










washed twice with PBS supplemented with 0,5% BSA, and incubated with secondary 

antibody in the final volume 50 µl. Beads were washed twice with PBS supplemented 

with 0,5% BSA and analysed by flow cytometry on BD FACScalibur (BD 

Bioscience). Single beads were gated to analyze fluorescence from the dot blot 

representation of forward (FSC) and side scatter (SSC) using Cell Quest Software. 

Mean fluorescent units (MFU) of the histogram were used to determine fold change. 

MFU of isotype-control stained beads was subtracted from the specific MFU value 

and the ratio between treated and a control cells was calculated.  

 

Freeze/thaw analysis of MV  

An aliquot of VSMC MV (5 µg) was resuspended in 50 mmol/L TES buffer 

(pH 7.6) containing 2.2 mmol/L CaCl2, 1.6 mmol/L KH2PO4, 1 mmol/L MgCl2, 85 

mmol/L NaCl, 15 mmol/L KCl, 10 mmol/L NaHCO3 and 10 mmol/L EGTA was 

added. Samples were incubated for 15 min at room temperature and then MV and the 

fraction containing extracted outer membrane compounds were separated by 

ultracentrifugation at 100,000 x g for 30 min. Pelleted MV were resuspended in 

control TES buffer or test TES buffer containing 10 mmol/L EGTA only or 10 

mmol/L EGTA and 2 mmol/L CaCl2. Samples were disrupted by freezing/thawing in 

liquid nitrogen for 4 times. MV were isolated from luminal extracted proteins by 

centrifugation at 100,000 x g for 30 min and resuspended in TES buffer. Collected 

fractions were lysed in SDS-PAGE denaturing buffer, heated at 95°C for 5 min and 

analysed by western blot.    

 

Statistics 

Data were analysed by one-way ANOVA test with Bonferroni post test using 

PRISM software (GraphPad, San Diego, CA) or t-test as appropriate. Values of p < 

0.05 were considered statistically significant. 
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Figure I.  VSMCs were treated with the Ca-uptake inhibitor NiCl in the presence of 

control (1.8 mM) or calcifying media containing 2x Ca (3.6 mM).  45Ca 

incorporation was measured after 6 hours.  The inhibition of Ca-uptake by VSMCs

significantly inhibited calcification. *p<0.05, n=3.  ANOVA
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Figure II. MGP expression is altered in calcifying conditions. 

A.  Quantification of Western Blots of MGP protein in MV treated with Ca/P (2.7 mM CaCl2/

2.5 mM NaH2PO4) media for 48 hours. N=4, *p<0.05, Students t-test.

B.  Western blot showing MGP expression in VSMC treated in calcifying conditions as indicated for 24 

and 48 hours.  Note the increase in MGP expression in response to Ca at 24 hours and its decrease or 

complete absence after 48 hours treatment.  Treatment with P did not change MGP expression at any 

time point.
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Figure III. VSMC calcification is mediated by MV-associated MMP2.  A. Fluorimetric kinetic analysis of 

MMP2 activity shows enrichment of MMP2 activity in MV over AB. MMP2 activity was measured using MMP2 

FRET substrate. Fluorescence intensity was continuously recorded at Ex/ Em=485 nm/535 nm. RFU,  relative 

fluorescence units.   B. Kinetic analysis of Cathepsin S activity in MV and AB shows higher activity of Cathepsin

S in AB. Cathepsin S activity was measured using Cathepsin S substrate fluorescently labeled with AMC. C.  

Kinetic analysis shows activation of pro-MMP in the presence of APMA. Recombinant human pro-MMP (10 ng) 

was incubated in the assay buffer in the presence or absence of 1 mM APMA for 1 hour at 37°C and MMP2 

activity was measured using MMP2 FRET substrate. FAM = 5-FAM, 5-carboxyfluorescein. 
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Figure IV. Separation of MVs proteins by 1D SDS-PAGE.

