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Calcium is an ubiquitous cellular signaling molecule that controls a variety of cellular processes and is strictly maintained in
the cellular compartments by the coordination of various Ca** pumps and channels. Two such fundamental calcium pumps
are plasma membrane calcium ATPase (PMCA) and Sarco/endoplasmic reticulum calcium ATPase (SERCA) which play a
pivotal role in maintaining intracellular calcium homeostasis. This intracellular Ca** homeostasis is often disturbed by the
protozoan parasite Leishmania donovani, the causative organism of visceral leishmaniasis. In the present study we have
dileneated the involvement of PMCA4 and SERCA3 during leishmaniasis. We have observed that during leishmaniasis,
intracellular Ca®* concentration was up-regulated and was further controlled by both PMCA4 and SERCA3. Inhibition of
these two Ca”*-ATPases resulted in decreased parasite burden within the host macrophages due to enhanced intracellular
Ca*. Contrastingly, on the other hand, activation of PMCA4 was found to enhance the parasite burden. Our findings also
highlighted the importance of Ca®" in the modulation of cytokine balance during leishmaniasis. These results thus
cumulatively suggests that these two Ca**-ATPases play prominent roles during visceral leishmaniasis.
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Introduction

Leishmania donovani, an obligatory intracellular protozoan
parasite which resides and multiplies within the host macrophages
[1], is the causative agent of visceral leishmaniasis or Kala-azar, a
fatal disease which is endemic in many parts of the tropical world
[2,3]. For effective parasite clearance, activated macrophages
induce various host-protective immune responses [4]. To coun-
teract these anti-Leishmania responses, the parasites induce
various immune-silencing mechanisms for its intracellular survival
inside the hostile environment of macrophages. Impairment of the
classical protein kinase C (PKC) signaling within the host
macrophages is one of the major manipulative strategies through
which the parasite exerts its immunosuppressive effects.

PKC is structurally related to serine-threonine family. On the
basis of structural and regulatory properties, PKC has been
grouped into three subfamilies [5,6]; conventional or classical (c-
PKCis), novel (n-PKCis), and atypical (a-PKCs). Out of these three
families, only conventional PKCs (o, BI, BIL and ) require Ca*"
along with DAG and phosphatidylserine for their activation.

Calcium plays crucial roles in different physiological, biochem-
ical and signaling pathways in both animal and plant cells.
Moreover, calcium is one of the most widespread second
messengers involved in several signal transductions. Intracellular
organelles like mitochondria and endoplasmic reticulum, are the
store house of calcium; they constantly accumulate and release
calcium during certain cellular events to maintain the calcium

PLOS ONE | www.plosone.org

homeostasis [6]. Calcium ions enter the cytoplasm either from
outside the cell through the cell membrane calcium channels or
from some internal calcium storages such as endoplasmic
reticulum and mitochondria. On the other hand, Sarco-endoplas-
mic reticulum Ca”*-ATPase resides in the sarcoplasmic reticulum
(SR) which is involved in the transport of Ca®" from the cytosol to
the lumen of the SR at the expense of ATP hydrolysis during
muscle relaxation. The Plasma membrane Ca®"-ATPase
(PMCAA4) also obtains energy to pump calcium out of the cell by
hydrolysing adenosine triphosphate (ATP).

Several studies have implicated the role of PKCs in the control
of intracellular microbial replication. In this context, the Leish-
mania parasite has achieved a great deal of attention because it
impairs Ca**-dependent PKC signaling in the infected macro-
phages [7]. Infection of macrophages with lipophosphoglycan
(LPG), a Leishmania donovani derived glycolipid, leads to the
down-regulation of classical PKC activity along with upregulation
of Ca**-independent atypical PKC-{ expression [7]. The selective
upregulation of calcium independent PKC activity enables the
parasites to survive within the hostile macrophage-microenviron-
ment [8]. Moreover, recent findings suggest that calcium
dependent calmodulin kinase activation helps in the establishment
of the pathogen, Leishmania donovani, within the host macro-
phages [2,9,10,11].

