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ABSTRACT
Background: Cationic immune stimulating complexes (PLUSCOMs) are particulate
antigen delivery systems. PLUSCOMs consist of cationic immunostimulatory
complexes (ISCOMs) derivatives and are able to elicit in vivo T cell responses against
an antigen. Objective: To evaluate the effects of PLUSCOMs containing
Leishmaniamajor antigens (SLA) on the type of immune response generated in the
murine model of leishmaniasis. Methods: PLUSCOMs consisting of 1, 2-dioleoyl-3trimethylammonium-propane (DOTAP) were used as antigen delivery
system/immunoadjuvants for soluble SLA. BALB/c mice were immunized
subcutaneously, three times in 2-week intervals. Footpads swellings at the site of
challenge and parasite loads were assessed as a measure of protection. The immune
responses were also evaluated by determination of IgG subclasses and the level of IFNγ and IL-4 in cultured splenocytes. Results: There was no significant difference
(p<0.05) between the sizes of lesions in mice immunized with different formulations.
Also, there was no significant difference in the number of parasites in the footpad or
spleen of all groups compared with the control group. The highest level of IFN-γ
secretion was observed in the splenocytes of mice immunized with PLUSCOM/SLA
(p<0.001) and lower amounts of IL-4 was observed in PLUSCOM group (p<0.001) as
compared to negative control. Conclusion: Our results indicated that SLA in different
formulations generated an immune response with mixed Th1/Th2 response that was not
protective enough despite the activation of CD4+ T cells with secreting IFN-γ in groups
which received PLUSCOM with antigen.
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INTRODUCTION
Leishmaniasis, a disease caused by several species of intracellular protozoan parasites
of genus Leishmania, is an important public health problem in some endemic regions of
at least 98 countries (1). Leishmania infections have diverse clinical manifestations,
including cutaneous (CL), mucocutaneous (MCL), visceral (VL or kala-azar), post kalaazar dermal leishmaniasis (PKDL) (2).Cutaneous leishmaniasis (CL) is widely
distributed in the Middle East, Central Asia, Americas and North Africa. Ninety percent
of CL occurs in Afghanistan, Brazil, Iran, Peru, Saudi Arabia and Syria (3).
Control of leishmaniasis is difficult, costly and not always effective, and treatment of
CL is solely depend on chemotherapy using pentavalent antimonial agents (4)The
duration of treatment is long with the need of multiple painful injections which is not
fully effective (4). Protection against L. major infection depends upon induction of Th1
response, which in turn, results in production of IFN-γ (5). While an effective vaccine
against leishmaniasis should elicit a Th1 response, various Leishmania antigens such as
whole killed parasites, soluble Leishmaniamajor antigens (SLA), fractionated parasite
and recombinant antigens showed to induce variable levels of protection in animal
models when were used with an appropriate adjuvant and/or delivery system (6,7).Some
cationic lipids containing an ammonium ion head group are immunostimulatory and
could be used as delivery systems due to the ability to form liposome structures which
offer efficient protein adsorption and/or encapsulation (8).
Immunostimulatory complexes (ISCOMs) are colloidal, spherical particulate antigen
delivery systems composed of antigen, cholesterol, phospholipid and saponin such as
QuilA (9). ISCOMs are usually about 40 nm in size and are composed of regularly
oriented subunits. The subunits look like rings in electron micrographs of negatively
stained preparations. ISCOMs are used as vehicles for amphipathic macromolecules,
mostly membrane proteins. Before 1973, their potential as subunit vaccine delivery
systems was not recognized Further on, 1SCOMs were 'reinvented' and their application
as potent antigen vehicle was established (10). 1SCOMs' negative charge conferred by
the glucouronic acid group of the Quil A glycosides means the attachment of anionic
antigens such as protein and DNA is only low at best (11). To better facilitate the
incorporation of anionic antigens, generation of positive charge 1SCOMs is essential.
Hence, lipid component was substituted with a cationic lipid called 1, 2-dioleoyl-3trimethylammonium-propane (DOTAP). The resultant particles demonstrated a cagelike structure similar to classic ISCOMs, but exhibited a net positive charge; therefore
these particles were termed “PLUSCOMs”(12).The Quil A saponin, which is used in the
ISCOMs and PLUSCOMs adjuvant for the development of human vaccines, is a
multicomponent fraction from bark extract of Quillaia saponaria tree and able to form
complex with lipids and amphiphilic antigens. The complex formation probably
increases the adjuvanticity/toxicity ratio (13). ISCOMs vaccines have been approved for
veterinary use and are currently undergoing clinical trials inhuman for anti-bacterial,
anti-cancer, anti-viral, and anti-parasite purposes(14,15).In the this study, we prepared
and characterized PLUSCOMs containing SLA and assessed their type of immune
response generated against leishmaniasis in the murine model of leishmaniasis.

