
The sclera and the optic nerve head (ONH) are directly 
affected by the stress induced by intraocular pressure (IOP), 
producing known detrimental effects on retinal ganglion cells 
(RGCs) and their axons in glaucoma as the axons pass through 
the optic nerve head [1-3]. The stress of IOP is transmitted to 
RGC axons through the sclera to the ONH connective tissues, 
which are a site of glaucoma damage [4]. The sclera expands 
or contracts with IOP fluctuation in a well-recognized pres-
sure–volume relationship in healthy eyes [5]. The sclera is 
regionally configured to resist strain where it is highest, at the 
peripapillary sclera [6]. The scleral connective tissues consist 
of alternating and interwoven lamellae of collagen, elastin, 
and proteoglycans [7,8], with 20% of the human scleral thick-
ness consisting of cellular lamellae containing scleral fibro-
blasts [9]. This biomechanical behavior has been extensively 
studied in experimental glaucoma eyes in the mouse [10] and 
monkey [11-13] and in glaucomatous and healthy human eyes 
[14]. Human glaucoma donor eyes with RGC loss are measur-
ably stiffer than control eyes, and experimental mouse and 
monkey glaucoma eyes become stiffer with chronic increased 
IOP. Age-related, ethnic, and genetic differences in scleral 

composition may also contribute to glaucoma susceptibility. 
The ONH and peripapillary scleral elastin differs between 
individuals of African descent and European descent, perhaps 
representing a risk factor for higher open angle glaucoma 
(OAG) prevalence in individuals of African descent [15]. 
The decrease in axial length with age is also indicative of a 
scleral remodeling process [16]. Molecularly, mutations in the 
lysyl oxidase-like protein 1 (LOXL1, Gene ID:4016, OMIM 
153456) gene are associated with exfoliation glaucoma [17], a 
common subgroup of OAG, in which abnormalities in poste-
rior ocular connective tissues are present [18].

Intrinsic scleral features and the scleral response to 
chronic IOP elevation are related to susceptibility to RGC 
loss in mouse models [19]. CD1 mice are more susceptible to 
RGC loss than the B6 strain [20] and a mouse strain with a 
mutation in collagen 82 (Aca23) was less susceptible than the 
B6 strain [21]. In a study of these mouse strains, resistance to 
damage was associated with reduced axial elongation after 
IOP elevation [22]. Further evidence of the relevance of the 
scleral extracellular matrix response in glaucoma is that 
less susceptible B6 mice had thicker peripapillary sclera at 
baseline and did not undergo uniform scleral thinning with 
experimental glaucoma as did the more susceptible CD1 mice 
[23]. The usual circumferential pattern of collagen fibrils in 
the peripapillary sclera widened significantly in damaged 
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glaucoma eyes, and there was a greater number of small 
diameter collagen fibrils in the glaucoma mouse sclera [23]. 
Experimental glaucoma also caused a decrease in the capacity 
of the sclera for diffusion of large molecules, with greater 
decreases in the peripapillary area than in the equatorial 
sclera and lower diffusion rates in Aca23 and B6 mice than 
in CD1 mice, which paralleled their relative susceptibility 
to experimental glaucoma injury [24]. Consistent with this 
finding, the non-fibrillar component of sclera also signifi-
cantly decreased in volume in experimental glaucoma eyes. 
Treatment of mice with losartan, an inhibitor of angiotensin 
1 receptors, dramatically decreased experimental glaucoma 
damage, with several indicators pointing to modification of 
the scleral response as central to the beneficial effect [25].

Fibroblasts make up 25% of scleral thickness in mice 
and are likely to be instrumental in producing the sclera’s 
response to glaucoma. The fibroblast-containing lamellae 
expanded significantly in the experimental glaucoma mouse 
sclera [23]. We have developed techniques for studying scleral 
responses in whole tissue samples, using confocal micros-
copy and proteomic analysis. Experimental bead-injection 
glaucoma was produced in three mouse strains, as part of a 
series of studies evaluating strain-specific features relevant 
to glaucoma. This report focuses on overall changes common 
to all three groups of mice in the number of fibroblasts, 
their rate of multiplication, histological changes in impor-
tant cellular and extracellular components, and alterations 
in protein expression. By analyzing which alterations in 
protein content are associated with experimental glaucoma 
damage and with susceptibility to its injury, we may identify 
features that are likely to be useful as diagnostic risk factors 
in human glaucoma eyes, as well as pointing to candidate 
molecules for glaucoma susceptibility that affect connective 
tissue structural elements. Furthermore, modulation of scleral 
biomechanical properties could be a novel neuroprotective 
approach for glaucoma.

METHODS

Animals: C57BL/6J (B6) mice were acquired from Jackson 
Laboratories (Bar Harbor, ME), and CD1 mice were acquired 
from Charles River, Inc. (Wilmington, MA). The founder 
mice of the Aca23 type, which were of a B6 base strain, 
were provided by Drs. Puk and Graw [21]. All mice were 2–5 
months of age. All animals and experiments were conducted 
in accordance with the ARVO Statement for the Use of 
Animals in Ophthalmic and Vision Research. All protocols 
were approved and monitored by the Johns Hopkins Univer-
sity School of Medicine Animal Care and Use Committee. A 
total of 148 mice were studied, consisting of 33 B6 mice, 78 

CD1 mice, and 11 homozygous Aca23 mutants and 12 of their 
wild-type (WT) littermates.

Experimental glaucoma model, axial length, and axon 
counts: To induce experimental glaucoma, beads were 
injected into the anterior chamber unilaterally under intra-
peritoneal anesthesia (50 mg/kg ketamine, 10 mg/kg xylazine, 
and 2 mg/kg acepromazine), along with topical anesthesia 
(0.5% proparacaine hydrochloride eye drops; Akorn Inc., 
Buffalo Grove, IL). The fellow eye was left untreated as a 
control. The protocol used was the 4+1 bead injection method 
[19], consisting of 2 µl of 6 µm diameter beads (Polybead 
Microspheres®; Polysciences, Inc., Warrington, PA) and 
then 2 µl of 1 µm diameter beads, followed by 1 µl of visco-
elastic compound (10 mg/ml sodium hyaluronate, Healon; 
Advanced Medical Optics Inc., Santa Ana, CA). IOP was 
measured immediately after injection, and at 3 days, 1 week, 
2 weeks, and 6 weeks, using the Tonolab tonometer (TioLat, 
Inc., Helsinki, Finland). At the times indicated, the mice were 
euthanized with exsanguination under the indicated intraperi-
toneal anesthesia.