In the present communication, we were prompted to study the
role of PMCA4 and SERCAS3 in visceral leishmaniasis and found
that both Ca’*-ATPases were induced in Leishmania infected
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macrophages. Moreover, the enhanced PMCA4 expression was
found to increase the parasite burden. Similar result was obtained
upon thapsigargin treatment, a SERCAS3 inhibitor. In contrast,
enhancement of intracellular calcium by ionomycin treatment
induced the expression of calcium dependent PKCs. This in turn
was found to regulate the profile of TH1 and TH2 cytokines
differentially. Altogether, these results clearly suggested that the
enhanced intracellular calcium was regulated by both PMCA4
and SERCAS3 during visceral leishmaniasis.

Materials and Methods

Reagents and Chemicals

Dulbecco’s Modified Eagle’s Medium (DMEM), M-199 medi-
um (M199), penicillin, streptomycin, EGTA and ionomycin were
purchased from Sigma Chemicals (St Louis, MO, USA). Fetal calf
serum (FCS) was obtained from Gibco BRL Grand Island, NY,
USA and ELISA Assay Kit (Quantikine M) for tumor necrosis
factor-o. (INF-o), Interferon-y (IFN-y), IL-12, IL-10 were from
R&D Systems (Minneapolis, MN, USA).

Parasites maintenance
L. donovani organisms (strain MHOM/IN/1983/AG-83) were
maintained in Medium 199 (Sigma) plus 10% fetal calf serum

(Gibco).

Maintenance of RAW 264.7

RAW 264.7 macrophages were maintained in complete
Dulbecco’s modified Eagle’s medium (SIGMA) containing 10%
FCS.

In vitro parasite burden determination

Macrophages were plated on eight well chamber slides (10,000
cells/well) and were treated for 30 min with inhibitors of Sarco-
endoplasmic Reticulum Calcium ATPase (SERCA3) (1 uM
thapsigargin) and Plasma Membrane Ca®"-ATPasc (PMCA4)
(10 uM  trifluoperazine). These were then infected with L.
donovani in a 1:10 ratio. Unbound parasites were washed off
after 4 hr. Cells were then incubated for 24 hr, fixed with chilled
methanol, and stained with Giemsa following of which amastigotes
were microscopically counted.

Isolation of plasma membrane fraction

Cells were scraped using chilled PBS and centrifuged at
2000 rpm for 10 min at 4°C. The pellet was resuspended in
100 pl of extraction buffer containing 50 mM Tris-HCI, 50 mM
EDTA, I mM PMSF, 50 mM B-ME and protease inhibitors and
kept on ice for 30 min. Cells were sonicated and spun at 100000 g
for 35 min at 4°C. The pellet was collected and resuspended in
100 pl of extraction buffer containing 50 mM Tris-HCI, 50 mM
EDTA, 1 mM PMSF, 50 mM B-ME, protease inhibitors includ-
ing 0.2% NP-40. The cell suspension was vortexed at 4°C for
30 min and centrifuged at 12,000 rpm for 10 min. Supernatant
was collected and used for the measurement of PMCA4 activity.

Plasma membrane calcium ATPase activity assay

The method described in this protocol is a modified one from
the procedure reported by Sarkadi et.al [12]. 5 ug of membrane
protein was incubated in a medium containing 30 mM Histidine,
I mM CaCly, 1 mM MgCl,, and 1 mM ATP for 30 min. The
reaction was arrested at 45 min by the addition of 8% (final
concentration) cold tri-chloro-acetic-acid (TCA). Tubes were
vortexed and 40 mM of ammonium molybdate together with
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2% ascorbic acid was added and incubated at room temperature
for 10 min and the absorbance was measured at 820 nm.

