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Abstract N\
Background: The association of the WDR36 gene with glaucoma has been controversial in the literature. We therefore conducted |
a systematic review and meta-analysis to assess the association of all reported common polymorphisms in WDR36 with primary
open angle glaucoma (POAG) and its subtypes: high tension glaucoma (HTG) and normal tension glaucoma (NTG).

Methods: Publications in PUBMED and EMBASE databases up to March 9, 2016 were searched for case—control association
studies of WDR36 with POAG, HTG, and/or NTG. Reported studies giving adequate genotype and/or allele information were
included. Pooled odds ratios (ORs) and 95% confidence intervals (Cls) of individual polymorphisms were estimated using the allelic
model.

Results: Our literature search yielded 122 records, among which 5 studies were eligible for meta-analysis, involving a total of 1352
POAG patients and 894 controls. Five WDR36 polymorphisms were meta-analyzed, rs11241095, rs10038177, rs17553936,
rs13186912, and rs13153937. However, none of them was significantly associated with POAG, HTG, or NTG. The most-
investigated polymorphisms, rs11241095 and rs10038177, had a pooled-OR of 1.09 (95% Cl: 0.94-1.28, P=.25, [°=0) and 0.99
(95% Cl: 0.71-1.39, P=.97, ?=77%), respectively, for POAG.

Conclusion: The existing data in the literature do not support a significant role of WDR36 in the genetic susceptibility of POAG or its
subtypes. Further replication studies in specific populations are warranted.

Abbreviations: Cl = confidence interval, HTG = high tension glaucoma, IOP = intraocular pressure, NOS = Newcastle Ottawa
Scale, NTG = normal tension glaucoma, OR = odds ratio, POAG = primary open angle glaucoma, SNP = single-nucleotide
polymorphism.
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1. Introduction

Glaucoma is a neurodegenerative disorder characterized by
progressive damage of retinal ganglion cells, loss of optic nerve
fibers, and visual field defect. It is a leading cause of irreversible
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blindness.!! Primary open angle glaucoma (POAG) is the major
form of primary glaucoma. According to the level of intraocular
pressure (IOP), POAG can be classified into high tension
glaucoma (HTG) and normal tension glaucoma (NTG).

POAG is a multifactorial disease involving both environmental
and genetic factors.”*?! To date, more than 20 loci have been
linked to POAG, among which some causative genes were
identified, including MYOC,'OPTN,®! and WDR36.1°! In
recent years, genome-wide association studies have led to the
discovery of more susceptibility genes for POAG, such as CAV1/
CAV2,JCDKN2B-AS1,"8 SIX1/51X6,°’ABCA1,>''TXNRD2,
ATXN2, and FOXC1."'Y1 The identification of these genes had
very much enriched our understanding of the genetic architecture
of POAG.

Among these genes, interestingly, the WDR36 gene has been
reported as both causative and associated gene for POAG. The
WDR36 gene was first identified as a causative gene for POAG at
the GLC1G locus by using linkage analysis in 2 large Caucasian
families.'! Four mutations (N355S, A449T, R529Q, and
D658G) in WDR36 were identified in approximately 6% of
POAG patients.[®! However, conflict results were found in the
studies on WDR36 mutations. The reported disease-causing
variants were also detected in healthy subjects, which questioned
the role of WDR36 mutations in POAG pathogenesis. Also,
WDR36 variants showed inconsistent segregation with POAG in
pedigrees, suggesting it may not be a disease-causing gene by
itself."?! Apart from mutations, common variants in the WDR36
gene have been assessed for association with POAG. Again, the
results showed variable levels of involvement of WDR36 in
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POAG across different studies.'>>*1 The previously reported
major mutation D658G was found to be a neutral polymorphism
and not associated with POAG in different Caucasian
populations."?7'*! In contrast, several common variants were
found to be associated with HTG in Asian populations.!'®*!
Thus, the role of WDR36 variants in POAG remained
inconclusive.

