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Abstract t 
Objective:: To evaluate the effect of pravastatin on the number, cellular origin 

andd antigenic composition of microparticles (MP) in patients with type 2 diabetes 

mellitus. . 

Methods:: 48 patients with type 2 diabetes were treated for 8 weeks in a cross-

overr study with pravastatin 40 mg, Before and after treatment, MP were stained 

withh annexin V, with antibodies directed against tissue factor (TF), and with cell-

specificc antibodies including the platelet specific monoclonal antibody CD 61 

(anti-glycoproteinn Ilia) and analyzed by flow cytometry. 

Results:: Total number of MP was the same before (434 {327; 591) X10*7L and after 

(4466 (315; 595) X10'7L; P=0.9) pravastatin treatment. Also the cellular origin of MP 

wass similar, i.e. the MP were mainly platelet-derived. Platelet derived MP did, 

however,, expose reduced levels of glycoprotein Ilia per MP after pravastatin 

treatmentt (113.2 (98.4; 133.5) vs 106.0 (87.3; 126.0) (mean fluoresence)) (P=0.004), 

Thee number of TF positive MP and the exposure of TF per MP remained unchanged 

duringg pravastatin treatment. 

Conclusion:: Although the total number of MP was unaffected by pravastatin, 

treatmentt resulted in a reduction of glycoprotein Ilia exposure on platelet derived 

MPP from patients with type 2 diabetes. Reduced glycoprotein Ilia, and thereby 

reducedd exposure of the fibrinogen receptor on MP may be responsible in part 

forr the risk reduction of cardiovascular disease by statin treatment. 
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Pravastatinn and rnicroparticles 

Introduction n 
Diabetess mellitus type 2 is characterized by the presence of multiple cardiovascular 

riskk factors including hypercholesterolemia {1), increased inflammation (2) and 

coagulationn activation (3). An increased level of circulating rnicroparticles (MP) 

hass been suggested to be one of the procoagulant determinants in patients with 

typee 2 diabetes that may contribute to the high risk for atherothrombotic events, 

suchh as myocardial infarction (4). MP are small membrane vesicles, released from 

bloodd cells or endothelial cells upon activation or during apoptosis {5; 6). MP may 

promotee coagulation activation and thereby atherothrombosis by providing a 

procoagulantt surface via the presence of phosphatidylserine in the external 

membranee leaflet as well as exposure of tissue factor (TF), the initiator of the 

coagulationn cascade (7; 8) and/or their exposure of various procoagulant receptors 

involvedd in platelet adhesion and aggregation. MP may additionally determine the 

processs of arterial thrombosis by accumulation in complicated atherosclerotic 

plaquess and exposure of TF locally (9). 

Thee majority of MP is derived from platelets. MP levels increase upon platelet 

stimulationn with potent stimuli such as thrombin, collagen and shear stress. The 

highh level of MP observed in patients with type 2 diabetes and with coronary 

syndromess is thought to be related to platelet activation and oxidative stress (10) 

(11).. Accordingly, several studies showed that the number of platelet derived MP is 

reducedd during treatment with anti-oxidative agents such as vitamin C (11) and 

cholesterol-loweringg treatment with eicosapentaenoicacid (12) and bezafibrate (13). 

Thee composition of MP membranes has been shown to vary in various clinical 

situationss and this may have functional implications (10). High levels of TF 

exposingg MP are considered to be associated with procoagulant conditions, such 

ass sepsis (8), and may contribute to an increased thrombotic tendency. One study 

reportedd that the number of TF exposing MP is increased in patients with type 2 

diabetes,, but this was not associated with increased ex-vivo thrombin formation 

(14).. The density of procoagulant receptors such as the glycoprotein Mbllla 

complex,, the main platelet fibrinogen receptor on platelet derived MP of which 

glycoproteinn (GP) Ilia forms one subunit, varies with the stimulus that has induced 

thee MP formation (15). Differences in exposure of GPIlbllla on MP were shown 

too have an effect on fibrinogen binding (15). 

6f f 



Treatmentt with HMG-CoA reductase inhibitors (cholesterol lowering drugs known 

ass statins) can reduce the risk for cardiovascular complications by 25% in patients 

withh or without type 2 diabetes (16; 17). There is emerging evidence that the 

beneficiall effects of statins may also involve an effect on oxidative stress, 

inflammation,, and coagulation besides their lipid lowering effect (18). For instance, 

itt was shown that statins can reduce TF expression on monocytes and vascular 

cellss (19; 20). In addition, several studies showed that statins have an effect on 

platelett activation and aggregation (21). However, it is not known whether statins 

influencee the number and properties of MP, and in particular of platelet-derived 

MP,, in patients with type 2 diabetes. The two objectives of the present study 

weree (1) to assess the effect of pravastatin on the level and cellular origin of MP 

andd (2) to evaluate its effect on the composition of MP. 

