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Abstract

Objectives Cationic liposomes of dimethyldioctadecylammonitmmomide (DDA)
combined with trehalose 6,6-dibehenate (TDB) elsitong cell mediated and
antibody immune responses; DDA facilitates antigelsorption and presentation,
whilst TDB potentiates the immune response. Tahrrinvestigate the role of DDA,
DDA was replaced with the neutral lipid of distedren-glycero-3-phosphocholine
(DSPC) over a series of concentrations and thestersg investigated as adjuvants

for the delivery of AQ85B—ESAT-6-Rv2660c, a mulligé tuberculosis vaccine.

Methods Liposomal were prepared at a 5:1 DDA-TDB weighitorand DDA content
incrementally replaced with DSPC. The physicochamicharacteristics were
assessed (vesicle size, zeta potential and antagehing) and the ability of these

systems to act as adjuvants was considered.

Key findings As DDA was replaced with DSPC within the liposorfmimulation, the
cationic nature of the vesicles decreases as deesrastatically binding of the
anionic H56 antigen; however, only when DDA was pteted replaced with DSPC
did vesicle size increase significantly. Thl typell-mediated immune responses
reduced. This reduction in responses was attribicdetle replacement of DDA with

DSPC rather than the reduction in DDA dose conagéintr within the formulation.

Conclusion These results suggest Thl responses can be ¢edtinf tailoring the

DDA/DSPC ratio within the liposomal adjuvant system
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Introduction

The development of novel vaccines against pathodjgastuberculosis and HIV,
where a strong CMI response is required, has basmpéred by the lack of suitable
adjuvants. Producing an adjuvant capable of aligitstrong Thl type responses
remains a key challenge. However in recent yeasgarch has resulted in a number
of potential lead candidates, including liposomsteyms. Liposomes as adjuvants
have been investigated in a range preclinical nsodeld have been shown to
effectively deliver associated vaccine antigen tigen presenting cells (APCs),
providing antigen specific immunity [1]. Previousudies suggest that cationic
liposomes are more locally reactive than neutyabdomes, causing deposition of
antigen and infiltration of monocytes to the sitengection [2], whilst also producing
high local levels of pro-inflammatory cytokines [3]he choice of the cationic lipid
also plays an important role, influencing the immstimulatory capacity of the
system. Indeed liposomal adjuvants based on thetheyn amphiphile
dimethyldioctadecylammonium bromide (DDA), have me#ound to generate
stronger Thl responses compared to other catigsiemss, characterised by their
levels of interferony (IFN-y) production [4]. Furthermore, the combination dD/®
with the synthetic analogue to mycobacterial cactdr, trehalose dibehenate (TDB),
can enhance Thl responses [5]. The incorporatiaineofTDB glycolipids has been
shown to stabilise DDA vesicles and enhance the &gjponse of DDA whilst at the
same time inducing high levels of antigen spedcifitbodies [6]. The TDB glycolipid
has been shown to activate macrophages and deradils (DCs) through the FgR
Syk-Card9 pathway, stimulating an innate immuneivatbn program which
mediates protective Thl and Th17 type responsesI§ cationic charge of DDA-
TDB results in higher antigen retention and an aokd infiltration of monocytes at
the site of injection compared to neutrally chargednterparts [8] and whilst the
surface charge is recognised as a crucial factwingdr cellular immunity [8], its

adjuvant effect appears to be less influencedpgmsbbmal size [9].

Although DDA-TDB is a well characterised vaccine lidgry system, key
characteristics that dictate the adjuvant propemiethe liposomes are still not fully
understood. To further develop this, in this stuzhtjonic DDA content was gradually
replaced with an alternative non-cationic lipide tieutral lipid distearoyl-sn-glycero-
3-phosphocholine (DSPC), in order to further coesitie role of DDA within DDA-
TDB in modulating Thl response profiles. DSPC wals&ed to replace DDA due to

Page 3 of 19



82
83
84
85
86
87
88

89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

the similarity in alkyl chain lengths and phasensiion temperature to that of DDA,
factors shown to impact on liposome stability ivovi[10]. Therefore a range of
formulations where DSPC systematically replaced Dithin the liposomal system

were investigated in combination with the suburtviaccine candidate, H56 [11].

