ABSTRACT

Primary open angle glaucoma (POAG) is the most common form of glaucoma. Ocular
hypertension is a major risk factor for POAG and is caused by increased aqueous humor (AH)
outflow resistance in the trabecular meshwork (TM). Increased extracellular matrix (ECM)
deposition within the TM is correlated with ocular hypertension. Transforming Growth Factor
beta 2 (TGFB2) levels are elevated in the AH and TM of POAG patients, and TGFB2 increases
ECM protein expression, aqueous outflow resistance, and intraocular pressure (IOP). Recently,
TGFB2 was found to induce bone morphogenetic protein 1 (BMP1) expression in TM cells
suggesting that BMP1 activity might be involved in glaucoma pathogenesis. Procollagen C
proteinase enhancers (PCOLCE 1 and PCOLCE 2) regulate BMP1 activity. Therefore,
PCOLCE1 and PCOLCE2 may play an important role(s) in regulating ECM structural changes
in the TM, and contribute to AH outflow resistance and elevated IOP in glaucoma. The purpose
of this study was to determine if human TM cells and tissues express PCOLCE1 and PCOLCE2
and whether TGFB2 induces their expression. This is the first documentation that PCOLCE1 and
PCOLCE?2 are expressed in TM cells and tissues and that TGFB2 does induce expression of

PCOLCEL.
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CHAPTER 1: INTRODUCTION
Glaucoma
Glaucoma is defined as a group of heterogeneous optic neuropathies that progressively damage
the optic nerve head leading to visual dysfunction and blindness. It has been reported to affect
over 70 million people worldwide®. The most common form of glaucoma is primary open-angle
glaucoma (POAG). POAG is a chronic disease that is characterized by open anterior chamber
angles of normal appearance with no other apparent cause for increased IOP. It is also
characterized by changes in the optic nerve, retinal nerve fiber layer and visual field 2 Elevated
intraocular pressure (IOP) is a major risk factor in the development and progression of POAG **.
Elevated IOP is primarily due to an increase in aqueous humor (AH) outflow resistance within
the trabecular meshwork (TM) ', The extracellular matrix (ECM) in the TM is important in
regulating IOP in the eye °.
Trabecular Meshwork
The trabecular meshwork (TM) is a specialized connective tissue at the irido-corneal angle that
regulates the drainage of agueous humor in the eye so that normal IOP can be maintained®. The
TM can be subdivided into three regions: uveal, corneoscleral, and juxtacanalicular or cribriform
meshworks °. The layer closest to the anterior chamber is known as the uveal meshwork, and is
located near the anterior chamber from the iris root and ciliary body to the peripheral cornea. It is
composed of irregular layers of ECM surrounded by one to three layers of trabeculae or beams

covered by endothelial-like cells and has large pores (e.g. 25-75 um) in the proximal regions



of the uveal meshwork "®. Limited resistance to AH outflow exists because of the presence of
these large sized pores ®.

The middle layer is the corneoscleral meshwork, which extends from the scleral spur (a wedge-
shaped circular ridge that protrudes from the inner sclera) to the anterior wall of the scleral
sulcus (indentation). This layer consists of flattened sheet-like trabeculae (3-5 layers) covered by
monolayers of TM cells. The presence of narrower intercellular spaces sized 2-15 pum in the
deeper layers of the corneoscleral meshwork®® contribute to the increase resistance of the AH
outflow in the TM, but is not the major site of outflow resistance®. In the uveal and corneoscleral
meshwork core beams lie densely packed elastin fibers region, collagen I and Il fibrils, and
microfibril sheath derived material 1***. The cells covering the beams bind to the basal lamina
that consists of collagen 1V and laminin ***3

The outermost layer, the juxtacanalicular (JCT) or cribriform meshwork, is adjacent to the inner
wall of endothelial cells of Schlemm’s canal. It is the thinnest part of the TM with a thickness of
2-20 um®. This region does not consist of trabecular lamellae but instead has loose connective
tissue containing 2-5 layers of JCT cells embedded in a loosely arranged ECM®. The ECM of
the beams and the JCT are composed of proteoglycans, fibrillar and non-fibrillar collagens,
elastin, fibronectin, and matricellular protein®®. Direct pressure measurements '**® and the

presence of glycosaminoglycans and proteoglycans in the open spaces in the JCT region *%°

are
evidence that support the idea that the JCT region of the TM is where the majority of the outflow
resistance resides.

Once ECM components are synthesized and secreted (i.e. collagens, elastin, fibronectin), they

are cross-linked to become stabilized and resistant to degradation. Transglutaminase (TGM2) is



responsible for cross-linking collagen and fibronectin®, while lysyl oxidase (LOX) is responsible
for cross-linking collagen and elastin®.

Agueous Humor Outflow System

Aqueous humor is a clear fluid that helps fill and form the anterior and posterior segments of the
eye and also provides nutrition to the avascular anterior segment part of the eye. It is secreted by
the ciliary body where it then enters the posterior chamber and flows around the lens and through
the pupil into the anterior chamber 2°. Aqueous humor then exits the eye via two distinct
pathways. In the conventional outflow pathway, AH passes through the TM into Schlemm’s
canal and then drains into the aqueous veins >, The second pathway is known as the non-
conventional/uveoscleral pathway where AH leaves the anterior chamber by diffusion through
the iris root and intercellular spaces among the ciliary muscle fibers . In POAG, there is an
increase in outflow resistance in the juxtacanalicular region of the TM, Schlemm’s canal inner
wall endothelium, or both leading to elevated IOP. There is a debate currently as to which region
contributes most to increased outflow resistance. %7,

ECM Turnover

Within the TM there is an important balance between deposition and degradation of ECM
proteins. An imbalance between ECM protein deposition and degradation may lead to the
accumulation of ECM components as seen in POAG. Normal homeostatic adjustment of outflow
resistance is triggered by pressure changes or mechanical stretching of the JCT region of the TM,
which subsequently leads to alteration of ECM components (e.g. ECM turnover) *°. Alteration of
ECM components after pressure change/mechanical triggering is due to proteolytic degradation
by members of a family of 23 related matrix metalloproteinases (MMPs) 2. MMPs are produced

as inactive proenzymes, but are then proteolytically cleaved by other MMPs or furin proprotein



convertase to yield a biologically active proteinase *°. Several MMPs (e.g. MMP2, MMP14,
MMP15 and MMP16) are constitutively expressed in the TM, while MMP1, MMP3, MMP9 are
expressed at lower levels (to see an extensive list of MMPs found in the TM, see *°). MMP
activity is controlled by tissue inhibitors of metalloproteinases (TIMPS). There are four TIMPs
that are expressed in human TM cells and are involved in inhibiting MMP activity *°. MMPs
have been associated with increase in outflow facility when anterior segments in perfusion
culture were treated with MMPs. In contrast, when anterior segments in perfusion culture were
treated with TIMP or specific inhibitors of MMP, MMP activity decreased outflow facility .
Morphological Changes in the TM of eyes with POAG