For axial length measurements, the globes were removed 
after euthanasia was performed, and IOP was set at 15 mmHg 
with a needle placed in the anterior chamber and connected to 
a fluid-filled reservoir to standardize the conditions for axial 
length and width measurements. Length was measured from 
the center of the cornea to a point just temporal to the optic 
nerve. Nasal to temporal width was measured at the largest 
dimension of the equator. Both measures were taken using 
a digital caliper (Instant Read Out Digital Caliper, Electron 
Microscopy Sciences, Hatfield, PA).

Axon loss in optic nerve sections was estimated in 
immersion-fixed optic nerve cross sections with a quanti-
tative sampling technique [25,26]. After primary aldehyde 
fixation and post-fixation in 1% osmium, the nerves were 
embedded in epoxy resin and sectioned at 1 μm. Low power 
images of the nerves were taken to determine the nerve area. 
In 100X images, the axon density per mm2 number was 
quantified by masked observers, editing non-axonal elements 
(Metamorph Image Analysis software, Cool Snap camera, 
Molecular Devices, Downington, PA). For each nerve, five 
fields were randomly sampled (9% of the overall nerve area). 
The average axon density was multiplied by the individual 
nerve area to estimate the axon number [26]. Experimental 
eyes were compared to the mean axon number in the pooled, 
fellow eye nerves of the appropriate strain, age, and tissue 
fixation to yield the percent axon loss.

Tissue preparation for proteomic analysis: Proteomics study 
of the sclera was conducted on a combined total of 45 B6 
and Aca23 WT mice, 30 CD1, and 11 Aca23 mutants. The 
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anterior structures, retina, and choroid were removed, and 
whole scleras from five to seven experimental eyes or five to 
seven control eyes per time point were pooled for analysis. 
The scleras were frozen at −80 °C. The mice were tested 
in two groups: An initial cohort of CD1 and B6 mice were 
euthanized 6 weeks after experimental glaucoma induction 
(comprising two sets of data, one from each strain). A second 
group of proteomic studies included CD1 and B6 mice as 
well as Aca23 mice euthanized at 1 week and 6 weeks after 
experimental glaucoma. Thus, the second group had six sets 
of data, two from each of the three strains of mice at two time 
points. The second group thus served as a validating replicate 
for the first 6-week data sets in the CD1 and B6 mice.

Quantitative LC-MS/MS analysis: Scleral proteins were 
extracted with a lysis buffer containing 50 mM HEPES-KOH 
pH 8.0, 100 mM KCl, 2 mM EDTA, 0.10% NP-40, 2 mM 
dithiothreitol, 10% glycerol, and protease and phosphatase 
inhibitors as previously described [27-29]. Protein concen-
trations were measured with a Bradford assay (Bio-Rad, 
Hercules, CA). Protein samples were analyzed with liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) 
using isotope labeling (16O/18O labeling [30-33]) for relative 
quantification as we previously described [25]. Brief ly, 
protein lysates were desalted and dried after digestion with 
0.4 µg/µl trypsin (Promega, Madison, WI). For trypsin-
catalyzed 16O-to-18O exchange/labeling, the samples were 
dissolved in a solution containing 50 µl of 50 mM Tris buffer 
(pH 7.8), 5 mM CaCl2, and 1 µg trypsin prepared either in 
normal or 18O labeled water (Sigma-Aldrich, St. Louis, MO). 
Following incubation at 37 °C for 24 h, the samples were 
heated to 100 °C for 10 min, acidified with 25 µl 5% formic 
acid (FA), and desalted with the C18 spin column (Nest Group, 
Southborough, MA). 18O- or 16O-labeled samples were then 
mixed and fractionated with strong cation exchange (SCX) 
and C18 resin using a reversed-phase (RP) gradient as previ-
ously described [26-28]. The samples dissolved in 25 µl 
of loading buffer were loaded on an SCX cartridge, and 
step-wise eluted with 20 µl of 15 SCX buffers (containing 
ammonium acetate/acetic acid) of different ionic strength and 
pH. Eluted fractions were dissolved in 10 µl 5% acetonitrile 
(ACN)/0.1% FA and analyzed with a nanoAcquity (Waters, 
Milford, MA)-LTQ Orbitrap XL (Thermo Scientific, San 
Jose, CA) system in data-dependent scan (DDS) mode. An 
in-house capillary column (0.1 × 130 mm column packed with 
3.6 µm, 200 Å Aeris XB-C18) and a gradient with 0.1% FA and 
ACN/0.1% FA were used for separation.

Data files from experimental glaucoma pooled samples 
were compared to fellow eye control pooled samples at a 
given time point in terms of the relative amounts of each 

protein by searching against the most current version of the 
Proteome Discoverer v1.4 database (Thermo Scientific). At 
least three high-confidence peptide matches were required 
for protein identification (false discovery rate <1%). Proteins 
matched with the same peptides were reported as one protein 
group. Relative abundances for differentially labeled peptides 
were calculated from peak areas of their monoisotopic peaks 
and reported as heavy-to-light (18O/16O) ratios. Changes of 
at least twofold (increase or decrease) were required to be 
considered significant changes, as, based on the accuracy 
of mass spectrometry-based quantification, a minimum of 
1.3-fold to twofold protein expression change is a meaningful 
cutoff for biologic significance [34,35].

Similar to our previous studies [26,27], the Ingenuity 
Pathways Analysis system (Ingenuity Systems, Mountain 
View, CA) was used for bioinformatics analysis of the 
proteomics data sets to search functional patterns from the 
Ingenuity Pathways Analysis library. Canonical pathway 
analysis identified the pathways significantly associated 
with our data sets with the right-tailed Fisher’s exact test. 
Proteomic analysis compared the protein expression levels 
in the experimental glaucoma to the control sclera for each 
strain at 1 week or 6 weeks. For this report, any reference to 
changes in expression refer specifically to protein expression 
levels.

Immunoblot: For confirmation of proteomic data, additional 
mouse scleral samples were studied with quantitative western 
blot analysis as previously described [26-28]. We tested for 
four of the proteins that were more highly and consistently 
changed by glaucoma at 1 week after glaucoma induction: 
spectrin, myosin, integrin, and actinin. Other frequently 
increased proteins for which immunoblot analysis was techni-
cally not possible were studied with immunohistochemistry.

