The association
between lumican
gene polymorphisms
and high myopia

Abstract

Purposes Lumican (LUM) is one of the major
extracellular matrix components of the sclera.
Increasing evidence suggests that changes in
the structure and composition of the sclera are
major factors in regulating scleral integrity
and axial elongation of the eye, as in myopia.
Patients and methods Patients (n=182; age
range, 17-24 years) were with a myopic
spherical equivalent (SE) > 6.5 diopters (D)
and the control group comprised individuals
(n=78; age range, 17-25 years) were with a
myopic SE <0.5D. The DNA fragments were
separated by horizontal electrophoresis on 3%
agarose gels. The forward primer was labelled
with a 5 FAM and the reaction products were
detected using a 3100 Genetic Analyzer.
Results The polymorphisms detected in this
study were LUM c¢.601, LUM —59, LUM —628,
and LUM —1554. Moreover, the haplotype
distributions of Ht1 (C/A/CC/T), Ht2 (C/A/-/T),
Ht3 (T/A/CC/C), H4 (T/-/CC/T), Ht5 (T/-/CC/C),
and Ht6 (T/-/-/C) of these polymorphisms
were compared between the two groups. The
haplotype frequencies of Ht1, Ht2, Ht5, and
Ht6 differed significantly between the two
groups (P=2.08 x 105, odds ratio (OR):

2.19, 95% confidence interval (CI): 1.52-3.15;
P=2.2x10"% OR: 0.39, 95% CI: 0.25-0.61;
P=2.7 x10~°%, OR: 0.36, 95% CI: 0.22-0.59;
P=3.7x10"%, OR: 4.71, 95% CI: 2.12-10.5,
respectively).

Conclusions These observations suggest that
the four polymorphisms of the LUM promoter
contribute to the pathogenesis of high myopia.
Understanding the functions of LUM in
myopia helps us design new methods in
treating and preventing myopia.
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Introduction

The prevalence of myopia varies by country
and by ethnic group, reaching as high as
70-90% in some Asian populations, whereas
occurring at 30-40% in Europe and North
America and 10-20% in Africa." According

to epidemiological evidence, the prevalence

of myopia is increasing, especially in Asian
populations.? Simple myopia can be corrected
with spectacles or contact lenses, whereas ‘high’
myopia is often associated with potentially
blinding conditions, such as retinal detachment,
macular degeneration and glaucoma.?

The prevalence of pathological myopia has
been estimated to be 1-3% in population-based
studies.* In addition to the visual disability,
there is a profound economic cost to society.
Many studies have suggested that myopia

is a complex disease with multiple causes,
including the interaction of multiple genes
with environment.® Therefore, to understand
myopia, it is necessary to apply the equation
that genes plus the environment is equal to
the outcome.” Evidence that supports the idea
that myopia and refractive errors are in large
part genetically determined comes from twin
studies and studies of refractive errors in
parents and their children.®” A well-conducted
study showed that refractive errors are much
more strongly correlated in monozygotic
twins than in dizygotic twins.” In this study,
we attempted to investigate the correlation
between gene polymorphisms and the

high myopia.

The sclera is external to the choroids, retinal
pigment epithelium and anterior layers of the
retina; it is a layer of viscoelastic connective
tissue consisting of flattened fibroblasts
embedded in an extracellular matrix and
provides the structural framework defining
the shape and axial length of the eye.?’

As the development of high myopia involves
the anterior—posterior enlargement of the eye, *°
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the extension of sclera is one of the major aetiologies or
outcomes of myopia. The major extracellular matrix
components of the fibrous mammalian sclera are
collagens types I and III and members of the small
leucine rich proteoglycan (SLRP) family, which includes
decorin, biglycan, lumican (LUM), and fibromodulin.'*"
The development of high myopia involves anterior—
posterior enlargement of the eye and scleral thinning.®
Alterations in any of these extracellular matrix
components are likely to lead to changes in scleral shape,
which in turn could affect visual acuity, as the axial
length of the eye is a major component in determining
ocular refraction.’*’® In these extracellular matrix
components of the fibrous mammalian sclera, we
selected LUM as a candidate gene to study the genetic
predisposition of high myopia. LUM, a member of

