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Abstract

Autophagy, a fundamental and evolutionarily-conserved eukaryotic pathway, coordinates a
complex balancing act for achieving both nutrient and energetic requirements for proper cellular
function and homeostasis. We have discovered that soluble proteoglycans evoke autophagy in
endothelial cells and mitophagy in breast carcinoma cells by directly interacting with receptor
tyrosine kinases, including VEGF receptor 2 and Met. Under these circumstances, autophagic
regulation is considered “non-canonical” and is epitomized by the bioactivity of the small leucine-
rich proteoglycan, decorin. Soluble matrix-derived cues being transduced downstream of receptor
engagement converge upon a newly-discovered nexus of autophagic machinery consisting of Peg3
for endothelial cell autophagy and mitostatin for tumor cell mitophagy. In this thematic mini-
review, we will provide an overview of decorin-mediated autophagy and mitophagy and propose
that regulating intracellular catabolism is the underlying molecular basis for the versatility of
decorin as a potent oncosuppressive agent.
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Introduction

Matrix biology has gone through an extensive revitalization over the last few years. A vast
number of studies have demonstrated a nuanced complexity of interactions among
extracellular matrix (ECM) components and cell surface receptors that are essential for
multiple biological activities [1]. Moreover, matrix microenvironmental clues [2—4] together
with the increasing complexity of the matrisome [5,6] and its proteolytic processing [7,8],
have expanded our view of the extracellular matrix. Genetic and biochemical studies have
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characterized matrix components as signaling molecules, able to modulate cellular behavior
during development and disease progression. Decorin is a ubiquitous small-leucine rich
proteoglycan localized to the ECM and is associated with all major collagen-rich matrices
[9,10]. Although decorin is mostly known for its function in collagen fibrillogenesis and for
maintaining structural integrity of various organs [11-13,13,14,14-18,18], it is also involved
in regulating physiological and pathological processes as a secreted proteoglycan [19-23].
These include roles in carcinogenesis [24-29], calcium homeostasis [30], fetal membrane
signaling [31], fibrosis, wound healing and angiogenesis [32-38], myogenesis [39],
myocardial homeostasis [40,41], osteoarthritis [42], renal diseases [43,44], growth factor
bioactivity and signaling [45-48], and immune disorders [22,49]. Recent work has focused
on the role of decorin in tumorigenesis and angiogenesis through its ability to bind with high
affinity to various cell surface signaling receptors. We have characterized decorin as a pan-
receptor tyrosine kinase (RTK) antagonist acting as a guardian from the matrix [50] in
analogy to the tumor suppressor, p53. This definition is based on several key observations
deriving from the complex binding repertoire of decorin [51]. The innovative discovery that
decorin impedes tumor cell growth by binding with high affinity (Kp~75 nM) and down-
regulating the epidermal growth factor receptor (EGFR), with induction of p21 WAF1
coincident with cell cycle arrest [52,53] broke new ground to a series of studies on the
decorin interactome and its intracellular signaling effects. We found that soluble decorin
binds directly and with high affinity (Kp~2 nM) to Met, the receptor for hepatocyte growth
factor (HGF) [54]. This interaction induces transient receptor activation followed by
lysosomal degradation of Met and ultimately downregulation of the potent oncogenes, -
catenin and Myc. Biologically, activation of this signaling pathway leads to a reduction in
primary tumor growth and metastatic spreading [55]. Both EGFR and Met activate the
MAPK and PI3K/Akt pathways thereby controlling cell growth and survival. Moreover,
transcriptional down-regulation of Myc and its targets involved in the pathogenesis of
multiple cancers, contributes to the oncostatic effects of decorin. Decorin also antagonizes
the angiogenic network by suppressing HIF-1a,, VEGFA and evokes secretion of the anti-
angiogenic factors Thrombospondin 1 and TIMP3 [56]. Recently, it was found that HIF-1a.
suppresses Thrombospondin 2 [57]. As decorin also decreases HIF-1a,, it is possible that
decorin may also regulate the levels of Thrombospondin 2. Moreover, the anti-oncogenic
properties of decorin have been confirmed in various preclinical [58-60] and genetic studies
utilizing Dcn-/- mice whereupon lack of decorin is permissive for tumorigenesis
[26,27,61,62]. Notably, systemic or adenovirus-mediated delivery of decorin in animals
bearing various types of solid malignant xenografts markedly suppresses tumor growth and
metastasis [21,58-60,63-65]. Collectively, these studies point toward an intrinsic decorin
“promiscuity” for various RTKs. This will allow decorin to target both transformed and
genetically-stable cells such as endothelial cells, thereby providing an advantage as a soluble
tumor repressor. Ultimately, these properties will make decorin and decorin-like molecules
novel therapeutic agents against both cancer growth and tumor angiogenesis. In this review,
we will illustrate the “intracellular remodeling”, i.e., the profound downstream effects
mediated by this versatile proteoglycan as a result from binding multiple RTKSs in the tumor
microenvironment. We will dissect its critical activity in inducing and regulating two new
sophisticated processes involving the degradation of cellular components: autophagy and
mitophagy.
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The role of decorin in autophagy