Measurement of cytosolic calcium

Control and infected macrophages were scrapped from the
plate using chilled PBS. Cells were centrifuged and pellet dissolved
in calcium free buffer (2 ml 1M HEPES, 0.5 ml 20% glucose,
20 ml HBSS). Cells were counted by hemocytometer. 3 ul of
Fura-2/AM (3 wl of 1.5 mM Fura-2/AM, 2 pl of 20% Puronic F-
127, 10 ul of 10% BSA) was added in 1 ml cell solution at 37°C
for 30 min. Cells were centrifuged and the pellets were dissolved in
calcium free buffer and transferred in quartz cuvette. After 60 sec.,
one set of cells were stimulated with 1 UM thapsigargin followed
by 10 uM trifluoperazine. In another set of cells, after 90 sec.,
ionomycin (1 uM) stimulation was given followed by 50 pM
EGTA. At indicated time points, samples were analyzed by flow
cytometry (F=340/380).

Cytokine enzyme-linked immunosorbent assay (ELISA)

The conditioned medium of macrophage culture was assayed
for mouse cytokines by the sandwich ELISA kit (BD Biosciences).
The assay was performed according to the manufacturer’s
nstructions.

Preparation of cell lysate and immunoblot analysis

The adherent cell population was scraped and centrifuged at
3000 RPM for 15 min at 4°C. The cells were then resuspended in
ice-cold extraction buffer containing 10 mM Tris-HCI (pH 7.5),
4.5 mM EGTA, 2.5 mM EDTA, protease inhibitor mixture, and
1 mM NazVO,. The protease inhibitor mixture consisted of
0.33 mM leupeptin, 0.2 mM phenyl-methyl-sulfonyl-fluoride
(PMSF), 0.35 mM antipain, 0.24 mg of chymostatin per ml,
0.35 mM pepstatin, and 4.8 TIU of aprotinin per ml. The
suspension was sonicated at 4°C and centrifuged at 7000 RPM for
10 min at 4°C, and the supernatant was used for the experiments.
An amount of 40 g protein was subjected to 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis, and was subsequently
transferred to a nitrocellulose membrane. The membrane was
blocked overnight with 3% bovine serum albumin in Tris-saline
buffer (pH, 7.5), and immunoblotting was performed to examine

the expression levels of SERCA3, PMCA4, PKC-f and -C.

Isolation of RNA and Reverse Transcription PCR

RNA was isolated according to the standard protocol [13].
Briefly, total RNA extracted from macrophage (TRI reagent;
Sigma) was reverse transcribed using Revert Aid M-MuLV reverse
transcriptase (Fermentas). The ¢cDNA encoding the SERCAS3,
PMCA4, PKC-B,-C, IL-10, IL-12, TNFa, IFN-y and GAPDH
gene was amplified using specific primers as listed in Table 1. PCR
amplification was conducted in a reaction volume of 50 pl using a
Perkin Elmer Gen Amp PCR system 2400 and 0.5 unit of Taq
polymerase set for 35 cycles (denaturation: at 94°C for 30 s;
annealing: temperature vary for different primers for 30 s;
extension: at 72°C for 30s). PCR amplified product was
subsequently size fractioned on 1.5% agarose gel, stained with
ethidium bromide and visualized under UV-light.

Densitometry analysis

Immunoblots and PCR products were analyzed using a model
GS-700 Imaging Densitometer and Molecular Analyst (version
1.5; Bio-Rad Laboratories).
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Table 1. Sequences of the PCR primers.

GAPDH
PKCB
PKCC
PMCA4
SERCA3
IL10
IL12
TNFo
IFNy

FW- 5-GTT GTC TCC TGC GAC TTC AAC A-3 RV- 5-TCT CTT GCT CAG TGT CCT TGC T-3
FW- 5-CAT ATC AGC CAG TCT CCG TTA G-3 RV- 5-CTC TCC CTT CCT TCC TTT CTT C-3
FW-5-CGA TGG GGT GGA TGG GAT CAA AA-3 RV-5-GTG TTC ATG TCA GGG TTG TCC G-3
FW-5-GGA GAA AGG GAA GGA AGC ATA A-3 RV-5-CCA GGT GGC AGT GTG TAA ATA-3
FW-5-TGG ACC CTG CTG AAC ATA AC-3 RV-5-GAG CCT CAA AGG TGG GAA TAG-3
FW-5-ACT TGG GTT GCC AAG CCT TAT-3 RV-5-ATC ACT CTT CAC CTG CTC CACT-3
FW-5-ATT GAA CTG GCG TTG GAA GCA-3 RV-5-TGC GCT GGA TTC GAA CAA AGA-3
FW-5-ACG TCG TAG CAA ACC ACC AA-3 RV-5-TGA GAT AGC AAA TCG GCT GAC G-3
FW-5-AGC TCT TCC TCA TGG CTG TTT C-3 RV-5-TGT TGC TGA TGG CCT GAT TGT-3

