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Abstract 
 

Cataract is defined as an opacification of the lens resulting in visual impairment. 
Worldwide, it is the number one cause of blindness and there are currently no strategies 
to prevent the onset of the disease. Cataract surgery is the most commonly performed 
elective intervention in industrialized countries. The condition has thus major impact on 
national and international health care systems. Exposure to ultraviolet radiation (UVR) 
induces cataract in humans and animals. Both epidemiological and experimental 
evidence indicates maximum lens sensitivity to UVR-B with wavelengths around 
300 nm. 

Until today, little is known how the genome modulates the lens sensitivity to 
oxidative stress from UVR. Although chromosomal linkage is observed among several 
mammals, the human and the laboratory mouse genomes are by far the most 
extensively characterized and compared. This study characterizes the C57BL/6 mouse as 
an in vivo cataract model for UVR-B induced oxidative damage.  

Presently, we characterized light scattering in the healthy C57BL/6 mouse and 
defined a tolerance limit for non-pathological light scattering in the mouse lens. In the 
second study, cataract evolution in the C57BL/6 mouse lens after in vivo exposure to 
UVR-B was investigated. We demonstrated that a dose of 5 kJ/m2 UVR-B is above 
cataract threshold and light scattering transiently peaks 2 days after UVR-B exposure. 
The third part of this study estimated the dose-dependent cataractogenesis and 
cataract threshold dose, expressed as Maximum Tolerable Dose (MTD2,3:16) for UVR-B 
induced cataract. In the fourth study, we were for able to demonstrate for the first time 
that the absence of an anti-oxidative enzyme, Glutaredoxin 1, sensitizes the lens to 
oxidative damage from UVR-B exposure. Furthermore we derived the relative protection 
the Grx1 gene provides to UVR-B exposure to 45%. The last study, investigates if an 
inflammatory response could be involved in UVR-B induced cataractogenesis that 
affects also the non-exposed eye in a sympathetic reaction. We found indications that a 
systemic inflammation associated with raised serum levels of IL-1  and possibly IL-6 can 
be triggered by UVR-B exposure that induces cataract and an inflammatory infiltration 
also in the non-exposed eye. 

We conclude, the C57BL/6 mouse is a suitable model to study UVR-B induced 
cataract. Efficient study design is possible based on reasonable sample sizes. Similar to 
other species, the C57BL/6 mouse lens is sensitive to UVR-B-300nm. The type of cataract 
induced is mainly anterior subcapsular, but in individual cases also cortical and/or 
nuclear. Cataract threshold dose (MTD2,3:16) was estimated to 2.9kJ/m2. Importantly, 
deficiency of the Grx1 gene increases the lenticular sensitivity to in vivo UVR-B exposure. 
Thus Grx1 polymorphisms may cause a varying degree of lens sensitivity to oxidative 
stress in age-related cataract. Furthermore, inflammation is involved in UVR-B induced 
cataractogenesis. Age related cataract is almost exclusively a bilateral event. Since an 
inflammatory response might be an important factor in the pathogenesis of the disease 
this study could initiate new preventive and therapeutic strategies in cataract research.  
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Introduction 

Cataract, defined as an opacification of the lens resulting in visual impairment, 
is the leading cause of preventable blindness in the world. Up until now, the 
surgical extraction of the cataractous lens with intraocular lens (IOL) 
implantation is the most common elective surgical procedure in all of medicine.  

The eye is designed to produce a visual image of the environment on the 
retina. In the human body the only perfectly transparent structures are the clear 
ocular media cornea, aqueous humour, lens, and vitreous humour. Localized 
behind the iris and in front of the vitreous body, the main functions of the 
biconvex crystalline lens are refraction of light, accommodation, optical filtering 
and maintenance of its own clarity. The human lens is a unique organ with the 
highest protein concentration of all tissues in the human body. Despite this, it is 
created for absolute transparency, permitting light passage to the retina. 
Maintenance of lens transparency is highly dependant on structural and 
macromolecular components and on lens metabolism. 

Any disturbance in the highly organized arrangement of lens cells, leads first 
by shifts of the refractive index to optical inhomogenity which results in 
pathological light scattering, or cataract. Increased light scattering reduces 
image contrast on the retina and is thus perceived as visual impairment 
(Figure 1). Exposure of the eye to ultraviolet radiation type B (UVR-B) is 
considered one major risk factor for development of age-related cataract. 
Patients suffering from cataract may complain of decreased visual acuity, glare, 
loss of contrast sensitivity and a myopic shift, due to increased dioptric power of 
the sclerotic, cataractous lens. Vision impairment due to cataract is associated 
with a decreased ability to perform activities of daily living and increased risk for 
depression (Shmuely & Rovner, 2001). Cataract thus represents a significant 
medical concern. 

Currently, the only treatment available, to address this concern, is cataract 
surgery. None of the anti-cataractogenic drugs developed have demonstrated 
convincing effects in clinical trials (Harding, 2001). As “thresholds for 
independent living” tend to rise (Monestam & Wachtmeister, 1997), the 
growing demand for surgical resources is predicted to put increasing strain on 
medical insurance systems worldwide. Additionally demographic developments 
in conjunction with cataract prevalence at advanced age will further increase 
the demand for modern cataract surgery. Consequently, there is a substantial 
need for novel preventive strategies that could significantly reduce or slow 
down cataract onset. Increased understanding of how genetic modulations 
affect lens sensitivity to oxidative stress may provide an important new tool to 
fight or slow down cataract morbidity in humans. 
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Figure 1: How cataract affects vision. In the cataractous lens (right) light is diffusely 
scattered and not focused on a single point on the retina as it is in the healthy eye (left). 
The picture is perceived as blurred and lower in contrast. 

 

Cataract epidemiology and treatment strategies 

Globally, an estimated 20 million people are blind as a result of cataract (WHO, 
1997; Resnikoff & Pararajasegaram, 2001) accounting for 50 percent of 
blindness worldwide (Javitt, 1996; Brian & Taylor, 2001). Due to increased life-
expectancy, the overall prevalence of vision loss as a result of lenticular 
opacities and the need for treatment rapidly increases. Surgical lens extraction 
is currently the only available cataract therapy (Delcourt et al., 2000). In the last 
20 years, the volume of cataract surgery has increased dramatically. Worldwide, 
8 million cataract procedures are performed each year. The WHO projects this 
figure to triple between 2000 and 2020 in order to meet demands of the 
international surgical cataract “backlog” that grows with an annual rate of 10 
million people (Taylor, 2005). 

