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Abstract Sphingolipids are membrane and intracellular
lipids that typically modulate cellular processes to cause cell
death. Exogenous administration of sphingolipids may cause
restriction of tumour growth and several alternative strategies
are being used to control the cell growth. The microbes, their
cellular component(s) or metabolites like DHA, EPA and also
FTY720 have been employed as new therapeutic entities to
regulate the disease condition. The therapeutic efficacy of
lipids from Leishmania donovani in rheumatoid arthritis and
also in sepsis condition associated with inflammatory diseases
is well established. In this study, we explored the apoptotic
effect of LSPL-1 (leishmanial sphingolipid-1) in Sarcoma 180
cells towards the regulation of tumour growth. The study
using a panel of cancer cell lines revealed that LSPL-1 induces
cell death in Sarcoma 180. The apoptotic changes were
assessed by annexin exposure and DNA content analysis
using flow cytometry. LSPL-1 appears to activate several
pro- and anti-apoptotic molecules through reactive oxygen
species (ROS) generation and also caspase activation, as
determined by Western blot and ELISA analyses. Simulta-
neously, it may improve the survival rate of mice bearing
tumour induced by Sarcoma 180 cells, with pathological
changes. LSPL-1 may also suppress the cancer-associated
inflammatory responses with the expression of matrix metal-
loproteinase having inhibitory role. It may regulate several
angiogenic factors including VEGF, Ang-2 and CD34 in

angiogenic events generated in Sarcoma 180 cell-induced
tumour. These studies underline the significance of anti-
neoplastic potential of LSPL-1 through apoptosis induction
and abrogation of angiogenic responses in Sarcoma 180 cell-
associated tumour.
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Introduction

Cancer appears to be a major cause of death worldwide, and
the situation may take a turn for the worse due to the devel-
opment of drug resistance. Thus, it requires better, alternative
approaches for improvements in patient life [1, 2]. Most of
chemotherapeutic agents in use originated from synthetic or
natural source but are unable to restrict tumour cell growth [3].
To resolve this problem, the microbe-mediated therapeutic
approach has been developed in recent years. Several micro-
organisms and their body parts, mainly enzymes, proteins and
metabolites, are novel research tools to develop anti-tumour
agents [4–6]. Interest in these therapeutic agents arose due to
the discovery of several antibiotics like penicillin, amphotericin,
etc. from microbial sources. Apoptosis induction is the major
aim in developing anti-cancer agents to restrict tumour growth.
For restricting tumour growth in therapeutic targets, the
focus is presently on managing angiogenesis and inflamma-
tory response via modulation of matrix metalloproteases [7].
Sphingolipids, specially their components like ceramides,
may play various cellular functions including proliferation,
differentiation, growth arrest and apoptosis. Applied exoge-
nously, these sphingolipid components may inhibit cell
growth in many cancer regulation cells or regulate the
immunological system in cells [8–10].

Microbial cellular components like lipid, protein and their
body components are emerging as a therapeutic target for
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many cancer types [11–13]. We very recently reported that the
leishmanial lipid shows biological activity in in vitro and
in vivo systems and also proves useful for rheumatoid arthritis
patients through immune regulation [14, 15]. So, we have
decided to find out if the sphingolipid isolated from Leish-
mania donovani can also fight against cancer by inducing
apoptosis with simultaneous regulation of angiogenesis and
inflammatory situation in in vivo systems.

Material and methods

Chemicals

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) and p-nitro blue tetrazolium/5-bromo-4-chloro-
3-indolyl phosphate system (NBT-BCIP) were the products of
SRL, India. Sarcoma 180 cell lines were obtained from
ATCC, USA. Dulbecco’s modified Eagle medium (DMEM),
foetal bovine serum (FBS), penicillin streptomycin neomycin
(PSN) antibiotic, trypsin and ethylene diamine tetra acetic acid
(EDTA) were obtained from Gibco BRL (Grand Island, NY,
USA). Tissue culture plastic wares from NUNC (Roskidle,
Denmark) and Bradford protein assay reagent from Fermentus,
EU. DAPI (4′,6-diamidino-2-phenylindole dihydrochloride)
was procured from Invitrogen, California. The antibodies were
from Santa Cruz Biotechnology Inc, San Diego, USA. The
caspase-3 and caspase-9 activity assay kit was obtained from e-
Bioscience Inc, while propidium iodide (PI) was purchased
from Sigma-Aldrich, MO, USA.

