genotype and allele frequencies of the VEGFA polymorphisms in the whole RA cohort and according to the presence or absence of clinically

evident CV diseasea

All RA sample With CV disease Without CV disease P OR [95% CI]

VEGFA -634

GG 271 (41.00) 48 (42.48) 223 (40.69) — 1

GC 315 (47.66) 52 (46.02) 263 (47.99) 0.70 0.92 [0.58–1.45]

CC 75 (11.35) 13 (11.50) 62 (11.31) 0.94 0.97 [0.47–2.00]

Allele 2n (%)

G 857 (64.83) 148 (64.49) 709 (64.69) — 1

C 465 (35.17) 78 (34.51) 387 (35.31) 0.82 0.97 [0.71–1.32]

VEGFA -1154

GG 327 (49.47) 49 (43.36) 278 (50.73) — 1

AG 270 (40.85) 50 (44.25) 220 (40.15) 0.25 1.29 [0.82–2.03]

AA 64 (9.68) 14 (12.39) 50 (9.12) 0.17 1.59 [0.77–3.23]

Allele 2n (%)

G 924 (69.89) 148 (65.49) 776 (70.80) — 1

A 398 (30.11) 78 (34.51) 320 (29.20) 0.11 1.28 [0.93–1.75]

CV, cardiovascular; OR [95% CI], odds ratio with 95% confidence interval; RA, rheumatoid arthritis; VEGFA, vascular endothelial growth factor.
ar2 VEGFA -634/-1154:0.27.

We analyzed the genotype and allele distribution of both

VEGFA polymorphisms regarding the absence or presence of

clinically evident CV disease in RA patients (Table 2). How-

ever, no significant differences in the genotype and allele

(P = 0.82) frequencies were found for the VEGFA -634 vari-

ant. It was also the case for the VEGFA -1154 polymorphism

(P = 0.11).

In a further step, we constructed a logistic regression model

to explain the presence of CV disease according to the VEGFA

rs2010963 (-634 G>C) and rs1570360 (-1154 G>A) allele

distribution that was further adjusted for classic CV risk

factors (Table 3). Neither of these polymorphisms showed a

significant association before or after adjustment for classic

CV risk factors with clinically evident CV disease (rs2010963,

adjusted P = 0.54, rs1570360 adjusted P = 0.11).

We also analyzed the combined influence of the VEGFA -634

and the VEGFA-1154 gene polymorphisms in the risk of

CV disease comparing the frequency of their estimated

allelic combinations (Table 4). Only three combinations were

considered (the fourth combination was excluded from the

Table 3 Logistic regression model to explain the presence of CV disease

according to the VEGFA allele distribution

P OR [95% CI] Pa OR [95% CI]a

VEGFA -634

C vs G 0.82 0.97 [0.71–1.30] 0.54 0.89 [0.61–1.30]

VEGFA -1154

A vs G 0.11 1.28 [0.94–1.73] 0.11 1.37 [0.93–2.01]

CV, cardiovascular; OR [95% CI], odds ratio with 95% confidence

interval; VEGFA, vascular endothelial growth factor A.
aAnalyses adjusted for gender, age at the time of rheumatoid arthritis

diagnosis, follow-up time, and presence or absence of shared epitope,

hypertension, diabetes mellitus, dyslipidemia, obesity, and smoking

habit.

analysis because of its low frequency: 0.15% among the

subjects without CV disease and 0% in those with CV dis-

ease). No significant differences were observed among com-

binations, before or after adjustment.

Influence of the VEGFA rs2010963 (-634 G>C)

and rs1570360 (-1154 G>A) polymorphisms in the risk

of subclinical CV disease in RA patients

As an increased frequency of subclinical atherosclerosis has

been observed in RA patients without clinically evident CV

disease (35, 40), we also aimed to establish the potential influ-

ence of these two VEGFA polymorphisms in the development

of subclinical atherosclerosis using two well-defined surrogate

markers of atherosclerosis. However, we did not observe

any significant association between the VEGFA rs2010963

(-634 G>C) or the rs1570360 (-1154 G>A) polymorphism

and the values of carotid IMT, FMD, or NTG (Table 5).

In the ancova model adjusted for gender, age at the time

of the ultrasonographic assessment, follow-up time, and

absence or presence of shared epitope and traditional CV

risk factors, no significant differences were found accord-

ing to VEGFA rs2010963 (-634 G>C) or the rs1570360

(-1154 G>A) alleles (Table 5). Moreover, no association

between allelic combinations and any of these two surro-

gate markers of subclinical atherosclerosis was found (data

not shown).

Discussion

This is the first study that specifically assesses the influence

of VEGFA polymorphisms in the risk of both clinically

evident and subclinical CV disease in a large series of

patients with RA. Neither the rs2010963 nor the rs1570360

variants (isolated or joined as allelic combinations) had any
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Table 4 Distribution of allelic combinations of the VEGFA polymorphisms according to the presence of CV disease

VEGFA -634 to -1154 With CV disease Without CV disease P OR [95% CI] Pa OR [95% CI]a

G-G 70 (30.97) 391 (35.74) — 1 — 1

C-G 78 (34.51) 385 (35.19) 0.49 1.13 [0.80–1.61] 0.81 1.06 [0.68–1.65]

G-A 78 (34.51) 318 (29.07) 0.082 1.37 [0.96–1.95] 0.13 1.41 [0.90–2.21]

CV, cardiovascular; OR [95% CI], odds ratio with 95% confidence interval; VEGFA, vascular endothelial growth factor A.
aAnalyses adjusted for gender, age at the time of rheumatoid arthritis diagnosis, follow-up time, and presence or absence of shared epitope,

hypertension, diabetes mellitus, dyslipidemia, obesity, and smoking habit.

significant association with clinically evident CV disease

or with surrogate markers of subclinical atherosclerosis.

Genotype and allele distribution of both the alleles in RA

patients with and without CV disease were similar to the ones

previously published in healthy controls from Spain (41).

Two previous studies search for associations between these

two VEGFA variants and RA. However, neither of them found

a significant association with disease susceptibility (41, 42),

despite the evidence that supports a role of VEGF in the

RA angiogenic processes and therefore in the development of

the inflammatory pannus (43) and despite the effect that both

polymorphisms exert on VEGF production. It is important

to note that both the rheumatoid joint and the atheroscle-

rotic plaque are hypoxic environments (44, 45). Hypoxia

has been associated with an increase of inflammatory cells

and mediators and with a direct increase in the production

of VEGF (46, 47). Moreover, pro-inflammatory cytokines,

such as TNF-α, increase the production of VEGF (46).

Also, angiogenesis itself is implicated in inflammation and

the development of both the atherosclerotic plaque and the

synovial pannus which, in turn, contributes to hypoxia.

However, it is known that other factors may also con-

tribute to the angiogenesis process in the synovium and the

atherosclerotic lesions (48, 49). Therefore, it is possible that

other pro-angiogenic factors might be able to compensate the

lower production of VEGF associated with these mutations.

However, it is possible that the stimulus of VEGF produc-

tion exerted by hypoxia and/or pro-inflammatory cytokines

might be strong enough to overcome the effects of these

polymorphisms. Alternatively, a plausible explanation for the

lack of association of these two functional VEGFA polymor-

phisms with CV disease may be the paradoxical effect that

VEGF may exert. For example, in vascular disorders leading

to vessel occlusion, such as coronary arteriopathy, hypoxia-

induced VEGF may play a compensatory role leading to new

vessel formation (50). With respect to this, in animal models

Table 5 VEGFA -634 and -1154 polymorphisms and surrogate markers for atherosclerosisa

IMT mm, mean (SD) P n FMD%, mean (SD) P NTG% mean (SD) P

VEGFA -634

GG (n = 45) 0.74 (0.20) — 49 5.72 (4.62) — 16.90 (6.94) —

GC (n = 50) 0.73 (0.16) — 66 5.59 (5.58) — 17.13 (8.62) —

CC (n = 10) 0.75 (0.18) — 11 6.35 (2.70) — 17.82 (5.14) —

ANOVA Model — 0.95 — — 0.90 — 0.94

G (n = 140) 0.74 (0.19) — 164 5.67 (5.00) — 16.99 (7.62) —

C (n = 70) 0.74 (0.16) — 88 5.78 (5.00) — 17.30 (7.85) —

t-test model — 0.95 — — 0.66 — 0.76

VEGFA -1154

GG (n = 48) 0.75 (0.20) — 63 5.74 (5.36) — 17.31 (7.62) —

GA (n = 49) 0.71 (0.14) — 54 5.8 (4.86) — 16.99 (8.07) —

AA (n = 8) 0.84 (0.18) — 9 4.89 (3.23) — 16.27 (6.54) —

ANOVA model — 0.12 — — 0.89 — 0.93

G (n = 145) 0.74 (0.19) — 180 5.76 (5.19) — 17.21 (7.72) —

A (n = 65) 0.74 (0.16) — 72 5.57 (4.49) — 16.81 (7.65) —

t-test model — 0.97 — — 0.79 — 0.71

ANCOVA model

VEGFA -634, p C vs Gb — 0.65 — — 0.64 — 0.89

VEGFA -1154, p A vs Gb — 0.86 — — 0.64 — 0.52

ANOVA, analysis of variance; ANCOVA, analysis of covariance; FMD, flow-mediated endothelium-dependent vasodilatation; IMT, intima–media thickness;

NTG, endothelium-independent (post-nitroglycerin) vasodilatation; SD, standard deviation; VEGFA, vascular endothelial growth factor A.
aComparison of the carotid IMT, and brachial FMD and NTG results according to the VEGFA -634 and -1154 genotypes and alleles in an ANOVA, t-test,

and adjusted ANCOVA models.
bAnalyses adjusted for gender, age at the time of ultrasonography assessment, follow-up time, and presence or absence of shared epitope,

hypertension, diabetes, dyslipidemia, obesity, and smoking habit.
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of myocardial infarction, gene therapy with VEGFA improves

collateral circulation (51), increases myocardial blood flow,

and vasodilatation in response to adenosine (52) and also

improves wall motion (53). Moreover, the minor allele C of

the VEGFA rs2010963 (-634 G>C) variant (associated with

higher VEGF levels) was associated with a lower frequency of

severe ischemic complications in patients with biopsy-proven

GCA patients (22).

Our findings suggest that the two VEGFA polymorphisms

analyzed in this work do not appear to be associated with

clinically evident CV disease or subclinical atherosclerosis in

patients with RA. The search for potential genes that may

influence the increased risk of accelerated atherogenesis in

patients with RA is warranted.
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Letters to the Editors

Analysis of the influence of 
the ghrelin receptor rs509035, 
rs512692 and rs2922126 
polymorphisms in the risk of 
cardiovascular disease in 
patients with rheumatoid 
arthritis 

Sirs,
Cardiovascular (CV) events due to acceler-
ated atherosclerosis constitute the leading 
cause of mortality in patients with rheuma-
toid arthritis (RA) (1). Chronic systemic 
inflammation predicts the progression of 
atherosclerosis and contributes to the in-
creased incidence of CV events observed 
in RA (2). The mechanisms involved in 
inflammation related CV disease in RA re-
quire further study.
Ghrelin is a 28-amino-acid gastric peptide 
that was discovered in 1999 and was identi-
fied as the endogenous ligand for the growth 
hormone secretagogue receptor (3). Ghrelin 
receptor (GHSR) is a seven-transmembrane 
domain G protein-coupled receptor located 
both in the central nervous system (the pitu-
itary and hypothalamus) and in a wide vari-
ety of peripheral tissues including the heart, 
blood vessels and endothelial cells (4). The 
ghrelin/GHSR system exerts antiinflam-
matory effects, both inhibiting proinflam-
matory cytokine release (IL-1beta, IL-6, 
and TNF-alpha) in monocytes, T cells and 
endothelial cells and increasing the pro-
duction of antiinflammatory cytokines and 
chemokines (5). This system also appears 
to exert a cardioprotective effect, protect-
ing myocites against ischaemia and having 
cardiotropic actions (6). 
In RA the ghrelin/GHSR system also seems 
to exert a protective effect in the vascular 
system. We reported that anti-TNF-α ther-
apy increased serum levels of ghrelin (7), 
which, in turn, was associated with a re-
ductions in soluble P-selectin serum level, 
a biomarker of endothelial activation that 
predicts CV event rates.
Polymorphisms located in the GHSR gene 
have been associated with CV disease and 
classic CV risk factors (6) In the present 
study we assessed for first time the potential 
the effect of tree polymorphisms the GHSR 
gene (8) on the risk of clinically evident CV 
disease in patients with RA.
Six hundred and fifty-nine consecutive pa-
tients, fulfilling the 1987 American College 
of Rheumatology classification criteria for 
RA (9), seen at the rheumatology outpatient 
clinics of Hospital Xeral-Calde, Lugo and 
Hospital Clínico San Carlos, Madrid, Spain, 
between March 1996 and March 2008 were 
assessed for the GHSR rs509035, rs512692 
and rs2922126 polymorphisms. Patients 
were genotyped for the GHSR polymor-
phisms using predesigned TaqMan single 
nucleotide polymorphism genotyping assay 

as previously reported (8). Also, HLA-DRB1 
genotyping was performed using molecular 
based methods. A CV event was considered 
to be present if the patient had ischaemic 
heart disease, heart failure, cerebrovascular 
accident or peripheral arteriopathy. 
The local institutional committees approved 
the study.
No deviation from Hardy-Weinberg equi-
librium for any GHSR polymorphisms 
was found in patients with or without CV 
events. Statistical significance was defined 
as p≤0.05. Calculations were performed 
with STATA 10 (STATA Corporation, Col-
lege Station, Texas).
None of these tree polymorphisms were as-
sociated with susceptibility to RA (8).
No significant differences in the allele or 
genotype frequencies of the GHSR variants 
between RA patients with or without CV dis-
ease were found (Table I). In the unadjusted 
logistic regression model patients homozy-
gotes for the minor allele of the rs509035 
and rs2922126 polymorphisms showed a 
non-significant trend towards a protective 
effect against clinically evident CV disease 
(odds ratio - OR 0.37 [95% confidence in-
terval - CI 0.09–1.04], p=0.05 and OR 0.55 
[95% CI 0.28–1.08], p=0.06, respectively). 
However, when an adjustment for gen-
der, age at RA diagnosis, time of follow-
up, presence or absence of the rheumatoid 
shared epitope and classic CV risk factors 
was made, this protective trend remained 
out of the range of significance. Likewise, 
the haplotype analysis showed no statistical-
ly significant differences in the CV risk after 
adjustment for classic CV risk factors.

RA is a polygenic disease. Previous stud-
ies on gene polymorphisms associated with 
susceptibility to the disease have shown 
contradictory results in terms of gene as-
sociation with increased risk of CV dis-
ease in RA. In this regard, an association 
of HLA-DRB1*04 shared epitope alleles 
with increased incidence of CV events has 
been reported in Spanish individuals with 
RA (2). Also, an association of endothe-
lial dysfunction with genes implicated 
in the inflammatory response such as IL6 
was observed in patients with RA (10). In 
contrast, in the same cohort, no associa-
tion with clinically evident CV disease was 
observed when other gene variants located 
outside the MHC region (PTPN22, STAT4 
and TRAF1/C5) which are also associated 
with increased disease susceptibility were 
studied (11). Likewise, no association be-
tween CV events and RA with other gene 
polymorphisms such as MIF-173 was 
found (12). 
The results found in the present study in-
dicate that GHSR rs509035, rs512692 and 
rs2922126 polymorphisms are not risk fac-
tors for clinically evident CV disease in 
patients with RA. Therefore, the genetic 
influence in the development of CV dis-
ease in patients with RA is still far from 
being understood. It is possible that com-
plex gene interactions might influence the 
development of accelerated atherosclerosis 
observed in these patients. The search for 
the potential influence of other genes as-
sociated with the inflammatory response in 
the development of CV disease in patients 
with RA is warranted.

Table I. Differences in genotype and allele frequencies of GHSR rs509035, rs512692 and rs2922126 
polymorphisms between RA patients with CV disease or without CV disease.

  With CV disease Without CV disease p-value OR [95% CI]

GHSR rs509035    
GG  70 (60.34) 331 (60.96)  1
GA  42 (36.21) 164 (30.20) 0.38 1.21 [0.77–1.89]
AA  4 (3.45) 48 (8.84) 0.07 0.39 [0.10–1.13]
AA vs. GG+GA     0.05 0.37 [0.09–1.04]

Alleles 2n (%)    
G  182 (78.45) 826 (76.06)  1
A  50 (21.55) 260 (23.94) 0.44 0.87 [0.61–1.25]

GHSR rs512692    
AA  77 (66.38) 354 (65.19)  1
AT  34 (29.31) 162 (29.83) 0.87 0.96 [0.60–1.54]
TT  5 (4.31) 27 (4.97) 0.75 0.85 [0.25–2.34]

Alleles 2n (%)    
A  188 (81.03) 870 (80.11)  1
T  44 (18.97) 216 (19.89) 0.75 0.94 [0.65–1.37]

GHSR rs2922126    
TT  55 (47.41) 235 (43.28)  1
TA  49 (42.24) 214 (39.41) 0.92 0.98 [0.62–1.53]
AA  12 (10.34) 94 (17.31) 0.07 0.55 [0.26–1.11]
AA vs. TT+TA     0.06 0.55 [0.28–1.08]

Alleles 2n (%)    
T  159 (68.53) 684 (62.98)  1
A  73 (31.47) 402 (37.02) 0.11 0.78 [0.57–1.07]
    
CV: Cardiovascular; OR [95% CI]: Odds Ratio with 95% Confidence Interval.
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5. DISCUSSION 

 

In our work we studied the influence of several genetic polymorphisms, belonging to 

genes implicated in the immune response, in the risk of clinical and subclinical CV 

disease in patients affected with RA. The genes were selected due to its relationship 

with the pathophysiology of both diseases, and the genetic variants analyzed had not 

been previously studied as risk factors of CV disease in RA, although some of them had 

been associated with one or both conditions.  

As previously pointed out in the Introduction section, the risk of CV disease and CV 

mortality is greatly increased among RA patients
118,121-132

. Classic CV risk factors, such 

as hypertension or DM do not account for this higher risk 
122,157,158

 and RA itself (or the 

systemic inflammation of this condition) is considered an independent risk factor for 

CV disease, at the same level of DM 
148,149

. It is important to take into account that 

atherosclerosis, as RA, is a chronic inflammatory disease 
165-168

, and inflamed synovium 

and atherosclerotic plaque are strikingly similar in a number of respects. Both lesions 

present elevated levels of cytokines such as TNF 
626

, IL-6, IL-12, IL-1 and IL-18, 

reflecting the local stimulation of macrophages by activated T cells. In addition, contain 

an exaggerated matrix response and involve local cellular components, including 

respectively, synovial fibroblasts, chondrocytes and osteoclasts, and vascular smooth 

muscle, fibroblast and endothelial cells 
176

. Moreover, the T cells implicated in the 

pathogenesis of both conditions are predominantly of Th1 or Th17 phenotypes 
627

. Also, 

high levels of MMPs are expressed in both lesions. Taking into account all these 

observations, we could hypothesize that the increased background level of chronic 

inflammation in RA might confer a predisposition to CV disease and/or augment its 
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pathogenesis and put an individual at greater risk of developing clinical or subclinical 

CV disease or suffering secondary complications thereafter. 

 

5.1. TNFA -308 variant and CV disease in RA 

The first inflammatory factor that we analyzed regarding its role in the pathogenesis of 

clinical and subclinical CV disease in RA patients, due to the central part that plays in 

both diseases 
366,628

 was the TNF-α. This is a cytokine with a pleiotropic function in 

immunity, inflammation, control of cell proliferation, differentiation and apoptosis 
629

. 

In the acute situation, local production of TNF-α is clearly beneficial, increasing the 

expression of adhesion molecules on the vascular endothelium that allow immune cells, 

in particular neutrophils and macrophages, to translocate to sites of tissue damage and 

infection 
630

. Furthermore, TNF-α activates phagocytes to engulf and clear infectious 

agents and cellular debris. However, systemic or prolonged exposure to TNF-α may be 

harmful. 

The TNF family of proteins includes secreted cytokines and membrane proteins that 

bind to cell surface receptors, including TNF-α, lymphotoxin-α (LT-α or TNF-

β), CD40 ligand, Fas ligand and several other proteins. TNF-α is synthesized as a 

monomeric type 2 transmembrane precursor protein (tmTNF), which cytoplasmic tail is 

cleaved by the TNF-α converting enzyme (TACE, a matrix metalloprotease), releasing 

the circulating or soluble cytokine (sTNF) 
631

. The membrane bound TNF can operate 

both as a ligand and as a receptor: binding by its receptor or anti-TNF drugs induce a 

signal backwards into the ligand-expressing cell 
632

. 

sTNF and tmTNF are produced by a wide range of immune cells, particularly 

activated macrophages (which are the main source of this cytokine) 
633

, but also T and B 

lymphocytes, NK cells, DCs and monocytes. sTNF and tmTNF are biologically active, 
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and their relative amounts are determined by several factors including the cell type 

and activation status, the stimuli triggering TNF-α production, and TACE activity and 

expression of endogenous TACE inhibitors 
634

.  

sTNF and tmTNF interact with two structurally related but functionally 

distinct TNFR, TNFRI (p55, CD120a) and TNFRII (p75, CD120b), mediating their 

biological functions 
635

. TNFR1 is constitutively expressed in practically all cell types 

except erythrocytes, whereas TNFR2 is generally inducible and mainly expressed 

by endothelial and immune cells. 

TNF-α has an important role in the initiation, development and complication of the 

atherosclerotic lesion. Regarding initiation, endothelial dysfunction is considered an 

early event in the evolution of atherogenesis, as well as a surrogate marker of risk of CV 

disease. TNF-α plays an important part in this process, activating the endothelial cells to 

support the recruitment of activated leukocytes to the inflammatory lesion, though the 

expression of adhesion molecules, proinflammatory cytokine and chemokine receptors, 

and the synthesis and release of inflammatory cytokines and chemokines. TNF-α also 

promotes endothelial cell injury 
367

, directly by enhancing cell apoptosis or suppressing 

the activities of endothelial cell progenitors that could sustain endothelial repair 
368

. 

Also indirectly, through the recruitment of immune cells, such as neutrophils, which can 

mediate tissue destruction 
369

, or though the promotion of oxidative stress or direct 

impairment of NO bioavailability. Consistent with these findings, patients with 

inflammatory rheumatic conditions, such as RA, have evidence of endothelial 

dysfunction 
636,637

, and treatment with anti-TNF therapy is associated to an amelioration 

of this phenomenon 
638,639

.  

Regarding atherosclerosis progression, TNF-α levels have been associated with obesity 

and decreased insulin sensitivity 
271,640

. This cytokine has been implicated in the 
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functional modulation of a variety of tissue-specific cell types, such as adipocytes, 

where TNF-α contributes to regulate the lipid and glucose metabolism 
370,371

. In line 

with this observations, treatment with infliximab improved insulin sensitivity, both in 

RA and ankylosing spondylitis patients 
641-643

. 

Finally, regarding plaque rupture and complication, TNF-α has dual effects on 

extracellular matrix homeostasis, inducing the release of metalloproteinases responsible 

for matrix degradation 
644,645

 and suppressing the synthesis of matrix proteins 
646

. 

According to the actions of TNF-α in the atherosclerotic plaque, its serum levels are 

higher in patients with clinical coronary arterial disease, comparing with controls, and 

higher in MI compared with angina 
647

. Also, higher TNF-α levels are predictive for the 

first 
648,649

 and recurrent 
650

 CV events. 

Due to the systemic effects of this cytokine, TNF-α synthesis is tightly regulated, 

mainly at the level of gene transcription. TNFA is located on the short arm of 

chromosome 6 within the MHC. Genetic alterations in this locus are known to be 

involved directly in high TNF-α production. There is a biallelic G to A transition 

polymorphism located at position -308 in the TNFA promoter, in a region able to bind 

nuclear proteins and modulate transcription 
651

. The minor allele (A) is strongly 

associated with the MHC haplotype HLA-A1, B8, DR3 
374

, which is, in turn, associated 

with high TNF-α production 
375,376

. Besides, this polymorphism seems to have a 

significant effect on transcriptional activity 
652-654

, with the minor variant associated to a 

greater activity, although these results were not consistently replicated 
655-657

. On the 

other hand, this variation has been associated to a higher TNF-α production in whole 

blood cultures stimulated with lipopolysaccharide (LPS) 
658

 or anti-CD3 and anti-CD28 

379
. However, these results were not always replicated 

659,660
. So far, evidence suggests 

that circulating TNF-α levels do not seem to fully correspond with the −308 TNFA 
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promoter polymorphism, probably because serum levels depend of a multifactoral 

regulatory process. However, local TNF-α concentration might be of greater importance 

and under more control by specific polymorphisms 
661

. 

Regarding RA, this polymorphism has not showed association with a higher risk to this 

condition 
381

, despite the high circulating and synovial fluid levels of TNF-α and the 

central role placed in RA pathogenesis. With respect to CV disease, the results of the 

association with the -308 TNFA polymorphism are conflicting in Caucasians. Some 

studies reported an association between this variant and CV disease: in one study was 

observed a link between minor allele and unstable angina, but not MI, in no obese 

subjects 
662

. Also, in a Spaniard cohort, an association between a higher risk of clinical 

coronary disease and the minor allele was observed, but only in patients with T2DM 
663

. 

It is important to point out that this variant itself is not a risk factor for T2DM 
664

. On 

the other hand, many other studies did not find an association to MI 
665-668

,  coronary 

arterial disease 
669,670

 or congestive heart failure 
661

. Similarly, in a recent meta-analysis, 

no association with CV disease and this variant was found 
385

. Regarding subclinical 

atherosclerosis, this variant has not been associated neither in Caucasian 
303

 nor Indian 

384
 populations. 

In Asian populations, -308 TNFA SNP was associated with a lower risk of CV disease: 

in a Chinese population, minor allele was associated to a lower risk of MI, although 

only in non smokers 
671

. In an independent Chinese and in two Korean populations, a 

lower risk for ischemic stroke associated with the minor allele was observed 
672-674

. 

Finally, in the above mentioned meta-analysis, a protective effect to ischemic stroke  in 

Asian population was detected 
385

. 

We observed a significant association between the minor allele of the -308 variant of the 

TNFA gene and clinical CV disease in a longitudinal cohort of Spanish RA patients. In a 
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next step, we decided to account for the influence of the SE in the association between 

the -308 TNFA variant and CV disease, due to to the previously observed association 

between SE and CV disease in RA 
182

 and the described LD between the -308 TNFA 

variant and certain HLA alleles, specially DR3. Although a LD between TNFA and 

HLA-DR3 was detected in our population, no evidence of association of DR3 with CV 

disease was found. In addiiton, no association between the -308 TNFA and the SE was 

observed in our cohort. However, we observed that the TNFA minor allele was a risk 

factor for clinical CV diseased only in patients with at least a copy of the SE,  even after 

adjustment for classical CV risk factors.  

Regarding subclinical CV disease, although the minor allele showed higher carotid IMT 

and lower endothelial vasodilatation values with respect to the major allele, these 

differences were not significant. 

These results are in concordance with the data previously reported of association of  

TNFA polymorphism and CV disease in Spaniard population 
663

, where the association 

was only significant in subjects with T2DM. As previously noted, both RA and T2DM 

are independent risk factors for CV disease and this genetic variant is not a risk factor 

neither for RA nor T2DM. Taking into account that most of the association studies in 

Caucasian population were performed in general population and showed no association 

with CV disease, we could hypothesize that this variant has a mild effect in the 

pathogenesis of atherosclerosis and therefore in the risk of CV disease and only when it 

is analysed in the context of another condition associated to CV disease the effect of the 

polymorphism becomes apparent. In the line with this hypothesis is also the observation 

that the -308 TNFA only showed association in patients carrying the SE, due to the 

association of these HLA alleles with a higher inflammatory burden in RA and with 

more endothelial dysfunction, higher risk of CV events and a poorer outcome of RA. 
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5.2. CCR5∆32 variant and CV disease in RA 

CCR5 is a chemokine receptor that could potentially be involved in plaque development 

675
. Both CCR5 and its ligands (CCL3, CCL4, CCL5, CCL8) are expressed on cells 

located in atherosclerotic plaque, such as macrophages, T cells, VSMCs and coronary 

endothelial cells 
394,676-678

. This chemokine system mediates the arrest and 

transendothelial diapedesis of monoytes and T lymphocytes 
679

. In addition, CCL5 can 

be stored and released from α-granules by platelets and its deposition and 

immobilization on activated aortic endothelium or neointimal lesions constitutes an 

important mechanism, by which platelets contribute to exacerbation of lesion formation 

680
. 

Observations taken from animal models also support the role of CCR5 in CV disease. In 

atherosclerosis prone mice (owed to the knock out for the Apoe gene), the lack of Ccr5 

protected against advanced atherosclerosis regardless the diet (normal or high fat diet), 

although did not alter the development of early atherosclerotic lesions 
400,681

. This would 

indicate that in the early stages, Ccr5 does not play an important role 
682

 in plaque 

formation. These knock out mice were also protects against neointima formation after 

arterial wire-injury 
683

, through up-regulation of the anti-inflammatory cytokine IL-10 

by neointimal VSMCs. Deletion of this gene is also associated with an increase in the 

count of circulating endothelial progenitor cells, a putative atheroprotective factor 
400

. In 

a different mice model (knock out for Ldlr gene), lack of Ccr5 was not associated to 

changes in plaque size but to an improved plaque stability 
684

. In agreement with this 

observation, in humans it has been observed an up-regulation of CCR5 mRNA 

expression in unstable carotid atherosclerotic plaques in comparison with stable plaques 

685
. In mice, it has been also observed that CCR5 is implicated in the recruitment of 

monocytes 
686,687

 as well as T cells 
688

 into atherosclerotic lesions. Despite all these 
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evidences, it is important to take into account that, due to differences in atherosclerotic 

disease 
689

,  in monocyte subsets 
690

 and species differences in the complement of 

chemokines 
691

, to extrapolate results from mouse models to humans must be done 

carefully.  

There is mutation in the CCR5 gene that reduces its cell surface expression, acting as a 

naturally occurring gene deletion. It consists in a 32-base pair deletion (CCR5∆32) that 

causes a shift in the reading frame, which creates an early stop codon and the production 

of a truncated protein that is retained in the endoplasmic reticulum 
692

. In homozygote 

for this polymorphism, the receptor is completely eliminated from cell surface 
406

, while 

in heterozygote, expression is reduced to 20-30% of the wild type expression 
407

.  