The national and international economic impact of cataract surgery is 
enormous. More than 1.3 million cataract procedures are performed in the 
United States alone each year, in Sweden 65 000 (Lundström et al., 2002), 
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accounting for 10 % of the US annual health care budget or 4.1 billion dollars 
(Busbee et al., 2003). In addition to the large number of cataract operations 
performed, visual disability associated with cataract formation accounts for 
over 8 million related physician office visits each year. 

Cataract etiology is considered a multi-factorial event. Increased risk for 
cataract is associated with high age, exposure to UVR, metabolic disorders like 
diabetes and hypertension, trauma, heavy smoking, and malnutrition (DeBlack, 
2003; McCarty, 2000, Katoh, 2001). Prevalence of cataract increases with age 
from less than five percent in persons under 65 to approximately 50 percent in 
those 75 years of age. At the age of 90 and older, everyone will be affected (Mc 
Carty, 1999). These epidemiologic and economic figures illustrate the major 
impact of cataract on national health care systems, and on the global economy. 
Recent data indicate that a mere delay of cataract onset by 10 years could 
reduce the need for cataract surgery by as much as half (Congdon, 2001). As a 
result, the need for development of preventive measures and strategies to slow 
down cataractogenesis in humans is evident. 

Pathophysiology of cataract 

The lens is a unique tissue whose physiological transparency permits passage 
and focusing of photons for collection in the retina (Duncan, 1997). Lens 
transparency, in turn, is dependant on its structural integrity and the regular 
organizations of its cells. Optical clarity is attributed to the highly organized 
arrangement of lens fiber cells connecting to adjacent fibers with specialized 
inter-digitations or ball-and-socket motifs (Figure 2). 

 

Figure 2: Clear human lens (left) with highly organized micro-architecture as seen with 
scanning electron microscopy (SEM) (right) 
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(Ervin et al., 2005). This structural integrity of lens micro-architecture allows 
minimal spatial variation of refractive index within the lens relative to the 
wavelength of incident light (Trokel, 1962). Additionally, elongating epithelial 
cells, when differentiating into lens fibers, loose their nuclei and major cell 
organelles, including mitochondria and ribosomes, and become rich in 
crystallines and glutathione (Bhat, 2001). Lens epithelial cells undergo this 
dramatic morphological change since it renders healthy lens fiber cells optically 
transluscent by minimizing light scattering. 

Cataracts are generally associated with the breakdown of lens micro-
architecture (Hejtmancik & Kantorow, 2004). Increased light scattering in the 
cataractous lens is due to fluctuations in the refractive index. Random 
fluctuations of refractive index in the lens are caused by membrane 
degeneration, protein aggregation, density fluctuation, fluid accumulation 
between fiber cells, phase separation, and disorientation of cytoskeletal 
elements (Bettelheim, 1985; Chylack, 2004) (Figure 3). 

 

Figure 3: Cataractous human lens (left) Disorientation of cytoskeletal elements that are 
source of optical inhomogenity following UVR-B exposure as seen with SEM (right) 

Binding of high-molecular-weight aggregates to cellular membranes has 
also been reported to cause light scattering in all forms of cataract (Tripathi, 
1983; Vrensen & Willekens, 1990). Clinically, these optical disturbances of lens 
transparency are classified based on their localization in the lens, as observed 
with the slit-lamp as cortical, nuclear, anterior or posterior subcapsular cataract. 
Most patients suffer from mixed types of cataract built up of opacifications in 
different lens layers, each to varying degrees. Cataract progression is typically 
slow, with gradual loss of vision over months to years. However, some types of 
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cataract progress more rapidly. Patients with functionally significant cataracts 
may experience visual impairment, loss of contrast, dulling colour perception, 
and may also become increasingly myopic. In addition to loss of visual acuity, 
cataract development can be associated with visual aberrations such as 
monocular double or triple vision (Campell, 1999). 

Age has been identified as the single most important risk factor for cataract 
in population-based studies (McCarty et al., 1999; Klein et al., 1993, West et al., 
1998). However, impact of genetic pre-disposition is increasingly considered to 
explain the gap between knowledge on age- related cataract development and 
associated factors involved. Hammond et al. estimated that genetic factors 
versus environmental insults account for as much as 48 % versus 14 % in 
nuclear opacities, and 37-58 % and 11-37% in cortical cataracts, respectively 
(Hammond, 2000; Hammond, 2001). 

Metabolic disorders, smoking, steroid medication, and exposure to 
ultraviolet radiation (UVR) have been associated to cataractogenesis in humans 
(West & Valmadrid, 1995). Thus, a variety of insults causing oxidative stress, 
have been shown to threaten the reducing environment normally maintained 
within the lens (Spector, 1995). Oxidative damage is therefore currently held to 
be the most common cause of age related cataract (Hejtmancik, 1998). 

Opacification of the aging lens results from accumulation of insults to the 
lens from different stresses incurred over the lifetime of an individual (Jose, 
1978). With increasing age, the lens grows in overall size and looses its ability to 
accommodate (Spencer, 2004). Continued appositional growth of lens fibers 
compresses the nucleus leading to nuclear sclerosis (Fincham, 1937). Nuclear 
lens proteins aggregate and are chemically modified resulting in increased 
yellow to brown discoloration, known as brunescent cataract. This change of 
colour is distinct from age-related increase of light scattering/opalescence in 
the nucleus. It is due to accumulation of oxidized tryptophan residues (N-
formylkynurenine-glucoside with derivatives), non-enzymatically glycated 
protein, and other chromophores (Figure 4). 

 
Figure 4: Spectral lens changes with aging. From age 6 months (left) to age 90 years 
(right) 

 

Because chromophores absorb blue light and reduce glare, moderate 
amounts may be beneficial. However, advanced brunescence reduces high-
contrast acuity and contrast sensitivity (Chylack et al., 1993). A decreased 
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transport of antioxidants in the aging lens, as a result, may allow oxidation of 
nuclear components (Burd et al., 2002). Barriers to movement of small 
molecules between the central lens nucleus and the metabolically more active 
epithelium may exacerbate protein susceptibility to oxidative, osmotic, or other 
stresses (Truscott, 2003). Additionally, the activity of glutathione peroxidase, 
the major enzyme that metabolizes hydrogen peroxide (H2O2), an oxidant found 
at elevated concentrations in some patients with age-related cataract, and 
other antioxidant enzymes may be reduced in older individuals (Bertelmann & 
Kojentinsky, 2001). 

