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Cell cytotoxicity, immunostimulatory and antitumor effects of lipid
content of liposomal delivery platforms in cancer immunotherapies.
A comprehensive in-vivo and in-vitro study
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2.2. Liposome preparation

The nomenclature and lipid compositions of the liposomes used in
the study are given in Table 1. The liposomes were prepared via thin
film hydration and extrusion method (Nikpoor et al., 2015). Briefly,
appropriate amounts of phospholipids were added to a round-bottomed
F1: DOTAP, DOPE, Cholesterol 44,4 flask, pneviousl)'r prepared as chloroform stock so'lution and the. solvent
F2 : DMPC, DMPG, Cholesterol, DOPE 15,23, 5 was rt?moved with a rotary evapom'tor anc! one-night freeze drying. 'I:he

resulting film was hydrated and mixed with phosphate-buffered saline
F3: DSPC, DSPG, Cholesterol, DOPE 15,29, 5 : :
F4:2 HSPC. mPEG2000-DSPE. Cholesterol 13. 1. 10 (PBS, 300 mM, pH: 7.4) at 60 °C for 30 min under argon atmosphere
3 ) sigin followed by one-night incubation at 4 °C. The resulting multi-lamellar
liposomes were then passed through respective 400, 200 and 100 nm
pore size polycarbonate membranes. Finally, liposomes were sterilized
for further experiments using 0.45 pm sterile syringe filters.

Formulations

Formulations Molar ratio

S

| DOTAP (1,2-dioleoyl-3-trimethylammonium propane), DOPE
- (1,2-dioleoyl-sn-glycero-3-phosphoethanolamine), Chol (cholesterol): molar ratio 4/4/4

2 DMPC (1,2-dimyristoylsn- glycero-3-phosphocholine), DMPG
- (1,2-Dimyristoyl-sn-glycero-3-phosphorylglycerol), Chol, DOPE: molar ratio 15/2/3/5

R) DSPC (1,2-distearoyl-sn-glycero-3-phosphocholine), DSPG
- (1,2-distearoyl-sn-glycero-3-(phospho-rac-(L-glycerol)) (sodium salt)), Chol, DOPE: molar ratio

15/2/3/5

HSPC (hydrogenated soya phosphatidylcholine), mPEG2000-DSPE

(distearylphosphatidylethanolamine), Chol: molar ratio 13/1/10
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Fig. 1. The apoptotic effects of liposomal formulations on BALB/c splenocytes during 24-h culture with liposomes was studied using Annexin V and Propidium iodide
(PI). To this aim, the splenocytes were extracted from BALB/c mice spleens and were cultured. The splenocytes were treated for 24 h with liposomes. Then, 10° cells/
100 pl with 5 pl Annexin V-FITC incubated for 35min at 37 °C. The PI dye was then added to the samples five minutes before running; apoptosis was evaluated usinga
BD FACSCalibur flow cytometry. A: The Live cells were gated through FSC-H and SSC-H parameters. B: The frequencies of live cells (lower left side of quadrant), early
apoptotic cells (lower right side of quadrant), middle apoptotic cells (upper right side of quadrant) and fully apoptotic cells (upper left side of quadrant) of stained

cells were calculated using FL-1 H and FL-2 H channels in a logarithmic mode.
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Fig. 3. In-vitro secretion assay of IFN-y (A) and IL-4 (B) from mice splenocytes following immunization with liposomal formulations using ELISpot
Phytohaemagglutinin (PHA) with the concentration of 10 pg/mL was also used as a polyclonal activator of splenocytes and as a positive control. The number of spots
per well, denoting cytokine-secreting colony-forming units (CFU)/10° splenocytes, were increased significantly in F1-L-treated mice. At the bottom of the figures, as
an example of the ELISpot assay wells are shown. 3 x 10° splenocytes was stimulated by PHA as Positive control, liposomal formulation as sample and culture media
as negative control. The number of spots were then count after staining. Data are presented as mean * SD (n = 5). The spots statistically significant differences are
shown as follows: *p < 0.05, ***p < 0.001, ****p < 0.0001.
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e F1 (DOTAP u DOPE)-nmunocomsl Hanoosee 3PpHEKTUBHO HHAYIIUPYIOT UMMYHHYO
CUCTEMY
e DOTAP u DOPE nogsblarot 3¢pPeKTUBHOCTh TpaHCGHEKIUHU JIJISI UIMMYHHBIX KJIETOK
e Bce npenaparel umenu pasMep B auarnazone 120-135HM, 4TO yka3pIBa€T HA TOMOT€HHYIO
TOMYJISIITAIO JTUTIOCOM, CIIOCOOHYIO0 HHIYIIMPOBAaTh UMMYHOT€HHBIEC OTBETHI, CBSI3aHHbIE ¢ Th2
+F 1 — unoyyupyem omeemuor Thl
e Il nposiBisieT BLICOKYIO IIMTOTOKCUYHOCTD B OTHOIIIEHHWH CIJICHOITUTOB

Camoe BakHoOe: npenaparsl, cogepxanie DOTAP DOPE (F1) ciocoGHbI
CHUMYTUPOBAb K/IEMOYHBLU UMMYHUMEN U AKMUBUPOBAMb UMMYHHbLE OMEEHIbl

DochoTUMUIHBIA COCTAB JIMIIOCOM 3aCAYKHMBAST PACCMOTPEHHUS IPH Pa3PaA00TKE JIMIIOCOM
UL IMMYHOTEPAIuy paKa
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