












overall OR of the 12 studies was 0.95 (95% CI 0.82–1.10,
p=0.50) for the T allele of rs2165241 (Figure 12). Sensitivity
tests were performed in that the cohorts whose allele counting
data were calculated from frequency data, Liu’s Caucasian
and African cohorts [31] and Chakrabarti’s Indian cohort
[33], were removed; however, the results were similar. None
of the overall ORs were significantly different from 1 without
the two cohorts. Since there was no significant allelic
association between the three SNPs and POAG, no further
meta-analysis (e.g., genotypic association) was performed.

Apart from XFS/XFG and POAG, there was also one
study reporting the LOXL1 SNPs in primary angle closure
glaucoma (PACG), two in normal tension glaucoma (NTG),
and two in pigment dispersion syndrome and pigmentary
glaucoma. However, none of these studies identified a
significant association between the LOXL1 SNPs and these
subtypes of glaucoma (Table 3). In our meta-analysis to
investigate the association of LOXL1 SNPs with NTG and PG,
no statistical significant association was found (all p>0.05).

DISCUSSION
Exfoliation glaucoma (XFG), a consequence of exfoliation
syndrome (XFS), is the most common form of secondary open

Figure 10. Meta-analysis of the association of single nucleotide
polymorphism (SNP) rs3825942 with a combined group of
exfoliation syndrome (XFS) and exfoliation glaucoma (XFG) in
recessive  models.     Squares    indicate    study-specific   odds    ratio
(OR); the size of the box is proportional to the weight of the study;
horizontal lines indicate 95% confidence interval (CI); diamond
indicates summary OR with its corresponding 95% CI. Synthesized
OR of SNP rs3825942 was 14.70 for XFS/XFG with recessive model
(GG versus AA+GA).

angle glaucoma. Approximately 25% patients with XFS
present with increased IOP, and one-third have developed
glaucoma [19]. To date, association of SNPs in the LOXL1
gene with XFS and/or XFG has been shown across different
populations; however, there were several different
phenotypes in these studies. Thus, it is necessary to test
whether XFS and XFG are of genetic homogeneity. In the first
part of this present meta-analysis, the distribution profiles of
the LOXL1 SNPs between XFS and XFG were evaluated. By
reviewing all the reported association profiles with meta-
analysis, no statistical difference in any population group or
overall study subjects was identified for any of the three SNPs
(rs1048661, rs2165241, and rs3825942). All the p values were
>0.05.

Since LOXL1 SNPs are not heterogenic in XFS and XFG,
we combined these two phenotypes in our analysis. Our
results also suggested that the LOXL1 gene may contribute to
disease onset of the exfoliation disease rather than just
increased IOP. However, the current meta-analysis cannot
prove this hypothesis because the data are from retrospective
case-control studies. Further prospective longitudinal studies
are warranted.

In most reported studies on LOXL1 and XFS/XFG, the
three SNPs (rs1048661, rs2165241, and rs3825942) have
been investigated together [11-23,25-28]. They are in strong
LD among different populations. The haplotype defined by