This polymorphism is present in various Caucasian populations at a frequency of about 

9%, while it is almost absent in some African, Japanese and Chinese ethnic groups 

405,693
. Among European white populations, this variant exhibits a north to south 

gradient of prevalence, with allelic frequencies highest in Denmark and Northern France 

and lowest in Corsica 
694

.  

This polymorphism has been associated with RA and with CV disease. Regarding the 

first, the association with RA risk and severity is conflictive. Some studies have showed 

an association between this deletion and lower disease activity  but not with lower risk 

of disease 
423,695

. Other have found an association with both lower disease activity and 

lower risk 
696

 while others have found only association with lower risk, but not with 

severity. Besides, various studies did not find any association nor with risk nor with 

severity 
697,698

. In 2006 was published a meta-analysis to summarize the influence of the 

CCR5∆32 variant in the risk of RA, observing an significant association between the 

polymorphism and lower risk of RA 
422

. However, more studies have been published 

later, and all but one 
696

 failed to observe any association 
420,421,699

.  
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The CCR5∆32 variant has also been studied regarding its influence in CV disease, both 

clinical and subclinical, comprising populations of different origins, such as Caucasian 

(both from northern and southern Europe), populations from Turkey and India. 

However, this is the first time the influence of this polymorphism is analysed in the risk 

of CV disease in RA patients. In our work, we observed a significant association 

between the CCR5∆32 variant and a lower risk of clinical CV disease, when we 

considered our study as a case control analysis. In previous transversal studies, it was 

observed an association between the CCR5∆32 variant and a lower risk of MI in a 

Spaniard male population
409

, in a northern European Caucasian female population 
418

 

(but only in subjects younger of 55 years) and in a southern European Caucasian 

population (regardless the age) 
408

. However these results have not been consistently 

replicated: in another case control study of younger of 55 years with MI of northern 
413

 

or eastern 
414

 European Caucasian ancestry, no differences were observed regarding the 

genotypic or allelic distribution of the CCR5∆32 deletion. Furthermore, in a Turkish 

population, the deleted variant was associated with a higher risk of MI 
700

. 

When we performed a longitudinal analysis, studying the rate of occurrence of the first 

CV event, CCR5∆32 no longer remained associated. In the only longitudinal analysis 

published 
411

, it was observed a lower incidence of CV events (cerebral, cardiac and 

peripheral) associated to the minor allele. Regarding subclinical atherosclerosis, in our 

study we observed an association of the CCR5∆32 variant with a higher (normal) value 

of subclavial artery vasodilatation in response to ischemia and no association with 

carotid IMT. This was also the first study analysing the influence of the CCR5∆32 

variant in endothelial dysfunction. Previously, the association between this variant and 

subclinical atherosclerosis has been studied using carotid IMT or coronary arterial 

disease as surrogate markers. Regarding carotid IMT, conflictive results were observed: 
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in one study an association with lower carotid IMT was found 
411

, meanwhile in 

another, no association was observed 
417

. Various studies have analysed the influence of 

this polymorphism in the risk of coronary arterial disease associated or not to coronary 

chest pain, and in general, no association was observed, nor in Caucasian 
410,413,415

, nor 

in Indian populations 
416

. 

The systemic inflammation in RA promotes endothelial cell activation, characterized by 

loss of vascular integrity, increased expression of adhesion molecules, production of 

several cytokines and chemokines and upregulation of HLA molecules, leading to 

endothelial dysfunction. Chemokines are necessary in this pathophysiological process, 

attracting and guiding immune cells from the lumen into the vascular wall. The decrease 

in cell surface expression of CCR5 would result in a diminished flow of immune cells to 

the arterial wall, diminishing the inflammatory reaction within the wall and therefore 

the level of endothelial dysfunction. These phenomena are in concordance with the 

association observed in our work between the deletion in CCR5 and normal average 

endothelial function, measured as subclavial artery vasodilatation in response to 

ischemia. However, oppose to what could be expected, we found no association 

between this variant and a lower carotid IMT. The persistence in time of endothelial 

dysfunction would lead to an increased accumulation of monocytes and other 

inflammatory cell in the vessel wall and the progressive development of the 

atherosclerotic plaques 
701,702

. Although not published in our paper, we observed in our 

sample an increased of carotid IMT with the elapsed time between RA diagnosis and 

the moment the subclinical CV disease was assessed (Spearman´s rho = 0.32, p = 

0.0009). Accordingly, we observed a worsening of the endothelial function with time 

(Spearman´s rho = - 0.19, p = 0.033). However, when we analyzed our population 

according to the CCR5 genotype, we observed an increase in carotid IMT values 
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regardless the genotype (non carriers: Spearman´s rho = 0.29, p = 0.005; carriers 

Spearman´s rho = 0.87, p = 0.003), and a worsening of endothelial function over time 

but only in those RA patients non carrying the deletion (non carriers: Spearman´s rho = 

- 0.23, p = 0.014; carriers Spearman´s rho = 0.23, p = 0.44). We hypothesize that the 

reason why in CCR5∆32 carriers the carotid IMT continue to increase in time despite a 

not worsening in endothelial dependent vasodilatation is, as pointed out previously 
703

, 

because these two surrogate markers of subclinical atherosclerosis may be measuring 

two different but related aspects of the pathophysiology of this condition. Despite the 

lack of correlation between these two parameters in healthy subjects 
703

, our group 

observed a correlation in RA patient with long established disease 
704

. CCR5 could be 

an important factor contributing to endothelial dysfunction but far less important for the 

development of structural vascular alterations. 

Regarding clinical CV disease, we observed a protective effect of the CCR5 deletion. 

Bridging the gap, this result is in concordance with the observation in a mice model 

lacking the Ccr5 gene in which atherosclerotic plaque showed a more stable structure 

but no change in size 
684

. If the lack of CCR5 has a similar effect in humans, it would 

explain the lower incidence of CV events in RA patients carrying the CCR5 deletion, 

despite similar carotid IMT.  

 

5.3. Adipokines and CV disease in RA  

There has been growing evidence that the dominant cell type of adipose tissue, the 

adipocyte, has the ability to synthesize and release proinflammatory molecules, 

complement factors, signaling molecules, growth factors, and adhesion molecules 
425

, 

such as TNF-α, resistin, and adiponectin 
705

, therefore playing a role in inflammation. 

Besides TNF-α, two adipocytokines were studied in our work: resistin and adiponectin. 
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Regarding resistine, in humans, this molecule is mainly expressed by monocytes, 

macrophages 
432,433

, and synoviocytes 
434

, and plays a pro-inflammatory role 
431

, up-

regulating the expression of cytokines and adhesion molecules on human endothelial 

cells 
441,442,706

, stimulating the synthesis of TNF-α, IL-6, IL-1β and resistin in PBMC 
435

, 

of TNF-α and IL-6 in synoviocites from RA patients 
435

 and of IL6, IL8, TNF-α, CCL2, 

MMP3 and visfatin from adipocytes 
434

. In agreement with this observations, in healthy 

subjects, resitin levels are positively correlated with inflammatory markers, such as IL-6 

431,707,708
. Despite the link between inflammation and metabolic conditions such as 

obesity, IR and T2DM, studies in human cohorts have not consistently observed an 

increased systemic resistin in these conditions 
447-450,707,709-714

. Also, regarding RA, 

resistin peripheral levels in Caucasian seem to be similar or only slightly elevated 

compared to healthy subjects  
347,436,452

.  However, in synovial fluid, resistin levels are 

higher compared with matched blood samples 
436,454

 and compared with the synovial 

fluid from patients with a degenerative/traumatic joint disease 
436,445,454

, suggesting local 

production in the joint. As in healthy subjects, there is a positive correlation between 

systemic inflammation markers, such as TNF- α, CRP or ESR, and resistin plasma 
453

 

455
 and synovial 

454
 levels. Also, a weak association with specific markers of 

inflammation such as DAS28 
445

 or Larsen score 
452

  have been described. Finally, as 

previously pointed out in non RA patients, no higher resistin levels in RA patients with 

obesity or IR have been observed 
457,458

.  

Regarding CV disease, resistin levels were not associated with carotid IMT/endothelial 

dysfunction/coronary arterial calcification nor in healthy subjects 
431,451,707,708,715,716

 nor 

in T2DM patients 
715

, although in hypertensive patients, there was a positive correlation 

between both 
717

. However, circulating levels of resistin were associated with an 

increased risk of incident ischemic stroke 
718

 and acute coronary syndrome 
719-721

. In RA 
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patients, resistin levels did not correlate neither with anthropometric parameters, IR 

457,458
 nor coronary arterial calcification 

458
. 

In our study we analyzed for the first time the influence of the -420 polymorphism of 

the RETN gene in the risk of clinical or subclinical CV disease in RA patients. We 

choose this variant owed to the enhanced promoter activity associated to this mutation 

461
. Previously this polymorphism was associated to higher resistin plasma level, 

especially in Asian populations 
459-461

. Apparently this is due to the presence of another 

variant in LD located at the position -358: the combination of the minor allele of both 

variants it is associated to the highest resistin plasma levels 
462

 in Japanese population. 

The much lower variability of this latter polymorphism in Caucasian populations is 

probably the responsible for the -420 polymorphism small effect in circulating  resistin 

451,463-466
. 

This gene variant has been inconsistently associated to metabolic conditions such as 

obesity or T2DM. Regarding obesity, some studies have reported no association 

451,461,464,468
, while others did so only in subgroup analyses 

469-471
. When the influence of 

this polymorphism in T2DM was analyzed, contradictory results were observed 
461,472-

476
, although in a recent meta-analysis no association between this variant and T2DM 

was observed 
722

. Regarding CV disease, in non-RA population, this polymorphism has 

been associated to cerebrovascular disease, but only in T2DM patients, both in Asian 
460

 

and Caucasian 
474

 populations. Regarding coronary arterial disease, no association was 

observed in Caucasian 
465,478

 and the results in Asians are conflictive 
476,477

. No 

association with subclinical atherosclerosis, such as carotid IMT 
478

 or coronary arterial 

calcification 
451

, has been observed in Caucasians.  

In our study we observed, regarding total clinical CV disease, no association with this 

RETN polymorphism. This result is in consonant with the previously published in 
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Caucasian populations, as we previously pointed out. Although not included in the 

published paper, and owed to the previous association with cerebrovascular disease, we 

analyzed the influence of this variant in the risk of cerebrovascular ischemic events 

(CVIE): no significant association was observed, although the difference in prevalence 

of carriers of the minor allele between RA patients with and without CVIE was larger 

than between patient with or without any CV event (62.5% vs. 52.6%, p = 0.27). After 

adjust by classic CV risk factors, no significant association was observed (p = 0.87). 

Regarding subclinical CV disease, the carriers of the minor allele were associated to a 

significant lower flow mediated endothelial dependent vasodilatation (4.8% vs. 6.8%, p 

= 0.03), and to a non significant higher carotid IMT (0.76mm vs. 0.71mm, p = 0.09). 

After adjusted analysis by classic CV risk factors, the variable became and remained, 

respectably, non significant. In view of these results, as commented for adiponectin, we 

cannot confirm the role of this variant in the pathogenesis of CV disease in RA patients. 

It is interesting to take into account that the only association of this polymorphism with 

CV disease was described in T2DM patients. Therefore, we could hypothesized that this 

polymorphism in order to become an independent CV risk factor must combine with 

other CV risk factors, such as T2DM. Taking into account that RA is a CV risk factor 

similar to DM, we had hypothesized that in the context of this condition, the -420 RETN 

polymorphism would appear as an independent CV risk factor, although these  results 

do not confirm this hypothesis.  

 

The other adipocytokine analyzed in our work was adiponectin. It was originally 

described as only secreted by adipocytes. However, it has been observed to be 

expressed by other cell types, including osteoblasts 
723

 and synovial cells such as RA 

synovial fibroblasts 
481

. 



 133 

Adiponectin can exert either a pro or an anti inflammatory role depending on which cell 

acts. Regarding metabolic and CV diseases 
492-494

, this molecule exerts an anti-

inflammatory effect, suppressing the expression of vascular adhesion molecules 
486

 and 

SR 
487

, reducing the expression of and the response to TNF-α 
488,724

, raising NO 

production 
489

, suppressing the proliferation and migration of smooth muscle cells 
490

 

and reducing neointimal formation in response to vascular injury (in mice) 
491

. 

According to these findings, adiponectin plasma levels are negatively correlated with 

inflammatory markers such as IL-6, TNF-α or CRP 
725-727

, and decreased adiponectin 

levels have been reported in obesity 
482,504,505

, T2DM 
504,506-509

, hypertension 
728,729

, 

dyslipemia 
730-732

  and coronary arterial disease 
510-517,733-735

. In fact, low levels of 

adiponectin are predictive for the development of IR and T2DM 
506,518,736,737

.  

Despite all these anti-inflammatory effects, at the articular level adiponectin induces the 

production of pro-inflammatory cytokines, chemokines, MMP, VEGF and adhesion 

molecules, in synoviocytes, lymphocytes, endothelial cells and chondrocytes 
481,495-498

. 

It also is able to increase osteoclast formation indirectly through stimulating RANKL 

and inhibiting OPG production in osteoblasts 
499

. As a reflection of these phenomena, 

there is a positive correlation between articular damage and adiponective plasma levels 

500-502
. Besides, both plasma 

347,452,738
 and synovial 

454,738
 adiponectin levels are higher in 

RA patients compared with healthy controls or osteoarthritis patients, respectively. 

However, no correlation between synovial adiponectin levels and unspecific 

inflammatory markers such a as CRP or ESR have been described 
454,738

, and, regarding 

plasma levels, results are non consistent: one study has described no association with 

CRP or ESR 
738

 while other has observed a negative correlation between both 
739

 (as in 

no RA subjects). In RA, plasma levels were higher than synovial levels 
738

, which 
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would suggest that plasma adiponectin is produced in peripheral fat stores, which 

secrete adiponectin into the blood stream. 

Despite the pro-inflammatory effect at the articular level in RA patients, as in healty 

subjects, a similar association regarding metabolic traits and adiponectin levels has been 

observed. In both groups, higher levels of this adipocytokine are associated to a 

healthier lipid profile (lower triglycerides/HDL cholesterol ratio and TC/HDL 

cholesterol ratio) and glucose metabolism (lower fasting plasma glucose levels) 
739

. 

Regarding the association between adiponectin levels and BMI in RA, the results have 

not being consistent: some studies have not found any correlation between plasma 
738,739

 

or synovial 
454,738

 adiponectin levels and BMI, meanwhile others have found a 

significant negative correlation 
452,502

 with plasma concentration. 

As we pointed out in the introduction, adiponectin plasma levels are highly heritable 
521-

523
 and various polymorphisms located in the ADIPOQ gene showed a great influence in 

adiponectine levels 
524-526

. In our study, we selected two variant (rs266729 and 

rs1501299), each of them located in one of the LD blocks of the ADIPOQ gene.  

Neither of the two polymorphisms analyzed in our study have been consistently 

associated with adiponectin plasma concentration 
523,524,526,527

. However, they have been 

associated to metabolic and CV disease. The minor allele of the rs266729 

polymorphism has been associated with T2DM in Caucasians in two recent 

metaanalysis 
528,529

, although in a previous one no association was described 
523

. It has 

been also associated with clinical CV disease 
530

 in non-diabetic Chinese subject and in 

Caucasians 
531,532

, and with subclinical CV disease, such as significant (>50%) coronary 

stenosis 
531

 and a greater carotid IMT 
533

. 

On the other hand, the rs1501299 polymorphism has not been associated with T2DM 

523,528
. Regarding CV disease, the minor allele of this variant has been associated to a 
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lower risk of CV disease in Caucasian subjects of south European ancestry 
535

 and in 

T2DM patients 
523

. However, no association with CV disease was observed in two 

different studies in non diabetic Caucasian subjects of north European ancestry 
531,534

. 

Regarding subclinical atherosclerosis, association with carotid IMT or ischemic stroke 

was described neither in Asians 
536

, nor in Caucasians 
537

. No association with coronary 

stenosis was observed in a north European Caucasian population 
531

. 

In our study we assessed for first time the influence of the ADIPOQ rs266729 and 

rs1501299 polymorphisms, either isolated or in combination, in the risk of clinically 

evident CV disease or in the presence of subclinical atherosclerosis in a large series of 

patients with RA. We observed no significant association, neither with clinical, nor with 

subclinical atherosclerosis. We observed a higher frequency of the minor allele of the 

rs1501299 polymorphism among RA patients without CV disease (28.1% vs. 23.5%), 

although the difference was not statistical significant (p = 0.15). In the logistic 

regression analysis and in the conditional analysis, either adjusted or unadjusted, we 

observed again a non significant protective effect of the minor allele regarding clinical 

CV disease. Regarding subclinical atherosclerosis, no differences were observed 

according to genotypes or alleles of this variant. 

The other ADIPOQ variant studied, rs266729, showed no association with clinically 

evident CV disease or with subclinical atherosclerosis. The combined effect of both 

polymorphisms did not show a significant association with the risk of CV disease or 

with the presence of subclinical atherosclerosis assessed by three surrogate markers of 

subclinical atherosclerosis.  

With the data we gathered, we can not confirm the role of neither of both variant in the 

risk of clinical or subclinical CV disease among RA patients. With regard to the 

rs1501299 polymorphism, our results are in line with the previously published in no-RA 
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population, although the differences did not reach statistical significance, maybe due to 

a not large enough sample size. However, regarding the other polymorphism 

(rs266729), we observed a much smaller differences between RA patients with and 

without CV disease (both clinical and subclinical), and likely the results would not 

improve despite a larger sample size.  

 

5.4. VEGFA polymorphisms and CV disease in RA 

Among the similarities between the atherosclerotic plaque and the rheumatoid synovial 

is the presence of hypoxia in both lesions  
66,565

. This condition stimulates the growth of 

new vessels that carry the nutrients and oxygen needed to the hypoxic tissue. Hypoxia is 

the main environmental stress factor that triggers the production of VEGF, both through 

mechanism dependent and independent of the HIF regulated elements in the VEGFA 

gene 
545

. The HIF-independent pathway is mediated by other transcription factors whose 

expression is also induced by the lack of oxygen 
551,740

 and other factors, such as 

cytokines and growth factors presents in both lesions: IL-6, IL-1β, TNF-α, platelet-

derived growth factor, basic fibroblast growth factor , epidermal growth factor and 

TGFs 
552,553,741

. Also, ox-LDL upregulates VEGF expression in macrophages and 

endothelial cells, though a HIF independent mechanism 
742

. 

The predominant cellular target of VEGF is the endothelial cell, in which promotes 

proliferation, sprouting, migration, tube formation and expression of several 

antiapoptotic proteins 
555

, being a potent survival factor. VEGF also increases vascular 

permeability 
556

 and causes vasodilatation through the induction of NOS 
743

. This 

angiogenic factor also binds the VEGF receptors present on hemopoietic stem cells 

(promoting their survival and mobilization from the bone marrow), monocytes 
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(inducing monocyte chemoattraction) 
561

, osteoblasts (promoting osteoblast-mediated 

bone formation) and VSMCs (increasing their proliferation) 
744

. 

As the atherosclerotic plaque develops, the expression of VEGF increases, leading to a 

correlation between the extent and progression of the atherosclerotic lesion and the 

extent of plaque neovascularization: while normal arterial segments show no or low 

VEGF expression, in early atherosclerotic lesions and atheromatous plaques, activated 

endothelial cells, macrophages, and partially differentiated VSMCs show a clear VEGF 

positivity. Finally, in advanced atherosclerotic lesions associated with extensive 

neovascularization, intense VEGF expresion is observed in endothelial cells of 

microvessels and infiltrating macrophages 
575,745

. Accordingly, neovascularization is 

more common at the sites of infiltration by chronic inflammatory cells, owed to the 

proangiogenic stimulus provide by these cells 
746

. 

Plaque inflammation and neovascularization are associated to a higher risk of rupture 

and to an increased potential to become symptomatic 
747

. Higher intimal vessels counts 

are seen in those patients with symptomatic carotid and coronary disease compared with 

subjects who were symptoms free 
748

. Accordingly with the observations regarding 

VEGF expression and atherosclerosis, serum VEGF concentration is correlated with 

risk factors for atherosclerosis 
749

, such as hypercholesterolemia 
750

 and smoking 
749

. 

Also, the serum levels of this factor are increased in subjects with clinical and 

subclinical atherosclerosis, compared with healthy controls 
751-753

, and in subjects with 

acute MI compared with chronic coronary ischemic disease 
754

. Also, there has been 

described a correlation between plasma VEGF levels and the size of coronary collateral 

vessels in cases of chronic ischemia 
754

, although higher VEGF levels have been 

associated with worst outcome after MI 
755

 and higher CV mortality 
756

.  
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In our work we analyzed two polymorphisms of the VEGFA gene located in the 5’ UTR 

region: the rs2010963 polymorphism, located at -634 and rs1570360m located at -1154. 

Both variants regulate VEGFA expression at the post-transcriptional level 
572,573

, 

affecting both gene expression and plasma levels. 

The major allele C of the -634 variant has been associated both to an enhanced VEGFA 

expression at both transcriptional and translational levels 
574,757

 and to higher serum 

levels 
573,575,576

. However, the expression of VEGF in PBMCs in response to LPS was 

greater in homozygote for the minor allele G 
758

. This polymorphism has been 

associated to other diseases, such as severe diabetic complications 
573

, 

neurodegenerative disorders 
574

, Behçet disease 
581

 and giant cell arteritis 
582

. Regarding 

the latter disease, the major allele of this -634 polymorphism was significantly 

associated with a higher risk of severe ischemic complications 
583

. Its association with 

CV disease has been also studied. In Caucasians, no association with coronary 

atherosclerosis 
584

, carotid IMT or MI 
759

 was observed, in non T2DM subjects. 

However, the major allele C has been associated with MI in Caucasians with T2DM 
576

. 

In Asian populations, the major allele of this variant has been associated with a greater 

extension of coronary atherosclerosis 
760

, but not no a higher risk of stroke 
761

.  

On the other hand, the mayor allele G of the -1154 variant has been associated to a 

greater VEGF production by PBMC 
574,577

, although not significant differences in serum 

VEGF has been described 
578

. This variant has not been associated with coronary 

atherosclerosis in Caucasians 
584,585

, although it has been associated with clinical 

coronary ischemic disease in an Indian population 
762

. No association with a higher risk 

of ischemic stroke was observed 
761

 
763

 in Asian populations. This variant has been 

associated the higher risk of hypertensive nephropathy in Hispanics 
764
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Despite the functional relevance of these polymorphisms, no association with the risk of 

RA have been observed, nor in Caucasian 
579

, nor in Asian populations 
580

.  

In our work we observed no significant association between any of the two VEGFA 

polymorphisms and neither clinical nor subclinical CV disease in RA patients. As we 

previously pointed out, these polymorphisms influence VEGFA transcription, being 

associated both to a lower transcriptional activity. Besides, due to the effects of VEGF 

in the atherosclerotic plaque, it was plausible to hypothesize that the -634 and -1154 

variants would have a significant effect in atherosclerosis, clinical or subclinical. The 

apparent lack of influence of these polymorphisms in the risk of CV disease could be 

owed to a paradoxical effect played by VEGF in ischemic conditions 
562

: on one hand, 

VEGF is implicated in the development and complication of atherosclerotic plaques, 

leading to tissue ischemia. However, on the other hand this factor is also essential in the 

development of collateral circulation that would appear in response to tissue ischemia 

provoked by the atheromatous plaque. Therefore, a higher VEGF production would be 

associated, not only to a major plaque growth but also to a greater collateral vessel 

circulation development. The lack of association in Caucasian populations of both 

polymorphisms with CV disease 
584,585,759

 maybe would reflect this compensatory 

phenomenon. However, it seems that in T2DM, the pro-atherogenic effect of VEGF 

surpass the protective effect that this factor may exert 
576

. We had hypothesized that in 

RA we would observe a similar effect, due to that, as T2DM, RA is an independent CV 

risk factor. However, no significant effect was observed in RA.  
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5.5. GHSR polymorphisms and CV disease in RA 

In our work, we decided to study the influence of the GHS-R in the risk of CV disease 

in RA. The growth hormone secretagogues induce a significant growth hormone 

production from pituitary cells via their binding to a specific cell surface receptor, GHS-

R 
595,765

, which endogenous ligand is ghrelin 
591

. This secretagogue is mainly expressed 

by the X/A-like cells in the stomach, but also by B cells, T cells, monocytes and NK 

cells 
765

. Its acylated form has demonstrated its ability to stimulate GH release from 

pituitary cells 
597

, to induce food intake and to increase adiposity 
597

. The GHS-R is also 

expressed in many organs within the body including pancreatic, lymphoid, reproductive 

and gastrointestinal tissues. Within the immune system, it is expressed in human B and 

T cell,  PBMCs, as well as immune organs 
765

. 

The expression of ghrelin and GHS-R are regulated during states of acute and chronic 

inflammation, stress and aging 
603

. In example, the activation of T cells via T-cell 

receptor ligation up-regulates the expression  of grelin and GHS-R 
598

. Conversely, 

ghrelin, through the GHS-R, can directly signal and induce alterations in cytokine and 

LAMs expression in immune cells, probably through the ability of ghrelin to modulated 

NFκB signaling 
587

. The main effect of ghrelin in T cells, monocytes/macrophages and 

endothelial cells is anti-inflammatory, inhibiting the release of pro-inflammatory 

cytokines such as IL-1α, IL-1β, TNF-α and IL-6, in T-cell receptor activated T cells, in 

LPS activated monocytes and DCs, in mononuclear and T cells stimulated with leptin 

and in endothelial cells stimulated with TNF-α  
598,600,766

. In the latter, also diminishes 

the expression of the vascular cell adhesion molecule-1 and monocyte chemoattractant 

protein-1 
767

. Ghrelin also stimulates the production of anti-inflammatory cytokines 

such as IL-10 in macrophages 
768

. It is able to suppresses both Th1 (IL-2 and IFN-γ) and 

Th2 (IL-4 and IL-10) cytokine mRNA expression in mice 
769

 and to inhibit splenic T 
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cell proliferation induced by stimulation with immobilized anti-CD3 antibody. 

Conversely, the suppression of the endogenous ghrelin expression in human T cells 

results in increased levels of IFN-γ, IL-17 and other pro-inflammatory cytokines and 

chemokines upon T-cell receptor activation 
766

. 

Besides its anti-inflammatory effects, ghrelin exerts a vasodilatory effect 
605

, 

antagonizing the action of endothelin-1 
613

, increasing the effect of  acetylcholine 
611

, 

decreasing the sympathetic nervous activity 
770,771

 and raising the production of 

endothelial NOS 
611

. Also, ghrelin stimulates proliferation 
772

 and exerts an 

antiapoptotic effects in cardiomyocytes and endothelial cells 
614,773,774

. Hexarelin, a 

syntetic agonist of the GSH-R, decreases apoptosis induced by angiotensin-II in 

cultured rat cardiomyocytes 
775

. Linked to those effect in cardiomyocytes, ghrelin also 

improves left ventricular function during ischemia-reperfusion injury 
776

 and, in mice 

models of heart failure, ghrelin improves left ventricular dysfunction and attenuates the 

development of cardiac cachexia 
606

. In patients with chronic heart failure, ghrelin also 

improves cardiac function and decreases systemic vascular resistance 
609

. 

As a consequence of the anti-inflammatory, vascular and cardiac effects exerted by 

ghrelin, this peptide is considered to play a protective role in atherosclerosis and CV 

disease. 

A positive correlation between ghrelin levels and classic biomarkers of inflammation, 

such as TNF-α, IL-6 and IL-1β has been observed 
765

. In line with these observations, 

elevated ghrelin levels have been reported in inflammatory conditions, such as 

ankylosing spondylitis, ANCA-associated vasculitis, celiac disease and inflammatory 

bowel diseases, with normal levels during remission of these inflammatory diseases 
777-

779
. However, in RA ghrelin levels have been reported similar 

780
 or decreased 

603
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compared with healthy subjects. Also in metabolic conditions, such as obesity and IR 

781
, low ghrelin levels have been found. 

In our work we analyzed the role of 3 polymorphism of the GHSR gene: rs512692, 

located in the 5’UTR region, rs509035, located in the intron and rs2922126, located in 

the promoter region. Previously, these 3 variants had showed no association with RA 

625
. 

These polymorphisms have been analyzed with regard to metabolic condition and CV 

disease, with conflicting results. The variant rs572169 (in complete LD with rs509035 

in the CEU population) in Caucasians showed no association with T2DM 
782

, glucose 

intolerance, obesity 
783,784

 nor BMI 
785

. However, in another studies, the rs509035 

variant was associated to different measures of glucose metabolism (fasting glucose, 2h 

insulin) 
623

 and obesity in Caucasians 
786

. Also, rs572169 was associated to lower HDL 

values 
787

 in Caucasian but not in Chinese population 
624

.  On the other hand, the 

rs512692 variant has showed association with obesity in Caucasians 
786

, while the 

rs2922126 polymorphism showed no association 
784

. However, in Chinese population 

rs2922126 was associated to metabolic syndrome 
624

. 

Regarding CV disease, both rs509035 and rs512692 were associated in Caucasians 
621

. 

Also rs509035 was associated with left ventricle hypertrophy 
622

, while rs512692 was 

not. 

In our study, we found no association either with clinical or subclinical CV disease for 

any of the variant. The 3 polymorphisms showed a non significant higher frequency of 

the minor allele among those RA patients without CV disease. Regarding both rs509035 

and rs512692 our results are the opposite to those previously published 
621

, in which the 

minor allele showed a higher frequency among the patients with CV disease, although 

our results were non significant. In conclusion, we can not confirm the implication of 
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the rs512692, rs509035 nor rs2922126 polymorphisms in the pathogenesis of either 

clinical or subclinical CV disease in RA. 
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6. CONCLUSIONS 

Our work contributes to the understanding of the genetic basis of CV pathology in RA. 