Materialss and methods 
Patientss and study design 
AA group of 50 patients with type 2 diabetes was studied in a cross-over trial, 

describedd in detail elsewhere (22). Plasma samples for MP evaluation were 

availablee from 48 patients. Patients were recruited from the outpatient clinic of 

thee Slotervaart Hospital, Amsterdam, The Netherlands. Men and women between 

188 and 80 years of age with diabetes type 2 for at least one year and serum 

cholesteroll levels of 5.0-10.0 mmol/l were eligible for the study. Excluded were 

patientss with acute medical conditions: surgery during the previous 3 months, deep 

venouss thrombosis or pulmonary embolism during the previous 3 months, 

significantt renal, hepatic, metabolic or thyroid diseases, alcohol abuse, or known 

familiall hypercholesterolemia. Patients were not concurrently receiving other lipid 

lowering,, antithrombotic, or hormonal treatment, but the use of acetylsalicylic acid 

wass allowed. Patients kept their regular diet during the study period. 

Ann open-label randomized cross-over design was used. One half of the subjects 

startedd out with pravastatin (Selektine, Bristol Myers Squibb, The Netherlands) 

400 mg per day for 8 weeks, while the other half received no-treatment. Patients 

visitedd the out patient clinic at day one and after the first period of 8 weeks, 

whereuponn pravastatin or no-treatment was crossed over for another 8 week 

period,, and after 16 weeks at the end of the study. At these visits blood samples 

weree taken. The active treatment and its possible effects on the measured variables 
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weree presupposed to be washed out after 8 weeks. Laboratory outcomes at 8 and 

166 weeks were compared, each patient being his/her own control. All patients 

gavee informed consent and the study was approved by the institutional Ethical 

Revieww Board of the Slotervaart Hospital, Amsterdam. 

Controll group 

Tenn subjects without type 2 diabetes were recruited from the outpatient eye clinic 

fromm the Slotervaarthospital and from the personel of the Slotervaarthospital and 

servedd as a control group. 

Reagentss and assays for MP evaluation 

Anti-Glycophorinn A (glyco-A)-PE (clone JC159, IgG, K) was obtained from Dako A/ 

SS (Glostrup, Denmark). IgG^PE (clone X40), IgGV2a-FITC (clone X40/X39), CD8-PE 

(clonee SK1, IgG,), CD14-PE (clone /vVEPg/ lgG2b), CD20-PE (clone L27, IgG,) were 

obtainedd from Becton Dickinson (San Jose, CA, USA). CD62e-PE (clone HAE-lf, 

IgG.,)) was obtained from Ancell (Bayport, MN, USA), CD54-PE (clone 84H10, IgGI), 

CD62p-PEE (clone CLB-Thromb/6, lgG1) and CD66b-FITC (clone 80H3, lgG1 K) from 

Coulter// Immunotech (Marseille, France) and CD144-FITC (rabbit polyclonal) from 

MedSystemss (Vienna, Austria). Annexin V-APC was obtained from Caltag 

Laboratoriess (Burlingame, CA, USA), CD61-PE (clone VI-PL2, lgG1 K) and anti-TF-

FITCC (rabbit polyclonal) from American Diagnostics, Inc. (Greenwich, CT, USA). 

CD4-PEE (clone CLB-T4/2, 6D10, IgG,) and CD66e-PE (clone CLB-gran/10, IH4Fc, 

lgGt)) were obtained from CLB (Amsterdam, The Netherlands). CD106-F1TC (clone 

1.G11B1,, IgG,) was obtained from Calbiochem (Darmstadt, Germany) and lgG2b 

(clonee MCGb) was obtained from IQ Products (Groningen, The Netherlands). 

