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Objective(s): Whole Leishmania lysate antigens (WLL) has been shown to be effective to tackle
leishmaniasis in murine models. Although liposomes can be considered as promising vaccines, the
activity of phospholipase-A (PLA) in WLL, breeds difficulties to preparing stable liposomal WLL. One
strategy to overcome this shortcoming is to use lipids such as sphingomyelin (SM) which is resistant
against PLA. This study aim is formulating stable SM liposomes containing WLL and comparing their adjuvant
effects with another first generation vaccine, i.e. solube Leishmania Antigen (SLA) liposomes in BALB/c mice.
Materials and Methods: BALB/c mice were immunized subcutaneously, three times with 2-week
intervals, with Empty-liposome (E-lipo), Particulate WLL, Liposome-WLL, Liposome-SLA and control
Buffer, three times every 2-week. Protection was assessed through measuring the swollen footpads
and the load of parasites in the spleen. Other factors were used to assess the response of immune
system by means of IgG subclasses, IL-4 and IFN-y levels and intracellular cytokine assay in cultured
splenocytes.

Results: Although liposomal WLL were stable in terms of physicochemical properties, mice received
Liposome-WLL did not reduce footpad swelling. The load of parasites in spleen and levels of IL-4-
were also higher compared to other immunized groups. In terms of IgG isotypes, no considerable
difference observed in mice received Liposome-WLL or other formulations.

Conclusion: Liposome-WLL could be a suitable vaccine delivery system when a Th2 response is
desired. Also, further studies are warranted to fully understand the role of sphingomyelin in inducing
an immune response.

P> Please cite this article as:

Biari N, Alavizadeh SH, Chavoshian O, Abbasi A, Saberi Z, Jalali SA, Khamesipoure A, Jaafari MR, Badiee A. Sphingomyelin liposome bearing
whole Leishmania lysate antigens induce strong Th2 immune response in BALB/c mice. Iran ] Basic Med Sci 2021; 24:222-231. doi: 10.22038/

[JBMS.2020.50471.11496

Introduction

Leishmania infections cause a wide range of maladies.
Numbers of these illnesses are self-healing such as
cutaneous injuries, however, some visceral types for
instance, kala-azar, appear to be deadly. Procedures to
address these issues have not always been workable.
Furthermore, accessible medicines are required to
be injected frequently and effective results have been
constrained in infected populations (1-3).

For centuries, it was known that recovery from
natural infection by cutaneous leishmaniasis (CL) or
leishmanization could induce long lasting protection
(2). Despite various potentially efficacious antigens and
huge efforts to develop vaccines against leishmaniasis,
only first generation candidates comprising whole killed
parasite or some divisions of Leishmania body with or
without adjuvants, came into third stage of clinical trials
(2, 4-6). The findings in the clinical trials, however, did
not meet the requirements primarily on the account
of lack of appropriate delivery systems or adjuvant.

One possible explanation is that the induced immune
response is suboptimal due to the limited Th1 inducer

adjuvants for use in human (7). Several pan-antigenic
extracts such as ALM (Autoclaved Leishmania major),
KLM (Killed Leishmania major), LAg (Leishmania
Antigens) and SLA (Soluble Leishmania Antigen)
have been recently tested for immunization against
leishmaniasis, however, most of them did not induce
efficient immune responses or resulted in inappropriate

immune responses (Th2 immune responses) (8, 9)-
According to the previous studies, as Th2 or mixed
Th2/Th1 response exacerbate leishmaniasis, so, there
is a need for proper antigens and delivery systems/
adjuvants for inducing pure Th1 responses (10). Today,
the number of researches investigating the role of

Whole Leishmania lysate (WLL) as a combination of
protein derivations, genetic contents and phospholipids

parts is limited (11-13). Therefore, as WLL is a complex
mixture of antigens comprising of all membrane
spanning proteins, an array of hydrophobic components
and water-soluble proteins, it is more likely to induce
desired immunization against cutaneous leishmaniasis
in murine models when accompanied by suitable
delivery systems and adjuvants.
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Nano particulate drug delivery or adjuvant systems
have the potential to improve the immune responses
against loaded antigen through several mechanisms.
Encapsulation of soluble antigens in nanoparticles
gives them a particulate nature and enhances their
involvements with macrophages as well as antigen
presenting cells (APC). Further, nanoparticles could
co-encapsulate both antigens and adjuvants and co-
deliver them to the same APC (14, 15). Liposomes
are lipid-bilayer membranes, that can play a part as

an effective depot since they slowly release antigen.
These nanoparticles can be considered as safe adjuvant

systems with less toxicity which protect antigens from
damages, and enhance presentation of the encapsulated
antigen by APC through MHC-I or MHC-II pathways (16).

