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Abstract

Background: Whole killed Leishmania vaccine reached phase III clinical trials but failed to
display significant efficacy in human mainly due to limited Thl inducer adjuvant. Lipo-
somes consisting of 1, 2-dioleoyl-3trimethylammonium-propane (DOTAP) bearing an in-
herent adjuvanticity and 1, 2-dioleoyl-L-a-glycero-3-phosphatidylethanolamine (DOPE) is
well known to intensify the efficacy of positively charged liposomes.

Methods: Soluble Leishmania major antigens (SLA) encapsulated in cationic liposomes using
lipid film method in 2016). BALB/c mice wete immunized subcutaneously (SC), three
times in a 2-wk interval, with Lip (DOTAP)-SLA+, Lip (DOTAP/DOPE)-SLA+, Lip
(DOTAP/DOPE/CHO)-SLA+, Lip (DOTAP/DOPE/CHO), Lip (DOPE/CHO), SLA
or HEPES buffer. At week 2 after the last booster injection, immunized mice have
challenged SC in the footpad with L. major parasites. To investigate the rate of protection
and the type of immune response generated in mice, lesions development was assessed, IL-
4 and IFN-y levels with the ratio of IgG2a/IgG1 isotype were studied to desctibe the type
of generated immune response.

Results: Mice immunized with all liposomal form of SLA showed smaller footpad swelling
and lower parasite burden in the spleen and footpad compared to the group of mice re-
ceived buffer. However, these formulations did not show protection against leishmaniosis
because of a generated mixed Th1/Th2 response in mice charactetized by high production
of IFN-y and IL4 and a high titer of IgG1 and IgG2a antibody.

Conclusion: Immunization with Lip (DOTAP/DOPE/CHO)-SLA+ was not an appro-
priate strategy to protect mice against leishmaniosis.
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Introduction

I eishmaniosis causes a spectrum of
diseases ranging from self-healing cu-
taneous leishmaniosis (CL) to poten-

tially fatal visceral form of leishmaniosis (VL)

(1). CL is representing 50%-75% of all new

instances. The number of CL cases is about 1

to 1.5 million annually, 90% of which is preva-

lent in several countries including Iran, Afghan-

istan, Saudi Arabia, Brazil, Peru and Syria (2).

Leishmania major is endemic in many rural ar-
eas of Iran, involving 17 out of 31 provinces

(Khorasan Razavi, Khorasan Shomali, Khora-

san Jonoobi ,Isfahan, Bushehr, Khuzestan,

Ilam, Fars, Qom, Golestan, Yazd, Hormozgan,

Kerman, Semnan, Sistan and Baluchistan,

Lorestan and Tehran provinces), the foci of

anthroponotic CL are active in some large cit-

ies and suburban areas of the country, such as

Mashhad, Sabzevar and Neishabour (north-

east); Kerman, Shiraz and Bam (south); and

Kashan, Isfahan and Yazd (center) (3).

Recovery from CL results in the generation of

long-lasting protection to further infection (4).

Development of a practical vaccine is most

achievable tool to control distinct forms of

leishmaniosis. However, despite many attempts
to developing a vaccine, currently, there is no
vaccine against leishmaniasis (5). Ledshmania an-
tigens comprised of crude in the presence of an

effective adjuvant induce a Thl response and a

degree of immunity in animal. Whole killed

Leishmania vaccine reached phase 111 clinical tri-

als but however failed to display significant effi-

cacies mainly due to limited Th1 inducer adju-

vant for use in human (6). Selected cationic li-

pids with an ammonium head group have

immunostimulatory effect due to the innate pos-
itive charge and capacity to form bilayer struc-
tures which proffer efficient protein encapsula-
tion and could be used as delivery systems in
developing vaccine (7). DOTAP (1, 2-dioleoyl-
3trimethylammonium-propane) liposomes act as

a tool to raise the incompetently immunogenic

profiles of peptide or protein antigens and in-
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duce CTL (Cytotoxic T lymphocyte) and Thl
responses (8). Moreover, cationic lipid DOPE is
well known to intensify the transfection efficacy
of cationic lipid-based formulations (9). Specific
cellular signaling pathways and several kinases
from the MAPK pathways are activated by cati-
onic lipids. Activation of these kinases explains
chemokines production and induction of
CD80/CD86 cell sutface expression (10). In-
duction of extracellular-signal-regulated kinase
(ERK) phosphorylation was showed for
DOTAP and diC14-amidine liposomes (11).