Briefly, the eyes were excised, and the tissues were 
separated and frozen in a slurry of dry ice/ethanol in micro-
centrifuge tubes. Proteins were extracted using the Total 
Protein Extraction Kit (EMD Millipore, Inc., Billerica, MA). 
Tissues were placed in extraction solution and macerated 
with a motorized pestle (Kimble-Kontes, Hainesport, NJ), 
taken through freeze-thaw cycles, and centrifuged to remove 
undissolved material. Sample protein concentrations were 
determined using the EZQ Protein Quantification Kit (Life 
Technologies, Grand Island, NY). Equal protein amounts 
for each sample were run on 4–10% Bis-Tris gels (Novex, 
Thermo Fisher) and then wet transferred to polyvinylidene 
difluoride membranes (Bio-Rad, Hercules, CA). Membranes 
were washed in PBS (1X; 154 mM NaCl, 1.5 mM KH2PO4, 
5.1 mM Na2HPO4, pH 7.2) containing 1% Tween-20 (PBT 
1%; Sigma-Aldrich). PBT containing 5% non-fat dry milk 
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was used as blocking reagent, and blots were probed with the 
following antibodies diluted in PBT/1% non-fat milk: alpha 1 
spectrin (1:3,000; Abcam, Cambridge, MA), integrin beta 3 
(1:1,000; Abcam), myosin smooth muscle heavy chain 1 and 
2 (1:10,000; Abcam), and α-actinin (1:3,000; Abcam).

We first planned to use β-actin as a loading control, 
but the 1-week time points had higher levels of actin in the 
experimental glaucoma sclera than in the control sclera. We 
also noted higher actin cytoskeletal signaling in the proteomic 
data. In contrast, another commonly used control, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), was not altered 
between the experimental and control tissues in the mean 
densitometry values; therefore, a mouse monoclonal to rabbit 
muscle GAPDH was used (1:1,000 dilution, Life Technolo-
gies). In the data presented, the ratio of the test molecule to 
GAPDH on the same membrane is presented.

After overnight probing with primary antibody at 
4 °C, membranes were washed in PBT and incubated in the 
appropriate peroxidase labeled secondary against mouse 
(KPL, Gaithersburg, MD) or rabbit (KPL), both at 1:10,000 
for 1 h at room temperature, and then exposed to enhanced 
chemiluminescence (ECL) Western Blot Detection Reagent 
(Amersham/GE HealthCare, Piscattaway, NJ) for 1 min at 
room temperature. If multiple antibodies were blotted on the 
same membrane, Restore™ PLUS Western Blot stripping 
buffer was used (Thermo Scientific) to strip the membranes. 
Membranes were exposed to Amersham Hyperfilm ECL 
(Amersham, GE Healthcare Bio-Sciences Pittsburgh, PA), 
and bands were then quantified using ImageJ software. 
Background correction was applied to each lane by baseline 
subtraction, and integral values were selected as measurement 
parameters. Following normalization to GAPDH, the average 
values obtained from the normotensive control samples was 
used to calculate the mean increase in protein expression in 
the glaucoma scleras, with seven to ten individual scleras per 
group.

Histological studies:

Whole mounts—Immunohistochemistry studies were 
performed in all three types of mice, but since the findings 
did not differ substantially by type of mouse, we present the 
data for CD1 mice. After IOP elevation, mice were eutha-
nized at 3 days, 1 week, and 6 weeks by exsanguination under 
general intraperitoneal anesthesia and perfused transcardi-
ally with 4% paraformaldehyde in 0.1 M PBS, pH 7.2. The 
superior pole of each eye was marked for orientation of the 
specimens, and the eyes were enucleated. Only scleral tissue 
was harvested. After a series of washes in PBS and PBS 
containing 0.3% Triton (PBT), the scleras were segmented 

into quadrants representing superior, nasal, inferior, and 
temporal positions.

Since the full thickness of an unfixed mouse sclera is less 
than 50–100 µm and pore size has been shown to allow large 
molecules to penetrate tissue from both sides, the antibodies 
penetrated the full thickness of the mouse sclera [24]. For 
exposure to the primary antibody, the sclera samples were 
incubated overnight at 4 °C with rabbit anti-Ki67 (Abcam) 
or mouse α-smooth muscle actin (α-SMA, 1:500; Sigma-
Aldrich). The antibodies were diluted in PBT with 10% 
normal goat serum (NGS). After incubation in the primary 
antibody solution, the samples were washed in PBT and 
incubated in appropriate goat anti-rabbit Alexa Fluor 488 
secondary for 2 h at room temperature. After final antibody 
incubation, the nuclei were stained with 4’,6-diamidino-
2-phenylindole (DAPI; Invitrogen). The scleras were cover-
slipped with DAKO mounting media (DAKO, Carpenteria, 
CA).

Tissue sections: Cryosections of optimum cutting tempera-
ture (OCT) embedded CD1 tissues were incubated with 
monoclonal anti-TSP-1 (1:200; Abcam). After overnight 
incubation in the primary antibody solution and blocking 
buffer, the samples were exposed to goat anti-mouse Alexa 
Fluor 568 secondary antibody (1:200; Invitrogen). Finally, 
the nuclei were counterstained with DAPI (Invitrogen). The 
samples were coverslipped with DAKO mounting media 
(DAKO). Scleras and retinas were imaged with a Zeiss LSM 
710 Confocal Microscope (Zeiss MicroImaging, Thornwood, 
NY) at the peripapillary region using a 20X lens. We used 
two control procedures in the mouse sclera tissue when we 
used antibodies generated in mice against the molecules 
studied. First, we blocked immunoglobulin (IgG) labeling 
with serum, and, second, we treated some control sclera 
after we omitted the primary antibody as controls. These 
procedures demonstrated that there was no detectable non-
specific labeling. Masked observers graded the amount of 
Thrombospondin 1 and Hint1 in the scleral sections of the 
control and glaucomatous tissues. Images were evaluated on 
a scale of 1–5; 1 was the lowest signal, and 5 was the highest. 
Individual and average gradings from each observer were 
statistically analyzed.

DAPI and Ki67 positive quantification: The number of DAPI-
labeled nuclei in each scleral whole mount quadrant was 
quantified using Stereo Investigator software (MicroBright-
Field, Williston, VT) integrated with an ECLIPSE E600 
microscope (Nikon, Japan) with a 3-chip charge-coupled 
device (CCD) color video camera (HV-C20, Hitachi, Japan) 
and motorized stage and microcator attachment (Heidenhain 
EXE 610C, Schaumburg, IL). All DAPI-labeled cells with the 
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elongated shape and ovoid nucleus typical of fibroblasts were 
counted. Approximately four regions, each 460 µm × 300 µm, 
were quantified in each quadrant, comprising approximately 
4% of the scleral area in a specimen.

Within each designated region, observations were made 
at three depths through the entire scleral thickness, with each 
depth comprising a zone approximately 10 µm thick. One 
depth was near the initial scleral edge, one in the mid-sclera, 
and one at the opposite scleral edge. Observations made at 
each of these three depth designations were not significantly 
different, and therefore, the average is presented. The density 
of cells per unit area (in DAPI-labeled tissue) and the number 
and percent labeling positively for Ki67 were analyzed by 
scleral region (from close to the peripapillary area to the 
equator), by mouse strain, and by experimental glaucoma 
compared to control.