We have studied the role as risk factors for clinical and subclinical CV disease of 

various polymorphisms located in genes involved in the pathogenesis of both 

conditions. All the genetic variants had been previously associated with CV or 

metabolic diseases in Caucasian general population or in subgroup of patients affected 

with classic CV risk factors, such as T2DM. This was the first time that these 

polymorphisms were analyzed in a RA population. Among the variants studied of 

TNFA, CCR5, RETN, ADIPOQ, VEGFA and GHSR, only the first two showed a 

significant association with CV disease. Nonetheless, these results need to be replicated 

to assert their accuracy. 
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7. PERSPECTIVES 

 

In the last years, it has taken place an important advance in the knowledge of the genetic 

bases of CV disease. However, in aggregate the discovered variants explain only a small 

fraction of the heritability of CV disease (estimated to be up to 30–60% in the general 

population 
788

), probably in part, due to the limited power of previous studies to 

discover effects of modest size. Until now, the research performed in RA patients was 

hypothesis-driven candidate gene association studies, such as the ones performed in this 

work. This approach provides a focused view of genomic regions of interest, allowing 

targeting putative functional variant. Also, this design is specially useful when allele 

frequencies are low, effect sizes are small, or the study population is limited 
789

. 

However this kind of approach has its own pitfalls, such as the lack of replication of 

results, presence of false positives and little account for genetic heterogeneity.  To 

overcome these issues, in part would be necessary to increase the number of studied 

subjects, both cases and controls. To that end, it would be necessary the joint 

collaboration of different groups in order to replicate the results in different populations. 

Also, pooling various cohorts would allow increase the detection of modest genetic 

effects.  

Another research paradigm for population-based genetic association studies are the 

hypothesis-free genome-wide association studies (GWAS), in which, from hundreds of 

thousands to millions of single nucleotide polymorphisms, distributed along the whole 

genome, are analyzed at once. This year (2011) has been published a meta-analysis of 

GWAS for CV disease performed in Caucasian general population 
790

. In this work, 10 

of the 12 previously identified variants in GWAS achieved genome-wide significance 

(p-value < 5×10
−8

) and 13 new loci were detected and replicated. We consider that to 
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perform this kind of analysis in the context of RA would be a major step-forward in the 

understanding of the genetic bases of this condition. Also, taking into account that 

chronic inflammatory diseases share to some degree a genetic background, it would be 

really interesting to perform a more “directed” genotyping array such as the 

“Immunochip” that contains a little less than 200.000 polymorphisms, previously 

associated with major autoimmune and inflammatory diseases. On the other hand, in the 

last years was release another genotyping array designed to test about 200.000 

polymorphisms of interest for metabolic and atherosclerotic / CV disease traits. 

Regardless the platform to use, it would be necessary again the joint efforts of multiples 

groups to pool enough subjects to achieve sufficient statistical power.  

The better understanding of the genetic basis of CV disease in RA will grant a better 

comprehension of the signaling pathways and different molecules implicated in the 

pathogenesis of this condition. This knowledge will be useful in the discovery of new 

therapeutic targets and in the development of new drugs.  
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8. ANNEX 

 

8.1. Patients and Study Protocol 

Between March 1996 and March 2008, consecutive patients that fulfilled the 1987 

American College of Rheumatology classification criteria for RA 
791

 were recruited 

from the rheumatology outpatient clinics of Hospital Clínico San Carlos, Madrid and 

Hospital Xeral-Calde, Lugo, Spain. A DNA sample (see below) was extracted from 

these patients at the time of recruitment. Between December 2009 and January 2010, 

patient’s clinical records were examined until patient’s death, loss of follow-up or 

December 1st, 2009. Socio-demographical and clinical data regarding clinical 

manifestations, classic CV risk factors and history of CV events were registered. 

Regarding classic CV risk factors, patients were considered to have dyslipidemia if they 

had hypercholesterolemia and/or hypertriglyceridemia (defined as diagnosis of 

hypercholesterolemia or hypertriglyceridemia by the patients' family physicians prior to 

the diagnosis of RA, or total cholesterol and/or triglyceride levels in fasting plasma 

>240 mg/dl and 160 mg/dl, respectively, at the time of disease diagnosis or over the 

extended followup). Patients were considered to have hypertension if before the 

diagnosis of RA they had been diagnosed as having hypertension by their family 

physicians, or if at the time of disease diagnosis or over the extended followup they had 

blood pressure >150/90 mm Hg in 2 different examinations performed on different 

days. Patients were considered to have diabetes mellitus if before disease diagnosis they 

had been diagnosed as having diabetes mellitus by their family physicians or if 2 fasting 

plasma glucose levels on different days at the time of disease diagnosis or over the 

extended followup were >125 mg/dl. Obesity was defined as body mass index 

(calculated as weight in kg divided by height in m2) >30 kg/m2 at enrollment or over 
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the extended followup. Smoking history was treated as a dichotomous variable (heavy 

versus nonheavy smoking) in this analysis. Heavy smokers comprised patients who 

smoked at the time of disease diagnosis or during the followup or who had smoked 

within the 10 years before the onset of RA symptoms or the disease diagnosis, and the 

remaining patients (nonheavy smokers) were those who had never smoked or had 

stopped smoking at least 10 years before the disease onset. 

Regarding CV events, IHD included acute coronary syndromes with or without 

persistent ST-segment elevation and chronic coronary heart disease. IHD was diagnosed 

if any of the following criteria were satisfied: a recorded diagnosis of ischemic 

cardiopathy on account of some acute coronary syndrome (acute MI or unstable 

angina), the presence of pathologic Q waves in the electrocardiogram, and coronary 

images showing >50% stenosis of at least 1 coronary vessel. Cerebrovascular accident 

was defined as the presence of stroke (confirmed by computed tomography and/or 

magnetic resonance imaging) and/or transient ischemic attack (diagnosed if the 

symptoms were self limited in <24 hours, without residual neurologic damage). Heart 

failure was defined based on the Framingham criteria 
792

. Peripheral arterial disease was 

considered to be present if it was confirmed by Doppler and arteriography.  

Hospital Clinico San Carlos and Hospital Xeral-Calde are the referral centers for the 

population of each respective area; the first CV event was defined as an event (case) of 

CV complication diagnosed at the hospital in a patient without a previous history of CV 

disease.  

Endothelial dysfunction was assessed by measure of the brachial artery reactivity, 

between March 2007 and September 2009 in a random subgroup of patients from the 

Lugo cohort with no previous history of CV disease. B-mode scan of the right brachial 

artery, in a longitudinal section 2–12 cm proximal to the antecubital fossa, was 
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performed in supine participants using a vascular software for 2-dimensional imaging, 

color and spectral Doppler, an internal electrocardiogram (EKG) monitor, and a 7.5-

MHz phased-array transducer Hewlett-Packard SONOS 5500 system (Hewlett-Packard, 

Palo Alto, CA). The anterior and posterior intima-media interfaces were used to define 

the baseline artery diameter, calculated as the average of measurements made during 4 

cardiac cycles at end diastole. Timing of each image frame with respect to the cardiac 

cycle was determined with simultaneous EKG recordings on the ultrasound system 

digital monitor. During image acquisition, anatomic landmarks were noted to maintain 

the same image of the artery throughout the study using a specific stereotactic clamp. 

Flow-mediated endothelium-dependent vasodilatation (FMD%; post-ischemia) was 

assessed using a forearm blood pressure cuff inflated on the ipsilateral wrist to at least 

50 mm Hg above resting systolic blood pressure for 5 minutes, and then was released. 

FMD% (an increase in brachial artery diameter) was measured 30–60 seconds after cuff 

release. A midartery pulsed Doppler signal was obtained within the first 15 seconds 

after cuff deflation to assess hyperemic velocity. Endothelium-independent (NTG%; 

post-nitroglycerin) vasodilatation was assessed administering 400 µg of sublingual 

nitroglycerin, which acts directly on vessel smooth muscle to cause vasodilatation. 

NTG% was measured 4 minutes after nitroglycerin intake. In all cases a cardiologist 

(CG-J) analyzed all of the ultrasound data offline and was blind to the clinical 

information. Intra-observer variability was 1.3% and 1.9%, respectively, based on the 

repeat of the ultrasonography in 32 healthy controls. Assessment of endothelial function 

of patients undergoing anti-TNF therapy was performed 24-48 hours before drug 

administration.  

Carotid intima-media thickness (IMT) was measured in the right common carotid 

artery, using high-resolution B-mode ultrasound (Hewlett Packard SONOS 5500), with 
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a 10-MHz linear transducer. Patients and controls were examined in supine position 

with the neck extended and the chin turned contralateral to the side being examined. 

Measurement of IMT was assessed in the common carotid artery 1 cm distal to the 

carotid bifurcation in the posterior wall. All measurements were made manually on 

digitized still images that were obtained during ultrasound scanning. They were 

calculated as the average of measurement during 3 cardiac cycles at end-diastole. 

Measurements of IMT were performed by 2 cardiologists and in all cases the 

cardiologists were blinded to clinical information of the subjects and both agreed on the 

results. The reproducibility of the IMT measurements was evaluated in 20 patients and 

20 controls within 1 week of the first examination. The correlation coefficient for IMT 

was 0.986. 

The subject’s written consent was obtained according to the declaration of Helsinki, and 

the design of the work was approved by the Ethics Committee of Hospital Clinico San 

Carlos (Madrid) and Galicia (Spain). 

 

8.2. Genotyping 

DNA from patients was obtained from whole peripheral blood, using standard methods.  

All the polymorphisms were genotyped using TaqMan Assays-on-Demand from 

Applied Biosystems, following the manufacturer's protocol and analyzed using the ABI 

7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). 

The typing successful rate was over 95%. 10% of the samples were re-genotyped at 

random. No differences were observed with the results obtained before. 
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8.3. Statistical Analysis 

Comparison of means was performed using T-test. Comparison of proportion between 2 

or more group was carried out using χ2 test or Fisher test, when required. Hardy-

Weinberg (HWE) equilibrium for each polymorphism was tested in the RA patients 

with and without CV disease, using http://ihg.gsf.de/cgi-bin/hw/hwa1.pl. When 

requered, LD values (r2) and allelic combinations were generated using UNPHASED 

software. Strength of association between CV events and genotypes, alleles or allelic 

combinations of the studied polymorphisms was estimated using odds ratios (OR) and 

95% confidence intervals [95% CIs] via multiple logistic regression. Also a Cox 

regression model was used to estimate the influence of some polymorphisms on CV 

disease. We used the occurrence of at least one CV event as the outcome. Survival time 

was defined as “age of the subjects at” or “elapsed time between RA diagnosis and” the 

fist CV event, patient’s death, loss of follow-up or December 1st, 2009. Patients who 

died of any other causes different from CV events were considered as not having CV 

events. Proportional hazard assumption was tested using Schoenfeld residuals. Results 

were expressed as hazard ratios (HRs) with [95% CIs] and were computed as both crude 

and adjusted for age at RA diagnosis, gender and presence of classic CV risk factors. 

The selected variables used for adjustment were selected due to their association with 

the outcome (CV event) and the exposure (genotype) and because they produced a 

change greater than 10% in the HR. 

The association between the polymorphisms and carotid IMT, FMD% and NTG% was 

also tested using analysis of covariance (ANCOVA) adjusting for gender, age and 

duration of the disease at the time of the ultrasonography study, and presence or absence 

of the SE and traditional CV risk factors. Calculations were performed with STATA 10 

(STATA Corporation, College Station, Texas). 



 160 



 161 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         REFERENCES 



 162 



 163 

9. REFERENCES 

1. Müller-Ladner, U., Pap, T., Gay, R.E., Neidhart, M. & Gay, S. Mechanisms of 

disease: the molecular and cellular basis of joint destruction in rheumatoid 

arthritis. Nature clinical practice. Rheumatology 1, 102-10 (2005). 

2. Scott, D.L., Wolfe, F. & Huizinga, T.W.J. Rheumatoid arthritis. Lancet 376, 

1094-108 (2010). 

3. McInnes, I.B. & O’Dell, J.R. State-of-the-art: rheumatoid arthritis. Annals of the 

rheumatic diseases 69, 1898-906 (2010). 

4. Klareskog, L., Catrina, A.I. & Paget, S. Rheumatoid arthritis. Lancet 373, 659-72 

(2009). 

5. van der Helm-van Mil, A.H.M. & Huizinga, T.W.J. Advances in the genetics of 

rheumatoid arthritis point to subclassification into distinct disease subsets. 

Arthritis research & therapy 10, 205 (2008). 

6. van Oosterhout, M. et al. Differences in synovial tissue infiltrates between anti-

cyclic citrullinated peptide-positive rheumatoid arthritis and anti-cyclic 

citrullinated peptide-negative rheumatoid arthritis. Arthritis and rheumatism 58, 

53-60 (2008). 

7. MacGregor, A.J. et al. Characterizing the quantitative genetic contribution to 

rheumatoid arthritis using data from twins. Arthritis and rheumatism 43, 30-7 

(2000). 

8. Nielen, M.M.J. et al. Specific autoantibodies precede the symptoms of 

rheumatoid arthritis: a study of serial measurements in blood donors. Arthritis 

and rheumatism 50, 380-6 (2004). 

9. Rantapää-Dahlqvist, S. et al. Antibodies against cyclic citrullinated peptide and 

IgA rheumatoid factor predict the development of rheumatoid arthritis. Arthritis 

and rheumatism 48, 2741-9 (2003). 

10. Majka, D.S. et al. Duration of preclinical rheumatoid arthritis-related 

autoantibody positivity increases in subjects with older age at time of disease 

diagnosis. Annals of the rheumatic diseases 67, 801-7 (2008). 

11. Kraan, M.C. et al. Asymptomatic synovitis precedes clinically manifest arthritis. 

Arthritis and rheumatism 41, 1481-8 (1998). 

12. Tak, P.P. Is early rheumatoid arthritis the same disease process as late 

rheumatoid arthritis? Best practice & research. Clinical rheumatology 15, 17-26 

(2001). 



 164 

13. Tak, P.P. et al. Analysis of the synovial cell infiltrate in early rheumatoid 

synovial tissue in relation to local disease activity. Arthritis and rheumatism 40, 

217-25 (1997). 

14. Nielen, M.M.J. et al. Increased levels of C-reactive protein in serum from blood 

donors before the onset of rheumatoid arthritis. Arthritis and rheumatism 50, 

2423-7 (2004). 

15. Seldin, M.F., Amos, C.I., Ward, R. & Gregersen, P.K. The genetics revolution 

and the assault on rheumatoid arthritis. Arthritis and rheumatism 42, 1071-9 

(1999). 

16. Bowes, J. & Barton, A. Recent advances in the genetics of RA susceptibility. 

Rheumatology (Oxford, England) 47, 399-402 (2008). 

17. du Montcel, S.T. et al. New classification of HLA-DRB1 alleles supports the 

shared epitope hypothesis of rheumatoid arthritis susceptibility. Arthritis and 

rheumatism 52, 1063-8 (2005). 

18. Barnetche, T., Constantin, A., Cantagrel, A., Cambon-Thomsen, A. & Gourraud, 

P.-A. New classification of HLA-DRB1 alleles in rheumatoid arthritis 

susceptibility: a combined analysis of worldwide samples. Arthritis research & 

therapy 10, R26 (2008). 

19. Gregersen, P.K., Silver, J. & Winchester, R.J. The shared epitope hypothesis. An 

approach to understanding the molecular genetics of susceptibility to rheumatoid 

arthritis. Arthritis and rheumatism 30, 1205-13 (1987). 

20. van der Woude, D. et al. Protection against anti-citrullinated protein antibody-

positive rheumatoid arthritis is predominantly associated with HLA-DRB1*1301: 

a meta-analysis of HLA-DRB1 associations with anti-citrullinated protein 

antibody-positive and anti-citrullinated protein . Arthritis and rheumatism 62, 

1236-45 (2010). 

21. de Vries-Bouwstra, J.K. et al. Progression of joint damage in early rheumatoid 

arthritis: association with HLA-DRB1, rheumatoid factor, and anti-citrullinated 

protein antibodies in relation to different treatment strategies. Arthritis and 

rheumatism 58, 1293-8 (2008). 

22. Rojas-Villarraga, A. et al. Familial disease, the HLA-DRB1 shared epitope and 

anti-CCP antibodies influence time at appearance of substantial joint damage in 

rheumatoid arthritis. Journal of autoimmunity 32, 64-9 (2009). 

23. Szodoray, P. et al. Anti-citrullinated protein/peptide autoantibodies in association 

with genetic and environmental factors as indicators of disease outcome in 

rheumatoid arthritis. Autoimmunity reviews 9, 140-3 (2010). 

24. Lundström, E., Källberg, H., Alfredsson, L., Klareskog, L. & Padyukov, L. 

Gene-environment interaction between the DRB1 shared epitope and smoking in 



 165 

the risk of anti-citrullinated protein antibody-positive rheumatoid arthritis: all 

alleles are important. Arthritis and rheumatism 60, 1597-603 (2009). 

25. Klareskog, L., Rönnelid, J., Lundberg, K., Padyukov, L. & Alfredsson, L. 

Immunity to citrullinated proteins in rheumatoid arthritis. Annual review of 

immunology 26, 651-75 (2008). 

26. Bang, S.-Y. et al. Smoking increases rheumatoid arthritis susceptibility in 

individuals carrying the HLA-DRB1 shared epitope, regardless of rheumatoid 

factor or anti-cyclic citrullinated peptide antibody status. Arthritis and 

rheumatism 62, 369-77 (2010). 

27. Ding, B. et al. Different patterns of associations with anti-citrullinated protein 

antibody-positive and anti-citrullinated protein antibody-negative rheumatoid 

arthritis in the extended major histocompatibility complex region. Arthritis and 

rheumatism 60, 30-8 (2009). 

28. Vignal, C. et al. Genetic association of the major histocompatibility complex 

with rheumatoid arthritis implicates two non-DRB1 loci. Arthritis and 

rheumatism 60, 53-62 (2009). 

29. Newton, J.L., Harney, S.M.J., Wordsworth, B.P. & Brown, M.A. A review of the 

MHC genetics of rheumatoid arthritis. Genes and immunity 5, 151-7 (2004). 

30. Begovich, A.B. et al. A missense single-nucleotide polymorphism in a gene 

encoding a protein tyrosine phosphatase (PTPN22) is associated with rheumatoid 

arthritis. American journal of human genetics 75, 330-7 (2004). 

31. Plenge, R.M. et al. Replication of putative candidate-gene associations with 

rheumatoid arthritis in >4,000 samples from North America and Sweden: 

association of susceptibility with PTPN22, CTLA4, and PADI4. American 

journal of human genetics 77, 1044-60 (2005). 

32. Orozco, G. et al. Association of a functional single-nucleotide polymorphism of 

PTPN22, encoding lymphoid protein phosphatase, with rheumatoid arthritis and 

systemic lupus erythematosus. Arthritis and rheumatism 52, 219-24 (2005). 

33. Smyth, D. et al. Replication of an association between the lymphoid tyrosine 

phosphatase locus (LYP/PTPN22) with type 1 diabetes, and evidence for its role 

as a general autoimmunity locus. Diabetes 53, 3020-3 (2004). 

34. Velaga, M.R. et al. The codon 620 tryptophan allele of the lymphoid tyrosine 

phosphatase (LYP) gene is a major determinant of Graves’ disease. The Journal 

of clinical endocrinology and metabolism 89, 5862-5 (2004). 

35. Zhang, J. et al. The autoimmune disease-associated PTPN22 variant promotes 

calpain-mediated Lyp/Pep degradation associated with lymphocyte and dendritic 

cell hyperresponsiveness. Nature genetics 43, 902-7 (2011). 



 166 

36. Menard, L. et al. The PTPN22 allele encoding an R620W variant interferes with 

the removal of developing autoreactive B cells in humans. The Journal of clinical 

investigation (2011).doi:10.1172/JCI45790 

37. Remmers, E.F. et al. STAT4 and the risk of rheumatoid arthritis and systemic 

lupus erythematosus. The New England journal of medicine 357, 977-86 (2007). 

38. Orozco, G. et al. Association of STAT4 with rheumatoid arthritis: a replication 

study in three European populations. Arthritis and rheumatism 58, 1974-80 

(2008). 

39. Martínez, A. et al. Association of the STAT4 gene with increased susceptibility 

for some immune-mediated diseases. Arthritis and rheumatism 58, 2598-602 

(2008). 

40. Watford, W.T. et al. Signaling by IL-12 and IL-23 and the immunoregulatory 

roles of STAT4. Immunological reviews 202, 139-56 (2004). 

41. Cope, A.P. T cells in rheumatoid arthritis. Arthritis research & therapy 10 Suppl 

1, S1 (2008). 

42. Chang, H.-C. et al. Impaired development of human Th1 cells in patients with 

deficient expression of STAT4. Blood 113, 5887-90 (2009). 

43. Plenge, R.M. et al. TRAF1-C5 as a risk locus for rheumatoid arthritis--a 

genomewide study. The New England journal of medicine 357, 1199-209 (2007). 

44. Kurreeman, F.A.S. et al. A candidate gene approach identifies the TRAF1/C5 

region as a risk factor for rheumatoid arthritis. PLoS medicine 4, e278 (2007). 

45. Panoulas, V.F., Smith, J.P., Nightingale, P. & Kitas, G.D. Association of the 

TRAF1/C5 locus with increased mortality, particularly from malignancy or 

sepsis, in patients with rheumatoid arthritis. Arthritis and rheumatism 60, 39-46 

(2009). 

46. Tsitsikov, E.N. et al. TRAF1 is a negative regulator of TNF signaling. enhanced 

TNF signaling in TRAF1-deficient mice. Immunity 15, 647-57 (2001). 

47. Okroj, M., Heinegård, D., Holmdahl, R. & Blom, A.M. Rheumatoid arthritis and 

the complement system. Annals of medicine 39, 517-30 (2007). 

48. Thomson, W. et al. Rheumatoid arthritis association at 6q23. Nature genetics 39, 

1431-3 (2007). 

49. Plenge, R.M. et al. Two independent alleles at 6q23 associated with risk of 

rheumatoid arthritis. Nature genetics 39, 1477-82 (2007). 

50. Orozco, G. et al. Combined effects of three independent SNPs greatly increase 

the risk estimate for RA at 6q23. Human molecular genetics 18, 2693-9 (2009). 



 167 

51. Perdigones, N. et al. 6q23 polymorphisms in rheumatoid arthritis Spanish 

patients. Rheumatology (Oxford, England) 48, 618-21 (2009). 

52. Dieguez-Gonzalez, R. et al. Analysis of TNFAIP3, a feedback inhibitor of 

nuclear factor-kappaB and the neighbor intergenic 6q23 region in rheumatoid 

arthritis susceptibility. Arthritis research & therapy 11, R42 (2009). 

53. Scherer, H.U. et al. Association of the 6q23 region with the rate of joint 

destruction in rheumatoid arthritis. Annals of the rheumatic diseases 69, 567-70 

(2010). 

54. Coornaert, B., Carpentier, I. & Beyaert, R. A20: central gatekeeper in 

inflammation and immunity. The Journal of biological chemistry 284, 8217-21 

(2009). 

55. Kato, M. et al. Frequent inactivation of A20 in B-cell lymphomas. Nature 459, 

712-6 (2009). 

56. Orozco, G., Rueda, B. & Martin, J. Genetic basis of rheumatoid arthritis. 

Biomedicine & pharmacotherapy = Biomédecine & pharmacothérapie 60, 656-

62 (2006). 

57. Daha, N.A. et al. Confirmation of STAT4, IL2/IL21, and CTLA4 polymorphisms 

in rheumatoid arthritis. Arthritis and rheumatism 60, 1255-60 (2009). 

58. Rodríguez, M.R. et al. Association of the CTLA4 3’ untranslated region 

polymorphism with the susceptibility to rheumatoid arthritis. Human immunology 

63, 76-81 (2002). 

59. Genome-wide association study of 14,000 cases of seven common diseases and 

3,000 shared controls. Nature 447, 661-78 (2007). 

60. Barton, A. et al. Rheumatoid arthritis susceptibility loci at chromosomes 10p15, 

12q13 and 22q13. Nature genetics 40, 1156-9 (2008). 

61. Raychaudhuri, S. et al. Common variants at CD40 and other loci confer risk of 

rheumatoid arthritis. Nature genetics 40, 1216-23 (2008). 

62. Zhernakova, A. et al. Novel association in chromosome 4q27 region with 

rheumatoid arthritis and confirmation of type 1 diabetes point to a general risk 

locus for autoimmune diseases. American journal of human genetics 81, 1284-8 

(2007). 

63. Orozco, G. et al. Association of CD40 with rheumatoid arthritis confirmed in a 

large UK case-control study. Annals of the rheumatic diseases 69, 813-6 (2010). 

64. van der Linden, M.P.M. et al. Association of a single-nucleotide polymorphism 

in CD40 with the rate of joint destruction in rheumatoid arthritis. Arthritis and 

rheumatism 60, 2242-7 (2009). 



 168 

65. Barton, A. et al. Identification of AF4/FMR2 family, member 3 (AFF3) as a 

novel rheumatoid arthritis susceptibility locus and confirmation of two further 

pan-autoimmune susceptibility genes. Human molecular genetics 18, 2518-22 

(2009). 

66. Taylor, P.C. & Sivakumar, B. Hypoxia and angiogenesis in rheumatoid arthritis. 

Current opinion in rheumatology 17, 293-8 (2005). 

67. Paleolog, E.M. Angiogenesis in rheumatoid arthritis. Arthritis research 4 Suppl 

3, S81-90 (2002). 

68. Reece, R.J., Canete, J.D., Parsons, W.J., Emery, P. & Veale, D.J. Distinct 

vascular patterns of early synovitis in psoriatic, reactive, and rheumatoid arthritis. 

Arthritis and rheumatism 42, 1481-4 (1999). 

69. Thomas, R., Davis, L.S. & Lipsky, P.E. Rheumatoid synovium is enriched in 

mature antigen-presenting dendritic cells. Journal of immunology (Baltimore, 

Md.5: 1950) 152, 2613-23 (1994). 

70. Pratt, A.G., Isaacs, J.D. & Mattey, D.L. Current concepts in the pathogenesis of 

early rheumatoid arthritis. Best practice & research. Clinical rheumatology 23, 

37-48 (2009). 

71. Burman, A. et al. A chemokine-dependent stromal induction mechanism for 

aberrant lymphocyte accumulation and compromised lymphatic return in 

rheumatoid arthritis. Journal of immunology (Baltimore, Md.5: 1950) 174, 1693-

700 (2005). 

72. Seibl, R. et al. Expression and regulation of Toll-like receptor 2 in rheumatoid 

arthritis synovium. The American journal of pathology 162, 1221-7 (2003). 

73. Sidiropoulos, P.I., Goulielmos, G., Voloudakis, G.K., Petraki, E. & Boumpas, 

D.T. Inflammasomes and rheumatic diseases: evolving concepts. Annals of the 

rheumatic diseases 67, 1382-9 (2008). 

74. Huang, Q.-Q. & Pope, R.M. The role of toll-like receptors in rheumatoid arthritis. 

Current rheumatology reports 11, 357-64 (2009). 

75. Kawai, T. & Akira, S. Pathogen recognition with Toll-like receptors. Current 

opinion in immunology 17, 338-44 (2005). 

76. Termeer, C. et al. Oligosaccharides of Hyaluronan activate dendritic cells via 

toll-like receptor 4. The Journal of experimental medicine 195, 99-111 (2002). 

77. Ospelt, C. et al. Overexpression of toll-like receptors 3 and 4 in synovial tissue 

from patients with early rheumatoid arthritis: toll-like receptor expression in 

early and longstanding arthritis. Arthritis and rheumatism 58, 3684-92 (2008). 



 169 

78. Sacre, S.M. et al. The Toll-like receptor adaptor proteins MyD88 and Mal/TIRAP 

contribute to the inflammatory and destructive processes in a human model of 

rheumatoid arthritis. The American journal of pathology 170, 518-25 (2007). 

79. Vergunst, C.E. & Tak, P.P. Chemokines: their role in rheumatoid arthritis. 

Current rheumatology reports 7, 382-8 (2005). 

80. Tran, C.N. et al. Presentation of arthritogenic peptide to antigen-specific T cells 

by fibroblast-like synoviocytes. Arthritis and rheumatism 56, 1497-506 (2007). 

81. Zvaifler, N.J., Boyle, D. & Firestein, G.S. Early synovitis--synoviocytes and 

mononuclear cells. Seminars in arthritis and rheumatism 23, 11-6 (1994). 

82. Raza, K. et al. Early rheumatoid arthritis is characterized by a distinct and 

transient synovial fluid cytokine profile of T cell and stromal cell origin. Arthritis 

research & therapy 7, R784-95 (2005). 

83. Weaver, C.T., Harrington, L.E., Mangan, P.R., Gavrieli, M. & Murphy, K.M. 

Th17: an effector CD4 T cell lineage with regulatory T cell ties. Immunity 24, 

677-88 (2006). 

84. Bettelli, E. et al. Reciprocal developmental pathways for the generation of 

pathogenic effector TH17 and regulatory T cells. Nature 441, 235-8 (2006). 

85. Kirkham, B.W. et al. Synovial membrane cytokine expression is predictive of 

joint damage progression in rheumatoid arthritis: a two-year prospective study 

(the DAMAGE study cohort). Arthritis and rheumatism 54, 1122-31 (2006). 

86. Sarkar, S. & Fox, D.A. Regulatory T cell defects in rheumatoid arthritis. Arthritis 

and rheumatism 56, 710-3 (2007). 

87. Goronzy, J.J. & Weyand, C.M. Rheumatoid arthritis. Immunological reviews 

204, 55-73 (2005). 

88. Humby, F. et al. Ectopic lymphoid structures support ongoing production of 

class-switched autoantibodies in rheumatoid synovium. PLoS medicine 6, e1 

(2009). 

89. Edwards, J.C.W. & Cambridge, G. B-cell targeting in rheumatoid arthritis and 

other autoimmune diseases. Nature reviews. Immunology 6, 394-403 (2006). 

90. Leadbetter, E.A. et al. Chromatin-IgG complexes activate B cells by dual 

engagement of IgM and Toll-like receptors. Nature 416, 603-7 (2002). 

91. Carson, D.A., Lawrance, S., Catalano, M.A., Vaughan, J.H. & Abraham, G. 

Radioimmunoassay of IgG and IgM rheumatoid factors reacting with human IgG. 

Journal of immunology (Baltimore, Md.5: 1950) 119, 295-300 (1977). 