Egg sphingomyelin (SM) is one of the most commonly
used phospholipids for liposome preparation consisting
of saturated acyl chains and a single trans double
bond in the sphingosine backbone. Sphingolipids are
found in the plasma membrane and other associated
components such as Golgi and lysosomes of eukaryotic
cells (17). Since SM can form strong intermolecular
hydrogen bonds with cholesterol (Chol) molecules, it
can develop more impermeable membrane compared
to similar lipids. Investigations have shown that
ciprofloxacin and vincristine liposomes containing SM/
Chol are more stable in vitro and in vivo when compared
to other liposomes (18). Inclusion of SM into the
membrane of liposome containing cholesterol greatly
enhances liposomal stability (19). SM/Chol formulation
of vinorelbine showed higher pharmaceutical stability
for up to 1 year at 4-8 °C (18).

In a recent experimental study, liposomes
containing WLL of Leishmania major promastigotes
showed to be unstable. Investigations revealed that
phospholipase A (PLA) enzyme presents in WLL results
in phosphatidylcholine (EPC) breakdown in liposome
bilayer and instability. The existence of phospholipase
enzyme in Leishmania spp. (20) especially in first
generation vaccines containing Kkilled Leishmania
or parasite components seems to be a limitation for
preparing an effective liposomal vaccine. Since SM is a
lipid without Acyl-bond, in a previous study, it was used
to prepare liposome containing SLA, and the results of
dynamic light scattering (DLS) did not indicate any sign
of SM hydrolysate in chromatogram (21, 22). SM does
not contain carboxyl ester bond in its chemical structure
and it seems that WLL cannot affect the stability of
liposomes containing this lipid (22).

Hence, considering the presence of PLA enzyme in
WLL, we aimed at using SM to prepare stable liposome
formulations of WLL, as efficient vaccine against
challenge with L. major promastigotes in BALB/c
mice model of leishmaniasis. Thus, a crude extract of
detergent solubilized L. major promastigotes as a novel
antigen was entrapped into liposomes consisting of SM
and cholesterol. Liposomes were then characterized
for their particle size, surface charge, proteins and
phospholipids contents. To investigate the type of
immune responses, lesion development, parasite
burden in the spleen, cytokine profile, and antibody
isotypes were assessed before and after challenge and
compared with the control groups.
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Materials and Methods

Ethics statement

The protocol was approved by the Institutional
Ethical Committee and Research Advisory Committee
of Mashhad University of Medical Sciences (Education
Office dated March 31,2010; proposal code 88527),
based on the Specific National Ethical Guidelines
for Biomedical Research issued by the Research and
Technology, Deputy of Ministry Of Health and Medical
Education (MOHME) of Iran, issued in 2005. Animals
were kept in cages and provided with food and water.

This research thesis was carried out according
to Mashhad University of Medical Sciences Ethical
Committee Acts in Nanotechnology Research Center.
Leishmania major strain (MRHO/IR/75/ER) used in
this experiment is the one used to prepare experimental
Leishmania vaccine, leishmanin, and leishmanization
(7, 23).

Animals, parasites, SLA, and WLL

Female BALB/c mice, 6-8 weeks old, were purchased
from Pasteur Institute (Tehran, Iran). The mice were
kept in animal house of Pharmaceutical Research Center
and fed with tap water and laboratory pellet chow
(Khorassan Javane Co., Mashhad, Iran). Animals were
maintained in a colony room 12/12 hr light/dark cycle
at 21 °C with free access to water and food (7, 23).

Soluble Leishmania antigens (SLA) were prepared
by using the protocol developed by Scott et al. (18)
with few changes. Briefly, the parasites harvested at
stationary phase were washed 4 times with HEPES-
sucrose Buffer (10 mM, 10% w/v, pH 7.4). Then, the
number of promastigotes was set to reach 10%/ml in
Buffer containing enzyme inhibitor cocktail, 50 pl/ml
(Sigma, St. Louis, USA). Once parasites have been lysed
by freeze-thaw method they were then sonicated in an
ice bath. After collecting the supernatant of centrifuged
lysate parasites, they were dialyzed against Buffer,
sterilized using a 0.22 um membrane and stored at -70
°C until use. Bicinchoninic acid (BCA) protein assay
method was used to determine the concentration of
protein (Thermo Scientific, USA).

Regarding WLL, parasites were harvested at stationary
phase and were washed 3 times by PBS to remove culture
media. Then, the number of promastigotes was adjusted
to 10%/ml in HEPES buffer (10 mM; pH 7.4) solution
consisting 200 mM OEG and was incubated with gentle
shaking for 10 min at room temperature. The resulting
clear solution containing WLL plus detergent was
sterilized using a 0.22 pm membrane. The whole process
was performed under the laminar flow hood in sterile
microtubes.