In POAG, plaque-like material has been found in greater amounts compared to in normal eyes
and is thought to be derive from sheaths of elastic fiber networks * that also contain type VI
collagen®. Other changes include an abundance of long spacing collagen, thickened elastic
sheath or basement membrane material in the trabeculae, loss of TM cells and thickening of
basement membrane tendons extending from ciliary muscle in glaucomatous samples®” .
Moreover, ECM components such as fibronectin, vitronectin, laminin, tenascin, decorin, versican
collagen I, 111, 1V, V, microfibril-associated glycoprotein (MAGP) 1, fibrillin and myocilin were
found to be components of these sheaths 3**. Large changes in GAG distribution are also
observed. For example, GAGs such as hyaluronic acid (HA) are decreased while chondroitin
sulfate (CS) was increased in the JCT in POAG eyes ***. Thus, these findings suggest that
sheaths containing increased ECM components, a decrease in HA and an increase in CS might

contribute to increased outflow resistance in POAG TM.



Transforming Growth Factor Beta 2 (TGFB2) and Glaucoma

The molecular mechanism that leads to AH outflow resistance is not clearly understood. One
major player thought to be involved in the pathogenesis of POAG is transforming growth factor
beta-2 (TGFB2). TGFB2 is member of the transforming growth factor beta superfamily; a group
of structurally related multifunctional regulatory proteins that include (a) TGFB1-3, (b) bone
morphogenetic proteins, (c) activins, (d) inhibins, and (e) growth and differentiation factors®’.
Members of the TGFB superfamily are involved in inflammation, wound healing, ECM
accumulation, bone formation, tissue development, cell differentiation and tumor progression **
41.

Various groups have reported significantly increased levels of TGFB2 in glaucomatous
cells/tissues and from AH from human POAG patients “**. Higher than normal levels of TGFp2
in the AH of POAG patients are likely to induce ECM deposition since TGFB2 increases
synthesis and secretion of ECM molecules. For example, in vitro studies have shown that
cultured TM cells treated with exogenous TGFpB2 had a substantial increase in the expression of
various ECM molecules including type I, 1ll, IV and VI collagen, laminin, elastin, cochlin,
fibronectin, fibulin, versican, thrombospondin-1, myocilin, plasminogen activator inhibitor 1
(PAI-1), tissue inhibitor of metalloproteinase 1, and ECM crosslinking enzymes
transglutaminase and lysyl oxidase *°2. Additionally, elevated TGFB2 levels also increase AH
outflow resistance and elevate 10P in ex-vivo perfusion-cultured human and porcine eye models,
and in vivo in rodent eyes ***°. These results are consistent with the hypothesis that TGFB2 is

involved in the pathogenesis of glaucoma.



Bone Morphogenetic Protein 1 (BMP1)

Recently, Bone Morphogenetic Protein 1 (BMP1) was reported to be involved in regulating the
formation of the ECM. Bone morphogenetic proteins (BMPs) were first identified as factors
derived from bone extracts that induce de novo endochondral bone formation >**°. Unlike other
BMPs that belong to the TGFp superfamily, BMP1 is known to be a metalloproteinase®®®".
BMP1 consists of an amino terminal prodomain, followed by a conserved protease domain,
which is characteristic of the astacin family of metalloproteinases. Next to the prodomain is the
carboxyl-terminal CUB (complement-uegf-BMP1) and EGF (epidermal growth factor)-like

domains %294,

The prodomains are proteolytically cleaved by subtilisin-like proprotein
convertases (SPCs) in some cells (e.g. fibrosarcoma cells) ® while in other cells (e.g. fibrogenic
cells such as human osteosarcoma cells, murine osteoblastic cells, human AH1F neonatal
foreskin fibroblasts and primary keratinocytes), BMP1 is secreted with the prodomain intact ®®°.
BMP1 is known to play a role in ECM deposition since it processes protein precursors into
functional proteins. These precursors include collagens, small leucine-rich proteoglycans
(SLRPs), small integrin-binding ligand N-linked glycoproteins (SIBLINGS), the cross-linking
enzyme lysyl oxidase (LOX), and basement membrane components such as perlecan and
laminin-5 80616870,

More importantly, BMP1 is well known to have procollagen C proteinase activity. A comparison
was made of procollagen C proteinase activity between a purified mouse procollagen C
proteinase and recombinant BMP1 protein produced from a Baculovirus system "*. Procollagen
C proteinase is involved in the cleavage of carboxyl propeptides of collagen types I-111 to form

mature monomers that then have the capability to assemble into fibrils *. BMP1 is known to

cleave the C terminal end of these propeptides intracellularly or extracellularly in a tissue and



607273 BMP1 also cleaves the C terminal of other

developmental stage-specific manner
procollagens (V, VII, and X1) . In vitro and in vivo studies have also demonstrated that
BMP1 activates TGFp1.

TGFB1 is produced with a large latent complex (LLC) that inhibits TGFp-1 signaling. The LLC
is bound to the TGFB1 cleaved prodomain (known as latency-associated peptide [LAP]) and via
LAP, the LLC is bound to latent TGF beta-binding proteins (LTBPSs). This allows LLC to bind
the ECM’’. BMP1 cleaves LTBP1"® freeing the LLC from the ECM thus resulting in activation
of TGFb-1 via cleavage of LAP by non-BMP1-like proteinases (e.g. plasmin and/or matrix
metalloproteinases) ">

Recently, Tovar-Vidales et al (2013) found that BMP1 is expressed in human TM cells and
tissues and that exogenous TGFB2 induces BMP1 protein levels in cultured human TM cells.
Since TGFpB2 levels are elevated in POAG and BMP1 is induced by this growth factor, this
suggests that BMP1 may play a role in glaucoma pathogenesis. Compared with other
extracellular metalloproteinases such as the matrix metalloproteinases whose activity is regulated
by TIMPS, BMP1 activity depends on proteins that enhance its activity. Such proteins known to
be involved with enhancing BMPL1 activity include twisted gastrulation, olfactomedin-noelin-

tarin factor 1, periostin®®

, and procollagen C proteinase enhancer proteins (PCOLCE1 and
PCOLCEZ2). The procollagen C proteinase enhancer proteins are the more extensively studied
ones and are of importance because they have been shown to be associated with myocardial
fibrosis and liver fibrotic diseases in vitro and in vivo®®2.

