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Atherosclerosis is the predominant underlying pathology of many types of cardiovascular 
disease and is one of the leading causes of death worldwide. It is characterized by the 
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 Atherosclerosis is a disease involving large and medium-sized arteries, which 
1

2. In recent years, it has 

progression of the disease3,4

+ T cells 

5,6

7 + T cells 

8, consuming IL-2, 
9. In many diseases, 

including atherosclerosis10-12

13-15

2,16

17

18-20. LDL, ApoB100, ApoB100-

been used as vaccine targets in mice21-28. 

29 or 
24. To our knowledge, there are no reports about the use of 

ex vivo

ex vivo
30-32

in vivo33

in vivo. 

directly into the cell34

the therapy. For instance, it has been shown that anionic liposomes composed of 

35
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4

models36,37

cells38

39,40. 

in an atherosclerosis mouse model.



88

2+- and Mg2+

Salmonella Typhosa, phorbol 12-myristate 
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 and LDLr

provided with food and water ad libitum. LDLr

animal work was performed in compliance with the Dutch government guidelines and 

 mice. A 

2

10 days. Medium was refreshed every other day.

41

6

41. Lysates were centrifuged for 10 min at 2500 × g 

41. The 
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in silico 

as described previously42
m

43
m

44
m

45
m

46
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4

ave

using the same instrument. For measurements, the liposomes were diluted 100-fold 

42

to remove unbound proteins, leaving the ‘hard’ protein corona47
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2

In vitro

NH4 3, 0.1 mM Na2
+ + T cell 

+ + 

+ in vivo

+ +

ex vivo
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 mice were randomized into 3 groups of 9 mice. Mice 

48 

staining as previously described49

staining, as previously described50. All stainings were analyzed by microscopy using Leica 

2

51, and the 

30.
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36,37, although it is 

Z
167.3 ± 11.8 0.08 ± 0.04 -54.4 ± 5.5 10.6 ± 3.9
165.4 ± 15.7 0.12 ± 0.05 -54.0 ± 6.4 14.7 ± 4.7
166.9 ± 14.9 0.09 ± 0.04 33.7 ± 3.7 27.6 ± 8.5

a
ave

b

+

+

in vivo

+ + 

+ T 

+

+
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+ +
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in vivo
+ T cells induced by the liposomes 

+ + + +

- + + +

+ T cells, while both anionic liposomes induced almost no 

any of the groups.

+ + +

+

+ + T-cells in the iLNs of a mouse 8 

+ +
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in vivo immunological 

complement proteins52

it can bind to various receptors53

54-56. To test whether the protein 

+ + + 

in vitro data supports the in vivo

57, 

important role in atherosclerosis58
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 in vitro 

+ + + 

test.
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Liposomes were 

59, in both 
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in vitro 

23-28

+ T cell epitopes. To 

3500-3514

selected as a model for diet-induced atherosclerosis12
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60

+

+ hi monocytes were unchanged in the blood of mice in all 

the collagen content in the lesions was assessed, which is a measure of lesion stability51. 



102

: LDLr-
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 Atherosclerosis is the main underlying pathology for cardiovascular disease 
and is one of the leading causes of death worldwide1

atherosclerosis has been successful in murine models23-28, a major challenge is the 

liposomes were prepared with high-Tm lipids, since rigid liposomes have been shown 
61 62, and would, therefore, be more potent at 

in vivo
42

+ + + Tregs 

36. In 
accordance with our study, however, IL-10 and IL-4 responses were also unchanged in 
the diabetes model36

in vitro

63

study63

in vitro

64. The mechanism of uptake could also be responsible 
In vitro and in vivo, liposomes interact with 

65. As 

mediated uptake may lead to immune suppression66

37,67-71
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via SRs54-56,72

regulate immunity53,73

74. Moreover, there is evidence of 

75-77 78 72, can lead 

79

present in the protein corona and binds to anionic liposomes. This is in accordance with 
70 80

70

81

binding80,82, or that the chemical structure of the lipids is crucial83. In this work, the zeta-

et al.

was only a trend towards higher Treg responses84

corona likely contains more components that help to induce Tregs.

3501-3516

23

23

28

responses85
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4

85. Unfortunately, we 

cholesterol levels in LDLr mice86, while in vivo  mice reduced 
cholesterol levels87, so this decrease in cholesterol levels could be caused by an increase 

lesions of mice that received liposomes indicated more stable lesions. In accordance with 
 mice with Tregs decreased lesion size and lesion macrophage 

content while increasing lesion collagen content88.

+ + +

reduced lesion size, lowered serum cholesterol levels, and stabilized lesions in a murine 

autoimmune diseases.
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3500-3513
1942-1952
1945-1952
1943-1957
1942-1958
1943-1956

in silico

0.23
0.24
0.26
0.62
0.64

ave
a b

166.8 ± 0.5 0.07 ± 0.05 -55.9 ± 4.0 10.6 ± 3.9
165.0 ± 4.1 0.06 ± 0.04 -51.4 ± 2.3 15.2 ± 5.0

a

b

Z a

168.9 ± 2.1 0.04 ± 0.03 -55.9 ± 2.0 14.3 ± 4.2
164.5 ± 10.3 0.08 ± 0.02 -45.7 ± 5.9 -

a

b
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3500-3513
ApoB1003500-3513

+

+ - +

+ + + 

+ - 
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 To obtain a protein corona, 
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 in vitro 

 in vitro 
+ + + 

and TIM4
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+ +

+ + T cells in the aortas of mice. 

test.

                              

+ hi monocytes in the blood of 

tests.
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+ + T cells in the 
+ + T cells in the aortas of mice. Graphs show mean ± 



119

4



120




