
MYOCILIN LEVELS IN PRIMARY OPEN-ANGLE GLAUCOMA AND
PSEUDOEXFOLIATION GLAUCOMA HUMAN AQUEOUS HUMOR

Kyle G. Howell, BS1, Anne M. Vrabel, BS1, Uttio Roy Chowdhury, PhD1, W. Daniel Stamer,
PhD2, and Michael P. Fautsch, PhD1
1Department of Ophthalmology, Mayo Clinic, Rochester, MN
2Departments of Ophthalmology and Vision Science and Pharmacology, University of Arizona,
Tucson, AZ

Abstract
Purpose—To determine the concentration of myocilin in primary open-angle and
pseudoexfoliation glaucoma aqueous humor.

Methods—Aqueous humor was collected during surgery from patients with primary open-angle
glaucoma (POAG), pseudoexfoliation glaucoma (PEXG), and elective cataract removal (control).
Volume-equivalent aqueous samples were separated on SDS-PAGE gradient gels. Quantification
of myocilin levels was performed using Western blots probed with two independent N-terminal
polyclonal anti-myocilin antibodies (AB1 and AB2) followed by densitometry. Myocilin levels in
aqueous humor were quantified by plotting the densitometry readings of the aqueous samples
against a recombinant myocilin standard curve. Total protein concentration was determined by
Bradford protein assay. Transforming growth factor beta 2 (TGFβ2) levels were assessed by
ELISA.

Results—Myocilin levels are significantly elevated in human POAG aqueous humor when
compared to control aqueous humor (AB1: 0.66 ± 0.53 ng/μl vs. 0.23 ± 0.20 ng/μl, p<0.001; AB2:
0.98 ± 0.59 ng/μl vs. 0.65 ± 0.5 ng/μl, p<0.03; mean ± SD). Myocilin makes up a larger percent of
the total protein in POAG aqueous humor compared to control aqueous (AB1: 0.26 ± 0.20% vs.
0.10 ± 0.20%, p<0.001; AB2: 0.43 ± 0.32% vs. 0.28 ± 0.18%, p<0.05). In contrast to POAG,
myocilin levels were not elevated in PEXG aqueous humor when compared to control aqueous
humor. No correlation between myocilin and TGFβ2 levels was observed.

Conclusions—Myocilin is elevated in POAG, but not PEXG aqueous humor.
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Introduction
Elevated intraocular pressure (IOP) is a risk factor for many forms of glaucoma. In human
eyes, IOP is a balance between aqueous humor production and resistance to aqueous humor
drainage. Aqueous humor is produced by the ciliary epithelium and flows through the pupil
into the anterior chamber where it supplies nutrients and regulatory factors to nourish and
maintain the avascular anterior tissues. Aqueous humor leaves the anterior chamber
primarily through the trabecular meshwork and Schlemm's canal, and to a lesser extent
through the uveoscleral pathway. Resistance to aqueous humor flow through these tissues is
the source of intraocular pressure. In many individuals with glaucoma, the pathway of
aqueous humor drainage is altered due to an increase in outflow resistance thus leading to an
increase in IOP. Although the mechanism remains uncertain, the trabecular meshwork is
believed to be the site of outflow resistance.

The protein component of aqueous humor may have significant effects on trabecular cell
morphology and protein expression.1 Proteins such as plasminogen activator inhibitor
(PAI-1),2 vascular endothelial growth factor (VEGF),3, 4 soluble CD44 (sCD44),5, 6
hepatocyte growth factor (HGF),3 transferrin (Tf),7 and endothelin (ET-1)8 have all been
identified as molecules that are elevated in primary open-angle glaucoma (POAG) aqueous
humor. Transforming growth factor beta 2 (TGFβ2), also present in aqueous humor, has
been reported to be increased in 50% of patients with POAG.9–12

Myocilin, a glaucoma-associated protein with unknown function, has been found elevated in
some glaucomatous ocular tissues. Trabecular meshworks from POAG, low-tension
glaucoma, and pseudoexfoliation glaucoma (PEXG) had increased myocilin
immunoreactivity when compared to normal tissue.13 Steroid treatment of monolayer
trabecular meshwork cells or cultured human anterior segments showed a time and pressure
dependent increase in myocilin protein production and secretion.14–16 Perfusion of human
anterior segment organ culture with recombinant myocilin increases outflow resistance.17, 18