Isolation of sphingolipids from Leishmania donovani
promastigote cells

Leishmania donovani UR6 (MHO/IN/1978/UR6) was grown
in Ray’s modified medium, and the total lipid was isolated
by Bligh and Dyer extraction method. From the total lipid,
a sphingolipid rich lipid fraction was separated by high-
performance thin-layer chromatography (HPTLC) with the
solvent system chloroform–methanol–water 90:10:1 (v/v/v).
The presence of sphingolipids (leishmanial sphingolipid
(LSPL)-1–3) was detected by spraying the HPTLC plate
with benzidine reagent. The bands were marked and
scraped to elute each sphingolipid through a small glass
column [16–18].

Cell culture

Sarcoma 180 cells were grown in a humidified 5 % CO2

atmosphere at 37 °C in an incubator and cultured in DMEM
medium supplemented with 10 % heat-inactivated calf serum,
100 IU/ml penicillin and 100 μg/ml streptomycin. Isolated
LSPLwas added to 10% FBS containingmedia to achieve the

desired final concentration, and the mixture was sonicated in a
water bath sonicator for use in subsequent experiments.

MTT assay

MTT assay was done to evaluate cell viability. The cells were
plated in 96-well plates and treated with or without different
concentrations of LSPL-1–3 for 24 h. Four hours after the
addition of MTT, the cells were lysed, formazan was solubi-
lized with acidic isopropanol and the absorbance of the solu-
tion was measured at 595 nm using an ELISA reader [19].

Assessment of cell morphology

Cells grown in 6-well plates in DMEM supplemented with
10 % FBS for 24 h were treated with or without LSPL-1.
Morphological changes were observed with an inverted phase
contrast microscope (Model: OLYMPUS IX 70; Olympus
Optical Co. Ltd., Sibuya-ku, Tokyo, Japan) and images were
acquired [20].

Fluorescence microscopy

For the detection of nuclear damage or chromatin condensa-
tion, treated and untreated cells were stained with 10 μg/ml of
DAPI in order to distinguish the live, apoptotic and necrotic
ones and observed under fluorescence microscope; images
were then acquired with excitation and emission wavelengths
of 488 and 550 nm, respectively [21].

Quantification of apoptosis using annexin-V and analysis
of cell cycle with PI

Apoptosis was assayed by using an annexin-V FITC apoptosis
detection kit (Calbiochem, CA, USA). Briefly, cells were
treated with or without LSPL-1, then washed and stained with
PI and annexin-V FITC in accordance with the manufacturer’s
instructions. The percentages of live, apoptotic and necrotic
cells were determined by flow cytometric method.

Harvested cells were fixed overnight in 70 % ethanol at
4 °C, collected by centrifugation, resuspended in phosphate-
buffered saline (PBS) containing 25 μg/ml RNase and 0.5 %
Triton-×100 and incubated for 1 h at 37 °C. These were
stained with 50 μg/ml PI for 15 min at 4 °C and analysed by
a flow cytometer [22].

Detection of cell death by ELISA

Cell death was assayed using an ELISA-based cell detection kit
from Roche Molecular Biochemicals (Mannheim, Germany).
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Caspase-3, caspase-9 and cytochrome c assay

Caspases and cytosolic cytochrome c were assayed by
commercially available colorimetric assay kits (BioVision
Research Products, Mountain View, CA, USA) in accordance
with the manufacturer’s instructions.

Western blot analysis

The cells and tissue lysates were separated by 10 % SDS–
PAGE and transferred to PVDFmembranes (Millipore, Bedford,
MA, USA) using standard electroblotting procedures. Mem-
branes were then blocked and immunolabelled with primary
antibodies at 4 °C overnight. Alkaline phosphatase-conjugated
secondary antibodies and NBT-BCIP were used as chromogenic
substrates [23].