Procollagen C Proteinase Enhancer Proteins

Procollagen C proteinase enhancers (PCOLCE1 and PCOLCE?2) regulate BMP1 activity® %,

PCOLCE1 (formerly known as PCOLCE) is a secreted glycoprotein. In mouse fibroblasts, full



expression of BMP1 was dependent upon 55 kDa PCOLCEL or its 36 and 34 kDa proteolytically
processed forms of the same protein "*. None of the three-enhancer proteins exhibited intrinsic
procollagen processing activity, but all were capable of enhancing the activity of the C-
proteinase by a 1 order of magnitude °.

PCOLCE1 and PCOLCE2 consist of two CUB domains (which account for procollagen C
proteinase enhancing activity) followed by a netrin-like domain. The function of this domain is
controversial as one study suggests it to have inhibitory protease activity *° (e.g. the domain is
homologous to netrin domain in TIMP) while another study showed the opposite effect®’.
PCOLCEZ1 is highly expressed in adult and fetal human tissues including heart, uterus, digestive
tract, adrenal gland, but barely is detectable in brain and liver % More recently, a group used
linkage and expression sequence tag analysis to identify a potential glaucoma candidate gene
(PCOLCE?Y) in the 3g21-g24-chromosome locus *. However, no glaucoma-associated changes
were detected in PCOLCE2 *. PCOLCE?2 is a protein C proteinase enhancer with activity levels
similar to PCOLCE1 *. PCOLCE?2 also was found to enhance the procollagen | cleavage activity
of BMP1%. Both PCOLCE1 and PCOLCE2 have been reported to increase BMP1 activity
greater than ten fold **%. Other reports have shown that the PCOLCE1 enhancement of BMP1
activity is substrate specific, being limited to the C terminal end processing of fibrillar
procollagens I-111 ">#99 PCOLCE2 is expressed in heart, pituitary gland, bladder, mammary
gland, and trachea, non-ossified cartilage in developing bone, and in the TM 4%,

Finally, progress has been made on the mechanism by which PCOLCE1/PCOLCE2 enhances
BMP1 activity. Studies have shown that PCOLCE1 binds C propeptide % or the telopeptide

93,99

region (a short non-triple region of ~25-residues that remains intact at the C terminus of the

collagen molecule following C-propeptide cleavage) of the procollagen molecule. This induces a



conformational change in the procollagen molecule that allows for more efficient binding of
BMP1 to the procollagen molecule. The net result is an increase in BMP1 catalytic activity and
cleavage of fibrillar procollagens . PCOLCEZ also binds the 300 nm long triple helical region
of the procollagen molecule and then displaces BMP1 bound to the collagen protein .
Hypothesis and Significance

No previous studies have reported the presence of both PCOLCE 1 and PCOLCE2 in
human TM cells and tissues. Therefore, we hypothesize that (a) PCOLCEL1 and
PCOLCE?2 are expressed in human TM cells and tissues and that (b) TGFB2 regulates
PCOLCE1 and PCOLCE2 secretion by cultured human TM cells.

This study is significant because it would demonstrate for the first time that PCOLCE 1 and
PCOLCEZ2 are expressed at both the mRNA and protein levels in the human TM cells and would
localize POCOLCEL and PCOLCE?2 proteins in human TM tissues. It is important to know the
expression of these proteins so that further studies can investigate the role of PCOLCEL and
PCOLCEZ2 in the human TM. An understanding of PCOLCE1 and PCOLCE2 in the TM will
foster further studies of the molecular mechanisms that contribute to ECM changes (e.g. excess
collagen deposition and cross-linking) in the TM, AH outflow resistance, and elevated IOP in
glaucoma (see Figure 1). This will expand our current knowledge of the pathogenesis
mechanisms in the glaucomatous in the TM and allow the identification and development of new

therapeutic targets.



Proposed Mechanism
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Figure 1.1: A proposed mechanism for PCOLCE 1 and 2 in the processing of procollagen to
collagen accumulation in the glaucoma TM.
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Abstract

Purpose: To determine if: a) Procollagen C proteinase enhancer proteins 1 and 2 (PCOLCE1
and PCOLCE2) are expressed in human TM cells and tissues and (b) TGFB2 regulates
PCOLCEL and PCOLCEZ2 secretion in cultured human TM cells.

Methods: RT-PCR and Western immunoblot analyses are used to determine mRNA expression
and protein levels of PCOLCE1 and PCOLCE?2 in transformed and primary human TM cells.
Immunohistochemistry was used to localize PCOLCE1 and PCOLCE2 in the TM of human
donor eyes. Western immunoblot analysis of conditioned medium was used to determine if
TGFB2 increased secretion of PCOLCE1 and PCOLCE?2 in primary human TM cells.

Results: PCOLCE1 and PCOLCE2 mRNA were expressed in cultured transformed and primary
TM cell cultures. TM cells also secreted both PCOLCE1 and PCOLCE2. Both proteins were
localized in human TM tissues as demonstrated by immunohistochemistry. Under the conditions
tested, TGFP2 did appear to regulate PCOLCEL but not PCOLCE?2 protein secretion.
Conclusion: PCOLCEL and PCOLCE?2 proteins are present in human TM tissues and is secreted

by cultured TM cells. TGFp2 appears to regulate PCOLCE1 but not PCOLCE?2 secretion.
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Introduction:

Primary open-angle glaucoma (POAG) is a leading cause of irreversible visual impairment and
blindness in the world *. Elevated intraocular pressure (IOP) is a major risk factor in the
development and progression of glaucoma 2. Elevated 0P is primarily due to an increase in
aqueous humor (AH) outflow resistance in the TM . Increased AH outflow resistance is
associated with deposition of extracellular matrix (ECM) proteins within the TM %*. However,
the exact molecular mechanism that leads to AH outflow resistance and increased IOP in
glaucoma is not clearly understood.

