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Abstract: Fibrocarcinomas are malignant tumours that originate in mesenchymal cells. The tumours typically form in the presence
of connective tissue and are of key consideration when assessing research priorities for future healthcare management. Ceramidase
inhibitors, such as ceranib-2, have demonstrated capacity to interfere with cellular DNA functionality, initiating apoptosis in many cancer
cell lines. The enzyme ceramidase can regulate cellular levels of sphingosine and sphingosine-1-phosphate by controlling hydrolysis of
ceramide. The present study investigates the antigrowth effects of ceranib-2 on mouse embryonic fibroblast cells (NIH/3T3 normal cell
line) and rat embryonic fibroblast cells (5SRP7 cancer cell line). Research was conducted using colorimetric 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assay, confocal microscopy, and transmission electron microscopy. The results indicate
that in vitro fibrocarcinomas have the potential to undergo apoptotic death when influenced by the antigrowth behaviour of ceranib-2.
This is true even of cells exposed only to minimal doses of ceranib-2. Indicators of apoptotic death, specifically presentation of a pyknotic
nucleus, were observed by confocal micrographs in treated cells double-stained with acridine orange and Alexa Fluor-488 Phalloidin. It
is theorised that ceranib-2 will function in accordance with the antiproliferative activity of other acid ceramidases, ultimately resulting

in the molecule’s classification as a new antitumour agent.
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1. Introduction
Sphingolipids such as ceramide, ceramide-1-phosphate,
sphingosine (SPH), and sphingosine-1-phosphate (S1P)
offer structural integrity to cell membranes and also
assist in the signalling of cellular processes. These cellular
processes, including proliferation, apoptosis, inflammation,
and cell cycle arrest, play a key role in the evaluation of
the antitumour effects of different agents (Beckham et
al., 2010). Ceramide and SIP are consequential second
messengers derived from sphingolipid metabolites. They
exert opposing effects on cell survival. Ceramide induces
apoptosis (termed proapoptotic), whereas SI1P supports
cell survival (termed antiapoptotic) (Oskouian and Saba,
2010). As a result of these opposing effects, the balance
between ceramide and SIP is considered a decisive factor
in the final metabolic response of a cell (Proksch et al.,
2011).

As a result of its growth inhibition effects, ceramide is
the sphingolipid most commonly investigated in cancer
studies and is often termed the ‘tumour suppressor lipid’
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(Taha et al., 2006). The cellular actions of ceramide
include modulation of cell apoptosis by inhibiting
prosurvival kinases, activation of stress-activated kinases
and phosphatases, modification of mitochondrial
transmembrane potential, translocation of cytochrome
¢ and apoptosis-inducing factor from mitochondria
to cytoplasm, and activation of caspase-3 (Chen et al,,
2008). Cancer chemotherapeutic agents such as etoposide,
vincristine, daunorubicin, doxorubicin, fludarabine,
paclitaxel, and irinotecan all exacerbate suppression
of cellular growth by increasing levels of ceramide
(Senchenkow et al., 2001; Reynolds et al., 2004).

Despite the significant body of work already completed
to evaluate the relationship between ceramide metabolic
activity and cell death, the precise molecular mechanisms
of ceramide-mediated apoptotic signalling are not
fully understood. Ceramidases decompose ceramide to
SPH, which immediately generates S1P. SIP is the final
product of sphingolipid catabolism and is generated
under the influence of sphingosine kinase (SK) (Chalfant
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and Spiegel, 2005). SIP inhibits apoptotic pathways
by influencing changes in mitochondrial membrane
potential, including prevention of cytochrome c release.
S1P induces proliferation, differentiation, and migration
of various cells (Oskouian and Saba, 2010). In addition,
increased levels of the S1P-generating enzyme SK-1 inhibit
apoptosis, block activation of antitumour agents, and
induce tumorigenesis (Nava et al., 2002; Sarkar et al., 2005;
Ponnusamy et al., 2010). Research has shown that 89% of
human colon cancers exhibit a higher expression of SK-1 in
comparison with normal colon mucosa. Similarly, studies
have found that the growth of prostate cancer cells can be
restricted by inhibition of SK-1 (Akao et al., 2006). The
view that inhibition of the SK-1 pathway may be adapted
as a potential target in chemoprevention (Kawamori et al.,
2009) is a theory currently gaining significant momentum
in the scientific community.