Mitochondrial membrane potential measurement

To measure the mitochondrial membrane potential, treated or
untreated cells were washed and incubated with Rhodamine
123 (5 μg ml−1). Emission at 535 nm was measured in a
spectrofluorometer (LS50B; Perkin Elmer).

Animals

In vivo experiments were performed using BALB/c adult
female mice, weighing 18–22 g and obtained from the Animal
House of Indian Institute of Chemical Biology (Kolkata,
India). The mice were housed at a laboratory temperature
of 24±1 °C with 40–80 % relative humidity and received
food and water ad libitum; light–dark cycle was main-
tained. Care and maintenance of animals were done in
adherence with the guidelines of the Institutional Animal
Care and Use Committee.

Anti-tumour activity in Sarcoma 180 cell-transplanted mice

Sarcoma 180 cells were incubated at 37 °Cwith normal saline.
Then, 0.3 ml of cell suspension was injected into the mouse
abdominal cavity. After 7 days of incubation, the cell suspen-
sion was extracted from the abdominal cavity for transferring
to the next generation. At the end, the cells were first centri-
fuged at 1200 rpm for 5 min to remove the clear supernatant,
proper complete medium was added, counting was done
under light microscope matching 1×106 ml−1 cell suspension
and 0.2 ml of cell suspension injected into the right armpit of
mouse. When tumours were visible (10 days), treatment of
LSPL-1 (i.p.) was started with the selection of murine safe
dose and continued up to 45 days. Animals were sacrificed on
the last day and the survivability of mice was assayed and at
the end of experiment; we sacrificed the animals followed by
the collection of sample. After collection of tumour from each

group, it was fixed and stained by H&E for the microvessel
count for mitotic index assessment [20, 24].

Histocytochemical study of apoptosis in tumour tissue

Tumour apoptosis was assessed by in situ end labelling of
DNA fragments (TdT-mediated dUTP-biotin nick end label-
ling, TUNEL) using a commercially available kit (Roche
Applied Science). The fresh tumour tissue was fixed in 10 %
formaldehyde for 24 h, dehydrated, paraffin embedded and
cut into 5-μm-thick sections which were subsequently
mounted on slides and rehydrated before staining with
TUNEL for microscopic analysis. The mean number of
apoptotic cells was counted in 10 randomly selected high-
power fields [25].

Apoptosis index (AI) = (number of total cells) / (total number
of cells counted)×100

Immunohistochemical analysis of tumour tissue

For immunohistochemical study, 5-μm-thick tumour tissue
sections were prepared to analyse VEGF, CD34, HIF-1α,
Ang2, MMP-2 and MMP-9 by confocal laser-scanning mi-
croscope (Revolution XD Spinning Disk with an iXon 897
EMCCD camera) as stated earlier [23].

Results

Inhibition of Sarcoma 180 cell growth by leishmanial
sphingolipid

The bioactive sphingolipid(s) rich fraction was isolated
from the total lipid of Leishmania donovani and sub-
jected to fractionation with a silicic acid column. Spots
visualized on HPTLC plate using sphingolipid specific
reagent are shown in Fig. 1a. The cytotoxic effects of
LSPL-1–3 on isolated Sarcoma 180 cells were deter-
mined by treating with 0–50 μg/ml concentrations for
0–48 h (Fig. 1b, c), which revealed dose- and time-
dependent inhibition of cell growth; the optimum dose
was found to be 50 μg/ml. So, 50 μg/ml was taken as
the higher selected dose and 20 μg/ml as the lower one
for subsequent experiments. No cytotoxicity was found
in normal blood cells for 48 h at the concentration of
50 μg/ml (Fig. 1d).

Morphological analysis of LSPL-1 in Sarcoma 180 cells

Analysis under phase contrast microscope revealed that after
treatment with LSPL-1 at the dose of 50 μg/ml for 48 h,
Sarcoma 180 cells underwent significant apoptotic changes
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like cell rounding, cell shrinkage and blebbing when com-
pared with the respective control cells. Also, when visualized
with DAPI and observed by fluorescence microscopy, cells
treated with LSPL-1 showed condensed and fragmented nu-
clei unlike the untreated control showing bluish intact nuclei
as in Fig. 2.