Transforming growth factor beta-2 (TGF[2) has been suggested to be involved in the molecular
pathogenesis of glaucoma. TGFB2 levels are significantly increased in AH of POAG patients >°.
Higher than normal levels of TGFB2 in AH, may induce TM ECM deposition. In vitro studies
have shown that cultured TM cells treated with TGF-B2 resulted in a substantial increase in the
expression of various ECM molecules including type I, 11, IV and VI collagens, laminin, elastin,
cochlin, fibronectin, fibulin, versican, thrombospondin-1, myocilin, plasminogen activator
inhibitor 1 (PAI-1), tissue inhibitor metalloproteinase 1, and ECM crosslinking enzymes
transglutaminase and lysyl oxidase °*°. Elevated TGFB2 levels also increase AH outflow
resistance and elevate I0P in perfusion-cultured human and porcine eyes as well as in vivo in
rodent eyes **°. These results are consistent with the hypothesis that TGFpB-2 is involved in the
pathogenesis of glaucoma.

To further understand potential pathogenesis changes in the ECM of the glaucomatous TM, other
cellular mechanisms need to be examined. Recently bone morphogenetic protein 1(BMP1) was
shown to be involved in regulating the formation of the ECM. Bone morphogenetic proteins

(BMPs) were first identified as bone derived factors that induce de novo endochondral bone
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formation 2?2, However, unlike other BMPs that belong to the TGFf superfamily, BMP1 is a
matrix metalloproteinase 2*?*. BMP1 cleaves ECM components such as small leucine rich
proteoglycans, small integrin binding N-linked glycoproteins, lysyl oxidase and laminin into
functional proteins. BMP1 possesses procollagen C proteinase activity .

Procollagen C proteinase is involved in the cleavage of carboxyl propeptides of collagen types I-
11l to form mature monomers that then have the capability to associate into fibrils . BMP1 is
known to cleave the C terminal end of these propeptides intracellularly or extracellularly in a
tissue and developmental stage-specific manner %22, BMP1 also cleaves the C terminal of
other procollagens (V, VII, and XI) %3, Recently, Tovar- Vidales et al (2013) reported that
BMP1 is present at higher levels in glaucomatous human TM tissues and that TGFB2 induces
BMP1 expression in cultured human TM cells. This suggests that BMP1 may play a role in
glaucoma pathogenesis. Compared with extracellular metalloproteinases such as the matrix
metalloproteinases whose activity is regulated by TIMPS, BMP1 activity depends on proteins
that enhance its activity. Proteins involved with enhancing BMP1 activity include twisted

gastrulation, olfactomedin-noelin-tarin factor 1, periostin 81-34

, and procollagen C proteinase
enhancer proteins (PCOLCEL and PCOLCEZ2). The procollagen C proteinase enhancer proteins
have been more extensively studied and are of importance since they are associated with
myocardial fibrosis and liver fibrotic diseases *%.

PCOLCE1 and PCOLCE? are secreted glycoproteins that regulate BMP1 activity 3394,
In mouse fibroblasts, full expression of BMP1 was dependent upon 55 kDa PCOLCEZ1 or 36 and
34 kDa proteolytically processed forms of the same protein 2°. None of these proteins exhibited

intrinsic procollagen processing activity, but all were capable of enhancing the activity of the C-

proteinase by an order of magnitude *°. PCOLCE1 and PCOLCE2 each consist of two CUB
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domains (which account for procollagen C proteinase enhancing activity *) followed by a netrin-
like domain. The function of this domain is controversial as one study suggests it inhibits
protease activity * (e.g. the domain is homologous to netrin domain in TIMP) while another
study showed the opposite effect **.

PCOLCEZ1 is highly expressed in diverse adult and fetal human tissues including heart, uterus,
digestive tract, adrenal gland, but is barely detectable in brain and liver 33 More recently, a
group used linkage and expression sequence tag analysis to identify a potential glaucoma

candidate gene (PCOLCE2) in the 3g21-g24-chromosome locus *

. However, no coding
sequence mutations were detected in PCOLCE2 *'. PCOLCE2 is a protein C proteinase enhancer
that has activity levels similar to PCOLCE1 “°. PCOLCE2 also enhances the procollagen |
cleavage activity of BMP1 *°. Both PCOLCE1 and PCOLCE2 have been reported to increase
BMP1 activity greater than ten fold “°**. Other reports have shown that the PCOLCE1
enhancement of BMP1 activity is substrate specific, being limited to the processing of C terminal
ends of fibrillar procollagens I-111 23434 PCOLCE2 is expressed in heart, pituitary gland,
bladder, mammary gland, trachea, non-ossified cartilage in developing bone, and in the TM “%4*.
Progress has been made on the mechanism by which PCOLCE1/PCOLCE2 enhances BMP1

39,45

activity. PCOLCE1 binds C propeptide *** or the telopeptide region (a short non-triple

region of ~25-residues that remains intact at the C terminus of the collagen molecule following

C-propeptide cleavage) of the procollagen molecule, inducing a conformational change in the
procollagen molecule that allows for more efficient binding of BMP1. The net result is an
increase in BMP1 catalytic activity and cleavage of fibrillar procollagens *°“°. Another study has
shown that PCOLCEL binds the 300 nm long triple helical region of the procollagen molecule

and then displaces BMP1 bound to the collagen protein “.
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No previous studies have reported the presence of both PCOLCE 1 and PCOLCEZ2 in human TM
cells and tissues. Therefore, we hypothesize: (a) PCOLCE1 and PCOLCE2 are expressed in
human TM cells and tissues and (b) TGFB2 regulates PCOLCE1 and PCOLCE?2 secretion by
cultured human TM cells.

Methods

TM Cell Culture:

Well-characterized, transformed TM cell lines and primary human TM cell strains were obtained
from Novartis (Fort Worth, TX). Human TM cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) (low glucose; Gibco, Grand Island, NY) that was supplemented with 10%
fetal bovine serum (HyClone Labs, Logan, UT), L glutamine (0.292mg/ml), penicillin (100
units/ml), streptomycin (0.1mg/ml) and amphotericin B (4 mg/ml). Antibiotics were purchased
from Gibco BRL, Grand Island, NY. Cells were cultured at 37°C in 5% CO,, 95% air, and fresh
medium was exchanged every three days. No visual evidence of cellular senescence was
observed. Cells were grown to near 100% confluency followed by washing and then culturing in
serum-free for 24 hours. Cells were then treated with or without recombinant TGFf2 (5ng/ml)
protein (#302-B2, R&D Systems, Minneapolis, MN) for 24 and 48 hours for whole cell lysate
(WCL) and conditioned medium (CM) studies.

