Distribution of Myocilin and Extracellular Matrix
Components in the Corneoscleral Meshwork
of Human Eyes
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PURPOSE. To examine ultrastructurally the composition of major extracellular matrix (ECM) components and the distribution of myocilin in the trabecular lamellae of corneoscleral (CS)
meshwork in normal human eyes. The codistribution of myocilin with ECM components was also investigated.
METHODS. Postembedding immunoelectron microscopic studies were performed with antibodies against myocilin and other
ECM components, including fibronectin, laminin, vitronectin,
tenascin, elastin, fibrillin-1, microfibril-associated glycoprotein
(MAGP)-1, decorin, versican, hyaluronic acid, and five types of
collagen (I, III, IV, V, and VI). Double labeling of myocilin with
other ECM components was performed with different sized
gold particles.
RESULTS. In the trabecular beams of CS meshwork, fibronectin,
laminin, and collagen type IV were associated with basement
membranes, whereas elastin was specifically localized to the
core of elastic-like fibers. Several types of collagens, glycoproteins, proteoglycans, and hyaluronic acid were detected both
in the collagen fibers and ground substances. Myocilin predominantly localized in the long-spacing collagens and sheath materials surrounding elastic-like fibers, codistributed with fibronectin, fibrillin-1, MAGP-1, decorin, and type VI collagen.
CONCLUSIONS. This study illustrated the composition of ECM
materials in the trabecular lamellae of CS meshwork. Myocilin
was specifically localized to long-spacing collagens and the
surrounding sheath of elastic-like fibers interacting with microfibril-associated elements where changes have been documented to occur in glaucomatous and aging eyes. (Invest
Ophthalmol Vis Sci. 2003;44:4772– 4779) DOI:10.1167/
iovs.02-1002
yocilin,1 also known as trabecular meshwork-inducible
glucocorticoid response (TIGR), was originally cloned
from cultured human trabecular meshwork (TM) cells as a
protein upregulated by dexamethasone treatment.2,3 This gene
has been directly linked4 to both juvenile- and adult-onset
primary open-angle glaucoma (POAG). Approximately 3% to
4% of patients with POAG have been found to have mutations
in this gene, irrespective of region or race.5–7
In humans, myocilin is expressed in several ocular and
nonocular tissues.8 The expression level of myocilin in the TM
appears to be considerably higher than in other ocular tissues.
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In situ hybridization experiments also indicate that the mRNA
levels are similar in the uveal, corneoscleral (CS), and juxtacanalicular (JCT) regions of TM tissues.9 –13 The physiologic
functions of myocilin and its precise roles in the pathogenesis
of glaucoma nevertheless remain largely a mystery.8 We have
demonstrated by immunoelectron microscopy that myocilin is
localized both intracellularly and extracellularly to multiple
sites in normal human TM tissues and in cultured cells.14
Intracellularly, myocilin is associated with mitochondria, vesicles, centrosomes, and cytoplasmic filaments, including actin
stress fibers and intermediate filaments. Extracellularly, it is
localized in TM tissues in association with the extracellular
matrix (ECM).
In a subsequent investigation,15 we examined the extracellular localization of myocilin in the JCT connective tissue of
TM. Myocilin was demonstrated to localize predominantly to
the microfibrillar architectures of sheath-derived (SD) plaque
materials, within the clusters of the banded material surrounding the plaques. This distribution pattern is intriguing, because
the microfibrillar structure is the most prominent ECM component in the region and abnormal accumulation of SD plaques
has been established as a characteristic pathologic change
observed in the JCT of patients with POAG.16 –22
The CS meshwork portion of TM tissues extends approximately 100 m in the direction of the aqueous flow and
consists of interconnecting sheets of trabecular beams that
contain lamellae of connective tissue elements.22,23 Cells in the
CS meshwork line the trabecular beams. This contrasts with
that in the JCT region, where cells reside relatively freely and
are embedded in connective tissues. The JCT/Schlemm’s canal
area is believed to be the main site of resistance of the aqueous
outflow. The TM cells covering the corneoscleral beams nevertheless are also likely to have their roles in maintenance of
the normal outflow. For instance, TM cells are known to engulf
debris in a self-cleaning manner,24 so that the pathways remain
free for the fluid to flow through the meshwork.
Underneath the TM cells in the CS meshwork, there are
basement membranes. The beams or trabecular cores are made
up essentially of collagen fibers embedded in ground substances as a matrix, and elastic-like fibers as a plexiform framework. In trabecular lamellae, the accumulation of “long-spacing collagens” and thickening of basement membranes are
well-documented changes in aged eyes.25 Long-spacing collagen is also observed in the eyes of patients with POAG.16 It is
characterized as a cross-banded structure with approximately
100 to 120 nm periodicity,26 which is longer than that (52– 62
nm) of collagen types I and III. The exact nature of this
structure has yet to be clearly defined.
In this study, we continued our efforts, analyzing systematically the ECM composition of the basement membrane, the
trabecular core and the long-spacing collagens in the CS meshwork of normal human eyes. A postembedding colloidal gold
immunoelectron microscopy (immuno-EM) method was used.
The TM sections were immunostained with antibodies specific
for major ECM components of TM including fibronectin, laminin, vitronectin, tenascin, elastin, fibrillin-1, microfibril-associInvestigative Ophthalmology & Visual Science, November 2003, Vol. 44, No. 11
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FIGURE 1. A low-magnification micrograph demonstrating the CS
meshwork structure. The CS meshwork, underneath Schlemm’s canal
(SC) and the JCT area, is composed
of interconnecting sheets of trabecular beams (TB). Trabecular cells (TC)
line the beams. Cells (JC) in the JCT
area are, by contrast, embedded in
connective tissues. The boxed area
in the CS meshwork was examined
by immunogold electron microscopy. E, SC cells. Bar, 5 m.

