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The antitumor ether lipid edelfosine (ET-18-O-CH3)
induces apoptosis in H-ras transformed human breast
epithelial cells: by blocking ERK1/2 and p38 mitogenactivated protein kinases as potential targets
Hye-Kyung Na PhD and Young-Joon Surh PhD
National Research Laboratory of Molecular Carcinogenesis and Chemoprevention, College of Pharmacy,
Seoul National University, Seoul, South Korea
We previously reported that a novel alkylphospholipid type antitumor agent edelfosine (ET-18-O-CH3 ; 1-Ooctadecyl-2-O-methyl-glycero-3-phosphocholine) induced apoptosis in human breast epithelial cells transfected
with the H-ras oncogene (MCF10A-ras) which was causally linked to cyclooxygenase-2 (COX-2) up-regulation
and production of 15-deoxy-Δ12,14-prostaglandins J2 (15d-PGJ2). ET-18-O-CH3 treatment also enhanced the production of prostaglandin E2 (PGE2), a major COX-2 product. In this study, we found that ET-18-O-CH3 treatment resulted in elevated mRNA expression of the PGE2 receptor subunit, EP2 receptor. Exogenously added
PGE2 inhibited the growth of MCF10A-ras cells and induced proteolytic cleavage of caspase 3. ET-18-O-CH3
also inhibited constitutive activation of ERK1/2, p38 MAPK, and Akt/protein kinase B, which was blunted by a
selective COX-2 inhibitor SC58635. In addition, ET-18-O-CH3 inhibited DNA binding activity of NF-κB in
MCF10A-ras cells, and this was again attenuated by SC58635. Based on these findings, it is likely that ET-18O-CH3 inactivates ERK1/2, Akt, and NF-κB signaling via COX-2 induction in MCF10A-ras cells, thereby inducing apoptosis of these cells.
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INTRODUCTION
A synthetic ether lipid edelfosine (ET-18-O-CH3; 1-Ooctadecyl-2-O-methyl-rac-glycero-3-phosphocholine’
structure shown in Fig. 1), has been found to exert potent
anti-tumorigenic effects.1-3 The compound has been
known to be a potent inducer of apoptosis in several tumor
cell lines and primary tumor cells from cancer patients.4
Unlike most conventional chemotherapeutic drugs, ET-18O-CH3 does not target DNA but rather acts on the tumor
cell membranes, thereby inducing apoptosis.5 The molecular mechanism underlying ET-18-O-CH3-induced apoptosis
is associated with inhibition of de novo synthesis of phosphatidylcholine at the endoplasmic reticulum.6 Inhibition
of protein kinase C, phophatidylinositol 3-kinase, and
coenzyme A-independent transacylase, as well as the
blockcade of arachidonate-phospholipid remodelling, also
contributed to ET-18-O-CH3-induced apoptosis.7-10 In
addition, ET-18-O-CH3-induced apoptosis was accompanied by intracellular activation of the death receptor
Fas/CD95 and its recruitment together with downstream
signal molecules into lipid rafts, independently of FasL
ligand.11
There is a substantial body of data supporting the idea
that cyclooxygenase-2 (COX-2) overexpression provides
tumor cells with a survival advantage, by conferring resistance to apoptosis and increasing invasiveness or angiogenesis.12,13 Selective COX-2 inhibitors have been shown
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Figure 1. The chemical structure of ET-18-O-CH3