MV isolated by ultracentrifugation from media of VSMCs treated in the control media (Lane 1) 

or calcifying media containing 2.7mM CaCl2/2.0 mM NaH2PO4 (Lane 2), were run on 4-15% 

gradient gel. Gel were stained with a colloidal blue staining kit, gel slices were cut as annotated, 

trypsin digested and analyzed by LC-MS/MS. Boxed areas show regions where differential 

expression of protein bands was detected. The full list of identified proteins is provided on 

Supplementary Table 1. Figure shows representative gels. Lane 3, molecular weight (MW) 

markers, kDa.
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Figure V. Identification of membrane proteins in VSMC-derived MV using surface 

labelling and 2D-DIGE. 

To examine membrane protein composition MV were labelled with Cy3 in non-permeabilizing

conditions followed by separation by 2D-DIGE gel electrophoresis and silver stained. Fluorescence and

silver stained images were acquired and the numbered spots that differentially appeared on the silver 

stained gel and the Cy3 visualized image were excised and identified by LC-MS/MS  (See 

Supplementary Table 2 for a complete list of proteins). 

Box – enlarged image of the gels showing that membrane protein VDAC1 is labelled with 

Cy3 dye and Silver staining whereas AnxA2 is detected mainly on the silver stained gel implying it is

not abundant on the surface of MV.
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Figure VI. Immunofluorescence showing the presence of AnxA2 at the plasma

membrane of VSMCs in control media and relatively little change in 

localization in response to Ca/P (2.7 mM CaCl2/2.0 mM NaH2PO4) media for 6 hours.  

AnxA5 is cytosolic in control media and remains so in response to Ca/P media.  

Magnification, 1000X.
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Figure VII. 45Ca uptake by isolated VSMC-derived MV was not be inhibited by the selective annexin

Ca-channel inhibitor, K201 or annexin antibodies.  Phosphoformic acid (PFA) was used as a control 

inhibitor as this binds to HA and blocks crystal formation.  Data show that MV treated with

calcifying media were mineralization competent however calcification was not inhibited by

blocking annexin channel activity.  

Data are mean ± SD, n=3.  Similar results were obtained in the presence of Ca/P calcifying

media.

0

10000

20000

30000

5.4 mM Ca
DMSO
K201
IgM
AnxII
AnxVI
PFA

-
-
-
-
-
-
-

+
 -
 -
 -
 -
 -
 -

+
+
 -
 -
 -
 -
 -

+
 -
+
 -
 -
 -
 -

+
 -
 -
 -
+
 -
 -

+
 -
 -
 +
 -
 -
 -

+
 -
 -
 -
 -
+
 -

+
 -
 -
 -
 -
 -
+

Ab

4
5
C

a
 i
n

c
o

rp
o

ra
te

d
, 
c
p

m

18

 at King's College London on June 27, 2011 circres.ahajournals.orgDownloaded from 

http://circres.ahajournals.org


Figure VIII. Quantification of flow cytometric analyses showing changes in PS exposure on 

(A)the VSMC surface  and (B) the surface of MV in response to calcifying media as

indicated.  Fold change in mean fluoresecence units (MFU) is shown.  N=4, Mean +/- SD, *p<0.05.
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Supplementary Table I:  Full list of proteins identified in VSMC-derived MV by 1D and LC-
MS/MS.  
 
# Protein name Band 

number  
Mascot 
Score 
(total) 

Peptide 
number 

Protein 
molecular 
weight, Da 

GI number 

Putative Ca channels  
1 Annexin A1 9 407 13 38698 113944 
2 Annexin A2 9 313 7 38588 113950 
3 Annexin A5 9 592 27 35921 113960 
4 Annexin A6 7 120 4 76168 113962 
Putative Phosphate source 
5 5' nucleotidase, ecto 7 81 3 63898 4505467 
Extracellular matrix  
6 Collagen, type VI, 