ated glycoprotein (MAGP)-1, decorin, versican, hyaluronic
acid, and five types of collagen (I, III, IV, V, and VI).
The extracellular localization of myocilin in this region was
also investigated. In addition, double labeling was performed
to determine whether, and which, ECM components colocalize
with myocilin in the trabecular lamellae of CS meshwork.

MATERIALS

AND

METHODS

Six normal human donor eyes (donor ages, 39, 47, 48, 58, 72, and 74
years) with no history of glaucoma or other eye diseases were obtained
from the Illinois Eye Bank at Chicago within 24 hours of death. The
procurement of tissues was approved by the Institutional Review
Board at the University of Illinois at Chicago and complied with the
Declaration of Helsinki. TM tissues isolated were fixed for 3 hours in
4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate
buffer (pH 7.4). The specimens were dehydrated at ⫺20°C through a
graded series of N,N-dimethylformamide and were finally immersed in
a glycol methacrylate embedding medium. They were subsequently
polymerized by ultraviolet irradiation at ⫺20°C for 48 hours. Ultrathin
80-nm serial sections were obtained through the entire layers of TM,
and were mounted on 150-mesh nickel grids.
To minimize nonspecific binding, sections were blocked at room
temperature (RT) in 1% bovine serum albumin in phosphate-buffered
saline (PBS) for 15 minutes. The grids were then incubated at RT with
a specific primary antibody for 3 hours. The primary antibodies were
rabbit anti-human fibronectin (1:20 in the blocking buffer; ICN Biochemicals, Irvine, CA), laminin (1:15; Sigma-Aldrich, St. Louis, MO),
tenascin (1:20; Invitrogen-Life Technologies, Gaithersburg, MD), elastin (1:150; Elastin Products Co., Owensville, MO), fibrillin-1 (1:150;
Elastin Products Co.), MAGP-1 (1:200; Elastin Products Co.), and collagen types I (1:20; Chemicon, Temecula, CA), III (1:40, Chemicon),
and IV (1:20; Collaborative Research, Bedford, MA); mouse anti-human
vitronectin (1:20; Invitrogen-Life Technologies), versican (1:15; Seikagaku Corp., Falmouth, MA), and collagen types V and VI (1:15; Chemicon); and sheep anti-human decorin (1:500; United States Biological,
Swampscott, MA). Several dilutions of the antibodies were tested, and
the optimal one was chosen for the study. An affinity-purified polyclonal antibody anti-myocilin-33 was also used as a primary antibody at
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a dilution of 1:200. The development and specificity of this antibody
were as previously described.14,15
After the primary antibody incubation, the grids were rinsed thoroughly in a mixture of 0.05% Tween-20 in PBS. The sections were
further incubated with 12-nm colloidal gold– conjugated goat antirabbit (1:50; Jackson ImmunoResearch, West Grove, PA) goat antimouse IgG (1:30; Jackson ImmunoResearch), or 6-nm colloidal gold–
conjugated donkey anti-sheep IgG (1:100; Jackson ImmunoResearch)