Bloodd sampling and laboratory methods 

Bloodd samples were obtained by standard venepuncture between 9 and 11 am, 

afterr 12 hours of fasting. For MP isolation blood was collected into 3.2% trisodium 

citratee {Becton Dickinson). Blood cells were removed by centrifugation for 20 

minutess at 2,000 x g and 20 . The plasma samples were snap frozen and then 

storedd at -70 C until use. Total cholesterol, HDL-cholesterol, LDL-cholesterol 

andd triglycerides were determined by using standard laboratory procedures within 

onee hour after sampling. HbA.k was determined by high performance liquid 

chromatographyy as described elsewhere (23). 
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Isolationn of micropart icles 

Afterr removal of cells, 250 JJL of plasma was centrifuged for 30 minutes at 17,570 x 

.. Subsequently, 225 uLof (MP-free) plasma was removed. The remaining 

(MP-enriched)) plasma, 25 uL, was diluted with 225 uL of phosphate-buffered saline 

(PBS;; 154 mmol/L NaCl, 1.4 mmol/L phosphate, pH 7.4), containing 10.9 mmol/L 

trisodiumm citrate to prevent coagulation activation. MP were resuspended and 

centrifugedd for 30 minutes at 17,570 x gat 20 . Again, 225 |JL of the supernatant 

wass removed and MP were resuspended in the remaining 25 uL. For flow 

cytometry,, 25 uL MP suspension was diluted with 85 uL PBS/citrate buffer, of which 

55 pL was used per incubation with MoAb and annexin V. 

Floww cytometr ic analysis 

MPP analysis was performed and MP were identified as described previously (8; 

24).. Briefly, MP (5 uL) were diluted in 35 pL PBS containing 2.5 mmol/L CaCI2 (pH 

7.4).. After incubation for 15 minutes at room temperature, 5 uL TF-FITC, 5 uL 

annexinn V-APC and 5 pL PE-labeled cell-specific MoAbs or isotype-matched 

controll antibody was added. The mixtures were incubated in the dark for 15 

minutess at room temperature. Subsequently, 200 uL PBS/calcium buffer was added 

andd the suspensions centrifuged for 30 minutes at 17,570 x g and 20 . Finally, 

2000 pL of (MP-free) suspension was removed. The MP were resuspended with 

3000 pL PBS/calcium buffer before flow cytometry. All samples were run f o r i minute 

duringg which the flow cytometer analyzed approximately 70 uLof the suspension. 

Too estimate the total number of MP X10f7L, the number of MP (N) identified by 

forwardd scatter (FSC), sideward scatter <SSC) and binding to Annexin V was used 

inn the formula: Number X10f' /L = N x [100/5] x [355/70] x [2501 To estimate the 

markerr positive number of MP X106/L, the number of MP (N) found in the upper 

rightt (marker positive and TF positive)- and lower right (marker positive and TF 

negative)) quadrants of the flow cytometry analysis (FL1 versus FL2, corrected for 

isotypee control and autofluorescence) was used in the same formula. The samples 

weree analyzed in a FACSCalibur flow cytometer with CellQuest-PRO software 

(Becktonn Dickinson, San Jose, CA, USA). FSC and SSC were set at logarithmic 

gain.. To distinguish MP from events due to noise, MP were identified on FSC, 

SSCC and binding of annexin V. To identify annexin V-positive events, a threshold 

wass placed in a MP sample prepared without addition of calcium, which is 

necessaryy for annexin V binding. To identify MP that bound cell-specific MoAbs, 
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MPP were incubated with identical concentrations of isotype-matched control 

antibodiess to set the threshold. FITC-fluorescence was measured in the FL-1 

channel,, PE-fluorescence in the FL-2 channel and APC-fluorescence in the FL-4 

channel. . 

Statisticall analysis 
Continuouss variables are represented as median and 25-75% quartiles. Statistical 

differencess between before and after pravastatin treatment were tested by Wilcoxon 

Rankk test. Statistical differences between type 2 diabetes patients and controls were 

testedd by Mann-Whitney U test. A P-value of <0.05 was taken to indicate statistical 

significantt difference. All computations were performed by using SPSS 11.0. 

Results s 
Subjectt Characteristics and reductions of lipid levels 
afterr pravastatin treatment 
Baselinee clinical characteristics from the 48 patients with type 2 diabetes are 

presentedd in table 1. The median age of the patients was 59 years. Patients were 

overweight,, with a median body mass index (BMl) of 29 kg/m2. 

Tablee 1. Patients' character ist ics 

Typee 2 diabetes patients(n=48) 

Agee (years) 59 (53-64) 
Sexx ratio (M/F) 24/24 
Bodyy mass index: BMl (kg/m-) 29.1 (26.8-33.1) 
Diabetess duration (years) 6.0 (3.0-10.8) 
HbA lcc (%) 6.9 (6.3-7,8) 
Totall cholesterol (mmol/l) 6.3 (5.6-6.9) 
LDLL cholesterol (mmol/l) 4.1 (35-4.6) 
HDLL cholesterol (mmol/l) 1.2 (1.0-1.4) 
Triglyceridess (mmol/l) 1.7 (1.3-2.9) 

Dataa are p resen ted as med ians w i t h 25th- 75th percent i les . 