Oxidative Stress and anti-oxidative defense mechanisms in the lens 

Oxidative stress denotes the adverse effects of oxygen and its various redox 
forms on biological tissues. Photo-oxidative stress in the lens and consequent 
cataract formation is caused by continuous light-catalyzed generation of 
reactive oxygen species (ROS) such as singlet oxygen (O2

*), hydrogen peroxide 
(H2O2), superoxide ion (O2

-), and hydroxyl radical (•OH) (Hedge & Varma, 2004). 
The lens also contains enzymes that generate endogenous ROS including the 
recently identified NADPH oxidase located in the plasma membrane (Rao et al., 
1999). 

To keep a balanced redox state and maintain transparency, the lens is 
equipped with a well-designed defense system against oxidation. Antioxidants 
include non-enzymatic molecules, like glutathione (GSH), vitamin C, vitamin E, 
and carotenoids. Enzymatic defense systems include superoxid dismutase 
(SOD), catalase, glutathione peroxidase (GPX), glutathion reductase (GR), and 
the glutathion-dependent thioltransferase (TTase) (Figure 5).  

If these defense mechanisms are deficient, ROS can accumulate in the lens 
and deactivate sulfhydryl-dependant enzyme systems, change lens colour by 
forming chromophores, disrupt membrane structures mainly by lipid 
peroxidation (Chylack, 2004), and aggregate proteins by forming protein-
protein disulfide bridges as well as protein-thiol mixed disulfides (PSSG) 
(Harding et al., 1996) This formation of PSSG is believed to precede a cascade of 
events leading to high molecular weight aggregation, and consequently 
cataract formation by localized alterations of the refractive index (Wu et al., 
1998). 
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Figure 5: Reactive 
oxygen species (ROS) 
and antioxidative 
defense systems in the 
lens: H2O2 generated by 
the dismutation of 
superoxid anion is 
degraded by several 
pathways including 
catalase, glutathione 
peroxidase (GPX), and 
the Fenton reaction. A 
decreased SH/S-S ratio 
by oxidation can be 
reversed by glutathione 
reductase (GR) or 
thioltransferase (TTase), 
the latter specifically 
reduces protein thiol-
mixed disulfides (PSSG). 
These mechanisms 
protect the lens from 
oxidative damage. 
(SOD: Superoxid 
dismutase) 

Thioltransferase - a critical redox-regulating enzyme 

Under physiological conditions the cytosolic TTase glutaredoxin 1 (Grx1) 
prevents early oxidative damage to lens proteins by acting as a dethiolating 
repair enzyme. The glutathione-dependant Grx1 regenerates oxidatively 
damaged proteins in PSSG by restoring free SH groups for proper enzymatic or 
protein function (Lou, 2003) before further chemical reactions can occur. 
Recently, the role of Grx1 dysfunction was confirmed in the pathogenesis of 
diabetic retinopathy, Alzheimer’s disease, and obstructive lung disease (Akterin 
et al., 2006; Shelton et al., 2007). Furthermore, it was shown that Grx1 gene 
expression and function is up-regulated two-fold under oxidative stress 
conditions when other antioxidative enzyme systems such as glutathione 
reductase (GR) or glutathione peroxidase (GPx) are already inactivated by ROS 
damage (Raghavachari et al., 2001) This increased activity and expression of 
Grx1 under sustained oxidative stress is held to be essential for cell protection 
since the dethiolating enzyme can repair oxidatively damaged key enzymes and 
proteins (Xing & Lou, 2003).The main source for exogenous ROS stressing the 
lens is ultraviolet radiaton, since the anatomical localization of the lens makes it 
vulnerable to light-induced ROS during the life span of an individual (Lou, 2003).  
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Ultraviolet radiation 

UVR is electromagnetic radiation at wavelengths 1-400 nm. UVR is localized 
between shorter wavelength X-rays and longer wavelength visible light in the 
electromagnetic spectrum (National Toxicology Program, 2002) (Figure 6).  

  

Figure 6: The electromagnetic spectrum 

UVR is subdivided into the spectral bands UVR-A (315-400 nm), UVR-B (280-
315 nm), UVR-C (100-280 nm) (CIE, 1999) and far UVR or vacuum UVR (1 -
 100 nm). 

The greatest source of human exposure to UVR is the sun. The sun emits a 
broad spectrum including short wavelength UVR, visible and infrared radiation. 
Radiation emitted from the sun is filtered by the atmosphere of the earth. All 
solar extraterrestrial UVR-C is attenuated in the atmosphere by the ozone layer. 
The sun radiation reaching the surface of the earth contains 13% UVR (295-
400 nm), 44% visible light (400 and 760 nm) and 43% infrared radiation (760-
106 nm) (Pitts, 1993; Zigman, 1985). Environmental exposure to UVR-B is highly 
dependent upon solar elevation angle (Sliney, 1986). As a consequence, the UVR 
dose received perpendicularly to the surface of the earth, described as UV index 
(UVI), varies with time of day, season, latitude, and other environmental 
conditions such as clouds, landscape, ground reflection and air pollution. 
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The smallest fraction of the solar irradiance spectrum received by organisms on 
the earth is represented by UVR (CIE, 1989). However, UVR photons have the 
greatest biological impact (Christiaens et al., 2005) due to higher photon energy 
than visible and infrared radiation. 

UVR affects human health (Longstreth, 1998) and has the potential to 
damage mammalian cells. It causes sunburn (Daniels et al., 1968), tanning 
(Bargoil & Erdman, 1993), DNA damage (Jones et al., 1987), skin cancer (Urbach, 
1991; Elwood & Jopson, 1997), genetic mutations (Wikonkai & Brash, 1999) 
immune suppression (Vink et al., 1996) accelerated aging (Yaar & Gilchrest, 
1998), and eye diseases like cataract and pterygium (Sliney, 1994). Primarily, 
short wavelength UVR is considered responsible for causing these adverse 
biological effects. Proven most deleterious to the lens is radiation with spectral 
band B (UVR-B) (Bachem, 1956; Pitts et al., 1977; Merriam et al., 2000).  

Electromagnetic radiation with longer wavelengths, e.g. UVR-A also 
contributes to adverse biological effects, but as in DNA damage, the 
contribution is small, even though UVR-A in sunlight is nearly a thousand fold 
more intense than UVR-B (Godar et al., 2001; Sliney, 2002). 

Current depletion of the ozone layer by the build-up of man-made chemicals 
in the atmosphere is of concern because it increases the amount of UVR 
reaching the earth’s surface (Zigman, 1985). Even relatively small increases in 
UVR can have serious impacts on human health and the biosphere (McKenzie, 
1999). It was recently estimated that a sustained one percent decrease in ozone 
results in 100 000 to 150 000 additional cataract cases in the world annually 
(Longstreth, 1998). 