at RT for 1 hour. The sections were then rinsed, stained with uranyl
acetate, and examined under a transmission electron microscope
(model JEM-1220; JEOL, Peabody, MA) at 80 kV accelerating voltage. As
a negative control, normal rabbit, mouse, or sheep IgG or anti-myocilin
preadsorbed with the immunogenic peptide was used instead of the
primary antibody at the equivalent concentration of IgG fraction.
To localize hyaluronic acid, the sections were incubated with
biotinylated hyaluronic acid binding protein (HABP; 1:10; United States
Biological) after blocking. The sections were next incubated for 1 hour
in horseradish peroxidase (HRP)– conjugated streptavidin (1:50; Jackson ImmunoResearch) and for another hour in 6-nm colloidal gold–
conjugated goat anti-HRP (1:20; Jackson ImmunoResearch).
To determine the relative distribution of each of the 16 molecules,
the intensity of immunogold labeling or the amount of gold particles in
each ECM structure was graded. More than 10 micrographs from each
eye were examined by two masked observers. The intensity was
scored from ⫾ to ⫹⫹⫹, with ⫾ representing minimal staining and
⫹⫹⫹, intense staining.
To examine the interaction between myocilin and other ECM
components, double labeling was performed. One side of the section
was immunostained for myocilin and labeled with 12-nm gold particles, and the other side was stained for ECM elements with 6-nm gold
particles. Single-side incubation was achieved by floating the grids on
a drop of each solution.

RESULTS
Immunogold Labeling of Major ECM Components
in the CS Meshwork
The CS meshwork is composed of interconnecting sheets of
trabecular beams with TM cells lining the beams. Figure 1
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Trabecular Cores
The collagen fibers embedded in the ground substance were
immunolabeled for collagen types I (Fig. 3A) and V (Fig. 3B).
Core elastic-like fibers were composed of electron-dense and
electron-lucent areas, and were surrounded by microfibrillar
sheath materials. Elastin, as has been shown,15,29 was immunolocalized almost exclusively to the region within or adjacent
to the electron-lucent area of the core (Figs. 3C). Other ECM
substances (Figs. 4, 5) including fibrillin-1,30 MAGP-131 (data
not shown), fibronectin,32 decorin,33,34 collagen types III (data
not shown) and VI, vitronectin, tenascin, versican, and hyaluronic acid were observed both in the core and the surrounding sheath. Fibronectin (Fig. 4A) and collagen type III (data not
shown) were more densely distributed in the sheath area.
Fibrillin-1 (Fig. 4B), decorin (Fig. 4C), collagen type VI (Fig.
4D), vitronectin (Fig. 5A), tenascin (Fig. 5B), versican (Fig. 5C),
and hyaluronic acid (Fig. 5D) were by contrast, more abundantly distributed in the core of elastic-like fibers. Negative
controls using normal mouse IgG (Fig. 3D) and sheep IgG (data
not shown) showed minimal staining.

