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Abstract

Miiller glial cells (MGCs), the main glial component of the retina, play an active role in retinal homeostasis during development and
pathological processes. They strongly monitor retinal environment and, in response to retinal imbalance, activate neuroprotective
mechanisms mainly characterized by the increase of glial fibrillary acidic protein (GFAP). Under these circumstances, if homeo-
stasis is not reestablished, the retina can be severely injured and GFAP contributes to neuronal degeneration, as they occur in
several proliferative retinopathies such as diabetic retinopathy, sickle cell retinopathy and retinopathy of prematurity. In addition,
MGC:s have an active participation in inflammatory responses releasing proinflammatory mediators and metalloproteinases to the
extracellular space and vitreous cavity. MGCs are also involved in the retinal neovascularization and matrix extracellular remod-
eling during the proliferative stage of retinopathies. Interestingly, low-density lipoprotein receptor-related protein | (LRPI) and its
ligand op-macroglobulin (0;M) are highly expressed in MGCs and they have been established to participate in multiple cellular and
molecular activities with relevance in retinopathies. However, the exact mechanism of regulation of retinal LRP| in MGCs is still
unclear. Thus, the active participation of MGCs and LRPI in these diseases, strongly supports the potential interest of them for the
design of novel therapeutic approaches. In this review, we discuss the role of LRPI in the multiple MGCs activities involved in the
development and progression of proliferative retinopathies, identifying opportunities in the field that beg further research in this
topic area.

Summary Statement

MGCs and LRPI are active players in injured retinas, participating in key features such as gliosis and neurotoxicity, neovascu-
larization, inflammation, and glucose control homeostasis during the progression of ischemic diseases, such as proliferative
retinopathies.
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Miiller Glial Cells: The Key Players in the
Retina

Miiller glial cells (MGCs) play an active role in retinal
development and homeostasis through their ability to interact
with vessels, neurons and astrocytes (Sorrentino et al., 2016,
Subirada et al., 2018). Moreover, MGCs are involved in
the blood-retinal barrier (BRB) maintenance together with
endothelial cells (ECs) and pericytes, which protect against
harmful molecules or pathogens that affect the retina
(Loukovaara et al., 2015). Under subtle changes in the
retinal environment, MGCs activate intracellular mechanisms
addressed to produce neuroprotection mainly characterized by
cellular proliferation as well as the expression and synthesis of
glial fibrillary acidic protein (GFAP) and vimentin (Coorey
et al., 2012). This reactive process called gliosis is considered
an indicator of a bad prognosis if it persists over time as in
certain chronic pathologies, such as diabetic retinopathy
(DR) (Liu et al., 2016). In addition, MGCs have active partic-
ipation in inflammatory responses during retinal injuries
releasing proinflammatory mediators, including cytokines,
growth factors, and mediators and metalloproteinases (MMPs)
to the extracellular space and vitreous cavity (Coughlin et al.,
2017). In proliferative retinopathies, MGCs also release vascu-
lar endothelial growth factor (VEGF) and insulin-like growth
factor-1 (IGF-1) involved in the formation of retinal neovascu-
larization and extracellular matrix remodeling during prolifera-
tive stages (Coughlin et al., 2017; Lorenc et al., 2015; Lorenc
et al., 2017). In the last years, it has been demonstrated that the
low-density lipoprotein receptor-related protein 1 (LRP1) and
its ligand or-macroglobulin (a,M) are associated with
enhanced activity of MMP-2 and MMP-9 in retinas with
ischemia-induced neovascularization, where LRP1 is highly
expressed in MGCs (Sanchez et al., 2006). Furthermore,
LRP1 has been abundantly detected in retinas of individuals
with proliferative retinopathies (Sdnchez et al., 2007,
Barcelona et al., 2010; Hollborn et al., 2004). Thus, the
active participation of MGCs and LRPI in neovascular
retinal diseases strongly supports the potential interest of
them as therapeutical targets in these dysfunctions. In this
review, we discuss the role of LRP1 in the multiple MGCs
activities, with particular focus on gliosis and neurotoxicity,
neovascularization, inflammation, and glucose homeostasis
involved in the development and progression of proliferative
retinopathies.