Furthermore, animal models show a correlation between increased myocilin levels and
elevated IOP. Rats that spontaneously develop increased IOP had a 4-fold increase in
myocilin transcription.19

Myocilin is present in aqueous humor where it may serve as a marker for the glaucomatous
state.20, 21 Evidence supports a role for elevated myocilin levels in canine glaucomatous
aqueous humor particularly in breeds with primary glaucoma.22 Beagles genetically
susceptible to formation of glaucoma had increased levels of myocilin in their aqueous
humor in a direct relation to the severity of the disease.23 Less well understood is the
relationship of myocilin levels in human glaucomatous aqueous humor, particularly in
POAG and PEXG. In humans, a trend towards elevated myocilin levels in human
glaucomatous aqueous humor has been reported,24 however limited sample size prevented a
glaucoma sub-type classification. In this study, we examined myocilin levels in control
aqueous humor (isolated from patients undergoing cataract surgery) and compared these
levels to POAG and PEXG aqueous humor to determine whether levels of myocilin are
altered in these glaucoma subsets.

Materials and Methods
Aqueous Humor Collection and Classification

Aqueous humor samples were obtained at the time of surgery from 29 patients with POAG,
17 patients with PEXG and 32 patients undergoing elective cataract removal (control).
Patient consent was not required since collected aqueous humor was considered waste
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material. Protocol was approved by the Mayo Clinic Institutional Review Board under IRB
06-002831.

Aqueous humor was collected by making a paracentesis in the peripheral cornea. A 30-
gauge cannula was inserted through the paracentesis tract. The tip of the cannula was placed
in the mid anterior chamber and 50–100 μl of aqueous was slowly aspirated. Aspiration was
stopped as soon as the anterior chamber began to shallow. Aqueous was transferred to a vial
and placed in liquid nitrogen immediately upon removal from the anterior chamber.

The inclusion criteria for patients with POAG consisted of intraocular pressures >21 mmHg
prior to treatment with glaucoma medications, optic nerve cupping and visual field loss.
Patients with similar conditions and the presence of exfoliation material in the trabecular
meshwork were included in the PEXG group. Control patients had no history of ocular
disease other than the cataract at the time of surgery. General characteristics of the three
sample groups are described in Table 1.

Total Protein Assay
The total protein concentrations of all aqueous humor samples (n = 78) were determined
using the Bradford protein assay (BioRad, Hercules, CA). Briefly, 5 μl of aqueous humor
was diluted to 10 μl with distilled water and combined with 990 μl of diluted dye reagent
(1:5). Spectrophotometric readings were taken at an optical density of 595 nm with a UV –
1601 spectrophotometer (Shimadzu, Kyoto, Japan). All aqueous humor samples used in this
study were within the reported normal range of human aqueous humor protein concentration
(120–500 ng/μl).25, 26 Aqueous samples with normal protein concentrations were used to
facilitate comparisons between POAG, PEXG and control groups and reduce the possibility
of elevated protein levels due to secondary aqueous contamination incurred during the
retrieval process.

Recombinant Myocilin Protein Quantification
Eukaryotically expressed recombinant myocilin protein was purified from conditioned
media using nickel ion affinity chromatography as previously described.18 A Bradford
protein assay (Bio-Rad) was used to quantitate recombinant myocilin levels. Quantification
of myocilin concentration was verified by comparing recombinant myocilin protein amounts
to known amounts of bovine serum albumin (Sigma Aldrich, St. Louis, MO) following
separation on a 4–15% SDS-PAGE gradient gel (BioRad). The gel was stained with Gel
Code Blue (Pierce, Rockford, IL), digitized with an EPSON Perfection 2400 Photo scanner
(EPSON, Long Beach, CA), and densitometry comparison was performed using ImageJ
software.27, 28

Determination of Myocilin Levels in Aqueous Humor
Quantification of myocilin levels in human aqueous humor was performed by Western blot
analysis. Since no reliable ELISA assays are available for myocilin detection, Western blot
analysis enabled comparison of multiple samples per gel, visual identification of myocilin
proteins, and the use of multiple antibodies allowing for comparative studies.