Figure 11. Meta-analysis of the association of single nucleotide
polymorphism (SNP) rs1048661 with primary open angle glaucoma
(POAG). Squares indicate study-specific  odds ratio  (OR); the size
of the box is proportional to the weight of the study; horizontal lines
indicate 95% confidence interval (CI); diamond indicates summary
OR with its corresponding 95% CI. Meta-analysis indicated there is
no statistical significant association of SNP rs1048661 with POAG.
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Figure 12. Meta-analysis of the association of single nucleotide
polymorphism (SNP) rs2165241 with primary open angle glaucoma
(POAG). Squares indicate study-specific odds  ratio  (OR); the size
of the box is proportional to the weight of the study; horizontal lines
indicate 95% confidence interval (CI); diamond indicates summary
OR with its corresponding 95% CI. Meta-analysis indicated there is
no statistical significant association of SNP rs2165241 with POAG.
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these SNPs was also significantly associated with the disease
[11,13,20,26,28]. So far, however, there is no consolidated
evidence to show which SNP plays a more major role in the
molecular pathogenesis of XFS/XFG. On the other hand, the
allelic and genotypic distributions of the three SNPs were
found to be drastically different among different populations
[11-23,25-28]. Genetic diversity occurs across different
ethnicities [35,36]. Therefore, we resolved to find out which
SNP plays a role across different populations. In the first part
of our meta-analysis, we identified genetic homogeneity of
the LOXL1 SNPs between XFS and XFG. Therefore, the two
disease groups were combined in the second part of the meta-
analysis of genetic association in subpopulations. We found
that the distribution was similar within each individual ethnic
group for all three SNPs, rs1048661,  rs2165241, and
rs3825942. However, the allelic distributions of Japanese and
Caucasian populations are reversed for rs1048661 and
rs2165241. The T allele of rs2165241 and the G allele of
rs1048661 are the at-risk alleles in Caucasians, with an OR of
3.39 and 2.35, respectively. In contrast, the two alleles are
protective in the Japanese population, with an OR of 0.13 and
0.03, respectively. All the ORs are statistically significant
with p values <0.00001. Therefore, it is more likely that SNPs
rs1048661 and rs2165241 are not directly implicated in the
pathogenesis of XFS/XFG. In contrast, the distribution of
SNP rs3825942 followed a similar pattern in all three ethnic
groups. The G allele was the at-risk allele, and the OR was
9.30, 18.72, 10.97, and 4.17 in Caucasian, Japanese, Chinese
and Indian populations, respectively. The total OR was 10.75
(95% CI 7.08–16.31). Our finding suggests that rs3825942 is
the common disease-associated polymorphism across
different populations and may have functional impacts on the
LOXL1 protein and contribute to the pathogenesis of XFS/
XFG. Moreover, in the third part of this meta-analysis, we
found that the OR for the homozygous genotype of
rs3825942 is 9.42, while the OR for the heterozygote is not
statistically significant. Moreover, the OR in the recessive
model was the highest among different genetic models
(OR=14.55). Therefore, it could be inferred that rs3825942
plays a role in a recessive pattern; however, what functional
role rs3825942 played in the pathogenesis of XFS/XFG
remains unclear. LOXL1 is located in 15q22, encoding a
member of the lysyl oxidase family. The LOXL family is an
extracellular copper-dependent amine oxidase that involved
in the first step of the formation of cross-links in collagen and
elastin. Therefore, sequence variation in LOXL1 may
influence the function, synthesis, and subsequent deposition
of the extracellular tissues [37]. SNP rs3825942 is located in
the first exon of LOXL1 and leads to a nonsynonymous amino
acid change from glycine to asparagine at position 153
(G153D). However, functional prediction using in silico
programs Polymorphism Phenotyping (PolyPhen) and
Sorting Intolerant From Tolerant (SIFT) suggested that the
amino acid substitution is benign and tolerated (data not

shown). The exact functional effects of this substitution
remain to be further investigated.

The association of LOXL1 SNPs with other types of
glaucoma, including POAG, NTG, pigmentary glaucoma, and
PACG, were reviewed in this meta-analysis. However, no
significant association was found between POAG and
LXOL1 SNPs after merging the results from 13 cohorts.
Therefore, it is likely that LOXL1 is not implicated in the
primary open angle glaucomatous mechanism. Associations
between LXOL1 SNPs and NTG, pigmentary glaucoma, or
PACG were also negative, although the number of articles
included in this meta-analysis was limited. The lack of
association between LOXL1 and primary glaucoma has
provided evidence supporting that LOXL1 is linked to the
pathogenesis of the exfoliation syndrome but not the direct
genetic cause of IOP elevation and subsequent glaucoma.

In summary, by using meta-analysis the genetic
homogeneity of LOXL1 between XFS and XFG has been
confirmed. The genetic effect of rs3825942 is similar in
different populations in a recessive genetic model. We
detected inconsistencies in the effect of rs1048661 and
rs2165241 between Caucasian and Japanese populations. Our
results also revealed that the LOXL1 gene is not a

Figure 13. Meta-analysis of the association of single nucleotide
polymorphism (SNP) rs3825942 with primary open angle glaucoma
(POAG). Squares indicate study-specific odds  ratio  (OR); the size
of the box is proportional to the weight of the study; horizontal lines
indicate 95% confidence interval (CI); diamond indicates summary
OR with its corresponding 95% CI. Meta-analysis indicated there is
no statistical significant association of SNP rs3825942 with POAG.
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susceptibility gene of other types of glaucoma other than
XFG. Further genetic studies are required to unravel the
discrepancy in LD patterns of the LOXL1 gene among
different populations.
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