WDR36 is located on chromosomal region 5q22.1. It
comprises 23 exons, encoding a protein of 951 amino acids.
The WDR36 protein is a member of the WD repeat protein
family, involving in a variety of cellular process including cell
cycle progression, signal transduction, apoptosis, and gene
regulation. WDR36 is ubiquitously expressed in different tissues,
including a number of ocular tissues such as the lens, iris, sclera,
ciliary body, trabecular meshwork, retina, and optic nerve.!®’
After the identification of WDR36 as a disease gene for POAG,
the pathogenesis of glaucoma due to WDR36 defects have been
investigated. The glaucoma-associated WDR36 variants were
found to encode functional defects in yeast model system.
Variants of the stress inducible 1 conferred growth dysregulation
in the context of mutations in the U 3 protein 21/WDR36 in yeast
model.*>?¢! A 3-bp amino-acid deletion at position 605-607 of
mouse Wdr36, which corresponds to the location of the D658G
mutation in human, led to the development of progressive retinal
degeneration at the peripheral retina in mice with normal IOP,
indicating that WDR36 mutations can cause retinal damage.!*”!
However, Gallenberger et al®®! found that heterozygote Wdr36-
deficient mice model had no change in the number of optic nerve
axons or susceptibility of retinal ganglion cells to excitotoxic
damage, indicating that heterozygote Wdr36-deficient mice did
not develop glaucoma, and that WDR36 might not play a
causative role in the pathogenesis of POAG. Loss of Wdr36
function in mouse led to activation of the p53 stress—response
pathway, suggesting that coinheritance of defects in the p53
pathway genes may influence the impact of Wdr36 variants.!*”!
Thus, WDR36 may act as a susceptibility gene for POAG, rather
than a disease-causing gene.

Therefore, in order to assess the role of WDR36 as a
susceptibility gene for POAG, we conducted a systematic review
and meta-analysis to evaluate the associations of all reported
WDR36 common single-nucleotide polymorphisms (SNPs) with
POAG. Our results indicated that WDR36 does not play a major
role in the genetic susceptibility of POAG.

2. Materials and methods

2.1. Literature search

A systematic literature search in the PubMed and Embase
databases was conducted on March 9, 2016 to identify all
published genetic studies on the association of WDR36
polymorphisms with POAG. We used MeSH terms and free
words: (WD repeat domain 36 or WDR36) and (POAG or
glaucoma, open angle or open angle glaucoma). All related
articles were retrieved without language restriction.

2.2. Inclusion and exclusion criteria

A study was included if it fulfilled all of the following criteria:
unrelated case—control study investigating the association
between WDR36 and POAG; original research study, not a
review, case report, editorial comment, or conference report;
allele or genotype counts or frequencies of common SNPs (minor
allele frequency >5%) in both the case and control groups being
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available from the articles; HTG being defined as reported IOP >
21 mmHg, NTG as reported IOP <21 mmHg, and POAG being
defined as HTG and/or NTG; and unrelated control subjects
being free of POAG. For studies that were published by the same
group on the same gene and markers, only the one with the largest
sample size was included.*®! Independent review was conducted
by 2 reviewers (KL and WH). Resolution by a 3rd reviewer (JZ)
was sought if there were any discrepancies.

2.3. Literature review and data extraction

Two reviewers (KL and WH) independently reviewed and
extracted data from the retrieved articles. Any disagreement was
resolved by a comprehensive reassessment until consensus was
reached. The following data were extracted from each article: first
author, year of publication, ethnicity of study subjects, study
design, sample size, gender composition, mean age, disease
subtype, allele counts of each SNP in the patients and controls,
and Hardy—Weinberg equilibrium result in controls. The allelic
counts, if not reported, were calculated from the genotype data or
estimated by using the allelic frequencies and sample sizes if the
genotype counts were not reported. The data were combined into
1 group as POAG if the allele and/or genotype data in HTG and
NTG were reported separately.

2.4. Risk of bias assessment

The study quality was evaluated according to Newcastle Ottawa
Scale (NOS) by 2 independent reviewers (KL and WH).B!
Further independent review and resolution by a 3rd researcher
was sought for if discrepancies shown between the 2 reviewers.
The NOS criteria included 3 categories: selection (from 0 to 4);
comparability (from 0 to 2), and exposure (from 0 to 3). The total
NOS scores ranged from 0 to 9. A study with less than 6 scores
was considered as high risk in introducing bias.[3%33!

2.5. Data analysis

Meta-analysis for each polymorphism was performed if it has
been reported in more than 2 studies. The genetic association was
assessed using the allelic model. Based on the heterogeneity result
tested by the I? statistic,***! the pooled odds ratio (OR) and
95% confidence interval (CI) of each SNP were estimated by
using the fixed-effect or random-effect model. A fixed-effect
model was adopted for the meta-analysis when I* value <50%,
which indicated low heterogeneity; while a random-effect model
was adopted if the I* value was >50%, which indicates a
moderate to high heterogeneity.*®3”! Statistical analyses were
performed by using the software Review Manager (RevMan,
version 5.2, The Cochrane Collaboration, Copenhagen,
Denmark). In the meta-analysis, an association was considered
statistically significant if the summary P value was lower than
0.05. Sensitivity analysis was conducted to confirm the
associations by sequentially removing the studies one at a time
and recalculating the summary ORs.1*8! Potential publication
bias was evaluated by assessing the funnel plots in RevMan.

