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ABSTRACT 

Objective. An atherogenic lipid profile is an established risk factor for cardiovascular diseases (CVD). 

Interestingly, high inflammatory states as present in rheumatoid arthritis (RA) are associated with 

unfavourable lipid profile. Data about effects of novel immunomodulating agents as rituximab (RTX) 

on lipid profile is limited. Therefore, changes in lipids in RTX treated RA patients were evaluated. 

Methods. In 49 consecutive RTX treated RA patients serum and EDTA plasma samples were collected 

at baseline, 1, 3 and 6 months. In these samples lipid and levels were assessed to determine changes 

in time. SELDI-TOF MS analysis was performed in 6 good and 6 non responding RA patients to study 

functional HDL protein composition changes in time. 

Results. In the total group (n =49) the atherogenic index decreased from 4.3 to 3.9 (~ 9%) after 6 

months. Testing for effect modification revealed a difference in effect on lipid levels between 

responders and non-responders upon rituximab (p < 0.001). ApoB/ApoA-I ratios decreased 

significantly (~ 9%) in good responding (n = 32) patients. SELDI-TOF MS analysis revealed a significant 

decrease in density of mass charge (m/z) marker 11,743 , representing a decrease in serum amyloid 

A, in good responding patients.  

Conclusions. This study indicates beneficial effects on cholesterol profile upon RTX treatment along 

with improvement of disease activity. Proteomic analysis of the HDL particle reveals composition 

changes from proatherogenic to a less proatherogenic composition during 6 months RTX treatment. 

Whether these HDL particle alterations during immunotherapies result in a lower cardiovascular 

event rate remains to be established. 



 

  

INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease affecting approximately 1% of the 

general population.(1) RA patients suffer from an elevated cardiovascular (CV) morbidity and 

mortality as compared with the general population.(2-4). The excess of CV disease (CVD) in RA 

patients is predominantly due to accelerated atherosclerosis(5). Dyslipidaemia is a well recognized 

risk factor for atherosclerosis and has increasing been acknowledged in RA, mostly in untreated RA 

patients.(6-10) Recent studies suggest an initial, transient, improvement of the lipid profile by pivotal 

anti-inflammatory drugs like tumour necrosis factor (TNF) blocking agents,(11-14) whereas a recent 

meta-analysis showed a modest effect on total cholesterol and high density lipoprotein (HDL) 

cholesterol with no overall effect on the atherogenic index (i.e. total cholesterol : HDL cholesterol 

ratio) after 26 weeks.(15) More intriguing was the recently described favourable alteration in HDL 

composition in ankylosing spondylitis patients upon TNF blockade. This study observed the acute 

phase reactant serum amyloid A (SAA) to disappear from the HDL particle, thereby increasing the 

atheroprotective ability of the HDL particle.(16). Information about effects of newer biological drugs 

as B cell depletion therapy (RTX) on cholesterol metabolism is sparse.(17;18)  

In randomised clinical trials RTX decreases disease activity in approximately 60 to 65% of RA patients 

failing to respond on TNF blocking agents.(19) By targeting CD20 positive B lymphocytes, RTX results 

in B cell depletion by inducing apoptosis. This process is dependent on the presence and 

conformation of lipid rafts, containing CD20, within the cell membrane of CD20 positive cells. As 

statins change the conformation of these CD20 containing lipid rafts, antiCD20 therapy with RTX 

might be impaired in patients using statins.(20) Recently, the inhibiting effect of statins on the 

antirheumatic effects of RTX has been described in RA patients participating in a Dutch prospective 

registry study of 187 RA patients, probably as a result of conformation change.(21) From this 

viewpoint statins might, hypothetically, not be the first drug of choice for cardiovascular risk 

management in RTX treated patients as it is unknown whether the atheroprotective capacities of 

statins will be outweighed by the negative effects on disease activity status with subsequent 

inflammation mediated dyslipidaemia. In this context it is important to study the effects of RTX on 

the lipid profile to exclude detrimental effects of RTX on lipid metabolism in RA patients.  

Therefore, we studied changes in lipids and HDL protein composition upon six months RTX treatment 

in RA patients.   

 

 

 



 

  

PATIENTS AND METHODS 

Study population 

Consecutive RA patients, according to the 1988 revised American College of Rheumatology criteria 

for the diagnosis of RA, attending the outpatients clinics of the VU University Medical Center and Jan 

van Breemen Research Institute│Reade scheduled for rituximab were followed prospectively.(22)  

Inclusion criteria for this study are according to the guidelines of the Dutch Society for Rheumatology 

for treatment with rituximab, i.e. active disease status (defined as 28 joint disease activity score 

(DAS28) > 3.2 at treatment initiation) despite previous treatment with TNF-blocking agents, unless 

contraindicated in the opinion of the treating physician, and previous treatment with methotrexate 

(MTX) and one other disease modifying antirheumatic drug (DMARD). All patients provided written 

informed consent and both participating clinics received approval by the local medical ethics 

committee. 

