Uv-Blocking Silicone Hydrogels Prevent Uv-Induced Damage to the Anterior Segment
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e Acute and chronic ultraviolet (UV) exposure can lead to various ophthalmic pathologies.

e The type and extent of damage from UV radiant energy Is associated with the wavelength, duration, intensity, and size of the exposure.

e Spheroidal degeneration, UV keratitis, pinguecula and pterygium.’

e (rystalline lens opacification/cataract.
* Most common cause of visual impairment.**

o (ataract extraction is one of the most common surgical procedures.”*

e [stimates of the increase in UV-associated cataract in the next 20 years are staggering given the current rates of ozone depletion.”

e Fven slowing the progression of cataracts, could dramatically impact the reduction in morbidity associated with cataracts in addition to costs to

soclety.

e (lass I (filter at least 90% UVA and 99% UVB) UV-absorbing silicone hydrogel polymers have been introduced, providing the highest level of UV protection.

e A hydrogel contact lens Is In intimate contact with the ocular surface, therefore potentially protecting the surface it covers in addition to the
internal structures of the eye that are vulnerable to UV induced damage.

e |t s hypothesized that use of Class | ultraviolet (UV)-absorbing hydrogel polymers will prevent deleterious changes associated with UV exposure in

the cornea, aqueous humor, and crystalline lens.
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Design and In Vivo UVR Exposure

e Approved by Institutional Animal Care and Use Committee
(IACUC); conducted according to ARVO Statement for Use of
Animals.

e Prospective, non-masked study with 12 adult pigmented
rabbits (2.5-3.0 kg).

e Minimal number needed to show differences in the
observed outcomes.

e Treatment groups were as follows (n = 4 per treatment group):

1) Senofilcon A lenses (Acuvue Oasys, absorbs 100% of UV-B
and 96% of UV-A).

72) Lotrafilcon A lenses (Focus Night and Day, minimal UV
absorption).

3) No contact lens (but exposed to UV radiation).

The contralateral eye of each rabbit was patched without
contact lenses.

e Rabbits received UV-B (1.667 J/cmZ2) and UV-A (0.245 J/cm?2)
exposures daily for 5 days.

e Allowed to recover from for 2 days.
e (n day 8, rabbits were euthanized.

e [yes were enucleated, dissected, and stored within 30
minutes of death.

Outcomes

Zymography (Corneal MMP-2 and MMP-9)

o SDS-PAGE gelatin zymography was performed as previously
described.’

e [igested bands compared with active-recombinant human
MMP-2 and MMP-9 standards (Oncogene; San Diego, CA)
Included as positive controls and protein molecular weight
markers (BioRad) run in tandem.

e Analyzed by Kodak ImageStation 4000MM (Carestream
Molecular Imaging; Rochester, NY) for densitometry readings
of digested bands.

Caspase-3 ELISA (Corneal and Lenticular Apoptosis)

e [Determined with caspase-3 colourimetric assay kit (R&D Systems;
Minneapolis, MN).

e Read on the Infinite M200 (Tecan; Durham, NC) microplate reader at
405 nm.

TUNEL (Corneal and Lenticular Apoptosis)

e Performed on paraffin-embedded tissue slides with Apoptosis
Detection System (Promega; Madison, WI).

e Apoptosis calculated as the number of TUNEL-positive nuclel per slide
(cornea or lens) and two non-consecutive slides were counted.

Nuclear magnetic resonance (NMR) (Aqueous Ascorbic Acid
Concentration)

e 500 ul of aqueous humor aspirated from each eye and dissolved in
a 500 pL solution of 0.25 mM sodium-3'-trimethylsilypropionate-
2,2,3,3-d4 (TSP) in deuterium oxide (D20).

e High resolution NMR spectra were recorded on a NMR spectrometer
(Bruker DRX800; Biospin GmbH, Rheinstetten, Germany).

Statistical Analysis
e Analyses focused on three main hypotheses.

1) Exposed senofilcon A eyes vs. corresponding eyes with patch
(same 4 rabbits) using Wilcoxon signed rank test (hypothesis: no
difference between the two eyes if the UV-blocking CL provides
benefit).

Z2) Exposed senofilcon A eyes vs. exposed lotrafilcon A eyes (4
different rabbits) using the Wilcoxon rank sum test (hypothesis:
there should be a difference between the two eyes if the UV-
blocking contact lens provides benefit).

3) Exposed eyes wearing lotrafilcon A vs. exposed eyes wearing
no contact lenses (again, four different rabbits in each group)
using the Wilcoxon rank sum test (hypothesis: there should be no
difference in the outcomes).

Corneal Changes
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Figure 1. MMP expression in rabbit corneas following UV exposure. Densitometry readings from all samples were analyzed and normalized for loading
control purposes. (A) In UV exposed corneas, MMP-2 was significantly (p = 0.03) increased in the lotrafilcon A group compared to the senofilcon A group.

(B) MMP-9 was significantly (p = 0.03) increased in the exposed corneas wearing lotrafilcon A contact lenses compared to the senofilcon A contact lenses.