LSPL-1 induces apoptosis in Sarcoma 180 cells
with annexin-V exposure and cell cycle arrest

It is well documented that the initial phase of apoptosis results
in the release of annexin-V. Our study revealed that LSPL-1 at
the concentrations 20 and 50 μg/ml, respectively, showed the

Fig. 1 Thin-layer chromatogram of leishmanial sphingolipids LSPL-1–3
visualized with benzidine spray (a). Growth inhibitory potential of LSPL
(1–3) on Sarcoma 180 cells: concentration (0–50 μg/ml) (b) and time-

dependent (0–48 h) (c) effects. The effect of LSPL-1 on normal cell (d).
The data are reported as the mean±SEM of triplicate experiments
(*P>0.05; **P>0.01)

Fig. 2 Effect of LSPL-1 in
Sarcoma 180 cells with alteration
of morphological changes
visualized by light microscope
and nuclear changes indentified
with DAPI by fluorescence
microscopy in ×20 magnification.
The data reported are results of
triplicate experiments. Scale
Bar=10 μm
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highest number of apoptotic cells in the quadrants Q3 (0.71),
Q2 (26.5) and Q3 (3.83) and Q2 (31.4) at the 48th hour
as shown in Fig. 3a. At 50 μg/ml concentration, it also
arrests the cell cycle in G0/G1 phase in 82 % cells and
increases DNA fragmentation time dependently as de-
termined by ELISA and shown in Figs. 3b and 3c. So,
the study indicated that LSPL-1 induces apoptosis
through cell cycle arrest in G0/G1 phase with induction
of apoptosis.

LSPL-1 induces apoptosis in Sarcoma 180 cells
through mitochondrial pathway

Apoptosis may follow extrinsic or intrinsic pathway. Treat-
ment with 20 and 50 μg/ml of LSPL-1 for 48 h altered
mitochondrial membrane potential as determined by
changes in the ratio of PE-Texas Red and FITC-A.
Flow cytometric analysis revealed 7.56 and 42.36 %
of FITC-positive cells in A quadrant with respective
increment of reactive oxygen species (ROS) generation
up to 85 % in LSPL-1 (50 μg/ml)-treated cells as found

in Fig. 4a, b. Release of cytochrome C occurred in
time-dependent manner as shown in Fig. 4e with the
activation of cystein protease family, mainly caspases 3
and 9, as shown in Fig. 4c, d. These studies indicated
that LSPL-1 promoted apoptosis following the intrinsic
pathway. On the other hand, immunoblot analysis of
Sarcoma 180 cells at 48th hour of LSPL-1 (50 μg/ml)
treatment showed upregulation of several pro-apoptotic
proteins and downregulation of the anti-apoptotic factors
with consequent cleavage of PARP molecule during the
apoptosis process as found in Fig. 4f.

Effect of LSPL-1 in tumour growth in murine system

The effect of LSPL-1 on growth regulation was observed
in Sarcoma 180 cell-induced solid tumour. In this study,
non-toxic doses of 25 and 50 mg/kg were selected for
in vivo experiments. LSPL-1 at 50 mg/kg dose improved
the survival rate of tumour bearing mice and reduced
tumour growth dose dependently as evident from
Fig. 5b, c. Figure 5d–f describes the decrease in mitotic

Fig. 3 Effect of LSPL-1 on annexin-V FITC binding (a) and cell cycle
arrest (b) in two different concentrations for 48 h. Dose- and time-
dependent DNA fragmentation (c) in Sarcoma 180 cells, measured as

O.D. at 405 nm. The data are reported as the mean±SEM of triplicate
experiments (*P>0.05; **P>0.01)
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index and microvascular density number on 55th day with
treatment of LSPL-1 (50 mg/kg), determined by histolog-
ical study. LSPL-1 (50 mg/kg) also induced apoptosis in

tumour tissue as shown in Fig. 5g, which was confirmed
by TUNEL assay, and the generation of apoptosis index is
shown in Table 1.