Long-Spacing Collagens

FIGURE 2. Immunogold localization of ECM elements in basement
membranes of the CS meshwork. (A) Moderate labeling for fibronectin
was observed in basement membranes (arrows) underneath trabecular
cells (TC), the long-spacing collagens (stars), and the sheath materials
surrounding the elastic core (white asterisk). Intracellular labeling, as
was reported in the literature,15,27,28 was also observed. (B) Labeling
for laminin was noted in the basement membranes (arrows) and the
sheath materials, but not in the long-spacing collagens (star). (C)
Strong labeling for collagen type IV was found in basement membranes
(arrows). (D) Labeling for collagen type IV was demonstrated in
thickened basement membranes (arrows) underneath the lining of TM
cells, but not in elastic-like fibers (white asterisk). (E) When the
primary antibody was replaced with rabbit IgG, the gold labeling was
negligible. TC, trabecular cells; white asterisk: core of elastic-like
fibers; black asterisk, sheath of elastic fibers. Bar, 200 nm.

shows a low-magnification micrograph demonstrating structure of the CS meshwork underneath Schlemm’s canal and the
JCT region. The boxed area in the CS meshwork was examined
by immunogold EM in the present study.

Basement Membranes
In the trabecular lamellae of normal human eyes, moderate
immunogold labeling for fibronectin (Fig. 2A) was noted in the
basement membranes. Abundant labeling for laminin (Fig. 2B)
and collagen type IV (Fig. 2C) was also observed. Occasionally,
thickened basement membranes were observed underneath
the lining of TM cells, and collagen type IV (Fig. 2D), laminin
and fibronectin (data not shown) were seen decorating the
entire layer of this structure. Other ECM proteins were minimally detected (Figs. 3, 4, 5) in the basement membranes. The
gold labeling was negligible when normal rabbit IgG was used
instead of the primary antibody (Fig. 2E). In addition, it is
addition of note that fibronectin was found not only underneath the TM cell lining, but also within the sheath materials of
elastic-like fibers (Figs. 2A, 4A) and the long-spacing collagens
(Fig. 6A). Laminin was in the sheath materials, but not in the
long-spacing collagens (Fig. 2B). Intracellular labeling was observed, as also has been reported in the literature.15,27,28
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In the donor eyes examined, long-spacing collagens, the electron-dense bands with a periodicity of 100 to 120 nm, were
observed both adjacent to the sheath of elastic-like fibers
and/or embedded in the ground substances. This structure was
specifically immunolabeled by fibronectin (Fig. 6A), fibrillin-1
(Fig. 6B), decorin (Fig. 6C), and collagen type VI (Fig. 6D).
Vitronectin, versican, and tenascin (data not shown) were also
detected within the deposits, although they were not specifically localized to the electron-dense bands.
The intensity of immunogold labeling in each ECM structure
was graded from ⫾ to ⫹⫹⫹, with ⫾ representing minimal,
and ⫹⫹⫹, intense staining. The labeling intensity and the
labeling pattern for all the ECM components examined are
summarized in Table 1. Results from TM tissues of six donors
were essentially identical.

Immunogold Labeling of Myocilin in the
CS Meshwork
Immunogold labeling using an affinity-purified anti-myocilin
antibody showed that the gold particles were heavily localized
to the sheath materials surrounding elastic-like fibers (Figs. 7A,
7B) and the long-spacing collagens (Figs. 7A, 7C). Myocilin was
also found, as expected, in the cells, and sparsely associated
with collagen fibers embedded in ground substances. In the
basement membrane, gold particles representing myocilin
were barely detectable. When the peptide-preadsorbed antimyocilin (Fig. 7D) was used in negative control experiments,
the gold labeling was at a minimum. A summary of the myocilin
distribution in each ECM structure is presented in Table 1.