UVR and cataract 

An extensive body of epidemiologic and experimental evidence links UVR 
exposure to the development of human senile cataract. Already at the end of 
the 19th century Widmark observed the cataractogenic effect of UVR and the 
characteristics of attenuation of optical radiation in the lens (Widmark, 1891). In 
1901 he described lens epithelial damage, swollen lens fibres, but no damage on 
the lens equator in rabbit lenses following controlled exposure to UVR 
(Widmark, 1901). 

Epidemiological evidence 

Several epidemiological studies have consistently demonstrated the correlation 
between cortical cataract and exposure to solar UVR (Taylor et al., 1988; 
Delcourt et al., 2000; Cruickshanks et al., 1992; Mc Carty et al, 2000). Case 
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reports additionally support the relationship between UVR and cataract 
formation in humans (Müller-Breitankamp, 1997; Lerman, 1980). Cortical lens 
opacities from UVR-B were shown to occur more frequently in the inferonasal 
quadrant of the lens (Adamsons et al., 1991; Klein et al., 1992; Schein, et al., 1994; 
Graziosi et al., 1996; Asano et al., 1997; Mitchel et al., 1998; Sasaki et al, 2003). 
These results confirm the theory of Coroneo et al. that UVR from the very 
temporal edge of the cornea focuses on the nasal side of the limbus and lens 
(Coroneo et al., 1991, Coroneo et al., 1993). Recently performed studies in Japan 
and Australia present new evidence linking cumulative lifetime sun exposure to 
nuclear cataract formation, especially when high exposure occurs at a young 
age (Neale et al., 2003; Hayashi, 2003).  

Epidemiological cataract research has always been challenged by the variety 
of factors influencing cataractogenesis in humans, clear assessment of personal 
ocular dose received, and by difficulties to quantitatively measure optical 
properties in vivo (Michael, 2000). Therefore, experimental studies and animal 
models are needed to quantify, e.g. dose-response relationships, and elucidate 
the primary photobiology of UVR damage, and to study the impact of genetic 
pre-disposition to oxidative stress and consecutive cataract formation. 

Experimental evidence 

Experimental studies on rats, mice, rabbits, and squirrels (Pitts, 1977; Jose & 
Pitts, 1985; Söderberg, 1988; Zigman et al., 1991; Hightower & McCready, 1993; 
Breadsell et al., 1994; Wegener, 1994) consistently link UVR exposure to 
subsequent lens opacification. Multiple mechanisms of lens damage induced by 
UVR exposure, or environmental oxidative stress, have been postulated. Among 
others, induction of unscheduled DNA synthesis (Söderberg, 1986; Jose and 
Yielding, 1977), inactivation of metabolic enzymes (Reddy & Bhat, 1998), 
disruption of crystallines’ tertiary structure (Jung et al., 1996), and adverse 
effects on the lenticular osmotic equilibrium resulting in a net osmotic force 
driving water into the lens (Söderberg, 1989), have been identified. 

Experimental evidence indicates a maximum lens sensitivity to UVR-B in the 
wavelength region around 300 nm (Pitts et al., 1977; Merriam et al., 2000) and 
demonstrates that 300 nm UVR penetrates a short distance into the lens (Dillon 
et al., 1999; Löfgren & Söderberg, 2001). According to the first law of 
photochemistry of Grothus-Draper, only radiant energy that is absorbed by 
tissue can cause biological damage. Applied on the lens, the small fraction of 
high energetic UVR-B 300 nm passing the cornea (Förster & Busse, 1991; 
Boettner & Wolter, 1962) is absorbed by the lens epithelium. The lens 
epithelium is therefore the primary target for damage from UVR-B (Söderberg, 
1988).  
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Even though it is generally thought that reactive oxygen species (ROS) are 
mediators of damage induced by UVR (Lou, 2003), it is also recognized that UVR 
can trigger alterations in growth factor- and cytokine-mediated signal 
transduction pathways, leading to aberrant gene expression (Heck et al., 2004). 
It is well established that exposure to UVR can cause acute and chronic 
inflammatory changes in the cornea (Rodger et al., 1974; Klintworth, 1977; 
Schein, 1992). In the skin, UVR irradiation induces production of pro-
inflammatory cytokines and alters cutaneous immune function (Ullrich, 1995; 
Kirnbauer et al., 1991; Kock et al., 1990). Furthermore, it was recently 
demonstrated that elevated markers of systemic inflammation increases the 
risk for age-related cataract in otherwise healthy individuals (Schaumberg et al., 
1999) Evidence was found that high serum levels of the pro-inflammatory 
cytokine interleukin-6 (IL-6) can predispose for age-related nuclear cataract 
(Klein et al., 2006) These current findings support a possible role of 
inflammation in the pathogenesis of UVR-B induced cataract – one of the 
questions we tried to elucidate in this thesis. 

C57BL/6 mouse as cataract model  

Even though animal models have their limitations regarding direct transfer to 
the human situation, the mouse as a cataract model offers unique 
opportunities to explore genetic modulators affecting lens sensitivity to 
oxidative stress. Drawbacks of the mouse are mostly anatomical differences 
such as a thinner cornea, a slower aqueous humour turn-over, and a different 
ocular exposure geometry as compared to the human. Thus, due to higher 
corneal transmittance of UVR-B, more UVR-B is expected to reach the lens in the 
mouse than in the human eye (Dillon et al., 1999). One of the most favorable 
non-primate cataract models is the guinea pig because the guinea pig is 
ascorbate dependent like humans and because their lenses contain UVR and 
blue light filters that at least mimic those in the human lens (Truscott, 2005). 
However, a striking advantage the mouse model offers compared to other 
species is the fact that the mouse genome has been extensively mapped and 
compared to the human. Mouse chromosomes represent the most thoroughly 
studied of all non-human genomes and pathological alterations are comparable 
to those in man (Graw & Löster, 2003). High-level homology between mouse 
and human genomes implies similar disease manifestations (Smith et al., 1997). 
Current understanding of similarities and differences between these two 
genomes permits direct analysis and comparison of inherited susceptibilities 
long before similar resources can be recreated for a second mammalian species 
(Carver & Stubbs, 1997). Thus, the C57BL/6 mouse as a model for UVR-B induced 
cataract may contribute exceptional information on genetic susceptibilities to 
oxidative stress that can be transferred to the human situation, and allow 
conclusions on human cataractogenesis. 
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Aims 

• To characterize light scattering level and light scattering variation in the 
healthy C57BL/6 mouse lens 