Ceramidases serve as mediators of tumour cell growth
by rapidly removing ceramide as found in fibrosarcomas
(Strelow et al., 2000), prostate cancers, melanomas (Seelan
et al., 2000; Proksch et al., 2011), hepatomas (Osawa et al.,
2005), and cervical cancers (Xu et al., 2006). Furthermore,
research has demonstrated that prostate cancer cells with
an overexpression of acid ceramidase will resist death even
under the influence of chemotherapeutic agents.

Available ceramidase inhibitor drugs with long-chain
alkyl moieties have poor pharmacological properties and
poor bioavailability. Limitations of current therapies result
from the affinity for albumin binding, ultimately distorting
the structural integrity and effectiveness of the chemicals
(Draper et al., 2011). For this reason, small drug-like
molecule inhibitors of ceramidases such as ceranib-2
are needed for cancer treatment. At present, no research
has been conducted to examine the possible antitumour
activities of ceranib-2 as a ceramidase inhibitor in 5RP7
and NIH/3T3 cells. The present study aims to address
this gap in the available data. It is hypothesised that the
inhibition of ceramidase enzymes, specifically through the
application of ceranib-2, will serve as an important target
for the chemotherapeutic intervention of cancer.

2. Materials and methods

2.1. Cell lines

In the present study rat embryo fibroblast cells transfected
with the H-Ras oncogene known as H-Ras transformed
5RP7 cells are used as cancer cells. Because of the role
of Ras in regulating cell proliferation, differentiation,
morphology, and apoptosis, H-Ras transformed cells are
used and termed as 5RP7 cells in this study. NIH/3T3 cells
are used as normal cells in order to compare the effects
of ceranib-2 on cancer cells with the effects on noncancer
cells. NIH/3T3 cells are noncancer fibroblast cells of NTH/
Swiss mouse embryos.

2.2. MTT assay

A stock solution of ceranib-2 (10 mM) in dimethyl
sulphoxide was prepared and diluted with Dulbecco’s
Modified Eagle Medium (Sigma, Germany). 5RP7 and
NIH/3T3 cells were plated into 96-well plates with 1 x
10% cells per well. The 96-well plates were treated with
ceranib-2 at concentrations of 0.1, 0.3, 0.5, 1, 3, 5, 7, 10,
and 20 uM for 24 h at 37 °C in a humidified atmosphere
of 5% CO, in air. To each well, 20 pL of MTT solution (5
mg/mL) was added and wells were incubated for 2 h at
37 °C in a humidified atmosphere of 5% CO, in air. The
medium in each well was changed to 200 pL of dimethyl
sulphoxide (Sigma) and mixed thoroughly for 10 min
at room temperature. The plates were read on an ELISA
reader (EL x 808, BioTek, USA) at a wavelength of 540 nm
(n=23).

2.3. Confocal microscopic analysis

5RP7 and NIH/3T3 cells with IC, ceranib-2 inhibition
concentrations were incubated for 24 h at 37 °C. After
incubation, growth medium was removed, and the
cells were washed with phosphate buffered saline (PBS,
Invitrogen, USA) and fixed in 2% glutaraldehyde for 15
min at room temperature. Following fixation, the cells were
washed in PBS and double-stained with Alexa Fluor-488
Phalloidin and acridine orange. The morphological
changes of the stained cells were observed with a Leica
ICS-SP5 1II confocal microscope with the support of the
supplied software (Leica Confocal Software Version 2.00,
Leica, Germany).