the SLRP family, is a keratan sulphate proteoglycan
originally identified in cornea, but present in a variety
of connective tissues in which it presumably regulates
collagen fibril formation and organization. LUM
contained a core protein as a central region and
surrounded by leucine rich repeats flanked by
disulfide-bonded terminal domains.'*'> LUM regulates
collagen fibril structure for optimal functioning of
connective tissues. A recent mouse knockout study
implicated that LUM was functional candidate gene

for high myopia.'® LUM deficiency alone increased
mean fibril diameter and had a profound effect on
collagen fibril structure.’® Moreover, Young et al'”

had identified a familial high myopia (MYP3) locus

on 12q21.2-22. LUM is mapped within the chromosome
12g21-q23 MYP3 interval.'® Regardless of tacking

the function of LUM or genetic map of the LUM into
consideration, LUM is an important candidate gene

for high myopia.

Myopia is a highly prevalent, complex phenotype
involving genetic and environmental factors. To see
whether the LUM polymorphisms were correlated with
high myopia in Taiwanese Chinese, a group of high
myopia patients, as well as a control group, test using
polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) to reveal the correlation of

gene frequency between control subjects and patients
with high myopia.

Materials and methods
Patients

From February to November 2004, we measured the
refractive error in 3000 volunteers. All of the participants
were medical students, unrelated, and Taiwan-born Han
Chinese. Patients enrolled in this study also met specific
criteria: age 16-25 years (mean age of 18 +3.2 years),
male-to-female ratio of 1.8:1.0, and visual acuity with
distance correction of 0.2 logMAR (20/32) or better.
Refractive error was measured in diopters (D) and
determined by the mean spherical equivalent (SE) of
the two eyes of each individual after administering one
drop of cycloplegic drug (1% mydriacyl, Alcon, Berlin).
Individuals with myopia &leq; —6.5D (both eyes) were
included in the study group and those with myopia
<0.5D and hyperopia <1.0D (both eyes) were included
in the control group (Table 1). The patients with
astigmatism greater than myopic astigmatism 0.75D
were excluded from the study, as it would change

the results of SE. Our study was reviewed by the

ethics committee and informed consent was obtained
from all patients and control subjects. A comprehensive
ophthalmic examination and blood collection were
performed. The study was performed according to

the tenets of the Declaration of Helsinki for research
involving human subjects. None of the participants

had known ocular disease, insult such as a history

of retinopathy, prematurity, neonatal problems,

or genetic disease, and/or connective tissue disorders
associated with myopia, such as Strickler or Marfan
syndromes. Clinical examination included visual

acuity, refraction error, slit lamp examination, ocular
movements, intraocular pressure, and fundoscopy.
Patients with organic eye disease, a history or evidence
of intraocular surgery, history of cataract, glaucoma,
retinal disorders, or laser treatment were excluded.

As with all data collection procedures, auto-refraction

Table 1 Characteristics of the study subjects and the partial correlation between spherical equivalent and other ocular components

Characteristics Control (SD) n=78

Cases (S5D) n=182 All subjects (SD) n=260

Age, mean (SD), year 18 (2.9)
Female, number (%) 33 (35.1%)
SE, mean (SD), D 0.02 (0.32)
AXL, mean (SD), mm 23.56 (0.78)
CD, mean (SD), D 43.5 (0.9)
ACD, mean (SD), mm 3.56 (0.25)
LT, mean (SD), mm 3.8 (0.65)

18 (3.4) 18 (3.2)

70 (35.9%) 103 (35.6%)
—8.83 (2.5) —4.5 (4.8)
26.8 (1.8) 24.8 (2.5)
442 (1.9) 43.8 (1.5)
3.88 (0.33) 3.62 (0.3)
4.0 (0.58) 3.9 (0.6)

Abbreviations: ACD, anterior chamber depth; AXL, axial length; CD, cornea diopter; LT, lens thickness; SE, spherical equivalent.
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(Auto-refractor/auto-keratometer [ARK 700A;

Nikon, Tokyo, Japan]) was conducted on both eyes

by experienced optometrists who were trained and
certified on study protocols. Refractive data, sphere (s),
negative cylinder, and axis measurements were analysed
by calculating SE refractive error.