LRPI in MGCs: Structure and Functions

LRP1, also termed a,M-receptor or CDI1, is a type I trans-
membrane protein belonging to the low-density lipoprotein
receptor (LDL-R) family (Herz and Strickland, 2001). This
receptor is expressed in various types of cells such as
MGC:s, neurons, epithelial cells, fibroblasts, monocytes, mac-
rophages, hepatocytes, adipocytes, vascular smooth muscle
cells (VSMCs), and tumor cells (Actis Dato and Chiabrando,

2018). LRP1 is synthesized as a precursor glycoprotein of
600 kDa, and processed by furin in the middle Golgi network
to produce two subunits: (i) the extracellular o-subunit of
515kDa, containing four extracellular ligand-binding
domains and (ii) the transmembrane and intracellular
B-subunit of 85kDa that possesses the YxxL, di-Leucine
(LL), and NPxY motifs that are essential for endocytosis and
intracellular signaling activation of LRP1 (Boucher and Herz,
2011). LRP1 recognizes more than 40 unrelated ligands,
including the o,M-protease complex (a,M*), tissue-
plasminogen activator (tPA), MMPs, lactoferrin, and aggre-
gated LDL (Actis Dato and Chiabrando, 2018). These ligands
are internalized by clathrin-mediated endocytosis and then
degraded by the lysosome pathway, whereas LRP1 is recycled
to the plasma membrane by different intracellular traffic routes
(Jaldin-Fincati et al., 2019, Actis Dato et al., 2018). In addition,
LRP1 regulates the cellular functions and activities of other
receptors and membrane proteins such as platelet-derived
growth factor receptor (PDGFR) (Zhou et al., 2009), urokinase-
plasminogen activator receptor (UPAR) (Sahores et al., 2008),
membrane type 1-MMP (MTI-MMP) (Barcelona et al,
2013), Pl-integrin (Rabiej et al., 2016, Ferrer et al., 2017),
insulin receptor (Actis Dato et al., 2018, Liu et al., 2015),
insulin-like growth factor receptor-1 (Fernandez et al., 2017,
Hernandez-Garzon et al., 2016; Actis Dato et al., 2021) and
glucose transporter type 4 (GLUT4) (Jaldin-Fincati et al.,
2017). This ability of LRPI to control membrane processes
as well as intra and extracellular mechanisms seems critical
for the cellular and metabolic function of MGCs. It has been
demonstrated that a,M* induces the endocytosis and endocytic
recycling of LRP1 through regulated exocytosis promoting the
increase of this receptor at the MGCs plasma membrane
(Jaldin-Fincati et al., 2019). In these cells, the a,M*-LRP1
interaction also triggers dynamic intracellular trafficking of
protein membranes and vesicles tracked by MAPK-ERK1/2
and PI3K/Akt signaling activation. By endocytosis, both
ligand and receptor are rapidly accumulated in early endo-
somes, from which o,M* follows a degradative lysosomal
route, whereas the receptor is transported to LRP1-storage ves-
icles (LSVs) together with other membrane proteins including
sortilin and VAMP-2 (Actis Dato et al., 2018). From LSVs,
LRP1 is trafficked to the plasma membrane by the activation
of the small GTPase Rab8A and Rabl0. Apparently, the
traffic of LRP1 induced by a,M* is essential for the MGCs
motility, since the protein silencing of Rab8A and Rabl0 is
enough for the full inhibition of a,M*-induced cell migration
(Jaldin-Fincati et al., 2019). In addition, the a,M*-LLRP1 endo-
cytosis also promotes the intracellular traffic and function of
MT1-MMP in MGCs, which is critical for the extracellular
remodeling mediated by MMP-2 activation and cell migration
(Barcelona et al., 2013). In this case, MT1-MMP is translocated
to the plasma membrane by Rabl1 activation from recycling
endosomes. Thus, these mechanisms highlight the central role
of LRPI1 in MGCs during the progression of extracellular
remodeling that occur in proliferative retinopathies.
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LRPI and MGCs in Gliosis and
Neurotoxicity