Liposomes preparation and characterization

To prepare liposome formulations, different molar
ratios of sphingomyelin and cholesterol were used as
shown in Table 1. As previously mentioned, detergent
removal method was used to prepare liposomes (24).
Briefly, chloroform in a sterile tube was used to dissolve
sphingomyelin (13 pmol/ml; Avanti Polar lipids, USA)
and cholesterol (1 pmol/ml; Avanti Polar lipids, USA) as
lipid phase. Rotary evaporator (Hettich, Germany) was
then used to remove the solvent resulting in a thin layer
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Table 1. Mean particle size, poly dispersity index (PDI) and zeta
potential of liposome prepared with sphingomyelin and cholesterol at
different molar ratios

Formulations (SM:Chol) Z-average (nm) PDI Zeta potential (mV)
20:1 188.7£3.7 0.456+0.63 -21.4+1.2
17:1 143.4+5.2 0.208+0.48 -25.7+1.9
11:1 152.3+5.8 0.229+0.19 -27.7+.16
8:1 380.4+10.2 0.499+0.77 -19.7+1.7
1:0 658.2+23.9 0.548+0.94 -22.1+1.3

of lipid film on the wall of tube. The lipid film was then
freeze-dried (TAITEC, Japan). The film was dissolved
in HEPES-sucrose Buffer (10 mM, 10% w/v, pH 7.4)
containing octaethylene glycol monododecyl ether
(OEG) 200 mM (Sigma, St. Louis, USA), and WLL (1.5
mg/ml). The detergent-solubilized phospholipids and
WLL were mixed and sonicated for 5 min to yield a clear
mixed micellar colloid. Liposomes were then formed by
detergent removal using SM2 Bio-Beads (BioRad, USA)
according to the manufacturer’s instructions.

The mean diameter and zeta potential of the
liposomes were estimated using particle size analyzer
(Nano-ZS, Malvern, UK). The concentration of protein
entrapped in liposomes was measured by BCA protein
assay kit according to the manufacture instructions
(Thermo Scientific, USA). The phospholipid content of
liposomes was also determined by Bartlett method (58).

SDS-PAGE analysis

Analytical SDS-PAGE was carried out to qualitatively
estimate the presence of WLL or SLA in the prepared
formulation. The gel consisted of running gel (10.22%,
w/v, acrylamide) and stacking gel (4.78%, w/v,
acrylamide) atthethicknessof 1 mm. Theelectrophoresis
buffer was 25 mM Tris, 192 mM glycine, 0.1% SDS, pH
8.3. Electrophoresis was carried out at 140 V constant
voltages for 45 min and after electrophoresis; gels were
stained using silver for protein detection.

Protein concentration measurement by BCA method

The Pierce BCA Protein Assay includes detergent-
compatible formulation based on bicinchoninic acid to
detect the color and quantity of total protein. According
to the protocol, generally, bovine serum albumin (BSA)
is the standard to evaluate the concentration of protein.
After pipetting working solution into microplate wells
(100 pl/well), standard protein (2 mg/ml) was added to
wells (5 or more) and then sample protein was poured
(5 ul/well). The added components were thoroughly
mixed using pipet. After covering and incubating at
37 °C for 30 min, the plate was then placed at room
temperature. To measure the absorbance, standard
curve of standard protein was drawn and the data was
collected by reading figures in a plate reader at around
562 nm. Finally, sample protein’s concentration was
obtained by data of the standard curve.

Immunization of BALB/c mice

Prepared formulations were subcutaneously (SC)
injected to mice (10 per group) three times, every 2
weeks: E-lipo (50 pl/mouse), P-WLL (50 pg Particulate
WLL/ mouse), Lip-WLL (50 pg WLL/50 pl liposome/
mouse), Lip-SLA (50 pg SLA/50 ul liposome/mouse) and
Buffer (HEPES 10 mM, sucrose 10% w/v, pH 7.4) alone.
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Footpad swelling measurement with L. major
promastigotes

One week after the injection, the immunized mice
(6 mice per group) received L. major promastigotes
harvested at stationary phase (1x10°/ 50 pl/mouse)
in the left footpad to measure the expansion of lesions
in each mouse footpad by a metric caliper (Mitutoyo
Measuring Instruments, Japan). The lesion size was
achieved through subtracting the thickness of the
uninfected contralateral footpad from that of the
infected one.

Quantitative parasite burden in spleen

For estimating the counts of parasites in the spleen
of mice, limiting dilution assay was used (25). Briefly,
8 weeks after challenge, 3 mice in each group were
sacrificed. Their spleens were then homogenized in
RPMI 1640 supplemented with 10% v/v heatinactivated
FCS (Eurobio, France), 2 mM glutamine, 100 U/ml of
penicillin and 100 pg/ml of streptomycin sulfate (RPMI-
FCS). The media used to dilute the homogenates in 8
serial 10-fold dilutions. At this point, dilutions were
put in each well of flat-bottom 96-well microtiter plates
(Nunc, Denmark) which contain solid layer of rabbit
blood agar in tetraplicate and incubated at 26+1 °C for
7-10 days. The counts of viable parasites in each sample
was calculated based on the highest dilution at which
promastigotes could be grown out after the incubation
time (26).