To accommodate all 78 aqueous humor samples, a total of fourteen 4–15% SDS-PAGE gels
were prepared with each gel containing 4–5 samples of aqueous humor (25 μl per lane) and
recombinant myocilin standards (0, 5, 15, 30, and 45 ng). Each gel was transferred to a
polyvinylidene difluoride (PVDF) membrane (Millipore, Billerica, MA) in 49.6 mM Tris
(pH 7.5), 384 mM glycine, and 0.01% SDS. Membranes were blocked overnight at 4°C in
wash buffer (20 mM Tris pH 7.5, 150 mM NaCl, 0.05% Tween) containing 2% non-fat
milk. Membranes were rinsed three times with wash buffer and probed for 2-hours with an
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N-terminal rabbit-polyclonal antibody (AB1) that recognizes amino acids 108–131 of
myocilin.17 Blots were incubated in wash buffer and probed with horse-radish peroxidase-
linked anti-rabbit Ig (Amersham, Piscataway, NJ). Antibody:antigen complexes were
detected using ECL Western blot signal detection reagent (Amersham). Kodak BioMax
XAR Film was used to visualize the protein signals (Eastman Kodak, Rochester, NY). Each
film was digitized with an EPSON Perfection 2400 Photo scanner.

Polyclonal antibodies developed against the same protein generally have different antigenic
recognition sites and affinities. To eliminate affinity bias of a given antibody, we used a
second polyclonal antibody (AB2; recognizes N-terminal amino acids 30–230 of myocilin)
developed in a separate laboratory to evaluate myocilin levels in aqueous humor.29

Following the initial analysis with AB1, the membranes were rinsed in wash buffer and
incubated for 20 minutes in 7M guanidine hydrochloride to remove primary and secondary
antibodies. Several blots were probed with only secondary antibody to verify that the entire
primary antibody had been removed. All membranes were reprobed with AB2. Detection of
antibody:antigen complexes and digitization of image was performed as described above.

The signal intensity of aqueous myocilin and recombinant myocilin standards was
determined by ImageJ Software.27, 28 For each gel, a standard curve for recombinant
myocilin was determined and plotted by recombinant protein concentration on the x-axis
and signal intensity readings on the y-axis. The amount of myocilin (ng/μl) was determined
by using the optical density of an individual aqueous humor sample to find the crossing
point within the recombinant myocilin standard curve and extrapolating the protein
concentration (Figure 1). Myocilin standard curves were generated for each gel and antibody
used. Myocilin standard curves were graphed using 0-intercept.

Determination of TGFβ2 levels in aqueous humor
TGFβ2 was quantified in aqueous humor using a human TGFβ2 ELISA kit (R&D Systems,
Minneapolis, MN). Prior to the assay, 40 μl of each aqueous humor sample was incubated
for 10 minutes with 85 μl deionized water and 25 μl 1 N HCl to activate latent TGFβ2. This
reaction was neutralized with 25 μl 1.2 N NaOH/0.5 M HEPES and diluted to 800 μl with
Calibrator Diluent RD51 (provided in the kit) and assayed for TGFβ2. Briefly, 100 μl of
each activated sample was mixed with 100 μl of assay diluent and incubated for 2 hours in
individual wells of a microtiter plate coated with TGFβ2 monoclonal antibody. Each well
was washed three times with 400 μl of wash buffer and incubated with an enzyme linked
polyclonal antibody. Following a 2 hour incubation, wells were washed, substrate solution
was added to the bound antigen-antibody-enzyme complex, and fluorescence was calculated
at 450 nm on an Infinite M200 microplate reader (Tecan Systems, Inc, San Jose, Ca) with a
reference filter set at 540 nm. Amount of TGFβ2 per aqueous sample was determined using
various concentrations of recombinant TGFβ2 for the generation of a standard curve.

Analysis of TGFβ2 levels was not performed on all aqueous humor samples due to limited
volumes of aqueous humor collected during surgery. Therefore, only a subset of POAG,
PEXG, and control aqueous humor samples that were used for myocilin determination were
also assayed for TGFβ2. POAG1–4 and PEXG1–5 were from individual aqueous samples.
POAG5–6 and both control samples were made by combining 3–5 aqueous humor samples
since 40 μl of aqueous humor was needed to perform the ELISA.