The ability of decorin to affect the trafficking of several receptor tyrosine kinases by
triggering receptor internalization, degradation, and downstream signaling is just the tip of
the iceberg concerning decorin biology. Recently, we have discovered that soluble decorin
induces autophagy in endothelial cells [66] and mitophagy in breast carcinoma cells [67].
More than 40 years ago, Christian de Duve, discovered that, upon glucagon perfusion of rat
liver, mitochondria and other intracellular structures undergo lysosomal degradation.
Consequently he coined the term autophagy, Greek for “se/f-eating”’. Few knew the
profound importance of this homeostatic mechanism, a self-degradative process by which
damaged organelles, misfolded, or aggregated protein, and other cytoplasmic components
are degraded and recycled through the lysosomal pathway [68]. Basal levels of autophagy
are now known to be necessary for normal cell functions, signaling, and proliferation. The
role of autophagy in cancer is controversial, and it can be either beneficial for tumor
progression or it can actually suppress metastatic spreading [69]. Studies have suggested that
autophagy may prevent cancer initiation by protecting healthy cells from accumulating
damaged organelles and metabolic products [70].

We serendipitously discovered that nanomolar concentrations of soluble decorin induced the
formation of bubble-like structures in endothelial cells structurally reminiscent of
autophagosomes. These structures, observed by differential interference contrast (DIC)
microscopy, were strongly immunoreactive for Beclin 1 and LC3, two key components of
the autophagic machinery [71]. Thus, decorin became the first soluble proteoglycan known
to influence a catabolic intracellular process in normal endothelium. Recently, decorin has
been shown to inhibit migration of glioma cells by activating autophagy and inhibiting
TGFp signaling [72]. Moreover, decorin overexpression evokes autophagy and protects
intestinal cells in mice with inflammatory bowel disease [73]. These independent reports
suggest that decorin might evoke autophagic flux not only in endothelial cells but also in
epithelial and glioma cells.

The autophagic process arises from the interaction of decorin with VEGFR2, and subsequent
activation of AMPKa at Thr172 (Fig. 1A), an energy sensor kinase involved in cancer
inhibition [74]. This, in turn, stimulates the synthesis of Peg3 (Paternally expressed gene 3),
a gene previously found to be upregulated exclusively in the microenvironment of orthotopic
tumor xenografts systemically treated with decorin [66]. Peg3 encodes a Krupple-like zinc
finger-containing transcription factor, of the CoH, variety. Initially identified as a tumor
suppressor gene, Peg3 is now a key player involved in the regulation of endothelial cell
autophagy upon decorin exposure [66,75]. The functional connection between Peg3 and
decorin is based on the fact that both genes converge on inhibiting the Wnt/p-catenin
pathway in a non-canonical fashion [76], Moreover, Peg3 expression is silenced in multiple
solid tumors due to promoter methylation and/or loss of heterozygosity [77,78],
strengthening its role as an onco-suppressor. We found that in microvascular and
macrovascular endothelial cells, Peg3 physically bound Beclin 1 and localized to LC3-
positive autophagosomes (Fig. 1A). This was confirmed by a series of confocal scanning
laser microscopy experiments that illustrated the co-localization of Peg3 with Beclin 1 and
LC3 in the bubble-like structures upon decorin stimulation [66]. This interaction was
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followed up and biochemically validated with co-immunoprecipitation studies. Furthermore,
we discovered that Peg3 is required for decorin-evoked autophagy and for the transcriptional
induction of the two major autophagic markers, Beclin 1 and LC3 [75,79]. The decorin/Peg3
axis may also regulate mitochondrial mass and genes involved in mitochondrial homeostasis
in endothelial cells [80]. Peg3 has been shown to directly bind the promoters of Naufs7,
Ndufs8, and Sahb [81,82], therefore decorin may compromise endothelial cell mitochondrial
dynamics in a manner similar to tumor cell mitophagy (see below).

