Journal of

Medicinal
Chemistry

© Copyright 2004 by the American Chemical Society

Volume 47, Number 22

October 21, 2004

Letters

Fluorescent Phenylpolyene Analogues of
the Ether Phospholipid Edelfosine for
the Selective Labeling of Cancer Cells

Ernesto Quesada,’ Javier Delgado,’ Consuelo Gajate,*
Faustino Mollinedo,* A. Ulises Acuia,*$ and
Francisco Amat-Guerri*

Instituto de Quimica Organica, C.S.1.C.,

Juan de la Cierva 3, E-28006 Madrid, Spain, Centro de
Investigacion del Cancer, Instituto de Biologia Molecular y
Celular del Cancer, C.S.1.C.—Universidad de Salamanca,
Campus Miguel de Unamuno, E-37007 Salamanca, Spain,
and Instituto de Quimica Fisica Rocasolano, C.S.1.C.,
Serrano 119, E-28006 Madrid, Spain

Received March 8, 2004

Abstract: Edelfosine (ET-18-OCH3), a synthetic antitumor
ether lipid, is taken up by malignant but not by normal cells,
triggering apoptosis in a large variety of human tumor cells.
The synthesis of the first fluorescent edelfosine analogue (6),
with apoptotic activity comparable to that of the parent drug,
is described. Fluorescence microscopy experiments show that
6 selectively labels human cancer cells, accumulating into
specific domains of the plasma membrane.

Ether glycerophospholipids may have one or two
hydrocarbon chains linked to the glycerol framework by
an ether bond.! A number of synthetic ether lipids (EL),
collectively known as alkyl ether phospholipids or alkyl-
lysophospholipids, show antitumor activity as well as
other useful pharmacological properties,? including a
potent antiparasitic effect. Interestingly, some EL have
been shown to inhibit in a selective way the proliferation
of cancer cells from a wide variety of solid tumors and
leukemias.® However, because the therapeutic concen-
trations of these EL are usually close to their critical
micelle concentration (ca. 107 M), it has been difficult
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to distinguish specific cytotoxic effects from nonspecific
interactions, such as the lytic disruption of cell mem-
branes. This limitation has now been overcome with the
finding®~> of the selective proapoptotic effect on tumor
cells of edelfosine (1-O-octadecyl-2-O-methyl-rac-glycero-
3-phosphocholine, or ET-18-OCHgs), a prototype for
synthetic antitumor ether lipids.
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Since apoptosis is a specific event that can be timed
and quantitated, the detection of an apoptotic response
provides a reliable signal and marker for the putative
antitumor activity of different ether lipids. Furthermore,
the apoptotic activity of edelfosine seems to account for
most of its antitumor activity.? This remarkable selec-
tivity has been linked to the unidirectional uptake of
the ether lipid by the neoplastic cells, with an efficiency
of about an order of magnitude higher than that of
noncancer cells.3*4 However, the molecular mechanisms
involved in this process, as well as that of the antine-
oplastic and antiparasitic activities of edelfosine and
related EL, remain to be elucidated.

Fluorescent analogues of drugs are very useful tools
for unveiling their mechanism of action and therapeutic
targets,® as well as for the development of new diag-
nostic assays. In the case of edelfosine, a fluorescent
analogue might also be of utility in the selective labeling
of tumor metastasis. Since the available information on
structure—apoptotic activity relationship on edelfosine
is rather scarce,® we reasoned that replacement of the
Cis aliphatic chain by a lipophilic fluorescent group of
similar length might preserve drug activity and selec-
tivity. Previous studies have shown that the O-octadecyl
chain at C1 of edelfosine can hold some modifications,
including the presence of a double bond, preserving the
apoptotic activity.® On these grounds, a conjugated
pentaene group may appear as a convenient candidate,
considering that this fluorophore has led to useful
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a8 Reagents and conditions: (a) 2/1 mole ratio = 1.3, Pd(PPh3)ZCI2 (7.5 mol %), Cul (25 mol %), Et,NH, THF, Ar, room temp, 2 h, 90%;
(b) Zn(Cu/Ag), MeOH/H,0 1:1, room temp, 24 h, 95%; (c) I, (trace), hexane, Ar, 15 min reflux, 95%; (d) DIBAL-H, MePh, Ar, 0 °C, 93—
99%; (e) (i) 2-chloro-2-oxo0-1,3,2-dioxaphospholane, MesN, acetonitrile, pressure tube, —78 °C; (ii) room temp, 2 h, and 70 °C, 1 h, 23—35%.

fluorescent probes for lipid membranes.” But this group
requires UV excitation at a wavelength (ca. 340 nm) not
readily available in a standard fluorescence microscope.