to exert anti-carcinogenic activity in vivo and in vitro experiments.14,15 However, recent reports have suggested that
the induction of COX-2 does not necessarily contribute to
cell survival or tolerance in response to proapoptotic stimuli. Certain anticancer agents with pro-apoptotic activity
were found to upregulate COX-2 expression in human
hepatic myofibroblasts16 cells. and neuroglioma cells.17
Thus, COX-2-derived prostaglandins
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MATERIALS AND METHODS
Cell culture
The MCF10A cell line transfected with a virus carrying
the H-ras oncogene (MCF10A-ras) was cultured as described previously.19
Cell growth assay
MCF10A-ras cells at 50-60 % confluence were exposed
to the medium containing chemicals. Cell viability was
determined by the conventional MTT reduction assay. All
samples were prepared in triplicates.
Western blot analysis
Protein isolation, electrophoresis and immunoblot analysis were conducted as described previously.19 Antibodies
against COX-2, extracellular signal regulated kinase1/2
(ERK1/2), pERK1/2, p38 mitogen-activated protein
kinase (MAPK), pp38 MAPK, c-Jun N-terminal kinase
(JNK), pJNK, Akt and pAkt were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Cleaved
caspase 3 antibody was purchased from Cell Signaling
Technology (Beverly, MA, USA).
Reverse-transcription polymerase chain reaction (RTPCR)
Isolation of total RNA and reverse transcription were
performed as previously reported.19 The primer pairs were
as follows (forward and reverse, respectively): EP2, 5’GCCACGATGCTCATCCTCTTCGCC-3’
and
5’CTTGTGTTCTTAATGAAATCCGAC-3’, EP4, 5’GCCACGATGCTCATCCTCTTCGCC-3’
and
5’CTTGTGTTCTTAATCAAATCCGAC-3’.
Electrophoretic mobility shifty assay
The oligonucleotide harboring the NF-κB consensus sequence (Promega, Medicine, USA) was end-labeled with
[γ-P32]ATP using T4 polynucleotide kinase (Takara, Japan). Electrophoretic mobility shifty assay (EMSA) was
conducted according to the previous report .19
RESULTS
ET-18-O-CH3 induced COX-2 and EP2 expression
When MCF-10A-ras cells were trea ted with a
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Figure 2. ET-18-O-CH3 induced expression of COX-2 and the
proteolytic cleavage of caspase 3 as determined by immunoblot
analysis in MCF10A-ras cells (A, B). MCF10A-ras cells were
treated with 2.5 μM ET-18-O-CH3 for an indicated time, and
mRNA expression of EP2 receptor was as determined by RTPCR (C).
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(PGs) are likely to be implicated in sensitizing these cells
to apoptotic death. In this context, it is noticeable that
some COX-2 products induced apoptosis in serveral types
of cancer cells.17,18 We previously reported that upregulation of COX-2 expression and subsequent production of 15-deoxy-Δ12,14-PGJ2 (15d-PGJ2), a ligand of peroxisome proliferator-activated receptor gamma (PPARγ),
induced apoptotic death of the ras-transformed human
mammary epithelial (MCF10A-ras) cells treated with ET18-O-CH3.19
In the present study, we found investigated the possibility that another COX-2 product prostaglandin E2
(PGE2) can could also induce mediate apoptosis in the
MCF10A-ras cells treated with ET-18-O-CH3. In addition,
ET-18-O-CH3-induced apoptosis as well as COX-2
upregulation was associated with the suppression of extracellular-signal-regulated kinase1/2 (ERK1/2) and Akt.
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Figure 3. PGE2 exerted anti-proliferative effects in MCF10A-ras
cells. Cell viability was measured by conventional MTT reduction assay after the treatment of PGE2 (200 μM) for 24 h (A). The
Bars represent the mean ±S.E.M. of triplicate experiments.
PGE2 induced apoptosis in MCF10A-ras cells as evidenced by
caspase-3 cleavage (B).

concentration of 2.5 μM ET-18-O-CH3, it induced COX-2
expression in a time dependent manner with concomitant
proteolytic cleavage of caspase 3 (Figure 2A). As a selective COX-2 inhibitor, SC58635 suppressed the ET-18-OCH3-induced COX-2 expression (Fig. 2B). ET-18-O-CH3
was reported to induce the production of PGE2 which was
attenuated by a selective COX-2 inhibitor, SC58635.19
We observed that ET-18-O-CH3 upregulated the expression of the PGE2 receptor subunit EP2, but not EP4 (Fig.
2C). As an initial approach to elucidate a link between
COX-2 upregulation and induction of apoptosis by ET18-O-CH3 in MCF10A-ras cells, we attempted to examine the effect of the major COX-2 product PGE2 on the
viability of these cells. Exogenously added PGE2 inhibited cell growth (Fig. 3A) and induced apoptosis as revealed by proteolytic cleavage of caspase 3 (Fig. 3B).
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Figure 4. Effects of ET-18-O-CH3 on the activation of representative MAPKs via phosphorylation (A) and inhibitory effects of
SC58635 on phosphorylative activation of ERK1/2 and p38
MAPK (B). MCF10A-ras cells were treated with ET-18-O-CH3
in the presence or absence of SC58635 (50 μM) for 3 days. ET18-O-CH3concentrations of were 1, 2.5, 5 μM for (A) and 2.5 μM
for (B).
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Figure 5. Effects of ET-18-O-CH3 on the activation of Akt at the
indicated time (A) and protective effect of SC58635 on the activation of Akt (B). MCF10A-ras cells were treated with 2.5 μM
ET-18-O-CH3 in the presence or absence of SC58635 (50 μM)
for 1 h.
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Figure 6. Inhibitory effects of ET-18-O-CH3 on the DNA binding activity of NF-κB in MCF10A-ras cells. Nuclear extracts
were isolated from the cells treated with ET-18-O-CH3 (2.5 μM)
for 3 days and incubated with the [γ-P32] labelled oligonucleotide
harbouring the -κB consensus sequence.