Double Labeling of Myocilin and Other
ECM Proteins
Immunogold double labeling with myocilin was performed,
using different sized gold particles. Codistribution of myocilin
(12 nm-gold particles) with fibronectin (6 nm, Fig. 8A), fibrillin-1 (6 nm, Fig. 8B), MAGP-1 (6 nm, Fig. 8C), and decorin (6
nm, Fig. 8D), was demonstrated. The distribution of myocilin
and collagen type VI also overlapped (compare Figs. 7B and 7C
with Figs. 4D and 6D). All these molecules were heavily associated with long-spacing collagens and microfibrillar architecture of sheath materials. In addition, minor codistribution of
myocilin was noted with other components in the sheath such
as vitronectin, tenascin, laminin, and hyaluronic acid (data not
shown).
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FIGURE 3. Immunogold labeling of
ECM components in trabecular
cores. Trabecular cores were made
up of ground substances with collagen fibers as a matrix and elastic-like
fibers as a plexiform framework. Collagen fibers were strongly immunolabeled for collagen type I (A) and
moderately for collagen type V (B).
Core elastic-like fibers (white asterisks) were composed of electrondense and electron-lucent areas and
were surrounded by microfibrillar
sheath materials (black asterisks).
Elastin was immunolocalized almost
exclusively to the region within or
adjacent to the electron-lucent area
of the core (C). Minimal staining was
observed in mouse IgG negative control (D). TC, trabecular cell. Bar, 200
nm.

DISCUSSION
In the present study, we comprehensively analyzed the ECM
composition of the structures within trabecular lamellae in the
CS meshwork of normal human TM tissues. The ultrastructural
distribution of three elastic fiber-associated molecules (elastin,
fibrillin-1 and MAGP-1), four glycoproteins (fibronectin, laminin, vitronectin and tenascin), two proteoglycans (decorin and
versican), five types of collagen (I, III, IV, V, and VI), and
hyaluronic acid was examined. Studies of proteins such as
fibronectin, elastin, and collagen types I and III (data not

FIGURE 4. In the elastic-like fibers of
trabecular lamellae, staining for ECM
components including fibronectin
(A), fibrillin-1 (B), decorin (C), and
collagen type VI (D) was observed,
both in the core (white asterisks)
and the surrounding sheath (black
asterisks). Fibronectin (A) was more
densely distributed in the sheath
area. Fibrillin-1 (B), decorin (C), and
collagen type VI (D) were, by contrast, more abundantly distributed in
the core of elastic-like fibers. Mild
labeling for collagen type VI (D) was
seen in long-spacing collagens (star).
Intracellular grains were also observed. TC, trabecular cell. Bar, 200
nm.
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shown) confirmed previous results.28,29,35–38 Moreover, novel
information regarding distribution of several molecules including vitronectin, tenascin, and versican was obtained. The precise extracellular localization of myocilin in the CS meshwork
was also determined.
In the CS meshwork, the basement membrane of the trabecular lamellae was found to immunolabel abundantly for
collagen type IV and laminin and moderately for fibronectin.
The label was observed over the full thickness of the basement
membranes. Fibronectin was noted in addition within the
sheath material of elastic-like fibers. To a lesser degree, the
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FIGURE 5. In the elastic-like fibers of
trabecular lamellae, vitronectin (A),
tenascin (B), versican (C), and hyaluronic acid (D) were localized both
in the core (white asterisks) and the
surrounding sheath (black asterisks). These molecules were in general more abundantly distributed in
the core of elastic-like fibers. TC, trabecular cells. Bar, 200 nm.

sheath material was also labeled by anti-laminin but immunoreactivity toward anti-collagen type IV was virtually absent.
These findings are in accordance with the ultrastructural distribution of fibronectin, laminin, and collagen type IV reported
previously in immuno-EM investigations of normal and glaucomatous eyes.36,37
In the present EM study, collagen type I was mostly associated with collagen fibers in the ground substance, rather than
with the basement membranes or the elastin-like fibers. This
result agrees with and verifies the previously published EM37
and light microscopic38 data. Also in consistence with previous

results,37,38 labeling for type III collagen was observed in the
fibrillar-like material in the trabecular core. It should be noted
that the antibody for collagen type III had minor cross-reactivity (⬍10%) toward type I collagen and vice versa. However, the
differential distribution patterns of these collagen types and
the reaffirmation of previous findings argue for the compelling
representation of each collagen type by the gold labeling in the
current investigation.
The so-called long-spacing collagens25,26 are cross-striated
fiber bundles, both in the ground substances and the sheath
materials surrounding elastic-like fibers. Collagen type VI has

