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Abstract

The current study was designed to examine the protective efficacy of DNA vaccines based on gp63 and Hsp70
against murine visceral leishmaniasis. Inbred BALB/c mice were immunized subcutaneously twice at an interval
of three weeks with pcDNA3.1(+) encoding T cell epitopes of gp63 and Hsp70 individually and in combination.
Animals were challenged intracardially with 107 promastigotes of Leishmania donovani 10 days post immunization
and sacrificed 1, 2 and 3 months post challenge. The immunized animals revealed a significant reduction (P < 0.05)
in splenic and hepatic parasite burden as compared to the infected controls. Maximum reduction in parasite load
(P <0.05) was observed in animals treated with a combination of pcDNA/gp63 and pcDNA/Hsp70. These animals
also showed heightened DTH response, increased IgG2a, elevated Thl cytokines (IFN-y and IL-2) and reduced
IgG1 and IL-10 levels. Thus, mice immunized with the cocktail vaccine exhibited significantly greater protection in
comparison to those immunized with individual antigens.
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Introduction

Leishmaniasis is a group of diseases comprised of
three clinical entities: visceral leishmaniasis (VL), cuta-
neous leishmaniasis (CL) and muco-cutaneous leish-
maniasis (MCL). The severest form of leishmaniasis is
VL, or kala-azar, which is usually fatal if left untreated!.
In India, the state of Bihar and adjoining areas of West
Bengal, Jharkhand and Uttar Pradesh account for about
half of the world's burden of VLP, Intensive efforts have
been devoted to vaccine development against the disease
because of the lack of effective and low-cost treatments
and the irreversibility of tissue damage during infection.
Because DNA vaccines elicit a strong Thl bias in the
immune response, they appear particularly promising in
the case of Leishmania®. Indeed, the superior efficacy,
compared to their recombinant counterparts, of DNA
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vaccines encoding gp63, PSA-2 and LACK demonstrated
the potential of this approach**l. DNA vaccines induce
a full spectrum of immune responses that include cytol-
ytic T cells, helper T cells and antibodies®. The ability of
plasmid DNA encoding specific antigen to induce both
CD4* and CD8" T cells suggests that this approach will
be of particular use for protection against diseases that
require cell-mediated immunity, such as leishmaniasis. In
a study by Rafati, the protective potential of an immuno-
genic gene, known as SPase (signal peptidase type I) from
Leishmania major (L. major), was evaluated using three
different vaccination strategies (DNA/DNA, protein/
protein, and DNA/protein) against L. major infection.
The results suggested that a DNA/DNA strategy induced
greater protection than the other two approaches!'”. The
membrane protease gp63 is present in promastigotes of all
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species and is one of the parasite receptors for host mon-
oclonal antibodies. Parasite mutants lacking the protein
are avirulent". Tt induced Thl type of immune responses
when used as vaccine in human modelsP!. Recombinant
BCG expressing the Leishmania surface antigen gp63
induced a protective immune response against L. major
infection in BALB/c mice!'?. In fact, gp63 or leishmanio-
lysin was the first recombinant antigen used to vaccinate
against leishmaniasis.

Hsp70 has been shown to be a potent activator of
innate immunity. An Leishmania donovani (L. donovani)
antigen belonging to the Hsp70 family is recognized by
sera from the majority of patients with visceral leishma-
niasis'"®. Leishmania infantum (L. infantum) Hsp70 has
been described as an immunodominant antigen in both
humans and dogs suffering from VL. It has been found
to be a major target of the humoral immune response dur-
ing Leishmania infections!'*.. In addition, Hsp70 has been
found to activate the complement system!'”! and in the
development of protective immune response. In our pre-
vious study, we reported the protective efficacy of a gp63
and Hsp70 cocktail vaccine against experimental murine
VLU, but the vaccine did not provide complete protection
from Leishmania infection. DNA vaccines may be able
to induce a better immunity than protein vaccine; thus,
in this study, the immunogenicity and efficacy of DNA
vaccines encoding gp63 along with Hsp70 as an adjuvant
was tested and compared with the protein counterparts to
define the most promising antigen against L. donovani.

Materials and methods

Parasite

Promastigotes of L. donovani, strain MHOM/IN/80/
Dd8 were grown at ambient temperature of 22°C+1°C
in RPMI-1640 medium supplemented with 10% FCS.
The L. donovani strain was maintained by serial sub-
cultures in the same medium after every 48-72 hours.