The first response of MGCs to an external detrimental stimu-
lus is reactive gliosis, which is mainly characterized by the
upregulation of GFAP (Lewis and Fisher, 2003). Under
normal conditions, GFAP is very low expressed or undetect-
able in MGCs, but its expression is highly increased in several
neurodegenerative retinal diseases, including DR and
glaucoma (Shi et al., 2008, Mizutani et al., 1998). GFAP
belongs to a heterogeneous group of proteins termed interme-
diate filaments that form 10 nm-diameter filaments and are
highly stable cytoskeletal components in various types of
cells such as astrocytes in central nervous system and
MGCs in retina (Middeldorp and Hol, 2011). Through in
vitro studies in MIO-M1 cells, a human immortalized
Miiller glial-derived cell line, it has been demonstrated that
LRP1 mediates an increase in GFAP expression induced by
o,M*, involving the JAK/signal transducer and activator of
transcription (STAT) signaling pathway, in particular
STATS3 activation (Barcelona et al., 2011). In the same way,
retinas of mice intravitreally injected with a,M*, at a
similar concentration to those reported in the vitreous of dia-
betic patients, have shown increased levels of STAT3 phos-
phorylation in ganglion-cell layer (GCL) and inner nuclear
layer (INL) suggesting that the positive cells for p-STAT3
in the INL are in fact MGCs. Therefore, these findings
suggest that the a,M*-LRP1 interaction may be responsible
for the enhanced GFAP expression observed in MGCs of
injured retinas.

It is well established that chronic hyperglycemia induces
dysfunction and reduced thickness of retinal layers with sub-
stantial loss of glia—neuron interactions (Nawaz et al., 2019).
Under this pathological condition, MGCs also promote a con-
siderable gliotic response (Picconi et al., 2019). In this
complex scenario, MGCs take special relevance due to their
latent potential as stem cell, positioning them as an excellent
target for regenerative therapies (Couturier et al., 2021).
Under in vitro appropriate circumstances, MGCs can
improve the ability to migrate in vivo toward retinal injured
sites (Zhao et al., 2014, Lawrence et al., 2007). In this way,
the motility of MGCs could be induced by several factors,
including a,M*, IGF-1 and sphingosine-1-phosphate (S1P)
(Lorenc et al., 2015, Barcelona et al., 2013, Simén et al.,
2015). Although it is not known if LRP1 is mediating the
migratory action of IGF-1 and S1P, it has been shown that
o,M* stimulates the MGCs migration, promoting cell motility
and extracellular remodeling by MT1-MMP and pro-MMP2
activation (Jaldin-Fincati et al., 2019, Barcelona et al., 2013).

Persistent gliosis can impair the recycling of neurotrans-
mitters such as glutamate. A major function of MGCs is the
involvement in the glutamate/glutamine cycle to control and
protect the neural retina from excitotoxicity (Lieth et al.,
2001). In this cycle, glutamate, from neurons is converted
to glutamine by the enzyme glutamine synthetase (GS) in

MGCs, and returned subsequently to neurons (Shank and
Aprison, 1981). Under pathological conditions such as prolif-
erative retinopathies, the MGCs dysfunction can lead to an
abnormal accumulation of glutamate by a significant lower
expression of GS (Cheng et al., 2019, Ridano et al., 2017).
In addition, increased levels of a,M acts as an exacerbating
factor in neurodegeneration by glutamate-induced excitotoxic-
ity (Hayashi et al., 2012). On the other hand, an increased
expression and secretion of apolipoprotein (apo) E-containing
lipoproteins (E-LPs) in MGCs has been reported as neuronal
support and protection in response to injury (Mahley, 2016).
Recently, it has been demonstrated that E-LPs reduced the
oM expression and secretion in cultures of MGCs (Hayashi
et al.,, 2021). In addition, the pretreatment with receptor-
associated protein (RAP), a protein that inhibits the binding
of E-LPs to LRP1, as well as with LRP1 silencing techniques
significantly prevented the a,M reduction, indicating that this
process was mediated by LRPI1. Finally, E-LPs increased the
phosphorylation level of STAT3 in MGCs, which was signifi-
cantly attenuated by a STAT3 inhibitor, highlighting the impor-
tance of LRP1/STATS3 signaling pathway, which might play an
important role in neuron survival in the retina. The apparently
contradictory observations suggest that STAT3 may have
opposite functions in early or advanced stages of proliferative
retinopathies, initially promoting survival conditions but induc-
ing gliosis and neurotoxicity at later stages of the disease.

