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proteins activate macrophage effector functions, lymphocyte
proliferation and Th1 cytokines production
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Abstract Growing incidence of drug resistance against
leishmaniasis in endemic areas and limited drug options
necessitates the need for a vaccine. Notwithstanding signif-
icant leishmanial research in the past decades, a vaccine
candidate is far from reality. In this study, we report the
potential of two urinary leishmanial proteins to induce mac-
rophage effector functions, inflammatory cytokines produc-
tion and human lymphocytes proliferation. A total four
proteins of molecular mass 25, 28, 54 and 60 kDa were
identified in human urine samples. The 25 and 28 kDa
proteins significantly induced NADPH oxidase (p<0.001),
superoxide dismutase (p<0.001) and inducible nitric oxide
synthase (p<0.001) activities in stimulated RAW264.7 mac-
rophages. The release of nitric oxide, tumor necrosis factor-
alpha and interleukin (IL)-12 was also significantly (p<
0.001) higher in 25 and 28 kDa activated macrophages as
compared with cells activated with other two proteins.
These two proteins also induced significant (p<0.001) pro-
liferation and release of IFN-γ and IL-12 in human periph-
eral blood mononuclear cells.

Introduction

Leishmaniasis is caused by an obligate intracellular proto-
zoan parasite of the genus Leishmania. According to World
Health Organization (WHO), the disease is endemic in 98

countries with an annual prevalence of ten million, and
approximately 350 million people are at risk (Alvar et al.
2012) The manifestations of the disease are traditionally
divided into three major clinical forms, i.e. cutaneous, mu-
cosal and visceral leishmaniasis (Mishra et al. 2009).
Reports of WHO attribute higher priority to visceral leish-
maniasis (VL) as it is the main source of death in the
absence of treatment. In disease-endemic regions, leishman-
iasis mainly affects individuals belonging to the poorest of
the poor community because they encounter maximum sand
fly bites due to poor living conditions.

The available chemotherapy for VL is far from sat-
isfactory as the majority of drugs are not true antileish-
manial. The pentavalent antimonial compounds are the
only true anti-leishmanial drugs that have been a main-
stay to treat all forms of leishmanial infections soon
after the discovery of Leishmania parasite (Singh et al.
2006) However, during the recent years, parasites have
developed resistance against antimonials especially in
the Indian subcontinent (Chakravarty and Sundar 2010;
Singh et al. 2012). Other drugs like amphotericin B and
its lipid formulation and miltefosine have shown great
efficacy to treat leishmaniasis, but their therapeutic com-
plications, prolonged hospitalisation and high cost limit
their use in endemic areas. In addition, the improper
and inadequate use of these second-line drugs in en-
demic areas by medical quacks is associated with emer-
gence of drug resistance. The unavailability of a vaccine
either prophylactic or preventive further complicates this
issue especially in remote and endemic regions.

The generation of toxic metabolites like super oxide anion
(O2

−*), hydrogen peroxide (H2O2) and nitric oxide (NO), in
the parsitophorous vacuole of host macrophages, is a primary
mechanism for the parasitic elimination (Engwerda et al.
2004). These metabolites are generated by the enzymes like

V. Kumar : J. K. Gour :N. Singh : S. Bajpai : R. K. Singh (*)
Molecular Immunology Laboratory, Department of Biochemistry,
Faculty of Science, Banaras Hindu University,
Varanasi 221 005, India
e-mail: rakesh_bc@bhu.ac.in

R. K. Singh
e-mail: rakeshbhu@yahoo.com

Parasitol Res
DOI 10.1007/s00436-013-3272-z



NADPH oxidase, superoxide dismutase and nitric oxide syn-
thase of activated macrophages. The activated macrophages
also release various inflammatory cytokines that further boost
both innate and adaptive immune responses in the host.