RNA lIsolation and PCR

Total RNA was isolated with TRIzol (5 Prime Inc, Gaithersburg, MD) and reverse transcribed to
cDNA using iScript Reverse Transcription Supermix for RT-gPCR (Life Science, Hercules, CA).
PCR primers were designed using the National Center for Biotechnology Information (NCBI)
primer blast tool program: PCOLCEI1 Forward Primer (523

CCCCAACTACACCAGACCCGT, PCOLCEI1 Reverse Primer 5’23
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TCCAGAGCATCGTAGCGGCA; PCOLCE?2 Reverse Primer
CTCCAGAGTCCCCGTCCGTC,; [-actin Forward Primer (5’23
CTGGAACGGTGAAGGTGACA, B-actin Reverse Primer (5’23
AAGGGACTTCCTGTAACAATGCA. 1ug-2ug of cDNA was used in a reaction consisting of
Go Tag DNA polymerase (M300B; Promega, Madison, WI), 5x PCR buffer (M791A; Promega),
25mM MgCl, (A351H; Promega), 10mM dNTP mix (U1515; Promega), dimethyl sulfoxide
(BP231-100; Fisher Scientific, Pittsburg, PA) dH,0, betaine, and 100 nM PCR primers. RT-PCR
reactions were run in a PTC-100 thermal cycler (MJ Research, Inc., Ramsey, MN) with cycling
parameters of initial denaturation at 95°C; 30 cycles of 95°C for 1min; 58°C for 38 seconds; and
72°C for 45 seconds. PCR amplified products were run on 2% agarose gels, stained with SYBR
green and analyzed with the Fluorchem 8900 UVP system (Alpha Innotech, Logan, UT). B-actin
was used as a loading control.
Western Blot Analysis of Whole Cell Lysate (WCL) and Conditioned Media (CM)
Following TGF-B2 Treatment
WCL and CM were obtained from three normal primary TM cell strains and used for Western
blot analysis with antibodies against PCOLCE1 and PCOLCE2 (Table 1). B-actin, was used to
normalize protein loading. Whole cell lysate of whole human heart (Alpha Diagnostic HAL
1301. San Antonio, TX) was used as a positive control for both PCOLCE1 and PCOLCE2
protein expression. Induction of fibronectin (FN) was used as a positive control for
TGFp2 activity.
TM cells were treated with and without TGFB2 (5ng/ml) for 24 and 48 hours. Total cellular
protein was isolated from cultured TM cells using M-PER extraction buffer (#78501; Pierce

Biotech, Rockford, IL) and Protease Inhibitor Cocktail (#78415; Pierce Biotech), and
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StrataClean resin (400714; Agilent Technologies, Santa Clara, CA) was used to concentrate
conditioned medium. Protein concentrations were determined using the Bio-Rad D protein assay
for cell lysate. Denaturing SDS—polyacrylamide gel electrophoresis, separated protein samples.
Proteins were transferred by electrophoresis to polyvinylidene difluoride (PVDF) membranes.
The PVDF membranes were incubated in 10% milk in Tris Buffered Saline Tween for 90
minutes to block nonspecific binding. Blots were processed using primary antibodies and
appropriate secondary antibodies (Table 1). The Super Signal West Femto Maximus sensitivity
substrate (#34095; Pierce Biotech) was used for protein detection using a FluroChem 8900
Imager (Alpha Innotech, San Leandro, CA). B-actin was used as a loading control for WCL
samples. Fibronectin was used as a positive control for TGFB2 induction and WCL of whole
heart was used as a positive control for PCOLCE1 (50ug) and PCOLCE?2 (20-30ug) expression.
Immunohistochemical Localization of PCOLCEL and PCOLCE2 in TM Tissues

Six pairs of formalin fixed normal human eyes (74, 79, and 85 years of age for PCOLCEL1,; 79,
82, 92 years of age for PCOLCE?2) were used to localize PCOLCE1 and PCOLCE2 in human
TM tissues. Paraffin sections were deparaffinized, rehydrated and placed in antigen retrieval
citrate buffer (pH 6.0) for 30 minutes followed by three PBS washes for 5 minutes each and then
placed in 0.05M glycine for 15 minutes. Sections were incubated in 5% goat serum for 1 hour to
block non-specific staining. Subsequently, sections were incubated at 4°C overnight with
primary antibodies for PCOLCE1 or PCOLCE2 (Table 1). Secondary antibody staining was
performed for 1 hour at room temperature with goat anti-rabbit Alexa 488 conjugated secondary
antibody (Table 1). To visualize cell nuclei, tissue sections were stained with DAPI for 10
minutes. IgG and omission of no primary antibodies served as negative controls. Images were

captured using the Zeiss LSM-410 confocal microscope and Eclipse Ti-U microscope (Nikon,
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Melville, NY) containing the Nuance FX imaging system (CRI, Burlington, MA). Liver and
prostate cancer tissue sections (Biomax Inc. Rockville, MD) were used as positive controls for
PCOLCE1L and PCOLCEZ2 immunostaining respectively.

Results

PCOLCEL and PCOLCE2 mRNA Expression in Human TM Cells

Transformed (n=2) and non-transformed primary (n=4) TM human TM cell strains were
examined for PCOLCE1 and PCOLCE2 expression by RT-PCR. PCOLCE1l (207bp PCR
amplimer) and PCOLCE2 (223bp PCR amplimer) were expressed in both transformed TM cell
lines (Fig.1A). Additionally, PCOLCE1 was expressed in all four of the non-transformed human
TM cell strains examined with faint expression of PCOLCEL in one of the non-transformed cell
lines (Fig. 1B lane 2). In contrast to PCOLCEL, only two out of the four non-transformed human
TM cell strains expressed PCOLCE2 (Fig. 1B lanes 3 and 4).

Western Blot Analysis of PCOLCE1 and PCOLCE2 in TM Conditioned Media (CM)

Since PCOLCEL1 and PCOLCE2 are secreted glycoproteins, we first wanted to determine
whether these proteins were in CM from human TM cells. CM was collected from four normal
primary TM cell strains cultured for 48 hours. An expected protein band at 48kDa for PCOLCE?2
was seen in the CM of all four non-transformed human TM cell strains (Fig. 2A). Two additional
non-specific bands appeared at 75kDa (Fig. 2A). An expected 48kDa band for PCOLCE2 was
also observed in two out of the four non-transformed human TM cell strains. Additional bands
at 34kDa and ~20kDa were also observed for PCOLCE2 (Fig 2B). Whole cell lysate (WCL)

from human heart was used as a positive control for both PCOLCEL and PCOLCEZ2. (Fig 2B).