 

Treatment and follow up 

Patients received RTX 1,000 mg intravenously on days 1 and 15, in combination with clemastine (2 

mg intravenously), methylprednisolone (100 mg intravenously) and acetaminophen 1,000 mg orally, 

as premedication. Four weeks after the first infusion and from 12 weeks onwards every 3 months 

patients the DAS28.(23) After 6 months the change in DAS28 was assessed and expressed as clinical 

response according to EULAR response criteria.(24) At all visits blood sampling for collection of serum 

and plasma was performed. The use of concomitant DMARDs, prednisolone or non-steroidal anti-

inflammatory drugs (NSAIDs) during the study duration was permitted.  

 

Assessment of lipids 

Serum total cholesterol and triglycerides were analyzed by an enzymatic method using the 

appropriate assays (Roche Diagnostics, Almere, The Netherlands), on a Cobas 6000 analyzer (Roche 

Diagnostics), according to the manufacturer’s instructions. The HDL cholesterol is determined 

enzymmatically by cholesterol esterase and cholesterol oxidase coupled with polyethylene glycol to 

the amino groups. In this oxidation reaction a purple-blue dye will be formed and its’ intensity 

correlates to cholesterol concentration, which can be measured photometrically. Apolipoprotein 

(Apo) A-I and Apo B were analyzed by an immunoturbidimetric method, using appropriate assays 

(Roche Diagnostics). The Friedewald formula was used to calculate Low density lipoprotein (LDL) 



 

  

levels, when triglyceride levels were lower than 4.5 mmol/l, the total cholesterol/HDL-c (atherogenic 

index) and Apo B/Apo A-I ratios were calculated. 

 

HDL cholesterol protein profiling 

To detect HDL composition changes between responders and non responders during RTX treatment 

we selected from our cohort the 6 best responding patients (defined as DAS28 < 3.2 and ΔDAS28 > 

1.2) and 6 patients with absence of response (defined as DAS28 > 5.2 and ΔDAS28 < 1.2 6 months 

after RTX). In this subgroup a pilot HDL protein profiling study was performed as described 

previously.(25) For coating of antibody, a 5-ml mixture containing 2.8 nM anti–Apo A-I monoclonal 

antibodies, 3 mM ethylenediamine in PBS was added per spot of a PS-20 protein chip, and covalent 

binding of antibodies through primary amine–epoxide chemistry was achieved by incubating the chip 

in a humid chamber overnight at 4°C. Excess antibody was removed by one wash with distilled water, 

and subsequently, free amine binding places were blocked by incubating the chip with 1M Tris buffer 

(pH 8.4) for 30 minutes at room temperature. For HDL capture, after mounting of the PS-20 protein 

chip(s) in a 96-well bioprocessor, 100 ml of plasma aliquots (diluted 1:2 with Tris buffered saline 

[TBS]) (50 mM Tris [pH 7.4], 150 mM NaCl) was applied onto each spot and allowed to bind for 2 

hours at room temperature on a horizontal shaker. The protein chips were washed 4 times with Tris 

Buffered Saline (pH 7.4, 5 minutes for each wash), followed by a 2-minute rinse with TBS–Tween 

(0.005%). A final wash step with HEPES solution (5 mM) was carried out to remove the excess salt. All 

spots were allowed to dry, and subsequently, 1.2 μl of sinapinic acid (10 mg/ml) in a 50:49.9:0.1% 

acetonitrile–water–trifluoric acid mix was applied onto each spot. All chips were air-dried and stored 

at room temperature in the dark until analysis. The measurements were conducted on the same day 

as the chip processing. 

 

Surface-enhanced laser desorption/ionization time-of-flight (SELDI-TOF) analysis  

The reliability of the SELDI-TOF MS technique as such has been under debate recently. Since protein 

profiling and not the identification of proteins was the major goal we have chosen for this approach 

because of it’s strong applicability in high throughput sample measurement. Data on the 

reproducibility and clinical applicability of the SELDI technique as used here have been extensively 

reported previously and were the basis of our experimental setup as used in this study. (25;26) In 

brief, SELDI-TOF analysis of the captured HDL was carried out using a PBS IIc protein chip reader 

(Ciphergen Biosystems, Fremont, CA). An automated data collection protocol within the Protein-Chip 

software (version 3.1) was used. Data were collected up to 160 kDa. Laser intensity was set in a range 



 

  

of 190–220 arbitrary units at a sensitivity of 7, and the focus mass was set at 28 kd, specific for anti–

Apo A-I capture. Measurement of the spectra was performed with an average of 100 shots at 13 

positions per SELDI spot. Calibration was done using a protein calibration chip (Ciphergen). Spectra 

were normalized on Apo A-I peak area. Detected peaks having a signal-to-noise ratio of 5 were 

recognized as significant peaks. 