Genotype determinations

Genomic DNA was extracted from whole blood samples
after a standard protocol of digestion by proteinase K
and purification with phenol-chloroform. The LUM gene
was amplified by PCR and the DNA fragments were
subjected to restriction enzyme digestion. PCR reactions
were carried out in a total volume of 50 pl, containing
50ng genomic DNA, 2-6 pmole of each primer, 1 x Taq

Table 2 Genetic polymorphisms in LUM

polymerase buffer (1.5 mm MgCl,), and 0.25 units of
AmpliTag DNA polymerase (Applied Biosystems,
Froster City, CA, USA). The amplification protocol

and restriction enzyme used to determine the genotype
are listed in Table 2. Preventive contamination measures
were taken by including a PCR reaction mixture without
DNA (negative control) in each run of amplification.
The DNA fragments were separated by horizontal
electrophoresis on 3% agarose gels, stained with
ethidium bromide and photographed under ultraviolet
lights. Data were analysed by ABI prism GeneMapper
Version 3.0 software. We checked four candidate genetic
polymorphisms in LUM,; they included LUM c.601,
promoter —59 CC/— polymorphism, promoter —628 A/—
(no del A/del A) polymorphism promoter, and promoter
—1554 T/C polymorphism (Table 3). The PCR product

Set Primer and PCR condition PCR product  Restriction enzyme
cutting site

c.601T>C F 5-CCACTTCCCAAATCTCTGGA- 3’ R 5-TTTAATGGAGCCAGATGCAA-3* 447 +108bp  Msp1

rs17853500 95° x 5min, 95° x 30s and 60° x 30's

—59 CC/—- F 5-ACACCACAAGATCCCCACAATGAC-3' FAM labelled R 5-AAAGCAG 173 bp —

rs3832846 ATGCACTATGGACAAGA-3" 95° x 5min, 95° x 30s and 60° x 30s

—628 A/— F 5-GAATGCTCTCCCCAAGTAAGG-3' R 5-CAGGAAAACGCAAATGAAC 118 +198bp  HpyCH4V

rs17018757 AGA-3’ 95° x 5min, 95° x 30s and 60° x 30s

—1554 T/C F 5-ATGTATGAAATTTAAAGGAAGAA-3’ R 5-ATGCTATGTATTAATTTTGA  275+230bp  psit

rs3759223 GTGT-3" 95° x 5min, 95° x 30s and 60° x 30s

F and R indicated forward and reverse primers, respectively. Numbering LUM gene is according to genebank accession no. BC007038 and promoter
numbering is according to genebank accession no. AF239660. The ATG start codon was indicated as + 1 position.

Table 3 The genotype distribution of polymorphism between the high myopia group and control subjects

SNP Genotype  Controls Cases OR P-value®/  Allele  Controls Cases OR P-value®/
(95% CI)  Cp-value® (95% CI)  Cp-value®

LUM ¢c.601T>C n 78 182 n 156 364

(S1) T/T 36 (46.1%) 101 (565.5%) 1 0.028/0.112 T 113 (72.4%) 270 (74.2%) 1 0.068/0.272
T/C 41 (53.6%) 68 (37.4%) 0.34-1.02 C  43(27.6%) 94 (25.8%) 0.60-1.40
c/C 1(1.3%) 13(7.1%) 0.59-36.69

LUM —-59 CC/— N 78 182 n 156 364

(52) CC/CC 35 44.9%) 87 (47.8%) 1 0.769/1 CC 76 (48.7%) 191 (52.5%) 1 0.432/1
CC/— 6((77% 17 (9.3%) 0.42-3.13 — 80 (51.3%) 173 (47.5%) 0.60-1.25
—/— 37 (474%) 78 (42.9%) 0.49-1.48

LUM —628 A/— N 78 182 n 156 364

(S3) /= 461% 116.0%) 1 0.353/1 — 47 (30.1%) 95(26.1%) 1 0.345/1
A/— 39(50.0%) 73 (40.1%) 0.20-2.28 A 109 (69.9%) 269 (73.9%) 0.81-1.85
A/A  35(44.9%) 98 (53.8%) 0.30-3.41

