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METHOD
42 guinea pigs wore -4D lenses on their right eye for 
repeated 15 minute periods with varying dark intervals in 
between these episodes of visual experience (Fig. 1).

Ocular Measurements: At 18 days of age, refractive 
error (using streak retinoscopy), corneal curvature 
(using infrared videoretinoscopy, Fig. 2) and ocular 
structures (using high frequency ultrasound, Fig. 3) were 
measured under isoflurane anaesthesia.
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Figure 1. Light cycles for guinea pigs wearing -4D lenses
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Figure 2. Example image          
from infrared 
keratometry.

INTRODUCTION
In all species studied including humans, when a growing 
eye wears a spectacle lens it will adjust its growth rate 
and change its refractive error to compensate for any 
imposed defocus.

Spectacle lens compensation (SLC) has been shown in 
many species, including chicks1, tree shrews2, 
marmosets3, guinea pigs4 and monkeys5.

While the temporal properties of such spectacle lens 
compensation have been investigated in the chick6,7, 
there have only been preliminary investigations in the 
mammalian eye. The data from the chick suggests that 
the signal that leads to ocular elongation arising from 
hyperopic blur decays within 30 minutes7.

Our aim was to investigate the temporal properties of 
hyperopic defocus in the guinea pig.

RESULTS

FREQUENCY EFFECT
As the frequency of the light 
periods increased, both the 
lens-wearing and the non-lens- 
fellow eye became more 
elongated (A) and more myopic 
(B). 

Dark Period (hrs)

RISE TIME OF 
HYPEROPIC 
DEFOCUS

Preliminary RE data shows that 
guinea pigs experiencing one 
hour dark episodes need only 
five minutes of light to 
compensate for the hyperopic 
defocus from -4D lenses, this 
being as effective as one hour of 
light (G). This is comparable to 
the short time required for 
chicks7.
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DECAY OF HYPEROPIC 
DEFOCUS

Guinea pigs who wore -4D lenses continually 
became most myopic (M = 4.3D). As the 
dark period increased in length, the 
hyperopic defocus signal decayed. The 
decay rate was more rapid for the ocular 
elongation (C) than for the refractive status 
of the eye (D).

Greater myopia and more robust SLC was 
observed with more frequent visual episodes 
of hyperopic defocus.

Figure 3. A-scan ultrasound of guinea pig eye

DECAY OF 
HYPEROPIC 

DEFOCUS IN THE 
CHICK AND THE 

GUINEA PIG
Axial elongation decays to 50% 
when the dark interval between 
episodes is approximately 30 
minutes in both mammals and birds7 

(E), suggesting that the signals that 
control axial elongation are 
phylogenetically conserved. 

However, the consequences of axial 
elongation on refractive status 
varies between species (F). The 
myopia that results from hyperopic 
defocus decays much more rapidly 
in the mammal (50% decay at one 
hour) than the chick, where it 
appears to last several days.
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CONCLUSION
•Short multiple visual exposures, regardless of blur, act as a myogenic 
stimulus. The more frequent the exposures, the stronger the resulting 
myopia.

•Only five minutes of repeated episodes of hyperopic defocus are 
sufficient to cause spectacle lens compensation.

•In mammals, the ocular elongation caused by a minus lens decays in 30 
minutes (like the chick), but the resulting myopia is more resilient and 
does not decay until at least an hour has passed between episodes.

•This implies that frequent exposures to blur with short periods in 
between will lead to myopia in humans
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Guinea Pig
Chick data provided by Xiaoying Zhu
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The Association of the Lumican Gene Haplotype with 
High Myopia Susceptibility in Taiwanese Patients

PURPOSE 

Scleral thinning and eyeball elongation in myopic eyes are related to the 
remodeling of scleral extracellular matrices(1;2). Small Leucine-Rich 
Proteoglycans (SLRPs) in human sclera play an important role in 
regulating the assembly and interaction of collagen fibrils, which 
influence scleral mechanical properties and axial elongation(3;4). 
Chromosome 12q21-23 (MYP 3), linked with certain familial high myopia, 
includes three SLRP genes, which are decorin, lumican, and dermatan
sulfate proteoglycan 3 (DSPG-3)(5). Herein, we investigate genetic 
polymorphisms at these three SLRP genes in the MYP3 loci of extremely 
high myopes to elucidate the role of decorin, lumican and DSPG3 in high 
myopia..