FIGURE 6. In the eyes of 58- and 72year-old donors, long-spacing collagens (stars) were observed both adjacent to the sheath (asterisk) of
elastic-like fibers and/or embedded
in the ground substances. This structure was specifically immunolabeled
by fibronectin (A), fibrillin-1 (B),
decorin (C), and collagen type VI
(D). TC, trabecular cells. Bar, 200
nm.
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TABLE 1. Immunogold Labeling of ECM Components and Myocilin in the Trabecular Lamellae of the Corneoscleral Meshwork

Fibronectin
Vitronectin
Laminin
Tenascin
Elastin
Fibrillin-1
MAGP-1
Versican
Decorin
Hyaluronic Acid
Collagen type I
Collagen type III
Collagen type IV
Collagen type V
Collagen type VI
Myocilin

Basement
Membrane

Collagen Fibers
and Ground
Substances

Core of
Elastic-like
Fibers

Sheath Material
of Elastic-like
Fibers

Long-Spacing
Collagens

⫹⫹
⫾
⫹⫹⫹
⫾
⫾
⫾
⫾
⫾
⫾
⫾
⫾
⫾
⫹⫹⫹
⫾
⫾
⫾

⫹
⫹
⫾
⫹
⫾
⫹
⫹
⫾
⫹
⫹
⫹⫹⫹
⫹
⫾
⫹⫹
⫾
⫹

⫹
⫹⫹
⫾
⫹⫹
⫹⫹⫹
⫹⫹⫹
⫹⫹
⫹⫹
⫹⫹⫹
⫹⫹
⫾
⫹
⫾
⫾
⫹⫹⫹
⫹

⫹⫹
⫹
⫹
⫹
⫹
⫹⫹
⫹
⫹
⫹⫹
⫹
⫾
⫹⫹
⫾
⫾
⫹
⫹⫹⫹

⫹⫹⫹
⫹
⫾
⫹
⫾
⫹⫹
⫹⫹
⫹
⫹⫹⫹
⫾
⫾
⫹
⫾
⫾
⫹⫹
⫹⫹⫹

The intensity of immunogold labeling was graded in each ECM structure or plaques from ⫾ to ⫹⫹⫹, with ⫾ representing minimal, and ⫹⫹⫹,
intense staining.

been shown to be one of the components of this structure in
an earlier study by immunohistochemical and pre-embedding
immuno-EM methods.26 This observation however was disputed, as type VI collagen was not detected by cryoultramicrotomy in a subsequent investigation.37 We confirmed the
presence of collagen type VI (Fig. 6D) in the long-spacing
collagens and further provided evidence that elements including fibronectin (Fig. 6A), fibrillin-1 (Fig. 6B), MAGP-1 (Fig. 8C),
and decorin (Fig. 6C) are also constituents in these deposits. In
particular, myocilin was found to be a major component distributed within the electron-dense cross bands (Fig. 7C). By
immunoprecipitation, decorin has been shown to interact with
fibrillin-1 and MAGP-1, forming a ternary complex.33,34 Myocilin, in addition to being prone to form dimers and/or multimers,3,39,40 is also capable of interacting with fibrillin-1, fibronectin, collagen type VI, and decorin.15 The high molecular weight