 

Statistical analyses 

Baseline characteristics of RA patients were expressed as mean (±SD) or median (interquartile range 

(IQR)), where appropriate. Generalized estimating equation (GEE) analysis was used to analyze 

longitudinal data on lipids and lipoproteins measured at 4 different time points (baseline, 1 month, 3 

months and six months). This is a longitudinal linear regression analysis that takes into account that 

the same patient is measured repeatedly over time. An advantage of GEE analysis (in comparison 

with the commonly used methods for analysing repeated measurements) is that it does not require 

observations at all occasions on each person and that the intervals between the observations may 

vary.(27) In a first crude analysis, changes in time were analyzed compared to baseline with a linear 

regression analysis. The regression coefficients (β’s) of lipid levels represent the (mean) value of 

baseline or the changes in lipids compared to baseline. In a second step we adjusted one at a time for 

the additional covariates age, gender, use of lipid lowering drugs, smoking, prednisolone dosage, 

relevant comorbidity (i.e. diabetes mellitus or thyroid disease), disease duration, erosions, and 

baseline DAS28. To test whether responder status was an effect modifier for specific lipid variables, 

interaction terms were constructed for lipid variables and responder status. Interaction terms were 

considered as effect modifier when statistical analyses revealed p values < 0.05. All analyses were 

performed using SPSS version 15.0 (SPSS, Chicago, IL, USA) and p values < 0.05 were considered 

statistically significant. 



 

  

RESULTS 

Characteristics and clinical response of RA patients 

 

Baseline characteristics of rituximab treated RA patients (n = 49) are shown in table 1. Thirty two 

(65%) showed response according to EULAR response criteria. In the total group the mean DAS28 

decreased significantly  from 5.7 (± 1.3) to 4.5 (± 1.3) and 4.7 (± 1.6), respectively after 3 and 6 

months (all p < 0.001). In responders 13% were statin users compared to 18% in non responders.  

During treatment statin users had a higher mean DAS28 score (~0.8 points, p for trend = 0.075). 

None of the patients initiated lipid lowering therapy during follow up. 

Table 1.  baseline characteristics rituximab treated RA patients  

Demographics  

Age, yrs 55 ± 12 

Female, n (%) 42 (86) 

Disease characteristics   

RA duration, yrs 9.8 (4.1 – 18.5) 

DAS28-score 5.7 ± 1.3 

ESR, mm/hr 23 (10 – 46) 

CRP, mg/l 15 (3 – 30) 

IgM RF positive, % 34 (71) 

ACPA positive, % 36 (75) 

Erosive disease, % 35 (73) 

Medication  

Previous biologicals, n  2 (1 – 2) 

> 1 Biological in history, n (%) 25 (52) 

Previous DMARDS, n 3.9 ± 1.4 

Current prednisolone use, n (%) 35 (73) 

Prednisolone dosage, mg/day 7.5 (0 – 10) 

Current MTX use, n (%) 30 (63) 

MTX dosage, mg/wk 13.8 (0 – 25) 

Current SSZ use, n (%) 9 (19) 

Current HCQ use, n (%) 10 (21) 

Other characterisctics  

Body mass index, kg/m
2
 26.9 ± 6.1 

Smoking, n (%) 26 (57) 

Diabetes mellitus, n (%) 6 (12) 

Thyroid disease, n (%) 4 (8) 

Lipid lowering drugs, n (%) 7 (14) 

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RF: rheumatoid factor; ACPA: 
anti-cyclic citrullinated protein; DMARD: disease modifying anti-rheumatic drug; MTX: 
methotrexate; SSZ: Sulphasalazyne; HCQ: hydroxychloroquine. Continuous variabels are 
presented as mean with standard deviation or median with interquartile range when 
appropriate. 



 

  

Cholesterol changes in the total group 

In the total group levels of HDL and Apo A-I levels increased and the atherogenic index and Apo 

B/Apo A-I ratios decreased (p values: 0.010, 0.003, 0.089 and 0.029, respectively) after 1 month 

treatment (table 2). The regression coefficients of lipid levels between baseline and follow-up did not 

change and remained statistically significant after adjustment for other covariates one at a time 

(including age, gender, smoking, relevant comorbidity (i.e. diabetes mellitus or thyroid disorder), 

statin use, prednisolone dosage, disease duration, erosions and baseline DAS28.(data not shown) 

Mean atherogenic index decreased from 4.3 to 3.9 (~ 9%) six months after initiation of RTX (p = 

0.054). Adjustment for other covariates did not have any influence on the decrease in atherogenic 

index (p = 0.052). Testing for effect modification revealed a difference in effect on lipid levels 

between responders and nonresponders upon RTX (p < 0.001). 

