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Abstract

Alpha (a) -  crystallins (aA- and aB-) once thought to be exclusive to the lens, have 

been discovered in the sensory retina and may act as molecular chaperones against 

cellular stresses. The premise of this work examined the potential protective role of a- 

crystallins in both the retinal pigment epithelium (RPE) and retina in-vitro and in-vivo 

respectively during oxidative stress or photochemical damage.

Initial in-vitro work compared growth characteristics o f w ild-type (WT) and aA- 

crystallin knock-out (K/O) mice RPE to their human counterparts revealing strong 

similarities. Mitochondrial viability o f all cell types treated with hydrogen peroxide 

(H2O2 ) or /er/-butylhydroperoxide (/-BOOH) for 24hrs revealed that RPE lacking aA- 

crystallin yielded highly significant decreased cell viability, indicating a possible 

protection in the presence of aA-.

To further investigate the in-vivo protective role of a-crystallins in the retina, in 

particular aA-. WT mice and aA-crystallin K/O mice were exposed to moderate levels 

of continuous blue light daily up to 7 days. Visual function was assessed with 

electroretinography (ERG) on all animals before exposure, immediately after 

exposure, and after a 10 day recovery period. Retinal morphology was examined 

immediately after and after a 10 day recovery period from light exposure. Although 

both strains revealed continual decline in their visual function with little 

morphological changes, aA- K/O mice degenerated significantly faster during their 10 

day recovery period, both functionally and morphologically.



Protein analysis revealed that WT mice exhibited statistically significant upregulation 

of the a-crystallins during their recovery period, while aB-crystallin expression in aA- 

K/O mice was not significantly upregulated at any time point. Therefore the absence 

o f aA- may effect expression and potency o f aB-crystallin in response to stress- 

related conditions.

Results presented will demonstrate that the presence o f a-crystallins, in particular, 

aA-, may play a protective role in oxidative stress to the RPE and photochemical 

damage of the retina.

v
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1.0 Introduction

The retina is the innermost layer of the eye which contains a number of neuronal cells and 

processes which are vital to the perception of our visual world. It shares an intimate, yet 

vital, relationship with a monolayer of cells known as the retinal pigment epithelium (RPE). 

Together, these two tissues undergo a myriad of local and environmental stressors which 

persist throughout the lifetime of an organism.

The a-crystallins, members of the small heat shock protein (sHSP) family, are expressed in 

the retina and have been suggested to play a role in protection o f the photoreceptors through 

their molecular chaperone properties. In particular, a-crystallins appear to be upregulated in 

intense light exposure of the retina (Sakaguchi et al., 2003).

The purpose for this introduction is to provide background on the anatomy and physiology of 

the sensory retina and RPE, as well as the molecular changes which can occur through 

routine cellular metabolism, physiological ageing and a lifetime of exposure to visible light. 

Additionally, it will provide an overview of the a-crystallins, both in lens and non-lens 

tissues.

1
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1.1 Anatomy and Physiology

The sensory retina is a compact, highly differentiated, metabolically active, neuroectodermal 

derived tissue, which is approximately 100-500|im thick and consists of two distinct regions: 

the central retina (macula; which is further subdivided into the fovea and the foveola) and the 

peripheral retina. The retina is composed of nine sensory layers; 3 layers of cell bodies, 2 

layers of synapses, the photoreceptor layer, internal and external limiting membranes and the 

nerve fiber layer (Fig. 1)

Figure 1.1: A schematic diagram o f  the retinal layers. The cartoon shown in the left was taken from Bonnel 
et al., 2003and describes individual cells within the retinal structure. The figure shown on the right is a 
histological section from  mouse retina revealing the three layers o f  cell bodies (ONL -  outer nuclear layer, 
UWL -  inner nuclear layer, GCL -  ganglion cell layer), two layers o f  synapses (OPL -  outer plexiform layer,
I PL -  inner plexiform, and photoreceptor segments (PS).

As stated above, the retina is from neurorectoderm origin and is derived from the optic cup, 

which is a continuous outgrowth from the fore-brain (Wolff, 1955). During its course of 

ocular morphogenesis, primitive sensory retina is formed from the inner layer of the 

developing optic cup, while the outer layer of the optic cup develops into future retinal

pigment epithelium (Section 1.2)(Wolff, 1955). In the adult, both the sensory retina and RPE

L ig h t
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are the site of transformation of light energy into a neural signal, also known as 

phototransduction (see Section 1.2.3).The space between the inner and outer layers of the 

developing optic cup, the optic ventricular space, will become the future subsensory retinal 

space (SSRS) in the adult. The SSRS plays a vital role in the maintenance and sustenance of 

the outer retina and RPE.

The day to day functions of the sensory retina and RPE are pivotal in the maintenance and 

preservation o f the visual world. As shown in Figure 1.1, the retina consists of a 

photoreceptor layer (Section 1.1.1), outer and inner nuclear layers (Section 1.1.3 and 1.1.5, 

respectively), outer and inner plexiform layers (Sections 1.1.4 and 1.1.6, respectively), a 

ganglion cell layer (Section 1.1.7), a nerve fiber layer (Section 1.1.8) and the internal and 

external limiting membranes (Section 1.1.2 and 1.1.9 respectively), which are discussed in 

detail in the following sections.

1.1.1 Photoreceptor Layer of the Sensory Retina

The photoreceptor layer contains special sense cells known as the rods and cones which 

contain photopigments that absorb incoming photons of light (W olff 1955, Remington 2005). 

Rods are specialized for low-light or dim vision, while the cones are specialized for well-lit, 

brighter conditions. Photoreceptors o f mice are very similar to primate photoreceptors in 

physical dimensions (Fu and Yau 2007). In the murine retina, rods constitute approximately 

97% of mouse retinal photoreceptors, while cones account for the remaining 3% (Carter- 

Dawson and LaVail 1979, Szel et al., 1992, Fu and Yau 2007,). Due to this scarcity and 

fragility o f cones in the murine retina, phototransduction of the rods has been investigated 

more extensively than cone phototransduction (Lem and Makino 1996, Hurley and Chen 

2001, Wenzel et al., 2005, Fu and Yau 2007, Imai et al., 2007, Lee and Flannery 2007, 

Krishnan et al., 2008, Pawar et al., 2008,).
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Figure 1.2 Structural and functional regions o f  the photoreceptor cells. Both rods and cones 
contain an outer segment, inner segment, cell body and synaptic terminal. A notable difference 
between the two cells are their outer segm ent composition. Rod discs are completely internalized and 
separate from  the plasma membrane, while cone discs remain as foldings o f  the plasma membrane. 
Source: http://thebrain.mcgill.ca/flash/d/d_02/d_02_m/d_02_m_vis/d_02_m_vis_ 1 a.jpg

As shown above, rods and cones consist of outer/inner segments, cell bodies and synaptic 

terminals. The outer segments of the photoreceptors are filled with stacks of membranous 

discs filled with visual pigment (see Section 1.5.6) and other phototransduction components 

(Wolff 1955, Remington 2005, Fu and Yau 2007). Outer segment rod discs are separated 

from the plasmalemma, or plasma membrane, forming sacs that are closed at both ends and 

are free of attachment to adjacent discs (Anderson et al., 1978, Arikawa et al., 1992, Cohen, 

1992). Discs in the outer segment of the cones are continuous with the plasmalemma and are 

not easily separated from each other (Anderson et al., 1978). Outer segments of the rods and 

cones share an intimate relationship with RPE which is vital to the shedding and renewal of 

discs, as well as the process of phototransduction (see Section 1.2.3)

4
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The inner segments of photoreceptors contain an ellipsoid and myoid region. The ellipsoid 

portion is closer to the outer segments and is filled with numerous mitochondria, which help 

to meet the high demand for metabolic energy associated with phototransduction (Wolter 

1959, Remington 2005, Wu et al., 2006, Fu and Yau 2007). The ellipsoid area o f the cone 

contain is much wider and therefore contains more mitochondria than the rod (Hogan et al., 

1971). The myoid region is closer to the cell body and contains other necessary organelles 

such as the endoplasmic reticulum and Golgi apparatus. It is in the myoid region of the inner 

segment that protein synthesis occurs (Young 1967).

The cell body portion of the photoreceptors contains the nucleus and the synaptic terminal of 

both receptors release the neurotransmitter, glutamate (Kolb and Famiglietti 1976). The 

synaptic terminals differ between rods and cones, with rods containing a spherule and cones 

contain a pedicle. Spherules contain an internal, invaginated surface that forms a synaptic 

complex that contains bipolar dendrites and horizontal cell processes (Wolter 1959, Kolb and 

Famiglietti 1976, Migdale et al., 2003). Pedicules are broad, flattened terminals which 

contains several invaginated areas and exhibit triad contacts, bipolar contacts and gap 

junctions that assist in facilitating electrical communication between adjacent rods or cones 

(Wolter 1959, Raviola and Gilula 1975, Cohen 1992).

1.1.2 External Limiting Membrane

Although not a true membrane, not external and limits nothing, the external limiting 

membrane separates photoreceptor nuclei (outer nuclear layer, see Section 1.1.3) from the 

inner and outer segments of the photoreceptors (Smith 2001).

5
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1.1.3 Outer Nuclear Layer

The outer nuclear layer contains the rod and cone cell bodies. In mice, the outer nuclear layer 

is 10 -  12 nuclei thick with very little perinuclear cytoplasm. Nuclei of the rods appear 

densely basophilic with unevenly distributed nucleoplasm, while nuclei o f cones are slightly 

larger and less basophilic (Smith 2001). Photoreceptor nuclei are separated from the inner 

and outer segments by the external limiting membrane (Section 1.1.2),

1.1.4 Outer Plexiform Layer

The outer plexiform layer, which is also known as the outer synaptic layer, is a layer of 

synapses located between photoreceptors and neural cells of the inner nuclear layer (Section 

1.1.5), As stated above in Section 1.1.1, rods contain spherule synaptic terminals and cones 

contain pedicle synaptic terminals. These photoreceptor synaptic terminals synapse with 

bipolar and horizontal cells (second order neurons), which are located in the inner nuclear 

layer.

1.1.5 Inner Nuclear Layer

The inner nuclear layer contains the cell bodies o f the bipolar cells, horizontal cells, amacrine 

cells, Muller cells and some displaced ganglion cells (Remington 2005). In mice, the inner 

nuclear layer is a dense layer that is six to nine cells thick in peripapillary retina (Smith 

2001). The cells most abundant in this layer are the bipolar cells, which relay information 

from the photoreceptors to horizontal, amacrine, and ganglion cells and receive synaptic 

feedback from amacrine cells (Ayoub and Matthews, 1992, Remington 2005). Eleven types 

o f bipolar cells exist based on their morphology, physiology, and dendritic contacts and of 

those, the rod bipolar cell is the only bipolar cell not associated with cones (Kolb et al.,

1992 ).
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Horizontal cells are responsible for transferring information in a horizontal direction which is 

parallel to the retinal surface. Horizontal cells synapse with photoreceptors, bipolar and other 

horizontal cells, all occurring in the outer plexiform layer. It has also been shown that these 

cells release an inhibitory transmitter, possibly playing a role in the process of visual 

integration (Hart 1992, Witkorsky 1994). Although horizontal cells connect the cone 

pedicules and rod spherules in a complex pattern, they are able to provide inhibitory feedback 

to photoreceptors or inhibitory feed forward to bipolar cells (Smith 2001, Kolb et al., 2003).

It has been reported that horizontals can modulate the response of the cones, but not of the 

rods (Bloomfield and Dacheux 2001, Kolb et al., 2003).

Amacrine cells play an important role in modulating information that eventually reaches the 

ganglion cells (Witkorsky 1994). Amacrine cells have both dendritic and axonal 

characteristics which contain the inhibitory neurotransmitter gamma-aminobutyric acid 

(GABA). Additionally, they carry information horizontally, and form complex synapses with 

bipolar axons, dendrites and soma of ganglion cells (Dowling and Boycott 1965, Hogan et 

al., 1971, Kolb 1997, Sharma and Ehinger 2003, Remington 2005).

Muller cells extend throughout a large portion of the retina with cytoplasmic processes 

extending from the retinal surface to villous processes just beyond the external limiting 

membrane (Smith 2001). Muller cells play an important role in the retina by providing 

glucose and glycogen, and helping to maintain retinal structure integrity by filling retinal 

space unoccupied by neurons (Wolter 1959, Smith 2001). One of the most important 

functions o f these cells is their ability to remove glutamate from the extracellular space, 

which may critical for survival of other retinal neurons (Carter-Dawson et a l, 1998).
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1.1.6 Inner Plexiform Layer

The inner plexiform layer, also known as the inner synaptic layer, consists of synaptic 

connections between ganglion, bipolar and amacrine cells. Since this layer consists of 

synapses, it is usually nuclei free, however displaced nuclei from the inner nuclear or 

ganglion cell layers may occur sporadically (Smith 2001).

1.1.7 Ganglion Cell Layer

The ganglion cell layer contains the ganglion cells o f the retina. In humans this layer is 

generally a single layer thick except near the macula, where it can range from 8-10 cell layers 

thick (W olff 1955). In addition to containing the ganglion cells, this layer may also contain 

glial processes from Muller cells, other neuroglia and branches of retinal vessels (Cohen 

1992, Ramirez et al., 1996). In normal mouse retina, ganglion cells are closely aligned as a 

single layer, but may increase to two to three cell layers thick in the peripapillary area (Smith 

2001).

1.1.8 Nerve Fiber Layer

The nerve fiber layer is formed from the axons o f the ganglion cells. Axons of the ganglion 

cells are unmyelinated and do not become myelinated until reaching the retrolaminar division 

o f the optic nerve. These unmyelinated axons are surrounded by cells processes of 

astrocytes, which help to form these axons into bundles before entering the lamina cribrosa, 

and Muller cells (Wolff 1955).

1.1.9 Internal Limiting Membrane

The internal limiting membrane assists in forming the innermost boundary of the retina. It is 

formed by the basal lamina of Muller cells and lies directly internal to the nerve fiber layer 

(Smith 2001). Additionally, the internal limiting membrane shares an intimate relationship
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with surrounding vitreous through attached collagen fibers from cortical vitreous (Hogan et 

al., 1971).

1.2 Anatomy and Physiology o f the Retinal Pigment 
Epithelium (RPE)

Although the RPE has no photoreceptive or neural function like the retina, it is essential to 

the support and viability of the photoreceptor cells. The RPE is a monolayer o f 

differentiated, hexagonal, neuroepithelium, which lies between the photoreceptors and the 

choriocapillaris and spans the retina from the margin of the optic disk anteriorly to the ora 

serrata (Berman, 1991b; Marmor, 1998). Photoreceptor segments of the sensory retina form 

a functional unit with the RPE.

As illustrated in Figure 1.3, the RPE is split into two distinct regions: the apical surface and 

the basal surface. The apical surface (towards the photoreceptors) has numerous microvilli, 

which partially envelop the outer segments and assists in their phagocytosis. Microfilaments, 

microtubules and melanin compose the cytoplasm of the apical region and the central region 

of the RPE cell contains the nucleus and necessary organelles for vitality. Tight junctions 

(zonula occludens) in the apical region assist in forming part o f the blood-retinal barrier, 

while junctional complexes and gap junctions assist in RPE cell-to-cell connection and 

communication. The basal surface (towards choriocapillaris) contains multiple infoldings to 

increase its surface area for absorption and secretion activities (Berman, 1991b; Marmor, 

1998).
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Figure 1.3 Summary o f  the numerous functions o f  the RPE that are ultimately responsible for the support 
and function o f  our visual world. As shown, the apical portion o f  the RPE is towards the photoreceptors, 
while the basal portion shares an intimate relationship with Bruch's Membrane (BM) and the 
choriocapillaris. (hv denotes an incoming photon o f  light, PEDF -  pigment epitheliumt derived-factor, 
VEGF -  vascular endothelial growth factor, M V -  microvilli, OS -  outer segments). Figure was taken and 
adapted from an elegant review on the RPE from  Strauss 2005.

As shown, the RPE plays a pivotal role in the survival and sustenance of both the 

photoreceptors and the choriocapillaris (see sections 1.2.1 -  1.2.4).

1.2.1 Environm ental Responsibilities

The surrounding physiological responsibilities of the RPE include forming part of the blood- 

retinal-barrier, transporting nutrients and ions, synthesizing necessary growth factors and 

interacting with a number of endocrine, vascular and proliferative factors (Marmor, 1998). 

The blood -retinal-barrier is formed by the tight junctions located at the cell’s apical surface. 

These tight junctions exhibit control by blocking the free passage of water and ions and 

inhibit the exchange of potentially toxic substances between the choroidal circulation and the 

neural retina (Berman, 1991b).

Transportation of necessary nutrients and ions also plays a key role in the environmental 

responsibilities of the RPE. Due to the high amount of water produced in the retina and RPE
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as a consequence of metabolic turnover o f neurons and photoreceptor cells, the RPE must be 

equipped with transportation mechanisms to remove this excess fluid. Fluid in the retina is 

transported by the Muller cells into the subsensory retina space where it becomes eliminated 

by the RPE (Moseley et al., 1984, Nagelhus et al., 1999, Strauss 2005). This is achieved 

through solute-linked active transport o f dissolved solutes from the subretinal space across 

the RPE to the choroid by Na" - K ’ - ATPase pumps located on the apical membranes 

(Ostwald and Steinberg 1980, Berman 1991b, Gundersen et al., 1991, Marmorstein 2001, 

Rizzolo 1991, Marmorstein et al., 1998, Strauss 2005). In addition to removing excess fluid 

from the retina and RPE, this active pumping force also helps to generate the normal 

adhesion between the neural retina and the RPE, which if compromised, can lead to retinal 

detachments and subsequent vision loss (Kita and Marmor 1992, Marmor 1998).

The RPE also has the ability to secrete growth factors for itself and for other cells (Bryan and 

Campochiaro., 1986). Examples of growth factors expressed in the RPE both in vitro and in 

vivo include: platelet derived growth factor (PDGF) (involved in the regulation o f cell 

growth and differentiation during development) (Campochiaro 1998), vascular endothelial 

growth factor (VEGF) (stimulates angiogenesis in vivo and its expression is increased by 

hypoxia) (Adamis et al., 1993, Kuroki et al., 1996, Nagineni et al., 2003), fibroblast growth 

factor (FGF) (has numerous activities ranging from angiogenesis, stimulation of chemotaxis 

and epithelial differentiation) (Bost et al., 1992, Ishigooka et al., 1993, Bost et al., 1994, 

Dunn et al., 1998,), transforming growth factor P (TGF-p) (the function of which is 

unknown in the retina and choroids, but it may exhibit neuroprotection and prevent vascular 

invasion)( Kvanta 1994, Khaliq et al., 1995), and insulin and insulin-like growth factors 

(IGF) (may play a role in retinal development) (Campochiaro 1998, Eichler et al, 2008).
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Recent studies have found interferon beta (INF-p) expression in human RPE cells may play 

a role in protecting the retina from excessive inflammation (Hooks et al., 2008).

O f the many growth factors secreted, there is a tight balance between healthy and unhealthy 

expression o f particular growth factors, especially PEDF and VEGF when describing 

advanced retinal disease of the eye. Under healthy conditions, PEDF is secreted at the apical 

portion of the RPE acting as a neuroprotector against glutamate-induced or hypoxic 

conditions (Dawson et al., 1999, King and Suzuma 2000, Cao et al., 2001, Ogata et al.,

2001). PEDF has also been shown to function as an antiangiogenic factor inhibiting 

endothelial cell proliferation (Dawson et al., 1999, King and Suzuma 2000, Ogata et a l,

2001) and playing a role in protecting the eye from light damage (Cao et al., 2001). VEGF, 

during healthy conditions, is secreted on the basal side o f the RPE, where in low 

concentrations, it can prevent endothelial cell apoptosis, is essential for an intact endothelium 

of the choriocapillaris, and can act as a permeability factor to stabilize the fenestrations of the 

endothelium (Adamis et al., 1993, Witmer et al., 2003). If at any point there is an imbalance 

in the unhealthy secretion of these particular growth factors, or those mentioned prior, havoc 

can result in the eye, with angiogenesis and neovascular membranes which can irreversibly 

affect vision (Reviewed in Andreoli and Miller 2007, Lotery and Trump 2007, Grisanti and 

Tatar 2008).
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1.2.2 Outer Segment Phagocytosis

One o f the crucial roles of RPE function is the ingestion o f the photoreceptor outer segments. 

To maintain the excitability o f photoreceptors, the photoreceptor outer segments (POS) 

undergo a constant renewal process (Young 1967, Young and Droz 1968, Hall et al., 1969, 

Young and Bok 1969, Bok and Hall 1971, Young 1976, Steinberg 1985, Bok 1993) and this 

phenomenon is due to the ingestion o f the outer segments of the photoreceptors by RPE cells. 

Essentially there are two steps to this vital process: the ingestion of the outer segments by the 

RPE and the subsequent digestion o f these segments. Outer segments of the photoreceptors 

that are being ingested contain the highest concentration of radicals, photo-damaged proteins, 

and lipids (Strauss 2005). Photoreceptors (high in polyunsaturated fatty acids and vitamin A) 

shed their discs approximately every 10 days, and the RPE has developed a unique catabolic 

process known as the phagolysosomal system (Feeney, 1973). As shown in Figure 1.4, 

initially, the outer segment is recognized and then bound to the RPE.
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Figure 1.4 Illustration o f  physiological phagocytosis o f  the photoreceptor outer segments by the RPE. As 
shown the apical portion o f  the RPE recognizes the outer segment o f  the photoreceptor, ingests the outermost 
portion and primary lysosomes bind with the ingested outer segment and phagosome to form a secondary 
lysosome. Secondary lysosomes contain hydrolytic enzymes responsible fo r  breaking down the ingested 
material, however physiological phagocytosis can become pathological and result in the formation o f  
lipofuscin. Illustration was modified from Neuroanatomy Lecture o f  Lorraine Lombardi, PhD.

Complete ingestion of the outer segment into the RPE occurs and the ingested segments 

become surrounded by phagosomes. Phagosomes then fuse with primary lysosomes to form 

secondary lysosomes. Secondary lysosomes contain a number o f hydrolytic enzymes, which 

further facilitate the digestion of these outer segments (Berman 1991b, Besharse and Derfoe, 

1998, Marmor 1998a). A by-product of RPE phagocytosis is lipofuscin, which is one of the 

aging markers in the retina. Lipofuscin is an autofluorescent, phototoxic, undigestable lipid 

and protein complex resulting from the phagocytosis of the photoreceptor outer segments 

(Feeney 1978, Boulton and Dayhaw-Barker, 2001a, Bonnel et al., 2003, Wolf 2003,). 

Lipofuscin is a photoinducible generator of ROS (see section 1.4.1) (Boulton et al., 1993, 

Terman et al., 2006, Biesemeier et al., 2008, Ng et al., 2008) and may play a role in the 

degeneration of the photoreceptor segments and RPE (Bonnell et al., 2003, Vives-Bauza et 

al., 2008).
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Figure l.S/llustration o f  rod phototransduction. As shown, during dark conditions, cGMP gated channels 
remain open, allowing an influx o f  Na+ keeping the photoreceptor cell depolarized. Once a photon is 
absorbed from incoming light, a series o f  events occur ultimately hyperpolarizing the membrane through the 
closure o f  the cGMP gated channels. Photo adapted from  Hargrave, 2001.

As described above, photoreceptors utilize the highly photosensitive vitamin A analog, 11- 

cw-retinal, for light absorption and signal transduction initiation (Thompson and Gal, 2003). 

The visual pigment cycle within the RPE converts vitamin A (all-/ra«s-retinol) from dietary 

intake to 11-c/s-retinal. All-/nms-retinol is transported to the retina via the circulation where 

it moves into the RPE cells. Once in the RPE, the all-/r<ms-retinol is esterified to form a 

retinyl ester, which is the storage form. Retinyl esters can be hydrolyzed and isomerized to 

form 1 l-c/s-retinol when needed. 1 l-c/'s-retinol can be oxidized to form 11 -c/s-retinal, which 

is transported to the rod photoreceptor cells and binds to opsin to form the visual pigment 

rhodopsin. Absorption of a photon of light catalyzes the isomerization of 11 -cis retinal to all- 

trans retinal and results in its release (Berman 1991b, Chader et al., 1998, Thompson and 

Gal, 2003). Once released, al\-trans retinal is converted to all-trans retinol, and is transported 

across the interphotoreceptor matrix to the retinal epithelial cell to complete the visual cycle.
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1.2.4 Antioxidant Resources

Based on the RPE’s various responsibilities in the maintenance of the photoreceptors and 

choriocapillaris, antioxidant resources must be available to it to counteract the diverse 

stresses encountered during its lifetime. The RPE is subjected to a number o f oxidative 

stressors from several sources including its high oxygen concentration environment, 

prolonged exposure to visible light, and the phagocytosis and degradation of photoreceptor 

outer segments, which are high in polyunsaturated fatty acids (Winkler et al., 1996, Winkler 

et al., 1999, Beatty et al., 2000, Cai et a l, 2000, Strunnikova et al., 2004).

To cope with these oxidative stressors, the RPE is rich in antioxidants such as Vitamin E, 

superoxide dismutase, catalase, glutathione-S-transferase, glutathione and ascorbate 

(Newsome et al., 1990, Beatty et al., 2000). Recent studies have reported the antioxidant 

capacity o f melatonin (Reiter et al., 2000) and its ability to directly scavenge a variety of 

ROS (Liang et al., 2004). Melatonin an endogenous neurohormone which is naturally 

produced by the pineal gland and retina in mammals, was also found to enhance the activity 

o f antioxidative enzymes such as glutathione peroxidase, superoxide dismutase and 

glutathione-S-transferase (Antolin et al., 1996, Urata et al., 1999, Okatani et al., 2002). In 

vitro, melatonin is more efficient in scavenging hydroxyl and peroxyl radicals in comparison 

to conventional antioxidants such as Vitamin C and E (Martin et a l, 2000).

1.3 Progression o f Ageing in the Sensory Retina/RPE

Ageing of the retina/RPE is inevitable due to the constant amount of environmental stressors 

which accumulate over time. Because of their postmitotic nature, both the retina and the RPE 

are equipped with a number of cellular defenses and antioxidant capacities, but unfortunately
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with ageing, these tissues cannot avoid damaging physiological alterations (see sections 1.3.1 

-  1.3.3),

1.3.1 Intracellular and Extracellular Deposits

Advanced glycosylation end products (AGEs) may contribute to RPE dysfunction and 

represent a component of lipofuscin (Boulton and Dayhaw-Barker, 2001a, Howes et al.,

2004, Glenn et al., 2008,). Lipofuscin is one o f the major intracellular ageing markers of the 

sensory retina and RPE. As described earlier, lipofuscin is an autofluorescent, phototoxic, 

undigestable lipid and protein complex resulting from the phagocytosis of the photoreceptor 

outer segments (Boulton and Dayhaw-Barker, 2001a, Bonnel et al., 2003, W olf 2003). 

Lipofuscin is located in the RPE where it is continually exposed to high O2 tensions (70 

mmHg) and visible light (400-700nm), setting up the prime environment for the generation of 

ROS (see Section 1.4.1) (Boulton et al., 1993, Bonnel et al., 2003, Ng et al., 2008, Spaide 

2008). As a photoinducible generator o f ROS, it has the potential to damage cellular proteins 

and lipid membranes. In addition, A2E, a lipofuscin fluorophore, mediates blue-light induced 

apoptosis of RPE cells through membrane disruption and the inhibition of lysosomal 

degradation (Schutt et al., 2000, Sparrow et al., 2000, Gaillard et al., 2004, Lamb and Simon, 

2004, Iriyama et al., 2008, Kim et al., 2008, Sparrow et al., 2008, Vives-Bauza et al., 2008). 

Vitamin A may also assist in the photoreactivity o f lipofuscin (Eldred and Lasky, 1993).

Extracellular deposits include drusen, which accumulate between the RPE basal lamina and 

the inner collagenous layer o f the Bruch’s membrane. Drusen, can be classified as hard or 

soft and are risk factors in the development o f age-related macular degeneration (AMD) 

(Crabb et al., 2002, Ambati et al., 2003). A proteome analysis of drusen performed by Crabb 

et al, (2002) supported the hypothesis o f oxidative stress as a contributor to AMD 

pathogenesis.
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1.3.2 Structural Alterations

Most of the structural alterations that occur in the ageing retina include a decrease in the 

neuronal cell populations including ganglion cells (Curcio and Drucker, 1993a), and rods 

(Gao and Hollyfield, 1992, Curcio et al., 1993b). In addition to the decrease in cell numbers, 

astrocytes display increased levels o f glial fibrillary acidic protein, the function o f which is 

not well understood, but it may be involved in controlling the shape and movement o f 

astrocytes and cytoplasmic organelles (Ramirez et al., 2001).

Changes in RPE cell density appear contradictory in a number o f studies (Boulton and 

Dayhaw-Barker, 2001a), yet there is sufficient evidence in the loss of cell shape, atrophy and 

pigmentary changes (Feeney-Bums et al., 1984). Melanin content also appears to be affected 

in the ageing visual system. There is a decrease in melanin granules in all regions of the 

retina (centrally and peripherally) after 40 years of age (Feeney-Bums et al., 1984; Boulton

1998) and this decline may be due to the role o f melanin photooxidation (Sama et a l, 2003).

1.3.3 Cellular Modifications

Cellular modifications in the ageing retina/RPE include damage to mitochondrial DNA 

(Barron et a l, 2001; Liang and Godley, 2003; Navarro 2004), decrease in antioxidant 

capacity (Liles et al., 1991, Friedrichson et al., 1995, Boulton and Dayhaw-Barker, 2001a), 

protein cross-linking and lipid peroxidation (Boulton and Dayhaw-Barker, 2001a, Bonnel et 

a l, 2003). A strong association exists between ageing and damage to mitochondrial DNA 

due to the role o f the mitochondria as the pacemakers o f tissue aging due to continuous 

production of ROS and nitrogen species (Navarro, 2004).
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1.4 Oxidative Stress in the Sensory Retina/RPE

As discussed previously, in addition to retina and RPE’s high metabolic activity and 

photoreceptor turnover, the RPE and retina are also exposed to constant levels of light 

throughout its lifetime (see Section 1.5). This leads to an accumulation of photo-damaged 

proteins and lipids as well as the self-generation o f photo-oxidative radicals from 

accumulated oxidative stress (Beatty et al., 2000).

Oxidative stress was defined by Sies in 1991, as “a disturbance in the prooxidant-antioxidant 

balance in favor o f the prooxidant, leading to potential damage” (Sies, 1991). In other words, 

oxidative stress occurs when the production o f damaging free radicals (prooxidants), and 

other oxidative molecules, exceeds the capacity of the body's antioxidant defenses to detoxify 

them. Prooxidant species include ROS (see section 1.4.1) and antioxidant species include a 

number o f antioxidant enzymes (superoxide dismutase, catalase, glutathione peroxidase, 

glutathione reductase, and glutathione), vitamins C, E and certain carotenoids. In addition, 

the visual system contains metal binding proteins, which include albumin, ceruloplasmin, 

metallothionein and transferrin (Newsome et al., 1990).

Oxygen is a necessity for biochemical cycles, yet as a by-product o f its metabolism, it 

produces highly toxic ROS, which, in excessive amounts, can be toxic to cells. A number of 

diseases that accompany ageing have oxidative stress as one of the major determinants 

(Harman 1981, Andersen 2004, Junqueira et al., 2004, Navarro 2004, Toler 2004). Oxidation 

o f biomolecules is related to susceptibility to diseases such as cancer and heart disease, as 

well as being associated with the process o f aging (Junguiera et al., 2004).
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Oxidative stress is not only responsible for accidental cell damage, but it may also actively 

trigger intracellular signaling pathways that lead to cellular demise, also known as apoptosis 

or programmed cell death (PCD) (Alge et al., 2002, Andersen 2004, Junqueira et al., 2004).

In addition to the oxidative stress on the various systemic organs, oxidative stress is also 

believed to contribute to the pathogenesis o f many ocular diseases associated with ageing, 

including AMD (Winkler et al., 1999; Beatty et al., 2000; Cai et al., 2000; Liang and Godley, 

2003, Roth et al., 2004, Zarbin 2004).

A number of cellular mechanisms and components become altered or damaged (see section

1.4.2) due to the presence of ROS (see Section 1.4.1) which are generated from a number of 

factors both endogenously (see section 1.4.1.a) and exogenously (see section 1.4.1.b).

1.4.1 Reactive Oxygen Species (ROS)

ROS are defined as molecular entities that react with cellular components, resulting in 

detrimental effects on their function (Andersen 2004). ROS include free radicals such as 

superoxide anion ( 0 {  ), hydrogen peroxyl radicals (HO2 ), hydroxyl free radical (O H ) and 

lipid peroxyl radicals (ROO ) (Halliwell 1991, Beatty et al., 2000). Free radicals contain an 

odd (unpaired) number of electrons and can be formed when oxygen interacts with certain 

molecules. Additional ROS include singlet oxygen ( l02) and hydrogen peroxide (H2O2), 

which are in an unstable state even with their full complement of electrons. Due to the 

instability o f free radicals, they often react quickly with other compounds by trying to capture 

the necessary electron to reach stability. Often free radicals steal an electron from the nearest 

stable molecule. When an electron is lost from the attacked molecule, the attacked molecule 

now becomes a free radical, beginning a chain reaction. Once initiated, the process can
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cascade, resulting in the disruption o f a living cell, its components and associated metabolic 

cycles (Bergamini et al., 2004).

The generation of ROS is due to a number o f factors both endogenously (see section 1.4.1.a) 

and exogenously (see section 1.4.1.b). Effects o f ROS can lead to considerable damage to 

DNA, proteins and lipids, which ultimately can lead to apoptosis or necrosis of living cells 

(Cai et al.. 1999).

1.4.1.a Endogenous ROS

Mitochondria are prime contributors in the generation o f endogenous ROS (Chance et a l, 

1979, Barron et al., 2001, Liang and Godley, 2003, Alexeyev et al., 2004, McLennan and 

Degli Esposti, 2004, Melov 2004, Navarro 2004). Mitochondria are intracellular organelles 

whose main function is the synthesis of adenosine triphosphate (ATP) through oxidative 

phosphorylation (Hauptmann and Cadenas, 1997). Electrons leaking from the electron 

transport chain (ETC) reduce molecular oxygen to form 02 '-, which then generates ROS 

through both enzymatic and non-enzymatic reactions (Alexeyev et al., 2004). Damage to 

ETC components and mitochondrial DNA (mtDNA) results, promoting additional ROS and 

subsequent damage. McLennan and Degli Esposti, 2004 found that out of the 5 protein 

complexes associated with the ETC, complex I (NADH-ubiquinone reductase) and complex 

II (succinate-ubiquinone reductase) are the predominant generators o f ROS during prolonged 

respiration under uncoupled conditions. By-products produced from the ETC include 

hydrogen peroxide, superoxide and hydroxyl radicals (Beckman and Ames, 1997). 

Approximately 90% of total O2 consumption is due to the ETC (Beatty et al., 2000).

Besides contribution from the mitochondria in endogenous ROS generation, peroxisomal 

fatty acid oxidation (Ames et al., 1993), reduced coupling of the cytochrome P450 catalytic
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cycle (Zangar et al., 2004) and outer segment phagocytosis in the RPE (Ueda et al., 1996; 

Beatty et al., 2000) (see section 1.4.3) also play a role in ROS production.

1.4.1.b Exogenous ROS

A number o f environmental factors contribute to the exogenous generation of ROS. These 

factors include smoking (Cai et al., 2000), dietary intake (Ames et al., 1993, Junqueira et al., 

2004, Li et al., 2004), UV-light damage (Bergamini et al., 2004, Davies 2004a), blue-light 

exposure (; Rozanowska et al., 1995, Boulton et al., 2001b, King et al., 2004) (see section

1.5.3), and metal ions (Davies 2004a).

1.4.2 Cellular Damage

Effects of ROS can lead to considerable damage to DNA, proteins and lipids, which 

ultimately can lead to apoptosis or necrosis of living cells (Cai et al., 1999). DNA damage 

includes both nuclear DNA and mitochondrial DNA (mtDNA). As revealed in Section

1.4.1.a, the mitochondria are the main intracellular components in the generation of ROS.

The ensuing state o f oxidative stress results in damage to ETC components and mtDNA 

(mitochondrial DNA), thus increasing further the production o f ROS (Melov, 2004). 

Production of ATP is dependent on mitochondrial respiration and, therefore, any damage to 

the mitochondria, as a result of O2 stress, would ultimately lead to reduced ATP (energy) and 

comprise overall cell function (Barron et al., 2001, Liang and Godley, 2003, Godley et al.,

2005). mtDNA is more susceptible to oxidative damage than nuclear DNA.

1.4.3 Retina/RPE Susceptibility to Oxidative Stress

The RPE is subjected to a number of oxidative stressors from several sources including its 

high oxygen concentration environment, prolonged exposure to visible light, and the 

phagocytosis and degradation of photoreceptor outer segments, which are high in
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polyunsaturated fatty acids (Winkler et al., 1996, Winkler et al., 1999, Beatty et a l, 2000, Cai 

et al., 2000, Strunnikova et al., 2004).

Strong evidence suggests oxidative stress as a contributing factor in RPE apoptosis (Winkler 

et al., 1999, Cai et a l., 2000, Liang and Godley, 2003). Previous studies have shown that 

stress induced by H :0 : (generated physiologically during phagocytosis outer segments), 

causes mtDNA dysfunction, and induces apoptosis (Ballinger et al., 1999, Jin et al., 2001). 

Bonnel et al. (2003) suggests that damage to mtDNA may play a possible role in RPE 

degeneration and subsequently, AMD (see Figure 1.6).

Oxidative street 
(exogenous & endogenous)

ROS production

Inefficient mtDNA repair

Accumulation of damaged DNA

Mitochondrial redox dysfunction

Diminished energy production

/  \
RPE dysfunction Initiation of RPE apoptosis

\  /
Signs of AMD

Figure 1.6: Mitochondrial Reactive Oxygen Species (ROS) m odel fo r  Age-Related Macular Degeneration 
(AMD) Development (Source: Bonnel et al., 2003).

Oxidative stress has also been shown to disrupt RPE cell junctions and barrier 

integrity (Bailey et a l, 2004). The disruption of these cell junctions may contribute to 

the pathogenesis of diseases associated with the RPE through disruption o f the blood-
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retinal barrier. Stress from hydrogen peroxide treatment has also been shown to result 

in decreased expression of the RPE markers, RPE-65 and cellular retinaldehyde- 

binding protein (CRALBP) (Alizadeh et al., 2001, Bailey et al., 2004).

1.5 Retinal Light Damage

The universal effect of light on the retina is to generate the visual signal. However, with time 

and constant exposure, light, which is necessary for perception of the visual world, can also 

promote damage at a molecular level, which ultimately can threaten sight.

The photoelectric effect states that light is transmitted in quanta o f energy particles known as 

photons and when these photons strike an atom, a quantum o f energy proportional to the 

frequency and inversely the wavelength of the light, is absorbed (Algvere et al., 2006, Siu et 

al., 2008). The amount of energy absorbed from the incident light depends on the 

transparency of the tissue and the wavelength of the incident light (Wu et al., 2006).

Although the eye is exposed to a range of wavelengths o f incoming light, surrounding ocular 

structures are well equipped to filter out particular wavelengths o f light which can be severely 

damaging to the retina.

Reme et al, (1998), describes the action spectrum as “the light dose that is required to obtain 

the same biological effect at different wavelengths.” The electromagnetic spectrum, which 

ranges from the shortest ionizing waves to the longest radiowaves, is the distribution of 

electromagnetic radiation according to energy. The spectrum of the retina and the RPE is 

dependent on the absorption characteristics o f the cornea and lens, which can vary according 

to age, species, absorption and transmission factors. For the visual system, the cornea 

absorbs wavelengths less than 295nm and the lens absorbs light in the long UV-B range (300-
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3 15nm) and full UV-A range (315-400nm) (Boulton et a l, 2001b; Algvere et al., 2006). The 

vitreous absorbs light greater than 1400nm, therefore the wavelength of light which reaches 

the retina falls into the “visible region”. Visible light (400-700nm) represents a small portion 

(1%) of the electromagnetic spectrum (Miller and Bums, 2004a; Algvere et al., 2006; Siu et 

al., 2008). Therefore the effect of UV light (see Section 1.5.2) on the retina and RPE is 

minimal and the focus of retinal photodamage appears to be with the ‘visible component’ (see 

Section 1.5.3) (Taylor et al., 1992, Organisciak and Winkler, 1994, Reme et al., 1998, 

Boulton et al., 2001b, Taylor et al., 1992, Wenzel et al., 2005, Wu et al., 2006, Siu et al., 

2008).

Optical radiation that reaches the retina may be absorbed by a number of retinal 

chromophores, such as the visual pigments (see Section 1.5.5) as well as melanin, macular 

pigments and other proteins. Melanin, in particular, appears to protect the photoreceptors 

from scattered light and converts the absorbed photons into heat (Boulton et al., 2001b). The 

‘pigmented’ color of the RPE can be attributed to its melanin, which is abundant in both the 

apical and midportion regions o f the cells o f the RPE. In addition to its role impinging light 

scattering, melanin can also act as a neutral density filter, bind chemicals, act as a free radical 

scavenger or generator, and can absorb energy in the visible or UV range (Boulton 1998).

1.5.1 Classification of Retinal Light Damage

Light damage to a cellular system is classified into three categories: photomechanical, 

photothermal and photochemical. The effects of damage are determined by: irradiance 

from the light source, the wavelength of incident light, the duration of exposure and the 

absorption of target tissue (Mainster et al., 1983).
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Photomechanical injury results from high irradiance with short duration exposure, stripping 

electrons from molecules and disintegrating the target tissue into a collection of ions and 

electrons (Mainster et a l, 1983, Boulton et al., 2001b, Miller and Scott, 2004b). The rate of 

delivery and extent of absorbed energy are dominant factors which determine damage in 

photomechanical damage; wavelength does play a major role (Marshall 1970, Lund and 

Beatrice 1979, Wu et al., 2006). During photomechanical injury in the RPE, energy is 

absorbed so rapidly by the melanin granules that heat dissipation cannot take place, in turn 

generating irreparable damage to the RPE and photoreceptors (Cleary and Hamwrick 1969, 

Ham et al., 1974, Goldman et al., 1977).

Photothermal injury results from moderate irradiance with trapped or absorbed energy in a 

substrate molecule resulting in an elevation of temperature. The quoted temperature rise for 

the retina is 10°C or more (Mainster et al., 1983). The amount o f energy required to elicit 

damage increases for longer exposure times because heat dissipates with exposure (Wu et a l,

2006). Photothermal energy produces protein denaturation and enzyme inactivation, which 

results in coagulation, cellular necrosis and hemostasis of the target tissue (White et a l, 1971, 

Priebe et a l, 1975, Boulton et a l, 2001b). Macromolecular systems are susceptible to 

thermal damage due to disruption of their tertiary structure by breaking hydrogen bonds and 

hydrophobic/hydrophilic bonds (Wu et a l, 2006).

Photochemical or phototoxic effects occur with low to moderate irradiances below 

coagulation thresholds and with short wavelengths, in particular UV and visible blue 

wavelengths (Mainster et a l, 1983). Absorption o f a photon by outer electrons causes a 

photoexcited singlet state, which undergoes intersystem crossing to form a transient excited 

triplet state (Boulton et a l, 2001b). This transient excited triplet state is quite durable and
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can interact with surrounding molecules to form ROS. Tissues with a large concentration o f 

cell membranes (like the photoreceptor outer segments PUFA’s) are severely damaged to due 

to subsequent lipid peroxidation leading to a breakdown of the cell membrane structure 

(Foote 1968, Pryor et al., 1976). Photochemical damage to cellular components occurs at 

temperatures too low to cause thermal destruction, and therefore may account for a delay of 

24-48 hours before the appearance of possible damage (Foote 1968, Spikes and Macknight 

1972, Boulton et al., 2001b, Miller and Scott, 2004b). The majority of the damage which 

affects the retina falls into the photochemical or phototoxic category.

In 1980, Noell originally classified photochemical light damage as primary or secondary 

manifestations. He claimed that primary damage resulted from light affecting the 

photoreactive molecules within a damaged cell while secondary damage occurs subsequent to 

the primary event (Noell 1980, Organisciak and Winkler 1994). He further classified 

secondary damage into Type I or Type II. Type I damage results from extensive rhodopsin 

bleaching over short periods of time, with hyperthermia, dark rearing and intermittent light 

exposure (Organisciak and Winkler 1994). Type I damage is characterized by massive visual 

cell loss with loss of adjacent RPE cells. Type II damage results from long duration exposure 

with low intensity light, and also appears to be rhodopsin mediated (Noell 1980, Organsciak 

and Winkler 1994). Type II damage is characterized by widespread photoreceptor loss with 

little to no RPE damage.

Nine years later, according to Kremers and van Norren (1989), photochemical damage o f the 

retina can be classified as Class I or Class II. Class I damage has an action spectrum which is 

identical to the absorption spectrum of the visual pigments (Organisciak and Winkler 1994, 

Wu et al., 2006). It consists of exposures at low irradiances below 1 mW/cm2 for several
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hours to weeks with initial damage occurring in the photoreceptors (Kremers and van Norren 

1989). Class II’s action spectrum peaks at short wavelengths and occurs at higher irradiances 

above 10 mW/cm2 (Kremers and van Norren 1989). Class II damage primarily occurs in the 

RPE. Due to similarities between Kremers, van Norren and Noell, it has been suggested that 

Type I and II damage described by Noell may be subsets of Class I damage (Organisciak and 

Winkler 1994).

1.5.2 Retinal UV Light Exposure

Although previous studies suggest that the RPE and the sensory retina may be damaged by 

UV light exposure (Noell et al., 1966), the effect of UV light appears to be minimal.

In studies where patients lacked UV filters with their intraocular lenses, there was an increase 

in cystoid macular edema (Kraff et al,  1985) and decreased sensitivity in the blue-cone 

region (Werner et al., 1989).

1.5.3 Retinal Blue Light Exposure

Blue light exposure falls into the ‘visible spectrum,’ which ranges from (400-700nm). It has 

been described as the “most hazardous component of the visual spectrum and has the greatest 

potential for photoxicity” (Ham et al, 1976). Studies support blue light damage as a possible 

inducer in the degeneration of the RPE and photoreceptors in age related disease (King et al., 

2004, Margrain et al, 2004, Godley et al., 2005, Algvere et al., 2006, Chu et al., 2006, Wu et 

al., 2006, Thomas et al., 2007, Siu et a l,  2008). Blue light induced lesions appear to be 

mediated by rhodopsin (Grimm et al., 2000, Grimm et al., 2001, Algvere et al., 2006, Wu et 

al., 2006, Tanito et al., 2007, Thomas et al., 2007). Two types of photochemical damage 

occur with blue light: short (less than 12 hours), intense exposures at the RPE level and long
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(12-48 hours), less intense exposures at the photoreceptor level (Noell et a l, 1966, Ham et 

al., 1978, Margrain et a l, 2004).

Chromophores have been designated as one o f the primary causes in blue light induced 

photoreceptor damage (see section 1.5.6).

1.5.4 Green Light Exposure

Green light, or diffuse white light, exposure mimics outdoor exposure (Reme et al., 1998).

Its effect on retinal photodamage appears to be less than that of blue light exposure. A study 

conducted by Rapp et al., 1992, examined damage from both long (green) and short (360nm) 

wavelengths of light. They found that shorter wavelengths were 50-80 times more capable of 

causing light damage. Green light did not have an effect on the retina, even with increased 

energy levels (Rapp and Smith, 1992). With exposure, green light bleaches all of the 

available rhodopsin, leaving no excitable chromophores, unlike blue light, which is absorbed 

less efficiently and can lead to rhodopsin degeneration (Boulton et al., 2001b).

1.5.5 Chromophores

Chromophores are the visual pigments that absorb light in the sensory retina and RPE. 

Numerous studies have shown that chromophores in both rods and cones may play a role in 

photodamage of the retina (Noell et al., 1966; Gom and Kuwabara, 1967; Williams and 

Howell, 1983). Chromophores of the retina include rhodopsin, flavins, melanin, lipofuscin, 

macular pigments, hemoglobin and porphyrin proteins (Boulton et a l, 2001b).

The main chromophores responsible for light-induced damage are the visual pigments. 

Photodamage of rhodopsin may occur during extended rhodopsin activation in the meta-II 

state, resulting in a decrease in the concentration o f calcium and initiates apoptosis (Boulton
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et al., 2001b). Additionally, damage may occur with the release of toxic photobleaching 

products, including retinal (Boulton et a l, 2001b).

The role of flavins and porphyrins remains poorly understood, while the role o f melanin and 

macular pigments appear to play a protective, possible antioxidant role (Boulton et al.,

2001b; Davies and Morland, 2004b). However, lipofuscin appears to be a generator o f ROS 

and is largely responsible for the “blue light” damage (Rozanowska et al., 1995). The 

supporting factors for lipofuscin’s role in damage to the retina and RPE can be attributed to 

its accumulation with age and the changing absorption properties of the ageing lens (Delori et 

al., 2001).

1.5.6 Cellular/Molecular Damage Effects from Light Damage of 
the Retina/RPE

The ability for light to cause significant damage to the retina/RPE not only depends on 

exposure duration, temperature and wavelength of the inducing light, but also on the 

chromophore concentrations, environmental conditions and absorption of other ocular tissues 

(Organisciak and Winkler, 1994). Intense light initiates damage and then a cascade o f 

cellular events occur, which ultimately lead to photoreceptor necrosis or apoptosis (Gordon et 

al., 2002). A number of morphologic changes have been documented in the photoreceptors, 

including vesiculation of the discs, mitochondrial swelling, dense cytoplasm and nuclear 

pyknosis signifying DNA loss and death of the cell (Noell 1958, Moriya et al., 1986, Gordon 

et al., 2002).