2.6. Ethical issues

Ethical approval is not required in this study because we collected
and synthesized data from previous studies in which informed
consent has already been obtained, and our study does not
include confidential participant data and interventions.
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3. Results
3.1. Eligible studies

A complete literature search was conducted and the flow of study
inclusion was shown in Fig. 1. A total of 122 articles were
identified by using the searching strategy, including 56 from
PubMed and 66 from Embase. Among them, 94 were excluded
because 52 were duplications, 25 were reviews, and 17 were
about unrelated topics. We then retrieved the full texts of the
remaining 28 records for review, and further excluded 23 articles,
of which 7 were functional studies,*>*%2*3%%21 7 were not
case—control studies,®'*172*43451 4 did not provide allelic or
genotype data,['>1318:23] 3 were animal studies,*”*%*¢! and 2
were about rare variants with minor allele frequencies lower than
0.5%.1"*21 Finally, a total of 5 studies were included in the meta-
analysis.|16:19:20:22:47]

The main characteristics of included articles were showed in
Table 1. This meta-analysis involved a total of 1352 POAG cases
and 894 controls. The sample sizes varied from 135 to 479
among the patient groups and 77 to 380 among the control
groups. The percentage of male ranged from 49.1% to 81.5%
among the patient groups and from 50.3% to 75.3% among the
control groups. The mean age varied from 38.9 to 67.2 years
among the POAG groups and from 57.3 to 72 years among the
control groups. Three studies were conducted in Asians,!'®1%20!
1 in East Indian,?? and 1 in Caucasian.*”! Three studies
included both HTG and NTG.M'®'22l In the other 2
studies,’?>*”! POAG was diagnosed with IOP higher than 21
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mm Hg, so they were included in the HTG subgroup analysis. All
of these 5 included studies were matched for ethnicity. The mean
ages of the control groups were older than that of the POAG
groups in 3 studies.!'®'*2% This is because older individuals were
intentionally recruited as controls to reduce the chance of
enrolling subjects with presymptomatic glaucoma. In the study of
an East Indian cohort,?*! the mean age in the control group was
younger than in the POAG group.

3.2. Potential bias

None of the included studies reported deviation from Hardy—
Weinberg equilibrium in the control subjects. Since controls in all
the studies were recruited from those who attended the same clinic
as the patients for other conditions, the NOS score achievable was
8 in 4 studies.'?2%22471 The lowest NOS score was 7 in 1 study,!®!
because the same method of ascertainment for cases and controls
was notreported. Except for rs10038177, there was no publication
bias detected for the other 4 SNPs, with the funnel plots showing
symmetry in comparisons. Since the sample size of Fan et all'”! was
relatively small, the asymmetry in the funnel plot of rs10038177
suggested the possibility of publication bias or a systematic
difference due to the small-study effect.

3.3. Meta-analysis of WDR36 polymorphisms in POAG

Five common SNPs in WDR36 (rs11241095, rs10038177,
rs17553936, rs13186912, and rs13153937) have been reported
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Figure 1. Flow diagram of literature search and study inclusion. The flow diagram depicts the screening process of retrieved articles, including the number and

reason of exclusion. POAG =primary open angle glaucoma.
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Table 1
Characteristics of studies included in the meta-analysis.

Sample size Male, % Age (mean +SD), y
Study Ethnicity HWE in controls Control POAG HTG NTG Control POAG HTG NTG  Control POAG HTG NTG
Blanco-Marchite 2011 Spanish  Yes 380 479 N/A NA 503 491 NA NA 66.7+130 67.2+122 N/A N/A
Fan 2009 Chinese  Yes 77 135 82 42 753 815 817 786 720+85 61.0+150 63.0£11.3 66.7+10.1
Jia 2009 Chinese  Yes 200 176  NA NA 75 784 NA NA 694+59 389+16.3 N/A N/A
Miyazawa 2007 Japanese Yes 118 239 136 103 525 527 537 515 680+7.7 NA 586+124 61.8+11.7
Mookherjee 2011 Indian Yes 119 323 116 207 505 57 50 61 57.3+9.7 635+10.0 60.0+10.0 65.0+10.0

N/A indicates data not available. HTG=high tension glaucoma, HWE =Hardy—\Weinberg equilibrium, NTG=normal tension glaucoma, POAG = primary open angle glaucoma, SD=standard deviation.

in 2 or more studies and therefore eligible for the meta-analysis.
The allelic associations of these 5 SNPs with POAG are
summarized in Table 2. Among them, SNPs rs11241095 and
rs10038177 were the most-frequently investigated.