Iran.J.Immunol. VOL.12 NO.4 December 2015

275

Mehravaran A, et al.

MATERIALS AND METHODS
Animals and Ethics Statement. Female BALB/c mice 6-8 weeks old used in this study
were purchased from Pasteur Institute (Tehran, Iran). The animals were maintained in
animal house of Pharmaceutical Research Center under specific pathogen free
conditions and fed with tap water and laboratory pellet chow (Khorasan Javane Co.,
Mashhad, Iran). Experiments were carried out according to Mashhad University of
Medical Sciences Ethical Committee Acts (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
Medicinal Education (MOHME) of Iran issued in 2005.
Parasites, Soluble Leishmania Antigen (SLA) and Quil A. L. major strain
(MRHO/IR/75/ER) used in this experiment was previously used in leishmanization and
for preparation of experimental Leishmania vaccine and leishmanin preparation (16,17).
The parasites were received from Center for Research and Training in Skin Diseases
and Leprosy, Tehran University of Medical Sciences, Tehran, Iran. The method of SLA
preparation was carried out using the protocol developed by Scott et al. (18) with minor
modifications. Briefly, stationary phase promastigotes were harvested and washed four
times in HEPES buffer (HS buffer; 10 mM, pH 7.5) containing 10% sucrose. The
number of promastigotes was adjusted to 1.2 × 109/ml in a buffer solution containing
enzyme inhibitor cocktail (50μl/ml; Sigma, St. Louis, MO, USA). The parasites were
then lysed using freeze-thaw method followed by probe sonication in an ice bath. The
supernatant of centrifuged lysate parasites was collected, dialyzed against buffer
solution and sterilized by passage through a 0.22 μm membrane. The total protein
concentration of SLA was determined using BCA (Bicinchoninic acid) protein assay kit
(Thermo Scientific, USA) (19).The antigen was aliquoted and stored at -70°C until use.
QuilA was obtained from Brenntag Biosector, Frederikssund, Denmark.
Preparation and Characterization of PLUSCOMs. PLUSCOMs were prepared by
lipid film hydration in solid sugar matrices. The ratio of DOTAP, QuilA, cholesterol
was 2:2:1, respectively. The total lipid concentration was 6.7 mg/ml. DOTAP (8mg) and
cholesterol (4mg) were first dissolved in chloroform in a sterile tube and then the
solvent was removed by rotary evaporator (Hettich, Germany). In the next step, SLA
(1mg/ml) and sucrose (200mg) were added to lipid film and dissolved in a 4 mL
mixture of tert-butanol and water (V/V 1:1). Snap freezing of the resulting monophase
solution was carried out in nitrogen tank followed by overnight freeze drying (VD800F, Taitech, Japan) to remove the solvents completely. Four milliliters of PBS (0.01
M, pH 7.4) and 8mg of Quil A were then added to hydrate the solid matrices followed
by 15 min sonication to facilitate dispersion. The PLUSCOMs dispersion were
subsequently extruded through 400, 200, 100 nm polycarbonate membranes (Avestin,
Canada) (20).PLUSCOM/SLA will stand for PLUSCOMs incorporated SLA, while
PLUSCOM + SLA will stand for a mixture of empty PLUSCOMs with SLA just before
injection. Zeta potential and mean diameter of prepared formulations were determined
using a Zetasizer (Nano-ZS, Malvern Instruments, UK) (21).SLA concentration
encapsulated in PLUSCOMs was determined using BCA protein assay kit after
removing lipids (Thermo Scientific, USA). The PLUSCOMs structures were checked
by transmission electron microscopy (TEM) (22).Briefly, samples were coated onto
glow-discharged; carbon coated copper grids and negatively stained with 2%
phosphotungstic acid (pH=5.2). Then, the samples were scanned using a Phillips
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CM100 electron microscope with an acceleration voltage of 100 kV and a magnification
of 93,000X.
SDS-PAGE Analysis. The polyacrylamide gel electrophoretic analysis (SDS-PAGE)
was carried out to estimate qualitatively the concentration of antigen encapsulated in
formulations containing SLA. The gel consisted of running gel (10.22%, w/v,
acrylamide) and stacking gel (4.78%, w/v, acrylamide) at the thickness of 1 mm. The
electrophoresis 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. Then, the gels
were stained with silver for protein detection (23).
Immunization of Mice. Mice (ten per group) were subcutaneously (SC) immunized
three times in 3-week intervals with one of the following formulations:
PLUSCOM/SLA(50 μg SLA/50 μl PLUSCOM/mouse), PLUSCOM + SLA (50 μg
SLA+50 μl PLUSCOM/mouse), PLUSCOM(50 μl PLUSCOM/mouse), SLA (50 μg
SLA/50 μl /mouse), Buffer (HEPES 10 mM, sucrose 10% w/v, pH 7.4) alone.