FIGURE 7. Immunogold labeling of
myocilin in the CS meshwork. (A–C)
Gold particles were heavily localized
to the sheath materials (black asterisks) surrounding elastic-like fibers
(white asterisks), and the long-spacing collagens (stars). Myocilin was
also found, as expected in trabecular
cells (TC), and sparsely in association
with collagen fibers embedded in
ground substances. In the thickened
basement membrane, gold particles
representing myocilin were barely
detectable. (D) When the peptidepreabsorbed anti-myocilin was used
to replace the primary antibody, almost no gold labeling was seen. Bar,
200 nm.
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myocilin may conceivably, through interactions with microfibrillar molecules, participate in the assembly of the fibers in
long-spacing collagens. The myocilin localization on long-spacing collagens is in agreement with results of another preembedding immuno-EM study by Tawara et al.41
Besides long-spacing collagens, myocilin was also found
localized in the CS meshwork to the sheath materials surrounding elastic-like fibers, codistributing with fibrillin-1, MAGP-1,
and other sheath components such as decorin, vitronectin,
tenascin, and versican. The myocilin distribution is distinct
from that of elastin, which is localized predominantly in the
elastic fiber core.15,31 Myocilin labeling is also minimal in the
basement membranes and hardly any codistribution is seen
with collagen types I, IV, and V. The localization pattern for
myocilin is very similar to that demonstrated in the JCT region.15
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FIGURE 8. Double labeling of myocilin and ECM proteins in the CS meshwork. Major codistribution of myocilin (12-nm gold particles) with
fibronectin (6 nm, A), fibrillin-1 (6
nm, B), MAGP-1 (6 nm, C), and
decorin (6 nm, D) were demonstrated. These molecules and collagen type VI (Figs. 4D, 6D) were
heavily associated with long-spacing
collagens (stars) and the microfibrillar architecture of sheath materials.
Bar, 100 nm.

Codistribution observed ultrastructurally does not necessarily indicate that interactions exist. Nevertheless, the current
immuno-EM data concurs with our dot blot assay results,15
showing myocilin codistribution and possible interactions with
fibronectin and collagen type VI, but not with elastin or collagen type IV. In agreement with our data, interaction of myocilin with fibronectin was also noted by solid-phase binding
assays by Filla et al.42 Using recombinant fibronectin fragments, the heparin II domain of fibronectin was subsequently
pinpointed as specific binding site for myocilin. This site is well
known to have a role in cell adhesion, cytoskeleton structure,
and signal transduction.43 It was thus suggested that perhaps
through the interaction with ECM molecules such as fibronectin, myocilin would have extracellular functions in the TM. Our
localization findings further implicate that myocilin may have a
role modulating the formation and/or assembly of ECM structures in the TM and may thereby regulate the aqueous outflow
system. It is well documented16,25 that changes in the myocilin-associated structures including an increase in the sheath
materials surrounding elastic-like fiber network and accumulation of long-spacing collagens occur in trabecular beams of
glaucomatous and aging eyes.
Little codistribution of myocilin with collagen types I and V
was observed by immuno-EM, although our previous experiments disclosed their interactions with myocilin in dot blot
assays in vitro.15 These molecules may either be present in
compartments different from myocilin or may be masked from
myocilin binding in situ. Alternatively, findings of dot blot
assays may be an artifact resulting from tests of denatured
proteins. Our immunogold results also contrasted with that of
immunofluorescence staining by Filla et al.,42 who noted colocalization of myocilin with collagen type IV in cultured human
TM cells. Because of the limited resolution, colocalization identified by light microscopy often must be substantiated by ultrastructural and biochemical studies. Because both our in vitro
binding assay and the solid phase binding assays by Filla et al.
showed no interaction between myocilin and collagen type IV,
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the codistribution of immunofluorescence observed in their
study may reflect mostly indirect associations.
Taken together, all evidence demonstrates the presence of
type VI collagen in long-spacing collagens in the CS meshwork.
Fibronectin, fibrillin-1, MAGP-1, decorin, and myocilin are also
shown to be constituents of long-spacing collagens. Myocilin in
addition is localized to the sheath materials surrounding elasticlike fibers in the CS meshwork, very similar to that observed in
JCT regions. The myocilin localization is of significance because increased sheath materials and long-spacing collagens
are frequently observed in the trabecular lamellae and JCT
areas of POAG and aging eyes.16,25 Myocilin may be one of the
factors involved in the formation of glaucomatous deposits and
age-related changes observed in both the trabecular beams and
JCT. In this vein, it would be particularly interesting to analyze
the distribution of upregulated myocilin in the TM of patients
with steroid-induced glaucoma.44,45 The ultrastructural localization of overexpressed myocilin in the various ECM structures or lack thereof may provide great insights into the role of
myocilin in the development of glaucoma.
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