Statistical Analysis
Myocilin levels in normal, POAG, and PEXG aqueous humor were compared by
concentration (ng/μl) and as a percent of the total aqueous humor protein concentration
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(within each individual sample). Statistical significance was determined by t-test
comparisons.

Results
The mean age of POAG (75.9 ± 9.4 years; mean ± SD), PEXG (75.0 ± 6.2 years) and
control (74.3 ± 9.2 years) aqueous humor samples was not statistically different (Table 1).
Comparison of mean total protein concentration (ng/μl ± SD) between POAG and control
samples was not statistically different (p=0.27). PEXG aqueous humor samples did contain
elevated total protein concentrations when compared to POAG and control (PEXG vs.
POAG, p<0.03; PEXG vs. normal, p<0.01). Myocilin concentrations varied from 0.00 (not
detected) to 2.26 ng/μl in POAG, 0.4 to 1.27 ng/μl in PEXG, and 0.00 (not detected) to 0.68
ng/μl in control aqueous humor.

POAG vs. Control
POAG aqueous humor contained significantly elevated levels of myocilin when compared to
control aqueous humor (Figure 2A). Myocilin concentrations in POAG aqueous humor
increased 187% (AB1: 0.66 ± 0.53 ng/μl vs. 0.23 ± 0.20 ng/μl, p < 0.001; mean ± SD) and
51% (AB2: 0.98 ± 0.59 ng/μl vs. 0.65 ± 0.50 ng/μl, p<0.03) compared to those observed in
control aqueous humor. POAG aqueous humor also contained a significantly higher
percentage of myocilin per total protein than control aqueous when examined with both AB1
(0.26 ± 0.20% vs. 0.10 ± 0.20%, p<0.001) and AB2 (0.43 ± 0.32% vs. 0.28 ± 0.18%,
p<0.05; Figure 2B). In POAG, the percent of myocilin per total protein concentration was
increased 160% (AB1) and 54% (AB2) when compared to control aqueous humor.
Approximately 70% of POAG aqueous humor samples had elevated myocilin levels when
calculated either as concentrations per volume or as percent of total aqueous humor protein
compared to control.

PEXG vs. Control
Myocilin levels in PEXG aqueous humor were slightly elevated, though not statistically
significant, when compared to control aqueous humor (Figure 2A). Myocilin concentrations
in PEXG aqueous humor increased 57% (AB1: 0.36 ± 0.40 ng/μl vs. 0.23 ± 0.20 ng/μl, p =
0.37) and 49% (AB2: 0.97 ± 0.64 ng/μl vs.0.65 ± 0.50 ng/μl p = 0.07) when compared to
control aqueous humor. No difference in percent of myocilin per total aqueous humor
protein concentration was observed in PEXG aqueous humor when compared to control
aqueous humor (AB1: 0.11 ± 0.11% vs. 0.10 ± 0.20%, p<0.99; AB2: 0.29 ± 0.17% vs. 0.28
± 0.18%, p<0.64; Figure 2B).

TGFβ2 in POAG, PEXG, and control aqueous humor
TGFβ2 has been found elevated in some POAG aqueous humor samples, similar to our
findings with myocilin.9–12 To determine whether myocilin and TGFβ2 levels were
correlated, we compared POAG, PEXG, and control samples. POAG aqueous humor
contained slightly elevated levels of TGFβ2 when compared to PEXG or control aqueous
humor (Figure 3A). Only one of the six POAG samples tested, POAG3, had both elevated
levels of myocilin and TGFβ2 (Figure 3B). All other POAG and PEXG aqueous humor
samples had TGFβ2 levels similar to those found in control aqueous humor independent of
normal or elevated levels of myocilin. This suggests that myocilin and TGFβ2 levels in
POAG and PEXG aqueous humor appear independent of each other.
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Discussion
Our results identified myocilin as a protein elevated in 70% of POAG aqueous humor
samples in concentration per volume and as a percent of the total aqueous protein. Elevated
myocilin appears unique to POAG aqueous humor, since PEXG aqueous humor did not
show consistently elevated levels of myocilin, either as a concentration per aqueous volume
or as a percent of total protein, when compared to control.