Challenge with L. major Promastigotes. Two weeks after the last booster injection, 1
× 106 late stationary phase L. major promastigotes in 50 μl PBS were inoculated SC into
the right footpad of immunized and control group of mice. Lesion development and
progression were monitored by measuring footpad thickness using a digital caliper
(Mitutoyo Measuring Instruments, Japan) at weekly intervals for 8 weeks. Grading of
lesion size was done by subtracting the thickness of the uninfected contra lateral footpad
from that of the infected ones (24).
Quantitative Parasite Burden after Challenge. Spleens and footpad of infected mice
were removed. The number of viable L. major parasites was estimated using limiting
dilution assay method as described previously (25,26). Briefly, the mice were sacrificed
at week 8 post-challenge, the infected foot and spleen were removed and homogenized
in RPMI 1640 supplemented with 10% v/v heat inactivated FCS (Eurobio,
Scandinavie), 2 mM glutamine, 100 units/mL of penicillin, and 100 μg/mL of
streptomycin sulfate (RPMI-FCS). The homogenate was diluted with the media in 8
serial 10-fold dilutions and then was placed in each well of flat-bottom 96-well
microtiter plates (Nunc, Denmark) containing solid layer of rabbit blood agar in tetra
plicate and incubated at 25 ± 1°C for 7-10 days. The positive and negative wells were
detected by presence and absence of motile parasite, respectively using an inverted
microscope.
Antibody Assay. Serum-specific anti-Leishmania IgG subclasses were determined by a
standard ELISA method. Blood samples were collected from mice before and at week 8
after challenge and the sera were isolated and kept at -20°C until use. Assessment of
anti-SLA IgG total, IgG1 and IgG2a antibodies were assessed (26).Briefly, microtiter
plates (Nunc, Denmark) were coated with 50 μl of SLA (10 μg/ml) in PBS buffer (0.01
M, pH 7.3) at 4°C for overnight and then a serial dilutions of serum was added to the
plates after blocking with bovine serum albumin (BSA). The plates were treated with
HRP-rabbit anti-mouse IgG isotype according to the manufacturer’s instructions
(Invitrogen Inc., USA). Optical density (OD) was determined at 450 nm using 630 nm
as the reference wavelength.
Cytokine Assay with ELISA. The level of IL-4 and IFN-γ were determined in culture
supernatants using ELISA method. Briefly, three mice in each group were sacrificed at
week 3 after the last booster. The spleens were aseptically removed and mononuclear
cells were isolated using Ficoll-Hypaque (Biogene, Iran) density centrifugation method
(25).The cells were washed and resuspended in complete medium (RPMI 1640-FCS)
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and seeded at 2 × 106/mL in 96-well flat-bottom plates (Nunc, Denmark). Then, the
spleen cells were cultured and stimulated with SLA (10 μg/mL) or medium alone as a
control and incubated at 37°C with 5% CO2 for 72 h. The culture supernatants were
collected and the level of IFN-γ and IL-4 were determined using ELISA method
according to the manufacturer’s instructions (MabTech, Sweden).
Flowcytometry Analysis. Splenocytes were isolated 2 weeks after the last booster and
stained for intracellular cytokine IFN-γ (anti-IFN-γ–FITC) and IL-4 (anti-IL-4-FITC)
according to BD protocols Cytofix/CytopermTM Plus Fixation/Permeabilization Kit.
Briefly, Splenocytes (106 cells/ml) in medium containing GolgiPlugTM (1 μl/ml) were
stimulated with PMA/ionomycin cocktail (2 μl/ml) for 4 h at 37°C. After stimulation,
105 splenocytes were transferred into flow cytometry tubes and washed two times with
stain buffer (2% FCS in PBS). Splenocytes were stained with 1 μl anti-CD8a-PE-cy5
antibody and 1 μl anti-CD4-PE-cy5 antibody in separate tubes for 30min at 4°C. The
cells were washed with stain buffer and fixed using Cytofix/CytopermTM solution. Fixed
cells were washed two times with Perm/WashTM buffer and then stained with 1 μl antiIFN-γ- FITC antibody for 30 min at 4°C. CD4 cells were also stained with 1 μl anti-IL4-PE antibody. The cells were washed with Perm/WashTM buffer and suspended in 300
μl stain buffer for flowcytometric analysis Calibur (BD Biosciences, USA).
Statistical Analysis. One-way ANOVA statistical test was used to assess the
significance of the differences among the various groups. The mean and standard
deviation of all experiments were determined. In case of significant F value, TurkeyKramer multiple comparisons test was carried out as a post-test to compare the means in
different groups of mice. p value of ≤ 0.05 was considered as significant.