Animals

Inbred BALB/c mice of either sex, weighing 20-25 g,
were obtained from the Central Animal House of Panjab
University, Chandigarh, India. They were fed with water
and food ad libitum. The ethical clearance to conduct
the experiments was obtained from Institutional Animal
Ethics Committee, Panjab University, Chandigarh and
the study was done according to the established guide-
lines of CPCSEA (110/CAH).

Preparation of vaccines
Isolation of genomic DNA

Approximately 2x108 log phase promastigotes were
harvested by centrifugation at 2,000 g for 15 mintues

at 4°C. The pellet was washed once with phosphate
buffer saline (PBS, pH 7.2) and finally suspended in
the same. Totally 1x10° promastigotes were taken in
800 puL of lysis buffer provided with the genomic DNA
extraction kit (Zymo Research, USA). The isolated
DNA was quantitated by Nanodrop™.

PCR

The T cell epitopes of genes encoding gp63 (GenBank
accession No. M60048) and Hsp70 (GenBank acces-
sion No. X85798) were identified using "MHC Pred"
online software. The T cell epitopes were identified
on the basis of prediction score for both mouse alleles,
i.e. IAd and IEd. The primers were designed from the
gene sequences available in the database using IDT
"Scitools". The restriction enzyme sites for BamHI and
HindIII and kozak sequences were added in the prim-
ers. The following primers were designed for amplifi-
cation of 612 bp sequence of Hsp70: forward primer,
5'-GCA GGA TCC GCC ACC ATG GGC AAC GAG
ATC-3' and reverse primer - 5'-GCG CAG CTC GAG
TTA GAG GTC CTG GAA GAT-3'. The following
primers were designed for amplification of 576 bp
sequence of gp63: forward primer, 5'-GCA GGA TCC
GCC ACC ATG GAC AAG CGC-3' and reverse primer
5'-CAG CTC GAG TTA GTG CCC TTC TCC TCC-3'.
The following conditions were used for the amplifica-
tion of the coding region of T cell epitopes of Hsp70
and gp63. Initial denaturation was performed at 94°C
for 10 minutes and then for 1 minute. Annealing was
carried out for one minute at 55.4°C for Hsp70 and 57°C
for gp63. Extension was carried out at 72°C for 1 minute
and final extension was done at the same temperature
for 10 minutes. PCR was carried out for 40 cycles.

Preparation of DNA vaccine

DNA vaccines were prepared with pcDNA3.1 (+) vec-
tor. The fragments of genes encoding gp63 and Hsp70
were amplified using primers. The cloning of these
fragments was done according to the manufacturer's
instructions (Lucigen). Briefly, the PCR products were
run on agarose gel electrophoresis and the desired DNA
fragments were isolated and purified from the gel using
a commercial DNA purification kit (Geneaid, Taiwan,
China) following the manufacturer's instructions to avoid
any contamination of unused primers and primer dimers.
The purified DNA was quantified using Nanodrop™.

Restriction digestions of PCR products and plasmid
DNA were performed per the manufacturer's instruc-
tions (MBI Fermentas, Germany). The reaction mix-
ture was mixed gently and incubated at 37°C. Double
digestion of PCR products and the plasmid was carried
out with BamH1 and Hindlll. The double digested
plasmid DNA and PCR products were electrophoresed
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and purified from the rest of the reaction mixtures with
Gel Extraction kit (Geneaid) using the manufacturer’s
protocol. Ligation reactions were set up using the lin-
earized pcDNA3.1(+) and double digested PCR prod-
ucts. The ligation mixture was incubated at 16°C for
16 hours in water bath.

Transformation efficiency of the competent cells was
checked by transforming them with an uncut plasmid
and calculating the cfu/ug of DNA. The transformation
efficiency of 1x10® cfu/ug DNA and above was taken
as a good competent cell preparation. Transformation
of E. coli DH5a cells was carried out per the instruc-
tions given by Sambrook and Russell®”. The presence
of the gp63 and Hsp70 genes in pcDNA3.1(+) vector
was determined by restriction enzyme digestion (data
not shown) and then by PCR primers. Furthermore,
the in vitro expression of the inserted genes in vector
pcDNA3.1 was checked by transfection of plasmid con-
structs in J774.2 cell lines from mouse macrophages.