 

 

Table 2.  Lipid levels during treatment with rituximab in RA patients (n=49) 

 baseline 1 month 3 months 6 months 

Total cholesterol, mmol/l 5.26 + 0.14 + 0.08 + 0.03 

HDL cholesterol, mmol/l 1.35 + 0.10* + 0.03 + 0.07 

Atherogenic index 4.32 - 0.40
#
 - 0.30 - 0.40

#
 

LDL cholesterol, mmol/l 3.26 - 0.01 + 0.02 - 0.08 

Triglycerides, mmol/l 1.56 - 0.00 - 0.02 + 0.02 

Apo A-I, g/l 1.67 + 0.07* + 0.03 + 0.03 

Apo B, g/l 0.90 + 0.01 + 0.00 - 0.00 

Apo B/Apo A-I ratio 0.56 - 0.03* - 0.02 - 0.03 

Values of lipids at different time points are regression coefficients (β’s). 
The β represents the estimated change at a different time point in GEE analysis. 
* p < 0.05, 

#
 p < 0.10  



 

  

Cholesterol changes in responders upon rituximab 

No significant changes in cholesterol levels were observed in non responders. In responders (n = 32) 

total cholesterol, HDL cholesterol, apo A-I and Apo B/Apo A-I ratios changed significantly after 1 

month of treatment of RTX (table 3). Adjustment for other covariates did not change the observed 

effects. After 3 months triglycerides and Apo B/Apo A-I ratios changed significantly. Six months after 

RTX HDL cholesterol changed ~5%, Apo A-I ~5%, atherogenic index ~7% and the Apo B/Apo A-I ratio 

~9% (p = 0.035). The observed effects of these cholesterol profiles did not change after adjustment 

for confounding factors (data not shown). 

 

 

Table 3.  Lipid levels in responders upon rituximab in RA patients treated with rituximab (n=32) 

 baseline 1 month 3 months 6 months 

Total cholesterol, mmol/l 5.21 + 0.24* + 0.08 + 0.09 

HDL cholesterol, mmol/l 1.36 + 0.08* - 0.01 + 0.07 

Atherogenic index 4.13 - 0.12 - 0.05 - 0.29 

LDL cholesterol, mmol/l 3.19 +0.08 + 0.04 - 0.00 

Triglycerides, mmol/l 1.43 +0.20
#
 +0.18* +0.08 

Apo A-I, g/l 1.65 + 0.09* + 0.04 +0.08 

Apo B, g/l 0.90 + 0.02 - 0.01 - 0.01 

Apo B/Apo A-I ratio 0.57 - 0.03* - 0.03* -0.05* 

Values of lipids at different time points are regression coefficients (β’s). 
The β represents the estimated change at a different time point in GEE analysis. 
* p < 0.05, 

# 
p < 0.10 



 

  

Lipids, disease activity and prednisone 

 

The association between lipid levels and markers of disease activity are shown in table 4. No 

significant association was observed between prednisone dosage and lipid levels. In contrast, 

significant associations were observed between changes in DAS28 on the one hand and changes in 

atherogenic index, total cholesterol, HDL cholesterol, Apo B/Apo A-I ratio or Apo A-I levels on the 

other hand. For example, an increase of 1 point DAS28 will decrease total cholesterol with 0.11 

mmol/l and HDL cholesterol with 0.052 mmol/l, resulting in a raise of the atherogenic index of 

approximately 0.11. 

 

Table 4. Relationship between lipids and markers of disease activity in RA patients treated with 

rituximab (n=49) during 6 months RTX 

 Atherogenic 

index 

β (SE) 

Total 

cholesterol 

β (SE) 

HDL 

Cholesterol 

β (SE) 

Disease activity marker    

DAS28 0.11 (0.06)
#
 -0.11 (0.05)* -0.05 (0.01)* 

C reactive protein -0.01 (0.06) -0.01 (0.00)* -0.003 (0.001)* 

Prednisone dosage (mg) -0.01 (0.11) 0.01 (0.12) 0.002 (0.003) 

 
Apo B/Apo A-I 

β (SE) 

Apo B 

β (SE) 

Apo A-I 

β (SE) 

Disease activity marker    

DAS28 0.02 (0.01)* -0.004 (0.009) -0.05 (0.01)* 

C reactive protein 0.001 (0.001) -0.001 (0.001) -0.005 (0.001)* 

Prednisone dosage (mg) -0.001 (0.001) -0.001 (0.002) 0.000 (0.003) 

* p < 0.05, 
# 
p < 0.10. Values represent change (β) per unit disease activity marker over time. 



 

  

SELDI-TOF analysis in responders versus non responders during treatment 

Characteristics of proteome analysed RA patients are shown in table 5.  A significant decrease in 

density of mass charge (m/z) marker 11,743 representing SAA-1, in good responding RTX patients 

when compared to non responding patients was observed (figure 1). Moreover, 7 additional markers 

(i.e. 3893, 7065, 8647, 9401, 9764, 15969 and 87407 m/z) changed in the good responding patients 

(all p<0.05). In both groups 1 patient was using statins. 