Patientss were well controlled for their diabetes, median HbAlc was 6.9%. Control 

characteristicss are presented in table 2. The median age was similar to that of the 

patientss with type 2 diabetes, 60 years. Total cholesterol, LDL-cholesterol and 

HDL-cholesteroll were all significantly lower in the controls compared to the 

patientss with type 2 diabetes. 

Afterr treatment by pravastatin statistically significant reductions of total 

cholesteroll (-1.4 mmol/l (-1.9, -1.0)), LDL cholesterol (-1.3 mmol/l (-1.74, -0.95)) 
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Tablee 1. C o n t r o l character ist ics 

Agee (years) 
Sexx ratio (M/F) 
Bodyy mass index: BMI (kg/m-l 
Totall cholesterol (mmol/l) 
LDL-cholesteroll (mmol/l) 
HDL-cholesteroll (mmol/l) 
Triglyceridess (mmol/l) 

Cont ro ls(n== 10) 

600 (52.5-63.5) 
6/4 4 

26.33 (24.8-28.2)* 
4.88 (4.0-5.4)' 
2.77 (2.0-2.8)* 
0.8(0.7-1.4)* * 
2.7(1.9-3.6) ) 

Dataa are p resen ted as medians w i t h 25th- 75th percent i les . Patients and con t ro ls d i f f e red 
s ign i f icant lyy (*) in BMI (P=0.02), total cho les te ro l (P=0.002>, LDL-t ho les le ro l (P<0.001) and 
H D I - c h o l e s t e r o ll (P=0.008). 

a n dd t r i g l y c e r i d e s (-0.19 m m o l / l (-0.55, 0.08)) w e r e a c h i e v e d i n t h e p a t i e n t s w i t h 

typee 2 diabetes. HDL levels did not change during treatment. 

N u m b e r ss and Ce l l u la r O r i g i n o f c i r c u l a t i n g M P 

Inn patients with type 2 diabetes (n=48) and in controls (n=10) the total number of 

annexinn positive MP and annexin-TF positive MP were measured (Figure IA and 

IB).. No difference was observed in the total number of MP between controls and 

patientss (523 (377-614)X10'7L vs. 434 (327-591 )X107L; P=0.3). However, the number 

off TF positive MP was significantly lower in controls compared to patients (6 (5-

16)X10'7LL vs. 17 (9-24)X10'7L; P=0.03). MP number between before and after 

pravastatinn treatment remained unchanged (434 (327-591 )X10'7L vs. 446 (315-

595)X10'7L;; P=0.9). Also the number of TF positive MP did not change after 

pravastatinn treatment (17 (8- 24) XIO'VLvs. 16 (10-28) X107L; P=0.6). 

Annexinn V 

500--

2500 -i 

no-treatmentt pravastatin conirols 

" " 

20--

Tissuee Factor 

no-treatmentt pravastatin controls 

B B 

Figuree 1 . Aj Total mean number of annex in posi t ive MP was similar before and after pravastatin 
t rea tmentt (n=48) and in con t ro ls (n-10) . B) Total mean n u m b e r of TF pos i t ive (and annex in 
pos i t ive)) M P d id no t change after pravastat in t rea tmen t . The mean n u m b e r of TF pos i t ive M P 
wass s ign i f icant ly l ower in con t ro ls c o m p a r e d to pat ients w i t h type 2 d iabetes (*; P=0.03). 
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Figuree 2. A) The mean number ol platelet derived MP remained unchanged during pravastatin 
treatmentt (P=1.0) (n=48). B) Pravastatin treatment had neither a significant effect on the mean 
numberr of MP derived from T helper cells (CD4), T supressor cells (CD8), monocytes (CD 14), 
155 cells (CD20), endothelial cells (CD62e), erythrocytes (glyco-A) and granulocytes (CD66b) 
(P>0.05)) (n=20). 

Thee effect from pravastatin onn the number of MP derived from different celltypes 

wass assessed in a subgroup of 20 patients (Figure 2). MP from platelets (CD6I) 

constitutedd the largest proportion of total MP, 68 (60; 77) %. The numbers of MP 

derivedd from platelets, T-helper (CD4) and T-suppressor (CD8) lymphocytes, 

monocytess (CD'14), B-lymphocytes (CD20), granulocytes (CD66b), erythrocytes 

(glyco-A)) and endothelial cells (CD62e) remained unchanged after pravastatin 

treatmentt in accordance to total MP number. Also the number of CD54, CD62p, 

CD106,, CD144 (endothelial cells) and CD66e (epithelial cells and granulocytes) 

positivee MP was similar before and after pravastatin treatment (data not shown). 

