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Abstract

Secreted protein acidic and rich in cysteine (SPARC), also known as osteonectin or BM-40, is the prototypical
matricellular protein. Matricellular proteins are nonstructural secreted proteins that provide an integration
between cells and their surrounding extracellular matrix (ECM). Regulation of the ECM is important in
maintaining the physiologic function of tissues. Elevated levels of SPARC have been identified in a variety of
diseases involving pathologic tissue remodeling, such as hepatic fibrosis, systemic sclerosis, and certain car-
cinomas. Within the eye, SPARC has been identified in the trabecular meshwork, lens, and retina. Studies have
begun to show the role of SPARC in these tissues and its possible role, specifically in primary open-angle
glaucoma, cataracts, and proliferative vitreoretinopathy. SPARC may, therefore, be a therapeutic target in the
treatment of certain ocular diseases. Further investigation into the mechanism of action of SPARC will be

necessary in the development of SPARC-targeted therapy.

Introduction

S ECRETED PROTEIN ACIDIC and rich in cysteine (SPARC),
also known as osteonectin or BM-40, is a calcium-
binding matricellular glycoprotein. The matricellular pro-
teins are nonstructural secreted glycoproteins that facilitate
cellular control over their surrounding extracellular matrix
(ECM).1 The matricellular family includes SPARC, myoci-
lin, connective tissue growth factor, thrombospondin-1 and
thrombospondin-2 (TSP-1 and -2), tenascin-C and tenascin-
X, SC1/hevin, and osteopontin.z’5 In general, matricellular
proteins provide an integration between cells and the ECM by
providing an interaction between structural proteins and
signaling molecules, such as cytokines and matrix proteases.’®

SPARC is the prototypical matricellular protein. It was
first identified in the bone in 1981 where it was initially
referred to as osteonectin.” SPARC is a highly conserved
protein across multiple species and shares greater than 70%
amino acid sequence homology across mammalians, am-
phibians, and avians, indicating its biologic importance.® It
is highly expressed in most embryonic tissues, however, in
adult tissue, SPARC has a narrower distribution,”'? but is
highly expressed in tissues undergoing extensive remodel-
ing, such as the bone and gut. However, any tissue with the
need to remodel ECM, for examgle, during wound repair,
can increase SPARC expression.” "' It has multiple func-
tions in vitro, such as ECM modification, disruption of cell

adhesion, cell cycle inhibition, cell differentiation, mor-
phogenesis, and migration.'*™"

A particularly important function of SPARC is its role in
ECM turnover. SPARC is highly expressed in tissue under-
going a high amount of tissue remodeling. Within these tis-
sues, SPARC can be found in abundance within connective
tissue and basement membranes.”>*' Elevated SPARC ex-
pression has been described in a variety of diseases involving
pathologic tissue remodeling: cholangitis, hepatic fibrosis,
renal interstitial fibrosis, systemic sclerosis, osteoporosis, and
certain carcinomas.”>® Conversely, SPARC suppression
decreases the expression of multiple collagens and the tissue
inhibitor of metalloproteinase (TIMP)-3.2°° SPARC has
been implicated in enhancing fibronectin-mediated ECM
assembly through an interaction with the integrin-linked ki-
nase (ILK).*"*? Mice with single-gene deletions of Sparc had
accelerated dermal wound closure, decreased levels of der-
mal collagen, and decreased bone mineral density.* >

SPARC has an important relationship with transforming
growth factor-beta (TGF-), which is known to be involved
in ECM deposition.***” In human fibroblasts, TGF-B has
been shown to increase the SPARC mRNA through a post-
transcriptional mechanism.*® SPARC has also been shown
to be influential in modulating the expression of TGF-
B1.2%4% SPARC-null cells have decreased TGF-p1 mRNA,
and the addition of exogenous SPARC results in return to
the normal mRNA level of wild-type cells.*'*** Elucidating
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the regulatory interactions between TGF-Bf1 and SPARC
may lead to insights into the disease entity of pseudoexfo-
liation glaucoma, in which TGF-B1 is significantly in-
creased. There is particular interest in the association of
SPARC with TGF-B2, given its known significance in pri-
mary open-angle glaucoma (POAG).***** TGE-B2 is known
to upregulate SPARC expression, and SPARC may repre-
sent a key node in TGF-B2-mediated ocular hypertension.*