LUM —1554 T/C N 78 182 n 156 364

(54) G/G 33B8%) 13(7.1%) 1 0.222/0.888 G 47 (30.1%) 100 (27.5%) 1 0.538/1

A/A 41 (52.6%)
A/G 35 (44.9%)

74 (40.7%) 0.11-1.55
95 (52.2%) 0.17-2.33

A 109 (69.9%) 264 (72.5%) 0.75-1.72

*The %2 test or Fisher’s exact test was performed to obtain the P-value. The percentages of myopia and control with htl were compared with the
percentages of myopia and control without htl. Statistical significance was considered as P-value <0.05.

*Cp-value, P-value corrected by Bonferroni correction.
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Figure 1 The LUM c.601 T>C polymorphic region was
amplified by PCR, resulting in a digestible fragment in lane 1
(447 +108bp), an un-digestible fragment in lanes 2 and 3
(555bp) and a ‘C/C’ homozygote in lane 4.
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Figure 2 Arrow indicates the region of the LUM c.601
T>C polymorphism that is located at the 169th nucleotide
downstream the ATG start codon.
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Figure 3 PCR-based restriction analysis of the LUM —59 CC/—
polymorphism. The polymorphic region was amplified by PCR,
resulting in a 173bp DNA fragment.

of c.601 was digested with 10 units of Msp I. Restriction
digest conditions were those recommended by the
enzyme manufacturer (New England Biolabs,
Mississauga, Ontario, Canada); the ‘T allele was 555 bp
and the ‘C’ allele was 447bp +108bp as shown in
Figure 1. The polymorphisms were also conformed by
sequencing (Figure 2). For the —59 CC/— polymorphism,
the forward primer was FAM labelled and a 173bp DNA
fragment was generated and analysed by the 3100

Eye

— 198bp
— 118bp

Figure 4 PCR-based restriction analysis of the LUM —628
(no del Afdel A) polymorphism. The polymorphic region was
amplified by PCR, resulting in an un-digestible fragment in
lane 1 and line 3 (198bp), and a digestible fragment in lane 2
(118 4-80bp).

T ccC 1

275bp

230 bp

Figure 5 PCR-based restriction analysis of the LUM —1544
(T/C) polymorphism. The polymorphic region was amplified
by PCR, resulting in an un-digestible fragment in lane 1
(275bp), a digestible fragment in lane 2 (230bp) and a
heterozygote in lane 3.

Genetic Analyzer (Applied Biosystems) (Figure 3).

For the c.—628 A/— polymorphism, the forward primer
was FAM labelled; a 118 and 198 bp DNA fragment
were generated (Figure 4). For the LUM —1544 T/C
polymorphism, the ‘T” allele was 275bp and the ‘C” allele
was 230bp as shown in Figure 5. We also compared

the relationship between the LUM haplotypes of these
polymorphisms and the susceptibility to high myopia.
Haplotypes were inferred from unphased genotype
data using the Bayesian statistical method available in
the software program Phase 2.1. All five single nucleotide
polymorphisms (SNPs) were analysed with the Phase 2.1
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Table 4 Odds ratio and 95% CI for the association between lum gene haplotypes and myopia

Haplotype —1554 —628 -59 601 Patient (%) Control (%) P-value®/Cp-value® Odds Ratio (95% CI)
Ht1 C A CC T 437 (60.03) 126 (40.38) 2.08x107°/1.248 x 10~* 2.19 (1.52-3.15)
Ht2 C A — T 96 (13.19) 88 (28.20) 22x107°/1.32x107* 0.39 (0.25-0.61)
Ht3 T A CC C 2 (0.27) 3 (0.96) 0.164/0.984 0.21 (0.02-2.35)
Ht4 T — CC T 9 (1.24) 13 (4.17) 0.03/0.18 0.3 (0.09-0.95)
Ht5 T — CC C 62 (8.52) 69 (22.12) 2.7x107°/1.62x10* 0.36 (0.22-0.59)
Ht6 T — — C 122 (16.76) 13 (4.17) 37x107°/2.22 x 107* 4.71 (2.12-10.5)

Abbreviation: CI, confidence interval.