Materials and Methods

Materials

Dimethyldioctadecylammonium (DDA), trehalose 6,6ehenate (TDB) and 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC) weuechased from Avanti Polar
Lipids (Alabaster, Alabama, USA). The purity of #le compounds used was > 99%,
determined by HPLC. The fusion protein Ag85B-ESAR®2660c (H56 antigen)
obtained from the Statens Serum Institut (SSI, @bpgen, Denmark). Tris (Ultra
Pure) was purchased from ICN Biomedicals (Aurord).dPhosphate buffered saline
(PBS) tablets were purchased from Sigma-Aldrich Gd. (Dorset, UK). Methanol
and chloroform (extra pure) were purchased fromhdtis(UK). Ultima Gold
scintillation fluid and {H] thymidine were obtained from Perkin Elmer (Waith,
MA). Double distilled water was used in preparatodrall solutions.

Liposome preparation: lipid hydration

Liposome formulations were prepared by the prewoastablished method of lipid
hydration [12]. Briefly, lipids were dissolved inchloroform:methanol mixture (9:1
v/v), with DDA and TDB set to concentrations of 3.&g and 0.25 mg TDB per mL
respectively, representing a 5:1 DDA-TDB weightaal he level of DDA within the

formulation was incrementally replaced with inciegslevels of DSPC, with levels
of TDB remaining fixed. Lipid mixtures were addem @ round bottomed flask and
upon solvent extraction via rotary evaporation awd flushing, a dry film was

produced. The lipid film was hydrated in Tris-buffd0 mM, pH 7.4) for 20 min at
10 °C above the main gel-to-liquid phase transiwdrDDA at ~47 °C [7, 13] or

DSPC at ~55 °C [14] to completely hydrate the fdnd form liposomes.

Characterisation of liposomes for particle size and zeta potential
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The intensity mean diameter of all liposome forrtiolss were measured using a
Malvern Zetasizer Nano-ZS (Malvern Instruments, ¥gqr UK) via dynamic light

scattering. The measurement of vesicle size toakepht 25 °C in Tris buffer (1/10
dilution; 1 mM, pH 7.4). The indirect measuremeftiposome surface charge was
determined by assessing the zeta potential, ueegame Malvern Zetasizer Nano-
ZS instrument, in Tris buffer (1/300 dilution; 1 midgH 7.4). All characterisation was

undertaken in triplicate.

Radiolabelling of H56 antigen

The protein antigen, H56 was radiolabelled with using IODOGENR pre-coated

iodination tubes (Pierce Biotechnology, Rockfold), ISeparation of labelled protein
from free 129 was carried out using a Sephadex G-75 gel colymnessoaked in

ddH0 and equilibrated with Tris buffer (10 mM; pH 7.4)his method was then

carried out as described previously [2].

Quantification of H56 antigen adsor ption

Radiolabelled ) H56 antigen was added to each liposome fornuriadit arin vivo
concentration of ;g per dose (0.1 mg/ml), and left to surface adsoithe liposome
for 45 minutes with intermittent swirling. Surfaedsorbed and non-adsorbed protein
antigen within the liposomal suspensions were stdrby diluting the suspension to
1 ml using Tris buffer (10 mM; pH 7.4), followed lzgntrifugation using an Optima
Max-XP Ultracentrifuge (Beckman-Coulter Inc., Fulten, CA). The quantity of
radiolabelled antigen *1-H56) prior to centrifugation and within subseqtien

fractions (pellet and supernatant) was measuredgusi Cobra™ CPM Auto-
Gamm#& counter (Packard Instruments Company Inc., Dowi@nsve, IL). The

total recovery of protein antigen was then deteeirby calculating the %

radioactivity in the liposome pellet fraction.