ET-18-O-CH3 inhibited the activation of ERK1/2, p38
MAPK and Akt
It has been known that Akt/protein kinase B and MAPKs,
such as ERK1/2, JNK and p38, play an important role in
regulation of cell proliferation and survival. To delineate

the intracellular signaling pathways responsible for the
proapoptotic activity of ET-18-O-CH3, we examined its
effect on the activation of afore-mentioned kinases. ET18-O-CH3 inhibited activation of ERK1/2 and p38 MAPK
through phosphorylation, but not JNK (Fig. 4A). A selective COX-2 inhibitor, SC58635, attenuated the ET-18-OCH3-induced suppression of ERK1/2 and p38 MAPK
phosphorylation (Fig. 4B). In addition, ET-18-O-CH3
inhibited Akt activation at 1 h as assessed by the kinetic
study (Fig. 5A). ET-18-O-CH3-induced Akt inactivation
was also blunted by SC58635 (Fig. 5B).
ET-18-O-CH3 inhibited the DNA binding activity of
NF-κB
The ubiquitous transcription factor, nuclear factor-kappa
B (NF-κB), is involved in: inflammation, cell proliferation, and apoptosis.20 NF-κB activation appears to be
facilitated through cooperation with CREB (cyclic AMPresponsive element binding protein)-binding protein
(CBP).21,22 NF-κB is a major down stream molecular
target of both ERK1/2 and Akt. Therefore, we conducted
EMSA to determine whether the ET-18-O-CH3-induced
apoptosis is associated with down- regulation of NF-κB.
ET-18-O-CH3 inhibited DNA binding activity of NF-κB,
which was again attenuated by SC58635 (Fig. 6).
DISCUSSION
In this study we have found that the antitumor alkyllysophospholipid ET-18-O-CH3 induced apoptosis in
MCF10A-ras cells, which was associated with the induction of COX-2 expression and subsequent production of
PGE2. In our previous study, we observed that ET-18-OCH3-induced COX-2 expression and production of 15dPGJ2 may be involved in ET-18-O-CH3-induced apoptosis in MCF10A-ras cells.19 Therefore, some products
of COX-2 play an important role in the induction of apoptosis by ET-18-O-CH3. In addition, we have found that
ET-18-O-CH3 inhibited the activation of ERK1/2 and Akt,
which are central upstream kinases in the proliferation
and survival pathways. NF-κB is a major transcription
factor regulating the expression of the antiapoptotic protein Bcl-2.23 Therefore, down regulation of NF-κB by
ET-18-O-CH3 is likely to reduce Bcl-2 levels, leading to
the induction of apoptosis in MCF10A-ras cells. Additional studies are necessary to unravel the molecular link
between the COX-2 inducing effects of ET-18-O-CH3
and its anti-proliferative activity in MCF10A-ras cells and
other transformed or cancerous cell lines.
ACKNOWLEDGMENTS
This study was supported by a grant (KOSEF 1999-2-220-007–
3) from the Korea Science and Engineering Foundation
(KOSEF) for Biofoods Research Program.
AUTHOR DISCLOSURES
Hye-Kyung Na and Young-Joon Surh, no conflicts of interest.
REFERENCES
1. Na HK, Chang CC, Trosko JE. Growth suppression of a
tumorigenic rat liver cell line by the anticancer agent, ET18-O-CH3, is mediated by inhibition of cytokinesis. Cancer
Chemother Pharmacol. 2003;51:209-215.
2. Candal FJ, Bosse DC, Vogler WR, Ades EW. Inhibition of