Table 5.  baseline characteristics of proteome analysed RA patients 

 

Demographics 

Responders Non-responders 

Age, yrs 54 56 

Female, % 83 100 

Disease characteristics    

RA duration, yrs 19 9 

DAS28-score 4.8 6.5 

ESR, mm/hr 11 19 

CRP, mg/l 8 16 

IgM RF positive, % 100 50 

ACPA positive, % 67 83 

Erosive disease, % 67 67 

Medication   

Previous biologicals, n  1 2 

> 1 Biological in history, % 17 100 

Previous DMARDS, n 4.0 3.5 

Current prednisolone use, % 83 83 

Prednisolone dosage, mg/day 10 8.75 

Current MTX use, % 83 83 

MTX dosage, mg/wk 17.5 10 

Current SSZ use, % 17 33 

Current HCQ use, % 33 17 

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RF: rheumatoid factor; ACPA: anti-cyclic citrullinated protein; 
DMARD: disease modifying anti-rheumatic drug; MTX: methotrexate; SSZ: Sulphasalazyne; HCQ: hydroxychloroquine. 

 

 

 

 

 

 

 



 

  

Figure 1. Changes in HDL protein signature using SELDI-TOF MS analysis 

 

Figure 1a. Depicted are representative profiles (Virtual gel-views) of one individual from on-chip captured 

HDL from baseline (T0) to  six months after start of RTX treatment (T3). The two lines indicate the SAA region 

in the sprectra. All spectra were normalized on total ion current and baseline corrected and subsequently 

translated to the “virtual gel-view” output format. 

 

Figure 1b. Mean SAA expression (+- 1 SD) over the good-responding (n=6) and non-responding (n=6) patients 

as indicated. 

 



 

  

DISCUSSION 

This study shows favorable effects in the atherogenic index and the Apo B/Apo A-I ratio of  RA 

patients treated with RTX. Along with these beneficial effects on the lipid profile, functional 

alterations are observed in HDL particle protein composition, i.e. from proatherogenic to a less 

proinflammatory and less proatherogenic composition in good responding patients during treatment, 

as shown by a decline in SAA concentration on the HDL particle during RTX treatment.  

This prospective study is by far the largest report that studies alterations in lipid levels during RTX 

treatment in RA. The first study in pilot setting performed in only 6 RA patients described an increase 

in total cholesterol, HDL cholesterol and LDL cholesterol levels, especially two weeks after RTX 

initiation.(17) Another pilot study in 5 RA patients observed significant improvement of HDL 

cholesterol (18) In line with these reports the present study shows a borderline significant (p = 0.054) 

improvement of the atherogenic index (~9%) and non significant increase in HDL cholesterol (~5%) in 

the total group after 6 months treatment RTX.  Moreover, in good responding RTX patients a 

significant improvement of the Apo B/Apo A-I ratio and a (non significant) improvement of HDL 

cholesterol and atherogenic index was observed. Moreover, this study demonstrates significant 

associations between the acute phase reactant CRP and lipid levels, hence, the observed changes are 

at least partly explained by the decline in inflammation. These results underline the importance of 

tight control with antiinflammatory treatment in RA as low disease activity not only decelerates 

radiologic progression,(28) but also seems to improve the cardiovascular risk profile by an, albeit 

limited,  improvement of the atherogenic index in a patient group prone to CVD development.  

In addition, to the long term effects during RTX treatment, early effects (i.e. 1 month after RTX 

initiation) on lipid levels were observed, and did not sustain after 3 months, as was previous 

described by Gonzalez Gay et al.(17) Moreover, relationships between high dose prednisolone and a 

rise in total and HDL cholesterol up to 4 months after initiation of glucocorticoids have been 

demonstrated.(29) ) This supports the idea, that concomitant use of glucocorticoids due to high 

disease activity prior to RTX initiation, increases total and HDL cholesterol levels, which decline when 

glucocorticoids are tapered.(30) Although this hypothesis seems plausible and was previously 

demonstrated in anti TNF treated RA patients,(31) no association was observed between prednisone 

dosage and lipid levels. On the other hand, no studies have been performed investigating (long term) 

effects of pulsed high dose methylprednisolone on lipid levels. Therefore, it seems plausible that the 

initial effects on lipid levels during RTX treatment are at least partially explained by concomitant 

glucocorticoid use as premedication.(32)   

Although the observed changes in lipid levels were small, it is remarkable that this study 

demonstrates significant improvement of Apo B/Apo A-I ratio and the atherogenic index, as a recent 



 

  

meta analysis of our group described significant parallel increases in total and HDL cholesterol levels 

and no overall effect on the atherogenic index during TNF blocking therapy.(15)  In contrast, in the 

present study we observed a significant improvement of  the atherogenic index with a decline to ~ 

3.8, i.e. below the threshold (4.0) by some considered desirable.(33) Moreover, the increase of HDL 

during lipid lowering drugs was estimated on approximately 5%, comparable to the effect in this 

study during RTX treatment, and previous reports demonstrated that 6% increase in HDL levels will 

result in an absolute risk reduction of ~4.5% of (non) fatal coronary heart diseases.(34;35) Although 

data about patients using statins can not be directly extrapolated to RA patients, amongst others due 

to heterogeneity in populations, more pleiotropic and pivotal cardioprotective effects of statins, 

these results ensure at least no detrimental effect of RTX on lipid levels and favour a mild beneficial 

long term effect of RTX on lipid levels.  