LRPI and MGCs in Neovascularization

At the retinal level, it has been demonstrated that LRP1 plays
a central role in the development and progression of ischemic
neovascular diseases (Barcelona et al., 2010, Mao et al., 2016,
Mao et al., 2017). However, the function of LRP1 seems to be
selective, acting as a proangiogenic or antiangiogenic factor,
depending on the cell type where this receptor is expressed
(Sanchez et al., 2006, Barcelona et al., 2013, Mao et al.,
2016). In this way, it has been demonstrated that LRP1 regu-
lates poly(ADP-ribose) polymerase-1 (PARP-1), promoting
an increased activation of retinoblastoma protein (Rb) and
cyclin-dependent kinase-2 (CDK2), which negatively regu-
lates EC proliferation and neovascularization in the hypoxic
retina (Mao et al., 2016). High levels of LRP1 have been
detected in neural retinas of diabetic and sickle cell patients,
suggesting that this receptor is involved in ischemic neovas-
cular diseases (Barcelona et al., 2010). In this way, by immu-
nohistochemistry analysis it has been shown that LRP1 is
highly expressed in MGCs and astrocytes in a rat model of
oxygen-induced retinal neovascularization (Sdnchez et al.,
2006). In addition, by zymographic analysis increased activity
of MMP-2 and MMP-9 in hypoxic neural retinas was also
observed, suggesting that LRP1 in MGC:s is able to modulate
retinal neovascularization by regulating extracellular proteo-
lytic activities. As stated above, the LRP1-a,M* interaction
induces MT1-MMP endocytic recycling to the plasma mem-
brane and cell surface activity in MGCs, which is critical
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for the activation of pro-MMP-2 to the active MMP-2 in the
extracellular milieu (Barcelona et al., 2013). Interestingly, vit-
reous samples of patients with proliferative DR exhibited
increased oM concentration together with enhanced levels
of pro-MMP-2, pro-MMP-9 and active MMPs (Sanchez
et al., 2007). It is well known that under hypoxic conditions
the hypoxia-induced factor-1 (HIF-1), the master regulator
of the expression of hypoxia-regulated angiogenic stimula-
tors, is upregulated in the retina (Cheng et al., 2017). In this
regard, it has been established that HIF-1 modulates the gene
expression of VEGF and angiopoietin-like 4 (ANGPTL-4) in
hypoxic MGCs in vitro and in the ischemic inner retina in
vivo (Xin et al., 2013). An additional study has reported that
LRP1 through a negative regulation of the Wnt/p-catenin
pathway can regulate the expression of angiogenic and
proinflammatory factors, including HIF-1, VEGF and
ICAM-I in diabetic retinas and promotes multitarget effects
in the regulation of retinal vascular abnormalities, such as
ECM remodeling and BRB integrity (Hossain et al., 2017).
Collectively, these data suggest that LRP1 in MGCs plays a
key role in the control and regulation of neovascularization,
hallmark of several ischemic retinal diseases such as DR and
Retinopathy of Prematurity.

LRPI and MGCGCs in Inflammation

It has been demonstrated that inflammation is a process that
contributes to the development and progression of DR
(Kern, 2007). In this way, several proinflammatory cytokines
and growth factors are highly detected in vitreous and
aqueous humor from diabetic patients with DR, which
include IL-14, IL-6, MCP-1, MCP-2, TNF-a, ICAM-1, and
IGF-1 (Riibsam et al., 2018). In the retina, MGCs are the
source of several of these inflammatory modulators during
the progression of proliferative retinopathies (Yoshida et al.,
2004). Moreover, under high-glucose conditions, MGCs are
also activated and acquire the capacity to initiate inflammation
(Silva et al., 2013). However, the cellular and signaling mech-
anism involved in initiating of this response remains less
clear. Different family members of toll-like receptors
(TLRs), such as TLR2, TLR3, TLR4 and TLRS5, are highly
expressed by MGCs, which suggests that these cells may be
involved in innate and adaptative immune responses via
TLR activation in the eye (Lin et al., 2013). In this regard,
it has been demonstrated that lipopolysaccharide (LPS) and
PAM3, two agonists of TLR2 and TLR4, induced the gene
expression and release of IL-6 and the chemokine MIP-2/
CXCL2 in murine MGCs.

Several studies have demonstrated that LRP1 is involved
in atherogenic plaque formation in the subendothelial arterial
spaces, mainly in carotid and coronary arteries (Boucher and
Herz, 2011, Xian et al., 2017). In macrophages, LRP1 is
highly expressed and it regulates cell proliferation and migra-
tion (Caceres et al., 2010, Bonacci et al., 2007) as well as
foam cell formation through the binding and internalization