Mechanistically, Peg3 functions downstream of VEGFR2, as knocking down this receptor
tyrosine kinase, completely abolishes the autophagic machinery in response to decorin [75].
Decorin binds to the VEGFR2 ectodomain and triggers the pro-autophagic AMPKa/Vps34
signaling pathway [83,84] (Fig. 1A). In addition, the decorin/VVEGFR2 interaction reduces
the anti-autophagic BCL-2/Beclin 1 protein complex [85]. Decorin is able of concurrently
suppressing VEGFA levels through binding to VEGFR2 and blocking the mTOR pathway in
a canonical fashion similar to rapamycin. Moreover, by promoting the activation of AMPK,
decorin further induces autophagy. Ultimately, the decorin/VEGFR2/Peg3 signaling cascade
leads to induction of the pro-autophagic genes BECNI and MAP1L C3A (gene encoding
LC3). These activities are specifically dependent on Peg3 and VEGFR2 since this signaling
can be blocked by siRNA directed against Peg3 or VEGFR2, respectively [66,85].
Therefore, the ultimate effect of decorin is inhibition of angiogenesis through enhanced
autophagy within the endothelial compartment. The formation of autophagosomes leads,
eventually, to the degradation of the organelles, proteins, and other cellular components that
they are carrying through lysosomal fusion and subsequent formation of
autophagolysosomes [86]. One of the key components involved in the autophagic flux and
lysosomal machinery is TFEB (Transcription Factor EB). TFEB specifically recognizes and
binds the CLEAR-box sequences present in the regulatory region of many lysosomal genes,
leading to the activation of their expression [87]. It thereby acts as a positive regulator of the
autophagic process [88-90]. Intriguingly, TFEB is normally inactive, is directly
phosphorylated by mTOR and sequestered via 14-3-3 scaffolding proteins. However,
following an autophagic signal (such as decorin), TFEB is dephosphorylated by the protein
phosphatase, calcineurin, and translocates to the nucleus where it initiates lysosomal gene
transcription [87] (Fig. 1A). In the presence of decorin, mTOR is inactivated and TFEB
expression and nuclear translocation is induced. We found that Peg3 is necessary for driving
TFEB induction [91]. Indeed, Peg3 depletion is sufficient to inhibit decorin-mediated TFEB
expression at both transcriptional and protein levels. Moreover, increasing concentrations of
Peg3 are able to boost TFEB expression. Therefore, Peg3 functions as an upstream regulator
of decorin-induced TFEB expression. Furthermore, blocking VEGFR2/AMPKa signaling
with Compound C (Dorsomophin) abolishes decorin-mediated TFEB induction, thereby
placing TFEB under the control of the decorin/VVEGFR2/Peg3 autophagic axis [91]. This
was the first study that linked decorin, a stroma derived secreted proteoglycan, to lysosomal
homeostasis: a crucial step towards terminal autophagic progression. TFEB possesses a
compelling role in the formation of autophagosomes upon decorin stimulation of endothelial
cells. The induction of dually positive Beclin 1/LC3 autophagosomes by decorin, is indeed
abolished when TFEB expression is silenced (Fig. 1B), further underscoring the key role of
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TFEB in the induction of crucial autophagic genes and in the structural formation of
autophagosomes.

As the anti-tumorigenic “guardian of the matrix’, decorin executes its role in two ways: by
triggering growth inhibition and angiostasis via direct and high-affinity binding to multiple
RTKSs, governed by a hierarchy of binding constants, and indirectly and non-canonically
stimulating endothelial autophagy under nutrient-rich conditions. This is important as
nutrient status is a critical regulator of autophagic activity, and aberrations in both autophagy
and metabolism are implicated in many cardiac disorders. Notably, decorin mRNA and
protein levels are induced by fasting in mouse cardiac tissue through inhibition of the
canonical mTOR pathway [92,93]. This posits decorin as the first proteoglycan whose
expression is mediated by an autophagic stimulus. We note that both Peg3 and p21"A#Z two
genes that are induced by decorin, are also induced by fasting [94]. Thus, a secreted
proteoglycan can remodel the intracellular machineries linked to self-eating, Peg3 and
ATF4, and cell cycle control, p21 WAFI (see below). Furthermore, Dcn—/-mice have
impaired cardiac autophagy when compared to wild-type animals [92]. Indeed, MAPILC3A
mMRNA failed to increase in Dcn—/-mice undergoing a 25-h fast, whereas a 3.5-fold
induction of MAPILC3A was noticed in fasted wild-type animals belonging to the same
genetic strain. Moreover, in GFP-LC3 mice, following fasting, a significant increase in
decorin immunostaining as well as GFP-LC3 puncta was observed compared to fed animals.
However, compound GFP-LC3; Dcn—/-animals did not show an increase in the number of
GFP-LC3 puncta in starved animals compared to the fed cohort.