In the present study, SLA as a first-generation
vaccine, encapsulated in positively charged lipo-
somes and was used to immunize BALB/c mice.
Then the type of induced response and the ex-
panse of immunity were studied and compared
with the control groups which received SLA
alone or either buffer.

Materials and Methods

Parasites, SLA

SLA was prepared from L. major strain
(MRHO/IR/75/ER) used for the preparation
of experimental old world Leishmania vaccine
and leishmanization in 2016 (12). The prepara-
tion of SLA was according to Scott et al pro-
tocol with minor modifications (13).

Liposome preparation and characterization

Cationic liposomes with or without SLA were
prepared by the film method, then the lipid
film was hydrated in sterile buffer containing
SLA (1 mg/ml) at 37 °C. The multilamellar
vesicles obtained were converted to unilamellar
ones using bath type sonicator. The empty lip-
osomes were also prepared using the same pro-
cedure except the SLA was omitted.

Size distribution and zeta potential analy-
sis of nanoparticles

Dynamic Light Scattering Instrument was
used to estimate the particle size distribution
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and zeta potential of the liposomes. Particle
size was reported as the meant standard devi-
ation (n=3) and Zeta potentials were reported
as the means * zeta deviation (n=3).

SDS-PAGE analysis of SLA and Iliposomal
SLA

SDS-PAGE analysis of SLLA and liposomal
SLA were carried out to characterize and con-
firm qualitatively the concentration of antigen
encapsulated in formulations containing SLA
after purification by dialyzed against buffer.
After electrophoresis, the gels were stained
with silver for protein detection (14).

Inoculation of BALB/c mice

Female BALB/c mice 6-8 wk’ old were car-
ried out according to Ethical Committee Acts
(Education Office dated March 31, 2010; pro-
posal code 88527), based on the Specific Na-
tional Ethical Guidelines for Biomedical Re-
search issued by the Research and Technology
Deputy of Ministry of Health and Medical
Education MOHME)) of Iran.

All 7 groups of mice, 10 mice per group,
were subcutaneously (SC) inoculated, three
times in a 2-week interval, in the right footpad
with either of the following formulations: Lip
DOTAP 4 umol / DOPE 4 umol / SLA 1mg
/ml, Lip DOTAP 4 p mol / DOPE 4 umol /
CHOL 4 pu mol / SLA 1mg /ml, Lip DOTAP
4w mol/ SLA 1mg /ml, Lip DOTAP 4 u mol
/ DOPE 4 pmol / CHOL 4 p mol, Lip
DOPE 4 p mol / CHOL 4 umol, SLA 1mg
/ml, HEPES -sucrose buffer (10 mM, 10%
w/v, pH 7.5)

Challenge with L. major

At week 2 after last booster injection, the
immunized mice were challenged SC in the
left footpad with 1x10° L. major isolated at
stationary phase in 50 uL. volume. Lesion pro-
gress was recorded in each mouse by assess-
ment of footpad swelling using a metric cali-
per. Grading of wound size was done by sub-
tracting the diameter of the uninfected contra-
lateral footpad from that of the infected one.
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Quantitative parasite burden after chal-
lenge

The number of live parasites in the infected
footpad and spleen of mice was evaluated us-
ing limiting dilution assay method as described
in the past (15). Briefly, the mice were sacri-
ficed at week 8 post-challenge; the spleens and
the infected footpad tissues in each group
were homogenized in media and were cultured
in plates (16). Presence and absence of motile
parasites were checked by an inverted micro-
scope. The number of motile promastigotes
was defined by Graph Pad Prism software.