ROS, generated due to intense light exposure and in combination with lipid mediators have 

also been shown to induce retinal damage (Reme et al., 1998). Lipid mediators and oxidative
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stress can initiate a number of different inter or intracellular pathways, which can activate 

cytokines and initiate apoptosis or activate macrophages which lead to inflammation, cell 

proliferation and cell death (Reme et al., 1998).

1.6 a- Crystallins

The a-crystallin gene family consists of: aA  (see Section 1.6.1) and aB  (see Section 1.6.1) 

with 4 major 20kDa subunits: aA , a A l, aB , and a B l . In their native state, a-crystallins are 

the largest o f the lens crystallins with molecular masses ranging from 600-900kDa. Both aA  

and aB-crystallin share a 57% amino acid sequence homology and exhibit a 3:1 molar ratio 

of aA :aB  subunits (Berman 1991a, Horwitz 1993, Horwitz et al., 1999, Andley et al., 2000, 

Horwitz 2003). Post-translational modifications of these peptides gives rise to other a- 

crystallin subunits (Bloemendal et al., 2004; Boulton and Saxby, 2004).

In addition, the a-crystallins belong to the family of small heat shock proteins (see Section 

1.7) and can act as molecular chaperones (Horwitz 1992, Boyle and Takemoto, 1994, Wang 

et al., 1995, Andley et al., 1996, Derham and Harding, 1999, Horwitz 2000, Derham and 

Harding, 2002, Horwitz 2003, Thiagarajan et al., 2004 Cheng et al., 2008, Ecroyd and 

Carver, 2008, Ghosh et al., 2008, Tanaka et al., 2008).

1.6.1 aA- and aB-Crystallins

The aA-crystallin gene, a member of the small heat shock protein family, exhibits chaperone 

activity (see Section 1.6.2), is found on chromosome 21, and encodes for a 173 amino acid 

protein. aA-crystallin chains are synthesized and phosphorylated mainly, if not entirely, in 

the differentiating lens fiber cells (Berman 1991). Initially thought to be lens-specific (see 

Section 1 .6 .3), a  A- expression has also been found in the spleen, thymus, brain, and retina
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(see Section 1.6.4) (Bhat et al., 1991, Kato et al., 1991, Horwitz 1992, Srinivasan et al.,

1992, Deretic et al., 1994). The promoter region of aA-crystallin has four areas that are 

highly conserved between the mouse, human and chicken (Boulton and Saxby, 2004). 

Although highly conserved, the function of aA-crystallin is varied between the different 

species.

The aB-crystallin gene is found on chromosome 11 and encodes for a 175 amino acid 

protein. aB-crystallin is also a member of the sHSP superfamily and functions as a 

molecular chaperone. Due to its role as a member o f the sHSPs, expression of aB-crystallin 

is universal in stressed biological systems and abundant in cells with minimal mitotic 

capacity (Groenen PTJA, et al., 1994; Alge et al., 2002). Besides being expressed in the lens, 

ocular expression of a-B has also been found in rat retinal pigmented epithelium (RPE) 

(Nishikawa et al., 1994), ciliary body and iris (Iwaki et al., 1990) and retina (Iwaki et al., 

1990, Xi et al., 2003a). In addition, mRNA levels of aB have been detected in the following 

murine tissues: RPE, iris, ciliary body, cornea and optic nerve (Robinson and Overbeek, 

1996).

1.6.2 a-Crystallins as Molecular Chaperones

Molecular chaperones belong to a class o f proteins that performs a number of cellular duties 

including: stabilization of native protein conformations, protein folding, and the correct 

oligomeric assembly of proteins; protection of other proteins from heat denaturation or other 

cellular stresses, and finally translocation of proteins (; Ellis and van der Vies, 1991, Horwitz 

1992). a-crystallin was initially classified as a molecular chaperone by Horwitz in 1992, 

based on its in vitro ability to prevent the heat-induced aggregation of proteins and enzymes 

in the lens (Horwitz 1992). a-crystallin traps unfolded or denatured proteins and suppresses
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their non-specific irreversible aggregation o f these proteins (Derham and Harding, 1999), 

although it does not participate in the refolding of these denatured proteins (Jakob et a l,

1993; Das and Surewicz, 1995). The function o f a-crystallin in suppressing protein 

aggregation is important in the maintenance o f lens transparency (Bloemendal et al., 2004).

1.6.3 Lenticular Role of a-Crystallins

The lenticular roles of a-crystallins include maintaining the refractive index (Tardieu 1998) 

and lens transparency, protecting lens enzymes from inactivation due to glycation, steroids or 

cyanate insults (Derham and Harding, 1999) and interacting with the lens cytoskeletal 

elements (Fitzgerald and Graham, 1991). In addition, the a-crystallins exhibit their role as 

molecular chaperones in the lens by serving as a one-way ‘sink’ by binding and controlling 

the unavoidable denaturation of proteins associated with aging. Since there is no turnover o f 

proteins or repair mechanisms in the lens fiber cells, a-crystallin binds the denatured 

proteins, to avoid aggregation, which would ultimately lead to light scattering and cataracts 

(Horwitz et al., 1999).

The expression of aA-crystallin is necessary not only for the maintenance of lens 

transparency, but also for controlling the solubility of other crystallins in the lens (Brady et 

a l, 1997; Xi et al., 2003a). The role of aA-crystallin is easily demonstrated in gene knockout 

studies. In 1997, Brady et al., produced an aA-crystallin knock out mouse, which resulted in 

cataract development starting in the nuclear area with progression involving the entire lens.

In addition to the development of a cataract, dense inclusion bodies were also discovered, 

consisting of aB-crystallin (Brady et a l, 1997) as well as y-crystallin (Horwitz, 2003). This 

study concluded that aA-crystallin was not only important in the maintenance of lens 

transparency, but also played a role in controlling the solubility of other crystallins. Xi et a l
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(2003b) also found that with the absence o f aA-crystallin there was an increase of cell death 

in vivo during the mitotic phase.

Genomic stability may be maintained by the presence of aB-crystallin (Andley et al., 2001). 

aB- mouse knockout studies revealed that the presence of aB is not necessary for normal lens 

development (Brady et al., 2001). However, a surprising finding was the decreased life span 

of the knockout mice compared to the wild-type mice with the aB-crystallin gene. Knockout 

mice lost weight, developed degenerative osteoarthritis and died prematurely (Brady et al., 

2001). An additional finding from Andley et al. (2001), found that cells lacking the aB gene 

had a tendency to hyperproliferate.

1.6.4 a-Crystallins in the Retina

Once thought to be exclusive to the lens, a-crystallins are also expressed in the sensory retina 

and the RPE. Low levels of a-crystallin have been detected in frog retinal photoreceptors (in 

post-Golgi membranes) suggesting a role in rhodopsin trafficking (Deretic et al., 1994). 

Furthermore and both aA - and aB-crystallin have been shown to prevent apoptosis through 

the inhibition o f caspases (Kamradt et al., 2001, Alge et al., 2002). Increased expression o f 

crystallins in light damaged photoreceptors and the decreased expression of aA-crystallin in 

the retinal dystrophic rat suggests a possible role for crystallins in protecting the 

photoreceptors from light damage (Crabb et al., 2002; Sakaguchi et al, 2003). In addition, 

crystallins were identified as components of retinal drusen in patients with macular 

degeneration (Crabb et al., 2002). A recent study done by Rao et al (2008) revealed that aA- 

crystallin protected photoreceptors in experimentally induced uveitis and was upregulated in 

the diabetic retina of rats (Wang et al., 2007).

35



Chapter 1.0: General Introduction
----------------------------------------------------------------------------------------------------------------------------------------

Xi et al. (2003a) localized expression of aA  and aB-crystallins to distinct retinal layers in the 

mouse retina. aA  was distributed in the ganglion cell layer nuclei, and the inner and outer 

photoreceptor nuclear layers, but was undetectable in the photoreceptor inner and outer 

segments. aB  was detected in the same retinal layers as aA , but was additionally found in 

the inner segments of the photoreceptors (Xi et al., 2003a).

Alge et al. (2002) examined the expression o f a-B  crystallin in human RPE and found a 

greater baseline expression of aB-crystallin from the macular area compared to the peripheral 

area. Increased expression of aB-crystallin occurred with heat shock treatment and oxidative 

stress and aB - crystallin functioned as a stress-inducible anti-apoptotic protein in human RPE 

cells (Alge et al., 2002).

Although the expression of the a-crystallins has been demonstrated in the retina, their 

specific roles remain a mystery. Expression in the retina o f the a-crystallins could represent 

an adventitious form of expression, perhaps representing rudiments of early interactions 

between the developing lens and the optic vesicle (Jones et al., 1999).

1.7 Small Heat Shock Protein Classification

Heat shock proteins (HSPs), originally identified on the basis of their increased synthesis 

after cellular exposure to high temperature (Lindquist 1986), are ubiquitously expressed in 

multiple tissues. They are classified into families according to their molecular weight. The 

four most common groups of HSPs are: HSP70, HSP60, HSP40 and sHSPs. The sHSPs are 

the lowest molecular weight family, having subunits less than 35kDa (Derham and Harding,

1999).
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Initial classification of the a-crystallins as a sHSP and molecular chaperones (see section 

1.6.1) was in 1983 when Craig et al. discovered a 55% nucleotide sequence homology 

between the Drosophila sHSPs and a-crystallin. Most sHSPs exert strong cytoprotective 

effects (Alge et al., 2002), act as molecular chaperones, and have been identified in the RPE 

(Wong and Lin, 1989).

The role o f aB-crystallin as a member of the sHSP family was shown through induction by 

heat stress (Klemenz et al., 1991) and hypertonic stress (Dasgupta et al., 1992).

1.8 Transgenic Mice

Animal models of retinal degeneration have provided a better understanding of disease 

pathogenesis and have led to the development of novel therapeutic strategies (Delyfer et al., 

2004). Recent construction of the a-crystallin knock-out mice has been useful in examination 

o f the lenticular and non-lenticular roles that a-crystallins may play in the eye. O f interest to 

this study is the aA-crystallin gene knock-out mice created on 129SvJae_129SvEv (Brady et 

al., 1997, Brady et al., 2001) (Please see Section 1.6.3)
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1.8 Aims o f this Study

The following chapters will examine an in-vitro and in-vivo investigation into the possible 

protective role o f the a-crystallins in the murine retina. Initially, it will examine the 

mitochondrial viability of the primary RPE cultures from wild-type and aA-crystallin knock­

out mice in response to two well known oxidative agents, hydrogen peroxide (H2O2) and tert- 

butylhydroperoxide (t-BOOH) (Chapter 3).

Chapters 4, 5, and 6 will provide an insight into the in-vivo mechanisms involved in 

moderate intensity, continuous blue light exposure in a non-pigmented model and two 

pigmented strains, wild-type mice and aA-crystallin knock-out mice. Chapter 4 utilizes an 

albino model, BALB/cBYJ model to confirm the potential for damage from the designed 

light apparatus, while Chapters 5 and 6 examine the effect o f continuous exposure in 

pigmented mice that have the aA-crystallin protein (Chapter 5, Wild-Type) and those that 

lack aA-crystallin (Chapter 6, Knock-Out). In-vivo mechanisms will be analyzed on a 

morphological and functional level by examining retinal histology and electroretinography 

respectively.

These chapters will provide insight and a better understanding of retinal a-crystallins and 

examine the hypothesis that aA-crystallin acts as a molecular chaperone and demonstrates 

protective roles in the RPE and retina in response to oxidative stress and moderate 

photochemical retinal damage.
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2.1 Tissue Culture

Chapter 2: General Methods

2.1.1 Cell Culture Media and Supplements

Ham’s F10 Nutrient Medium, and DMEM cell culture medium for the maintenance of RPE 

cells, was purchased from Invitrogen, UK or Invitrogen USA. Supplemental cell culture 

components, glutamine, streptomycin, MEM, kanamycin and penicillin were purchased from 

Sigma, UK or Sigma, USA; fungizone and fetal calf serum (FCS) were purchased from 

Invitrogen, UK or Invitrogen USA.

2.1.2 Isolation, Growth & Maintenance of Human Primary RPE 
Cell Cultures

Human donor eyes were obtained from the Bristol Eye Bank or the National Disease 

Research Interchange (NDRI, Philadelphia, PA) within 48 hours of post-mortem. The donors 

ranged in age between 18 and 93 years. None of the donors had a known history of eye 

disease {all tissue received in the UK had prior permission fo r  utilization in research 

purposes as well as those received in the US; see Appendix 1).

Human RPE cells were harvested as described previously (Boulton et al., 1983) with minor 

adaptations. In brief, for the isolation of the RPE cells, the anterior segment of the eye was 

separated by circumferential incision, just posterior to the ora serrata. The vitreous was gently 

removed and the neuroretina was detached from the underlying RPE layer by dissection at the 

optic nerve. The remaining eyecup was washed with fresh, sterile phosphate-buffered saline 

(PBS) and then treated with 0.25% trypsin/0.02% EDTA solution (Sigma UK or Sigma 

USA). The eyecup was placed in a humidified 5% CO2 / 95% air incubator at 37°C for 1 hr 

to allow the RPE cells to sufficiently detach from Bruch’s membrane. After 1 hr, detached
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RPE cells were gently collected by mixing growth medium consisting of Ham’s F10 nutrient 

medium supplemented with 20% v/v FCS, 2mM glutamine, and antibiotics (100pg/ml 

streptomycin, lOOpg/ml kanamycin and 60pg/ml penicillin) and then plated in a 6-welled 

plate (Triple Red, UK or Fisher Scientific, USA). After vigorous break up of the RPE cells, 

lOOOpL of supernatant containing growth medium and cells was plated into 4 wells of a 6- 

welled plated. The 6-welled plate was examined daily through light microscopy, confirming 

cell attachment and growth (Cell attachment and growth characteristics of RPE cells can be 

found in 3.4.1 -  3.4.3) (From this point forward, growth medium will be referring to Ham ’s 

F10 nutrient medium supplemented with the above-mentioned components).

The newly isolated RPE cells were maintained at 37°C in a humidified 5% CO2 / 95% air 

incubator with the growth medium being changed every 3-4 days until the cells had become 

confluent, as visualized by inverted light microscopy (Olympus 1X70 or Nikon DS). Typical 

times to confluency averaged 20 -  24 days. Confluency was measured by coverage of 95% - 

100% of coverage on the bottom of the 6-welled plate. Once the primary RPE cells reached 

confluency, they were sub cultured by gently removing the growth medium and washing with 

sterile, ice cold PBS. After removal of the PBS, 0.25% trypsin/0.02% EDTA solution was 

added and incubated at 37°C for approximately l-2min. After the detachment of the RPE 

monolayer, - I ml  of growth medium was added to neutralize the action of the trypsin. The 

RPE cells were pelleted by centrifugation at 700g for 5min at 4°C. The supernatant was 

discarded while the pellet was resuspended in pre-warmed growth medium and added to a 

25cm2 cell culture flask.

This newly sub cultured RPE primary culture was maintained at 37°C in a humidified 5% 

CO2 / 95% air incubator with the growth medium being changed every 3-4 days until the cells
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had become confluent. At this point the RPE cultures were either used for experimentation, 

were spilt at a ratio of 1:3 for further cell culturing or stored in liquid nitrogen for future use.

2.1.3 Growth and Maintenance ARPE-19 Human Cell Line

ARPE-19 is a spontaneously arising RPE cell line derived from the normal eyes of a 19-year- 

old male donor. Cells form stable monolayers, which exhibit morphological and functional 

polarity (Dunn et al., 1996).

The human RPE cell line ARPE-19 (CRL-2302, American Type Culture Collection, 

Rockville, MD) was grown and maintained at 37°C in a humidified 5% CO2 / 95% air 

incubator with the growth medium being changed every 3-4 days until the cells had become 

confluent. Once the ARPE19 cells had reached confluence, as observed with inverted light 

microscopy, (Olympus 1X70 or Nikon DS), cells were either used for experimentation, were 

spilt at a ratio of 1:3 for further cell culturing or stored in liquid nitrogen for future use.

2.1.4 Isolation, Growth and Maintenance of Primary Wild-Type 
or aA-crystallin Knock-Out Mice RPE Cell Cultures

Mice eyes (both 129Sv wild-type and aA-crystallin knock-out) were obtained from the 

animal colony at the Comparative Medical Center located at Salus University. Originally, 

129Sv wild-type mice were purchased from Taconic Animal Facilities (Rockville, MD) and 

aA-crystallin knock-out mice were a generous gift from Eric Wawrousek, PhD at the 

Transgenics and Genome Manipulation Division o f the National Eye Institute (NIH, 

Bethesda, MD). All animals were treated according to the regulations in the ARVO 

Statement for the Use of Animals in Ophthalmic and Vision Research and regulations of the 

Institutional Animal Care and Use Committee (IACUC) at Salus University {please refer to 

the Appendix 1 for colony maintenance protocols and certifications).
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Mice RPE cells were harvested as described previously (Gibbs and Williams, 2003) with 

minor adaptations. Optimal age for RPE isolation occurred between 10-14 days post natal 

due to the lack of photoreceptors fully reaching the apical surface of the RPE, creating a 

cleaner detachment of the neuroretina from the underlying RPE. Isolation of RPE cells 

occurred in lots of 10 (i.e. 5 mice were euthanized per isolation yielding a total o f 10 eyes).

Eyes were gently removed with fine curved forceps and then washed in serum-free DMEM 

supplemented with IX MEM non-essential amino acids and penicillin/streptomycin. Washed 

eyes were then transferred to a 2% dispase solution in DMEM and incubated at 37°C for 45 

minutes with gentle agitation every 15-20 minutes. After designated incubation, eyes were 

washed twice with serum supplemented DMEM and transferred to a Petri dish of serum 

supplemented DMEM buffered with 20mM HEPES. Under a tungsten Stereomaster 

dissection microscope (Fisher Scientific, USA), all surrounding extraocular muscles, hair and 

connective tissue were removed, leaving a solid, clean globe. A circumferential incision was 

made at the corneal limbus and the anterior segment was gently removed and discarded.

Since the murine lens occupies about 75% of the intraocular space (Zinn and Mockel-Pohl, 

1973; Marshall et al., 1982), extreme care was used to remove the lens so there was no 

disruption of the anterior/posterior lens capsule, resulting in lysis of lens fiber cells and 

possible false detection of the a-crystallins in the RPE and/or neural retina (RPE cells were 

only gathered from eyes with isolated, intact, murine lens to avoid this false detection).

Posterior eye cups only containing neural retina, underlying RPE and choroid were then 

incubated for 20 minutes at 37°C in a humidified 5% CO2 / 95% air incubator in serum 

supplemented DMEM. After incubation, neural retina was gently peeled away from the 

underlying RPE and choroid. Remaining posterior eye cups were inverted and gently
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agitated from side to side breaking off sheets of RPE cells. All sheets of RPE cells were 

pulled into a 15ml conical tube containing sterile serum supplemented DMEM and 

centrifuged at 1500rpms for 3 minutes at 4°C. After centrifugation, cells were resuspended in 

0.05% trypsin solution, gently pipetted up and down to break up cells and then incubated at 

room temperature for 3-4 minutes. Sterile, serum supplemented DMEM was added to 

neutralize the trypsin solution and cells were then centrifuged at 1500rpms for 5 minutes at 

4°C. Medium was removed and cells were washed again with serum supplemented DMEM 

and then centrifuged at 1500rpms for 3.5 minutes at 4°C. Medium was removed and pellet 

was resuspended in 20% fetal calf serum supplemented DMEM and plated into 2 or 3 wells 

of a sterile 24-welled plate.

This newly sub cultured RPE primary culture was maintained at 37°C in a humidified 5% 

CO: / 95% air incubator with the growth medium being changed every 3-4 days until the cells 

had become confluent. At this point the RPE cultures were either used for experimentation, 

were spilt at a ratio of 1:3 for further cell culturing or stored in liquid nitrogen for future use.

2.1.5 Determination of Human Primary RPE and Mouse RPE 
Cell Purity with Cytokeratin

To determine the purity of the isolated human primary RPE cells, immunostaining for 

cytokeratin, as previously described by McKechnie et al (1988), was performed on RPE cells 

at passages 2 or 3. Primary cells were plated onto sterile coverslips in a 24-welled plate 

(Triple Red, UK or Fisher Scientific, USA) with growth medium and grown for 1-2 days 

until nearly confluent. The medium was aspirated and the cells were washed 3 times with 

sterile PBS for 5 mins. The cells were fixed by immersion in 70% ethanol for 5min and then 

the ethanol was removed and cells were washed twice with PBS for 5min. Cells were 

permeabilized with 0.1% Triton X-100 (Sigma, UK or Sigma, USA) (v/v PBS) for 10
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minutes and then washed three times with PBS for 5 mins. The primary monoclonal 

antibody, anti-cytokeratin peptide 18-FITC (Sigma, UK or Sigma, USA) was diluted 1:100 

in PBS and for nuclear labeling, 3pl of Hoechst (1 mg/ml) (Sigma, UK or Sigma, USA) was 

added per ml o f antibody solution (i.e. anti-cytokertatin and PBS); a final volume of 250pl of 

antibody solution per well. The 24-welled plate was covered in aluminum foil and incubated 

at room temperature for 2 hrs. Cells were washed 5 times with PBS and mounted on 

microscope slides using Hydromount (DiaMed, Canada). The cells were observed through an 

upright microscope (Leica DMRA2) using a FITC/DAPI filters and analyzed using Leica Q- 

Fluro Software (Leica Microsystems Ltd., UK). Cells that did not stain positive for 

cytokeratin were discarded and not used for experimentation.

2.1.6 Storage of Cell Cultures in Liquid Nitrogen

Cells to be utilized in the future were stored in cryotubes (Triple Red, UK) in a liquid 

nitrogen refrigeration chamber. Briefly, after trypsinization for l-2min, detached cells were 

pelleted by centrifugation at 5000g for 7min at 4°C. The supernatant was discarded and the 

pellet was resuspended in 10% v/v dimethylsulphoxide (DMSO) (Sigma, UK or Sigma, 

USA) prepared in pre-warmed FCS (Invitrogen, UK or Invitrogen USA).

2.1.7 Analysis of Cell Morphology

Primary human RPE and ARPE-19 cell growth was observed with an inverted light 

microscope (Olympus 1X70) and photodocumented using an image analysis system (Image- 

Pro Plus, Version 4.1, Media Cybernetics, MD, USA).

Primary wild-type and aA-crystallin knock-out mice RPE cell growth was observed with a 

Nikon Phase Contrast Microscope (Nikon DS-Fil digital camera) and photodocumented 

using an image analysis system (NIS-Elements F2.30).
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2.2 a-Crystallin Expression in Primary Human RPE and the 
ARPE-19

Initial studies investigated the in-vitro expression of a-crystallins in primary Human RPE and 

ARPE-19 cells. mRNA and protein expression was performed with Reverse Transcriptase 

Polymerase Chain Reaction (RT-PCR) and Western Blotting, respectively.

2.2.1 Total RNA Isolation

Total RNA was isolated with TRIzol reagent (Invitrogen, UK) from ARPE19 and primary 

human RPE cells using the manufacturer’s protocol. Initially, cells were washed with PBS 

and then lysed by adding 1 ml of TRIzol reagent to the monolayer. Cells were incubated at 

room temperature for 5min and the monolayer was disrupted with a cell scraper to allow the 

complete dissociation of nucleoprotein complexes. Chloroform was added (0.2ml) to the 

solution, shaken vigorously, allowed to sit at room temperature for 3 minutes, and 

centrifuged at 12,000g for 15 minutes at 4°C. Following centrifugation, the mixture formed 

three phases; the lower red, phenol-chloroform phase, an interphase and an upper aqueous 

phase. The phenol-chloroform phase contained proteins, the inter-phase contained DNA and 

the upper aqueous phase contained the RNA. The aqueous phase was collected and 

transferred to an RNase-free eppendorf tube. The RNA was precipitated with 0.5 mL 

isopropyl alcohol overnight at -20°C.

After overnight precipitation, RNA was centrifuged at 12,000g for 10 minutes at 4°C, 

forming a gel-like pellet on the sides and bottom of the eppendorf tube. The supernatant was 

removed; the RNA pellet was washed with 75% ethanol, vortexed and centrifuged at 7500g
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for 5min at 4°C. Ethanol was removed and the pellet was air-dried for approx 15 min. The 

air-dried RNA pellet was dissolved in 50pl o f RNase-free water.

The concentrations and purity of the RNA were determined by ultraviolet spectroscopy 

(Gene-Quant II, Pharmacia-Biotech, Cambridge, UK) and by UV visualization on a 

denaturing formaldehyde-agarose gel (see section 2.2.2). The newly extracted RNA was 

either used immediately for RT-PCR analysis (see section 2.2.6) or frozen at -20°C.

2.2.2 RNA Formaldehyde Denaturing Gel and UV 
T ransillumination

The quality o f the isolated RNA samples was assessed via electrophoresis on a denaturing 

formaldehyde-agarose gel. Because RNA is single-stranded and able to form secondary 

structures by intramolecular base pairing, it must be electrophoresed under denaturing 

conditions. The facilitation of a denaturing environment is achieved by the addition of 

formaldehyde. For a 1.5% final formaldehyde-agarose gel concentration, 1.5g of agarose was 

heated in 72ml o f RNase-free water and cooled to 60°C. After sufficient cooling, 10ml of 

10X MOPS buffer (0.04M MOPS (Sigma, UK), pH 7.0, 0 .01M Sodium Acetate (Sigma,

UK), 0.001M EDTA (Sigma, UK)) and 18ml o f 37% formaldehyde (Fisher Bio-Reagents, 

UK) were added and the gel was allowed to solidify.

A denaturation reaction, consisting of 4.5pL of isolated RNA in 2 .0 j l i 1 10X MOPS, 3.5pl of 

37% formaldehyde, lO.Opl of formamide (Fisher Bio-Reagents, UK), and 0.5pL of ethidium 

bromide, was heated at 55°C for 15min. Reactions were chilled on ice for 1 minute and then 

mixed with loading dye (Promega, UK) in a 6:1 ratio.
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Approximately 20pl of the denaturing RNA reaction was loaded to the gel and underwent 

electrophoresis with a running buffer consisting of double-autoclaved water, 10X MOPS and 

37% formaldehyde. Gel was run at 60V for 45 minutes. After electrophoresis, the gel was 

visualized and digitally photographed on a UV transilluminator (UVIdoc Gel Documentation 

System, Jencons, UK).

2.2.3 Protein Isolation

Proteins were isolated from ARPE19 and primary human RPE cells using RIPA Lysis Buffer 

(0.5M Tris-HCl, pH 7.4, 1.5M NaCl, 2.5% deoxycholic acid, 10% NP-40, lOmM EDTA) 

(Upstate, USA) with additive protease inhibitor cocktail (Sigma, UK). Briefly, cells were 

washed twice with ice cold PBS and then incubated on ice with 1ml of RIPA Lysis Buffer 

and protease inhibitor cocktail (1ml of cocktail solution for every 100ml of lysis buffer).

After 45 minutes o f incubation, the monolayer of cells was disrupted with a cell scraper, 

breaking up cells and releasing proteins. Cells were centrifuged at 12000g for 30 minutes at 

4°C. After centrifugation, the supernatant was transferred to fresh eppendorf tubes and stored 

at -20°C for future use. The protein content was measured by the bicinchoninic acid (BCA) 

protein assay (Pierce, Rockford, IL, USA) (see section 2.2.4).

2.2.4 Determination of Protein Concentration

Protein concentration levels were measured using the BCA protein assay kit (Pierce Chemical 

Co., Rockford, IL, USA) according to the manufacturer’s protocol. Briefly, an aliquot (25pl) 

of the unknown sample or bovine serum albumin (BSA) standard was transferred into a 

microplate well (Triple Red, UK). The working reagent was added (200pl) and thoroughly 

mixed with the protein sample at room temperature for 30 seconds. The microplate was 

covered and then incubated at 37°C for 30min. After incubation, the microplate was cooled to 

room temperature and the absorbance was read using a microplate reader with a 590-nm filter
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(Labsystems, Multiskan Ascent, UK). The concentration of protein was determined from a 

standard curve of known BSA standards (0, 25, 125, 250, 500, 750, 1000, 1500 and 

2000|ig/ml). (For SDS-PAGE electophoresis and Western Blotting, see Sections 2.5.3 and 

2.5.5, respectively).

2.2.5 PC R  Primers for H um an aA -, and aB-Crystallin

Primers for each human a-crystallin gene (aA- and aB-) were described by Hawse et al.

2003 (please see Table 2.1). These oligonucleotide gene-specific primers (OPERON 

Biotechnologies, Germany) were used in PCR reactions (see 2.2.7) for examining mRNA 

expression.

G e n e S e q u e n c e  (5 ’-> 3 ’) Amplicon  
Size (bp)

Annealing  
Temp (°C)

CRYAA CCACCTCGGCTCCCTCGTCCTAAG (Sense) 
CCATGTCCCCAAGAGCGGCACTAC (Anti )

492 64

CRYAB AGCCGCCTCTTTGACCAGTTCTTC (Sense) 
GCGGTGACAGCAGGCTTCTCTTC (Anti )

452 60

Table 2.1 Human aA-, aB-crystallin and Gene Specific Primers

2.2.6 R everse T r a n sc r ip ta se -P o ly m e ra se  Chain Reaction (RT- 
PC R )

After confirming the structural integrity of the isolated RNA samples by electrophoresis, 

Total RNA was used to synthesize cDNA according to the manufacturer’s protocol provided 

with the Reverse-iT™ 1st Strand Synthesis Kit (AB gene, UK). All reactions were performed 

in a thermocycler (DNA Engine, DYAD, UK). In a sterile eppendorf tube, 1.5pg of Total 

RNA was combined with lpl of anchored oligo dT (500ng) and double-autoclaved water to 

give a final volume of 12pl. The combined components were heated at 70°C for 5min to 

remove any secondary structures and then placed on ice. The first strand cDNA synthesis 

reaction was performed in 20pl reactions composed of 4pl of 5X first strand synthesis buffer, 

2pl of dNTP mix (5mM), lpl of DTT (lOOmM) and lp l of Reverse-iT™ RTase (negative
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controls of cDNA synthesis were carried out under the same experimental conditions, but in 

the absence of Reverse-iT™ RTase Blend). The reactions were incubated at 47°C for 50min 

and then terminated at 75°C for lOmin to inactivate the Reverse-iT™ RTase Blend. The 

newly synthesized cDNA was either used immediately for PCR analysis or frozen at -20°C.

2.2.7 PCR Amplification of a-crystallin in Primary RPE and 
ARPE19 Cells

PCR amplification of the cDNA was performed according to the manufacturer’s protocol 

provided with GeneAmp® XL PCR (Applied BioSystems, UK) in a DNA thermocycler 

(DNA Engine, DYAD, UK). PCR amplifications were performed in a total reaction volume 

of lOOpl with 500ng of cDNA, 200pM dNTPs, 10pM of primers, 3.3XL PCR Buffer II 

(50mM Tris-HCL (pH 8.0), lOOmM NaCl, 0.1 mM EDTA, ImM DTT, 50% glycerol and 1% 

Triton X-100), 1.5mM MgCb and 1 unit of XL rTth Polymerase. PCR reactions were initially 

incubated at 94°C for 30 secs to completely denature the template and activate the Taq 

polymerase enzyme. This was then followed by 30 cycles of denaturation at 94°C for 30secs, 

primer annealing from 60-64°C (depending on the gene of interest, see Table 2.3) for 30 secs 

and primer extension at 72°C for 40 secs. PCR amplification products were separated by 

agarose gel electrophoresis and stained with ethidium bromide for visualization (section 

2.2.8). PCR performed on each sample of RNA that had not been reverse transcribed to 

cDNA was used as a negative control and showed no amplified product.

2.2.8 Agarose Gel Electrophoresis and UV Transillumination

Aliquots o f the PCR product were mixed with blue/orange loading dye (Promega, UK) in a 

6:1 ratio and loaded onto a 1.5% agarose gel stained with 0.01% of ethidium bromide 

(lOmg/ml). Agarose gel was run at 80V for 40min in lx  TBE running buffer. After
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electrophoresis, the gel was visualized and digitally photographed on a UV transilluminator 

(UVIdoc Gel Documentation System, Jencons, UK).

2.2.9 Exposure of the ARPE19, Primary Human RPE, WT and 
aA K/O RPE to Oxidative Stressors Hydrogen Peroxide (H20 2) 
and terf-butylhydroperoxide (f-BOOH)

All RPE cell types were plated into 6-welled plates (Triple Red, UK); 3 wells o f cells 

corresponded to each concentration of the oxidative stressors (OpM, lOOpM and 200pM) for 

24hrs. Immediately prior to the experiment, oxidative stressors were diluted in serum-free 

Ham’s F10 to achieve the desired final concentration. Prior to exposure, growth medium was 

removed and the cell cultures were washed once with sterile, ice cold PBS. PBS was 

removed and the oxidative stressors were added to the cells for 24hrs. During the exposure to 

the oxidative stressors, all cells were maintained at 37°C with 5% COil 95% air in a 

humidified incubator.

After the indicated oxidative exposure, cells were again washed twice with PBS and the 3- 

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) cell viability assay was 

performed (see Section 2.2.10). The control cell monolayers were treated with cell culture 

medium without additive FCS.

2.2.10 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) Cell Viability Assay

Cell viability can be determined by dehydrogenase activity, which indicates the activity of 

mitochondria. Dehydrogenase converts (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl 

tetrazolium bromide (MTT) into purple MTT formazan, causing a colorimetric change that 

can be monitored photometrically. Cell viabilities of the treated and untreated RPE cells were 

measured by the ability of succinate dehydrogenase to convert into visible formazan crystals. 

The MTT assay was performed as described by Mosmann (1983) with some modifications. In
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brief, after complete removal of the oxidative stressor medium, all cells were washed twice 

with sterile PBS and 0.5mg/ml of MTT was added to each flask. ARPE-19 cells were then 

incubated at 37°C for 3 hrs in a 5%C02 / 95% air humidified incubator. After incubation, the 

MTT solution was removed and acidified isopropanol containing 0.04M of HC1 was added to 

dissolve the resultant formazan crystals. Aliquots (125pi) were transferred 96-welled plated 

(Company, UK) and absorbance at 590nm was measured on a microplate reader (Labsystems, 

Multiskan Ascent, UK). The number of attached living cells was proportional to the 

absorbance of MTT at 590 nm. Samples were run in triplicate and the cell viability was 

determined using the MTT reduction values for the treated samples, which were expressed as 

a percentage of the non-treated normalized control samples.

2.3 Exposure of Mice to Blue Light

2.3.1 Mice

129Sv wild-type mice, aA-crystallin knock-out mice (129Sv:CRYAl) and BALB/cBYJ 

albino mice were maintained at the Comparative Medical Center at Salus University. 

Originally, 129Sv wild-type mice and BALB/cBYJ were purchased from Taconic Animal 

Facilities (Rockville, MD) and aA-crystallin knock-out mice were a generous gift from Eric 

Wawrousek, PhD at the Transgenics and Genome Manipulation Division of the National Eye 

Institute (NIH, Bethesda, MD). All animals were treated according to the regulations in the 

ARVO Statement for the Use of Animals in Ophthalmic and Vision Research and regulations 

of the Institutional Animal Care and Use Committee (IACUC) at Salus University.

2.3.2 Animal Colony Maintenance (Please refer to the Appendix fo r  colony 
maintenance protocols and certifications).

All mice (BALB/cBYJ, 129Sv, 129Sv:CRYAl) were maintained at the Comparative Medical 

Center at Salus University. All animals were housed in Poly acrylic cages (19x20x13cm)
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under hygienic conditions at normal room temperature (74-76 °F) on a 12-h light (300 

lux)/dark cycle (50 lux). Maximum amount o f animals per cage never exceeded 4. Mice 

were fed with Rodent 5001 commercial pellet diet (PMI Nutrition®, Henderson, CO, USA) 

(no supplemental antioxidants in food) and had free access to water at all times.

In order to maintain mice of the same genetic background to be used for experiments, 

breeding was necessary to maintain the homozygous transgenic lines. On average, between 

20 and 30 breeding pairs of 129SV and 129Sv:CRYAl mice were used yearly (all 

BALB/cBYJ mice purchased from Jackson Laboratories were female and no breeding 

occurred with this particular strain). During breeding conditions, each cage held one pair of a 

homozygous female and male. Gestation periods for all mice were 21 days and males were 

separated from females after 19-20 days. Once separated, females were given a nesting pad 

and carefully checked on a daily basis until pups were delivered. Newly bom pups were 

closely observed to assure that the mother was nursing. Three weeks-after birth, progeny 

mice were ear tagged (see Appendix 3) and tails were clipped for future genotyping (see 

Section 2.3.3). Immediately after tagging and tail clipping females and males from the 

progeny were housed in separate cages, 4 mice per cage until used in experiment or for 

further breeding as described above.

2.3.3 Genotyping o f Mice (minor Code A procedure)

Genotyping of all mice strains (129Sv, 129Sv:CRYAl, and BALB/cBYJ) was performed in 

order to determine the presence or absence of the aA-crystallin gene. This common 

technique has been previously described by Hogan et al., (1994). In brief, mice 3 weeks of 

age were labeled with a small identification ear tag number (National Band and Tag Co., 

Newport, KY) {please refer to the Appendix 3 fo r  the ear tag key used in experiments). At 

the time of ear tagging, a small piece (~ 3-5 mm long) of the tip of the tail (wiped with 70%
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ethanol just before the cutting) was clipped using a sterile razor blade wiped with ethanol. 

Various protocols use 0.5ml/L Isoflurane for anesthesia, but young mice such as the ones 

used, do not experience pain/distress during this minor procedure so the tail clipping for 3- 

weeks without anesthesia is widely used and commonly accepted practice (NIH Guidelines 

for the Genotyping of Rodents; Ren et al., 2001; Campbell and Hess, 1997). In mice at <21 

days, tissue near the tip of the tail is soft and the bones have not completely mineralized, 

therefore, removing of the tail tip of a young mouse yields minimal, momentary pain for the 

animal (NIH Guidelines for the Genotyping of Rodents). Short-term minor bleeding after the 

tail clipping was common and no special further treatment was required, however, before the 

animals were placed back into the cage, the bleeding was stopped by pressing on and holding 

with an aseptic glove at the end of the tail until the clot is completely formed. Tails were 

carefully placed into a sterile, labeled Eppendorf tube and stored at -20°C until DNA 

digestion could be performed.

Before PCR of the tails could be performed, digestion of DNA from the acquired tails was 

necessary. Tails were removed from the -20°C freezer and 500pl of nuclei lysis buffer

(Promega, USA) and 20pl of Proteinase K (Invitrogen, US) was added and tails were

incubated in a 55°C shaker for 3-5 days (the longer the tail, the longer the incubation).

After designated incubation with nuclear and protein lysis buffers, Eppendorf tubes 

containing the digested tails were cooled to room temperature. Protein precipitate solution 

(Invitrogen, US) was added to each tube, vigorously vortexed and incubated on ice for 5 

minutes. Tubes were then centrifuged (xl6000g) for 10 minutes) and 450 pi of the

supernatant was transferred to a newly labeled Eppendorf tube containing 550pl of

isopropanol (2-propanol) (Sigma, US). Eppendorf tubes were inverted multiple times,
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centrifuged (xl6000g for 10 minutes) and the supernatant was discarded. In order to make 

sure the supernatant was completely discarded, tubes were re-centrifuged at xl6000g for 30 

secs and remaining supernatant was gently removed. Remaining pellets were dissolved with 

200pl of distilled H2O and incubated for 20 minutes at 55°C. After incubation at 55°C, 

Eppendorf tubes were cooled to room temperature and 400pL of 300mM Sodium Acetate in 

90% Ethanol (Sigma, US) was added and tubes incubated at room temperature for an 

additional 5-10minutes. Tubes were then centrifuged (xl6000g for 10 minutes), supernatant 

was removed and tubes were re-centrifuged (xl6000g for 30secs) to assure all supernatant 

was properly discarded. Remaining pellets were air-dried for 20 minutes and then re­

suspended in 200pl of distilled water. DNA was either used immediately for PCR reactions 

or stored at -20°C.

In order to assure that the mice contained or lacked the aA-crystallin gene, primers were 

designed for the aA-crystallin K/O mice (Table 2.2), including the first exon between 

restriction enzymes sites, Aatll and Xhol. Expected PCR product with the PGK neo insert 

was 3570bps (Figure 2.1).

Sequence (5, ->3’) Length Tm
Forw ard Prim er TGGGAAATCCCTTAATTCCTCCATTCT 27 66
Reverse Prim er CTGATGGGAGGAAAAGACAGCAGTC 25 65

Table 2.2 Forward and reverse primer design fo r  the detection o f  aA-crystallin's presence or absence in 
129Sv wild-type, aA-crystallin knock-out or BALB/cBYJ albino mice. Primers were purchased from  
Invitrogen.
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K ttA tp V a l *
ATCCACCTCTCAOCTT/UlTrJU^TTAACCCTGGCAGACAJttMbMWCAQCTCACAGAAGCAATTTCACflCTTG

Figure 2.1 Shown above is the targeted disruption o f  the mouse aA-crystallin gene. (Top) Normal cl4 locus. 
(Middle) Targeting vector. (Bottom) Disrupted cl4 locus. The sequence o f  an oligonucleotide inserted between 
the 5t 0(A sequences and PGK/neo containing multiple stop codons in all three reading frames and a 
polyadenylylation signal (enclosed in box) is shown beneath a diagram o f  the targeted allele. Depicted 
restriction sites include Ncol (N), B gll (B), EcoRl (E), A a tll (A), Xhol, and Xmnl. HSVtk, herpes simplex 
virus thymidine kinase. (Figure was taken directly from  Brady et al. 1997 to illustrate area o f  target fo r  the 
generation o f  the aA-crystallin knock-out transgenic mouse.

In order to determine the presence or absence of the aA-crystallin gene for experimental 

purposes, DNA obtained from the tail digestion underwent PCR reactions with aA-crystallin 

specific primers (see Table 2.2). PCR components (see Table 2.3) and parameters (see 

Table 2.4) are shown below. All PCR reactions were performed on the Robocycler Gradient 

96 (Stratagene, US).
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PCR Component Volume of PCR Components (pL)
10X Taq Buffer 2.00
25mM MgC12 1.21
2.5mM dNTP 1.60
lOOpM aA-Crystallin Forward Prim er* 0.20
lOOpM aA-Crvstallin Reverse Prim er* 0.20
Nuclease-Free H20 12.80
Taq Polymerase 0.10
Sample DNA* 2.00

Table 2.3 PCR components and volumes used fo r  each individual DNA sample from mice tails. Depending 
on the number o f  reactions (including controls), a stock solution was made with the above components 
(except fo r  *) and then 17.6pL o f  stock solution was added to individual Eppendorf tubes incubating on ice. 
*Denotes individual volumes added to the final stock solution. For control samples 2.00p i o f  nuclease-free 
H?0 was added instead o f  the DNA sample. Parameters o f  reactions can be seen in Table 2.3 below. aA- 
crystallin prim er sequences can be found in Table 2.1. A ll components were purchased from  (Invitrogen, 
US).

PCR Step Tem perature Time Cycle Number
Initial Denaturation 95°C 3 min 1
Denaturation 95°C 1 min 27
Annealing 61°C 1 min 30 sec
Extension 72°C 1 min 30 sec
Final Extension 73°C 5 min 1
Soak 6°C Indef. 1

Table 2.4 Long-Range PCR Parameters fo r  amplified DNA samples fo r  the aA-crystallin gene. A ll reactions 
were performed on the Stratagene Robocycler Gradient 96. Each DNA sample was extracted from  mice tails 
and undenvent long-range PCR to determine the absence or presence o f  the aA-crystallin gene.

A stock solution was made of all PCR components except for the forward and reverse 

primers, as well as the individual DNA sample (see Table 2.3). After the PCR reaction 

components were complete, all samples were topped with mineral oil prior to undergoing 

PCR to avoid any evaporation during the PCR reaction. Once samples were finished 

undergoing PCR, lOpl of sample and lOpL of nuclease-free H20 were added to pre-made 2% 

E-gels (Invitrogen, USA) and ran for 15 minutes. Bands were visualized with Ultra Lum UV 

Transilluminator (Dual Wave, USA) and photographed with Photodocumentation 

Camera/Hood, FB-PDC-34 (Fisher Biotech, USA). The expected band, corresponding to the 

aA-crystallin gene, was present at 53 lbp.
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2.3.4 Experimental Blue Light Apparatus

Pigmented (129Sv, and aA-crystallin knock-out), and non-pigmented (BALB/cBYJ albino) 

mice were exposed to blue light (400-480nm) at energy levels that do not produce immediate 

tissue response for periods of 24 - 168 hrs (1 -  7 days) to assess the location and degree of 

retinal damage (Seiler et al., 2000, Davies et al., 2001, Ham et al., 1980, Farrer et al., 1970).

The blue light apparatus caging consisted of 6 mounted, stainless steel fluorescent light 

holders bolted together, creating an enclosed box open at both ends. Each stainless steel 

mount held 2, 48” fluorescent bulbs (Philips Natural Sunshine, 40 watts; T12, Philips 

Lighting Company, Somerset, NJ, USA), therefore there were 4 on top, 2 on both sides and 4 

on the bottom for a total of 12 lights (see Figure 2.2A). The radiant exposure produced by 

the 12 Phillips fluorescent tubes was filtered by blue gel filter material (Lee #197 Zenith 

Blue) that was wrapped around the caging inside the boxed fluorescent tubes (see Figure

Fifture 2.2: Shown in ‘A * is the blue light apparatus caging consisting o f  6 mounted, stainless steel 
fluorescent light holders bolted together, creating an enclosed box open at both ends. A t one end o f  the 
apparatus is a fan  and the other end is opened fo r  un-interrupted airflow. Shown in the fa r  right is an air- 
conditioner run during exposure to maintain acceptable temperature levels. Shown in *B’ is the apparatus 
with LEE Filter #197 Zenith Blue. 5
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This arrangement resulted in a net spectral exposure which was a close approximation of the 

Blue Light Hazard Function (BLHF) (see Figure 2.3), but which includes a small long 

wavelength window which has been seen typically in other experiments and is not considered 

to be significant to the photic damage outcomes (Seiler et al., 2000).

Philips Natural Sun Fluorescent  Lights with Lee #197 Zenith 
03 Blue Filter Overlapping with the Blue Light Hazard Function

0.25

CM 0.2
E

O 0.15
c
to
S
(0
t  0.1

0.05

0
0 100 200

Figure 2.3 Spectral range o f  light exposed to animals in the blue light apparatus. As shown, Philips Natural 
Sun Bulbs overlayed with HI 97 Zenith Blue Filter (Lee Filters, USA) creates a range o f light in the BLHF 
(shown as blue diamonds). Visible light has a spectral range o f  400-750 nm, however the high-energy 
(short-wavelength) part o f  the spectrum responsible fo r  blue light hazard function (excitation peak around 
440 nm) (Algvere et al., 2006) is reached with this experimental setup.

The apparatus held 6 individual stainless steel cages measuring 5”Hx6”Wxl 1”L (see Figures

2.4 C-F). Caging temperature was kept low by using fans and an air conditioner to circulate 

air through the whole apparatus and individual cages. Additionally maximum, minimum and 

current temperatures and humidities were monitored twice a day (Big Digit Hygro- 

Thermometer, Extech Instruments, USA). As constructed, this apparatus was nearly identical 

to that of Seiler et al , 2000 and produced an illumination level (600 lux bottom -  12001ux
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top) in the same range as that research group. Lux levels were measured at three points 

during the experiment (Day 1, 4 and 7) (Traceable Nist Calibrator, Fisher Scientific, USA).
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Figure 2.4: *C* and D ' show the side view and top view o f  the stainless steel cage respectively. Caging dimensions are 5 ”Hx6 "Wxll ”L and each individual 
cage holds up to 3 mice. *E illustrates two cages with food and water; to the right o f the cages is the maximum/minimum temperature and humidity monitor, 
which was checked twice a day. ‘F* shon>s the apparatus with all 6 stainless steel cages equipped with food and water without the top set o f  lights.



2.5.5 Blue Light Exposure Experimental Design (Please refer to flowchart below)

; 14 Control Mice (WT -  Pigmented) ^ 
j14 Non-Pigment Albino Mice (BALB/c£

14 Experimental Mice
.(Alpha A-Crystallin Knock-Outjt

m
Pre-Exposure

ERGn For assessment 
of visual function 

BEFORE light 
exposure

Visible Blue Light Exposure

Day 1*

Two mice for 
each strain

Post-Exposure
ERG

For assessment 
of visual function 

AFTER light 
exposure

2 for histo 2 for protein

This is an example of the 
process which will occur with 
all exposures; at immediate 

post- and 10 days POST- 
exposure, mice will undergo 

ERG to assess visual function 
& tissue will be harvested.

* D en o te s  d a y s  o f ex p o su re



When referring to the above mentioned flowchart, for each trial of individual mice, sixteen wild-type, aA-crystallin knock-out or BALB/cBYJ 

mice were exposed to blue light (400-480nm) for periods of 24 - 168 hrs (1 -  7 days). Fourteen o f those sixteen mice were exposed to blue light 

up to 7 days (2 mice for each day; one was examined after immediate exposure, the other mouse was returned to normal cyclic conditions (12hrs 

on/12hrs off) and examined at 10-days post-exposure); the remaining two mice were used as NO BLUE LIGHT controls (Individual numbers 

and usage of animals can be found in Table 2.5 and Table 2.6).

