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Abstract: Background: The development of vasculopathies in diabetes involves multifactorial processes including 
pathological activation of vascular cells. Release of microparticles by activated cells has been reported in diseases 
associated with thrombotic risk, but few data are available in diabetes. Diabetic retinopathy is associated with 
increased local activation or apoptosis of retinal, neural, and vascular `endothelial cells in the eye which indicate that 
microparticles (MPs) of different cellular origin might be locally generated in the eye of diabetic patients. Aim: The 
aim of this study is to investigate the presence of endothelial, platelet, and retinal-derived microparticles both in the 
vitreous and in the plasma of diabetic patients compared with that of non diabetic ones. Subjects and methods: In a 
case-control study, this study included 45 patients: 25 diabetic patients with non proliferative diabetic retinopathy 
(NPDR), and 20 diabetic patients with proliferative diabetic retinopathy (PDR) compared with control group 
consists of non diabetic 10 subjects. Blood samples were analyzed by flow cytometry. Microparticles present in 
plasma and vitreous were analyzed according to their parameters of size and fluorescence. Results: As regard plasma 
samples, there was significant increase in CD144 and CD41 in groups II, III as compared with control group (p = 
0.001). Peanut agglutinin PNA was not detected in plasma sample among all studied groups. Whereas, as regard to 
the vitreous sample, there was significant increase in CD144, CD41 and PNA in groups II,III as compared with 
control group (p= 0.048, 0.009, 0.048 ), (P = 0.001)  respectively. Conclusion: microparticles appear as a new 
prognostic potential of type 2 diabetes in the early detection of vascular complications. Moreover   significant 
increase of different types of microparticles in vitreous fluid of membrane in patients with PDR, may contribute to 
disease progression. 
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1. Introduction 

Long term micro- and macrovascular 
complications represent the main cause of morbidity 
and mortality in both type 1 and type 2 diabetes. 
Microangiopathy is a common feature of both types 
of diabetes, whereas macroangiopathy occurs more 
frequently in type 2 diabetes on account of the 
clustering of other traditional risk factors of 
atherosclerosis, i.e., hypertension, dyslipidemia, or 
obesity. The pathogenesis of diabetic vascular 
complications is complex and multifactorial. Early 
alterations of endothelial function may be involved 
in the development of both micro- or 
macroangiopathy in diabetic patients (1) . 

Diabetic patients also show hypercoagulability 
and platelet hyperaggregability with increased levels 
of platelet activation-markers such as P-selectin, 
soluble CD40 ligand and microparticles (MPs) (2) .  

It is well accepted that in response to 
activation or apoptosis, all eukariotic cells shed 
microparticles (MPs). These elements are produced 
from the plasma membrane after the flip-flop of the 
membrane phospholipids leading to a loss of 

membrane asymmetry. The blebs formed at the cell 
surface are then shed in the circulation under the 
form of vesicles ranging in size from 0.1 to 1 m. 
Increased levels of microparticles, mainly derived 
from platelets and to a lesser extent from leukocytes 
and endothelial cells (3) .  

Microparticles have been identified not only 
in human plasma but also in other tissues with high 
cellular activation, inflammation, or apoptosis, such 
as human atherosclerotic plaques or synovial fluid in 
rheumatoid arthritis (4,5).  

Endothelial microparticles (EMPs) are an 
emerging marker of endothelial cell (EC) 
dysfunction, and their circulating numbers are 
elevated in a number of pathologic states including 
cardiovascular disease (6). Since vascular-endothelial 
cadherin is exclusively expressed by endothelial 
cells, CD144-positive microparticles may be 
regarded as endothelium-derived microparticles 
(EMPs), directly reflecting endothelial damage. 
However, it is unknown whether circulating EMPs 
are cause or consequence of CVD, and whether their 
occurrence associates with CVD per se or, rather, 
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with diabetes-related metabolic abnormalities (2) .  
 Platelet-derived MPs contain surface 

receptors for both factor VIII (7), and FVa, which 
combines with FXa to form the prothrombinase 
complex (8). High- and low-affinity binding sites for 
activated FIX are also present on platelet-derived 
MPs (9). These findings suggest that platelet-derived 
MPs can exert procoagulant distant effects from the 
site of platelet activation, and for a period longer 
than that of activated platelets. In addition, 
Sinauridze et al., reported that platelet-derived MPs 
have 50- to 100-fold higher specific procoagulant 
activity than activated platelets (10).  

