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of carbon chains of the phospholipids in the bilayer, and in part by the presence of 

323

± 

in vitro.

in vitro in vivo in 

importance of this parameter when designing liposomes as a vaccine delivery system. 
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1. They do so by producing 
2

3

of Tregs has been implicated in many diseases, including type 1 diabetes, rheumatoid 
4.  Due to their immunosuppressive capacity, inducing 

5

Maldonado6

7 or rapamycin8,9, 

10

11, whereas we and other groups have shown that anionic 
12,13. 

14. Finally, the rigidity of 
15,16, 

however, to our knowledge, it is unknown whether Treg responses are similarly 

17, 
in vivo18. Furthermore, 

19. Finally, 
increasing liposomal rigidity has been shown to result in increased humoral and cellular 
immune responses20-22.

m m, phospholipid bilayers 

23

24 are commonly used to determine the average Tm of liposomal bilayers. However, 

clear Tm25

imaging and rigidity measurement of individual liposomes, whether or not they contain 
26
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in vitro and in vivo.
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323

2+- and Mg2+

323

®
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323

5

described previously27

323

the Tm 323 from the liposomes, 

323 323 323-

 by laser Doppler 

28

7 and 109

323, the 
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previously29

30. 

2O2 2SO4
silicon surface. The plates were then washed with water and dried for 30 minutes in a 

31, 
and plates used had RMS values between 0.6 and 3 nm, which was deemed to have 

32.

® 

12 13

remove free liposomes.
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baseline. Imaging of the liposomes was performed with a z-length 200 nm and a set 

33

35

center of the liposomes.

2
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323

323 323

2

In vitro

plate, and pulsed for 4 hours with liposomes or controls in cIMDM. Spleens from OT-

NH4 3, 0.1 mM Na2
+ + T cell 

+

provided with food and water ad libitum. All animal work was performed in compliance 

of Leiden University.

+ + T cells splenocytes isolated 
from a female OT-II transgenic mouse via the tail vein. On day 1, mice were immunized 

323
via

323
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323 

e.g. 
e.g.

323

SD
a at room 

temperature
166.1 ± 8.5 0.09 ± 

0.05
-48.0 ± 6.0 16.0 ± 8.5 Lo

177.3 ± 6.6 0.08 ± 
0.03

-46.4 ± 9.5 15.8 ± 5.5 Lo

173.5 ± 10.6 0.08 ± 
0.04

-46.2 ± 11.7 24.7 ± 10.2 Lo

168.1 ± 17.0 0.10 ± 
0.05

-45.8 ± 4.9 13.9 ± 3.9 Lo

158.7 ± 14.7 0.12 ± 
0.03

-43.4 ± 5.1 24.8 ± 12.8 Lo

138.4 ± 13.2 0.10 ± 
0.03

-39.7 ± 5.7 11.4 ± 6.2 Gel

140.1 ± 4.9 0.13 ± 
0.03

-44.9 ± 5.9 24.6 ± 12.9 Ld

a
323
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a high-Tm phospholipid with a lower-Tm
all phospholipids by a lower-Tm

m

Finally, we found that the Tm
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in vitro

323
 

323

323

F in vitro 323-

analyzed via
323-containing 

323 323 was encapsulated in liposomes and incubated 

323 323 control. Graphs show mean 
323 determined by one-
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+

323-containing liposomes, the 

+ + +
323. 

323. Furthermore, we 

323-loaded liposomes in vitro
+ T cells 

+ + + T cells. 
+ + + +

323 323

323
+ + +

323 control. The dashed line 
323

323

in vivo
in 

vivo
in vivo

+ T cells than 
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+ - +
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323 323-
323

+ + T cells 

323
+ + T cell 

+ + + +

323

+ + + +
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10,13. 

overlooked15

25, Fourier-transform infrared 
36, and Laurdan anisotropy37. Furthermore, compounds encapsulated 

38,39 and FTIR measurements40

41,42 are indirect 

liposomal rigidity.

composed of low-Tm
Tm
high-Tm

2 groups. As the acyl chains become 

increased43

also in line with results from Takechi-Haraya et al
44.

e.g. 

thereby the rigidity of the liposomes23

liposomes in the presence of a small amount of lower-Tm e.g.

e.g. m values and the 
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rigid than larger liposomes45

of smaller liposomes46

47. Due to technical 

48

 to allow an in vitro and in vivo assessment 
primarily based on liposome rigidity. 

49

50

 -49.7 
the range of rigidities of the liposomes is relatively small. This is especially true for the 

state. However, even such small differences in rigidity could be measured using our AFM 

due to a lack of precision of the AFM measurements, as repeated measurements of the 

323

323

51. It is known that phospholipid 

in vivo compared to 
18. 
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macrophages52

cells53

rigidity and membrane permeability, as measured by calcein leakage37. So, it may be that 

323

323

Treg responses they elicited in vitro and in vivo
19, and enhanced 

humoral and cellular responses54,55

in 
vitro and in vivo
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 Tm of phospholipids.

Neutral
1,2-distearoyl-sn-glycero-3-phospho-
choline

55 56

1,2-dipalmitoyl-sn-glycero-3-phospho-
choline

41 57

1,2-dioleoyl-sn-glycero-3-phosphocho-
line

-17 58

Anionic
1,2-distearoyl-sn-glycero-3-phospho- 55 57

1,2-dipalmitoyl-sn-glycero-3-phos- 41 57

1,2-dioleoyl-sn -18 59

measured

n
3611 ± 1271 450
1498 ± 531 281
1208 ± 538 243
1195 ± 348 170
825 ± 307 31
911 ± 447 63
494 ± 365 149
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ns
****

ns
ns
*

****
***

ns
ns
ns

****
**
**

****
****

ns
****
****
****
****
****

m
size, liposome 323 m
and Tm
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in vitro 323-
 and 

being analyzed via

 to 37
comparisons test.

323 liposomes measured twice. Measurement 1 and 2 indicate 

Measurement 1  Measurement 2
1660.80 1651.40
1345.50 1643.60
2009.60 2393.20
1345.80 1731.60
957.60 1277.50
677.60 1229.10
857.90 784.50
1595.50 1394.40
636.00 792.30
1246.50 743.00
1842.50 1687.30
720.10 1128.00
1234.90 1886.80
1595.10 1229.20
1131.30 1038.60
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1508.20 1324.50
1055.20 1406.50
1187.50 974.30
2258.40 1343.30
1226.00 1642.40
734.10 930.90
901.70 988.20
1385.20 1247.10
2038.90 1876.20
1854.40 1506.90
2111.80 2249.80
2949.30 2779.90
749.10 798.40
1253.40 1300.80
772.30 638.50
1607.90 2085.40
1626.90 1608.20
1604.00 1537.50
683.80 775.90
2214.00 2287.70
1562.20 1703.10
2994.10 3184.40
1706.60 1603.80
Average
1443.20 1484.32
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323-containing 
+ + T cells.  Graphs show mean ± SD, n 

323 liposomes. 
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