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Purpose: We aimed to characterize alterations in the posterior scleral collagen microstructure before detectable disease
onset in a canine model of open-angle glaucoma caused by an ADAMTS10 mutation.

Methods: Collagen orientation, anisotropy degree (proportion of preferentially aligned collagen), and relative density
were measured at 0.4 mm spatial resolution using synchrotron wide-angle X-ray scattering. For statistical evaluation of
structure parameters, regional averages of the peripapillary and mid-posterior sclera were compared between ADAMTSI0
mutant (affected) dogs (n = 3) and age-matched (carrier) controls (n = 3).

Results: No marked differences in the general pattern of preferential collagen fibril orientation were noted between the
control and affected dogs. The peripapillary sclera of all specimens featured strongly aligned circumferential collagen
ringing the optic nerve head. Collagen anisotropy was significantly reduced in the mid-posterior sclera of the affected
dogs (carrier: 0.27+0.11; affected: 0.24+0.10; p = 0.032) but was not statistically significantly different in the peripapillary
sclera (carrier: 0.46+0.15; affected: 0.45+0.17; p = 0.68). Collagen density was statistically significantly reduced in the
affected dogs for the mid-posterior sclera (carrier: 28.1+9.14; affected: 18.3+5.12; p<0.0001) and the peripapillary sclera
(carrier: 34.6+9.34; affected: 21.1+6.97; p = 0.0002).

Conclusions: Significant alterations in the posterior scleral collagen microstructure are present before the onset of clini-
cal glaucoma in ADAMTS10 mutant dogs. A reduction in fibrous collagen density is likely an important contributory
factor in the previously reported mechanical weakening of the sclera in this model. Baseline scleral abnormalities have
the potential to interact with intraocular pressure (IOP) elevations in determining the course of glaucoma progression

in animal models of the disease, and potentially in human glaucoma.

Glaucoma is the leading global cause of irreversible
blindness and currently affects more than 60 million people
worldwide [1]. Although glaucoma risk is evidently multifac-
torial, there is general agreement that intraocular pressure
(IOP) fluctuation plays a central role in the development
and progression of the disease [2-4]. Thus, there is potential
value in investigating how the mechanical properties of the
eye’s load-bearing tissues interact with pressure elevations
in modulating neuropathy at the optic nerve head (ONH)—a
focal point of glaucoma injury [5,6].

The physical effects of IOP on the nerve head axons
are mediated through the biomechanical response of the
supporting tissues of the eye-wall, predominantly the sclera,
the white fibrous tissue that forms 85% of the ocular tunic
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in humans. Numerical modeling suggests that the biome-
chanical properties of the posterior sclera are a key factor that
determine the magnitude of IOP-derived stresses and strains
experienced by optic nerve axons [7-9]. Scleral material
properties are, in turn, strongly influenced by the organiza-
tion of load-bearing type I fibrillar collagen, which forms
the bulk of the tissue stroma [10], and there is documented
evidence of glaucomatous changes in the collagen structure
in the posterior sclera of humans [11-14] and mice [15,16].
However, whether these changes represent baseline differ-
ence potentially associated with glaucoma risk or remodeling
in response to IOP and/or disease remains largely an open
question.

Open-angle glaucoma in the Beagle dog is a well-
established spontaneous animal model, caused by auto-
somal recessive inheritance of a G661R missense muta-
tion of the ADAMTSI10 (Gene ID: 611267, OMIM 608990)
gene [17]. In humans, ADAMTSI0 mutations are linked to
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TaBLE 1. DEMOGRAPHIC, GENOTYPIC, IOP AND TISSUE THICKNESS DATA OF THE BEAGLE SCLERA SPECIMENS USED IN THE CURRENT STUDY.

IOP at cull Avg. PPS thickness Avg. MPS thickness
Dog ID Sex Eye Genotype Age (months) (mmHg) (mm=S.D.) (mm=S.D.)
G66 M Right Affected 7 17 0.49 +0.05 0.44 +0.03
G68 M Right Affected 5.6 16 0.39 +0.03 0.34+£0.07
G70* M Right Affected 5.6 14 0.48 +£0.09 0.40 +0.07
G69 M Right Carrier 5.6 16 0.39+0.05 0.32+£0.05
G71* M Right Carrier 5.6 13 0.39+0.04 0.33£0.07
G72 F Right Carrier 5.6 11 0.39+0.05 0.32+0.06

PPS: peripapillary sclera; MPS: mid-posterior sclera. *Fellow eye used for histological examination of the ONH.