doi:10.1371/journal.pone.0110843.t001

Statistical analysis

In vitro cultures were done in triplicate. Data, shown as means
* standard deviations, from one experiment performed at least
three times. The Student ¢ test was used to assess the significance of
differences between the mean values for the control and
experimental groups. A difference with P<<0.05 was considered
significant, a difference with P<0.001 was considered highly
significant and ns implied non-significant.

Results

Measurement of cytosolic calcium during visceral
leishmaniasis

Leishmania donovani infection is associated with abrogated
calcium dependent PKC activation in macrophages [8]. There-
fore, we investigated the intracellular calcium level in macrophag-
es during Leishmania donovani infection. The addition of a
calcium ionophore (1 uM), ionomycin, [14] provoked a rapid and
sustained increase in the intracellular calcium concentration inside
the control as well as infected macrophages. Upon removal of
extracellular Ca®* using EGTA (50 uM), the fast initial increase in
response to lonomycin disappeared but slower sustained elevation
in cytosolic Ca®" was observed (Fig. 1A). The addition of
thapsigargin (1 uM), a SERCAS3 inhibitor [15], slowed down (5—
10 fold) the intracellular calcium concentration in the control and
infected macrophages, while the addition of trifluoperazine
(10 uM), a PMCA4 inhibitor [16], intracellular calcium level
was increased and sustained for a while (Fig. 1B). Interestingly, in
all cases of Leishmania donovani infected macrophages, a
significant level of increase in the intracellular calcium ion
concentration (20-80 folds higher as compared to control
untreated macrophages) was observed. Therefore, our results
indicated that the intracellular calcium ion release is relatively high
in Leishmania donovani infected macrophages.

Moreover, SERCA3 blocking resulted in a transient decrease in
intracellular Ca®" level, whereas, blocking of PMCA4 with TFP
resulted in a sharp and sustained elevation in intracellular Ca**
concentration.

PMCA4 and SERCA3 expression in macrophages during
Leishmania donovani infection

The intracellular calcium ion concentration is primarily
regulated by two Ca®"-ATPases, PMCA4 and SERCAS3. There-
fore, we analyzed the protein and mRNA expression status of
these two ATPases in Leishmania donovani infected macrophages.
PMCA4 and SERCA3 both have several isoforms. PMCA4
activation relates to PKC isotypes, where as SERCA3 is
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ubiquitous. We therefore have selected both of them in our study.
The expression of PMCA4 and SERCA3 was examined in
Leishmania donovani infected macrophages at different time
points of infection. The results showed that both the SERCA3 and
PMCA4 expression gradually increased from 3 to 12 hr of post
infection (Fig. 2A, B).

Effect of ionomycin and EGTA on the modulation of PKCs
and expression of Ca*- ATPases in macrophages during
Leishmania donovani infection

It is well known that conventional PKC activity is strictly
dependent upon the intracellular calcium ion concentration [17],
whereas, atypical PKC does not require Ca®" for activation [18].
Therefore, the involvement of calcium in the regulation of protein
and mRNA expression of different PKC isotypes was investigated
in Leishmania donovani infected macrophages. We observed a
significant down-regulation of PKC-f (conventional PKC) protein
expression in infected macrophages compared to that of the
uninfected control macrophages. To study the role of Ca®*, an
elevator, ionomycin and a chelator, EGTA of Ca®" were selected.
Interestingly, ionomycin (1 uM) treatment resulted in significant
up-regulation of PKC-f expression in the infected macrophages
compared to that of the uninfected one. However, treatment with
a calcium ion chelator, EGTA (2 mM), abrogated the ionomycin
induced enhancement of PKC-B expression in the infected
macrophages. On the other hand, when both EGTA and
ionomycin were used, no significant enhancement of the PKC-8
expression in the infected macrophages (Fig. 3B) was observed. In
contrast, atypical PKCs (PKC-{) exhibited a different type of
protein expression. In this case, it was found that PKC-{
expression significantly up-regulated in infected macrophages as
well as in EGTA (2 mM) treated infected macrophages compared
to that of the uninfected control macrophages. In contrast,
treatment with ionomycin (1 uM) or ionomycin with EGTA
resulted in a significant down regulation of PKC-{ expression in
the infected macrophages (Fig. 3B). Similar changes were also
observed in the mRNA expression (Fig. 3A). All these findings
clearly demonstrated that intracellular Ca®* plays a significant role
in regulating the protein as well as the mRNA expression of
different PKC isotypes in Leishmania donovani infected macro-
phages.