Day of  
Exposure

Number of Wild-Type Mice 
(Pigmented Controls 

(129Sv)/Non-Pigmented 
Controls (BALB/cByJ))

Number of aA-crystallin 
Knock-Out Mice 

(129Sv:CryA 1 )(Ex peri mental)

Total Number of  
Mice Exposed

Day 1 (24hrs) 2/2 2 6

Day 2 (48hrs) 2/2 2 6

Day 3 (72hrs) 2/2 2 6

Day 4 (96hrs) 2/2 2 6

Day 5 (120 hrs) 2/2 2 6

Day 6 (144hrs) 2/2 2 6

Day 7 (168hrs) 2/2 2 6

Total 14/14 14 42

Table 2.5: The table shown above illustrates the number o f  animals (both control (pigmented and non-pigmented) and experimental) that will be used fo r  exposure to 
visible light. As shown, a total o f  14 animals will be used  per experimental run o f  this experiment fo r  examination after immediate and 10 days post-exposure. An 
additional examination o f  the changes will be initially observed after immediate exposure (please see description below). Details o f  their significance can be seen in 
FLOWCHART 1.
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Experimental
Runs

Number of Wild-Type Mice 
(Pigmented Controls (129Sv)/Non- 
Pigmented Controls (BALB/cByJ))

Number of aA-crystallin 
Knock-Out Mice 

(129Sv:CryAl )(Experimental)

Total Number of  
Mice Exposed

1¥ 16/16 16 48

2* 16/16 16 48

3¥ 16/16 16 48

4** 16/16 16 48

Total 64/64 64 192

Table 2.6: The table shown above illustrates the number o f  animals (both control and experimental) that will be used fo r  each experimental run fo r  exposure to 
visible ligh t.As shown, a total o f  16 animals will be used per experimental run o f  this experiment per strain (¥) (When referring to Table 2.5, only 14 are exposed; the 
additional 2 mice will serve as NO-LIGHT pigmented/or non-pigmented controls). Details o f  the animals significance can be seen in the EXPERIMENTAL 
FLOWCHART.

Mice were weighed at three points during the experiment; before exposure, immediately after exposure and at their 10-day post designated 

exposure time. Before exposure, mice were dark-adapted for 12-16 hours in a standard cage supplied with food and water and then underwent a 

pre-ERG  initial assessment of visual function (see Section 2.4.1). During ERG recordings, mice pupils were dilated once with 1% atropine 

sulfate, which kept the pupils fully open for maximum exposure for 7 days. Animals were not sedated with standard anesthesia for blue light 

exposure experiments. This treatment does not comply with the Guide For the Care and Use of Laboratory Animals (NRC 1996) for light period, 

but then this is the purpose of the study, namely to produce the well known effect of retinal degeneration due to constant light.
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Previous studies have examined continuous blue light exposure up to freely moving, 

unsedated animals (Noell et al., 1966, Rapp and Williams, 1979, Seiler et al., 2000). For 

these experiments, animals were closely monitored twice a day for any behavioral evidence 

of pain and distress (see Figure 2.5 G-H). If any pain or distress was noted, sedation would 

be administered. At no point during trials of this experiment was any pain or distress noted.

Figure 2.5: ‘G ’ and 7 / ’ show the blue light apparatus with the mice being exposed. As shown in both 
figures, mice are free to roam and are constantly surrounded and being exposed to blue light.

Photophobia can be encountered in typical bright, full-spectrum light; but with the blue light 

restriction, there was a natural dimming of the perceived brightness which lowered the 

chance of photophobia in the animals. After light exposure, some animals were euthanized 

immediately and tissue was harvested (see Section 2.5.1). Mice not euthanized immediately 

were returned to normally cyclic conditions (12hrs on/12 hrs off) and post-ERG analysis and 

subsequent euthanasia occurred at 10 days post-exposure.

function. ERGs were performed prior to light exposure, immediately after designated 

exposure ( 1 - 7  days) and at 10-days post-exposure, right before euthanasia and tissue

2.4 Retinal Function Analysi
Continuous Blue Light

2.4.1 Electroretinography

This procedure was used to evaluate the impact of the aA-crystallin knockout on retinal
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harvesting (see Section 2.5.1). Full-field ERGs were recorded under dark-adapted conditions 

from both eyes of all blue light exposed mice (21 129Sv, 21 129Sv:CRYAl, and 8 

BALB/cBYJ). Additionally, ERGs were also performed on 3 129Sv, 3 129Sv:CRYAl, and 2 

BALB/cBYJ control mice not exposed to the blue light.

Prior to ERG recordings, animals were administered 1 drop of 1% atropine ophthalmic 

solution in both eyes to maintain full pupil dilation for ERG recordings and designated blue 

light exposure time. After administration o f the 1% atropine, mice were dark adapted 

overnight in a light-sealed ventilated room and provided with food and water.

After dark adaptation, under dim red light illumination, animals were weighed and then 

sedated with 150 mg/kg ketamine (IP) and 10 mg/kg xylazine (IP) for the duration of 

recordings (approx. 1.5 hour), to minimize discomfort from application of electrodes on their 

cornea, eyelid and skin and to prevent movements during the recordings. A small contact 

electrode was applied to the corneas of the sedated mice with a drop of water in it to serve as 

the active recording electrode. Both the reference and grounding channel for both eyes were 

applied via the single platinum wire electrode upon which the upper palate of the mouth was 

rested. A Ganzfeld dome surrounded the animal and ERGs were elicited with 10 ps-flashes 

of white light (112 lux) presented at intervals o f 5s. Five consecutive responses were 

amplified and averaged using a 1902 signal conditioner/1401 laboratory interface. DOS 

based ERG software analyzed recordings from the light damaged mice as cornea negative 

(“a-wave) and cornea negative to cornea-positive (“b-wave”) amplitudes for comparison with 

responses from the no light control mice. The a-wave amplitude was measured from the 

baseline to the peak of the a-wave response and the b-wave amplitude was measured from the 

trough of the a-wave to the peak of the b-wave {please refer to Figure 2.6).
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Figure 2.6 Shown above is a representative ERG depicting the principle measurement points 
(amplitude and latency) o f  the a- and b-waves. The ‘x  ’v ’ represent measurement o f  the best f it  
curve. The amplitudes o f the a- and b-wave were measuredfrom the baseline to the negative 
trough o f  the a-wave (a), and from the trough o f  the a-wave to the following peak o f  the b-wave 
(a '). Latencies o f  the a- and b-waves were measuredfrom flash onset to the trough o f the a-wave 
(t) and the time (t*) from flash onset to the peak o f  the b-wave. In the example shown above, the 
amplitude o f  the a-wave was -249p V a t a latency o f  12mS; the b-wave amplitude was 373pV at a 
latency o f  63mS.

After the pre-ERG recordings mice were either returned to normal cyclic conditions (12hrs 

on/12 hrs off) until their designated exposure, or placed into the blue light exposure 

apparatus. Immediate ERGs were performed directly after mice underwent their designated 

exposure to blue light (with 1 hour of dark-adaptation) and were then returned to normal 

cyclic conditions until the 10 day post-exposure ERG analysis. TW-ERG analysis and 

subsequent euthanasia occurred with an overdose of ketamine/xylazine with secondary 

cervical dislocation. Tissue harvest was performed (see Section 2.5.1) for future histology 

(see Section 2.6.2) and protein analysis (see Section 2.5).

2.5 Protein Analysis o f Mice
Light
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2.5.1 Tissue Harvest

In order to examine retinal morphology and retinal protein expression, tissue was harvested 

from experimental and control mice with two different methods (for all trials and all mouse 

types, the right eye was used fo r retinal isolation and the left eye was used fo r histological 

analysis). For protein analysis, immediately after euthanasia one eye (right eye) was 

removed with surgical forceps and placed in IX PBS on ice. Under a tungsten Stereomaster 

dissection microscope (Fisher Scientific, USA), all surrounding extraocular muscles, hair and 

connective tissue were removed, leaving a solid, clean globe. A circumferential incision was 

made at the corneal limbus and the anterior segment was gently removed and discarded. 

Since the murine lens occupies about 75% of the intraocular space (Zinn and Mockel-Pohl, 

1973; Marshall et a l, 1982), extreme care was used to remove the lens so there was no 

disruption of the anterior/posterior lens capsule, resulting in lysis of lens fiber cells and 

possible false detection of the a-crystallins in the RPE and/or neural retina. After careful 

dissection, the retina was gently removed from the underlying RPE and choroid and 

immediately placed in RIPA Lysis Buffer (0.5M Tris-HCl, pH 7.4, 1.5M NaCl, 2.5% 

deoxycholic acid, 10% NP-40, lOmM EDTA) (Upstate, USA) with additive protease 

inhibitor cocktail (Sigma, US) (see Section 2.5.2)

2.5.2 Retinal Protein Isolation

Retinae from exposed and non-exposed mice from all strain were isolated carefully under a 

dissection microscope. To isolate proteins, RIPA Lysis Buffer (0.5M Tris-HCl, pH 7.4, 1.5M 

NaCl, 2.5% deoxycholic acid, 10% NP-40, lOmM EDTA) (Upstate, USA) with additive 

protease inhibitor cocktail (Sigma, UK) was used. Briefly, 1 retina/animal was incubated on 

ice with 500pL of RIPA Lysis Buffer and protease inhibitor cocktail (1ml of cocktail solution 

for every 100ml of lysis buffer). After 45 minutes of incubation, the tissue was homogenized 

breaking up cells and releasing proteins. Cells were centrifuged at 12000g for 30 minutes at
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4°C. After centrifugation, the supernatant was transferred to fresh Eppendorf tubes and stored

at -20°C for future use. The protein content was measured by the bicinchoninic acid (BCA)

protein assay (Pierce, Rockford, IL, USA) ( see Section 2.2.4).

2.5.3 Sodium Dodecyl Sulphate -  Polyacrylamide Gel 
Electrophoresis (SDS-PAGE)

SDS-PAGE is an electrophoretic technique which separates proteins into their individual 

polypeptides according to their molecular weights (MW). SDS, an anionic detergent, disrupts 

hydrogen bonds, blocks hydrophobic interactions, and partially unfolds the protein 

molecules, minimizing differences in molecular form by eliminating the tertiary and 

secondary structures.

Denatured proteins (lOpg), mixed with an equal volume o f 2X Laemmli Sample Buffer (Bio- 

Rad Laboratories, UK), were incubated at 95°C - 100°C for 1-2 min and then separated under 

reducing conditions by electrophoresis with a 5% SDS-PAGE stacking gel and a 10% SDS- 

PAGE or 8% SDS-PAGE resolving gel depending on the protein of interest (see Table 2.7). 

Two different layers of acrylamide are necessary for proper separation of protein samples. 

The stacking gel composition compresses the protein samples into thin bands for better 

resolution while migrating through the resolving gel, which actually separates the 

polypeptides by their size. Samples (lOpg of protein), representing equal loading, and 

Precision Plus Protein Standard (Bio-Rad Laboratories, US) (5pl) were added to the 

polyacrylamide gel submerged in a IX Tris/Glycine/SDS Running Buffer (Bio-Rad 

Laboratories, US) and samples were run with a 4W electric current until the standard dye 

approached the bottom of the gel (approximately lhr). The applied electric current causes the 

negatively charged proteins to migrate across the gel, resulting in smaller proteins migrating 

the farthest.
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Following electrophoresis, the gel was either stained with Coomassie Brilliant Blue (see

2.5.4) allowing visualization of the separated proteins, or used for Western immunoblotting

with protein specific antibodies (see 2.5.5).

SDS-PAGE Components 10% Resolving Gel 
Composition (pi)

8% Resolving 
Gel Composition 

(HD

5% 
Stacking Gel 

Composition (pi)
Distilled H20 5800 6800 2100

30% AcrvIamideiBis Mix 5000 4000 500
1.5M Tris/HCl (pH 8.8) 9400 9400 —

1.0M Tris/HCl (pH 6.8) - - 380
10% SDS 250 250 30
10% APS 625 625 30
TEMED 6.25 6.25 3

Table 2.7 Composition and Volume o f  10% or 5% Resolving and 5% Stacking SDS-PAGE: 30% 
Acrylamide:Bis Mix (Bio-Rad Laboratories, US), TEMED (Sigma, US). For protein analyis o f  aA-, aB- 
crystallins and actin, 10% resolving gel was used. For protein analysis o f  Hsp70 and NF-kB, 8% resolving 
gel was used. A ll protein analysis utilized the 5% stacking gel.

2.5.4 Coomassie Brilliant Blue Staining

Coomassie Brilliant Blue staining binds nonspecifically to virtually all proteins and is the 

most commonly used stain in protein visualization post-electrophoresis (Deutscher, 1990). 

After electrophoresis, the SDS-PAGE gel was soaked in ~15ml of Coomassie Brilliant Blue 

R-250 Staining Solution (Bio-Rad Laboratories, US) for 30 minutes at room temperature with 

mild agitation. After 30 minutes, the Coomassie stain was removed and the gel was washed 

3-4X with distilled water and destained overnight with distilled water. Any dye that is not 

bound to protein diffuses out of the gel during the destaining steps. Protein bands were 

visualized and photographed using an EPSON Expression 1680 Pro Scanner.

2.5.5 Western Blotting

Immunoblotting, or Western Blotting, is a widely-used and powerful technique for the 

detection and identification of proteins using antibodies (Burnette, 1981). The process 

involves the separation of proteins by SDS-PAGE, followed by the transfer of the separated 

proteins from the gel onto a nitrocellulose membrane. The membrane binds and immobilizes
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the proteins in the same pattern as in the original gel. The membrane is blocked and then

exposed to a solution containing antibodies that recognize and bind to the specific protein of

interest. The antibodies bound to the membrane are detected by any of a variety of

techniques, usually involving treatment with a secondary antibody coupled with horseradish

peroxidase (HRP) (see Section 2.5.6).

Denatured proteins (5fig) were separated under reducing conditions by electrophoresis with a 

5% SDS-PAGE stacking gel and a 10% or 8% SDS-PAGE resolving gel (see Table 2.7). 

Proteins were then transferred from the gel to a nitrocellulose membrane (Amersham- 

Biosciences, US) in IX Tris/CAPS Transfer Buffer (Bio-Rad Laboratories, US) at 16V 

overnight (approximately 16hrs). To assure complete transfer, the nitrocellulose membrane 

was stained briefly with Ponceau S Staining Buffer (Sigma, US) to visualize bands and then 

destained with distilled water.

Nonspecific binding sites on the nitrocellulose membrane were blocked for 30 minutes at 

room temperature with Blocking Buffer with Tween-20 (PBST) (IX  PBS, 50mM NaF 

(Sigma, UK), 5% Milk Powder (Sigma, UK) and 0.05% Tween-20 (Sigma, UK)). Membrane 

was then incubated overnight at 4°C with primary antibodies of interest (see Table 2.8).

Prim ary Antibody Catalog Num ber Dilution Used
aA-crystallin (G-20) sc -  22743 1:50
aB-crystallin (K-20) sc -  22744 1:100
NF-kB p65 (F-6) sc -  372 1:250
Actin (1-19) s c -  1616 1:200

Table 2.8 Primary antibodies used in Western Blotting o f  mouse retinas. A ll antibodies were purchased from  
Santa Cruz Biotechnology (California, US). Visualization o f  protein bands were performed with subsequent 
binding with secondary antibodies (please refer to Table 2.8 below).

After overnight incubation, membrane was washed 5X for 5 minutes each with PBST and 

then incubated with secondary antibodies conjugated with horseradish peroxidase (Santa 

Cruz Biotechnology, US) (see Table 2.8) for 2 hrs at room temperature. Membrane was
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washed 3X with PBST and then 2X with PBST without the 5% milk powder.

Immunoreactive bands were visualized with enhanced chemiluminescence (see Section 

2.5.6) detection.

Secondary Antibody Catalog N um ber Dilution Primary Antibody
Anti-Goat IgG HRP sc -  2020 1:2000 Actin
Anti-Rabbit IgG HRP sc -  2040 1:2000 aA-, aB-crystallin, NF-kB
Table 2.9 Secondary antibodies used in Western Blotting o f  mouse retinas. All antibodies were purchased 

from  Santa Cruz Biotechnology (California, US).

2.5.6 Enhanced Chemiluminescence (ECL) Detection

Enhanced chemiluminescence (ECL) detection was performed according to the 

manufacturer’s protocol (Amersham-Biosciences, US). Briefly, after the membrane was 

washed with PBST without milk powder, equal volumes of Detection Solution 1 and 

Detection Solution 2 were mixed and incubated with the membrane for 1 min at room 

temperature. Excess buffer was drained from the membranes and then membrane was placed 

protein side up on Sarah Wrap™ in an X-ray film cassette (Amersham-Biosciences, US). 

Two sheets of Hyperfilm ECL were placed on top of the membrane and exposed for 15 

minutes. Films were developed manually in standard solutions (Sigma, US).

2.5.7 Analysis o f the Western Blotting Results

Exposed films were scanned using an imaging densitometer (Model GS-700 Imaging 

Densitometer, Bio-Rad Laboratories, USA). Images were then imported into Multi-Analyst 

Imaging Software (Version 1.0.1 PPC, Bio-Rad Laboratories, 1997) for densitometry 

analysis. Optical density values were obtained and imported into Microsoft® Excel and 

normalized to actin densitometry readings. Comparison to actin was done to ensure that any 

differences noted were true differences in expression, rather than varying quantities of 

proteins during each exposure day. Mean normalized band intensity and standard error of the 

mean were calculated for aA-crystallin, aB-crystallin, and NF-kB for each exposure day,
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immediate and after a 10 day recovery to blue light. Statistical analysis identified any 

significant changes in expression (one-way ANOVA with Tukey’s post-hoc test)

2.6 Retinal Morphology Analysis of Mice Exposed to 
Continuous Blue Light

2.6.1 Tissue Harvest

The remaining eye {left eye) was used for histological evaluation of retina morphology. After 

the first eye was removed, the mouse was perfused with 1XPBS with subsequent fixation 

with 2.5% Paraformaldehyde/Glutaraldehyde mixture in 0.1 M Sodium Cacodylate Buffer, pH

7.4 (Electron Microscopy Services, Hatifield, PA, USA) under a fume hood (Labconco, 

Kansas City, Missouri, USA). After successful perfusion/fixation, surrounding extraocular 

tissue was removed and the optic nerve was severed as close to the optic chiasm as possible. 

The fixated eye was carefully removed from the orbit, surrounding extraocular muscles and 

connective tissue was removed and the eye was placed in 2.5% 

Paraformaldehyde/Glutaraldehyde mixture at 4°C overnight. After 24hrs of incubation in the 

mixture, fixated eyes were washed 3 times with 1XPBS for 30 minutes and then stored for 

future dehydration and subsequent sectioning. All tissues were dehydrated and sectioned 

with the assistance of the Kimmel Cancer Center’s Core Pathology/Research Facility at 

Thomas Jefferson University (Philadelphia, PA).

2.6.2 Dehydration and Sectioning o f  Tissue

Whole eyes were removed from 1XPBS and dehydrated in graded alcohols from 70% 

through 100% ethanol (70% for lhr, 90% for 5 hours and 100% for 3hrs). Tissues were then 

cleared in xylene, and infiltrated with paraffin. After this process, tissues were embedded 

into paraffin blocks and sectioned at 4pm onto positively-charged slides.
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Tissue slides were then deparaffinized in xylene and rehydrated in graded alcohols from 

100% through 70% ETOH, and rinsed in tap water. Next, slides were stained in hematoxylin 

for 4 minutes; differentiated in acid alcohol, and rinsed in tap water. Slides were further 

differentiated in bluing solution, rinsed in tap water and placed in 95% ETOH. Slides were 

next stained in eosin for 1 minute, and dehydrated from 95% to 100% ETOH. After complete 

dehydration, tissues were cleared in xylene and coverslipped, prior to viewing under a light 

microscope. Photographs of the histological sections were captured and morphometric 

analysis measurements was performed (see Section 2.6.3)

2.6.3 Retinal Morphometries

After histological sections were captured, they were imported into Adobe® Photoshop® CS2 

Version 9.0.2. During all trials of mice (both pigmented and non-pigmented), histological 

changes occurred in the posterior pole, in particular around the optic nerve. All eyes were 

sectioned at the level of the optic nerve, and the area o f measurement occurred 0.10mm to 

0.25mm superior and inferior to the optic nerve.

Using the measuring tool from Adobe® Photoshop®, whole retinal thickness, outer and inner 

nuclear layer thickness was measured at 20X. Whole retinal thickness was defined from the 

basal portion of the RPE to the ganglion cell layer. Thickness of the photoreceptor segments 

occurred at 40X and was defined from the apical portion o f the RPE to the external limiting 

membrane.

For each animal, at each exposure time, a minimum of 4 sections were analyzed per eye. In 

each section, six measurements were made and then all values were averaged together. Mean 

thickness values and standard error of the mean were calculated and statistical analysis
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identified any significant changes in thickness compared to the control expression (one-way 

ANOVA with Dunnetf s post-hoc test)

2.7 Statistical Analysis

Statistical analyses were performed using GraphPad Prism M (GraphPad Software, La Jolla, 

USA) and SAS Proc GLM procedure (SAS version 9.1, SAS Institute, Cary, NC). Different 

statistical strategies of multiple comparisons were used to test the differences among 

experimental groups. Specifically, multiple comparisons were performed on MTT data, 

retinal morphometries with Tukey tests. All other data were analyzed using Dunnetf s tests. 

For all samples, mean and standard error of the mean were calculated. Means were then 

analyzed using a one-way ANOVA with post-hoc tests of Dunnetf s (comparing experimental 

samples to the control) or Tukey’s (comparing samples to each other). Accepted level of 

significance for all tests was p<0.05.
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3.1 Chapter Introduction

Based on the anatomical location and function of the RPE, it is no stranger to a highly 

oxidative environment (Beatty et al., 2000; Cai et al., 2000; Winkler et al., 1999). Oxidative 

stress refers to cumulative oxidative injury at the molecular and cellular level caused by 

reactive oxygen species (ROS) including free radicals, hydrogen peroxide, hydroxyl radicals, 

and superoxide anion (Halliwell and Cross, 1994; Cai et al., 2000). Oxidative metabolism, 

the reduction of oxygen to water in the mitochondria to produce ATP, results in production of 

superoxide radicals that generate these ROS which can lead to mitochondrial damage and 

leakage into the cytosol to damage other organelles (Ames et al., 1995; Lu et al., 2006).

The RPE has developed a number of antioxidant defense mechanisms to combat this 

constantly ‘stressed’ environment (Li et al., 2002) however with time, these defenses can 

become compromised leading to dysfunction o f the RPE and ultimately irreversible blindness 

(Winkler et a l, 1999). Due to the post-mitotic nature of the RPE and its highly stressed 

environment, it was essential to investigate any prospective protective factors which may 

contribute to the sustainability and efficiency of these versatile cells. As discussed in 

C hap ter 1, the a-crystallins (aA- and aB-) are members of the small heat shock protein 

family and are considered molecular chaperones. This association of a-crystallins to act as 

molecular chaperones without the consumption of ATP and their sHSP association makes 

them an efficient defense mechanism against the many cellular compromises associated with 

aging and environmental stressors (Wong and Lin 1989; Horwitz 1992; Sax and Piatigorsky 

1994). Additionally, their stabilized presence in cells with minimal mitotic activity further 

supports their longevity throughout the lifetime o f the organism (Piatigorsky 1989; Iwaki et 

al., 1990; Sax and Piatigorsky 1994; Horwitz 2000).
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The presence and expression of these a-crystallins in the RPE are exceptionally important,

since sHSP, like aA - and aB-, are shown to enable the adaptation of cells to gradual, chronic

changes in their surrounding environment, often being able to survive lethal conditions.

Therefore it was essential to determine the presence of a-crystallins in the RPE and neural

retina and monitor any change of expression when encountering environmental stressors. A

number o f studies have examined the presence and induction of sHSP expression in the RPE

and neural retina in response to oxidative agents (Wong and Lin 1989; Kerendian et a l,

1992; Wakakura and Foulds 1993; Strunnikova et al., 2001; Alge et a l, 2002).

In this study, the oxidative agents chosen to examine stress of the RPE were hydrogen 

peroxide (H2O2) and /er/-butylhydroperoxide (/-BOOH). H2O2, a well-known in vivo by­

product of routine cellular metabolism, has been shown to cause significant mitochondrial 

and genomic DNA damage in the RPE (Ballinger et a l, 1999; Liang and Godley, 2003; Lu et 

a l, 2006). In some cases, high concentrations of H2O2 have also been shown to cause 

apoptosis and necrosis in the RPE (Kim et a l, 2003). /-BOOH is a well-known oxidant used 

to study the effects of lipid peroxidation in the RPE and has been shown to result in a wide 

variety of oxidative damage to DNA, lipids, mitochondrial membranes and proteins (Cai et 

a l, 1999; Honda et a l, 2004; Jiang et a l, 2005; Miceli and Jazwinski 2005). Numerous 

studies support the use of these oxidative inducing stressors in the RPE, thus making them 

suitable for our study (Ballinger et a l, 1999; Cai et a l, 1999; Liang and Godley, 2003;

Honda et a l, 2004; Jiang et a l, 2005; Miceli and Jazwinski 2005; Lu et a l, 2006).

This chapter will provide an overview of the in-vitro a-crystallin expression in human RPE 

and retina, and highlight the growth characteristics between human RPE and mouse RPE,
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including cells from aA-crystallin knock-out mice. Additionally, it will examine the 

mitochondrial viability in all cell types after 24hrs of oxidative stress.

3.2 Chapter Aims

For this in-vitro study, we will examine four different RPE cell types: primary human RPE,

the well established ARPE-19 cell line, wild-type (WT) RPE, and aA-crystallin knock-out

(K/O) RPE. Initial studies will examine the in-vitro growth characteristics of all cell types,

and expression of the a-crystallins will be examined at a gene and protein level in human

RPE and retina. Once cell lines have been established, all RPE cells will be exposed to H2O2

and /-BOOH for 24hrs to assess mitochondrial viability under stressed conditions. This will

be accomplished by the following aims:

3.2a.) Examine in-vitro growth characteristics o f primary human RPE cells, the 
ARPE-19, wild-type RPE, and aA-crystallin knock-out RPE and highlight any 
notable differences between the species

3.2b.) Examine the presence of the a-crystallins in human RPE and neural retina

3.2c.) Expose all cell types to the oxidative stressors, H2O2 and /-BOOH for 24hrs 
and determine mitochondrial viability

3.3 Experimental Design (Detailed descriptions o f  the methods can be found  
in Chapter 2.0)

Human RPE cells were isolated from human donor eyes (Bristol Eye Bank or the National 

Disease Research Interchange (NDRI, Philadelphia, PA) within 48 hours of post-mortem.

The ARPE-19 cell line was purchased from American Type Culture Collection, Rockville, 

MD (CRL-2302). The technique for isolation of RPE cells from mice (both WT and K/O), 

was taught by Dr. Daniel Gibbs at the University of California at San Diego School of 

Medicine.
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In brief, once all cells had been isolated, their growth characteristics were documented and 

compared. Additionally, for both the primary human RPE and the ARPE-19, RNA and 

proteins were extracted for the presence of the a-crystallin gene and protein, respectively.

Once cell lines were maintained, oxidative stressors were added for 24hrs and then 

mitochondrial cell viability was assessed by the MTT assay. Since the RPE is exposed to 

constant oxidative stressors either via reactive oxygen species or oxidation of the 

polyunsaturated fatty acids (PUFAs), two physiological oxidative agents, hydrogen peroxide 

(H2O2) and /er/-butylhydroperoxide (/-BOOH) were chosen. These choices were due to their 

ability to induce direct oxidative stress (H2O2) or by the oxidative stress induced by the 

peroxidation of lipids (/-BOOH).
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3.4 Chapter Results

3.4.1 G row th Characteristics o f  H um an Primary RPE Cells

Cells were initially isolated into 3 wells of a 6 -welled plate. Isolated cells began to attach to 

the surface of the sterile wells within 2 to 4 days post-isolation. At initial stages, the cells 

were highly pigmented with a clear, central nuclear region and exhibited a rounded, flat 

structure (Figure 3.4.1 A). Between 5-14 days, cells, which were non-dividing, retained their 

pigmentation (Figure 3.4.1 B), while cells, which underwent cell division, became 

depigmented (Figure 3.4.1C). The cells formed a confluent depigmented culture within 21 

days, leaving just a few pigmented cells interspersed (Figure 3.4.1 D). Cells were used at 

early passages (P1-P6) due to the pigmentary changes which occur in vitro.

3.4.2 G row th Characteristics o f  A R PE -19 Cells

The ARPE-19 cell line is a spontaneously arising human cell line purified by selective 

trypsinization of primary RPE cell culture. Growth characteristics include defined cell 

borders, a flattened, cobblestone appearance and dome formation, which confirms their 

ability to pump ions in vitro (Figure 3.4.2).

Fin ure 3.4.2 Typical Growth Characteristics o f  the ARPE-19 Cell Line. Cells were purchased from A TCC, 
maintained in growth medium (Passage 5), and exhibited a confluent, monolayer culture (Bar = 100pm).
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3.4.3 Growth Characteristics of Primary Wild-Type RPE and aA- 
crystallin Knock-Out RPE

When examining gross growth characteristics between the wild-type and aA-crystallin 

knock-out RPE, there are strikingly identical components of attachment, growth and length of 

confluencey (see Figures 3.4.3 and 3.4.4). Additionally, both cell lines share similar 

characteristics to primary human RPE cell growth (see Section 3.4.1).

Cells were initially isolated into 3 wells of a 24-welled plate. Upon immediate isolation, 

some cells remained attached, exhibiting monolayer patches of hexagonally shaped RPE 

cells. Isolated and grouped cells began to attach to the surface of the sterile wells within 2  to 

4 days post-isolation. At initial stages, the cells were highly pigmented with a clear, central 

nuclear region and exhibited a rounded, flat structure (Figures 3.4.3A and 3.4.4A). Between 

5-14 days, cells which were non-dividing, retained their pigmentation, while cells which 

underwent cell division, became depigmented (Figure 3.4.3B and C, Figure 3.4.4B and C). 

Similar to their human counterparts, mice RPE loss their pigmentation as cells continued to 

undergo cell division. The cells formed a confluent depigmented culture within 20 days, 

leaving just a few pigmented cells interspersed (Figures 3.4.3D and 3.4.4D). Cells were used 

at P0 or at very early passages (P1-P2) due to the pigmentary changes which occur in vitro 

and poor cell growth with increasing passages.
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3.4.4 Cytokeratin  Staining o f  Isolated Human Primary RPE Cells, 
the A R PE -19, Primary W ild -T ype M ice RPE, and Primary aA -  
Crystallin K nock-O ut M ice RPE

Isolated primary human RPE cells (Figure 3.4.5A), ARPE-19 cells (Figure 3.4.5B), wild- 

type primary mice RPE (Figure 3.4.5C) and aA-crystallin knock-out primary mice RPE 

(Figure 3.4.5D) stained positive for the epithelial cell marker, cytokeratin, confirming their 

identity in epithelial origin. Nuclei of the RPE stained with Hoechst fluoresced blue, while 

the cytokeratin (distributed in the cytoplasm and staining the cytoskeletal elements of the 

RPE cells) fluoresced green. Isolated cells that stained positive were used for future 

experiments, while negative staining cells possibly infiltrated with fibroblasts or melanocytes, 

were discarded.

D

Figure 3.4.5 Positive Cytokeratin Staining of Isolated Primary RPE Cells 
(Human and Mouse) and the ARPE-19 Cell Line: A) Isolated primary 
human RPE at PI; B) ARPE-19 cell line at P7; C) Magnified view of 
wild-type RPE at PI; and D) Magnified view of aA-crystallin knock-out 
RPE at PI (Bar = 100pm)
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3.4.5 Confirm ation o f RNA Integrity

Figure 3.4.6 shows a representative formaldehyde-denaturing gel revealing the confirmation 

of RNA integrity. RNA of good quality will reveal the 18S and 28S ribosomal RNA (rRNA) 

bands. If these bands are discrete, with no significant smearing and the 28S rRNA band is 

approximately twice as intense as the 1 8 S rRNA band, then the sample quality is good. 

Additionally, RNA concentration and purity was further assessed by A260/A280 absorption. 

Only intact and good quality RNA was used for future experiments.

1 2 3 4 5 6

^ 2 8 s  

► 18s

Einure 3.4.6 Representative 1.5% Formaldehyde/Agarose RNA Denaturing Gel o f  Intact RNA Extracted 
from  cultured Human RPE cells. Lanes 1: ARPE19, 2: Male, 62yrs, 3: Male, 78yrs, 4: Female, 83yrs, 5: 
Mate, 84yrs, and 6:Female, 93yrs (Each lane contains Ipg o f  RNA).

3.4.6 In-Vitro Gene Expression o f  the a-crystallins (aA- and aB-)
in Prim ary Human RPE and the A R P E -19  Cells

To examine the in-vitro gene expression of the a-crystallins in primary human RPE cultures 

and the ARPE-19 human cell line, RT-PCR was performed with a-crystallin specific primers 

(see C hapter 2). As shown in Figure 3.4.7, a PCR band at 452-bp indicates aB-crystallin 

mRNA is present in both primary RPE cells and the ARPE-19 cell line. Also shown in 

Figure 3.4.7 is the absence of aA-crystallin gene expression in both the ARPE-19 and 

primary human RPE. To adequately determine whether or not there is a definite lack of aA- 

crystallin mRNA expression in human RPE, the use of a positive control is necessary. The 

human lens epithelial cell line, SRA 01/04, a generous gift from Dr. Venkat Reddy, was used
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as a positive control. SRA 01/04 expresses aA-crystallin mRNA in both early and late cell 

passage numbers (Ibaraki et a i, 1998).

Figure 3.4. 7 In-Vitro aA- and aB-Crystallin mRNA Expression in Primary Human RPE and the ARPE-19 Cell Line. 
cDNA from RPE cells was amplified with aA- and aB-crystallin gene specific primers for 30 cycles at an annealing 
temperature o f  64'Cand 60'C, respectively, on a thermocycler (DNA Engine, DYAD, UK). The aB-crystallin bund 
corresponds to 452bp (PCR performed on the negative control, when reverse transcriptase was omitted, was negative) 
(data not shown). aA-crystallin mRNA expression was not detected in the ARPE19 and human RPE. An in-vitro positive 
control, celI line SRA 01/04, was utilized to assure that primers, cycle numbers and annealing temperatures were correct 
As shown a band at 492bp with the SRA 01/04 corresponds to aA-crystallin (2.0% Agarose gels stained with EtBr; M  =  
DNA standard lane (1Kb) is shown to the left o f each gel.

Additional troubleshooting for the lack of aA-crystallin expression included varying the 

annealing temperatures (see Figure 3.4.8) and cycle numbers (see Figure 3.4.9). As shown 

in Figure 3.4.8, the PCR reactions were repeated at varying annealing temperatures from 61- 

70°C, keeping the cycle numbers constant at 30. Only primer dimers, no bands, which would 

correspond to 492-bp were found when the reactions were analyzed on an agarose gel stained 

with EtBr. The next attempt was to keep an annealing temperature of 64°C, per Hawse et al., 

2003, and vary the cycle numbers to 20, 25 and 40. Again, only primer dimmers were 

detected; no bands corresponding to 492bp (see Figure 3.4.9). Additionally, when the 

reactions were performed with varying cycle numbers, aB-crystallin was also amplified as a

aB-crystallin: M

aA-crystallin:
M

5 0 0 b p

&̂
*SP M

5 0 0 b p
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positive control, assuring that the problem was not technique, machine malfunction, or kit 

degradation.

6 1 ° C  6 3 ° C  6 5 ° C  6 7 ° C  6 9 ° C  7 0 ° C
Figure 3.4.8 In-vitro aA-Crystallin mRNA Expression in Primary Human RPE and ARPE-19 at Different 
Annealing Temperatures (2 % agarose get stained with EtBr -  Gel ran at 80 Vfor 40 minutes). Lanes 1: DNA 
Ladder, I Kb. Lanes 2-7 correspond to ARPE-19, Primary RPE (M78)(P4), and (-)RT Control, respectively. Lanes 8- 
15 contain the same samples with omission o f  the (-) RT control. Lanes 2-4 at 61°C, lanes 5-7 at 63°C, lanes 8-9 at 
65°, lanes 10-11 at 67°C, lanes 12-13 at 69°C, lanes 14-15 at 70°C -  all reactions underwent 30 cycles) Blue arrow 
indicates SOObp.

Figure 3.4.9 In-vitro aA-Crystallin mRNA Expression in Primary RPE and ARPE-19 at Different Cycle Numbers (2% 
agarose gel stained with EtBr -  Gel ran at 80Vfor 40 minutes). Lanes I: DNA Ladder, 1Kb 2,6,10: ARPE-19, 3,7,11: 
Primary RPE (M78)(P4), 4,8,12: (-)RT Control 5,9,13: ARPE-19 -  with aB-crystallin Blue arrow indicates SOObp 
(Lanes 2-5 at 20 cycles, lanes 6-9 at 25 cycles and lanes 10-13 at 40 cycles -  all reactions had an annealing temperature 
o f 64°C -  red circles correspond to aB-crystallin at 452bp)

3.4.7 In-Vitro Protein Expression o f  the a-crystallins (aA - and 
aB-) in Prim ary Human RPE, the A R PE -19 Cells and Retina

Proteins were isolated either from cell culture flasks (25cm , Triple Red, UK) or from fresh 

tissue from human donor eyes. As shown in Figure 3.4.10, aB-crystallin expression was
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detected in all in-vitro RPE cultures, as well as in the retina. aA-crystallin was detected in 

fresh retina, but not in any of the in-vitro RPE cultures or in fresh RPE.
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Figure 3.4.10 In-vitro protein expression o f  the a-crystallins in fresh  human retina, fresh RPE and 
cultured RPE. Isolated proteins were separated under reducing conditions by SDS-PAGE, transferred 
to a nitrocellulose membrane and blocked with a-crystallin specific antibodies. As shown, aB is 
expressed in both RPE and retina (represented as a band at 23kDa), while aA-crystallin expression was 
not detected in the RPE but was found to be expressed in the retina (represented as a band at 20kDa).
A human lens isolated from a 16 year old male was used as a positive control.

3.4.8 M itochondrial Viability in Prim ary H um an RPE, ARPE-19  
and Prim ary Wild-Type RPE and aA -C rystallin  Knock-Out RPE  
Exposed to Hydrogen Peroxide (H 20 2) for 24hrs

Exposures o f all cell types to H2O2 for 24hrs were photodocumented and can be seen in 

Figures 3.4.11 and 3.4.12. As shown, there were no visible morphological changes 

associated with 100 and 200pM of H2O2 exposure for 24hrs. Cell viability was determined 

by dehydrogenase activity, which indicates the activity of mitochondria. Therefore cell 

survival was measured as the percentage of mitochondrial viability, the greater the 

mitochondrial activity, the greater the chances of cell survival.
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Figure 3.4.13 illustrates that all cell types exhibited statistically significant changes after 

24hrs of H2O2 exposure. The ARPE-19 exhibited the greatest cell survival at both 

concentrations; however a significant change was noted after 24hrs of 200pM of H2O2. RPE 

isolated from a 79yr old male revealed highly significant changes at both concentrations of 

H2O2 after 24hrs.

Primary WT-RPE and aA-crystallin K/O RPE also exhibited statistically significant 

decreased mitochondrial viability at both concentrations after 24hrs of exposure. However, 

out of all cell types, aA-crystallin K/O RPE appeared to be affected the greatest, with 38% 

and 37% viability at lOOpM and 200pM of H2O2, respectively.

In- Vitro Mitochondrial Viability o f  Human and 
Mouse RPE Exposed to Hydrogen Peroxide for

24hrs

120

. 100

OuM 100uM 200uM

C oncentrations o f  H ydrogen Peroxide (uM)

■  ARPE-19 □  Human RPE (M 79) ■  W T-RPE B  Alpha A-Crystallin K/O RPE

Figure 3.4.13 Mitochondrial viability in the ARPE-19, Primary Human RPE (M79), WT-RPE and aA-crystallin 
K/O RPE after 24hrs o f  Exposure to Hydrogen Peroxide. The x-axis corresponds to the concentration oj'H20 2 
used and the y-axis corresponds to the percentage o f  mitochondrial viability measured by the MTT assay. Data are 
expressed as mean ±S.D. and statistical significance was assessed with a one-way ANOVA followed by Dunnett’s 
multiple comparison test. A p <  0.05 was considered statistically significant compared to the control (* p<0.05, ** 
p<0.01, *** p<0.001). Experiment was performed a minimum o f  three times.
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200uMARPE-19 Control

Figure 3.4.11 Representative Photodocumentation o f  Primary; H um an RPE (M79) and the ARPE-19 after 24hrs o f  
Exposure to Hydrogen Peroxide (H2O f  Cells were washed with 1XPBS and then incubated with the oxidative 
stressor diluted in H am s F-10 media without supplemental FCS to achieve desired concentrations. Control cells 
were m ock treated with Ham s F-10 with no oxidative stressor or FCS (Scale bar = 200pm)
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Figure 3.4.12 Representative Photodocumentation o f  Primary Wild-Type RPE and aA-crystallin Knock-Out RPE  
after 24hrs o f  Exposure to Hydrogen Peroxide ( H f lJ .  Cells were washed with 1XPBS and then incubated with 
the oxidative stressor diluted in Hams F-10 media without supplemental FCS to achieve desired concentrations. 
Control cells were mock treated with Hams F-10 with no oxidative stressor or FCS (Scale bar = 200pm)
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3.4.9 Mitochondrial Viability in Primary Human RPE, ARPE-19 
and Primary Wild-Type RPE and aA-Crystallin Knock-Out RPE 
Exposed to terZ-butylhydroperoxide (/-BOOH) for 24hrs

Exposures of all cell types to /-BOOH for 24hrs were photodocumented and can be seen in 

Figures 3.4.14 and 3.4.15. No visible morphological changes associated with 100 and 

200pM of /-BOOH exposure for 24hrs were noted in human RPE, the ARPE-19 and WT- 

RPE. K/O RPE did exhibit visible changes at both concentrations. Exposure with lOOpM 

revealed a loss of cell to cell attachments and an increased concentration at 200pM resulted in 

a loss of the cobblestone appearance and cells took on a more rounded, swollen shape. 

Previous reports have found that oxidative stress induces phenotypic changes in cultured cells 

which may include dissociation from neighboring cells, a rounded appearance and an 

extension of cellular processes (Parrish et al., 1999; Bailey et al., 2004; Zareba et al., 2006). 

These phenotypic signs are evident in the K/O RPE at both concentrations.

Figure 3.4.16 reveals significant changes in mitochondrial viabilities of all cell types, with 

the K/O RPE showing the most significant decrease in viability with increasing 

concentrations.

91



Chapter 3: In-vitro examination o f mitochondrial viability in Wild-Type and aA-crystallin knock-out RPE
 ̂      ---------------------------

In- Vitro Mitochondrial Viability in Human and 
Mouse RPE Exposed to tert-butylhydroperoxide for

24hrs
120

OuM 100uM 200uM

Concentration o f t-BOOH (uM)

■  A RPE-19 B  Human RPE (M79) ■  WT-RPE B  Alpha A-Crystallin RPE

Figure 3.4.16 Mitochondrial viability in the ARPE-19, Primary Human RPE (M79), WT-RPE and aA-crystallin 
K/O RPE after 24hrs of Exposure to tert-butylhydroperoxide (t-BOOH). The x-axis corresponds to the 
concentration of t-BOOH used and the y-axis corresponds to the percentage o f mitochondrial viability measured 
by the MTT assay. Data are expressed as mean ±S.D. and statistical significance was assessed with a one-way 
ANOVA followed by Dunnett’s multiple comparison test. A p <  0.05 was considered statistically significant 
compared to the control (* p<0.05, ** p<0.01, *** p<0.001). Experiment h>os performed a minimum of three 
times.
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Figure 3.4.14 Representative Photodocum entation o f  Primary H um an RPE (M79) and  the AR P E -19 after 24hrs o f  
Exposure to tert-butylhydroperoxide (t-BOOH). Celts were washed with 1XP BS and then incubated with the  
oxidative stressor diluted in H am s F-10 media w ithout supplem ental FCS to achieve desired concentrations. 
Control cells were m ock treated with H am s F-10 with no oxidative stressor or FCS (Scale bar = 200pm )
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Figure 3.4.15 Representative Photodocumentation o f  Primary Wild-Type RPE and aA-crystallin Knock-Out RPE  
after 24hrs o f  Exposure to tert-butylhydroperoxide (t-BOOH). Cells were washed with 1XPBS and then incubated 
with the oxidative stressor diluted in H am s F-10 media without supplemental FCS to achieve desired 
concentrations. Control cells were mock treated with Hams F-10 with no oxidative stressor or FCS (Scale bar = 
200pm)
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3.5 Chapter Discussion

This work revealed preliminary studies on in vitro a-crystallin expression in two RPE cell 

types; isolated primary RPE cells and the well-established, non-transformed human ARPE-19 

cell line, as well as in the neural retina. Primary in vitro human RPE cell culture is well 

documented (Edwards, 1981; Boulton et al., 1983; Edwards, 1983; Boulton, 1990; Pfeffer, 

1991) and provides the isolation of a pure cell population, highly controllable conditions 

allowing measurements on a cell-by-cell basis, time course flexibility and the examination of 

mechanisms in ocular pathogenesis (Boulton, 1990; Seigel, 1999). When comparing RPE 

cells in vitro with their in vivo counterparts, there are numerous morphological similarities 

including apical microvilli, junctional complexes, basal nuclei, and cytoplasmic organelles 

(Boulton, 1990). Additionally, cultured RPE can ingest and phagocytose rod outer segments 

(Boulton et a l, 1984), synthesize and secrete glycosaminoglycans (Edwards, 1983), produce 

an extracellular matrix (Campochairo et al., 1986) and if fed with rod outer segments for an 

extended time, develop intracellular inclusion bodies (Boulton et al., 1989). It is important to 

note that although many similarities exist between RPE in vitro versus in vivo, disadvantages 

of RPE cell culture can include the selective loss o f specific cell phenotypes/functions, 

modifications of tissue architecture, and the absence o f stimuli from surrounding cells types 

(Boulton, 1990; Seigel, 1999). Specifically, disadvantages of cultured RPE include the loss 

of melanin pigmentation with progressive cell division and various degrees of 

dedifferentiation (Boulton and Marshall, 1985). In this present work and in future studies, 

using the isolated cells at early passage numbers can conquer these mild disadvantages and if 

necessary, depigmented RPE cells can be ‘artificially’ repigmented as previously described 

(Boulton and Marshall, 1985).
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The ARPE-19 retains many important RPE characteristics such as outer segment phagocytic

activity, cell polarity, and expression of key RPE cell markers (Dunn et al., 1996). As

described, isolated primary RPE cells and the ARPE-19 retain many of their normal in vivo

properties during cell culture conditions and thus are suitable for our study (Boulton and

Marshall, 1985; da Cruz et al., 1998; Hu and Bok, 2001; Haruta et al., 2004). However, it is

important to note that when comparing between primary RPE and the ARPE-19, one should

use caution. Cai and Del Priore (2006) performed DNA microarray analysis on both cell

types and found that although there are similarities between the two cell types, there are also

significant differences in their gene expression profiles.

For our particular study, it was important to use primary human RPE as a comparison 

between both the ARPE-19 and primary murine RPE, with regards to characteristics of in- 

vitro growth. As reported in this chapter, similarities between primary human and the ARPE- 

19 are strikingly similar with regards to attachment, division and confluency. The only 

notable difference between human and mouse RPE isolation was simply the volume of cells 

isolated. Based on the size difference between the human eye and the mouse eye, more eyes 

were needed from the mouse to obtain enough cells to form a confluent culture.

Additionally, the presence of the a-crystallins was examined in human RPE and retina. As 

shown, aB-crystallin was detected in both the human RPE (primary RPE and the ARPE-19) 

and retina at gene and protein levels. This finding is further supported by previous studies 

that also examined aB-crystallin expression in human RPE cells (Lin et al., 1993; Alge et al., 

2003; Mao et al., 2004; Yaung et al., 2007) and retina (Xi et al., 2003; Joachim et al., 2007; 

Kim et al., 2007; Whiston et al., 2008).
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It is important to note that aA-crystallin expression was not found in either the primary

human RPE or the ARPE-19, but was found in the retina. Retinal expression of aA-crystallin

has previously been examined in mice (Xi et al., 2003; Rao et al., 2008), rats (Kapphahn et

al., 2003; Sakaguchi et al., 2003; Wang et al., 2007; Miyara et al., 2008), horses (Hauck et

al., 2007), and frogs (Deretic et al., 1994).

The lack of aA-crystallin expression in the RPE is not consistent with a recent study done by 

Yaung et al., 2007, that found aA-crystallin was present in the human RPE at both a gene and 

protein level. It was a surprising finding since a number of troubleshooting techniques were 

utilized. Possible errors in gene expression could include incorrect primer sequences, low 

PCR cycle numbers, and incorrect annealing temperatures. All of these possible problems 

were ruled out and in addition, a positive control, the lens epithelial cell line, SRA 01/04, was 

used yielding a band corresponding to aA-crystallin. Additionally, it is important to note 

aA-crystallin expression in the RPE is much lower than aB-crystallin expression (Yaung et 

al., 2007). Detection of aA-crystallin through RT-PCR was not successful in our study, 

however Yaung et al., 2007 used real time PCR amplification, therefore it may be useful to 

consider this technique for future studies.

RPE protein expression of aA-crystallin was also discovered by Yaung et al., 2007. Perhaps 

our protein samples were not concentrated enough to detect aA-crystallin or the expression of 

aA-crystallin was so low that our method of detection was unsuccessful. Future studies could 

make the proteins more concentrated and utilize the use of a species-specific biotinylated 

secondary antibody with streptavidin peroxidase to amplify the protein signal.
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The final component of our study examined the mitochondrial viability of human RPE, the

ARPE-19 and mouse RPE (WT and aA-crystallin K/O) with two well documented oxidative

stressors, H2O2 and /-BOOH. These two oxidative stressors are biologically relevant,

especially for the RPE. H2O2 has been found in ocular tissues in vivo (Halliwell et al., 2000)

and is produced by the RPE as a reactive oxygen intermediate during photoreceptor outer

segment phagocytosis (Tate et al., 1995). /-BOOH is a compound of early intermediates of

lipid peroxidation and is relevant because it is able to initiate lipid peroxidation (Halliwell

and Gutteridge 1999). Results of induced oxidative stress in cultured RPE cells include DNA

damage (Matsui et al., 2001) changes in patterns of gene expression (Alizadeh et al., 2001,

Weigel et al., 2002), apoptosis (Jiang et al., 2000, Jin et al., 2001), and damage to chloride

channels (Wills et al., 2000, Wang et al., 2002). These and other biological effects of

oxidative stress result in reduced cell viability that can be measured by assays that detect

leaky membranes (Matsui et al., 2001; Alge et al., 2002; Bailey et al., 2004).