A number of important genes are upregulated in the heart of wild type animals under poor-
nutrient conditions. Among them, Cdknla, which encodes for the cyclin dependent kinase
inhibitor p21 "A#1 s significantly increased in wild-type starved hearts but not in the Dcn—/
—animals, indicating that decorin is necessary for in vivo p21 "Alinduction upon fasting.
Interestingly, the response to nutrient deprivation is not uniform across SLRP family
members. Biglycan is the closest family member to decorin and share similar molecular
architectures (~67% homology). However, upon fasting, Bgn mRNA is not induced,
suggesting that this particular response to nutrient restriction is unique to decorin [92].

Decorin evokes tumor cell mitophagy

As a key constituent of the multi-faceted manner for abrogating tumorigenesis and
attenuating angiogenesis (that is, an overall effect of differentially modulating pro- and anti-
angiogenic cues concurrent with the sustained and excessive induction of endothelial cell
autophagy), decorin directly influences catabolic programs and organelle turnover within the
tumor proper itself. Therefore, extrapolating this concept to the tumor parenchyma, we
found prolonged respiratory complex turnover (up to 24 h) and mitochondrial DNA
(mtDNA) depletion, key properties of mitochondrial autophagy (mitophagy) [67].
Engagement of this fundamental pathway may functionally and biologically unify canonical
oncosuppresive effects of decorin (e.g. suppression of potent oncogenes such as Myc, -
catenin and concomitant induction of p21 "A#%) with the paradigmatic discovery of matrix-
mediated autophagy for impeding tumorigenesis and angiogenesis.
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In a mechanism that parallels pro-autophagic VEGFR2 signaling, decorin requires the
presence and kinase activity of Met for proper mitophagy and respiratory chain turnover in
triple negative and luminal breast carcinoma cells [67] (Fig. 2A). Conceptually, both forms
of autophagic activation require cell surface receptors (VEGFR2 or Met) and the inherent
kinase activity of the appropriate receptor. Again, this is considered non-canonical
autophagic (mitophagic) induction insofar as this form of catabolism occurs irrespective of
nutrient conditions. Indeed, the autophagic programs evoked by soluble decorin are
operative in nutrient-rich conditions.

is required for decorin-evoked mitophagy

A central factor for decorin-evoked mitophagy is a poorly understood tumor suppressor gene
referred to as mitostatin or trichoplein (7CHP), located on chromosome 12g24.1). Originally
known as Ts12q, for tumor suppressor at 12q, the resulting ORF product of 7CHP has since
been eponymously renamed as mitostatin, for mitochondrial protein with oncostatic activity
[95]. Mitostatin was identified as a decorin-inducible gene via differential hybridization of
cDNA libraries (subtractive hybridization) with probes that were obtained from
logarithmically growing (mock-transferred) or from cells transfected with decorin (growth-
suppressed) [95]. Mitostatin is ubiquitously expressed in many normal tissues and is
evolutionarily conserved among several species. Importantly, mitostatin is frequently lost
and/or mutated at highly conserved residues throughout its coding region in bladder and
breast carcinomas [95,96], suggesting it might function as a tumor suppressor gene.

Mitostatin staining reveals a punctate and primarily mitochondrial localization [96] and is
significantly enriched at specialized membrane: membrane juxtapositions of endoplasmic
reticulum and mitochondria, where mitostatin directly interacts with mitofusion-2 [97].
Over-expression of mitostatin results in ultrastructural changes in mitochondrial architecture
such as loss of the mitochondrial matrix, abnormal cristae, and a swollen, stouter appearance
when viewed under electron microscopy [95]. Intriguingly, phosphorylation of Hsp27 at
Ser82 was significantly diminished by mitostatin while total Hsp27 levels inversely
correlated with the levels of mitostatin expression [95].