Statistical methods: All estimates and p values are from 
generalized estimating equation (GEE) models, which 
take into account correlations among repeat measurements 
by quadrant/region on a single eye. For these models, the 
outcome variables used were DAPI count, Ki67 count, or 
the Ki67 count as a percent of the DAPI count. Outcomes 
were assumed to have a negative binomial distribution. The 
working correlation matrix for the repeat measurements in 
four regions in each of four quadrants was assumed to have 
an exchangeable structure, in which any two repeat measure-
ments have the same correlation.

RESULTS

Proteomic studies: Experimental glaucoma data on IOP, 
axial length, and RGC axon loss: There were two groups of 
mice for which proteomic data were obtained. The first group 
of 18 B6 mice and 19 CD1 mice were studied at 6 weeks 
after induction of experimental glaucoma. The mean IOP 
increase (difference between glaucoma and fellow eyes) was 
significant and did not significantly differ among the mouse 
strains, B6=8.0±3.6 mmHg; CD1=5.7±3.1 mmHg (p>0.05, t 
test; Table 1; and Appendix 1, Appendix 2). Likewise, the 
cumulative exposure to elevated IOP over time (positive 

integral IOP) was not significantly different between strains 
(p=0.21). At baseline, the CD1 mice had greater axial length 
than the B6 mice (3.49±0.09 versus 3.30±0.06 mm, p<0.001), 
as previously reported. In this study, axial length elongation 
from elevated IOP was significant in both strains and was 
greater in B6 mice than in CD1 mice (B6: 8.2%, p<0.001 
versus CD1: 2.6%, p=0.01; difference between strains, 
p=0.008). Both strains lost significant numbers of RGC axons 
at 6 weeks after IOP elevation, 32% and 40%, respectively 
(both p<0.0001; Table 1; n=18 and 19 scleras in B6 and CD1 
mice, respectively). Mean difference IOP was compared to 
the untreated fellow eye over the time period. The percentage 
axon loss was the mean compared to pooled controls, and 
IOP and axial length were compared to the individual fellow 
control eye; n=5–7 scleras per time point. Data are mean ± 
standard deviation (SD). The t test was used to compare the 
glaucoma eyes to the control eyes.

The second group of animals studied proteomically 
included 12 B6 mice (wild-type littermates of Aca23), ten 
CD1 mice, and 11 Aca23 mice. After experimental IOP 
increase in one eye, five animals were euthanized from each 
of the three mouse types at either 1 week or 6 weeks, giving 
six sets of proteomic data in this group (three strains, two time 
points each). The second group of mice responded similarly 
to the first group regarding IOP elevation, axial elongation, 
and RGC loss, with significantly higher IOP than the control 
fellow eyes in all three strains by approximately 6–10 mmHg 
(p<0.01 or less, paired t test; Table 2). The baseline axial 
globe length was shortest in the B6 mice, intermediate in 
the CD1 mice, and longest in the Aca23 mice, as previously 
reported [20,21] (p<0.0001, ANOVA). The percent length 
increase due to experimental glaucoma differed by strain. 
The Aca23 mice that had longest axial globe at baseline 
underwent the least elongation (3–4%), while the B6 mice, 
whose axial globe was shortest at baseline, elongated the 
most (10% by 6 weeks; Table 2). The RGC loss was lowest 
in the Aca23 mice (no significant loss) at both time points; 
however, a smaller number of eyes in each group did not show 
significant differences among groups.

Table 1. FirsT experimenTal group undergoing proTeomic analysis: iop, axial lengTh, axon loss. 

Strain Time point
Mean difference IOP (mm 
Hg) ± SD

Axial length increase 
(mm)±SD (%)

Axial width increase 
(mm)±SD (%) Axon count ±SD (%loss)*

CD1 6 weeks 5.7±3.1 2.6±4.3 3.8±5.1 40.0±27.4
p= 0 0.013 0.001 0.0001

B6 6 weeks 8.0±3.6 8.2±7.5 9.7±7.1 32.3±22.1
p= 0 0.0001 0 0
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Proteomic analysis: Canonical pathways changed in experi-
mental glaucoma: Eight proteomic data sets were produced. 
They were two proteomic data sets at 6 weeks after glaucoma 
(one from each of two strains) and six data sets, one from 
each of three strains at two time points, 1 week and 6 weeks. 
Thus, we had replicate data for 6 weeks after experimental 
glaucoma induction for the B6 and CD1 mice. A total of 728 
molecules increased and 189 decreased among all strains and 
time points studied, using twofold change as the cutoff (Table 
3; and Appendix 3). Bioinformatics analysis of the proteomics 
data sets with the Ingenuity Pathway Analysis system 

identified several canonical pathways that were represented 
more than once (Table 4; Appendix 3). Of the eight sets of 
data, the pathways most prominently identified as increased 
in the experimental glaucoma sclera were integrin-linked 
kinase (ILK) signaling and actin cytoskeleton signaling, 
both appearing in six of the eight data sets and represented 
in all three strains of mice and at 1 and 6 weeks (Table 4). 
Two pathways were found repeatedly changed only in the 
CD1 mice, at 1 and 6 weeks: protein kinase A and rho family 
GTPase signaling.

Table 2. second experimenTal group undergoing proTeomic 
analysis: iop, axial lengTh and axon loss.

Strain Time IOP versus control % axial length Increase % axon loss

CD1
1 week 6.26 + 3.0** 6.1±1.7* 13.71±27.7
6 weeks 5.6 + 3.3** 9.6±4.0* −1.5±4.5

B6
1 week 11.1±7.4** 10.3±0.07** −5.3±9.9
6 weeks 7.7±3.6** 9.1±7.8** 9.5±15.9

Aca23
1 week 5.6±3.7** 3.0 ± 0.03* −1.5±13.9
6 weeks 5.3±4.8** 3.0 ±.04 −10.08±24.0

% axon loss is median compared to pooled controls. IOP is mean difference in IOP compared to untreated 
fellow eye over the time period. Axial length is compared to individual fellow control eye; n=5 scleras 
per time point. Data are mean±standard deviation. Minus % axon loss indicates higher number of axons 
in glaucoma eye than fellow=no damage. *=p<0.05 and **=p<0.01, t test comparing glaucoma to fellow 
eye control.

Table 3. number oF sclera proTeins exhibiTing alTered expression in experimenTal glaucoma.

Strain Time point Decreased sclera proteins Increased sclera proteins Total
CD1 1 week 125 168 293

6 weeks 35 275 310
B6 1 week 76 56 132

6 weeks 31 90 121
Aca23 1 week 8 47 55

6 weeks 13 92 105

Table 4. Top canonical paThways associaTed To proTeomic daTa seTs.