In leishmaniasis, the immune response is characterised by
a mixed T-helper cell type 1 (Th1) and type 2 (Th2)
responses and subsequent production of Th1/Th2 cytokines
(Castellano et al. 2009; Miralles et al. 1994). In leishmanial
pathogenesis, especially in experimental animals, the bal-
ance is tilted towards Th2 response, which is characterised
by increased levels of interleukin (IL)-10 as well as IL-4
(Sharma and Singh 2009; Bhaumik et al. 2009). It has been
observed that the release of tumor necrosis factor alpha
(TNF-α), IFN-γ and IL-12 by host immune cells is associ-
ated with resistance to the parasite whereas parasitic suscep-
tibility is mainly correlated to the release of IL-4 and IL-10
that leads to the progression of disease (Bacellar et al. 2002;
Sharma and Singh 2009; Stanley and Engwerda 2007).
Although most of the Th1/2 observations are based on
Leishmania major-infected models, it is well documented
that protective immunity in Leishmania donovani-infected
animals primarily depends on IL-12-induced IFN-γ produc-
tion (Saha et al. 2006; Sharma and Singh 2009). Hence, to
control Leishmania infection, an antigen capable to elicit
Th1 type cell-mediated immune response would be of great
value as an effective vaccine candidate.

How does Leishmania control host macrophage effectors
response for its successful survival? This is not yet resolved,
though few parasitic factors are known that help parasitic
survival inside macrophages. However, parasitic factors/an-
tigens responsible to elicit macrophage microbicidal activi-
ties are not well identified and characterised. In our previous
study, we identified few proteins in the urine of VL patients
and have reported their potential in the diagnosis of visceral
leishmaniasis (Kumar et al. 2011, 2012). In the present
study, we evaluated the potential of these urinary leishman-
ial proteins of relative molecular mass 25, 28, 54 and
60 kDa for their abilities to elicit macrophage effector func-
tions and lymphocyte proliferation.

Materials and methods

Sample collection

The study was approved by medical review board, District
Hospital, Saran, Bihar State, India, to collect VL patient urine
samples. On the basis of inclusion and exclusion criteria, 50
confirmed cases of VL were considered for sample collection
from endemic area of Bihar (Baniyapur, Saran), of both sexes,
aged between 5 and 60 years. The inclusion criteria consist of
positivity for rk-39 strip test, at least 2 weeks of continuous fever
and symptoms of kala-azar (weight loss, hepatosplenomegaly,

anemia and pancytopenia). The exclusion criteria comprised
granulocyte count of <1,000/mm3, hemoglobin level <4 g/dl,
platelet count <40,000 platelets/mm3, total bilirubin levels >3
times the upper limit of normal range, serum creatinine
level >2.0 mg/dl, prothrombin time >5 s above the control time,
positive serology for HIV, hepatitis B/C, severe concurrent
illness and receipt of any antileishmanial or antifungal drugs in
last 45 days.

Identification and elution of urinary leishmanial antigens

Leishmanial proteins excreted in the patient urine of
molecular weights 25, 28, 54 and 60 kDa were used
in this study (Kumar et al. 2011). The excretion of
protein was differential, but 25 and 28 kDa proteins
were detected in all patients. The antigens were resolved
on gel and eluted by zinc reverse-technique protocol
(Castellanos-Serra et al. 1997). Eluted antigens of all
50 patients were pooled, and concentrated and purified
by Amicon Ultra (Millipore, USA), a 3-kDa molecular
weight cutoff membrane filtration device. The concen-
trated and purified proteins were quantified by Lowry’s
method (Lowry et al. 1951) and stored at −80 °C till
further use.

Macrophage activation assay

RAW 264.7 macrophages were obtained from National Center
for Cell Science (NCCS, Pune, India). Macrophages were
maintained in Dulbecco’s modified Eagle’s media (DMEM)
containing 10 % (v/v) heat-inactivated fetal bovine serum and
antibiotics (streptomycin 20μg/ml, gentamycin 100μg/ml and
penicillin 100 U/ml) at 37 °C in humidified air containing 5 %
CO2 in an incubator. For experiments, cells (1×106 in 1 ml
of complete medium) were seeded in 24-well tissue
culture plates (Nunc, Demark) and kept in CO2 incuba-
tor. After 2 h, the wells were washed with complete
media to remove non-adherent cells, if any. Finally, cells
were activated with lipopolysaccharide (LPS) (100 ng/ml)
and individual urinary proteins (10 μg/ml each) and
further kept in incubator for 24 h before the measure-
ment of enzymes and cytokines.