2.4. Ultrastructural analysis

The ultrastructural changes in 5RP7 cells and NIH/3T3
fibroblasts were examined by transmission electron
microscope (TEM). 5RP7 and NIH/3T3 cells treated
with ceranib-2 inhibition concentration (IC,) for 24 h
(5RP7 IC,: 3 uM, NIH/3T3 IC,: 5 uM) were fixed with
2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4).
The samples were postfixed in 2% osmium tetroxide and
dehydrated in graded alcohol (70%, 90%, 96%, and absolute
alcohol). The cells were then embedded in Epon 812
epoxy and sectioned on ultramicrotome (Leica EMUCS).
The samples were thin-sectioned using a glass knife to a
maximum thickness of 100 nm. The sections were stained
with lead citrate and uranyl acetate and viewed by TEM
(FEI Tecnai BioTWIN).

2.5. Statistical analysis
SPSS 11.5 for Windows was used to conduct one-way
variance analysis for multiple comparisons.

3. Results and discussion

In several human tumours, the level of ceramide is lower
than in normal tissue and is inversely correlated with
the degree of malignant progression (Riboni et al., 2002;
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Ogretmen et al., 2004). To address this relationship,
various tumour-suppression signals act to stimulate the
production of ceramide, which in turn promotes apoptosis
of cancer cells. Current data suggest that the enzyme
pathway controlling intracellular ceramide levels might
offer potential new targets for antineoplastic therapy
(Canalsetal., 2011). The enzyme of paramount importance
to the intracellular ceramide pathway is ceramidase.

Ceramidase, through the control of ceramide
hydrolysis, regulates cellular levels of the structural cell
membrane sphingolipids SPH and S1P. There are 5 different
ceramidase enzymes responsible for the production of
SPH; however, the precise biological mechanism of this
process remains unknown. The metabolic pathway of
SIP in mammalian cells starts when sphingomyelin is
hydrolysed by sphingomyelinases to generate ceramide
(Quintern et al., 1989; Tomiuk et al., 1998; Hofmann
et al, 2000). Further hydrolysis converts ceramide to
SPH via ceramidases (Koch et al., 1996), which in turn
phosphorylates to S1P (Kohama et al., 1998; Liu et al.,
2000).

The present study investigated the role of ceranib-2 as
an acid ceramidase (AC) inhibitor in normal NIH/3T3
fibroblast cells and 5RP7 cell lines. Acid ceramidases
are cysteine amidases that hydrolyse the proapoptotic
lipid ceramide, which in turn modulates the ability of
ceramide to influence the survival, growth, and death of
tumour cells (Ogretmen et al., 2004; Canals et al., 2011).
Several structural analogues of ceramide that inhibit AC
activity in vitro have been recorded. The present study
identified ceranib-2 as a highly potent inhibitor of AC and
demonstrated that AC blockage plays an important role in
the antiproliferation of cancer cells. The results obtained
suggest that alteration of the chemical scaffold of ceranib-2
will allow for the production of new AC inhibitors to be
applied synergistically with standard antitumour agents.
Draper et al. (2011) support these findings, commenting
that ceranib-2 toxicity and the resultant suppression of
cell proliferation is a consequence of cellular ceramidase
inhibition.

Cytotoxic effects of ceranib-2 in 5RP7 and NIH/3T3
cells were detected by MTT assay in the present study.
Cell viability was found to decrease in proportion to the
concentration of ceranib-2 applied (Table), with inhibition
occurring more effectively at lower concentrations. 5RP7
cells demonstrated lower levels of viability than NIH/3T3
cells. The IC, inhibition concentration of ceranib-2 for
5RP7 cells was 3 pM, while for NIH/3T3 cells it was 5 uM.
From these data it can be concluded that ceranib-2 is more
effective at supressing the growth of cancer cells than that
of normal cells.

Morphological analysis of NIH/3T3 and 5RP7 cells
treated with ceranib-2 (IC_ value for each cell line) was
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Table. MTT analysis results of 5RP7 cells and NTH/3T3 cells
treated with different concentrations of ceranib-2 for 24 h. IC_|
concentration of ceranib-2 was found to be 3 uM for 5RP7 cells
and 5 uM for NIH/3T3 cells.