RESULTS
Characterization of PLUSCOM. The mean diameter and charge of prepared
formulations calculated by zeta sizer (Malvern, UK) for each preparation and is shown
in Table 1. The polydispersity index (PDI) was ~0.2 that indicates all formulations are
fairly homogenous. Zeta potential of all preparations was positive due to the presence of
positively charged DOTAP lipid (Table 1).

Table1. Particle size distribution, polydispersity index (PDI) and zeta potential of
prepared formulations (Mean ± SD, n = 3).
Formulation

Size (nm)

PDI

Zeta potential (mv)

PLUSCOM

128.4 ± 21.5

0.2± 0.1

49.6 ± 12.5

PLUSCOM/SLA

163.8 ± 36.4

0.3 ± 0.1

35.3 ± 6.8

PLUSCOM + SLA

93.7 ± 10.8

0.3 ± 0.1

37.2 ± 5.4

The entrapment of SLA in PLUSCOM/SLA formulation was 55 ± 15%. The
concentration of SLA in final formulation was 1 μg/μl. The presence of SLA in different
formulations was confirmed using SDS-PAGE gel electrophoresis (Figure 1).
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Figure1. SDS-PAGE analysis of SLA
alone, PLUSCOM, PLUSCOM/SLA
and PLUSCOM + SLA. Lane 1, Lowrange protein standard (Sigma, USA);
Lane 2, SLA (10 μg); Lane 3,
PLUSCOMs without SLA; Lane 4,
SLA incorporated in PLUSCOM; Lane
5, physical mixture of PLUSCOMs
and SLA.

SDS-PAGE analysis of SLA revealed several protein bands with molecular weight
ranges from 10 to 70 kDa. After purification, SDS-PAGE analysis of PLUSCOM/SLA
revealed bands similar to free SLA. TEM picture (Figure 2) was used to confirm the
size as well as the morphology of the prepared particles. The size of PLUSCOM was in
the range of 60-70 nm as measured for almost 100 particles.

Figure2.
TEM
image
of
PLUSCOM
consisting
DOTAP:Chol:Quil A.