Despite current treatments and existing 
knowledge, diabetic retinopathy remains to be a  
major cause of blindness in patients. New evidence 
indicates that diabetic retinopathy may be an 
inflammatory disease. The retinal vasculature of 
diabetic  humans contains increased numbers of 
leukocytes, a finding that coincides with the 
increased  expression of ICAM-1 in retinal 
vasculature. The increased density of leukocytes in 
the retinal vasculature results in injury to the 
endothelium via a FasL-mediated  mechanism; a 
process that leads to breakdown of the blood-retinal 
barrier . Blood-retinal  barrier breakdown develops 
early in the course of diabetic retinopathy in humans 
and, as a long term lesion is the major pathology 
leading to macular edema and the risk of subsequent 
visual loss (11) . 

Diabetic retinopathy is associated with 
increased local activation or apoptosis of retinal, 
neural, and vascular endothelial cells in the eye . 
These finding indicate that microparticles of different 
cellular origin might be locally generated in the eye 
of diabetic patients. (12)  

The aim of this study is to investigate the 
presence of endothelial, platelet, and retinal-derived 
microparticles both in the vitreous and in the plasma 
of diabetic patients compared with that of non 
diabetic ones.  
 
2. Patients and Methods 

This study was performed on 45 patients (age 
range 36–69 years, mean 57) who underwent 
vitrectomy at Tanta University Hospital. All patients 
signed a written informed consent. Prior to surgery, 
diabetic retinopathy was evaluated according to the 
simplified international diabetic retinopathy 
classification (13), made on the basis of clinical data, 
intraoperative assessment by the surgeon, and review 
of fundus and fluorescein angiography.  

The patients of the study were divided into 
three groups:  
Group I:  control group consists of non diabetic 10 

subjects. 

Group II:  25 diabetic patients with non proliferative 
diabetic retinopathy (NPDR). 

Group III: 20 diabetic patients with proliferative 
diabetic retinopathy (PDR). 

Venous blood samples (10 ml) were collected 
on EDTA tubes before vitrectomy and platelet-free 
plasma (PFP) from 55 subjects was immediately 
prepared by successive centrifugations according to 
the methodology of Amabile et al., (14)  

Undiluted vitreous fluid samples (300–400 l) 
were collected from patients’ eyes at the start of a 
standard three-port pars plana vitrectomy for the 
treatment of retinal diseases. A core vitrectomy was 
performed using the vitreous cutter (Accurus 800, 
Fortworth, Texas). Vitreous samples were collected 
at the beginning of vitrectomy before opening the 
balanced salt solution infusion line to maintain 
intraocular pressure. The tube vacuum connection 
was then disconnected and the vitreous was aspirated 
using sterile syringe. The vitreous sample is then 
homogenized by gently pipetting the suspension up 
and down several times. Samples were collected 
from the eyes of the patients with diabetic 
retinopathy.The control group consisted of vitreous 
samples from 10 eyes of 10 non diabetic patients 
with an idiopathic macular hole, an idiopathic 
epiretinal membrane, a rhegmatogenous retinal 
detachment, or age-related macular degeneration. 
Vitreous microparticles were isolated from fresh 
vitreous drawn at beginning of the surgery. Vitreous 
was separated from cells and platelets after two 
centrifugations (500g for 15 min and 13,500g for 5 
min).  
  