Across all species, SPARC is encoded by a single
gene.*>* Following translation, SPARC is a 32 kDa protein.
It is post-translationally glycosylated, and the glycosylation
structure varies depending on the tissue in which it is ex-
pressed.*’ Following glycosylation, SPARC has a molecular
weight of ~43kDa.*’ The protein comprises 3 distinct
domains that provide the properties of SPARC (Fig. 1).
Domain I functions to bind calcium ions and hydroxyapa-
tite, making it an important domain for SPARC’s role in the
mineralization of bone.**** Domain II is referred to as the
follistatin-like (FS) domain. It is within the FS domain that
SPARC receives its glycosylation, specifically at Asn99. A
wide variety of glycosylation patterns have been demon-
strated in SPARC expressed in different tissue types.”® The
composition of SPARC’s glycosylation is important for the
functionality of the protein within a particular tissue.’’ In
particular, the binding affinity of SPARC for collagen I can
vary as much as a 100><dependin5% on the structural vari-
ability of SPARC’s glycosylation.”™ Domain III is referred
to as the extracellular calcium-binding (EC) domain. The
EC domain contains a pair of EF-hands that have high-
affinity calcium-binding sites. Another important feature of
the EC domain is a binding epitope that has affinity for
collagen types I, IV, and V.>* Interestingly, SPARC exhibits
a 7- to 20-fold increase in binding affinity for collagens I,
IV, and V, following cleavage by matrix metalloproteinases
(MMPs).>? It is believed that cleavage of SPARC by MMPs
explains the 15-fold greater binding affinity of tumor tissue-
derived murine SPARC for collagen IV, since murine
SPARC is endogenously cleaved at a site 1 residue away
from the cleavage site of MMPs.?! Enzymatic cleavage may,
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therefore, be another mechanism of post-transcriptional
modification of SPARC.

The binding of calcium ions to SPARC is vital to the structure
and function of the protein. Calcium binding to SPARC’s EC
domain results in an increase in the o-helicity of the protein and
this conformational change increases SPARC’s affinity for col-
lagen.48’54’55 The concentration of calcium in the environment is,
therefore, very important in regulating SPARC’s activity. One
study showed that SPARC can act as a matrix scavenger
chaperone in fibroblasts by binding collagen in the high-cal-
cium environment of the ECM and releasing collagen in the
low-calcium environment of the cytosol.’® It has been dem-
onstrated that SPARC has general chaperone-like molecular
activity by its ability to prevent the thermal aggregation of
alcohol dehydrogenase in vitro.”” Given SPARC’s regulation
of ECM deposition and turnover in the context of its
known binding to ECM proteins, such as collagens, SPARC
may play an important role as a chaperone for ECM proteins.

The adult eye expresses high levels of SPARC compared
to the developing eye.”® SPARC has been found in the
cornea, ciliary epithelium, retinal pigment epithelium,
aqueous and vitreous humor, trabecular meshwork (TM),
and lens epithelial cells (LECs). Our laboratory has focused
on SPARC’s involvement in modulating outflow facility
through the TM, but there is growing evidence for SPARC’s
importance in the lens and retina of the eye as well. This
article represents a comprehensive review on the progress
made in understanding the role of the matricellular protein
SPARC in the TM, lens, and retina of the eye.

Trabecular Meshwork

POAG is one of the leading causes of irreversible blindness
in the world, affecting more than 70 million people.5 o-61
Elevated intraocular pressure (IOP) is the greatest risk factor
contributing to POAG.®* The elevated IOP develops as a
result of increased resistance to aqueous humor outflow
through the trabecular outflow pathway.®*~®” The trabecular
outflow pathway is the primary conduit for drainage of
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aqueous humor (60%-95%) in the eye (Fig. 2). Within the
trabecular outflow pathway, the site of highest outflow re-
sistance is the TM, specifically the juxtacanalicular tissue
(JCT).*"7 The TM is one of the anatomically important
locations in the pathogenesis of POAG. The characteristic
pathological finding within the TM of untreated diseased eyes
is an increase in sheath-derived plaques.”* Sheath-derived
plaques comprise many ECM proteins, such as fibronectin,
laminin, collagen I, III, IV, V, and V1.3 Along with the
increase in sheath-derived plaques within the TM, there is
an increase in the intrinsic stiffness of the tissue.”® These
findings strongly suggest that POAG is a result of aberrant
regulation of the ECM within the TM. We believe that
matricellular proteins, which are involved in the regulation
of ECM equilibrium, are influential in the altered ECM
observed in POAG.

