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ORIGINAL ARTICLE
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Abstract
Vaccination would be the most important strategy for the prevention and elimination of leishmaniasis.
The aim of the present study was to compare the immune responses induced following DNA vaccination
with LACK (Leishmania analogue of the receptor kinase C), TSA (Thiol-specific-antioxidant) genes
alone or LACK-TSA fusion against cutaneous leishmaniasis (CL). Cellular and humoral immune
responses were evaluated before and after challenge with Leishmania major (L. major). In addition,
the mean lesion size was also measured from 3th week post-infection. All immunized mice showed a
partial immunity characterized by higher interferon (IFN)-γ and Immunoglobulin G (IgG2a) levels
compared to control groups (p<0.05). IFN-γ/ Interleukin (IL)-4 and IgG2a/IgG1 ratios demonstrated
the highest IFN-γ and IgG2a levels in the group receiving LACK–TSA fusion. Mean lesion sizes
reduced significantly in all immunized mice compared with control groups at 7th week post-infection
(p<0.05). In addition, there was a significant reduction in mean lesion size of LACK-TSA and
TSA groups than LACK group after challenge (p<0.05). In the present study, DNA immunization
promoted Th1 immune response and confirmed the previous observations on immunogenicity of
LACK and TSA antigens against CL. Furthermore, this study demonstrated that a bivalent vaccine
can induce stronger immune responses and protection against infectious challenge with L. major.
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INTRODUCTION
Leishmaniasis caused by different species of
genus Leishmania is a major health problem in
large parts of the world. More than 98 countries
are endemic for leishmaniasis putting about 350
million people are at risk. The annual global
prevalence of leishmaniasis is about 1.5-2
million new cases.1,2 Different chemical drugs
have been applied for treatment of cutaneous
leishmaniasis (CL) including pentavalent
antimonials, amphotericin B, pentamidine3,4,
topical formulations of paramomycin5, oral
miltefosine 6 and some anti-fungal drugs
(ketoconazole).7 However, the use of these
drugs is limited because of problems (e.g. high
toxicity, expensive cost and ineffectiveness in
some endemic regions).8,9 Vaccination remains
the most appropriate opportunity for the