Reagents 

Fluorescein isothyocyanate (FITC)-conjugated 
monoclonal antibody (mAb) against vascular 
endothelial (VE)-Cadherin (CD144) and 
phycoerythrine (PE)-conjugated mAb against platelet 
glycoprotein GPIIbIIIa (PE-CD41, clone P2) were 
used to identify endothelial microparticle (EMP) and 
platelet microparticle (PMP), respectively. Lectins 
from arachis hypogaea peanut agglutinin (PNA) 
conjugated with FITC were from Sigma Aldrich, 
France PE- and FITC-conjugated isotype controls 
(PEIgG2, FITC- IgG1) were used to define the 
background noise of the labeling. Microparticle 
absolute values were determined using Flowcount 
beads (Beckman Coulter, Margency, France). 
 
Microparticle quantitation 

Numeration of platelet- and endothelial-derived 
microparticles was performed, as previously 
described (15), using anti-CD41 and anti-CD144 
labeling, respectively. After thawing, 30 l of 
plasma was incubated with either FITC-CD41 or 
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with PE-CD144 PE and their corresponding isotype 
control. FITC-conjugated lectins were diluted in PBS 
to reach the final concentration of 100 g/ml. 
Human vitreous (60 l) was incubated with lectin 
from PNA FITC (20 g. Its respective control was 
preincubated with D-galactose (80 mmol/l for 30 
min) (Sigma-Aldrich). Then, 30 l of Flowcount 
beads was added to each sample for calculation of 
microparticle absolute value. Microparticles were 
gated as events with a 0.1-to 1.0-m diameter 
identified in forward-scatter and sidescatter intensity 
dot-plot representation using standards synthetic 
beads of 1 m in diameter (Polyscience). 
 
Flow cytometric analysis. 

After labeling, samples were analyzed by Facs 
caliber flow cytometry. Microparticles present in 
plasma and vitreous were analyzed according to their 
parameters of size and fluorescence.  
 
Statistical analysis:  

Statistical presentation and analysis of the 
present study was conducted, using the mean, 
standard deviation, t. test and Linear Correlation 
Coefficient by SPSS V.16.(16).   

 
3. Results 

This study was performed on 45 patients with 
type 2 diabetes mellitus, 25 patients with NPDR as 
group II and 20 patients with PDR as group III and 

compared with 10 non diabetic subjects (group I). 
As regard plasma samples, there was significant 

increase in CD144 and CD41 in group II as 
compared with control group  and in group III as 
compared with group II (p=0.001). PNA was not 
detected in plasma sample among all studied groups 
as shown in table 1  

Whereas, as regard to the vitreous sample, there 
was significant increase in CD144, CD41 and PNA 
in group II as compared with control group (p= 
0.048, 0.009, 0.048) respectively. There was also 
significant increase in CD144, CD41 and PNA in 
group III as compared with control group (p= 0.001) 
and in group III as compared with group II (0.001). 
Table 2 

Table 3 demonstrate that in group II, there was 
significant positive correlations between CD144 and 
CD 41in plasma sample ( p= 0.004) and in vitreous 
sample, there was significant positive correlation 
between CD144 and CD 41, CD41 and PNA and 
between CD 144 and PNA (p=0.014, 0.035 and 
0.059) respectively.  

Table 4 demonstrate that in group III, there was 
significant positive correlations between CD144 and 
CD 41in plasma sample (p=0.032) and in vitreous 
sample, there was significant positive correlation 
between CD144 and CD 41, CD41 and PNA and 
between CD 144 and PNA (p=0.029, 0.028 and 
0.037) respectively.  
 

 
 
Table (1): Plasma levels of endothelial, platelet and photoreceptor derived micoparticles in all studied groups: 

 Group I 
(n=10) 

Group II 
(n=25) 

Group III 
(n=20) 

P1 P2 P3 

CD 144 125.9 ± 12 355.6 ± 64.8 912 ± 89.4 0.001* 0.001* 0.001* 

CD 41 530.8 ± 35.7 1440 ±79.17 2170.4 ± 109 0.001* 0.001* 0.001* 

CD PNA 0 0 0 - - - 

* Highly Significant ( p< 0.001)  
P1 comparison between GI&GII, P2: GI&GIII, P3: GII&GIII  
 