Pathway *Frequency B6 CD1 Aca23 Time Point
Integrin-Linked (ILK) Signaling 6/8 sets + + + 1, 6 weeks
Actin Cytoskeleton Signaling 6/8 sets + + + 1, 6 weeks
Calcium Signaling 3/8 sets + - + 1 week
Cellular Effects of Sildenafil 3/8 sets + - + 1, 6 weeks
Protein Kinase A Signaling 2/8 sets - + - 1,6 weeks
Rho Family GTPase Signaling 2/8 sets - + - 1, 6 weeks

* 8 sets include 1 and 6 weeks for the 3 strains (6 sets) and replicates for B6 and CD1 at 6 weeks (2 sets)
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Proteomic analysis: Individual molecules increased in 
experimental glaucoma sclera: Analysis of molecules that 
were increased twofold or greater in more than one of the data 
sets yielded the list shown in Table 5. Several molecules are 
described below under the general categories of molecules 
linked by function. A protein that was increased in two of 
three data sets at 1 week and five of five data sets at 6 weeks 
after glaucoma was HINT1. Also prominently increased at 
1 and 6 weeks in more than one data set was α-actinin 2. 
Myosin heavy chain 2 was increased in three of three data 
sets at 1 week, while spectrin α chain was increased in two 
of two data sets at 1 week. At 6 weeks, parvalbumin α was 
increased in three of five data sets, while TSP-1 and -4 were 
increased in two of five data sets at 6 weeks. Venn diagrams 
are presented in Appendix 4 showing the number of proteins 
that were increased and decreased in B6 mice, CD1 mice, 
or both strains, at 1 and 6 weeks. The proteins that were 
increased in both mouse strains at each time point are listed 
in Appendix 5.

Actin cytoskeleton and its interaction at the plasma 
membrane: At 1 week after experimental glaucoma, proteins 
increased twofold or greater included molecules involved 
in actin–myosin cytoskeletal mechanisms and their link to 
membrane components (Appendix 3, group 2 data). Several 
cytoskeletal-related proteins were increased in two of the 
three types of mice at 1 week after IOP elevation, including 
actin-binding LIM protein 1, keratin (cytoskeletal types 1 
and 2), kinesin-like protein, plectin, S100A, and vimentin. 
Others increased in at least one mouse strain were desmin, 
myosins, nesprin-1, plectin, dynein heavy chain 12, vimentin, 
α-actinin, myomesin, S100A10, tropomodulin-4, troponin T, 
tubulin beta, paxillin, kinesin-like protein, plectin, and TRIO 
(an F-actin-binding protein).

The cytoskeletal proteins increased after 6 weeks of 
glaucoma in one or more strains included four myosin-related 
proteins as well as molecules that interact with actin: filamin 
α and spectrin α2. Also increased were plasminogen (37X 
higher), echinoderm microtubule-associated protein-like 
(19X higher), myosin heavy chain 4 (18X), actinin (10xX), 
cytoskeleton-associated protein 4 (10X), myosin heavy chain 
11 (9X), and myosin 1c (4X). The 6-week increase group 
had examples also elevated at 1 week, such as actin-binding 
LIM protein, paxillin, kinesin-like protein, plectin, TRIO, 
and vimentin. Extracellular matrix proteins increased. At 1 
week, there was a greater than twofold increase in at least 
two types of mice for fibrillin 1 and TSP-1 and -4, as well 
as single strain increases at 1 or 6 weeks in transforming 
growth factor-beta 1(TGF-β1)-induced transcript 1, plasmin-
ogen, TSP-1 precursor, α1 antitrypsin 1, beta-glucuronidase 

precursor, collagens α1 and 2, lamin-B1, proline synthase, 
osteoglycin, fibulin-1, perlecan, fibromodulin, and biglycan.

Integrin-linked signaling and cell membrane–associated 
proteins: At 1 week, the spectrin α chain was elevated in 
two strains, while individual strains had increased talin 2, 
β catenin, desmin, and desmoplakin. At 6 weeks, integrins 
α and β were significantly increased in two mouse strains, 
along with single strain increases in cadherin-11, clathrin 
heavy chain 1, desmin, and spectrins α and β, and laminin 
α2 and β2.

Proteomic analysis: Molecules that significantly decreased: 
It was substantially less common for proteins to decrease 
significantly than to increase in all three mice strains. At 
1 or 6 weeks, there were lower levels of androgen-binding 
protein, latent TGF-β-binding protein, plasminogen activator 
inhibitor 1 RNA-binding protein, β-glucuronidase, clathrin 
assembly protein, keratocan, S100-A9, tubulin β, and several 
crystallins. There were also decreases in α galactosidase, 
caspase 8, fibulin 2, heparin transferase, insulin-like growth 
factor-binding protein 7, and integrin α and β2 precursor.

Immunoblot data: Immunoblot data were measured for indi-
vidual scleral specimens with seven to ten eyes each from 
elevated IOP, fellow control, and naïve bilateral control CD1 
animals. The 1-week time period was chosen as having the 
greater changes in protein expression. Immunoblots were 
performed with molecules for which there are available and 
satisfactory antibodies, and which had substantial increases 
in the proteomic data or were prominent members of the high-
lighted pathways. For those in which immunoblot confirma-
tion could not be performed, immunofluorescent microscopy 
of scleral sections was conducted. The immunoblots with 
myosin smooth muscle heavy chain 1 and 2, sarcomeric α 
actinin, α1 spectrin, and integrin β3 at 1 week after glaucoma 
(Figure 1) confirmed the proteomic data for these molecules.

Immunohistochemical labeling: Antibody labeling was 
performed in scleral whole mounts for α-SMA, vimentin, 
and actinin and in scleral sections for TSP-1 and HINT1, two 
proteins that were significantly elevated in the proteomic 
analysis. We studied four time periods (3 days, 1 week, 3 
weeks, and 6 weeks). The 3-day data had the largest differ-
ences and are presented here. Labeling for α-SMA at 3 days 
after IOP elevation was increased in the B6 and CD1 sclera 
compared to the control eyes in masked evaluation (Figure 
2). By 6 weeks after the IOP increase, the masked observer 
found no consistent differences in α-SMA labeling. Likewise, 
the masked observer was easily able to detect greater labeling 
for vimentin and actinin in scleral whole mounts from the 
3-day glaucoma eyes than in the control eyes (Figure 2). In 
the sclera, choroid, and retina cryosections, the labeling for 
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TSP-1 was clearly greater in the 3-day glaucoma eyes than 
in the control eyes, as was the labeling for HINT1 (Figure 3). 
Interestingly, the TSP-1 labeling was also more prominent 
in the choroid and retina of 3-day glaucoma eyes than in the 
control eyes.

