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19Traditional cancer therapy typically targets the tumor proper. However, newly-formed vasculature exerts a
20major role in cancer development and progression. Autophagy, as a biological mechanism for clearing dam-
21aged proteins and oxidative stress products released in the tumor milieu, could help in tumor resolution by
22rescuing cells undergoing modifications or inducing autophagic-cell death of tumor blood vessels. Cleaved
23fragments of extracellular matrix proteoglycans are emerging as key players in themodulation of angiogen-
24esis and endothelial cell autophagy. An essential characteristic of cancer progression is the remodeling of
25the basement membrane and the release of processed forms of its constituents. Endostatin, generated
26from collagen XVIII, and endorepellin, the C-terminal segment of the large proteoglycan perlecan, possess
27a dual activity as modifiers of both angiogenesis and endothelial cell autophagy. Manipulation of these
28endogenously-processed forms, located in the basement membrane within tumors, could represent new

29 therapeutic approaches for cancer eradication.
30 © 2015 Published by Elsevier B.V.
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56 1. Introduction

57 The development of new blood vessels from pre-existing vascula-
58 ture, known as angiogenesis, is a complex mechanism involving
59 the concerted actions of endothelial cells, smooth muscle cells and
60 pericytes. Due to the intrinsically high proliferative rate of cancer cells,
61 the supply of nutrients and oxygen via angiogenesis is a sine qua non
62 for the overall expansion of cancers [1]. Conventional therapy, exerting
63 a cytotoxic action, has been commonly focused on targeting themass of
64 growing cancer cells; however, drug resistance to single agent therapies
65 is often an adverse outcome [2].
66 Proteoglycans are large molecules with complexmodular structures
67 that reside in strategic positions, within the extracellular matrix and
68 basement membranes, and are in close contact with vascular endothe-
69 lia. By virtue of their particular architecture, they directly interact with
70 ligands and receptors involved in the regulation of tumor growth and
71 new vasculature formation [3]. Themodular nature of proteoglycans re-
72 sults in their susceptibility to proteolytic attack by diverse enzymes in
73 the extracellular environment thereby releasing individual modules
74 with biological activity, often with opposite effects than the parental
75 protein core [4,5].
76 Autophagy is an emerging field in the context of cancer progres-
77 sion. It is a mechanism exerted through the action of lysosomes
78 that allows cells to maintain a homeostatic balance between de
79 novo generated and degraded molecules, under normal conditions.
80 Often, it is physiologically induced to counteract the lack of available
81 nutrients in high metabolic situations, where an energetic supply is
82 needed [6–10]. Autophagy can evoke apoptotic cell death [11–13]
83 but, in response to cytotoxic stimuli, can promote autophagic pro-
84 grammed cell death (PCD) in cells that are instead protected against
85 apoptosis [14]. Hence, autophagy exhibits duality, in that it may be
86 cytoprotective or cytotoxic.
87 Many factors combine to orchestrate and regulate angiogenesis
88 and autophagy, and since aberrations of these programs are often
89 seen in tumors, its modulation holds clinical value in cancer therapy
90 [15]. Recent evidence suggests that several constituents of the extra-
91 cellular matrix can regulate autophagy via interaction with cell sur-
92 face receptors [16]. Thus, together with the ability to regulate
93 angiogenesis [17], proteoglycans and other matrix constituents can
94 harbor pro-autophagic activity that can be beneficial in suppressing
95 cancer growth [18–22]. Recent discoveries have pointed out a new
96 activity for endogenously-released fragments of the extracellular
97 matrix, not only as anti-angiogenic factors but also as autophagy in-
98 ducers [23–25].
99 In this review, we will critically assess the role of two well-known
100 fragments derived from heparan sulfate proteoglycan (HSPG) protein
101 core, namely endostatin derived from collagen XVII and endorepellin,
102 derived from perlecan. After several years of investigating the biological
103 effects of these two anti-angiogenic factors there is new evidence indi-
104 cating that both bioactive molecules converge on a common theme
105 of action: dual receptor antagonism leading to angiostatic and pro-
106 autophagic activity.

1072. Collagen XVIII

108Collagen XVIII belongs to a group of collagen-like proteins of the
109extracellularmatrix also known asmultiplexins, which include collagen
110XV as its closest relative [26]. It was subsequently discovered that
111collagen XVIII is substituted with HS chains and thus it is a true HSPG
112[27]. Collagen XVIII possesses a trimeric structure with a central
113area of three homologousα1 chains, and it harbors ten collagen regions
114interrupted by eleven non-collagenous (NC) domains [27,28] (Fig. 1A).
115Collagen XVIII and XV share an N-terminal thrombospondin-like mod-
116ule. In addition, the N-terminus of collagen XVIII can contain a
117cysteine-rich domain related to the frizzled module of Drosophila and/
118or an acidic segment A, based on alternative splicing. These multiplexin
119components can be modified by chondroitin sulfate chains, on collagen
120XV, or HS side chains, on collagen XVIII [27,29,30]. They share not only
121structural homology but also a C-terminal NC1 module containing the
122endostatin protein with intense angiostatic activity (Fig. 1A). Localized
123to chromosome 21 [31], the gene of human collagen XVIII possesses
12443 exons and two promoters. Variants of its transcription generate a
125total of three different isoforms. One short form of this collagen is
126NC11-303, whereas another promoter activity is responsible of the
127other two longer isoforms [32–36].
128Collagen XVIII is widely distributed and it is one of the main constit-
129uents of epithelial and vascular basement membranes [26]. Mice defi-
130cient in Col18 show abnormal eye development [37] and abnormal
131ocular vessel formation and maturation [38–40]. Additionally, during
132atherosclerosis collagen XVIII plays a role in neovascularization and in
133preserving the permeability of blood vessels [41,42]. Collagen XVIII
134has been suggested not only as an anti-atherosclerotic factor but also
135as a negative regulator of angiogenesis. Indeed, aortic explants isolated
136from Col18a1−/− mice show increased angiogenesis compared to wild-
137typemice [43]. Recently, collagen XVIII has been implicated in the path-
138ogenesis of renal ischemia/reperfusion as amediator of leukocytic influx
139[44], and in hyperlipidemia associated with fatty liver and visceral obe-
140sity, suggesting that it might play a role in the adipose tissue formation
141[45].

1422.1. Prognostic relevance of collagen XVIII in cancer

143In humans, a mutation in COL18A1 gene results in an autosomal re-
144cessive disease, the Knobloch syndrome, which in turn leads to blind-
145ness at birth because of abnormal retinal development [36,46].
146Similarly, a pathology in which the retina is not well vascularized has
147been also reported in Col18a1−/− mice [47]. Notably, in Caenorhabditis
148elegans Q2, deletion of the NC1 domain of cle-1, the orthologue of human
149collagen XVIII, induces defects in cell migration and axonal guidance,
150and this phenotype can be rescued by ectopic expression of this domain
151[48].
152In spite of an accumulating wealth of information on the role
153of collagen XVIII in various pathological states, the biological role
154of collagen XVIII in human cancer is not well defined. There are several
155studies reporting abnormal levels of endostatin (see also below) in
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