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Abstract

Cancer is responsible for millions of deaths worldwide. The relative lack of effective treatments for cancer makes extremely urgent the development of 
more efficient and selective new drugs. In contrast to the major part of commonly used chemotherapeutic drugs, the antineoplastic phospholipids (ALP) do not 
have DNA as a target. Such phospholipids are responsible for modifying the cell membrane turnover, inducing cell death by apoptosis, with high selectivity for 
tumor cells. The central hypothesis is that the antitumor effects of ALP are due to the inhibition of CTP: phosphocholinecytidylyltransferase (Pcyt-1) enzyme in 
the phospholipid biosynthetic pathway, known as Kennedy’s pathway. The inhibition of the Pcyt-1 blocks the synthesis of phosphatidylcholine and causes the 
accumulation of ceramide, commonly associated with apoptosis. Moreover, important substrates, which are produced by this pathway are compromised and 
blocks the cell cycle progression, and consequently the correct cytokinesis. Mainly of them are also responsible for inducing a topological impairment of the 
trans-membrane protein domains, mostly located in mitochondria. Such fact affects the cellular bioenergetics, eventually triggering death by apoptosis. Besides, 
it impairs lipids signaling, which are directly associated with the regulation of mitogen-activated protein kinase (MAPKs) responsible for mediating signaling 
pathways. Therefore, the inhibition of Kennedy’s pathway constitutes a promising strategy for the identification of novel antitumor compounds, and Pcyt-1, which 
is a key enzyme of such signaling/pathway, becomes the main potential target, with innovative character, for the development of antitumor drugs.

INTRODUCTION
New approaches for the development of antineoplastic 
chemotherapy  

In the last 20 years, it has been observed a substantial 
change in the investigation of new targets for cancer treatment.
The combination of new methodologies with the traditional 
ones, mainly taking the integration of specialists from different 
areas may contribute to the development of new approaches. 
Such interdisciplinary to study particularly potential molecular 
targets in tumor cellshas been in focus [1]. Of interest, these 
studiesincreasethe chances of finding new selective antitumor 
drugs, with the possibility of eliminating secondary cytotoxic 
effects, which are commonly associated with conventional 
chemotherapy. Similar to other therapeutic areas, the success of 
discovering new innovative molecules depends on the creative 
interaction between chemistry and biology.

The main process fornew drug discovery in cancer is 
based on the generation of the new hypothesis concerning the 
targets, which will give rise to the prototypes. Once found a new 

prototype; it is applied theoretical approaches in silico, which may 
drive the chemical synthesis of the molecule. In turn, it allows the 
validation of the biological hypothesis by experimental trials [2].

The development of antineoplastic phospholipids 
(ALP)

One suitable rationale of lysophospholipids as 
immunomodulators is based on their well-known biological 
activity as regulators of different cellular enzymatic activities;the 
activation of peritoneal macrophages and consequentlythe 
regulation of the immune response [3].

In 1960, Fischer, Westphal, and Munder, who were located 
in Freiburg, Germany, found that the accelerated and continuous 
conversion of lecithin to lysophosphatidylcholine (lysoPC) 
occurred in response to a mixture of substances containing 
lipases and phospholipases. This response was the first 
observation that is possible to obtain a synthetic lysoPC. Since 
this finding, the lysoPC has been investigated in vivo and in vitro 
as prototypes for drug discovery in the cancer field. Of note, there 
are several important studies investigating the role of lysoPC on 
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the immune system modulation. So far, the results obtained from 
these experiments confirmed the initial hypothesis that lysoPC 
possess a high immunomodulatory activity, which takes part of 
the humoral response and cellular response, as well [4].

The first analog of lysoPC was synthesized in the late 
1960s by Eibl, Arnold, Weltzien and Westphal to increase 
the chemical stability of these compounds, enhancing their 
immunomodulatory capacity[5]. The structural modifications 
performed in the lysoPC, such as the substitution of the ester 
bond by the ether in the region that connects the glycerol to the 
hydrocarbon chain, have made the analogous structures resistant 
to the enzymes acetyltransferase and lysophospholipase [6]. In 
their study, Munder and colleagues demonstrated, for the first 
time, that some of the synthesized analogues, in particular, the 
group of derived alkyl ethers, showed cytotoxic and cytostatic 
activities in tumor cell lines. Such datagive rise to the study and 
the development of these compounds as a new class of antitumor 
agents [7,8].

Currently, synthetic antitumor lipids are divided into two 
subtypes: alkyl ether phospholipids and alkylphosphocholine 
derivatives. The first group is composedof the derivatives of alkyl 
ether phospholipid, named as ethers-lipids or alkylphospholipids. 
The structure of such compounds contains linkages between 
glycerol and hydrocarbons of the phospholipids. Like the 
main prototype of this class, we point out the 1-octadecyl-2-
methylphosphorylcholine (ET-18-OCH3), known as edelfosine. 
It is important to highlight that edelfosine is a template for the 
generation of new ethers-derivatives.