 170 

92. Huang, Q., Ma, Y., Adebayo, A. & Pope, R.M. Increased macrophage activation 

mediated through toll-like receptors in rheumatoid arthritis. Arthritis and 

rheumatism 56, 2192-201 (2007). 

93. Kim, K.-W. et al. Human rheumatoid synovial fibroblasts promote 

osteoclastogenic activity by activating RANKL via TLR-2 and TLR-4 activation. 

Immunology letters 110, 54-64 (2007). 

94. Burger, D. & Dayer, J.-M. Cytokines, acute-phase proteins, and hormones: IL-1 

and TNF-alpha production in contact-mediated activation of monocytes by T 

lymphocytes. Annals of the New York Academy of Sciences 966, 464-73 (2002). 

95. Hwang, S.-Y. et al. IL-17 induces production of IL-6 and IL-8 in rheumatoid 

arthritis synovial fibroblasts via NF-kappaB- and PI3-kinase/Akt-dependent 

pathways. Arthritis research & therapy 6, R120-8 (2004). 

96. McInnes, I.B. & Schett, G. Cytokines in the pathogenesis of rheumatoid arthritis. 

Nature reviews. Immunology 7, 429-42 (2007). 

97. Karouzakis, E., Neidhart, M., Gay, R.E. & Gay, S. Molecular and cellular basis 

of rheumatoid joint destruction. Immunology letters 106, 8-13 (2006). 

98. Myasoedova, E., Davis, J.M., Crowson, C.S. & Gabriel, S.E. Epidemiology of 

rheumatoid arthritis: rheumatoid arthritis and mortality. Current rheumatology 

reports 12, 379-85 (2010). 

99. Alamanos, Y., Voulgari, P.V. & Drosos, A.A. Incidence and prevalence of 

rheumatoid arthritis, based on the 1987 American College of Rheumatology 

criteria: a systematic review. Seminars in arthritis and rheumatism 36, 182-8 

(2006). 

100. Gonzalez, A. et al. The widening mortality gap between rheumatoid arthritis 

patients and the general population. Arthritis and rheumatism 56, 3583-7 (2007). 

101. Radovits, B.J. et al. Excess mortality emerges after 10 years in an inception 

cohort of early rheumatoid arthritis. Arthritis care & research 62, 362-70 (2010). 

102. Ziadé, N., Jougla, E. & Coste, J. Population-level influence of rheumatoid 

arthritis on mortality and recent trends: a multiple cause-of-death analysis in 

France, 1970-2002. The Journal of rheumatology 35, 1950-7 (2008). 

103. Jemal, A., Ward, E., Hao, Y. & Thun, M. Trends in the leading causes of death in 

the United States, 1970-2002. JAMA5: the journal of the American Medical 

Association 294, 1255-9 (2005). 

104. Gonzalez, A. et al. The widening mortality gap between rheumatoid arthritis 

patients and the general population. Arthritis and rheumatism 56, 3583-7 (2007). 

105. Gonzalez, A. et al. Mortality trends in rheumatoid arthritis: the role of 

rheumatoid factor. The Journal of rheumatology 35, 1009-14 (2008). 



 171 

106. Bergström, U. et al. Lower disease activity and disability in Swedish patients 

with rheumatoid arthritis in 1995 compared with 1978. Scandinavian journal of 

rheumatology 28, 160-5 (1999). 

107. Welsing, P.M.J., Fransen, J. & van Riel, P.L.C.M. Is the disease course of 

rheumatoid arthritis becoming milder? Time trends since 1985 in an inception 

cohort of early rheumatoid arthritis. Arthritis and rheumatism 52, 2616-24 

(2005). 

108. Poole, C.D., Conway, P. & Currie, C.J. An evaluation of the association between 

C-reactive protein, the change in C-reactive protein over one year, and all-cause 

mortality in chronic immune-mediated inflammatory disease managed in UK 

general practice. Rheumatology (Oxford, England) 48, 78-82 (2009). 

109. Book, C., Algulin, J., Nilsson, J.-A., Saxne, T. & Jacobsson, L. Bone mineral 

density in the hand as a predictor for mortality in patients with rheumatoid 

arthritis. Rheumatology (Oxford, England) 48, 1088-91 (2009). 

110. Icen, M. et al. Systemic lupus erythematosus features in rheumatoid arthritis and 

their effect on overall mortality. The Journal of rheumatology 36, 50-7 (2009). 

111. Bongartz, T. et al. Incidence and mortality of interstitial lung disease in 

rheumatoid arthritis: a population-based study. Arthritis and rheumatism 62, 

1583-91 (2010). 

112. Liang, K.P. et al. Autoantibodies and the risk of cardiovascular events. The 

Journal of rheumatology 36, 2462-9 (2009). 

113. Edwards, C.J. et al. The autoantibody rheumatoid factor may be an independent 

risk factor for ischaemic heart disease in men. Heart (British Cardiac Society) 

93, 1263-7 (2007). 

114. Farragher, T.M. et al. Association of the HLA-DRB1 gene with premature death, 

particularly from cardiovascular disease, in patients with rheumatoid arthritis and 

inflammatory polyarthritis. Arthritis and rheumatism 58, 359-69 (2008). 

115. Panoulas, V.F., Smith, J.P., Nightingale, P. & Kitas, G.D. Association of the 

TRAF1/C5 locus with increased mortality, particularly from malignancy or 

sepsis, in patients with rheumatoid arthritis. Arthritis and rheumatism 60, 39-46 

(2009). 

116. van Nies, J.A.B. et al. TRAF1/C5 polymorphism is not associated with increased 

mortality in rheumatoid arthritis: two large longitudinal studies. Arthritis 

research & therapy 12, R38 (2010). 

117. Sokka, T., Abelson, B. & Pincus, T. Mortality in rheumatoid arthritis: 2008 

update. Clinical and experimental rheumatology 26, S35-61 (2008). 



 172 

118. Aviña-Zubieta, J.A. et al. Risk of cardiovascular mortality in patients with 

rheumatoid arthritis: a meta-analysis of observational studies. Arthritis and 

rheumatism 59, 1690-7 (2008). 

119. Wolfe, F. & Michaud, K. The risk of myocardial infarction and pharmacologic 

and nonpharmacologic myocardial infarction predictors in rheumatoid arthritis: a 

cohort and nested case-control analysis. Arthritis and rheumatism 58, 2612-21 

(2008). 

120. Davis, J.M. et al. The presentation and outcome of heart failure in patients with 

rheumatoid arthritis differs from that in the general population. Arthritis and 

rheumatism 58, 2603-11 (2008). 

121. Wolfe, F., Freundlich, B. & Straus, W.L. Increase in cardiovascular and 

cerebrovascular disease prevalence in rheumatoid arthritis. The Journal of 

rheumatology 30, 36-40 (2003). 

122. del Rincón, I.D., Williams, K., Stern, M.P., Freeman, G.L. & Escalante, A. High 

incidence of cardiovascular events in a rheumatoid arthritis cohort not explained 

by traditional cardiac risk factors. Arthritis and rheumatism 44, 2737-45 (2001). 

123. Solomon, D.H. et al. Patterns of cardiovascular risk in rheumatoid arthritis. 

Annals of the rheumatic diseases 65, 1608-12 (2006). 

124. Douglas, K.M.J. et al. Excess recurrent cardiac events in rheumatoid arthritis 

patients with acute coronary syndrome. Annals of the rheumatic diseases 65, 348-

53 (2006). 

125. Södergren, A., Stegmayr, B., Lundberg, V., Ohman, M.-L. & Wållberg-Jonsson, 

S. Increased incidence of and impaired prognosis after acute myocardial 

infarction among patients with seropositive rheumatoid arthritis. Annals of the 

rheumatic diseases 66, 263-6 (2007). 

126. Wallberg-Jonsson, S., Ohman, M.L. & Dahlqvist, S.R. Cardiovascular morbidity 

and mortality in patients with seropositive rheumatoid arthritis in Northern 

Sweden. The Journal of rheumatology 24, 445-51 (1997). 

127. Watson, D.J., Rhodes, T. & Guess, H.A. All-cause mortality and vascular events 

among patients with rheumatoid arthritis, osteoarthritis, or no arthritis in the UK 

General Practice Research Database. The Journal of rheumatology 30, 1196-202 

(2003). 

128. Wolfe, F. et al. The mortality of rheumatoid arthritis. Arthritis and rheumatism 

37, 481-94 (1994). 

129. Solomon, D.H. et al. Cardiovascular morbidity and mortality in women 

diagnosed with rheumatoid arthritis. Circulation 107, 1303-7 (2003). 



 173 

130. Goodson, N., Marks, J., Lunt, M. & Symmons, D. Cardiovascular admissions and 

mortality in an inception cohort of patients with rheumatoid arthritis with onset in 

the 1980s and 1990s. Annals of the rheumatic diseases 64, 1595-601 (2005). 

131. Krishnan, E., Lingala, V.B. & Singh, G. Declines in mortality from acute 

myocardial infarction in successive incidence and birth cohorts of patients with 

rheumatoid arthritis. Circulation 110, 1774-9 (2004). 

132. Nurmohamed, M.T. Cardiovascular risk in rheumatoid arthritis. Autoimmunity 

reviews 8, 663-7 (2009). 

133. Kvalvik, A.G., Jones, M.A. & Symmons, D.P. Mortality in a cohort of 

Norwegian patients with rheumatoid arthritis followed from 1977 to 1992. 

Scandinavian journal of rheumatology 29, 29-37 (2000). 

134. Maradit-Kremers, H. et al. Increased unrecognized coronary heart disease and 

sudden deaths in rheumatoid arthritis: a population-based cohort study. Arthritis 

and rheumatism 52, 402-11 (2005). 

135. Nadareishvili, Z., Michaud, K., Hallenbeck, J.M. & Wolfe, F. Cardiovascular, 

rheumatologic, and pharmacologic predictors of stroke in patients with 

rheumatoid arthritis: a nested, case-control study. Arthritis and rheumatism 59, 

1090-6 (2008). 

136. Wolfe, F. & Michaud, K. Heart failure in rheumatoid arthritis: rates, predictors, 

and the effect of anti-tumor necrosis factor therapy. The American journal of 

medicine 116, 305-11 (2004). 

137. Nicola, P.J. et al. The risk of congestive heart failure in rheumatoid arthritis: a 

population-based study over 46 years. Arthritis and rheumatism 52, 412-20 

(2005). 

138. Meune, C., Touzé, E., Trinquart, L. & Allanore, Y. Trends in cardiovascular 

mortality in patients with rheumatoid arthritis over 50 years: a systematic review 

and meta-analysis of cohort studies. Rheumatology (Oxford, England) 48, 1309-

13 (2009). 

139. Myllykangas-Luosujärvi, R., Aho, K., Kautiainen, H. & Isomäki, H. Shortening 

of life span and causes of excess mortality in a population-based series of 

subjects with rheumatoid arthritis. Clinical and experimental rheumatology 13, 

149-53 (1995). 

140. Naz, S.M. & Symmons, D.P.M. Mortality in established rheumatoid arthritis. 

Best practice & research. Clinical rheumatology 21, 871-83 (2007). 

141. de Rivas, B., Permanyer-Miralda, G., Brotons, C., Aznar, J. & Sobreviela, E. 

Health-related quality of life in unselected outpatients with heart failure across 

Spain in two different health care levels. Magnitude and determinants of 

impairment: the INCA study. Quality of life research5: an international journal 

of quality of life aspects of treatment, care and rehabilitation 17, 1229-38 (2008). 



 174 

142. Joyce, A.T., Smith, P., Khandker, R., Melin, J.M. & Singh, A. Hidden cost of 

rheumatoid arthritis (RA): estimating cost of comorbid cardiovascular disease 

and depression among patients with RA. The Journal of rheumatology 36, 743-52 

(2009). 

143. Roman, M.J. et al. Preclinical carotid atherosclerosis in patients with rheumatoid 

arthritis. Annals of internal medicine 144, 249-56 (2006). 

144. Gonzalez-Juanatey, C. et al. Increased prevalence of severe subclinical 

atherosclerotic findings in long-term treated rheumatoid arthritis patients without 

clinically evident atherosclerotic disease. Medicine 82, 407-13 (2003). 

145. Park, Y.-B. et al. Atherosclerosis in rheumatoid arthritis: morphologic evidence 

obtained by carotid ultrasound. Arthritis and rheumatism 46, 1714-9 (2002). 

146. Gonzalez-Gay, M.A. et al. High-grade C-reactive protein elevation correlates 

with accelerated atherogenesis in patients with rheumatoid arthritis. The Journal 

of rheumatology 32, 1219-23 (2005). 

147. Kremers, H.M., Crowson, C.S., Therneau, T.M., Roger, V.L. & Gabriel, S.E. 

High ten-year risk of cardiovascular disease in newly diagnosed rheumatoid 

arthritis patients: a population-based cohort study. Arthritis and rheumatism 58, 

2268-74 (2008). 

148. van Halm, V.P. et al. Rheumatoid arthritis versus diabetes as a risk factor for 

cardiovascular disease: a cross-sectional study, the CARRE Investigation. Annals 

of the rheumatic diseases 68, 1395-400 (2009). 

149. Peters, M.J.L. et al. Does rheumatoid arthritis equal diabetes mellitus as an 

independent risk factor for cardiovascular disease? A prospective study. Arthritis 

and rheumatism 61, 1571-9 (2009). 

150. Shoenfeld, Y. et al. Accelerated atherosclerosis in autoimmune rheumatic 

diseases. Circulation 112, 3337-47 (2005). 

151. Myasoedova, E. & Gabriel, S.E. Cardiovascular disease in rheumatoid arthritis: a 

step forward. Current opinion in rheumatology 22, 342-7 (2010). 

152. Gonzalez, A. et al. Do cardiovascular risk factors confer the same risk for 

cardiovascular outcomes in rheumatoid arthritis patients as in non-rheumatoid 

arthritis patients? Annals of the rheumatic diseases 67, 64-9 (2008). 

153. Stavropoulos-Kalinoglou, A. et al. Associations of obesity with modifiable risk 

factors for the development of cardiovascular disease in patients with rheumatoid 

arthritis. Annals of the rheumatic diseases 68, 242-5 (2009). 

154. Chung, C.P. et al. Increased coronary-artery atherosclerosis in rheumatoid 

arthritis: relationship to disease duration and cardiovascular risk factors. Arthritis 

and rheumatism 52, 3045-53 (2005). 



 175 

155. Dessein, P.H. et al. Traditional and nontraditional cardiovascular risk factors are 

associated with atherosclerosis in rheumatoid arthritis. The Journal of 

rheumatology 32, 435-42 (2005). 

156. Gerli, R. et al. Precocious atherosclerosis in rheumatoid arthritis: role of 

traditional and disease-related cardiovascular risk factors. Annals of the New York 

Academy of Sciences 1108, 372-81 (2007). 

157. Solomon, D.H., Curhan, G.C., Rimm, E.B., Cannuscio, C.C. & Karlson, E.W. 

Cardiovascular risk factors in women with and without rheumatoid arthritis. 

Arthritis and rheumatism 50, 3444-9 (2004). 

158. Boyer, J.-F., Gourraud, P.-A., Cantagrel, A., Davignon, J.-L. & Constantin, A. 

Traditional cardiovascular risk factors in rheumatoid arthritis: a meta-analysis. 

Joint, bone, spine5: revue du rhumatisme 78, 179-83 (2011). 

159. Gabriel, S.E. Heart disease and rheumatoid arthritis: understanding the risks. 

Annals of the rheumatic diseases 69 Suppl 1, i61-64 (2010). 

160. Brady, S.R.E. et al. The role of traditional cardiovascular risk factors among 

patients with rheumatoid arthritis. The Journal of rheumatology 36, 34-40 (2009). 

161. Sattar, N., McCarey, D.W., Capell, H. & McInnes, I.B. Explaining how “high-

grade” systemic inflammation accelerates vascular risk in rheumatoid arthritis. 

Circulation 108, 2957-63 (2003). 

162. Hahn, B.H., Grossman, J., Ansell, B.J., Skaggs, B.J. & McMahon, M. Altered 

lipoprotein metabolism in chronic inflammatory states: proinflammatory high-

density lipoprotein and accelerated atherosclerosis in systemic lupus 

erythematosus and rheumatoid arthritis. Arthritis research & therapy 10, 213 

(2008). 

163. Weiner, D.E. et al. The Framingham predictive instrument in chronic kidney 

disease. Journal of the American College of Cardiology 50, 217-24 (2007). 

164. McEwan, P. et al. Evaluating the performance of the Framingham risk equations 

in a population with diabetes. Diabetic medicine5: a journal of the British 

Diabetic Association 21, 318-23 (2004). 

165. Ross, R. Atherosclerosis--an inflammatory disease. The New England journal of 

medicine 340, 115-26 (1999). 

166. Hansson, G.K. Inflammation, atherosclerosis, and coronary artery disease. The 

New England journal of medicine 352, 1685-95 (2005). 

167. Hansson, G.K. & Libby, P. The immune response in atherosclerosis: a double-

edged sword. Nature reviews. Immunology 6, 508-19 (2006). 

168. Libby, P. Inflammation in atherosclerosis. Nature 420, 868-74 (2002). 



 176 

169. Kovanen, P.T., Kaartinen, M. & Paavonen, T. Infiltrates of activated mast cells at 

the site of coronary atheromatous erosion or rupture in myocardial infarction. 

Circulation 92, 1084-8 (1995). 

170. Jonasson, L., Holm, J., Skalli, O., Bondjers, G. & Hansson, G.K. Regional 

accumulations of T cells, macrophages, and smooth muscle cells in the human 

atherosclerotic plaque. Arteriosclerosis (Dallas, Tex.) 6, 131-8 (1986). 

171. Tupin, E. et al. CD1d-dependent activation of NKT cells aggravates 

atherosclerosis. The Journal of experimental medicine 199, 417-22 (2004). 

172. Bobryshev, Y.V. & Lord, R.S. S-100 positive cells in human arterial intima and 

in atherosclerotic lesions. Cardiovascular research 29, 689-96 (1995). 

173. Hansson, G.K. & Hermansson, A. The immune system in atherosclerosis. Nature 

immunology 12, 204-12 (2011). 

174. Hansson, G.K., Robertson, A.-K.L. & Söderberg-Nauclér, C. Inflammation and 

atherosclerosis. Annual review of pathology 1, 297-329 (2006). 

175. Jonasson, L., Holm, J., Skalli, O., Gabbiani, G. & Hansson, G.K. Expression of 

class II transplantation antigen on vascular smooth muscle cells in human 

atherosclerosis. The Journal of clinical investigation 76, 125-31 (1985). 

176. Pasceri, V. & Yeh, E.T. A tale of two diseases: atherosclerosis and rheumatoid 

arthritis. Circulation 100, 2124-6 (1999). 

177. Ku, I.A., Imboden, J.B., Hsue, P.Y. & Ganz, P. Rheumatoid arthritis: model of 

systemic inflammation driving atherosclerosis. Circulation journal5: official 

journal of the Japanese Circulation Society 73, 977-85 (2009). 

178. Montecucco, F. & Mach, F. Common inflammatory mediators orchestrate 

pathophysiological processes in rheumatoid arthritis and atherosclerosis. 

Rheumatology (Oxford, England) 48, 11-22 (2009). 

179. Gonzalez-Gay, M.A., Gonzalez-Juanatey, C. & Martin, J. Rheumatoid arthritis: a 

disease associated with accelerated atherogenesis. Seminars in arthritis and 

rheumatism 35, 8-17 (2005). 

180. Libby, P. & Ridker, P.M. Inflammation and Atherothrombosis. Journal of the 

American College of Cardiology 48, A33-A46 (2006). 

181. Manzi, S. & Wasko, M.C. Inflammation-mediated rheumatic diseases and 

atherosclerosis. Annals of the rheumatic diseases 59, 321-5 (2000). 

182. Otterness, I.G. The value of C-reactive protein measurement in rheumatoid 

arthritis. Seminars in arthritis and rheumatism 24, 91-104 (1994). 

183. Pearson, T.A. et al. Markers of inflammation and cardiovascular disease: 

application to clinical and public health practice: A statement for healthcare 



 177 

professionals from the Centers for Disease Control and Prevention and the 

American Heart Association. Circulation 107, 499-511 (2003). 

184. Skålén, K. et al. Subendothelial retention of atherogenic lipoproteins in early 

atherosclerosis. Nature 417, 750-4 (2002). 

185. Shih, P.T. et al. Minimally modified low-density lipoprotein induces monocyte 

adhesion to endothelial connecting segment-1 by activating beta1 integrin. The 

Journal of clinical investigation 103, 613-25 (1999). 

186. Cybulsky, M.I. & Gimbrone, M.A. Endothelial expression of a mononuclear 

leukocyte adhesion molecule during atherogenesis. Science (New York, N.Y.) 

251, 788-91 (1991). 

187. Dong, Z.M. et al. The combined role of P- and E-selectins in atherosclerosis. The 

Journal of clinical investigation 102, 145-52 (1998). 

188. Cybulsky, M.I. et al. A major role for VCAM-1, but not ICAM-1, in early 

atherosclerosis. The Journal of clinical investigation 107, 1255-62 (2001). 

189. Iademarco, M.F., Barks, J.L. & Dean, D.C. Regulation of vascular cell adhesion 

molecule-1 expression by IL-4 and TNF-alpha in cultured endothelial cells. The 

Journal of clinical investigation 95, 264-71 (1995). 

190. Zernecke, A., Shagdarsuren, E. & Weber, C. Chemokines in atherosclerosis: an 

update. Arteriosclerosis, thrombosis, and vascular biology 28, 1897-908 (2008). 

191. Rajavashisth, T.B. et al. Induction of endothelial cell expression of granulocyte 

and macrophage colony-stimulating factors by modified low-density lipoproteins. 

Nature 344, 254-7 (1990). 

192. Yan, Z.-qun & Hansson, G.K. Innate immunity, macrophage activation, and 

atherosclerosis. Immunological reviews 219, 187-203 (2007). 

193. Smith, J.D. et al. Decreased atherosclerosis in mice deficient in both macrophage 

colony-stimulating factor (op) and apolipoprotein E. Proceedings of the National 

Academy of Sciences of the United States of America 92, 8264-8 (1995). 

194. Nicoletti, A. et al. The macrophage scavenger receptor type A directs modified 

proteins to antigen presentation. European journal of immunology 29, 512-21 

(1999). 

195. Niessner, A. & Weyand, C.M. Dendritic cells in atherosclerotic disease. Clinical 

immunology (Orlando, Fla.) 134, 25-32 (2010). 

196. Robertson, A.-K.L. & Hansson, G.K. T cells in atherogenesis: for better or for 

worse? Arteriosclerosis, thrombosis, and vascular biology 26, 2421-32 (2006). 



 178 

197. Paulsson, G., Zhou, X., Törnquist, E. & Hansson, G.K. Oligoclonal T cell 

expansions in atherosclerotic lesions of apolipoprotein E-deficient mice. 

Arteriosclerosis, thrombosis, and vascular biology 20, 10-7 (2000). 

198. Liuzzo, G. et al. Monoclonal T-cell proliferation and plaque instability in acute 

coronary syndromes. Circulation 101, 2883-8 (2000). 

199. van der Wal, A.C., Becker, A.E., van der Loos, C.M. & Das, P.K. Site of intimal 

rupture or erosion of thrombosed coronary atherosclerotic plaques is 

characterized by an inflammatory process irrespective of the dominant plaque 

morphology. Circulation 89, 36-44 (1994). 

200. Stemme, S. et al. T lymphocytes from human atherosclerotic plaques recognize 

oxidized low density lipoprotein. Proceedings of the National Academy of 

Sciences of the United States of America 92, 3893-7 (1995). 

201. Frostegård, J. et al. Oxidized low density lipoprotein induces differentiation and 

adhesion of human monocytes and the monocytic cell line U937. Proceedings of 

the National Academy of Sciences of the United States of America 87, 904-8 

(1990). 

202. Zhou, X., Nicoletti, A., Elhage, R. & Hansson, G.K. Transfer of CD4(+) T cells 

aggravates atherosclerosis in immunodeficient apolipoprotein E knockout mice. 

Circulation 102, 2919-22 (2000). 

203. Palinski, W. et al. Low density lipoprotein undergoes oxidative modification in 

vivo. Proceedings of the National Academy of Sciences of the United States of 

America 86, 1372-6 (1989). 

204. Peters, M.J.L. et al. Relations between autoantibodies against oxidized low-

density lipoprotein, inflammation, subclinical atherosclerosis, and cardiovascular 

disease in rheumatoid arthritis. The Journal of rheumatology 35, 1495-9 (2008). 

205. Frostegård, J. et al. Induction of T-cell activation by oxidized low density 

lipoprotein. Arteriosclerosis and thrombosis5: a journal of vascular biology / 

American Heart Association 12, 461-7 (1992). 

206. Xu, Q., Kleindienst, R., Waitz, W., Dietrich, H. & Wick, G. Increased expression 

of heat shock protein 65 coincides with a population of infiltrating T 

lymphocytes in atherosclerotic lesions of rabbits specifically responding to heat 

shock protein 65. The Journal of clinical investigation 91, 2693-702 (1993). 

207. Kol, A., Sukhova, G.K., Lichtman, A.H. & Libby, P. Chlamydial heat shock 

protein 60 localizes in human atheroma and regulates macrophage tumor necrosis 

factor-alpha and matrix metalloproteinase expression. Circulation 98, 300-7 

(1998). 

208. de Boer, O.J. et al. Unstable atherosclerotic plaques contain T-cells that respond 

to Chlamydia pneumoniae. Cardiovascular research 48, 402-8 (2000). 



 179 

209. Hansson, G.K., Holm, J. & Jonasson, L. Detection of activated T lymphocytes in 

the human atherosclerotic plaque. The American journal of pathology 135, 169-

75 (1989). 

210. Frostegård, J. et al. Cytokine expression in advanced human atherosclerotic 

plaques: dominance of pro-inflammatory (Th1) and macrophage-stimulating 

cytokines. Atherosclerosis 145, 33-43 (1999). 

211. Gerdes, N. et al. Expression of interleukin (IL)-18 and functional IL-18 receptor 

on human vascular endothelial cells, smooth muscle cells, and macrophages: 

implications for atherogenesis. The Journal of experimental medicine 195, 245-

57 (2002). 

212. Tenger, C., Sundborger, A., Jawien, J. & Zhou, X. IL-18 accelerates 

atherosclerosis accompanied by elevation of IFN-gamma and CXCL16 

expression independently of T cells. Arteriosclerosis, thrombosis, and vascular 

biology 25, 791-6 (2005). 

213. Uyemura, K. et al. Cross-regulatory roles of interleukin (IL)-12 and IL-10 in 

atherosclerosis. The Journal of clinical investigation 97, 2130-8 (1996). 

214. Gupta, S. et al. IFN-gamma potentiates atherosclerosis in ApoE knock-out mice. 

The Journal of clinical investigation 99, 2752-61 (1997). 

215. Davenport, P. & Tipping, P.G. The role of interleukin-4 and interleukin-12 in the 

progression of atherosclerosis in apolipoprotein E-deficient mice. The American 

journal of pathology 163, 1117-25 (2003). 

216. Elhage, R. et al. Reduced atherosclerosis in interleukin-18 deficient 

apolipoprotein E-knockout mice. Cardiovascular research 59, 234-40 (2003). 

217. Brånén, L. et al. Inhibition of tumor necrosis factor-alpha reduces atherosclerosis 

in apolipoprotein E knockout mice. Arteriosclerosis, thrombosis, and vascular 

biology 24, 2137-42 (2004). 

218. Buono, C. et al. T-bet deficiency reduces atherosclerosis and alters plaque 

antigen-specific immune responses. Proceedings of the National Academy of 

Sciences of the United States of America 102, 1596-601 (2005). 

219. Laurat, E. et al. In vivo downregulation of T helper cell 1 immune responses 

reduces atherogenesis in apolipoprotein E-knockout mice. Circulation 104, 197-

202 (2001). 

220. Friesel, R., Komoriya, A. & Maciag, T. Inhibition of endothelial cell proliferation 

by gamma-interferon. The Journal of cell biology 104, 689-96 (1987). 

221. Hansson, G.K., Hellstrand, M., Rymo, L., Rubbia, L. & Gabbiani, G. Interferon 

gamma inhibits both proliferation and expression of differentiation-specific 

alpha-smooth muscle actin in arterial smooth muscle cells. The Journal of 

experimental medicine 170, 1595-608 (1989). 



 180 

222. Amento, E.P., Ehsani, N., Palmer, H. & Libby, P. Cytokines and growth factors 

positively and negatively regulate interstitial collagen gene expression in human 

vascular smooth muscle cells. Arteriosclerosis and thrombosis5: a journal of 

vascular biology / American Heart Association 11, 1223-30 (1991). 

223. Eid, R.E. et al. Interleukin-17 and interferon-gamma are produced concomitantly 

by human coronary artery-infiltrating T cells and act synergistically on vascular 

smooth muscle cells. Circulation 119, 1424-32 (2009). 

224. Lee, E. et al. Regulation of matrix metalloproteinases and plasminogen activator 

inhibitor-1 synthesis by plasminogen in cultured human vascular smooth muscle 

cells. Circulation research 78, 44-9 (1996). 

225. Sarén, P., Welgus, H.G. & Kovanen, P.T. TNF-alpha and IL-1beta selectively 

induce expression of 92-kDa gelatinase by human macrophages. Journal of 

immunology (Baltimore, Md.5: 1950) 157, 4159-65 (1996). 

226. Boquist, S. et al. Alimentary lipemia, postprandial triglyceride-rich lipoproteins, 

and common carotid intima-media thickness in healthy, middle-aged men. 

Circulation 100, 723-8 (1999). 

227. Grisar, J. et al. Depletion of endothelial progenitor cells in the peripheral blood of 

patients with rheumatoid arthritis. Circulation 111, 204-11 (2005). 

228. Hill, J.M. et al. Circulating endothelial progenitor cells, vascular function, and 

cardiovascular risk. The New England journal of medicine 348, 593-600 (2003). 

229. Virmani, R., Burke, A.P., Farb, A. & Kolodgie, F.D. Pathology of the vulnerable 

plaque. Journal of the American College of Cardiology 47, C13-8 (2006). 

230. Libby, P. Inflammation and cardiovascular disease mechanisms. The American 

journal of clinical nutrition 83, 456S-460S (2006). 