Next to the quantitative changes in lipid levels, we performed SELDI-TOF MS analysis to study HDL 

particle composition changes. These changes in protein signature are important as new insights 

reveal HDL protein composition to correlate to HDL function.(36)In contrast to the functionality of 

the HDL particles, cholesterol levels only provide a measure of the size of the HDL pool. Functional 

properties of normal HDL are amongst others downregulating cell adhesion molecules in endothelial 

cells, regulating TNF production by macrophages, antioxidative and antiinflammatory capacities by 

reducing lipid oxidative products.(37) These functional components are lost in situations of acute 

infection or disease status resulting in a more proinflammatory and proatherogenic HDL protein 

composition.(38;39) This study demonstrates a proinflammatory HDL particle composition in active 

RA patients illustrated by a large amount of SAA-1 binding of the HDL particle before initiation of RTX 

treatment. This observation is in line with the HDL proteome identification study in RA patients 

performed by Watanabe et al.(40) This study described HDL proteome differences in acute phase 

reactants like SAA, complement factors and thrombotic markers between RA patients with high and 

low disease activity. Previously, an inverse association between active disease status and an 

antiinflammatory HDL compound was described.(41) Moreover, this group demonstrated recently an 

impaired reverse cholesterol transport, a major antiatherogenic function of HDL cholesterol, in active 

RA patients.(42) Intriguingly, we were able to demonstrate that HDL proteome alters to a more 

antiinflammatory and (possible) less proatherogenic profile during 6 months RTX as shown by a 

significant reduction of SAA-1 in the HDL protein content in good responding RTX treated RA 

patients. This observation confirms the findings of alteration in HDL composition during antiTNF 

treatment in patients with ankylosing spondylitis.(16) All these observations emphasize the 

pathogenic role of proinflammatory HDL in atherosclerosis as SAA-enrichment of HDL particles have 

been postulated to facilitate the binding of HDL to vascular proteoglycan and both Apo A-I, the main 



 

  

lipoprotein of HDL, and SAA have been demonstrated in atherosclerotic lesions.(43-46) However, 

responders and non responders of the proteome analyzed group differed in baseline characteristics 

with respect to proclaimed biomarkers for RTX treatment. To what extent these baseline differences 

fully explain the dynamics in HDL composition, can not be assessed with the current study design and 

sample size. On the other hand, the observation of a significant reduction of 7 additional proteins or 

protein fragments  (which remain to be identified) underlines the dynamics of the HDL protein 

particle composition as a consequence of changes in inflammatory status during anti-inflammatory 

treatment. Therefore, we encourage new studies in high CVD risk patients groups like RA to focus on 

inflammation and functional capacities of HDL in relation to atherosclerosis. Moreover, it remains an 

intriguing question whether the proteins found at baseline serve as predictor for RTX response. 

In conclusion, this study shows at least no detrimental effect on lipid levels upon 6 months RTX 

treatment and favours late beneficial effects on the cholesterol profile along with improvement of 

disease activity. Proteomic HDL particle profiling revealed composition changes from proatherogenic 

to a less proinflammatory and less proatherogenic composition during RTX. These results emphasize 

the need for unravelling the function of HDL composition in inflammatory rheumatic disorders in 

relation to cardiovascular outcome. 

 

ACKNOWLEDGEMENTS 

The authors acknowledge M.T.H.M. de Koning and T. de Gast for performing laboratory assessments 

and E.E. Platek for collecting clinical data. 

 

CONFLICT OF INTEREST AND FINANCIAL DISCLOSURES  

HR, JL and AV have no potentially conflict of interest or financial support to disclose. MN received 

research and speaking fees from Roche. BD and MN received research grants from Wyeth, Abbott 

and Schering-Plough. WL is member of advisory Roche, Abbott and MSD.



 

  

REFERENCES 

 (1)  Lawrence RC, Helmick CG, Arnett FC, et al. Estimates of the prevalence of arthritis and 
selected musculoskeletal disorders in the United States. Arthritis Rheum 1998;41:778-99. 

 (2)  Wallberg-Jonsson S, Ohman ML, Dahlqvist SR. Cardiovascular morbidity and mortality in 
patients with seropositive rheumatoid arthritis in Northern Sweden. J Rheumatol 
1997;24:445-51. 

 (3)  Wolfe F, Mitchell DM, Sibley JT, et al. The mortality of rheumatoid arthritis. Arthritis Rheum 
1994;37:481-94. 

 (4)  Peters MJ, van Halm VP, Voskuyl AE, et al. Does rheumatoid arthritis equal diabetes mellitus 
as an independent risk factor for cardiovascular disease? A prospective study. Arthritis 
Rheum 2009;61:1571-9. 

 (5)  Van Doornum S., McColl G, Wicks IP. Accelerated atherosclerosis: an extraarticular feature of 
rheumatoid arthritis? Arthritis Rheum 2002;46:862-73. 

 (6)  Kinosian B, Glick H, Garland G. Cholesterol and coronary heart disease: predicting risks by 
levels and ratios. Ann Intern Med 1994;121:641-7. 