Exposuree o f a n n e x i n pos i t iv i ty , TF and GPII Ia o n p la te le t d e r i v e d M P 

Too assess whether pravastatin has an effect on the membrane composition of 

platelett derived MP the intensity of annexin V', TF and GPIIIa (determined by 

Annexinn V 

55 "> 

Tissuee Factor CDD 61 

controll treatment 

Figuree 3. Antigen level on platelet derived MP was measured in patients with type 2 diabetes 
(n=48)) before (control) and after (treatment) pravastatin treatment. Mean fluorescence of 
CDGII antigen (Ilia) reduced significantly after treatment C P=0.004). Annexin V and TF 
exposuree did not differ between before and after treatment (P=0.7 and P=0.4 respectively) 
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exposuree of CD61 antigen or G PI I la, one part of the GPIIbllla complex) staining 

perr MP was measured (Figure 3). GPIIIa expression significantly decreased after 

pravastatinn (113.2 (98.4-133.5) vs. 106.0 (87.3-126.0) mean fluorescense; P=0.004). 

Annexinn V and TF exposure per platelet derived MP remained unchanged during 

treatmentt with pravastatin (P=0.7 and P=0.4 respectively). 

Associationn of MP with cholesterol levels 
Wee investigated the correlation of total as well as cell-specific MP with cholesterol 

levels.. The total number of annexin V positive MP did not correlate with baseline 

levelss of total cholesterol (P=0.2), LDL-cholesterol (P=0.3), HDL-cholesterol (P=0.5) 

orr triglycerides (P=0.4). From the subgroups of cell specific MP, only the number 

off P-selectin positive MP (CD62p) correlated with total cholesterol levels (r=0.57, 

P=0.009)) The number of MP from B-lymphocytes (CD20) and endothelial cells 

(CD66p)) correlated with LDL-cholesterol levels (r=0.45; P=0.05 and r=0.70; P=0.001 

respectively).. MP derived f rom T suppressor cells (CD8) correlated wi th 

triglyceridee levels (r=0.50; P=0.03). 

Inn addition, to identify possible relationships between exposure of TF and GPMIa 

onn MP and lipid levels correlation studies were assessed. From the TF positive 

MPP only the number of MP from granulocyte origin (CD66b) correlated with LDL-

cholesteroll (r=0.47, P=0.04). No correlation was observed between the other 

subtypess or total number ofTF-positive MP with total cholesterol, LDL-cholesterol, 

HDL-cholesteroll and triglycerides levels. Exposure of GPIIIa and TF on platelet 

derivedd MP did not correlate with baseline cholesterol levels either (P=0.8 and 

P=0.44 respectively). Since both GPIIIa exposure and lipid levels decreased after 

pravastatinn treatment, we also assessed the correlation between the changes (level 

afterr treatment minus level before treatment) of these parameters. However, again 

noo correlation between delta GPIIIa exposure and delta total cholesterol, LDL-

cholesterol,, HDL-cholesterol and triglycerides could be observed. 

Discussion n 
Statinn treatment significantly reduces the risk for cardiovascular events in patients 

withh type 2 diabetes (17). Increasing evidence suggests that this is in part the result 

off other than the lipid lowering effects of these drugs. In the present study we 

investigatedd the effect of pravastatin on the number and composition of MP. The 
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majorr findings areas follows: while pravastin clearly reduced cholesterol levels in 

thee diabetic patients, the total number of MP was not different after 8 weeks of 

treatment.. Also the number of TF positive MP and the level of TF antigen per platelet 

derivedd MP did not change after pravastatin. Pravastatin treatment, however, 

significantlyy reduced GPMIa antigen on MP from platelet origin. Since CPIIIa 

associatess with CPIlb to form the platelet fibrinogen receptor GPIIbllla, reduction 

off GPIIla exposure on MP may be a new aspect of the non-cholesterol-lowering 

effectss of pravastin, speculated to be related to an effect on platelet activation. 