prevention and safe treatment of all forms of
the disease.10–12 Currently there is no effective
vaccine for prevention of leishmaniasis. 13
Therefore, development of an effective drug or
vaccine against leishmaniasis is one of the main
global public-health priorities.14,15 TSA antigen is
a 22.1 kDa protein that is conserved in all species
of Leishmania and expressed in both amastigote
and promastigote forms of the Leishmania.16–19
In previous studies, TSA antigen singly or in
combination with other antigens have induced
protection against leishmaniasis.17,19–21 LACK is
a 36kD protein that is highly conserved among
different species of genus Leishmania and is also
expressed in both promastigote and amastigote
forms of the protozoa.22 The exact function of
LACK protein in Leishmania is not completely
understood.23 However, it is clearly demonstrated
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that LACK differentiates promastigote to
amastigote forms into host macrophages and is
essential for the viability of the parasite.24,25 The
L. major LACK protein plays a key role in the
induction of immune responses in susceptible
BALB/c mice and acts as a vaccine candidate
against human leishmaniasis.26 Immunization
with either protein or DNA of LACK antigen
conferred protection in susceptible BALB/c
mice infected with L. major and reduced
disease progression and parasite burden through
increased IFN-γ production.27–29
Vaccination with a single antigen induces
protective immune responses against infectious
challenge with the same Leishmania species
and is not able to induce protection against
different species of genus Leishmania in people
with different genetic backgrounds and different
parasite stages. Therefore it is more likely
that a vaccine composed of multiple antigens
rather than a single gene product would show a
protective immunity against leishmaniasis in a
broad spectrum of individuals.30,31 Multivalent
vaccines may confer stronger immune responses
and protection. Therefore, the use of two or
multiple specific antigens is a rational strategy
to develop an effective vaccine against parasitic
infections.32,33 In the present study, we tried a
bivalent vaccine to improve immune response
against CL. Hence, immune responses in
susceptible BALB/c mice vaccinated using
LACK, TSA genes alone or with LACK-TSA
fusion were compared after infectious challenge
with L. major promastigotes in the stationary
phase.
MATERIAL AND METHODS
Parasite growth
L. major parasites (MRHO/IR/75/ER, Iranian
strain) were grown at 22-26°C in RPMI-1640
(Gibco, BRL, Maryland, USA) plus L-glutamine
(20 mM), supplemented with 10% fetal bovine
serum (FBS) (Gibco, BRL, Maryland, USA),
100 U/ml penicillin and 100µg/ml streptomycin
(Sigma, USA). L. major promastigotes
in stationary phase were used for antigen
preparation and infectious challenge.
Animals
In this study, female BALB/c mice (6 to 8 weekold) were purchased from the Pasteur Institute
of Iran and housed in an animal facility which
was appropriate to the species, within controlled
temperature and humidity, receiving food and
water.
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Construction of LACK-TSA fusion
In the present study, three recombinant plasmid
of pEGFP-LACK, pEGFP-TSA, pEGFPLACK-TSA from our previous studies were
used.16,21,34 For construction of LACK-TSA
fusion, LACK gene was amplified by Pfu DNA
polymerase and specific primers. LACK forward:
(5’-TATGAATTCACCATGAACTACGAG
G G T C AC C T G A AG G G - 3 ’ ) c o n t a i n i n g
a restriction site for EcoRI enzyme and
kozak sequence and LACK reverse: (5’ATCGGTACCCTCGGCGTCGGAGAT-3’)
containing a restriction site for KpnI following
program: initial denaturation at 95°C for 5min;
denaturation at 95°C for 1min, annealing at
59.7°C for 1min, extension at 72 °C for 1min
with 30 cycles; and final extension at 72°C for
10min. Then, TSA gene was digested from
recombinant pEGFP-TSA plasmid obtained from
previous study and subcloned in downstream of
LACK gene. Construct of LACK-TSA fusion
was confirmed by colony PCR with LACK
forward and TSA reverse primers in accordance
with following program: initial denaturation at
95°C for 5min; denaturation at 95°C for 1min,
annealing at 58°C for 1.5 min, extension at 72
°C for 2 min with 30 cycles; and final extension
at 72°C for 10min.
Immunization schedules and challenge
Immunization of mice was done intramuscularly
three times at three week intervals with 100
µg of each plasmid DNA prepared in 100µL
phosphate-buffered saline (PBS). The mice were
allocated into five groups (15 mice per group)
for DNA vaccination. Group I, group II, group
III, group IV and group V were vaccinated with
pEGFP-LACK, pEGFP-TSA, pEGFP- LACKTSA fusion, pEGFP-N1 (empty vector) and with
PBS only, respectively. Three weeks after the
last immunization, five mice from each group
were sacrificed for cytokine assay. The remaining
animals were subcutaneously challenged through
the tail base with L. major (MRHO/IR/75/ER)
promastigotes in the stationary phase (2×106/
mouse). The challenged mice were divided
into two sub-groups; a sub-group was allocated
for cytokine assay and another sub-group was
allocated for assessment of lesion size.
Cytokine profile
Cytokine assay was performed before challenge
and at 4 weeks after challenge following
stimulation with Soluble Leishmania Antigen
(SLA). SLA was prepared with L. major
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promastigotes in the stationary phase. Briefly,
the promastigotes were washed three times in
PBS and re-suspended at a concentration of
2×108 parasites/ml. Then, freezing and thawing
procedure was performed in liquid nitrogen and a
37ºC water bath for 10 times. The suspension was
then centrifuged at 8,000 × g for 30 min at 4°C
and supernatant containing SLA was harvested
and kept at −70°C.35 The protein concentration
was determined by Bradford method.36
Five mice of each group were sacrificed and
spleens were then removed under antiseptic
condition and homogenized in PBS. After
erythrocyte lysis in Ammonium-ChloridePotassium (ACK) buffer (0.15 M NH4Cl, 10
mM KHCO3 and 0.1 mM Na2EDTA), splenocytes
were re-suspended in RPMI 1640 (Gibco, BRL,
Maryland, USA) supplemented with 10% FBS
(Gibco, BRL, Maryland, USA) plus 100 U/ml
penicillin and 100μg/ml streptomycin. Viability
and counting of the cells were performed using
0.4% of trypan blue and a Neubauer Chamber
under an optical microscope. Cells were then
seeded at a concentration of 3 × 106 cells/ml
and stimulated with 20μg/ml SLA. Then, plates
were incubated at 37ºC with 5% CO2. After 72
hours, the supernatant was harvested for cytokine
assay. IL-4 and IFN-γ levels were measured by
sandwich based enzyme-linked immunosorbent
assay (ELISA) kits (U-CyTech biosciences,
Netherland) according to the manufacturer’s
instructions.
Ag-specific antibody responses
Mice were bled before challenge and 4 weeks
after challenge. The pooled sera from each group
were kept at -20ºC until use. Total IgG, IgG1 or
IgG2a levels were measured by ELISA on the
sera obtained from immunized and control mice.
Briefly, the 96 well plates (Nunc MaxiSorp,
eBioscience) were coated (100μl/well) with
20µg/ml SLA in 50mM carbonate-bicarbonate
coating buffer, pH 9.6 and incubated overnight
at 4°C. After three times washes, blocking was
done using 100 µl of 1% BSA in PBS per well
for 2 hours at 37°C. 100µl/well (1:20 dilution)
of sera were added and incubated at 37°C for 2
hours. After three washes, 100µl of horse radish
peroxidase (HRP) -conjugated goat anti-mouse
IgG (1:1000, Sigma), IgG1 or IgG2a (1:10,000,
eBioscience) were added and incubated at 37°C
for 1 h. After six times washing, detection was
done with 100µl of TMB substrate. Finally,
the reaction was stopped with 2N H2SO4 and
optical density was measured at 450 nm. All
experiments were run in triplicate.