SPARC is one of the most highly expressed genes in
primary cultures of human TM cells and in TM cells that
undergo physiological stress.””~’® TM cells cultured on
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FIG. 2. (a) AH is produced from the ciliary body in

the posterior chamber and passes into the anterior chamber
through the pupil (adapted, with permission, from Tomarev
2001;3%° Copyright © 2001 Nature Publishing Group). The
majority (60%—95%) of the AH leaves the eye through the TM
located at the iridocorneal angle in the anterior chamber. (b)
An enlargement from (a) that shows the flow of AH through
the trabecular outflow pathway. The juxtacanalicular TM is
the region of highest resistance in the TM. After traversing
the TM, AH drains into Schlemm’s canal and subsequently
collector channels. AH, aqueous humor; TM, trabecular
meshwork. Color images available online at www.liebertpub
.com/jop
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synthetic hydrogels stimulating the stiffness found in glau-
comatous TM exhibited significantly increased SPARC
mRNA expression compared to those cultured on hydrogels
that exhibit the lower stiffness representative of normal
TM.®' We have demonstrated that SPARC-null mice exhibit
15%-20% lower I0OP with greater amounts of TM utilized
for aqueous humor outflow than their wild-type counter-
parts.®*3 SPARC-null mice have a decrease in the collagen
fibril diameter within the JCT of the TM, consistent with
that observed in the dermis of SPARC-null mice.>*** These
data suggest a mechanism by which IOP is reduced in
SPARC-null mice. Given SPARC’s effect on collagen fibril
diameter, variation in the spatial expression of SPARC
throughout the TM may be a mechanism for the generation
of se;mental flow that occurs in the human and murine
eye.®* SPARC overexpression in human TM cells, con-
versely, resulted in elevated IOP in an ex vivo anterior
chamber perfusion chamber model.*® Overexpression of
SPARC within TM cell cultures and within the JCT of
perfused anterior segments resulted in elevated protein
levels of fibronectin and collagens I and IV. Interestingly,
quantitative PCR did not detect a significant elevation of
mRNA for any of these proteins.®® This finding indicates
that the mechanism for SPARC’s influence on ECM pro-
teins is not a simple increase in production. SPARC may act
as a protective chaperone to stabilize ECM proteins from
native enzymatic degradation.

SPARC has previously been shown to have chaperone-like
activity.”” It is a stress-induced protein and its secondary
structure is stable up to 50°C.%**” ECM turnover is a dynamic
process that involves a balance between the deposition of
collagens and degradation by various MMPs. Given its Ca** -
dependent binding to collagens I and IV, SPARC may play a
role in preventing MMP-mediated degradation of collagens I
and IV.>*3 Preliminary in vitro data from our laboratory
support this hypothesis.”® There is also evidence that SPARC
may regulate ECM turnover by decreasing the degradative
process (ie, MMPs). Outflow facility studies have demon-
strated the importance of MMPs in modulating the balance
between ECM degradation and synthesis in regulating IOP.%*
Overexpression of SPARC in human TM cells results in a
decrease in MMP-9 protein levels and an increase in TIMP-1.%°
A similar finding was observed in medulloblastoma tumor
cells overexpressing SPARC, which demonstrated a decrease
in pro-MMP-9 expression.*” Taken together, the evidence
supports that SPARC regulates increased ECM deposition
by acting as a chaperone to prevent the degradation of
ECM proteins and also by decreasing the expression and
activity of MMPs.

An important and well-established finding in eyes with
POAG is an elevation of TGF-p32 in the aqueous humor com-
pared to age-matched individuals without glaucoma.***%°
TGF-B2 mediates fibrosis and ECM deposition in many
disorders.’'™* In vitro, TGF-B2 stimulates TM cells to syn-
thesize and secrete certain structural and regulatory ECM
proteins.”* 7 In perfused human anterior chambers, admin-
istration of exogenous TGF-B2 resulted in an increase in
10P.%%? Furthermore, in response to TGF-2 stimulation,
SPARC is the most highly expressed protein by TM cells.'*
When SPARC is administered exogenously to TM cells,
there is no effect on TGF-B2 in cultured TM cells. SPARC,
therefore, appears to be a downstream mediator of TGF-p2.%°
In TM cells, TGF-B2 upregulates SPARC through Smad3,
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JNK, and p38 pathways (Fig. 3). SPARC-null mice display
significantly attenuated TGF-f2-mediated ocular hyperten-
sion,*” suggesting that SPARC is essential to the regulation of
TGF-B2-mediated ocular hypertension.