 
Table (2): Vitreous levels of endothelial, platelet and photoreceptor derived micoparticles in all studied 
groups: 

 Group I 
(n=10) 

Group II 
(n=25) 

Group III 
(n=20) 

P1 P2 P3 

CD 144 35.44 ± 9.3 42.7 ± 12.10 213.2 ± 77.1 0.048** 0.001* 0.001* 

CD 41 23.25 ± 10 46 ±21.32 158.44 ± 56.1 0.009** 0.001* 0.001* 

CD PNA 13.32 ± 4.4  15.77 ± 3 178.30 ± 34.4 0.048** 0.001* 0.001* 

* Highly significant ( p< 0.001)                               **Significant (p< 0.05) 
P1 comparison between GI&GII, P2: GI&GIII, P3: GII&GIII,   
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Table (3): Correlation between all studied parameters in group II: 
 Plasma sample Vitreous sample 

CD41 CD144 CD41 
CD144 r.0.569 

p0.004* 
- r.0.358 

P0.014* 
CD PNA  

- 
r.0.214 
p0.059 

r.0.299 
P0.035* 

** Highly significant ( p< 0.001)                *Significant (p< 0.05) 
 
Table (4): Correlation between all studied parameters in group III: 

 Plasma sample Vitreous sample 

CD41 CD144 CD41 
CD144 r.0.310 

p0.032* 
- r.0.417 

P0.029* 

PNA  r.352 
P0.037* 

r0.410 
P0.028* 

** Highly Significant ( p< 0.001)                *Significant (p< 0.05 
 
4. Discussion 

DM is associated with increased levels of 
circulating EMPs. This agrees with previous studies 
where levels of endothelial microparticles (EMPs) 
were associated with microalbuminuria and 
microvascular complications in patients with 
diabetes, suggesting that EMPs could be a marker of 
diabetes associated endothelial dysfunction (17,18).  

This study revealed significant increase in EMPs 
(CD144) and platelet derived MPs (CD 41) in the 
studied diabetic patients as compared with control 
group and significant increase in diabetic patients 
with PDR as compared with diabetic patients without 
PDR in venous sample. Also, PNA was not detected 
in plasma sample among all studied groups.   

These results were in agreement with 
Tramontano et al., who found that the absolute 
median number of EMP was significantly increased 
in DM population (19). However, diabetic patients 
differ by the procoagulant activity and the cellular 
origin of microparticles. Indeed, EMP and PMP, 
levels and procoagulant activity were elevated in 
type 1 diabetes. Interestingly, this procoagulant 
activity was correlated with levels of HbA1c (18).  

The immunophenotype of MPs depends on 
whether they are released by cell activation or by 
apoptotic stimulus (20). Cellular apoptosis is 
associated with an increase in cytosolic calcium, with 
changes in the transmembrane steady state leading to 
the cleavage of cytoskeleton filaments. These 
phenomena result in the blebbing and shedding of 
membrane-derived MPs into the extracellular fluid 
(21).  

MPs released from apoptotic cells may be 
different in lipid and protein composition from 
membrane vesicles shed following cell activation and 
could possibly have different patho-physiological 
effects. Blebbing of cellular membrane occurs 
rapidly after cells enter the apoptotic process (20).  

The reason that cells shed MPs from their main 

body may be an attempt to reverse the apoptotic 
process by getting rid of unwanted signaling 
molecules like the proapoptotic caspase 3 (22). The 
release of MPs would also allow cells to escape 
phagocytosis by removing quickly from the cell 
surface “eat-me-signals,” such as phosphatidylserine 
(23). Alternatively, membrane shedding could 
constitute a signaling entity to phagocytes and 
neighbor cells, because their interaction modulates 
inflammation, immune responses, and repair 
mechanisms (24). 

Actually, the release of membrane vesicles to 
signal to neighbor or remote target cells is not a 
specific property of eukaryotic cells (25,26).  These 
results might be interpreted as an indication of 
enhanced endothelial cell apoptosis, rather than 
activation in those having DM (19).  