Applied Viability of Viability of
concentrations (uM) 5RP7 cells (%) NIH/3T3 cells (%)
0.1 71.18 81.79

0.3 68.96 72.22

0.5 62.93 62.48

1 52.05 51.28

3 50.00 51.21

5 33.24 50.00

7 28.14 43.81

10 12.45 8.52

20 9.02 8.50

conducted through confocal microscopic evaluation.
Morphological changes recorded include condensed
nuclei, fragmented DNA and cytoskeleton, and various
cell membrane misconfigurations. 5RP7 cells exposed to
3 uM ceranib-2 for 24 h presented signs of apoptosis in
the form of fragmented nuclei (Figure 1A), chromatin
condensations (Figure 1B), and cytoskeleton laceration
(Figure 1C). NIH/3T3 cells treated with 5 pM ceranib-2 for
24 hrrevealed altered configurations (Figure 2A), including
fragmented cytoskeleton (Figure 2B) and condensed
nuclei (Figure 2C). The results of confocal microscopic
observation indicate that ceranib-2 effectively alters cell
morphology at low concentrations, with the recorded
structural changes representing cellular apoptosis.

In ultrastructural analysis performed using a TEM, it
was found that NIH/3T3 cells exposed to 5 uM ceranib-2
for 24 h exhibited slight blebbing and shrinkage of
cell membranes (Figure 3A), as well as mitochondrial
dysfunction (Figure 3B) and nuclei condensation (Figure
3C). TEM observation of 5RP7 cells treated with ceranib-2
revealed high levels of nuclear damage, including
fragmentation, membrane shrinkage, and form irregularity
(Figure 4A). 5RP7 cells also presented dilated Golgi
organelles, lipid accumulation (Figure 4B), loose cristae,
and extreme degradation of mitochondria (Figure 4C),
as well as hole formation (Figure 4D). The morphological
changes of the Golgi complex are considered a result of the
Golgi ceramidase enzyme that is responsible for regulation
of cell proliferation and survival through the control of the
sphingolipids SPH and S1P (Xu et al., 2010).

Results of the present study show that ceranib-2 caused
fragmentation of the Golgi complex that may occur as a
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Figure 1. 5RP7 cells treated with IC,, inhibition concentration of ceranib-2 for 24 h, double-stained with acridine orange
and Alexa Fluor 488-Phalloidin. A) Arrow: fragmented nuclei; B) arrow: fragmented nucleus, asterisk: chromatin
condensation, triangle: fragmentation on cytoskeleton; C) arrow: fragmented and condensed nucleus, asterisk: laceration

of cytoskeleton.

Figure 2. NIH/3T3 cells treated with IC, inhibition concentration of ceranib-2 for 24 h, double-stained with acridine
orange and Alexa Fluor 488-Phalloidin. A) Arrow: condensed nucleus; B) asterisk: fragmentation of cytoskeleton;
C) arrow: fragmented and condensed nuclei and cytoskeleton.

=T i — : _= . L *
Figure 3. TEM micrographs of NTH/3T3 cells treated with IC,  inhibition concentration of ceranib-2 for 24 h

(12,000x). A) Rectangle: blebbing on cell membrane, asterisk: shrinkage of cell membrane, arrow: condensation of the
nucleus; B) arrow: nuclear condensation, double-headed arrow: mitochondrial dysfunction; C) arrow: blebbing on

cell membrane, asterisk: condensation in nucleus.
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Figure 4. TEM micrographs of 5RP7 cells treated with IC,  inhibition concentration of ceranib-2 for 24 h. A) Triangle:
chromatin condensation, asterisk: nuclear fragmentation, arrow: shrinkage of nuclear membrane (5000x); B) arrow:
dilatation of Golgi vesicles, double-headed arrow: lipid accumulation (15,000x); C) arrow: loosening of cristae,

degradation of mitochondria, asterisk: blebbing on cell membrane (15,000x); D) arrow: holes in the cell (10,000x).

result of accumulation of SPH. The relationship between
ceranib-2 and SPH suggests that SPH is highly cytotoxic
and may offer an explanation for its tight method of
cellular regulation.