In the initial stages of mitophagy and downstream of Met signaling, PGC-1a,, a master
regulator of mitochondrial biogenesis [98], is mobilized and binds 7TCHP mRNA directly for
rapid stabilization coincident with accumulating amounts of mitostatin [67] (Fig. 2A).
Functionally, the interaction between PGC-1a protein and 7CHP mRNA occurs via the C-
terminal RNA recognition motif [67]. Truncating this domain or silencing protein arginine
methyltransferase 1, for proper protein arginine methylation, significantly abrogates 7CHP
MRNA stabilization [67]. Elucidating the determinants of this pathway revealed a unique
and unlikely molecular cooperation between a mitophagic effector (mitostatin) and a known
oncogene (PGC-1a). Indeed, PGC-1a mediates B-Raf-mediated oxidative metabolism [99]
for a subset of aggressive melanomas characterized by heightened mitochondrial capacity
for augmented resistance to various oxidative stressors [100].

The underlying properties of decorin-evoked mitophagy require the presence of and yet-to-
be-discovered function of mitostatin [67] (Fig. 2A). Preliminary data have suggested that
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RNAi-mediated depletion of mitostatin precludes the turnover of various respiratory chain
components, decreased TFAM and mtDNA content, VDACL1 clearance, and ultimately the
collapse and fragmentation of the mitochondrial network [67] (Fig. 2B-D), all known
markers of mitophagy [101]. The latter findings of mitochondrial network fragmentation are
consistent with the results of simply over-expressing mitostatin, and may represent a critical
initial step for mitophagic clearance following mitochondrial depolarization (Fig. 2A, see
below). This further reinforces that mitostatin is a downstream effector of decorin-evoked
mitochondrial fragmentation and turnover. Importantly, as measured by incorporation of
Su9-GFP, a well-established mitochondrial matrix protein, laser confocal microscopy and
conventional immunoblotting techniques reveal a decrease in the total amounts of Su9-GFP,
suggesting clearance via the autophagosome-lysosome system.

Preceding the collapse and subsequent aggregation of the tubular mitochondrial network,
decorin triggers mitochondrial depolarization [67], with a magnitude comparable to that of
an established depolarization agent (the protonophore, FCCP). This loss of mitochondrial
membrane potential across the outer and inner mitochondrial membrane (OMM/IMM) is an
early harbinger of mitochondrial dysfunction and an effective signal for Parkin-mediated
turnover [102,103]. We note that decorin has been shown to regulate intracellular Ca2* levels
in squamous cell carcinomas [30,104]. Thus, the appearance of depolarized mitochondria
may represent the terminal product of increased cytosolic Ca*2 levels that occur downstream
of decorin/EGFR. As mitostatin is a mitochondrial-associated membrane component and
interacts with MFN-2, it may permit an efflux of stored Ca*2 from the ER directly into the
mitochondria as the initial, triggering event for decorin-evoked mitophagy.

Depolarized (e.g. damaged) mitochondria trigger the recruitment of cytosolic Parkin, an
RBR-domain containing E3-ubiquiting ligase, to the OMM where PINK1 is stabilized due to
loss of membrane potential. Binding its OMM receptors (Bnip3/Nix, FUNDCL1, and
NDP52), Parkin utilizes phospho-ubiquitin to ubiquitinate several OMM components, such
as MFN2. Recognition by several ubiquitin binding autophagy receptors (p62/SQSTM1,
optineurin, or NBR1), the organelle is engulfed by LC3-positive autophagosomes. Parkin is
strictly required for proper mitochondrial homeostasis, as recessive mutations in Parkin are
responsible for the familial form of the devastating neurodegenerative disease, Parkinson’s
[102,105,106].

It is plausible that decorin may promote the mobilization and recruitment of Parkin to the
outer mitochondrial membrane for mitochondrial turnover in a mitostatin-dependent manner
(Fig. 2A). Moreover, mitostatin, harboring five coiled-coil domains (as predicted by
bioinformatics analyses) may mediate recruitment and/or binding of Parkin to cognate
receptors on the mitochondrial surface. This appears plausible as decorin triggers loss of
membrane potential, a central requirement for PINK1 stabilization, Parkin recruitment, and
organelle turnover. Mitostatin may therefore indirectly stimulate inherent PINK1 activity
(following stabilization and dimerization) for proper targeting, ubiquitin activation
[107,108], and/or Parkin-mediated ubiquitination of mitochondrial proteins [109-111]. This
axis is key for recycling respiratory chain complexes [112,113].

Matrix Biol. Author manuscript; available in PMC 2020 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buraschi et al.