Weill-Marchesani syndrome, a systemic connective tissue
disorder that presents with ocular problems, including
glaucoma [18]. ADAMTSIO is a secreted metalloproteinase
involved in extracellular matrix formation and turnover
[19], and we recently showed that the posterior sclera of
ADAMTSI0 mutant dogs is more compliant than, and
biochemically distinct from, age-matched controls [20].
Importantly, these differences preceded the onset of glau-
coma indications. Thus, study of the ADAMTS10 model offers
a useful window on the potential role that baseline scleral
abnormalities may play in the pathophysiology of glaucoma.
The aim of the current study was to characterize any collagen
microstructural changes that occur in the posterior sclera of
ADAMTSI0 mutant dogs before the onset of glaucoma is
detected.

METHODS

Animals: A colony of Beagle-derived mongrel dogs carrying
the G661R ADAMTSI0 mutation was established at the
University of Pennsylvania. All animal procedures were
approved by the University of Pennsylvania IACUC and
performed in accordance with the ARVO Statement for
the Use of Animals in Ophthalmic and Vision Research.
All dogs were born, raised, and maintained under the same
environmental conditions. Three homozygous ADAMTSI0
mutant (affected) dogs and three age-matched heterozygous
controls (carriers), all aged between 5 and 7 months old, were
used in the current study. Full details of the blood sample
genotyping to confirm the pedigree of the animals are
published elsewhere [20]. Previous studies have established
that homozygous ADAMTS10 mutant dogs do not develop
ocular hypertension at this age [17,21]. However, to confirm
the predisease status of the affected animals and the normal
control status of the carrier dogs, all animals underwent
ophthalmic examination before euthanasia (overdose: >85
mg/kg of pentobarbital sodium given intravenously-1V),
including indirect ophthalmoscopy, slit-lamp biomicroscopy,

and applanation tonometry. In addition, the fellow left eye of
one affected (G70) and one carrier (G71) dog was removed
for routine histology of the ONH, and this showed no obvious
indications of disease in the affected eye. These results are
presented in detail in our previous publication [20], while a
summary of demographic, genotypic, and IOP data is also
shown in Table 1.

Sample preparation and scleral thickness measurement:
The right eyes of the euthanized dogs were recovered imme-
diately, and the posterior sclera on the temporal side of the
ONH was removed for mechanical testing and biochemical
analysis of collagen content, as detailed in our previous
publication [20]. Meanwhile, the remaining nasal side of the
posterior sclera was preserved in 4% paraformaldehyde for
analysis of the collagen microstructure. A custom measure-
ment device, designed and built by the Ocular Biomaterial
and Biomechanics Group at the University of Liverpool, was
used to measure the scleral thickness. The device consists
of a spherical ruby support for mounting tissue in its natural
curvature and a vertical height probe positioned 30 mm
above the support center point. The probe travels down with
a controlled velocity until the probe senses contact with the
tissue surface, at which point the traveled distance is used to
determine the tissue thickness to an accuracy of 4 pm. For
each canine sclera specimen, five repeat measurements were
obtained from three sectors of the peripapillary sclera (PPS)
and the mid-posterior sclera (MPS), making a total of 15
readings per region per specimen (see Figure 1). For purposes
of the scleral thickness measurements and subsequent X-ray
scattering analysis, the PPS region was defined as the 2-mm-
wide annulus bordering the ONH, while the MPS region was
defined as the 2-mm-wide annulus outside the PPS (Figure
1). Average PPS and MPS thickness per specimen is shown
in Table 1.

X-ray scattering data collection: Wide-angle X-ray scat-
tering (WAXS) experiments were performed at the Diamond
Light Source synchrotron facility (Harwell, UK), using
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macromolecular crystallography beamline 102 in a custom-
modified fiber-diffraction setup [14,22]. An X-ray beam
of wavelength 0.09795 nm, defocused to a cross-sectional
diameter of 0.1 mm at the specimen, was used. During X-ray
exposure, the sclera specimens were wrapped in polyvinyli-
dene chloride film to limit dehydration, before mounting in
Perspex® (Lucite Group Ltd, Southampton, UK) cham-
bers with Mylar® (DuPont-Teijin, Middlesborough, UK)
windows. The specimens were mounted such that the tissue
retained its natural curvature and the incident X-ray beam
was directed perpendicular to the scleral surface at the ONH
position. Initial specimen alignment was performed using an
in-line microscope, with a central aperture through which
the incident beam passed. WAXS patterns resulting from an
X-ray exposure of 1 s were recorded on a Pilatus-6MF silicon
pixel detector (Dectris Ltd, Baden, Switzerland) positioned

© 2016 Molecular Vision

350 mm after the mounted specimen. The specimen was
translated between exposures using an integrated motor stage
to collect WAXS patterns across each specimen at 0.4 mm
(horizontal) x 0.4 mm (vertical) sampling intervals.