Antibody isotype assay

Two weeks after the last booster injection
before challenge and at week 8 after challenge
blood samples were isolated from mice and
the sera were collected to evaluate anti-SLA
IgG1, IgG2a and IgG total antibodies by
ELISA method (15).

Enzyme-linked immune spot (ELISPOT)
assay

At 10 wk after the last booster injection, 3
mice from each group were sacrificed and the
spleens were aseptically removed and homog-
enized. Then, the isolated spleen cells were
used according to the manufacturer's instruc-
tions. Spot counting was done with a Kodak
1D software package.

Statistical analysis

To assess the significance of the differences
between various groups One-way ANOVA
statistical test was used. In the case of signifi-
cant F value, Tukey—Kramer multiple compar-
isons test was carried out as a post-test to
compare the means in different groups of
mice. P<0.05 was considered as statistically
significant.

Results

Liposome characterization
According to Table 1, liposomes containing
SLA showed a positive zeta potential and the
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mean diameters of Lip-SLA+ formulations
were around 500 nm and the mean diameters
of empty liposomes were around 150 nm.
SDS-PAGE analysis of soluble SLLA and lipo-
somal SLLA revealed several protein bands
with a range of molecular weight between 10

to 70 kDa (Fig. 1).

Fig. 1: SDS-PAGE analysis of SLA and liposomal
SLA. Lane 1, Low-range protein standard (Sigma,
USA), Lane 2 SLA (10 pg), Lane 3 Lip
(DOTAP/DOPE/CHOL). Lane 4 Lip DOTAP)-
SLA (2.5 pg), Lane 5 Lip (DOTAP/DOPE)-SLA
(5 pg), Lane 6 Lip (DOTAP/DOPE/CHOL)-
SLA (2.5 pg)

Challenge results

Lesion development was recorded by weekly
measurement of footpad thickness (Fig. 2). At
week 3 after challenge The lesion size in mice
immunized with Lip(DOTAP/DOPE)-SLA+
was still significantly (P<0.05) smaller than the
buffer group, also the mice immunized with
Lip(DOTAP)-SLA+ was significantly
(P<0.05) smaller lesion size at week 5 after
challenge compared to buffer group.

The lesion size progressed at a more rapid
rate in control groups which received either
buffer or SLA than in mice immunized with
Lip (DOPE/CHOL) or Lip
(DOTAP/DOPE/CHOL) (P<0.01) at week 6 af-
ter challenge. The lesion size in mice immun-
ized with SLA progressed continuously and
no protection was detected in this group. At
week 8 after challenge, progress in lesion size
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was slower in mice immunized with Lip
(DOPE/CHOL) or Lip (DOTAP/DOPE/CHOL)
compared with the mice that received Lip
SLA+, the footpad swelling in this group of
mice was significantly (P<0.01) smaller than
the group that received buffer or SLA. In dif-
ferent groups, the footpad swelling reached a
plateau after 6 wk (Fig. 2), but the disease was
progressed by metastasis to spleen and foot
and the mice lost their foot.

Parasite burden in foot and spleen

At week 8 after challenges, the number of L.
major in the footpads of mice immunized with
Lip SLA+, SLA or buffer was more than the
groups received Lip (DOTAP/DOPE/CHO),
Lip (DOPE/CHO) (Fig. 3A). Mice immun-
ized with Lip (DOTAP/DOPE/CHO), or
Lip (DOPE/CHO) showed the lower number
of live parasite in the spleen of compared with
the other groups but there was no significant
difference between those groups (Fig. 3B).