For our particular analysis, we examined mitochondrial activity as an indicator of cell 

viability. The mitochondrion is the main organelle in which oxygen metabolism occurs, and 

stress from H2O2 treatment increases ROS generation in human RPE (Kannan et a., 2004, 

Yaung et al., 2007). However, it is important to note that performing an MTT assay alone 

cannot localize mitochondrial dysfunction. Other useful measurements of oxidative stress 

and associated cell death include trypan blue (Matsui et al., 2001, Bailey et al., 2004), 

propidium iodide (Nieminen et al., 1992, Alge et al., 2002) caspase-3 activation (Yaung et 

al., 2007) and mitochondrial membrane permeability transition (Yaung et al., 2007).

In our mitochondrial viability studies, we found that the ARPE-19 cell line was the most 

resistant to both oxidative stressors while the aA-crystallin K/O was the most affected,
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especially with /-BOOH. This significant decrease in cell viability is further supported by 

Yaung et al., 2007 who also found that RPE from a-crystallin K/O animals were more 

susceptible to oxidative damage than their WT counterparts.

The presence of a-crystallins in post-mitotic tissues like the RPE and neural retina may help 

contribute to their viability and longevity. As shown, a-crystallins were detected in human 

RPE and retina. In-vitro growth characteristics were similar between human and mice RPE 

and the presence of the a-crystallins may contribute to protecting the RPE and retina from 

oxidative stress.

In summary this chapter demonstrated that:

•  In-vitro culturing of human RPE is similar to both wild-type and aA-crystallin 
knock-out RPE

• Human in-vitro expression of the a-crystallins were found in the RPE and neural 
retina

• The lack of aA-crystallin may make the RPE more susceptible to oxidative stress
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4.1 Chapter Introduction

To investigate the potential protective role o f a-crystallins in Noell’s photochemical 

Type II damage of the retina, it was crucial to use an experimental design of light 

damage which exposed unsedated animals to continuous levels of light at low 

intensities (Noell et al., 1966; Rapp and Williams 1979; Seiler et al., 2000). As 

discussed previously (C hapter 1), in 1980 Noell classified non-thermal damage Type 

I or Type II based on the multifaceted dysfunction of the retina under light damaged 

conditions. Type I damage is characterized by massive photoreceptor loss with 

subsequent damage of the overlying RPE, precipitated by extensive bleaching of 

rhodopsin through short, intermittent light exposures in dark-reared animals (Noell 

1980a, Organisciak and Winkler 1994). On the other hand, Type II damage is 

characterized by widespread photoreceptor loss with little or no damage to the RPE 

with long duration exposures with low intensity light (Noell 1980). Similar to Type I, 

Type II damage is also mediated by rhodopsin. Type II photochemical damage of the 

retina is the most commonly studied form of retinal light damage (Organisciak and 

Winkler, 1994).

Retinal blue light exposure has been described as one o f the “most hazardous 

components of the visual spectrum with the greatest potential for photoxicity” (Ham 

et al., 1976). Studies support blue light damage as a possible inducer in the 

degeneration of the RPE and photoreceptors in age related disease (King et al., 2004, 

Margrain et al., 2004, Godley et al., 2005, Algvere et al., 2006, Chu et al., 2006, Wu 

et al., 2006, Thomas et al., 2007, Siu et al., 2008) by inducing damage which appears

100



Chapter 4: In-vivo morphological and functional analysis o f non- pigmented mice exposed to
continuous blue light up to 7 days

^ ---------------------------------------------------------------------------------------------------------------------------

mediated by the visual pigment, rhodopsin (Grimm et al., 2000, Grimm et a l, 2001, 

Wu et al., 2006, Wu et al., 2006, Tanito et al., 2007a, Thomas et al., 2007)).

Therefore, one of the main purposes for this particular chapter was to determine if the 

constructed blue light apparatus had the potential to elicit damage in albino (non- 

pigmented) mice. Numerous experimental models of light damage that examine 

photochemical injury to the neural retina make use of albino rodents (Grignolo et al., 

1969, Cicerone 1976, Rapp and Williams 1979, Oraedu et al., 1980, Rapp and 

Williams 1980, Li et al., 2001, Wasowicz et al., 2002, Danciger et al., 2005, Tanito et 

al., 2007a, Tanito et al., 2007b,Tanito et al., 2008)). Albino rodents have a defect in 

the enzyme tyrosinase, which catalyzes reactions that are responsible for the synthesis 

of the ocular pigment, melanin (Barsh, 1996). Melanin appears to protect the 

photoreceptors from scattered light and converts potentially absorbed photons into a 

mild thermal rise (Ginsberg and LaVail 1985, LaVail and Gorren 1987, Boulton et al., 

2001b). The ‘pigmented’ colors of the RPE and choroid can be attributed to its 

melanin, which is abundant in both the apical and midportion regions of the cells of 

the RPE and throughout the choroidal stroma. Importantly, in addition to its role of 

reducing the effects of light scattering, melanin can also act as a neutral density filter, 

bind chemicals, act as a free radical scavenger or generator, and can absorb energy in 

the visible or UV range (Boulton 1998).

The construction and experimental paradigm for continuous blue light exposure was 

based on an experiment previously conducted by Magdalene Seiler’s group at the 

University of Louisville (Seiler et al., 2000). In brief, Seiler’s group developed a
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model of photoreceptor degeneration (Type II) with selective photoreceptor loss and 

RPE sparing in unsedated albino rats exposed to continuous blue light.

Although Seiler’s groups utilized albino Sprague-Dawley rats, this study examined 

the effects of continuous light exposure in the BALB/cBYJ of albino mice at 1, 3, 5 

and 7 days of exposure. The BALB/cBYJ strain o f albino mice are shown to be more 

susceptible to light damage due to identified allelic polymorphisms in the retinal 

pigment epithelium-specific gene, Rpe65, that modify retinal light damage (Danciger 

et al. 2000). For the BALB/cBYJ strain, an allele encoding a leucine at amino acid 

450 (Leu450) of the RPE65 protein was associated with this greater sensitivity to light 

damage (Danciger et al., 2004). RPE65 is a protein which plays a vital role in the 

regeneration of rhodopsin kinetics and light damage susceptibility in mice (Wenzel et 

al., 2005).

An additional focus for this chapter was to examine the expression of nuclear factor- 

kappa beta (NF-kB) in photochemical damage o f the retina. NF-kB is a ubiquitous 

transcriptional factor that regulates a broad range of genes and plays a pivotal role in 

cell death and survival (Van Antwerp et a l, 1996, Ghosh et al., 1998, Yang et al., 

2007). NF-kB has been linked to the a-crystallins in the area of inflammation 

(Masilamoni et al., 2006, Ousman et al., 2007). In particular, in-vivo and in-vitro 

studies found that aB-crystallin prevents cell death of astrocytes by inhibiting 

caspase-3 activation, and suppresses the inflammatory role of NF-kB (Ousman et al.,

2007). Additionally, it was shown that if cells were pre-treated with a-crystallins, NF- 

kB activity was suppressed, therefore downregulating the expression of 

proinflammatory cytokines (Masilamoni et al., 2006).
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Activation of N F - kB  has been linked to microglia activation and production of 

proinflammatory molecules (Pawate et a l, 2004) and has also been shown to play a 

role in retinal degeneration (Zeng et al., 2008) and photoreceptor apoptosis 

(Krishnamoorthy et al., 1999, Masilamoni et al., 2006, Yang et al., 2007, Zeng et al.,

2008). Signaling of N F -kB  begins with phosphorylation and degradation of IkB , a 

key component of the cytoplasmic N F - kB  complex (Viatour et al., 2005), and releases 

p50 and p65 subunits that translocate to the nucleus and promote transcription of 

proinflammatory genes (Chan and Murphy, 2003). Due to its connection to 

microglial activation, there are significant increases in the activity of N F -kB  in many 

neurodegenerative diseases (Terai et a l, 1996, Hunot et al., 1997, Kaltschmidt et al., 

1997).

This chapter not only will provide evidence that the designed apparatus has been 

constructed properly for future experiments, but it will also offer insight into 

morphological and functional changes associated with continuous blue light exposure 

in a non-pigmented rodent strain as well as the activity of NF-kB in photochemical 

damage of the retina (please refer to Section 4.2 Chapter Aims).

4.2 Chapter Aims
As stated above, Chapter 4 will investigate the ability for the blue light apparatus to

elicit damage in a non-pigmented rodent strain. In order to accomplish this, the

following aims will be addressed:

4.1a.) Analysis of any retinal morphological changes associated with sub­
threshold, continuous blue light exposure in the BALB/cBYJ mouse strain

4. lb.) Assessment of visual function before blue light exposure and after a 10 
day recovery period from initial exposure
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4.1c.) Activity of NF-kB in photochemical damage of the albino retina

These aims were carried out by methods briefly discussed below (Section 4.3).

4,3 Experimental Design (Detailed descriptions o f  the methods can be 
found in Chapter 2.0)

The particular strain of albino mice used for this particular experiment were the 

BALB/c BYJ. As stated previously, Seiler’s group used albino Sprague-Dawley rats 

that were exposed continuously to blue light for 1-7 days. Since remaining chapters 

examined pigmented mice on the 129 background, it was important to be consistent in 

the rodent model. Therefore an albino mouse strain was chosen instead of an albino 

rat strain.

Mice were obtained from Taconic Animals Facilities (Rockville, MD) in limited 

numbers due to vendor and space problems. At the time of purchase, the number of 

albino mice available at the requested age (6 -8 wks) was fifteen, therefore when 

referring to the experimental design flow chart (see Section 2.3.5) exposure of the 

mice would occur over 1,3, 5 and 7 days and not 1-7 days due to limited animal 

numbers.

Limited animal numbers resulted in limited trials; therefore for analysis of 

BALB/cBYJ mice, one trial was used for immediate analysis (histological and 

protein) and two trials were used for the 10 day recovery analysis (ERG, histological 

and protein). All mice were examined with ERG prior to light exposure.
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Detailed descriptions of the experimental blue light apparatus (see Section 2.3.4), 

blue light experimental design (see Section 2.3.5), ERG testing (see Section 2.4), 

histology (see Section 2.6) and protein analysis (see Section 2.5) can be found in 

Chapter 2.

4.4 Chapter Results

4.4.1 Daily Humidity and Temperature Readings of 
BALB/cBYJ Mice Exposed to Continuous Blue Light

During all trials of blue light exposure, parameters were monitored twice a day.

These parameters included maximum, minimum, and average temperature and 

humidity, checked every 12hrs while during experimental exposure, All 

temperature/humidity readings were taken with (Big Digit Hygro-Thermometer, 

Extech Instruments, USA). Figure 4.4.1 illustrates the average values of both trials 

together and shows the standard mean and deviation overall of temperature readings 

during the all trials of BALB/cBYJ albino mice.
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Figure 4.4.1 Shown above are the maximum, minimum and average temperature readings taken 
during Trials U1 and 2 o f  BALB/cB YJ albino mice exposed to blue light up to 7 days. The x-axis 
corresponds to the day o f  the experiment and the y-axis refers to the temperature in degrees 
Fahrenheit. Individual readings at maximum, minimum and average were taken twice a day (every 
12 hrs) and recorded to assure that the overall temperature o f  the apparatus did not exceed 80°F, 
which could cause extreme distress to the animals being exposed. Vertical bars represent the 
standard error o f  the mean.

Figure 4.4.2 illustrates the average humidity values of both trials together and shows 

the standard mean and deviation overall of humidity readings during the two trials of

BALB/cBYJ albino mice.
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Figure 4.4.2 Shown above are the maximum, minimum and average humidity readings taken during 
Trials # / and 2 o f  BALB/cBYJ albino mice exposed to blue light up to 7 days. The x-axis 
corresponds to the day o f  the experiment and the y-axis refers to the percentage o f  humidity. 
Individual readings at maximum, minimum and average were taken twice a day (every 12hrs) and 
recorded to assure that the overall humidity fe ll within the required 30-70% range. Vertical bars 
represent the standard error o f  the mean.

When referring to the overall average readings of both the temperature and humidity 

(Figures 4.4.1 and 4.4.2 respectively), at no point does the maximum limit of 

temperature or humidity result. Based on the NIH Guide for the Care and Use of 

Laboratory Animals, a maximum temperature of 80°F is considered dangerous to the 

animal and the range of humidity percentage must fall between 30 -  70%. As shown 

in both of these figures, the temperatures and humidity’s fell within required ranges 

which were not dangerous to the exposed animals.
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4.4.2 Experimental Lux Readings

Lux were measured at specified points (at the very start of the experiment (Day 1), in 

the middle of the experiment (Day 4) and at the end of the experiment (Day 7)) to 

assure that the amount of illuminance was constant throughout the experiment. As 

revealed in Figures 4.4.3, there was no significant deviation from the average lux 

reading of approximately 600. Illuminance (lux) at the cage floor level was measured 

using the Traceable NIST Calibrator (Fisher Scientific, USA).

Variation of Lux during Trials# / and #2 of BALB/cBYJ 
Albino Mice Exposed to Continuous Blue Light up to 7

Days
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Fieure 4.4.3: Shown above are lux measurements o f  the experimental blue light apparatus at Day 1, 
4 and 7 o f  the experiment during Trials #7 and #2. The x-axis corresponds to the day o f  the 
experiment and the y-axis refers to the lux. Data represents the mean ± S.D.

4.4.3 Behavioral Patterns o f  Exposed and Non-Exposed  
BALB/cBYJ Albino Mice

Based on approved animal protocols {please see Appendix I), animals were required 

to be checked every 12 hrs to assure that there was no pain or distress while being 

exposed to the continuous blue light. According to the NIH Guide for the Care and
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Use of Laboratory Animals, “The recognition of pain and pain-induced distress, in 

animals is ethically necessary for proper clinical management of animals to ensure 

their well-being and to reduce research variability.” Distinct signs and symptoms 

noted in laboratory rodents include: decreased activity, piloerection, and excessive 

licking and scratching, which can progress to selfmutilation (NIH Guide for the Care 

and Use of Laboratory Animals). In addition, respiration can be rapid and shallow 

and mice may vocalize and become unusually aggressive. For the particular strain 

used in these experiments (albino) an important sign o f pain or distress are porphyrin 

("red tears") secretion which can be seen around the eyes and nose.

A standard check-off list {please see Appendix 3) was implemented for each trial, 

documenting that there was no visible sign o f pain/distress (as described previously), 

no ocular abnormalities visible with the naked eye, intact ear tags and sufficient 

food/water levels.

During the two trials of the BALB/cBYJ mice there was no evidence of any pain 

and/or distress. However, in addition to monitoring the daily vitals of the animals 

being exposed, weight of the mice were taken at three points during the experiment; 

before exposure to blue light, immediately after exposure to blue light and 1 0  days of 

recovery post-blue light exposure. Results from weight from Trial #1 and Trial #2 

can be found in Figure 4.4.4.
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Figure 4.4.4: Shown above are the weight measurements o f  individual BALB/cB YJ mice exposed to 
blue light fo r 1, 3, 5 or 7 days in Trials #1 and #2. Shown on the x-axis is the exposure period o f the 
animal (days) and the y-axis corresponds to the weight measured in grams. Measurements were 
performed before blue light exposure (pre-experimental), immediately after exposure (interim) and 
after a 10 day recovery from blue light exposure (10-days post experiment). Day 0 refers to the 
control animal (no blue light exposure). Data presented represents the mean ± S.D.

Overall there was no statistically significant effect on the weights of albino mice 

exposed to continuous blue light up to 7 days. During both trials of the experiment, 

animals were supplied with fresh food and water. Although some animals exhibited a 

slight decrease in their weight immediately after exposure, all animals regained their 

original weight during the 1 0  day recovery period.

4.4.4 Histological Analysis o f  the B A L B/cBY J Retina 
Im mediately after and after a 10 day recovery from  
Exposure to Continuous Blue Light

Retinal histology of albino mice exposed to continuous blue light for 1, 3, 5, or 7 days 

was examined immediately after their designated exposure. Figure 4.4.5 illustrates 

area of capture for analysis of the whole sections of central retina. All eyes were
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sectioned at the level of the optic nerve and photodocumentation was performed 0 . 1 0  

-  0.25mm from either side of the optic disc. Most of the damage noted occurred in

this region.

O ptic Necve

Vitreous
S c a l e  B a r  =  2 0 0 u m

Figure 4.4.5 Shown above is an example o f  the measured areas o f  total retina for histological 
analysis (this section is actually from a pigmented, 129Sv mouse). All eyes were sectioned at the 
level o f  the optic nerve and the area o f  analysis (note red shaded areas) was 0.10mm to 0.25mm on 
either side o f  the optic disc. Sections were stained with haematoxylin and eosin to visualize retinal 
structure. Scale bar represents 200pm.

In order to analyze any photochemical damage which may have occurred during 

exposure, histological sections of mouse retina were analyzed to determine any 

cellular loss

Due to limited number of available animals, only 1 trial examined the effects of 

continuous blue light exposure immediately after the designated exposure period. 

Figure 4.4.6 contains whole sections of retina as well as a magnified view of the 

outer and inner segments of the photoreceptors. As shown, Day 0 (no blue light 

control) and Day 1 (24hrs) contain normal rows of photoreceptor nuclei (8-10 rows)
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with a tight, uniform structure to the inner and outer photoreceptor segments. Both 

Day 0 and Day 1 exhibited an RPE cell layer which appears to be intact with no 

presence of any surrounding macrophages in the subretinal space.
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Figure 4.4.6 Immediate whole retinal histological o f  inner/outer photoreceptor segment analysis o f  albino mice exposed to 
continuous blue light fo r  / ,  3 ,5  or 7 days. Top row ofphotos correspond to whole retina photodocumented 0.10 -  0.25 mm 
from  either side o f  the optic disc (magnification o f  20x; scale bar = 100pm). Bottom row ofphotos reveals higher 
magnification o f  the inner/outer segments o f  the photoreceptors and outer nuclear layer (magnification o f 40X; scale bar = 
50pm. RPE = Retinal pigment epithelium, POS = Photoreceptor outer segments, PIS = Photoreceptor inner segments,
ONL = Outer nuclear layer, INL = Inner nuclear layer, IPL = Inner plexiform layer, GCL= Ganglion cell layer.
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Three days (72hrs) of light exposure produced a slight reduction of the photoreceptor 

nuclei to approximately 6-7 rows with substantial damage to the composition of the 

outer and inner photoreceptor segments. When comparing to the photoreceptor 

segments of Day 0 and Day 1, it is difficult to distinguish the transition zone from 

outer to inner segments with Day 3. Additionally, there is no uniform structure or 

shape to the segments and a macrophage appears to be present in the subretinal space 

indicating possible apoptosis of the photoreceptor nuclei.

Five days (120hrs) of light exposure revealed a greater reduction in the photoreceptor 

nuclei compared to the control and previous days. Five days of exposure resulted in 

an ONL of 4-5 rows with continued degradation and loss of the inner and outer 

segments o f the photoreceptors and the presence of a macrophage subretinal space. 

However, the greatest reduction in the photoreceptor nuclei occurred at the longest 

period o f exposure of 7 days (168hrs), reducing the ONL to a mere 1-2 rows of 

nuclei. Additionally, the segments of the photoreceptors decreased to point where the 

ONL almost appears to be positioned directly next to the RPE.

Surprisingly, the RPE layer appears to be relatively intact as observed with light 

microscopy analysis, although perhaps a deeper, more detailed analysis may reveal 

other structural changes, such as loss of nuclei, loss of melanin granules or a 

breakdown of the blood retinal barrier (BRB) (Putting et al., 1993). Since these 

animals were non-pigmented, loss of melanin granules could not be a measurable 

indicator. Additionally, vitreous fluorophotometry was not performed to assess the 

BRB.
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When examining retinal histology in the albino mice exposed to continuous blue light,

two trials were performed to analyze damage 1 0  days post the original designated

damage. Therefore if a mouse was exposed for 1 day (24hrs), after its designated

exposure, it was placed back into normal cyclic conditions ( 1 2 hrs on/ 1 2  hrs off) and

evaluated 10 days later. Figure 4.4.7 reveals representative whole sections of retina

as well as a magnified view of the outer and inner segments of the photoreceptors.

When referring to the whole retinal sections, Day 0 (Control -  No blue light 

exposure) reveals a tight, compact outer nuclear layer consisting of 8 - 1 0  rows of 

photoreceptor nuclei, tight inner nuclear layer and a uniform composition of the inner 

and outer segments of the photoreceptors with a uniform and intact RPE layer. Day 1 

(24hrs) appears to closely resemble Day 0, however there is a decreased amount of 

photoreceptor nuclei (approximately 6  rows) in the outer nuclear layer..

Day 3 (72hrs) exposure mouse reveals a greater reduction of photoreceptor nuclei to 

approximately 3 rows in the outer nuclear layer compared to Day 0 and it appears as 

though the inner nuclear layer has increased in thickness or nuclei number compared 

to the control. This artificial increase in number or thickness is most likely due to 

intracellular swelling since all photos were taken at the same magnification. Nuclear 

swelling can be found as a degenerative change in the retina possibly indicating 

subsequent necrosis of affected retinal tissue (Sisk and Kuwabara, 1985).

When comparing immediate analysis versus 10 day recovery of Day 3, there is a 

greater reduction in the outer nuclear layer and inner nuclear layer swelling 1 0  days 

after continuous blue light exposure.
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Day 5 (120hrs) also exhibited a decrease in photoreceptor nuclei (2-3 rows) of the 

outer nuclear layer with swelling of the inner nuclear layer. As with Day 3, when 

examining retinal histology immediate versus 10 day recovery, Day 5 also exhibits a 

greater reduction in the outer nuclear layer with increased nuclear swelling after 1 0  

days of recovery.

Seven days (168hrs) of exposure after a 10 day recovery period exhibited the greatest 

decrease in the outer nuclear layer with corresponding inner nuclear layer swelling. 

Both trials of B ALB mice not only illustrated 1 -2 rows o f photoreceptor nuclei, but 

also cellular swelling of the remaining outer nuclear layer was noted, a finding not 

seen with other exposure days. When 10 days of recovery is compared to immediate 

analysis, there does not appear to be an increase in the outer nuclear layer reduction or 

inner nuclear layer swelling. The only notable difference is the cellular swelling 

present in the reduced outer nuclear layer.

On closer examination of the outer retina (including the RPE, inner/outer 

photoreceptor segments and outer nuclear layer), there is a definite decrease in the 

inner/outer segments of the photoreceptor layer as the exposure time increases.

Both trials of the control mice Day 0 (Ohrs), exhibited a tight, uniform appearance to 

all visible layers. There is a distinct separation o f the outer to inner segments of the 

photoreceptor segments and the ONL shows no observable signs of compromise.

Day 1 (24hrs) reveals minor distortion to the inner/outer photoreceptor segments and 

the RPE appears to have lost nuclei with sporadic intracellular vesiculation. When 

comparing the 10 day recovery period analysis with immediate analysis, Day 1
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(24hrs), exhibits a similar appearance in inner/outer photoreceptor segment thickness; 

however, the RPE layer after immediate exposure (Figure 4.4.6) does not exhibit 

nuclei loss or vesiculation.

In Day 3 (72hrs), the inner/outer photoreceptor segments are barely visible. The 

thickness of the photoreceptor layer has decreased so dramatically that it appears as 

though the ONL is quite close to the RPE layer. When referring to the ONL, nuclei 

appear to have condensed chromatin centers with surrounding intracellular swelling. 

Although nuclei are present in the RPE, the actual RPE cells appear more columnar 

rather than cuboidal in appearance. Additionally, the distinction between individual 

RPE cells is difficult to observe. When Day 3 (72hrs) 10 days post recovery is 

compared to immediate analysis (see bottom row of Figure 4.4.6), immediate analysis 

reveals a decrease in thickness of the photoreceptor segments.

Day 5 (120hrs) reveals a dramatic decrease in thickness of the photoreceptor layer 

when compared to the Control Day 0 mice. It is virtually impossible to distinguish 

any visible separation of the outer to inner segments and the remaining layer appears 

to have a disrupted composition. The ONL thickness was decreased in both trials, 

with condensed chromatin centers and mild intracellular swelling of the remaining 

nuclei. Overlying RPE does appear to have some nuclei loss and adhesions between 

individual cells appear to be compromised in both trials.

Both trials of Day 7 (168hrs) exhibited the greatest decrease in thickness of the 

photoreceptor segment and outer nuclear layers. This extreme decrease in thickness 

of both layers is also seen when outer retinal layers are examined immediately after
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exposure (see Figure 4.4.6). Additionally, there is notable swelling of the ONL 

nuclei when compared not only to Day 0, but also remaining Days 1, 3, and 5 after a 

1 0  day recovery period.

Another way to illustrate the differences in overall retinal thickness or individual layer 

thickness (outer nuclear, inner nuclear, or photoreceptor layers), both Trials #1 and 

#2 can be seen graphically in Figures 4.4.8, 4.4.9a, and 4.4.9b, 4.4.10 corresponding 

to whole retinal thickness, outer nuclear layer thickness, inner nuclear layer thickness, 

and photoreceptor segment thickness respectively after a 1 0  day recovery period.

As shown in Figure 4.4.8, there is a corresponding decline in the thickness of the 

overall retina as the period of exposure of the albino mice is increased. Both trials 

exhibit a decrease in thickness, with the greatest decrease in thickness occurring at 

Day 7 (168hrs), the longest exposure time of the mice. Figures 4.4.9a and 4.4.9b 

also reveal a continual decline in the thickness o f both the outer nuclear layer (Figure 

4.4.9a) and inner nuclear layer (Figure 4.4.9b) respectively. When referring to 

Figure 4.4.9a, there is a dramatic decrease in the outer nuclear layer thickness from 

Day 1 (24hrs) to Day 3 (72hrs) in both trials and when referring to Figure 4.4.6, one 

can appreciate the notable decrease in the outer nuclear layer at Day 3 (72hrs). The 

decrease in thickness of the inner nuclear layer (Figure 4.4.9b) appears to be less 

dramatic than that of the outer nuclear layer and this finding is not surprising since 

photochemical damage to the retina primarily affects the outer retina, in particular 

RPE, photoreceptor inner/outer segments and the outer nuclear layer (Noell et. al, 

1966; Kuwabara and Stom, 1968). Figure 4.4.10 reveals the dramatic decrease in
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thickness of the inner and outer photoreceptor segments, revealing the damage of the 

outer retina.
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No Light C trl- lOd Post 1 Day (24hrs) 3 Day (72hrs) 5 Day (120hrs) 7 Day (168hrs)

No Light Ctrl -  lOd Post 1 Day (24hrs) 3 Day (72hrs) 5 Day (120hrs) 7 Day (168hrs)

Figure 4.4.7 Histological Analysis o f  Whole retina and o f  Inner/outer Photoreceptor Segment Analysis o f  Albino mice 
Exposed to Continuous after a 10 day recovery period. Top row o f  photos correspond to whole retina photodocumented 
0.10 -  0.25 mm from either side o f  the optic disc (magnification o f  20x; scale bar = 100pm). Bottom row ofphotos reveals 
higher magnification o f  the inner/outer segments o f  the photoreceptors and outer nuclear layer (magnification o f 40X; 
scale bar = 50pm. RPE = Retinal pigment epithelium, POS = Photoreceptor outer segments, PIS = Photoreceptor inner 
segments, ONL = Outer nuclear layer, INL = Inner nuclear layer, IPL = Inner plexiform layer, GCL= Ganglion cell layer.
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Overall Retinal Thickness in Albino Mice lOdays after 
Continuous Blue Light Exposure
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Fieure 4.4.8 Graphical description o f  the morpliometric analysis performed on whole retinal sections o f  Trial U1 and #2 histology. For each animal during each trial, 
there was a minimum o f  4 sections taken. Three to four measurements were made per field, which were averaged to provide a single value fo r  each retina. Trial 1 was 
from 1 animal, while Trial 2 was from  2 animals. Data are expressed as mean ±S.D.
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Outer Nuclear Layer (ONL) Thickness in Albino M ice lOdays 
after Continuous B lue L ight Exposure
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Figure 4.4.9 Graphical morphometric analysis o f  the outer nuclear layer (see *A ’) and inner nuclear 
layer thickness (see *B’) for Trials #1 and 2 o f  albino mice 10 days after continuous blue light 
exposure. For each animal during each trial, there was a minimum o f  4 sections taken. Three to 
four measurements were made per field, which were averaged to provide a single value for each 
retina. Trial 1 was from 1 animal, while Trial 2 was from  2 animals. Data are expressed as mean 
±S.D.
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Inner and Outer Photoreceptor Segm ent Thickness in Albino 
Mice 1 Odays after Continuous Blue Light Exposure
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Finure 4.4.10 Graphical description o f  the morphometric analysis performed on inner and outer 
photoreceptor segment thickness sections o f  Trial #1 and #2 histology. For each animal during each 
trial, there was a minimum o f  4 sections taken. Three to four measurements were made per field, 
which were averaged to provide a single value fo r  each retina. Trial 1 was from  1 animal, while 
Trial 2 was from 2 animals. Data are expressed as mean ±S.D.

4.4.5 Electroretinography of B A L B/cBY J mice after a 10 
day Recovery Period from Designated Blue Light Exposure

In addition to evaluation of the retinal structure, ERG analysis was performed in order 

to assess visual function of both outer and inner retina. Four parameters were 

analyzed in ERG analysis; a-wave amplitude, a-wave latency, b-wave amplitude 

and b-wave latency. Since the number of mice was limited for this particular 

experiment, two mice were analyzed for each time point after their designated 

exposure. Shown in Figure 4.4.11 are examples of representative ERGs from a mouse 

exposed to blue light for 7 days pre, and after a 10 day recovery period.
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Figure 4.4.11 Representative ERGs from  a mouse exposed to continuous blue light fo r  7 days. 
Shown in 'A * is a pre-ERG, and  ‘B ’ is an ERG after a 10 day recovery1 period.

Shown in Figure 4.4.12a and 4.4.12b are changes in the a-wave amplitude and 

latency from Trial #1 (blue line) and Trial #2 (red line) mice before blue light 

exposure and after a 10 day recovery period from their designated exposure. As 

shown in Figure 4.4.12a, as the period of exposure increases, there is a decrease in 

the amplitude of the a-wave, with corresponding increased a-wave latency (Figure 

4.4.12b), This pattern of decreasing amplitude with increasing latency was found to 

be similar between both trials o f mice. Figure 4.4.13a and 4.4.13b illustrates the 

percentage change of the a-wave amplitude and latency compared to the values before 

exposure. As shown in Figure 4.4.13a, the greatest decrease in the a-wave amplitude
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occurred with 5 days and 7 days of exposure with an approximate 83% decrease and 

70% decrease in amplitude, respectively. The latency of the a-wave was increased an 

averaged 75% and 53% more compared values before blue light exposure at 5 days 

and 7 days, respectively. A scattergram shown in Figure 4.4.14 clearly demonstrates 

the pattern of damage associated with mice after their designated exposure time. As 

shown, after blue light exposure (red dots) there is a shift in the scatterpoints o f the 

graph showing a decrease in amplitude with increased latency time, indicating an 

irreversible effect on visual function.

As stated previously, the a-wave correlates to the number of photoreceptor cells 

stimulated by light and outer/inner photoreceptor segment integrity (Hood and Birch, 

1990; Lamb and Pugh, 1992, Organisciak and Winkler, 1994; Hood and Birch, 1997;; 

Robson and Frishman, 1998). When referring to retinal histology in Figures 4.4.6 

and 4.4.7, the structural changes associated in the outer retinal layers correspond to 

the functional changes indicated in the a-wave analysis.



Chapter 4: In-vivo morphological and functional analysis o f  non- pigm ented mice exposed to continuous blue light up to 7 days 
\   ■  ------------------------------------------------

a-wave Amplitude of Albino Mice Not Exposed to 
Continuous Blue Light (Day 0)

■ss 185 i
180 *c. 175 -E01>a 170 -6** 165 -« 160 -

01 155

Time o f M easu rem en t

Trial # I Trial #2

■§ 250
t  200
E >  150 H 
"  £  100 
i  50 
: 0

3a 250
200

E > 150
is

a 100
+fl 50
*
m 0

a-waw Amplitude of Albino Mice Exposed to 
Continuous Blue Light for I Day (24hrs)

Pre Post

Time o f M easu rem en t

Trial #2

a-waw Amplitude of Albino Mice Exposed to 
Continuous Blue Light for 3 Day’s (72hrs)

Time o f M easu rem en t

Trial #1 Trial #2

a-waw Latency of Albino Mice Not Exposed to 
Continuous Blue Light

~ 17.5

16.5
PostPre

Time o f M easu rem en t

T ria l# ! T rial #2

a-waw Latency of Albino Mice Exposed to Continuous 
Blue Light for I Day (24hrs)

18 5 -

17 - 
16.5 •

PostPre

Time o f M easu rem en t

- T r i a l # ! Trial #2

a-wave Latency of Albino Mice Exposed to Continuous 
Blue Light for 3 Days (72hrs)

* 251|  20 •
5 15 ■

Pre Post

Time o f M easu rem en t

- T r i a l # !

Figure 4.4.11a and b continued overleaf
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Figure 4.4.12 a-wave amplitude and latency analysis o f  individual BALB/cBYJ mice before blue light exposure and after a 10 day recovery period from designated 
exposure (1,3,5 or 7 days). Recordings were analyzed from the right and the left eyes from each mouse and then averaged together. The x-axis refers to the time o f  
measurement (before exposure (pre) or after a 10 days recovery period (post) and the y-axis refers to the a-wave amplitude ( ‘A ’) or the latency o f  the a-wave ('B ').
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Percentage Change o f  the a-Wave Amplitude at Pre and Post 

Exposure in Albino Mice Exposed to Continuous Blue Light fo r
1,3,5, or 7 Days
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Figure 4.4.13 Percentage change o f  the a-wave amplitude ( ‘A ’) and latency ( /B ') in BALB/cBYJ 
mice exposed to continuous blue light. The percentage change reflects the increase (+ values) or 
decrease (-values) o f  the amplitude or latency compared to original values prior to designated blue 
light exposure. The x-axis corresponds to the period o f  exposure (1, 3, 5, or 7 days) and the y-axis 
corresponds to the percentage change o f  the a-wave amplitude ( ‘A ’)  or latency ( ‘B ’).
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Figure 4.4.14 a-wave Amplitude-Latency Scattergram o f  BALB/cBYJ mice before exposure and 
after a lOday recovery period. The x-axis corresponds to the a-wave latency and the y-axis 
corresponds to the a-wave amplitude. As shown, after mice underwent their designated exposure, 
there was a pattern o f  decreased a-wave amplitude with associated increased latency times in 
comparison to values prior to any blue light exposure.
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Additional analysis was performed on changes o f the b-wave amplitude and latency. 

Changes in the amplitude of the b-wave are seen in Figures 4.4.15a and 4.4.15a. As 

seen in these figures, there is a decline in the b-wave amplitude with increasing 

exposure time, with Days 5 and 7 showing the greatest decline in amplitude. As seen 

with the a-wave amplitude, five days of exposure results in an 85% decline in 

amplitude compared to its original amplitude measured before blue light exposure. 

Additionally, five days of exposure appears to have a greater decline than 7 days of 

exposure (67% decrease in amplitude), a similar finding also found with the a-wave 

amplitude.

Although the b-wave latency appears to increase with longer blue light exposure time, 

the increase in latency after 1 0  days of recovery versus prior to exposure was less 

dramatic than the increased latency found with the a-wave. Figures 4.4.16b and 

4.4.16b reveal that increased latency o f the b-wave occurs at 3, 5, and 7 days of 

exposure with an approximate increase in latency o f 2 0 % compared to latencies found 

before blue light exposure.

The scattergram of the b-wave amplitude-latency shown in Figure 4.4.17, reveals a 

similar pattern to the a-wave scattergram (Figure 4.4.14) demonstrating decreased 

amplitude associated with increased latency after continuous blue light exposure.

As stated previously, the b-wave reflects the efficiency o f synaptic transmission 

between the photoreceptors and second order neurons in the outer plexiform layers 

(Organisciak and Winkler, 1994). Therefore, if  there is degeneration or a break down 

of the outer retina, there would be less of a signal transmitted to the inner retina,
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resulting in decreased b-wave amplitudes. Since there was significant damage to the 

outer nuclear layer and photoreceptor segments (see Figures 4.4.6 and 4.4.7), it is not 

surprising that the compromised outer retina results in corresponding delays of inner 

retina function. The loss of photoreceptors and their function drives the downstream 

losses since the initiating stimulus affects them ever if there is no morphological 

change downstream. Therefore, although the layers of the inner retina do not appear 

to show gross morphological changes, there is an irreversible affect on visual 

function.
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Figure 4.4.14a and b continued overleaf
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Figure 4.4.15 b-wave amplitude and latency analysis o f  individual BALB/cB YJ mice before blue light exposure and after a 10 day recovery period from designated 
exposure (1,3,5 or 7 days). Recordings were analyzed from  the right and the left eyes from each mouse and then averaged together. The x-axis refers to the time o f  
measurement (before exposure (pre) or after a 10 days recovery period (post) and the y-axis refers to the b-wave amplitude ( ‘A ’) or the latency o f  the b-wave ( ‘B ’).
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Figure 4.4.16 Percentage change o f  the b-wave amplitude ( ‘A ’)  and latency ( ‘B ’) in BALB/cBYJ 
mice exposed to continuous blue light. The percentage change reflects the increase (+ values) or 
decrease (-values) o f  the amplitude or latency compared to original values prior to designated blue 
light exposure. The x-axis corresponds to the period o f  exposure (1, 3, 5, or 7 days) and the y-axis 
corresponds to the percentage change o f  the b-wave amplitude ( ‘A ’)  or latency ( ‘B ’).
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corresponds to the b-wave amplitude.
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4.4.6 NF-kB (p65) Protein Expression in BALB/cBYJ Albino 
Mice Immediately and after a 10 day recovery period from 
continuous blue light exposure

Western blot analysis was performed in order to analyze the expression of NF-kB 

(p65) in albino mice exposed to continuous blue light over 1, 3, 5 or 7 days. As 

shown in Figure 4.4.18, all exposure periods resulted in an upregulation of NF-kB 

expression compared to the controls (no light exposure). Due to limited animal 

numbers and trials, statistical significance could not be determined.
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Expression  o f  N F -kB  in  B A L B /cB Y J  Albino M ice Exposed to 
C ontinuous B lue L igh t up to 7 Days

400%

y  300%

Bt 250%

150%

Day 3

Period o f  Exposure

□  Immediate Analysis ■  After a 10 day Recovery

B

MW
9 1 k D a i

4 7 k D a i

2 3 4  5 6 7 8 • 9 10  11 12  13  14
NF-kappa B

4 7 k D a |  

2 0 k D a i

Actin

Lanes Designated Exposure Lanes Designated Exposure

i Control - Immediate 8 Day 1 -  10 days Post (Trial #2)

2 Control -  10 days Post 9 Day 5 -  Immediate

3 Day 1 -  Immediate 10 Day 5 -  10 days Post (Trial #1)

4 Day 1 - 1 0  days Post (Trial #1) 11 Day 5 -  10 days Post (Trial #2)

5 Day 1 lOdays Post (Trial #2) 12 Day 7 -  Immediate

6 Day 3 -  Immediate 13 Day 7 - 1 0  days Post (Trial #1)

7 Day 3 - 1 0  days Post (Trial #1) 14 Day 7 -  10 days Post (Trial #2)

hie ure 4.4.18 NF-kB protein expression in BALB/cBYJ mice exposed to continuous blue light fo r  
1,3,5 or 7 days. ‘A ’ represents a graphical description o f  NF-kB expression normalized to actin 
immediately and 10 days after designated exposure. As stated previously, only 1 trial was used for  
immediate analysis and two trials were used fo r  examination after 10 days o f  recovery, therefore the 
numbers shown in ( )  indicate the Trial number. ‘B ’ gives the actual blots fo r NF-KB(p65) and 
Actin fo r all trials o f  albino mice exposed to blue light. The key fo r lane numbers are shown in the 
table below the blots.
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4.5 Chapter Discussion

This chapter clearly demonstrates that the apparatus and experimental design for 

continuous blue light exposure was effective in eliciting photochemical damage in a 

non-pigmented strain of rodents. Since animals were non-sedated and allowed to 

move freely during blue light exposure, it was essential that their vitals were checked 

twice a day to assure no signs or symptoms of pain or distress arose. As presented, all 

monitored parameters were within IACUC standards to assure humane treatment of 

the exposed animals. In addition, animals were weighed at three time points (before 

exposure, immediately after exposure and after a 10 day recovery period) to examine 

whether continuous light exposure had a negative effect on their overall well being.

As shown, there was no permanent effect o f light exposure on the animal’s health or 

comfort.

Experimental models of light damage in rodents can be broken down into two 

categories: short-term  exposed of anesthetized animals to high-intensity light 

requiring an optical system to focus light onto a particular area of the retina (Noell et 

al, 1966, Ham et al., 1982, Gorgels and van Norren 1995 ) or long-term, continuous 

exposure o f freely moving animals to low intensity light (Noell et al., 1966, Rapp and 

Williams 1979). Of those models mentioned, our experimental design mimics the 

long-term model, or Noell’s category o f Type II photochemical damage.

Common tools to evaluate photochemical damage of the retina include 

electroretinography (ERG), light microscopy and electron microscopy. For this 

particular study, we did not utilize the electron microscopy technique since gross
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morphological changes were evident by light microscopy alone. However, it is 

important to note that electron microscopy is the most definitive and detailed due to 

the electron microscope providing the greatest resolution and detection of subtle 

changes (Lanum 1978). Therefore, for this work, photochemical damage to the retina 

of the BALB/cBYJ mice was assessed by the utilization of the following methods: 1.) 

observation of gross morphological changes in the retina using light microscopy and 

2.) assessing visual function by the ERG.

Morphological changes were examined immediately after designated exposure (only 1 

trial) and after a 10 day recovery period (2 trials). O f all the tools to examine retinal 

light damage, morphological analysis appears to be the most common (Organisciak 

and Winkler, 1994). Morphological descriptions o f the photoreceptor cell damage 

can provide useful information about the sites o f damage and the time course of the 

pathological process (Smith 2001).

Immediate gross morphology of the B ALB/c retina revealed that the experimental 

blue light apparatus could elicit photochemical damage to the retina after three days 

of exposure. This was noted by the decrease in thickness of the ONL, with a greater 

decrease observed in the thickness and composition of the inner and outer segments of 

the photoreceptors. With continued exposure at 5 and 7 days, there is a greater 

decline in ONL thickness and the apparent disappearance of the photoreceptor 

segments after 7 days of exposure. Therefore the longest duration of exposure to 

continuous blue light produced the greatest effects, both histologically and 

functionally (see ERG discussion below).
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Analysis of retinal morphology after a 10 day recovery reveals continued progression 

of photochemical damage. A decrease in the thickness of the ONL is evident in Day 

1 after a 10 day recovery period, and the thickness continues to decline in Days 3, 5, 

and 7 of exposure, with corresponding loss o f the photoreceptor inner and outer 

segments.

These findings correlate with Noell’s 1966 study on retinal light damage in albino 

rats. In their work, Noell et al., describes histological changes such as nuclear 

pyknosis, cellular swelling, loss of photoreceptor nuclei and subsequent loss of 

function (through ERG analysis) (Noell et al., 1966). Additionally he found that by 

examining histology over the course o f many days, the photoreceptor segments, ONL, 

and RPE disappeared leaving behind relatively intact inner nuclear layers in contact 

with Bruch’s membrane. In our particular study, there was no loss of the RPE layer, 

although it does appear to exhibit swelling changes, also consistent with Noell’s 

findings in the albino rat. In the early stages of retinal morphological analysis in the 

albino rat, Noell found increased cellular swelling between the apical and basal 

portions of the RPE with an enlargement of nuclei (Noell et a l, 1966). Analysis of 

the RPE layer in the BALB/c mice immediately after their exposure reveals apparent 

RPE swelling with increased nuclei size at Days 5 and 7.

Additional light damage studies done by Kuwabara and Gom (1968) found initial 

morphological changes in the photoreceptor outer segments with progressive 

involvement over the next 1-5 days o f exposure with an intact RPE. These findings 

can also correlate to those found in the BALB/c immediate morphological analysis.

As exposure period continues, there is an intact RPE with progression of
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morphological changes and loss o f nuclei, indicating photochemical damage.

Although Kuwabara and Gom (1968) utilized high intensity light at short exposure 

periods, O ’Steen et al., (1972) found similar findings with lower light intensity and 

longer exposure periods. O ’Steen et al., (1972) exposed rats to 2001ux for 4-6 months 

and found progression of morphological changes in the outer retina with intact RPE. 

Additionally, Moriya et al., (1986) examined the stress on rat photoreceptors under 80 

lux of light exposure and found similar results with irreversible morphological 

changes if exposure exceeded 12-15hrs.

In addition to analysis of the morphological and histology changes, functional 

analysis was performed by electroretinography (ERG). Major components of the 

ERG consist of the a- and b-waves. The negative a-wave is due to photoreceptor 

hyperpolarization and is the most direct index of rod photoreceptor function (Reviews 

Audo et al., 2008, and Weymouth and Vingrys, 2008) and inner and outer 

photoreceptor segment integrity (Hood and Birch, 1990, Lamb and Pugh, 1992, 

Organisciak and Winkler, 1994,; Robson and Frishman, 1998). The positive b-wave 

is known to occur as a result of post-phototransduction or post-receptoral function 

(Gurevich and Slaughter, 1993, Green and Kapousta-Bruneau 1999, Audo et al.,

2008, Weymouth and Vingrys, 2008). It is assumed that the generation of the b-wave 

reflects the efficiency of synaptic transmission between the photoreceptors and second 

order neurons in the outer plexiform layers (Organisciak and Winkler, 1994).

In this study, there was a visible correlation between morphological/ histological 

photochemical damage of the retina and the functional losses associate with those 

changes. As shown, as exposure time increased, amplitudes of the a- and b-waves
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decreased with corresponding increased latencies. It is not surprising that although 

morphological changes were not as severe in the inner nuclear layer as in the outer 

nuclear layer; a corresponding decrease in visual function was noted in the inner 

nuclear layer due to the downstream effect from the damaged outer retina.

As shown, in the non-pigmented rodent system, there was evidence of photochemical 

damage of the retina via morphological and functional analysis. However, it is 

important to note that the extent of pigmented versus non-pigmented light damage 

yields a number of discrepancies. Noell et al. studied retinal damage in albino rats 

and pigmented rats under identical illuminance conditions and found that to reach the 

same loss of ERG waves, the exposure time had to be doubled, even with dilated 

pupils (Noell et al., 1966). Other experimental studies found that light-induced 

photoreceptor cell damage was independent o f pigmentation phenotype (Lawwill 

1973, La Vail et a l, 1987). Rapp et al. provided controlled light exposure in fully 

dilated pupils of albino and pigmented rats to equally bleach the two strains and found 

that the extent of retinal degeneration was similar between the two strains (Rapp and 

Williams, 1980, Rapp and Williams, 1992).

In addition to photochemical damage analysis via morphology and ERG, we also 

investigated the activity of NF-kB in the light damage retinas of the albino mice. As 

shown, there is an increase in the activity o f NF-kB expression during all exposure 

periods compared to the controls (no light exposure). It was difficult to determine any 

statistical significance due to limited animal numbers and limited trials. However, 

these initial findings correlate with Zeng et al., (2008) who also found activation of 

NF-kB during retinal degeneration o f rd  mice. Nuclear translocation of NF-kB was
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noted in microglial of the outer nuclear and outer plexiform layers (Zeng et al., 2008). 

An earlier study conducted by the same research group also revealed that tumor 

necrosis factor-alpha (TNF-a), a target and inducer gene for NF-kB activation, was 

also primarily produced in the activated microglial cells in the outer retina of rd  mice 

(Zeng et al., 2005). Combined, these findings could indicate that the role of NF-kB in 

photoreceptor apoptosis may be associated with the regulation of proinflammatory 

molecules (Zeng et al., 2008).

However, our findings are not consistent with Krishnamoorthy et al., (1999), who 

found that in-vitro exposure of 661W cells (transformed mouse photoreceptor cell line 

(Baeuerle and Baltimore, 1988) to visible light creates conditions of photo-oxidative 

stress, causing the production of reactive oxygen intermediates leading to oxidative 

damage which results in the down-modulation of NF-kB and subsequent apoptosis of 

the cells.

In summary this chapter demonstrated that:

•  The constructed blue light apparatus was efficient at eliciting photochemical 
retinal damage in a non-pigmented system of albino mice, BALB/cBYJ

• Photochemical damage in the albino system was evident both morphologically 
and functionally -  both resulting in an irreversible effect on visual structure 
and function

• Exposure of BALB/cBYJ to continuous blue light results in an upregulation of 

NF-kB expression
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5.1 Chapter Introduction

Photochemical damage of the retina is noted in short exposures to high intensity light, 

as well as in long exposures to low intensity light (Anderson et a l, 1972; Seiler et al., 

2000). Constant light illumination, even at low to moderate intensities, has been 

shown to damage both the sensory retina and the overlying RPE (Noell et a l, 1966; 

Ham et al., 1978; Noell 1980; Williams and Howell 1983; Organisciak et al., 1989; 

Perez and Perentes 1994). Photochemical damage due to constant illumination has 

been connected to dysfunction in the phototransduction cascase (Noell et al., 1966; 

Williams and Howell 1983). The ability for photoreceptors to recover from light 

damage largely depends on the cellular damage occurring in the inner and outer 

segments of the photoreceptors, however once damage has reached the nuclear level, 

damage is irreversible (Wyse 1980; Moriya et a l, 1986). Additionally, studies have 

suggested that extent of damage has been associated with the number of melanosomes 

in the iris, RPE and choroid (Boulton et a l, 2001b; Heiduschka et a l, 2007; Guo et 

al, 2008). As discussed previously (C hap ter 1), ‘pigmented’ color of the RPE can 

be attributed to its melanin, which is abundant in both the apical and midportion 

regions of the cells of the RPE and plays a role decreasing light scatter, binding 

chemicals, acting as a free radical scavenger or generator, absorbing energy in the 

visible or UV range (Boulton 1998).