• To determine light scattering evolution and cataract morphology in the 
mouse lens after in vivo exposure to UVR-B 

• To establish the dose-response relationship and threshold dose estimate 
(MTD2,3:16) for in vivo UVR-B induced cataract in the mouse lens 

• To investigate if the absence of Grx1, a critical redox-regulating enzyme, 
sensitizes the lens to oxidative damage induced by UVR-B 

• To investigate if an inflammatory response is involved in UVR-B induced 
cataract that affects also the unexposed eye in a sympathetic reaction 
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Material and Methods 

Animals 

We obtained C57BL/6 mice from Charles River Laboratories, Germany. Female 
C57BL/6 mice at the age of six weeks, mean body weight 18 g, were used in 
Papers I-III, and V. The generation of Grx1 knockout mice used in Paper IV, in 
which exons 1 and 2 of the mouse Grx1 gene are deleted, has been described 
previously (Ho et al., 2007). Grx1-/- mice were bred on a 129SV and C57BL/6 hybrid 
background and were initially generously provided by Prof. Ye-Shi Ho, Wayne 
State University, Detroit, USA. Animals were treated in accordance with the 
ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. 
Ethical approval was obtained for all experiments from the Northern Stockholm 
Animal Experiments Committee. 

Six weeks old mice are post-weanling, young adults. The age of six weeks 
was chosen as consistent with earlier studies on UVR-B induced cataract in rats 
(Söderberg, 1990; Michael et al, 1996; Michael et al., 1998; Ayala et al., 2000). 
Younger animals are, independent of species, expected to be more sensitive to 
adverse effects from UVR than old animals, as recently demonstrated by Dong 
and collaborators (Dong et al., 2005). Therefore, in younger animals, measurable 
biological responses are anticipated after lower UVR-doses as compared to in 
older animals. 

Furthermore, the C57BL/6 mouse strain is the most common laboratory 
mouse (Schmucker & Schaeffel, 2004) It was chosen as a cataract model 
because, in contrast to other animal models, it offers the opportunity to study 
the impact of genetic modulation on lens sensitivity to UVR using mutant, 
knockout and transgenic mice. 

UVR Source 

UVR for experimental induction of cataract was generated with a high-pressure 
mercury lamp (HBO 200 W, Osram, Germany). The exposure system was 
designed in our laboratory by Söderberg (Söderberg, 1990). A spherical detector 
placed behind the mercury lamp directed all radiation generated in a forward 
direction. After collimation the radiation passed through a water filter, which 
absorbed infrared radiation, and through a double monochromator (Oriel 2X 
77250). The monochromator allowed for a waveband selection of radiation at 
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300 nm. The emerging radiation was finally projected as a field covering the 
cornea of the exposed eye. 

Irradiance of UVR-B on the corneal plane was controlled with a thermopile 
detector (7104, Oriel, USA), calibrated to a NIST (National Bureau of Standards) 
traceable source. In the thermopile detector, the incident radiation causes a 
temperature rise that generates a voltage response. Radiation dose (papers II, 
III) is in the present thesis defined as energy of UVR-B received per unit area in 
the corneal plane. Irradiance of UVR-B was controlled before and after 
experimental exposure. 

Spectral irradiance on the corneal plane (Figure 7) was determined with a 
fiber optic spectrometer (Ocean optics PC 2000). The full spectrum is provided 
in Figure 7: 

 

Figure 7: Spectral wavelength distribution 

Cataract quantified as lens light scattering 

Experimentally induced cataract was quantified as forward lens light scattering. 
Intensity of forward light scattering in mice lenses was measured with a light 
dissemination meter (Söderberg et al., 1990). This instrument uses the principal 
of dark-field illumination. A transparent object (e.g. a mouse lens) is 
transilluminated at 45 degrees against the horizontal plane. At this angle, the 
illuminating light cannot enter the objective aperture. If the object scatters 
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light in the forward direction, a defined fraction of light reaches the objective 
and is measured by a photodiode. 

The scattering standard was an emulsion of Diazepam (Stesolid Novum, 
Dumex-Alphapharma, Denmark). Light scattering was therefore expressed as 
transformed equivalent Diazepam concentration (tEDC) (Söderberg et al., 1990). 

Macroscopic imaging 

Cataract morphology or light scattering distribution in the lens is of central 
concern from a clinical point of view. Lens opacities might reduce visual 
performance only slightly or result in significant visual impairment up to 
complete blindness, depending on their intensity and exact localization in the 
lens relative to the visual axis. 

We documented distribution of light scattering with a microscope camera 
system. Via a dissection microscope, cataractous as well as control lenses were 
imaged in incident- and dark field illumination photography.  

GSH analysis (Paper IV) 

Whole lenses were homogenized with lysis buffer and centrifuged; supernatant 
was used for the estimation of GSH with a spectrophotometer based on the 
method of Ellman (1959). 

Serum cytokines (Paper V) 

Blood samples were collected from the left ventricle in isoflurane inhalation-
narcosis (Forene®, Abbott GmbH, Wiesbaden, Germany) immediately before 
sacrificing the animals for the lens analysis described above. All samples, 9 from 
each dose group, were directly placed on ice for 10 min. After cooled 
centrifugation at 1 000 x g for 10 min, serum was collected and stored at –70°C 
until assayed for serum cytokine concentrations. Serum cytokine levels of IL-1ß, 
IL-6, and TNF-α were analyzed with ELISA-kits (RayBiotech®, Inc, Norcross GA, 
USA) according to the manufacturer’s instructions. 

Immunohistochemistry (Paper V) 

Whole eyes were fixed in 4 % neutral buffered formalin and embedded in 
paraffin. Sections 4 µm thick were prepared for haematoxylin and eosin (H&E) 
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staining and neutrophile immunohistochemistry. After de-paraffinization and 
rehydration, the tissue sections were incubated with rat monoclonal antibody 
to mouse granulocyte antigen (RB6 - 8C5, BioLegend®, San Diego, CA, USA, 
dilution: 1:40) and rat monoclonal antibody to mouse macrophages (F4/80, 
clone BM8, Cell Sciences®, Canton, MA, USA, dilution: 1:10). After washing, slides 
were incubated with biotinylated species-specific secondary antibodies 
(InVitrogen®). At this point slides were then incubated with streptavidin-biotin-
peroxidase complexes (diluted 1:100 in TBS/1% BSA, pH 7.4). To enhance the 
staining of horseradish peroxidase reaction product, 3-Amino 9-Ethylcarbozole 
(AEC) was applied which produces a strong red reaction product. 