SNP rs11241095, a nonsynonymous variant — 1264V, has
been reported in 4 studies involving a total of 1165 POAG cases
and 694 controls.'¢1%22*7I The pooled results showed that there
was no significant association between rs11241095 and POAG.
The OR for the minor allele G in the allelic model was 1.09 (95%
CL: 0.94-1.28, P=.25, I’=0, Fig. 2). In subgroup analyses,
rs11241095 was reported in 4 studies with totally 813 HTG cases
and 694 controls,'®'*?%*71 and in 3 studies involving totally 352
NTG cases and 314 controls.['®!??2! The associations were not
significant in HTG or NTG (P=.10, OR=1.15, 95% CI:
0.97-1.35, ’=42% for HTG; and P=.44, OR=0.91, 95% CI:
0.71-1.16, I>=42% for NTG; Fig. 2). Since the mean age of the
controls was much younger than that of the cases in the East
Indian cohort,’*?! we excluded this study in the sensitivity
analysis and found rs11241095 to be marginally associated with
HTG (P=.03, OR=1.22,95% CI: 1.02-1.46, I*=31%), but not
with POAG (P=.21, OR=1.12, 95% CI: 0.94-1.34, I’=0) or
NTG (P=.06, OR=0.69, 95% CI: 0.46-1.02, I*=0).

SNP rs10038177 is located in the intronic region of WDR36. It
was reported in 4 studies including a total of 1102 POAG cases
and 960 controls.'?*%2247! This SNP was not associated with
POAG (P=.97, OR=0.99, 95% CIL: 0.71-1.39, I*=77%;
Fig. 3). In the subgroup analysis, rs10038177 was not associated

with HTG or NTG (Fig. 3). In the sensitivity analysis, each of the
studies was omitted 1 at a time and the pooled ORs were
recalculated. Still no significant association was detected (data
not shown).

Regarding the other 3 SNPs, rs17553936 (IVS16-30A>G),
rs13153937 (IVS3-113G>A), and rs13186912 (V727V), which
are intronic or synonymous polymorphisms, they were not
significantly associated with POAG, HTG, or NTG (Table 2).
Sensitivity analyses showed no significant change after excluding
any study individually.

4. Discussion

In this study, we have conducted a systematic review and meta-
analysis to summarize the genetic association of the WDR36 gene
with POAG reported in candidate gene studies. We identified 5
eligible studies, in which the associations of 5 WDR36 SNPs
(rs11241095, rs10038177, rs17553936, rs13186912, and
rs13153937) with POAG, HTG, and NTG among different
ethnic groups were assessed. We found no significant association
between the reported WDR36 SNPs and POAG, HTG, or NTG.

The SNP rs11241095 (I1264V) is a common variant in
WDR36, conserved in 4 species. It is located in the 2nd G-
beta WD40 repeat and the Cytochrome cdl1-nitrite reductase-
like, COOH-terminal haem d1 domain. Thus, this variant could
be an important part of a WDR36 functional domain. In our
meta-analysis, we found no significant association between

Meta-analyses of allelic association of WDR36 polymorphisms with POAG, HTG, and NTG.

Number Total allele counts
Polymorphism Subtype Alleles of cohorts (case/control) OR (95% CI) P P %
rs11241095 POAG A>G 4 2330/1388 1.09 (0.94-1.28) 0.25 0
(1264V) HTG 4 1626/1388 1.15 (0.97-1.35) 0.10 42
NTG 3 704/628 0.91 (0.71-1.16) 0.44 42
rs10038177 POAG C>T 4 2204/1920 0.99 (0.71-1.39) 0.97 77
(VS5+30C>T) HTG 4 1706/1920 1.00 (0.63-1.60) 1.00 86
NTG 2 498/760 1.77 (0.41-7.57) 0.44 69
rs17553936 POAG A>G 3 1372/628 1.04 (0.84-1.29) 0.72 0
(IVS16-30A>G) HTG 3 668/628 1.18 (0.81-1.70) 0.39 55
NTG 3 704/628 0.88 (0.68-1.13) 0.31 38
rs13186912 POAG A>T 2 894/392 0.91 (0.70-1.19) 0.51 0
(v727v) HTG 2 396/392 0.80 (0.58-1.11) 0.18 0
NTG 2 498/392 1.00 (0.74-1.35) 0.98 0
rs13153937 POAG G>A 2 894/392 1.19 (0.90-1.56) 0.22 0
(VS3-113G>A) HTG 2 396/392 1.04 (0.75-1.43) 0.83 0
NTG 2 498/392 1.16 (0.64-2.09) 0.63 64