Page 8

Collectively, the above findings culminate in a transduction pathway that conveys biological
information via Met for mitophagic induction, in a mitostatin-dependent manner, within the
tumor parenchyma of breast and prostate carcinomas [65,114]. This catabolic process,
coupled with the discovery of endothelial cell autophagy, may form a molecular nexus for
integrating the various outputs of decorin-mediated RTK regulation. This concept can be
extended insofar as decorin suppression of Myc and HIF-1a may reverse the
chemotherapeutic resistance of triple negative breast cancers via decreased mitochondrial
OXPHOS [115]. Therefore, this newly-found activity may lie at the crossroads of controlling
tumorigenic growth and unchecked tumor vascularization.

Conclusion

Soluble proteoglycans are rapidly evolving within the realm of matrix biology (and related
fields) as pivotal components for understanding fundamental, homeostatic cellular processes
and as novel targets for discerning complex pathological conditions [116] when these
pathways malfunction. As such, the goal of fully realizing the diverse intricacies and
nuances of “adynamic reciprocity” between the cell and matrix components has been
extensively facilitated by an exhaustive proteomics approach, organized into an invaluable
public resource encompassing various normal and disease states, that is constantly being
updated [5,6].

However, before the inception of such a robust database, the seminal discoveries involving
decorin revealed encrypted signaling information intrinsic to members of soluble
proteoglycans that could only be decoded by interactions with a cell-surface RTK. Since this
groundbreaking finding, similar mechanisms of action have been proposed as the underlying
molecular explanation for a variety of biological processes [1] across diverse tissues,
microenvironments, and matrix components. This concept is further reinforced by the ever-
expanding decorin interactome [50,117] that encompasses a myriad of matrix-bound and
cell-localized binding partners that decode and curbs pro-tumorigenic and pro-angiogenic
signaling cues [118]. Despite these properties, however, it is not unique to proteoglycans to
function as a nexus of regulating cellular behavior, as large, modular heparan-sulfate
proteoglycans (such as perlecan) are intrinsically multivalent [119].

Concurrent with the “canonical” roles ascribed to decorin, evolutionarily conserved and
fundamental intracellular catabolic processes [51,120] are being engaged for the summary
degradation of bulk cytosolic contents or the targeted turnover of critical organelles. This
perspective resulted in a paradigm shift where soluble matrix components, via cell surface
signaling receptors, are capable of overriding the ancient constraints of catabolic metabolism
and activating degradative pathways, even when nutrients are in abundance. The ultimate
result of this activity is protracted and excessive autophagic and mitophagic outcomes that
impair cellular function to curb tumorigenesis and angiogenesis. Collectively, the
multifaceted bioactivity of decorin [121] manifests as a long-lasting oncosuppression
[55,122] that is efficacious and clinically relevant in a variety of solid tumor models.
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outer mitochondrial matrix
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. Decorin induces autophagy via VEGFR2/AMPKa activation and

. Peg3 is required for upstream TFEB expression and proper autophagic
induction
. Decorin causes mitochondrial depolarization and mitophagy via mitostatin
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Highlights
. Regulating intracellular catabolism is an emerging theme among secreted
matrix constituents
. Soluble decorin evokes endothelial cell autophagy and tumor cell mitophagy

independent of nutrient deprivation

simultaneous mMTOR inhibition

and parkin downstream of Met
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Fig. 1.
Schematic representation of decorin-evoked endothelial cell autophagy. (A) Mechanistic

depiction of decorin-evoked endothelial cell autophagy downstream of VEGFR2. (B)
Differential interference contrast (DIC) images of HUVEC treated for 6 hours of decorin
(200 nM) upon silencing of TFEB, utilizing a specific siRNA, and probed for Beclin 1
(green) and LC3 (red). Arrows, in the top right panel, indicate the dually positive Beclin

1/L C3 autophagosomes as evoked by decorin in scramble transfected cells. Nuclei have been
stained with DAPI (blue). All images were taken with the same exposure, gain, and intensity.
Scale bar ~ 10 pm.
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Fig. 2.
Schematic representation of decorin-evoked tumor cell mitophagy. (A) Mechanistic

depiction of decorin-evoked tumor cell mitophagy downstream of Met. (B-D) Gallery of
fluorescence images of FACS sorted MDA-MB-231 cells stably expressing the Su9-GFP
transgene for mitochondrial network visualization. Cells were then super-transfected with
RNAI against mitostatin to ascertain the effect on the mitochondrial network as shown for
the siScramble transfectants (B), treatment with 200 nM decorin (C), or decorin following
the depletion of mitostatin (D). All images were taken with the same exposure, gain, and
intensity. Scale bar ~10 um.
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