TSPs were increased by proteomic analysis, and for this 
protein, immunolabeling in scleral sections showed a signifi-
cant increase in masked semiquantitative grading on a 1–5 
scale: 3.25±0.25 for the glaucoma eyes and 2.33±0.29 for the 
control eyes (p=0.002, t test; Figure 3). Note that there was a 
substantial increase in retinal as well as scleral labeling in the 
glaucoma eyes compared to the healthy eyes. In the HINT1 
stained samples, the control sclera averaged a 1.6±0.9 score 
(1=low, 4=high stain), while the glaucoma sections averaged 
3.0±0.6 (statistically significant p≤0.001 (t test; Figure 3).

Sclera fibroblast density: We measured cell density (fibro-
blasts/unit area) in 27 control sclera samples, 13 from CD1 
mice and 14 from B6 mice. IOPs were also measured and are 
shown in Appendix 6. Normal fibroblast mean density, the 
number of DAPI-labeled nuclei per 0.14 mm2 field, was 14% 
greater in the B6 mice than in the CD1 mice (Table 6; multi-
variable regression). The peripapillary sclera (region R1) had 
30% more fibroblasts than the most anterior scleral region 
(R4), with intermediate density in the two intervening regions 
(R2 and R3; p=0.001, Table 6, DAPI labeling). The regional 
mean fibroblast density was lower in the nasal quadrant 

by 25% compared to the other three quadrants (superior, 
temporal, and inferior), which did not differ among each 
other (data not shown). The difference in density between 
the baseline and 6-week glaucoma scleras was not signifi-
cant: 548.2±22.1 versus 587.1±23.5 cells/0.14 mm2 (mean ± 
standard error; p=0.68, univariate regression, Table 7). In the 
experimental glaucoma mouse sclera, the fibroblast density 
was higher in the B6 mice than in the CD1 mice, both at 
baseline and after glaucoma exposure, but these differences 
were not significant (n=18 eyes, Table 8). The posterior scleral 
regions continued to have a significantly higher fibroblast 
density after experimental glaucoma induction, as they did 
in controls (Table 8).

Scleral fibroblast proliferation: To evaluate the amount of 
cell proliferation, we enumerated cells labeled positive for 
Ki67 per unit area and the percent Ki67 positive among 
all fibroblasts to take account of differences in fibroblast 
density across strains or by treatment group. In the control 
sclera, about 1% of the fibroblasts were Ki67 positive, with 
no significant differences by mouse strain or scleral region 
(Table 6). The percent of fibroblasts positive for Ki67 in the 
experimental glaucoma sclera for all mouse strains increased 
from 2% in controls to 10% at 1 week and was statistically 
significantly different from 1 through 6 weeks after induc-
tion (Table 7; p=0.0005, univariate regression). Ki67-positive 
cells were 6 times more common at 1 week and threefold 
greater at 3 and 6 weeks compared to the control eyes (Table 

Figure 1. Protein expression 
changes after 1 week of experi-
mental glaucoma. Immunoblot 
intensity ratios of experimental 
glaucoma at 1 week for four selected 
proteins, with significant elevations 
in three molecules and all near or 
greater than twofold increase. Mean 
± standard error. Asterisk indi-
cates p value <0.05 for significant 
increase in glaucoma compared to 
the control eyes, each referenced 
to the glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) value 
from the blot; t test or Wilcoxon 
rank-sum test.

http://www.molvis.org/molvis/v22/82


Molecular Vision 2016; 22:82-99 <http://www.molvis.org/molvis/v22/82> © 2016 Molecular Vision 

91

Figure 2. Immunohistochemistry of selected molecules in scleral whole mounts. Immunohistochemistry in whole mounts of sclera for 
vimentin (red) in (A) B6 mouse control and (B) 3-day glaucoma sclera cells. C, D: Control (left) and 3-day glaucoma (right) labeling 
for α-SMA (B6 mice). E, F: Control (left) and 3-day glaucoma (right) labeling for cell adhesion molecule, α-actinin (red, CD1 mice). 
4’,6-diamidino-2-phenylindole (DAPI) nuclear counterstain (blue). Scale bars=20 µm. 
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Figure 3. Scleral expression of 
thrombospondin and HINT1. 
Immunostaining for thrombo-
spondin-1 (TSP-1; red) coun-
terstained with 4’,6-diamidino-
2-phenylindole (DAPI; blue) shows 
labeling comparable to the mean 
increase in the masked scleral 
grading (see text). The sclera is 
marked with a bracket in each 
panel. A: Control. B: Increased 
labeling in the 3-day glaucoma 
sclera, choroid, and retina (CD1 
mice). Scale bar=50 µm. Lower pair 
shows immunostaining for HINT1 
(red), sclera labeling in the (C) 
CD1 control and increased labeling 
in the glaucoma tissue (D). DAPI 
counterstain (blue in A, B; green in 
C, D). Scale bar=25 µm.

Table 6. conTrol sclera FibroblasT densiTy and proliFeraTion. 

Strain
Density Ki67 positive % Ki67 positive
N       Mean      SE p N       Mean     SE p N      Mean      SE p

CD1 92      517.2       (18.6) 0.01 92      4.1          (0.8) 0.48 87     0.9          (0.0) 0,86
B6 96      599.8       (15.7) 96      5.1          (0.6) 94     0.9          (0.1)
Region N       Mean       SE p N       Mean     SE p N      Mean       SE p
1 47      615.1        (24.6) 0.001 47      5.2          (1.2) 0.96 46     0.9           (0.2) 0.72
2 47      592.4       (21.5) 47      4.7          (0.9) 46     0.8           (0.1)
3 47      555.7       (20.9) 47      3.9          (0.7) 46     0.7           (0.1)
4 47      475.0       (27.9) 47      4.6          (1.1) 43     1.2           (0.5)

*mean=number of cells counted/0.14 mm2; SE=standard error, n=number of eyes/scleras, C.I.=95% confidence interval

Table 7. scleral FibroblasT proliFeraTion wiTh experimenTal glaucoma. 

Exposure to 
glaucoma

Density 
N      Mean     (SE)

Ki67 positive 
N      Mean      (SE)

% Ki67 Positive 
N       Mean     (SE)

Ki67 Ratio 
Glaucoma/Control(C.I.)

Control 60     548.2      (22.1) 60       2.0        (0.5) 58      0.3          (0.0) 1
1 Week 40     537.2      (26.0) 40     10.0        (2.2) 39      1.9           (0.4) 6.2 (2.6, 14.7)
3 Weeks 40     586.6      (31.9) 40      6.5         (1.2) 37      1.2           (0.2) 3.5 (1.6, 7.6)
6 Weeks 48     587.1      (23.5) 48      5.6         (1.2) 46      1.0           (0.2) 3.1 (1.1, 8.5)

*mean=number of cells counted/0.14 mm2; SE=standard error, n=number of eyes/scleras, C.I.=95% confidence interval
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7). Ki67 density and percent Ki67 positive fibroblasts did not 
differ statistically significantly by strain or by region in the 
experimental glaucoma eyes overall in a multivariable model 
(Table 8).