α1  
3 226 6 109594 15011913 

7 Collagen, type VI, 
α1 

6 86 2 48497 30030 

8 Collagen, type I  6 68 2 41839 30102 
9 Transforming 

growth factor-β-
induced protein,  
ig-h3  

7 98 3 75261 4507467 

10 Thrombospondin 1 6 505 16 133261 40317626 
Cytoskeleton proteins 
11 Myosin, heavy 

polypeptide 9, non-
muscle 

5 2061 53 227646 12667788 

12 Actin, β  8 577 35 42052 4501885 
13 Cytoskeleton-

associated protein 4 
7 136 4 65868 74735614 

 Plasma membrane 
proteins 

     

14 Aminopeptidase N  1 629 19 109842 157266300 
15 Aminopeptidase N 6 545 18 109874 28678 
16 Integrin, α2 1 609 13 130469 21105795 
17 Integrin, α3 

isoform A  
3 81 3 117735 4504747 

18 Integrin, αV 3 464 16 117062 4504763 
19 Integrin, β1 isoform 

1A  
3 399 12 91664 19743813 

20 Na+/K+ ATPase, α1  3 53 1 113936 114373 
Intracellular proteins 
21 60S ribosomal 

protein L18 
11 159 4 21735 4506607 
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22 Related RAS viral 
(r-ras) oncogene 
homolog 

11 75 2 23637 5454028 

 Vesicle traffic      
23 Clathrin heavy 

chain 1 
6 158 9 193260 4758012 

24 Ras-related protein 
Rab-1A isoform 1 

11 171 5 22891 4758988 

25 RAB5A 11 84 2 23872 19923262 
26 RAB5C 11 155 3 23781 4759020 
27 RAB10 11 162 5 22755 7705849 
28 RAB35 11 74 2 23296 5803135 
Oxidative Stress 
29 Peroxiredoxin 1 11 94 4 22324 4505591 
30 MnSOD  11 170 6 24877 34711 
Protein folding/Chaperones 
31 Heat shock  

protein 27 
10 146 4 22427 662841 

Serum proteins 
32 Alpha-2-HS-

glycoprotein [Bos 
taurus] 

4 501 42 39193 27806751 

33 Alpha-2-HS-
glycoprotein [Bos 
taurus] 

12 254 8 39193 27806751 

34 Apolipoprotein A-I 8 283 8 30759 4557321 
35 Apolipoprotein B  6 843 31 516666 4502153 
36 α2 macroglobulin  6 126 6 164600 4557225 
37 Fibronectin  6 62 2 260064 31397 
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Supplementary Table II:  Full list of proteins identified in VSMC-derived MV by 2D and LC-
MS/MS.  
Protein spots differentially exhibited on Cy3 compared with Silver stained gels were excised and 
identified using LC-MS/MS. Proteins, obtained from the gel spots which were intensively stained 
on the Cy3 gel when compared with the Silver gel were marked as proteins presumably located 
on or associated with the outer membrane surface of MV (“out”).  Proteins obtained from spots 
which were more strong stained with silver but not visible on the Cy3 Gel were marked as 
proteins presumably located inside the lumen of MV (“in”).  
 
# Protein name 2D Percentage 

sequence 
coverage 
 

Peptide 
number 

Protein 
molecular 
weight, Da 

GI number 

Putative Ca channels  
1 Annexin A1 83  16.80% 6 38698 113944 
2 Annexin A2 24 in 27.10% 11 38588 113950 
3 Annexin A4 22 in 14.70% 5 35866 1703319 
4 Annexin A5 65 in 27.80% 11 35921 113960 
5 Voltage-dependent 

anion-selective 
channel protein 1 

25 out 16.30% 4 30756 130683 

Extracellular matrix 
6 Galectin-1 77 out 31.90% 4 14698 126155 
Cytoskeleton proteins 
7 Myosin light 