Enodothelial cell-derived MPs express many 
receptors and components of the parent endothelial 
cell including tissue factor (TF) and can support 
thrombin generation by the TF/FVIIa pathway (27,28).  
That is to say, endothelial cell-derived MPs provide a 
source of TF, as well as a catalytic surface, for 
assembly of prothrombinase complex. Furthermore, 
endothelial cell-derived MPs are possible to be a 
marker of endothelial activation in patients with the 
metabolic syndrome (29,30). 

Microparticles can also directly affect vascular 
endothelial cells by increasing leukocyte adhesion, 
triggering cytokine production, and exposing tissue 
factor or P-selectin(31,32). In addition, microparticles 
promote endothelial dysfunction by impairing the 
endothelial NO pathway and inducing 
proinflammatory responses (33-35). 

In this study , it was found that in vitreous 
sample , there was significant increase in CD144, 
CD41 and PNA in diabetic group without PDR 
(group II)  as compared with control group  and in  
diabetic group with PDR (group III) as compared 
with group II                
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These results were in agreement with a study by 
Chaded et al., who reported that there were vitreous 
levels of platelet CD41 and endothelial CD144 
microparticles were all markedly increased in 
diabetic compared with control. Microparticles of 
endothelial origin, identified as expressing VE-
cadherin (CD144), were the most abundant 
microparticle subpopulation in vitreous samples from 
diabetic patients. Vitreous levels of endothelial 
CD144, and platelet CD41 microparticles were 
increased in association with PDR compared with 
non-PDR (NPDR) (36).  

Significant numbers of endothelial 
microparticles found in the vitreous fluid could be 
generated from local microvascular endothelial cells 
in PDR or that clearance of endothelial 
microparticles was abnormal. On the contrary, the 
ratio for platelet CD41 microparticles was lower than 
unity, favoring the interpretation that platelet 
microparticles present in PDR vitreous fluid likely 
originate from the plasma (36).  

Sabatier et al., reported that levels of platelet-
derived MPs and monocyte derived MPs have been  
shown to  correlate  with  diabetic  complications or 
the extent of diabetic retinopathy, which is associated 
with microvascular damage (28). 

PDR is associated with ocular increases in 
oxidative stress, protein glycation, growth factors, 
inflammatory cytokines, and cell apoptosis, all of 
which stimulate the shedding of membrane 
microparticles from retinal or vascular cells (5,37). In 
addition, this demonstrates the presence of 
microparticles positively labeled with either PNA in 
vitreous samples but not in plasma, indicating their 
photoreceptor or microglial origin, respectively. 
These microparticles originate from cells localized in 
deeper retinal layers and may be released in vitreous 
fluid following the tear of the retinal internal limiting 
membrane(38).  

In conclusion, MPs   appears as a new 
prognostic potential of type 2 diabetes in the early 
detection of vascular complications. Elevation of 
plasma MPs levels, particularly those of endothelial 
origin, reflects cellular injury and may be a useful as 
a surrogate marker of vascular dysfunction. 
Moreover the presence of different types of 
microparticles in vitreous fluid of membrane shed 
from retinal, endothelial, and circulating cells and 
their significant increase in patients with PDR, may 
contribute to disease progression. 
 
Corresponding author 
Y M Abd El Raouf  
Department of Internal Medicine, Faculty of 
Medicine, Tanta University  
masyasser@yahoo.com 

References 
1- Kirpichnikov D and Sowers JR(2002). Diabetes mellitus 

and diabetes-associated vascular disease. Trends 
Endocrinol Metab.; 12:225–230. 

2- Maarten ET, Rienk N, Cees R,  Bert E H, Auguest S, 
Robert JH and Michaela D (2007). Elevated 
Endothelial microparticles following consecutive 
meals are associated with vascular endothelial 
dysfunction in type 2 diabetes. Diabetes Care; 30 (3): 
728-730. 

3- Zwaal RF, Comfurius P and Bevers EM(1992). Platelet 
procoagulant activity and microvesicle formation: its 
putative role in hemostasis and thrombosis. Biochim 
Biophys Acta; 1180:1–8. 