There were no statistically significant differences noted in either MMP-2 or MMP-9 when the lotrafilcon A wearing group was compared to the non-lens
wearing control group. When the senofilcon A wearing group was compared to the patched control eyes, no significant differences were found. (C) A

representative zymography gel of UV-exposed corneas wearing either lotrafilcon A, senofilcon A, or no contact lens.
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Figure 2. Apoptosis in rabbit corneas following UV exposure. (A) A statistically significant
(p = 0.03) increase in caspase-3 activity was observed in the exposed lotrafilcon A wearing
group compared to the exposed senofilcon A wearing group. (B) The total number of
TUNEL positive cells were counted and a significant (p = 0.03) change was noted when the
lotrafilcon A and senofilcon A wearing groups were compared. No significant differences
were found in either caspase-3 activity or TUNEL positive cells when the lotrafilcon A
wearing group was compared to the non-lens wearing control group. When the senofilcon
A group was compared to the unexposed patched control eyes, no significant differences
were noted in either caspase-3 activity or TUNEL positive cells.

Aqgueous Humor Changes
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Figure 3. Aqueous humor ascorbate levels following UV
exposure. A statistically significant (p = 0.03) decrease in
aqueous humor ascorbate was observed in the exposed
lotrafilcon A wearing group compared to the exposed
senofilcon A wearing group. There were no significant
differences in ascorbate when the lotrafilcon A wearing
group was compared to the non-lens wearing group

or when the senofilcon A group was compared to the
unexposed patched control eyes.

Crystalline Lens Changes
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Figure 4. Apoptosis in the rabbit crystalline lens following UV exposure. (A) A statistically
significant (p = 0.03) increase in caspase-3 activity was observed in the exposed lotrafilcon
A wearing group compared to the exposed senofilcon A wearing group. No significant
differences were found in caspase-3 activity when the lotrafilcon A wearing group was
compared to the non-lens wearing control group. (B) There were no significant differences
between any of the treatment groups when the total number of TUNEL positive cells were
counted. When the senofilcon A group was compared to the unexposed patched control
eyes, no significant differences were noted in either caspase-3 activity or TUNEL positive
cells.
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Corneal Findings

e [V-B radiation makes up small percentage of the solar spectrum but
produces most of the damage to mammalian cells.”

e {JV-B has been shown to induce the production of matrix
metalloproteinases (MMP) by the corneal epithelium and stroma in
dogs and humans.' ™

e There was significant induction of both MMP-2 and -9 in both the
lotrafilcon A group and non-lens wearing control group compared to
the senofilcon A group.

e There was no difference in MMP-2 or MMP-9 expression in the
senofilcon A test eyes compared with the unexposed (patched) eyes.

e This data supports the hypothesis that blocking UV exposure can
decrease protease expression in the cornea.

e There was induction of cell death due to UV exposure (TUNEL-positive
cells and caspase-3 activity) in the non-contact lens control group and
the lotrafilcon A group following irradiation.

e The use of senofilcon A contact lenses significantly decreased
apoptosis In the cornea.

Aqueous Humor

e (Composition of agueous humor Is suggested to play a protective role
In the pathogenesis of cataract, acting as a filter against both UV-A
and UV-B radiation."

e Filtering effect 1s mainly related to its high ascorbic acid
concentration, operating as an antioxidant.™

e Aqueous humor from cataract patients has shown decreased ascorbic
acid compared to normal patients."
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The lotrafilcon A and non-lens wearing eyes showed decreases
In ascorbic acid following UV exposure.

The senofilcon A wearing eyes showed no significant changes
In ascorbic acid levels (compared with the patched eyes).

Supports the hypothesis that contact lenses with UV-absorbing
polymers are able to prevent reduction in aqueous humor
antioxidant levels, thus potentially protecting the crystalline
lens from cataractous changes.

Crystalline Lens

The crystalline lens absorbs nearly all UV light to which 1t is
exposed.’

e Primary target of UV-B are the lens epithelial cells (LEC),
resulting in unstable free radicals causing molecular
changes.'®?

e (hanges can include degradation or modification of lens
proteins (increased protein cross-linking), increased DNA
damage, and changes in cell survival.'®-?

LEC apoptosis is an initiating factor in cataract formation.? %

Dysregulation of LEC apoptosis is associated with opacification
of the rat lens and can be stimulated by UV-B radiation.?*

There was Increased caspase-3 activity in the lotrafilcon A
group and the non-lens control group following UV exposure.

There was a significant decrease In caspase-3 activity in the
senofilcon A group compared to the lotrafilcon A group.

e The LEC were protected from apoptosis in the senofilcon A
group.

e These data support our hypothesis that UV-blocking contact lenses show similar protective findings in the cornea and crystalline lens as compared

with non-UV absorbing contact lenses and exposed eyes.

e This is supported by data from previous studies that have demonstrated that UV-absorbing contact lenses can minimize UV-induced ocular damage.?*
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