Some studies argue that melanin plays little to no role in retinal light damage 

pathogenesis (Lawwill 1973; La Vail et a l, 1987; Gorgels and van Norren 1998), 

however, this chapter will clearly demonstrate that the presence of melanin in the iris, 

choroid and RPE, do in fact play an important role in the degree of degeneration 

occurring with continuous light damage.
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As shown in Chapter 4, in a non-pigmented rodent strain, the BALB/cBYJ, the 

continuous blue light exposure elicited visible morphological changes to the retina 

with an irreversible effect on visual function immediately and after a 10 day recovery 

on all exposure periods. This chapter will examine the effects of continuous blue 

light exposure on a pigmented strain o f mice, 129Sv, immediate and after a 10 day 

recovery period. Additionally, since the 129Sv express the a-crystallins (of particular 

interest, aA-crystallin), these experiments can serve as a positive control to examine 

the morphological and functional changes associated with continuous light exposure 

in a pigmented strain of mice lacking the aA-crystallin protein (Chapter 6).

5.2 Chapter Aims

As stated above, Chapter 5 will investigate photochemical damage elicited from 

continuous blue light exposure in pigmented mice. Additionally it will evaluate the 

presence and expression of the a-crystallins. Since this strain of mice contain aA- 

crystallin, it will serve as a control to compare with results from aA-crystallin knock­

out mice (see Chapter 6). In order to accomplish this, the following aims will be 

addressed:

5.2a.) Analysis of any retinal morphological changes associated with sub­
threshold, continuous blue light exposure in a pigmented mouse strain with 
aA-crystallin

5.2b.) Assessment of visual function before exposure, immediately after and 
10 days post-exposure

5.2c.) Changes in retinal protein expression of the a-crystallins and NF-kB at 
immediate exposure and after 1 Oday recovery period
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5.3 Experimental Design {Detailed descriptions o f the methods can be 
found in Chapter 2.0)

Comparison of wild-type mice (Chapter 5) to the aA-crystallin knock-out mice 

(Chapter 6) required that mice were on similar genetic backgrounds. Therefore wild- 

type, pigmented 129Sv mice were chosen to examine morphological and functional 

changes to continuous blue light exposure for proper comparison to the knock-outs.

The experimental set-up and design for this chapter is similar to the description in 

Chapter 4, with a few minor changes. Due to limited numbers with the BALB/cBYJ 

strain, examination was done at 1, 3, 5 and 7 days. For wild-type and the knock-out 

mice (Chapter 6), exposures will occur daily up to 7 days, with analysis occurring 

immediately after the designated exposure and after a 10 day recovery period. It is 

important to note that during the 10 day recovery period, mice were placed back into 

normal lighting conditions in the animal facility with a 12hrs on/ 12hrs off cyclic 

pattern.

In brief, animals were originally purchased from Taconic Animal Facilities 

(Rockville, MD) and maintained in the Comparative Medical Center at Salus 

University (please refer to Section 2.12 in Chapter 2 for animal colony maintenance 

and refer to Appendix 1 for IACUC approved animal protocols). Animals (6-10wks) 

were exposed to continuous blue light up to 7 days. After exposure, morphological 

and functional analysis was performed immediately and 10 days after their designated 

exposure time, through histology and electroretinography, respectively.
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An unfortunate event occurred with the first trial of wild-type mice due to a 

miscalculation error on the dilutions of the anesthetics, Ketamine and Xylazine. Due 

to this unfortunate event, the ERGs were post-poned and the animal care director and 

veterinarian were contacted to discuss and remedy the situation (Please refer to 

Appendix 1 for the Adverse Event form). ERGs were not performed on the first 

trial, but mice were placed in the exposure apparatus for morphological analysis.

ERG analysis was performed on the remaining three trials. Therefore, four trials were 

performed with wild-type mice, rather than three. An additional trial for wild-type 

mice was not an issue, since wild-type mice are efficient and large breeders.

Detailed descriptions of the experimental blue light apparatus (see Section 2.3.4), 

blue light experimental design (see Section 2.3.5), ERG testing (see Section 2.4), 

histology (see Section 2.6) and protein analysis (see Section 2.5) can be found in 

Chapter 2.

145



Chapter 5.0: In-vivo morphological and functional analysis ofpigmented mice exposed to
continuous blue light up to 7 days 

----------------------------------------------------------------------------------------------------------------------------

5.4 Chapter Results

5.4.1 Daily Humidity and Temperature Readings of Wild- 
Type Mice Exposed to Continuous Blue Light

During all trials of blue light exposure, parameters were monitored on a daily basis, 

twice a day. These parameters included maximum, minimum, and average 

temperature/humidity readings o f the blue light apparatus. All temperature/humidity 

readings were taken with (Big Digit Hygro-Thermometer, Extech Instruments, USA).

Figures 5.4.1 and 5.4.2 illustrates the average values and standard error of the mean 

for temperature and humidity of all four trials o f exposed wild-type mice. When 

referring to the overall average readings o f both the temperature and humidity, at no 

point does the maximum limit of temperature or humidity result. As previously stated 

in C hapter 4, the NIH Guide for the Care and Use of Laboratory Animals, a 

maximum temperature of 80°F is considered dangerous to the animal and the range of 

humidity percentage must fall between 30 -  70%.
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Temperature Variation During all Trials o f  Wild-Type Mice 
Exposed to Continuous Blue Light up to 7 Days
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Finure 5.4.1: Shown above is the maximum, minimum and average temperature readings taken 
during all four trials ofpigmented wild-type mice exposed to blue light up to 7 days. The x-axis 
corresponds to the day o f  the experiment and the y-axis refers to the temperature in degrees 
Fahrenheit. Individual readings at maximum, minimum and average were taken twice a day (every 
I2hrs) and recorded to assure that the overall temperature o f  the apparatus does not exceed 80°F, 
which could cause extreme distress to the animals being exposed. Vertical bars indicate the 
standard error.
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H um idity  Variation D uring all Trials o f  Wild-Type Mice 
Exposed to C ontinuous Blue Light up to 7 Days
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Fisure 5.4.2: Shown above is the maximum, minimum and average humidity readings taken during 
all four trials ofpigm ented wild-type mice exposed to blue light up to 7 days. The x-axis corresponds 
to the day o f  the experiment and the y-axis refers to the temperature in degrees Fahrenheit. 
Individual readings at maximum, minimum and average were taken twice a day (every I2hrs). 
Vertical bars indicate the standard error.

5.4.2 Experim ental Lux R eadings

The monitoring of lux of the blue light apparatus was also a routine experimental 

parameter. Lux were measured at specified points (at the very start of the experiment 

(Day 1), in the middle of the experiment (Day 4) and at the end of the experiment 

(Day 7)) to assure that the amount of illuminance was constant throughout the 

experiment. As revealed in Figure 5.4.3 there was very little, if any, deviation from 

the average illuminance of approximately 620 lux, indicating constant illuminance 

throughout the seven days of experimental exposure. Readings were taken with the 

Traceable NIST Calibrator (Fisher Scientific, USA) apparatus located at the level of 

mice being exposed.
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L u x  Variation during all Trials o f  Wild-Type M ice Exposed to 
Continuous B lue L igh t up to 7 Days
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Figure 5.4.3: Shown above are the average lux measurements o f  the experimental blue light 
apparatus at Day I, 4 and 7 o f  the experiment fo r  all fou r trials o f  wild-type mice. The x-axis 
corresponds to the day o f  the experiment and the y-axis refers to the illuminance lux. Vertical bars 
indicate the standard error.

5.4.3 Behavioral Patterns of Exposed and Non-Exposed 
Wild-Type Mice

As stated in C hapter 4, based on approved animal protocols, animals were required 

to be checked every 12hrs to assure that there was no pain or distress while being 

exposed to the continuous blue light. During all four trials, there was no indication of 

any pain or distress noted in the exposed wild-type mice.

Additionally, there was a mild effect on the weights of the mice being exposed. As 

shown in Figure 5.4.4, there was no significant change in weight from pre exposure 

to immediately after exposure in control and day 1 animals. However, mice exposed 

to blue light for 2-7 days appeared to have a decrease in their weight from pre­

exposure to immediately after exposure. All mice demonstrated an increase in their
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weight during the 10 day  recovery period, returning to their original weight or slightly

greater. These findings indicates that, on average, blue light exposure in these 

unsedated, freely m oving w ild-type m ice produced no significant effects on their 

dietary status.

W eight Variation D uring all Trials o f  Wild-Type M ice Exposed  
to C ontinuous B lue L ight up to 7 Days
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■  P re-B lue L ight E xposure ■  Im m ed iately  a fter  B lue L igh t E xp osu re □  lO days Post Blue Light Exposure

Figure 5.4.4: Shown above are the average weight measurements o f  all four trials ofpigmented 
wild-type mice exposed to blue light up to 7 days. Day 0 refers to the control or no-blue light 
exposed mouse. Weights were taken before blue light exposure, immediately after blue light 
exposure or at the 10 day recovery period from  blue light exposure. The x-axis corresponds to the 
number o f  days the mice were exposed and the y-axis refers to the weight o f  the mice. Vertical bars 
indicate the standard error.

There were particular behaviors noted during all trials o f  w ild-type mice that were not 

found with the albino m ice (C hapter 4). Since it was vital to keep the exposure 

apparatus below 80°F, an air conditioner as well as a fan was placed at one end o f  the 

apparatus. Therefore, a constant am ount o f  cool air w ould flow through the apparatus 

during experim ental conditions, resulting  in the m ice huddling together in a com er o f 

the wired cage (see Figure 5.4.5) in attem pts to shield their eyes from continuous 

airflow or possibly to keep warm . To com bat this problem , at the 12hr daily checks,
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mice were rotated to the right (see Figure 5.4.6j, therefore exposed mice closest to 

the fan would only be there for twelve hrs versus 24 or more. Additionally, since a 

total of six cages could fit in the apparatus, mice were kept in single cages for as long 

as possible and then paired up as necessary to fit all mice for each trial.

*

Fisure 5.4.5: Shown above is an example o f  mice (dotted, red circle) huddled in a corner o f  the 
wired cage while being exposed to blue light. This was typical behavior noted with all wild-type mice 
during all fou r trials.
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Figure 5.4.6 Illustration o f  cage rotation during blue light exposure. Shown are all six cages filling 
the apparatus. The solid yellow line shows the direction o f  rotation o f  the cages every 12 hours. The 
dotted white line refers to the movement o f  the cage closest to the fan; therefore after 12 hours, the 
cage farthest to the right will be rotated so its new position will now be farthest to the left for another 
12 hours.

5.4.4 Histological Analysis of the Pigmented Wild-Type 
Retina after Exposure to Continuous Blue Light

Retinal histology of wild-type mice exposed to continuous blue light daily up to 7 

days was examined immediately and after a 10 day recovery period from their 

designated exposure. The area of capture for analysis of retinal morphology can be 

seen in Figure 4.4.5. All eyes were sectioned at the level of the optic nerve and 

photodocumentation was performed 0.10 -  0.25mm from either side of the optic disc. 

Most of the damage noted occurred in this region; equatorial and peripheral retina 

remained unaffected.

In order to analyze any photochemical damage which may have occurred during 

exposure, histological sections of mouse retina were analyzed to determine any 

cellular loss.
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Four trials o f pigmented wild-type mice examined the effects of continuous blue light 

exposure immediately after the designated exposure period. Figures 5.4.7 and 5.48 

contain representative whole sections of retina as well as a magnified view of the 

outer and inner segments of the photoreceptors, respectively.

When referring to Figure 5.4.7, Day 0 (no blue light control) and Days 1 -  7 of

continuous blue light exposure contain normal rows of photoreceptor nuclei (8-10 

rows) with a tight, uniform structure to the inner and outer photoreceptor segments. 

Additionally, there does not appear to be any compromise of overall retinal thickness 

or significant cellular loss in the retinal nuclear layers.

Upon closer examination of the RPE, photoreceptor segments and outer nuclear layer 

(see Figure 5.48), Day 0 (no blue light control) and Days 1 -5 exhibit tight, uniform 

outer photoreceptor segment structure with clear delineation o f outer to inner portions 

of the photoreceptors. The overlying RPE layer appears intact with no presence of 

any surrounding macrophages in the subretinal space. Additionally, there does not 

appear to be any significant loss of nuclei or melanin loss in the RPE.

Throughout all trials of exposure, Day 6 consistently exhibited the presence of 

macrophages in the subretinal space, possibly indicating apoptosis of the 

photoreceptor nuclei. Although present, photoreceptor segments still remained 

uniform with an intact overlying RPE layer.

However, although gross retinal thickness appeared similar to the control mice (Day 

0), on closer examination o f the outer retina o f Day 7 there appears to be an onset of
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early photochemical damage to the outer segments. It is difficult to determine the 

transition zone between the outer to inner segments of the photoreceptors and 

vesiculation o f both the inner and outer segments of the photoreceptors is present, 

indicating possible photochemical damage. Additionally, pyknotic nuclear appear 

sporadically in the outer nuclear layer. The overlying RPE continue to appear intact 

with no apparent nuclei loss or melanin loss.

Therefore immediate histological analysis o f whole retinal sections and detailed 

analysis of the outer retina reveal that there appears to be no significant 

photochemical damage occurring Days 1 - 6 o f exposure. The only indication of 

photochemical damage was present with the longest period of exposure, 7 days. 

Although there was no cellular loss observed in the outer nuclear layer, there were 

pyknotic nuclei sporadically present and outer and inner segments of the 

photoreceptors revealed vesiculation.

154



Chapter 5.0: In-vivo morphological and functional analysis ofpigmented mice exposed to continuous blue light up to 7 days
4  -----------------------------------------

No Light Control 1 Day (24hrs) 2 Day (48hrs) 3 Day (72hrs) 4 Day (96hrs)

5 Day (120hrs) 7 Day (168hrs)6 Day (144hrs)

Figure 5.4.7 Immediate whole retinal histological analysis o f  pigmented wild-type mice exposed to continuous blue light 
fo r  1 - 7  days. All photos correspond to whole retina photodocumented 0.10 -  0.25 mm from  either side o f  the optic disc
(magnification o f  20x; scale bar = 100pm). These sections are representative o f  all fo u r trials o f  exposed mice. Experiment 
was repeated a minimum o f  four times. RPE  = Retinal pigm ent epithelium, POS = Photoreceptor outer segments, PIS  = 
Photoreceptor inner segments, ONL = Outer nuclear layer, INL = Inner nuclear layer, IPL = Inner plexiform layer, GCL= 
Ganglion cell layer.
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1 D ay (24hrs) 2 D ay (48hrs)N o L igh t C ontrol

3 D ay (72hrs) 4 D ay (96hrs) 5 D ay (120hrs)

(144hrs) 7 D ay (168hrs)

F igure 5.4.8 R epresen ta tive , h igher m agnifica tion  (4 Ox) view o f  the  R P E , in n er  a nd  outer segm ents  
o f  the photoreceptors (PO S /P IS ) a n d  outer nuclear layer (O NL) o f  p ig m en ted  w ild-type m ice  
im m edia tely  a fter exposure  to con tinuous b lue ligh t fo r  1-7  days. Sca le  bar  = 50pm .
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Additionally, retinal histology of wild-type mice exposed to continuous blue light 1 - 

7 days was examined 10 days post the original designated damage. Therefore if  a 

mouse was exposed for 1 day (24hrs), after its designated exposure, it was placed 

back into normal cyclic conditions (12hrs on/12 hrs off) and evaluated 10 days later.

Figures 5.4.9 and 5.4.10 contain representative whole sections of retina as well as a 

magnified view of the outer and inner segments of the photoreceptors, respectively. 

When referring to Figure 5.4.9, Day 0 (no blue light control) and Days 1 -  7 of 

continuous blue light exposure contain normal rows of photoreceptor nuclei (8-10 

rows) with a tight, uniform structure to the inner and outer photoreceptor segments. 

Additionally, there does not appear to be any compromise of overall retinal thickness 

or significant cellular loss in the retinal nuclear layers.

Upon closer examination of the RPE, photoreceptor segments and outer nuclear layer 

(see Figure 5.4.10), Day 0 (no blue light control) and Days 1 -4 exhibit tight, 

uniform outer photoreceptor segment structure with clear delineation of outer to inner 

portions of the photoreceptors. The overlying RPE layer appears intact with no 

presence of any surrounding macrophages in the subretinal space. Additionally, there 

does not appear to be any significant loss of nuclei or melanin loss in the RPE.

Outer retinal examination of Days 5 -7 exhibited vesiculation of the outer and inner 

photoreceptor segments along with sporadic pyknotic nuclei in the outer nuclear layer. 

Additionally, it was difficult to determine the transition zone between outer to inner 

segments. Although the photoreceptor segments and outer nuclear show signs of
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photochemical damage, the overlying RPE layer does not show any signs of 

compromise or damage; there is no nuclei loss or significant melanin loss.

Another way to illustrate the differences in overall retinal thickness or individual layer 

thickness (outer nuclear, inner nuclear, or photoreceptor layers) can be seen 

graphically in Figures 5.4.11 and 5.4.12 immediately and after a 10 day recovery 

period from designated blue light exposure, respectively. As shown in Figure 5.4.11, 

there is no statistically significant difference between the overall retinal thickness and 

individual layer thickness of the exposed animals compared to the control (no light 

exposure) immediately after exposure. There is, however, a significant difference in 

Days 6 and 7 of exposure, as shown in Figure 5.4.12, in the outer and inner nuclear 

layer thicknesses, after a 10 day recovery period.
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No Light Control 1 Day (24hrs) 2 D ay (48hrs) 3 D ay (72hrs) 4 Day (96hrs)

5 Day (I20hrs) 6 Day (144hrs) 7 Day (168hrs)

Figure 5.4.9 Whole retinal histological analysis o f  pigm ented wild-type mice exposed to continuous blue light 1 - 7  days 
after 10 days o f  recovery. A ll photos correspond to whole retina photodocum ented 0.10 -  0.25 mm from  either side o f  the 
optic disc (magnification o f  2 Ox; scale bar = 100pm). These sections are representative o f  all fo u r  trials o f  exposed mice. 
Experim ent was repeated a minimum o f  four times. RPE  = R etina!pigm ent epithelium, POS = Photoreceptor outer 
segments, PIS = Photoreceptor inner segments, ONL = Outer nuclear layer, INL  = Inner nuclear layer, 1PL = Inner 
plexiform  layer, GCL= Ganglion cell layer.
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N o L igh t C ontrol 1 D ay (24hrs) 2 D ay (48hrs)

3 D ay (72hrs) 4 D ay (96hrs) 5 D ay (120hrs)

7 D ay (168It rs)6 Day ( 1441ns,)

Figure 5.4.10 Representative, higher magnification (4 Ox) view of the RPE, inner and outer 
segments of the photoreceptors (POS/PIS) and outer nuclear layer (ONL) ofpigmented wild-type 
mice exposed to continuous blue light for 1-7 days after 10 days of recovery. Scale bar = 50 pm.
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Immediate Morphological Analysis o f  Pigmented Wild-Type Mice Exposed to
Continuous Blue Light up to 7 Days

250 "!

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Period of Exposure

□  Overall Retinal Thickness ■  Outer Nuclear Layer B Inner Nuclear Layer □  Photoreceptor Segments

Figure 5.4.11 Graphical morphometric analysis of overall retinal thickness, outer nuclear thickness, 
inner nuclear thickness and photoreceptor segment thickness in wild-type mice immediately after 
designated blue light exposure. For each animal during each trial, there was a minimum of 4 
sections taken (four trials were performed). Three to four measurements were made per field, which 
were averaged to provide a single value for each retina. Data are expressed as mean ±S.D and 
statistical significance was assessed with a one-way ANOVA followed by Dunnett's multiple 
comparison test. A p<0.05 was considered statistically significant, n=4.
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Morphological Analysis of Pigmented Wild-Type Mice after a 10 day 
Recovery Period from Continuous Blue Light Exposure

50

+

It

*

i t

*

it i
* *

* *

It
Day 0 Day 1 Day 2 Day 3 Day 4

Period o f  Exposure

Day 5 Day 6 Day 7

[□  Overall Retinal Thickness B O uter Nuclear Layer a  Inner Nuclear Layer □  Photoreceptor Segments |

Figure 5.4.12 G raphical m orphom etric analysis o f  overa ll retin a l th ickness, outer nuclear th ickness, 
inner nuclear th ickness and ph otorecep tor segm en t th ickness in w ild-type m ice 10 days after 
design ated  blue light exposure. For each an im al during each tr ia l, there was a m inim um  o f  4  
sections taken (four trials were perform ed). Three to fo u r  m easurem ents were m ade p e r  f ie ld , which  
were averaged  to p rovide  a single value fo r  each retina. D ata a re  expressed  as m ean ±S.D and  
sta tistica l significance was assessed  with a one-w ay A N O  VA fo llo w ed  by D unnett's m ultiple  
com parison  te s t  A p< 0 .0 5  was considered  sta tistically significant. (*p < 0.05 , **p < 0 .0 1  com pared to 
con tro l retina, n=4).
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Figure 5.4.13 Representative ERGs from  a mouse exposed to continuous blue light fo r 7 days. 
Shown in ‘A ’ is a pre-ERG, ‘B ’ is an immediate ERG, and ‘C* is an ERG after a 10 day recovery 
period.
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Figure 5.4.14 illustrates the ERG parameter trajectories over time of all pigmented 

wild-type mice. As shown in Figure 5.4.14, on average there is a continued 

degradation of the a-wave and b-wave amplitudes in exposed wild-type mice with no 

signs of recovery. Therefore on average, it appears as though pigmented wild-type 

that are exposed to continuous blue light, do exhibit irreversible functional damage of 

both the outer retina (a-wave) and inner retina (b-wave). There does not appear to be 

a notable difference in the latencies of both the a- and b-waves, which was an 

unexpected finding since with decreased amplitudes, there is often corresponding 

increased latencies, suggesting retinal layer damage. It is important to note that this 

illustration does not distinguish between individual exposure days. For a more 

detailed description on the changes in exposed versus unexposed wild-type mice, 

please refer to Figures 5.4.15 and 5.4.16.

For ERG analysis, it was difficult to contrast between individual days of exposure due 

to limited controls and limited animal numbers (n=3 for each day within each trial). 

Therefore, for each control mouse, the outcome measures were summarized into one 

quantity over the 3 assessment period (pre exposure, immediately after exposure and 

after a 10 day recovery period). Since we have three repeated measures, we used the 

Area Under the curve (AUC) as recommended by Matthews et al. (1990), to quantify 

each mouse ERG function over the duration and post exposure. Advantages of the 

AUC is its easy derivation, yet the disadvantages o f the AUC include the loss of 

information about the time process; therefore, differences may be due to deviation 

between pre exposure and immediately after exposure or the immediately after and 

the 10 day recovery exposure periods.
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As shown in F igure 5.4.15, the green dashed lines represent the 95% confidence 

bounds for the cases (all mice exposed, n=21), with individual trajectories mapped out 

for each control. No light exposure controls are designated as follows: blue line (Trial 

#1), red line (Trial #2), and purple line (Trial #3). For each control mouse, a one 

sample t-test was performed which examined whether the mean for the exposed mice 

is statistically different from the observed value of each of the control mice. This 

corresponds to a response feature analysis (Everitt, 1995) on the derived AUC 

variable. Therefore, this will answer for each individual control whether their 

observed values are statistically different from the average of the exposed mice. Test 

results are reported as a t-statistics, with p-value (Pr>|t|), as the level of significance, 

where a p-value < 0.05 corresponds to statistical significance (Degrees of freedom for 

the one sample t-tests are 20 for wild-type)(please see Tables 5.1 - 5.3).

166



Chapter 5.0: In-vivo morphological and functional analysis o f pigmented mice exposed to continuous blue light up to 7 days

WILD TYPE TRAJECTORIES OVER TIME

Frt

TH E TIME

r

too

m

100
•o
s>

TH E TME
Fie u re 5.4.14 Overall pigm ented wild-type mice ERG trajectories pre-exposure, immediately after exposure and after 
a 10 day recovery period. A s shown above, on-average, fo r  both the a-wave amplitude ( ‘A ’)  and b-wave amplitude 
( ‘C j ,  there is no recovery p o st exposure; in fact, continued degradation from  the exposure to 10 days later is shown. 
For the a-wave (*Bj  and b-wave ( ‘D j  latencies, it appears on-average, there is m inimal change over the three 
assessment periods. Data at measurement period represent the mean ± S.I). Data points represent ERG param eters 
from  all wild-type m ice without considering the time o f  exposure. (Please refer to Appendix fo r  raw statistical 
values).
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Wild Type Controls and Cases
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Figure 5.4.15 Com parison o f  control m ice to exposed  m ice a t pre-exposure , im m ediately after exposure and after a 
10 day recovery p erio d  fro m  blue light exposure. The blue line refers to Trial #7 control m ouse , the red line refers to 
Trial #2 control m ouse and the pu rp le line refers to Trial #3 m ouse (a-wave am plitude shown in ‘A b-wave  
am plitude shown in ‘C \ a-wave latency shown in ‘B ” and b-w ave latency shown in *D ’). Data a t m easurem ent 
p erio d  represent the m ean  ± S.D. Data poin ts represent ERG param eters fro m  a ll w ild-type m ice w ithout considering  
the tim e o f  exposure. (Please refer to A ppendix fo r  raw  sta tistica l values and Tables 5.1 -  5.3 ).
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Shown in Tables 5.1, 5.2, and 5.3 are the sum m arized statistical contrasts o f  the 

exposed m ice over the four m easurem ents (a-w ave, a-latency, b-wave and b-latency) 

com pared to controls from each trial.

a -w a v e  A m p litu d e :  T e s ts  for L o c a tio n : MuO =  2 0 3 .7 5

T e st S ta t is t ic p v a lu e

Student’s t / -  2.10116 Pr > |t| < 0.0485

b -w a v e  A m p litu d e :  T e sts  for L o c a tio n : MuO =  5 3 5 .3 8

T e s t S ta t is t ic p v a lu e

Student’s t t -  7.44684 Pr > |t| < 0.0001

a -w a v e  L a te n c y :  T e sts  for L o c a tio n :  .MuO =  43

T e s t S ta t is t ic p v a lu e

Student’s t t - 2.100713 Pr > |t| < 0.0485

b -w a v e  L a ten cy : T e s ts  for  L o c a tio n : MuO =  1 8 0 .1 3

T e st S ta t is t ic p  v a lu e

Student’s t /-6.645852 Pr > |t| < 0.0001

Table 5.1 Comparison o f  Exposed M ice to the Control Mouse from  Trial #7 
(Blue Line). On all fo u r  measure, exposed mice are significantly different 
from  the control values, although the a-wave amplitude and a-wave latency 
are near the alpha = 0.05 threshold fo r  statistical significance which was 
assessed with a one-paired student's t-test

a -w a v e  A m p litu d e :  T e s ts  for L o c a tio n : M uO =  1 8 2 .7 5

T e st S ta t is t ic p v a lu e

Student’s t t -  4.324582 Pr >  |t| <  0.0003

b -w a v e  A m p litu d e :  T e sts  fo r  L o c a tio n : M uO =  3 4 1 .2 5

T e st S ta t is t ic p  v a lu e

Student’s t t -  3.682978 Pr >  |t| <  0.0015

a -w a v e  L a te n c y :  T e sts  for  L o c a tio n :  M uO =  4 5 .5

T e st S ta t is t ic p  v a lu e

Student’s t t -  0.403983 Pr >  |t| <  0.6905

b -w a v e  L a ten cy : T e s t s  for L o c a tio n :  M uO =  1 8 8 .7 5

T e st S ta t is t ic p  v a lu e

Student’s t /-5.036318 Pr >  |t| <  0.0001

Table 5.2 Comparison o f  E xposed M ice to the Control M ouse from  Trial #2 
(Red Line). On all fo u r  measure, exposed mice are significantly different 
from  the control values except fo r  the a-wave latency. Statistical 
significance was assessed with a one-paired student’s t-test (A p <  0.05 was 
considered statistically significant.
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a-wave Amplitude: Tests for Location: MuO = 219.75

Test Statistic p value

Student’s t t -  0.407123 Pr > |t| < 0.6882

b-wave Amplitude: Tests for Location: MuO = 588.5

Test Statistic p value

Student’s t t -  10.4927 Pr > |t| < 0.0001

a-wave Latency: Tests for Location: MuO =34.75

Test Statistic p value

Student’s t /-7 .6 9 9 9 2 Pr > |t| < 0.0001

b-wave Latency: Tests for Location: MuO = 239.5

Test Statistic p value

Student’s t t  -  4.4342 Pr > |t| < 0.0003

Table 5.3 Com parison o f  E xposed  M ice to the C ontrol M ouse fro m  Trial #3 
(Purple Line). On a ll fo u r  m easure , ex p o sed  m ice are significantly  
different fro m  the control values ex cep t f o r  the a -w ave amplitude.
S tatistical significance was assessed  with a on e-p a ired  student's t-test (A p <
0.05 was considered statistically significant.

Figure 5.4.16 illustrates the ERG measurements of the mice during their exposure 

period. With the exception of 1 Day of exposure, at no point do the mice recovery to 

their original a- or b-wave amplitudes after being exposed to continuous blue light. 

Some mice appear to exhibit some recovery in their a- and b-wave amplitudes (Days 

3 and 4), yet amplitudes do not reach their original starting point. Days 5 -7 illustrate 

a continual decline in the amplitudes, indicating that the longer the animal was 

exposed to continuous blue light, the less likely they were to recover.
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5.4.6 Protein Expression in Wild-Type Pigmented Mice
Immediately and after a 10 day recovery period from
continuous blue light exposure

Western Blot analysis was performed in order to examine any changes in expression 

of aA- and aB-crystallin and NF-kB expression in mice exposed to blue light over 1-7 

days (aA- and aB-crystallin expression was examined at 1, 4 and 7 days, NF-kB was 

examined at 1-7 days). As shown in Figures 5.4.17A, B, and C, aA-crystallin 

expression was statistically significant at Days 4 and 7 of continuous blue light 

exposure, while aB-crystallin expression was significantly different at all days 

analyzed, but upregulation was greater during the 10 day recovery period. It is 

important to note that both aA- and aB-crystallin were significant at the immediate 

time point of 4 days, but not after a 10 day recovery period. Additionally, both aA- 

and aB- showed a significant difference immediate and after a 10 day recovery in 

mice exposed for 7 days. The protein expression of the a-crystallins was highly 

variable between individual mice. This finding of high variability between individual 

mice was also reported by Xi et al., 2003a who suggested that normal variations in the 

expression of various crystallin genes may be reflective of the stress level, metabolic 

status, and/or age of these animals. Additionally they suggested that data changes in 

crystallin expression should be interpreted cautiously with multiple data points (Xi et 

al, 2003a). The number o f retinas used for Western Blotting for each a-crystallin 

was 3.

With regards to the retinal expression o f the a-crystallins in these exposed mice, one 

can clearly distinguish between the visible differences in aA- versus aB-crystallin 

expression (Figure 5.4.17C). aB-crystallin expression is present, even under non-
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stressed conditions and appears to parallel expression of the aA-crystallin in Day 4 

(Immediate) and Day 7 (after a 10 day recovery).
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Fieure 5.4.17A and B continued overleaf
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Fieure 5.4.17A, B. and C Expression o f  aA- and aB-crystallin in pigmented wild-type mice 
immediately and after a 10 day recovery period from  1, 4 or 7 days o f  exposure.. ‘A ’ represents a 
graphical description o f  aA-crystallin expression normalized to actin immediately and 10 days after 
designated exposure. ‘B ’ represents a graphical description o f  aB-crystallin expression normalized 
to actin immediately and after a 10 day recovery period. (C ’ illustrates representative blots o f  aA- 
and aB-crystallin, as well as actin as an internal control (The key fo r  lane numbers are shown in the 
table below the blots). aA-crystallin corresponds to 20kDa, aB-crystallin corresponds to 23.5kDa 
and actin corresponds to 43kDa. In A  ’ and ‘B ’, data are expressed as the mean ± S.D and 
statistical significance was assessed by a one-way ANOVA followed by Dunnett’s multiple 
comparison test to compare exposed mice to non-exposed or Tukey’s multiple comparison test to 
compare between immediate versus the lOday recovery. A p<0.05 was considered statistically 
significant. (*p < 0.05, **p < 0.01, ***p <0.001, n=3).

Expression of NF-kB was also examined in mice exposed to blue light over 1-7 days. 

Figure 5.4.18A and B illustrates that although there appears to be an increase in 

expression from immediate to the 10 day recovery period, there was no statistical 

significance between the exposed mice versus the control mice, as well as no 

significant difference from the immediate period to the 10 day recovery period.
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Figure 5.4.18 Expression o f  NF-kB pigm ented mid-type mice immediately and after a 10 day 
recovery period over 1-7 days o f  exposure. . ‘A ’ represents a graphical description o f  NF-kB 
expression normalized to actin immediately and 10 days after designated exposure. Shown in ‘B ’are 
representative blots o f  NF-kB, as well as actin as an internal control. NF-kB corresponds to 63kDa 
and actin corresponds to 43kDu. In ‘A ’data are expressed as the mean ± S. D and statistical 
significance was assessed by a one-way A N  OVA followed by Dunnett’s multiple comparison test to 
compare exposed mice to non-exposed or Tukey’s multiple comparison test to compare between 
immediate versus the lOday recovery. A p<0.05 was considered statistically significant. (*p < 0.05, 
**p < 0.01, ***p <0.001, n=3).
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5.5 Chapter Discussion

In this chapter, we found that pigmented, wild-type mice exposed to continuous blue 

light over 1-7 days do exhibit irreversible functional and morphological damage, 

however not as severe as albino mice (see C h ap ter 4). Additionally, we examined 

the protein expression of the a-crystallins in the retina and discovered that there 

appears to be an upregulation of the a-crystallins in continuous blue light exposure.

Reports have shown that there are a number o f susceptibility factors identified in 

animals with regards to light damage experiments (Noell et a l, 1966; O ’Steen et a l, 

1974; Danciger et a l, 2000; Wu et a l, 2006). These factors include wavelength 

(Gorgels and van Norren 1995; Busch et al., 1999; Grimm et al., 2001), light intensity 

and exposure duration (Noell et a l, 1966; Kuwabara and Gom 1968; Kuwabara 1970; 

O ’Steen 1970; O ’Steen and Lytle 1971; O ’Steen et al., 1972; Ham et al. 1976; Rapp 

and Williams 1980; Williams et al., 1985; Moriya et a l, 1986; Kremers and van 

Norren 1989; van Norren and Schellekens 1990), cumulative effects of light (Noell et 

al., 1966; Lawwill et al., 1977; Ham et al., 1979; Organisciak et al., 1989) adaptive 

state (Noell 1979; Organisciak et al., 1985; Penn and Williams 1986; Penn and 

Anderson 1987a; Penn et al., 1987b) and animal genetics including ocular 

pigmentation and specie type (Lawwill 1973; Rapp and Williams 1980; La Vail and 

Gorrin 1987; Rapp and Smith 1992; Gorgels and Van Norren 1998).

Of particular interest for this study was the presence of pigment in the wild-type mice 

exposed to continuous blue light. The purpose for examination of wild-type 

pigmented mice was two-fold; first it would allow a comparison between 

morphological and functional changes associated with blue light exposure over 1 -7
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days in a non-pigmented (Chapter 4) versus pigmented rodent strain (Chapter 5) and 

second, it would allow a comparison between pigmented animals that contain aA- 

crystallin (Chapter 5) and those that are pigmented but do not contain aA-crystallin 

(Chapter 6).

As stated previously, conflicting studies have reported that pigmentation plays little to 

no role in retinal light damage pathogenesis (Lawwill 1973; La Vail et al., 1987; 

Gorgels and van Norren 1998). This study demonstrates that although morphological 

and functional damage was not as severe as in the albino strain, there was an 

irreversible effect on the retinal function and morphology. However, it is important to 

note that our study differed from others in various ways. For example, Gorgels and 

van Norren (1998) examined pigmented and non-pigmented rats under anesthetized 

conditions with short-term, intense irradiations to the eye and subsequent examination 

with fundoscopy and light microscopy. They concluded that melanin is not the main 

chromophore in causing photochemical damage to the retina in pigmented animals, 

nor does it play a role in the toxic process (Gorgels and van Norren, 1998). LaVail 

and Gorrin (1987) also found that light-induced photoreceptor damage was 

independent of pigmentation phenotype in experimental chimeras and translocation 

mice.

Additional broadband blue light studies performed on pigmented versus albino rabbits 

found that the RPE damage of both types o f rabbits were equally sensitive to blue 

light (Van Best et al., 1997) and if  light levels are controlled to produce equal steady- 

state bleaching, the retinal degeneration is similar between pigmented and non- 

pigmented strains (Rapp et al., 1980; Rapp et al., 1992).
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It was clearly shown in Chapter 4 that the BALB/cBYJ mice not only exhibited

visible proof o f photochemical damage by the loss o f the outer nuclear layer and 

subsequent visual function, but the longer the animal was exposed, the greater the 

retinal damage and the greater the loss o f visual function. In pigmented mice, the 

morphological damage was not visibly evident until the longest duration of exposure, 

Days 6 and 7, with an irreversible effect on visual function from Days 5-7. These 

findings correlate with Noell’s work in 1966 which examined retinal light damage in 

pigmented and albino rats under identical illuminance conditions. In his work he 

found that for pigmented rats to achieve the same reduction in a-wave amplitude as 

albino rats, exposure duration had to be more than doubled (even with the pupils 

dilated) (Noell et a l, 1966). Although exposure time was not doubled in our study, 

both strains o f mice were exposed to the same illuminance, under the same 

conditions, with dilated pupils and while damage was noted almost immediately after 

3 days of exposure in the albino mice, evidence of any retinal damage was not 

apparent until 6 or 7 days of exposure in pigmented mice.

A similar study also examined the long-term effects o f light damage in pigmented and 

albino rats after exposure to moderate (500 lux) but continuous illumination for 1 

week (Wasowicz et a l, 2002). They concluded that albino rat retinas exhibited 

visible morphological changes, whereas the pigmented rats did not, but both strains 

did exhibit changes in retinal biochemical markers and amino acids (Wasowicz et al.,

2002). This work was similar to our study with regards to morphological changes, 

although instead of examining retinal biochemical markers and amino acid 

composition, we examined the expression of a-crystallins and NF-kB.
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The role of a-crystallins in light damage has been previously studied in intense light 

exposure experiments (Miyagi et a l, 2002; Sakaguchi et a l, 2003; Tanito et al.,

2006), dim cyclic light (Organisciak et a l, 2003) and the rd l mouse (Cavusoglu et al,

2003). In our study involving exposure at moderate levels of continuous visible light, 

protein expression of aA-crystallin was not evident until exposure duration increased. 

aB-crystallin expression was present at all exposure times, and appeared to be 

upregulated with increasing light exposure. The aB-crystallin upregulation was also 

noted in the rod outer segments and RPE after exposure to intense light (Sakaguchi et 

al, 2003). Examination of the a-crystallins in the wild-type mice was necessary for 

future comparison to aA-crystallin knock-out studies (see C hapter 6).

Expression of NF-kB appeared to be up-regulated in mouse retinas during their 10 

day recovery period compared to analysis at the immediate time point, however this 

upregulation was not significant. NF-kB has been linked to the a-crystallins in the 

area of inflammation (Masilamoni et al., 2006, Ousman et a l, 2007). In particular, 

in-vivo and in-vitro studies found that aB-crystallin prevents cell death of astrocytes 

by inhibiting caspase-3 activation, and suppresses the inflammatory role of NF-kB 

(Ousman et a l, 2007). Additionally, it was shown that if  cells were pre-treated with 

a-crystallins, NF-kB activity was suppressed, therefore downregulating the expression 

of proinflammatory cytokines (Masilamoni et a l, 2006). Expression of the a- 

crystallins was not examined in the albino mice, however, perhaps the expression of 

NF-kB is less in the pigmented due to the increasing expression of a-crystallins as 

light exposure duration increases.
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Since there were functional and morphological changes noted in the pigmented mice, 

which were not as drastic as those noted in the albino mice, future studies should 

utilize the technique of transmission electron microscopy to examine changes not 

visible with light microscopy. Additionally, although we examined the protein 

expression of the a-crystallins, we were unable to localize the exact location of 

expression and or any changes associated with that expression. Therefore 

immunocytochemistry would be a useful technique for future studies. It is also 

important to add that the influence o f genetic factors in explaining the protection 

against light cannot be excluded, because the degree of retinal susceptibility varies 

between pigmented versus non-pigmented strains exposed to the same light intensity 

(La Vail and Gorrin 1987, LaVail et al., 1997).

In summary this study has shown that:

• Pigmented, wild-type mice do exhibit irreversible morphological and 
functional photochemical damage at longer exposure durations, however it is 
not as severe as the albino

• aA- and aB-crystallins appear to be upregulated in light damage as the 
duration increases, possibly exhibiting a protective role in photochemical light 
damage

• NF-kB is not significantly upregulated in pigmented, wild-type mice exposed 
to continuous blue light daily up to 7 days
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6.1 Chapter Introduction

a-crystallins (aA- and aB-crystallin) belong to the family of small heat shock proteins 

and can act as molecular chaperones (Horwitz 1992; Boyle and Takemoto, 1994;

Wang et a l, 1995; Andley et al., 1996; Derham and Harding, 1999; Horwitz 2000; 

Derham and Harding, 2002; Horwitz 2003; Thiagarajan et al., 2004; Cheng et al., 

2008; Ecroyd and Carver, 2008; Ghosh et al., 2008; Tanaka et al., 2008). A majority 

of the a-crystallins functional and structural role has been examined in the lens, since 

these proteins were once thought to be exclusive to this tissue (Review in Andley

2007). However, due to their expression in multiple tissues and their effectiveness in 

possible protection in post-mitotic cells, their role has become more appealing with 

regards to the sensory retina and the RPE.

The aA-crystallin gene is found on chromosome 21, and encodes for a 173 amino acid 

protein, and has found to be expressed in the spleen, thymus, brain, and retina (Kato 

et al., 1991; Bhat et al., 1991; Horwitz 1992; Srinivasan et a l, 1992; Deretic et al., 

1994). The aB-crystallin gene is found on chromosome 11 and encodes for a 175 

amino acid protein. Expression of aB-crystallin is universal in stressed biological 

systems and abundant in cells with minimal mitotic capacity (Groenen PTJA, et al., 

1994; Alge et al., 2002). Ocular expression of a-B has also been found in rat retinal 

pigmented epithelium (RPE) (Nishikawa et al., 1994), ciliary body and iris (Iwaki et 

a l, 1990) and retina (Iwaki et al., 1990; Xi et al., 2003a).

Although both aA- and aB-crystallin share similar amino acid sequences and 

structures, they vary in their tissue specificity and phosphorylation sites, appear to
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protect different proteins, and are active under different conditions (Voorter et a l,

1986, Kantorow and Piatigorsky 1998, Andley et a l, 2000, Mao et al., 2004, Rao et 

a l, 2008).

O f particular interest of these a-crystallins are their expressions in the sensory retina 

and RPE with an ability to provide possible protective mechanisms under stressed 

conditions. Xi et al. (2003a) localized expression o f aA  and aB-crystallins to distinct 

retinal layers in the mouse retina. aA  was distributed in the ganglion cell layer nuclei, 

and the inner and outer photoreceptor nuclear layers, but was undetectable in the 

photoreceptor inner and outer segments. aB  was detected in the same retinal layers as 

aA , but was additionally found in the inner segments o f the photoreceptors (Xi et a l, 

2003a).

Previous retinal analysis of the a-crystallins found low levels of a-crystallin have 

been detected in frog retinal photoreceptors (in post-Golgi membranes) suggesting a 

role in rhodopsin trafficking and renewal o f the outer segments o f the photoreceptors 

(Deretic et al., 1994). In addition, crystallins were identified as components of retinal 

drusen in patients with age-related macular degeneration (AMD) (Crabb et a l, 2002) 

and it was later suggested that the accumulation o f crystallins was a stress response 

and may be involved in trapping damaged proteins and preventing their aggregation in 

the presence of AMD (Nakata et a l, 2005). a-crystallins role in the retina appears to 

parallels their structural and functional role in the lens (Andley et a l, 1996; Bova et 

a l, 1997; Sun et a l, 1997; Horwitz et a l, 1998; Muchowski and Clark 1998; Derham
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et al., 2001). Furthermore both aA - and aB-crystallin were shown to prevent 

apoptosis through the inhibition o f caspases (Kamradt et al., 2001; Alge et al., 2002).

Increased expression of crystallins in light damaged photoreceptors and the decreased 

expression of aA-crystallin in the retinal dystrophic rat suggest a possible role for 

crystallins in protecting the photoreceptors from light damage (Crabb et al., 2002; 

Sakaguchi et al., 2003). A recent study done by Rao et al (2008) revealed that aA- 

crystallin protected photoreceptors in experimentally induced uveitis and was 

upregulated in the diabetic retina o f rats (Wang et al., 2007). These findings warrant 

further investigation into the role a-crystallins, in particular aA-crystallin, plays in the 

protection of photoreceptors against continuous blue light damage.

As previously show in Chapter 5, pigmented mice (containing aA-crystallin), 

demonstrated less morphological and functional damage compared to the albino mice 

(Chapter 4), however this chapter will demonstrate the effect continuous blue light 

damage has on a pigmented strain o f mice lacking aA-crystallin. The information 

presented will provide a better understanding into the role of a-crystallins in low 

intensity, continuous light photochemical damage to the murine retina.

6.2 Chapter Aims
As stated above, Chapter 6 will investigate photochemical damage elicited from

continuous blue light exposure in pigmented mice lacking aA-crystallin in

comparison to pigmented mice that do express aA-crystallin (Chapter 5). In order to

accomplish this, the following aims will be addressed:

6.2a.) Analysis of any retinal morphological changes associated with sub­
threshold, continuous blue light exposure in pigmented mouse strain lacking 
aA-crystallin
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6.2b.) Assessment o f visual function before exposure, immediately after and 
10 days post-exposure

6.2c.) Changes in retinal protein expression of the a-crystallins, and NF-kB at 
immediate exposure and a lOday recovery period

6.3 Experimental Design

The experimental set-up and design for this chapter is identical similar to the 

description in Chapter 4, with the exception o f an additional control mouse. For the 

aA-crystallin knock-out mice, two control mice were used for each trial, one wild- 

type and one knock-out. Exposures occurred 1 -  7 days, with analysis occurring 

immediately after the designated exposure and after a 10 day recovery period. It is 

important to note that during the 10 day recovery period, mice were placed back into 

normal lighting conditions in the animal facility with a 12hrs on/ 12hrs off cyclic 

pattern.

In brief, animals were a generous gift from Eric Wawrousek, PhD at the Transgenics 

and Genome Manipulation Division o f the National Eye Institute (NIH, Bethesda, 

MD). Animals were maintained in the Comparative Medical Center at Salus 

University (please refer to Section 2.12 in Chapter 2 for animal colony maintenance 

and refer to Appendix 1 for IACUC approved animal protocols). Animals (6-10wks) 

were exposed to continuous blue light up to 7 days. After exposure, morphological 

and functional analysis was performed immediately and 10 days after their designated 

exposure time, through histology and electroretinography, respectively. Three trials 

were performed for the aA-crystallin knock-out mice exposures.
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Detailed descriptions of the experimental blue light apparatus (see Section 2.3.4), 

blue light experimental design (see Section 2.3.5), ERG testing (see Section 2.4), 

histology (see Section 2.6) and protein analysis (see Section 2.5) can be found in 

Chapter 2.
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6.4 Chapter Results

6.4.1 Daily Humidity and Temperature Readings of aA- 
crystallin Knock-Out Mice Exposed to Continuous Blue 
Light

During all trials of blue light exposure, parameters were monitored on a daily basis, 

twice a day. These parameters included maximum, minimum, and average 

temperature/humidity, and lux readings o f the blue light apparatus done at day 1, 4 

and 7 of the experiment. All temperature/humidity readings were taken with (Big 

Digit Hygro-Thermometer, Extech Instruments, USA).

Figures 6.4.1 and 6.4.2 illustrates the average values and standard error of the mean 

for temperature and humidity of all three trials. When referring to the overall average 

readings o f both the temperature and humidity, at no point does the maximum limit of 

temperature or humidity result. As previously stated in Chapter 4, the NIH Guide for 

the Care and Use of Laboratory Animals, a maximum temperature of 80°F is 

considered dangerous to the animal and the range o f humidity percentage must fall 

between 30 -  70%. There is more variation with the humidity readings versus the 

temperature readings. This may be due to the time o f year which the trials were run. 