DISCUSSION

The biomechanical stress of experimental glaucoma leads to 
scleral remodeling through altered fibroblast responses, as 
judged here by proteomic, immunoblot, and immunohisto-
chemical data. Our proteomic analysis found upregulation 
in several canonical pathways in experimental glaucoma, 
particularly for integrin-linked kinase signaling and actin 
cytoskeleton signaling. This suggests that experimental 
glaucoma stimulates the activity of the membrane-bound 
integrins, which link the cytoskeleton to the extracellular 
matrix. It is likely that extracellular matrix molecules and 
scleral fibroblasts sense IOP-related stress, at normal and 
elevated levels of IOP. The observed responses in proteins 
suggest that cell-mediated and extracellular alterations occur 
in experimental glaucoma. The cellular component is inti-
mately linked to the extracellular network through a complex 
of molecules at the cell membrane.

The increases in integrin-linked signal molecules seen 
here included integrins themselves and paxillin, a signal 
transduction adaptor related to integrin [36] and TGF-β [37]. 
Integrins activate the myofibroblast phenotype in corneal 
fibroblasts [38], and we observed an increase in α-SMA, 
a feature of myofibroblasts, in the experimental glaucoma 
sclera. Integrins link scleral fibroblasts to collagen in the 
scleral matrix [39], mediating IOP-generated stress between 
the intracellular cytoskeleton and the extracellular matrix. 
Integrin-linked signaling stimulates TGF-β [40-44], and we 
found several integrin-related molecules to be increased, 
including cadherin (a transmembrane protein), clathrin 

(mediates cell membrane transport), and laminin. A gene 
array study of scleral fibroblasts in vitro showed increases 
in cadherin [45] when the cells were stretched. Studies of 
the optic nerve head in rat glaucoma show increases in gene 
expression for molecules involved in integrin-linked signaling 
[46,47].

Molecules related to the actin cytoskeleton and its 
interaction at the cell membrane were also increased in the 
experimental glaucoma sclera by proteomic, immunoblot, 
and histology. Actin-binding LIM protein [48] increased 
in the proteomic analysis, and α-actinin and spectrin were 
increased in the proteomic and immunoblot data. The 
intracellular domain of integrins interacts with actin via 
actinin [49], a protein in the spectrin superfamily. Spectrin 
α2 maintains plasma membrane integrity and cytoskeletal 
structure. Myosins, which interact with actin in cell contrac-
tion, were four of the highest elevated molecules according 
to proteomic analysis, confirmed with immunoblot. This is 
further evidence that scleral fibroblasts become myofibro-
blasts. The human sclera is known to have a resident popula-
tion of myofibroblasts [50], which may increase in response 
to changes in IOP.

HINT1, the most consistently upregulated protein in 
our data, has been linked to the pathophysiology of certain 
psychiatric disorders and exhibits tumor suppressor proper-
ties, perhaps related to its effect on intracellular calcium 
homeostasis [51]. Also known as protein kinase C-interacting 
protein 1, HINT1 inhibits in fibroblasts the pathway acti-
vated by a gene associated with microphthalmia in mice 
and Waardenburg syndrome in humans, suggesting a role 
in altering scleral responses [52]. To our knowledge, this 
pathway had not been previously studied or identified as 
important in glaucoma, but clearly deserves investigation.

Table 8. FibroblasT proliFeraTion by sTrain and region aFTer experimenTal glaucoma. 

Strain
Density Ki67 positive % Ki67 positive
N      Mean      SE p N      Mean      SE p N      Mean      SE p

CD1 60     549.9       (20.6) 0.6 60      5.7         (0.9) 0.66 58      1.1          (0.1) 0.89
B6 68     588.5       (23.0) 68      8.6         (1.5) 64      1.5         (0.2)
Region N       Mean      SE p N      Mean      SE p N       Mean      SE p
1 32      582.8       (34.4) <0.0001 32      5.4         (1.4) 0.37 30       0.9         (0.2) 0.33
2 32      637.8       (22.7) 32      6.5         (1.5) 32       1.2         (0.3)
3 32      570.4       (21.7) 32      8.6         (2.3) 32       1.5         (0.4)
4 32      490.6       (38.2) 32      8.4         (1.9) 28       1.7         (0.4)

*number of cells counted/0.14 mm2; SE=standard error, n=number of eyes/scleras, C.I.=95% confidence interval
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Fibroblasts occupy 25% of the scleral thickness in fixed 
mouse sclera [23], normally residing within their own layers, 
which alternate with cell-free, collagenous lamellae. Fibro-
blast density in scleral whole mounts was about 4,000 cells 
per mm3, leading to an estimated 75,000 fibroblasts overall 
in the mouse sclera. Thus, it is not surprising that these cells 
play an important role in the ocular response to experimental 
glaucoma and other processes that affect the sclera. Scleral 
fibroblasts have the elongated shape and positive labeling 
for vimentin characteristic of mesenchymally-derived fibro-
blasts. In the control sclera, <1% of fibroblasts prepared for 
cell division (Ki67 positive). The rate of division increased 
with experimentally elevated IOP, continuing at a higher than 
usual rate for weeks. In a companion report, we found that the 
volume of cellular scleral lamellae increased as a proportion 
of scleral thickness after experimental glaucoma [23]. We did 
not detect a statistically significant increase in the density 
of fibroblasts in experimental glaucoma eyes. Possibly, the 
increase due to cell division is insufficient to produce an 
overall increase in density, or the increased cell number by 
division is balanced by cell death. Alternatively, changes in 
non-cellular scleral components may alter the overall tissue 
volume to mask an increase in cell number. We found that 
the non-fibrillar components of sclera decrease in fresh tissue 
thickness measured in experimental mouse glaucoma [23]; 
thus, there are substantial changes in major scleral elements.

In models of experimental myopia, the axial length of 
the sclera increases in response to form deprivation or image 
blur. Likewise, in experimental glaucoma, the sclera elon-
gates rapidly after increases in IOP. Superficially, it might 
be expected that scleral elongation in the two conditions 
would result from similar biochemical and cellular changes. 
However, our data show, for the first time, that alterations 
of the sclera are in opposing directions in myopia and glau-
coma despite both leading to enlargement of the sclera. For 
example, developing myopia is associated with increased 
elasticity and increased creep rate [53], while experimental 
and human glaucoma eyes demonstrate decreases in mechan-
ical compliance [54]. Although the sclera thins in myopia, 
due to decreased production and degradation of collagen and 
proteoglycans [55], human glaucoma eyes with RGC damage 
have thicker sclera [18] (in fixed tissue sections) than age-
matched controls. Proteomic changes in the ocular expansion 
phase of experimental tree shrew myopia show decreases in 
TSP-1 [56], compared to increases in experimental glaucoma. 
Integrins decrease in the induced myopia elongation phase in 
the tree shrew [33], while integrin-related signaling increases 
in experimental glaucoma. In experimental myopia in the 

guinea pig [57], there was a decrease in fibroblasts in the 
posterior sclera, while we found increased cell division and a 
non-significant increase in cell density. Thus, myopic scleral 
elongation exhibits distinctly different features from that 
observed with elevated IOP, both achieving axial elongation, 
but by different mechanisms.