Experimental design  

Part I of this thesis characterizes light scattering and light scattering 
variability in the healthy C57BL/6 mouse lens. A total of 17 mice were included in 
this experiment. Light scattering was measured in healthy, untreated lenses 
and lens morphology was documented using microphotography. 

In paper II the time-evolution of cataract development in the mouse after 
exposure to UVR-B was investigated. Eighty animals were randomly divided into 
four equally sized latency groups. One eye in each animal was exposed in vivo to 
5kJ UVR-B for 15 minutes. The contralateral not-exposed lens was kept as a 
control. After pre-determined latencies of 1, 2, 4, and 8 days following UVR 
exposure, the animals were sacrificed. Light scattering was measured three 
times in each lens. Lens morphology was documented with a microscope 
camera system. 

Paper III investigates dose-dependent cataractogenesis and estimates the 
cataract threshold dose (MTD) for UVR-B induced cataract in the mouse lens. 
Depending on the dose group, the mice unilaterally received 0, 2, 4 or 8 kJ/m2 
UVR-B for 15 minutes (Figure 2) (n=20). Mice in the 0 dose group received 
anesthesia, but no UVR-B exposure. Forty-eight hours after UVR-B exposure 
cataract was quantified as forward lens light scattering. Cataract morphology 
was documented with a microscope camera system. 

In paper IV homozygous Grx1-/- and Grx1+/+ mice were exposed to above 
threshold doses UVR-B (3 dose groups, 2x, 3x, 5x MTD, n= 10). Fourty-eight hours 
after UVR-B exposure, cataract was quantified as forward lens light scattering. 
Cataract morphology was documented with a microscope camera system. 
Furthermore GSH content was analyzed in exposed as well as non-exposed 
knockout and wildtype lenses. 
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Paper V investigates if a local and/ or systemic inflammatory response is 
involved in the pathogenesis of UVR-B induced cataract that affects also the 
contralateral eye in a sympathetic reaction. Groups of 20 C57BL/6 mice each 
received above threshold doses UVR-B (0x, 2x, 3x, 4x MTD). Forty-eight hours 
after UVR-B exposure cataract was quantified as forward lens light scattering. 
Cataract morphology was documented with a microscope camera system. 
Immunohistochemistry for inflammatory infiltration was performed and serum 
IL-6, Il-1β, and TNF-α was measured with ELISA. 

Experimental procedure 

In papers II-V mice were exposed in vivo to UVR-B. Prior to exposure, all animals 
were examined with a slit lamp to exclude pre-existing cataract. The unexposed 
eye was shielded during exposure and kept as a control. Ten minutes preceding 
the exposure, the animals were anaesthetized with a mixture of 40 mg/kg 
ketamine and 5 mg/kg xylazine, injected s.c. Five minutes after the injection, 1 % 
tropicamide was instilled in both eyes to induce mydriasis. 

After the mice were sacrificed, the eyes were enucleated and the lenses 
were extracted. Remnants of the ciliary body were removed from the lens 
equator with microsurgical instruments under a microscope, keeping the lens in 
balanced salt solution (BSS). Afterwards, the intensity of forward light 
scattering was quantitatively measured three times for each lens. Thereafter, 
the macroscopic appearance of the lens was documented in incident 
illumination against a grid and in light- and dark field illumination 
photography. Animals included in paper I neither received anaesthesia nor 
UVR - B exposure. Light scattering in these animals was measured in the 
healthy, untreated lens.  

Statistical analysis 

Considering sample size the significance levels were set to 0.05 and the 
confidence coefficients to 0.95. Light scattering difference between exposed 
and contralateral, non-exposed lens was used as primary data to reduce effects 
of inter-individual variation. 
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Results and Discussion 

Oxidative stress, as from exposure to UVR-B, is considered one of the main risk 
factors for age-related cortical cataract. Until now, the impact of genetic 
modulation on lens susceptibility to oxidative stress remains unexplored. 
Knowledge on the genetic contribution to lens sensitivity from oxidative insults 
will allow both pre-symptomatic risk-prediction for age-related cataract 
development and rational design and application of preventive measures to 
avoid or delay cataract onset (Hejtmancik, 1998).  

Presently, we established an in vivo model for UVR-B induced cataract that 
for the first time facilitates the investigation of genetic susceptibilities to 
oxidative stress in the lens using knockout mice. We were able to demonstrate 
that the absence of the redox-regulating enzyme Glutaredoxin 1 (Grx1) 
sensitizes the lens to UVR-B induced damage. Furthermore, we found 
indications that an inflammatory response could be an important 
pathophysiological factor in UVR-B induced cataractogenesis. 

Light scattering characteristics of healthy C57BL/6 mouse lenses renders 
efficient study-design possible (Paper I) 

Information on light scattering characteristics of the C57BL/6 mouse lens 
provides valuable information for efficient study-design of experiments with 
the C57BL/6 mouse or C57BL/6 knockout mouse as the experimental animal. 

We characterized light scattering and light scattering variability in the 
healthy C57BL/6 mouse lens using the Light Dissemination Meter (LDM) 
(Söderberg et al., 1990) and macroscopic imaging. Data was analyzed with a 
mixed model analysis of variance. The assessed baseline for native light 
scattering (0.16 ±0.02 tEDC) serves as reference in future lens toxicity 
experiments. The estimated tolerance limit for non-pathological light scattering 
in the C57BL/6 mouse lens (0.26 tEDC) may be applied as a threshold for 
pathology. Our current measurement technology provides sufficiently high 
precision as reflected by the low measurement error, 1.4 10-4(tEDC). 
Consequently, studies on experimental in vivo UVR induced cataract in the 
C57BL/6 mouse are both efficient and cost-effective, and therefore fulfill ethical 
demands (Van Zupthen, 2003). Since light scattering in the mouse lens, 
expressed as tEDC, is normal distributed and no light scattering difference was 
found between right and left eye, normal distribution statistics can be applied 
to mouse lens light scattering data measured with the Light Dissemination 
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Meter (Söderberg et al., 1990). The frequency of spontaneous pre-existing lens 
opacities located in the cortex and nucleus (Figure 8) requires attention. A 
careful individual slit lamp-check is mandatory before including mice into a 
study on cataractogenesis in order to keep background noise level at minimum. 

 

Figure 8: Pre-existing lens opacities in the C57BL/6 mouse lens 

In conclusion, the C57BL/6 mouse is a suitable animal model for efficient design 
of experiments on light scattering and cataractogenesis from oxidative stress. 