Fig. 4 Flow cytometric evaluation of mitochondrial membrane potential
using JC-1 (a) and assessment of intracellular ROS generation by
H2DCFDA (b) in Sarcoma 180 cells with respective concentrations for
48 h. Assessment by ELISA of activation of caspases 3 and 9 (c, d) with

cytochrome c (e) release by LSPL-1 in time dependent manner.
Assessment of pro- and anti-apoptotic molecules by treatment of LSPL-1
was performed by western blot (f). The data are reported as the mean±
SEM of triplicate experiments (*P>0.05; **P>0.01)
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Effect of LSPL-1 treatment on regulation of tumour
angiogenesis with modulation of inflammation

Angiogenesis is the major contributor to tumour growth pro-
motion. The expression levels of angiogenic factors like
VEGF, CD34 and Ang-2 and the enhancement of transcription
factor HIF-1αwere significantly subdued in the tumour tissue
with the treatment of LSPL-1 (50 mg/kg) when compared

Fig. 5 Effect of different concentrations of LSPL-1, i.e. LSPL-1-D1
(25 mg/kg) and LSPL-1-D2 (50 mg/kg) to regulate tumour growth in
Sarcoma 180 cell-treated mice. Photograph of tumour-bearing mice (a)
grouped accordingly (I=control, II=Sarcoma 180 cells, III=Sarcoma 180
cells+LSPL-1-D1, IV=Sarcoma 180 cells+LSPL-1-D2). Percent
survival (b) and tumour weight (c) of mice treated with Sarcoma 180
cells following administration of LSPL-1. H&E stain of tumour section

(d). Arrows indicate the microvascular density with mitotic index of each
group to identify the mitotic index (e) and tumour vasculature (f) by ten
representative areas of each tumour section with ×10 magnification,
(scale bars, 20 m). Apoptosis index from tumour tissue assayed by
immunohistochemical method, indicated by arrows (g). The data are
reported as the mean±SEM of triplicate experiments (*P>0.05;
**P>0.01)

Table 1 Quantification of tumour apoptosis of mice after treatment
with LSPL-1

Groups Apoptotic index (AI)

Sarcoma 180 17.22±0.99

Sarcoma 180+LSPL-1-D1 25.21±1.12

Sarcoma 180+LSPL-1-D2 33.65±0.14

Approximately 100 cells were counted per field, five fields were exam-
ined per slide and five slides were examined per group
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Fig. 6 Effect of LSPL-1-D1 (25 mg/kg) and LSPL-1-D2 (50 mg/kg) in
regulation of angiogenesis in tumour-bearing mice. Immunofluorescence
was used to localize VEGF and CD34 (a), HIF-1α and Ang-2 (b) in tissue
section, and cell adhesion molecules ICAM-1 and VCAM-1 in tumour

tissue (c). Immunoblot analysis of tumour tissue associated cytokines (d).
The data are reported as the mean±SEM of triplicate experiments
(*P>0.05; **P>0.01)

3116 Tumor Biol. (2015) 36:3109–3118



with tumour-bearing mice receiving no drug. Moreover,
MMPs play a regulatory role in angiogenesis process from
breakdown of basement membrane to high tumour growth
promoting condition, especially through involvement of
MMP-2 and MMP-9. Results of immunohistochemical anal-
ysis depicted in Fig. 6a–c show that the expression level of
these MMPs was reduced dose dependently upon treatment of
LSPL-1. This study also revealed that the levels of TNF-α and
IL-6, which were subdued during tumour promotion, perhaps
decrease the inflammatory responses upon treatment of LSPL-
1 (50 mg/kg) as evidenced by immunoblot analysis (Fig. 6d).

