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th century have resulted in 
1,2

Despite their enormous success, some problems arise when using these types of 

3

4-6. To circumvent these issues, 

must be targeted, have become more commonly used. These types of vaccines lead to 

7

8

9

10. 

reviewed in great detail11

vesicles12 13,14

15 16 
17

retain its shape under mechanical stress can be manipulated for instance by varying the 

liposomes or by increasing shell layer thickness in capsules18-20.

21-30

physicochemical parameters31. 
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2

memory for possible future encounters. For a vaccine to elicit an immune response, 

interact with T and B cells that reside in the LNs32,33. 

34-36

37. 

38

39. Small liposomes are possibly less 

the skewing of the immune response, but this is outside the scope of this review40. A 

41

42,43
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14. Thus, it appears that for 

the nanometre range. 

44

as shown in rats and mice13,45,46.  

design as well.

 An important step towards inducing a potent immune response is the uptake 

for the presence of pathogens or danger-related signals, which enables them to 

where their content is processed47,48. 

nm49-51

52

53. 

54
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2

process are able to induce immunity. 

55,56. 

57

described ‘phagosome to cytosol pathway’ and via the ‘vacuolar pathway’ in which 

58-60. 

61. 

12

capacity62. 

60. Together, these studies provide 
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63,64

65. 

nm range, which induced stronger IL-4 responses. It has been suggested that smaller 

such as clathrin-coated pit-mediated uptake, which may induce a stronger Th1 immune 
response66,67

Th1 responses. 

49,55,68[49]. There appears to be 

56. 
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Th2 mediated immunity, whereas larger liposomes skew towards Th1 responses12,69,70. 

71

72. Both short-rod-shaped 

72

73. Short tubular micelles 
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73

74

mainly deposited in the liver, lungs and kidneys. These results suggest that upon oral 

75

76

77

78

towards the phagocyte was of great importance in Fc receptor-mediated phagocytosis 
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2

process. If the contact angle is too large, the cell will spread across the surface of the 

79

80
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76. 

50. As these molecules 

76. 

16. They found that the 190 nm 

consistently produced in all groups. From this, it can be concluded that the smaller sized 

81

82
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2

81. 

This was combined with a decreased uptake in the liver and spleen83,84. Similar results 

85. 

cholesterol-containing liposomes, which results in faster clearance86

corresponded with higher amounts of non-rigid liposomes found in the draining LNs87. 

88

89. They theorised that the degree of wrapping was dependent on adhesion 
energy between the vesicle and the cell surface, vesicle size, the surface tension 

90

macrophages91

81

82. As previously stated, phagocytosis by macrophages is important 

39

88 and gel-state liposomes 

87. Generally, it 
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varying shell thickness that altered their rigidity92

of the microcapsules in HeLa cells, they found that more rigid capsules had longer 

93. They altered rigidity by increasing the 

87.

epitopes are derived from the cytosol. 

the immune response. In two studies by the same group, the immune response was 

94,95

96,97 and T-cell responses98,99 has been found by other groups. There is some 

87,88. 
 Arnal and colleagues reported that the presence of virulence factors in 

100. The authors postulate that FHA increases 
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2

101. The authors hypothesise that 
strains with more rigid cell walls remain viable within macrophages longer, prolonging 

102,103. It can 

role of this parameter in vaccine design.

immune cells are targeted and what type of immune response is preferred. Importantly, 

may not be ideal for inducing the desired skewing of the immune response. Therefore, 



30

due to the small size. As rigid bacterial strains and liposomes are known to skew the 

internalised. This also results in skewing towards a Th2-mediated immunity. 

and rigidity, more studies will inevitably contribute to a more thorough understanding 
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2

The height of the red line 



32

induced interleukin-1beta in a new murine model for analysis of neuronal side 
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2

method for measuring rigidity of submicron-size liposomes with atomic force 



34

according to their size. 



35

2

54 le Guével, X. et al. 
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liposomal adjuvants plays a role in the cell-mediated immune response but has 



37

2



38

Immunogenicity of liposomes and iscoms containing the major outer membrane 

virulent Bordetella pertussis envelope. 
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patches in mice. 
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liposomal adjuvants plays a role in the cell-mediated immune response but has 
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