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Abstract

To compare patterns of gene expression following preconditioning cyclic light rearing versus 

preconditioning aerobic exercise. BALB/C mice were preconditioned either by rearing in 800 lx 

12:12 h cyclic light for 8 days or by running on treadmills for 9 days, exposed to toxic levels of 

light to cause light-induced retinal degeneration (LIRD), then sacrificed and retinal tissue 

harvested. Subsets of mice were maintained for an additional 2 weeks and for assessment of retinal 

function by electroretinogram (ERG). Both preconditioning protocols partially but significantly 

preserved retinal function and morphology and induced similar leukemia inhibitory factor (LIF) 

gene expression pattern. The data demonstrate that exercise preconditioning and cyclic light 

preconditioning protect photoreceptors against LIRD and evoke a similar pattern of retinal LIF 

gene expression. It may be that similar stress response pathways mediate the protection provided 

by the two preconditioning modalities.
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59.1 Introduction

Preconditioning of neural tissue produces local and systemic responses that protect the tissue 

from toxic levels of stress. For instance mild hypoxia/ischemia (Roth et al. 1998; Grimm et 

al. 2005, 2006; Gidday 2006; Li et al. 2006; Zhu et al. 2007; Thiersch et al. 2009; Grimm 

and Willmann 2012; Wacker et al. 2012), moderate-intensity cyclic light (Li et al. 2001, 
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2003; Chollangi et al. 2009; Ueki et al. 2009), and even whole body exercise (Zhang et al. 

2011) are preconditioning stressors that protect several neuronal structures from the effects 

of exposure to toxic levels of stress. These reports and others further suggest that the 

mechanisms of preconditioning stressors may be common across preconditioning and toxic 

modalities. We recently demonstrated that modest treadmill exercise protects photoreceptor 

morphology and function against light-induced retinal degeneration (LIRD; reported 

elsewhere at this meeting and in (Lawson et al. 2014)). We hypothesized that 

preconditioning cyclic light rearing and preconditioning exercise will be protective against 

LIRD and that the two forms of preconditioning elicit similar patterns of gene expression.

59.2 Methods

Adult male albino BALB/C mice were used in all experiments; n = 3–6 per experimental 

condition. For cyclic light preconditioning, mice were reared on 12:12 h light:dark cycles. 

Half the mice were exposed to light at ~ 50 lx (i.e., normal maintenance level) and for the 

other half to 800 lx. After 8 days, half of each light-rearing group was exposed to 5000 lx 

white light for 4 h (i.e., toxic light) and the other half were exposed to 50 lx of light. 

Immediately following light exposure, subsets of mice were sacrificed and retinas harvested 

for RNA extraction for use in real-time reverse-transcriptase PCR. In some cases, retinal 

extracts were pooled from individual eyes prior to PCR. To confirm the putative protective 

effect, another subset of mice was returned to maintenance housing and after 2 weeks were 

assessed for visual function by electroretinogram (ERG), after which they were sacrificed 

and ocular paraffin sections prepared for morphological assessment (data not shown).

For exercise preconditioning, mice were exercised on a treadmill running at 10 m/min for 1 

h for 9 consecutive days. Controls were mice placed on a stationary treadmill at the same 

time. Immediately following the last exercise period, mice were exposed to either 

maintenance levels or toxic levels of light as above. At the end of exposure, mice were 

sacrificed and retinas harvested for RNA extraction. To confirm the putative protective 

effect, in other experiments, mice were exercised for 2 weeks, exposed to maintenance or 

toxic light, then exercised 2 more weeks, after which their ERGs were obtained, they were 

sacrificed, and ocular paraffin sections prepared for morphological assessment.

59.3 Results

Both forms of preconditioning protected against LIRD to remarkably similar extents, with 

cyclic light and exercise preconditioned mice showing significantly preserved retinal 

function (Fig. 59.1) and photoreceptor nuclei (2x greater total counts) and thicker outer 

nuclear layers than non-preconditioned mice exposed to toxic light (data not shown). Real-

time polymerase chain reaction assays using retina RNA revealed that preconditioning by 

cyclic light rearing and aerobic exercise similarly increased the expression of LIF (Fig. 

59.2). Increases were also seen in expression of other preconditioning or stress response 

genes (e.g., HMOX1, IL-6, PPARgamma, STAT3, HIF1alpha, etc.), but not in expression of 

CLU and citrate synthetase (data not shown).
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59.4 Discussion

The data suggest that exercise preconditioning and cyclic light preconditioning protect 

photoreceptors against LIRD and evoke similar patterns of retinal gene expression. Models 

of protective preconditioning have been used well to increase our understanding of innate 

protective stress responses in retina (Roth et al. 1998; Li et al. 2001; Grimm et al. 2002, 

2004, 2005, 2006; Li et al. 2003; Zhu et al. 2006, 2007, 2008; Chollangi et al. 2009; 

Thiersch et al. 2009; Ueki et al. 2009; Gidday 2010; Grimm and Willmann 2012; Zhu et al. 

2012; McLaughlin and Gidday 2013); such approaches are revealing several exciting 

potential therapeutic targets. In the case of exercise, though, it may be that this form of 

preconditioning, which is accessible to the majority of the population, is itself a therapeutic 

intervention. To that end, additional studies on the mechanisms underlying this 

neuroprotection, the optimal exercise regimen, and effects in humans are being pursued.
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Fig. 59.1. 
Preconditioning protects retinal function. Panels show ERG stimulus response curves 2 

weeks after light exposure for dark-adapted a-wave ( left panels) and b-wave ( right panels) 

amplitudes. Exposure to “bright” light (5000 lx for 4 h; dashed black lines) suppressed ERG 

amplitudes compared to exposure to “dim” (50 lx) light ( solid black lines). Rearing in 800 

lx cyclic light ( top panels) or treadmill running ( bottom panels) preserved ERG amplitudes 

( dashed red lines)
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Fig. 59.2. 
Preconditioning by cyclic light rearing or by treadmill running increases expression of LIF. 

Rearing in 800 lx cyclic light (“PC”) or treadmill running (“treadmill”) similarly increased 

expression of the preconditioning gene LIF immediately following exposure toxic light 

(5000 lx for 4 h)
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