X-ray scattering data processing: As previously described,
scleral WAXS patterns (e.g., Figure 2A) feature a well-
resolved equatorial (i.e., perpendicular to the fiber direction)
diffraction peak from the regular 1.6 nm lateral separation
of molecular collagen, analysis of which provides averaged
information on the amount and direction of type I fibrillar
collagen in the scleral tissue volume sampled with the X-ray
beam [14,22]. Following this protocol, we obtained three
collagen structure parameters from every sampled position in
each specimen: 1) the relative number of fibrils preferentially
aligned, over and above the underlying isotropic population,
as a function of angle within the tissue plane (referred to as

superior

nasal

Figure 1. Regional subdivision of
posterior canine scleras for statis-
tical evaluation of the collagen
structure. ONH = optic nerve head;
PPS = peripapillary sclera; MPS

= mid-posterior sclera. Crosses
denote tissue thickness measure-

ment points (repeated five times

per point).
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Figure 2. WAXS analysis. A: Example wide-angle X-ray scattering (WAXS) pattern from the posterior canine sclera. The spread of intensity
as a function of angle ¢ around the collagen intermolecular X-ray scatter peak (arrow) may be analyzed to yield the fibril orientation distribu-
tion function. B: Power-law background function (broken line) fitted to a radial profile (solid line) through the pattern shown in A. A unique
background function was independently fitted along 256 equally spaced radial directions for each WAXS pattern. Subtraction of these
functions enabled the collagen signal (shaded region) to be extracted in two dimensions. Arrow: Collagen peak. C: Angular X-ray scatter
intensity profile extracted from the pattern shown in A. The distribution has two components: scatter arising from isotropic collagen, /, and
scatter arising from preferentially aligned collagen, /,. D: Collagen orientation distribution plot. The aligned collagen scatter is displayed in
polar coordinates, where the length of a vector, r, is proportional to the relative number of collagen fibrils preferentially aligned at angle ¢.

the “collagen orientation distribution”), 2) the ratio of the
preferentially aligned collagen scatter to the total collagen
scatter (referred to as the “collagen anisotropy”), and 3) the
total collagen scatter divided by the tissue thickness (referred
to as the “collagen density”™).

The raw intensity values were extracted from each
WAXS pattern using customized routines running in
Optimas 6.5 image analysis software (Media Cybernetics
Inc., Marlow, UK) interfaced with Excel (Microsoft,
Reading, UK). A custom background-fitting algorithm was

then applied to remove scatter from the specimen cell and
non-collagen scleral components. Two hundred fifty-six
radial profiles originating at the pattern center and ending
outside the collagen intermolecular signal were fitted inde-
pendently with a power-law background function, which
was then subsequently subtracted (Figure 2B). The isolated
collagen peak was then integrated radially and normalized
against fluctuations in X-ray beam current, and the values
were extracted to angular bins. The angular profiles were
split into isotropic and anisotropic scatter components (Figure
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2C) and the latter converted to a polar coordinate system,
introducing a w/2 angular shift for equatorial scatter, using
Statistica 7 (StatSoft Ltd, Bedford, UK). The collagen orienta-
tion distribution function was then displayed as a polar vector
plot, in which the line length of a vector at a given angle is
proportional to the relative number of preferentially aligned
collagen fibrils (Figure 2D). Individual plots were scaled and
assigned color codes in Statistica 7, before being assimilated
using Excel into montages to visualize the preferred orienta-
tion and associated angular distribution of collagen fibrils at
each sampled point in the specimen (Figure 3).