The first trial o f the aA-crystallin knock-out mice was done at the end of August 2007 

and trial two and three were done in November o f 2007 and December of 2007 

respectively. The measured humidity values in August of 2007 were nearly double of 

those measured in November and December o f 2007 which can be attributable to the 

time of year the experiment was being done.
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Temperature Variation D uring  a ll Trials o f  A lpha A-C rystallin  
K nock-O ut M ice E xposed  to C ontinuous Blue L igh t up  to 7
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Fieure 6.4.1: Shown above is the maximum, minimum and average temperature readings taken 
during all three trials o f  pigmented aA-crystallin knock-out mice exposed to blue light up to 7 days. 
The x-axis corresponds to the day o f  the experiment and the y-axis refers to the temperature in 
degrees Fahrenheit. Individual readings at maximum, minimum and average were taken twice a 
day (every I2hrs) and recorded to assure that the overall temperature o f  the apparatus does not 
exceed 80 F, which could cause extreme distress to the animals being exposed. Vertical bars 
indicate the standard error.
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H um idity Variation D uring all Trials o f  A lpha A-Crystallin 
Knock-O ut M ice E xposed to Continuous Blue Light up to 7

Days
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Figure 6.4.2: Shown above is the maximum, minimum and average humidity readings taken during 
all three trials o f  pigmented aA-crystallin knock-out mice exposed to blue light up to 7 days. The x- 
axis corresponds to the day o f  the experiment and the y-axis refers to the temperature in degrees 
Fahrenheit. Individual readings at maximum, minimum and average were taken twice a day (every 
I2hrs). Vertical bars indicate the standard error.

6.4.2 Experimental Lux Readings

The monitoring of lux of the blue light apparatus was also a routine experimental 

parameter. Lux were measured at specified points (at the very start of the experiment 

(Day 1), in the middle of the experiment (Day 4) and at the end of the experiment 

(Day 7)) to assure that the amount of illuminance was constant throughout the 

experiment. As revealed in Figure 6.4.3 there was very little, if any, deviation from 

the average illuminance of approximately 620 lux, indicating constant illuminance 

throughout the seven days of experimental exposure. Readings were taken with the 

Traceable NIST Calibrator (Fisher Scientific, USA) apparatus located at the level of 

mice being exposed.
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L u x  Variation during  all Trials o f  A lpha  A-Crystallin Knock- 
O ut M ice E xposed  to C ontinuous B lue L ight up to 7 Days

650

Day 1 Day 4 Day 7

D ay  o f  E x p er im en t

■  L ux

Fieure 6.4.3: Shown above are the average lux measurements o f  the experimental blue light 
apparatus at Day 1, 4 and 7 o f  the experiment fo r  all three trials o f  aA-crystallin knock-out mice.
The x-axis corresponds to the day o f  the experiment and the y-axis refers to the illuminance lux. 
Vertical bars indicate the standard error.

6.4.3 Behavioral Patterns of Exposed and Non-Exposed aA- 
crystallin Knock-Out Mice

As stated in C hapter 3, based on my approved animal protocol, animals were 

required to be checked every 12hrs to assure that there was no pain or distress while 

being exposed to the continuous blue light. During all three trials, there was no 

indication of any pain or distress noted in the exposed aA K/O mice.

Additionally, there was a moderate effect on the weights of the mice being exposed. 

As shown in Figure 6.4.4, there was very little change in weight from pre exposure to 

immediately after exposure in control and day 1 animals. However, mice exposed to 

blue light for 2-7 days appeared to have a decrease in their weight from pre-exposure



Chapter 6.0: In-vivo morphological and functional analysis o f pigmented, aA-crystallin knock-out
mice exposed to continuous blue light up to 7 days

_|------------------------------------------------------------------------------------------------------------------------------------------------

to immediately after exposure. All mice demonstrated an increase in their weight 

during the 10 day recovery period, returning to their original weight or slightly 

greater. These findings indicates that, on average, blue light exposure in these 

unsedated, freely moving knock-out mice produced minimal, reversible negative 

effects on their dietary status.

Weight Variation D uring all Trials o f  A lpha A-Crystallin Knock- 
Out Mice Exposed to C ontinuous Blue L ight up to 7 Days

30

Day 0 WT Day 0 K/O Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

E xp osu re P eriod  (D ays)

■  P re-B lue Light E xposure ■  Im m ed iately  a fter  B lue L igh t E xp osu re □  lOdays Post Blue Light E xposure

Figure 6.4.4: Shown above are the average weight measurements o f  all three trials o f  aA-crystallin 
knock-out mice exposed to blue light up to 7 days. Day 0 refers to the W'T or K/O control (no-blue 
light exposed mice). Weights were taken before blue light exposure, immediately after blue light 
exposure or at the 10 day recovery period from  blue light exposure. The x-axis corresponds to the 
number o f  days the mice were exposed and the y-axis refers to the weight o f  the mice. Vertical bars 
indicate the standard error.

Similar behaviors found with wild-type mice (see C hapter 5, Section 5.4.3) were 

also noted with the knock-out mice. Examples of these behaviors include periodic 

seclusion in cage comers and huddling with other cage mates. As stated previously, 

to combat these problems, every 12 hrs mice were rotated to the right; therefore 

exposed mice closest to the fan would only be there for twelve hrs versus 24 or more.
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Additionally, since a total of six cages could fit in the apparatus, mice were kept in 

single cages for as long as possible and then paired up as necessary to fit all mice for 

each trial.

However, another behavior was noted with the exposed knock-out mice; cage 

climbing. During observation, mice would occasionally climb the sides of the cage 

and try to hide between the side o f the cage and the food holder. Therefore, mice 

were checked on every 6hrs and if these behaviors were observed, they were removed 

and placed back into the bottom of the cage.

6.4.4 Histological Analysis of the Pigmented aA-crystallin 
Knock-Out Retina Immediately and after a 10 day Recovery 
from Exposure to Continuous Blue Light

Retinal histology of aA-crystallin knock-out mice exposed to continuous blue light 1 - 

7 days was examined immediately after their designated exposure. Control mice 

included both an aA-crystallin knock-out and wild-type. The area of capture for 

analysis of retinal morphology can be seen in F igure 4.4.5. All eyes were sectioned 

at the level of the optic nerve and photodocumentation was performed 0.10 -  0.25mm 

from either side of the optic disc. Most o f the damage noted occurred in this region; 

equatorial and peripheral retina remained unaffected.

In order to analyze any photochemical damage which may have occurred during 

exposure, histological sections o f mouse retina were analyzed to determine any 

cellular loss.
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Three trials o f pigmented aA-crystallin knock-out mice examined the effects of 

continuous blue light exposure immediately after the designated exposure period. 

Figures 6.4.5 and 6.4.6 contain representative whole sections of retina as well as a 

magnified view o f the outer and inner segments of the photoreceptors, respectively.

When referring to Figure 6.4.5, Day 0 (WT and aA-crystallin K/O no blue light 

controls) and Days 1 -  7 of continuous blue light exposure contain normal rows of 

photoreceptor nuclei (8-10 rows) with a tight, uniform structure to the inner and outer 

photoreceptor segments. Additionally, there does not appear to be any compromise of 

overall retinal thickness or significant cellular loss in the retinal nuclear layers.

Immediate analysis o f retinal morphology o f aA-crystallin knock-out mice appears to 

share similar histological characteristics as the wild-type mice (see Chapter 5, Figure

5.4.7). In both strains there does not appear to be any cellular loss of the retinal 

nuclear layers or disorganization of the photoreceptor segments.

Upon closer examination of the RPE, photoreceptor segments and outer nuclear layer 

(see Figure 6.4.6), Day 0 (WT and aA-crystallin K/O no blue light controls) and 

Days 1 -7 exhibit tight, uniform outer photoreceptor segment structure with clear 

delineation of outer to inner portions o f the photoreceptors. The overlying RPE layer 

appears intact with no presence o f any surrounding macrophages in the subretinal 

space. Additionally, there does not appear to be any significant loss of nuclei or 

melanin loss in the RPE.
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When comparing Figure 6.4.6 with wild-type outer retinal analysis (Figure 5.4.8), 

there also appears to similar findings. Although there is vesiculation of the 

photoreceptor outer segments with wild-type Day 7, aA-crystallin knock-out mice 

did not exhibit these outer segment changes.

Therefore immediate histological analysis o f whole retinal sections and detailed 

analysis o f the outer retina reveal that there appears to be no significant 

photochemical damage occurring Days 1 - 7 of exposure. These findings correlate 

with immediate analysis o f the wild-type mice exposed to continuous blue light for 1- 

7 days.
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No Light Control - WT No Light Control - KO 1 Day (24hrs) 2 Day (48hrs) 3 Day (72hrs)

4 Day m h rs ) 6 Day (144hrs) 7 Day (168hrs)

Figure 6.4.5 Immediate whole retina! histological analysis o f  pigmented alpha a-crystallin knock-out mice exposed to 
continuous blue light fo r  1 - 7  days. All photos correspond to whole retina photodocumented 0.10 -  0.25 mm from either 
side o f  the optic disc (magnification o f  20x; scale bar = 100 pm). These sections are representative o f  all three trials o f  
exposed mice. Experiment was repeated a minimum o f  four times. RPE = Retinal pigment epithelium, POS = 
Photoreceptor outer segments, PIS = Photoreceptor inner segments, ONL = Outer nuclear layer, INL = Inner nuclear 
layer, IPL = Inner plexiform layer, GCL= Ganglion cel! layer.
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No Light Control - WT No Light Control - KO 1 Day (24hrs) 2 Day (48hrs)

4 Day (96hrs) 6 Day (144hrs)3 Day (72hrs)

7 Day (168hrs)

Figure 6.4.6 R epresen ta tive , higher m agnification (40x) view  o f  the R P E , in n er and outer segm ents  
o f  the photorecep tors (P O S/P /S) an d  outer nuclear layer (ONL) o f  p ig m en ted  alpha a-crystallin  
knock-ou t m ice im m edia tely  after exposure to continuous blue ligh t f o r  1- 7 days. Scale bar =  50pm .
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Additionally, retinal histology o f aA-crystallin knock-out mice exposed to continuous 

blue light 1 - 7 days was examined 10 days post the original designated damage.

Figures 6.4.7 and 6.4.8 contain representative whole sections of retina as well as a 

magnified view of the outer and inner segments o f the photoreceptors, respectively. 

When referring to Figure 6.4.7, Day 0 (WT and aA-crystallin K/O no blue light 

controls) and Days 1 -  7 of continuous blue light exposure contain normal rows of 

photoreceptor nuclei (8-10 rows) and there does not appear to be any compromise of 

overall retinal thickness or significant cellular loss in the retinal nuclear layers. Tight, 

uniform structure to the inner and outer photoreceptor segments is present in both 

controls, but Days 1-7 do not exhibit tight, uniform structure. During all days of 

exposure, there appears to be spacing between photoreceptor segments with 

corresponding vesiculation (closer examination o f outer retina is seen in Figure

6.4.8). These findings differ from analysis o f wild-type retina after a 10 day recovery 

period (Chapter 5, Figures 5.4.9 and 5.4.10). Although there is not an apparent 

significant cellular loss of the retinal layers, there does appear to be disorganization in 

the outer retina of the aA-crystallin knock-out mice at an early time than in the wild- 

type.

Figures 6.4.9 and 6.4.10 illustrate the differences in overall retinal thickness or 

individual layer thickness (outer nuclear, inner nuclear, or photoreceptor layers) 

immediately and after a 10 day recovery period from designated blue light exposure 

respectively. Although there appears to be no notable visible difference in the retinal 

layer thicknesses immediately after exposure, morphometrical analysis revealed a
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significant difference in the outer nuclear layer thickness throughout all exposure 

periods (Figure 6.4.9) compared to the control mouse. Seven days of exposure also 

lead to a significant decrease in photoreceptor segment thickness immediately after 

being exposed to continuous blue light.

Morphometrical analysis after a 10 day recovery from exposure reveals significant 

decreases in overall retinal thickness, and outer and inner nuclear layers. Changes are 

more statistically significant with increased exposure times. These findings of 

decreased thickness in the outer and inner nuclear layers were not found with wild- 

type mice. As stated previously, Xi et a l, 2003a localized distribution of murine aA- 

crystallin in the outer and inner nuclear layers, as well as the ganglion cell layer. Due 

to these animals lacking the aA-crystallin protein, perhaps these layers are more 

susceptible to apoptosis under photochemical conditions, even at moderate levels.

Figures 6.4.10 and 6.4.11 compared retinal layer thicknesses between wild-type and 

aA-crystallin knock-out mice immediately and after a 10 day recovery period, 

respectively. There were no statistically significant changes between both strains.
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No Light Control - WT No Light Control - KO 1 Day (24hrs) 2 Day (48hrs) 3 Day (72hrs)

4 Day (96hrs) 5 Day (120hrs) 6Day(144hrs) 7 Day (168hrs)

Figure 6.4.7 Whole retinal histological analysis o f  pigmented alpha a-crystallin knock-out mice exposed to continuous blue 
light 1 - 7  days after 10 days o f  recovery. All photos correspond to whole retina photodocumented 0.10 -  0.25 mm from  
either side o f  the optic disc (magnification o f 20x; scale bar = 100pm). These sections are representative o f  all three trials 
o f exposed mice. RPE = Retinal pigment epithelium, POS = Photoreceptor outer segments, PIS = Photoreceptor inner 
segments, ONL = Outer nuclear layer, INL = Inner nuclear layer, IPL = Inner plexiform layer, GCL= Ganglion cell layer.
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No Light Control - WT No Light Control - KO 1 Day (24hrs) 2 Day (48hrs)

3 Day (72hrs) 4 Day (96hrs) 5 Day (120hrs) 6 Day (144hrs)

7 Day (168hrs)

F igure 6 .4 ,8  R epresen ta tive , high er m agn ifica tion  (40x) v iew  o f  th e  R P E , in n er an d  ou ter segm en ts  
o f  the p h o to recep to rs  (PO  S/PIS) a n d  ou ter n u clear layer (O N L) o f  p ig m en ted  a lpha a -crysta llin  
m ice ex p o sed  to con tinuous blue ligh t f o r  1 -7  days a fter  10 da ys  o f  recovery. S ca le  ba r  = 50pm .
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Immediate Morphological Analysis o f  Pigmented 
Alpha A-Crystallin Knock-Out Mice Exposed to 

Continuous Blue Light Over 7 Days

250 -i

200

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Period o f  E xposure

□  O verall Retinal T h ick n ess ■  O uter N uclear Layer □  Inner N uclear Layer □  P hotoreceptor Segm ents

Fieure 6.4.9 Graphical morphometric analysis o f  overall retinal thickness, outer nuclear thickness, inner nuclear thickness and photoreceptor segment thickness in aA- 
crystallin Knock-Out mice immediately after designated blue light exposure. For each animal during each trial, there was a minimum o f  4 sections taken (four trials 
were performed). Three to four measurements were made per field, which were averaged to provide a single value fo r  each retina. Data are expressed as mean ±S.D and 
statistical significance was assessed with a one-way ANOVA followed by Dunnett's multiple comparison test. A p<0.05 was considered statistically significant, n=3.
(*p< 0.05 and **p < 0.01).
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Morphological Analysis o f  Pigmented Alpha A-Crystallin 
Knock-Out Mice after a 10 day Recovery from Continuous 

Blue Light Exposure Over 7 Days
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Period of Expos ure

□  Overall Retinal Thickness ■  Outer Nuclear Layer □  Inner Nuclear Layer □  Photoreceptor Segments

Fie ure 6.4.10 Graphical morphometric analysis o f  overall retina! thickness, outer nuclear thickness, inner nuclear thickness and photoreceptor segment thickness in 
aA-crystallin Knock-Out mice 10 days after designated blue light exposure. For each animal during each trial, there was a minimum o f  4 sections taken (four trials were 
performed). Three to four measurements were made per field, which were averaged to provide a single value fo r  each retina. Data are expressed as mean ±S.D and 
statistical significance was assessed with a one-way ANOVA followed by Dunnett's multiple comparison test. A p<0.05 was considered statistically significant. (*p < 0.05, 
**p < 0.01, ***p<0.001 compared to control retina, n=3).
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Fie u re 6.4.11 Comparison o f  Morphometric Y'alues o f  Layer Thickness o f  Wild-Type Mice and aA-crystallin Knock-out Mice Immediately after Continuous Blue Light 
Exposure over 7 Days. Values shown represent the mean ± S.D and statistical significance was assessed with a one-way ANOVA followed by Tukey’s multiple 
comparison test. A p<0.05 was considered statistically significant, n=3.
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Fie u re 6.4.12 Comparison o f  Morphometric Values o f  Layer Thickness o f  Wild-Type Mice and aA-crystallin Knock-out Mice after a 10 day Recovery Period o f  
Continuous Blue Light Exposure over 7 Days. Values shown represent the mean ± S.D and statistical significance was assessed with a one-way ANOVA followed by 
Tu key's multiple comparison test. A p<0.05 was considered statistically significant, n=3.
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6.4.5 Electroretinography of Pigmented aA-crystallin 
Knock-Out mice Immediately and after a 10 day Recovery 
Period from Designated Blue Light Exposure

In addition to evaluation o f the retinal structure, ERG analysis was performed in order 

to assess visual function o f both outer and inner retina. Four parameters were 

analyzed in ERG analysis; a-wave amplitude, a-wave latency, b-wave amplitude 

and b-wave latency. Mice were examined at three time point: before exposure to 

blue light, immediately after exposure, and after a 10 day recovery period. 

(Reproducibility statistics o f both right and left eye measurements and the normality 

of ERG outcome measures can be seen in Appendix 2). Shown in Figure 6.4.13 are 

examples of representative ERGs from a mouse exposed to blue light for 7 days pre, 

immediately after, and after a 10 day recovery period.

Figure 6.4.14 illustrates the ERG parameter trajectories over time of all pigmented 

aA- crystallin knock-out mice and on average there is a continued degradation of the 

a-wave and b-wave amplitudes in exposed mice with no signs o f recovery. Therefore 

on average, it appears as though pigmented knock-out mice that are exposed to 

continuous blue light, do exhibit irreversible functional damage of both the outer 

retina (a-wave) and inner retina (b-wave). Similar to wild-type ERG analysis, there 

does not appear to be a notable difference in the latencies of both the a- and b-waves, 

which was an unexpected finding since with decreased amplitudes, there is often 

corresponding increased latencies, suggesting retinal layer damage.
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Fieure 6.4.13 Representative ERGs from  a m ouse exposed to continuous blue light fo r  7 days. 
Shown in *A ' is a pre-ERG, ‘B ’ is an im m ediate ERG, and ‘C ’ is an ERG after a 10 day recovery 
period.
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ALPHA KNOCKOUT TRAJECTORIES OVER TIME
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Figure 6.4.14 Overall pigm ented aA-crystallin knock-out mice ERG trajectories pre-exposure, immediately after 
exposure and after a 10 day recovery period. A s shown above, on-average, fo r  both the a-wave amplitude ( ‘A ’)  and  
b-wave amplitude ( ‘C ’), there is no recovery post exposure; in fact, continued degradation fro m  the exposure to 10 
days later is shown. For the a-wave ( ‘B ’)  and b-wave ( ‘D j  latencies, it appears on-average, there is minimal change 
over the three assessment periods. Data at measurement period represent the mean ± S.D. Data points represent 
ERG param eters from  all knock-out mice without considering the time o f  exposure. (Please refer to Appendix fo r  
raw statistical values).
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Since, on average, both wild-type and aA-crystallin knock-out mice showed no signs 

o f functional recovery after a 10 day period, both strains were compared to determine 

whether one degenerated faster or at a greater degree than the other. Since changes 

were noted in the a- and b-wave amplitudes, Figure 6.4.15 compares the average 

visual function pre, immediately and after a 10 day recovery period to continuous blue 

light exposure in wild-type versus aA-crystallin knock-out. Both the a- and b-wave 

amplitudes degenerate faster and to a greater degree in the aA-crystallin knock-out 

mice, compared to the wild-type. Additionally, we took these comparisons a step 

further and used a special type o f mixed-effects model: a linear piece-wise mixed- 

effects model that modeled separate rates o f change from pre- to immediate and 

immediate through post. This enabled us to examine each change between time points 

for each type (wild-type or knock-out). Shown in Tables 6.1 and 6.2 are estimates of 

the change per period for each type, as well as pairwise comparisons.

When referring to Figure 6.4.15 and Tables 6.1 and 6.2, the a-wave amplitude 

(corresponding to outer retinal function) in wild-type mice degenerates more 

significantly (p < 0.0001) in the time period from pre-exposure to immediately after 

exposure than the aA-crystallin knock-out mice. Although knock-out mice showed 

significant change from pre-exposure to immediately after, this was not as significant 

as the wild-type. No significant differences between both types of mice were noted in 

pre to immediately after their designated exposure period.
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F igure  6.4.15 C om parison betw een w ild-type a n d  aA -crysta llin  k n o ck -o u t m ice p re , im m edia te, a n d  a fter a 10 day 
recovery p e rio d  to co n tinuous b lue ligh t exposure  over 1 - 7  days. A s  show n above , on-average, f o r  both the a-w ave  
am plitude  (*A ’)  a n d  b-w ave am plitude ( ‘B  ’) ,  v isua l fu n c tio n  o f  the k n o ck -o u t m ice  degenera te  fa s te r  a n d  to a grea ter  
ex ten t than  the ir w ild-type counterparts. D ata a t m ea su rem en t p e rio d  represent th e  m e a n  ± S.D . (P lease refer to 
A p p en d ix  2 fo r  raw  sta tistica l values a n d  Tables 6.1 a n d  6.2 fo r  com parison  values).
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C h a n g e  E s t im a te s  a n d  P a ir w is e  C o m p a r iso n s  for  th e  a -w a v e  A m p litu d e

P a ir  c o m p a r iso n s E s t im a te S ta n d a r d  E r r o r D F t v a lu e P r >  |t|

KO - change Pre to 
E xposure

-33.3333 9.7702 80 -3.41 0.0010

\VT - change Pre to 
E xposure

-41.5952 9.7702 80 -4.26 <.0001

KO vs W T Pre to E xposure 8.2619 13.8171 80 0.60 0.5516

KO - change E xposure to  
Post

-36.5238 9.7702 80 -3.74 0.0003

W T - change E xposure to 
Post

-6.5000 9.7702 80 -0.67 0.5078

KO vs W T E xposure to 
Post

-30.0238 13.8171 80 -2.17 0.0327

Table 6.1 a-wave A m plitude Pairw ise Com parisons o f  Wild-Type M ice to 
aA-crystallin Knock-Out M ice Using a M ixed  Effects Model. (A p <  0.05 
was considered statistically significant)

C h a n g e  E s t im a te s  an d  P a ir w is e  C o m p a r is o n s  fo r  th e  b -w a v e  A m p litu d e

P a ir  c o m p a r iso n s E s t im a te S ta n d a r d  E r r o r D F t v a lu e P r  >  |t|

KO - change Pre to 
E xposure

-89.5238 21.9931 80 -4.07 0.0001

W T - change Pre to 
E xposure

-118.93 21.9931 80 -5.41 <.0001

K O  vs W T Pre to 
Exposure

29.4048 31.1029 80 0.95 0.3473

KO - change Exposure to  
Post

-49.7619 21.9931 80 -2.26 0.0264

W T - change Exposure to 
Post

-25.3810 21.9931 80 -1.15 0.2519

KO vs W T Exposure to 
Post

-24.3810 31.1029 80 -0.78 0.4354

Table 6.2 b-wave Am plitude Pairw ise Com parisons o f  Wild-Type M ice to 
aA-crystallin Knock-Out M ice Using a M ixed Effects M odel (A p <  0.05 
was considered statistically significant)
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When comparisons were made in the change of a-wave amplitude from the immediate 

time point to after a 10 day recovery period, wild-type mice did not show significant 

change, but the knock-out revealed highly significant change (p < 0.001).

Additionally, when both types o f mice were compared, there was a significant change 

between the knock-out and wild-type during their 10 day recovery period.

b-wave amplitude comparison values can be seen in Table 6.2. Similar trends were 

noticed in the b-wave amplitude behavior compared to the a-wave. However this 

trend should not be surprising since photoreceptor function (a-wave amplitude) drives 

the downstream initiating stimulus generating the b-wave. Although there was no 

significant difference between the knock-out and wild-type mice from pre to 

immediate after exposure, there was a highly significant change in the wild-type from 

pre to immediately after exposure, similar to results with the a-wave. Knock-out mice 

also demonstrated significant change during pre to immediately after, yet not as 

drastic as the wild-type. Comparisons made immediately and after to their 10 day 

recovery period revealed that knock-out mice were significantly more effected than 

the wild-type mice. There was no significant change noted in wild-type mice 

behavior or when comparing wild-type to knock-out behavior.

Similar to previous mention in Chapter 5, Figures 6.4.14 and 6.4.15 do not

distinguish between individual exposure days. For a more detailed description on the 

changes in exposed versus unexposed knock-out mice or ERG functions of mice on 

specified days, please refer to Figures 6.4.16 and 6.4.17 respectively. Chapter 5 

described that difficulty in ERG analysis due to limited controls. The situation for
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knock-out mice was more difficult since a knock-out control mouse died 

unexpectedly in the middle o f the experiment, therefore instead of three controls there 

were only two.

As shown in Figure 6.4.16, the green dashed lines represent the 95% confidence 

bounds for the cases (all mice exposed, n=21), with individual trajectories mapped out 

for each control. No light exposure controls are designated as follows: blue line (Trial 

#1), and red line (Trial #2). For each control mouse, a one sample t-test was 

performed which examined whether the mean for the exposed mice is statistically 

different from the observed value o f each o f the control mice. Test results are reported 

as a t-statistics, with p-value (Pr>|t|), as the level o f significance, where a p-value < 

0.05 corresponds to statistical significance (Degrees of freedom for the one sample t- 

tests are 20 for wild-type)(please see Tables 6.3 - 6.4).

Figure 6.4.17 illustrates the ERG measurements o f the mice during their exposure 

period. At no point do the mice recovery to their original a- or b-wave amplitudes 

after being exposed to continuous blue light. A continual decline in the amplitudes is 

noted indicating that the longer the animal was exposed to continuous blue light, the 

less likely they were to recover. This pattern is similar to the pattern found in the 

wild-type exposed mice.

218



Chapter 6.0: In-vivo morphological and functional analysis o f pigmented, aA-crystallin knock-out
mice exposed to continuous blue light up to 7 days 

-̂--------------------------------------------------------------------------------------------------------------------------

Knockout Controls and Cases
MO

t8

3

P o s t P i* Aftct Po«t
im* imt

IS O

140
130
110

no
100

90
80

Poet

JC

I *00

100

PortA ftc t

1IM Hn»
Figure 6.4.16 Comparison o f control mice to exposed mice at pre-exposure, immediately after exposure and after a 
10 day recovery period from blue light exposure. The blue line refers to Trial 01 control mouse and the red line 
refers to Trial 02 control mouse (a-wave amplitude shown in * A b-wave amplitude shown in ‘C \ a-wave latency 
shown in 'B" and b-wave latency shown in ‘D '). Data at measurement period represent the mean ±  S.D. Data points 
represent ERG parameters from all wild-type mice without considering the time o f exposure. (Please refer to 
Appendix for raw statistical values and Tables 6.3 -  6.4 ).
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a-wave Amplitude: Tests for Location: MuO = 133.75

Test Statistic p value

Student’s t t -  5.495549 Pr > |t| < 0.0001

b-wave Amplitude: Tests for Location: MuO =40

Test Statistic p value

Student’s t 3.370403 Pr > |t| < 0.0030

a-wave Latency: Tests for Location: MuO = 210.25

Test Statistic p value

Student’s t t -  9.203504 Pr > |t| < 0.0001

b-wave Latency: Tests for Location: MuO = 210.25

Test Statistic p value

Student’s t / - 2.916385 Pr> |t| < 0.0085

Table 6.3 Comparison o f  E xposed M ice to the Control M ouse from  Trial # i  
(Blue Line). On all fo u r  m easure, exposed mice are significantly different 
from  the control values. S tatistical significance was assessed with a one- 
paired student's t-test (A p <  0.05 was considered statistically significant).

a-wave Amplitude: Tests for Location: MuO = 245.75

Test Statistic p value

Student’s t /-5 .22436 Pr > |t| < 0.0001

b-wave Amplitude: Tests for Location: MuO =43.75

Test Statistic p value

Student’s t 0.696154 Pr > |t| < 0.4943

a-wave Latency: Tests for Location: MuO = 556

Test Statistic p value

Student’s t t -  10.3859 Pr > |t| < 0.0001

b-wave Latency: Tests for Location: MuO -  272

Test Statistic p value

Student’s t t -  7.06203 Pr > |t| < 0.0001

Table 6.4 Comparison o f  E xposed M ice to the Control M ouse from  Trial #2 
(Red Line). On all fo u r  m easure, exposed mice are significantly different 
from  the control values except fo r  the b-wave amplitude. Statistical 
significance was assessed with a one-paired student's t-test (A p <  0.05 was 
considered statistically significant.
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Fieure 6.4.17 ERG measurements o f  pigmented aA-crystallin knock-out mice exposed to continuous blue light over 1-7 days. Measurements included a- and b-wave 
amplitudes and a- and b-wave latencies. Measurements were performed at three time points for each trial (pre-exposure to blue light, immediately after exposure to blue 
light and after a lOday recovery). Data at each time point represents the mean ± S.D. (3 trials were performed; each exposure day, n=3).
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6.4.6 Protein Expression in aA-crystallin Knock-Out Mice 
Immediately and after a 10 day recovery period from 
continuous blue light exposure

Western Blot analysis was performed in order to examine any changes in expression 

of aA- and aB-crystallin and NF-kB expression in mice exposed to blue light up to 7 

days (aA- and aB-crystallin expression was examined at 1, 4 and 7 days, NF-kB was 

examined at 1-7 days). As shown in Figures 6.4.18A and B, as expected aA- 

crystallin expression was not detected in knock-out animals. When this blot was 

performed, the Y79 cell lysate (Santa Cruz Antibodies, Santa Cruz, CA USA) was not 

available and wild-type lens was used as a positive control. aB-crystallin expression 

was detected however it was not statistically significant at Days 1, 4 and 7 of 

continuous blue light exposure. Similar to expression patterns in wild-type mice, the 

expression of aB-crystallin was also highly variable between individual mice at the 

same time point. Although there was no significant difference in expression of aB- 

crystallin in the knock-out mice, there was considerable difference in aB- expression 

found in the wild-type versus the knock-out (see Chapter 5, Figure 5.4.17).

Expression of NF-kB was also examined in aA-crystallin knock-out mice exposed to 

blue light up to 7 days. Figure 6.4.19A and B illustrates a significant increase in NF- 

kB expression after a 10 day recovery from 7 days o f exposure compared to the 

control. Remaining differences in expression were not statistically significant, 

however there was a greater upregulation o f NF-kB in the aA-crystallin knock-out 

mice compared to wild-type mice (see Chapter 5, Figure 5.4.18).
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Figure 6.4.18A. and B Expression o f  aA- and aB-crystallin in pigmented aA-crystallin knock-out 
mice immediately and after a 10 day recovery period from  1, 4 or 7 days o f  exposure. . *A * 
represents a graphical description o f  aB-crystallin expression normalized to actin immediately and 
10 days after designated exposure. *B ’ illustrates representative blots o f  aA- and aB-crystallin, as 
well as actin as an internal control (The key fo r  lane numbers are shown in the table below the 
blots). aA-crystallin corresponds to 20kDa, aB-crystallin corresponds to 23.5kDa and actin 
corresponds to 43kDa. In A  ’ and ‘B ’, data are expressed as the mean ± S.D and statistical 
significance was assessed by a one-way A/VOVA follow ed by Dunnett’s multiple comparison test to 
compare exposed mice to non-exposed or Tukey's multiple comparison test to compare between 
immediate versus the lOday recovery. A p<0.05 was considered statistically significant (n—3) (* 
corresponds to absence o f  Y79 cell lysate in aA-crystallin blot).
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Figure 6.4.19A and B Expression o f  NF-kB in pigm ented aA-crystallin knock-out mice immediately 
and after a 10 day recovery period over 1-7 days o f  exposure. . ‘A ’ represents a graphical 
description o f  NF-kB expression normalized to actin immediately and 10 days after designated 
exposure. Shown in ‘B ’are representative blots o f  NF-kB, as well as actin as an internal control. 
NF-kB corresponds to 63kDa and actin corresponds to 43kDa. In ‘A ’data are expressed as the 
mean ± S.D and statistical significance was assessed by a one-way ANOVA followed by Dunnett’s 
multiple comparison test to compare exposed mice to non-exposed or Tukey's multiple comparison 
test to compare between immediate versus the 1 Oday recovery. A p<0.05 was considered statistically 
significant. (*p < 0.05, **p <0.01, n=3).
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6.5 Chapter Discussion

In this study we found that the absence o f aA-crystallin in the mouse retina may 

increase its susceptibility to moderate photochemical damage both functionally and 

morphologically. It is important to note that based on the morphometries and ERG 

results, it appears as though aA-crystallin knock-out mice exhibit less recovery than 

their wild-type counterparts after the 10 day recovery period. These findings are 

critical in determining the potential role that the a-crystallin may play in chronic, 

photochemical damage to the retina.

Previous studies examining retinal expression o f the a-crystallins have primarily 

focused on the protective, possibly anti-apoptotic role o f aB-crystallin in both the 

RPE and neural retina. Alge et al., 2002, found induction o f aB-crystallin expression 

in in-vivo and in-vitro conditions o f heat and oxidative stress. Additionally, if  aB- 

crystallin was over-expressed, the RPE appeared to be resistant against L^C^-induced 

cellular injury (Alge et al., 2002). aB-crystallin has also been suggested as an RPE 

biomarker of age-related macular disease (AMD) in patients with both wet and dry 

forms of AMD (De et al., 2007). Both studies revealed that expression of aB- 

crystallin was greater in the macular area versus the peripheral area of the retina. In- 

vitro studies involving aB-crystallin knock-out mice also reveal a increased 

susceptibility to oxidative damage in the RPE (Yaung et al., 2007) and link aB- 

crystallin to caspase-3 activation and Bcl-2 (Kamradt et al., 2001; Alge et al., 2002; 

Liu et al., 2004; Mao et al., 2004; Yaung et al., 2007).
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Intense light exposure experiments have also been shown to increase the expression of 

aB-crystallin in the photoreceptors and RPE of the rat (Sakaguchi et al., 2003) 

suggesting possible protection o f cells from light damage. Lens epithelium-derived 

growth factor (LEDGF) was also shown to induce aB-crystallin and heat shock 

protein 27 promoting photoreceptor survival in light damage rats (Machida et a l,

2001, Singh et al., 2001).

Although a number of studies have focused on aB-crystallin in the retina and RPE, 

recent works have investigated into the role aA-crystallin may play. Rao et al., 2008, 

examined the protective role o f aA-crystallin in the photoreceptors of experimental 

autoimmune uveitis in mice. An additional finding in this work was the presence of 

aA-crystallin localized to the inner segments o f the photoreceptors. Localization of 

aA-crystallin has previously been found in the outer nuclear layer, inner nuclear layer 

and ganglion cell layer, but not in the inner or outer segments of the photoreceptors 

(Xi et al., 2003a). Decreased expression o f aA -crystallin in the retinal dystrophic rat 

suggested a possible role for aA-crystallins in protecting the photoreceptors from light 

damage (Crabb et al., 2002; Sakaguchi et al., 2003) and upregulation in the diabetic 

retina of rats (Wang et al., 2007) may indicate a possible inflammatory response.

This study primarily focused on the morphological and functional changes associated 

with continuous blue light exposure up to 7 days in mice lacking aA-crystallin. 

Although both wild-type and knock-out mice exhibited mild morphological changes 

visualized with light microscopy, deeper morphometric analysis revealed that 

significant changes in layer thickness were noted in the outer and nuclear layers of the
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retina after a 10 day recovery period o f the aA-crystallin knock-out mice. Since aA- 

crystallin has been localized to these retinal layers (Xi et a l, 2003a), perhaps the 

absence of aA- makes these layers more susceptible to moderate photochemical 

damage.

As shown in C hap ter 3, aA-crystallin K/O RPE were more susceptible to 

mitochondrial damage with increasing exposure of both H2O2 and t-BOOH. Similar 

to the in-vitro studies, aA-crystallin knock-out mice appear to more susceptible to 

photo-oxidative stress associated with moderate photochemical damage of the retina.

Morphological changes also correlated with the functional changes observed with 

ERG analysis. When the knock-out mice were compared to their wild-type 

counterparts, similar were their decline in irreversible visual function, however it was 

greater during the 10 day recovery period compared to the immediate analysis. Based 

on the combined morphological and functional analysis, perhaps aA-crystallin knock­

out mice lack the ability to recover from environmental stressors compared to their 

wild-type counterparts.

Lenticular studies found that the anti-apoptotic function o f aA-crystallin is greater 

than aB-crystallin (Andley et a l, 2000), while Mao et a l, 2004, found similar degrees 

o f protection against apoptosis in both lens and non-lens tissues. Although aB- 

crystallin was upregulated in knock-out mice immediate and after a 10 day recovery, 

it was not significant and not as drastic as in wild-type mice. Perhaps the activity and 

efficiency of aB-crystallin is dependent on the presence and activity of aA-crystallin.
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Knock-out studies involving aA-crystallin mice revealed that in the lens there are 

dense inclusion bodies containing aB-crystallin, suggesting that aA-crystallin may 

play a role in the solubility o f other crystallins (Brady et a l, 1997). Andley 2007 has 

also suggested that the absence o f aA- or aB-crystallin may trigger a stress response 

in the retina, leading to increased expression o f y-crystallins. Perhaps this inter­

dependent role may also occur in the retina.

NF-kB expression was not significantly upregulated in the retina o f aA-crystallin 

knock-out mice, although its degree o f expression was much less in the exposed wild- 

type mice (C hapter 5) compared to the knock-out mice. As reviewed in C h ap ter 5, 

NF-kB has been linked to the a-crystallins in the area o f inflammation (Masilamoni et 

al., 2006, Ousman et al., 2007). Studies found that the a-crystallins prevents cell 

death by inhibiting caspase-3 activation, and suppresses the inflammatory role o f NF- 

kB (Ousman et al., 2007). Therefore, if there is an absence o f aA-crystallin with no 

significant upregulation of aB-crystallin, there may be corresponding upregulated 

levels of NF-kB, indicating possible inflammation. Further investigation into this 

connection should utilize immunocytochemistry and examination o f hcBa expression. 

In the cell, NF-kB is stored in the cytoplasm in its inactive state by interaction with 

kB a. On activation, IkBa undergoes degradation through an ubiquitin-dependent 

pathway (Beg et al., 1993; Sun et al., 1993), allowing translocation o f NF-kB to 

nucleus (Beg and Baldwin, 1993, Zabel et al., 1993) and subsequently binding to 

DNA regulatory elements within NF-kB target genes.
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Since there were functional and morphological changes noted in the aA-crystallin 

knock-out mice, which were significantly different from the wild-type mice, future 

studies should utilize the technique of electron microscopy to examine changes not 

visible with light microscopy. Additionally, immunocytochemistry would be useful 

in localizing proteins (a-crystallins and NF-kB) and their changes associated with 

continuous blue light exposure up to 7 days.

In summary this study has shown that:

• aA-crystallin knock-out mice do exhibit irreversible morphological and 
functional photochemical damage at longer exposure durations with greater 
damage occurring during a 10 day recovery period

• aB-crystallin appears to be upregulated in light damage but it is not significant 
and may be dependent on the presence and function of aA-crystallin

•  NF-kB may expression appears to be greater in the aA-crystallin knock-out 
mice compared to the wild-type indicating possible regulation from the a- 
crystallins
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7.1 General Discussion

The premise of this work was to examine the potential protective role of a-crystallins 

in the retina. Results presented in these studies have demonstrated that the presence 

of a-crystallins, in particular, aA-, may play a protective role in oxidative stress to the 

RPE and photochemical damage of the retina at both a functional and morphological 

level. Additionally, the presence or absence of aA- may affect expression and 

potency of aB-crystallin in response to stress-related conditions.

The presence and function of a-crystallins in the retina appear to parallel their roles in 

the maintenance and transparency of the lens, by acting as molecular chaperones 

(Ellis and van der Vies, 1991; Horwitz 1992; Jakob et al., 1993; Das and Surewicz, 

1995; Derham and Harding, 1999; Barral et al., 2004). Molecular chaperones prevent 

undesired protein aggregation by binding non-native intermediates that may arise in 

response to cellular stress or during protein translation in vivo (Horwitz 1992; Andley 

2008). a-crystallin traps unfolded or denatured proteins and suppresses their non­

specific irreversible aggregation without utilization of ATP (Derham and Harding,

1999) This efficient function of a-crystallin in suppressing protein aggregation is 

especially important in maintaining lens transparency where there is no blood supply 

and in which metabolism is localized only to the lens epithelium, since a majority o f 

the fibre cells contain no nuclei or other cellular organelles (Bloemendal et al., 2004).

Due to this pivotal role in the lens, a majority of the knowledge and work on the a- 

crystallins has been derived from various lenticular studies (elegant reviews in 

Piatigorsky 1989; Sax and Piatigorsky 1994; Derham and Harding 1999; Horwitz
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2000; Horwitz 2003; Augusteyn 2004; Bloemendal et al., 2004; Andley 2006; Andley 

2007; Andley 2008).

This lenticular role closely parallels the potential protective presence of a-crystallins 

in both the RPE and the retina in suppressing protein denaturation and subsequent 

aggregation in the retina. As reviewed in C hapter 1, both the RPE and retina are 

post-m itotic and exposed to numerous environmental, metabolic, and oxidative 

stressors from several sources (Winkler et al., 1996; Winkler et a l, 1999; Beatty et al., 

2000; Cai et al., 2000; Strunnikova et al., 2004).

As shown in Figure 7.1, ‘1’ is a general graphical description of a-crystallins role in 

the lens. The lack o f blood supply and minimal protein turnover in the lens makes 

proteins more susceptible to unfolding with age, constant light exposure and oxidative 

stress, a-crystallins bind to unfolded proteins, preventing irreversible aggregation and 

subsequent lens opacities, or cataracts. Shown in ‘2’ is the potential pattern in the 

retina. Unlike the lens, the RPE and retina are exposed to a highly oxygenated 

environment, high amounts of cellular metabolism, potential for peroxidation o f lipids 

(due to outer segment membrane concentrations of PUFAs), large amounts of 

mitochondria, and constant light exposure. Similar to the lenticular role, once 

proteins have become denatured or unfolded due to surrounding environmental 

stressors, a-crystallins bind and prevent irreversible aggregation. Unlike the lens, 

protein aggregation in the retina is not necessary for transparency, but rather it is 

important in maintaining the function of proteins necessary for routine cellular 

maintenance.
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Post-mitotic ce lls lii^li metabolic 
activity, high oxygen environment,No lilood Supply 

Little to no protein turnover

a - crystall ins

Maintenance o f lens transparency 
and function throughout lifetime 

___________of organism___________
M aintenance of retinal protein function 

throughout lifetime o f organism

Figure 7.1 Simple graphical description o f  a-crystallins function in the lens (1) and the retina and 
RPE (2). As shown the role o f  a-crystallin in the retina parallels that o f  the lens. However, in the 
lens, a-crystallins ultimately assist in preventing light scattering (cataract) due to protein  
aggregation. In the retina, a-crystallins assist in maintaining irreversible aggregation which could 
lead to loss ofprotein  function and ultimate compromise o f  visual processing. Source o f  the eye 
cartoon: www.scienceclarifted.com/.../uesc 05 img0242.jpg

The presence and expression of a-crystallins in the RPE and retina become 

exceptionally important since their association as sHSPs enable the adaptation o f cells 

to gradual, chronic changes in their surrounding environment, often being able to 

survive lethal conditions (Garriso et al., 2001). Additionally, their stabilized presence 

in cells with minimal mitotic activity further supports their longevity throughout the 

lifetime o f the organism (Piatigorsky 1989; Iwaki et al., 1990; Sax and Piatigorsky 

1994; Horwitz 2000). The ability of a-crystallins to act as molecular chaperones 

without the consumption of ATP makes them an efficient defense mechanism against 

the many cellular compromises associated with aging and environmental stressors in 

systems like the retina and RPE (Wong and Lin 1989; Horwitz 1992; Sax and 

Piatigorsky 1994).
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As shown in Chapter 3, primary RPE were cultured from humans, wild-type mice 

RPE and aA-crystallin knock-out RPE. Although both the WT and K/O RPE shared 

similar growth characteristics between each other and their human counterparts, when 

oxidative stressors (H:0 :  and /-BOOH) were added for 24hrs, the aA- K/O RPE were 

significantly more susceptible to mitochondrial damage than the WT-RPE or primary 

human or the ARPE-19. This finding correlates with previous studies that have 

examined viability of K/O RPE to oxidative stressors (Yaung et al., 2007) and found 

that cell death was predominantly by apoptosis. Additionally, aA-crystallin K/O RPE 

had increased caspase-3 activation and mitochondrial membrane permeability (Yaung 

et al., 2007). These findings are important since the RPE and retina are exposed to a 

number of stressors, which can ultimately lead to apoptosis o f retinal cells with 

resultant visual loss. Damage to the mitochondria, in particular mitochondrial DNA 

(mtDNA). has been well documented as a possible cause for apoptosis o f the RPE in 

retinal degeneration conditions such as age-related macular degeneration (ARMD) 

(Ballinger et al.. 1999; Jin et al., 2001a; Bonnel et al.,2003). Perhaps aA-crystallin 

plays a role in protection of the mitochondria from surrounding reactive oxygen 

species generated during routine, physiological cellular metabolism or age-related 

overload.

Previous in-vitro studies on the lens epithelium found that cells transfected with aA- 

crystallin promote cell survival by inhibiting apoptosis (Andley et al., 1998). Follow- 

up studies with aA-crystallin K/O animals found promotion o f apoptosis through 

reduction o f cell proliferation (Xi et al., 2003a). It appears as though aA-crystallin is 

associated to enhance cell survival through its association with anti-apoptotic factors 

Bax and Bcl-Xs (Liu et al., 2004). The Bcl-2 family contributes to the regulation of
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the swelling of the mitochondria and opening o f permeability pores (Gross et al.,

1999; Yaung et al., 2007). Although it appears as though the absence of aA-crystallin 

makes the RPE more susceptible to cell death via oxidative stress, further 

investigation is necessary to determine the exact mechanism of mitochondrial 

pathways o f apoptosis in RPE and retina under oxidative or photooxidative stress.

In-vitro studies (C hapter 3) provided baseline mitochondrial viability studies in WT 

versus K/O RPE, however the role of a-crystallins in photochemical damage of the 

retina was investigated further. Photochemical damage o f the retina has been well 

documented and is incredibly multifactorial depending on exposure duration, 

temperature and wavelength of the inducing light, chromophore concentrations, 

environmental conditions and absorption o f other ocular tissues (Organisciak and 

Winkler, 1994). Photochemical damage due to constant illumination has been 

connected to dysfunction in the phototransduction cascade (Noell et al., 1966, 

Williams and Howell 1983).

C hapters 4, 5 and 6 examined morphological and functional changes associated with 

continuous blue light exposure up to 7 days in albino BALB/cBYJ mice, wild-type 

mice, and aA-crystallin knock-out mice, respectively. Continuous light illumination, 

even at low to moderate intensities, has been shown to damage both the sensory retina 

and the overlying RPE (Noell et al., 1966; Ham et al., 1978; Noell 1980; Williams 

and Howell 1983; Organisciak et al., 1989; Perez and Perentes 1994). True 

comparisons between mice could technically only be made with WT and K/O mice, 

since both were pigmented and the only differentiation between the two was the 

absence of aA-crystallin.
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As presented, there were greater morphological and functional changes in retinas o f 

mice in which aA-crystallin was absent compared to their WT counterparts. In 

particular the damage appeared to be most significant in aA- K/O mice that were 

examined after the 10 day recovery period. This finding further supports the idea that 

the role o f a-crystallins in the lens parallels the retina (see Figure 7.1). Perhaps aA- 

crystallin is more vital in long-term protection o f retina. Parallel to findings of 

increased damage after the 10 day recovery period is the statistically significant 

upregulation of both aA- and aB-crystallin in wild-type mice during their 10 day 

recovery period. When aB-crystallin expression was examined in K/O mice, there 

was upregulation, but it was not significant compared to animals which were not 

exposed to continuous blue light. Additionally, it was not as drastic as the expression 

found in WT mice exposed to blue light.

As stated in C h ap ter 6, aA-crystallin appears to have greater anti-apoptotic abilities 

than aB-crystallin the lens (Andley et al., 2000), however, reports have also shown 

that aA- and aB- display similar degrees o f protection against apoptosis in lens and 

non-lens tissues (Mao et al., 2004). Based on the findings from the in-vivo studies 

presented here involving the aA-crystallin knock-out, it appears as though aA- does 

play a role in protection of the retina from photochemical damage and may also assist 

in the function and capabilities o f aB-crystallin in this regard also, although extensive 

studies are necessary for direct correlations.

It is also important to note that the photochemical damage in the studies described 

here was elicited by blue light. Many studies support blue light damage as a possible 

inducer in the degeneration of the RPE and photoreceptors in age related disease
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(King et al., 2004; Margrain et al., 2004; Godley et al., 2005; Algvere et al., 2006;

Chu et al., 2006; Wu et al., 2006; Thomas et al., 2007; Siu et al., 2008). Blue light 

induced lesions appear to be mediated by rhodopsin (Grimm et al., 2000; Grimm et 

al., 2001; Algvere et al., 2006; Wu et al., 2006; Tanito et al., 2007; Thomas et al., 

2007). It is important to note that previous reports connect a-crystallins with 

photoreceptor segment renewal through its association with transportation o f newly 

synthesized rhodopsin (Deretic et al., 1994). Although there was continued retinal 

degeneration on a functional and morphological level with the K/O mice, perhaps 

retinal damage was also mediated through rhodopsin association. This possible 

connection to rhodopsin levels in the K/O mice requires further investigation.

To date, this is the only study that has examined the role o f a-crystallins under 

moderate, continuous levels of blue light to the retina. Previous reports have 

examined the expression of a-crystallins under intense light exposures and in retinal 

dystrophic rats (Crabb et al., 2002; Sakaguchi et al., 2003). Both studies concluded 

that increased expression of crystallins in light damaged photoreceptors suggest a 

possible role for crystallins in protecting the photoreceptors from light damage.

