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a b s t r a c t

30Nowadays we understand cell membranes not as a simple double lipid layer but as a collection of com-
31plex and dynamic protein–lipid structures and microdomains that serve as functional platforms for inter-
32acting signaling lipids and proteins. Membrane lipids and lipid structures participate directly as
33messengers or regulators of signal transduction. In addition, protein–lipid interactions participate in
34the localization of signaling protein partners to specific membrane microdomains. Thus, lipid alterations
35change cell signaling that are associated with a variety of diseases including cancer, obesity, neurodegen-
36erative disorders, cardiovascular pathologies, etc. This article reviews the newly emerging field of mem-
37brane lipid therapy which involves the pharmacological regulation of membrane lipid composition and
38structure for the treatment of diseases. Membrane lipid therapy proposes the use of new molecules
39specifically designed to modify membrane lipid structures and microdomains as pharmaceutical
40disease-modifying agents by reversing the malfunction or altering the expression of disease-specific
41protein or lipid signal cascades. Here, we provide an in-depth analysis of this emerging field, especially
42its molecular bases and its relevance to the development of innovative therapeutic approaches.
43� 2015 Published by Elsevier Ltd.
44
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Abbreviations: AA, arachidonic acid; Ab, fibrillar b-amyloid; ACC, acetyl-CoA carboxylase; Akt, protein kinase B; APP, amyloid precursor protein; ASAH2, neutral
ceramidase; BA, benzyl alcohol; BBB, blood– brain-barrier; BMI, body mass index; BPM, bis(monoacylglycero)phosphate; CALM, clathrin assembly lymphoid myeloid
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heat shock protein 70; HSR, heat shock response; INSIG1, insulin-induced gene 1; IR, insulin receptor; Ld, liquid disordered microdomains; Lo, liquid ordered microdomains;
LDL, low density lipoprotein; LXR, liver X receptor; MAPK, mitogen activated protein kinase; MLT, membrane lipid therapy; MUFA, monounsaturated fatty acids; NMDA,
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79 1. Introduction

80 Since the first general structure of cellular membranes was pub-
81 lished in the 1970s by Singer and Nicolson [1] numerous studies
82 have expanded upon this to further define its complex structure.
83 In a cell membrane bilayer, hundreds to thousands of different
84 lipid species form a heterogeneous cell boundary with multiple
85 structural and functional properties [2]. The same membrane
86 sequestration strategy that separates the interior of cells from
87 the rest of world is also used for separating the cellular interior
88 into a collection of membrane-bound organelles. The lipid classes
89 that form the different types of cell membranes (Fig. 1) are usually
90 not homogeneously distributed but can form microdomains that
91 act as complex signaling platforms (together with proteins) due
92 to their membrane lipid (structure) preferences. For example,
93 interaction of receptor tyrosine kinases (e.g., EGFR) with Ras, and
94 of Ras with Raf, to propagate proliferation signals into the cell
95 benefits from their common preference for certain membrane
96 microdomains to establish physical productive interactions [3].
97 Similarly, G protein-coupled receptors (GPCRs) and G proteins
98 exhibit similar membrane lipid environment preferences [2,4,5].
99 Membrane functions are altered in a wide range of human dis-

100 eases and this has led to the concept that components of the
101 plasma membrane, for example, specific lipids, enzymes or tran-
102 scription factors can be targeted to alter its composition and struc-
103 ture [6–8]. This, in turn, would affect the localization and activity
104 of key proteins, or key protein–protein interactions in specific
105 membrane microdomains, and thereby affect signaling cascades.
106 This approach is termed membrane lipid therapy (MLT). Indeed,
107 several studies have now demonstrated the potential of MLT and,
108 although the first clinical trials of rationally designed lipids to reg-
109 ulate the membrane composition and structure to treat cancer and
110 diabetes only began recently (e.g., ClinicalTrials.gov Identifier

111NCT01792310), other trials using natural lipids were already ongo-
112ing (e.g., docosahexaenoic acid (DHA) for Alzheimer’s disease:
113ClinicalTrials.gov Identifier NCT00440050). In this article, the ratio-
114nale behind targeting the plasma membrane and the different
115approaches that can be used to modulate its lipid composition,
116structure and function is provided. Later, we discuss the current
117state of the art in various therapeutic indications.

1182. Molecular bases underlying MLT

119A great many cellular functions occur in or around membranes
120[2], which suggests that changes in the membrane composition
121and structure could be relevant in the proper functioning of the
122cells. In the plasma membrane, hundreds of different lipid species
123can be found. Some of them have a negative charge, which can
124promote interactions with positively charged amino acids in
125proteins [4,7]. Other lipids have a small polar head (e.g., phos-
126phatidylethanolamine), allowing docking of bulky protein lipid
127anchors (e.g., isoprenyl moieties present in Ras: [9]). Other mem-
128brane lipids have a bigger polar head and form tightly packed areas
129where only certain fatty acids (e.g., myristic or palmitic acid) can
130intercalate to aid proteins (e.g., Ga protein) bind to membrane
131regions where these lipids are abundant. Therefore, the membrane
132lipid composition can have a profound role in cell signaling.
133Changes in the type and abundance of lipids in membranes induce
134alterations in the propagation of cell messages that can be associ-
135ated with pathological states or with its therapy. In the following
136paragraphs we will describe important structural features of mem-
137branes and proteins that participate in protein–lipid interactions
138and can be regulated by MLT drugs.
139Thus, it has been seen that a high consumption of saturated or
140trans-unsaturated fatty acids induce increases in the proportion of
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