Measurement of lesion size
Lesions were observed in mice tail base three
weeks post-infection. Lesion sizes for all groups
(5 mice per group) was measured weekly with
a digital metric caliper in mm from weeks 3
to 12. Mean lesion sizes were compared using
one-way-ANOVA test and LSD Post Hoc at 7th
week post-infection.
Statistical analysis
Mean cytokine and antibody levels and also
lesion size were compared for all groups with
one-way-ANOVA test and LSD Post Hoc. The
mean groups were different for p values < 0.05.
In addition, IFN-γ/IL-4 and IgG2a/IgG1 ratios
were calculated for immunized groups than PBS
group. The graphs were plotted by ‘GraphPad
Prism’and ‘Microsoft Office Excel’.
Ethics statement
All animal protocols including maintenance,
animal handling and blood sample collection
were approved by the Medical Ethics Committee
of Tarbiat Modares University of Iran (ID:
52/5101 dated March 16, 2013).
RESULTS
IFN-γ and IL-4 production following DNA
vaccination
Cellular immune response showed that
immunized mice induced a partial immunity
with higher IFN-γ levels and lower IL-4 levels
than control groups before and after challenge
(p<0.05). IFN-γ levels increased for immunized
animals with LACK-TSA fusion as compared
with LACK alone before challenge (p<0.001).
IFN-γ levels in the LACK group was significantly
higher than in the groups immunized with TSA
and LACK-TSA after challenge (p<0.001) (Fig. 1,
Panel A). In addition, the one-way-ANOVA
analysis and comparison of the mean of IL-4
levels demonstrated lower IL-4 levels in LACKTSA fusion group than LACK (p<0.001) and
TSA (p<0.01) groups alone before and after
challenge (Fig. 1, Panel B).
The ratio of IFN-γ/IL-4 increased for all
immunized groups compared with control groups
after challenge (Fig. 1, Panel C). The ratio was
4.72 for LACK, 3.32 for TSA and 13.89 for
LACK-TSA fusion while the ratio was only
0.338 for empty vector and 0.225 for PBS group.
The IFN-γ/IL-4 ratio increased 16.78, 20.97 and
61.73 times for mice immunized with TSA,
LACK and LACK-TSA respectively than PBS
group post-infection.
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FIG. 1: Cytokine assay in different groups. Splenocytes from five sacrificed mice were harvested before challenge
and at 4 weeks post-infection and stimulated in vitro with 20 µg/ml of SLA for 72h. IFN-γ and IL-4
cytokines were assessed by ELISA. Each bar represents mean ± S.D in pg/ml. Panel A, IFN-γ before and
after challenge; Panel B, IL-4 before and after challenge. Panel C, IFN-γ/IL-4 ratio. The asterisk elicits
significant difference between values compared by one-way-ANOVA (p<0.05 indicated as *, p<0.01
indicated as **, p<0.001 indicated as *** and ns. indicated as non significant)
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Antibody production following DNA vaccination
Total IgG levels increased significantly in
immunized groups in comparison with those in
control groups after challenge (p<0.05) (Fig. 2,
Panel A). There was no significant difference in
IgG1 levels between immunized groups post-