29



Western Blot Analysis of PCOLCE1 and PCOLCE2 in TM WCL and CM following
TGFB2 Treatment

Since TGFpB2 is elevated in the AH of glaucoma patients and exogenous TGFf2 induces BMP1
in human TM cells, we wanted to see if exogenous TGFB2 also induces PCOLCEl and
PCOLCEZ2 protein expression. Three non-transformed human TM cell strains were treated with
or without 5 ng/ml of TGFB2 for 24 or 48 hours, and whole WCL as well as CM were collected.
Inconsistent protein bands were seen in WCL for both PCOLCE1 and PCOLCE2 (data not
shown). An expected protein band at 48kDa for PCOLCEL was seen in the CM of all 3 primary
human TM cell strains (Fig. 2.3A) Two additional non-specific bands appeared at 75kDa (Fig.
3A). WCL from human normal heart was used as a positive control for PCOLCEL (Fig. 3A).
Treatment of human TM cells with TGFB2 (5 ng/ml) for 48 hours did increase PCOLCE1
protein levels in two of the three cell strains. Western blot analysis of CM for PCOLCE2
demonstrated protein bands of ~25kDa, 34kDa, and 48-50kDa in all 3 primary human TM cell
strains (Fig. 3B). WCL from human heart was used as a positive control for PCOLCE2 and
similar protein bands were also observed (Fig. 3B). Treatment of human TM cells with TGF2
(5 ng/ml) for 24 or 48 hours did not increase PCOLCE2 protein levels (Fig 3A and 3B).
Fibronectin was used as a positive control to demonstrate that TGFB2 was biologically active.
TM cells were cultured with 5 ng/ml of TGFB-2 for 24 or 48 hours. All three non-transformed
human TM cells responded to TGFB-2 with increased fibronectin protein levels at both time

points (Fig. 3A and Fig. 3B).
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Immunohistochemical Localization of PCOLCE1 and PCOLCE2 Proteins in Human TM
Tissues

Representative images for PCOLCEL and PCOLCE?2 protein expression in human TM tissues
were obtained from three normal human donor eyes. Liver cancer and prostate cancer tissue
sections were used as positive controls for PCOLCE1 and PCOLCE2 immunostaining
respectively. All sections were stained with DAPI to visualize cell nuclei. PCOLCEL expression
was associated with trabecular beams in two out of the three human TM tissues (Fig. 4B and Fig.
4D). No primary antibody and IgG were used as negative controls (Fig..4A and Fig. 4C).
PCOLCE1 immunolocalization was observed in liver cancer tissue sections, which served as a
positive control (Fig. 4E). There was no staining for PCOLCEL1 in the negative control (Fig.

4F).

In comparison to PCOLCE1, PCOLCE2 protein expression was low in TM tissue sections.
Staining for PCOLCE2 was diffused across the TM in one out of three normal donor eyes (Fig.
5B). There were no apparent differences in PCOLCE?2 localization in the various regions of the
human TM (Fig. 2.5D). No primary antibody and IgG were used as negative controls (Fig. 5A
and Fig. 5C). PCOLCE2 immunolocalization was observed in prostate cancer tissue sections that
served as the positive control (Fig. 5E). There was no staining for PCOLCE2 in the negative
control (Fig. 5F).

Discussion

This study has demonstrated for the first time expression of PCOLCE1 and PCOLCEZ2 in human
TM cells and tissues. Both PCOLCE1 and PCOLCE2 mRNA and proteins are expressed in
human TM cells. Immunostaining analysis showed that both proteins are present in TM tissues

from normal donor eyes.
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Additionally, protein bands less than 37kDa that appeared in our western blot studies could
represent processed forms of PCOLCE2 (e.g. 36kDa or 34kDa) as previously reported in the
literature >, The appearance of these bands could result from (a) non-identical subunits of a
dimeric protein, (b) distinct forms of a single chain protein that differs in chain length and
glycosylation, (c) proteolytic fragments of the 48kDa form, or (d) a degraded product of the
36kDa protein ®“®, The additional protein band observed at ~20/25kDa for PCOLCE2 could
represent a splice variant of PCOLCE2 *" with unknown protein function or be degradation
product of PCOLCEZ2. Differences in protein bands for PCOLCE1 and PCOLCE2 in Western
blot studies may be an indication of differential glycosylation as reported in a previous study “°.
Immunohistochemical results demonstrated that PCOLCEL1 is present along the TM beams. This
observation agrees with what was seen in previous studies that identified PCOLCEL associated
with fibrillar-collagen in interstitial connective tissues “>*3. The presence of PCOLCE1 along or
within trabecular meshwork beams suggests that PCOLCE1 can play an important role in the
excess collagen deposition in TM of glaucoma patients. Further studies would have to be
conducted to support this role in excess collagen deposition and pathogenesis of glaucoma. In
contrast to PCOLCE1, PCOLCE2 was diffuse within the TM agreeing with a previous study that
showed that PCOLCE?2 has a higher affinity for heparan sulfate than PCOLCEL suggesting that
it is it closely associated with the cell surface “°. In a previous study, PCOLCE2 was also found
to be a collagen-associated glycoprotein, *° thus suggesting that it may also play an important
role in pathogenesis of glaucoma. Additional studies would have to confirm its role in this
disease.

Exogenous treatment with TGFB2 at 5 ng/ml for 48 hours induced PCOLCEL1 but not PCOLCE2

protein expression in CM of TM cells. Low expression of PCOLCE2 in TM tissue and no
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increased expression of PCOLCE2 by TGFB2 may imply that PCOLCE2 plays a less prominent
role than PCOLCEL. Increased expression of PCOLCELl by TGFB2 may lead to increase
facilitation of procollagen processing via enhancement of BMP1 activity, resulting in excess
extracellular collagen deposition thereby leading to increase outflow resistance and elevated 10P
(Fig. 2.6). Taken together, our results demonstrate PCOLCE1 and PCOLCE2 mRNA and protein
expression in human TM cells and tissues. Further studies are needed to evaluate their role in
pathogenesis of glaucoma.

Figure Legends

Figure 1: mRNA expression of PCOLCE1 and PCOLCE2 in human TM cells (A) SYBR green
stained gels of RT-PCR products for biological triplicates of PCOLCE1, PCOLCEZ2, and B-actin
from normal (HTM5) and glaucomatous (GTM3) transformed TM cell lines (B) SYBR green
stained gels of RT-PCR products for PCOLCE1, PCOLCEZ2, and B-actin from normal primary

human TM cell strains (n=4).