*The x2 test or Fisher’s exact test was performed to obtain the P-value. The percentages of myopia and control with htl were compared with the
percentages of myopia and control without htl. Statistical significance was considered as P-value <0.05.

*Cp-value, P-value corrected by Bonferroni correction.

software. Insertion/deletion SNPs (—628 A/— and —59
CC/—) were given numerical designations (insertion: 1;
deletion: —1)."” We found that there were six haplotypes
composed by the four polymorphisms we detected in
the myopia and control groups (Table 4). We defined
haplotype 1 (Ht 1) to haplotype 6 (Ht 6) as the alternative
alleles of the LUM polymorphisms (Table 4).

Statistical analysis

Genotypes were obtained by direct counting with
subsequent calculation of allele frequencies. Data were
analysed using the y2 test or Fisher’s exact test and
P-values were calculated using the Minitab program.

A P-value <0.05 was considered significant. Adherence
to the Hardy—Weinberg equilibrium (HWE) constant
was tested using a 2 test with a one degree of freedom.
Odds ratios (OR) and the corresponding 95% confidence
intervals (CI) were calculated with reference to the
allele and genotype. Correction for multiple comparisons
was carried out by Bonferroni correction.?’ Next, all
detected SNPs were assessed for HWE using the y2 tes
For the SNPs found significant after multiple testing

tZ‘l

correction, stepwise logistic regression was used to
determine whether any one of these SNPs could account
for the effects of the other positive SNPs. STATA package
(version 8.2; Stata Corp., College Station, TX, USA)

was used to perform the stepwise logistic regression.

Results

The volunteers enrolled in this study were with age
16-25 years (mean age, 18 + 3. 2 years), male-to-female
ratio of 1.8-1.0, mean axial length 24.8 mm, and mean
SE —4.5D. There were no significant difference between
the control and cases groups in age, gender, cornea
diopter, anterior chamber depth, and lens thickness
(Table 1). The study group comprised 182 patients

with high myopia and the control group consisted

of 78 individuals with normal eyes. PCR-RFLP and

direct-sequencing analysis revealed three different
genotypes of the LUM ¢.601 T> C genetic polymorphism:
T/T, C/T, and C/C (Figures 1 and 2). The genotype
distributions of the LUM c.601 T> C polymorphism
obtained from the patients and controls are shown

in Table 3. The genotype frequencies of T/T: T/C: C/C
were 54.49: 37.36: 7.14%, respectively, in the high myopia
group and 46.15: 52.56: 1.28%, respectively, in the control
group. The allelic frequency of T: C was 74.18: 25.82% ,
respectively, in the high myopia group and 72.44: 27.56%
, respectively, in the control group. Before Bonferroni
correction, there was a significant difference in genotype
distribution of the LUM ¢.601 T>C polymorphism
between high myopia patients and normal controls

(P =0.028) (Table 3), but it was no more true after
Bonferroni correction (P =0.112) (Table 3). Considering
the LUM ¢.601 T>C polymorphism , high myopia
patients had higher probability of the T/T genotype
than the C/C or C/T genotype. Nevertheless, there was
no significant difference in the distribution of the C allele
and T allele between the high myopia group and the
normal control group (P=0.812). That is, only when
patients with ‘TT” homozygote will increase the
incidence of high myopia, but not found in patients
only with ‘T” allele. There were no significant differences
in the genotype distributions or allele frequencies

of the other LUM polymorphisms between the two
groups (LUM promoter —59 CC/— polymorphism,
P=0.769; LUM c.—628 A/—, P=0.353; LUM —1544 T/C
polymorphism, P =0.222) (Table 3). Furthermore,

some known polymorphisms in LUM were not found
in our population after sequencing the genome of

our candidates. In haplotype study, we compared

the distributions of Htl (C/A/CC/T), Ht2 (C/A/-/T),
Ht3 (T/A/CC/C), Ht4 (T/-/CC/T), Ht5 (T/-/CC/C),
and Ht6 (T/-/-/C) between the high myopia group
and the control group and found that the distribution
of Htl, Ht2, Ht5, and Ht6 differed significantly different
between the two groups (P=2.08 x 10~°, OR: 2.19, 95%
CI: 1.52-3.15; P=2.2 x 10~°, OR: 0.39, 95% CI: 0.25-0.61;

