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Abstract:

Background: Cardiovascular disease (CV) continues to be the leading cause of morbidity and mortality in rheumatoid arthritis (RA). Mortality rate is higher in seropositive RA patients.  Endothelial Progenitor Cells (EPCs) and pro-inflammatory cytokines are important surrogates for cardiovascular risk in RA. However, the relationship between EPCs and pro-inflammatory cytokines has not yet been investigated in seropositive RA patients. Hence, we decided to investigate the relationship between EPCs and pro-inflammatory cytokines in seropositive and seronegative RA. 

Methods: Forty adult RA patients were enrolled in the study and sub grouped by rheumatoid factor (RF) into seropositive (n=20) and seronegative (n=20) groups. EPCs (CD34+/CD133+) were quantified by flow cytometry and pro-inflammatory cytokines (TNF- α, IL-6 and IL-1) was measured by using standard ELISA kits. As surrogate for disease activity, DAS28, CRP and ESR levels were determined. 

Results: EPCs were significantly decreased in seropositive patients as compared to seronegative patients (0.018±0.001% vs 0.022±0.001%, p=0.02) in RA. Levels of pro-inflammatory cytokines i.e. TNF-α, IL-6, and IL-1 were significantly (p=0.01) higher in seropositive patients as compared to seronegative. Significant negative correlation was observed between the number of EPCs and IL-1, TNF-α and disease activity. 
Conclusion: Seropositivity plays a major role in EPC biology which is characterized by reduced peripheral concentration of EPCs and higher concentration of pro-inflammatory cytokines in seropositive patients as compared to seronegative RA patients. Higher CV risk in seropositive patients is possibly also contributed by reduced EPCs and higher level of pro-inflammatory cytokines. 
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Introduction
Endothelial progenitor cells (EPCs) form a population of circulating bone marrow-derived cells that are involved in tissue development, vascular repair and atherosclerosis and are estimated to constitute about 0.01% of peripheral mononuclear cells. 1-3 These are characterized by their ability to migrate into areas of increased angiogenesis and differentiate into mature endothelial cells. EPCs participate in ongoing endothelial repair, while an imbalance between endothelial damage and repair may lead to an increase in cardiovascular events. 4 EPCs have been identified in synovial tissue of rheumatoid arthritis patients where they participate in angiogenesis. 5 Reduced numbers and/or altered functions of EPCs have recently been demonstrated in patients with inflammatory rheumatic disorders like rheumatoid arthritis (RA)6, systemic sclerosis (SSc)7, systemic lupus erythematosus (SLE)8 and vasculitides9 associated with increased cardiovascular morbidity and mortality. Higher levels of serum IL-6 and TNF-α are associated with reduced number of EPCs and enhanced cardiovascular risk (CV) risk in RA patients. 6,10 Cardiovascular disease continues to be the leading cause of morbidity and mortality in RA11 and mortality rate is higher in seropositive RA patients. 12 However, the relationship between EPCs and pro-inflammatory cytokines has not yet been investigated in seropositive RA patients to the best our knowledge. Hence, we decided to find and compare levels of the EPCs and pro-inflammatory cytokines in seropositive and seronegative RA patients.
Material and methods

Patients
Forty RA patients (aged>18 years) who fulfilled the 2010 Rheumatoid Arthritis Classification Criteria for diagnosis and classification of RA13 were enrolled in the study from a rheumatology outpatient clinic. These patients were sub grouped by rheumatoid factor (RF) into seropositive (n=20: 4 male, 16 female; mean age 41.35 ± 1.6 years, range 21-55) and seronegative (n=20: 6 male, 14 female; mean age 40.80 ± 1.33 years, range 24-56) patients with active RA, defined by the presence of modiﬁed Disease Activity Score (DAS) 28>3.2. Exclusion criteria included patients with diabetes mellitus, a past medical history of coronary artery disease and smokers. None of the patients were receiving statins, which have been shown to affect the endothelial progenitor cell count, or any other cardiovascular medications. Patients had to be taking stable doses of DMARDs for at least 3 months before entering the study.  
The study protocol was approved by the regional ethical research committee and was performed in accordance with the declaration of Helsinki and the code of Good Clinical Practice. All patients provided written informed consent to participate after a full explanation of the study. 