Antibody isotype assay

Blood samples were collected from 10 mice one week
following the last booster injection (before challenge) and
6 mice at week 8 post-challenge. The sera were isolated
and kept at -20 °C until being assessed for anti-SLA IgG
total, IgG1 and IgG2a antibodies using ELISA method as
described before (25). Briefly, 96-well micro titer plates
(Nunc, Denmark) were coated with 50 pl of SLA (10
pg/ml in PBS Buffer, pH= 7.3) overnight at 4 °C. Plates
were washed and blocked with 200 pl 1% bovine serum
albumin in PBS-Tween 20 for 1 hr at 37 °C. Thereafter,
serum samples, diluted to 1:200, 1:2000, 1:20000 or
1:200000 with PBS-Tween, were applied to plates. Plates
were then treated with HRP-rabbit anti-mouse IgG
isotypes according to the manufacturer’s instructions
(Invitrogen Inc., USA). Optical density (OD) was read at
450 nm with background subtraction at 630 nm.

In vitro cytokine production by splenocytes

ELISPOT assay was performed using mouse ELISPOT
kits from U-cytech (Utrecht, The Netherlands) as
directed by the supplier. Briefly, at week 8 post-
challenge, three mice in each group were sacrificed and
splenocytes were and re-stimulated in vitro by either
mitogen Concanavalin A (Con A) as a positive control or
SLA as a recalled antigen. Then, anti-IL-4 or anti-IFN-y
antibodies coated ELISPOT plates were incubated
at 4 °C overnight. The splenocytes (5x10° cells/well)
were cultured in a total volume of 200 pl in triplicate
with DMEM only (as background responses), medium
containing Con A (as positive controls), or with medium
containing 10 ug/ml of SLA in pre-coated plates.

After 24 hr (for IFN-y assay) or 48 hr (for IL-4 assay)
incubation at 37 °C, 5% CO,, spot counting was done
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Table 2. Particle size, poly dispersity index (PDI), zeta potential, protein concentration and phospholipid concentrations of prepared formulations
(n=3; Mean+SD). The amount of phospholipid in Lip-SLA was not measured

Formulations Z-average PDI Zeta potential ~ Protein Conc.  Phospholipid Conc.
(nm) (mV) (ng/ml) (mM)
1E-lipo 116.8+13.8 0.19+0.04 -27.4+6.8 0 6.0£0.61
2p-WLL 340.1£10.9 0.55+0.13 -23.54¢5.9 856.4£306.5 7.40+0.29
3Lip-WLL 143.4£3.2 0.20+0.07 -26.6+10.2 943.1+371.0 12.1£0.28
4Lip-SLA 174.4£33.9 0.30+0.13 -25.6+5.7 1009.8+836.1 _

Empty-lipoosomes (E-lipo); ? Particulate WLL; 3 Liposome-WLL; * Liposome-SLA

Figure 1. SDS-PAGE analysis of different formulations. Lane 1, low-
range protein standard (Sigma); lane 2, Buffer; lane 3, E-lipo; lane 4,
P-WLL; lane 5, Lip-WLL; lane 6, Lip-SLA
E-lipo: Empty-lipoosomes; P-WLL: Particulate WLL; Lip-WLL:
Liposome-WLL; Lip-SLA: Liposome-SLA

using Kodak 1D image analysate software (Version 3.5,
Eastman Kodak, Rochester, USA). The mean number of
spots+SDintriplicate wells was calculated and expressed
as spot-forming units (SFU) per 10° splenocytes.

Flow cytometry analysis

At week 8 post-challenge, pooled splenocytes (10°
cells/ml) from 3 mice per group were suspended in
medium which contained GolgiPlug™ (1 pl/ml) and
stimulated with PMA /Ionomycin cocktail (2 pl/ml) for 4
hr at 37 °C. Following stimulation, 10° splenocytes were
incorporated into flow cytometry tubes and washed
two times with stain Buffer (2% FCS in PBS). Staining
the splenocytes performed by 1 pl anti-CD8a-PE-cy5
antibody and 1 pl anti CD4-PE-cy5 antibody in separate
tubes for 30 min at 4 °C. After washing the cells with
stain Buffer, they were fixed using Cytofix/CytopermTM
solution. Once having been washed twice with Perm/
WashTM Buffer, the fixed cells were stained with 1 ul
anti-IFN-y- FITC antibody for 30 min at 4 °C. As regard
to CD4 cells, they were also stained with 1 pl anti-IL-4-
PE antibody. The cells were washed with Perm/WashTM
Buffer and suspended in 300 pl stain Buffer for flow
cytometry analysate (BD FACSCalibur™, BD Biosciences,
San Jose, USA).
Statistical analysis

One-way ANOVA statistical test was used to assess
the significance of the differences among various
groups. For significant F value, Tukey-Kramer multiple
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Figure 2. Footpad swelling in BALB/c mice immunized S.C three
times in 2-week intervals with Buffer, E-lipo, P-WLL, Lip-WLL and
Lip-SLA after challenge with Leishmania major promastigotes. One
week after the last booster, mice (n=6) challenged in the left footpad
with 10° L. major promastigotes. Footpad thicknesses were measured
during 6 weeks. Each point shows the average increase in footpad
thickness#standard error of mean

E-lipo: Empty-lipoosomes; P-WLL: Particulate WLL; Lip-WLL:
Liposome-WLL; Lip-SLA: Liposome-SLA

comparisons test, as a post-test was used to compare
the means among various groups of mice. Results with
P<0.05 were marked as statistically significant.