In vivo immunization and challenge infection
Immunization and infection of mice

Each group had 6 BALB/c mice. They were immu-
nized by subcutaneous injections of 100 pg of pcDNA/
gp63 and pcDNA/Hsp70, free or in combination.
Group I animals were immunized with gene encod-
ing gp 63 alone, Group II were immunized with genes
encoding Hsp70 alone and the animals in Group III
were given the combination of both genes. Two injec-
tions were given at an interval of 3 weeks. Animals
receiving only PBS served as unimmunized infected
controls. Ten days after the booster, the immunized and
unimmunized infected control mice were intracardially
challenged with 107 promastigotes.

Assessment of parasite load

Animals were sacrificed on 30, 60 and 90 days post
infection/challenge. The livers and spleens of all ani-
mals were removed and weighed. Impression smears
of the liver and spleen were made and the parasite load
was assessed in terms of L. donovan Units (LDU) by
the method of Bradley and Kirkley!'"!.

Delayed type hypersensitivity (DTH) responses
to Leishmania

All groups of mice were challenged in the right
foot pad with a subcutaneous injection of leishmanin.
The left foot pads were inoculated with PBS. After
48 hours, the thickness of the right and left foot pad
was measured using a pair of Vernier calipers. Results
were expressed as mean = S.D. of percentage increase
in the thickness of the right foot pad as compared to the
left footpad of micel!®!91,

ELISA

The specific serum immunoglobulin G (IgG) iso-
type antibody response was measured by conventional
ELISA using commercially available kits (Bangalore
Genei, India). ELISA plates were coated with crude
antigen. Serum samples were added at two fold serial
dilutions, followed by washes and addition of isotype
specific HRP-conjugated secondary antibodies (rabbit
anti-mouse IgG1 or IgG2a) after which the substrate
and chromogen were added and absorbance was read
on an ELISA plate reader at 450 nm.

For determination of vaccine-induced cytokine
production, the lymphocytes from spleens of mice were
cultured in 24 well plates in 1 mL of RPMI-1640 con-
taining 20 mmol/L NaHCO,, 10 mmol/L HEPES, 10 U/
mL of penicillin, 100 pg/mL streptomycin, 2 mmol/L
L-glutamine and 10% fetal calf serum. Cells were stim-
ulated with 50 pg/mL of 63 kDa, 70 kDa or 63+70 kDa
proteins. Cells were then incubated at 37°C for 72 hours
and supernatant was collected and stored at -20°C. This
was then assayed for IL-2, IL-4, IL-10 and IFN-y by
using ELISA kits (BenderMed Systems, Diaclone).

Statistical analysis

All the experiments were performed three times
independently. All the data were analyzed using two-
way analysis of variance (ANOVA). Post hoc test was
used for multiple comparisons. The results were con-
sidered statistically significant when P < 0.05.

Results

Parasite load

The splenic parasite load increased significantly
(P < 0.05) from 30 to 60 days post infection and then
decreased significantly (P < 0.05) from 60 to 90 days post
infection in the unimmunized infected mice. However,
in the immunized animals, the splenic parasite burden
declined significantly (P < 0.05) from 30 to 90 days post
challenge. A significant reduction in parasite load was
observed in animals immunized with pcDNA/gp63 as
compared to the infected controls. The pcDNA/Hsp70
genetic vaccine also caused a decline in the parasite burden.
However, mice immunized with the cocktail DNA vaccine
showed the least parasite burden as compared to those
immunized with individual genetic vaccines (Fig. 14).

The hepatic parasite load decreased significantly from
30 to 90 days post challenge/infection. However, the
decrease was more significant (P < 0.05) in immunized
animals as compared to the unimmunized infected mice.
Similar to parasite burden of the spleen, minimum para-
site load was observed in mice immunized with the com-
bination of pcDNA/gp63 and pcDNA/Hsp70 (Fig. 1B).
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Fig. 1 Parasite load in terms of L. donovan units (LDU) in BALB/c mice immunized with different vaccine formulations. Infected mice vs.
mice immunized with Hsp70 or mice immunized with gp63 or mice immunized with gp63+Hsp70 or mice immunized with pcDNA/Hsp70 or mice
immunized with pcDNA/gp63 or mice immunized with pcDNA/gp63+pcDNA/Hsp70; * P <0.05.