Vaccine study: Immunisation of mice

All experiments were undertaken in accordance with1986 Scientific Procedures
Act (UK). Female C57BL/6 mice, 6-8 weeks old (CkarRiver, UK) were split into

11 groups of 5. Vaccine preparations were made thighliposomes adsorbing H56)
antigen to a final concentration of 0.1 mg/mL (5yagcine dose). All mice, with the

exception of the naive group, were immunised intrecalarly with the proposed
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vaccine (0.05 mL/dose) three times, with two weelkenvals between each
immunisation. At scheduled time points, blood saaplere taken and stored at -20
°C for future analysis.

Upon experiment termination, mice were culled ahd spleens were collected.
Spleen cell suspensions were produced upon lighdigg through a fine wire mesh
into 10 ml RPMI 1640 cell culture medium (W/O Glutime) supplemented with 10%
(v/v) FBS and 1% (v/v) PSG (BioSera, East SussédX). (Cell suspensions were
centrifuged at 1000 RPM for 10 min at 15 °C andrugapernatant removal, the
pellet was resuspended in 10 mL RPMI, before regkaéntrifugation prior to pellet
resuspension in 5 mL RPMI. Single cell suspenswae used to evaluate splenocyte
proliferation and antigen specific cytokine respamsFor assessment of splenocyte
proliferation, H56 was added to sterile 96 welll @ellture plates (Greiner Bio-One
Ltd, Gloucestershire, UK) with a positive contrdlamncanavalin A (21g/mL). 100
uL of spleen cell suspensions were added and inedlat37 °C, 5% C£and upon
72 hours incubation, 4@L of [*H] thymidine at 0.5(Ci) in supplemented RPMI was
added per well and incubated for 24 hours. Welkteois were harvested onto quartz
filter mats (Skatron/Molecular Devices, BerkshigK) using a cell harvester
(Titertek Instruments, Alabama, USA) and transiérte 20 mL scintillation vials
(Sarstedt, Leciester, UK) containing 5 mL scintida cocktail (Ultima Gold,
PerkinElmer, Cambridgeshire, UK). Incorporation[#4] thymidine in cultured cells

was measured with a scintillation counter accordingtandard operating procedures.

Evaluation of H56 specific antibody isotypes

Serum samples were assessed for levels of IgGlg&#th antibodies by the enzyme-
linked immunosorbent assay (ELISA). The ELISA pdaf@6 well, flat bottomed, high
binding, Greiner Bio-One Ltd, Gloucestershire, Ut@re firstly coated with 3 pg/mL
H56 antigen prior to overnight incubation at 4 Xll.plates were washed three times
with PBST wash buffer (40 g NaCl, 1 g KCI, 1 g 80y, 7.2 g NaHPQy, (2H:0) per

5 litres of ddHO, incorporating ~0.4 mL of Tween 20) using a usanglate washer
(Microplate washer, MTX Lab Systems, INC., VirginitlSA) with subsequent
blotting to remove unbound antigen. Plates werekad by coating each well with
100 pL of Marvel in PBS (dried skimmed milk powdéfo W/V, Premier Foods,
Hertfordshire, UK) and incubated for one hour at°87before washing three times
with PBST buffer. 140 pL of serum sample was shridiluted in PBS (70 pL

Page 6 of 19



184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

sequentially), added to the washed ELISA platesiaoabated for one hour at 37 °C.
Known positive serum and pooled naive mice ser@weed as positive and negative
controls respectively. Plates were washed five simi&h PBST buffer before the
addition of 60 pL/well of horseradish peroxidiseRIP) conjugated anti-mouse
isotype specific immunoglobulins of IgG1l and IgG@&bD serotec, Oxfordshire,
UK), to identify anti-H56 antibodies. Plates werashed a further five times with
PBST buffer before adding 60 pL/well substrate soitu(colouring agent: 6x 10 mg
tablets of 2,2-azino-bis (3-ethylbenzthiazolines@fonic acid) (ABTS; Sigma,
Dorset, UK) in citrate buffer (0.92g Citric Acid ¥.956g NA HPO: per 100 ml)
incorporating 10 pL of hydrogen peroxide (30%40A100 ml) and incubation for 30
min at 37 °C. Absorbance was read at 405 nm usingceoplate reader (Bio-Rad
Laboratories, model 680, Hertfordshire, UK).