Antibody response

The anti-SLA IgG antibodies and IgGl,
IgG2a subclasses were titrated before (Fig.
4A-C) and after (Fig. 5A-C) challenge. The
sera of mice immunized with Lip-SLA+ be-
fore challenge showed significantly (P<0.001)
higher levels of IgG total antibodies compared
to control groups in serum dilution of 1:200
(Fig. 4C). In terms of IgG1, the level of IgG1
in sera of mice immunized with Lip SLA+
was significantly (P<0.05) higher than the
group received buffer in serum dilution of
1:200 or 1:2000 (Fig. 4A).

Challenge with L. major induced elevation of
IgG1, IgG2a, and IgG antibody levels in near-
ly all the groups of mice compared with be-
fore challenge (Fig. 5A-C). Moreover, the sera
of mice immunized with Lip (DOPE/CHOL)
or Lip (DOTAP/DOPE/CHOL) showed
significantly (P<0.03) elevated levels of IgG2a
antibodies compared with the control groups
in serum dilution of 1:20000 (Fig. 5B). After
challenge, the sera of mice immunized with
Lip-SLA+ showed significantly a higher level
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of IgGlantibody compared with buffer group (P<0.05) in serum dilution of 1:200 (Fig. 5A).
Table 1: Particle size distribution, Polydispersity index (PDI) and zeta potential of various liposomal formula-
tions

formulations Size (nm) PDI Zeta potential(mv)

Lip OTAP/DOPE)-SLA+ 458+38 0.44£0.02 30 £3.6

Lip (DOTAP/DOPE/CHOL)-SLA+ 493125 0.35£0.01 35%2.1

Lip (DOTAP)-SLA+ 578124 0.36£0.03 29+ 25

Lip (DOTAP/DOPE/CHOL) 130£6.11 0.23£0.02 72 £2.6

Lip (DOPE/CHOL) 170£12.4 0.18%0.006 60 £ 2.3

(mean * SD, n = 3)
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Fig. 2: Footpad swelling in mice immunized subcutaneously .The footpad thickness was measured weekly for
6 wk. Each point represents the average increase in footpad thicknesst SD (n=7)
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Fig. 3: A: Footpad parasite burden in mice. A limiting dilution analysis was performed at week 8 after the
challenge on the footpads of different groups of mice and cultured in tetraplicate in 8-fold serial dilutions. The
number of viable parasite per foot was enumerated. The bar represents the average score * SEM (n = 3)
B: splenic parasite burden in mice. A limiting dilution analysis was performed at week 8 after the challenge on
the spleen of different group of mice and cultured in tetraplicate in 8-fold serial dilutions. The number of via-
ble L. major was determined in the spleen of different groups of mice and the number of viable parasite per
foot was enumerated. The barre presents the average score + SEM (n = 3)
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Fig. 4: Levels of anti-SLA IgG1 (A), IgG2a (B), and IgG (C) in pooledsera of mice before challenge.
Blood samples were collected from the mice 2 wk after the last booster injection and before challenge. The
serum samples were pooled. The anti-SLA IgG1, IgG2a, and IgG titers were determined using ELISA meth-
od. The assay was performed in triplicate at 200, 2,000, 20,000, or 200,000-fold dilution for each sample. Val-
ues are the mean + SD

Generally, all groups showed significantly
(P<0.001) elevated levels of IgG total antibod-
ies compared with the SLA groups in serum
dilution of 1:200 (Fig. 5C).

In vitro IFN-y and IL-4 assay

At week 10 after the last booster injection,
splenocytes were isolated and restimulated in
vitro by concanavalin A, SLA or media to

2 B
IgG1
18 —o—buffer 35
== DOTAP/SLA +
16 wntee DOTAP/DOPE/SLA+

s DOTAP/DOPE/CHOL/SLA+
e DOTAP/DOPE/CHOL

3 i DOPE/CHOL 25 -
| u

OD(3@50nm-630nm)
=
n ~

-

=
n

check IFN-y and IL.-4 concentration. The re-
sults of ELISPOT assays showed that mice
immunized with Lip-SLA+ showed a higher
level of IFN-y and I1.-4 comparison to those
immunized with other formulation of vaccine
(Fig. 6). Further, there was no significant dif-
ference between the groups of mice received
either SLA or Lip-SLA+ in terms of IFN-y or
IL-4 secretion.