In addition to myocilin, other proteins such as PAI-1, VEGF, sCD44, HGF, Tf, ET-1, and
TGFβ2 are also elevated in POAG aqueous humor.2–6, 8–12 Like myocilin, elevated levels
of TGFβ2 are found in some but not all POAG aqueous humor9–12 and can increase outflow
resistance in perfusion organ culture.30, 31 Because of these similarities between myocilin
and TGFβ2, we determined whether their protein levels were correlated in POAG and
PEXG aqueous humor. We found that TGFβ2 levels showed a trend towards elevation in
POAG aqueous humor when compared to PEXG and control aqueous humor. However, we
did not see any correlation between myocilin and TGFβ2 levels, indicating their expression
patterns appear to be independent of each other. Whether or not this finding is significant is
unknown. However due to our limited sample size, further studies are warranted to not only
compare myocilin levels to TGFβ2, but also to other glaucoma candidate marker proteins.

Whether the elevated levels of myocilin observed in POAG aqueous humor reflects a cause
or effect of the disease is not addressed in this study. Not all POAG samples had elevated
myocilin levels and several actually had undetectable levels. This may be explained by
sensitivity limitations of the Western blot procedure used in this study or more likely due to
individual variations. Furthermore, some of the undetectable or low concentrations of
myocilin in POAG aqueous humor may be due to individuals with mutations or
polymorphisms in the myocilin gene. While our patients were not analyzed for myocilin
mutations, known incidence rates of myocilin mutations (2–8%)32, 33 would suggest that
one or two of our POAG samples (n=29) could be from patients with a myocilin mutation.
The majority of proteins from mutated myocilin genes do not get secreted and form
heterodimers with normal myocilin, effectively reducing the level of normal myocilin
secreted into the extracellular milieu.24, 34–37 Therefore, it is possible that in our study, if an
individual had a myocilin mutation, levels of normal myocilin would be reduced, and
depending on the mutation, may be undetectable in aqueous humor. These results are
consistent with Jacobson et al who reported a large variation in myocilin levels in aqueous
humor within their cohort of glaucomatous patients, including low concentrations of
myocilin in aqueous humor in those with myocilin mutations.24

All POAG and PEXG samples were isolated from patients taking one or more pressure
lowering medications to treat their glaucoma. Although the analysis of aqueous humor from
untreated POAG and PEXG individuals would be ideal, these samples are difficult to obtain.
We can not rule out the possibility that glaucoma medications may increase myocilin protein
expression in some anterior segment tissues, therefore accounting for the increased levels
found in many POAG aqueous humor samples. However, it is worth noting that timolol or
latanoprost treatment of primary trabecular meshwork cells does not induce myocilin
expression, but may slightly decrease myocilin RNA levels.38, 39

The effect total protein content has on glaucoma is unclear from this study. PEXG aqueous
humor samples contained a significantly higher total protein concentration than either
control or POAG aqueous humor. PEXG aqueous humor appears to have a higher
concentration of myocilin when compared to control aqueous humor, however, when
compared as a percent of total protein, no difference in myocilin levels was observed. This
finding illustrates the importance of examining myocilin levels, as well as other proteins in
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aqueous humor, as both a concentration per volume and as a percent of total protein. Though
PEXG and control aqueous humor have a similar percent of myocilin per total aqueous
protein, PEXG aqueous humor has a significantly higher protein concentration suggesting
proteins other than or in addition to myocilin may have a role in the onset of glaucoma in
PEX patients.

Many questions remain regarding myocilin's role in normal and glaucomatous patients. Our
study does not address where the elevated myocilin levels originate nor do we know why
there is elevated myocilin in POAG aqueous humor. Several studies suggest a causal
relationship between myocilin and elevated IOP.13–18 However, expression of myocilin is
induced by both mechanical and oxidative stress40, 41 and therefore, it is possible that the
elevated levels of myocilin are due to a stress response, and are not the cause of POAG.
Determination of myocilin's function will help to define the role myocilin has in normal
physiology, and how it is altered in POAG.