MPP and type 2 diabetes 

Previouss observations that patients at risk for atherothrombotic complications, 

withh acute coronary syndromes (25), hypercholesterolemia (11) and type 2 diabetes 

(4;; 14) have enhanced levels of circulating procoagulant MP, suggest that MP 

playy a role in cardiovascular disease. In the present study, the number of TF 

positivee MP was indeed significantly higher in the diabetic patients compared to 

thee controls (confirming the results of Diamant et al (14) in a group of 16 type 2 

diabeticc patients), although the total number of MP was similar in patients and 

controls.. TF is the main initiator of the coagulation cascade and a higher number 

off TF positive circulating MP may promote coagulation activation and thereby 

increasee the risk for thrombotic events like a myocardial infarction. Paradoxically, 

Diamantt et al. (14) observed no effect of the higher percentage of TF exposing 

MPP in patients with type 2 diabetes on in vitro thrombin formation and it was 

suggestedd that TF on MP may be more involved in angiogenesis or cell signaling 

ratherr than in atherothrombosis. 

Effectt of pravastatin on MP 

MPP composition depends on the cellular origin and the cellular processes 

triggeringg their formation (10). The observed reduction of GPIIla exposure on 

platelett derived MP in the present study is therefore possibly related to the 

activationn state of platelets. The GPIIbllla receptor of which GPIIIaisasubunit, is 

thee main platelet receptor for f ibrinogen and thereby crucial for thrombus 

formation.. Release of this receptor from a storage pool to the cell membrane is 

upregulatedd in activated platelets (26). The density of GPIIbllla on the MP 

membranee can vary depending on the stimulus that induces the formation of 

MP,, which has an effect on fibrinogen binding (15). We speculate that pravastatin 
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treatmentt inhibited platelet activation and thereby reduced the exposure of 

GPIIblllAA on platelet derived MP. Indeed, there are various studies showing that 

statinn treatment has an effect on platelet activation (27; 28) and platelet membrane 

compositionn (29; 30). The exact mechanism is not known but probably involves a 

changee in cholesterol content of platelet intra- and extracellular membranes, 

whichh alters membrane traffic and fluidity, or a reduction in cytosolic calcium 

(29;; 31). In particular, pravastatin has been found to reduce the expression of 

granulee membrane protein 140 (32) and P-selectin (31). There is, as far as we know, 

noo previous evidence that statins have an effect on GPIIblllA expression on 

plateletss or platelet derived MP. Since the reduction of GPIIbl I la is not correlated 

withh reduction of lipid levels the effect seems to be a non-cholesterol-lowering 

effectt of pravastatin. 

Wee did not observe an effect of pravastatin on the total number of MP or on the 

numberr of cell specific MP. It has previously been suggested that the increased 

numberr of MP in patients with coronary syndromes and diabetes is associated 

withh higher cholesterol levels and increased oxidative stress (11). An effect of 

pravastatinn on MP levels was therefore expected since pravastatin not only reduces 

cholesteroll levels in patients with type 2 diabetes (22) but is also associated with 

oxidativee stress reduction in the vessel wall (33). Twoo previous studies indeed 

havee shown that other cholesterol-lowering agents, eicosapentaenoic acid (fish 

oil)) (12) and bezafibrate (13) reduced the number of circulating platelet derived 

MP.. A study on the effect of oxidative stress reduction by vitamin C also showed 

thatt MP levels were reduced after treatment (11). We speculate that the lack of 

effectt of pravastatin on MP numbers, in contrast to the other cholesterol-lowering 

agents,, may be explained by differences in working mechanisms of the various 

drugs.. The observation in our study that cholesterol levels did not correlate with 

thee total number of MP suggests that processes other than lipid metabolism and 

oxidativee stress are involved in MP formation in type 2 diabetes. This is further 

supportedd by the fact that the total number of MP number did not differ between 

thee patients with type 2 diabetes and controls, although l ipid levels were 

significantlyy higher in the patients with type 2 diabetes. 

Thee exposure of TF on MP and the number of TF positive MP were not influenced 

byy pravastatin treatment in the present study. TF exposure on MP is associated 

withh clinical conditions that are associated with hypercoagulability, such as sepsis 
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{8)) and type 2 diabetes (14). A l though statins have been descr ibed to reduce the 

expressionn of TF on vascular cells (19) and c i rcu la t ing monocytes (20) p robab ly 

viaa an ef fect on isopreno ids (34), we cou ld not con f i rm these f ind ings on MP. 

Inn conc lus ion , reduc t ion of I l ia and there fo re GPI Ib l l l a exposure on MP f r o m 

platelett o r ig in may be a novel aspect of the non-cho les te ro l - l ower ing effects of 

pravastinn and is probably related to an effect on platelet act ivat ion. Since GPI Ib l l la 

iss the main platelet receptor for f i b r inogen and crucial fo r t h rombus fo rmat ion , a 

reducedd exposure on MP may con t r ibu te to the lower risk for arterial th rombos is 

du r i ngg t rea tment w i t h statins. 