As presented, clearly the absence of aA-crystallin affects the morphological and 

functional capacity of the retina after exposure to oxidative stressors or photochemical 

damage. Contrary to previous reports that claimed aA-crystallin was the Tens- 

specific' a-crystallin (Bloemendal et al., 2004) and that it is minimally expressed in 

non-lenticular tissues (Srinivasan et al., 1992), aA-crystallin has been shown to be 

30,000 more abundant than aB-crystallin by quantitative PCR methods in mouse 

retina (Xi et al., 2003a) and appears to protect photoreceptors against mitochondrial
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oxidative stressed mediated apoptosis (Rao et a l, 2008). This work accompanies 

corresponding studies showing that aA-crystallin does play a pivotal role, not only in 

the capabilities of the lens, but elsewhere, especially RPE and retina.
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7.2 Conclusions
• In-vitro culturing of human RPE is similar to both wild-type and aA- 

crystallin knock-out RPE

• Human in-vitro expression o f the a-crystallins were found in the RPE and 
neural retina

•  The lack of aA-crystallin may make the RPE more susceptible to oxidative 
stress

•  aA- and aB-crystallins in wild-type mice appear to be upregulated in light 
damage as the duration increases, possibly exhibiting a protective role in 
photochemical light damage

• aA-crystallin knock-out mice exhibit irreversible morphological and 
functional photochemical damage at longer exposure durations with greater 
damage occurring during a 10 day recovery period

• aB-crystallin expression in aA- K/O mice appears to be upregulated in light 
damage but this is not statistically significant and may be dependent on the 
presence and function o f aA-crystallin
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7.3 Future Work

This work has demonstrated the susceptibility aA-crystallin knock-out RPE and retina 

to oxidative stress and photochemical damage.

Additional in-in-vitro investigations into the role of a-crystallins may include:

• exposure of both WT and aA-crystallin K/O RPE to blue light exposure 
with subsequent protein examination of the a-crystallins (aA-, aB-) in 
comparison with human counterparts

•  expose retinal explants from WT and aA K/O animals to blue light 
exposure and correlate in-vitro to in-vivo results

•  obtain aB-crystallin knock-out mice or aA-/aB- double knock-out mice 
to further examine the role a-crystallins in oxidative and photochemical 
damage to the retina and RPE.

The above mentioned in-vitro work would highlight any difference between in-vitro 

versus in-vivo expression o f the a-crystallins, as well as correlate the absence o f aA- 

with aB-crystallin or both aA- and aB-crystallin in in-vitro oxidative environments in 

both the RPE and retinal explants. It would be interesting to also examine the affect 

blue light has on the RPE and the expression o f a-crystallins in retinal explants.

Future in-vivo work would include repetition of current experiments to increase the 

number of animals available and utilization o f transmission electron microscopy to 

examine detailed changes which may be occurring in the mitochondria of both the 

RPE and neural retina. Additionally, it would be useful to perform 

immunocytochemistry on the retina o f both aA- K/O and WT to examine the 

differences in expression with continued blue light exposure.
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Previous work by Organsiciak el al.. 2006 reports th a t expression o f the a-crystallins 

varies according to the age o f the anim al or the o n se t o f genetically induced stressed. 

All animals exposed in the current studies were betw een  the ages o f 6-10 weeks. 

Therefore, it was undetermined if  any effect age m a y  have had on the function and 

expression o f the a-crystallins. Future w o rk  w ould utilize the exposure o f both WT 

and aA- ICO animals to continuous blue light and determ ine whether or not aging 

plays a role in the expression o f  a-c rysta llin s  w ith m oderate photochemical damage o f 

the retina.

It would be also useful to obtain the ctB- and aA -/aB -crystallin  knock-out mice to 

further examine the role aB and both aA -/aB - m ay p lay  in photochemical damage o f

the retina.
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Appendix 1

PLEASE FILL IN EVERY BLANK OR MARK "NA"

PENNSYLVANIA COLLEGE OF OPTOMETRY 
INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) 

APPLICATION FOR IACUC APPROVAL

P R O T O C O L  # A -M T 0505-00

Principal Investigator*:MELISSA E. TREGO Degree: OD

Address: PCO 8360 OLD YORK ROAD, ELKINS PARK Dept: RESEARCH Phone: 215-780-1427_______________

Emergency Contact: MELISSA TREGO, ALEXANDER DIZHOOR____________________ Phone: 267-735-9657 (MET)

Project Title: ALPHA CRYSTALLINS AND RETINAL PROTECTION AGAINST LIGHT DAMAGE & OXIDATIVE

STRESS

•Co-Investigators*:
Name Dept

Alexander Dizhoor Research
Pierrette Dayhaw-Barker BasicSci

Technicians*:
Phone Name
1468 _______________
1257

Dept Phone

Please supply C.V.’s and/or proof of experience and qualifications with aspects in protocol.

II. RESEARCH CATEGORIES

| Major Categories o f  Research Use: Please check as applicable. Please attach a narrative describing the detailed 
purpose o f  the animal use, the risks to the animals and handlers, the experimental design, and the benefits occurred by 
uhe research. If an application for funding exists that includes the above, it may be substituted for the narrative 

I attachment.

I A. X Euthanize and harvest tissue (detail method euthanasia)
IB. Immunization/Antibody Production (include antigen, adjutant use, route o f immunization, method of obtaining blood as

well as volume & frequency)
|C ._____Physiologic Measurements (provide detailed descriptions)
D.  Dietary Manipulations (food or water restriction, special diets, provide details on parameters, monitoring and justify)
E .__  Pharmacology/Toxicology (materials used, dose, route o f administration, frequency, duration, endpoint)
F  ._____Behavioral Studies (provide detailed description)

|(3.  Trauma (provide a detailed description)
H  Oncology/Tumor Transplantation (provide information on origin, passage, adventitious pathogen testing [MAP],

biohazard potential, endpoint)
]!._____Sampling (tissue/substances amount, frequency, method, etc.)
J!._____Dosing (agent, dose, route o f administration, frequency, duration)
K. X Breeding Colony (justify need)
L._____Biohazardous /Infectious Agents (Describe the nature of hazard and personnel safety precautions)
|>M. Chronic or Prolonged Restraint (provide justification for restraint, a description of the device and duration of the

restraint)
|N. Surgery

 Survival Surgery
 Non-Survival Surgery
 Multiple Major Survival Surgery: species_________________ (Same animal surviving two or more surgeries)

Provide adequate justification for need.
r  ). Specialized Housing/Husbandry (contact Veterinary Resources, and describe arrangements)
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II. FUND ING  SO U R C E *
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CURRENT OR ANTICIPATED
  X NIH - K08 RESEARCH TRAINING GRANT
_________PHS
_________NSF
_________State Funds
_________Departmental/Internal Funds

__________Other External Funds (specify):

* Should match project budgetary information

III. ANIMAL USAGE

Species/Strain SOURCE Weight
MICE: 129Sv:CryAl NIH 15-35 g
MICE:129Sv Alexander Dizhoor, PhD 15-35 g 

Charles River or Teconic, Inc.

If additional species/strains are being requested, include on an additional page

Are animals to be housed individually or in groups? Individually and in groups (Male mice and lactating females will be housed 
individually)

Justify species and number of animals to be used: At the present time, the 129Sv:CryAl line is not available by commercial 

vendor (only available through the NIH). Additionally, it is the only animal species available with the alpha-crystallin gene 

knockout. Establishing and maintaining the line will require regular routine breeding to provide age specific groups for 

forthcoming projects'protocols and the culling o f older/less productive animals and introduction o f new breeders. Approximately 

2(»0 animals per year should be sufficient for the statistical analysis o f the morphological and physiological changes which occur 

in the retinal cells o f the knockout mice. It is estimated that o f  those 200 animals, approximately 50 will be utilized for breeding, 

while the remaining 150 will be used for experimentation and harvesting o f tissue. Additionally, approximately 200 animals per 

vear should be sufficient for the use as controls in comparison with the knockout a-crystallin mice. It is estimated that o f those 

200 animals, approximately 50 will be utilized for breeding, while the remaining 150 will be used for experimentation and 

harvesting of tissue and used as controls. It is estimated at this time that no more than -5 0  animals will be housed for breeding at 

my given time.

Does the procedure have the potential to involve momentary pain, distress, or discomfort without the use o f anesthetics, 
analgesics, or tranquilizers? X Yes  No

If yes, what anesthesia will be used: Ketamine (IP), Xylazine (IP)

Justify: For histological analysis o f mice retinas, mice will be euthanized by IP injection of 210 mg/kg ketamine/21 mg/kg 

wlazine followed by cervical dislocation and perfused through the heart first with buffer saline and then 4% formaline solution, 

after which eyes will be enucleated for subsequent histological procedures. Isofluran can be used for anesthesia during mouse tail 

clipping (3-5mm long), although this procedure is required only for older animals, this does not cause pain/distress in younger 

mice (3 weeks of age). 3 week old pups will be used for the tail clipping. For blue light effects in the retinal damage, a standard 

anesthesia of IP or IM injection o f 20 mg/kg Ketamine/8 mg/kg Xylazine will be used.

(# PER YEAR)
Age Se x YR1 YR2 YR3 Census

0-12 months M and F max. 200 200 200 -5 0
0-12 months M and F max. 200 200 200 -5 0
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sPECIES & #

Mice (Euthanasia)

Mice

PHYSICAL CHEMICAL DESCRIPTION (drug name, dose, route; for physical
restraint—duration and frequency)

C 0 2 (administered through anesthesia chamber, 

confirmation through exsanguinations)

210mg/kg ketamine (IP, IM) and 21 mg/kg xylazine (IP,IM)

X

X

two

IV. SURGERY

n:r\ i\ al Surtzerv*
V Procedure Species_
i  Anesthesia

Building & Room Number where surgery' will take place 
Person performing survival surgery'____________________
Describe Post-Operative Care (e.g., supportive fluids, analgesics, antibiotics, other drugs
&. frequency of observation) ______________________________________________________

Person(s) providing & recording post-operative care

‘Describe in detail the surgery, aseptic procedures & post-operative care in the NARRATIVE section.

_____________________________________________________Species__________
\on-Survival Surgery 
\. Procedure
3. Anesthesia

Method of Euthanasia
3 Building & Room Number where surgery will take place 
: Person(s) performing non-survival surgery_____________

V. LO CATIO NS OF A N IM A L  U SA G E *

3lease list all locations where Animal Procedures will be performed & check the appropriate blank. It is preferred, when possible, 
?rocedures should be performed in the CMC Procedure Rooms. These areas will be inspected, randomly, on a semiannual basis.

Building Floor/ R oom # LABORATORY ANIMAL FACILITIES TYPE OF PROCEDURE
PROCEDURE ROOM

PCO, South 4 /S 418-423 S418-S423 X Euthanasia, Harvesting
Wing
PCO*! South 4/S424  — X Breeding, tail clipping,
Winu disposal

Animals may not be housed in an investigator's laboratory for more than 24 hours unless specifically approved by the 
iACUC. Submit documentation for this approval with this application.**

VI. BIO H A ZA R D  IN F O R M A T IO N

afectious agents, radioactive substances, toxic chemicals/chemical carcinogens, recombinant DNA and ionizing and non-ionizing 
adiation to be used in animal protocols MUST BE reviewed and approved by the PCO Biosafety and/or Nuclear Radiation 
’ominittee(s) PRIOR TO submission to the IACUC.

'lease indicate the general biohazard being used in-vivo;

nfectious Radioactive Toxic Chemicals/ Recombinant
\gents  Substances______  Chemical Carcinogens  DNA_______
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omzing and Non-ionizing radiation ^ _ _ _ _

\ame of A gen t_________________________________________________________________________________________________

)|ease provide: A) BSL level (1, 2 or 3) for infectious agents_________________________________________________
B) Concentration  ______________________________________ ____________________________
C) Route o f  administration__________________________________________________________________
D) Duration o f exp osu re___________________________ ________________________________________
E) Room location where agent is administered_________________________________ ______________
F) Location o f animal housing post exposure________________________________________________
G) Length o f time animals will be kept following exposure _ _ _ ______________________________
H) Method o f animal d isposal_____________________________ _ _ ______________________________

\re there risks from biohazardous materials or their metabolic products to: (Circle Y/N)

Yes ( N a  Investigators using agents

Yes (No) Animal Care Personnel

Yes Other Personnel (Maintenance, employees, or visitors to animal care center)

trom tne aPPr0Priaie commitiees is °j|

VII. TRAINING OF RESEARCH PERSONNEL

Scribe your experience and training in the care and use of laboratory animals. Be specific about training courses.

Vithin the past year, have you and or your personnel (scientists, students, and technicians) attended continuing education
w a rn s concerning the care and utilization o f  laboratory animals in biomedical research? Yes _ X   N o ___
Describe the nature o f the education programs/courses that were attended within the past year.

• Traveled to the laboratory o f Dan Gibbs. PhD and David Williams, PhD at the UCSD School of Medicine in La Jolla, 

CA to observe and participate in the proper isolation o f mouse RPE.

• Course: Occupational Health and Safety in the Laboratory Workshop; January 4, 2006 by Dr. Jean Marie Pagani 

\ training CD titled. “Training in Basic Biomethodology for Laboratory Mice” has been viewed (see attachement)

iave taken the following on-line training provided by LATA:

1. ) The Humane Care & Use o f Laboratory Animals

2.) The Humane Care & Use ot the Laboratory Mouse

3.) Anesthesia & Analgesia o f Rodents

4.) Occupational Health and Safety with Laboratory Animals

\ttended a hands-on training session with the CCMC (Animal facility orientation)

Vill attend a hands-on training session with the CCMC (Mouse handling procedures)

:no. when do you and/or your personnel plan on attending such a course?

\1II. AREA OF RESPONSIBILITY

•he Animal Care Coordinator is responsible for maintaining programs o f laboratory animal care, including animal procurement, 
usbandry, disease control and prevention, humane treatment and adequate veterinary care under the supervision o f a doctor of

eterinary medicine.

lie Principal Investigator is responsible for all aspects o f the research protocol including post-operative monitoring and care, 
search-related complications, and humane treatment by investigative personnel.

he Principal Investigator is responsible for making daily checks o f their animals and for euthanizing animals in distress. In the 
lent that euthanasia or other intervention is necessary for humane reasons, the investigator will be consulted whenever possible, 
luwever. if the in vestigator is unavailable, it is the responsibility o f the Institution or it agent(s), including the attending
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\ eierinarian, animal care staff, or IACUC members, to use whatever means is required to relieve the animal’s pain or distress.
This may range from mild tranquilization to relieve anxiety to euthanasia for insufferable pain. Death as an endpoint of  
c om enience is not acceptable.

ASSURANCE OF COMPLIANCE WITH PUBLIC HEALTH SERVICE 
POLICY ON HUM ANE CARE AND USE OF LABORATORY ANIMALS

The Pennsylvania College of Optometry assures that professionally acceptable standards governing the care, treatment, and use of 
animals, including appropriate use of anesthetic, analgesic, tranquilizing drugs, prior to, during, and following actual research, teaching, 
testing, surgery, or experimentation were followed.

I he institution adheres to the standards and regulations under the Animal Welfare Act. There are no exceptions.

I have considered alternatives to animal use in these procedures and could find none.

LIST METHODS AND SO URCES USED TO CONSIDER ALTERNATIVES:

  Animal Welfare Information Center

X   Literature Search

______ Biological Abstracts

  Current Research Information Center

  Index Medicus

X   Other (Please specify) Database Search_______________________________________________________________

DATABASE LITERATURE SEARCH

Identify the services (computer databases, literature searches, etc.) that were used to obtain information on alternatives to 
painful procedures, use o f live animals and prevention o f  unnecessary duplication of research.

A MINIMUM OF TWO DA TABASES M UST BE USED.

Please check below the databases and your search strategy or key words. (Refer to instructions for examples.)

DATE OF SEARCH: March 27, 2006 _______________________________________________________________________

DATABASES: MEDLINE X ; AGRICOLA ; EMBASE ; PSYCHINFO ; OTHER X (Google
Scholar)__

STRATEGY OR KEY WORDS: mouse breeding + knock out mice + colony management (for breeding purposes)
retinal explants -t- light damage + protein isolation + RNA isolation (for use of in vivo studies)

Please include the literature reference used to consider alternatives to animal use:

DO NOT EXIST
PRINCIPAL INVESTIGATOR S ACK NO W LEDG M ENT OR RESPONSIBILITY

! certify that the activities described in this form do not unnecessarily duplicate previous experiments.

i certify the above protocol will be conducted in compliance with the Federal, State, and local policies and regulations. I also 
acknowledge full responsibility for knowledge o f and compliance with all applicable standards governing radioactive or 
biohazardous materials involved in my project. I understand that compliance with these policies is a prerequisite for purchasing 
and housing animals, and for the use o f animals in research and teaching at professional schools and colleges.
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HK INFORMATION GIVEN ABOVE IS A COMPLETE AND ACCURATE SUMMARY OF PROCEDURES PERTAINING TO 
VMM AL CARE AND USE IN THE PROPOSED PROJECT; IF THE RESEARCH PLAN SHOULD REQUIRE REVISION, I WILL 
NFORM THE IACUC. I AGREE TO ABIDE BY THE PROVISIONS OF THE GUIDE FOR THE CARE AND USE OF 
ABORATORY ANIMALS. I WILL PERMIT EMERGENCY VETERINARY CARE TO ANIMALS SHOWING EVIDENCE OF 

WIN OR ILLNESS IF NOT THE DESIRED EFFECT OF THE ABOVE APPROVED TECHNIQUES. I UNDERSTAND THAT I 
IU ST OBTAIN REAPPROVAL ANNUALLY.

lelissa E. Trego. O D _____
Principal Investigator

>ROTOCOL APPROVAL

etennarian approval: Y e s   N o   ________________________________________________

Signature Date

ACT C Chairperson approval: Y e s   No

 March 27, 20(p6
Date

Signature Date
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Attachment to Protocol # AlifiBBfiBSB  
Narrative:

he purpose o f this protocol is to establish animal procedures at PCO for the next 3-year period. The 
inimals associated with this protocol will be accounted for regardless of whether or not they will be used in 
m actual experiment.

ATIONALE for using mouse models: Mice have typical mammalian retinas that are well characterized 
matomically and physiologically. Various mouse retinal proteins are well studied and their primary 
truetures are determined. O f the non-human mammalian species, the mouse genome is best elucidated, as 
how n in the particular protein o f interest, aA-crystallin (see BLAST attachment). Mice are fast breeders 

md produce sufficient amounts o f tissue, allowing reliable statistical analysis of results. Mice can be easily 
adapted to darkness or to light before collecting retinas or conducting electrophysiological studies. Models 
or expression of various retinal proteins in mice have been successfully used in the past and are well 
loeumented. Mouse transgenic services are widely available. Published protocols are also widely available.

MOLSE TAILS CLIPPING FOR ISOLATION OF DNA (minor Code A procedure). This common 
echnique is described in many protocols, for example, a laboratory manual, "Manipulating the Mouse 

hmbrvo" by B. Hogan et al.. Cold Spring Harbor Laboratories Press, 1994, pp. 296-298. Mice of age 3 
veeks will be labeled with a small identification ear tag number (National Band and Tag Co., Newport, 

KY). A small piece (~ 3-5 mm long) o f the tip o f the tail (wiped with 70% ethanol just before the cutting) 
m II be clipped using a sterile razor blade wiped with ethanol. Some protocols use 0.5ml/L Isoflurane for 

'inesthesia, but young mice such as we are going to use, do not experience pain/distress during this minor 
rocedure so the tail clipping for 3-weeks without anesthesia is widely used and commonly accepted. Short- 
erm minor bleeding after the tail clipping is common and no special further treatment is required, however, 

oefore the animals are put back into the cage, the bleeding will be stopped by pressing on and holding with 
'in aseptic glove at the end o f the tail until the clot is completely formed. Tail clipping will be performed for 
^ach mouse once at the age of 3 weeks, when this procedure is painless for the animals.

BREEDING procedure. Strains: MICE of the same genetic backgrounds will be used (129Sv). Breeding 
vill be necessary to maintain the homozygous transgenic lines and possible breeding between the 

nontransgenic (control) mice with the homozygous a-crystallin knock-out mice may occur, depending 
on the experimental results (i.e. if  there is a big difference between the results of the control with the 
knockout mouse, it may be also beneficial to examine hemizygous progeny between the control and 
knockout). Between 20 and 30 breeding pairs will be used yearly on the average - the exact number depends 
on the frequency and viability o f the transgenic progeny. Housing: PCO, 4 floor, S424E and quarantine 
rooms. How often: once every 6 months to maintain the lines. Estimated quantity of offsprings: up to 500- 
600 mice, depending on the statistical requirements (to be determined experimentally) in 20-25 small cages 
( 19x20xl3cm)/year, total of up to 1800 for the whole 3-year project. Number of mice per small cage 
(19x20x13 cm): 4 each - Each cage will house one nontransgenic heterozygous male and 1-3 homozygous 
females or one pair o f homozygous female and male. When pregnant, each female will be housed in a 
separate cage. In 3 weeks after birth, progeny mice will be tagged, and DNA isolated from small pieces of 
their tails for genotyping. Immediately after tagging and tail clipping females and males from the progeny 
will be housed in separate cages, 4 mice per cage until used in experiment or for further breeding as 
described above. Typically, after one year, males and females will by replaced with the fresh breeding 
pairs from the progeny, and used in experiments (euthanized for subsequent tissue harvesting).
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TV PE OR PRINT CLEARLY_____________________________________ PLEASE FILL IN EVERY BLANK OR MARK "NA"

PENNSYLVANIA COLLEGE OF OPTOMETRY 
INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC)

APPLICATION FOR IACUC APPROVAL

PROTOCOL # H H H

lYincipal Investigator*:MELISSA E. TREGO_________________________ Degree: O D ______________________________

\ddress: PCO 8360 OLD YORK ROAD, ELKINS PARK Dept: RESEARCH Phone: 215-780-1427_______________

{Emergency Contact: MELISSA TREGO, ALEXANDER DIZHOOR____________________ Phone: 267-735-9657 (MET)

IYoject Title: ALPHA CRYSTALLINS AND RETINAL PROTECTION AGAINST LIGHT DAMAGE & OXIDATIVE

STRESS ______________________________________________________________________________________________

<Co-l nvestigators*: T echn icians*:
Name Dept Phone Name Dept Phone

Alexander Dizhoor Research 1468 ________________________ ______  ______
Pierrette Dayhaw-Barker BasicSci 1257_______ ________________________ ______  ______

Please supply C.V.’s and/or proof of experience and qualifications with aspects in protocol.

II. R E SE A R C H  C A T E G O R IE S

'Major Categories o f  Research Use: Please check as applicable. Please attach a narrative describing the detailed 
purpose o f  the animal use, the risks to the animals and handlers, the experimental design, and the benefits occurred by 
t:he research. If an application for funding exists that includes the above, it may be substituted for the narrative
attachment.

\. X Euthanize and harvest tissue (detail method euthanasia)
13._____ Immunization/Antibody Production (include antigen, adjutant use, route of immunization, method of obtaining blood as

well as volume & frequency)
(C._____ Physiologic Measurements (provide detailed descriptions)
ID. Dietary Manipulations (food or water restriction, special diets, provide details on parameters, monitoring and justify)

Pharmacology/Toxicology (materials used, dose, route o f administration, frequency, duration, endpoint)
IF._____Behavioral Studies (provide detailed description)
( 6 .____Trauma (provide a detailed description)
\±  Oncology/Tumor Transplantation (provide information on origin, passage, adventitious pathogen testing [MAP],

biohazard potential, endpoint)
L _____Sampling (tissue/substances amount, frequency, method, etc.)
JJ._____Dosing (agent, dose, route o f administration, frequency, duration)
Y i. Breeding Colony (justify need)
[_,  Biohazardous /Infectious Agents (Describe the nature o f hazard and personnel safety precautions)
»M. Chronic or Prolonged Restraint (provide justification for restraint, a description of the device and duration of the

restraint)
'N . Surgery

 Survival Surgery
 Non-Survival Surgery
 Multiple Major Survival Surgery: species__________________ (Same animal surviving two or more surgeries)

Provide adequate justification for need.
( ) . ______  Specialized Housing/Husbandry (contact Veterinary Resources, and describe arrangements)
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II. FUNDING SOURCE*
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CURRENT OR ANTICIPATED
 X NIH - K08 RESEARCH TRAINING GRANT
_________PHS
_________NSF
_________State Funds
_________Departmental/Internal Funds

__________Other External Funds (specify): ____________________________________________________

* Should match project budgetary information

III. ANIMAL USAGE

(# PER YEAR)
Species/Strain SOURCE Weight Age Se x YR1 YR2 YR3 Census
MICE.T29Sv:CryAl NIH 15-35 g 0-12 months M andF  max. 75 75 50 ~20-25
MICE:129Sv Alexander Dizhoor, PhD 15-35 g 0-12 months M andF  max. 75 75 50 ~20-25

Charles River or Teconic, Inc.

If additional species/strains are being requested, include on an additional page

Are animals to be housed individually or in groups? Individually and in groups (Male mice and lactating females will be housed 
individually)

Justify species and number o f animals to be used: At the present time, the 129Sv:CryAl line is not available by commercial 

vendor (only available through the NIH). Additionally, it is the only animal species available with the alpha-crystallin gene 

knockout. Approximately 75 animals per year should be sufficient for the statistical analysis o f  the morphological and 

physiological changes which occur in the retinal cells o f  the knockout mice for the first two years. This number is expected to 

decrease to 50 in the third year. It is estimated that o f  those 75 animals, approximately 20 will be utilized for breeding, while the 

remaining 55 will be used for experimentation and harvesting o f  tissue. Additionally, approximately 75 animals per year should 

be sufficient for the use as controls in comparison with the knockout a-crystallin mice for the first two years. It is estimated that 

o f  those 75 animals, approximately 20 will be utilized for breeding, while the remaining 55 will be used for experimentation and 

harvesting o f tissue and used as controls. It is estimated at this time that no more than ~20-25 animals will be housed for breeding 

at any given time.

Does the procedure have the potential to involve momentary pain, distress, or discomfort without the use o f anesthetics, 
analgesics, or tranquilizers? X Yes  No

I f yes, what anesthesia will be used: Ketamine (IP), Xylazine (IP)

Justify: For isolation o f mice retinal pigment epithelium (RPE) and retinas, mice will be euthanized by IP injection o f  210 mg/kg 

ketamine/21 mg/kg xylazine followed by decapitation, after which eyes will be enucleated for subsequent RPE cell isolation. (For 

details please see attached narrative).
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RESTRAINT M ETHODS, INCLUDING GENERAL ANESTHESIA FOR 
PROCEDURES:

C.
[T

Non-Survival Surgery
V Procedure_________________________

B Anesthesia________________________
L . Method of Euthanasia _______________________________
I). Building & Room Number where surgery will take place
u:

T E C  I E S &  #

M i c e

PHYSICAL CHEMICAL

X

DESCRIPTION (drug name, dose, route; for physical 
restraint—duration and frequency)

210mg/kg ketamine (IP, IM) and

21 mg/kg xylazine (IP,IM) once

IV. SURGERY

Sur\ ival Surgery*
V Procedure Species

Anesthesia _________________________________________
Building & Room Number where surgery will take place 
Person performing survival surgery____________________
Describe Post-Operative Care (e.g., supportive fluids, analgesics, antibiotics, other drugs 

frequency of observation) _____________________________________________________

Person(s) providing & recording post-operative care

Describe in detail the surgery, aseptic procedures & post-operative care in the NARRATIVE section.

____________________________________________________Species__________

Person(s) performing non-survival surgery________________________________________________________________

V. LOCATIONS OF ANIMAL USAGE*

Mease list all locations where Animal Procedures will be performed & check the appropriate blank. It is preferred, when possible, 
procedures should be performed in the CMC Procedure Rooms. These areas will be inspected, randomly, on a semiannual basis.

Building Floor/Room # 

4 /S418-423

LABORATORY

S418-S423

ANIMAL FACILITIES 
PROCEDURE ROOM 

X

TYPE OF PROCEDURE 

Euthanasia, HarvestingPCO, South 
Wing

Animals may not be housed in an investigator's laboratory for more than 24 hours unless specifically approved by the 
I ACUC. Submit documentation for this approval with this application.**

VI. BIOHAZARD INFORMATION

Infectious agents, radioactive substances, toxic chemicals/chemical carcinogens, recombinant DNA and ionizing and non-ionizing 
radiation to be used in animal protocols MUST BE reviewed and approved by the PCO Biosafety and/or Nuclear Radiation 
C 'ommittee(s) PRIOR TO submission to the IACUC.

Please indicate the general biohazard being used in-vivo:

Infectious
l Aue nt s

Radioactive
Substances

Ionizing and Non-ionizing radiation

Name of Agent  ______

Please provide:

Toxic Chemicals/ 
Chemical Carcinogens

Recombinant
DNA

A) BSL level (1, 2 or 3) for infectious agents
B) Concentration _ _ _ ____________________
C) Route o f administration

289



Appendix 1

D) Duration o f exposure ___________________
E) Room location where agent is administered
F) Location o f  animal housing post exposure _
G) Length o f time animals will be kept following exposure
H) Method o f animal d isposal__________________________

Are there risks from biohazardous materials or their metabolic products to: (Circle Y/N)

Yes Investigators using agents

Yes ( ^ 9  Animal Care Personnel

Yes Other Personnel (Maintenance, employees, or visitors to animal care center)

VII. TRAINING OF RESEARCH PERSONNEL

Describe your  experience and training in the care and use o f  laboratory  animals .  Be specific about training courses.

Within the past year, have you and. or your personnel (scientists, students, and technicians) attended continuing education
?rograms concerning the care and utilization o f laboratory animals in biomedical research? Yes X N o ___
Describe the nature of the education programs courses that were attended within the past year.

• Traveled to the laboratory o f Dan Gibbs, PhD and David Williams, PhD at the UCSD School o f Medicine in La Jolla, 

CA to observe and participate in the proper isolation o f mouse RPE.

• Course: Occupational Health and Safety in the Laboratory Workshop; January 4, 2006 by Dr. Jean Marie Pagani 

\ training CD titled, “Training in Basic Biomethodology for Laboratory Mice” has been viewed (see attachement)

Have taken the following on-line training provided by LATA:

5.) The Humane Care & Use o f Laboratory Animals

6.) The Humane Care & Use o f the Laboratory Mouse

7.) Anesthesia & Analgesia o f Rodents

8.) Occupational Health and Safety with Laboratory Animals

\ttended a hands-on training session with the CCMC (Animal facility orientation)

Vill attend a hands-on training session with the CCMC (Mouse handling procedures) 

i no, when do you and/or your personnel plan on attending such a course?

VIII. AREA OF RESPONSIBILITY

Tie Animal Care Coordinator is responsible for maintaining programs o f laboratory animal care, including animal procurement, 
usbandry, disease control and prevention, humane treatment and adequate veterinary care under the supervision o f a doctor of 
eterinary medicine.

Tie Principal Investigator is responsible for all aspects o f  the research protocol including post-operative monitoring and care, 
esearch-related complications, and humane treatment by investigative personnel.

lie Principal Investigator is responsible for making daily checks o f their animals and for euthanizing animals in distress. In the 
vent that euthanasia or other intervention is necessary for humane reasons, the investigator will be consulted whenever possible. 
However, if the investigator is unavailable, it is the responsibility o f the Institution or it agent(s), including the attending 
eterinarian, animal care staff, or IACUC members, to use whatever means is required to relieve the animal’s pain or distress, 
his may range from mild tranquilization to relieve anxiety to euthanasia for insufferable pain. Death as an endpoint of 
invemence is not acceptable.
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ASSURANCE OF COMPLIANCE WITH PUBLIC HEALTH SERVICE 
POLICY ON HUMANE CARE AND USE OF LABORATORY ANIMALS

T he Pennsy lvan ia  College  o f  O p tom etry  assures that professionally  acceptable standards govern ing  the care, treatment,  and use o f  
anim als ,  including appropria te  use  o f  anesthetic ,  analgesic ,  tranquiliz ing  drugs, prior to, during, and fo l lowing actual research, teaching, 
testing, surgery ,  or  experim entat ion  were  followed.

The institution adheres to the standards and regulations under  the Animal Welfare  Act. There  are no exceptions.

1 have considered  a lternatives to animal use in these p rocedures  and could find none.

LIST M ETHODS AND SOURCES USED TO CO NSIDER ALTERNATIVES:

________ A nimal Welfare  Inform ation  Center

X   Literature Search

________  Biological Abstracts

________  Current  Research  Inform ation  Center

________  Index M edicus

X   O th e r  (P lease  specify) Database  S e a r c h _____________________________________________________________________________________

DATABASE LITERATURE SEARCH

Identify the services (computer databases, literature searches, etc.) that were used to obtain information on alternatives to 
painful procedures, use o f live animals and prevention o f unnecessary duplication o f research.

A MI S'I MUM OF TWO DA TA BASES MUST BE USED.

Please check below the databases and your search strategy or key words. (Refer to instructions for examples.)

DATE OF SEARCH: March 27. 2006 ________________________________________________________________________

DATABASES: MEDLINE__X__; AGRICOLA ; EMBASE ; PSYCHINFO ; OTHER X (Google
Scholar)

STRATEGY OR KEY WORDS: mouse retinal explants + mouse retinal pigment epithelium isolation + RNA isolation + 
protein isolation + histological changes in mouse tissue

Please include the literature reference used to consider alternatives to animal use:

DO  N O T  E X IST

RINCIPAL IN V ESTIG A TO R ’S ACKNOW LEDGM ENT OR RESPONSIBILITY

certify that the activities described in this form do not unnecessarily duplicate previous experiments.

certify the above protocol will be conducted in compliance with the Federal, State, and local policies and regulations. I also 
inow ledge full responsibility for knowledge of and compliance with all applicable standards governing radioactive or 
©hazardous materials involved in my project. 1 understand that compliance with these policies is a prerequisite for purchasing 
id housing animals, and for the use o f animals in research and teaching at professional schools and colleges.
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[HE INFORMATION GIVEN ABOVE IS A C OMPLETE AND ACCURATE SUMMARY OF PROCEDURES PERTAINING TO 
iNIM.AL CARE AND USE IN THE PROPOSED PROJECT; IF THE RESEARCH PLAN SHOULD REQUIRE REVISION, I WILL 
SFORM THE IACUC. I AGREE TO ABIDE BY THE PROVISIONS OF THE GUIDE FOR THE CARE AND USE OF 
LABORATORY ANIMALS. I WILL PERMIT EMERGENCY VETERINARY CARE TO ANIMALS SHOWING EVIDENCE OF 
>AIN OR ILLNESS IF NOT THE DESIRED EFFECT OF THE ABOVE APPROVED TECHNIQUES. I UNDERSTAND THAT I 
HI ST OBTAIN REAPPROVAL ANNUALLY.

Helissa E. Trego. O D _____
Principal Investigator

fROTOCOL APPRO VAL

reterinarian approval: Y e s _____  N o ____  __________________________________________________

Signature Date

ACL'C Chairperson approval: Y e s   N o  _________________ __________________________________________________

Signature Date

 March 27, 20Q6
Date

292



+

Attachment to Protocol #^rMT(j>6Q3 
Narrative:

Appendix 1

Hie purpose of this attachment is to establish animal procedures at PCO for the next 3-year period. The 
inimals associated with this protocol will be accounted for regardless of whether or not they will be used in 
in actual experiment.

EUTHANASIA AND MOUSE RETINAL PIGM ENT EPITHELIAL (RPE) CELL HARVESTING.
Primary cultures of RPE from both wild-type and aA -crystallin knock out mice in 129SVE or B6 b genetic 
)ackground will be harvested as described by Gibbs and W illiams 2003 (see attached publications for 
tirther detail). Briefly, intact eyes will be removed quickly from 10-14 day old mice after euthanasia and 
iecapitation (the age of the mice used for RPE isolation is very critical to the success of this particular 
jrocedure). Prior to decapitation, mice will be anesthesized with high IP doses of ketamine/xylazine 
210 21 mg kg. respectively). Lots containing 10 eyes each will be washed, treated enzymatically with 
)ispase and then carefully dissected by removing the anterior cornea, lens, capsule and associated iris 
Ngmented epithelium. Remaining posterior eyecups will contain loosely attached neural retina, easily 
amoved from RPE preventing apical surface damage, and provide clean isolation o f the intact underlying 
IPE. This procedure optimizes the use of animals, since both RPE and neural retina can be isolated 
separately and then each used for future experiments. After numerous washes and centrifugation, cells will 
)e cultured for 7 to 10 days until confluent colonies are present. These primary RPE cells will maintain their 
ngmentation and hexagonal morphology of in vivo RPE. Cultured primary RPE will be used for baseline 
xpression o f a-crystallins in the mouse RPE and for future blue light exposure experiments, and oxidative 
tressor exposure (/-BOOH and H2O2) experiments. To perform successful RPE isolation, 10 retinas/RPE 
lyers are required per isolation. The total number of mice is (@ 2 retinas/mouse) 5 mice X 40 assays 
{1 transgenic lines and 1 control lines = 400 for the entire 3-year project.

IACUC USE ONLY
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Protocol Number
Submission Date
Approval Date
Expiration Date

PENNSYLVANIA COLLEGE OF OPTOMETRY 
INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) 

APPLICATION FOR IACUC APPROVAL

}roject Title: A lpha (a ) -  Crystallin Proteins a s  Potential P rotectors A gainst C ontinuous V isible B lue Light 
E xp osu re

’rincipal Investigator*: Melissa E. Trego D egree: O D, PhD  (C andidate)
)ept: R ese a r ch  Email: m treao@ D co .ed u  P hone: x 3 4 5 5  E m ergen cy  P hone: 2 6 7 .7 3 5 .9 6 5 7

lo-lnvestigators*:
N a m e  

A lexa n d er  D izhoor  
Pierrette D ayhaw -B arker

Dept
R esearch

B asic
S c ie n c e s

Technicians*:
P h o n e  N am e
14 6 8  M ichael Coulton
12 5 7  T ressa  Larson

D ept
R ese a r ch

O ptom etry

P h o n e

Please attach C.V.’s (on file)

imergency Contact: M elissa  E. T rego P hone: 2 6 7 .7 3 5 .9 6 5 7

leview Status: Is this a new  su b m ission ?  Yes Is this a 3 -year  resu b m issio n ?  No

unding Source: No external funding Current?
Should m atch project
udgetary inform ation) P en d in g?

GENERAL INFORMATION 

A. G o a l s  a n d  /o r  B e n e f i t s
In a  short paragraph, d escr ib e  the g o a ls  and anticipated  benefits in term s that can  b e  u n d erstood  by a  
layp erson  without a scien tific  background.

ly ultim ate goa l for this exp erim en t is to determ ine if the p r e se n c e  o f alpha-crystallin (a structural protein), protects  
le retina a g a in st d a m a g e  c a u s e d  by continuous v isib le light. A lpha-crystallin is a protein w hich  w a s  th ou gh t to 
nly resid e  in the len s , protecting it from a lifetime worth of light ex p o su re . S in ce  the len s  d o e s  not h a v e  a blood  
apply nor is c a p a b le  o f fixing broken proteins, the alpha-crystallin  proteins actually help m aintain th e  clarity o f the  
ms by grabbing onto th o se  broken proteins and m aking su re  that th ey  do not team  up with other broken proteins 
) ch a n g e  the clarity o f the len s , therefore affecting c lear  vision . R ecen tly  alpha-crystallins h a v e  b e e n  found in a 
amber of other t is s u e s  (m ostly  t is s u e s  that can n ot ea sily  repair th e m se lv e s )  su ch  a s  the brain, heart, k idneys and  
ie retina. W hy are th ey  in the retina? W hat is their role? My h yp oth esis  is that th e s e  crystallins will exhibit a 
rotective e ffec t in the retina, very sim ilar to their role in th e  len s . H ow ever, th e  s tre sso r s  that th e  retina en co u n ters  
i a daily b a s is  will b e different from th o se  s tre sso r s  o f the len s . T he retina o f the e y e  is a lso  e x p o s e d  to a lifetim e 
flight, h o w ev er  th is light is v isib le (or blue light in th e  spectrum ) and in addition to light ex p o su re , th ere is a very
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stressed  environm ent from normal ag ing m etabolic p r o c e s s e s  of surrounding tis su e s . This experim ent will contain  
mice that do h ave  the alpha-crystallin  protein (P igm ent C ontrols (WT 12 9 S v ) and N on-P igm ented  Controls 
(BALB/cByJ) and th o se  that do not h ave  the alpha-crystallin protein (experim ental -  K nock-out m ice). Both s e ts  
of m ice will b e e x p o se d  to con tin u ou s blue light and then  their e y e s  will b e  exam ined  for any c h a n g e s  in retinal 
structure or protein e x p re ss io n . It is ex p ected  that th o se  m ice which lack the alpha-crystallin protein will sh o w  
greater d a m a g e  than th o se  w h o do have this protein. Ultimately, if alpha crystallins do exhibit potential protection  
and d e fe n s e  a g a in st environm ental stresso rs, future therapeutic stra teg ies  could b e im plem ented w hich m ay  
help to preserve  vision  in su ch  e y e  d ise a se  such  a s  A ge-R ela ted  M acular D egeneration . Retinitis P ig m en tosa , 
Lebers C ongenital N europathy, etc ..

B. Description of Proposed Research
D escrib e  th e  experim enta l d esign . Provide m ore sp ecific  details regarding the procedures that will be
perform ed, include treatm ent groups and appropriate controls, and the endpoint of the experim ent. P le a s e  note  
that d eath  a s  an endpoint is not a ccep ta b le . You m ay u se  tim e-lines and/or flowcharts.

P lease  s e e  FLOW CHART 1 and attached NARRATIVE for p roposed  research .

C. Animal Usage

Species and Strain Source Age and/or 
Weight Sex

#per year Total # of 
AnimalsYR1 YR2 YR3

Mice: 129Sv (Control) CMC 15-35 grams MorF 100 100 100 300
Mice: 129Sv:CryA1 
(Experimental)

CMC 15-35 grams M or F 100 100 100 300

Mice: BALB/cByJ 
(Albino) - Control

Jackson
Laboratorie
s

15-35 grams MorF 80 0 0 60

■ Are an im als to b e  h ou sed  individually or in groups? G roups
■ S p e c ie s  Justification (Provide sep ara te  justification for ea ch  s p e c ie s  listed on the protocol. W hy m ust

 you u se  the s p e c ie s  you have req u ested ?)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
National for using m o u se  m odels: Mice have typical m am m alian retinas that are well ch aracterized  anatom ically  
ind physiologically. V arious m o u se  retinal proteins are well studied  and their primary structures are  
leterm ined. Of the non-hum an m am m alian sp e c ie s , the m o u se  g e n o m e  is the b e st e lu cid ated . M ice are fast 
fe e d e r s  and produce sufficient am ount of tissu e, allowing reliable statistical an a ly sis of resu lts. M ice can  be  
iasily adapted  to d ark n ess or to light before collecting retinas or conducting electrop h ysio log ica l stu d ies .
Models for ex p ressio n  of various retinal proteins in m ice h ave b een  su ccessfu lly  u sed  in th e  p ast and  are
veil docu m en ted . At the p resen t m om ent, 129Sv:CryA1 line is the only anim al s p e c ie s  availab le  with the  
ilpha-crystallin g e n e  knock-out. B ased  on the experim ental d esign  and h yp oth esis that alpha-crystallins  
irovide protection ag a in st various stressors, com paring the knock-out line with controls (or th o se  w h o h ave the  
lene) will g ive a direct correlation b etw een  the p r ese n ce  of a b s e n c e  o f alpha-crystallins and their potential 
ole in protection.

■ Animal N um bers (W hat is the scientific justification for the num ber of an im als to b e  u se d ?
D escrib e  the experim ental groups and the num ber of anim als per group. T able/flow  chart m ay b e  u se d .)

’lea se  refer to T ab les 1 and 2. A s show n in table 1, in order to exam in e  the m ice, both histo logical and for
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ex p ressio n  of protein, tw o m ice will b e  u sed  per day o f ex p o su re/p er  strain; this would yield 4 eyes for tissu e  
an alysis of ea ch  strain (1 e y e  for protein; 1 e y e  for h isto logy from ea ch  m o u se). After the d esig n a ted  day of 
exp osu re, o n e  m o u se  will b e  eu th an ized  and t is su e  h arvested  im m ediately, the seco n d  m o u se  will b e  returned to  
normal lighting conditions and an aly zed  at 1 0 -d ays p ost ex p o su re . Control anim als will include p igm ented  
(1 2 9 S v ) and non-p igm ented  m ice (albino; BALB/cByJ). In order to a c h iev e  minimal statistical sign ifican ce,
the experim ent m ust b e  rep eated  three independent tim es. T he req u est for ea ch  independent experim ent and
u se
of anim als can b e  s e e n  in Table 1. Examination of t is su e  will b e exam in ed  initially at 2 tim e points; im m ediate  
p ost-exp osu re  and at 10 d a y s  p ost-exp osu re. Total num ber of an im als req u ested  can b e s e e n  in Table 2 -  

this am ount will allow the experim ent to be repeated  3 tim es, with the option of repeating it a  fourth tim e 
(if n ecessa ry ). Total for three in d ep en d en t runs include 64 -  an additional 20% is req u ested  for a p o ssib le  
fourth run/human error/ equipm ent m alfunction/anim al anatom ical anom aly  etc . H ow ever, if there is no 
n eed  to repeat the experim ent a fourth time or the procedure b e c o m e s  redundant, the an im als will not b e  u sed  -  
all anim als will b e acco u n ted  for regard less.

D. L o c a t io n s  o f  A n im a l U sag e*

P le a se  list all locations w here Animal P roced u res will b e  perform ed & ch eck  the appropriate blank. It is 
preferred, w hen  p ossib le , procedures should  b e perform ed in the CMC P rocedure R oom s. T h e se  a r ea s  
will b e in sp ected , randomly, on a sem iannual b a sis .

Floor/Room  #

South Wing, 
B asem en t, R oom  
#
South W ing, 4 th 
Floor, S 4 18-423

LABORATORY

S 1 7

S 4 18-423

ANIMAL FACILITIES 
PRO CEDURE ROOM  

X

X

TYPE OF PR O C E D U R E

Blue light ex p o su re , p ost-b lu e  light 
exp o su re  housing

E u th an asia /T issu e  harvesting

B. ___________  ____________________
Animals may not be housed in an investigator's laboratory for more than 24 hours unless specifically 
ipproved by the IACUC. Submit documentation for this approval with this application.

I. SPECIFIC PROCEDURES
Please check the procedures to be used in this protocol and provide detailed information in the appropriate section.

Check
(X)

Procedure

X 1 A n esth esia
2 Behavioral S tu d ies
3 Blood C ollection
4 Breeding C olony
5 Biohazard Information
6 Chronic or P rolonged  Restraint
7 Dietary M anipulations

X 8 D osing -  drugs or other su b sta n c e s
X 9 Euthanasia

10 Immunization/Antibody Production
11 O ncology/T um or Transplantation
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X 12 P h y sio lo g ic  M ea su rem en ts -  ERG
X 13 S p ec ia l H ousing /H usbandry P roced u res
X 14 T issu e  H arvest (rem oval o f t is su e  from dead  anim als)
X 15 U se  of T ra n sg en ic  A nim als
X 16 O ther P ro ced u res  -  Visible Blue Light Exposure

A ppendi
X
A

S urgery

1. Anesthesia and Sedation Used in Non-surgical Procedures

Procedure Agent Dose (mg/kg) Route Frequency
ERG Ketamin el 

Xylazine
150/10 IP orIM Pre and Post 

Exposure (Day 0 and 
Day 10)

2. Behavior Studies
_ _______ Provide detailed  description.
«A

3. Blood Collection N/A

Method Frequency/Interval Volume per 
withdrawal

Anesthesia/Sedation

4. Breeding Colony
 Justify n eed .
I/A

5. Biohazard Information (T he u se  of b io h a za rd o u s m aterials requires the approval of the B iosafety  
C om m ittee and/or Radiation S a fety  C om m ittee. P le a s e  provide docum entation  of approval with this 
application.) N/A

P le a se  indicate the general biohazard b ein g  u se d  in-vivo and com p lete  the table for e a ch  agent:
  Infectious A gen ts
  R adioactive S u b sta n ce s
  H azardous C h em ica ls /C arcin o gen s/T o x in s
  Ionizing and N on-ionizing radiation

R ecom binant DNA

Agent Risk Containment Method Disposal Method
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Do any of the h azard s identified a b o v e  p o s e  a risk to hum ans through direct or indirect contact with the  
animal or its bedd ing? If y e s , explain  how  the risk will b e  controlled.

M/A

6. Chronic or Prolonged Restraint
Provide justification for restraint, a d escrip tion  o f the d ev ice  and duration of the restraint.

_  _____

7. Dietary Manipulations
a. Food or w ater restriction ?  Y e s   No

__________ If y e s , justify and indicate th e  duration, freq u en cy  and p o ss ib le  ou tcom es.
M/A

b. S p ecia l d iets?   Y es   N o
If y e s , provide details o f the com p o sition  o f th e  sp e c ia l diet, w ho will prepare the diet, 
how  often will the an im als b e  fed , and w h at are th e  c o n s e q u e n c e s  of the diet ch a n g e .

8. Dosing -  Drug and Other Agents (excluding anesthetics, sedatives, and antigens for antibody 
production)

\gent (drug) Dose (mg/kg) Route Frequency Duration
\tropine Sulfate 1 drop in both 

eyes
Instillation in eyes 1 drop in both 

eyes
Drops work for 7 
days

Tropicannide (0.5% 
>r 1 %)

1 drop in both 
eyes

Instillation in eyes 1 drop in both 
eyes

3hrs

‘henylephrine
2.5%)

1 drop in both 
eyes

Instillation in eyes 1 drop in both 
eyes

3hrs

lystane 1 drop in both 
eyes -  as needed

Instillation in eyes 1 drop in both 
eyes

3-4hrs

9. Euthanasia
ipecies/Strain Primary

procedure*
Dose (mg/kg) 
or % gas

Agent Route Volume

lice:129Sv Tissue harvest To effect

OO Inhalation To effect
lice:129Sv:CryA1 Tissue harvest To effect co 2 Inhalation To effect
lice: BALB/cByJ Tissue harvest To effect o o to Inhalation To effect

(‘ Primary procedure: e .g ., o v erd o se , cervical d islocation , decap itation , exsan gu in ation s). 
D escrib e  how  death  is confirm ed for carbon d iox id e asphyxiation.