Measurement of NADPH oxidase and SOD activity

Activity of NADPH oxidase was measured by the
method described elsewhere (Mahapatra et al. 2010).
Stimulated macrophage were washed with fresh phos-
phate buffer saline (PBS, 0.02 M, pH 7.2) and lysed in
0.25 % (w/v) sodium dodecyl sulphate. The lysate was
centrifuged at 2,000 rpm for 10 min at 4 °C. Activity
of enzyme in supernatant was determined by measuring
cytochrome-c reduction spectrophotometrically. Briefly,
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the reaction mixture containing 1 mM MgCl2, 80 μM
cytochrome-c and 2 mM NaN3 was dissolved in
10 mM PBS (0.02 M, pH 7.2), and 900 μl of this
mixture was mixed with 100 μl of supernatant to make
the final volume 1.0 ml. NADPH was added lastly to
initiate the reaction, and absorbance was measured at
550 nm. The enzyme activity was calculated according to the
formula: Enzyme activity (U/ml)=(ΔA550nm/min)×final vol-
ume of assay×dilution factor/extinction coefficient×sample
volume. Millimolar extinction co-efficient (ε=0.021 mM−1

cm−1) was used for calculations.
Superoxide dismutase (SOD) measurement was done by

the method of Misra and Fridovich by nitrotetrazolium blue
chloride (NBT) and riboflavin in culture supernatant (Misra
and Fridovich 1972). In brief, 100 μl cell supernatant was
mixed with 900 μl reaction mixtures (5 mM PBS, 100 mM
methionine, 1 mM EDTA, 450 μM NBT, 10 μM riboflavin).
Absorbance of purple-coloured complex was measured at
560 nm, being the maximum for the blank. The SOD activity
was directly proportional to percent inhibition of NBT reduc-
tion and expressed in percent inhibition of NBT reduction per
milliliter (50 % of NBT reduction correspond to one unit of
enzyme per milliliter).

Measurement of total nitric oxide (NOx)

Cell culture supernatant was assayed for content of total
nitric oxide (NOx) by the method described elsewhere using
Griess reagent (Ding et al. 1988). The cultured supernatants
(100 μl) were incubated with Griess reagent in the ratio of
1:1 for 10 min at room temperature (RT). The absorbance
was measured at 540 nm. The concentration of total nitric
oxide was determined by comparing with a standard curve
plotted using sodium nitrite (50–1.56 μM) as standard and
expressed in micromolars.

Measurement of cytokines release from macrophages

The extracellular cytokine levels of TNF-α, IL-12 and IFN-γ
were measured by MAX™ standard set enzyme-linked im-
munosorbent assay (ELISA) kit as per manufacturer’s

instructions (BioLegend, USA) in culture supernatants. The
results were represented in picogram per milliliter.

Analysis of cytokine mRNA expression by RT-PCR

Total RNA from stimulated cells was isolated by Tri®
reagent (Sigma Chemicals, USA) following manufac-
turer’s instructions. Briefly, cells were centrifuged at
5,000 rpm at 4 °C, and pellet was washed thrice with
PBS (0.02 M, pH 7.2) to remove medium. The cells
were then lysed in 300 μl of trizol and 120 μl chloro-
form. The suspension was centrifuged at 10,000 rpm at
25 °C for 10 min. The upper aqueous layer was recov-
ered, and twice the amount of isopropanol was added to
it. The mixture was centrifuged again at 10,000 rpm at
4 °C for 10 min, and RNA pellets were collected.
Finally, RNA pellets were washed with 70 % (v/v)
ethanol digested with RNAse-free DNase (Fermantas,
Germany) to avoid DNA contamination before use. For
cDNA preparation, 1 μg total RNA (kept equal for each
amplification subjected for densitometric analysis) was
subjected to reverse transcription using 20 U M-MLV
reverse transcriptase (Fermantas, Germany), 1× RT buff-
er, 20 mM dNTPs (New England Biolabs, USA), 20 U
RNasin (Fermentas, Germany) and 0.1 M DTT with
DEPC-treated water using 200 ng of random hexamers
(Fermentas, Germany).

The cDNA was subsequently amplified by in-house-
designed mRNA-specific primers for cytokines (Table 1).
The β-actin gene was used as house-keeping control.
The 25 μl of reaction mixture consisted of 2 μl cDNA
templates, 1× polymerase chain reaction buffer, 0.5 mM
MgCl2, 200 μM dNTPs, 1U Taq DNA polymerase (New
England Biolabs, USA) and 3.2 μM mice mRNA-
specific forward and reverse primers. Amplification was
performed for 30 cycles of denaturation at 94 °C for 30s,
annealing at 46 °C to 55 °C (depended on the Tm of the
primers) for 30s and extension at 72 °C for 30s. The
cycles were preceded by initial denaturation at 94 °C for 2 min
and followed by final extension for 5 min at 72 °C. The
amplified DNA fragments were separated on 2 % agarose