Assessment
In all subjects, blood was drawn in the morning after overnight fasting and the following variables were determined: complete blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Rheumatoid Factor (RF) titer (Immunoturbidimetric method on Microlab Merck 300 analyzer), and fasting blood sugar by conventional methods using standard commercial kits.
Assessment of Endothelial Progenitor Cells (EPCs) by Flow cytometry 
EPCs were quantified by fluorescence-activated cell sorting (FACS) analysis by Calibur ﬂow cytometer  (Canto III, BD Biosciences). Three colour analysis was performed using CD45 FITC (BD Sciences), CD34 PE (BD Sciences), and CD133 APC (Miltenyi Biotec) antibodies. Peripheral blood was taken at rest, in the morning, at forearm, together with routine analysis in patients. Two hundred micro-liters of peripheral blood in sodium heparin was taken in a test tube. To this add FACS lysing solution (BD Bioscience) for lysing of RBCs. Mix gently and incubate for 10 min. at room temperature. After incubation, centrifuge the tube for 5 min., discard supernatant after centrifugation. Thereafter, cells were washed and resuspended in 500 µl phosphate buffered saline (PBS; Seromed). Color analysis was performed with panel of above mentioned antibodies and incubated for one hour at room temperature. After incubation, cells were washed and resuspended in 500 µl phosphate buffered saline (PBS; Seromed), centrifuge the tube for 5 min., and discard supernatant after centrifugation. Diluted the remaining sample with PBS and then acquired data on the flow cytometer. Appropriate analysis gates were used to enumerate total and activated EPCs and to exclude debris. Cells stained with CD45 (FITC) were used as negative controls. At least 100,000 - 250,000 cells per sample were acquired. Data were analyzed with CellQuest software (Becton Dickinson). Results are expressed as % cells gated. 6
Assessment of inflammatory disease activity: The following measures of clinical evaluation of inﬂammation were employed.
· Estimation of Pro-inflammatory Cytokines i.e. TNF-α, IL-6 and IL-1 was done by using Standard ELISA kits (Diaclone SAS, France).  
· Disease Activity Score of 28 joints (DAS28) was used to assess disease activity of 28 joints by a composite measure, which is a linear sum of four parameters including TJC, SJC and patient global assessment of general health on a visual analogue scale (VAS). 
· ESR was measured by Westergren method and CRP level was determined using standard commercial kits. 
Statistical Analysis
Test values are reported as mean ± SEM. Spearman analysis was used to find the relationship between EPCs and pro-inflammatory cytokines. A p value<0.05 was considered to indicate signiﬁcant difference. Statistical analysis was done using the Prism Software 5.04 version for Windows 8.0.
Results
Patient profile: The baseline demographic and clinical characteristics of the seropositive and seronegative patients in RA is presented in Table 1. The patients included in this study were all adults and were sub grouped by rheumatoid factor into seropositive (n=20) and seronegative (n=20) groups with established active disease.  
Endothelial Progenitor Cells (EPCs)
On analysis of EPCs in seropositive and seronegative patients, it was found that the number of circulating Endothelial Progenitor Cells (EPCs), analyzed by fluorescence-activated cell sorting (FACS) analysis i.e. CD34/CD133-positive cells, were significantly decreased in seropositive patients as compared to seronegative RA patients (CD34+/CD133+: 0.018±0.001% vs                       0.022 ± 0.001%, p=0.02) (Table 1). 
Inﬂammatory Cytokines:

Levels of pro-inflammatory cytokines i.e. TNF-α (p=0.01), IL-6 (p=0.04), and IL-1 (p=0.04) were significantly higher in seropositive patients as compared to seronegative patients (Table 1) suggesting that higher levels of pro-inflammatory cytokines associated with reduced number of EPCs in seropositive RA patients.
Univariate analysis of EPCs with pro-inflammatory cytokines and disease activity measures
At Univariate analysis, EPCs levels in peripheral blood correlated inversely with IL-1 (r=-0.45, p=0.03) (Fig.1) and TNF-α (r=-0.48, p=0.02) (Fig. 2) in seropositive patients but not in seronegative RA (Table 2).  Univariate regression was applied to determine whether an association existed between EPCs and the inflammatory disease activity measures (DAS-28, ESR and CRP). Of the markers analyzed, DAS28 revealed a significant negative correlation with the EPCs (r=-0.46, p=0.03) (Fig. 3) in seropositive population but not with ESR and CRP (Table 2).
 Discussion
The present study is novel for several reasons. It is the first study to determine the level of EPCs and to correlate these with pro-inflammatory cytokines in seropositive and seronegative RA patients. Levels of EPCs were significantly reduced in seropositive patients as compared to seronegative patients in active RA. The decrease in the number of EPCs in RA patients is similar to that seen in other diseases with inflammatory component like SLE and chronic renal failure.8,14 In this study an inverse correlation has been observed between levels of EPCs and inflammatory disease activity and pro-inflammatory cytokines i.e. IL-1 and TNF-α that underlines the link between these CV surrogates in seropositive RA patients.
RA patients often produce autoantibodies against various self-substances such as IgG (rheumatoid factor [RF]), type II collagen (IIC), and nuclear antigens, suggesting an autoimmune nature of the disease.15 Moreover, various proinflammatory cytokines, including IL-1, IL-6, and TNF-α, are overexpressed in the joints of RA patients. As these cytokines can induce inflammation, promote synovial cell growth, and induce differentiation of osteoclasts, it is suspected that they may play an important role in the development of the disease.16 In the present study, seropositive patients have shown increased level of proinflammatory cytokines as compared to seronegative patients in active RA which suggests that auto antibodies like RF play an important role in modulating the level of proinflammatory cytokines in RA. 