Evolution of cataract development following exposure to UVR-B (Paper II) 

Exposure to UVR-B induces cataract in humans and animals (Dawson & 
Schwaab, 1981; Malik et al., 1995). Experimental models are needed to 
investigate possible genetic modulations of lens susceptibility to environmental 
oxidative stress. Therefore, we presently introduce the C57BL/6 mouse as an in 
vivo cataract model by investigating cataractogenesis following exposure to 
UVR-B. 

We elucidated the evolution of UVR-B induced cataract in C57BL/6 mouse 
lenses at defined latency periods following unilateral exposure to UVR-B 
300 nm. Cataract morphology in mice lenses was documented with 
macroscopic imaging; cataract intensity was quantified as forward lens light 
scattering. Mixed model analysis of variance was applied on light scattering 
data. In vivo exposure to UVR-B induced anterior subcapsular cataract in all 
exposed lenses and cortical and nuclear opacities occurred bilaterally in some 
mice, at latencies 1-8 days after exposure. This finding might indicate vast lens 
sensitivity to oxidative stress in the mouse. Observed subcapsular opacities 
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organized in an annulus that shrank during observation time (Figure 9) could 
reflect lens repair mechanisms following oxidative damage, such as newly 
formed lens fibers extending from the equator towards the anterior pole. These 
morphological observations could also account for the dynamic change of 
scattering characteristics among latencies studied. 

 

Figure 9: Anterior subcapsular cataract following UVR-B exposure 

Exposure to 5 kJ/m2 UVR-B induced significant light scattering, with a 
transient peak day two after exposure, in all animals compared to contra-lateral 
non-exposed lenses.  

We conclude in concordance with previous findings in other species 
(Zigman et al., 1991; Michael et al., 1996) that the mouse lens is sensitive to 
UVR - B and that the UVR-B dose applied in this experiment is above threshold 
dose. The information provided here on morphologic and quantitative cataract 
evolution in the mouse lens following in vivo exposure to UVR-B may serve as a 
reference for studies on the impact of genetic modulation on lens sensitivity to 
oxidative stress. However, our attention was drawn to a light scattering 
increase also in some contralateral, non -exposed lenses. This finding is 
consistent with reports by Pitts et al. (Pitts et al., 1983) and Söderberg 
(Söderberg, 1990), both which note contra-lateral effect of unilateral in vivo 
exposure to UVR-B in rabbits and rats. Eyes of animals with a bilateral cortical 
and or nuclear cataract response showed signs of ocular inflammation such as 
iris adhesion and neovascularizations. Effect of anaesthesia described by Kufoy 
and collaborators (Kufoy et al, 1989) cannot alone account for this documented 
response.  This observed sympathetic response following unilateral exposure to 
UVR-B might be an important factor involved in cataractogenesis, and thus calls 
for careful investigation. 
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Cataract threshold dose and dose-dependent cataractogenesis for UVR-B 
induced cataract (Paper III) 

The concept of Maximum Tolerable Dose (MTD2,3:16) (Söderberg et al, 2002) can 
be applied to estimate the cataract threshold dose for UVR-B induced cataract 
in the mouse lens. MTD2,3:16 is derived from the functional relationship between 
difference of light scattering induced between exposed and contralateral non- 
exposed lenses and UVR-B dose received, the dose-response function. 

To determine the dose-response function for experimentally induced UVR-B 
cataract in the C57BL/6 mouse, we exposed C57BL/6 mice unilaterally to doses 
between 0-8 kJ/m2 UVR –B. Macroscopic imaging was used to document light 
scattering distribution in the lens. Induced cataract was quantified as forward 
lens light scattering. In vivo exposure to UVR-B induced mainly anterior 
subcapsular but also cortical and nuclear opacities. The latter two occurred 
bilaterally in some animals. These results are consistent with previous 
experimental observations (Meyer et al., 2005). Anterior subcapsular cataract 
appearing as flake like opacifications was related to the presence of apoptotic 
bodies in damaged lens epithelial cells (Michael, 2000). Intensity of light 
scattering two days after exposure increased continuously as a function of UVR-
dose (Figure 10). 

 

Figure 10: Dose response function for lens light scattering after exposure to UVR B. 
Cataract threshold dose was estimated to 2.9 kJ/m2 (MTD2,3:16) 
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Based on the light scattering difference between exposed and contralateral 
non-exposed lenses, the dose response function for in vivo UVR-B cataract in 
the C57BL/6 mouse lens was derived (Figure 10). The estimated MTD2.3:16 for the 
mouse lens, 2,9 kJ/m2, is slightly lower but close to the previously reported 
cataract threshold dose in the Sprague Dawley rat (Söderberg et al., 2002). This 
indicates a slightly higher sensitivity to UVR-B in the mouse than in the rat.  

Again our attention was drawn to a slight light scattering increase and to 
cortical and/or nuclear cataract development also in the non-exposed, 
contralateral eye in some animals. Since contralateral eyes were covered 
carefully during exposure and possible adverse effects of anaesthesia (Kufoy et 
al., 1989) cannot satisfactorily explain the observed response, we hypothesize 
that exposure to UVR-B might trigger a systemic response affecting also the 
contralateral unexposed eye in a sympathetic reaction. 

In conclusion, the established cataract threshold dose and dose response 
relationship for UVR-B induced cataract, provides additional important 
information for the use of the C57BL/6 mouse as an in vivo model for studying 
oxidative stress related lens damage. Importantly, it will allow quantitative 
comparisons of lens susceptibility to oxidative stress in studies with genetically 
modified mice. Since age-related cataract is a bilateral condition, the described 
sympathetic response might hint at new pathways in cataract pathogenesis. 

Absence of Thioltransferase (Grx1) increases lens susceptibility to oxidative 
damage from UVR-B (Paper IV) 

We investigated if the absence of the thioltransferase glutaredoxin1 (Grx1), a 
critical protein-thiol repair enzyme, increases lens susceptibility to oxidative 
stress caused by in vivo exposure to UVR-B. Grx1 is characterized by a 
remarkable resistance to oxidative damage (Quiao et al., 2001; Xing & Lou, 
2002). Therefore we anticipated that the absence of Grx1 could impair the lens’ 
protective system enough to observe sensitizing effects even at around 
threshold UVR-B dose. This hypothesis was confirmed by our observations in 
Grx1 deficient mice lenses. 