 (7)  Walldius Gr, Jungner I, Holme I, et al. High apolipoprotein B, low apolipoprotein A-I, and 
improvement in the prediction of fatal myocardial infarction (AMORIS study): a prospective 
study. The Lancet 2001;358:2026-33. 

 (8)  Park YB, Lee SK, Lee WK, et al. Lipid profiles in untreated patients with rheumatoid arthritis. J 
Rheumatol 1999;26:1701-4. 

 (9)  van Halm V, Nielen MM, Nurmohamed MT, et al. Lipids and inflammation: serial 
measurements of the lipid profile of blood donors who later developed rheumatoid arthritis. 
Ann Rheum Dis 2007;66:184-8. 

 (10)  Choi HK, Seeger JD. Lipid profiles among US elderly with untreated rheumatoid arthritis--the 
Third National Health and Nutrition Examination Survey. J Rheumatol 2005;32:2311-6. 

 (11)  Popa C, Netea MG, Radstake T, et al. Influence of anti-tumour necrosis factor therapy on 
cardiovascular risk factors in patients with active rheumatoid arthritis. Ann Rheum Dis 
2005;64:303-5. 

 (12)  Vis M, Nurmohamed MT, Wolbink G, et al. Short term effects of infliximab on the lipid profile 
in patients with rheumatoid arthritis. J Rheumatol 2005;32:252-5. 

 (13)  Wijbrandts CA, van Leuven SI, Boom HD, et al. Sustained changes in lipid profile and 
macrophage migration inhibitory factor levels after anti-tumour necrosis factor therapy in 
rheumatoid arthritis. Ann Rheum Dis 2009;68:1316-21. 

 (14)  Jamnitski A, Visman IM, Peters MJ, et al. Beneficial effect of 1-year etanercept treatment on 
the lipid profile in responding patients with rheumatoid arthritis: the ETRA study. Ann Rheum 
Dis 2010;69:1929-33. 

 (15)  van Sijl AM, Peters MJ, Knol DL, et al. The effect of TNF-alpha blocking therapy on lipid levels 
in rheumatoid arthritis: a meta-analysis. Semin Arthritis Rheum 2011;41:393-400. 

 (16)  van Eijk I, de Vries MK, Levels JH, et al. Improvement of lipid profile is accompanied by 
atheroprotective alterations in high-density lipoprotein composition upon tumor necrosis 
factor blockade: a prospective cohort study in ankylosing spondylitis. Arthritis Rheum 
2009;60:1324-30. 

 (17)  Gonzalez-Juanatey C, Llorca J, Vazquez-Rodriguez TR, et al. Short-term improvement of 
endothelial function in rituximab-treated rheumatoid arthritis patients refractory to tumor 



 

  

necrosis factor alpha blocker therapy. Arthritis Rheum 2008;59:1821-4. 
 

 (18)  Kerekes G, Soltesz P, Der H, et al. Effects of rituximab treatment on endothelial dysfunction, 
carotid atherosclerosis, and lipid profile in rheumatoid arthritis. Clin Rheumatol 2009;28:705-
10. 

 (19)  Cohen SB, Emery P, Greenwald MW, et al. Rituximab for rheumatoid arthritis refractory to 
anti-tumor necrosis factor therapy: Results of a multicenter, randomized, double-blind, 
placebo-controlled, phase III trial evaluating primary efficacy and safety at twenty-four 
weeks. Arthritis Rheum 2006;54:2793-806. 

 (20)  Winiarska M, Bil J, Wilczek E, et al. Statins impair antitumor effects of rituximab by inducing 
conformational changes of CD20. PLoS Med 2008;5:e64. 

 (21)  Arts EE, Jansen TL, Den BA, et al. Statins inhibit the antirheumatic effects of rituximab in 
rheumatoid arthritis: results from the Dutch Rheumatoid Arthritis Monitoring (DREAM) 
registry. Ann Rheum Dis 2011;70:877-8. 

 (22)  Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association 1987 revised 
criteria for the classification of rheumatoid arthritis. Arthritis Rheum 1988;31:315-24. 

 (23)  Prevoo ML, van 't Hof MA, Kuper HH, et al. Modified disease activity scores that include 
twenty-eight-joint counts. Development and validation in a prospective longitudinal study of 
patients with rheumatoid arthritis. Arthritis Rheum 1995;38:44-8. 

 (24)  van Gestel AM, Prevoo MLL, van't Hof MA, et al. Development and validation of the 
european league against rheumatism response criteria for rheumatoid arthritis: Comparison 
with the preliminary american college of rheumatology and the world health 
organization/international league against rheumatism criteria. Arthritis & Rheumatism 
1996;39:34-40. 

 (25)  Levels JH, Bleijlevens B, Rezaee F, et al. SELDI-TOF mass spectrometry of High-Density 
Lipoprotein. Proteome Sci 2007;5:15. 

 (26)  Levels JH, Geurts P, Karlsson H, et al. High-density lipoprotein proteome dynamics in human 
endotoxemia. Proteome Sci 2011;9:34. 