Challenge Results. Lesion development and progress were recorded in each mouse
weekly by measuring of footpad thickness (Figure 3). Footpad thickness progressed
similarly in all groups of mice up to two weeks after the challenge. Footpad swelling in
all groups was progressed continuously and no protection was observed in any groups.
Interestingly, the group of mice received PLUSCOM showed the smallest lesion size
compared to the groups of mice received SLA at week 6, but there was no significant
difference compared with PLUSCOM/SLA group. In all the groups, the footpad
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swelling reached a plateau after 6 weeks but the disease progressed by metastasis to
other organs and some of the mice lost their foot.

Figure 3. Footpad swelling in BALB/c
mice immunized SC, three times in 3week intervals, with SLA, PLUSCOM,
PLUSCOM/SLA, PLUSCOM + SLA or
buffer alone. The footpad thickness of
each mouse was measured on both
footpads for 42 days. Each point
represents the average increase in
footpad thickness ± SEM (n=7).

Splenic Parasite Burden after Challenge. At day 42 after challenge, the number of
viable L. major was quantified in spleen of different groups of mice (Figure 4A). The
group of mice immunized with PLUSCOM showed the least parasite burden, but was
not significant (p > 0.05) compared to the control group which received PBS. Also,
there was no significant difference among the groups in terms of parasite number.

Figure 4. Parasite burden in spleen (A) and footpad (B) of infected BALB/c mice. Mice
immunized SC, three times in 3-week intervals with SLA, PLUSCOM, PLUSCOM/SLA,
PLUSCOM + SLA or buffer alone after challenge with L. major. A limiting dilution analysis was
performed at week six post infection on the spleen and foot of individual mouse. The wells were
assessed microscopically for L. major growth, and the number of viable parasite per spleen was
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determined by GraphPad Prism5 software. The bar represents the average number ± SEM
(n=3).

Parasite Burden in Foot after Challenge. The number of viable L. major was
quantified in the infected foot-pad of different groups of mice at day 42 after challenge
(Figure 4B). As shown, however, the group of mice immunized with
PLUSCOM/SLAshowed the least parasite burden compared with the other groups, but
there was no significant difference in the number of footpad parasites among all groups
compared with the control group received PBS.
Antibody Response. To determine the type of immune response generated, the serum
samples were collected prior and post-challenge and anti Leishmania IgG isotypes were
tested. As shown in Figure 5A-C, there was a significant (p<0.0001) higher level of
IgG2a, IgG1,IgG antibodies in the sera of mice immunized with PLUSCOM/SLA or
PLUSCOM + SLA compared with the control group before challenge, respectively.

Figure 5. The levels of anti-SLA specific
IgG1, IgG2a, and IgG antibodies in sera
of BALB/c mice. Mice immunized SC,
three times in 3-week intervals, with
SLA,
PLUSCOM,
PLUSCOM/SLA,
PLUSCOM + SLA, or buffer alone. Blood
samples were collected from mice 2
weeks after the last booster. The assays
were performed using ELISA method in
triplicate at 200, 2000, 20,000 or
200,000-fold dilution for each serum
sample. Values are Mean ± SD.

After challenge, as shown in Figure 6A-C,
although the group PLUSCOM + SLA showing the highest antibody titer, there was no
significant difference in level of IgG total and IgG1 antibodies compared to the other
groups. Interestingly, the sera of mice immunized with PLUSCOM/SLA or PLUSCOM
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showed significantly (p<0.0001) the lowest IgG2a antibody titer compared with the
other immunized groups.

Figure 6. The levels of anti-SLA specific IgG1, IgG2a, and IgG antibodies in sera of
BALB/c mice. Mice immunized SC, three times in 3-week intervals, with SLA, PLUSCOM,
PLUSCOM/SLA, PLUSCOM + SLA, or buffer alone. Blood samples were collected from
mice at week 6 after challenge. The assays were performed using ELISA method in
triplicate at 200, 2000, 20,000 or 200,000-fold dilution for each serum sample. Values are
Mean ± SD.