Discussion

Alternative therapeutic strategies need to be developed to
restrict cancer cell progression. The recent studies primarily
focus on finding out agents of plant origin or of synthetic and
semi-synthetic origin. But microbe-mediated therapy for re-
striction of tumour growth is a novel and current approach [26,
27]. Bacterial components such as endotoxin, protein or cel-
lular components may participate in tumour cell destruction
and also in vaccine development for cancer [28]. Importantly,
bacteria or its modified version may be used as carrier for
delivering the therapies in cancer treatment [29]. The latest
example in microbe-mediated therapy is FTY720 which is
used in multiple sclerosis; recently, it has been established as
an anti-proliferative agent in regulating the growth of several
cancer cells via the involvement of apoptotic response [30,
31]. Another example is the sophorolipid produced from a
yeast strain that has shown apoptosis-inducing properties in
human liver cancer cells and beneficial effect in bacterial
sepsis also [32, 33]. We are also developing a new entity, i.e.
leishmanial lipid, which has already been reported to have
apoptosis-inducing effect in synovial cells isolated from rheu-
matoid arthritis patients [15]. Recently, we have reported the
protective role of this lipid against Escherichia coli-induced
bacterial sepsis [14]. Thus, the previous findings encouraged
us to find out new biological efficacy of this leishmanial lipid
in regulating cancer growth. According to our knowledge, this
is the first report to show that LSPL-1 mediates apoptosis in
Sarcoma 180 cells with inhibition of tumour growth in regu-
lating angiogenesis. Here, we have described the in vitro study
which indicated the inhibition of cancer cell proliferation
along with apoptosis induction in time- and dose-dependent
manner. Preliminary observation from morphological evalua-
tion of Sarcoma 180 cells treated with LSPL-1 demonstrates
the sequential phenomena of apoptosis like cellular death and
phosphatidyl serine exposure from cell surface [20]. Cell cycle
check point arrest is another incidental phenomenon during
apoptosis that occurs as an effect of chemotherapeutic agents
in target cells [22]. In our study, cell cycle analysis also

reflected the cell cycle arrest at G0/G1 phase upon treatment
of LSPL-1. This indicated increment in DNA content in
respective phase in due time.

ROS are major contributors of apoptosis upon external
stimuli and mitochondria are the major source for internal
cellular ROS generation via activation of several signalling
cascades. Alteration of mitochondrial homeostasis releases
cytochrome c which is a major factor of apoptosis-induced
cell death. Our study revealed that LSPL-1-induced apoptosis
may alter mitochondrial membrane potential with generation
of ROS by increasing the level of cytochrome C.

The biochemical effects of caspase signalling are consid-
ered as the contributors to mitochondrial apoptosis. We found
that LSPL-1 eventually activates caspases 9 and 3 during
apoptosis. It is already reported that bacterial ceramide may
induce apoptosis via activation of mitochondrial pathway. In
vivo study also has focused on Sarcoma 180 cell-induced
tumour induction in BALB/c mice. Upon treatment with
LSPL-1, the survival rate of mice improved with reduction
of tumour weight and volume; several histopathological
changes were noted in tumour tissue including those in
mitotic index and microvascular density. Moreover, several
cytokines, chemokines and transcription factors and spe-
cially MMPs regulate the tumour micro-environment in
in vivo systems. Herein, we focused on tumour angiogenesis
to evaluate the effect of LSPL-1 in Sarcoma 180-induced
tumour. We found that the expression levels of biomarkers
VEGF and CD34 were reduced in tumour-bearing mice after
LSPL-1 treatment.

During angiogenesis, the induction of cell proliferation,
increased expression of cell adhesion molecules, increased
secretion of MMPs and increased migration and invasion gear
up the progression of metastasis. Importantly, MMPs are
degraded in the basement membrane to allow endothelial cells
to detach and migrate to new tissues by releasing angiogenic
factors which modulate the signalling system of cell adhesion
molecules. During cancer promotion, MMPs are involved in
initiating inflammation through progression of cancer with
involvement of cytokine series and transcriptional factors.
LSPL-1 also reduced the elevated levels of cytokines and
chemokines which are mainly involved in cell proliferation
to tumourigenesis through tumour-associated inflammatory
responses.

Interestingly, our data convincingly showed that LSPL-1
initiated the induction of apoptosis in Sarcoma 180 cells via
alteration of mitochondrial homeostasis with activation of
caspases in vitro. Also the in vivo study indicated reduction
of tumour volume and restriction of angiogensis with regula-
tion of MMP and cytokine–chemokine circuit.

In conclusion, we suggest that leishmanial sphingolipid
component is a potential entity for restriction of cancer cell
growth with involvement of several apoptotic molecules and
tumour growth factors without any adverse effect on the
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system. Further investigation is needed to explore its other
tumour-targeting properties.

Approximately 100 cells were counted per field, five fields
were examined per slide and five slides were examined
per group.
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