Cell-based assay results have revealed high levels
of cytotoxicity in 5RP7 cells treated with ceranib-2, as
well as reduced viability of NIH/3T3 cells. The present
study also demonstrated the potential for morphological
and ultrastructural changes in 5RP7 and NIH/3T3 cells
resulting from the application of ceranib-2. Furthermore,
morphological and ultrastructural analysis supports the

References

Akao Y, Banno Y, Nakagawa Y, Hasegawa N, Kim TJ, Murate T,
Igarashi Y, Nzawa Y (2006). High expression of sphingosine
kinase 1 and SIP receptors in chemotherapy resistant prostate
cancer PC3 cells and their camptothecin induced upregulation.
Biochem Bioph Res Co 342: 1284-1290.

Beckham TH, Elojemy S, Cheng JC, Turner LS, Hoffman S, Norris JS,
Liu X (2010). Targeting sphingolipid metabolism in head and
neck cancer: rational therapeutic potentials. Expert Opin Ther
Targets 14: 529-539.

Canals D, Perry DM, Jenkins RW, Hannun YA (2011). Drug
targeting of sphingolipid metabolism: sphingomyelinases and
ceramidases. Br ] Pharmacol 163: 694-712.

Chalfant CE, Spiegel S (2005). Sphingosine 1-phosphate and

ceramide 1-phosphate: expanding roles in cell signaling. J Cell
Sci 118: 4605-4622.

Chen LC, Lin CE, Chang WT, Huang WC, Teng CF, Lin YS (2008).
Ceramide induces p38 MAPK and JNK activation through
a mechanism involving a thioredoxin-interacting protein-
mediated pathway. Blood 111: 4365-4374.

Draper JM, Xia Z, Smith RA, Zhuang Y, Wang W, Smith CD (2011).
Discovery and evaluation of inhibitors of human ceramidase.
Mol Cancer Ther 10: 2052-2061.

Hofmann K, Tomiuk S, Wolff G, Stoffel W (2000). Cloning and
characterization of the mammalian brain-specific, Mg2-
dependent neutral sphingomyelinase. P Natl Acad Sci U S A
97:5895-5900.

920

theory that ceramidase inhibition by ceranib-2 controls
the generation of SIP in the Golgi complex. With strong
cytotoxic and apoptotic effects, ceranib-2 may serve as a
template for the design of antitumour agents to be applied
in chemotherapeutic practices.

Acknowledgement
Thanks to the Scientific and Technological Research
Council of Turkey (TUBITAK) for the support provided
to Djanan Vejselova.

Kawamori T, Kaneshiro T, Okumura M, Maalouf S, Uflaceker A,
Bielawski J, Hannun YA, Obeid LM (2009). Role of sphingosine
kinase in colon carcinogenesis. FASEB ] 23: 405-414.

Koch ], Gartner S, Li CM, Quintern LE, Bernardo K, Levran O,
Schnabel D, Desnick RJ, Schuchman EH, Sandhoff K (1996).
Molecular cloning and characterization of a full-length
complementary DNA encoding human acid ceramidase.
Identification of the first molecular lesion causing Farber
disease. ] Biol Chem 271: 33110-33115.

Kohama T, Olivera A, Edsall L, Nagiec MM, Dickson R, Spiegel S
(1998). Molecular cloning and functional characterization of
murine sphingosine kinase. ] Biol Chem 273: 23722-23728.

Liu H, Sugiura M, Nava VE, Edsall LC, Kono K, Poulton S, Milstien S,
Kohama T, Spiegel S (2000). Molecular cloning and functional
characterization of a novel mammalian sphingosine kinase
type 2 isoform. ] Biol Chem 275: 19513-19520.

Liu Y, Wada R, Yamashita T, Mi Y, Deng CX, Hobson JP, Rosenfeldt
HM, Nava VE, Chae SS, Lee M]J et al. (2000). Edg-1, the G
protein-coupled receptor for sphingosine-1-phosphate, is
essential for vascular maturation. J Clin Invest 106: 951-961.