DTH response to leishmanin

Immunization with vaccine containing pcDNA/gp63
and pcDNA/Hsp70 induced the highest level of DTH
response which was significantly higher as compared
to mice immunized with individual DNA vaccines (P <
0.05), suggesting the generation of cell-mediated immune
responses. The DTH responses in immunized animals
were significantly higher than the unimmunized infected
and unimmunized uninfected animals (P < 0.05). In
immunized animals, the DTH responses were significantly
increased from 30 to 90 days post challenge (Fig. 2).

Parasite-specific IgG1 and IgG2a isotypes

IgG1 and IgG2a antibody responses were also eval-
uated by ELISA using specific anti-mouse isotype anti-
bodies. Mice immunized with combination of DNA
vaccines revealed the highest level of Thl regulated
antibody, IgG2a. Th2 regulated antibody, I1gG1, was

the lowest in mice immunized with pcDNA/gp63 and
pcDNA/Hsp70. IgG1 levels were significantly higher in
the unimmunized infected animals as compared to the
immunized mice (P < 0.05). Both IgG1 and IgG2a lev-
els increased from 30 to 90 days post challenge (Fig. 3).

Vaccine induced cytokine responses

Th1 specific cytokines, that is, [FN-y and IL-2 , were
significantly higher in immunized mice as compared
to the unimmunized infected and unimmunized unin-
fected animals (P < 0.05). Maximum concentrations
of these cytokines were found in animals immunized
with the combination of DNA vaccines in comparison
to those immunized by pcDNA/gp63 or pcDNA/Hsp70
individually (Fig. 4). The difference within the groups
was significant (P < 0.05).

Th2 regulated cytokines IL-4 and IL-10 levels were the
lowest in mice immunized with combination of pcDNA/
gp63 and pcDNA/Hsp70 (Fig. 5). Mice immunized with
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Fig. 2 DTH responses in BALB/c mice immunized with different vaccine formulations. Infected mice vs mice immunized with Hsp70 or mice immunized
with gp63 or mice immunized with gp63+Hsp70 or mice immunized with pcDNA/Hsp70 or mice immunized with pcDNA/gp63 or mice immunized with
pcDNA/gp63+pcDNA/Hsp70; * P < 0.05.
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Fig. 4 Concentration of Thl cytokines (A: IFN-y, B: IL-2) in the supernatants of cultures of splenocytes of all groups of animals. The
splenocytes were prepared from spleen collected on different days post challenge in BALB/c mice immunized with different vaccine formulations.
Infected mice vs mice immunized with Hsp70 or mice immunized with gp63 or mice immunized with gp63+Hsp70 or mice immunized with pcDNA/
Hsp70 or mice immunized with pcDNA/gp63 or mice immunized with pcDNA/gp63+pcDNA/Hsp70; * P < 0.05.

a crucial role in generation of effector T-cell subsets
and in determining the magnitude of response, plasmid
DNA encoding various cytokines, or co-stimulatory
molecules like IL-12, IFN-y, GM- CSF, and TGF-§,
etc. have been used to enhance or bias the immune
response generated by DNA vaccination!. Cationic
liposomes containing soluble Leishmania antigens
and CpG ODNs have been reported to induce Thl
immune response and protection against leishmania-
sis?®!, Recombinant gp63 has been found to be a poten-
tial vaccine candidate for CL!'2. Tt has been shown to
be immunogenic and shows extensive cross reactions
among different Leishmania species. gp63 has been
found to stimulate expression of Thl related cytokines
which is a known indicator of protective immunity
against leishmaniasis®®. Also, genetic adjuvants have
been found to increase the protective efficacy of DNA