Liposome characterization

Data in Table 1 shows liposome formulations with
different sphingomyelin to cholesterol molar ratios.
According to the results of stability, particle size and
homogeneity, the molar ratio of 11 to 1 was opted to
prepare the final formulations containing WLL (Table 1).
The mean diameter and zeta potentials of E-lipo, P-WLL,
Lip-WLL and Lip-SLA formulations are shown in Table 2.
No significant differences was observed between E-lipo,
Lip-WLL and Lip-SLA formulations in terms of particle
size and surface charge. The protein and phospholipid
concentrations of prepared formulations were
measured by BCA and Bartlett method, respectively. The
protein concentrations of P-WLL, Lip-WLL and Lip-SLA
formulations were not considerably different, however,
the amount of phospholipid in Lip-WLL was the highest
(Table 2).

SDS-PAGE analysis depicted numerous protein bands
with different ranges of molecular weight from 10 to
70 kDa. As shown in Figure 1, analysis of liposomes
revealed bands corresponding to WLL in lane 3, E-lipo;
lane 4, P-WLL; lane 5, Lip-WLL and lane 6, Lip-SLA that
confirms the existence of WLL or SLA in all formulations
as previously shown (21, 27, 28)
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Figure 3. Splenic parasite burden in BALB/c mice immunized
Subcutaneous (S.C) three times in 3-week intervals with Buffer, E-lipo,
P-WLL, Lip-WLL or Lip-SLA after challenge with Leishmania major
promastigotes. At 8-week post-challenge, a limiting dilution test was
performed on cells isolated from the spleens of individual mice (n=3)
and the number of viable parasites per spleen was determined. Each
bar represents the average score+SEM (n=3). Significant difference
was observed when comparing mice immunized with Lip-WLL or Lip-
SLA with those received E-lipo, P-WLL or Buffer (P<0.001)

E-lipo: Empty-lipoosomes; P-WLL: Particulate WLL; Lip-WLL:
Liposome-WLL; Lip-SLA: Liposome-SLA

Challenge results

Progression of lesion was detected weekly by
measuring the footpad thickness. The size of lesion
expanded atarapid ratein micereceived eitherliposomal
groups or Buffer at week 2 post-challenge. There was no
remarkable difference in lesions size of mice immunized
between different groups during the observation period
(P>0.05). Thickness of footpad constantly increased in
all groups to reach a plateau after 6 weeks (Figure 2).

Splenic parasite burden after challenge

Determination the number of live L. major was done
in the spleen of mice at week 8 after challenge. All groups
of vaccinated mice showed live parasites in their spleen.
Splenic parasite loads in mice vaccinated with Lip-WLL
or Lip-SLA formulations were considerably greater than
P-WLL, E-lip or Buffer (P<0.001) (Figure 3).

Antibody response

The type of immune response was determined by
titrating anti-SLA IgG antibodies and IgGl and IgG2a
subclasses before (Figure 4A, 4B and 4C) and after
(Figure 5A, 5B and 5C) challenge. The sera of pre-
challenged mice vaccinated with Lip-SLA or P-WLL
indicated significantly higher levels of IgG1 isotypes
antibodies compared to E-lipo, Lip-WLL or Buffer
(P<0.001) in serum dilution of 1:200 and 1:2000.
The significant difference was not observed in other
dilutions in terms of IgG1. The sera of mice immunized
with Lip-SLA showed significantly higher levels of 1gG2
antibodies compared to other groups in serum dilution
of 1:200 (P<0.001). Additionally, the levels of IgG2 in
mice received Buffer were generally higher compared to
other groups in all dilutions, however the difference was
not significant. In terms of IgG, no remarkable difference
was observed between mice in different groups before
challenge (P>0.05).

After challenge, at 1:200 serum dilution, Lip-SLA

226

14 A
[ Buffer
12
= . =t—Emp-Lip
B
2 P-WLL
s 08
&
= .
S os ~—Lip-WLL
]
b
= Lip-SLA
2 o4
5
0z
1200 12000 120000 1200000
1 B

Bu fler

o
e

e
e

~de—Emp-Lip

&
=1

OD (450nm-630mm)
s
a

Y P-WLL

0.8

04 —s—Lip-WLL

03 ¥ - )

i T Lip-SLA
02 fe—_—
o b\-‘.\‘
0
1200 12000 120000 1200000
Serum Dilutions
08 ¢
Buffer