C
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Fig. 5: Levels of anti-SLA IgG1 (A), IgG2a (B), and IgG (C) in pooledsera of mice after challenge.
Blood samples were collected from the mice 10 wk after the last booster injection and after challenge. The
serum samples were pooled. The anti-SLA IgG1, IgG2a, and IgG titers were determined using ELISA meth-
od. The assay was performed in triplicate at200, 2,000, 20,000, or 200,000-fold dilution for each sample. Val-
ues are the mean + SD
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Fig. 6: Cytokine levels in immunized mice at week 2 after the last booster injection. Mononuclear splenocytes
were cultured in the paresence of SLA (10 pg/ml) and amounts of IFN-y (A) or IL-4 (B) were detected using
EISPOT method. Results are shown as Mean £ SEM (n=3) and expressed as spot-forming units (SFU) per
10%splenocytes, white columns are negative control without any stimulation.

Discussion

In the present study, SLA was used as a
first-generation vaccine. Effective vaccines
against leishmaniosis require an extensive
range of protective epitopes which cover a
wide range of MHC types in a populace (17).
Based on leishmanization results, crude Leish-
mania antigens are considered promising can-
didate for preparation of vaccine (18). How-
ever, first-generation vaccines in phase III tri-
als revealed little efficacy partially due to the
lack of a suitable adjuvant (19).

Previously, in order to enhance the
immunogenicity of autoclaved Leishmania major
vaccine (ALM) + BCG, ALM was adsorbed to
aluminum hydroxide, a single dose of alum-
precipitated autoclaved Leishmania major vac-
cine (ALM) mixed with BCG showed to be
safe and decreased the incidence rate from 12
to 3.7% (20). In another study, to determine
the acceptability and toxicity whole killed L.
major (KLm), it’s given as an intradermal injec-
tion. Findings showed higher doses of the
vaccine, up to 1000ug produced no unaccepta-
ble side effects and addition of 400pug KLm
vaccine to a normal dose of BCG produces
reactions not acceptable and the major side
effects and toxicity were related to the use of
BCG (21).
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Indeed, choice of a suitable adjuvant is cru-
cial for nearly any modern vaccine to generate
effective immune responses (22). Present
study was designed to explore whether cation-
ic DOTAP/DOPE/CHO liposomes act as an
immunoadjuvant and appropriate delivery sys-
tem for SLA to generate a strong Thl re-
sponse and protection against L. major chal-
lenge in murine model of leishmaniosis.

In current study DOTAP was used in lipo-
some structures to use inherent adjuvanticity
of the quaternary ammonium combination,
also to employ positively charged liposomes
which interface more efficiently with SLA and
the anionic species on the APC s ” cell surface
and so to enhance antigen delivery to dendritic
cells (DC), DOTAP act as an stimulator of
DC that activated extracellular-signal-regulated
kinase (ERK) and chemokine induction (11).
DOTAP induced migration of activated DC
to the draining lymph node (DLN) and effi-
ciently provoke functional antigen-specific
CTL responses. Reactive oxygen species gen-
erated by DOTAP cationic lipid in DLN
showed a possible mechanism of the begin-
ning interaction between DOTAP and DC
(23). In addition, DOTAP liposomes also in-
duced transcription of several inflammatory
chemokines (11). We have earlier assessed the
role of DOTAP in liposomal formulation to
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enhancement of immune response against
leishmaniosis, our findings point out that
DOTAP in association with 1mg/ml SLA
elicit Th1 response and a degree of protection
in murine model of leishmaniosis (24).
DOTAP have 2 unsaturated bonds in its
structure which make a low transition temper-
ature (0 °C) and liposomes unstable in vivo,
and cholesterol can be used as a membrane
stabilizer in liposome formulation (25). Add-
ing cholesterol maximize the in vivo stability
of the liposomes that lead to a more rigid
formation which enhances stimulation of CTL
responses (26). Another purpose for using
cholesterol was to boost cytoplasmic release
of the antigens and prevent the vesicle lyso-
somal break down (27). Moreover, lipid:
DOPE (1:1) combinations were fit to form
stable liposomes (9).