Eye
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Table 5 Tests the main effects of SNPs by stepwise logistic
regression procedure

Null model Alternative model P-value
S1+S2+S3+54 S1+S3+54 0.9552
51+S2+S3+54 S2+S3+54 0.9633
S1+S2+S3+54 S1+S2+S3 0.2237
S51+S2+S3+54 S1+S2+54 0.4365

Abbreviations: S1, LUM ¢.601T>C; S2, LUM —59 CC/—; S3, LUM —628
A/—;S4, LUM —1554 T/C.

P=2.7x107% OR: 0.36, 95% CI: 0.22-0.59; P=3.7 x 107>,
OR: 4.71, 95% CI: 2.12-10.5, respectively) (Table 4).
There was no significant difference in the distribution
of Ht3 and HT4 between the two groups (P =0.164

and 0.03, respectively) (Table 4). After Bonferroni
correction, Ht1, Ht2, Ht5, and Ht6 still revealed
significantly different between the two groups (Table 4).
The frequencies of Ht2 and Ht5 were higher in the
control than in the high myopia group; the frequencies
Htl and Ht6 were higher in the high myopia group
than in the control group.

A stepwise logistic regression procedure was used
to detect which of the significant SNPs contributed to
the main effects (Table 5). By the backwards procedure,
eliminated S2 (LUM —59 CC/—-), S1 (LUM c.601T>C),
S4 (LUM —1554 T/C), and S3 (LUM —628 A/—) (Table 5)
from the model all did not have significant effect
(P =0.9952, 0.9633, 0.2237, and 0.4365). In conclusion,
the stepwise regression procedure showed that none
of the polymorphisms contributed the most significant
main effect of LUM. The influences of LUM on myopia
were the co-effects of all polymorphisms.

In the test of HWE of the polymorphisms, LUM -628
and LUM -1554 were of equilibrium with the P-values:
0.175 and 0.246. The other two marks LUM c.601 and
LUM -59 were out of equilibrium with the P-value:
0.005 and 1.3 x 107",

Discussion

There were stronger correlations that would be expected
by chance in a study of the correlation between refractive
error in parents and siblings.?” Genetic studies of families
with a history of high myopia have uncovered some
polymorphisms and separate loci for high myopia,

such as on chromosome 18p and 12q,**** and in

the myocilin,”® TGFE?® PAX6,” and COL1A1 genes.*®
These polymorphisms indicate a genetic predisposition
to the development of high myopia. However, these
genes cannot be solely responsible for the development
of myopia, particularly in the wide variability of the
prevalence of myopia in different ethnic groups.”>*