vaccines. A L. donovani antigen, belonging to Hsp70
family, has been described which is recognized by sera
from patients with VL3l Hsp70 acts as chaperones and
the adjuvant effect of Hsp70 has been demonstrated
after immunization with Plasmodium peptides® and
L. infantum®7, Tt has been used as an adjuvant along
with DNA immunization with P4B!. Therefore, the
present study was conducted to test the protective
efficacy of a DNA vaccine encoding gp63 along with
gene encoding Hsp70 as an adjuvant against visceral
leishmaniasis. The existence of drug-resistant strains of
L. donovani and the increased prevalence of VL among
HIV-positive patients have provided a new impetus
to the search for a vaccineP?. In a previous study, we
worked on the immunoprophylactic potential of a gp63
and Hsp70 cocktail vaccine in L. donovani infected
BALB/c mice!'®. The vaccine imparted significant
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Fig. 5 Concentration of Th2 cytokines (A: IL-4, B: IL-10) in the supernatants of cultures of splenocytes of all groups of animals. The
splenocytes were prepared from spleen collected on different days post challenge in BALB/c mice immunized with different vaccine formulations.
Infected mice vs mice immunized with Hsp70 or mice immunized with gp63 or mice immunized with gp63+Hsp70 or mice immunized with
pcDNA/Hsp70 or mice immunized with pcDNA/gp63 or mice immunized with pcDNA/gp63+pcDNA/Hsp70; * P < 0.05.

protection against the disease, but it could not eliminate
the parasite completely. Therefore, to impart complete
protection against L. donovani, we vaccinated the mice
subcutaneously with DNA vaccines comprising of a
T-cell epitopic region of gp63 and Hsp70 genes indi-
vidually and in combination. Subcutaneous route was
chosen because, compared to the intramuscular route,
the subcutaneous route is easier and safer to administer.
Earlier workers have also reported protection against
VL and CL with the help of DNA vaccines inoculated
subcutaneously in mice®*, The protective efficacy
of the three vaccines in our study was assessed by the
percentage reduction in the hepatic and splenic para-
site load and immunogenicity was assessed through the
detection of delayed type hypersensitivity responses,
production of anti-leishmanial antibodies (IgG1 and

IgG2a) and cytokines such as IFN-y, IL-2, IL-4 and
IL-10.

In the present study, immunization of mice with gp63
and Hsp70 based DNA vaccines conferred significant
protection against a progressive infection with L. dono-
vani. The genetic vaccine comprising both pcDNA/
gp63 and pcDNA/Hsp70 significantly protected the
BALB/c mice against L. donovani infection and
reduced the parasite load in the liver by 99.13% and
in the spleen by 97.35%. The level of protection was
enhanced in comparison to the protein vaccines used
in our previous study where, in the animals immunized
with a cocktail vaccine of gp63 and Hsp70, the parasite
load declined by 82.21% to 92.61% as compared to the
infected controls!'®l. Similar to our study, Mazumder
et alBY also reported durable protection against
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L. donovani challenge till 12 weeks post vaccination
with CpG based gp63 vaccine. Similarly, cocktail DNA
vaccine encoding cysteine proteinase I, II and III with
solid nanoparticles imparted protection in mice against
L. major infection®. In another study, C57BL/6 mice
were vaccinated subcutaneously with a mixture of
plasmid DNAs encoding the Leishmania Ags LACK,
LmSTI1, and TSA (AgDNA), which led to a com-
plete protection against the development of dermal
lesions, and a 100-fold reduction in peak dermal para-
site loads compared with controls®!. Moreover, Guha
et al.? observed that immunization with HbR-DNA
(hemoglobin receptor-DNA) induces complete pro-
tection against virulent L. donovani infection in both
BALB/c mice and hamsters.

The humoral responses to the vaccines were charac-
terized by analyzing the distribution of IgG1 and IgG2a
specific antibodies in the sera of immunized and control
animals. ELISA results show that immunized groups
developed higher level of antibody responses than con-
trol animals. IgG1 response is an indicator of Th2 type
of immune response and IgG2a antibody response cor-
responds to Thl response which is protective. Among
the immunized groups, the highest IgG1 response was
induced in mice immunized with pcDNA/Hsp70 fol-
lowed by gp63 pcDNA/gp63 and the least antibody
response was observed in the animals immunized with
the combination of both the vaccines. In contrast, the
IgG2a antibody production was found to be the maxi-
mum in mice immunized with pcDNA/gp63+ pcDNA/
Hsp70 genetic vaccine indicating towards the genera-
tion of Thl response. This corresponds to a previous
study where mice injected i.m. with 100 Lg L. mexi-
cana cDNA demonstrated high levels of IgG2a isotype
antibody and low levels of IgG1 antibody®®. Abdian
et al.B7 also reported higher antibody levels in BALB/c
mice immunized with LPG3 based DNA/DNA vaccine
as compared to the DNA/protein vaccine approach.