Table 1 List of primers used in this study

S.
no.

Gene Forward primer Reverse primer Product size
(bp)

1 TNF-
α

5′CCGATGGGTTGTACCTTGTC3′ 5′CGGACTCCGCAAAGTCTAAG3′ (285)

2 IL-12 5′GGAGGACCCATAAGACTGC3′ 5′TTTCCCCTTCTTGGAGGTTT3′ (319)

3 IFN-γ 5′GTGATTGCGGGGTTGTATCT3′ 5′GGGACAGCCTGTTACTACCTGA3′ (219)

4 β-
ac-
tin

5′
AACCGCGAGAAGATGACCCAGAT-
CATGTTT 3′

5′
AGCAGCCGTGGCCATCTCTTGCTC-
GAAGTC3′

(350 )
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gel containing ethidium bromide (0.5 % w/v) and photo-
graphed under UVillumination in a gel documentation system
(Alpha Innotech Corporation, USA). The relative mRNA
expression levels were analyzed by Image Analysis
Software (Alpha View™, version 2.0.0.9, AIC, USA).

Western blotting (iNOS and SOD1 expression)

The iNOS and SOD1 expression was analyzed by
Western blotting using specific antibodies (Santacruz,
USA). After 30 min of incubation, activated cells were
lysed in minimum amount of cold Tris saline buffer
(TBS, 20 mM Tris–HCl, pH 8.0) containing 0.14 M
NaCl, 10 % (v/v) glycerol, 1 % (v/v) NP40, 1 mM
phenylmethylsulfonylfloride, 1 mM sodiumorthovana-
date, 1 μM NaF and protease inhibitors (40 μg/ml
aprotinin and 20 μg/ml leupeptin) at 4 °C for 10 min.
The lysate was centrifuged at 15,000 rpm for 10 min at
4 °C, and supernatant (40 μl/lane) was resolved on
12 % sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). Total proteins were transferred
on nitrocellulose membrane (Millipore, USA), and mem-
branes were blocked in TBST buffer (0.1 % (v/v) Tween
20) containing 5 % (w/v) non-fat dry milk for 1 h at
RT. After blocking, membranes were washed thrice with
TBST and incubated overnight with iNOS (catalogue
no. sc-651) and SOD1 (catalogue no. sc-8637) specific
primary antibodies in 1:200 dilutions. Following incu-
bation, membranes were washed with TBST and further
incubated with horseradish peroxidase-conjugated sec-
ondary antibody, diluted in the ratio of 1:1,000 for
2 h. The blots were developed by 0.03 % (v/v) DAB,
0.01 % (v/v) H2O2 solution. The β-actin was used as
reference to calculate relative band intensity that was
analyzed by Image Analysis Software (Alpha View™,
version 2.0.0.9, Alpha Innotech Corporation, USA). The
data were expressed as mean±standard deviation of
band density ratio of the experiments.

Measurement of lymphocyte proliferation
and cytokines release

Peripheral blood mononuclear cells (PBMCs) were isolated
from the heparinised blood collected from ten non-endemic
healthy donors by Ficoll-Paque plus (GE Healthcare, USA)
density gradient centrifugation. Briefly, blood samples were
diluted in 1:1 ratio with complete DMEM and layered on an
equal volume of Ficoll followed by centrifugation at
5,000 rpm for 30 min. PBMCs were carefully aspirated
and washed twice with PBS (0.02 M, pH 7.2) by centrifu-
gation at 5,000 rpm at 4 °C for 15–20 min. The cellular
viability was checked by trypan blue dye exclusion method.
PBMCs, at seeding density of 1×106 cells per well in

complete DMEM media along with antibiotics, were kept
in CO2 incubator and washed after 2 h with complete
DMEM to remove non-adherent cells, if any. Cells were
then stimulated with 10 μg/ml, each of urinary proteins
and phytohaemagglutinin (PHA) (10 μg/ml) and further
kept for 72 h in incubator. The cytokine release was
quantified by cytokine ELISA kit (BioLegend, USA),
and cellular proliferation was measured by MTT assay
(Mosmann and Coffman 1989).

Statistical analysis

The data were analyzed by one-way analysis of variance
(ANOVA) using Student’s–Newmann–Keuls test by
Sigma Stat 3.5 software. The pvalue less than 0.05
was considered to be significant. All the experiments
were performed in quadruplicate, and data are repre-
sented as mean±standard deviation.