infection (Fig. 2, Panel B). While, IgG2a levels
increased in all immunized groups compared
with the control groups in both groups before
and after challenge (p<0.05). Furthermore, IgG2a
levels increased significantly for LACK and
LACK-TSA groups in comparison with those

FIG. 2: Mean ± S.D ODs of antibodies in serum samples. Pooled sera were diluted 1:20 and levels of total IgG,
IgG1 and IgG2a were measured by ELISA for all groups before and 4 weeks post-infection with L. major.
Panel A. Total IgG levels before and after challenge; Panel B. IgG1 levels before and after challenge;
Panel C. IgG2a levels before and after challenge. Panel D. IgG2a/IgG1 ratio. before and after challenge.
The asterisk sign indicates significant difference between values compared by one-way-ANOVA (p<0.05
indicated as *, p<0.01 indicated as **, p<0.001 indicated as *** and ns. indicated as non significant). All
tests were done in triplicate
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in TSA group post-infection (p<0.001) (Fig. 2,
Panel C). IgG2a/IgG1 ratio increased about 3.7
times for mice immunized with LACK and TSA
DNAs and five times for immunized group with
LACK-TSA fusion compared with that in PBS
group after challenge (Fig. 2, Panel D).
Lesion size assessment
Lesion progression delayed significantly in all
immunized mice compared with those in control
groups at 7th week post-infection (p<0.05). In
addition, the mean lesion size showed significant
reduction in immunized mice with LACK-TSA
fusion and TSA in comparison with that in LACK
group at 7th week post-infection (Fig. 3). The
mean lesion size decreased 25%, 35.69% and
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39.62 % for LACK, TSA and LACK-TSA groups
respectively compared to the control group at 7th
week post-infection.
DISCUSSION
Although development of a vaccine is the best and
the most cost-effective technique for protection
against leishmaniasis, there is as yet no effective
vaccine to prevent leishmaniasis because
of insufficient knowledge on the immunepathogenesis of the disease.13 DNA vaccines
were used for protective and therapeutic targets.37
These vaccines contain bacterial plasmids
encoding antigens whose release into living cells
leads to expression of recombinant proteins.38