Previous studies revealed that ionomycin treatment led to an
enhancement of intracellular calcium release inside the cells,
which can be modulated by the addition of EGTA [19].
Therefore, we intended to investigate the role of calcium ATPases
in regulating the enhanced intracellular calcium following
ionomycin treatment in Leishmania donovani infected macro-
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Figure 1. Detection of intracellular Ca?* in Leishmania donovani infected macrophages in presence of different chemical agents.
Uninfected (2x10° cells) and Leishmania donovani infected macrophages (1:10) were treated with Fura-2/AM (5 uM). Geometric mean fluorescence
intensity was monitored at different time intervals by flow cytometry with the addition of ionomycin (1 uM), EGTA (50 uM) (A) and thapsigargin (TG,
1 uM), trifluoperazine (TFP, 10 uM) (B). Data shown is a representative one from three different experiments conducted under identical conditions.

doi:10.1371/journal.pone.0110843.g001

phages. The infected and control macrophages were treated with
1 uM of ionomycin and EGTA (2 mM). When ionomycin (1 pM)
was used, it was found that the mRINA expression of both the
PMCA4 and SERCAS3 significantly augmented in the infected
macrophages compared to that of the untreated one. Interestingly,
treatment with EGTA or EGTA+ionomycin resulted in a sharp
decline in the PMCA4 and SERCA3 mRNA expression in the
infected macrophages (Fig. 3B). The expression of calcium
ATPases was found to be similar in the western blot (protein
expression) (Fig. 3A) analysis also. Therefore, our findings
suggested that PMCA4 and SERCA3 play an important role in
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the regulation of intracellular Ca®" concentrations in macrophages
during Leishmania donovani infection.

Effect of ionomycin and EGTA on cytokine release
pattern of Leishmania infected macrophages

Recent findings suggested the involvement of PKC-B in the
induction of various pro-inflammatory cytokine expressions in
macrophages [3]. It is well known that PKC-f activity is strictly
dependent upon the intracellular calcium ion concentration [17].
Therefore, we investigated the involvement of calcium in the
regulation of various pro- and anti-inflammatory cytokines in
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Figure 2. Expression of SERCA3 and PMCA4 at different time periods of infection. Macrophages (2x10° cells) were infected with L.
donovani (1:10) and incubated at 37°C for 3, 6 and 12 hr. The cells were collected in Trizol for RNA extraction and semi-quantitative RT-PCR was
performed. PMCA4, SERCA3 and GAPDH PCR products were resolved on an agarose gel (1.5%) and quantified densitometrically using lab software as
described in Methods (A). In a separate set of experiment, cell lysates were prepared from infected macrophages, followed by Western blot for
PMCA4, SERCA3 and GAPDH (B). Data shown above (A and B) is a representative one experiment, performed at least three times.
doi:10.1371/journal.pone.0110843.9002

PLOS ONE | www.plosone.org 4 October 2014 | Volume 9 | Issue 10 | e110843



Role of Ca*? and Ca*>-ATP-Ase in Visceral Leishmaniasis

A.
S ; Ce— —— 9 GAPDH
L. donovani - + + + L. donovani - + + + +
EGTA - - + - EGTA - - + ol +
IONOMYCIN - - - + IONOMYCIN - - - G +
+
s E3 M E3 M+P E3 M+P+E E3 M E3 M+P [ M+P+E
@D M+P+I M+P+E+] b 0D M+P+1 M+P+E+]
0
-] w 6004
W & 400 o=
i g E
G- 7 & ¥ 400+
- & Z g
S 2 2004| 7 33
) 1 7
=3 - é “% 200
- g Z
E 7
o4 = % 0