METHODS

This was a hospital-based case-control study including 120 unrelated 
high myopia cases with refractive errors of less than -10.0D in both eyes, 
and 137 emmetropia controls with refractive errors of -1.5D to 0.5D in 
either eye. All the subjects were of Han Chinese origin. We extracted 
genomic DNA from the participants’ whole blood samples, which were 
then genotyped using PCR direct sequencing. SNP information was 
obtained from GenBank and Japanese SNP database(JSNP). SNPs with 
minor allele frequencies (MAF) > 0.05 in our study population were 
selected. Sequence alignment was done using BioEdit software (version 
5.0.6). Case and control genotypes were assessed for Hardy-Weinberg 
equilibrium (HWE) using ����2 tests with a corrected significant threshold 
of P = 0.003 (Bonferroni method). Allele frequencies were compared 
between cases and controls using ����2 tests. The Haploview program was 
applied to estimate pairwise LD between markers and to partition 
haplotype blocks(6). We used a sliding-window gene-centered approach 
to further determine the most predictive haplotype block. Finally, the 
multifactor dimensionality reduction (MDR) method(7;8) was used to 
detect the best locus-locus and gene-gene interaction models.

RESULTS

Controls and cases were adequately matched on sex; controls had a 
higher mean age (p = 4.5����10-6) compared with cases. A total of 16 SNPs
were selected from the decorin (4), lumican (8), and DSPG3 genes (4). No 
statistically significant deviation from HWE (all p-values larger than 
0.0033) was noted in the control group. The most significant finding was 
in the 5’ UTR of lumican (rs3759223, p = 2.83����10-4, odds ratio = 
8.18(2.4~29.8). To better capture the contribution of the lumican locus to 
high myopia risk, we examined six SNPs of the lumican gene to identify 
possible haplotypes. Figure 1 shows the plot of the pairwise LD (D’) 
values for the six SNPs and LD structure of the lumican gene. The LD plot 
indicates one block (SNPs 2-5; size = 6kb) with high LD encompassing 
the upstream intron and putative promoter area. Table 1 summarizes the 
associations between frequencies of the haplotypes and risk of high 
myopia. Sliding-windows haplotype analyses with global score test 
showed statistically significant differences in the haplotype profile 
between cases and controls for SNP2-SNP3-SNP4-SNP5, SNP3-SNP4-
SNP5, and SNP4-SNP5 blocks. 
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Figure 1.
Graphical representation of the SNP 
locations and LD structure of LUM gene. 
The arrow illustrates the transcription 
direction of the gene. 3’� 5’

Figure 2
The MDR models and interaction dendrogram for 

gene-gene interaction on high myopia risk
A.Summary of MDR interaction models

B.Interaction dendrogram. 
The color indicates the strength of the dependence: 

green is weak, and red is strong. The hierarchical 
cluster analysis placed LUM rs2300588(SNP1) 
and rs3740834(SNP4) on the same branch.

Table 1.

Estimated Haplotype Frequencies of the LUM Gene and Associations between 
Haplotypes in Each Block and High Myopia Risk 

Whereas only haplotypes constituted by SNP4-SNP5 were all observed among 
both case and control groups, the analysis of SNP4-SNP5 haplotype block was 
of greatest significance: haplotype C-C (OR=19.32, 95% CI=2.55-146.54) was 
significantly associated with high myopia risk, while haplotype T-C (OR=0.69, 
95% CI=0.46-1.04) was inversely associated with high myopia risk. Total 16 SNPs
in decorin, lumican, and DSPG3 genes were included in the MDR analysis. 
Figure 2A summarizes the best interaction models obtained from the MDR 
analysis. Consistent with the individual SNP analyses, in the one-locus model, 
lumucan gene rs3759223: T>C was the best attribute for predicting high myopia 
risk (testing accuracy = 61.5%; CVC = 10; p=0.01). The best interaction model 
was a two-locus model composed of lumican gene rs2300588 and rs3741834 
(testing accuracy = 64.0%; CVC = 7; p=0.001). The figure 2B interaction 
dendrogram determines a strong interaction effect of these two loci in the
lumican gene on modulating risk of high myopia.         
CONCLUSIONS 
Our results indicate variants in the regulatory region of lumican in Chinese Hans 
may be associated with high myopia susceptibility and worth further 
investigation.
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