Figure 2: Protein expression of PCOLCE1l and PCOLCE2 in primary human TM cells
conditioned media. (A) PCOLCE1 expression (48kDa) in normal TM cell strains (n=4). (B)
PCOLCE2 expression (48 kDa) in normal TM cell strains (n=4) . (+) Human normal heart cell

lysate served as a positive control for both PCOLCE1 and PCOLCE2.

Figure 3: Protein expression of PCOLCE1 and PCOLCE2 at 24 and 48 hours post TGF2
treatment in conditioned medium from primary human TM cells. (A) Representative Western
immunoblot image of PCOLCEL expression in CM of primary TM cells treated with 5ng/ml

human recombinant TGF2 for 24 and 48 hours (n=3). (B) Representative western immunoblot
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image of PCOLCE2 expression in CM of primary TM cells treated with 5ng/ml human
recombinant TGFB2 for 24 and 48 hours (n=3). (+) Human normal heart lysate served as a
positive control (+) for PCOLCE1 and PCOLCE2. FN= Fibronectin positive control for TGFp32

treatment (5ng/ml) at 24 and 48 hours.

Figure 4: Representative Image of PCOLCEL1 localization in normal human TM tissue (A) No
Primary antibody served as a negative control for TM. (B) Merged PCOLCE1 and DAPI nuclei
staining in normal TM tissue. TM (Trabecular meshwork). SC (Schlemm’s canal). (C) Enlarged
area of A. (D) Enlarged area of B showing PCOLCEL localization in normal TM tissue. (E) No
primary antibody served as a negative control of human liver cancer tissue (F) Human liver

cancer tissue served as a positive control for PCOLCE1 immunolocalization. Scale bar (100um).

Figure 5: Representative Image of PCOLCE?2 localization in normal human TM tissue. (A) No
Primary antibody served as a negative control for TM. (B) Merged PCOLCE2 and DAPI nuclei
staining in normal TM tissue. TM (Trabecular meshwork). SC (Schlemm’s canal). (C) Enlarged
area A. (D) Enlarged area of B showing PCOLCE2 localization in normal TM tissue. (E) No
primary antibody served as a negative control of human prostate cancer tissue (F) Human
prostate cancer served as a positive control for PCOLCE2 immunolocalization. Scale bar

(100pm).

Figure 6: A proposed mechanism for PCOLCE 1 and 2 in processing of procollagen and

collagen accumulation in the glaucomatous TM.
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Table 1: List of Antibodies used

Antibody
dilution for Antibody
Catalog Western dilution for

Antibody number Blot IHC Source
Anti-PCOLCE 1 ab39204 1t03000 | .......... Abcam
Anti-PCOLCE 2 ab28345 1t01000 | .......... Abcam
[-actin mouse
monoclonal MAB1501 1t0 1000 | .......... Millipore
Rb X Human
Fibronectin AB1945 1t0 1000 | .......... Millipore

Cell
anti-rabbit IgG HRP | 70745 1t010000 | .......... Signaling
Stabilized
peroxidase
conjugated goat anti- Thermo
mouse 32430 1t010000 | .......... Scientific

Protein tech
PCOLCE 1 14993-1-AP | .......... 1t0 100 Inc

Protein tech
PCOLCE 2 10607-1-AP | .......... 1to50 Inc
Goat anti-rabbit Molecular
Alexa-Fluor 488 A11008 | .......... 1 to 200 Probes

1.6mg/mL
uo3od | .l (PCOLCE1)
2.47mg/mL

Rabbit IgG 1-1000 | | ... (PCOLCE2) | Vector Labs
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CHAPTER Ill: CONCLUSION AND FUTURE DIRECTIONS
Conclusion
In conclusion, our results indicate that PCOLCEL and PCOLCE?2 are expressed in normal human
TM cells and tissues. This baseline information in the normal TM is important in order to
examine their expression in glaucomatous TM cells and tissues to determine if their expression is
altered. If this is true, then we can investigate their role in regulation of BMP1 activity, the
processing of procollagen to collagen and collagen accumulation in the glaucomatous TM, we
will also study their effects in regulating IOP to determine whether these proteins are important
players in pathogenesis of glaucoma. This then will expand our current knowledge of the
molecular mechanism of the pathogenesis of glaucoma in the TM and can allow for the
development of new therapeutic targets for the TM so that better treatment can be provided to
glaucoma patients. The following are some of the potential future studies to address these
concerns and questions.

Limitations

While the current studies focused on the expression of PCOLCE1 and PCOLCE2 in TM cells
and tissues and whether or not TGFB2 increases their expression, there are some limitations that
need to be addressed for this study.

The first limitation is that the current study only looked at expression of PCOLCEL and
PCOLCEZ2 in normal TM cells and tissues, but not at their expression in glaucomatous TM cells
and tissues. Therefore, studies should be conducted to determine if PCOLCE1 and PCOLCE2
expression are increased in glaucomatous TM cells and tissue so their roles in pathogenesis of

glaucoma can then be evaluated. A second limitation in this study is associated with the

48



immunolocalization of PCOLCE1 and PCOLCEZ2 in normal TM tissue. To make a comparison
of which protein (PCOLCEL or PCOLCEZ2) has greater localization in TM tissue, factors need to
be taken into consideration which include the following: antibody affinity for PCOLCE1 or
PCOLCE2 in the TM tissue and area/region of TM that is examined as the TM extends around
the anterior segment of the eye. To support the idea that PCOLCE1 or PCOLCE?2 is greater in
localization in TM tissue, TM tissue can be extracted for western immunoblot studies and
densitometry analysis. Another way to measure protein level expression is with immunostaining
that will focus on the different area/regions in the TM. These TM regions would then be
averaged for PCOLCE1 or PCOLCE2 protein expression and thus can indicate that PCOLCE1
and/or PCOLCE2 is more prominent in TM tissue and if the role of these proteins is worth
evaluating in glaucoma pathogenesis.

Another limitation with the immunostaining is determining where exactly PCOLCEL or
PCOLCEZ2 is localized within the TM tissue. Even though it may appear that PCOLCEL is within
or along the TM beams and PCOLCE?Z2 is diffused in the TM, the immunostaining does not allow
precise localization in TM tissue. Thus PCOLCE1 or PCOLCE2 localization cannot be exactly
pinpointed. Therefore, immunolocalization at the electron microscopy level should be used to
determine precise PCOLCEL or PCOLCEZ2 localization in the TM tissue.