A

B

FIG. 3: Three weeks after the last immunization, mice were subcutaneously challenged with 2 × 106 L. major
promastigotes in stationary phase into tail base. Panel A. Lesion caused by L. major on tail base of
BALB/c mice. Panel B. Mean ± S.D. of lesion size in BALB/c mice (5 mice per group) at 7th week
post-infection. The asterisk sign ( ) indicates that mean lesion size decreased significantly in all
immunized groups than control groups at 7th week post-infection (p<0.05). The asterisk sign (
)
indicates significant reduction in mean lesion size in LACK-TSA and TSA groups in comparison to
LACK group
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The design of DNA vaccine is relatively rapid,
cheap, and simple compared to other forms
of vaccines. Multivalent vaccines promote
stronger specific immunity because they present
more epitopes to the major histocompatibility
complex (MHC).39–41 DNA vaccines can induce
both humoral and cellular immunity without
requiring complex biochemical techniques. In
addition, DNA vaccines contain CpG ODN
sequences in plasmid DNA which lead to
nonspecific activation of the innate immunity
characterized by up-regulation of costimulatory
molecules, production of inflammatory cytokines
and oxidant radicals by antigen-presenting cells
(APCs) such as macrophages and dendritic cells
(DCs).42–45 Therefore, DNA vaccines can be
recommended against intracellular pathogens
such as Leishmania. Up to now, immunogenicity
and protection induced following vaccination
with different antigens have been evaluated
against Leishmania infection including LeIF46–48,
LmSTI118,19, SMT30, CP49,50, LACK17,51, TSA20,52,
A253,54 that applied individually or in combination
with other antigens. In this study, we found that
IFN-γ levels increased in all immunized groups
in comparison with control groups post-infection.
IFN-γ/IL-4 ratio in immunized mice with LACK,
TSA or LACK-TSA was 14.75-61.73-fold higher
compared with the PBS group at 4 weeks postinfection. Additionally, lesion progression was
delayed in all immunized groups compared
to the control groups. The immune responses
shifted toward Th1 immunity as characterized
by the increased levels of IFN-γ and decreased
levels of IL-4 as well as reduction in lesion
size of immunized animals. Furthermore, mice
immunized with LACK-TSA and LACK showed
higher levels of IFN-γ. The LACK antigen
appeared to be a stronger immunogenic agent
that induces Th1 response than the TSA antigen
and has been confirmed by previous studies.51,55
The IFN-γ/IL-4 ratio in vaccinated mice with
LACK-TSA fusion increased about 4.18 and 2.94
fold compared to mice immunized with TSA and
LACK respectively post-infection. Also, IgG2a/
IgG1 ratio for LACK-TSA group was about 1.35
fold higher than immunized groups with one
gene alone. In addition, immunized group with
LACK-TSA fusion showed the smallest lesion
diameter compared with each of these genes
alone. Overall, these results showed that fusion
group developed stronger Th1 responses and may
be due to presentation of more epitopes to the
MHC. However none of them could induce full
protection in preventing development of lesions