Lens

Over the past 2 decades, there has been emerging evi-
dence that SPARC plays a pivotal role in maintaining the
structural integrity of the lens capsule. Evidence for this
first came to light with the observation that SPARC-null
mice demonstrated 100% penetrance for the development
of cataracts, but otherwise had normal growth, fertility, and
viability.'°" SPARC-null mice start to develop posterior
cortical opacities, evident bg a slit lamp, beginning as early
as 6 weeks after birth.'>'"" On histopathology, there is
evidence of impaired fiber cell differentiation, vacuoliza-
tion in the equatorial region, and posterior displacement of
the lens nucleus. By 3.5 months, 46% of SPARC-null mice
exhibit mature cataracts. With further progression of the
cataract around 5-8 months, severe complications develop,
such as rupture and displacement of the lens into the an-
terior chamber. Although the earliest signs of cataract
formation cannot be seen on a slit lamp till around 6 weeks,
electron microscopy of the SPARC-null lens at 1 week
shows the presence of sparse membranous projections from
the basal surface of the LECs into the capsule.'”> By the
time there is the development of a posterior cortical
opacity, large and abundant projections can be seen
throughout the capsule (Fig. 4). Further immunohistologic
analysis of these projections demonstrates the presence of
actin. Given the importance of actin filaments in shaping
the posterior surface of the lens and their interaction with
integrins of the basement membrane of the lens fiber cells,
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integrins may be a mediator in SPARC’s maintenance of
lens capsule integrity.'**

SPARC is known to interact with integrin B1 to activate ILK
to mediate cell survival in LECs.'% ILK activation by SPARC
may also be important in maintaining the LEC and basement
membrane interface. Similar membranous projections have
been documented in the lens capsule of aging mice and hu-
mans; however, their localization was only in the equatorial
region of the lens, whereas SPARC-null mice have projections
throughout the entirety of the capsule.'®*'% Other histological
findings of SPARC-null lenses are incomplete fiber cell elon-
gation, retention of nuclear debris within fiber cells, swollen
anterior cortical fibers, and thickening of the entire capsule.'?
Overall, these findings demonstrate that SPARC is integral in
maintaining the transparency of the lens, specifically through
aiding in fiber cell differentiation and maintenance of the
structural integrity of the LEC and capsule interface. SPARC’s
maintenance of the LEC and capsule interface provides more
evidence of its role in regulating cell-matrix interactions that
have already been demonstrated in other tissues.

Within the lens, SPARC expression has been localized to
LECs with expression ending at the equatorial bow where
differentiation into fiber cells occurs.'*'%® A key feature of
the transparency of the mammalian lens is the presence of
transparent fiber cells that are devoid of organelles and
nuclei. As LECs age, they enter into a state of quiescence
and migrate toward the equatorial region of the lens. At the
equatorial region, the morphological differentiation of LECs
into fiber cells occurs.'®” Each step in the process of fiber
cell formation within the lens is regulated by the interaction
of ECM proteins in the capsule with LECs.'%*'% Qutside of
the LECs, SPARC is present in the aqueous and vitreous
humor and could be another source of SPARC for the
avascular lens.''” There is evidence that components of the

FIG.3. A summary of TGF-
B2 signaling pathways in-
volved in the regulation of
SPARC in TM cells (adapted,
with permission, from Kang
et al. 2013%°; Copyright ©
2013 Association for Research
in Vision and Ophthalmol-
ogy). TGF-B2, transforming
growth factor-beta 2. Color
images available online at
www liebertpub.com/jop
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FIG. 4. Transmission EM of
LECs and lens capsule interface. All
images are of the same region of the
lens (adapted, with permission,
from Yan et al. 2002; Copyright ©
2002 by The Company of Biologists
Ltd.). (A) One-month-old SPARC**
lens capsule displaying a normal
LEC and capsule interface. (B)
One-month-old SPARC™~ lens
capsule. Protrusions of lens fiber
cells are beginning to invade into
the lens capsule (Arrows show the
protrusions). (C) Three-month-old
SPARC"'* lens. (D) Three-month-
old SPARC™~ lens. There is ex-
tensive infiltration of lens fibers into
the lens capsule. Scale bar, 5pum.
LEC, lens epithelial cell.

vitreous humor can affect LEC development and lens fiber
differentiation.''>'"® The vitreous humor may, therefore, be
important in maintaining lens transparency, and vitreous
SPARC could be one of the key mediators. Given SPARC’s
role in cell-matrix interactions and the decrease in fiber cell
differentiation demonstrated in SPARC-null lenses, SPARC
presents as a possible intermediary for the influence of ECM
on fiber cell development.