PKC B

Figure 3. Effects of EGTA and ionomycin on mRNA and protein expression of PKC-f, PKC-{, SERCA3 and PMCA4 in Leishmania-
infected macrophages. Macrophages (2x10° cells) were infected with L. donovani (1:10) and with 2 mM EGTA and/or 1 UM lonomycin
respectively. After 4 hr, cells were washed and incubated for another 3 hr at 37°C. The cells were collected in Trizol for RNA extraction and semi-
quantitative RT-PCR was performed. PKC-f3, PKC-{, SERCA3, PMCA4, and GAPDH PCR products were resolved on an agarose gel (1.5%) and quantified
densitometrically using lab software as described in Methods (A). In a similar experiment, cell lysates were prepared from EGTA and/or ionomycin
treated infected macrophages, followed by Western blot for PKC-B, PKC-{, SERCA3, PMCA4, and GAPDH (B). Data presented above (A and B) is a

representative one of three experiments conducted under identical conditions.

doi:10.1371/journal.pone.0110843.9003

Leishmania donovani infected macrophages. Alteration in the
expression level of cytokines as evident from ELISA and mRNA
analyses in presence ionomycin/EGTA suggested the role of
calcium (Fig. 4). A significant enhancement in IL-10 (Fig. 4D and
H) expression along with concomitant decrease in the expression
of IL-12 (Fig. 4A and E) and TNF-a (Fig. 4B and F) in infected
macrophages was observed at 20 hr post ionomycin treatment.
Interestingly, EGTA treatment completely abrogated the iono-
mycin induced expression of IL-10 in the infected macrophages
(Fig. 4D and H). However, the IL-12 (Fig. 4A and E) and TNF-a
(Fig. 4B and F) expression in infected macrophages were further
augmented following EGTA treatment. On the contrary,
ionomycin or EGTA treatment exhibited no significant change
in the expression of IFN-y (Fig. 4C and G) in the infected
macrophages. Therefore, our result indicated that enhanced
intracellular calcium positively regulated the expression of anti-
inflammatory cytokine IL-10 along with significant down regula-
tion of the pro-inflammatory cytokines- IL-12 and TNF-a
expression in Leishmania donovani infected macrophages.

Effect of Ca™>~ATPases on parasite burden

Calcium appears to be vital in Leishmania apoptosis. It has been
also established that more parasites die in the presence of Ca”"
than in its absence. Therefore, we focused on the parasitic load of
the infected macrophages. In these experiments, macrophages

PLOS ONE | www.plosone.org

were infected as described in Materials and Methods. Figure 5C
shows that parasitic load was significantly increased in presence of
thapsigargin; whereas a sharp decline was observed in presence
trifluoperazine in comparison to the control. When both inhibitors
were used parasitic load was found to be lower compared to the
control.

From the foregoing study it is evident that macrophage contains
both SERCA and PMCA. We, therefore, examined the level of
PMCA activity when SERCA was inhibited by its specific
inhibitor namely thapsigargin (T'g). The result presented here
revealed that the PMCA activity was indeed increased under
thapsigargin induced SERCA inhibition (Fig. 5A). This was
further evident from the mRINA expression of PMCA in presence
of this inhibitor (Fig. 5B).