Here, we report the synthesis of the first fluorescent
analogue of edelfosine, with a conjugated w-phenyltetra-
ene group instead of the n-octadecyl substituent in
position 1 (6, Scheme 1). Analogue 6 is characterized
by a strong absorption band at ca. 360 nm, a wavelength
widely used in fluorescence microscopy, and a bluish
fluorescence (Amax ~ 442 nm) with a modest but still
adequate quantum yield (~0.3 in a lipid bilayer). The
emitting ether lipid 6 showed both the selectivity for
cancer cells and the ensuing apoptotic activity of the
parent drug. The relatively simple synthetic method
allows for other fluorescent analogues with diverse
aromatic groups, chain length, number of conjugated
double bonds, or stereochemistry.

Analogue 6 was obtained in five steps (Scheme 1), of
which the first three have been previously used in this
laboratory® and in others® for the synthesis of related
conjugated polyenes and represent an additional ex-
ample of the application of the acetylenic approach. The
first step was a Sonogashira—Hagihara cross-cou-
pling!®11 between the phenylbromotriene 1 (in the form
of 3:7 (1E)/(1Z) mixture of isomers) and the cis- or trans-
1,3-dioxane 2, with a terminal acetylenic group at the
chain in position 2. cis-2 and trans-2 were simulta-
neously obtained by acetalization of non-8-ynal with rac-
2-O-methylglycerol. The initial 3:7 (E)/(Z) ratio of 1 was
not changed by the cross-coupling reaction, and cis-3
and trans-3 were respectively isolated as the same (E)/
(Z) mixture. Pure isomers all-(E)-cis-3 and all-(E)-
trans-3 were easily separated from each (E)/(Z) mixture
by precipitation from a dichloromethane solution with
n-pentane. Partial reduction of the triple bond with
activated Zn (Boland method)'? in any of the isomeric
trienyne compounds 3 or mixtures thereof yielded the
corresponding (7'Z, ...)-tetraene, which after iodine
isomerization gave the respective all-(E)-cis-4 or all-(E)-
trans-4 isomers. The subsequent acetal cleavage/reduc-
tion of any cis/trans isomer 4 with DIBAL-H?2 produced
the all-(E) alcohol 5. All the above reactions had >90%
yield. Eventually, one-pot reaction of 5 with 2-chloro-
2-0x0-1,3,2-dioxaphospholane and trimethylamine'# gave
the pure fluorescent analogue 6 with 23—35% vyield.1®
Compounds 3—6 are thermally stable for months if kept
frozen in a dark place.

Analogue 6 induced apoptosis in human T-leukemia
Jurkat cells, although to a lower extent than the parent
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Figure 1. Comparative apoptotic activity of edelfosine, the
fluorescent analogue 6, and the inactive alcohol 5 in human
T-leukemic Jurkat cells. Induction of apoptosis was determined
as the percentage of cells with a DNA content of less than G;
(hypodiploidy) in cell cycle analysis. Points were averaged
(£SD) from three independent experiments. For further details
of the apoptotic assay, see refs 4 and 17.
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drug edelfosine (Figure 1), whereas the control alcohol
5, lacking the essential phosphocholine headgroup, was
inactive. The apoptotic response of 6 was further
evidenced by the typical internucleosomal DNA frag-
mentation in multiples of 180—200 bp (data not shown).
In addition, no previous effects were observed in any
cell cycle phase in the concentration range assayed here.
On the other hand, analogue 6 spared normal peripheral
blood lymphocytes, inducing less than 2% apoptosis.
The selective uptake of the fluorescent analogue 6 was
demonstrated by comparing in vitro its incorporation
into cancer versus normal nontransformed cells. Human
T-leukemic Jurkat cells have been reported to incorpo-
rate high levels of edelfosine, whereas normal human
peripheral blood lymphocytes failed to take up signifi-
cant amounts of the lipid.#16 Thus, both cell types were
incubated with the fluorescent analogue 6, and after
exhaustive washing to remove the loose cell-surface-
bonded ether lipid, the cells were analyzed by fluores-
cence microscopy.l” Whereas a faint labeling could be
hardly observed in normal cells (Figure 2a), 6 was taken
up by the plasma membrane of leukemic cells in large
guantities (Figure 2b) from which it could be reversibly
displaced by adding edelfosine. Interestingly, the fluo-
rescent signal from leukemic cells was not homoge-
neously distributed over the membrane but accumulated
into well-defined domains of the cell plasma membrane.
The lateral segregation of the ether lipid, which can
easily be detected with fluorescent analogue 6, may be
related to its ability to cluster membrane lipid rafts!®
and suggests its putative enrichment in these lipid
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Figure 2. Fluorescence images of (a) normal human periph-
eral blood lymphocytes and (b) human T-leukemic Jurkat cells,
both treated for 7 h with 20 uM fluorescent edelfosine analogue
6.17 Practical detection limit was ~5 uM. The bar represents
10 um.

domains. Further studies on the biochemical basis of
this selectivity are in progress.
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