231. Rajavashisth, T.B. et al. Inflammatory cytokines and oxidized low density 

lipoproteins increase endothelial cell expression of membrane type 1-matrix 

metalloproteinase. The Journal of biological chemistry 274, 11924-9 (1999). 

232. Galis, Z.S., Muszynski, M., Sukhova, G.K., Simon-Morrissey, E. & Libby, P. 

Enhanced expression of vascular matrix metalloproteinases induced in vitro by 

cytokines and in regions of human atherosclerotic lesions. Annals of the New 

York Academy of Sciences 748, 501-7 (1995). 

233. Libby, P. & Shi, G.-P. Mast cells as mediators and modulators of atherogenesis. 

Circulation 115, 2471-3 (2007). 

234. Mach, F., Schönbeck, U., Bonnefoy, J.Y., Pober, J.S. & Libby, P. Activation of 

monocyte/macrophage functions related to acute atheroma complication by 

ligation of CD40: induction of collagenase, stromelysin, and tissue factor. 

Circulation 96, 396-9 (1997). 



 181 

235. Grignani, G. & Maiolo, A. Cytokines and hemostasis. Haematologica 85, 967-72 

(2000). 

236. Kumeda, Y. et al. Increased thickness of the arterial intima-media detected by 

ultrasonography in patients with rheumatoid arthritis. Arthritis and rheumatism 

46, 1489-97 (2002). 

237. Vaudo, G. et al. Endothelial dysfunction in young patients with rheumatoid 

arthritis and low disease activity. Annals of the rheumatic diseases 63, 31-5 

(2004). 

238. Kao, A.H. et al. Subclinical coronary artery calcification and relationship to 

disease duration in women with rheumatoid arthritis. The Journal of 

rheumatology 35, 61-9 (2008). 

239. Giles, J.T. et al. Coronary arterial calcification in rheumatoid arthritis: 

comparison with the Multi-Ethnic Study of Atherosclerosis. Arthritis research & 

therapy 11, R36 (2009). 

240. Kobayashi, H. et al. Increased prevalence of carotid artery atherosclerosis in 

rheumatoid arthritis is artery-specific. The Journal of rheumatology 37, 730-9 

(2010). 

241. Ortega-Hernandez, O.-D., Pineda-Tamayo, R., Pardo, A.L., Rojas-Villarraga, A. 

& Anaya, J.-M. Cardiovascular disease is associated with extra-articular 

manifestations in patients with rheumatoid arthritis. Clinical rheumatology 28, 

767-75 (2009). 

242. Kokkonen, H. et al. Up-regulation of cytokines and chemokines predates the 

onset of rheumatoid arthritis. Arthritis and rheumatism 62, 383-91 (2010). 

243. Chan, K.W., Felson, D.T., Yood, R.A. & Walker, A.M. The lag time between 

onset of symptoms and diagnosis of rheumatoid arthritis. Arthritis and 

rheumatism 37, 814-20 (1994). 

244. Radovits, B.J. et al. Excess mortality emerges after 10 years in an inception 

cohort of early rheumatoid arthritis. Arthritis care & research 62, 362-70 (2010). 

245. Holmqvist, M.E. et al. No increased occurrence of ischemic heart disease prior to 

the onset of rheumatoid arthritis: results from two Swedish population-based 

rheumatoid arthritis cohorts. Arthritis and rheumatism 60, 2861-9 (2009). 

246. Kroot, E.J. et al. No increased mortality in patients with rheumatoid arthritis: up 

to 10 years of follow up from disease onset. Annals of the rheumatic diseases 59, 

954-8 (2000). 

247. Panoulas, V.F. et al. Hypertension in rheumatoid arthritis. Rheumatology 

(Oxford, England) 47, 1286-98 (2008). 



 182 

248. Panoulas, V.F. et al. Prevalence and associations of hypertension and its control 

in patients with rheumatoid arthritis. Rheumatology (Oxford, England) 46, 1477-

82 (2007). 

249. Panoulas, V.F. et al. Target organ damage in patients with rheumatoid arthritis: 

the role of blood pressure and heart rate. Atherosclerosis 209, 255-60 (2010). 

250. Klarenbeek, N.B. et al. Blood pressure changes in patients with recent-onset 

rheumatoid arthritis treated with four different treatment strategies: a post hoc 

analysis from the BeSt trial. Annals of the rheumatic diseases 69, 1342-5 (2010). 

251. van Halm, V.P. et al. Lipids and inflammation: serial measurements of the lipid 

profile of blood donors who later developed rheumatoid arthritis. Annals of the 

rheumatic diseases 66, 184-8 (2007). 

252. Myasoedova, E. et al. Total cholesterol and LDL levels decrease before 

rheumatoid arthritis. Annals of the rheumatic diseases 69, 1310-4 (2010). 

253. Nielen, M.M.J. et al. Specific autoantibodies precede the symptoms of 

rheumatoid arthritis: a study of serial measurements in blood donors. Arthritis 

and rheumatism 50, 380-6 (2004). 

254. Nielen, M.M.J. et al. Increased levels of C-reactive protein in serum from blood 

donors before the onset of rheumatoid arthritis. Arthritis and rheumatism 50, 

2423-7 (2004). 

255. Nielen, M.M.J. et al. Simultaneous development of acute phase response and 

autoantibodies in preclinical rheumatoid arthritis. Annals of the rheumatic 

diseases 65, 535-7 (2006). 

256. Georgiadis, A.N. et al. Atherogenic lipid profile is a feature characteristic of 

patients with early rheumatoid arthritis: effect of early treatment--a prospective, 

controlled study. Arthritis research & therapy 8, R82 (2006). 

257. Rizzo, M. et al. Atherogenic lipoprotein phenotype and LDL size and subclasses 

in drug-naïve patients with early rheumatoid arthritis. Atherosclerosis 207, 502-6 

(2009). 

258. Shahin, D., Eltoraby, E., Mesbah, A. & Houssen, M. Insulin resistance in early 

untreated rheumatoid arthritis patients. Clinical biochemistry 43, 661-5 (2010). 

259. Semb, A.G. et al. Lipids, myocardial infarction and ischaemic stroke in patients 

with rheumatoid arthritis in the Apolipoprotein-related Mortality RISk 

(AMORIS) Study. Annals of the rheumatic diseases 

(2010).doi:10.1136/ard.2009.126128 

260. Park, Y.B. et al. Lipid profiles in untreated patients with rheumatoid arthritis. The 

Journal of rheumatology 26, 1701-4 (1999). 



 183 

261. Lazarevic, M.B. et al. Dyslipoproteinemia in the course of active rheumatoid 

arthritis. Seminars in arthritis and rheumatism 22, 172-8 (1992). 

262. Carpentier, Y.A. & Scruel, O. Changes in the concentration and composition of 

plasma lipoproteins during the acute phase response. Current opinion in clinical 

nutrition and metabolic care 5, 153-8 (2002). 

263. Pfohl, M., Schreiber, I., Liebich, H.M., Häring, H.U. & Hoffmeister, H.M. 

Upregulation of cholesterol synthesis after acute myocardial infarction--is 

cholesterol a positive acute phase reactant? Atherosclerosis 142, 389-93 (1999). 

264. Toms, T.E. et al. Statin use in rheumatoid arthritis in relation to actual 

cardiovascular risk: evidence for substantial undertreatment of lipid-associated 

cardiovascular risk? Annals of the rheumatic diseases 69, 683-8 (2010). 

265. Kavanaugh, A. Dyslipoproteinaemia in a subset of patients with rheumatoid 

arthritis. Annals of the rheumatic diseases 53, 551-2 (1994). 

266. Myasoedova, E. et al. Lipid paradox in rheumatoid arthritis: the impact of serum 

lipid measures and systemic inflammation on the risk of cardiovascular disease. 

Annals of the rheumatic diseases 70, 482-7 (2011). 

267. Gonzalez-Gay, M.A., Gonzalez-Juanatey, C., Vazquez-Rodriguez, T.R., 

Miranda-Filloy, J.A. & Llorca, J. Insulin resistance in rheumatoid arthritis: the 

impact of the anti-TNF-alpha therapy. Annals of the New York Academy of 

Sciences 1193, 153-9 (2010). 

268. Choy, E. & Sattar, N. Interpreting lipid levels in the context of high-grade 

inflammatory states with a focus on rheumatoid arthritis: a challenge to 

conventional cardiovascular risk actions. Annals of the rheumatic diseases 68, 

460-9 (2009). 

269. Toms, T.E., Symmons, D.P. & Kitas, G.D. Dyslipidaemia in rheumatoid arthritis: 

the role of inflammation, drugs, lifestyle and genetic factors. Current vascular 

pharmacology 8, 301-26 (2010). 

270. Chung, C.P. et al. Inflammation-associated insulin resistance: differential effects 

in rheumatoid arthritis and systemic lupus erythematosus define potential 

mechanisms. Arthritis and rheumatism 58, 2105-12 (2008). 

271. Hotamisligil, G.S., Arner, P., Caro, J.F., Atkinson, R.L. & Spiegelman, B.M. 

Increased adipose tissue expression of tumor necrosis factor-alpha in human 

obesity and insulin resistance. The Journal of clinical investigation 95, 2409-15 

(1995). 

272. Liang, C.-P., Han, S., Senokuchi, T. & Tall, A.R. The macrophage at the 

crossroads of insulin resistance and atherosclerosis. Circulation research 100, 

1546-55 (2007). 



 184 

273. Baka, Z., Buzás, E. & Nagy, G. Rheumatoid arthritis and smoking: putting the 

pieces together. Arthritis research & therapy 11, 238 (2009). 

274. Goodson, N.J. et al. Traditional cardiovascular risk factors measured prior to the 

onset of inflammatory polyarthritis. Rheumatology (Oxford, England) 43, 731-6 

(2004). 

275. Gerli, R. et al. Early atherosclerosis in rheumatoid arthritis: effects of smoking on 

thickness of the carotid artery intima media. Annals of the New York Academy of 

Sciences 1051, 281-90 (2005). 

276. Karlson, E.W. et al. Gene-environment interaction between HLA-DRB1 shared 

epitope and heavy cigarette smoking in predicting incident rheumatoid arthritis. 

Annals of the rheumatic diseases 69, 54-60 (2010). 

277. Maradit-Kremers, H. et al. Raised erythrocyte sedimentation rate signals heart 

failure in patients with rheumatoid arthritis. Annals of the rheumatic diseases 66, 

76-80 (2007). 

278. Liang, K.P. et al. Autoantibodies and the risk of cardiovascular events. The 

Journal of rheumatology 36, 2462-9 (2009). 

279. Gonzalez-Gay, M.A. et al. HLA-DRB1 and persistent chronic inflammation 

contribute to cardiovascular events and cardiovascular mortality in patients with 

rheumatoid arthritis. Arthritis and rheumatism 57, 125-32 (2007). 

280. Farragher, T.M. et al. Association of the HLA-DRB1 gene with premature death, 

particularly from cardiovascular disease, in patients with rheumatoid arthritis and 

inflammatory polyarthritis. Arthritis and rheumatism 58, 359-69 (2008). 

281. López-Longo, F.J. et al. Association between anti-cyclic citrullinated peptide 

antibodies and ischemic heart disease in patients with rheumatoid arthritis. 

Arthritis and rheumatism 61, 419-24 (2009). 

282. Maradit-Kremers, H., Nicola, P.J., Crowson, C.S., Ballman, K.V. & Gabriel, S.E. 

Cardiovascular death in rheumatoid arthritis: a population-based study. Arthritis 

and rheumatism 52, 722-32 (2005). 

283. Kao, A.H. et al. C-reactive protein and coronary artery calcium in asymptomatic 

women with systemic lupus erythematosus or rheumatoid arthritis. The American 

journal of cardiology 102, 755-60 (2008). 

284. Rho, Y.H. et al. Inflammatory mediators and premature coronary atherosclerosis 

in rheumatoid arthritis. Arthritis and rheumatism 61, 1580-5 (2009). 

285. Provan, S.A. et al. The association between disease activity and NT-proBNP in 

238 patients with rheumatoid arthritis: a 10-year longitudinal study. Arthritis 

research & therapy 10, R70 (2008). 



 185 

286. Ridker, P.M. & Cook, N. Clinical usefulness of very high and very low levels of 

C-reactive protein across the full range of Framingham Risk Scores. Circulation 

109, 1955-9 (2004). 

287. Kaptoge, S. et al. C-reactive protein concentration and risk of coronary heart 

disease, stroke, and mortality: an individual participant meta-analysis. Lancet 

375, 132-40 (2010). 

288. Bacons, P.A. & Kitas, G.D. The significance of vascular inflammation in 

rheumatoid arthritis. Annals of the rheumatic diseases 53, 621-3 (1994). 

289. Gonzalez-Juanatey, C., Llorca, J., Martin, J. & Gonzalez-Gay, M.A. Carotid 

intima-media thickness predicts the development of cardiovascular events in 

patients with rheumatoid arthritis. Seminars in arthritis and rheumatism 38, 366-

71 (2009). 

290. Ohta, H. et al. Disruption of tumor necrosis factor-alpha gene diminishes the 

development of atherosclerosis in ApoE-deficient mice. Atherosclerosis 180, 11-

7 (2005). 

291. Hannawi, S., Haluska, B., Marwick, T.H. & Thomas, R. Atherosclerotic disease 

is increased in recent-onset rheumatoid arthritis: a critical role for inflammation. 

Arthritis research & therapy 9, R116 (2007). 

292. Kerekes, G. et al. Endothelial dysfunction and atherosclerosis in rheumatoid 

arthritis: a multiparametric analysis using imaging techniques and laboratory 

markers of inflammation and autoimmunity. The Journal of rheumatology 35, 

398-406 (2008). 

293. Mäki-Petäjä, K.M. et al. Rheumatoid arthritis is associated with increased aortic 

pulse-wave velocity, which is reduced by anti-tumor necrosis factor-alpha 

therapy. Circulation 114, 1185-92 (2006). 

294. Wang, S. et al. Prevalence and extent of calcification over aorta, coronary and 

carotid arteries in patients with rheumatoid arthritis. Journal of internal medicine 

266, 445-52 (2009). 

295. Van Doornum, S., McColl, G., Jenkins, A., Green, D.J. & Wicks, I.P. Screening 

for atherosclerosis in patients with rheumatoid arthritis: comparison of two in 

vivo tests of vascular function. Arthritis and rheumatism 48, 72-80 (2003). 

296. Avalos, I. et al. Increased augmentation index in rheumatoid arthritis and its 

relationship to coronary artery atherosclerosis. The Journal of rheumatology 34, 

2388-94 (2007). 

297. Pieringer, H., Schumacher, S., Stuby, U. & Biesenbach, G. Augmentation index 

and large-artery remodeling in patients with longstanding rheumatoid arthritis 

compared with healthy controls. Seminars in arthritis and rheumatism 39, 163-9 

(2009). 



 186 

298. Kramer, H.R. & Giles, J.T. Cardiovascular disease risk in rheumatoid arthritis: 

progress, debate, and opportunity. Arthritis care & research 63, 484-99 (2011). 

299. Stamatelopoulos, K.S. et al. Atherosclerosis in rheumatoid arthritis versus 

diabetes: a comparative study. Arteriosclerosis, thrombosis, and vascular biology 

29, 1702-8 (2009). 

300. Bartoloni, E., Alunno, A., Bistoni, O. & Gerli, R. How early is the atherosclerotic 

risk in rheumatoid arthritis? Autoimmunity reviews 9, 701-7 (2010). 

301. Mattey, D.L. et al. Association of DRB1 shared epitope genotypes with early 

mortality in rheumatoid arthritis: results of eighteen years of followup from the 

early rheumatoid arthritis study. Arthritis and rheumatism 56, 1408-16 (2007). 

302. Gonzalez-Gay, M.A., Gonzalez-Juanatey, C. & Ollier, W.E. Endothelial 

dysfunction in rheumatoid arthritis: influence of HLA-DRB1 alleles. 

Autoimmunity reviews 3, 301-4 (2004). 

303. Rojas-Villarraga, A. et al. Risk factors associated with different stages of 

atherosclerosis in Colombian patients with rheumatoid arthritis. Seminars in 

arthritis and rheumatism 38, 71-82 (2008). 

304. Gerli, R. et al. Association of anti-cyclic citrullinated peptide antibodies with 

subclinical atherosclerosis in patients with rheumatoid arthritis. Annals of the 

rheumatic diseases 67, 724-5 (2008). 

305. Vallvé, J.-C. et al. Tumor necrosis factor-alpha -1031 T/C polymorphism is 

associated with smaller and more proatherogenic low density lipoprotein particles 

in patients with rheumatoid arthritis. The Journal of rheumatology 35, 1697-703 

(2008). 

306. Tanaka, T. & Ozaki, K. Inflammation as a risk factor for myocardial infarction. 

Journal of human genetics 51, 595-604 (2006). 

307. Schreyer, S.A., Vick, C.M. & LeBoeuf, R.C. Loss of lymphotoxin-alpha but not 

tumor necrosis factor-alpha reduces atherosclerosis in mice. The Journal of 

biological chemistry 277, 12364-8 (2002). 

308. Panoulas, V.F. et al. Lymphotoxin 252A>G polymorphism is common and 

associates with myocardial infarction in patients with rheumatoid arthritis. 

Annals of the rheumatic diseases 67, 1550-6 (2008). 

309. Ozaki, K. et al. Functional variation in LGALS2 confers risk of myocardial 

infarction and regulates lymphotoxin-alpha secretion in vitro. Nature 429, 72-5 

(2004). 

310. Panoulas, V.F. et al. Galectin-2 (LGALS2) 3279C/T polymorphism may be 

independently associated with diastolic blood pressure in patients with 

rheumatoid arthritis. Clinical and experimental hypertension (New York, N.Y.5: 

1993) 31, 93-104 (2009). 



 187 

311. Wallach, D. et al. Soluble and cell surface receptors for tumor necrosis factor. 

Agents and actions. Supplements 35, 51-7 (1991). 

312. Yang, L., Lindholm, K., Konishi, Y., Li, R. & Shen, Y. Target depletion of 

distinct tumor necrosis factor receptor subtypes reveals hippocampal neuron 

death and survival through different signal transduction pathways. The Journal of 

neuroscience5: the official journal of the Society for Neuroscience 22, 3025-32 

(2002). 

313. Arlestig, L., Wållberg Jonsson, S., Stegmayr, B. & Rantapää-Dahlqvist, S. 

Polymorphism of genes related to cardiovascular disease in patients with 

rheumatoid arthritis. Clinical and experimental rheumatology 25, 866-71 (2007). 

314. Papanicolaou, D.A., Wilder, R.L., Manolagas, S.C. & Chrousos, G.P. The 

pathophysiologic roles of interleukin-6 in human disease. Annals of internal 

medicine 128, 127-37 (1998). 

315. Danesh, J. et al. Long-term interleukin-6 levels and subsequent risk of coronary 

heart disease: two new prospective studies and a systematic review. PLoS 

medicine 5, e78 (2008). 

316. Harris, T.B. et al. Associations of elevated Interleukin-6 and C-Reactive protein 

levels with mortality in the elderly∗n. The American Journal of Medicine 106, 

506-512 (1999). 

317. Houssiau, F.A., Devogelaer, J.P., Van Damme, J., de Deuxchaisnes, C.N. & Van 

Snick, J. Interleukin-6 in synovial fluid and serum of patients with rheumatoid 

arthritis and other inflammatory arthritides. Arthritis and rheumatism 31, 784-8 

(1988). 

318. Jones, K.G. et al. Interleukin-6 (IL-6) and the prognosis of abdominal aortic 

aneurysms. Circulation 103, 2260-5 (2001). 

319. Panoulas, V.F. et al. Association of interleukin-6 (IL-6)-174G/C gene 

polymorphism with cardiovascular disease in patients with rheumatoid arthritis: 

the role of obesity and smoking. Atherosclerosis 204, 178-83 (2009). 

320. Palomino-Morales, R. et al. Interleukin-6 gene -174 promoter polymorphism is 

associated with endothelial dysfunction but not with disease susceptibility in 

patients with rheumatoid arthritis. Clinical and experimental rheumatology 27, 

964-70 (2009). 

321. Panoulas, V.F. et al. Transforming growth factor-beta1 869T/C, but not 

interleukin-6 -174G/C, polymorphism associates with hypertension in 

rheumatoid arthritis. Rheumatology (Oxford, England) 48, 113-8 (2009). 

322. Santos, L.L. & Morand, E.F. Macrophage migration inhibitory factor: a key 

cytokine in RA, SLE and atherosclerosis. Clinica chimica acta; international 

journal of clinical chemistry 399, 1-7 (2009). 



 188 

323. Pan, J.-H. et al. Macrophage migration inhibitory factor deficiency impairs 

atherosclerosis in low-density lipoprotein receptor-deficient mice. Circulation 

109, 3149-53 (2004). 

324. Radstake, T.R.D.J. et al. Correlation of rheumatoid arthritis severity with the 

genetic functional variants and circulating levels of macrophage migration 

inhibitory factor. Arthritis and rheumatism 52, 3020-9 (2005). 

325. Radstake, T.R.D.J. et al. Functional variants of the macrophage migration 

inhibitory factor do not infer risk of cardiovascular disease in rheumatoid 

arthritis. Annals of the rheumatic diseases 67, 134-5 (2008). 

326. Palomino-Morales, R. et al. Lack of association between macrophage migration 

inhibitory factor-173 gene polymorphism with disease susceptibility and 

cardiovascular risk in rheumatoid arthritis patients from northwestern Spain. 

Clinical and experimental rheumatology 28, 68-72 (2010). 

327. Manzo, A. et al. Systematic microanatomical analysis of CXCL13 and CCL21 in 

situ production and progressive lymphoid organization in rheumatoid synovitis. 

European journal of immunology 35, 1347-59 (2005). 

328. Trogan, E. et al. Gene expression changes in foam cells and the role of 

chemokine receptor CCR7 during atherosclerosis regression in ApoE-deficient 

mice. Proceedings of the National Academy of Sciences of the United States of 

America 103, 3781-6 (2006). 

329. Farragher, T.M. et al. Association of a rheumatoid arthritis susceptibility variant 

at the CCL21 locus with premature mortality in inflammatory polyarthritis 

patients. Arthritis care & research 62, 676-82 (2010). 

330. Chatterjee, A., Black, S.M. & Catravas, J.D. Endothelial nitric oxide (NO) and its 

pathophysiologic regulation. Vascular pharmacology 49, 134-40 (2008). 

331. Gonzalez-Gay, M.A. et al. Influence of nitric oxide synthase gene 

polymorphisms on the risk of cardiovascular events in rheumatoid arthritis. 

Clinical and experimental rheumatology 27, 116-9 (2009). 

332. Casas, J.P. et al. Endothelial nitric oxide synthase gene polymorphisms and 

cardiovascular disease: a HuGE review. American journal of epidemiology 164, 

921-35 (2006). 

333. Kawaguchi, Y. et al. NOS2 polymorphisms associated with the susceptibility to 

pulmonary arterial hypertension with systemic sclerosis: contribution to the 

transcriptional activity. Arthritis research & therapy 8, R104 (2006). 

334. Palomino-Morales, R. et al. Lack of association of PTPN22, STAT4 and 

TRAF1/C5 gene polymorphisms with cardiovascular risk in rheumatoid arthritis. 

Clinical and experimental rheumatology 28, 695-701 (2010). 



 189 

335. van Nies, J.A.B. et al. TRAF1/C5 polymorphism is not associated with increased 

mortality in rheumatoid arthritis: two large longitudinal studies. Arthritis 

research & therapy 12, R38 (2010). 

336. Hernanz, A., Plaza, A., Martín-Mola, E. & De Miguel, E. Increased plasma levels 

of homocysteine and other thiol compounds in rheumatoid arthritis women. 

Clinical biochemistry 32, 65-70 (1999). 

337. Frosst, P. et al. A candidate genetic risk factor for vascular disease: a common 

mutation in methylenetetrahydrofolate reductase. Nature genetics 10, 111-3 

(1995). 

338. Weisberg, I., Tran, P., Christensen, B., Sibani, S. & Rozen, R. A second genetic 

polymorphism in methylenetetrahydrofolate reductase (MTHFR) associated with 

decreased enzyme activity. Molecular genetics and metabolism 64, 169-72 

(1998). 

339. Palomino-Morales, R. et al. A1298C polymorphism in the MTHFR gene 

predisposes to cardiovascular risk in rheumatoid arthritis. Arthritis research & 

therapy 12, R71 (2010). 

340. Zhang, Y. et al. Positional cloning of the mouse obese gene and its human 

homologue. Nature 372, 425-32 (1994). 

341. Gualillo, O., Eiras, S., Lago, F., Diéguez, C. & Casanueva, F.F. Elevated serum 

leptin concentrations induced by experimental acute inflammation. Life sciences 

67, 2433-41 (2000). 

342. Sarraf, P. et al. Multiple cytokines and acute inflammation raise mouse leptin 

levels: potential role in inflammatory anorexia. The Journal of experimental 

medicine 185, 171-5 (1997). 

343. Zakrzewska, K.E., Cusin, I., Sainsbury, A., Rohner-Jeanrenaud, F. & Jeanrenaud, 

B. Glucocorticoids as counterregulatory hormones of leptin: toward an 

understanding of leptin resistance. Diabetes 46, 717-9 (1997). 

344. Boden, G., Chen, X., Kolaczynski, J.W. & Polansky, M. Effects of prolonged 

hyperinsulinemia on serum leptin in normal human subjects. The Journal of 

clinical investigation 100, 1107-13 (1997). 

345. Blum, W.F. et al. Plasma leptin levels in healthy children and adolescents: 

dependence on body mass index, body fat mass, gender, pubertal stage, and 

testosterone. The Journal of clinical endocrinology and metabolism 82, 2904-10 

(1997). 

346. Galletti, F. et al. Circulating leptin levels predict the development of metabolic 

syndrome in middle-aged men: an 8-year follow-up study. Journal of 

hypertension 25, 1671-7 (2007). 



 190 

347. Otero, M. et al. Changes in plasma levels of fat-derived hormones adiponectin, 

leptin, resistin and visfatin in patients with rheumatoid arthritis. Annals of the 

rheumatic diseases 65, 1198-201 (2006). 

348. Abdullah, S.M. et al. Sex differences in the association between leptin and CRP: 

results from the Dallas Heart Study. Atherosclerosis 195, 404-10 (2007). 

349. Zarkesh-Esfahani, H. et al. High-dose leptin activates human leukocytes via 

receptor expression on monocytes. Journal of immunology (Baltimore, Md.5: 

1950) 167, 4593-9 (2001). 

350. Raso, G.M. et al. Leptin potentiates IFN-gamma-induced expression of nitric 

oxide synthase and cyclo-oxygenase-2 in murine macrophage J774A.1. British 

journal of pharmacology 137, 799-804 (2002). 

351. Montecucco, F. et al. Induction of neutrophil chemotaxis by leptin: crucial role 

for p38 and Src kinases. Annals of the New York Academy of Sciences 1069, 463-

71 (2006). 

352. Tian, Z., Sun, R., Wei, H. & Gao, B. Impaired natural killer (NK) cell activity in 

leptin receptor deficient mice: leptin as a critical regulator in NK cell 

development and activation. Biochemical and biophysical research 

communications 298, 297-302 (2002). 

353. Lam, Q.L.K., Liu, S., Cao, X. & Lu, L. Involvement of leptin signaling in the 

survival and maturation of bone marrow-derived dendritic cells. European 

journal of immunology 36, 3118-30 (2006). 

354. Lord, G.M. et al. Leptin modulates the T-cell immune response and reverses 

starvation-induced immunosuppression. Nature 394, 897-901 (1998). 

355. Tong, K.-M. et al. Leptin induces IL-8 expression via leptin receptor, IRS-1, 

PI3K, Akt cascade and promotion of NF-kappaB/p300 binding in human 

synovial fibroblasts. Cellular signalling 20, 1478-88 (2008). 

356. Targońska-Stepniak, B., Majdan, M. & Dryglewska, M. Leptin serum levels in 

rheumatoid arthritis patients: relation to disease duration and activity. 

Rheumatology international 28, 585-91 (2008). 

357. Anders, H.J., Rihl, M., Heufelder, A., Loch, O. & Schattenkirchner, M. Leptin 

serum levels are not correlated with disease activity in patients with rheumatoid 

arthritis. Metabolism: clinical and experimental 48, 745-8 (1999). 

358. Härle, P., Sarzi-Puttini, P., Cutolo, M. & Straub, R.H. No change of serum levels 

of leptin and adiponectin during anti-tumour necrosis factor antibody treatment 

with adalimumab in patients with rheumatoid arthritis. Annals of the rheumatic 

diseases 65, 970-1 (2006). 



 191 

359. Gonzalez-Gay, M.A. et al. Anti-TNF-alpha therapy does not modulate leptin in 

patients with severe rheumatoid arthritis. Clinical and experimental 

rheumatology 27, 222-8 (2009). 

360. García-Bermúdez, M. et al. Lack of association between LEP rs2167270 (19 

G>A) polymorphism and disease susceptibility and cardiovascular disease in 

patients with rheumatoid arthritis. Clinical and experimental rheumatology 29, 

293-8 (2011). 

361. Hager, J. et al. A polymorphism in the 5’ untranslated region of the human ob 

gene is associated with low leptin levels. International journal of obesity and 

related metabolic disorders5: journal of the International Association for the 

Study of Obesity 22, 200-5 (1998). 

362. Li, W.D. et al. Sequence variants in the 5’ flanking region of the leptin gene are 

associated with obesity in women. Annals of human genetics 63, 227-34 (1999). 

363. Huber, K; Christ, Günter; Wojta, Johann; Gulba, D. Plasminogen Activator 

Inhibitor Type-1 in Cardiovascular DiseaseStatus Report 2001. Thrombosis 

Research 103, S7-S19 (2001). 

364. Tsantes, A.E. et al. The effect of the plasminogen activator inhibitor-1 4G/5G 

polymorphism on the thrombotic risk. Thrombosis research 122, 736-42 (2008). 

365. Feldmann, M., Brennan, F.M. & Maini, R.N. Role of cytokines in rheumatoid 

arthritis. Annual review of immunology 14, 397-440 (1996). 

366. McKellar, G.E., McCarey, D.W., Sattar, N. & McInnes, I.B. Role for TNF in 

atherosclerosis? Lessons from autoimmune disease. Nature reviews. Cardiology 

6, 410-7 (2009). 