An important central molecule implicated in our data 
is TGF-β. Increased extracellular proteins related to TGF-β 
or its effects included TSP, plasminogen, fibromodulin, 
fibulin-1, perlecan, and heparin sulfate proteoglycan. TSPs 
were increased in experimental glaucoma sclera according 
to proteomic and immunoblot analysis. These large trimeric 
extracellular glycoproteins participate in wound healing, 
angiogenesis, and cell adhesion [58,59] and are involved in 
transforming corneal keratocytes into myofibroblasts after 
wounding [60]. TSP is a potent activator of TGF-β1 [61,62] 
which is known to stimulate fibroblast proliferation in the 
cornea, induce the transition to myofibroblasts, and alter 
extracellular matrix production [63]. Proteomic data indi-
cated a prolonged elevation of plasminogen, an activator of 
collagenase that interacts with TSP and fibronectin. Fibro-
modulin, a small interstitial proteoglycan, participates in the 
assembly of the extracellular matrix and regulates TGF-β 
activity [64]. Fibulin-1 is a secreted glycoprotein that is found 
in association with extracellular matrix structures and binds 
to extracellular matrix constituents, including fibronectin 
and versican. Perlecan is a potent inhibitor of smooth muscle 
cell proliferation and promotes fibroblast growth factor 2 
activity. Biglycan is a small leucine-rich repeat proteoglycan 
(SLRP) that interacts with collagen. Stretching of lamina 
cribrosa cells in vitro produces similar increases in TSP-1, 
perlecan, lysyl oxidase, TGF-β2, biglycan, and versican [65]. 
We have recently shown that inhibition of TGF-β signaling by 
inhibition of angiotensin 2 type 1 receptors with losartan is 
neuroprotective in experimental glaucoma [25]. Further study 
of this area could be therapeutically useful.

We studied three mice strains in the present report, since 
our cited work has suggested differential susceptibility to 
experimental glaucoma damage among mouse strains. The 
initial analysis did not provide strain-specific findings in the 
response of scleral fibroblasts or proteomic results. This could 
mean that each strain responds similarly or that the methods 
used were too general to identify more detailed differences. 
Now that we have been made aware through the proteomic 
findings of specific pathways of interest, we plan further 
work to study differences by strain in important molecular 
changes in the sclera.

http://www.molvis.org/molvis/v22/82
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There are inherent limitations in proteomic analysis that 
should be taken into account. Measurement of the amounts 
of a protein depends on the identification of some portion 
of the molecule and often in tiny amounts. Even with three 
identifiers for each protein and overall replicates, as we 
performed here, conservative conclusions are merited except 
large changes or alterations in biochemical pathways in which 
several associated proteins are identified. Simply because a 
protein is increased or decreased in amount does not signify 
a change in the effect of the protein in tissues, since many 
molecules must be in an active form to be effective. For many 
molecules, multiple isoforms or assemblies have related and 
differing properties.

In these data, we compared eyes with induced higher 
IOP to their fellow eyes in the proteomic analysis. In some 
research, interventions on one eye affected the untreated 
fellow eye. In the immunoblot confirmations in this report, 
we used bilaterally naïve eyes as controls to confirm that 
the proteomic findings in important molecules were unaf-
fected by contralateral effects. In past research with rodent 
glaucoma models, we have seen such effects in untreated 
fellow eyes, though these effects were more prominent in 
retinal gene array data after optic nerve transection than 
after experimental glaucoma [66]. We are unaware of data 
suggesting that the fellow eye sclera would be affected by 
experimental glaucoma in the other eye. If there were such 
contralateral effects, then differences between the eyes would 
be decreased, assuming that the effects were in the same 
direction in fellow eyes as in treated eyes. Thus, it would 
make it less likely that we would find significant differences 
as were seen here.

In summary, experimental glaucoma induces alterations 
in the mouse sclera that include increased fibroblast divi-
sion, transition to features of a myofibroblast phenotype, and 
activation of proteins involved in integrin-linked signaling 
and actin cytoskeletal pathways. The direction of change in 
many features of sclera in experimental glaucoma was oppo-
site from that seen in experimental myopia. TGF-β signaling 
was identified in our data to be associated with experimental 
glaucoma. This pathway has previously been involved in 
trabecular meshwork [67] and optic nerve head responses in 
glaucoma [68,69]. It is likely that more detailed studies of this 
area will yield important insights into glaucoma effects, as 
well as potential therapeutic approaches to minimize RGC 
death.

APPENDIX 1. IOPS OF ‘GROUP 1’

Legend: Mean IOP of proteomics ‘Group 1’ of CD1 and B6 
both strains combined. Dotted line represents glaucoma eyes, 
solid line represents fellow control eyes. Asterisks=significant 
difference by t tests. To access these data, click or select the 
words "Appendix 1".

APPENDIX 2. IOPS OF ‘GROUP 2’

Legend: Mean IOP of proteomics ‘Group 2’, Aca23, B6, CD1, 
for all strains combined. Dotted line represents glaucoma 
eyes, solid line represents fellow control eyes. To access these 
data, click or select the words "Appendix 2".

APPENDIX 3. PROTEINS INCREASED IN 
GLAUCOMA

To access these data, click or select the words "Appendix 3".

APPENDIX 4. VENN DIAGRAMS OF NUMBER OF 
PROTEINS DECREASED (RED) AND INCREASED 
(GREEN) AFTER 1 WEEK AND 6 WEEKS 
EXPOSURE TO GLAUCOMA IN B6 AND CD1 MICE.

To access these data, click or select the words "Appendix 4".

APPENDIX 5. PROTEINS INCREASED IN 
MULTIPLE MOUSE STRAINS

To access these data, click or select the words "Appendix 5".

APPENDIX 6. IOPS OF FIBROBLAST COUNTED 
SCLERAS

Legend: Mean IOP of fibroblast counted eyes of Aca23 KO, 
B6, CD1 strains combined. Dotted line represents glaucoma 
eyes, solid line represents fellow control eyes. To access these 
data, click or select the words "Appendix 6".
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