The last limitation in this study is associated with TGFB2 induction on PCOLCEL or
PCOLCE2 expression. TGFB2 induction on PCOLCE1 or PCOLCE2 expression was only
studied at the protein but not at the mRNA level. Therefore, mMRNA studies at different time

points with treatment of 5ng/ml of TGFB2 in TM cells can be conducted to further support

TGFB2 induction on PCOLCE1 or PCOLCEZ2 expression.
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Future Studies

Expression of PCOLCE1/PCOLCE?2 in glaucomatous TM cells and tissues

To confirm expression of PCOLCE1/PCOLCE 2 in glaucomatous TM cells and tissues,
glaucomatous TM cells and tissues will be obtained for mRNA and protein studies as well as
immunohistochemistry studies (see methods section in Chapter 2). A comparison will
be made between normal and glaucomatous TM cells and tissues to determine if

PCOLCE1/PCOLCE2 expression is altered in glaucomatous TM cells and tissues.

Overexpression of PCOLCE1/PCOLCEZ2 in human TM cells

To study the role of PCOLCE1 and PCOLCE?Z2 in the regulation of BMP1 activity, it is important
to (a) generate a transient TM cell line that overexpresses PCOLCEL1 or PCOLCE2 and (b)
establish a sSiRNA knockdown of these genes. For overexpression studies, human TM cells will
be transfected with commercially available Green Fluorescent Protein (GFP) tagged mammalian
vector pCMV6-AC-GFP-PCOLCE 1 or with pCMV6-AC-GFP-PCOLCE2 from OriGene
(Technologies Rockville, MD) using an empty mammalian vector. To confirm that the
transfected cells are overexpressing PCOLCEL or PCOLCEZ2 successfully, conditioned medium
(CM) will be obtained and be used for immunoblotting studies with an anti-tGFP specific
antibody from Origene which will then be visualized using the Fluor Chem™ 8900 imager
(Alpha Innotech, San Leandro, CA) using ECL detection reagents (SuperSignal West Femto

Maximum Sensitivity Substrate; Pierce Biotechnology).
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Knockdown of PCOLCE1/PCOLCEZ2 in human TM cells

For knockdown studies, sSiRNA of PCOLCE1 or PCOLCE2will be purchased from Origene. A
Trilencer-27 Universal Scrambled siRNA will serve as a negative control. Fluorescent-labeled
duplexes such as HPRT siRNA (for demonstration of successful suppression of a control gene
using a known effective siRNA) will be used as a positive control at a concentration range of 0.1

to 50 nM will be used to determine maximum knockdown.

For confirmation of maximum knockdown of PCOLCEL or PCOLCEZ2, cell lysates will
be obtained and be used for WB analysis to verify the functionality of the knockdown protein
expression of these proteins. In addition RNA will be harvested from transfected cells and be
used in quantitative RT-PCR to determine the loss of gene expression of PCOLCEL or

PCOLCE2.

Regulation of BMP1 Activity in human TM cells

Next, enhancement of BMP1 activity would be measured using a BMP1 activity assay
(Recombinant BMP1 protein (R&D Systems) and a fluorogenic peptide substrate Mca-Y-V-A-
D-A-P-K (Dnp)-OH (R&D Systems)). Supernatant will be collected from both overexpression
and knockdown studies of PCOLCE1 or PCOLCEZ2 and will be used for this assay. These studies
would confirm that overexpression of PCOLCE1 or PCOLCE2 will lead to an increase in BMP1
activity. Increased BMP1 activity cleaves the fluorogenic substrate and results in an increase in
fluorescence. In the knockdown studies, there should be a decrease in BMP1 activity leading to

decreased cleavage of the fluorogenic substrate and ultimately a decrease in fluorescence.
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Procollagen Processing and Collagen Deposition

To understand procollagen processing in human TM cells, CM will be collected from
overexpression/knockdown experiments and will be used for WB studies against C propeptide or
the anti-al (I) C-telopeptide region of fibrillar procollagens (I-111). If it is found that there is
increase in BMP1 activity, then we should expect increase in procollagen processing. If there
were an increase in procollagen processing, ultimately that would lead to accumulation of
collagen in the ECM of the TM, similar to what is seen in glaucoma. Therefore, to measure
collagen deposition content in vitro, the sircol collagen assay will be used and instructions will

be followed as provided by Biocolor Ltd (United Kingdom).

Ex-vivo examination of the role of PCOLCEL or PCOLCEZ2 in regulating IOP
Perfusion-cultured human anterior segments have been used as an ex vivo model to study
glucocorticoid-induced glaucoma 2. This model would be appropriate to examine the effect of
recombinant proteins PCOLCEL or PCOLCE?2 in regulating IOP since it has been found that
both proteins are expressed in human TM cells and tissues *.

The perfused bovine anterior segment POC model has been previously described *. Fresh
bovine eyes will be dissected and sealed on a custom-made acrylic dish with an O-ring.
Perfusion medium will be infused by a syringe pump at a constant infusion rate of 2.5 uL/min.
The human anterior segments will then be perfusion cultured for one to three days until the IOP
becomes stable. Then recombinant proteins PCOLCE1 or PCOLCE2 will be infused into human
eyes. Control eyes will be transduced with PBS pH7.4-7.5. The other way that PCOLCE1 or
PCOLCE2 can be introduced into human anterior segments in the POC model is via (a)

overexpression of PCOLCE1 or PCOLCE2 or (b) knockdown of PCOLCE1 or PCOLCEZ2. In the
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overexpression study, one eye will be transduced with Ad5PCOLCE1 or Ad5PCOLCE2 while
the contralateral eye will be induced with an empty viral vector. IOP will be monitored and then
TM tissue will be obtained from the eyes and be analyzed for changes in BMP1 expression as
well fibrillar collagen (type I-111) deposition via immunohistochemistry and western blot. For
the knockdown study, one eye will be transduced with Ad5-siRNAPCOLCE1l or Ad5-
SIRNAPCOLCEZ2, while the contralateral eye will be transduced with empty viral vector. 10P
will then be measured and then TM tissue will be obtained from the eyes and analyzed for
changes in BMP1 expression as well as fibrillar collagens (type I-111) deposition via

immunohistochemistry and western blot.

The proposed studies will give us a better understanding of the role of PCOLCEL or PCOLCE2
in the regulation of BMP1 activity, procollagen processing and IOP in TM cells and tissues and
will offer more insight into ECM structural changes, (i.e. collagen deposition), increased outflow

resistance and elevated IOP observed in glaucoma.
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