Contour maps of collagen anisotropy across each spec-
imen were generated in Excel by computing the ratio of the
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aligned and total integral collagen scatter values, according
to Equation I:

2r
[ 1,44
Anisotropy = 5—

[a,+1)d8
0 ey

where I and /. are the aligned and isotropic components
of the collagen scatter, respectively, at angle ¢. The scleral
tissue within a 4 mm radius of the ONH edge (corresponding
to the sampled area that had associated scleral thickness
measurements) was further analyzed to generate contour
maps of relative collagen density, as described by Equation 2:
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Figure 3. Production of a collagen fibril orientation map. A: Photograph of posterior canine sclera specimen G69. ONH marks the optic
nerve head position. Arrowhead: prominent nasal blood vessel (long posterior ciliary artery) is an anatomic landmark of the canine sclera.
B: Montage of the wide-angle X-ray scattering (WAXS) patterns recorded from the specimen at 0.4 mm spatial resolution. C: Expanded
view of a WAXS pattern from the peripapillary scleral region. The marked intensity lobing of the collagen intermolecular peak indicates that
collagen is preferentially oriented in the direction of the white arrow. D: Polar vector plot of collagen orientation distribution extracted from
the pattern in C. E: Montage of polar vector plots showing collagen orientation across the whole specimen. Arrowhead: An abrupt change
from horizontal to near-vertical collagen demarcates the position of the vessel visible in A. Arrow: circumferentially oriented collagen,
ringing the optic nerve head (ONH), characterizes the peripapillary sclera. The plots have been scaled according to the color key.
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where ¢ is the average local scleral thickness within the

MPS or PPS tissue sector that contains the sampled point of
interest (see Figure 1).

Statistical analysis: For statistical comparison of the collagen
structure in the carrier and affected dog scleras, all anisot-
ropy and density values within the MPS and PPS regions
(as defined in Figure 1) were pooled. Linear mixed models
for repeated measures were used to compare the differences
of collagen anisotropy and density between the carrier and
affected dogs. In the mixed models, the regional subdivision
(Figure 1) was considered a nested variable, and a variance
component covariance structure was used to account for the
association of the measures at different regions from the same
eye. A major advantage of using mixed models is that this
method does not require the same number of data samples
collected in each region; in particular, the difference between
affected versus carrier or MPS versus PPS can be estimated
using the least square means of all data obtained at the same
region. The means reported in the paper were based on the
least square estimation from the mixed models, while the
standard deviations were calculated from the raw data. All
mixed model analyses were conducted using the Proc Mixed
procedure in SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

A polar vector map of preferential collagen orientation for
carrier specimen G69 is shown in Figure 3E. The shape and
color of the individual vector plots indicate that the majority
of the nasal posterior sclera was characterized by collagen
that is weakly oriented in an approximately radial direction
from the ONH. However, a marked exception to this pattern
was observed in the peripapillary sclera, where strongly
circumferentially aligned collagen was detected (Figure 3E,
arrow). In addition, an abrupt shift to near-vertically aligned
collagen was detected along the path occupied by the major
nasal posterior scleral blood vessel (long posterior ciliary
artery; Figure 3A,E, arrowheads), consistent with the heli-
coidal wrapping of fibrous collagen that reinforces the struc-
ture of arterial walls [23]. Figure 4 compares orientation maps
from all carrier and affected specimens and shows that there
was no marked difference between the two groups in terms of
the overall pattern of collagen orientation: The main features
were well conserved across all the specimens. To further
quantitatively compare the carrier and affected groups, we
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computed the percentage of vector plots in the PPS and MPS
regions that displayed predominantly circumferential, radial,
or other orientations to the ONH (Figure 5). These results
confirmed the general similarity in collagen orientation
between the groups, with the only notable differences being
minor changes in the relative proportions of circumferential
and radial fibril populations within the MPS region (Figure
5B,D).

Figure 6 presents contour maps of collagen anisotropy
(proportion of aligned collagen), which provides validation
that collagen alignment was highest in the peripapillary
sclera (arrows), corresponding to the region of circumferen-
tial collagen. A statistical comparison of anisotropy between
regions (Figure 7A) confirmed that anisotropy was, on
average, 78% higher (p = 0.0001) in the PPS region compared
to the MPS region (PPS carrier: 0.46+0.17; PPS affected:
0.45+0.15 versus MPS carrier: 0.27+0.11; MPS affected:
0.24+0.10). Moreover, the marginal (11%) decrease in MPS
collagen anisotropy in the affected group was found to be
statistically significant (p = 0.032) but was not statistically
significantly different in the PPS region (p = 0.68).