Eye

The difficulty here is the uncertainty surrounding
environmental influences and genetic factors.
In this study, we attempted to map myopia with SNPs.
In addition, individuals with higher education levels
have a higher prevalence of myopia than people
in the general population, which is why students in
medical school are chosen as candidates in this study.
The control group composed by medical students
might decrease the bias of environmental influence.
Gene-knockout studies in mice have shown that
the LUM and fibromodulin genes may be candidate
genes responsible for high myopia, because of increased
axial length in double-null mice. However, Paluru et al®®
suggested that the knockout study findings represented
a false-positive result because of the ‘hitchhiker gene
effect’: Adjacent altered genes influenced the phenotype
rather than the implicated candidate genes. In a study
by Paluru et al*°, the MYP3 family was investigated
and 10 affected individuals in these two pedigrees
were screened.* Wang et al®' also excluded the
possibility of the association between high myopia
and the LUM gene (rs3759223). However, case—control
studies indicated that the SNP of the LUUM gene may
be a risk factor for the pathogenesis of high myopia
in Han Chinese, English, and Finnish populations.
To establish whether LUM gene polymorphisms are
correlated with high myopia in a Taiwanese Chinese
population, sequences spanning all three exons, intron—
exon boundaries and promoter regions were determined
in 50 normal individuals. The four SNPs in this
study were determined by DNA sequencing. Moreover,
we observed that the frequencies of the haplotypes
Htl (C/A/CC/T), Ht2 (C/A/-/T), Ht5 (T/-/CC/CO),
and Ht6 (T/-/-/C) differed significantly between
the two groups (Table 2). The Ht2 (C/A/-/T) and
Ht5 (T/-/CC/C) haplotype occurred less common
in the study group (13.19 and 8.52%, individually)
than in the control group (28.20 and 22.12% individually).
The Ht2 and Ht5 haplotypes might have the functions
in preventing the development of high myopia.
On the contrary, the Ht1 (C/A/CC/T) and Ht6 (T/-/-/C)
haplotype occurred less common in control group than
in myopia group (40.38 vs 60.03% and 4.17 vs 16.76%,
respectively) (Table 2). The Ht 1 and Ht 6 haplotypes
increased the susceptibility of developing high myopia.
The results of haplotype analysis did not change after
Bonferroni correction (Table 2). In the stepwise logistic
regression procedure, we observed that the LUM c.601,
LUM —-59, LUM —628, and LUM —1554 co-contribute
to the genetic background of high myopia and
none of the polymorphisms played the main effect.
Consequently, the action of LUM on high myopia was
not a single gene effect, but it was the result of multiple
genes’ cooperation. The significance of ‘T/T" homozygote



of LUM ¢.601T > C became none after Bonferroni
correction, the function of single genotype was not
sufficient to effect the result.

To examine the genotyping error and to validate our
findings, we repeated the genotyping analysis several
times and obtained consistent results. Our sequences
were mostly clean at baseline. Therefore, occurrence
of genotyping errors in this study was kept to a
minimum. In the HWE test, however, two out of
the SNPs considered in our study were not in HWE.
The deviations from HWE may indicate possible
association with the myopia, which is also the sign
indicating the presence of mutation. This disequilibrium
seemed to be other support of the association of the
polymorphisms in LUM with high myopia. Moreover,
we try to trace the ancestry background of controls
and patients. In Taiwanese, 85% are Minnan descendants,
5% of them are Hakka descendants and the remaining
10% are mixed population of Minnan, Hakka, and
Canton descendants. According to the paper published
in Hum Hered (2006) by Pan et al,** they mentioned
that on the SNP profiles in the major histocompatibility
complex region (6p21.3) showed no significant
difference among these groups, which indicate
the homogeneous of the population in Taiwanese.
Thus, population stratification should not produce
in this study.