Nava VE, Hobson JP, Murthy S, Milstien S, Spiegel S (2002).
Sphingosine kinase type 1 promotes estrogen dependent
tumorigenesis of breast cancer MCF-7 cells. Exp Cell Res 281:
115-127.



VEJSELOVA et al. / Turk J Biol

Ogretmen B, Hannun YA (2004). Biologically active sphingolipids
in cancer pathogenesis and treatment. Nat Rev Cancer 4: 604-
616.

Osawa Y, Uchinami H, Bielawski I, Schwabe F, Hannun YA, Brenner
DA (2005). Roles of C ceramide and sphingosine 1 phosphate I
regulating hepatocyte apoptosis in response to tumor necrosis
factor. ] Biol Chem 280: 27879-27887.

Oskouian B, Saba JD (2010). Cancer treatment strategies targeting
sphingolipid metabolism. Adv Exp Med Biol 688: 185-205.

Ponnusamy S, Needham MM, Senkal CE, Shar AS, Sentelle D, Selvam
SP, Salas A, Ogretmen B (2010). Sphingolipids and cancer:
ceramide and sphingosine-1-phosphate in the regulation of
cell death and drug resistance. Future Oncol 6: 1603-1624.

Proksch D, Klein JJ, Arenz C (2011). Potent inhibition of acid
ceramidase by novel B-13 analogues. Journal of Lipids 2011:
971618.

Quintern LE, Schuchman EH, Levran O, Suchi M, Ferlinz K, Reinke
H, Sandhoff K, Desnick R] (1989). Isolation of cDNA clones
encoding human acid sphingomyelinase: occurrence of
alternatively processed transcripts. EMBO ] 8: 2469-2473.

Reynolds CP, Maurer BJ, Kolesnick RN (2004). Ceramide synthesis
and metabolism as a target for cancer therapy. Cancer Lett 206:
169-180.

Riboni L, Campanella R, Bassi R, Villani R, Gaini SM, Martinelli-
Boneschi F, Viani P, Tettamanti G (2002). Ceramide levels are
inversely associated with malignant progression of human glial
tumors. Glia 39: 105-113.

Sarkar S, Maceyna M, Hait NC, Paugh SW, Sankala H, Milstien
S, Spiegel S (2005). Sphingosine kinase-1 is required for
migration, proliferation and survival of MCF-7 human breast
cancer cell. FEBS Lett 579: 5313-5317.

Seelan RS, Quian C, Yokomiza A, Bostwick G, Smith DI, Liu W
(2000). Human acid ceramidase is overexpressed but not
mutated in prostate cancer. Gene Chromosome Canc 29:137-
146.

Senchenkow A, Litvak DA, Cabot MC (2001). Targeting ceramide
metabolism-a strategy for overcoming drug resistance. ] Natl
Cancer 1 93: 347-357.

Strelow A, Bernardo K, Adam S, Klages A (2000). Overexpression of
acid ceramidase protects from tumor necrosis factor induced
cell death. ] Exp Med 192: 601-611.

Taha TA, Mullen TD, Obeid LM (2006). A house divided: ceramide,
sphingosine, and sphingosine-1-phosphate in programmed
cell death. Biochim Biophys Acta 12: 2027-2036.

Tomiuk S, Hofmann K, Nix M, Zumbansen M, Stoffel W (1998).
Cloned mammalian neutral sphingomyelinase: functionsin

sphingolipid signaling? Proc Natl Acad Sci U S A 95: 3638—
3643.

Xu R, Jin J, Hu W (2006). Golgi alkaline ceramidase regulates cell
proliferation and survival by controlling levels of sphingosine
and S1P. FASEB J 20: 1813-1825.

Xu R, Sun W, Jin J, Obeid LM, Mao C (2010). Role of alkaline
ceramidases in the generation of sphingosine and its phosphate
in erythrocytes. FASEB J 24: 2507-2515.

921



Copyright of Turkish Journal of Biology isthe property of Scientific and Technical Research
Council of Turkey and its content may not be copied or emailed to multiple sites or posted to
alistserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