By modulating the total collagen X-ray scatter using
the local tissue thickness measurements (Equation 2), we
extracted relative measures of fibrillar collagen density in the
4-mm-wide region of the sclera bordering the ONH (Figure 8).
A marked visible reduction in collagen density was apparent
in all regions of the affected specimens, compared with the
carrier controls (Figure 8). Statistical analysis (Figure 7B)
confirmed a significant (p<0.0001) 39% decrease in PPS
collagen density (carrier: 34.6+£9.34; affected: 21.1+6.97)
and a corresponding 35% decrease in MPS collagen density
(carrier: 28.149.14; affected: 18.3£5.12). This analysis also
revealed that the PPS region was more densely populated with
fibrous collagen than the MPS region (p = 0.0025). Group
average contour maps of collagen anisotropy and density are
presented in Figure 9.

DISCUSSION

In this paper, we compared the posterior scleral collagen
microstructure of ADAMTSI0 mutant Beagle dogs with
normal controls. We found a significant reduction in collagen
fibril anisotropy (proportion of aligned collagen) in the mid-
posterior sclera of the affected dogs and an accompanying,
larger reduction in collagen density in the mid-posterior and
peripapillary sclera. These differences were manifested in
young dogs before detectable IOP elevations and optic nerve
degeneration.

Given that collagen is the main load-bearing component
of the ocular tunic, microstructural abnormalities in the
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Figure 4. Collagen orientation maps. Polar vector maps of collagen fibril orientation across the (A—C) carrier and (D—F) affected ADAMTSI10
mutant posterior canine scleras. Arrowheads and arrows mark the characteristic features associated with the nasal blood vessel (long
posterior ciliary artery) and peripapillary collagen annulus, respectively. Data sampling interval: 0.4 mm. The plots have been scaled
according to the color key.

sclera could lead to mechanical changes at the macroscopic ~ was reduced in the 4DAMTSI0 mutant canine sclera and
(tissue) level. Conceivably, these could, in turn, interact with ~ that this correlated with a reduction in insoluble collagen, an
IOP fluctuations and affect the course of glaucoma progres- indirect measure of collagen crosslinking. The current results
sion. In a related study [20], we determined that the complex provide further evidence that the mechanical weakening of
modulus (a measure of overall resistance to deformation) the ADAMTS10 mutant sclera is related to changes in the
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20 20 ferentially, radially, or otherwise
oriented (with respect to the optic
10 A 10 - nerve head) within the peripapillary
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0 - 0 - scleral regions.

scleral extracellular matrix, and specifically in the density
and organization of fibrillar collagen. Previous research
[24-26] has established that scleral collagen orientation is an
important factor determining the deformation behavior of
the posterior sclera and the ONH to which it lends support.
Of particular note is the characteristic collagen annulus that

circumscribes the nerve head that was identified previously
in humans [13,14,27,28] and rodents [15,29], and is confirmed
here for the first time in the canine sclera. Although the peri-
papillary scleral collagen structure appears well conserved
across species, significant variation is observed between the
current canine results and data from previous studies in mice
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[16], rats [29], and humans [14,22,30]. These differences are

likely dictated, in part, by inter-species variation in vascu-

lature organization and muscle-insertion locations [22,30].
Computational modeling has shown that the circum-

ferential collagen structure of the peripapillary sclera limits
expansion of the scleral canal as IOP is altered [24,31],
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possibly as a design to shield the ONH from excessive strains.
In this context, the subtle changes in collagen anisotropy in
the ADAMTSI10 mutant sclera identified in the present study
would be expected to have minimal impact on the ONH
biomechanics, occurring as they do outside the peripapil-
lary collagen annulus. In contrast, the observed reduction
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Figure 7. Regional evaluation of the
collagen structure. Pooled statistics
(linear mixed model for repeated
measures) showing comparison of
the collagen structure within peri-
papillary (PPS) and mid-posterior
(MPS) scleral regions between the
carrier and affected ADAMTSI0
mutant posterior canine scleras.
A: A marginal but significant
reduction in collagen anisotropy
was measured in the mid-posterior
scleral region for the affected group.
B: The marked visible reduction in
collagen density within both scleral
regions of the affected specimens
was statistically confirmed. Error
bars: standard deviation.
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Figure 8. Collagen density maps. Contour maps of relative fibrillar collagen density across the (A—C) carrier and (D—F) affected ADAMTSI10
mutant posterior canine scleras. Broken line: border of the mid-posterior (MPS) and peripapillary (PPS) scleral regions. Collagen density is
visibly reduced in all areas of the affected specimens as compared to carrier controls. Data sampling interval: 0.4 mm.