367. Zhang, H. et al. Role of TNF-alpha in vascular dysfunction. Clinical science 

(London, England5: 1979) 116, 219-30 (2009). 

368. Grisar, J. et al. Endothelial progenitor cells in active rheumatoid arthritis: effects 

of tumour necrosis factor and glucocorticoid therapy. Annals of the rheumatic 

diseases 66, 1284-8 (2007). 

369. Quinn, K., Henriques, M., Parker, T., Slutsky, A.S. & Zhang, H. Human 

neutrophil peptides: a novel potential mediator of inflammatory cardiovascular 

diseases. American journal of physiology. Heart and circulatory physiology 295, 

H1817-24 (2008). 

370. Zhao, S.-P. & Dong, S.-Z. Effect of tumor necrosis factor alpha on cholesterol 

efflux in adipocytes. Clinica chimica acta; international journal of clinical 

chemistry 389, 67-71 (2008). 

371. Nguyen, M.T.A. et al. JNK and tumor necrosis factor-alpha mediate free fatty 

acid-induced insulin resistance in 3T3-L1 adipocytes. The Journal of biological 

chemistry 280, 35361-71 (2005). 



 192 

372. Greenberg, J.D. et al. Tumour necrosis factor antagonist use and associated risk 

reduction of cardiovascular events among patients with rheumatoid arthritis. 

Annals of the rheumatic diseases 70, 576-82 (2011). 

373. Westendorp, R.G. et al. Genetic influence on cytokine production and fatal 

meningococcal disease. Lancet 349, 170-3 (1997). 

374. Wilson, A.G. et al. An allelic polymorphism within the human tumor necrosis 

factor alpha promoter region is strongly associated with HLA A1, B8, and DR3 

alleles. The Journal of experimental medicine 177, 557-60 (1993). 

375. Jacob, C.O. et al. Heritable major histocompatibility complex class II-associated 

differences in production of tumor necrosis factor alpha: relevance to genetic 

predisposition to systemic lupus erythematosus. Proceedings of the National 

Academy of Sciences of the United States of America 87, 1233-7 (1990). 

376. Abraham, L.J., French, M.A. & Dawkins, R.L. Polymorphic MHC ancestral 

haplotypes affect the activity of tumour necrosis factor-alpha. Clinical and 

experimental immunology 92, 14-8 (1993). 

377. Price, P. et al. The genetic basis for the association of the 8.1 ancestral haplotype 

(A1, B8, DR3) with multiple immunopathological diseases. Immunological 

reviews 167, 257-74 (1999). 

378. Abraham, L.J. & Kroeger, K.M. Impact of the -308 TNF promoter polymorphism 

on the transcriptional regulation of the TNF gene: relevance to disease. Journal 

of leukocyte biology 66, 562-6 (1999). 

379. Bouma, G. et al. Secretion of tumour necrosis factor alpha and lymphotoxin 

alpha in relation to polymorphisms in the TNF genes and HLA-DR alleles. 

Relevance for inflammatory bowel disease. Scandinavian journal of immunology 

43, 456-63 (1996). 

380. Elahi, M.M., Asotra, K., Matata, B.M. & Mastana, S.S. Tumor necrosis factor 

alpha -308 gene locus promoter polymorphism: an analysis of association with 

health and disease. Biochimica et biophysica acta 1792, 163-72 (2009). 

381. Lee, Y.H., Ji, J.D. & Song, G.G. Tumor necrosis factor-alpha promoter -308 A/G 

polymorphism and rheumatoid arthritis susceptibility: a metaanalysis. The 

Journal of rheumatology 34, 43-9 (2007). 

382. Pavy, S. et al. Tumour necrosis factor alpha -308G->A polymorphism is not 

associated with response to TNFalpha blockers in Caucasian patients with 

rheumatoid arthritis: systematic review and meta-analysis. Annals of the 

rheumatic diseases 69, 1022-8 (2010). 

383. Lee, Y.H., Ji, J.D., Bae, S.-C. & Song, G.G. Associations between tumor necrosis 

factor-alpha (TNF-alpha) -308 and -238 G/A polymorphisms and shared epitope 

status and responsiveness to TNF-alpha blockers in rheumatoid arthritis: a 

metaanalysis update. The Journal of rheumatology 37, 740-6 (2010). 



 193 

384. Banerjee, I. et al. Association between inflammatory gene polymorphisms and 

coronary artery disease in an Indian population. Journal of thrombosis and 

thrombolysis 27, 88-94 (2009). 

385. Pereira, T.V., Rudnicki, M., Franco, R.F., Pereira, A.C. & Krieger, J.E. Effect of 

the G-308A polymorphism of the tumor necrosis factor alpha gene on the risk of 

ischemic heart disease and ischemic stroke: a meta-analysis. American heart 

journal 153, 821-30 (2007). 

386. Buraczynska, M., Mierzicki, P., Buraczynska, K., Dragan, M. & Ksiazek, A. 

Tumor necrosis factor-alpha gene polymorphism correlates with cardiovascular 

disease in patients with end-stage renal disease. Molecular diagnosis & therapy 

11, 257-63 (2007). 

387. Vendrell, J. et al. A polymorphism in the promoter of the tumor necrosis factor-

alpha gene (-308) is associated with coronary heart disease in type 2 diabetic 

patients. Atherosclerosis 167, 257-64 (2003). 

388. Baggiolini, M. Chemokines and leukocyte traffic. Nature 392, 565-8 (1998). 

389. Szekanecz, Z., Kim, J. & Koch, A.E. Chemokines and chemokine receptors in 

rheumatoid arthritis. Seminars in immunology 15, 15-21 (2003). 

390. Reape, T.J. & Groot, P.H.E. Chemokines and atherosclerosis. Atherosclerosis 

147, 213-225 (1999). 

391. Viola, A. & Luster, A.D. Chemokines and their receptors: drug targets in 

immunity and inflammation. Annual review of pharmacology and toxicology 48, 

171-97 (2008). 

392. Wu, L. et al. CCR5 levels and expression pattern correlate with infectability by 

macrophage-tropic HIV-1, in vitro. The Journal of experimental medicine 185, 

1681-91 (1997). 

393. Oba, Y. et al. MIP-1alpha utilizes both CCR1 and CCR5 to induce osteoclast 

formation and increase adhesion of myeloma cells to marrow stromal cells. 

Experimental hematology 33, 272-8 (2005). 

394. Schecter, A.D. et al. Human vascular smooth muscle cells possess functional 

CCR5. The Journal of biological chemistry 275, 5466-71 (2000). 

395. Lucas, A.D. & Greaves, D.R. Atherosclerosis: role of chemokines and 

macrophages. Expert reviews in molecular medicine 3, 1-18 (2001). 

396. Oppermann, M. Chemokine receptor CCR5: insights into structure, function, and 

regulation. Cellular signalling 16, 1201-10 (2004). 

397. Tyner, J.W. et al. CCL5-CCR5 interaction provides antiapoptotic signals for 

macrophage survival during viral infection. Nature medicine 11, 1180-7 (2005). 



 194 

398. Katschke, K.J. et al. Differential expression of chemokine receptors on peripheral 

blood, synovial fluid, and synovial tissue monocytes/macrophages in rheumatoid 

arthritis. Arthritis and rheumatism 44, 1022-32 (2001). 

399. Crane, I.J. et al. Involvement of CCR5 in the passage of Th1-type cells across the 

blood-retina barrier in experimental autoimmune uveitis. Journal of leukocyte 

biology 79, 435-43 (2006). 

400. Quinones, M.P. et al. CC chemokine receptor 5 influences late-stage 

atherosclerosis. Atherosclerosis 195, e92-103 (2007). 

401. Braunersreuther, V. et al. Ccr5 but not Ccr1 deficiency reduces development of 

diet-induced atherosclerosis in mice. Arteriosclerosis, thrombosis, and vascular 

biology 27, 373-9 (2007). 

402. van Wanrooij, E.J.A. et al. HIV entry inhibitor TAK-779 attenuates atherogenesis 

in low-density lipoprotein receptor-deficient mice. Arteriosclerosis, thrombosis, 

and vascular biology 25, 2642-7 (2005). 

403. Veillard, N.R. et al. Antagonism of RANTES receptors reduces atherosclerotic 

plaque formation in mice. Circulation research 94, 253-61 (2004). 

404. Martinson, J.J., Chapman, N.H., Rees, D.C., Liu, Y.T. & Clegg, J.B. Global 

distribution of the CCR5 gene 32-basepair deletion. Nature genetics 16, 100-3 

(1997). 

405. Samson, M. et al. Resistance to HIV-1 infection in caucasian individuals bearing 

mutant alleles of the CCR-5 chemokine receptor gene. Nature 382, 722-5 (1996). 

406. Benkirane, M., Jin, D.Y., Chun, R.F., Koup, R.A. & Jeang, K.T. Mechanism of 

transdominant inhibition of CCR5-mediated HIV-1 infection by ccr5delta32. The 

Journal of biological chemistry 272, 30603-6 (1997). 

407. Pacheco, S.E., Gibbs, R.A., Ansari-Lari, A. & Rogers, P. Intranasal 

immunization with HIV reverse transcriptase: effect of dose in the induction of 

helper T cell type 1 and 2 immunity. AIDS research and human retroviruses 16, 

2009-17 (2000). 

408. Balistreri, C.R. et al. Role of polymorphisms of CC-chemokine receptor-5 gene 

in acute myocardial infarction and biological implications for longevity. 

Haematologica 93, 637-8 (2008). 

409. González, P. et al. Genetic variation at the chemokine receptors CCR5/CCR2 in 

myocardial infarction. Genes and immunity 2, 191-5 (2001). 

410. Szalai, C. et al. Involvement of polymorphisms in the chemokine system in the 

susceptibility for coronary artery disease (CAD). Coincidence of elevated Lp(a) 

and MCP-1 -2518 G/G genotype in CAD patients. Atherosclerosis 158, 233-9 

(2001). 



 195 

411. Afzal, A.R. et al. Common CCR5-del32 frameshift mutation associated with 

serum levels of inflammatory markers and cardiovascular disease risk in the 

Bruneck population. Stroke; a journal of cerebral circulation 39, 1972-8 (2008). 

412. Hyde, C.L. et al. Genetic association of the CCR5 region with lipid levels in at-

risk cardiovascular patients. Circulation. Cardiovascular genetics 3, 162-8 

(2010). 

413. Simeoni, E. et al. Association of RANTES G-403A gene polymorphism with 

increased risk of coronary arteriosclerosis. European heart journal 25, 1438-46 

(2004). 

414. Petrkova, J., Cermakova, Z., Lukl, J. & Petrek, M. CC chemokine receptor 5 

(CCR5) deletion polymorphism does not protect Czech males against early 

myocardial infarction. Journal of internal medicine 257, 564-6 (2005). 

415. Apostolakis, S. et al. Effects of polymorphisms in chemokine ligands and 

receptors on susceptibility to coronary artery disease. Thrombosis research 119, 

63-71 (2007). 

416. Sharda, S. et al. Chemokine receptor 5 (CCR5) deletion polymorphism in North 

Indian patients with coronary artery disease. International journal of cardiology 

124, 254-8 (2008). 

417. Ghilardi, G. et al. Genetic control of chemokines in severe human internal carotid 

artery stenosis. Cytokine 41, 24-8 (2008). 

418. Pai, J.K. et al. Polymorphisms in the CC-chemokine receptor-2 (CCR2) and -5 

(CCR5) genes and risk of coronary heart disease among US women. 

Atherosclerosis 186, 132-9 (2006). 

419. Martens, H.A., Kallenberg, C.G.M. & Bijl, M. Role of CCR5 Delta32 bp deletion 

in RA and SLE. Autoimmunity 42, 260-2 (2009). 

420. Kohem, C.L. et al. The chemokine receptor CCR5 genetic polymorphism and 

expression in rheumatoid arthritis patients. Scandinavian journal of 

rheumatology 36, 359-64 (2007). 

421. Lindner, E. et al. Lack of association between the chemokine receptor 5 

polymorphism CCR5delta32 in rheumatoid arthritis and juvenile idiopathic 

arthritis. BMC medical genetics 8, 33 (2007). 

422. Prahalad, S. Negative association between the chemokine receptor CCR5-

Delta32 polymorphism and rheumatoid arthritis: a meta-analysis. Genes and 

immunity 7, 264-8 (2006). 

423. Garred, P. et al. CC chemokine receptor 5 polymorphism in rheumatoid arthritis. 

The Journal of rheumatology 25, 1462-5 (1998). 



 196 

424. Scheibel, I. et al. Differential CCR5Delta32 allelic frequencies in juvenile 

idiopathic arthritis subtypes: evidence for different regulatory roles of CCR5 in 

rheumatological diseases. Scandinavian journal of rheumatology 37, 13-7 (2008). 

425. Kershaw, E.E. & Flier, J.S. Adipose tissue as an endocrine organ. The Journal of 

clinical endocrinology and metabolism 89, 2548-56 (2004). 

426. Trayhurn, P. & Wood, I.S. Signalling role of adipose tissue: adipokines and 

inflammation in obesity. Biochemical Society transactions 33, 1078-81 (2005). 

427. Trayhurn, P. & Wood, I.S. Adipokines: inflammation and the pleiotropic role of 

white adipose tissue. The British journal of nutrition 92, 347-55 (2004). 

428. Steppan, C.M. et al. The hormone resistin links obesity to diabetes. Nature 409, 

307-12 (2001). 

429. Rangwala, S.M. et al. Abnormal glucose homeostasis due to chronic 

hyperresistinemia. Diabetes 53, 1937-41 (2004). 

430. Banerjee, R.R. et al. Regulation of fasted blood glucose by resistin. Science (New 

York, N.Y.) 303, 1195-8 (2004). 

431. Reilly, M.P. et al. Resistin is an inflammatory marker of atherosclerosis in 

humans. Circulation 111, 932-9 (2005). 

432. Patel, L. et al. Resistin is expressed in human macrophages and directly regulated 

by PPAR gamma activators. Biochemical and biophysical research 

communications 300, 472-6 (2003). 

433. Yang, R.-Z. et al. Comparative studies of resistin expression and phylogenomics 

in human and mouse. Biochemical and biophysical research communications 

310, 927-35 (2003). 

434. Nagaev, I., Bokarewa, M., Tarkowski, A. & Smith, U. Human resistin is a 

systemic immune-derived proinflammatory cytokine targeting both leukocytes 

and adipocytes. PloS one 1, e31 (2006). 

435. Bokarewa, M., Nagaev, I., Dahlberg, L., Smith, U. & Tarkowski, A. Resistin, an 

adipokine with potent proinflammatory properties. Journal of immunology 

(Baltimore, Md.5: 1950) 174, 5789-95 (2005). 

436. Kaser, S. et al. Resistin messenger-RNA expression is increased by 

proinflammatory cytokines in vitro. Biochemical and biophysical research 

communications 309, 286-90 (2003). 

437. Lu, S.-C., Shieh, W.-Y., Chen, C.-Y., Hsu, S.-C. & Chen, H.-L. 

Lipopolysaccharide increases resistin gene expression in vivo and in vitro. FEBS 

letters 530, 158-62 (2002). 



 197 

438. Lehrke, M. et al. An inflammatory cascade leading to hyperresistinemia in 

humans. PLoS medicine 1, e45 (2004). 

439. Shetty, G.K., Economides, P.A., Horton, E.S., Mantzoros, C.S. & Veves, A. 

Circulating adiponectin and resistin levels in relation to metabolic factors, 

inflammatory markers, and vascular reactivity in diabetic patients and subjects at 

risk for diabetes. Diabetes care 27, 2450-7 (2004). 

440. Anderson, P.D. et al. Innate immunity modulates adipokines in humans. The 

Journal of clinical endocrinology and metabolism 92, 2272-9 (2007). 

441. Verma, S. et al. Resistin promotes endothelial cell activation: further evidence of 

adipokine-endothelial interaction. Circulation 108, 736-40 (2003). 

442. Kawanami, D. et al. Direct reciprocal effects of resistin and adiponectin on 

vascular endothelial cells: a new insight into adipocytokine-endothelial cell 

interactions. Biochemical and biophysical research communications 314, 415-9 

(2004). 

443. Pang, S.S. & Le, Y.Y. Role of resistin in inflammation and inflammation-related 

diseases. Cellular & molecular immunology 3, 29-34 (2006). 

444. Burnett, M.S. et al. The potential role of resistin in atherogenesis. Atherosclerosis 

182, 241-8 (2005). 

445. Senolt, L. et al. Resistin in rheumatoid arthritis synovial tissue, synovial fluid and 

serum. Annals of the rheumatic diseases 66, 458-63 (2007). 

446. Bemelmans, M.H., van Tits, L.J. & Buurman, W.A. Tumor necrosis factor: 

function, release and clearance. Critical reviews in immunology 16, 1-11 (1996). 

447. Degawa-Yamauchi, M. et al. Serum resistin (FIZZ3) protein is increased in obese 

humans. The Journal of clinical endocrinology and metabolism 88, 5452-5 

(2003). 

448. Yannakoulia, M. et al. Body fat mass and macronutrient intake in relation to 

circulating soluble leptin receptor, free leptin index, adiponectin, and resistin 

concentrations in healthy humans. The Journal of clinical endocrinology and 

metabolism 88, 1730-6 (2003). 

449. Youn, B.-S. et al. Plasma resistin concentrations measured by enzyme-linked 

immunosorbent assay using a newly developed monoclonal antibody are elevated 

in individuals with type 2 diabetes mellitus. The Journal of clinical 

endocrinology and metabolism 89, 150-6 (2004). 

450. Lee, J.H. et al. Circulating resistin levels are not associated with obesity or 

insulin resistance in humans and are not regulated by fasting or leptin 

administration: cross-sectional and interventional studies in normal, insulin-

resistant, and diabetic subjects. The Journal of clinical endocrinology and 

metabolism 88, 4848-56 (2003). 



 198 

451. Qasim, A.N. et al. Resistin gene variation is associated with systemic 

inflammation but not plasma adipokine levels, metabolic syndrome or coronary 

atherosclerosis in nondiabetic Caucasians. Clinical endocrinology 70, 698-705 

(2009). 

452. Rho, Y.H. et al. Adipocytokines are associated with radiographic joint damage in 

rheumatoid arthritis. Arthritis and rheumatism 60, 1906-14 (2009). 

453. Migita, K. et al. The serum levels of resistin in rheumatoid arthritis patients. 

Clinical and experimental rheumatology 24, 698-701 (2006). 

454. Schäffler, A. et al. Adipocytokines in synovial fluid. JAMA5: the journal of the 

American Medical Association 290, 1709-10 (2003). 

455. Forsblad d’Elia, H., Pullerits, R., Carlsten, H. & Bokarewa, M. Resistin in serum 

is associated with higher levels of IL-1Ra in post-menopausal women with 

rheumatoid arthritis. Rheumatology (Oxford, England) 47, 1082-7 (2008). 

456. Gonzalez-Gay, M.A. et al. Anti-TNF-alpha therapy modulates resistin in patients 

with rheumatoid arthritis. Clinical and experimental rheumatology 26, 311-6 

(2008). 

457. Straburzyńska-Lupa, A. et al. Visfatin, resistin, hsCRP and insulin resistance in 

relation to abdominal obesity in women with rheumatoid arthritis. Clinical and 

experimental rheumatology 28, 19-24 (2010). 

458. Rho, Y.H. et al. Adipocytokines, insulin resistance, and coronary atherosclerosis 

in rheumatoid arthritis. Arthritis and rheumatism 62, 1259-64 (2010). 

459. Osawa, H. et al. Plasma resistin, associated with single nucleotide polymorphism 

-420, is correlated with insulin resistance, lower HDL cholesterol, and high-

sensitivity C-reactive protein in the Japanese general population. Diabetes care 

30, 1501-6 (2007). 

460. Tsukahara, T. et al. Polymorphism in resistin promoter region at -420 determines 

the serum resistin levels and may be a risk marker of stroke in Japanese type 2 

diabetic patients. Diabetes research and clinical practice 84, 179-86 (2009). 

461. Cho, Y.M. et al. Common genetic polymorphisms in the promoter of resistin 

gene are major determinants of plasma resistin concentrations in humans. 

Diabetologia 47, 559-65 (2004). 

462. Onuma, H. et al. A at single nucleotide polymorphism-358 is required for G at -

420 to confer the highest plasma resistin in the general Japanese population. PloS 

one 5, e9718 (2010). 

463. Menzaghi, C. et al. Heritability of serum resistin and its genetic correlation with 

insulin resistance-related features in nondiabetic Caucasians. The Journal of 

clinical endocrinology and metabolism 91, 2792-5 (2006). 



 199 

464. Hivert, M.-F. et al. Association of variants in RETN with plasma resistin levels 

and diabetes-related traits in the Framingham Offspring Study. Diabetes 58, 750-

6 (2009). 

465. Hoffmann, M.M. et al. Effect of the resistin -420C > G polymorphism on 

cardiovascular disease and mortality. Clinical endocrinology 69, 344-5 (2008). 

466. Ukkola, O., Kunnari, A. & Kesäniemi, Y.A. Genetic variants at the resistin locus 

are associated with the plasma resistin concentration and cardiovascular risk 

factors. Regulatory peptides 149, 56-9 (2008). 

467. Spielman, R.S. et al. Common genetic variants account for differences in gene 

expression among ethnic groups. Nature genetics 39, 226-31 (2007). 

468. Smith, S.R., Bai, F., Charbonneau, C., Janderová, L. & Argyropoulos, G. A 

promoter genotype and oxidative stress potentially link resistin to human insulin 

resistance. Diabetes 52, 1611-8 (2003). 

469. Bouchard, L. et al. Human resistin gene polymorphism is associated with visceral 

obesity and fasting and oral glucose stimulated C-peptide in the Québec Family 

Study. Journal of endocrinological investigation 27, 1003-9 (2004). 

470. Mattevi, V.S., Zembrzuski, V.M. & Hutz, M.H. A resistin gene polymorphism is 

associated with body mass index in women. Human genetics 115, 208-12 (2004). 

471. Engert, J.C. et al. 5’ flanking variants of resistin are associated with obesity. 

Diabetes 51, 1629-34 (2002). 

472. Osawa, H. et al. The G/G genotype of a resistin single-nucleotide polymorphism 

at -420 increases type 2 diabetes mellitus susceptibility by inducing promoter 

activity through specific binding of Sp1/3. American journal of human genetics 

75, 678-86 (2004). 

473. Conneely, K.N. et al. Variation in the resistin gene is associated with obesity and 

insulin-related phenotypes in Finnish subjects. Diabetologia 47, 1782-8 (2004). 

474. Kunnari, A., Ukkola, O. & Kesäniemi, Y.A. Resistin polymorphisms are 

associated with cerebrovascular disease in Finnish Type 2 diabetic patients. 

Diabetic medicine5: a journal of the British Diabetic Association 22, 583-9 

(2005). 

475. Wang, H., Chu, W.S., Hemphill, C. & Elbein, S.C. Human resistin gene: 

molecular scanning and evaluation of association with insulin sensitivity and type 

2 diabetes in Caucasians. The Journal of clinical endocrinology and metabolism 

87, 2520-4 (2002). 

476. Chi, S. et al. Association of -394C>G and -420C>G polymorphisms in the RETN 

gene with T2DM and CHD and a new potential SNP might be exist in exon 3 of 

RETN gene in Chinese. Molecular and cellular biochemistry 330, 31-8 (2009). 



 200 

477. Tang, N.-P. et al. A polymorphism in the resistin gene promoter and the risk of 

coronary artery disease in a Chinese population. Clinical endocrinology 68, 82-7 

(2008). 

478. Norata, G.D. et al. Effect of the -420C/G variant of the resistin gene promoter on 

metabolic syndrome, obesity, myocardial infarction and kidney dysfunction. 

Journal of internal medicine 262, 104-12 (2007). 

479. Scherer, P.E., Williams, S., Fogliano, M., Baldini, G. & Lodish, H.F. A novel 

serum protein similar to C1q, produced exclusively in adipocytes. The Journal of 

biological chemistry 270, 26746-9 (1995). 

480. Maeda, K. et al. cDNA cloning and expression of a novel adipose specific 

collagen-like factor, apM1 (AdiPose Most abundant Gene transcript 1). 

Biochemical and biophysical research communications 221, 286-9 (1996). 

481. Ehling, A. et al. The potential of adiponectin in driving arthritis. Journal of 

immunology (Baltimore, Md.5: 1950) 176, 4468-78 (2006). 

482. Arita, Y. et al. Paradoxical decrease of an adipose-specific protein, adiponectin, 

in obesity. Biochemical and biophysical research communications 257, 79-83 

(1999). 

483. Heid, I.M. et al. Genetic architecture of the APM1 gene and its influence on 

adiponectin plasma levels and parameters of the metabolic syndrome in 1,727 

healthy Caucasians. Diabetes 55, 375-84 (2006). 

484. Scherer, P.E. Adipose tissue: from lipid storage compartment to endocrine organ. 

Diabetes 55, 1537-45 (2006). 

485. Yamauchi, T. et al. Adiponectin stimulates glucose utilization and fatty-acid 

oxidation by activating AMP-activated protein kinase. Nature medicine 8, 1288-

95 (2002). 

486. Ouchi, N. et al. Novel modulator for endothelial adhesion molecules: adipocyte-

derived plasma protein adiponectin. Circulation 100, 2473-6 (1999). 

487. Ouchi, N. et al. Adipocyte-derived plasma protein, adiponectin, suppresses lipid 

accumulation and class A scavenger receptor expression in human monocyte-

derived macrophages. Circulation 103, 1057-63 (2001). 

488. Yokota, T. et al. Adiponectin, a new member of the family of soluble defense 

collagens, negatively regulates the growth of myelomonocytic progenitors and 

the functions of macrophages. Blood 96, 1723-32 (2000). 

489. Hattori, Y., Suzuki, M., Hattori, S. & Kasai, K. Globular adiponectin upregulates 

nitric oxide production in vascular endothelial cells. Diabetologia 46, 1543-9 

(2003). 



 201 

490. Matsuda, M. et al. Role of adiponectin in preventing vascular stenosis. The 

missing link of adipo-vascular axis. The Journal of biological chemistry 277, 

37487-91 (2002). 

491. Kubota, N. et al. Disruption of adiponectin causes insulin resistance and 

neointimal formation. The Journal of biological chemistry 277, 25863-6 (2002). 

492. Kralisch, S. et al. Adipokines in diabetes and cardiovascular diseases. Minerva 

endocrinologica 32, 161-71 (2007). 

493. Berg, A.H. & Scherer, P.E. Adipose tissue, inflammation, and cardiovascular 

disease. Circulation research 96, 939-49 (2005). 

494. Ouchi, N. & Walsh, K. Adiponectin as an anti-inflammatory factor. Clinica 

chimica acta; international journal of clinical chemistry 380, 24-30 (2007). 

495. Tang, C.-H., Chiu, Y.-C., Tan, T.-W., Yang, R.-S. & Fu, W.-M. Adiponectin 

enhances IL-6 production in human synovial fibroblast via an AdipoR1 receptor, 

AMPK, p38, and NF-kappa B pathway. Journal of immunology (Baltimore, 

Md.5: 1950) 179, 5483-92 (2007). 

496. Choi, H.-M. et al. Adiponectin may contribute to synovitis and joint destruction 

in rheumatoid arthritis by stimulating vascular endothelial growth factor, matrix 

metalloproteinase-1, and matrix metalloproteinase-13 expression in fibroblast-

like synoviocytes more than proin. Arthritis research & therapy 11, R161 (2009). 

497. Frommer, K.W. et al. Adiponectin-mediated changes in effector cells involved in 

the pathophysiology of rheumatoid arthritis. Arthritis and rheumatism 62, 2886-

99 (2010). 

498. Tong, K.-M. et al. Adiponectin increases MMP-3 expression in human 

chondrocytes through AdipoR1 signaling pathway. Journal of cellular 

biochemistry 112, 1431-40 (2011). 

499. Luo, X.-H. et al. Adiponectin stimulates RANKL and inhibits OPG expression in 

human osteoblasts through the MAPK signaling pathway. Journal of bone and 

mineral research5: the official journal of the American Society for Bone and 

Mineral Research 21, 1648-56 (2006). 

500. Ebina, K. et al. Serum adiponectin concentrations correlate with severity of 

rheumatoid arthritis evaluated by extent of joint destruction. Clinical 

rheumatology 28, 445-51 (2009). 

501. Giles, J.T., Allison, M., Bingham, C.O., Scott, W.M. & Bathon, J.M. 

Adiponectin is a mediator of the inverse association of adiposity with 

radiographic damage in rheumatoid arthritis. Arthritis and rheumatism 61, 1248-

56 (2009). 

502. Giles, J.T., van der Heijde, D.M. & Bathon, J.M. Association of circulating 

adiponectin levels with progression of radiographic joint destruction in 



 202 

rheumatoid arthritis. Annals of the rheumatic diseases 

(2011).doi:10.1136/ard.2011.150813 

503. Filková, M. et al. Increased serum adiponectin levels in female patients with 

erosive compared with non-erosive osteoarthritis. Annals of the rheumatic 

diseases 68, 295-6 (2009). 

504. Weyer, C. et al. Hypoadiponectinemia in obesity and type 2 diabetes: close 

association with insulin resistance and hyperinsulinemia. The Journal of clinical 

endocrinology and metabolism 86, 1930-5 (2001). 

505. Yang, W.S. et al. Weight reduction increases plasma levels of an adipose-derived 

anti-inflammatory protein, adiponectin. The Journal of clinical endocrinology 

and metabolism 86, 3815-9 (2001). 

506. Lindsay, R.S. et al. Adiponectin and development of type 2 diabetes in the Pima 

Indian population. Lancet 360, 57-8 (2002). 

507. Spranger, J. et al. Adiponectin and protection against type 2 diabetes mellitus. 

Lancet 361, 226-8 (2003). 

508. Hotta, K. et al. Plasma concentrations of a novel, adipose-specific protein, 

adiponectin, in type 2 diabetic patients. Arteriosclerosis, thrombosis, and 

vascular biology 20, 1595-9 (2000). 

509. Snehalatha, C. et al. Plasma adiponectin is an independent predictor of type 2 

diabetes in Asian indians. Diabetes care 26, 3226-9 (2003). 

510. Kumada, M. et al. Association of hypoadiponectinemia with coronary artery 

disease in men. Arteriosclerosis, thrombosis, and vascular biology 23, 85-9 

(2003). 