in immunized mice. The present study is in agree
with other studies that have used two or more
antigens to improve protective immune responses
and induce long-term immunity compared with
one gene alone against the disease.20,21,29,50,53,56
ACKNOWLEDGMENT
This research was financially supported by
Faculty of Medical Sciences, Tarbiat Modares
University, and Tehran, Iran. The authors declare
no conflict of interest in the conduct of this study.
REFERENCES
1. Alvar J, Vélez ID, Bern C, et al. Leishmaniasis
worldwide and global estimates of its incidence.
PLoS One. 2012; 7: e35671.
2. Desjeux P. Leishmaniasis: current situation and new
perspectives. Comp Immunol Microbiol Infect Dis.
2004; 27: 305-18.
3. Alvar J, Croft S, Olliaro P. Chemotherapy in
the treatment and control of leishmaniasis. Adv
Parasitol. 2006; 61: 223-74.
4. Croft SL, Olliaro P. Leishmaniasis chemotherapy-challenges and opportunities. Clin Microbiol Infect.
2011; 17: 1478-83.
5. Garnier T, Croft SL. Topical treatment for cutaneous
leishmaniasis. Curr Opin Investig Drugs. 2002; 3:
538-44.
6. Soto J, Arana BA, Toledo J, et al. Miltefosine for
new world cutaneous leishmaniasis. Clin Infect Dis.
2004; 38: 1266-72.
7. González U, Pinart M, Rengifo-Pardo M, Macaya
A, Alvar J, Tweed JA. Interventions for American
cutaneous and mucocutaneous leishmaniasis.
Cochrane Database Syst Rev. 2009; 2: CD004834.
8. Yasinzai M, Khan M, Nadhman A, Shahnaz G. Drug
resistance in leishmaniasis: current drug-delivery
systems and future perspectives. Future Med Chem.
2013; 5: 1877-88.
9. Singh N, Kumar M, Singh RK. Leishmaniasis:
current status of available drugs and new potential
drug targets. Asian Pac J Trop Med. 2012; 5: 48597.
10. Mayrink W, Mendonça-Mendes A, de Paula JC, et al.
Cluster randomised trial to evaluate the effectiveness
of a vaccine against cutaneous leishmaniasis in the
Caratinga microregion, south-east Brazil. Trans R
Soc Trop Med Hyg. 2013; 107: 212-9.
11. García Bustos MF, Barrio AB, Parodi Ramoneda
CM, et al. Immunological correlates of cure in
the first American cutaneous leishmaniasis patient
treated by immunotherapy in Argentina. A case
report. Investig Clin. 2011; 52: 365-75.
12. Rezvan H, Moafi M. An overview on Leishmania
vaccines: a narrative review article. Vet Res forum.
2015; 6: 1-7.
13. Okwor I, Mou Z, Liu D, Uzonna J. Protective
immunity and vaccination against cutaneous
leishmaniasis. Front Immunol. 2012; 3: 128.
14. Kumari S, Kumar A, Samant M, Singh N, Dube

273

Malaysian J Pathol

15.

A. Discovery of novel vaccine candidates and
drug targets against visceral leishmaniasis using
proteomics and transcriptomics. Curr Drug Targets.
2008; 9: 938-47.
Tiuman TS, Santos AO, Ueda-Nakamura T, Filho BP,
Nakamura C V. Recent advances in leishmaniasis
treatment. Int J Infect Dis. 2011; 15: e525-32.
Fatemeh G, Fatemeh T, Zohreh S, Abdolhosein
D, Mohammad Zahir H, Mehdi M. Cloning of
a recombinant plasmid encoding thiol-specific
antioxidant antigen (TSA) gene of Leishmania major
and expression in the Chinese hamster ovary cell
line. Malays J Med Sci. 2012; 19: 15-9.
Ghaffarifar F, Jorjani O, Sharifi Z, et al. Enhancement
of immune response induced by DNA vaccine
cocktail expressing complete LACK and TSA genes
against Leishmania major. APMIS. 2013; 121: 290-8.
Campos-Neto A, Porrozzi R, Greeson K, et al.
Protection against cutaneous leishmaniasis induced
by recombinant antigens in murine and nonhuman
primate models of the human disease. Infect Immun.
2001; 69: 4103-8.
Fujiwara RT, Vale AM, Franca da Silva JC, et al.
Immunogenicity in dogs of three recombinant
antigens (TSA, LeIF and LmSTI1) potential vaccine
candidates for canine visceral leishmaniasis. Vet
Res. 2005; 36: 827-38.
Tabatabaie F, Mahdavi M, Faezi S, et al. Th1
platform immune responses against Leishmania
major induced by thiol-specific antioxidant-based
DNA vaccines. Jundishapur J Microbiol. 2014; 7:
e8974.
Maspi N, Ghaffarifar F, Sharifi Z, Dalimi A, Dayer
MS. Immunogenicity and efficacy of a bivalent DNA
vaccine containing LeIF and TSA genes against
murine cutaneous leishmaniasis. APMIS. 2017;
125: 249-58.
Julia V, Rassoulzadegan M, Glaichenhaus N.
Resistance to Leishmania major induced by
tolerance to a single antigen. Science. 1996; 274:
421-3.
Launois P, Pingel S, Himmelrich H, Locksley R,
Louis J. Different epitopes of the LACK protein
are recognized by V beta 4 V alpha 8 CD4+ T cells
in H-2b and H-2d mice susceptible to Leishmania
major. Microbes Infect. 2007; 9: 1260-6.
Singh B, Sundar S. Leishmaniasis: vaccine
candidates and perspectives. Vaccine. 2012; 30:
3834-42.
Prina E, Lang T, Glaichenhaus N, Antoine JC.
Presentation of the protective parasite antigen LACK
by Leishmania-infected macrophages. J Immunol.
1996; 156: 4318-27.
Kelly BL, Stetson DB, Locksley RM. Leishmania
major LACK antigen is required for efficient
vertebrate parasitization. J Exp Med. 2003; 198:
1689-98.
Gurunathan S, Sacks DL, Brown DR, et al. Vaccination
with DNA encoding the immunodominant LACK
parasite antigen confers protective immunity to
mice infected with Leishmania major. J Exp Med.
1997; 186: 1137-47.
Mougneau E, Altare F, Wakil AE, et al. Expression