A major factor that influences the behavior
of liposomes after interstitial injection is par-
ticulates size (28). Large particles induce IL-12
production but small size particles do not in-
duce IL-12 production (29). Liposomes 250-
700 nm in diameter induced the greatest IFN-
y secretion by restimulated spleen cells and
elicited a Thl response and increases both
accumulation in the draining lymph nodes and
persistence at the injection site (30). We found
previously that the small size vesicles (<200
nm) do not protect BALB/c mice against
leishmaniosis, but the large size vesicles (400
nm or larger) protect animals (31). Table 1

The results of ELISPOT assays showed that
spleen cells isolated from the mice immunized
with Lip-SLA+ released higher amounts of
IFN-y (Fig. 6A) in comparison with the
groups of mice immunized with buffer or SLA.
Moreover, high amounts of 1L.-4 (Fig. 6B) ob-
served in these groups. Mice immunized with
these formulations of Lip-SLA+ showed a
mix Th1/Th2 response with no effective re-
sponses against leishmaniosis. Generation of
Th1/Th2 responses by SLA immunization is
consistent with the previous studies since
BALB/c mice have a natural tendency to de-
velop Th2 responses (32). The current data
surprisingly showed that mice immunized with
Lip (DOPE/CHOL) ot Lip
(DOTAP/DOPE/CHOL) in absence of SLA
induced a Th1 responses and a degree of pro-
tection based on the results of lesion size and
the number of live L. mapor in footpad and
spleen. In addition, the ratios of IgG2a/IgG1
(a marker for the induction of Thl-like re-
sponse) in sera of mice immunized with these
formulations of vaccine were higher than the
other groups (Table 2).

However, recent study indicated that cation-
ic lipids in absence of antigens do promote
specific immune response (11). Further re-
search should be done to investigate whether
positively charged liposomes act as an appro-
priate delivery system and effective immune
adjuvant to induce a Th1 response and protec-
tion against infection diseases where we need

shows that Lip-SLA+ formulations have an a Thl responses, particularly against
appropriate size of around 500 nm. leishmaniosis.
Table 2: The ratio of IgG2a: IgG1 before and after challenge at different serum dilutions
Groups Serum dilution
1/200 1/2000 1/20000 1/200000

Before After Before After Before After Before After
Buffer 0.86 2.20 0.74 2.79 0.68 3.88 0.68 4.24
SLA 0.25 2.21 0.48 2.45 0.63 3.14 0.67 3.77
Lip (DOTAP)-SLA+ 0.16 1.76 0.16 2.04 0.46 3.32 0.68 473
Lip (DOTAP/DOPE)-SLA+ 0.15 1.88 0.28 2.21 0.58 3.32 0.73 3.89
Lip (DOTAP/DOPE/CHOL)-SLA+ 0.16 2.06 0.24 2.33 0.54 3.13 0.55 3.57
Lip (DOTAP/DOPE/CHOL) 0.74 2.61 0.79 3.07 0.89 5.67 0.76 5.63
Lip (DOPE/CHOL) 0.85 2.47 1.12 2.75 0.79 4,57 0.91 4.87
(mean + SD, n = 3)
Available at: http://ijpa.tums.ac.ir 75
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Conclusion

Immunization with Lip
(DOTAP/DOPE/CHO)-SLA+ was not an
appropriate strategy to protect mice against
leishmaniosis.
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