in collagen density is more likely to affect the mechanical
performance of the sclera and, by extension, the nerve head,
as they were larger and more widespread, affecting the mid-
posterior and peripapillary tissue equally. These observa-
tions are consistent with our previous qualitative histological
imaging of the A DAMTS10 mutant canine sclera, in which we

reported weaker and less homogeneous histological staining
of fibrillar collagen bundles in affected animals [20]. In that
study, we also measured the total collagen content of the
ADAMTS10 mutant posterior sclera using biochemical assay
and found no significant differences between the heterozy-
gous controls and the homozygous affected specimens [20].
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However, we found that the scleral thickness was higher in
affected animals [20], a result confirmed by the present study.
Taken together, these previous results are compatible with
an overall reduction in collagen density in affected scleras
as disclosed by the stromal-averaged X-ray measurements
presented here. For a given tissue thickness, lower collagen
density would be expected to result in a reduction in scleral
mechanical stiffness that, in turn, is predictive of higher
tensile strains but potentially reduced posterior bowing in the
lamina cribrosa [9]. However, the link between these events
and the ultimate clinical outcome of retinal ganglion cell
atrophy at the nerve head remains poorly delineated.

From a mechanistic point of view, the cause of the pres-
sure elevation in the ADAMTSI10 mutant dogs likely stems
from matrix remodeling-driven compromise of the aqueous
drainage apparatus. This is based on the previously reported
high level of expression of the ADAMTSI0 protein in the
trabecular meshwork [17]. However, our current and previous
[20] findings of altered scleral properties preceding disease in
this model raises the possibility that concomitant abnormali-
ties in structures such as the sclera and the lamina cribrosa
may be present at baseline in eyes destined to develop glau-
coma that could affect their susceptibility to axonal injury.
In light of this, it is interesting that the posterior scleras of
individuals of African and European descent (ethnic groups
with markedly disparate glaucoma prevalence) have been
reported to be structurally and mechanically distinct [32-34].

The current study was subject to some experimental
limitations. First, the number of animals available for the
study was small (n = 3 per group). However, the structural
features and inter-group trends we noted were consistent
across the specimens, while by taking a larger number of
unique measurements from each specimen and pooling
them by region, we were able to achieve an improved statis-
tical power to detect a significant difference by increasing
the accuracy and reducing the standard deviations of the
measures. Second, variations in tissue hydration within and
between specimens may have impacted the collagen scatter
intensities, affecting the relative scaling (but not the shape)
of the individual vector plots, along with the collagen density
measurements. However, as discussed elsewhere, this effect
is likely to be minimal when measuring the intermolecular
collagen signal [35]. Furthermore, our use of weak parafor-
maldehyde fixation to preserve the collagen structure may
have helped to normalize any hydration variations across
the tissue. Third, as we examined the tissue in its natural
curvature, the tissue thickness presented to the X-ray beam
would have been artificially elevated with increasing distance
from the nerve head. This would have led to a proportional

© 2016 Molecular Vision

increase in total X-ray scatter, and, thus, collagen density.
The estimated increase in scatter due to the scleral curvature
was calculated to be 3.5% at the extremity of the peripapillary
region, increasing to 13% at the outer boundary of the mid-
posterior sclera (based on an average Beagle eyeball diameter
of 15 mm). The tissue curvature would have affected the
collagen density values equally across the specimen groups,
specifically overestimating the collagen scatter in the MPS
region and consequentially underestimating the difference in
collagen density between the MPS and PPS regions. However,
the collagen orientation distributions and collagen anisotropy
measurements would not have been affected at all since both
are thickness-independent [35]. Finally, as the present study
included only the nasal side of the posterior sclera, the result
trends may not be indicative of the sclera as a whole.

In summary, we have demonstrated reductions in poste-
rior scleral collagen density and fibril anisotropy in dogs with
an ADAMTS10 mutation. These microstructural alterations
are likely an important contributory factor in the previously
reported mechanical compromise of the sclera in these
animals, with the potential to interact with IOP elevations
to alter the course of glaucoma progression. The potential
link between scleral baseline properties and susceptibility to
axonal injury in animal glaucoma models and human disease
remains a relatively under-researched aspect of glaucoma
pathogenesis that warrants further investigation.
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