511. Hara, K. et al. Reduced adiponectin level is associated with severity of coronary 

artery disease. International heart journal 48, 149-53 (2007). 

512. Pischon, T. et al. Plasma adiponectin levels and risk of myocardial infarction in 

men. JAMA5: the journal of the American Medical Association 291, 1730-7 

(2004). 

513. Frystyk, J. et al. Serum adiponectin is a predictor of coronary heart disease: a 

population-based 10-year follow-up study in elderly men. The Journal of clinical 

endocrinology and metabolism 92, 571-6 (2007). 

514. Sattar, N. et al. Adiponectin and coronary heart disease: a prospective study and 

meta-analysis. Circulation 114, 623-9 (2006). 

515. Pischon, T., Schulze, M.B. & Rimm, E.B. Letter by Pischon et al regarding 

article, “Adiponectin and coronary heart disease: a prospective study and meta-

analysis”. Circulation 115, e322; author reply e323 (2007). 



 203 

516. Li, S., Shin, H.J., Ding, E.L. & van Dam, R.M. Adiponectin levels and risk of 

type 2 diabetes: a systematic review and meta-analysis. JAMA5: the journal of 

the American Medical Association 302, 179-88 (2009). 

517. Tilg, H. & Moschen, A.R. Adipocytokines: mediators linking adipose tissue, 

inflammation and immunity. Nature reviews. Immunology 6, 772-83 (2006). 

518. Daimon, M. et al. Decreased serum levels of adiponectin are a risk factor for the 

progression to type 2 diabetes in the Japanese Population: the Funagata study. 

Diabetes care 26, 2015-20 (2003). 

519. Kissebah, A.H. et al. Quantitative trait loci on chromosomes 3 and 17 influence 

phenotypes of the metabolic syndrome. Proceedings of the National Academy of 

Sciences of the United States of America 97, 14478-83 (2000). 

520. Vionnet, N. et al. Genomewide search for type 2 diabetes-susceptibility genes in 

French whites: evidence for a novel susceptibility locus for early-onset diabetes 

on chromosome 3q27-qter and independent replication of a type 2-diabetes locus 

on chromosome 1q21-q24. American journal of human genetics 67, 1470-80 

(2000). 

521. Comuzzie, A.G. et al. The genetic basis of plasma variation in adiponectin, a 

global endophenotype for obesity and the metabolic syndrome. The Journal of 

clinical endocrinology and metabolism 86, 4321-5 (2001). 

522. Vasseur, F. et al. Single-nucleotide polymorphism haplotypes in the both 

proximal promoter and exon 3 of the APM1 gene modulate adipocyte-secreted 

adiponectin hormone levels and contribute to the genetic risk for type 2 diabetes 

in French Caucasians. Human molecular genetics 11, 2607-14 (2002). 

523. Menzaghi, C., Trischitta, V. & Doria, A. Genetic influences of adiponectin on 

insulin resistance, type 2 diabetes, and cardiovascular disease. Diabetes 56, 1198-

209 (2007). 

524. Heid, I.M. et al. Clear detection of ADIPOQ locus as the major gene for plasma 

adiponectin: results of genome-wide association analyses including 4659 

European individuals. Atherosclerosis 208, 412-20 (2010). 

525. Jee, S.H. et al. Adiponectin concentrations: a genome-wide association study. 

American journal of human genetics 87, 545-52 (2010). 

526. Ling, H. et al. Genome-wide linkage and association analyses to identify genes 

influencing adiponectin levels: the GEMS Study. Obesity (Silver Spring, Md.) 17, 

737-44 (2009). 

527. Richards, J.B. et al. A genome-wide association study reveals variants in ARL15 

that influence adiponectin levels. PLoS genetics 5, e1000768 (2009). 

528. Han, L.Y. et al. Associations between single-nucleotide polymorphisms 

(+45T>G, +276G>T, -11377C>G, -11391G>A) of adiponectin gene and type 2 



 204 

diabetes mellitus: a systematic review and meta-analysis. Diabetologia 

(2011).doi:10.1007/s00125-011-2202-9 

529. Gong, M., Long, J., Liu, Q. & Deng, H.C. Association of the ADIPOQ 

rs17360539 and rs266729 polymorphisms with type 2 diabetes: a meta-analysis. 

Molecular and cellular endocrinology 325, 78-83 (2010). 

530. Liu, F. et al. Association of adiponectin gene polymorphisms with the risk of 

ischemic stroke in a Chinese Han population. Molecular biology reports 38, 

1983-8 (2011). 

531. Hoefle, G. et al. The -11377 C>G promoter variant of the adiponectin gene, 

prevalence of coronary atherosclerosis, and incidence of vascular events in men. 

Thrombosis and haemostasis 97, 451-7 (2007). 

532. Gable, D.R. et al. Common adiponectin gene variants show different effects on 

risk of cardiovascular disease and type 2 diabetes in European subjects. Annals of 

human genetics 71, 453-66 (2007). 

533. Patel, S. et al. Variation in the ADIPOQ gene promoter is associated with carotid 

intima media thickness independent of plasma adiponectin levels in healthy 

subjects. European heart journal 29, 386-93 (2008). 

534. Pischon, T. et al. Single nucleotide polymorphisms at the adiponectin locus and 

risk of coronary heart disease in men and women. Obesity (Silver Spring, Md.) 

15, 2051-60 (2007). 

535. Chiodini, B.D. et al. Adiponectin gene polymorphisms and their effect on the risk 

of myocardial infarction and type 2 diabetes: an association study in an Italian 

population. Therapeutic advances in cardiovascular disease 4, 223-30 (2010). 

536. Leu, H.-B. et al. Genetic variants of connexin37 are associated with carotid 

intima-medial thickness and future onset of ischemic stroke. Atherosclerosis 214, 

101-6 (2011). 

537. Mackevics, V. et al. The adiponectin gene is associated with adiponectin levels 

but not with characteristics of the insulin resistance syndrome in healthy 

Caucasians. European journal of human genetics5: EJHG 14, 349-56 (2006). 

538. Ribatti, D., Levi-Schaffer, F. & Kovanen, P.T. Inflammatory angiogenesis in 

atherogenesis--a double-edged sword. Annals of medicine 40, 606-21 (2008). 

539. Moreno, P.R. et al. Plaque neovascularization is increased in ruptured 

atherosclerotic lesions of human aorta: implications for plaque vulnerability. 

Circulation 110, 2032-8 (2004). 

540. Virmani, R. et al. Atherosclerotic plaque progression and vulnerability to rupture: 

angiogenesis as a source of intraplaque hemorrhage. Arteriosclerosis, thrombosis, 

and vascular biology 25, 2054-61 (2005). 



 205 

541. Khurana, R., Simons, M., Martin, J.F. & Zachary, I.C. Role of angiogenesis in 

cardiovascular disease: a critical appraisal. Circulation 112, 1813-24 (2005). 

542. Celletti, F.L. et al. Vascular endothelial growth factor enhances atherosclerotic 

plaque progression. Nature medicine 7, 425-9 (2001). 

543. Kumamoto, M., Nakashima, Y. & Sueishi, K. Intimal neovascularization in 

human coronary atherosclerosis: its origin and pathophysiological significance. 

Human pathology 26, 450-6 (1995). 

544. Khatri, J.J. et al. Vascular oxidant stress enhances progression and angiogenesis 

of experimental atheroma. Circulation 109, 520-5 (2004). 

545. Dor, Y., Porat, R. & Keshet, E. Vascular endothelial growth factor and vascular 

adjustments to perturbations in oxygen homeostasis. American journal of 

physiology. Cell physiology 280, C1367-74 (2001). 

546. Namiki, A. et al. Hypoxia induces vascular endothelial growth factor in cultured 

human endothelial cells. The Journal of biological chemistry 270, 31189-95 

(1995). 

547. Blouin, C.C., Pagé, E.L., Soucy, G.M. & Richard, D.E. Hypoxic gene activation 

by lipopolysaccharide in macrophages: implication of hypoxia-inducible factor 

1alpha. Blood 103, 1124-30 (2004). 

548. Gerald, D. et al. JunD reduces tumor angiogenesis by protecting cells from 

oxidative stress. Cell 118, 781-94 (2004). 

549. Pagé, E.L., Robitaille, G.A., Pouysségur, J. & Richard, D.E. Induction of 

hypoxia-inducible factor-1alpha by transcriptional and translational mechanisms. 

The Journal of biological chemistry 277, 48403-9 (2002). 

550. Görlach, A. et al. Thrombin activates the hypoxia-inducible factor-1 signaling 

pathway in vascular smooth muscle cells: Role of the p22(phox)-containing 

NADPH oxidase. Circulation research 89, 47-54 (2001). 

551. Sluimer, J.C. & Daemen, M.J. Novel concepts in atherogenesis: angiogenesis and 

hypoxia in atherosclerosis. The Journal of pathology 218, 7-29 (2009). 

552. North, S., Moenner, M. & Bikfalvi, A. Recent developments in the regulation of 

the angiogenic switch by cellular stress factors in tumors. Cancer letters 218, 1-

14 (2005). 

553. Frantz, S., Vincent, K.A., Feron, O. & Kelly, R.A. Innate immunity and 

angiogenesis. Circulation research 96, 15-26 (2005). 

554. Neufeld, G., Cohen, T., Gengrinovitch, S. & Poltorak, Z. Vascular endothelial 

growth factor (VEGF) and its receptors. The FASEB journal5: official 

publication of the Federation of American Societies for Experimental Biology 13, 

9-22 (1999). 



 206 

555. Gerber, H.P., Dixit, V. & Ferrara, N. Vascular endothelial growth factor induces 

expression of the antiapoptotic proteins Bcl-2 and A1 in vascular endothelial 

cells. The Journal of biological chemistry 273, 13313-6 (1998). 

556. Dvorak, H.F., Brown, L.F., Detmar, M. & Dvorak, A.M. Vascular permeability 

factor/vascular endothelial growth factor, microvascular hyperpermeability, and 

angiogenesis. The American journal of pathology 146, 1029-39 (1995). 

557. de Boer, O.J., van der Wal, A.C., Teeling, P. & Becker, A.E. Leucocyte 

recruitment in rupture prone regions of lipid-rich plaques: a prominent role for 

neovascularization? Cardiovascular research 41, 443-9 (1999). 

558. Kim, I. et al. Vascular endothelial growth factor expression of intercellular 

adhesion molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), 

and E-selectin through nuclear factor-kappa B activation in endothelial cells. The 

Journal of biological chemistry 276, 7614-20 (2001). 

559. Marumo, T., Schini-Kerth, V.B. & Busse, R. Vascular endothelial growth factor 

activates nuclear factor-kappaB and induces monocyte chemoattractant protein-1 

in bovine retinal endothelial cells. Diabetes 48, 1131-7 (1999). 

560. Hong, K.H., Ryu, J. & Han, K.H. Monocyte chemoattractant protein-1-induced 

angiogenesis is mediated by vascular endothelial growth factor-A. Blood 105, 

1405-7 (2005). 

561. Zhao, Q. et al. Vascular endothelial growth factor is necessary in the 

development of arteriosclerosis by recruiting/activating monocytes in a rat model 

of long-term inhibition of nitric oxide synthesis. Circulation 105, 1110-5 (2002). 

562. Holm, P.W., Slart, R.H.J.A., Zeebregts, C.J., Hillebrands, J.L. & Tio, R.A. 

Atherosclerotic plaque development and instability: a dual role for VEGF. Annals 

of medicine 41, 257-64 (2009). 

563. Afuwape, A.O., Kiriakidis, S. & Paleolog, E.M. The role of the angiogenic 

molecule VEGF in the pathogenesis of rheumatoid arthritis. Histology and 

histopathology 17, 961-72 (2002). 

564. Szekanecz, Z., Besenyei, T., Szentpétery, A. & Koch, A.E. Angiogenesis and 

vasculogenesis in rheumatoid arthritis. Current opinion in rheumatology 22, 299-

306 (2010). 

565. Fearon, U. & Veale, D.J. Angiogenesis in arthritis: methodological and analytical 

details. Methods in molecular medicine 135, 343-57 (2007). 

566. Shibuya, M. Vascular endothelial growth factor-dependent and -independent 

regulation of angiogenesis. BMB reports 41, 278-86 (2008). 

567. Haq, A., El-Ramahi, K., Al-Dalaan, A. & Al-Sedairy, S.T. Serum and synovial 

fluid concentrations of endothelin-1 in patients with rheumatoid arthritis. Journal 

of medicine 30, 51-60 (1999). 



 207 

568. Amin, M.A. et al. Interleukin-18 induces angiogenic factors in rheumatoid 

arthritis synovial tissue fibroblasts via distinct signaling pathways. Arthritis and 

rheumatism 56, 1787-97 (2007). 

569. Kim, H.-R. et al. Macrophage migration inhibitory factor upregulates angiogenic 

factors and correlates with clinical measures in rheumatoid arthritis. The Journal 

of rheumatology 34, 927-36 (2007). 

570. Lee, S.S. et al. Vascular endothelial growth factor levels in the serum and 

synovial fluid of patients with rheumatoid arthritis. Clinical and experimental 

rheumatology 19, 321-4 (2001). 

571. Ballara, S. et al. Raised serum vascular endothelial growth factor levels are 

associated with destructive change in inflammatory arthritis. Arthritis and 

rheumatism 44, 2055-64 (2001). 

572. Brogan, I.J. et al. Novel polymorphisms in the promoter and 5’ UTR regions of 

the human vascular endothelial growth factor gene. Human immunology 60, 

1245-9 (1999). 

573. Awata, T. et al. A common polymorphism in the 5’-untranslated region of the 

VEGF gene is associated with diabetic retinopathy in type 2 diabetes. Diabetes 

51, 1635-9 (2002). 

574. Lambrechts, D. et al. VEGF is a modifier of amyotrophic lateral sclerosis in mice 

and humans and protects motoneurons against ischemic death. Nature genetics 

34, 383-94 (2003). 

575. Inoue, M. et al. Vascular endothelial growth factor (VEGF) expression in human 

coronary atherosclerotic lesions: possible pathophysiological significance of 

VEGF in progression of atherosclerosis. Circulation 98, 2108-16 (1998). 

576. Petrovic, D., Verhovec, R., Globocnik Petrovic, M., Osredkar, J. & Peterlin, B. 

Association of vascular endothelial growth factor gene polymorphism with 

myocardial infarction in patients with type 2 diabetes. Cardiology 107, 291-5 

(2007). 

577. Shahbazi, M. et al. Vascular endothelial growth factor gene polymorphisms are 

associated with acute renal allograft rejection. Journal of the American Society of 

Nephrology5: JASN 13, 260-4 (2002). 

578. Ferrante, M. et al. The role of vascular endothelial growth factor (VEGF) in 

inflammatory bowel disease. Inflammatory bowel diseases 12, 870-8 (2006). 

579. Rueda, B. et al. Analysis of vascular endothelial growth factor (VEGF) 

functional variants in rheumatoid arthritis. Human immunology 66, 864-8 (2005). 

580. Han, S.W. et al. VEGF gene polymorphisms and susceptibility to rheumatoid 

arthritis. Rheumatology (Oxford, England) 43, 1173-7 (2004). 



 208 

581. Salvarani, C. et al. Vascular endothelial growth factor gene polymorphisms in 

Behçet’s disease. The Journal of rheumatology 31, 1785-9 (2004). 

582. Boiardi, L. et al. Vascular endothelial growth factor gene polymorphisms in giant 

cell arteritis. The Journal of rheumatology 30, 2160-4 (2003). 

583. Rueda, B. et al. A functional variant of vascular endothelial growth factor is 

associated with severe ischemic complications in giant cell arteritis. The Journal 

of rheumatology 32, 1737-41 (2005). 

584. Howell, W.M., Ali, S., Rose-Zerilli, M.J. & Ye, S. VEGF polymorphisms and 

severity of atherosclerosis. Journal of medical genetics 42, 485-90 (2005). 

585. Biselli, P.M., Guerzoni, A.R., de Godoy, M.F., Pavarino-Bertelli, E.C. & Goloni-

Bertollo, E.M. Vascular endothelial growth factor genetic variability and 

coronary artery disease in Brazilian population. Heart and vessels 23, 371-5 

(2008). 

586. Taub, D.D. Neuroendocrine interactions in the immune system. Cellular 

immunology 252, 1-6 (2008). 

587. Baatar, D., Patel, K. & Taub, D.D. The effects of ghrelin on inflammation and 

the immune system. Molecular and cellular endocrinology 340, 44-58 (2011). 

588. Nakazato, M. et al. A role for ghrelin in the central regulation of feeding. Nature 

409, 194-8 (2001). 

589. Tschöp, M., Smiley, D.L. & Heiman, M.L. Ghrelin induces adiposity in rodents. 

Nature 407, 908-13 (2000). 

590. van der Lely, A.J., Tschöp, M., Heiman, M.L. & Ghigo, E. Biological, 

physiological, pathophysiological, and pharmacological aspects of ghrelin. 

Endocrine reviews 25, 426-57 (2004). 

591. Kojima, M. et al. Ghrelin is a growth-hormone-releasing acylated peptide from 

stomach. Nature 402, 656-60 (1999). 

592. Ariyasu, H. et al. Stomach is a major source of circulating ghrelin, and feeding 

state determines plasma ghrelin-like immunoreactivity levels in humans. The 

Journal of clinical endocrinology and metabolism 86, 4753-8 (2001). 

593. Yang, J., Brown, M.S., Liang, G., Grishin, N.V. & Goldstein, J.L. Identification 

of the acyltransferase that octanoylates ghrelin, an appetite-stimulating peptide 

hormone. Cell 132, 387-96 (2008). 

594. Sun, Y., Ahmed, S. & Smith, R.G. Deletion of ghrelin impairs neither growth nor 

appetite. Molecular and cellular biology 23, 7973-81 (2003). 

595. Howard, A.D. et al. A receptor in pituitary and hypothalamus that functions in 

growth hormone release. Science (New York, N.Y.) 273, 974-7 (1996). 



 209 

596. Hosoda, H., Kojima, M. & Kangawa, K. Biological, physiological, and 

pharmacological aspects of ghrelin. Journal of pharmacological sciences 100, 

398-410 (2006). 

597. Smith, R.G., Jiang, H. & Sun, Y. Developments in ghrelin biology and potential 

clinical relevance. Trends in endocrinology and metabolism: TEM 16, 436-42 

(2005). 

598. Dixit, V.D. et al. Ghrelin inhibits leptin- and activation-induced proinflammatory 

cytokine expression by human monocytes and T cells. The Journal of clinical 

investigation 114, 57-66 (2004). 

599. Hattori, N. et al. GH, GH receptor, GH secretagogue receptor, and ghrelin 

expression in human T cells, B cells, and neutrophils. The Journal of clinical 

endocrinology and metabolism 86, 4284-91 (2001). 

600. Li, W.G. et al. Ghrelin inhibits proinflammatory responses and nuclear factor-

kappaB activation in human endothelial cells. Circulation 109, 2221-6 (2004). 

601. Gonzalez-Rey, E., Chorny, A., Del Moral, R.G., Varela, N. & Delgado, M. 

Therapeutic effect of cortistatin on experimental arthritis by downregulating 

inflammatory and Th1 responses. Annals of the rheumatic diseases 66, 582-8 

(2007). 

602. Gonzalez-Rey, E., Chorny, A. & Delgado, M. Regulation of immune tolerance 

by anti-inflammatory neuropeptides. Nature reviews. Immunology 7, 52-63 

(2007). 

603. Otero, M. et al. Chronic inflammation modulates ghrelin levels in humans and 

rats. Rheumatology (Oxford, England) 43, 306-10 (2004). 

604. Gonzalez-Gay, M.A. et al. Anti-tumour necrosis factor alpha therapy modulates 

ghrelin in patients with severe rheumatoid arthritis. Annals of the rheumatic 

diseases 67, 1644-6 (2008). 

605. Nagaya, N. et al. Hemodynamic and hormonal effects of human ghrelin in 

healthy volunteers. American journal of physiology. Regulatory, integrative and 

comparative physiology 280, R1483-7 (2001). 

606. Nagaya, N. et al. Chronic administration of ghrelin improves left ventricular 

dysfunction and attenuates development of cardiac cachexia in rats with heart 

failure. Circulation 104, 1430-5 (2001). 

607. Nagaya, N. & Kangawa, K. Ghrelin improves left ventricular dysfunction and 

cardiac cachexia in heart failure. Current opinion in pharmacology 3, 146-51 

(2003). 

608. Bedendi, I. et al. Cardiac effects of ghrelin and its endogenous derivatives des-

octanoyl ghrelin and des-Gln14-ghrelin. European journal of pharmacology 476, 

87-95 (2003). 



 210 

609. Nagaya, N. et al. Hemodynamic, renal, and hormonal effects of ghrelin infusion 

in patients with chronic heart failure. The Journal of clinical endocrinology and 

metabolism 86, 5854-9 (2001). 

610. Okumura, H. et al. Vasodilatory effect of ghrelin, an endogenous peptide from 

the stomach. Journal of cardiovascular pharmacology 39, 779-83 (2002). 

611. Shimizu, Y. et al. Ghrelin improves endothelial dysfunction through growth 

hormone-independent mechanisms in rats. Biochemical and biophysical research 

communications 310, 830-5 (2003). 

612. Xu, X., Jhun, B.S., Ha, C.H. & Jin, Z.-G. Molecular mechanisms of ghrelin-

mediated endothelial nitric oxide synthase activation. Endocrinology 149, 4183-

92 (2008). 

613. Wiley, K.E. & Davenport, A.P. Comparison of vasodilators in human internal 

mammary artery: ghrelin is a potent physiological antagonist of endothelin-1. 

British journal of pharmacology 136, 1146-52 (2002). 

614. Baldanzi, G. et al. Ghrelin and des-acyl ghrelin inhibit cell death in 

cardiomyocytes and endothelial cells through ERK1/2 and PI 3-kinase/AKT. The 

Journal of cell biology 159, 1029-37 (2002). 

615. Locatelli, V. et al. Growth hormone-independent cardioprotective effects of 

hexarelin in the rat. Endocrinology 140, 4024-31 (1999). 

616. Schwenke, D.O. et al. Early ghrelin treatment after myocardial infarction 

prevents an increase in cardiac sympathetic tone and reduces mortality. 

Endocrinology 149, 5172-6 (2008). 

617. Xu, X.-B. et al. GH-releasing peptides improve cardiac dysfunction and cachexia 

and suppress stress-related hormones and cardiomyocyte apoptosis in rats with 

heart failure. American journal of physiology. Heart and circulatory physiology 

289, H1643-51 (2005). 

618. Beiras-Fernandez, A. et al. Altered myocardial expression of ghrelin and its 

receptor (GHSR-1a) in patients with severe heart failure. Peptides 31, 2222-8 

(2010). 

619. Katugampola, S.D., Pallikaros, Z. & Davenport, A.P. [125I-His(9)]-ghrelin, a 

novel radioligand for localizing GHS orphan receptors in human and rat tissue: 

up-regulation of receptors with athersclerosis. British journal of pharmacology 

134, 143-9 (2001). 

620. Baessler, A. et al. Genetic linkage and association of the growth hormone 

secretagogue receptor (ghrelin receptor) gene in human obesity. Diabetes 54, 

259-67 (2005). 



 211 

621. Baessler, A. et al. Epistatic interaction between haplotypes of the ghrelin ligand 

and receptor genes influence susceptibility to myocardial infarction and coronary 

artery disease. Human molecular genetics 16, 887-99 (2007). 

622. Baessler, A. et al. Association of the Ghrelin receptor gene region with left 

ventricular hypertrophy in the general population: results of the 

MONICA/KORA Augsburg Echocardiographic Substudy. Hypertension 47, 920-

7 (2006). 

623. Mager, U. et al. Variations in the ghrelin receptor gene associate with obesity and 

glucose metabolism in individuals with impaired glucose tolerance. PloS one 3, 

e2941 (2008). 

624. Li, W.-J. et al. Ghrelin receptor gene polymorphisms are associated with female 

metabolic syndrome in Chinese population. Chinese medical journal 121, 1666-9 

(2008). 

625. Robledo, G. et al. Association study of ghrelin receptor gene polymorphisms in 

rheumatoid arthritis. Clinical and experimental rheumatology 28, 25-9 (2010). 

626. Bruunsgaard, H., Skinhøj, P., Pedersen, A.N., Schroll, M. & Pedersen, B.K. 

Ageing, tumour necrosis factor-alpha (TNF-alpha) and atherosclerosis. Clinical 

and experimental immunology 121, 255-60 (2000). 

627. Cheng, X. et al. The Th17/Treg imbalance in patients with acute coronary 

syndrome. Clinical immunology (Orlando, Fla.) 127, 89-97 (2008). 

628. Brennan, F.M. & McInnes, I.B. Evidence that cytokines play a role in rheumatoid 

arthritis. The Journal of clinical investigation 118, 3537-45 (2008). 

629. Wallach, D. et al. Tumor necrosis factor receptor and Fas signaling mechanisms. 

Annual review of immunology 17, 331-67 (1999). 

630. Barbara, J.A., Van ostadeX & Lopez, A. Tumour necrosis factor-alpha (TNF-

alpha): the good, the bad and potentially very effective. Immunology and cell 

biology 74, 434-43 (1996). 

631. Black, R.A. et al. A metalloproteinase disintegrin that releases tumour-necrosis 

factor-alpha from cells. Nature 385, 729-33 (1997). 

632. Eissner, G., Kolch, W. & Scheurich, P. Ligands working as receptors: reverse 

signaling by members of the TNF superfamily enhance the plasticity of the 

immune system. Cytokine & growth factor reviews 15, 353-66 (2004). 

633. Pfeffer, K. et al. Mice deficient for the 55 kd tumor necrosis factor receptor are 

resistant to endotoxic shock, yet succumb to L. monocytogenes infection. Cell 

73, 457-67 (1993). 

634. Beutler, B. & Cerami, A. The biology of cachectin/TNF--a primary mediator of 

the host response. Annual review of immunology 7, 625-55 (1989). 



 212 

635. Zhang, G. Tumor necrosis factor family ligand-receptor binding. Current opinion 

in structural biology 14, 154-60 (2004). 

636. Hänsel, S., Lässig, G., Pistrosch, F. & Passauer, J. Endothelial dysfunction in 

young patients with long-term rheumatoid arthritis and low disease activity. 

Atherosclerosis 170, 177-80 (2003). 

637. Booth, A.D. et al. Infliximab improves endothelial dysfunction in systemic 

vasculitis: a model of vascular inflammation. Circulation 109, 1718-23 (2004). 

638. Hürlimann, D. et al. Anti-tumor necrosis factor-alpha treatment improves 

endothelial function in patients with rheumatoid arthritis. Circulation 106, 2184-

7 (2002). 

639. Irace, C. et al. Effect of anti TNFalpha therapy on arterial diameter and wall 

shear stress and HDL cholesterol. Atherosclerosis 177, 113-8 (2004). 

640. Dandona, P. et al. Tumor necrosis factor-alpha in sera of obese patients: fall with 

weight loss. The Journal of clinical endocrinology and metabolism 83, 2907-10 

(1998). 

641. Gonzalez-Gay, M.A. et al. Influence of anti-TNF-alpha infliximab therapy on 

adhesion molecules associated with atherogenesis in patients with rheumatoid 

arthritis. Clinical and experimental rheumatology 24, 373-9 (2006). 

642. Yazdani-Biuki, B. et al. Improvement of insulin sensitivity in insulin resistant 

subjects during prolonged treatment with the anti-TNF-alpha antibody 

infliximab. European journal of clinical investigation 34, 641-2 (2004). 

643. Kiortsis, D.N., Mavridis, A.K., Vasakos, S., Nikas, S.N. & Drosos, A.A. Effects 

of infliximab treatment on insulin resistance in patients with rheumatoid arthritis 

and ankylosing spondylitis. Annals of the rheumatic diseases 64, 765-6 (2005). 

644. Siwik, D.A., Chang, D.L. & Colucci, W.S. Interleukin-1beta and tumor necrosis 

factor-alpha decrease collagen synthesis and increase matrix metalloproteinase 

activity in cardiac fibroblasts in vitro. Circulation research 86, 1259-65 (2000). 

645. Galis, Z.S. et al. Cytokine-stimulated human vascular smooth muscle cells 

synthesize a complement of enzymes required for extracellular matrix digestion. 

Circulation research 75, 181-9 (1994). 

646. Zhang, C. et al. TNF-alpha suppresses prolyl-4-hydroxylase alpha1 expression 

via the ASK1-JNK-NonO pathway. Arteriosclerosis, thrombosis, and vascular 

biology 27, 1760-7 (2007). 

647. Mizia-Stec, K. et al. Serum tumour necrosis factor-alpha, interleukin-2 and 

interleukin-10 activation in stable angina and acute coronary syndromes. 

Coronary artery disease 14, 431-8 (2003). 



 213 

648. Cesari, M. et al. Inflammatory markers and onset of cardiovascular events: 

results from the Health ABC study. Circulation 108, 2317-22 (2003). 

649. Tuomisto, K., Jousilahti, P., Sundvall, J., Pajunen, P. & Salomaa, V. C-reactive 

protein, interleukin-6 and tumor necrosis factor alpha as predictors of incident 

coronary and cardiovascular events and total mortality. A population-based, 

prospective study. Thrombosis and haemostasis 95, 511-8 (2006). 

650. Ridker, P.M. et al. Elevation of tumor necrosis factor-alpha and increased risk of 

recurrent coronary events after myocardial infarction. Circulation 101, 2149-53 

(2000). 

651. Kroeger, K.M. & Abraham, L.J. Identification of an AP-2 element in the -323 to 

-285 region of the TNF-alpha gene. Biochemistry and molecular biology 

international 40, 43-51 (1996). 

652. Wilson, A.G., Symons, J.A., McDowell, T.L., McDevitt, H.O. & Duff, G.W. 

Effects of a polymorphism in the human tumor necrosis factor alpha promoter on 

transcriptional activation. Proceedings of the National Academy of Sciences of 

the United States of America 94, 3195-9 (1997). 

653. Kroeger, K.M., Carville, K.S. & Abraham, L.J. The -308 tumor necrosis factor-

alpha promoter polymorphism effects transcription. Molecular immunology 34, 

391-9 (1997). 

654. Braun, N. et al. Gene polymorphism at position -308 of the tumor-necrosis-

factor-alpha (TNF-alpha) in multiple sclerosis and it’s influence on the regulation 

of TNF-alpha production. Neuroscience letters 215, 75-8 (1996). 