Thus, the main application of edelfosine in clinical practice is 
for the treatment of acute leukemias, both myeloid and lymphoid. 
In particular, edelfosine provokes the apoptosis of leukemic 
cells [9,10]. Studiesconsidering the relation between chemical 
structure and cytotoxic activity have revealed that the anti-
proliferative and apoptotic effects may be attributed to the long 
alkyl chain, at the sn-1 or sn-3 positions, consisting of at least 16 
carbon atoms [11].

In the late 1980s, Eibl and Unger in Göttingen, Germany 
identified a new ether-lysophospholipid group called 
hexadecylphosphocholine (known as miltefosine), representative 
of the second subtype of synthetic antitumor lipids, derived 
from alkylphosphocholine. Moreover, miltefosine is structurally 
formed by a chain (ether-like bond) of 16-carbon attached to a 
phosphocholine molecule [5,12,13]. Accordingly, miltefosine 
showed potent cytotoxic activity in vitro against several tumor 
cell lines [14]. Unfortunately, miltefosine has a high hemolytic 
activity when applied intravenously. Thus, the clinical use of 
miltefosine is limited to topical application cutaneous metastases 
of the breast cancer and for cutaneous lymphoma. Of note, 
miltefosine is also used for the treatment of tropical leishmaniasis 
[15, 16].

The action mechanisms of antineoplastic 
phospholipids

The main mechanism of action of antineoplastic phospholipids 
differs from the most current chemotherapy drugs.Once they 
do not target the DNA or the cell cytoskeleton, but they act 

by modifying the turnover in the cell membrane [17]. This 
modification induces cell death by apoptosis with high selectivity 
for tumor cells, which makes these antineoplastic phospholipids 
promising for the development of new prototypes and analogues 
[18].

Although thisselect mechanism of action of antineoplastic 
phospholipids on tumor cells is not entirely understood, the 
main hypothesis is based on the high lipid fluidity of tumor cell 
membrane. This increase of membrane fluidity occurs through 
the alteration in the lipid metabolism of tumor cells. It, in turn, 
result in the reduction of total cholesterol, sphingomyelin 
deficiency and an increase in the percentage of unsaturated fatty 
acids in the neoplastic cell membrane [19]. Accordingly, these 
alterations would facilitate the insertion, with high selectivity, of 
the long non-polar chain of the hydrocarbon of the antineoplastic 
phospholipids into the membrane of the tumor cells. In contrast, 
normal cells, including fibroblasts, endothelial cells, polymorph 
nuclear neutrophils, lymphocytes and bone marrow progenitor 
cells would be relatively resistant to this insertion. Finally, it 
would, therefore, give them resistance to the cytotoxic effects of 
antineoplastic phospholipids [11,20].

When the antineoplastic phospholipids are inserted into 
the membrane, they interfere in the turnover of membrane 
phospholipids, thus affecting the generation of second messengers 
such as phosphatidic acid, diacylglycerol, and phosphoinositide. 
Also, they are also able to alter the physical properties of cell 
membranes. Such changes would be responsible for cell stress, 
which would eventually induce apoptosis [21].

On the other hand, the region of the cell membrane 
where the antineoplastic phospholipids insertion occurs 
may also influence their cytotoxic effect. The subdomains of 
the plasma membrane, which contain high concentrations of 
cholesterol and glycosphingolipids, named as lipid rafts, are 
regions thatantineoplastic phospholipidscan be accumulated. 
Throughout the recent work, it has been reported that 
antineoplastic phospholipids induce antitumor effects forming 
lipid rafts with Fas (CD95 or APO-1), a subgroup of tumor 
necrosis factor superfamily (TNF) receptors capable of initiating 
cell death signaling [19,22].

PERSPECTIVES
Most studies attribute the induction of apoptosis by 

antineoplastic phospholipids to their ability to inhibit 
phosphatidylcholine synthesis. Following this hypothesis, the 
molecular target of these antineoplastic phospholipids would 
be the key enzyme in the biosynthesis, Pcyt-1. This enzyme is 
located both in the nucleus and in the cytoplasm and acts as a 
limiting factor in the regulation of this phospholipid biosynthesis. 

The reaction of phospholipid biosynthesisis mediated 
by an amino alcohol phosphotransferase, which uses 
cytidine diphosphocholine (CDP-choline) to synthesize 
phosphatidylcholine or cytidine diphosphoethanolamine (CDP-
ethanolamine) for the synthesis of phosphatidylethanolamine. 
This last step of the synthesis is called de novo biosynthesis 
of phosphatidylcholine, a biosynthetic pathway classified 
as Kennedy’s pathway [23].Thus, the block of Pcyt-1 by the 
antineoplastic phospholipids would lead to the inhibition of 
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phosphatidylcholine synthesis, and consequently also to the 
reduction of the sphingomyelin and diacylglycerol synthesis. 
Once this reduction of activity occurs, there would be the 
accumulation of ceramide, a molecule commonly associated with 
the induction of apoptosis [24].

The rational planning and the development of novel 
antitumor phospholipid derivatives could lead to the discovery of 
highly specific and efficient compounds with less adverse effects 
for further use as drug candidates in clinical trials. This new 
approach would make it possible to improve the life expectancy 
of patients with cancer.
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