polypeptide 6 
68 out 32.50% 5 16912 47606436 

8 Moesin 01 in 7.28% 5 67803 127234 
9 WD repeat-

containing protein 1 
04 out 3.14% 2 66175 12643636 

10 Actin, aortic 
smooth muscle 

84 30.20% 2 42034 51316972 

11 Actin, β 28 out 9.07% 3 41776 46397333 
12 14-3-3 protein, ε 19 in 21.60% 6 29157 51702210 
13 Calmodulin 67 in 13.40% 2 16820 49037474 
14 F-actin-capping 

protein, subunit α1 
13 in 14.30% 3 32905 1705650 

15 Cofilin-1 51 in 21.70% 4 18485 116848 
16 Profilin-1 61 out 26.40% 4 15036 130979 
17 Coactosin-like 

protein 
75 out 9.86%  2 15927 21759076 

18 Tropomyosin α3 
chain 

21 out 15.10% 5 32802 54039751 

19 Tropomyosin α4 
chain 

20 out 14.10%  3 28504 136085 

20 Vimentin 29 in 4.29% 2 53634 55977767 
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21 Dynactin subunit 3 43 in 10.80% 2 21102 74739637 
22 Tubulin α1A chain 85 12.40% 5 50134 55977864 
Intracellular proteins 
23 α-enolase 08 out 15.20% 7 47152 119339 
24 L-lactate 

dehydrogenase A 
chain 

23 in 15.40% 5 36671 126047 

25 Nucleoside 
diphosphate kinase 
A 

45 in 44.10% 2 17131 127981 

26 Nucleoside 
diphosphate kinase 
B 

45 in 30.90% 4 17280 127983 

27 Elongation factor 1, 
α1 

09 out 4.11%  2 50167 55584035 

28 Elongation factor 1, 
β 

18 in 10.70% 2 24746 119163 

29 Eukaryotic 
translation initiation 
factor 5A-1 

69 in 12.30% 2 16815 54037409 

30 Histone-lysine N-
methyltransferase 
MLL4 

76 out 0.81%  2 293494 12643900 

31 Stomatin-like 
protein 2 

11 in 9.27%  2 38517 60415944 

32 Guanine nucleotide-
binding protein 
G(I)/G(S)/G(T) 
subunit β1 

14 out 10.60% 2 37,360 51317302 

33 Guanine nucleotide-
binding protein 
G(I)/G(S)/G(T) 
subunit β2 

14 out 10.00%  3 37314 51317304 

34 Ubiquitin carboxyl-
terminal hydrolase 
isozyme L1 

35 out 25.10%  4 24806 136681 

35 Proteasome subunit 
β type-5 

72 in 8.75%  2 28463 187608890 

36 Bifunctional UDP-
N-
acetylglucosamine 
2-epimerase 

87 5.12%  2 79258 45476991 

37 ATP synthase 
subunit d, 
mitochondrial 

40 in 18.00% 4 18474 6831494 

23

 at King's College London on June 27, 2011 circres.ahajournals.orgDownloaded from 

http://circres.ahajournals.org


Oxidative Stress 
38 Peroxiredoxin 2 41 in 19.20% 4 21874 2507169 
39 Peroxiredoxin 5, 

mitochondrial 
53 in 14.00% 3 22,008 20141713 

40 Glutathione S-
transferase P1 

36 in 10.00% 2 23339 121746 

41 Protein disulfide-
isomerase 

63 out 19.30% 11 57100 2507460 

42 Protein disulfide-
isomerase A3 

74 out 28.50% 15 56767 2507461 

Protein folding/Chaperones 
43 T-complex protein 

1 subunit ε 
73 out 7.95% 5 59654 1351211 

44 Peptidyl-prolyl cis-
trans isomerase A 

55 in 17.60% 4 17994 51702775 

45 Peptidyl-prolyl cis-
trans isomerase B 

49 in 8.80%  2 23725 215273869 

46 60 kDa heat shock 
protein, 
mitochondrial 

06 out 9.08%  6 61038 129379 

47 Serpin H1 09 out 21.50%  9 46424 20141241 
48 Heat shock  

protein β1 
37 in 8.29%  2 22765 19855073 

49 Calreticulin 81 out 13.40%  6 48125 117501 
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