655. Brinkman, B.M., Zuijdeest, D., Kaijzel, E.L., Breedveld, F.C. & Verweij, C.L. 

Relevance of the tumor necrosis factor alpha (TNF alpha) -308 promoter 

polymorphism in TNF alpha gene regulation. Journal of inflammation 46, 32-41 

(1995). 

656. Stuber, F. et al. -308 tumor necrosis factor (TNF) polymorphism is not associated 

with survival in severe sepsis and is unrelated to lipopolysaccharide inducibility 

of the human TNF promoter. Journal of inflammation 46, 42-50 (1995). 

657. Uglialoro, A.M. et al. Identification of three new single nucleotide 

polymorphisms in the human tumor necrosis factor-α gene promoter. Tissue 

Antigens 52, 359-367 (1998). 

658. Louis E, Franchimont D, Piron A, Gevaert Y, Schaaf-Lafontaine N, Roland S, 

Mahieu P, Malaise M, De Groote D, Louis R, B.J. Tumour necrosis factor (TNF) 

gene polymorphism influences TNF-alpha production in lipopolysaccharide 

(LPS)-stimulated whole blood cell culture in healthy humans. Clinical and 

Experimental Immunology 113, 401-406 (1998). 



 214 

659. Huizinga, T.W.J. et al. TNF-α promoter polymorphisms, production and 

susceptibility to multiple sclerosis in different groups of patients. Journal of 

Neuroimmunology 72, 149-153 (1997). 

660. Mycko, M. et al. Multiple sclerosis: the frequency of allelic forms of tumor 

necrosis factor and lymphotoxin-alpha. Journal of Neuroimmunology 84, 198-

206 (1998). 

661. Kubota, T. et al. Effects of tumor necrosis factor gene polymorphisms on patients 

with congestive heart failure. VEST Investigators for TNF Genotype Analysis. 

Vesnarinone Survival Trial. Circulation 97, 2499-501 (1998). 

662. Bernard, V. et al. The -308 G/A tumor necrosis factor-alpha gene dimorphism: a 

risk factor for unstable angina. Clinical chemistry and laboratory medicine5: 

CCLM / FESCC 41, 511-6 (2003). 

663. Vendrell, J. et al. A polymorphism in the promoter of the tumor necrosis factor-α 

gene (−308) is associated with coronary heart disease in type 2 diabetic patients. 

Atherosclerosis 167, 257-264 (2003). 

664. Feng, R.-N., Zhao, C., Sun, C.-H. & Li, Y. Meta-analysis of TNF 308 G/A 

polymorphism and type 2 diabetes mellitus. PloS one 6, e18480 (2011). 

665. Herrmann, S.M. et al. Polymorphisms of the tumour necrosis factor-alpha gene, 

coronary heart disease and obesity. European journal of clinical investigation 28, 

59-66 (1998). 

666. Padovani, J.C. et al. Gene polymorphisms in the TNF locus and the risk of 

myocardial infarction. Thrombosis research 100, 263-9 (2000). 

667. Keso, T. et al. Polymorphisms within the tumor necrosis factor locus and 

prevalence of coronary artery disease in middle-aged men. Atherosclerosis 154, 

691-7 (2001). 

668. Bennet, A.M. et al. Association of TNF-alpha serum levels and TNFA promoter 

polymorphisms with risk of myocardial infarction. Atherosclerosis 187, 408-14 

(2006). 

669. Wang, X.L. & Oosterhof, J. Tumour necrosis factor alpha G-308-->A 

polymorphism and risk for coronary artery disease. Clinical science (London, 

England5: 1979) 98, 435-7 (2000). 

670. Allen, R.A., Lee, E.M., Roberts, D.H., Park, B.K. & Pirmohamed, M. 

Polymorphisms in the TNF-alpha and TNF-receptor genes in patients with 

coronary artery disease. European Journal of Clinical Investigation 31, 843-851 

(2001). 

671. Hou, L. et al. Polymorphisms of tumor necrosis factor alpha gene and coronary 

heart disease in a Chinese Han population: interaction with cigarette smoking. 

Thrombosis research 123, 822-6 (2009). 



 215 

672. Tong, Y. et al. The role of functional polymorphisms of the TNF-alpha gene 

promoter in the risk of ischemic stroke in Chinese Han and Uyghur populations: 

Two case-control studies. Clinica chimica acta; international journal of clinical 

chemistry 411, 1291-5 (2010). 

673. Kim, O.J. et al. Association between tumor necrosis factor-alpha (-308G→A and 

-238G→A) polymorphisms and homocysteine levels in patients with ischemic 

strokes and silent brain infarctions. Cerebrovascular diseases (Basel, 

Switzerland) 30, 483-90 (2010). 

674. Lee, B.-C. et al. Susceptibility for ischemic stroke in Korean population is 

associated with polymorphisms of the interleukin-1 receptor antagonist and 

tumor necrosis factor-alpha genes, but not the interleukin-1beta gene. 

Neuroscience letters 357, 33-6 (2004). 

675. Jones, K.L., Maguire, J.J. & Davenport, A.P. Chemokine receptor CCR5: from 

AIDS to atherosclerosis. British journal of pharmacology 162, 1453-69 (2011). 

676. Rottman, J.B. et al. Cellular localization of the chemokine receptor CCR5. 

Correlation to cellular targets of HIV-1 infection. The American journal of 

pathology 151, 1341-51 (1997). 

677. Berger, O. et al. CXC and CC chemokine receptors on coronary and brain 

endothelia. Molecular medicine (Cambridge, Mass.) 5, 795-805 (1999). 

678. Wilcox, J.N., Nelken, N.A., Coughlin, S.R., Gordon, D. & Schall, T.J. Local 

expression of inflammatory cytokines in human atherosclerotic plaques. Journal 

of atherosclerosis and thrombosis 1 Suppl 1, S10-3 (1994). 

679. Weber, C., Schober, A. & Zernecke, A. Chemokines: key regulators of 

mononuclear cell recruitment in atherosclerotic vascular disease. 

Arteriosclerosis, thrombosis, and vascular biology 24, 1997-2008 (2004). 

680. von Hundelshausen, P. et al. RANTES deposition by platelets triggers monocyte 

arrest on inflamed and atherosclerotic endothelium. Circulation 103, 1772-7 

(2001). 

681. Kuziel, W.A. et al. CCR5 deficiency is not protective in the early stages of 

atherogenesis in apoE knockout mice. Atherosclerosis 167, 25-32 (2003). 

682. Zernecke, A. & Weber, C. Chemokines in the vascular inflammatory response of 

atherosclerosis. Cardiovascular research 86, 192-201 (2010). 

683. Zernecke, A. et al. Deficiency in CCR5 but not CCR1 protects against neointima 

formation in atherosclerosis-prone mice: involvement of IL-10. Blood 107, 4240-

3 (2006). 

684. Potteaux, S. et al. Role of bone marrow-derived CC-chemokine receptor 5 in the 

development of atherosclerosis of low-density lipoprotein receptor knockout 

mice. Arteriosclerosis, thrombosis, and vascular biology 26, 1858-63 (2006). 



 216 

685. Papaspyridonos, M. et al. Novel candidate genes in unstable areas of human 

atherosclerotic plaques. Arteriosclerosis, thrombosis, and vascular biology 26, 

1837-44 (2006). 

686. Tacke, F. et al. Monocyte subsets differentially employ CCR2, CCR5, and 

CX3CR1 to accumulate within atherosclerotic plaques. The Journal of clinical 

investigation 117, 185-94 (2007). 

687. Gautier, E.L., Jakubzick, C. & Randolph, G.J. Regulation of the migration and 

survival of monocyte subsets by chemokine receptors and its relevance to 

atherosclerosis. Arteriosclerosis, thrombosis, and vascular biology 29, 1412-8 

(2009). 

688. Koenen, R.R. & Weber, C. Therapeutic targeting of chemokine interactions in 

atherosclerosis. Nature reviews. Drug discovery 9, 141-53 (2010). 

689. Zadelaar, S. et al. Mouse models for atherosclerosis and pharmaceutical 

modifiers. Arteriosclerosis, thrombosis, and vascular biology 27, 1706-21 

(2007). 

690. Ingersoll, M.A. et al. Comparison of gene expression profiles between human 

and mouse monocyte subsets. Blood 115, e10-9 (2010). 

691. Weber, C., Zernecke, A. & Libby, P. The multifaceted contributions of leukocyte 

subsets to atherosclerosis: lessons from mouse models. Nature reviews. 

Immunology 8, 802-15 (2008). 

692. Liu, R. et al. Homozygous defect in HIV-1 coreceptor accounts for resistance of 

some multiply-exposed individuals to HIV-1 infection. Cell 86, 367-77 (1996). 

693. Wang, F.-S. et al. Population survey of CCR5 delta32, CCR5 m303, CCR2b 64I, 

and SDF1 3’A allele frequencies in indigenous Chinese healthy individuals, and 

in HIV-1-infected and HIV-1-uninfected individuals in HIV-1 risk groups. 

Journal of acquired immune deficiency syndromes (1999) 32, 124-30 (2003). 

694. Lucotte, G. & Mercier, G. Distribution of the CCR5 gene 32-bp deletion in 

Europe. Journal of acquired immune deficiency syndromes and human 

retrovirology5: official publication of the International Retrovirology 

Association 19, 174-7 (1998). 

695. Zapico, I. et al. CCR5 (chemokine receptor-5) DNA-polymorphism influences 

the severity of rheumatoid arthritis. Genes and immunity 1, 288-9 (2000). 

696. Rossol, M. et al. Negative association of the chemokine receptor CCR5 d32 

polymorphism with systemic inflammatory response, extra-articular symptoms 

and joint erosion in rheumatoid arthritis. Arthritis research & therapy 11, R91 

(2009). 

697. Gómez-Reino, J.J. et al. Association of rheumatoid arthritis with a functional 

chemokine receptor, CCR5. Arthritis and rheumatism 42, 989-92 (1999). 



 217 

698. Cooke, S.P., Forrest, G., Venables, P.J. & Hajeer, A. The delta32 deletion of 

CCR5 receptor in rheumatoid arthritis. Arthritis and rheumatism 41, 1135-6 

(1998). 

699. Martens, H.A. et al. Lack of association of C-C chemokine receptor 5 ∆32 

deletion status with rheumatoid arthritis, systemic lupus erythematosus, lupus 

nephritis, and disease severity. The Journal of rheumatology 37, 2226-31 (2010). 

700. Karaali, Z.E. et al. Effect of genetic variants of chemokine receptors on the 

development of myocardial infarction in Turkish population. Molecular biology 

reports 37, 3615-9 (2010). 

701. Bijl, M. Endothelial activation, endothelial dysfunction and premature 

atherosclerosis in systemic autoimmune diseases. The Netherlands journal of 

medicine 61, 273-7 (2003). 

702. Gonzalez-Gay, M.A., Gonzalez-Juanatey, C. & Martin, J. Inflammation and 

endothelial dysfunction in rheumatoid arthritis. Clinical and experimental 

rheumatology 24, 115-7 (2006). 

703. Yan, R.T. et al. Relationship between carotid artery intima-media thickness and 

brachial artery flow-mediated dilation in middle-aged healthy men. Journal of the 

American College of Cardiology 45, 1980-6 (2005). 

704. González-Juanatey, C., Llorca, J. & González-Gay, M.A. Correlation between 

endothelial function and carotid atherosclerosis in rheumatoid arthritis patients 

with long-standing disease. Arthritis research & therapy 13, R101 (2011). 

705. Coppack, S.W. Pro-inflammatory cytokines and adipose tissue. The Proceedings 

of the Nutrition Society 60, 349-56 (2001). 

706. Sommer, G. et al. Secretory products from human adipocytes stimulate 

proinflammatory cytokine secretion from human endothelial cells. Journal of 

cellular biochemistry 106, 729-37 (2009). 

707. Kunnari, A., Ukkola, O., Päivänsalo, M. & Kesäniemi, Y.A. High plasma resistin 

level is associated with enhanced highly sensitive C-reactive protein and 

leukocytes. The Journal of clinical endocrinology and metabolism 91, 2755-60 

(2006). 

708. Fargnoli, J.L. et al. Resistin is associated with biomarkers of inflammation while 

total and high-molecular weight adiponectin are associated with biomarkers of 

inflammation, insulin resistance, and endothelial function. European journal of 

endocrinology / European Federation of Endocrine Societies 162, 281-8 (2010). 

709. Gharibeh, M.Y. et al. Correlation of plasma resistin with obesity and insulin 

resistance in type 2 diabetic patients. Diabetes & metabolism 36, 443-9 (2010). 



 218 

710. Heilbronn, L.K. et al. Relationship between serum resistin concentrations and 

insulin resistance in nonobese, obese, and obese diabetic subjects. The Journal of 

clinical endocrinology and metabolism 89, 1844-8 (2004). 

711. Norata, G.D. et al. Plasma resistin levels correlate with determinants of the 

metabolic syndrome. European journal of endocrinology / European Federation 

of Endocrine Societies 156, 279-84 (2007). 

712. Schäffler, A. et al. Identification of variables influencing resistin serum levels in 

patients with type 1 and type 2 diabetes mellitus. Hormone and metabolic 

research = Hormon- und Stoffwechselforschung = Hormones et métabolisme 36, 

702-7 (2004). 

713. Silha, J.V. et al. Plasma resistin, adiponectin and leptin levels in lean and obese 

subjects: correlations with insulin resistance. European journal of endocrinology 

/ European Federation of Endocrine Societies 149, 331-5 (2003). 

714. Bauer, S. et al. Systemic resistin is increased in type 2 diabetic patients treated 

with loop diuretics. Journal of diabetes and its complications 

(2011).doi:10.1016/j.jdiacomp.2011.06.001 

715. Dullaart, R.P.F., de Vries, R., van Tol, A. & Sluiter, W.J. Lower plasma 

adiponectin is a marker of increased intima-media thickness associated with type 

2 diabetes mellitus and with male gender. European journal of endocrinology / 

European Federation of Endocrine Societies 156, 387-94 (2007). 

716. Hamirani, Y.S. et al. Markers of inflammation and coronary artery calcification: 

a systematic review. Atherosclerosis 201, 1-7 (2008). 

717. Shin, H.-J. et al. Association between serum resistin and carotid intima media 

thickness in hypertension patients. International journal of cardiology 125, 79-84 

(2008). 

718. Rajpathak, S.N. et al. Resistin, but Not Adiponectin and Leptin, Is Associated 

With the Risk of Ischemic Stroke Among Postmenopausal Women: Results From 

the Women’s Health Initiative. Stroke; a journal of cerebral circulation 42, 

1813-20 (2011). 

719. Wang, H. et al. High serum resistin level may be an indicator of the severity of 

coronary disease in acute coronary syndrome. Chinese medical sciences journal 

= Chung-kuo i hsüeh k’o hsüeh tsa chih / Chinese Academy of Medical Sciences 

24, 161-6 (2009). 

720. Hu, W.-lan, Qiao, S.-bin, Hou, Q. & Yuan, J.-song Plasma resistin is increased in 

patients with unstable angina. Chinese medical journal 120, 871-5 (2007). 

721. Chu, S., Ding, W., Li, K., Pang, Y. & Tang, C. Plasma resistin associated with 

myocardium injury in patients with acute coronary syndrome. Circulation 

journal5: official journal of the Japanese Circulation Society 72, 1249-53 

(2008). 



 219 

722. Wen, Y., Lu, P. & Dai, L. Association between resistin gene -420 C/G 

polymorphism and the risk of type 2 diabetes mellitus: a meta-analysis. Acta 

diabetologica (2010).doi:10.1007/s00592-010-0247-8 

723. Berner, H.S. et al. Adiponectin and its receptors are expressed in bone-forming 

cells. Bone 35, 842-9 (2004). 

724. Ouchi, N. et al. Adiponectin, an adipocyte-derived plasma protein, inhibits 

endothelial NF-kappaB signaling through a cAMP-dependent pathway. 

Circulation 102, 1296-301 (2000). 

725. Ouchi, N. et al. Reciprocal association of C-reactive protein with adiponectin in 

blood stream and adipose tissue. Circulation 107, 671-4 (2003). 

726. Kern, P.A., Di Gregorio, G.B., Lu, T., Rassouli, N. & Ranganathan, G. 

Adiponectin expression from human adipose tissue: relation to obesity, insulin 

resistance, and tumor necrosis factor-alpha expression. Diabetes 52, 1779-85 

(2003). 

727. Engeli, S. et al. Association between adiponectin and mediators of inflammation 

in obese women. Diabetes 52, 942-7 (2003). 

728. Adamczak, M. et al. Decreased plasma adiponectin concentration in patients with 

essential hypertension. American journal of hypertension 16, 72-5 (2003). 

729. Iwashima, Y. et al. Hypoadiponectinemia is an independent risk factor for 

hypertension. Hypertension 43, 1318-23 (2004). 

730. Matsubara, M., Maruoka, S. & Katayose, S. Decreased plasma adiponectin 

concentrations in women with dyslipidemia. The Journal of clinical 

endocrinology and metabolism 87, 2764-9 (2002). 

731. Hulthe, J., Hultén, L.M. & Fagerberg, B. Low adipocyte-derived plasma protein 

adiponectin concentrations are associated with the metabolic syndrome and small 

dense low-density lipoprotein particles: atherosclerosis and insulin resistance 

study. Metabolism: clinical and experimental 52, 1612-4 (2003). 

732. Zietz, B. et al. Adiponectin represents an independent cardiovascular risk factor 

predicting serum HDL-cholesterol levels in type 2 diabetes. FEBS letters 545, 

103-4 (2003). 

733. Kojima, S. et al. Levels of the adipocyte-derived plasma protein, adiponectin, 

have a close relationship with atheroma. Thrombosis research 115, 483-90 

(2005). 

734. Nakamura, Y. et al. Implications of plasma concentrations of adiponectin in 

patients with coronary artery disease. Heart (British Cardiac Society) 90, 528-33 

(2004). 



 220 

735. Otsuka, F. et al. Plasma adiponectin levels are associated with coronary lesion 

complexity in men with coronary artery disease. Journal of the American College 

of Cardiology 48, 1155-62 (2006). 

736. Yamamoto, Y., Hirose, H., Saito, I., Nishikai, K. & Saruta, T. Adiponectin, an 

adipocyte-derived protein, predicts future insulin resistance: two-year follow-up 

study in Japanese population. The Journal of clinical endocrinology and 

metabolism 89, 87-90 (2004). 

737. Snijder, M.B. et al. Associations of adiponectin levels with incident impaired 

glucose metabolism and type 2 diabetes in older men and women: the hoorn 

study. Diabetes care 29, 2498-503 (2006). 

738. Senolt, L., Pavelka, K., Housa, D. & Haluzík, M. Increased adiponectin is 

negatively linked to the local inflammatory process in patients with rheumatoid 

arthritis. Cytokine 35, 247-52 (2006). 

739. Gonzalez-Gay, M.A. et al. High-grade inflammation, circulating adiponectin 

concentrations and cardiovascular risk factors in severe rheumatoid arthritis. 

Clinical and experimental rheumatology 26, 596-603 (2008). 

740. Arany, Z. et al. HIF-independent regulation of VEGF and angiogenesis by the 

transcriptional coactivator PGC-1alpha. Nature 451, 1008-12 (2008). 

741. Hojo, Y. et al. Interaction between human monocytes and vascular smooth 

muscle cells induces vascular endothelial growth factor expression. 

Atherosclerosis 150, 63-70 (2000). 

742. Inoue, M. et al. Oxidized LDL regulates vascular endothelial growth factor 

expression in human macrophages and endothelial cells through activation of 

peroxisome proliferator-activated receptor-gamma. Arteriosclerosis, thrombosis, 

and vascular biology 21, 560-6 (2001). 

743. Kroll, J. & Waltenberger, J. VEGF-A induces expression of eNOS and iNOS in 

endothelial cells via VEGF receptor-2 (KDR). Biochemical and biophysical 

research communications 252, 743-6 (1998). 

744. Osada-Oka, M., Ikeda, T., Imaoka, S., Akiba, S. & Sato, T. VEGF-enhanced 

proliferation under hypoxia by an autocrine mechanism in human vascular 

smooth muscle cells. Journal of atherosclerosis and thrombosis 15, 26-33 

(2008). 

745. Couffinhal, T. et al. Vascular endothelial growth factor/vascular permeability 

factor (VEGF/VPF) in normal and atherosclerotic human arteries. The American 

journal of pathology 150, 1673-85 (1997). 

746. Jeziorska, M. & Woolley, D.E. Neovascularization in early atherosclerotic 

lesions of human carotid arteries: its potential contribution to plaque 

development. Human pathology 30, 919-25 (1999). 



 221 

747. Fleiner, M. et al. Arterial neovascularization and inflammation in vulnerable 

patients: early and late signs of symptomatic atherosclerosis. Circulation 110, 

2843-50 (2004). 

748. Mofidi, R. et al. Association between plaque instability, angiogenesis and 

symptomatic carotid occlusive disease. The British journal of surgery 88, 945-50 

(2001). 

749. Kimura, K. et al. Serum VEGF--as a prognostic factor of atherosclerosis. 

Atherosclerosis 194, 182-8 (2007). 

750. Trapé, J. et al. Vascular endothelial growth factor serum concentrations in 

hypercholesterolemic patients. Scandinavian journal of clinical and laboratory 

investigation 66, 261-7 (2006). 

751. Alber, H.F. et al. Vascular endothelial growth factor (VEGF) plasma 

concentrations in coronary artery disease. Heart (British Cardiac Society) 91, 

365-6 (2005). 

752. Seko, Y. et al. Serum levels of vascular endothelial growth factor in patients with 

acute myocardial infarction undergoing reperfusion therapy. Clinical science 

(London, England5: 1979) 92, 453-4 (1997). 

753. Hojo, Y. et al. Expression of vascular endothelial growth factor in patients with 

acute myocardial infarction. Journal of the American College of Cardiology 35, 

968-73 (2000). 

754. Ripa, R.S. et al. The influence of genotype on vascular endothelial growth factor 

and regulation of myocardial collateral blood flow in patients with acute and 

chronic coronary heart disease. Scandinavian journal of clinical and laboratory 

investigation 69, 722-8 (2009). 

755. Heeschen, C. et al. Prognostic significance of angiogenic growth factor serum 

levels in patients with acute coronary syndromes. Circulation 107, 524-30 

(2003). 

756. Eaton, C.B. et al. Prospective association of vascular endothelial growth factor-A 

(VEGF-A) with coronary heart disease mortality in southeastern New England. 

Atherosclerosis 200, 221-7 (2008). 

757. Huez, I., Bornes, S., Bresson, D., Créancier, L. & Prats, H. New vascular 

endothelial growth factor isoform generated by internal ribosome entry site-

driven CUG translation initiation. Molecular endocrinology (Baltimore, Md.) 15, 

2197-210 (2001). 

758. Watson, C.J., Webb, N.J., Bottomley, M.J. & Brenchley, P.E. Identification of 

polymorphisms within the vascular endothelial growth factor (VEGF) gene: 

correlation with variation in VEGF protein production. Cytokine 12, 1232-5 

(2000). 



 222 

759. Kangas-Kontio, T. et al. Variation in the vascular endothelial growth factor gene, 

carotid intima-media thickness and the risk of acute myocardial infarction. 

Scandinavian journal of clinical and laboratory investigation 69, 335-43 (2009). 

760. Lin, T.-H. et al. Vascular endothelial growth factor polymorphisms and extent of 

coronary atherosclerosis in Chinese population with advanced coronary artery 

disease. American journal of hypertension 23, 960-6 (2010). 

761. Kim, O.J. et al. Association Between VEGF Polymorphisms and Homocysteine 

Levels in Patients With Ischemic Stroke and Silent Brain Infarction. Stroke; a 

journal of cerebral circulation (2011).doi:10.1161/STROKEAHA.110.607739 

762. Sobti, R.C., Maithil, N., Thakur, H., Sharma, Y. & Talwar, K.K. VEGF and IL-4 

gene variability and its association with the risk of coronary heart disease in north 

Indian population. Molecular and cellular biochemistry 341, 139-48 (2010). 

763. Fu, Y. et al. Polymorphisms of human vascular endothelial growth factor gene 

are associated with acute cerebral infarction in the chinese population. European 

neurology 66, 47-52 (2011). 

764. Yang, J.W., Hutchinson, I.V., Shah, T., Fang, J. & Min, D.I. Gene polymorphism 

of vascular endothelial growth factor -1154 G>A is associated with hypertensive 

nephropathy in a Hispanic population. Molecular biology reports 38, 2417-25 

(2011). 

765. Hattori, N. Expression, regulation and biological actions of growth hormone 

(GH) and ghrelin in the immune system. Growth hormone & IGF research5: 

official journal of the Growth Hormone Research Society and the International 

IGF Research Society 19, 187-97 (2009). 

766. Dixit, V.D. et al. Reduction of T cell-derived ghrelin enhances proinflammatory 

cytokine expression: implications for age-associated increases in inflammation. 

Blood 113, 5202-5 (2009). 

767. Kellokoski, E. et al. Ghrelin and obestatin modulate early atherogenic processes 

on cells: enhancement of monocyte adhesion and oxidized low-density 

lipoprotein binding. Metabolism: clinical and experimental 58, 1572-80 (2009). 

768. Waseem, T., Duxbury, M., Ito, H., Ashley, S.W. & Robinson, M.K. Exogenous 

ghrelin modulates release of pro-inflammatory and anti-inflammatory cytokines 

in LPS-stimulated macrophages through distinct signaling pathways. Surgery 

143, 334-42 (2008). 

769. Xia, Q. et al. Effects of ghrelin on the proliferation and secretion of splenic T 

lymphocytes in mice. Regulatory peptides 122, 173-8 (2004). 

770. Lin, Y. et al. Ghrelin acts at the nucleus of the solitary tract to decrease arterial 

pressure in rats. Hypertension 43, 977-82 (2004). 



 223 

771. Matsumura, K., Tsuchihashi, T., Fujii, K., Abe, I. & Iida, M. Central ghrelin 

modulates sympathetic activity in conscious rabbits. Hypertension 40, 694-9 

(2002). 

772. Pettersson, I. et al. Natural (ghrelin) and synthetic (hexarelin) GH secretagogues 

stimulate H9c2 cardiomyocyte cell proliferation. The Journal of endocrinology 

175, 201-9 (2002). 

773. Iglesias, M.J. et al. Growth hormone releasing peptide (ghrelin) is synthesized 

and secreted by cardiomyocytes. Cardiovascular research 62, 481-8 (2004). 

774. Lear, P.V. et al. Des-acyl ghrelin has specific binding sites and different 

metabolic effects from ghrelin in cardiomyocytes. Endocrinology 151, 3286-98 

(2010). 

775. Pang, J.-J. et al. Hexarelin protects rat cardiomyocytes from angiotensin II-

induced apoptosis in vitro. American journal of physiology. Heart and 

circulatory physiology 286, H1063-9 (2004). 

776. Frascarelli, S., Ghelardoni, S., Ronca-Testoni, S. & Zucchi, R. Effect of ghrelin 

and synthetic growth hormone secretagogues in normal and ischemic rat heart. 

Basic research in cardiology 98, 401-5 (2003). 

777. Peracchi, M. et al. Circulating ghrelin levels in celiac patients. The American 

journal of gastroenterology 98, 2474-8 (2003). 

778. Kümpers, P. et al. Serum leptin and ghrelin correlate with disease activity in 

ANCA-associated vasculitis. Rheumatology (Oxford, England) 47, 484-7 (2008). 

779. Peracchi, M. et al. Circulating ghrelin levels in patients with inflammatory bowel 

disease. Gut 55, 432-3 (2006). 

780. Koca, S.S. et al. Ghrelin and obestatin levels in rheumatoid arthritis. 

Inflammation 31, 329-35 (2008). 

781. Pöykkö, S.M. et al. Low plasma ghrelin is associated with insulin resistance, 

hypertension, and the prevalence of type 2 diabetes. Diabetes 52, 2546-53 

(2003). 

782. Garcia, E.A. et al. The role of ghrelin and ghrelin-receptor gene variants and 

promoter activity in type 2 diabetes. European journal of endocrinology / 

European Federation of Endocrine Societies 161, 307-15 (2009). 

783. Gueorguiev, M. et al. Association studies on ghrelin and ghrelin receptor gene 

polymorphisms with obesity. Obesity (Silver Spring, Md.) 17, 745-54 (2009). 

784. Dossus, L. et al. Polymorphisms of genes coding for ghrelin and its receptor in 

relation to anthropometry, circulating levels of IGF-I and IGFBP-3, and breast 

cancer risk: a case-control study nested within the European Prospective 

Investigation into Cancer and Nutrition (. Carcinogenesis 29, 1360-6 (2008). 



 224 

785. Garcia, E.A. et al. Ghrelin receptor gene polymorphisms and body size in 

children and adults. The Journal of clinical endocrinology and metabolism 93, 

4158-61 (2008). 

786. Baessler, A. et al. Genetic Linkage and Association of the Growth Hormone 

Secretagogue Receptor (Ghrelin Receptor) Gene in Human Obesity. Diabetes 54, 

259-267 (2005). 

787. Vartiainen, J. Sequencing analysis of the ghrelin receptor (growth hormone 

secretagogue receptor type 1a) gene. European Journal of Endocrinology 150, 

457-463 (2004). 

788. Marenberg, M.E., Risch, N., Berkman, L.F., Floderus, B. & de Faire, U. Genetic 

susceptibility to death from coronary heart disease in a study of twins. The New 

England journal of medicine 330, 1041-6 (1994). 

789. Jorgensen, T.J. et al. Hypothesis-driven candidate gene association studies: 

practical design and analytical considerations. American journal of epidemiology 

170, 986-93 (2009). 

790. Schunkert, H. et al. Large-scale association analysis identifies 13 new 

susceptibility loci for coronary artery disease. Nature genetics 43, 333-8 (2011). 

791. Arnett, F.C. et al. The American Rheumatism Association 1987 revised criteria 

for the classification of rheumatoid arthritis. Arthritis and rheumatism 31, 315-24 

(1988). 

792. Ho, K.K., Pinsky, J.L., Kannel, W.B. & Levy, D. The epidemiology of heart 

failure: the Framingham Study. Journal of the American College of Cardiology 

22, 6A-13A (1993).  

 