07 I
= 08 =d—Emp-Lip
B
2 05 P-WLL
i
5 04
g ~e—Lip-WLL
% 03
a Lip-SLA
C oz

1200 12000 120000 1200000
Serum Dilutions

Figure 4. Levels of anti-SLA IgG1 (A), IgG2a (B), and IgG (C) in pooled
sera of BALB/c mice immunized SC, three times in 2-week intervals,
with E-lipo, P-WLL, Lip-WLL, Lip-SLA or Buffer. Blood samples were
collected from mice one week after the last booster and before
challenge. The anti-SLA IgG1, IgG2a and IgG levels were assessed using
ELISA method. Assays were performed in triplicate at 200, 2,000,
20,000, or 200,000-fold dilutions for each serum sample. Values are
significantly higher when mice immunized with Lip-SLA are compared
to the other groups in serum dilution of 1/200 (***) indicate P<0.001
when comparing different groups and it was not observed any
significant difference between Lip-WLL and other groups

E-lipo: Empty-lipoosomes; P-WLL: Particulate WLL; Lip-WLL:
Liposome-WLL; Lip-SLA: Liposome-SLA

significantly lowered the level of IgGl compared to
other liposomes or Buffer (P<0.001). On the other hand,
the level of IgG subtypes in mice immunized with Buffer
was totally higher compared to other groups. In general,
according to ratio of IgG2a/IgG1, challenge with L. major
promastigotes increased IgG1, IgG2 and IgG antibody
levels in all groups (Table 3).

In vitro cytokine production by splenocytes

The supernatants collected from cultured splenocytes
at week 8 after challenge were re-stimulated in vitro
with SLA and analyzed to determine the levels of [FN-y
and IL4, cytokines indicative of Th1 and Th2 responses,
respectively. The results of ELISPOT assays indicated
that splenocytes isolated from mice immunized with
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Figure 5. Levels of anti-SLA IgG1(A), IgG2a (B), and IgG (C) in pooled
sera of BALB/c mice immunized SC three times in 2-week intervals,
with E-lipo, P-WLL, Lip-WLL, Lip-SLA or Buffer. Blood samples were
collected from mice 8 weeks after the challenge. The anti-SLA IgG1,
IgG2a and IgG levels were assessed using ELISA method. Assays were
performed in triplicate at 200, 2,000, 20,000, or 200,000-fold dilutions
for each serum sample. Values for IgG1 levels are significantly lower
when the mice immunized with Lip-SLA compared to the other groups
in serum dilution of 1/200 (***) indicate P<0.001 when comparing
different groups. There was no significant difference between Lip-
WLL and other groups in different dilutions

E-lipo: Empty-lipoosomes; P-WLL: Particulate WLL; Lip-WLL:
Liposome-WLL; Lip-SLA: Liposome-SLA

Buffer or Lip-WLL significantly released (P<0.001) I[FN-y
levels compared to P-WLL, Emp-WLL or Lip-SLA. There
was no significant difference in IFN-y production in
mice received Lip-SLA compared with those immunized
with P-WLL or Lip-WLL (P>0.05), however, the levels of
[FN-y secretion in E-lipo was slightly higher compared
to P-WLL or Lip-SLA (Figure 6A).

Although there was no significant difference in IL-4
secretion by splenocytes of mice received either Lip-
WLL or P-WLL (Figure 6B), the level of IL-4 detected
in splenocytes of mice immunized with Lip-WLL was
significantly (P<0.001) higher compared to Emp-WLL,
Lip-SLA or Buffer groups.

Intracellular cytokine assay
Flow cytometry analysis using CD8+, CD4+ and
IFN-y markers was also conducted on splenocytes of

Table 3. The ratio of IgG1/1gG2a before and after challenge at different serum dilutions in different formulations

Formulation Serum dilutions
1/200 1/2000 1/20000 1/200000

Before After Before  After  Before After Before After
Buffer 1.25 1.02 1.67 1.17 2.81 1.83 3.08 298
E-lipo 0.13 0.75 0.21 0.67 0.41 1.30 0.46 2.22
P-WLL 0.53 0.74 0.23 0.69 2.93 111 2.16 2.38
Lip-WLL 0.66 0.97 0.69 0.68 133 1.67 2.61 3.33
Lip-SLA 0.74 143 0.40 0.78 151 112 2.54 1.67

E-lipo: Empty-lipoosomes; P-WLL: Particulate WLL; Lip-WLL: Liposome-WLL; Lip-SLA: Liposome-SLA
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Figure 7. Flow cytometry analysis of geometric mean fluorescence
intensity (i) and the mean fluorescence intensity (MFI) (ii) of IFN-y
in gated CD4+, IL-4 in gated CD4+, and IFN-y in gated CD8+ for Buffer
(A, E K), E-lipo (B, G, L), P-WLL (C, H, M), Lip-WLL (D, I, N) or Lip-
SLA (E, ], 0). The results are mean values+SEM of three independent
experiments performed in triplicate (n=3)

vaccinated mice at week 8 after challenge. After isolating
splenocytes of different groups of immunized mice (3
mice/group), they were stained with PE labeled -CD8
or -CD4 surface markers and then with anti-IFN-y-FITC
or anti-IL-4-PE antibodies, respectively. Results showed
the mean+SD (n=3) of geometric mean fluorescence
intensity (MFI) level of IFN-y in gated CD8+ and CD4+
lymphocyte populations and MFI level for IL-4 in gated
CD4 s as measured by flow cytometry. Generally, the level
of MFI is considerably higher in IFN- y in gated CD8+ in
all groups than two other gates (Figure 7A). Also there
is not any notable difference in the amount of IFN-y in
triple gates related to the data of P-WLL, Lip-WLL or
Lip-SLA groups, however, the production of mentioned
cytokine in P-WLL by CD8+ is remarkably higher than
Buffer but not considerably more than other groups
(P<000.1). On the other hand, there is no difference in
the development of IL-4 and [FN-y by CD4+ in all groups
(Figure 7).