Flowcytometery Results. Splenocytes were isolated to determine antigen-specific T
cell responses in different groups of mice 2 weeks after the last booster. Extracellular
staining was used for CD4 and CD8 surface markers and intracellular cytokine staining
was used for IFN-γ and IL-4 cytokines followed by flowcytometery analyses. CD4+ and
CD8+ cells were studied concomitantly. CD8 and CD4 markers represent the frequency
of IFN-γ and IL4 producing cells in Th1 and Th2 population, respectively. As shown in
Figure 7A-C, the group of mice which was immunized with SLA and PLUSCOM
generated a significantly higher number of CD8+/IFN-γ T cells compared to all the other
groups. The frequency of CD4+/IFN-γ cells in the group of mice immunized with
PLUSCOM/SLA and PLUSCOM + SLA were significantly greater than that of other
groups, while flow cytometric results also showed IL-4 production in CD4+ cells that
implies T cell-dependent humoral immunity was not induced significantly in all groups.
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Figure 7. After last booster, splenocytes were
isolated, restimulated, and then stained for
surface CD8, CD4 and intracellular IFN-γ and
IL-4 cytokines. Splenocytes were gated by side
vs. forward scatter light followed by staining
with CD8 Pe-cy5 and CD4 Pe-cy5. Plots show
log fluorescence intensity for IFN-γ- FITC and
IL-4-PE. The data indicate the mean ± S.E.M,
(n = 3). ** (p<0.01) and * (p<0.05) denote
significant difference from buffer and all other
formulations, respectively.

In vitro Cytokine Production by
Splenocytes. One day before challenge, splenocytes of immunized mice were isolated
and cultured to detect the concentration of two related cytokines. The results showed
that the level of IFN-γ in the supernatant of splenocytes in the group of mice immunized
with PLUSCOM/SLA was significantly (p<0.001) higher than the other groups. There
was no significant difference in the level of IFN-γ among the other groups (Figure 8A).
The least amount of IL-4 was detected in the group of mice immunized with
PLUSCOM, this group produced a
lower significance (p<0.001) level of
IL4 compared to the other SLA
formulated groups (Figure 8B).
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Figure 8. Splenic cell responses of BALB/c
mice immunized SC, three times in 3 weeks
intervals,
with
SLA,
PLUSCOM,
PLUSCOM/SLA, PLUSCOM+SLA, or buffer
alone. Two weeks after the last booster,
their spleens were removed and stimulated
in vitro with SLA (10 µg/ml). Production of
IFN-γ (A) and IL-4 (B) were assessed by
sandwich ELISA with supernatants removed
after 72 h of in vitro incubation. Cells from 3
mice per group were pooled. Each bar
represents the mean ± SD of triplicate wells.
***p< 0.001 when the mice immunized with
PLUSCOM
and
PLUSCOM/SLA
are
compared with the mice received buffer.