The lens capsule is a thick basement membrane and it is
made up of 90% collagen IV alon§ with laminin, fibronec-
tin, and other ECM components.'%? Its structural morphol-
ogy is important in maintaining the refractive nature of the
lens. Since the lens is an avascular structure, water and ions
must diffuse from the aqueous humor through the capsule to
nourish the LECs. Regulation of the organization of the
capsule is important in maintaining adequate and appropri-
ate filtration and permeability. In SPARC-null lenses, there
is alteration of the organization of collagen IV within the
capsule resulting in disruption of the normal physiologic
barrier. As a result, the lenses have increased water and ion
influx causing osmotic swelling of the fiber cells.'™
SPARC, thus, is important in the organization of ECM
proteins within the lens capsule.

In the human lens, SPARC mRNA expression is localized
to the LECs, with higher levels of protein detected in the
peripheral LEC compared to the central LECs. In a com-
parison between age-related cataractous lenses and normal
lenses, increased expression and protein levels of SPARC
were found in age-related cataractous lenses.''>''® The in-
creased levels of SPARC in cataractous lenses may be a
stress response to the cataract in the lens. Elevated SPARC
levels may be required to maintain the structural integrity of
the lens, although the exact mechanism remains unclear.
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Retina

SPARC was first identified in the adult central nervous
system (CNS) in 1994 when Mendis et al. demonstrated that
SPARC mRNA and protein were present in normal adult
brain tissue.'!”"''® SPARC has been identified in the bovine,
quail, chicken, and monkey retina.’®'"%"12! In the bovine
retina, SPARC is localized to the soma and axon of ganglion
cells, astrocytes, Muller glial cells, and endothelial cells of
capillaries.>® Interestingly, the Muller and ganglion cells of
the retina are known to express TGF-B.'** Given SPARC’s
known involvement with TGF-p, this could be a pathway for
SPARC’s role in the retina. Another finding in the bovine
retina was a higher expression of SPARC observed in the
adult retinal tissue compared to the newborn retinal tissue,
suggesting the protein’s involvement in physiologic main-
tenance.’® Studies of SPARC in the monkey retina demon-
strate that SPARC is synthesized primarily in the retinal
pigment epithelial (RPE) and then transported to the outer
plexiform layer. SPARC mRNA expression was found to be
10-fold greater in the RPE of the macula compared to the
peripheral retina.'?! Its localization to an environment with
a high concentration of synapses suggests that SPARC may
play a role in synaptogenesis. In rat retinal ganglion cells
(RGCs), astrocyte-secreted SPARC-like 1 (also known as
hevin) was shown to induce synaptic formation in vitro.
SPARC, alternatively, stronglg inhibited hevin-induced sy-
naptogenesis in this model.'*> The interplay of these 2
matricellular proteins presents an interesting method of
regulating synaptic formation and plasticity, as well as pro-
viding synaptic maintenance in the CNS.

In humans, SPARC is expressed and secreted by human
retinal pigment epithelial (HRPE) cells.'**'* The cell
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density of HRPE cells influences the expression of SPARC,
with a higher density of HRPE cells resulting in SPARC
comprising a greater percentage of protein production.'? In
HRPE cells, SPARC is primarily secreted in a basolateral
orientation. Within the retina, the basal surface of HRPE
cells is adherent to Bruch’s membrane. Bruch’s membrane
comprises many ECM proteins such as proteoglycans
(heparin and chondroitin sulfate), collagens (types I, IIL, 1V,
V, VI), laminin, and fibronectin.'?® SPARC’s localization to
the basal surface of HRPE cells and known involvement in
ECM regulation suggest that SPARC may regulate the ad-
hesion of HRPE cells to the Bruch’s membrane.

A disease model that has been used to investigate SPARC’s
role in regulating the interaction between HRPE cells and
Bruch’s membrane is proliferative vitreoretinopathy (PVR).
PVR is characterized by the development of the epiretinal
membrane (ERM) or subretinal membrane (SRM) that forms
following surgical correction of a retinal detachment. In PVR,
RPE cells detach from Bruch’s membrane and migrate to PVR
membranes where they dedifferentiate into a fibroblast-like
phenotype.'?” This dedifferentiation of RPE cells results in al-
teration of their surrounding ECM.'?” SPARC has been detected
in both the ERMs and SRMs of PVR.'?® Other components of
the matrix of PVR are collagens, elastic fibers, laminin, fibro-
nectin, and other matricellular proteins (TSP-1 and tenascin).