Results

Identification and isolation of urinary leishmanial proteins

The urinary proteins were resolved on 12 % SDS-PAGE and
transferred on nitrocellulose membrane for Western blotting.
Four urinary leishmanial proteins of molecular mass 25, 28,
54 and 60 kDa were identified by Western blotting using
patient serum (Fig. 1). In our previous studies, their

Fig. 1 Western blot of urinary leishmanial proteins. Purified proteins
were resolved on SDS-PAGE and transferred to nitrocellulose mem-
branes. Blots were developed with patient serum. Lane M: marker, lane
A: SDS-PAGE of purified protein isolated from urine of VL patients,
lane B: immunoblot analysis of proteins
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leishmanial origin and seronegative with serum of healthy
endemic and non-endemic controls have already been
reported (Kumar et al. 2011, 2012). Antigenic nature of this
protein was checked by further experiment.

NADPH oxidase, superoxide dismutase (SOD) activities
and NOx level

The NADPH oxidase, SOD activities and NOx level in pro-
teins stimulated macrophages are represented in Graph 1.
LPS-stimulated cells were considered as positive control,
and cells without stimulants were considered as normal
(negative) controls. The observed activity of NADPH oxidase
was higher in 25 kDa (0.065±0.0071 U/ml) and 28 kDa
(0.047±0.0065 U/ml) stimulated cells as compared with
54 kDa (0.031 ± 0.005 U/ml) and 60 kDa (0.026 ±
0.0063 U/ml) protein. The ANOVA analysis revealed that
25 kDa protein enhanced significant (p<0.001) NADPH ox-
idase activity as compared with other proteins.

In protein-stimulated cells, the observed SOD1 activity
(percent inhibition of NBT reduction per milliliter) was 51.4
±7.1, 34.6±6.9, 15.9±2.8 and 11.7±3.7 for 25, 28, 54 and
60 kDa, respectively. On comparison between proteins, the
SOD1 activity in the cells stimulated with 25 and 28 kDa
proteins was significantly (p<0.001) higher than other two
proteins. The NADPH oxidase and SOD1 activities were not
significant in 54 kDa- and 60 kDa-induced proteins as com-
pared with LPS-induced cells.

The NOx release in 25 kDa- and 28 kDa-stimulated cells
were 26.71±4.34 and 21.45±5.01 μM, respectively, as
compared with 54 kDa (10.9±3.1 μM) and 60 kDa (11.63
±4.2 μM) proteins. On comparison between groups, 25-kDa
protein induced more release of NOx (p<0.01) than 28-kDa
protein.

Production of cytokines by stimulated cells

Release of cytokines in culture supernatant of activated cells
was estimated by cytokine ELISA and reverse transcriptase-
polymerase chain reaction (RT-PCR) (Fig. 2). Both 25- and
28-kDa proteins induced significant (p<0.001) production
of all cytokines as compared with 54 and 60 kDa. On
comparison between individual proteins, the release of
TNF-α (501.7 ± 43.09 pg/ml) and IL-12 (420.63 ±
36.21 pg/ml) was higher (p<0.05) in 25-kDa stimulated
cells as compared with 28-kDa protein (TNF-α, 442.87±
62.08 pg/ml; IL-12, 354.21±57.79 pg/ml). IFN-γ release
was statistically similar for both 25 and 28 kDa proteins.
The other two proteins, 54 and 60 kDa, did not induce
significant production of Th1 cytokines in cultured macro-
phages. These findings suggest 25- and 28-kDa proteins
were Th1 cytokine-inductive, and they were further evalu-
ated for their ability to induce cellular proliferation and
Th1/2 cytokine release in human PBMC.

Expression levels of iNOS and SOD1

The expression levels of iNOS and SOD1 in stimulated cells
are depicted in Fig. 3. Macrophages stimulated with 25- and
28-kDa proteins showed higher expression as compared
with 54- and 60-kDa proteins for both iNOS and SOD1.
The expression level of iNOS was comparable (p<0.05) in
both 25- and 28-kDa-induced cells. However, 25-kDa pro-
tein induced more significant (p<0.01) SOD1 expression
than 28 kDa (p<0.05) protein in stimulated macrophages.