 (27)  Twisk JW. Longitudinal data analysis. A comparison between generalized estimating 
equations and random coefficient analysis. Eur J Epidemiol 2004;19:769-76. 

 (28)  Rantalaiho V, Korpela M, Laasonen L, et al. Early combination disease-modifying 
antirheumatic drug therapy and tight disease control improve long-term radiologic outcome 
in patients with early rheumatoid arthritis: the 11-year results of the Finnish Rheumatoid 
Arthritis Combination Therapy trial. Arthritis Res Ther 2010;12:R122. 

 (29)  Zimmerman J, Fainaru M, Eisenberg S. The effects of prednisone therapy on plasma 
lipoproteins and apolipoproteins: a prospective study. Metabolism 1984;33:521-6. 

 (30)  Boers M, Nurmohamed MT, Doelman CJ, et al. Influence of glucocorticoids and disease 
activity on total and high density lipoprotein cholesterol in patients with rheumatoid 
arthritis. Ann Rheum Dis 2003;62:842-5. 

 (31)  Peters MJ, Vis M, van H, V, et al. Changes in lipid profile during infliximab and corticosteroid 
treatment in rheumatoid arthritis. Ann Rheum Dis 2007;66:958-61. 

 (32)  Sandoo A, Toms T, Zanten JV, et al. Short-term effects of rituximab on flow-mediated 
dilatation may be mediated by intravenous glucocorticoids: comment on the article by 
Gonzalez-Juanatey et al. Arthritis Rheum 2009;61:854-5. 



 

  

 (33)  Criqui MH, Golomb BA. Epidemiologic aspects of lipid abnormalities. Am J Med 
1998;105:48S-57S. 

 (34)  Brugts JJ, Yetgin T, Hoeks SE, et al. The benefits of statins in people without established 
cardiovascular disease but with cardiovascular risk factors: meta-analysis of randomised 
controlled trials. BMJ 2009;338:b2376. 

 (35)  Rubins HB, Robins SJ, Collins D, et al. Gemfibrozil for the secondary prevention of coronary 
heart disease in men with low levels of high-density lipoprotein cholesterol. Veterans Affairs 
High-Density Lipoprotein Cholesterol Intervention Trial Study Group. N Engl J Med 
1999;341:410-8. 

 (36)  Hahn BH, Grossman J, Ansell BJ, et al. Altered lipoprotein metabolism in chronic 
inflammatory states: proinflammatory high-density lipoprotein and accelerated 
atherosclerosis in systemic lupus erythematosus and rheumatoid arthritis. Arthritis Res Ther 
2008;10:213. 

 (37)  Navab M, Reddy ST, Van Lenten BJ, et al. HDL and cardiovascular disease: atherogenic and 
atheroprotective mechanisms. Nat Rev Cardiol 2011;8:222-32. 

 (38)  Rohrer L, Hersberger M, von EA. High density lipoproteins in the intersection of diabetes 
mellitus, inflammation and cardiovascular disease. Curr Opin Lipidol 2004;15:269-78. 

 (39)  Van Lenten BJ, Wagner AC, Nayak DP, et al. High-density lipoprotein loses its anti-
inflammatory properties during acute influenza a infection. Circulation 2001;103:2283-8. 

 (40)  Watanabe J, Charles-Schoeman C, Miao Y, et al. Proteomic profiling following immunoaffinity 
capture of HDL: Association of acute phase proteins and complement factors with pro-
inflammatory HDL in rheumatoid arthritis. Arthritis Rheum 2012;epub 2012. 

 (41)  Charles-Schoeman C, Watanabe J, Lee YY, et al. Abnormal function of high-density 
lipoprotein is associated with poor disease control and an altered protein cargo in 
rheumatoid arthritis. Arthritis Rheum 2009;60:2870-9. 

 (42)  Charles-Schoeman C, Lee YY, Grijalva V, et al. Cholesterol efflux by high density lipoproteins 
is impaired in patients with active rheumatoid arthritis. Ann Rheum Dis 2012;epub 2012. 

 (43)  Chiba T, Chang MY, Wang S, et al. Serum amyloid a facilitates the binding of high-density 
lipoprotein from mice injected with lipopolysaccharide to vascular proteoglycans. 
Arterioscler Thromb Vasc Biol 2011;31:1326-32. 

 (44)  Kunjathoor VV, Chiu DS, O'Brien KD, et al. Accumulation of biglycan and perlecan, but not 
versican, in lesions of murine models of atherosclerosis. Arterioscler Thromb Vasc Biol 
2002;22:462-8. 

 (45)  O'Brien KD, McDonald TO, Kunjathoor V, et al. Serum amyloid A and lipoprotein retention in 
murine models of atherosclerosis. Arterioscler Thromb Vasc Biol 2005;25:785-90. 

 (46)  O'Brien KD, Olin KL, Alpers CE, et al. Comparison of apolipoprotein and proteoglycan deposits 
in human coronary atherosclerotic plaques: colocalization of biglycan with apolipoproteins. 
Circulation 1998;98:519-27 