Quantification of cytokines via the sandwich ELISA

Isolation of splenocyte cell suspensions and gatinto 96 well cell culture plates
was conducted as summarised in section 2.6.1. @llewere subsequently incubated
for 48 hours at 37 °C, prior to supernatant rem@aral storage at -70 °C for future
analysis. Quantification of the cytokines, IL-2,-3. IL-10 and IFNy within cell
culture supernatants took place using each spdbiieSet ELISA development kit
(R&D Systems, Oxfordshire, UK). The plates werstfir coated with 10Q.L capture
antibody per well and incubated at room temperabwexnight. The plates were then
washed three times with PBST buffer before blockargd incubation at room
temperature for one hour before washing a furtimeeet times. 10QuL/well of
samples/standards was then added to each wellhantated for two hours at room
temperature. The plates were washed three timesebaflding 10QuL of cytokine
specific detection antibody per well and incubatify two hours at room
temperature, prior to washing three times and a&ddifO uL of streptavidin-
horseradish peroxidise (HRP) per well (diluted D)20rhe plates were then covered
to avoid exposure to direct light and incubatedoatm temperature for 20 min. After
three washes, 100 of substrate solution was added per well (1:1tarex of colour
reagent A and B: stabilised hydrogen peroxide aabilssed tetramethylbenzidine
(TMB) respectively) and the plates were covered iagdbated at room temperature
for 20 min. The experimental reaction was stoppedduding 5QuL stop solution (2N
H.SQu) per well and the optical density was then deteediusing a microplate
reader at 450 nm (Bio-Rad Laboratories, model 6&0tfordshire, UK).
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Satistical analysis
Data was tested by one-way analysis of varianceQ¥N) followed by the Tukey
test in order to compare the mean values of difteigroups. Differences were

considered to be statistically significanfpat 0.05.

Results

DDA presence within the liposomal system provides a cationic zeta potential for
adsorption of H56 antigen

In order to investigate the role of the cationic ABomponent in the DDA:TDB
liposomal adjuvant system previously shown to beeé#fective adjuvant [e.g. 2,
15,16], DDA was gradually replaced with DSPC (giseviously been used in a range
of vaccine formulations [e.g. 17, 18]) whilst then@unt of TDB remained fixed
within the formulation. These vesicles were theradiwith H56 antigen (0.1 mg/ml)
and their size, zeta potential and antigen loadingasured (Figure 1). The
DDA/TDB vesicles were 650 — 750 nm in size, withighly cationic zeta potential
(~70 mV) which promoted strong antigen loading adincy (~85 %, 0.1 mg/ml;
Figure 1). As DDA was replaced with DSPC within tmemulation, the cationic
nature of the vesicles decreases which subsequertyces their ability to
electrostatically bind the anionic H56 antigen iffr84% down to 15% when DDA is
replaced with DSPC; Figure 1). However, in termye@dicle size, it was only when
DDA was completed replaced with DSPC that vesice significantly (p < 0.001)
increased (~ 1.4 um; Figure 1).