DISCUSSION
The main goal of this study was to evaluate the protection rate and type of immune
response induced in BALB/c mice immunized using SLA in PLUSCOMs as a vaccine
and adjuvant delivery system. The immunized groups of mice along with control groups
were challenged at week 3 after the last booster injection. Several parameters such as
lesion size, parasite burden in foot and spleen, cytokine production and antibody
responses were evaluated. Although the size of footpad swelling after challenge and
splenic parasite burden in mice showed that PLUSCOM group had the lowest size
footpad swelling, the treatment did not protect BALB/c mice against leishmaniasis. In
this study, PLUSCOMs consisting with DOTAP were used. In pharmaceutical point of
view, we prepared for the first time PLUSCOMs containing SLA with a reasonable
entrapment efficiency (55%). A similar high incorporation efficiency of pFITC-OVA
(Ovalbumin) into cationic structures of PLUSCOM is showed elsewhere (~ 85%) (27).
SLA is a crude soluble Leishmania antigen which induces partial protection when used
alone; however, in association with delivery systems such as cationic liposomes
possessing adjuvant activity, SLA enhances antibody and antigen-specific T-cell
proliferative responses (28).In the current study, SLA alone induced more IgG1 than
IgG2a antibody, and low titer of IFN-γ that means it could not induce Th1 type of
immune response. However, the mice which received PLUSCOM/SLA or PLUSCOM
+ SLA showed a high titer of IgG2a and IFN-γ that are indicator of Th1 type of immune
response to some extent. Although we detected a high amount of IFN-γ in those groups,
they induced a significant high amount of IL-4 that was correlated to a Th2 type of
immune response. It seems that these formulations induced a mixed Th1/Th2 response
that has been confirmed in challenge results as well. ISCOMs are effective delivery
systems which transform soluble antigens into a particulate form thereby prolong the in
vivo half-life of the antigens. Net anionic charge of ISCOMs is due to the glucouronic
acid group present on QuilA glycosides. This may limit the effectiveness of the
ISCOMs as a delivery system for anionic antigens such as protein or DNA (13,27).
Among different types of ISCOMs, cationic ones (termed PLUSCOMs) are premier in
inducing antigen-specific CTL and antibody response due to their tightly bound
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complex formation with negatively charged antigens Therefore, the positive charge on
the surface of the resulting particle strongly improves the uptake of both PLUSCOMs
and the entrapped antigen by APCs and their subsequent presentation to T cells (12).
For assessment of protection rate, size of lesion and footpad parasite burden were
checked in different groups of mice. The results indicated that the group of mice
received PLUSCOMs showed the smallest lesion size compared to other groups, but
there was no significant difference between this group and those received
PLUSCOM/SLA. The results of cytokine assay demonstrated that highest level of IFNγ secretion was observed in the splenocytes of mice immunized with PLUSCOM/SLA
as compared to buffer group(p<0.001). Vaccination of BALB/c mice with PLUSCOMs
produced strong antigen-specific proliferative responses in the spleen, confirming
previous reports of the ability of ISCOMs to prime for recall proliferative responses in
vitro after immunization (29).It is known that IFN-γ, produced by Th1 type cells, both
suppresses the induction of IgG1 and boosts the production of IgG2a antibody subtype,
and similar types of protection have been reported for many parasite infections (30-32).
Moreover, flowcytometery results indicated that PLUSCOM/SLA and PLUSCOM +
SLA generated considerably a higher number of CD4+/ IFN-γcells in groups which
received PLUSCOM/SLA or PLUSCOM + SLA. However, these two groups induced a
high amount of IL-4 that means our formulations may induce a mixed Th1/Th2
response, the fact that was reported by others (Ref needed here). It was shown that
parasite surface Ag-2 (PSA) in immune-stimulating complexes generated an immune
response with mixed Th1/Th2 response that was not protective despite the activation of
large numbers of CD4+ T cells secreting IFN-γ (33).In another study, although ISCOMs
containing gp63 formulations modulated the immune response of vaccinated BALB/c
mice preferentially towards a Th1 rather than a Th2 type response, induced a partial
protection against Leishmania challenge (34).A reason for induced mixed response in
this study might be the presence of Quil A. QuilA is a semi-purified preparation of
Quillaia saponin that is composed of a heterogeneous mixture of closely related
saponins. Quil A is suitable for veterinary applications but has been unacceptable for
human applications (35).However, further characterization of QuilA has identified
several saponin fractions, which have adjuvant activity and retain the capacity to form
ISCOMs (36). Exclusive saponins from Quil A such as QS-7, QS-17, QS-18, and QS-21
have been investigated for their adjuvant properties (35).Therefore, because of this
impurity, our formulations showed an immune response with mixed Th1/Th2 properties
(30,37). Although there are some studies which have shown a Th1 response after using
ISCOMs, there are some other reports which show they induce a concomitant Th2
response, resulting in a mixed Th1/Th2 response (38,39).It seems that the type of
immune response reported after ISCOM immunization is vary with the type of antigens
used (40). In the current study, despite the activation of high numbers of T cells
secreting IFN-γ, immunization of mice with PLUSCOM containing SLA did not protect
them against L. major infection. Some findings propose that the activation of Th2-like T
cells by ISCOMs vaccination is sufficient to abrogate the protective Th1 effects
(Reference needed here). It can be derived that ISCOMs have induced potent T cell
responses of a Th1 type immune response but are also able to induce a concomitant Th2
response giving rise to T cell response with mixed Th1/Th2 properties (30).In summary,
our results indicated that PLUSCOMs formulations containing SLA induced a mixed
Th1/Th2 response in mice that could not protect mice against Leishmania infection but
it might be helpful for other infections which need a mixed Th1/Th2 responces.
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