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16 Membrane rafts are distinct plasmamembranemicrodomains that are enriched in sphingolipids and cholesterol.
17 They organize receptors and their downstream molecules and regulate a number of intracellular signaling
18 pathways. This review presents information on the dependence of several growth factor receptor signaling path-

19ways on membrane rafts. It also discusses the involvement of rafts in the regulation of differentiation, apoptosis
20and cell migration connected with invasiveness and metastasis. Examples of known synthetic and naturally
21occurring substances that are known to affect lateral membrane organization in tumor cell growth are discussed
22as potential or actual therapeutics.
23© 2014 Published by Elsevier B.V.
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50 1. Introduction

51 Alterations in the cell cycle, cell adhesion and migration, and pro-
52 grammed cell death play central roles in the initiation and progression
53 of many types of tumor. These are complex processes that are regulated
54 by multiple factors. Recent evidence suggests that specialized mem-
55 brane domains termed membrane or lipid rafts play an active role in
56 each of these cell processes.
57 Membrane rafts are distinct plasma membrane microdomains that
58 are enriched in sphingolipids and cholesterol. They organize receptors
59 and their downstreammolecules and regulate a number of intracellular
60 signaling pathways (for reviews see [1–3]). These membrane domains
61 exist in a tightly packed, liquid-ordered (Lo) state. Lateral interactions
62 of cholesterol with raft lipids [4] are essential for maintaining this raft
63 structure [5,6]. The depletion of cholesterol from the plasmamembrane
64 disrupts rafts, leading to inappropriate cellular signaling events, and
65 thus deregulating cellular functions [7]. Important post-translational
66 modifications of proteins, such as the addition of a GPI anchor or sterols
67 andpalmitoylation, regulate raft affinity for themajority of proteins. Not
68 all aspects of membrane raft organization have been resolved; in partic-
69 ular resting state raft formation is unknown [5,8,9]. Membrane rafts
70 have been implicated in the regulation of cell proliferation, differentia-
71 tion, apoptosis and migration, suggesting that the alteration of these
72 domains could be involved in malignant transformation, invasiveness
73 and metastasis, and making research on their structure and assembly/
74 disassembly mechanisms very attractive.
75 Due to the various experimental approaches in research on these
76 structures, several terms for them appear in the literature. Detergent
77 resistant membrane (DRM) is themost commonly used term. Although
78 DRM is not exactly equivalent to membrane raft, many researchers use
79 this term because their results from assessments of membrane lateral
80 heterogeneity in fact concern this membrane fraction [10]. In this
81 paper, we use the term after the given authors for the sake of precision
82 in the discussion of their results.
83 Membrane rafts have been described in numerous malignant tumor
84 models, such as breast, colon, lung and prostate cancers, but their struc-
85 ture, function, and associated complex signaling pathways are still the
86 subject of extensive studies. A better understanding of these aspects of
87 raft biology could serve as the basis for therapeutic strategies. The regu-
88 lation of membrane raft proteins and subsequent effects on cell signal-
89 ing and tumor progression need to be addressed.

90This article attempts to summarize the role of membrane rafts in
91neoplastic/tumor cell growth and invasiveness. It also considers poten-
92tial novel therapeutics that focus on the membrane raft as a pharmaco-
93logical target in tumor treatment.

942. Involvement of membrane rafts in the surface receptor signaling
95pathways in tumor/neoplastic cells

962.1. Raft-dependent EGF receptor signaling pathways

97In many types of tumor, abnormal signaling by growth factor recep-
98tor(s) can facilitate cell proliferation and growth. Membrane rafts are
99the place where many signaling proteins, such as growth factor recep-
100tors, have been shown to localize and act as membrane signaling
101platforms [2,3]. Disrupting membrane rafts may be a means to change
102the signaling pathways (Fig. 1).
103There is a certain amount of disagreement in the literature about
104whether membrane rafts play an inhibitory or activatory role in EGFR
105signaling. This indicates that depending on the cell system andpathway,
106membrane raft disruption by cholesterol-depleting agents could have
107both positive and negative effects on growth factor receptor-mediated
108signaling. The involvement of membrane rafts in EGFR signaling was
109confirmed by Zhuang et al. [11], whose results clearly suggest that
110these domains could play a role in the activation of these pathways.
111In that study, the caveolin-negative prostate cancer cell line LNCaP
112was treated with a raft-disrupting agent, filipin, which is a polyene
113macrolide that binds cholesterol, to form a complex in situ. Filipin treat-
114ment prevents the interaction of cholesterolwith sphingolipids, thereby
115decreasing the stability of membrane rafts. Filipin has been shown to
116suppress ligand-dependent EGFR phosphorylation in the detergent-
117insoluble fraction of the membrane (DRM). After reconstitution of the
118raft domains with cholesterol, EGFR phosphorylation recovered to the
119levels observed in the control cells (without filipin treatment), suggest-
120ing that EGFR signaling might be mediated by membrane rafts [11].
121Localization of EGFR to themembrane raft is an important phenom-
122enon that leads to the resistance of the triple-negative breast cancer cell
123lines SUM159 and SUM149 to the growth inhibition caused by EGFR
124tyrosine kinase inhibitor. Disrupting the membrane raft structure with
125lovastatin and/or atorvastatin, which are drugs used to lower cholester-
126ol levels by inhibiting the enzyme HMG-CoA reductase, decreases this
127resistance in breast cancer cell lines [12]. Furthermore, localization of

Fig. 1.The impact of raft-modulating agents on cell proliferation.One of the EGFR signaling cascades that are transduced through rafts is theRas-Raf-MEK-MAPKpathway,which is thought
to control cell growth, differentiation and survival. Raft disruption using MβCD, filipin, statins and EGCG led to a decrease in cell growth of cancer cells.
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