Discussion

Cytoplasmic Ca*" acts as a second messenger controlling many
different aspects of cellular function [20]. Intracellular organelles,
like ER and mitochondria, play critical roles in maintaining Ca®*
homeostasis by regulating certain Ca®" channels and pumps [20],
like sarco-endoplasmic reticulum Ca®*-ATPases (SERCA). Since
intracellular organelles are limited by their storage capacity, long-
term calcium homeostasis is regulated solely by the plasma
membrane Ca”*-ATPases (PMCA) [21].
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During leishmaniasis, intracellular Ca®* concentration is found
to be enhanced [3,22]. Despite this, Ca®*-dependent PKC
activation is impaired during leishmaniasis [4,8,10]. Following
this information, we intended to study the involvement of Ca*"
and Ca?*-ATPases during Leishmania donovani infection. Con-
sistent with the previous reports, we observed an upregulation in
the intracellular Ca** concentration in Leishmania infected

es (E, F, G, and H).

macrophages, which was further increased by trifluoperazine
(TFP), a PMCA4 inhibitor. Interestingly, SERCA3 inhibition by
thapsigargin (T'g) resulted in a transient decline in intracellular
Ca** level. It was also observed that both ATPases (SERCA3 and
PMCA4) expressions were augmented during the course of
infection. These expressions were further enhanced by ionomycin
treatment. However, EGTA abrogated their expression, implying
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Figure 5. Effect of inhibitors on plasma membrane Ca?-ATPases during Leishmania infection. Macrophages were treated with
thapsigargin (TG, 1T uM) and trifluoperazine (TFP, 10 uM) followed by infection with L.donovani in 1:10 ratio. Unbound parasites were washed off after
4 hr and further incubated for 20 hr. Cells were collected, plasma membrane was isolated and Ca®*-ATPase activity was measured. (A). In a similar
experiment, inhibitor treated and infected macrophages were collected in Trizol for RNA extraction and semi-quantitative RT-PCR were performed (B).
Macrophages were seeded on 8 well chamber slides (10,000 cells/well) and treated with inhibitors followed by infection with L.donovani in a 1:10
ratio. Cells were incubated for 24 hr, fixed with chilled methanol, and stained with Giemsa. Amastigotes were then microscopically counted. ***P<
.001, *P<.05 and ns=non-significant for the comparison with infected one (C). Data represented means = SD from three different experiments (A
and Q). Result shown in B is a representative one from three different experiments.

doi:10.1371/journal.pone.0110843.g005
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that excess Ca®" from the infected cells might be pumped out via
the activation of Ca®*-ATPases.

Intracellular Ca®* concentration significantly affect the activa-
tion of classical PKCs. During visceral leishmaniasis, Ca®*-
dependent PKC activation is impaired, whereas PKC-(, (atypical
PKC), is induced [4,8,10]. In our study, we observed that in
Leishmania infected macrophages, the impaired PKC-f (classical
PKC) expression was induced by ionomycin treatment, whereas
PKC-{ expression was decreased. This may suggest that the
differential function of cellular Ca®* may be involved in the
impairment of Ca®* -dependent PKCs during pathogenesis [23—
25].

It has been reported that Ca®" signaling effectively modulate the
pro- and anti-inflammatory cytokine production during patho-
genesis [26-29]. Thus, moderation of cellular Ca®" signaling in
macrophages seems to be one of the major strategies employed by
the Leishmania parasite for its survival within the macrophages. In
the present study, ionomycin treatment did not change the
enhanced release of IL-10 and decreased release of IL-12 and
TNF-a0 in L. donovani infected macrophages, may be that
ionomycin play different role in the regulation of pro- and anti-
inflammatory cytokines [26—29]. No significant change was
observed in case of IFN-y expression. From these findings it can
be assumed that the Ca®" gencrated during Leishmania infection,
induces Th2 type immune response in favour of parasitemia.

From the foregoing study it has been demonstrated that
PMCA4 activity is significantly elevated in thapsigargin treated
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cells along with the enhancement of parasite burden, while the
inhibition of PMCA4 activity showed significant reduction under
this condition. It is reported that Ca*" signaling is involved in the
transformation of promastigotes to axenic amastigotes of Leish-
mania donovani [30], whercas increased intraccllular Ca®* is
responsible for apoptosis of intracellular Leishmania donovani
amastigotes [31-33]. Thus, our findings suggested that plasma
membrane Ca®"-ATPases helps in pumping out the extra Ca”"
from the intracellular milieu of Leishmania infected cells, which in-
turn helps the survivility of Leishmania parasites within the host
cells.
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