PBMC proliferation and cytokine production

PBMC supernatants were assayed for the release of IFN-γ, IL-
12 and IL-10 by cytokine ELISA. On comparison between
groups, the release of IFN-γ and IL-12 cytokines was signif-
icantly higher (p<0.001) in 25- and 28-kDa-stimulated cells

Graph 1 NADPH oxidase, SOD activities and release of NOx in
RAW264.7 macrophages stimulated with 25, 28, 54 and 60 kDa uri-
nary proteins (10 μg/ml). LPS (100 ng/ml) was used as positive
control. The cells without stimulants were used as negative control
(***=p<0.001, *p<0.01 between 25 and 28 kDa)
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than other two proteins (Graph 2a). The IFN-γ and IL-12
levels were 454.23±75.51 and 574.89±68.91 pg/ml for
25 kDa, respectively, and 402.06±49.28 and 473.21±
9.76 pg/ml for 28 kDa, respectively. The release of IFN-γ

and IL-12 by cultured PBMC in presence of 54- and 60-kDa
proteins was significantly lower as compared with 25- and 28-
kDa proteins. However, 60-kDa proteins induced significant
(p<0.01) IL-10 release than 25 and 28-kDa proteins.

The proliferation rate in response to proteins was
measured by MTT assay on PBMC isolated from ten
healthy non-endemic individuals. Both, 25- and 28-kDa
proteins induced significant (p<0.001) proliferation of
PBMC as compared with other two proteins (Graph 2b).
The proliferation rate was comparable to PHA for both
25- and 28-kDa proteins being significant (p<0.01) in
PHA-induced cells. These observations suggest lympho-
proliferative and Th1 stimulatory nature of 25- and 28-
kDa proteins.

Discussion

Being a neglected tropical disease, leishmaniasis has
never been a priority area of research to develop a
vaccine, and this is an unrealised goal to date.
Although the parameters of protective immunity are well
defined in human leishmaniasis, the immuno-stimulatory
leishmanial antigens are still not well identified and
characterised. Various proteins, either recombinant or
native, like gp63, gp46, M2, PSA-2, TSA, LACK,
LmsT1 and Leish111f have been found to elicit protec-
tive immune response but not yet approved or released

Fig. 2 Production of various
cytokines and their relative
expression by RAW264.7
macrophages stimulated with
various urinary proteins.
RAW264.7 cells were
stimulated with individual
proteins (10 μg/ml each) or
LPS (100 ng/ml). LPS was used
as positive control to activate
cells, and cells without
stimulant were treated as
negative control. Supernatant
were collected after 24 h
stimulation, and TNF-α, IL-12
and IFN-γ were measured by
cytokine ELISA (a). RT-PCR
was performed using cytokines
mRN-specific primers. β-actin
was used as house-keeping
control gene (b). (a=p<0.001
versus 54 and 60 kDa, b=p<
0.05 versus 28 kDa, c=not sig-
nificant versus 28 kDa;
ANOVA between groups)

Fig. 3 Expression (Western blot) of inducible nitric oxide synthase
(iNOS) and superoxide dismutase1 (SOD1) in urinary proteins stimu-
lated RAW 264.7 cells (upper panel) and their densiometric analysis
(lower panel). The β-actin was used as reference to calculate relative
band intensity. The 25- and 28-kDa proteins induced comparatively
more expression of these proteins than 54 and 60 kDa (a=p<0.001
versus all four antigens, b=p<0.01 versus 54- and 60-kDa antigens, c=
p<0.05 versus 54- and 60-kDa antigens)
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for use (Nagill and Kaur 2011; Evans and Kedzierski
2012; Chakravarty et al. 2011). Attempts have also been
made to evaluate the potentials of crude soluble proteins
of promastigotes (mw range, 10–119 kDa), but their
active components are not identified (Garg et al. 2006;
Srivastava et al. 2012). This lacuna necessitates the fur-
ther identification and evaluation of newer proteins in
order to search candidate/s for vaccine.

Macrophages are very crucial for the killing of parasites in
all forms of leishmaniasis. The outcome of infection depends
on the balance between the host ability to activate macrophage
killing of the parasites and parasites ability to suppress or
evade host immune response (Handman and Bullen 2002).
The parasites significantly downregulate host macrophage
effector functions that lead to their survival and proliferation
in phagolysomal milieu. Although the leishmanial proteins
that downregulate macrophage effector functions are little
known, the leishmanial candidates which may upregulate the
same are not well identified. The results of present study
indicate the potential of 25- and 28-kDa proteins to activate
NADPH oxidase, SOD1 and iNOS activities in activated
macrophage cells. These proteins also significantly induced
release of NOx, TNF-α, IL-12 and IFN-γ and further increase
the proliferation rate of human PBMC.