An increased cationic DDA content generates a Thl-skewed antibody profile

Given the differences in the formulations showrfigure 1, we further investigated
the impact of DDA concentration on the ability bese systems to act as adjuvants.
Female C57BL/6 mice in groups of 5 were immuniseihwthe various
liposome/antigen formulations (outlined in Figudeahd mice received a 5 g antigen
dose intramuscularly three times, with two weekelwhls between each
immunisation. Figure 2 shows IgG1l and IgG2b respsr(&s reciprocal end point
serum dilution) over the period of the study. By &, all formulations produced
significantly (p<0.05) higher IgG1 antibody respessompared to responses in mice

immunised with free antigen (Figure 2); howevegréhwas no significant difference
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between the IgG1l responses stimulated by the \ariposome formulations. In
contrast, for IgG2b responses, only mice immunisiéd the formulations containing
250 or 150 pg DDA/dose gave significantly highemiome responses that those mice
immunised with free antigen (Figure 2). This woslidygest the higher level of DDA

within the formulation potentiates a stronger Tiiftet antibody profile.

Sleen cell proliferation levelsincreased with increased DDA concentration

To further consider the impact of DDA/DSPC conteriposomal adjuvants,

antigen specific spleen cell proliferation uporsterulation with H56 antigen at the
concentrations of 0, 0.05, 0.5, 5 and ®¥mL. From the formulations tested there
was a general DDA dose dependent trend, with DDA TE60/50 pg/dose) inducing
the peak of proliferation, indicated by elevatedels of PH]Thymidine (Figure 3)
with significantly (p < 0.05) higher splenocyte |ifi@ration, upon re-stimulation with
H56 antigen at 0.05-2pg/ml, compared to the other formulations with lovizibA
contents (Figure 3).

Cell mediated immune responses correlate DDA concentration with Thl responses
T-cells harvested upon vaccination were testedheir ability to generate a range of
cytokines after restimulation with H56. It is unsl@od that cellular immunity and
especially a Thl response is vital to mediate ptmie against intracellular pathogens
such as MTB. IFN¢ is the prime indicator of a Thl type effector maspe [19]
whereas IL-2 is generated by Thl central memoryscahd essential to T-cell
proliferation [20]. Interleukins 5 and 10 are asated with Th2 type responses with
IL-5 stimulating growth and differentiation of Bliseand enhancing immunoglobulin

secretion, whilst IL-10 down-regulates the expmssif Th1l cytokines.

In terms of IFNy production, again there is a trend of increasifly-} production

with increasing DDA (and reducing DSPC) contenthwitthe liposome formulation
with DDA-TDB (250/50 ug) stimulated the highestdés/ (Fig. 4A). Indeed complete
replacement of DDA with DSPC resulted in IgNevels in line with the naive and
non-adjuvanted H56 vaccine groups (data not shotvs)milar DDA dose dependent
effect was observed for the quantified levels of2Il(Fig. 4B), suggesting that
increasing levels of DDA promotes a stronger Thdsbiesponse. For IL-5 and IL-10

production (Fig 4C and 4D respectively), a reverdahis trend is seen with higher
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levels of DSPC (and reducing levels of DDA) promgtihigher IL-5 and IL-10
production suggesting the Th2 bias responses iser@athe Thl responses decrease.

These outcomes correlate with the antibody isotyre®ls of reducing DDA content
within the liposomal formulations reducing the ThjG2b responses (Figure 2).
Indeed, the well-defined Thl-skewed antibody peofdbserved for DDA-TDB,
previously shown to be most effective in a 5:1 Wweigatio [6], has been associated
with a strong Thlresponse [15]. More specificalBDA is believed to promote
accelerated antigen uptake by antigen presentifgy[2&], whilst TDB enables a pro-

inflammatory response to obtain a Th1 cytokine imd.5].

Addition of DSPC to cationic liposomes reduces Thl responses

To consider if these changes in adjuvant performavere a result of the replacement
of DDA with DSPC, or a result of reducing DDA cont&tion within the
formulation alone, an additional vaccine formulatiwas considered where the DDA
content was reduced to 1Q@/dose but no DSPC was added to the formulation
(therefore DDA:DSPC:TDB 100/150/54y vs. 100/0/5Qug /dose; Table 1). In terms
of physico-chemical attributes, the vesicles wem@garable in size and zeta potential
(Table 1). Similarly in terms of immune responsefites, IgG1 and IgG2b responses
were not significantly different over the period tie study yet spleen cell
proliferation levels were significantly higher (apgimately 2 fold higher) for the
formulation without the addition of DSPC (Table k).terms of the cytokine profile
promoted by the liposomal adjuvants, the additidnD&PC to the DDA:TDB
formulation make no significant different to IL-midh IL-10 responses; however, the
addition of DSPC within the formulation significan{p<0.05) reduced IFN-and IL-