There were some studies about LUM from other
study groups with diverse conclusions. Paluru et al*°
studied on a total of 10 individuals with high myopia
(average spherical refractive error was —16.13 D) and
were screened for sequence alterations in the LUM,
with six primer pairs spanning intron-exon boundaries,
and coding regions were designed for the three-exon
1804 bp of LUM and no polymorphism segregated
with high myopia was found.* The diverse result
from this study might be explained by racial differences.
Furthermore, the polymorphisms inspected in their
studies were different with us. (The polymorphisms,
which they detected, were rs14987011, 14983585,
14984369, 14784146, 14979221, and 14979222;
the polymorphisms, which we analysed, were
rs17853500, rs3832846, rs17018757, and rs3759223.).
Besides, there was a study cited last year by Majava
et al®® that LUM (c.893-105G > A) revealed significant
differences between English patients and control
subjects. Majava et al®® found that the LUM gene
may have a protective function against high myopia.
Nevertheless, after we detected the sequencing,
the LUM (c.893-105G > A) polymorphisms analysed
in the study by Majava et al*® are not prevalent in
our population. This might be due to ethic variation.
Although the results were different, these also supported
the hypothesis that myopia was a complex disease and
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that multiple genes were involved in the pathogenesis
of the myopia. In another study, Wang ef al®' also
evaluated SNPs in the LUM gene in Taiwanese
Chinese. Wang et al®' reported significant differences
in the polymorphism rs3759223 C>T of the
LUM gene between patients and control subjects.
The polymorphism rs3759223 C—>T of the LUM
gene is the same polymorphism as the c.—1554
polymorphism in this study. However, we did
not find a significant difference in the distribution of
the c¢.—1554 polymorphism between the two groups
(P=0.222). The discrepancy between the findings in
the two studies might be due to differences in inclusion
criteria. The patients in the study by Wang et al®' had
refractive errors of myopia 10.00D or more, whereas
the patients in our group had refractive errors of myopia
6.5D or more. The mean age of the population in
their study was 34.4 £15.2 years and that in our study
was 18 3.2 years. The control group from their study
comprised individuals with refractive errors ranging
from myopia 0.5 to 1.5D, whereas in our study,
the control subjects had refractive errors less than
myopia 0.5D. In Wang’s study,®" myopia >10D were
selected, which could be more genetic factor; however,
the population of this study was younger freshmen
and high myopia just over than 6 D that could be
more environmental effect than genetic factor in such
high myopic country; in contrast, control group could
be more genetic factor. In short, the polymorphism
c.—1554 might be a good predictor of very high
myopia (myopia >10D), but is not a suitable marker
for high myopia group (myopia >6D). Furthermore,
the population in our high myopia group (n=182)
was larger than that in the study of Wang et al® (n =120),
but the population of the control group of our study
group (n=78) was less than that in the study of Wang
et al® (n =137); the differences in the numbers of subjects
studied may also contribute to the discrepancy between
the findings in the two studies. On the basis of these data,
we could not make any conclusion about the function
of LUM —1554 and high myopia. Further studies
about LUM —1554 are needed to verify the function
of it. In the future, we intend to replicate this analysis
in a separate population group, such as in a non-student
population. We also plan to analyse the genotypes
of the parents of the highly myopic subjects to
elude the possibility of the bias and intend to analyse
the data from the 3000 subjects across the spectrum of
refractive error to understand the relationship between
LUM and severity of myopia.

LUM is expressed in the extracellular matrix of
the sclera and has been shown to be associated with
the development of myopia,® but the studies of the
locus of LUM, chromosomel2q21-q23, still did not fully
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resolve the relationship of LUM and high myopia.*

In our study, we screened 3000 volunteers and selected
178 individuals with high myopia. There were significant
difference in halpotype distributions between the study
and control groups. Complex diseases, such as diabetes,
cancer, asthma, and arthritis, are probably caused

by subtle changes in multiple genes combined with
environmental and life-style factors. Investigating the
genetics of common and complex disorders, such as
myopia, remains as one of the great challenges in
human genetics. Myopia is considered as a complex
and multigenic disease involving several overlapping
signalling pathways, each one mediated by a group

of distinct genetic profiles. Therefore, studying the
genetic polymorphisms of related mechanisms of myopia
can help further clarify the relationship between genetics
and myopia. The interaction of these extracellular
matrixes may influence the result of sceral modelling.
The presence of a relatively high concentration of

LUM core protein in the human sclera suggests multiple
functions for LUM in the scleral matrix.>* In addition

to transcriptional regulation, post-translational
modification also may have a function in controlling
bioactivity. As noted above, the SNPs were selected

by DNA-sequencing results. As for the transcription
factor binding site in those SNPs, we used Mapper search
engine to predict the possible effects.> Only rs3759223
showed the possibility of influencing the binding

of transcription factors, whereas others either had

no effect on transcription factor binding (rs3832846)

or no transcription factor binding to this region
(rs17018757). TATA box binding protein will bind

to —1554T, but not —1554C, which may influence the
rate of transcription complex formation and initiation
of transcription. Genes further upstream and
downstream of LUM will also need to be investigated,
as it is likely that a number of genes will form the
genetic background in individuals with myopia,

on which environmental factors will act, to give

rise to myopia.

Summary

What was known before

® Lumican (LUM) is one of the major extracellular matrix
components of the sclera. Increasing evidence suggests
that changes in the structure and composition of the
sclera are major factors in regulating scleral integrity
and axial elongation of the eye, as in myopia. Our aim
was to examine the association between myopia and
the polymorphisms within the LUM gene.

What this study adds
@® Polymorphisms of the LUM promoter contribute to the
pathogenesis of high myopia.
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