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

274

December 2017

29.

30.

31.

32.
33.

34.

35.

36.

37.
38.
39.
40.
41.

42.
43.

cloning of a protective Leishmania antigen. Science.
1995; 268: 563-6.
Hezarjaribi HZ, Ghaffarifar F, Dalimi A, Sharifi Z,
Jorjani O. Effect of IL-22 on DNA vaccine encoding
LACK gene of Leishmania major in BALB/c mice.
Exp Parasitol. 2013; 134: 341-8.
Goto Y, Bhatia A, Raman VS, et al. KSAC, the first
defined polyprotein vaccine candidate for visceral
leishmaniasis. Clin Vaccine Immunol. 2011; 18:
1118-24.
Webb JR, Campos-Neto A, Ovendale PJ, et al.
Human and murine immune responses to a novel
Leishmania major recombinant protein encoded by
members of a multicopy gene family. Infect Immun.
1998; 66: 3279-89.
Ivory C, Chadee K. DNA vaccines: designing strategies against parasitic infections. Genet Vaccines
Ther. 2004; 2: 17.
Campbell SA, Alawa J, Doro B, et al. Comparative assessment of a DNA and protein Leishmania
donovani gamma glutamyl cysteine synthetase
vaccine to cross-protect against murine cutaneous
leishmaniasis caused by L. major or L. mexicana
infection. Vaccine. 2012; 30: 1357-63.
Jorjani O, Ghaffarifar F, Dalimi A, Sharifi Z, Hassan
ZM. Cloning and expressen of recombinant plasmid
containing LACK gene of Leishmania major
(MHRO/IR/75/ER) in CHO cells. ISESCO J Sci
Technol. 2012; 8: 37-43.
Coelho EA, Tavares CA, Carvalho FA, et al. Immune
responses induced by the Leishmania (Leishmania)
donovani A2 Antigen, but not by the LACK antigen,
are protective against experimental Leishmania
(Leishmania) amazonensis infection. Infect Immun.
2003; 71: 3988-94.
Bradford MM. A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem.1976; 72: 248-54.
Liu MA. DNA vaccines: an historical perspective
and view to the future. Immunol Rev. 2011; 239:
62-84.
Rawat M, Singh D, Saraf S, Saraf S. An overview
of biochemical aspects of DNA Vaccines. Asian J
Biochem. 2007; 2: 208-23.
Palatnik-de-Sousa CB. Vaccines for leishmaniasis
in the fore coming 25 years. Vaccine. 2008; 26:
1709-24.
Dunning N. Leishmania vaccines: from
leishmanization to the era of DNA technology .
Biosci Horizons. 2009; 2: 73-82.
Zadeh-Vakili A, Taheri T, Taslimi Y, Doustdari F,
Salmanian AH, Rafati S. Bivalent DNA vaccination
with genes encoding Leishmania major cysteine
proteinases type I and II protects mice against
infectious challenge. Iran J Biotechnol. 2004; 2:
35-43.
Bode C, Zhao G, Steinhagen F, Kinjo T, Klinman
DM. CpG DNA as a vaccine adjuvant. Expert Rev
Vaccines. 2011; 10: 499-511.
Krieg AM, Davis HL. Enhancing vaccines with
immune stimulatory CpG DNA. Curr Opin Mol
Ther. 2001; 3: 15-24.