The ability of Leishmania to combat prooxidants is directly
linked to its survival and resistance. The toxic radicals likeO2

−,
H2O2 produced by the cells of innate immunity especially from
neutrophils and macrophages help to eliminate parasite by
reacting with their lipids, proteins and nucleic acids (Winyard
et al. 2005; Iles and Forman 2002). In addition, these radicals
also help in the activation of inflammatory response by regu-
lating tyrosine and mitogen-activated protein kinases and acti-
vation of transcription factors like NF–kB, AP-1, etc. that lead
to the production of Th1/2 cytokines (Trachootham et al. 2008;
Rhee et al. 2005). In order to subvert macrophage microbicidal
activity, Leishmania possess enzymes like tryparedoxin perox-
idase and peroxidoxin that convert toxic H2O2 into less toxic
products, which is responsible for the survival of parasite in the
host (Romao et al. 2009).

The killing of parasites is not only dependent on macro-
phage activation by parasitic factors but also upon subsequent
production of Th1 cytokines especially TNF-α, IFN-γ and IL-
12 by the cells of innate and adaptive immunity. The produc-
tion of TNF-α and IFN-γ by activated macrophages together
with IL-12 and NOx leads to parasite killing and recovery
from the disease (Horta et al. 2012). NOx is generally pro-
duced in response to IFN-γ by macrophages via iNOS induc-
tion and play an exclusive role in parasitic elimination and
intracellular killing of parasites in later stage of infection
(Winberg et al. 2007). IL-12, a key regulator of iNOS and
NOx, together, has been found very imperative in disease
susceptibility and resistance (Guevara-Mendoza et al. 1997;
Assreuy et al. 1994). In this study, the increased level of NOx
in 25- and 28-kDa-activated macrophages may be due to
enhanced IL-12 release, which further proves the antigenic
behavior of these proteins. In leishmanial infections, IL-10,
the Th2 cytokine, is believed to be a major macrophage-
deactivating cytokine that favors parasite persistence in host
macrophages (Bacellar et al. 2002; Gautam et al. 2011).The
actions of IL-10 contribute to VL pathology in multiple
ways. Activated IL-10 release renders macrophages un-
responsive to IFN-γ and inhibits the induction of oxy-
gen and nitrogen-free radicals (Gautam et al. 2011;
Bharswaj et al. 2010). In addition, IL-10 also down-
regulates the expression of MHC class II along with co-
stimulatory molecules and IL-12 by antigen-presenting
cells that eventually inhibit the effective generation
and/or maintenance of antigen-specific Th1 cells.
Attempts have been made to find out the leishmanial
antigens responsible for Th2 response and the source of
IL-10 production in leishmaniasis, but still it is not well
understood (Nylen and Sacks 2007). In the present study,
the 60-kDa protein was found to be IL-10-inductive by
human PBMCs, which may further prove beneficial in the
understanding of IL-10 pathology in leishmaniasis.

The leishmanial infections are also characterised by re-
duced cellular immune response, which is mainly due to

Graph 2 a Levels of various cytokines (IFN-γ, IL-12 and IL-10) in
mitogen (PHA, 10 μg/ml) and urinary proteins (10 μg/ml) induced
peripheral blood mononuclear cells (PBMCs). PBMCs were isolated
from blood of ten healthy volunteers from non-endemic area. After
72 h of stimulation, cell supernatants were collected, and level of
cytokines were measured by cytokine ELISA (a=p<0.001 versus 54
and 60 kDa, b=p<0.001 versus 25 and 28 kDa; ANOVA between
groups). b Rate of PBMCs proliferation in response to mitogen (PHA)
and urinary proteins (***=p<0.001; ANOVA between groups)
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poor antigen recognition and presentation of T cells (Sacks
et al. 1987). The identified proteins showed significant
proliferative abilities for human PBMCs and induced release
of IFN-γ, IL-12 in activated PBMC. These finding further
support the potential of urinary proteins as a good inducer of
adaptive immunity. However, further studies are required to
characterise their epitopic groups and to evaluate their
immuno-stimulatory prospective.
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