4- Berckmans RJ, Nieuwland R, Tak PP, Boing AN, 
Romijn FP, Kraan MC, Breedveld FC, Hack CE and 
Sturk A(2002). Cell-derived microparticles in synovial 
fluid from inflamed arthritic joints support coagulation 
exclusively via a factor VII-dependent mechanism. 
Arthritis Rheum.;46: 2857– 2866 

5-Boulanger CM, Amabile N and Tedgui A(2006). 
Circulating microparticles: a potential prognostic 
marker for atherosclerotic vascular disease. 
Hypertension; 48: 180–186 

6- Mallat Z., H. Benamer and B. and Hugel(2000). 
Elevated levels of shed membrane microparticles with 
procoagulant potential in the peripheral circulating 
blood of patients with acute coronary syndromes. 
Circulation; 101(8): 841–843. 

7- Gilbert GE, Sims PJ, Wiedmer T, Furie B, Furie BC and 
Shattil SJ(1991). Platelet-derived microparticles 
express high affinity receptors for factor VIII. J Biol 
Chem  ; 266: 1726-8. 

8-  Comfurius P, Senden JMG, Tilly RHJ, Schroit AJ, 
Bevers EM and Zwaal RFA (1990). Loss of membrane 
phospholipid asymmetry in platelets and red cells may 
be associated with calcium-induced shedding of 
plasma membrane and inhibition of aminophospholipid 
translocase. Biochim Biophys Acta; 1026: 153-60. 

9- Hoffnan M, Monroe DM and Roberts HR(1992). 
Coagulation factor IXa binding to activated platelets 
and platelet-derived microparticles: a flow cytometric 
study. Thromb Haemost.; 68: 74-8. 

10-Sinauridze EI, Kireev DA and Popenko NY(2007). 
Platelet  microparticle membranes have 50- to 
100-fold higher specific procoagulant activity than 
activated platelets. Thromb Haemost.; 97: 425- 34. 

11- Joussen, A. M. (2003). Suppression of 
Fas-FasL-induced endothelial cell apoptosis prevents 
diabetic blood-retinal barrier breakdown in a model of 
streptozotocin-induced diabetes. FASEB J; 17: 76–78. 

12- Joussen AM, Poulaki V, Le ML, Koizumi K, Esser C, 
Janicki H, Schraermeyer U, Kociok N, Fauser S, 
Kirchhof B, Kern TS and Adamis AP (2004). A central 
role for inflammation in the pathogenesis of diabetic 
retinopathy. Faseb J; 18: 1450–1452. 

13- Mizutani M, Kern TS and Lorenzi M (1996). 
Accelerated death of retinal microvascular cells in 
human and experimental diabetic retinopathy. J Clin 
Invest.; 97: 2883–2890. 

14- Amabile N, Guerin AP, Leroyer A, Mallat Z, Nguyen C, 
Boddaert J, London GM, Tedgui A and Boulanger 



Life Science Journal, 2012;9(1)                   http://www.lifesciencesite.com 

209 

CM(2005). Circulating endothelial microparticles are 
associated with vascular dysfunction in patients with 
end-stage renal failure. J Am Soc Nephrol.; 16: 
3381–3388. 

15- Ogata N, Nomura S, Shouzu A, Imaizumi M, Arichi M, 
Matsumura M (2006).Elevation of monocyte-derived 
microparticles in patients with diabetic retinopathy. 
Diabetes Res Clin Pract.; 73: 241–248. 

16- Knapp R.G. (1992): Describing the performance of a 
diagnostic test. Clinical Epidemiology and Biostatistics 
P. 42. 

17- Diamant M,. Nieuwland R,. Pablo R. F, Sturk, J. W. 
Smit A, and. Radder J. K (2002). Elevated numbers of 
tissue factor exposing microparticles correlate with 
components of the metabolic syndrome in 
uncomplicated type 2 diabetes mellitus. Circulation; 
106(19): 2442–2447 

18- Sabatier F,. Darmon P and Hugel B(2002). Type 1 and 
type 2 diabetic patients display different patterns of 
cellular microparticles.  Diabetes; 51(9): 2840–2845. 

