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Alkylphospholipids (APLs) represent a new class of drugs which do not interact directly with DNA but act on the
cellmembranewhere they accumulate and interfere with lipidmetabolism and signalling pathways. This review
summarizes themode of action at themolecular level of these compounds. In this sense, a diversity ofmechanisms
has been suggested to explain the actions of clinically-relevant APLs, in particular, in cancer treatment. One con-
sistently reported finding is that APLs reduce the biosynthesis of phosphatidylcholine (PC) by inhibiting the
rate-limiting enzyme CTP:phosphocholine cytidylyltransferase (CT). APLs also alter intracellular cholesterol traffic
andmetabolism in human tumour-cell lines, leading to an accumulation of cholesterol inside the cell. An increase
in cholesterol biosynthesis associated with a decrease in the synthesis of choline-containing phospholipids and
cholesterol esterification leads to a change in the free-cholesterol:PC ratio in cells exposed to APLs. Akt phosphor-
ylation status after APL exposure shows that this critical regulator for cell survival ismodulated by changes in cho-
lesterol levels induced in the plasma membrane by these lipid analogues. Furthermore, APLs produce cell
ultrastructural alterations with an abundant autophagic vesicles and autolysosomes in treated cells, indicating
an interference of autophagy process after APL exposure. Thus, antitumoural APLs interfere with the proliferation
of tumour cells via a complexmechanism involving phospholipid and cholesterolmetabolism, interferewith lipid-
dependent survival-signalling pathways and autophagy. Although APLs also exert antiparasitic, antibacterial, and
antifungal effects, in this reviewweprovide a summary of the antileishmanial activity of these lipid analogues. This
article is part of a Special Issue entitled:Membrane Lipid Therapy: Drugs Targeting Biomembranes edited by Pablo
V. Escribá.

© 2017 TheAuthor(s). Published by Elsevier B.V. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Synthetic alkylphospholipids (APLs) are new anticancer drugs with
antiproliferative properties, which are chemically divided into two
main classes: alkyl-lysophospholipids and alkylphosphocholines. The
group of antitumour lipids also includes the glycosylated antitumour
ether lipids and glycosidated phospholipids, the two distinguished by
the presence of a sugar moiety. Molecular mechanisms of anticancer
activity of these compounds have been described and extensively
discussed in some recent reviews [1–7]. It is proposed that these
chemotherapeutic agents interfere with lipid homeostasis due to their
similarity with endogenous phospholipids, targeting membrane lipid
rafts and altering lipid-linked signalling, hence leading to apoptosis.

This review updates the main APL applications investigated so far
and the ongoing evaluation of action mechanisms proposed in order
to explain their broad spectrum of pharmacological effects. The unique
mode of action of APLs on cell membranes gives these lipid analogues
an advantage over conventional DNA-interacting chemotherapeutic
agents. The action of the lipid analogues appears to be specific for tu-
mour cells, and both cellular uptake and APL-induced apoptosis are in-
creased in the malignant state of the cells [7], currently being explored
in combination therapy to overcome or prevent resistance mechanisms
during cancer treatment.

Initial efforts were made to synthesize metabolically stable
lysophosphatidylcholine analogues that work as immune modulators
with potential anti-neoplastic activity. Until now, compounds such as

edelfosine, ilmofosine,miltefosine, and perifosine (Fig. 1) have been test-
ed for their selective antitumour activity in phase I and II clinical tri-
als for many types of advanced cancers. The ether lipid edelfosine (1-
O-octadecyl-2-O-methylglycero-3-phosphocholine) is considered to
be the alkyl-lysophospholipid prototype compound, whereas
miltefosine (hexadecylphosphocholine, HePC) is the prototype of
alkylphosphocholines. Ilmofosine (1-hexadecylthio-2-methoxymethyl-
rac-glycero-3-phosphocholine) is a thioether variant of edelfosine, and
in the drug candidate perifosine [octadecyl-(1,1-dimethyl-piperidinio-4-
yl)-phosphate] the cholinemoiety of alkylphosphocholines is substituted
by a heterocyclic piperidine group. Encouraging results have been found
with all these compounds, and novel promising analogues such as
erucylphosphocholine (ErPC) and its homocholine analogue erufosine
(ErPC3) (Fig. 1) also hold promise as a single-agent (monotherapy) or
in combination regimens.

2. Single-agent alkylphospholipid chemotherapy in advanced cancer

2.1. Edelfosine and ilmofosine

Edelfosine was initially considered a promising novel compound
owing to its immunomodulatory properties and inhibitory activity on
tumour-cell proliferation. However, its clinical application has been lim-
ited due mainly to its metabolic instability and lack of sensitivity, high
hemolytic potential, and gastrointestinal toxicity [4]. Thus, intravenous
and oral treatmentwith edelfosinehas been usedonly for bone-marrow

Fig. 1. Chemical structure of synthetic alkylphospholipids. The structures were taken from Nitulescu et al. [140].
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