Acknowledgments
Supported in part by National Institutes of Health research grants EY 15736 (MPF), EY 07065 (MPF), and EY
12797 (WDS); an unrestricted grant from Research to Prevent Blindness, New York, NY (MPF); and Mayo
Foundation, Rochester, MN (MPF).

References
1. Fautsch MP, Howell KG, Vrabel AM, Charlesworth CM, Muddiman DC, Johnson DH. Primary

trabecular meshwork cells incubated in human aqueous humor differ from cells incubated in serum
supplements. Invest Ophthalmol Vis Sci 2005;30:1035–1040.

2. Dan J, Belyea D, Gertner G, Leshem I, Lusky M, Miskin R. Plasminogen activator Inhibitor-1 in the
aqueous humor of patients with and without glaucoma. Arch Ophthalmol 2005;123:220–224.
[PubMed: 15710819]

3. Hu DN, Ritch R. Hepatocyte growth factor is increased in the aqueous humor of glaucomatous eyes.
J Glaucoma 2001;10:152–157. [PubMed: 11442175]

4. Hu D-N, Ritch R, Liebmann J, Liu Y, Cheng B, Hu MS. Vascular endothelial growth factor is
increased in aqueous humor of glaucomatous eyes. J Glaucoma 2002;11:406–410. [PubMed:
12362079]

5. Knepper PA, Mayanil CSK, Goosens W, et al. Aqueous humor in primary open-angle glaucoma
contains an increased level of CD44s. Invest Ophthalmol Vis Sci 2002;43:133–139. [PubMed:
11773023]

6. Nolan MJ, Giovingo MC, Miller AM, et al. Aqueous humor sCD44 concentration and visual field
loss in primary open-angle glaucoma. J Glaucoma 2007;16:419–429. [PubMed: 17700283]

7. Tripathi RC, Borisuth NS, Tripathi BJ, Gotsis SS. Quantitative and qualitative analyses of
transferrin in aqueous humor from patients with primary and secondary glaucomas. Invest
Ophthalmol Vis Sci 1992;33:2866–2873. [PubMed: 1526736]

8. Tezel G, Kass MA, Kolker AE, Becker B, Wax MB. Plasma and aqueous humor endothelin levels
in primary open-angle glaucoma. J Glaucoma 1997;6:83–89. [PubMed: 9098815]

9. Inatani M, Tanihara H, Katsuta H, Honjo M, Kido N, Honda Y. Transforming growth factor-B2
levels in aqueous humor of glaucomatous eyes. Graefe's Arch Clin Exp Ophthalmol 2001;239:109–
113. [PubMed: 11372538]

10. Ochiai Y, Ochiai H. Higher concentration of transforming growth factor-B in aqueous humor of
glaucomatous eyes and diabetic eyes. Jpn J Ophthalmol 2002;46:249–253. [PubMed: 12063033]

11. Picht G, Welge-Luessen U, Grehn F, Lutjen-Drecoll E. Transforming growth factor beta 2 levels in
the aqueous humor in different types of glaucoma and the relation to filtering bleb development.
Graefes Arch Clin Exp Ophthalmol 2001;2001:199–207. [PubMed: 11405069]

12. Tripathi RC, Li J, Chan WF, Tripathi BJ. Aqueous humor in glaucomatous eyes contains an
increased level of TGF-beta 2. Exp Eye Res 1994;59:723–727. [PubMed: 7698265]

Howell et al. Page 7

J Glaucoma. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



13. Lutjen-Drecoll E, May CA, Polansky JR, Johnson DH, Bloemendal H, Nguyen TD. Localization
of the stress proteins alpha B-crystallin and trabecular meshwork inducible glucocorticoid
response protein in normal and glaucomatous trabecular meshwork. Invest Ophthalmol Vis Sci
1998;39:517–525. [PubMed: 9501861]

14. Clark AF, Steely HT, Dickerson JE Jr, et al. Glucocorticoid induction of the glaucoma gene
MYOC in human and monkey trabecular meshwork cells and tissues. Invest Ophthalmol Vis Sci
2001;42:1769–1780. [PubMed: 11431441]

15. Clark AF, Wilson K, de Kater AW, Allingham RR, McCartney MD. Dexamethasone-induced
ocular hypertension in perfusion-cultured human eyes. Invest Ophthalmol Vis Sci 1995;36:478–
489. [PubMed: 7843916]

16. Polansky, J. HTM cell culture model for steroid effects on IOP: Overview. In: Lutjen-Drecoll, E.;
Rohen, JW., editors. Basic Aspects of Glaucoma Research III. Schattauer Press; Stuttgart: 1993. p.
307-318.