When RPE cells first detach from Bruch’s, they appear
rounded and subsequently proliferate and migrate to PVR
membranes.'*® Matricellular proteins such as SPARC have well-
established functions involving the regulation of adhesion, pro-
liferation, and migration.! Thus, SPARC may be a key initiator
in the cascade of PVR. Migratory RPE cells of PVR membranes
were identified by their detection with the monoclonal antibody
RGES3; RGES3 detects cytokeratins 18 and 19, which are
known markers for in vitro HRPE cell mobility.'** RGE53™ cells
in PVR membranes were shown to colocalize with SPARC and
TSP-1, but not with tenascin.'?® This association suggests that
SPARC and TSP-1 could be initiators of RPE migration in
PVR. Follow-up studies looking at the effects of exogenous
SPARC on proliferation and migration assays of HRPE cells
demonstrated that SPARC has antiproliferative effects on
HRPE cells in vitro."*° In this study, however, the exogenous
SPARC was platelet derived and SPARC is known to have
different glycosylation and function depending on what tissue
itis expressed in. Given that only 10% of retinal detachments
are complicated by PVR, susceptibility to development could
be due to an individual’s relative expression of matricellular
proteins, specifically SPARC and TSP-1.

PVR membranes can develop in cases of diabetic reti-
nopathy as well; however, they vary from PVR membranes
developing subsequent to surgical correction, in that they are
vascular and contain minimal RPE cells.'**"*! A low con-
centration of RPE cells in PVR membranes of diabetic ret-
inopathy makes it less likely that SPARC is influential in the
development of the membranes. Further analysis, however,
is needed to address this association.

SPARC has also been implicated in other retinal diseases,
such as age-related macular degeneration (AMD). In HRPE
cell cultures that were derived from donors with AMD and
age-matched healthy donors, secreted proteome profiling
demonstrated that there was a 2-fold decrease in SPARC in
AMD RPE cells."*> The authors proposed that given
SPARC’s antiangiogenic effect, a decrease in the production
may result in the increase in angiogenesis seen in AMD.
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SPARC has also been identified as a Schwann cell-
secreted factor that promotes RGC survival and outgrowth
through Akt and Erk1/2 phosphorylation.'**'** In an optic
nerve transection rat model, there was a 1.8-fold increase in
Sparc mRNA expression of RGCs following transection.'*
It is, therefore, possible that SPARC confers some regen-
erative benefit to RGCs.

Conclusions

Matricellular proteins have long been recognized as im-
portant regulators of cell-ECM interactions. More recently,
their role in influencing cell phenotype and the pathogenesis
of certain diseases has become evident. SPARC is the pro-
totypical matricellular protein and has a relatively high level
of expression in the adult eye. In the TM, SPARC regulates
ECM homeostasis and aqueous outflow. SPARC’s influence
on TGF-f2-mediated ocular hypertension provides a strong
disease link to POAG pathogenesis. The 100% penetrance
of cataracts in SPARC-null mice highlights the importance
of the protein in sustaining lens transparency, most likely
through maintenance of the LEC and capsule interface. In
the retina, there is evidence that SPARC may function to
maintain the RPE-Bruch’s membrane interface. The large
variety of roles that SPARC plays in this relatively small
organ demonstrate the versatility of the protein. In general,
SPARC’s specific function appears to be different depend-
ing on the tissue in which it is expressed. The glycosylation
pattern of SPARC is known to be tissue specific and is
believed to influence the function of the protein. Further
studies should attempt to characterize the glycosylation of
SPARC from the TM, lens, and retina.

Overall, SPARC demonstrates important physiologic roles
throughout the eye, and there is growing evidence to impli-
cate SPARC in a number of ocular pathologies. SPARC may,
therefore, be a therapeutic target in the treatment of ocular
diseases, such as POAG. Inhibition of SPARC could present a
method of decreasing TGF-B2-mediated ocular hypertension
believed to be integral in the pathogenesis of POAG. No small
molecules, however, are currently known to bind to SPARC
at the moment. Further investigation into the mechanism of
action of SPARC will be necessary in the development of
SPARC-targeted therapy.
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