Recent evidence indicates that there is a close relation between inflammation and morphologic features of rapidly progressive carotid atherosclerosis, which suggests that elevations in inflammatory biomarkers might help in predicting the presence of atherosclerosis.17 In RA increased levels of circulating inflammatory mediators may cause activation and damage of endothelial cells, which contributes to endothelial dysfunction.18 Homing of EPCs to sites of endothelial damage, including inflamed synovium, occurs. Over time, pools of bone marrow EPCs might become depleted. EPC mobilization from the bone marrow is also impaired owing to dysfunction of the bone marrow, in which impaired stromal cell function occurs19, Previous study has shown an inverse relationship between EPC and IL-6 in RA patients.6 However, EPC number with respect to pro-nflammatory cytokines (IL-1 & TNF-α) in seropositivity RA has not been studied to date. Our finding of a negative correlation between the EPCs and IL-1 and TNF-α level in seropositive RA may support the hypothesis that the individual microinflammatory state is related to the number of circulating EPC and suggesting a potential role for these cytokines in EPC biology in seropositive RA as compared to seronegative. This is the first study which shows an inverse relationship between EPC and IL-1 and TNF-α in seropositive RA patients. Our results are consistent with result of previous study which has shown has shown an inverse relationship between EPC and TNF-α in Kawasaki disease.20 On the other hand, these results also suggests that RF is an independent risk factor for RA patients as suggested by some studies that RF as an independent risk factor for ischemic heart disease in the general population.21 Preliminary evidence indicates that cardiovascular disease (CVD) associated mortality risk is increased in both men and women with seropositive RA22 and RF positive inflammatory arthritis exhibit evidence of abnormal endothelial function, which is considered a good predictor of future development of atherosclerosis.23 In a recent study of RA, EPC populations were negatively correlated with RF24 and our study results confirm these observations that seropositive RA patients are associated with increased risk of CV diseases as compared to seronegative patients. 
Our findings of a negative correlation between the number of EPC and inflammatory disease activity measures like DAS 28 in seropositive patients may support the hypothesis that the more severe disease in seropositive RA is associated with higher pro-inflammatory cytokine concentration which diminishes the EPC concentration. In line with our results, Grisar et al. 2005 recently demonstrated that EPCs were negatively correlated with DAS 28 score in patients with RA. Hence, more severe disease in seropositive RA with high pro-inflammatory cytokines and reduced EPC concentration suggests negative impact of disease severity on EPC biology.
Conclusion
To the best of our knowledge this is the first study of EPCs and pro-inflammatory cytokines which shows the impaired concentration of EPCs and higher concentration of cytokines in seropositive patients as compared to seronegative patients in RA. These results suggest that seropositivity play a major role in EPC biology which is characterized by reduced peripheral concentration of EPCs in seropositive RA. This suggests that cytokines attracts EPCs to the inflamed synovial tissue that decreases the peripheral EPCs associated with the occurrence of a first major cardiovascular event and death from cardiovascular causes.25 Thus, low peripheral EPC levels and high pro-inflammatory cytokines levels may signiﬁcantly contribute to cardiovascular morbidity and mortality in seropositive patients. EPCs and pro-inflammatory cytokines are emerging as useful potential biomarkers in inflammatory rheumatic diseases for assessing cardiovascular morbidity and mortality and response to therapy. It will also be interesting to study the impact of different therapies especially anticytokine therapy with biological DMARD’s used in the management of RA on EPC biology in both seropositive and seronegative disease.
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