17. Fautsch MP, Bahler CK, Jewison DJ, Johnson DH. Recombinant TIGR/MYOC increases outflow
resistance in the human anterior segment. Invest Ophthalmol Vis Sci 2000;41:4163–4168.
[PubMed: 11095610]

18. Fautsch MP, Bahler CK, Vrabel AM, et al. Perfusion of His-tagged eukaryotic myocilin increases
outflow resistance in human anterior segments in the presence of aqueous humor. Invest
Ophthalmol Vis Sci 2006;47:213–221. [PubMed: 16384965]

19. Naskar R, S. T. Retinal gene profiling in a hereditary rodent model of elevated intraocular
pressure. Mol Vis 2006;12:1199–1210. [PubMed: 17102796]

20. Rao PV, Allingham RR, Epstein DL. TIGR/myocilin in human aqueous humor. Exp Eye Res
2000;71:637–641. [PubMed: 11095916]

21. Russell P, Tamm ER, Grehn FJ, Picht G, Johnson M. The presence and properties of myocilin in
the aqueous humor. Invest Ophthalmol Vis Sci 2001;42:983–986. [PubMed: 11274075]

22. Mackay EO, Kallberg ME, Barrie KP, et al. Myocilin protein levels in the aqueous humor of the
glaucomas in selected canine breeds. Vet Ophthalmol 2008;11:234–241. [PubMed: 18638349]

23. Mackay EO, Kallberg MEG, K. N. Aqueous humor myocilin protein levels in normal, genetic
carriers, and glaucoma Beagels. Vet Ophthalmol 2008;11:177–185. [PubMed: 18435660]

24. Jacobson N, Andrews M, Shepard AR, et al. Non-secretion of mutant proteins of the glaucoma
gene myocilin in cultured trabecular meshwork cells and in aqueous humor. Hum Mol Genet
2001;10:117–125. [PubMed: 11152659]

25. Cole, DF. Comparative aspects of the intraocular fluids. In: Davson, H.; Graham, LT., Jr, editors.
The Eye. Academic Press; New York: 1974. p. 71-121.

26. Tripathi RC, Millard CB, Tripathi BJ. Protein composition of human aqueous humor: SDS-PAGE
analysis of surgical and post-mortem samples. Exp Eye Res 1989;48:117–130. [PubMed:
2920779]

27. Abramoff MD, Magelhaes PJ, Ram SJ. Image processing with ImageJ. Biophotonics International
2004;11:36–42.

28. Rasband WS. ImageJ. US National Institutes of Health. 1997–2007
29. Stamer WD, Roberts BC, Howell DN, Epstein DL. Isolation, culture, and characterization of

endothelial cells from Schlemm's canal. Invest Ophthalmol Vis Sci 1998;39:1804–1812. [PubMed:
9727403]

30. Fleenor DL, Shepard AR, Hellberg PE, Jacobson N, Pang I-H, Clark AF. TGFbeta2-induced
changes in human trabecular meshwork: Implications for intraocular pressure. Invest Ophthalmol
Vis Sci 2006;47:226–234. [PubMed: 16384967]

31. Gottanka J, Chan D, Eichhorn M, Lutjen-Drecoll E, Ethier CR. Effects of TGF-B2 in perfused
human eyes. Invest Ophthalmol Vis Sci 2004;45:153–158. [PubMed: 14691167]

32. Fingert JH, Heon E, J.M. L, et al. Analysis of myocilin mutations in 1703 glaucoma patients from
five different populations. Hum Mol Genet 1999;8:899–905. [PubMed: 10196380]

33. Stone EM, Fingert JH, Alward WL, et al. Identification of a gene that causes primary open angle
glaucoma. Science 1997;275:668–670. [PubMed: 9005853]