Yimary procedure will include carbon dioxide asp h yxiation  then  follow ed with cervical d islocation.

10. Use and/or Production of Monoclonal or Polyclonal Antibodies
a. Will you u se  an im als to produce a n t ib o d ie s ?  Y e s   No

If y e s , justify and provide information on  th e  antigen , adjuvant, d o s e  per site , route o f administration, 
volum e per site, num ber of b o o sters , and th e  freq uen cy  o f b oosters.
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b. Will you b e  purchasing an tibod ies to b e  u sed  in an im als from a com m ercial s o u r c e ?  Y es   No
c. Will you u s e  C om plete  Freund’s  Adjuvant?  Y e s   NO

If y e s , justify its u se ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11. Oncology/Tumor Transplantation
Provide information on origin, p a s s a g e , adventitious p ath ogen  testing , biohazard potential, and
determ ination of endpoint. How will you ev a lu a te  p a in /d istress in th e s e  an im als?  How will you  
alleviate th o se  conditions?

_ _

12. Physiologic Measurements
Provide detailed descriptions (include freq uen cy  and duration o f m ea su rem en ts).

ERG recordings d on e  at pre-exp osu re  (day 0), im m ed iate  ex p o su re , and 10 d a y s p o st-ex p o su re . P le a s e  s e e  
ERG NARRATIVE for detailed  description.

_______ 13. Special Housing/Husbandry Procedures Describe arrangements and contact the CCMC.
°lease  s e e  attached  NARRATIVE.

14. Tissue Harvest (removal of tissue from dead animals)
Tissues/O rgans/Body Fluids being harvested  include: Eyes (whole eyes, only fresh retina/only fresh 

RPE) for histology and protein analysis
A/hat m ethod of eu th an asia  will you b e  using? C 02 inhalation followed by cervical dislocation

15. Use of Transgenic Animals
T he u se  of tran sgen ic  anim als requires th e  approval o f the Institutional B iosa fety  C om m ittee (IBC). 
P le a s e  subm it the approval letter with this application._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Source o f transgen ic  mice: T ran sgen ic  m ice (129Sv:C ryA 1) w ere  originally 
obtained  from Eric W aw rou sek  at th e  National 
E ye Institute (NEI) o f the N ational Institute of 
H ealth (NIH) -  m ice are now  bred in the CMC 
(Protocol #: A-MT0505-00)

Describe m ethod of genotyping to sa m p le  the DNA from  
tiese anim als.

Tail clipping with su b se q u en t PC R  a n a ly sis  ( s e e  
Narrative)

 16. Other Procedures (Describe)
/isible blue exposure (see NARRATIVE)

Appendix A: Surgery (Attach if applicable.)

II. SEARCH FOR ALTERNATIVES
Federal regulations require a literature sea rch  for a lternatives to the use of an im als and for painful/distressful 
procedures. The search  should include “replacing” th e  s p e c ie s  req u ested  with o n e  low er on the phylogenetic  
sc a le , “reducing” the num ber of an im als req u ested  and “refining” by using le s s  stressfu l procedures. You  
m ust u se  a minimum of two d a ta b a se s . S ea rch  d a te s  m ust b e within the p ast six m onths. Attach the search  
results. -  There are no alternatives for this m ouse model

Dheck D a ta b a ses  or other so u r c e s  C onsu lted D ate  o f Y ears K eyw ords/strate
X) S ea rch covered  by g ie s  u sed  in

search search
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Agricola
B iosis/Life S c ie n c e
E m b ase
Current R esea rch  Information S y stem  (C R IS)
M edline
Toxline
Altweb httD://altwebihsph.edu
Animal W elfare Information C enter  
htto://aaclass.n a l.u sd a .aov /a ltm tvs/in d ex .h tm
C enter for Animal A lternatives, University o f 
California at Davis
htto://w w w .vetm ed.ucdavis.edu /A nim al A lternatives/ 
main.htm
htto://w w w .vetm ed .ucdavis.edu/A nim al A lternatives/ 
m icearid.htm
N orw egian R eferen ce  C entre for Laboratory Anim al 
S c ie n c e s
and Alternatives htto://oslovet.v e th s .n o

X Other: (Specify) -  PubM ed, G o o g le  S cho lar 5 /2 3 /2 0 0 7 Alpha A- 
crystallin knock­
out, blue light 
d a m a g e  + 
m o u se , alpha- 
crystallins + 
retinal
d egen eration

V. TRAINING OF RESEARCH PERSONNEL

D escrib e  the ex p er ien ce  and training in the ca re  and u s e  of laboratory an im als for all research  personnel 
 listed on this protocol. B e sp ecific  about training c o u rse s ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• Traveled to laboratory of Dan G ibbs, PhD  and David W illiam s, PhD  at the U C SD  S ch o o l o f M edicine in 
La Jolla, CA to o b serv e  and participate in the proper isolation of m o u se  RPE

• Took O ccupational Health and S afety  in the Laboratory W orkshop on January 4 , 2 0 0 6  by Dr. J ea n  Marie 
Pagani

• V iew ed CD, “Training in B asic  B iom eth od ology  for Laboratory M ice S u cc e ssfu lly  com pleted  online 
training provided by LATA including: H um ane C are and U se  o f Laboratory A nim als, H um ane C are and  
U se  of the Laboratory M ouse, A n esth esia  & A n a lg es ia  o f R o d en ts, O ccupational Health and S afety  with 
Laboratory A nim als

• A ttended h ands-on  training s e s s io n  with CCM C for anim al facility orientation and m o u se  handling
 p rocedures_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

 D escrib e  the nature of the education  p ro g ra m s/co u rses  that w ere  a ttended  within the p ast year.
\nnual IACUC Training -  7 /1 8 /2 0 0 7
kCUC O ccupational Health and S afety  Training -  2 /2 1 /2 0 0 7  
\nnual IACUC Training -  6 /2 7 /2 0 0 6

K INVESTIGATOR ASSURANCE

•  I certify that the information provided in this application is co m p lete  and accu rate  and co n sisten t with any  
proposal(s) subm itted to external funding a g e n c ie s .

•  I certify to ab ide by PH S Policy, U SD A  regulation, th e  G uide for the C are and U se  o f Laboratory A nim als, 
all federal regulations, and th e  p o lic ies o f th e  P en n sy lva n ia  C o lleg e  of O ptom etry’s  Institutional Animal Care  
and U se  C om m ittee (IACUC).
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•  I will notify the IACUC in writing o f any c h a n g e s  in this protocol and will aw ait IACUC approval before  
proceed ing with anim al research .

•  I understand that I m ust obtain reapproval annually.

• I will permit em erg en cy  veterinary intervention, including eu th a n a sia , for an im als exhibiting pain, 
d istress, or illness. An effort to con tact m e or m y rep resen ta tive  (the anim al em erg en cy  contact identified on 
p a g e  1) will b e  m ade prior to any em e rg en c y  treatm ent.

•  I will report at o n ce  to the IACUC any a d v erse  e v en ts .

•  I certify that all personnel performing any p ro ced u res on  an im als, including m yself, h a v e  b e en  or will b e  
trained in hum ane and scientifically a c ce p ta b le  p ro ced u res for anim al handling, procedural tech n iq u es, 
adm inistration of a n e sth e s ia , a n a lg esia , and eu th a n a sia  to b e  u sed  in this project.

•  I a ssu r e  that all personnel, including m yself, will follow  th e  recom m en d atio n s of the O ccupational Health and 
S afety  Program. In addition, I will en su re  that all p erso n n el h a v e  appropriate training including, but not limited 
to, b iosafety principles and tech n iq u es, ch em ica l sa fety , accid en ta l spills, and the proper handling of all 
hazardous m aterials and w a ste  m an agem en t.

•  I understand it is my responsibility a s  the Principal Investigator to e n su re  that all individuals listed on the  
protocol have read and understand the p roced u res. I a s s u m e  full responsibility for com p lia n ce  with all 
regulations and policies.

•  I certify that this protocol d o e s  not u n n ecessa r ily  dup licate  p revious exp erim en ts.

Jl Signature Date

PROTOCOL APPROVAL
/eterinarian approval Y es No

Siqnature Date

ACUC C hairperson  
ipproval

Y es No
Signature Date
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Attachment to Protocol:

Fhe purpose of this protocol is to establish animal procedures at PCO for the next 3-year period. The 
inimals associated with this protocol will be accounted for regardless of whether or not they will be used in 
n actual experiment.

HOUSE TAILS CLIPPING FOR ISOLATION OF DNA (minor Code A procedure). This common 
echnique is described in many protocols, for example, a laboratory manual, "Manipulating the Mouse 
imbryo" by B. Hogan et al., Cold Spring Harbor Laboratories Press, 1994, pp. 296-298. Mice o f age 3 
veeks will be labeled with a small identification ear tag number (National Band and Tag Co., Newport, 
CY). A small piece (~ 3-5 mm long) of the tip o f the tail (wiped with 70% ethanol just before the cutting) 
vill be clipped using a sterile razor blade wiped with ethanol. Some protocols use 0.5ml/L Isoflurane for 
aesthesia, but young mice such as we are going to use, do not experience pain/distress during this minor 
irocedure so the tail clipping for 3-weeks without anesthesia is widely used and commonly accepted
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practice. Short-term minor bleeding after the tail clipping is common and no special further treatment is 
required, however, before the animals are put back into the cage, the bleeding will be stopped by pressing on 
and holding with an aseptic glove at the end o f the tail until the clot is completely formed. Tail clipping will 
be performed for each mouse once at the age of 3 weeks, when this procedure is painless for the animals.

BLUE LIG H T EX PERIM EN TS (Please refer to FLOWCHART 1 for illustrative detail). Twenty-eight 
non-transgenic mice (14 of 129Sv and 14 of BALB/cByJ) and fourteen aA-crystallin knock-out mice 
(129Sv:CryAl) will be exposed to blue light (400-480nm) at energy levels that do not produce immediate 
tissue response for periods of 24 - 168 hrs (1 -  7 days) to assess the location and degree o f retinal damage 
(Seiler et al., 2000, Davies et ah, 2001, Ham et ah, 1980, Farrer et ah, 1970). This exposure mimicks the 
blue light hazard function (BLHF Fig 1). The blue light apparatus caging consists o f 6 mounted, stainless 
steel fluorescent light holders bolted together, creating an enclosed box open at both ends. Each stainless 
steel mount holds 2, 48” fluorescent bulbs (Philips Natural Sunshine, 40 watts; T12, Philips Lighting 
Company, Somerset, NJ, USA), therefore there are 4 on top, 2 on both sides and 4 on the bottom for a total 
of 12 lights. The apparatus holds 6 individual stainless steel cages measuring 5”Hx6”W x H ”L . 
Wavelength and irradiance of the exposure will be regulated by spectral filters as previously described 
(Schutt et ah, 2000). Caging temperature will be kept low by using fans to circulate air through the whole 
apparatus and individual cages. The radiant exposure produced by the 12 Phillips fluorescent tubes is 
filtered by blue gel filter material (Lee #197 Zenith Blue) that is wrapped around the caging inside the boxed 
fluorescent tubes (Figure 2). This arrangement results in a net spectral exposure shown in figure 2 which is a 
close approximation of the BLHF, but which includes a small long wavelength window which has been seen 
typically in other experiments and is not considered to be significant to the photic damage outcomes. As 
constructed, this apparatus is nearly identical to that of Seiler et al , 2000 and did produce an illumination 
level (590 lux) in the same range as that research group. Mice will be dark-adapted for 12-16 hours in a 
standard cage supplied with food and water. Before exposure, mice will undergo ERG readings for initial 
issessment of visual function (please see description below). During ERG recordings, mice pupils will be 
dilated once with 1% atropine sulfate, which will keep the pupils fully open for maximum exposure for 7 
days. Animals will not be sedated with standard anesthesia for blue light exposure experiments. This 
treatment does not comply with the Guide For the Care and Use o f Laboratory Animals (NRC 1996) for 
light period, but then this is the purpose of the study, namely to produce the well known effect o f retinal 
degeneration due to constant light. Previous studies have examined continuous blue light exposure up to 
freely moving, unsedated animals (Seiler et al., 2000, Noell et al., 1966, Rapp and Williams, 1979). 
However, I will closely monitor the mice at least twice a day for any behavioral evidence of pain and 
distress and will institute sedation if this becomes an issue. Photophobia can be encountered in typical 
aright, full-spectrum light; but with the blue light restriction, there is a natural dimming o f the perceived 
tightness which lowers the chance of photophobia in the animals. After light exposure, some animals will 
)e euthanized immediately and tissue will be harvested. Mice not euthanized immediately will be returned 
:o normally lighted cages and euthanasia will occur at 10 days post-exposure.

EUTHANASIA AND RETINA HARVESTING. Mice will be adapted to darkness before ERG recordings 
ind some cases also before organ/tissue harvesting. For the dark adaptation, standard cages containing 4 
nice each, provided with food and water will be kept for 6-12 hours in light-sealed ventilated room. Mice 
vill be euthanized under the infrared illumination by CO2 inhalation followed by cervical dislocation. Eyes 
vill be removed from freshly euthanized animals either immediately after designated post-exposure (1, 2, 3, 
I days, etc.) or at 10 days post-exposure. From each animal, one eye will be fixed in 4%  paraformaldelhyde 
'or future histological analysis and the other eye will have the retina and RPE harvested for future protein 
:xpression. For protein analysis, the neural retina and RPE cells will be homogenized in RIPA protein lysis 
)uffer and total protein concentrations will be standardized based on Pierce’s BCA™ Protein Assay kit 
ietermination. Homogenates will be assayed for their change in a-crystallin (aA - or aB -) activity with 
espect to a housekeeping protein, actin. Indicies of reactive oxygen species generation, including protein 
ixidation, DNA damage and lipid peroxidation, will be evaluated as described in previous studies (Jarrett 
nd Boulton, 2005; Davies et al., 2001; Boulton and Dayhaw-Barker 2001).
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ELECTRORETIONGRAM (ERG) (recordings from the mice (approx. 50/year)). This procedure will be 
used to evaluate the impact of crystallin knockout on retinal function. The ERG will be done prior to 
light exposure and at post-exposure, right before the euthanasia and tissue harvesting. No additional 
animals need to be purchased. ERG will register functional changes in the retinas o f the a-crystallin knock 
out mice. The ERG recordings will follow standard widely known non-surgical procedure. The animals will 
be sedated with 150 mg/kg ketamine (IP) and 10 mg/kg xylazine (IP) for the duration of recordings 
(approx. 1.5 hour), in order to minimize discomfort from application of electrodes on their cornea, eyelid 
and skin and to prevent movements during the recordings. They will be given atropine, tropicamide or 
phenylephrine eye drops 10 min. to fully dilate their eyes before the recordings start, and their eyes will be 
kept moist with methylcellulose-containing eye drops (Systane). Normothermia will be maintained by 
electronic warming pad. A small contact electrode will be applied to the cornea o f the sedated mouse with a 
drop of water in it to serve as the active electrode. A stainless steel “ground” electrode will be place in the 
animal’s mouth. After the ERG recordings mice will be sacrificed by C 02  inhalation or 
ketamine/xylazine overdose and cervical dislocation for tissue harvesting as described above.
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ADVERSE EVENT REPORT
All serious and unexpected adverse events must be reported within 24 hours. Please obtain the PI signature 
and submit to the IACUC Chairman.
Reported by (name): Melissa E. Trego, OD 
Date Reported: Monday, July 16, 2007 at 1430

DESCRIPTION OF EVENT

1. Type o f Event: 
X Initial 

Follow-up

2. Location o f Event: S17C 3. Date and Time o f Event: 
Monday July 16, 2007 at 1400

4. Provide a brief narrative of the event, problem, or complaint including steps or actions taken to 
resolve the issue including any protocol amendment(s)-attach additional pages if  necessary.
As per the protocol, ERGs were to be performed pre, interim and post blue light exposure.
Calculations were done to create a cocktail o f both ketamine and xylazine to anesthetize the animals. 
Measured amounts to be administered were originally ranged from 0.08 -  0.1ml o f the combined 
cocktail. The first animal (N123) was given the specified dose and a successful ERG was performed.
A second animal (N116) was given a specified dose (same as N123) and had an adverse reaction to the 
lanesthesia and failed to survive. Initially I felt it might be an adverse reaction, so I went ahead and 
administered a lesser dose (0.08ml) to a third animal (N119) and that animal also failed to survive. I 
eased the experiment and re-checked my original calculations and found that due to a mathematical 

error, I was off by a power o f ten. My original calculations called for ~0.09ml per mouse and the new 
calculations only required 0.0 lmL per mouse of the combined cocktail. Unsure as to proceed, I 
contacted Jim Wood and informed him of the situation and calculation error. He recommended that I 
contact Dr. Gwen Talham and inform her of the situation as well. I spoke with Gwen and discussed my 
terror and we agreed on the second calculation of administering 0.02ml o f combined cocktail. I rang 
Jim Wood again to inform him on my conversation with Gwen and he stated that there was no way a 
mouse will go down with such a small amount. I tried to administer the new volume on a fourth 
animal (N 117) and after 40 minutes, the animal had no reaction to the anesthesia. At that point, I made 
the decision to cease the administration o f the anesthesia until I can sit down with Gwen in person (at 
our IACUC training session on July 18, 2007) to review my calculations and to discuss possible 
dilutions of the ketamine and xylazine. Due to PhD time constraints, I forfeited having pre-ERGs for 
my first trial o f blue light exposure to WT animals, but will perform pre-ERGs, interim and post-ERGs 
on remaining trials once all calculations and dilutions have been sorted._____________________________
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Reporting Person Signature Print Name Date

Principal Investigator Assurance
I have reviewed the contents o f this report and certify that the information provided is complete and accurate 
to the best of my knowledge.

Principal Investigator Signature 

IACUC Chairman Signature

Print Name Date

Date
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Form #22 12/00 
Institutional Review Board 

Pennsylvania College of Optometry 
(215) 780-1417 

Fax (215) 780-1325

REQUEST FO R  R EV IEW  O F E X E M PT  R E SE A R C H
Note: Exploration of sensitive  to p ics  d o es not qualify for exem ption.

Principal Investigator (PI)

PI Status

Faculty/Staff Sponsor

Division / Department 
Pi’s Address/Box

E-mail address

Person Responsible for 
Paperwork

E-mail address 
Protocol Title
(must match the NIH/Sponsor 
title)
Key Words

Research Site(s)

Funding Source (include 
pending)

Does this research involve 
cancer?

Define any abbreviations and use simple language throughout the application.

1. Designate the category that qualifies this proposal for exemption (see following page), and justify this designation by 

responding to the questions below each category. A ll text boxes w ill expand.

Category # 4 
1 .

2 .

DATE 01/30/2007

(Last) TREGO (First) MELISSA (Credentials) OD, PhD(c)
[ X ] PCO Faculty/Staff [ ] Other:

Dr. Felix Barker, Dr. Pierrette Dayhaw-Barker, and Dr. Alex Dizhoor

Research

S418
Phone #

X3455

mtreao@Dco.edu
FAX#

Melissa E. Trego
Phone#

2677359657

mtreao@pco.edu

Alpha Crystallins and Retinal Protection Against Light Damage & Oxidative 
Stress

1. Alpha-crystallins 2. Retinal Pigment 3. Retina
Epithelium (RPE)

Pennsylvania College of Optometry, 8360 Old York Road, Elkins Park, PA 19027 
-  Rooms S418, S418A, S418B
Pennsylvania College of Optometry

[X] No [ ] Yes
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CATEG O RIES OF RESEARCH THAT QUALIFY FOR EXEMPTION

§46.101(b) Unless otherwise required by Department or Agency heads, research activities in which the only 
involvement of human subjects will be in one or more of the following categories are exempt from this policy:

CATEGORY 1
Research conducted in established or commonly accepted educational settings, involving normal educational 
practices, such as (i) research on regular and special education instructional strategies, or (ii) research on the 
effectiveness of or the comparison among instructional techniques, curricula, or classroom management 
methods.

1. Educational research protocols are exempt providing all of the following conditions are met:
a. All of the research is conducted in a commonly accepted educational setting (e.g., public 

school).
b. The research involves normal educational practices (e.g., comparison of instructional 

techniques).
c. The study procedures do not represent a significant deviation in time or effort requirements 

from those educational practices already existent at the study site.
d. The study procedures involve no increase in the level of risk or discomfort attendant in normal, 

routine educational practices.
e. The study procedures do not involve sensitive subjects (e.g., sex education).
f. Provisions are made to ensure the existence of a non-coercive environment for those students 

who choose not to participate.
g. The school or other institution grants written approval for the research to be conducted.

2. Information Required for Justification:
a. Is research part of the commonly accepted educational setting at the research site listed on 

page one?
b. Describe the research in relation to (i) and/or (ii) above.

3. NOTE: Educational projects that do not meet the above-listed conditions are not exempt and must,
therefore, be submitted for IRB review using the IRB Application for Non-therapeutic Research and
will be reviewed by either the expedited or full board method.

CATEGORY 2
Research involving the use of educational tests (cognitive, diagnostic, aptitude, achievement), survey procedures, 
interview procedures or observation of public behavior, unless: (i) information obtained is recorded in such a 
manner that human subjects can be identified, directly or through identifiers linked to the subjects; and (ii) any 
disclosure of the human subjects' responses outside the research could reasonably place the subjects at risk of 
criminal or civil liability or be damaging to the subjects' financial standing, employability, or reputation.

1. Information Required for Justification:
a. Describe the type of educational activity.
b. State how the information will be recorded to assure that it is impossible for the investigator to 

link the data to any individual subject as required in (i), and assure that there are no risks to 
subjects as described in item (ii).

2. NOTE: Sensitive survey research is not exempt. A sensitive survey is one that deals with sensitive 
or highly personal aspects o f the subject’s behavior, life experiences, or attitudes. Examples 
include chemical substance abuse, sexual activity or attitudes, sexual abuse, criminal behavior, 
sensitive demographic data, detailed health history, etc. The principal determination of sensitivity is 
whether or not the survey research presents a potential risk to the subject in terms of possible 
precipitation o f a negative emotional reaction. An additional risk to the subject in terms o f possible 
precipitation o f a negative emotional reaction. An additional risk consideration is, o f course, 
whether or not there is a risk associated with a breach o f confidentiality should one occur. With 
respect to potential psychological risk associated with a survey, the presence or absence of subject 
identifiers is not necessarily a consideration since the risk may be primarily associated with the 
sensitive nature of the survey as opposed to being dependent upon confidentiality. Subject 
identifiers do, however, become a factor when confidentiality is an issue.

3. NOTE: When children are involved as subjects in research using survey or interview procedures, 
the research is not exempt. The IRB Application for Non-therapeutic Research must be submitted.

4. NOTE: When children are involved as subjects in research using observation techniques, the 
research is not exempt if  the investigator participates in the activities being observed. The IRB 
Application for Non-therapeutic Research must be submitted.

5. NOTE: Observation research involving sensitive aspects of a subject’s behavior is not exempt.
The IRB Application for Non-therapeutic Research must be submitted.

CATEGORY 3
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Research involving the use of educational tests (cognitive, diagnostic, aptitude, achievement), survey procedures, 
interview procedures, or observation of public behavior that is not exempt under paragraph (b)(2) of this section, 
if:
(i) the human subjects are elected or appointed public officials or candidates for public office; or (ii) Federal 
statute(s) require(s) without exception that the confidentiality of the personally identifiable information will be 
maintained throughout the research and thereafter.

1. Inform ation R equired for Justification :
a. State the type of test to be used in the research activity.
b. Discuss how the research qualifies for exemption based on item (i) or (ii).

CATEGORY 4
Research involving the collection or study of existing data, documents, records, pathological specimens, or 
diagnostic specimens, if these sources are publicly available o r if the information is recorded by the investigator 
in such a manner that subjects can n o t be identified, directly or through identifiers linked to the subjects.

1. Information R equired for Justification :
a. State: type of and so u rce (s) from which the data/specimens will be collected, and i f  they are 

publicly available.
b. Confirm that the materials are "existing," and discuss the method that will be used to record the 

data to assure that individual subjects cannot be linked  to the research activity. State whether 
the data or specimens involve the existence of code numbers that can be linked to the 
individual.

2. NOTE: The information must be existing and, therefore, precludes use of any data obtained 
prospectively.

3. NOTE: Examples o f publicly available information include a driver’s license or court records.

CATEGORY 5
Research and demonstration projects which are conducted by or subject to the approval of Department or Agency 
heads, and which are designed to study, evaluate, or otherwise examine: (i) Public benefit or service programs;
(ii) procedures for obtaining benefits or services under those programs; (iii) possible changes in or alternatives to 
those programs or procedures; or (iv) possible changes in methods or levels of payment for benefits or services 
under those programs.

1. Information R equired for Justification :
a. Is this research subject to approval of Department or Agency heads?
b. Discuss the purpose of the research and discuss how it qualifies for exemption based on item

(i), (ii), (iii), or (iv).

CATEGORY 6
Taste and food quality evaluation and consumer acceptance studies, (i) if wholesome foods without additives are 
consumed or (ii) if a food is consumed that contains a food ingredient at or below the level and for a use found to 
be safe, or agricultural chemical or environmental contaminant at or below the level found to be safe, by the Food 
and Drug Administration or approved by the Environmental Protection Agency or the Food Safety and Inspection 
Service
of the U.S. Department of Agriculture.

1. Information Required for Justifica tion :
a. Explain the purpose of the research.
b. Discuss how the research qualifies for exemption based on item (i) or (ii).
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2. Describe the research (background, objectives, and description of how the research will be conducted) in simple language.______
My research  p ro jec t involves exam ining th e  exp ressio n  of alpha-crystallins in the  retinal p igm ent epithelium  (RFE) 
and neural retina of both  hu m an s and  mice. A lpha-crystallins, a se t of m olecular chaperone  proteins, w ere once 
though to  only be e x p re sse d  the  lens, how ever they have also  been found to be ex p ressed  in a num ber of o ther 
tis su e s  including th e  retina/RPE in both  hum ans and  mice. My intent will be to exam ine the change in expression  of 
th e se  crystallins w hen  th e  hum an R PE/retinae are exposed  to  a num ber of environm ental s tre sso rs  including 
oxidative and light induced . This re sea rch  will provide a g rea ter understanding  into the m olecular m echanism s 
involved in retinal eye d ise a se  with reg a rd s to  environm ental s tre sso rs .

3. State the approximate number of subjects, existing records, or specimens required for valid statistical analysis. ~18-20 donor 
eyes

4. State the age range of the subjects, or the age range of subjects whose data or specimens will be collected. 0-99 yrs

Indicate special or vulnerable classes, if any, that will participate in the research:

[ ] Pregnant Women [ ] Cognitively Impaired [ ] Children * [ ] Prisoners*

‘Note: Research cannot be exempt when the population includes prisoners or when children are the subjects of:
•  survey or interview procedures, or
•  an observation(s) in which the investigator participates in the observed activities.

5. Will there be equal representation of: Genders [ ] Yes [ X ] No Racial/ethnic groups [ ] Yes
[X  ] No
If no for either of above, please explain.______________________________________________________________________________

The main goal to is to receive hum an eye t is su e  in any  ag e  range. It is not im portant for th is particular study  to 
exam ine any changes in ex p ressio n  in g en d e r o r ethnicity .__________________________________________________________

6. Specify risks and benefits to the subjects and/or society.

Risks: There will be no risks to  the  su b je c ts  s in ce  th e  ey es will be received post-m ortem .

Benefits: The benefits will be a g rea te r in sigh t into th e  m olecular m echan ism s involved in retinal degenerations and 
eye d isease .

Applicable to all Categories except Category 4

7. Describe recruitment procedures. (Attach advertisements, flyers, telephone and verbal consent, cover letters, etc. fo r  

approval.)

N/A

8. Discuss the consent process. 
N/A

To receive waiver o f consent, the research m u st m eet the follow ing four criteria established by 45CFR46.116(d)(l-4). P lease  exp lain  (below  
each statem ent) how  you r  research  m eets th ese  criteria .

1. The research involves no more than minimal risk* to the subjects  _____________________________

2. T he w a iver  or alteration  w ill not a d versely  a ffec t  the rights and w elfare o f  the subjects;

312



Appendix 1

3. T he research co u ld  n ot p racticab ly  b e carried out w ithou t the w a iver  or alteration; AND

4. Whenever appropriate, the subjects will be provided with additional pertinent information after participation._________

Submit the following:

[ X ] Formal research protocol including any questionnaires, surveys, telephone scripts, etc.

When applicable:
[ ] Complete grant application, with budget (when project is funded). Block out confidential salary information and total dollar amount.

[ ] Consent form, information sheet, brochure, and/or letter, script for verbal consent (when applicable).

[ ] Recruitment materials, e.g., flyers, advertisements, telephone script, letters, etc.

* Note: Minimal risk means that the probability and m agnitude o f  harm  or discom fort anticipated in the research are not greater in and o f themselves than those 
ordinarily encountered in daily life or during the perform ance o f  routine physical or psychological examinations or tests.
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Pennsylvania College of Optometry
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CERTIFICATE OF APPROVAL FOR A PROJECT 
INVOLVING ANIMALS

June 4, 2007

Melissa Trego, OD 
Pennsylvania College of Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr. Trego;

The Institutional Animal Care and U se Committee (IACUC) has reviewed the 
involvement of animals in your proposed study entitled:

AJpha-Crystallin Proteins as Potential Protectors Against Continuous
Blue Light Exposure 

A-MT0705

I am pleased to inform you that this study w as approved on May 31 , 2007.

This approval expires on May 31 201C unless suspended or terminated earlier by 
action of the IACUC P lease  be reminded that you are required to submit the 
form, Request for Continuing Review  to the R esearch Office at least month before 
the anniversary of this approval. At the conclusion of this project, or one month 
prior to the expiration of the approval, p lease  complete and submit the form, 
Termination of Research

Any proposed change in the protocol must be submitted to the IACUC for review 
and approval before the proposed change can be implemented. P lease complete
the form Request for Approval of Changes to protocol for this purpose.

Sincerely.

^l/uK AZttcs  ,

Pierrette Dayhaw-Barker, PhD 
Acting Chairperson, IACUC

Shaping the Future of vision co re
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MZiS
3 Pennsylvania College of Optometry

8360 OhJ Ytwk Road Efkais Park, PA 190271508

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE 
CERTIFICATE OF APPROVAL FOR A PROJECT 

INVOLVING ANIMALS

July 31, 2007

Melissa Trego, PhD 
Pennsylvania College o f  Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr.Trego

The Institutional Animal Care and Use Committee (IACUC) has reviewed the protocol 
change involving animals in your proposed study entitled:

I am pleased to inform you that the following protocol change to this study were 
approved on July 31, 2007:

• Addition o f  Michael Coulton as a technician.
•  Revised anesthetic dose to be used for the ERG procedure.
•  Addition o f  mcthylcellulose-containing eye drops during ERG procedure

This approval expires on May 3 1, 2010 unless suspended or terminated earlier by action 
o f the IACUC. Please be reminded that you are required to submit the form, Request for 
Continuing Annual Review to the Research O ffice at least one month before the 
anniversary o f  this approval At the conclusion o f  this project, or one month prior to the 
expiration o f  the approval, please complete and submit the form, Termination o f

Any proposed change in the protocol must be submitted to the IACUC for review and 
approval before the proposed change can be implemented Please complete the form 
Request for Appro\al of Changes to Protocol for this purpose.

Alpha Crystal I ins Proteins as Potential Protectors Against 
Continuous Blue Light Exposure 

A -M T0705

Research

Sincerely,

Pierrette Dayhaw-JJartcer, PhD
Acting Chairperson, IACUC

Shaping the Future of Vision Care
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Pennsylvania College ot Optometry

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE 
CERTIFICATE OF APPROVAL FOR A PROJECT 

INVOLVING ANIMALS

August 9, 2007

Melissa Trego, OD 
Pennsylvania College o f  Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr Trego:

The Institutional Animal Care and Use Committee (IACUC) has reviewed the addition o f  
personnel who will work with animals in your proposed study entitled.

I am pleased to inform you that the addition o f  Tressa Larson as a technician to this study 
was approved on 08/09/07 James Wood, CCMC, provided Facility Orientation and 
Species-Specific Training for Mice on 08/09/07.

This approval expires on May 31, 2010 unless suspended or terminated earlier by action 
o f the IACUC. Please be reminded that you are required to submit the form, Request fo r  
Continuing Annual R eview  to the Research Office at least one month before the 
anniversary o f this approval At the conclusion o f  this project, or one month prior to the 
expiration o f the approval, please complete and submit the form, Termination o f  
Research.

Any proposed change in the protocol must be submitted to the IACUC for review and 
approval before the proposed change can be implemented. Please complete the form 
Request fo r  A pproval o f  Changes to  P rotocol for this purpose.

H 3 U O  o k i  \ u r k  » i c * K l iilktous K irk. PA 1 0 0 2 7 'I 5 9 »

Alpha-CrystaUin Proteins as Potential Protectors Against 
Continuous Blue Light Exposure 

A-M T0705

Sincerely,

< 3 /LOMZ£c>j ^
Pierrette Dayhaw-mrkcr, PhD
Acting Chair, IACUC

Shaping the Future of vision care
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Pennsylvania College of Optometry'
okl \txK Horn! Elkins Ptwfc. PA i9U27- is» »

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE 
CERTIFICATE OF APPROVAL FOR A PROJECT 

INVOLVING ANIMALS

September 7, 2007

Melissa Trego, OD 
Pennsylvania College of Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr. Trego

The Institutional Animal Care and Use Committee (IACUC) has reviewed the 
involvement of animals in your proposed study entitled:

Alpba-Crysullin Proteins as Potential Protectors Against 
Continuous Blue Light Exposure 

A-MTO705

I am pleased to inform you that the following protocol changes to this study were 
approved on September 7, 2007:

• Add it ion of another strain o f mice (BalhfcByJ)
■ Addition of a control group that will NOT be exposed to blue light, but will 

undergo ERGs al day 0 and day 10 post blue-light exposure.

This approval expires on May 31,2010 unless suspended Of terminated earlier by action 
of the IACUC Please be reminded that you are required to submit the form, Request fo r  
Continuing Annual Review to the Research Office at least one month before the 
anniversary' of this approval. At the conclusion of this project, or one month prior to the 
expiration of the approval, please complete and submit the form, Termination o f 
Research

Any proposed change in the protocol must be submitted to the IACUC for review and 
approval before the proposed change can be implemented. Please complete the form 
Request for Approval o f Changes to Protocol for this purpose

Sincerely,

Q , ludcr/QjufLur
Pierrette Dayhaw-Barker, PhD 
Acting Chairperson, IACUC

Shaping ti\e Future of Vision Care
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Pennsylvania College of Optometry
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FOR A PROJECTCERTIFICATE OF A 
INVOL

March 5, 2008

Melissa Trego, OD 
Pennsylvania College of Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr. Trego:

The Institutional Animal C are and U se Committee (IACUC) has reviewed the 
Request for Continuing Annual Review of Research Involving Laboratory Animals 
involvement of Animals for the study:

I am pleased to inform you that re-approval of this study was granted on 
March 5, 2008

This approval expires on March 16, 2009 unless suspended or terminated earlier 
by action of the IACUC Please be reminded that you are required to submit the 
form, Request for Continuing Review to the Research Office at least month before 
the anniversary of this approval. At the conclusion of this project, or one month 
prior to the expiration of the approval, p lease complete and submit the form, 
Termination of Research.

Any proposed change in the protocol must be submitted to the IACUC for review 
and approval before the proposed change can be implemented. Please complete 
the form Request for Approval o f Changes to protocol for this purpose.

Alpha Crystallins and Retinal Protection against 
Light Damage and Oxidative Stress 

A-MT0603-02

Sincerely,

Pierrette Dayhaw-Barker, PhD
Acting Chairperson. IACUC

Shaping the Future of Vision Care
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Pennsylvania College of Optometry
&*eo ow  vorfc Road Bflctns Park. PA 10027-1508

General Information
a  1 7 « t >  I 41 *7 

wwwpcoedti

IN ST IT U T IO N A L  A N IM A L  C A R E AND USE CO M M ITTEE

C E R T IF IC A T E  O F  A P P R O V A L  FO R A PROJECT  
IN V O LV IN G  ANIM ALS

May 21 ,2008

Melissa Trego, OD 
Pennsylvania College of Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr. Trego

The Institutional Animal Care and U se Committee (IACUC) has reviewed the 
Request for Continuing Annual Review of Research Involving Laboratory Animals 
involvement of Animals for the study:

Alpha-Cry stall in Proteins as Potential Protectors Against 
Continuous Blue Light Exposure 

A-MTQ705-01

I am pleased to inform you that re-approval of this study was granted on 
May 12, 2008.

This approval expires on May 31, 2010 unless suspended or terminated earlier by 
action of the IACUC, P lease  be reminded that you are  required to submit the 
form, Request for Continuing Review to the Research Office at least month before 
the anniversary of this approval. At the conclusion of this project, or one month 
prior to the expiration of the approval, p lease complete and submit the form, 
Termination of Research

Any proposed change in the protocol must be submitted to the IACUC for review 
and approval before the proposed change can be implemented. P lease complete 
the form Request for Approval of Changes to protocol for this purpose.

Sincerely,

Pierrette Dayhaw-Barker, PhD
Acting Chairperson, IACUC

Shaping ilie Future of Vision Care
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Pennsylvania College of Optometry
*360 o ld  vont Road EJkirw Pa*k, PA l « » 7 *15 0 8

General Information 
CMS* 780*400 
WWW.pco.edu

INSTITUTIONAL ANIM AL CARE AND USE COMMITTEE

CERTIFICATE OF APPROVAL FOR A PROJECT 
___________________INVOLVING ANIMALS__________________

May 30, 2008

Melissa Trego, 0 0  
Pennsylvania College of Optometry 
8360 Old York Road 
Elkins Park, PA 19027

Dear Dr. Trego

The Institutional Animal Care and Use Committee (IACUC) has reviewed the 
involvement of animals in your proposed study entitled:

Establish and Maintain a Breeding Colony for the 129Sv: CryAi gene line
A-MT0505-03

I am pleased to inform you that this study was approved on May 21,2008.

This approval expires on May 21, 2011 unless suspended or terminated earlier by 
action of the IACUC. Please be reminded that you are required to submit the 
form. Request for Continuing Review to the Research Office at least month before 
the anniversary of this approval At the conclusion of this project, or one month 
prior to the expiration of the approval, please complete and submit the form, 
Termination of Research.

Any proposed change in the protocol must be submitted to the IACUC for review 
and approval before the proposed change can be implemented. Please complete 
the form Request for Approval of Changes to protocol for this purpose.

Sincerely,

Pierrette Dayhaw-Barker, PhD 
Acting Chairperson, IACUC

Shaping the Future of vision Cote
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Table 1. Summary Statistics for Outcome Measures for WT and aA-K/O Mice:

A-frequency AMPLITUDE

Type Time
N

Obs N Mean Std Dev Minimum
Lower

Quartile Median
Upper

Quartile Maximum

KO Pre 21 21 129.71 35.57 83.00 101.00 128.00 161.00 204.00

After 21 21 96.38 31.49 60.50 68.00 92.00 118.00 172.50

Post 21 21 59.86 22.95 25.00 44.00 53.00 73.50 110.50

WT Pre 21 21 144.62 37.94 86.00 118.00 142.50 161.00 226.00

After 21 21 103.02 33.04 32.50 82.00 99.50 118.00 168.50

Post 21 21 96.52 40.25 29.00 63.00 95.00 134.00 179.00

B-frequency AMPLITUDE

Type Time
N

Obs N Mean Std Dev M inimum
Lower

Quartile Median
Upper

Quartile Maximum

KO Pre 21 21 265.93 87.77 160.00 191.50 248.50 346.50 407.00

After 21 21 176.40 61.66 109.00 121.50 158.50 211.00 296.50

Post 21 21 126.64 35.46 78.50 101.50 119.00 158.00 199.00

WT Pre 21 21 298.29 101.57 155.00 199.00 298.50 367.00 453.50

After 21 21 179.36 60.37 63.00 144.00 178.00 211.50 285.50

Post 21 21 153.98 59.52 54.00 125.00 147.00 201.50 265.50

A-frequency latency

Type Time
N

Obs N Mean Std Dev M inimum
Lower

Quartile Median
Upper

Quartile Maximum

KO Pre 21 21 22.98 3.74 14.00 21.00 23.00 25.00 29.50

After 21 21 22.62 4.70 13.00 19.50 23.00 26.50 29.50

Post 21 21 21.24 2.65 15.50 20.00 21.00 22.50 26.00

WT Pre 21 21 22.02 3.24 16.00 20.00 22.00 24.00 29.00

After 21 21 23.52 4.06 16.50 20.50 23.50 25.50 31.50

Post 21 21 23.12 5.50 14.50 19.50 24.00 26.00 33.50
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B-frequency latency

Type Time
N

Obs N M ean Std Dev Minimum
Lower

Quartile Median
Upper

Quartile Maximum

KO Pre 21 21 116.26 18.26 87.50 100.00 117.50 129.00 157.50

After 21 21 112.95 16.16 82.50 105.00 110.00 122.50 147.50

Post 21 21 114.43 19.77 82.50 100.00 107.50 134.00 147.50

WT Pre 21 21 111.21 13.31 92.50 100.00 112.50 120.00 140.00

After 21 21 107.19 18.99 70.00 97.50 105.00 122.50 135.00

Post 21 21 105.88 12.52 77.50 100.00 107.50 115.00 120.00

Table 2. Normality Statistics for Outcome Measures WT and K/O Combined

Time

the
norm ality

test
statistic,

Aamp

the
norm ality

test
statistic,
A latency

the
normality

test
statistic,

Banip

the
normality

test
statistic,
Blatency

Pre 0.95284 0.98718 0.91567 0.96608

After 0.96202 0.98704 0.95675 0.98729

Post 0.91854 0.96722 0.97009 0.97648

As is indicated above, the normality statistics are well-above 0.90, indicating near 
normality of our outcome measures.
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Histograms Over Time
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As indicated above it appears we have near normality in our outcome measures at 
each timepoint with possibly the exception o f the B-amplitude at baseline, but overall 
there does not appear to be any substantial deviation from near normality. (Columns 
shown from  left to right are pre, immediate and post-exposure, respectively; rows 
going from  top to bottom are a-wave, a-latency, b-wave, b-latency)

Assessing the Reproducibility of the Left and Right Eye M easures:

Below shows the two measures per mice over the three repeated measures on the four 
outcomes of interest. Blue are the right side measures and the red are the left side 
measures. Proximity of the red and blue marks within mice shows the reproducibility 
of the measures on the two sides.
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Intra-class correlation coefficient (ICC) takes on values between 0 and 1 and is near 1 
when difference between pairs is small compared to the differences between mice. 
Ranges or ICC usually fall into these rule of thumb breakdowns:

• Poor agreement = Less than 0.20
• Fair agreement = 0.20 to 0.40
• Moderate agreement = 0.40 to 0.60
• Good agreement = 0.60 to 0.80
• Very good agreement = 0.80 to 1.00

Table 1. Intraclass correlation coefficient for the Pre Measures:

ITEM ICC RHO \  ARID VARE
Lower
Bound

Upper
Bound

Aamp 0.55696 0.55696 1044.38 830.77 0.35587 0.70904

Alat 0.88254 0.88254 13.84 1.84 0.81131 0.92802

Bamp 0.66899 0.66899 6106.18 3021.22 0.50250 0.78786

Blat 0.81064 0.81064 198.85 46.45 0.70270 0.88222

Table 2. Intraclass correlation coefficient for the At Exposure Measures:

ITEM ICC RHO \  ARID VARE Lower Bound Upper Bound

Aamp 0.84132 0 .8 4 1 32 1514.30 285.608 0.74844 0.90194

Alat 0.83870 0.83870 19.06 3.667 0.74449 0.90026

Bamp 0.88297 0.88297 j 6440.11 853.580 0.81198 0.92830

Blat 0.70653 0.70653 221.91 92.177 0.55387 0.81342

Table 3. Intraclass correlation coefficient for the Post Measures:

ITEM ICC RHO VARID VARE Lower Bound Upper Bound

Aamp 0.89762 0.89762 2632.05 300.19 0.83474 0.93746

Alat 0.94289 0.94289 26.14 1.58 0.90644 0.96543
•

Bamp 0.86759 0.86759 8448.08 1289.34 0.78832 0.91861

Blat 0.87747 0.87747 364.38 50.88 0.80349 0.92484
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Ear Ear
Tag Trial #1 Tag Trial #2

N629 Day 0 - Immediate N623 Day 1 - lOd Post
N628 Day 1 - Immediate N621 Day 3 - lOd Post
N626 Day 3 - Immediate N619 Day 5 - lOd Post
N625 Day 5 - Immediate N617 Day 7 - lOd Post
N624 Day 7 - Immediate No ET Day 0 - lOd Post
N622 Day 1 - lOd Post
N620 Day 3 - lOd Post
N618 Day 5 - lOd Post
N616 Day 7 - lOd Post

A3.1 Ear tag key for both trials BALB/cBYJ mice.

Ear Ear Ear
Tag Trial #1 Tag Trial #2 Tag Trial #3

N 131 Day 1 -  Immediate N146 Day 1 - Immediate N149 Day 1 - Immediate
N819 Day 2 -  Immediate N145 Day 2 - Immediate N151 Day 2 - Immediate
N 127 Day 3 -  Immediate N142 Day 3 - Immediate N162 Day 3 - Immediate
N817 Day 4 -  Immediate N148 Day 4 - Immediate N155 Day 4 - Immediate
N125 Day 5 -  Immediate N821 Day 5 - Immediate N157 Day 5 - Immediate
N816 Day 6 -  Immediate N135 Day 6 - Immediate N159 Day 6 - Immediate
N123 Day 7 -  Immediate N132 Day 7 - Immediate N163 Day 7 - Immediate
N 130 Day 1 - lOd Post N147 Day 1 - lOd Post N150 Day 1 - lOd Post
N818 Day 2 - lOd Post N144 Day 2 - 1 Od Post N152 Day 2 - lOd Post
N 122 Day 3 - lOd Post N143 Day 3 - lOd Post N154 Day 3 - lOd Post
N 121 Day 4 - lOd Post N823 Day 4 - lOd Post N156 Day 4 - lOd Post
N 120 Day 5 - lOd Post N822 Day 5 - lOd Post N158 Day 5 - lOd Post
N 118 Day 6 - lOd Post N820 Day 6 - lOd Post N164 Day 6 - lOd Post
N 117 Day 7 - lOd Post N133 Day 7 - lOd Post N867 Day 7 - lOd Post
No ET Day 0 -  Ctrl N824 Day 0 - Ctrl N866 Day 0 - Ctrl

Ear
Tag Trial #4

N172 Day 1 - lOd Post
N171 Day 2 - lOd Post
N170 Day 3 - lOd Post
N169 Day 4 - lOd Post
N 168 Day 5 - lOd Post
N167 Day 6 - 1 Od Post
N166 Day 7 - lOd Post
N173 Day 0 - Ctrl

A3.2 Ear tag key fo r all trials o f  Wild-Type mice.
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Ear Ear
Tag Trial #1 Ear Tag Trial #2 Tag Trial #3

N517 Day 1 - Immediate N554 Day 1 -  Immediate N579 Day 1 - Immediate
N520 Day 2 - Immediate N552 Day 2 -  Immediate N577 Day 2 - Immediate
N522 Day 3 - Immediate N550 Day 3 -  Immediate N575 Day 3 - Immediate
N524 Day 4 - Immediate N548 Day 4 -  Immediate N573 Day 4 - Immediate
N526 Day 5 - Immediate N546 Day 5 -  Immediate N571 Day 5 - Immediate
N516 Day 6 - Immediate N544 Day 6 -  Immediate N569 Day 6 - Immediate
N530 Day 7 - Immediate N542 Day 7 -  Immediate N567 Day 7 - Immediate
N518 Day 1 - lOdPost N553 Day 1 - lOd Post N578 Day 1 - lOd Post
N521 Day 2 - lOd Post N551 Day 2 - lOd Post N576 Day 2 - lOd Post
N523 Day 3 - lOd Post N549 Day 3 - lOd Post N574 Day 3 - lOd Post
N525 Day 4 - lOd Post N547 Day 4 - lOd Post N572 Day 4 - lOd Post
N528 Day 5 - lOd Post N545 Day 5 - lOd Post N570 Day 5 - lOd Post
N529 Day 6 - lOd Post N543 Day 6 - lOd Post N568 Day 6 - lOd Post
N531 Day 7 - lOd Post N541 Day 7 - lOd Post N566 Day 7 - lOd Post
No ET K/OCtrl; Day 0 N555 K/O Ctrl; Day 0 DEAD K/O Ctrl; Day 0
No ET W/T Ctrl; Day 0 N556 W/T Ctrl; Day 0 N580 W/T Ctrl; Day 0

A3.3 Ear tag key for all trials o f  oA-crystallin Knock-out mice.
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Param eters V a lu es /Y e s /N o Com m ents/Problem s

Maximum 
Temperature/Humidity  

(Time)
Minimum 

Temperature/Humidity

Average  
Temperature/Humidity

S igns /sym ptom s of 
pain or distress

Anterior segm ent  
abnormalities

Food/H20

Emptied A/C H20  
bucket

Reset temperature  
monitor 
(Time)

Rotate Cages

Total number of mice

Number of cages

A3.4 Standard check-off sheet fo r  exposed mice (filled out twice a day).
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