of aggregated LDL (Bornachea et al., 2020). However, in
vivo and in vitro models have shown that LRP1 helps to sup-
press the TLR-induced inflammation in macrophages based
on the fact that macrophage-specific Lrpl gene deletion
induced the production of proinflammatory factors such as
TNF-a, IL-6, and CCL2 (Mantuano et al., 2016). This sup-
pressive action exerted by LRP1 involves crosstalk induced
by LPS-activated TLR, mainly TLR-2 and TLR-4, which pro-
motes the P-subunit phosphorylation of LRP1, subsequent
recruitment of Rab8a/PI;K complex, activation of Akt/
mTOR signaling and release of anti-inflammatory cytokines
(Luo et al., 2018). In addition, it has been demonstrated that
this inflammatory suppressive crosstalk between LRP1 and
TLRs can be potentiated by certain ligands of LRPI1, such
as apM and tPA (Mantuano et al., 2016). By contrast,
another group of LRP1 ligands, including RAP and lactofer-
rin, abrogated the LPS-induced LRP1-TLR crosstalk and
induced an inflammatory response. For this reason, LRP1
ligands that induce anti-inflammatory response are termed ago-
nists, whereas those ligands that promote pro-inflammatory
profiles are considered antagonists. In this way, RAP and lac-
toferrin induce nuclear-factor k B (NFxB) activation, which
downstream activates the gene expressions of TNFa and IL6,
among other proinflammatory factors (Mantuano et al.,
2016). Thus, LRP1 might regulate inflammatory processes in
retina through the crosstalk and suppression of TLRs signaling.
In particular, activation of TLR3 signaling pathway has been
involved in the pro-inflammatory response in rat models of
oxygen-induced retinopathy (Cai et al., 2015). Interestingly,
in these retinas LRP1 was up-regulated in MGCs concomi-
tantly with a,M (Sdnchez et al., 2006), which might play an
anti-inflammatory role during the progression of retinopathy.
However, it has been demonstrated that the inflammation medi-
ated by TLRs can involve the activation of the JAK-STAT3
pathway in proliferative retinopathies (Ren et al., 2018, Li
etal., 2021). In this way, considering that the a,M-LRP1 inter-
action activates the STAT3 phosphorylation in MGCs, it
cannot be discarded a pro-inflammatory role. Thus, additional
studies are required to develop sufficient understanding about
the LRPI roles in retinal MGCs during inflammatory
processes.

LRPI and MGCGCs in Retinal Glucose
Homeostasis

It is well established that the retina is a tissue with a high gly-
colytic activity where the glucose that enters from systemic
circulation is converted into lactate by aerobic glycolysis
(Winkler et al., 2008). In DR, enhanced levels of glucose
can promote advance glycation end products and induce oxi-
dative stress in retinal cells (You et al., 2017). In contrast, low
glucose levels can lead to photoreceptor loss affecting more
rods than cones (Swarup et al., 2019). A large number of
observations have consistently shown that the glucose
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Figure |. Schematic representation of multitarget activities of LRP| and MGCs in retinal processes associated with gliosis and
neurotoxicity (A), neovascularization (B), inflammation (C) and glucose control homeostasis (D). NFL = nerve fiber layer; GCL = ganglion
cell layer; INL = inner nuclear layer; ONL = outer nuclear layer; PL = plexiform layer; PE = pigmentary epithelium; Ch = choroid. GC =
ganglion cell; AC = amacrine cell; BC = bipolar cell; MGC = Muller glial cell; BRB = blood—retinal barrier; HC = horizontal cell; EC = endothelial
cell; 0,M = a-macroglobulin; E-LPs = apolipoprotein (apo) E-containing lipoproteins; LRP| = low-density lipoprotein receptor-related protein
I; STAT3 = signal transducer and activator of transcription 3; GFAP = glial fibrillary acidic protein; VEGF = vascular endothelial growth factor;
HIF-1 = hypoxia inducible factor |; Wnt/fCat = Wingless e Int/B-Catenin; EE = early endosome; MTI-MMP = membrane type | matrix
metalloproteinase; MMP2 = matrix metalloproteinase 2; Rab8 = small GTPase Rab8A; PI;K = phosphatidylinositol 3-kinases; mTOR =
mammalian target of rapamycin; TLR = toll-like receptor; LPS = lipopolysaccharide; PAM3 = synthetic agonist of TLR; NF«B = nuclear factor kB;
p65 = NF-kB p65 subunit; IGF-1 = insulin-like growth factor I; IGF-1R = insulin-like growth factor | receptor; PKB = protein kinase B; MAPK =
mitogen-activated protein kinase; ERC = endocytic recycling compartment; GLUT| = glucose transporter type .
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transporter 1 (GLUT1) is the main mediator of glucose uptake
in different cells of the retina, including retinal pigment epi-
thelium, photoreceptors, endothelial BRB and MGCs (Actis
Dato et al., 2021, Swarup et al., 2019, DeBosch et al.,
2001). GLUT1 is a member of the gene family of glucose
transporters (GLUTs1-5) and can be activated through differ-
ent extracellular factors, hormones, and glucose levels
(Mueckler and Thorens, 2013). In this way, both IGF-1 and
insulin exert a synergic action on the GLUTI traffic from
endosomes to the plasma membrane in brain astrocytes
(Fernandez et al., 2017), whereas in MGCs the GLUT1 func-
tion is specifically regulated by IGF-1 (Actis Dato et al.,
2021). In this study, IGF-1 induced GLUTI1 traffic to
plasma membrane and promoted glucose uptake, involving
the intracellular signaling activation of MAPK/ERK and
PI3K/Akt pathways. In addition, IGF-1-induced signaling
activation also produced the intracellular dissociation of
LRPI and GLUTI, mediating GLUT1 translocation from
endosomes to plasma membranes. Remarkably, MGCs
treated with specific sSiRNA for LRP1 impaired the GLUT1
expression on the plasma membrane and glucose uptake
induced by IGF-1, suggesting that LRP1 plays an important
role in the regulation of the glucose homeostasis in MGCs
(Actis Dato et al., 2021). Thus, the prominent IGF-1 expres-
sion in the retina of patients with DR, should be considered
as a protective action to induce GLUT1 activity and glucose
uptake mediated by LRP1 in these cells.