Leishmaniasis is caused by disrupted immunological
responsebetweenthehostandthe parasite. Thus, cellular
immunity with a major role in parasite destruction is
one of the most contributing factors to the inhibition of
lesion progression. If the parasites growth progress at
the beginning of the infection, an imbalanced immune
response is elicited, leading to pathological outcome.
The resulting inflammatory reactions is responsible for
tissue damage and the formation of skin ulcers.
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Cutaneous leishmaniasis has long been the emphasis
of vaccination, since individuals retrieved from CL
evoked by natural contamination or leishmanization,
were protected against reinfection and revealed strong
immune reactions against Leishmania antigens (23, 24,
29) Despite substantial efforts, there is absolutely no
promising vaccine available presently to address any
form of leishmaniasis issues in human populations (25).

Though the present immunization methodology
against leishmaniasis depends on the utilization of
recombinant antigens, whole parasite antibodies
have the advantages of biochemical arrangement
and antigenicity, cost, wellbeing and being utilized in
antibody preliminary studies against leishmaniasis (26).
Additionally, utilization of entire parasite immunizations
resulted in solid cell reactivity (30-32) indicating
promising outcomes in rough antigens vaccines (26).
One further advantage is that mixed antibodies show
a variety of antigenic repertory, prompting the desired
immunity (mainly CD4+ and CD8+ IFN-y-intervened
reactions), which is a superior approach compared to
purified subunits antigens or DNA immunizations (26,
33). Broad immunization preliminaries with a mixture
of five slaughtered Leishmania stocks or a sole strain
of L. amazonensis in Brazil and Ecuador, have shown
significant insurance from characteristic contamination
(25).

Previous studies indicated that protection against
Leishmaniasis needs multivalent mixture of antigens
including a wide range of protective epitopes which
can cover an array of MHC molecules. In the current
study, WLL parasite antigens were used due to the
presence of plenty of antigen epitopes as well as all
integral membrane proteins, water-soluble proteins
and hydrophobic components (34, 35). Additionally,
sphingomyelin-cholesterol (SM-Chol) nanoliposoms
were used since previous studies confirmed the benefits
of increased drug loading and release, as well as its
resistance to PLA enzyme activity (36). Additionally, the
complex of sphingomyelin and cholesterol provides a
platform to which various signal molecules are recruited
(37).Theexistence of cholesterolin the vesicles promotes
cytoplasmic arrival of the antigens and prohibited
lysosomal corruption (38). Expanded in vivo stability
of the vesicles may additionally improve activation of
CD8+ T-cell reaction (39-41). Sphingomyelin (SM), as a
major sphingolipid in mammalian cells, together with
Chol forms specific lipid micro domains (42, 43).

We have previously used a cationic lipid called
DOTAP because the positively charged liposomes could
effectively adsorb on the WLL-containing DNA-parasites
and the negative-molecules of the antigen-delivering cell.
DOTAP has a strong positive charge with a quaternary
ammonium moiety at the head group level. Additionally,
cationic lipids like DOTAP can stimulate several cellular
pathways to activate inflammatory cascades (44).
However, the resulting liposomes were not stable due
the loss of DOTAP while using Bio-Beads SM adsorbent
to remove the detergent (28). In addition, due to two
unsaturated bonds in DOTAP fatty acid chains, liposomes
prepared with this lipid are unstable in vivo (28). Hence,
we used sphingomyelin to prepare liposomes. Our
hypothesis was confirmed when sphingomyelin was
used as an alternative and the resulting liposomes have
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shown to be stable possibly due to the lack of steroid
bond in sphingomyelin structure.

Using sphingomyelin and cholesterol at 11 to 1 molar
ratio resulted in stable and homogeneous liposomes
with an appropriate particle size. The cholesterol
content not only increased the formulation stability,
but also prevents lysosomal degradation (38). Besides,
in the absence of sphingomyelin and cholesterol lipids
(P-WLL), the particles grow larger, which further
confirms the role of sphingomyelin in the formation of
stable liposomes.