HK Na and YJ Surh

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

induced angiogenesis in a human microvascular endothelial
cell line by ET-18-OCH3. Cancer Chemother Pharmacol.
1994;34:175-178.
Shafer SH, Williams CL. Non-small and small cell lung
carcinoma cell lines exhibit cell type-specific sensitivity to
edelfosine-induced cell death and different cell line-specific
responses to edelfosine treatment. Int J Oncol. 2003;23:389400.
Mollinedo F, Fernandez-Luna JL, Gajate C, Martin-Martin
B, Benito A, Martinez-Dalmau R, Modolell M. Selective
induction of apoptosis in cancer cells by the ether lipid ET18-OCH3 (Edelfosine): molecular structure requirements,
cellular uptake, and protection by Bcl-2 and Bcl-X(L). Cancer Res. 1997;57:1320-1328.
Jendrossek V, Handrick R. Membrane targeted anticancer
drugs: potent inducers of apoptosis and putative radiosensitisers. Curr Med Chem Anticancer Agents. 2003;3:343-353.
van der Luit AH, Vink SR, Klarenbeek JB, Perrissoud D,
Solary E, Verheij M, van Blitterswijk WJ. A new class of
anticancer alkylphospholipids uses lipid rafts as membrane
gateways to induce apoptosis in lymphoma cells. Mol Cancer Ther. 2007;6:2337-2345.
Guo HB, Shen ZH, Huang CX, Ma J, Huang Y, Chen HL.
Modulation of the basal activity of phosphatidylinositol-3kinase/protein kinase B signaling pathway in human hepatocarcinoma cells. Glycoconj J. 2000;17:315-322.
Winkler JD, Eris T, Sung CM, Chabot-Fletcher M, Mayer
RJ, Surette ME, Chilton FH. Inhibitors of coenzyme Aindependent transacylase induce apoptosis in human HL-60
cells. J Pharmacol Exp Ther. 1996;279:956-966.
Surette ME, Winkler JD, Fonteh AN, Chilton FH. Relationship between arachidonate--phospholipid remodeling and
apoptosis. Biochemistry. 1996;35:9187-9196.
Civoli F, Daniel LW. Quaternary ammonium analogs of
ether lipids inhibit the activation of protein kinase C and the
growth of human leukemia cell lines. Cancer Chemother
Pharmacol. 1998;42:319-326.
Gajate C, Mollinedo F. Edelfosine and perifosine induce
selective apoptosis in multiple myeloma by recruitment of
death receptors and downstream signaling molecules into
lipid rafts. Blood. 2007;109:711-719.
Ishiko O, Sumi T, Yoshida H, Matsumoto Y, Honda K,
Deguchi M, Yamada R, Ogita S. Association between overexpression of cyclooxygenase-2 and suppression of apoptosis in advanced cancer of the uterine cervix after cyclic
balloon-occluded arterial infusion. Oncol Rep. 2001;8:12591263.

207

13. Cianchi F, Cortesini C, Bechi P, Fantappie O, Messerini L,
Vannacci A, Sardi I, Baroni G, Boddi V, Mazzanti R, Masini E. Up-regulation of cyclooxygenase 2 gene expression
correlates with tumor angiogenesis in human colorectal cancer. Gastroenterology. 2001;121:1339-1347.
14. Grosch S, Maier TJ, Schiffmann S, Geisslinger G.
Cyclooxygenase-2 (COX-2)-independent anticarcinogenic
effects of selective COX-2 inhibitors. J Natl Cancer Inst.
2006;98:736-747.
15. Chun KS, Kim SH, Song YS, Surh YJ. Celecoxib inhibits
phorbol ester-induced expression of COX-2 and activation
of AP-1 and p38 MAP kinase in mouse skin. Carcinogenesis. 2004;25:713-722.
16. Davaille J, Gallois C, Habib A, Li L, Mallat A, Tao J, Levade T, Lotersztajn S. Antiproliferative properties of sphingosine 1-phosphate in human hepatic myofibroblasts. A
cyclooxygenase-2 mediated pathway. J Biol Chem.
2000;275:34628-34633.
17. Hinz B, Ramer R, Eichele K, Weinzierl U, Brune K. Upregulation of cyclooxygenase-2 expression is involved in
R(+)-methanandamide-induced apoptotic death of human
neuroglioma cells. Mol Pharmacol. 2004;66:1643-1651.
18. Ciucci A, Gianferretti P, Piva R, Guyot T, Snape TJ, Roberts SM, Santoro MG. Induction of apoptosis in estrogen receptor-negative breast cancer cells by natural and synthetic
cyclopentenones: role of the IκB kinase/nuclear factorkappaB pathway. Mol Pharmacol. 2006;70:1812-1821.
19. Na HK, Inoue H, Surh YJ. ET-18-O-CH3-induced apoptosis
is causally linked to COX-2 upregulation in H-ras transformed human breast epithelial cells. FEBS Lett.
2005;579:6279-6287.
20. Karin M. Nuclear factor-κB in cancer development and
progression. Nature. 2006;441:431-436.
21. Xiao W, Hodge DR, Wang L, Yang X, Zhang X, Farrar
WL. Co-operative functions between nuclear factors NFκB
and CCAT/enhancer-binding protein-beta (C/EBP-β) regulate the IL-6 promoter in autocrine human prostate cancer
cells. Prostate. 2004;61:354-370.
22. Yalcin A, Koulich E, Mohamed S, Liu L, D'Mello SR.
Apoptosis in cerebellar granule neurons is associated with
reduced interaction between CREB-binding protein and NFκB. J Neurochem. 2003;84:397-408.
23. Viatour P, Bentires-Alj M, Chariot A, Deregowski V, de
Leval L, Merville MP, Bours V. NF-kB2/p100 induces Bcl-2
expression. Leukemia. 2003;17:1349-1356.