A typical DTH reaction is characterized by acti-
vation and recruitment, predominantly of T cells and
macrophages, at the intradermal injection site in a pre-
viously sensitized host®!. Peak DTH responses were
observed in animals immunized with the combination
of pcDNA/gp63 and pcDNA/Hsp70 and these were
followed by animals immunized with pcDNA/gp63
DNA vaccine. The immunized mice developed a strong
cell mediated immune response and thereby resisted
the challenge by parasites. The results demonstrated a
positive correlation between enhanced DTH response
and reduced parasite load for all groups. These results
correspond with an earlier study where mongrel dogs
infected with L. chagasi amastigotes and vaccinated
with NH36-DNA vaccine developed a significant
increase in DTH reactionst.

The immune response (Thl or Th2) generated by
various vaccine formulations was assessed by quanti-
fying the cytokines (IFN-y, IL-2 and IL-10) produced
by splenocytes of vaccinated animals. Mice immu-
nized with pcDNA/gp63 and pcDNA/Hsp70 in com-
bination showed a greater concentration of IFN-y, the
Th1 specific cytokine, in comparison to mice immu-
nized with the individual genes. High levels of IFN-y
indicate the development of a protective Th1 immune
response. Similar to our study, Gurunathan et al.[*]
observed that the control of disease progression and
parasitic burden in mice vaccinated with LACK DNA
was associated with enhancement of antigen-specific
IFN-y production. This IFN-y is found to come from
natural killer cells and is thought to play an impor-
tant role as a component of innate immune mechanism
for the activation of macrophages*”. Immunization of
animals significantly increased the concentration of
IL-2 in comparison to the infected controls. Similarly,
the IL-2 levels were also found to be maximum in
animals immunized with the combination of pcDNA/
gp63 and pcDNA/Hsp70 plasmids. IL-2 plays a crit-
ical role in priming naive CD4+ T cells to become
IL-4 or IFN-y producers™!! and it is a principal T cell
growth factor for Thl type of immune response. In
contrast, IL-4 and IL-10 response was found to be
maximum in infected control animals but declined
significantly in immunized mice. The lowest concen-
trations of these two cytokines were observed in the
animals immunized with the combination of pcDNA/
gp63 and pcDNA/Hsp70. IL-10 represents the main
macrophage-deactivating cytokine and plays an
important regulatory role in the progression of VLI,
Our results are consistent with those obtained from
the murine leishmaniasis model of both cutaneous and
visceral diseases where expression of IFN-y is associ-
ated with control of infection**#4, Studies on cytokine
profiles in canine VL have established the predomi-
nance of the Leishmania-specific Thl response in
asymptomatic dogs and the role of IFN-y as the key
cytokine involved in the activation of macrophages
and the killing of the intracellular amastigotes!**. High
levels of IL-10 in infected control animals supported
the view that upregulation of this cytokine is accom-
panied by disease progression and depressed Thl type
of cell mediated immunity with decreased production
of IFN-y and IL-12M4471. Previous studies have also
confirmed that IL-10 suppresses Thl response, which
plays a protective role against active VLI, Cytotoxic
T lymphocyte activity of splenocytes was observed in
mice immunized either with L. mexicana gp63 cDNA
or SLA and long-lived CTL activity was observed in
immunized and/or re-challenged mice but not naive
mice infected with the parasite’®!. In BALB/ ¢ mice,
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the intramuscular injection of a L. major gp63 plasmid
DNA construct resulted in partial protection against
Leishmania infection, where IFN- y but not IL-4 was
produced by immune CD4+ cells upon restimulation
with parasite antigens, suggesting a bias towards a Th1
responsel*->9],

Vaccination is the most cost-effective way of con-
trolling infectious diseases. A successful vaccine would
be one which is able to generate a long lasting immu-
nity. DNA vaccines, in this regard, are more stable and
have lower production costs compared to recombinant
vaccines. These vaccines induce stronger and more
durable immune responses through triggering innate
immune responses. In the present study, the genes
encoding T cell epitopes of gp63 and Hsp70 have been
used for the first time. Moreover, the immune response
generated suggests them as promising candidates for
vaccine trials but further studies are needed in higher
animal models before coming to a logical conclusion.
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