Acknowledgements s 
Wee thank M de Rijk and OATernede , research nurses f r om the Slotervaart Hospital 

fo rr the i r great he lp in this invest igat ion. H Ten Cate is a Cl in ical Established 

Invest igatorr of the Nether lands Heart Foundat ion . The study costs were defrayed 

f r o mm the mater ia l budget p rov ided by the Nether lands Heart Foundat ion to D W 

Sommei je rr and H Ten Cate. 

References s 
1.. ErkelensDW(2001) Insulin resistance syndrome and type2diabetes mellitus. Am} Cardiol 

88:38]-42j, , 
2.. Stehouwer CD, Gall MA, Twisk JW, Knudsen E, Emeis JJ, Parving HH (2002) Increased 

urinaryy albumin excretion, endothelial dysfunction, and chronic low-grade inflammation 
inn type 2 diabetes: progressive, interrelated, and independently associated with risk of 
death.. D/abefes 51:1157-1165, 

3.. Frohlich J, Steiner G (2000) Dyslipidaemia and coagulation defects of insulin resistance. 
Int}Int} Clin Pract 5upp/:14-22, 

4.. Nomura S, Suzuki M, Katsura K, et al. (1995) Platelet-derived microparticles may influence 
thee development of atherosclerosis in diabetes mellitus. Atherosclerosis 116:235-240, 

5.. George JN, Thoi LL, McManus LM, Reimann TA (1982) Isolation of human platelet 
membranee microparticles from plasma and serum. Blood60:834-840, 

6.. Aupeix K, Hugel B, Martin T, et al. (1997) The significance of shed membrane particles 
duringg programmed cell death in vitro, and in vivo, in H1V-1 infection. J Clin Invest 99:1546-
1554, , 

7.. Mallat Z, BenamerH, Hugel B,etal. (2000) Elevated levels of shed membrane microparticles 
withh procoagulant potential in the peripheral circulating blood of patients with acute 
coronaryy syndromes. Circulation 101:841-843, 

8.. Nieuwland R, Berckmans R|, McGregor S, et al. (2000) Cellular origin and procoagulant 
propertiess of microparticles in meningococcal sepsis. Hlood95:930-935, 

9.. Mallat Z, Hugel B, Ohan J, Leseche G, Freyssinet )M, Tedgui A (1999) Shed membrane 
microparticless with procoagulant potential in human atherosclerotic plaques: a role for 
apoptosiss in plaque thrombogenicity. Circulation 99:348-353, 

10.. VanWijk M], VanBavel E, Sturk A, Nieuwland R (2003) Microparticles in cardiovascular 
diseases.. Cardiovasc Res 59:277-287, 

71 1 



11.. Morel O, Jesel L, Hugel B, et al. (2003) Protective effects of vitamin C on endothelium 
damagee and platelet activation during myocardial infarction in patients with sustained 
generationn of circulating microparticles. / Thromb Hjemosf 1:171-177, 

12.. Nomura SF Kanazawa S, Fukuhara S (2003) Effects of eicosapentaenoic acid on platelet 
activationn markers and cell adhesion molecules in hyperlipidemic patients with Type 2 
diabetess mellitus. I Diabetes Complications 17:153-159, 

13.. Kagawa H, Nomura S, Nagahama M, Ozaki Y, Fukuhara S (2001) Effect of bezafibrate on 
solublee adhesion molecules and platelet activation markers in patients with connective 
tissuee diseases and secondary hyperlipidemia, Clin Appl Thromb Hemost 7:153-157, 

14.. Diamant M, Nieuwland R, Pablo RF, Sturk A, Smit JW, Radder JK (2002) Elevated numbers 
off tissue-factor exposing microparticles correlate with components of the metabolic 
syndromee in uncomplicated type 2 diabetes mellitus. Circulation 106:2442-2447, 

15.. Sims P], Wiedmer T, Esmon CT, Weiss HI, Shattil SJ (1989) Assembly of the platelet 
prothrombinasee complex is linked to vesiculation of the platelet plasma membrane. 
Studiess in Scott syndrome: an isolated defect in platelet procoagulant activity. / Biol Chem 
264:17049-17057, , 

16.. Pyorala K, Pedersen TR, Kjekshus J, Faergeman O, Olsson AG, Thorgeirsson C (1997) 
Cholesteroll lowering with simvastatin improves prognosis of diabetic patients with 
coronaryy heart disease. A subgroup analysis of the Scandinavian Simvastatin Survival 
Studyy (4S>. Diabetes O re 20:614-620, 