2 responses (Table 1). This would suggest thafjatalent DDA concentrations, the
inclusion of DSPC within the liposomal adjuvantrfaration reduces the Thl types

responses.

Discussion

The mechanism of DDA:TDB has been investigated tAnough a range of studies;
the key attributes of the system has been idedtd®the combination of the ability
to co-deliver antigen and immunomodulators to amigresenting cells (which may
result from these systems forming a depot at tjetion site), and the ability for the
system to stimulate these antigen presenting {2 Physicochemical factors that
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control and promote these attributes include thiemia nature of the vesicles and the
rigidity of the liposomal bilayer with vesicle sizgaying a less important role [23].
Indeed recent studies suggest that these physicocélecharacteristics are key in
controlling the ability of the liposomes to promotidhe formation of an
adjuvant/antigen depot at the injection site, drat Thl responses may be supported
by depot formation whilst Th2 responses are naamelon a vaccine depot, as is the
case with Alum [25-26]. Indeed recent studies bynith et al. [22] have shown that
synchronisation of dendritic cell activation andigen exposure is required for the
induction of Thl/ Th1l7 responses. By comparing eesps from mice immunised
with antigen adsorbed to DDA/TDB with mice immurdsevith antigen and
DDA/TDB separately (but at the same site), the ansthvere able to show that both
immunisation strategies produced the same weakimindine responses. However,
injection of vaccine and antigen separately, buh&same site, produced weaker Thl
responses than immunisation with DDA/TDB with adear antigen [25]; by injecting
of antigen and adjuvant separately, early prodoctd an Antigen+/Adjuvant-
dendritic cell (DC) population with a non-activatptienotype was promoted [22].
Furthermore the authors were able to demonstraae shch DCs could recruit
Antigen-specific T cells and trigger their initipfoliferation, but this interfered with
Th1 induction in a dose dependent manner [27].

To consider the controlling role of charge in theowe attributes of DDA:TDB,
previous studies [8] have considered the impactavhplete replacement of DDA
with DSPC and demonstrated that cationic naturthefliposomes, induced by the
DDA content, promotes prolonged antigen presemtatod inducing Thl type
responses, and replacing DDA with DSPC removedddmot-forming action of the
vesicles and reduced Th1l responses. To this erlinwhis study we have explored
the impact of varying the ratio of cationic DDA tbhe ‘neutral’ DSPC lipid in
liposomal adjuvant formulations on Thl control. kit this study we show a
concentration DDA/DSPC dependent Thl immune respgmefile. Furthermore it
was shown that replacement of DDA with DSPC, ratiha@n a reduction in DDA
content alone, was the controlling factor. This nay due to the DDA/DSPC
formulations offering reduced loading/retentiontbé antigen after administration,
resulting in loss of antigen and therefore lossamtigen/adjuvant synchronisation of

DC targeting, shown as a critical factor in deterimg Th1 responses [27].
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Conclusion

This present study demonstrates the that Thl reggogenerated from a liposomal
DDA adjuvant system are dose controlled with theraf the cationic lipid DDA, to
the ‘neutral’ DSPC lipid impacting on the Thl respes. With the exception of full
DDA replacement with DSPC, the physicochemical ifigd demonstrated no major
differences in terms of particle size, but a gelhdearease in zeta potential as DDA
content reduced was noted. This change in catioatare was also linked to the
immune response profile, with immune responsesgbeindulated by the DDA to
DSPC ratio adopted for the proposed adjuvants. Mewgiven that replacement of
DDA with DSPC within the formulation had more of anpact on immunological
responses that merely reducing the DDA contentealdhis would suggest that
consideration of the overall lipid content compared DDA content within a

liposomal construct is an important parameter tosater.
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Table 1: Comparison of formulations of DDA/TDB (10050 ug) with and without

DSPC.