Howell et al. Page 8

J Glaucoma. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



34. Caballero M, Borras T. Inefficient processing of an olfactomedin-deficient myocilin mutant:
potential physiological relevance to glaucoma. Biochem Biophys Res Comm 2001;282:662–670.
[PubMed: 11401512]

35. Gobeil S, Letartre L, Raymond V. Functional analysis of the glaucoma-causing TIGR/myocilin
protein: integrity of amino-terminal coiled-coil regions and olfactomedin homology domain is
essential for extracellular adhesion and secretion. Exp Eye Res 2006;82:1017–1029. [PubMed:
16466712]

36. Gobeil S, Rodrique M-A, Moisan S, et al. Intracellular sequestration of hetero-oligomers formed
by wild-type and glaucoma-causing myocilin mutants. Invest Ophthalmol Vis Sci 2004;45:3560–
3567. [PubMed: 15452063]

37. Yam GH, Gaplovska-Kysela K, Zuber C, Roth J. Aggregated myocilin induces russell bodies and
causes apoptosis: implications for the pathogenesis of myocilin-caused primary open-angle
glaucoma. Am J Pathol 2007;17:100–109. [PubMed: 17200186]

38. Rozsa FW, Scott K, Pawar H, Moroi S, Richards JE. Effects of timolol on MYOC, OPTN, and
WDR36 RNA levels. Arch Ophthalmol 2008;126:86–93. [PubMed: 18195223]

39. Zhao X, Pearson KE, Stephan DA, Russell P. Effects of prostaglandin analogues on human ciliary
muscle and trabecular meshwork cells. Invest Ophthalmol Vis Sci 2003;44:1945–1952. [PubMed:
12714628]

40. Polansky JR, Fauss DJ, Chen P, et al. Cellular pharmacology and molecular biology of the
trabecular meshwork inducible glucocorticoid response gene product. Ophthalmologica
1997;211:126–139. [PubMed: 9176893]

41. Tamm ER, Russell P, Epstein DL, Johnson DH, Piatigorsky J. Modulation of myocilin/TIGR
expression in human trabecular meshwork. Invest Ophthalmol Vis Sci 1999;40:2577–2582.
[PubMed: 10509652]

Howell et al. Page 9

J Glaucoma. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Western blot and densitometry analysis of myocilin levels in aqueous humor
(A) Representative Western blot of five non-glaucomatous aqueous humor samples and
recombinant myocilin standards (0, 5, 15, 30, and 45 ng) with AB1 (left panel) and AB2
(right panel). (B) Standard curves of recombinant myocilin protein (diamonds) and
extrapolation of myocilin amounts (dotted lines) of five non-glaucomatous aqueous humor
samples. To maintain comparable y-axis between left and right panels, 45 ng recombinant
myocilin standard is not shown in left panel graph.
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Figure 2. Myocilin levels in normal, POAG, and PEXG aqueous humor
(A) Individual (diamonds) and combined mean protein concentration (black line; mean ±
SD; ng/μl) determined by AB1 (left panel) and AB2 (right panel). Statistical significance,
AB1: POAG vs. control, p<0.001 (asterisk); AB2: POAG vs. control, p<0.03 (asterisk). (B)
Individual (diamonds) and mean percent of myocilin per total aqueous protein determined
by AB1 (left panel) and AB2 (right panel). Statistical significance, AB1: POAG vs. control,
p<0.001 (asterisk); AB2: POAG vs. control, p<0.05 (asterisk).

Howell et al. Page 11

J Glaucoma. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Comparison of TGFβ2 and myocilin levels in normal, POAG, and PEXG aqueous
humor
A) TGFβ2 levels in control, POAG and PEXG aqueous humor. B) TGFβ2 and myocilin
levels within individual/combined aqueous humor samples.
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Table 1

Normal POAG PEX

Sample Size 32 29 17

Age (years ± SD) 74.3 ± 9.2 75.9 ± 9.4 75.0 ± 6.2

Age Range (years) 52 to 89 55 to 88 62 to 85

Females 10 22 10

Males 22 7 7

Total Protein Concentration (ng/μl ± SD) 229.7 ± 85.0 254.8 ± 92.7 325.6 ± 112.6
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