Conclusions and Perspectives

MGCs have gained progressively more attention over the last
years and detailed molecular and functional characterization
has indicated that these cells are active players in the retina.
In Figure 1 are summarized the main multitarget activities
of LRP1 and MGC:s involved in the development and progres-
sion of proliferative retinopathies: gliosis and neurotoxicity
(A), neovascularization (B), inflammation (C), and glucose
control (D). In panel A, we showed that a,M induces the
GFAP expression via LRP1 through the STAT3 activation,
which could constitute the main mechanism of reactive
gliosis observed in retinopathies. In addition, the exacerbated
levels of a,M expression are suppressed by ApoE-enriched
lipoproteins (E-LPs), in a process also mediated by STAT3
activation downstream of LRP1, which represents a neuropro-
tective and antigliotic effect in MGCs. In Panel B, the main
activities of LRP1 and MGCs during retinal neovasculariza-
tion ocurred in proliferative retinopathies are characterized.
Here, the supressive action of LRP1 on Wnt/B-catenin
pathway promotes the intracellular activation and nuclear
translocation of HIF-1, which induces VEGF expression, as
the main angiogenic factor. Next, the a,M-induced MGC
motility by the endocytosis of LRP1 is also shown, where
the MT1-MMP and proMMP-2 activation is triggered as an
essential action for the extracellular remodeling during the
ischemic-induced neovascularization. In Panel C, we

hypothetize that the retinal inflammation generated by TLR
activation may be supressed by a,M*/LRP1 interaction in
MGCs, promoting an anti-inflammatory profile, through a
mechanism demonstrated in macrophages. Related to this, the
LRP1 endocytosis recruits Rab8/PI3K complexes in endo-
somes together with TLRs and subsequent mTOR activation,
which downstream inhibit both NFxB activation and
pro-inflammatory factors gene expression. Finally, in Panel D
it is represented the glucose control homeostasis exerted by
IGF-1-induced GLUT]1 activation where LRP1 plays a critical
role in the intracellular trafficking of this glucose transporter
toward the plasma membrane of MGCs. In this mechanism,
the intracelular signaling activation of PI3K/Akt and MAPK
pathways is promoted by IGF-1. Considering that IGF-1 is
also involved in neovascularization and inflammation during
proliferative retinopathies, further studies should inquire
about how IGF-1-regulated glucose control may be affected
during these retinal disorders.

Presumably, the diversity of activities of LRP1 and MGCs
seem to be critical in proliferative retinopathies, although they
occur at different times during the progression of this pathol-
ogy. For this reason, new studies are necessary to establish the
chronology of occurrence of these activities, in order to deter-
mine which are related to actions of neuroprotection or neuro-
degeneration in the injured retina. Moreover, these multitarget
activities of LRP1 and MGCs could be key features for new
therapeutic interventions against the development and pro-
gression of proliferative retinopathies.
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