Grx1-/- and Grx1+/+ mice developed anterior subcapsular cataract (ASC) 
following UVR-B exposure to 1.5x, 3x, or 5x UVR-B threshold equivalent dose 
(MTD2,3:16). However in mice deficient of the Grx1 gene, the induced cataract 
extended radially further towards the lens equator than in wildtype animals 
(Figure 11). We know from previous studies that ASC in the mouse lens is 
repaired from the equator towards the lens sutures (Meyer et al., 2005). Thus 
the absence of Grx1 seems to delay lens epithelial cell repair. In addition, lens 
light scattering in Grx1-/- mice was increased in all dose groups compared to 
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lenses with normal Grx1 function. The difference was more pronounced with 
increasing exposure dose. Lens sensitivity for UVR-B induced damage was 
significantly higher in Grx1-/- lenses compared to Grx1+/+ lenses. Furthermore, we 
derived that the Grx1 gene provides a 45% increase of protection against close 
to threshold UVR-B induced oxidative stress compared to the absence of Grx1. 
No difference of GSH concentration was found between Grx1-/- and Grx1+/+ 
lenses. This could be due to masking effects of relative higher volumes of the 
cortex and nucleus compared to the lens epithelium, where changes in GSH 
concentration could be expected, since we analyzed whole lens homogenates. 

 

Figure 11: Anterior subcapsular cataract in Grx1-/- and Grx1+/+ mice 48 h after 
exposure to above threshold UVR-B (MTD2,3:16 equivalents)  

To summarize, Grx1 deficiency increases lens sensitivity to oxidative stress 
induced by UVR-B exposure. This is, to our knowledge, the first evidence that 
the absence of an anti-oxidative enzyme in the lens exacerbates in vivo UVR-B 
cataract development. Additionally, we were able to quantify the relative 
protection associated with the presence of the Grx1 gene against in vivo UVR-B 
induced light scattering in the lens to 45%. These findings demonstrate that 
Grx1 plays a key role in the protection of lens proteins from acute oxidative 
stress induced by UVR-B. Our findings implicate that Grx1 deficiency may have 
an impact on a long-term low dose repeated daily exposure of the lens to UVR -
 B. Thus, Grx1 polymorphisms may alter lens sensitivity to age-related cataract 
associated oxidative stress. 
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Bilateral cataract after exposure of one eye to UVR-B- evidence for an 
inflammatory response (Paper V) 

In our previous work we found indications that not only a direct, photooxidative 
effect of UVR-B may contribute to UVR-B induced cataract, but also that a 
systemic inflammatory response might affect the contralateral eye in a 
sympathetic reaction (Meyer et al., 2005, Meyer et al., 2008). Contralateral 
effect of damage to one eye is clinically known in sympathetic ophthalmitis 
(SO), a prototypical autoimmune disease in which injury to one eye causes 
sight-threatening inflammation in the otherwise normal contralateral eye. Even 
though we know that eye penetration is not essential for the development of 
SO the question if UVR-B exposure can induce symptoms as seen in SO remains 
to be clarified. 

In the current paper, we elucidated if close to threshold unilateral exposure 
to UVR-B causes a contralateral change in light scattering and if there is an 
association with serum concentration changes of IL-1β, IL-6, TNF-α, and/ or a 
local inflammatory reaction in the exposed as well as in the contralateral eye. 
We demonstrated that in addition to the UVR-B induced cataract in the exposed 
lenses, light scattering also significantly increases in contralateral non-exposed 
lenses (Figure 12). This reaction is UVR-B dose-dependent. As a result, an 
inflammatory infiltration was detected immunohistochemically in the anterior 
segment of exposed, as well as in some mice, in the non-exposed eye. IL-1β 
serum concentration increased with increasing UVR-B exposure dose. There was 
a similar trend for serum IL-6 but not for TNF-α. 

We conclude that UVR-B exposure of one eye increases lens light scattering 
also in the contralateral eye, and triggers a systemic inflammatory response 
mediated by IL-1β and possibly IL-6. Age-related cataract is almost exclusively a 
bilateral event. Since a systemic inflammatory response might be an important 
factor in cataractogenesis, our results might initiate new strategies in the 
prevention of the disease. 
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Figure 12: 
Contralateral increase 
of lens light scattering 
after unilateral in vivo 
exposure to UVR-B. 
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Conclusions 

• Base line light scattering in the C57BL/6 mouse lens was estimated to 
0.16 ±0.02 tEDC. The tolerance limit for non-pathological light scattering 
was set to 0.26 tEDC. 

• UVR-B 300 nm mainly induces anterior subcapsular but also cortical and 
nuclear cataract in the mouse lens. Anterior subcapsular cataract is 
repaired from the equator towards the lens sutures. After an above, but 
close to threshold dose UVR-B, light scattering has reached maximum 
intensity already 24 hours following in vivo exposure.  

• Light scattering intensity after an in vivo close to treshold dose of UVR-
300 nm increases continuosly with increasing dose in the range 0-8 
kJ/m2. Cataract threshold dose, expressed as MTD2,3:16, in the C57BL/6 
mouse was estimated to 2.9 kJ/m2. 

• The absence of Grx1 increases lens susceptibility to UVR-B induced 
oxidative stress. 

• Unilateral UVR-B exposure induces bilateral cataract and iritis, and 
triggers a systemic inflammatory response mediated by IL-1  and 
possibly IL-6.  
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Future perspectives 

No medical treatment can yet prevent the formation or progression of cataract 
in the lens of an otherwise healthy adult eye. Oxidative stress has been 
identified as one of the major causes of age related diseases including age 
related cataract but also cardiovascular diseases, brain dysfunction, 
emphysema and arthritis (Amnes et al., 1993; Salganik, 2001). The ultimate goal 
in cataract research is to identify means to delay or even prevent cataract onset 
in humans. 

Genetic predisposition has been recently identified as one of the main 
modulating factors of cortical and nuclear cataract (Hammond, 2000; 
Hammond, 2001). However, direct gene therapy in relation to prevention or 
deceleration of cataract onset in humans may not be realisable in the near 
future. The challenge in cataract research is to identify genetic backgrounds 
that alter lens susceptibility to oxidative stress as from exposure to UVR-B. 

Candidate genes for further studies with knockout mice are genes encoding 
enzymes that protect the lens from oxidation or other types of environmental 
insults. Since we demonstrated that Grx1 dysfunction sensitizes the lens to 
oxidative damage it could be of high interest to identify Grx1 polymorphisms in 
humans, and to derive individual risk profiles for cataract development. This 
could also hold true for genetic variants of other anti-oxidative enzymes.  

Furthermore, if an inflammatory process is involved in UVR-B induced 
cataractogenesis, as our findings indicate, a whole new line of therapeutic and 
preventive strategies might arise including anti-inflammatory and 
immunomodulating treatment. 
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