In several studies, the indispensable role of
sphingolipid such as sphingomyelin and its metabolites
on the immune system have been shown, either
directly or indirectly through the production of several
cytokines (45, 46). The role of these compounds in cell
growth, differentiation, apoptosis, as well as various
inflammatory responses has come to be known as
bio-regulators of the cell (36-43). Sphingomyelin
metabolism pathway is influenced by the enzyme of
the sphingomyelinase (SPMase) that converts it to
ceramide which subsequently turns into ceramide-
1-phosphate, (C- 1-P) and sphingosine, respectively
by enzymes of ceramid kinase and ceramidase (47).
Afterwards, sphingosine kinase produces sphingosine-
1-phosphate (S-1-P) by adding a phosphate group to
sphingosine (48, 49). So far, studies indicated different
and important roles of the two metabolites (S-1-P
and C-1-P) and their effects on the immune system
(20). C-1-P and S-1-P activates phospholipase A2
(PLA2) and cyclooxygenase-2 (COX-2) which form the
eicosanoids pathway of inflammatory responses caused
by prostaglandins, especially prostaglandin E2 and
leukoterian (50-52). Besides, ceramid activates NF- Kb
(32), which results in the transcription and induction
of over 150 different genes including IL-1B, IL-8, IL-6
cytokines and some inflammatory enzymes such as COX-
2 (50, 53). Other studies have shown that sphingolipids
generally impedes the production of IL-2, its receptors
expression (49,52, 54, 55) and proliferation of cytokines
related to this cytokine (52, 55). IL-2 induce the release
of cytokines such as IFN-y while Th1 + CD4 lymphocyte
produce IFN-y , IL-2, IL-12 and IFN- y. Sphingomyelin
causes an increase in production and expression of 1L-4
receptors, which prevents the formation of Th1 + CD4
lymphocytes (50).

The growth rate of the foot ulcer reveals the
progression of the disease. Therefore, to compare
the immunogenicity of different formulations, the
foot size of the mice was measured for six weeks
following L. major parasite inoculation. As mentioned
earlier, no significant difference was observed among
various treatment groups. Moreover, according to the
mentioned results, the presence of WLL alongside the
liposome, aggravated the intensity of swelling which
was confirmed by other results as well. The growth and
proliferation of the parasite in the spleen of vaccinated
mice is another parameter to determine the efficacy
of the formulations (56). At week 8 post parasitic
injection, the highest parasite load was seen in mice
received either Lip-WLL or Lip-SLA which emphasized
that Lip-WLL might raise the inflammatory response.
The results of cytokine test, 8 weeks after the challenge,
demonstrated that splenocytes detached from the mice
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inoculated with Lip-WLL and E-lipo discharged notably
higher measures of IL-4 and IFN-y, respectively. E-lipo
showed the greatest value of IFN-y and Lip-WLL was
not capable of elevating the level of this cytokine and
inducing Th1 response. On the other hand, the level of
IL-4 secretion by Lip-WLL was remarkably greater than
other groups including Buffer, confirming that the co-
existence of WLL and sphingomyelin liposome could
elevate the signs of leishmaniasis progression. The
IgG2a/IgG1 ratio demonstrated that Lip-SLA induced
the highest amount of IgG1l (at 1/200, 1/2000) and
IgG2a (at 1/200) when compared to other groups one
week after challenge, however, 8 weeks after infection
induction, the same group showed the lowest level of
IgG1l at 1/200 dilutions. Moreover, neither Lip-WLL
nor P-WLL induced efficacious immunization against
leishmaniasis confirming previous data. On the whole,
these data demonstrated the co-existence of Th1l/
Th2 responses or even a Th2 response with WLL
immunization.

Although estimating the cytokine production
develops a useful view, it is not sufficient until some
other relative cell subsets like CD4+ and CD8+ T cell are
measured. In this study, although P-WLL or Lip-WLL
induced considerable IFN- y by CD8+, none of them
were able to produce proper resistant against challenge
when compared to all other results.

As mentioned above, It seems that in our study SM
metabolites drive a crucial role in immune response
(45, 57). Ceramide itself is considered as a key regulator
to activate inflammatory pathway by NF-kB gene
transcription. Ceramide presents a great impression in
induction of inflammatory molecules like TNF, IL -6 and
IL -8 as well. Contrary to ceramide impact on producing
anti-proliferative and pro-apoptic proteins, S1P, another
derivation of SM was depicted to emerge protection
against ceramide-mediated apoptosis (46).

Thus, death or survival of the cells is likely associated
with mediated equation among these various
metabolites. Accordingtotheabovedescription,although
sphingomyelin contributed to a stable WLL formulation,
it apparently results in the induction of a number of
cytokines that do not have protection against CL. It
appears that sphingomyelin cannot provide the desired
immune response to resist leishmaniasis. However,
further studies are warranted to fully understand the
role of sphingomyelin and other adjuvants in inducing
an immune response in Leishmania model.

Conclusion

Though a stable and nanosized liposome formulation
was formulated, based on the results of the footpad
lesion, parasitic load, antibody and cytokine assays,
Lip-WLL formulation could not induce a significant
and effective immune response against Leishmania
major parasite. Based on the capability to stimulate
a Th2 response, further studies are warranted to fully
understand the role of sphingomyelin in inducing an
immune response.
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