DDA/DSPC/TDB
Factor 100/150/50 pg 100/0/50 ug Significance
z-average diameter (nm) 626 + 46 693 + 64 n/s
Zeta potential (mV) 46 5 48+6 n/s
IgG1 (serial end point dilution, logio)
Day 24 4.30+0.00 4.36+0.70 n/s
Day 37 4.60+0.30 4,78 £0.16 n/s
Day 49 4.54 £ 0.25 4.54£0.39 n/s
1gG2b (serial end point dilution, logio)
Day 24 3.70+£0.30 3.82+£0.33 n/s
Day 37 4.12 +£0.45 4.54 £ 0.33 n/s
Day 49 4.06 £0.39 4.42 +£0.45 n/s
Spleen cell proliferation (counts/CPM) 11416 + 8441 28149 + 6672 P <0.05
IFN-y (pg/mL) 1454 + 474 2789 + 662 P <0.05
IL-2 (pg/mL) 1491 + 509 2887 £ 585 P <0.05
IL-5 (pg/mL) 301 +68 289 + 60 n/s
IL-10 (pg/mL) 129 +29 125+ 36 n/s

Results represent mean = SD for n=3 for liposonaatierisation and n=5 for in

vivo responses. For further details on antibodpaoeses, spleen cell proliferation and
cytokine levels see Figures 2, 3 and 4 respectively
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470 Figure 1. Physico-chemical characteristics of lgpnss prepared with varying ratios
471 of DDA and DSPC combined with TDB. A) TEM and visuaages of liposomes
472 prepared. B) Vesicle size, polydispersity and petntial together with C) H56
473 antigen loading. Vesicles were prepared via ligidration in Tris buffer (10 mM, pH
474  7.4), with systems surface adsorbed with 0.1 m#ls8 antigen and measured in 1
475 mM Tris buffer. Results represent the mean avetagfandard deviation (n=3).

476
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Figure 2
Figure 2. H56 specific antibody titres generatedDA-TDB and its cationic
replacement with DSPC for IgG1 and 1gG2b. Valugsesenug/dose, with sera
collected before the first immunisation and on day24, 37 and 49 thereafter, and
analysised for anti-H56 antibodies by ELISA. Resslgnify the reciprocal end point
dilution (log10) compared with untreated contrales@g=5 + SD). Significance is

illustrated as p<0.05 increase compared to H56inaton group.
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Figu 3
Figure 3. Spleen cell proliferation in responssttmulation/re-stimulation with H56
antigen upon replacement of cationic content wibi»A-TDB. Formulation values
represenfig/dose, with DDA-TDB and DSPC-TDB set to a 5:1 virtigatio
(DDA/DSPC/TDB at 250/0/50 and 0/250/h8/dose respectively). H56 antigen
specific splenocyte proliferation was indicatecth level of fH] Thymidine
incorporation into cultured splenocytes at antigencentrations of 0-2pg/ml. ConA
was used as a positive control agdnL with all counts in the region of 100,000
CPM. The results displayed denote the mean avdoagach group with associated
standard error at n=Significance is illustrated between the liposonetaination
groups, and comparisons shown against one anathepan re-stimulation with H56

vaccine antigen &5 pg/mL.
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Figure 4.IFN-y, IL-2, -5, and -10 cytokine production from splegtes (A-D)

derived from mice immunised with H56 combined WitDA/DSPC/TDB liposomes.
Mice received 3 injections with 2-week intervalgtemocytes were obtained 3 weeks
post the final immunisation. Splenocytes were negkated for 48 h in the presence of

H56 (5ug/ml). Cytokines were measured from splenocytegusandwich ELISAs.
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