DNA VACCINATION AGAINST LEISHMANIASIS
44. Krug A, Rothenfusser S, Hornung V, et al.
Identification of CpG oligonucleotide sequences with
high induction of IFN-alpha/beta in plasmacytoid
dendritic cells. Eur J Immunol. 2001; 31: 2154-63.
45. Manders P, Thomas R. Immunology of DNA
vaccines: CpG motifs and antigen presentation.
Inflamm Res. 2000; 49: 199-205.
46. Coler RN, Skeiky YAW, Bernards K, et al.
Immunization with a polyprotein vaccine consisting
of the T-Cell antigens thiol-specific antioxidant,
Leishmania major stress-inducible protein 1, and
Leishmania elongation initiation factor protects
against leishmaniasis. Infect Immun. 2002; 70:
4215-25.
47. Skeiky YA, Guderian JA, Benson DR, et al. A
recombinant Leishmania antigen that stimulates
human peripheral blood mononuclear cells to
express a Th1-type cytokine profile and to produce
interleukin 12. J Exp Med. 1995; 181: 1527-37.
48. Maspi N, Ghaffarifar F, Sharifi Z, Dalimi A. Codelivery of DNA vaccination encoding LeIF gene
and IL-12 increases protection against Leishmania
major infection in BALB/c mice. Parasite Immunol.
2016; 38: 228-35.
49. Ahmed SB, Touihri L, Chtourou Y, Dellagi K,
Bahloul C. DNA based vaccination with a cocktail
of plasmids encoding immunodominant Leishmania
major antigens confers full protection in BALB/c
mice. Vaccine. 2009; 27: 99-106.
50. Pascalis H, Lavergne A, Bourreau E, et al. Th1
cell development induced by cysteine proteinases
A and B in localized cutaneous leishmaniasis due
to Leishmania guyanensis. Infect Immun. 2003; 71:
2924-6.
51. Melby PC, Yang J, Zhao W, Perez LE, Cheng J.
Leishmania donovani p36(LACK) DNA vaccine
is highly immunogenic but not protective against
experimental visceral leishmaniasis. Infect Immun.
2001; 69: 4719-25.
52. Coler RN, Goto Y, Bogatzki L, Raman V, Reed SG.
Leish-111f, a recombinant polyprotein vaccine that
protects against visceral leishmaniasis by elicitation
of CD4+ T cells. Infect Immun. 2007; 75: 4648-54.
53. Mizbani A, Taheri T, Zahedifard F, et al.
Recombinant Leishmania tarentolae expressing
the A2 virulence gene as a novel candidate vaccine
against visceral leishmaniasis. Vaccine. 2009; 28:
53-62.
54. Zanin FH, Coelho EA, Tavares CA, et al. Evaluation
of immune responses and protection induced by
A2 and nucleoside hydrolase (NH) DNA vaccines
against Leishmania chagasi and Leishmania
amazonensis experimental infections. Microbes
Infect. 2007; 9: 1070-7.
55. Ahmed SB, Bahloul C, Robbana C, Askri S, Dellagi
K. A comparative evaluation of different DNA
vaccine candidates against experimental murine
leishmaniasis due to L. major. Vaccine. 2004; 22:
1631-9.
56. Miura R, Kooriyama T, Yoneda M, et al. Efficacy
of recombinant canine distemper virus expressing
Leishmania antigen against Leishmania challenge
in dogs. PLoS Negl Trop Dis. 2015; 9: e0003914.

275