19- Tramontano A. F., Lyubarova R., Tsiakos J., Palaia T. 
DeLeon J. R  and Ragolia L (2010). Circulating 
endothelial microparticles in diabetes mellitus. 
Mediators Inflamm.; 2010: 250476. 

20- Jimenez JJ, Mauro LM, Soderland C, Hostman LL and 
AHN YS (2003). Endothelial cell release 
phenotypically and quantitatively distinct 
microparticles in activation and apoptosis. Thromb 
Res.; 109: 175-180  

21- Blankenberg S., Barbaux S. and Tiret L(2003). 
Adhesion molecules and atherosclerosis.  
Atherosclerosis  ; 170 (2) : 191– 203 

22- Jimenez JJ, Mauro LM, Ahn YS, Newton KR, Mendez 
AJ, Arnold PI, Schultz DR (2002). Agonist-induced 
capping of adhesion proteins and microparticle 
shedding in cultures of human renal microvascular 
endothelial cells. Endothelium; 9: 179 –189. 

23- Fadok VA, Bratton DL, Rose DM, Pearson A, 
Ezekewitz RA, Henson PM(2000). A receptor for 
phosphatidylserine-specific clearance of apoptotic cells. 
Nature; 405: 85–90. 

24- Golpon HA, Fadok VA, Taraseviciene-Stewart L, 
Scerbavicius R, Sauer C, Welte T, Henson PM and 
Voelkel NF(2004). Life after corpse engulfment: 
phagocytosis of apoptotic cells leads to VEGF 
secretion and cell growth. Faseb J; 18: 1716 –1718. 

25- Mashburn LM, Whiteley M (2005). Membrane vesicles 
traffic signals and facilitate group activities in a 
prokaryote. Nature; 437: 422– 425. 

26- Chantal M. Boulanger, Nicolas Amabile, Alain Tedgui 

(2006). Circulating Microparticles. A potential 
prognostic marker for atherosclerotic vascular disease. 
Hypertension; 48: 180-186 

27-Freyssinet JM(2003). Cellular microparticles: What are 
they bad or good for? J Thromb Haemost. ; 1: 1655-62. 

28-Sabatier F, Roux V, Anfosso F, Camoin L and Sanpo 
gnat- George F (2002).  Interaction of endothelial 
microparticles with monocytic cells in vitro induces 
tissue factor-dependent procoagulant activity. Blood; 
99(11): 3962-70. 

29- Arteaga RB, Chirinos JA and Soriano AO(2006). 
Endothelial microparticles and platelet and leukocyte 
activation in patients with the metabolic syndrome. Am 
J Cardiol.; 98: 70-4. 

30- Shosaku Nomura (2009). Dynamic role of 
microparticles in type 2 diabetes mellitus. Curr 
Diabetes Rev.; 5(4): 245-51. 

31- Van Wijk MJ, Van Bavel E, Sturk A and Nieuwland 
R(2003). Microparticles in cardiovascular diseases. 
Cardiovasc Res.; 59: 277– 87. 

32- Wagner DD. (2005): New links between inflammation 
and thrombosis. Arterioscler Thromb Vasc Biol., 25(7): 
1321-4. 

33-  Boulanger CM, Scoazec A, Ebrahimian T, Henry P, 
Mathieu E and Tedgui A (2001). Circulating 
microparticles from patients with myocardial infarction 
cause endothelial dysfunction. Circulation; 104: 
2649–52 

34- Brodsky SV, Zhang F, Nasjletti A and Goligorsky 
MS(2004). Endothelium derived microparticles impair 
endothelial function in vitro. Am J Physiol Heart Circ 
Physiol.; 286(5): H1910– 5. 

35- Boulanger CM and Tedgui A(2005). Dying for 
attention: Microparticles and angiogenesis. 
Cardiovascular Research; 67: 1 –3. 
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