17.. Goldberg RB, MelliesMJ, Sacks FM, etal. (1998) Cardiovascular events and their reduction 
withh pravastatin in diabetic and glucose-intolerant myocardial infarction survivors with 
averagee cholesterol levels: subgroup analyses in the cholesterol and recurrent events 
(CARE)) trial. The Care Investigators. Circulation 98:2513-2519, 

18.. Palinski W(2001) New evidence for beneficial effects of statins unrelated to lipid lowering. 
ArteriosclerArterioscler Thromb Vase Biol 21:3-5, 

19.. Baetta R, Camera M, Comparato C, Altana C, Ezekowitz MD, Tremoli E (2002) Fluvastatin 
reducess tissue factor expression and macrophage accumulation in carotid lesions of 
cholesterol-fedd rabbits in the absence of lipid lowering. Arterioscler Thromb Vase Biol 
22:692-698, , 

20.. Ferro D, Basili S, Alessandri C, Mantovani B, Cordova C, Violt F (1997) Simvastatin reduces 
monocyte-tissue-factorr expression type lla hypercholesterolemia. Lancet 350:1222, 

21.. Dajani EZ, ShahwanTG, Dajani NE (2002) Statins, platelet aggregation and coronary heart 
disease.. / Assoc Acad Minor Phys 13:27-31, 

22.. Sommeijer DW, MacGillavry MR, Meijers JC, Van Zanten AP, Reitsma PH, Ten Cate H 
(2004)) Anti-inflammatory and anticoagulant effects of pravastatin in patients with type 2 
diabetes.. Diabetes O re 27:468-473, 

23.. Eckerbom S, Bergqvist Y, Jeppsson JO (1994) Improved method for analysis of glycated 
haemoglobinn by ion exchange chromatography. Ann Clin Biochcm 31:355-360, 

24.. Nieuwland R, Berckmans RJ, Rotteveel-Eijkman RC, etal. (1997) Cell-derived microparticles 
generatedd in patients during cardiopulmonary bypass are highly procoagulant. Circulation 
96:3534-3541, , 

25.. Vidal C, Spaulding C, Picard F, et al. (2001) Flow cytometry detection of platelet 
procoagulationn activity and microparticles in patients with unstable angina treated by 
percutaneouss coronary angioplasty and stent implantation. Thromb Haemost 86:784-790, 

26.. Janes SL, Wilson DJ, Chronos N, Goodall AH (1993) Evaluation of whole blood flow 
cytometricc detection of platelet bound fibrinogen on normal subjects and patients with 
activatedd platelets. Thromb Haemost 70:659-666, 

27.. Notarbartolo A, Davi G, Avernaa M, et al. (1995) Inhibition of thromboxane biosynthesis 
andd platelet function by simvastatin in type lla hypercholesterolemia. Arterioscler Thromb 
VaseVase Biol 15:247-251, 

28.. Osamah H, Mira R, Sorina S, Shlomo K, Michael A (1997) Reduced platelet aggregation 
afterr fluvastatin therapy is associated with altered platelet lipid composition and drug 
bindingg to the platelets. Br j Clin Pharmacol44:77-83, 

72 2 



Pravastatinn and microparticles 

29.. Le Quan Sang KH, Levenson J, Megnien JL, Simon A, Devynck MA (1995) Platelet cytosolic 
Ca2+andd membrane dynamics in patients with primary hypercholesterolemia. Effects of 
pravastatin.. Arterioscler Thromb Vase Biol 15:759-764, 

30.. Lijnen P, Echevaria-Vazquez D, Petrov V (1996) Influence of cholesterol-lowering on 
plasmaa membrane lipids and function. Methods Find Exp Clin Pharmacol 18:123-136, 

31.. Puccetti l_, Pasqui AL, PastorelliM, etal. (2002) Time-dependent effect of statins on platelet 
functionn in hypercholesterolemia. EurjCtin Invest32:901-908, 

32.. Ma LP, Nie DN, Hsu SX, Yin SM, Xu LZ, Nunes JV (2002) Inhibition of platelet aggregation 
andd expression of alpha granule membrane protein 140 and thromboxane B2 with 
pravastatinn therapy for hypercholesterolemia. ) Assoc Acad Minor Phys 13:23-26, 

33.. Fontaine D, Otto A, Fontaine J, Berkenboom C (2003) Prevention of nitrate tolerance by 
long-termm treatment with statins. Cardiovasc Drugs Ther 17:123-128, 

34.. Liao JK (2002) Isoprenoids as mediators of the biological effects of statins. J Clin Invest 
110:285-288, , 

73 3 