Cl=confidence interval, HTG=high tension glaucoma, NTG=normal tension glaucoma, OR=odds ratio, POAG = primary open angle glaucoma.
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POAG Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Miyazawa 2007 115 478 51 236 16.6% 1.15[0.79,1.67]
Fan 2008 53 248 3B 154 11.2% 0.89[0.55,1.44]
Blanco-Marchite 2011 245 958 173 760 461% 1.17[0.93, 1.46]
Mookherjee 2011 247  B46 90 238 261% 1.02[0.75,1.38]
Total (95% CI) 2330 1388 100.0%  1.09[0.94, 1.28]
Total events 660 350 ) ) . }
Heterogeneity: Chi®=1.29, df=3 (P=0.73), F= 0% IEI o1 0'1 1' 1'0 100'
Testfor overall effect Z=1.14 (P = 0.25) Favours experimental Favours control
HTG Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Miyazawa 2007 84 272 51 236 141% 1.62[1.08,2.42] s
Fan 2008 37 164 36 154 10.7% 0.95([0.57,1.61]
Blanco-Marchite 2011 245 958 173 760 53.6% 1.17[0.93, 1.46]
Mookherjee 2011 81 232 90 238 21.6% 0.88[0.61,1.28]
Total (95% CI) 1626 1388 100.0% 1.15[0.97, 1.35]
Total events 447 350 . P ; .
Heterogeneity: Chi*=5.19, df=3 (P=0.16), F= 42% L y 4 1 !
Testfor overall effect Z=1.63 (P = 0.10) U'mFavaursUélperimental1 Favours co;?ral 100
NTG Control Odds Ratio 0Odds Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Miyazawa 2007 3N 206 51 236 31.2% 0.64 [0.39,1.05] -
Fan 2009 16 84 36 154 159% 0.77[0.40,1.49] 7
Mookherjee 2011 166 414 90 238 529% 1.10[0.79,1.53] I
Total (95% CI) 704 628 100.0%  0.91[0.71, 1.16]
Total events 213 177

Heterogeneity: Chi*= 346, df=2 (P=0.18), F= 42%
Test for overall effect: Z=0.78 (P = 0.44)

0.01 0.1 1 10 100
Favours experimental Favours control

Figure 2. Forest plot of rs11241095 (G) in POAG, HTG, and NTG in allelic model. The bars with squares in the middle represent 95% Cls and ORs, respectively.
The size of the square is proportional to the weight of the study. A diamond indicates the summary OR with its corresponding 95% ClI. The central vertical solid line
indicates the ORs for the null hypothesis. Cl=confidence interval, HTG =high tension glaucoma, NTG=normal tension glaucoma, OR=odds ratio, POAG=

primary open angle glaucoma.

rs11241095 and POAG. In a study in Japanese, rs11241095 was
associated with HTG (OR=1.92, 95% CI: 1.17-3.18 in the
dominant model), but not with POAG or NTG.['® This
suggested that the association of rs11241095 with HTG may
be subtype-specific or population-specific. However, as shown by
the subgroup analysis in our meta-analysis, rs11241095 was not
significantly associated with HTG or NTG, although there was a
marginal association with HTG in the sensitivity analysis when
the East Indian cohort was excluded (P=.03). Also, when we
excluded both the Caucasian and Indian cohorts in meta-analysis
to assess its effect in East Asians (including 1 Chinese cohort and
1 Japanese cohort), we found no significant association between
rs11241095 and HTG (P=.08, OR=1.33, 95% CI: 0.97-1.83).
Of note, the ORs of the minor allele G were toward opposite
directions between Chinese and Japanese (Fig. 2). Therefore, our
findings did not support the role of the WDR36 SNP rs11241095
as a susceptibility marker for POAG, HTG, or NTG.

Reported associations of rs10038177 with POAG were
controversial. In the study of Fan et al,/'*! it was associated
with HTG (P=7.9 x 1077, OR =15) in a Taiwan Chinese cohort,
with a higher frequency of the minor allele T in HTG (16.5%)
than in controls (1.3%). However, this finding was not replicated
in a northern Chinese cohort,”® in which the minor allele
frequency was higher (38.1% in HTG and 42.5% in controls),
and the OR was toward the opposite direction. In HapMap, the

frequency of rs10038177-T ranges from 37.5% to 76.8 % among
different populations (HapMap data release No.27), which is
also higher than that of the control group in the study of Fan
et al™®! (1.3%). Therefore, in view of the limited sample size (82
HTG patients and 77 controls) in the study of Fan et al,"! the
association should be replicated in larger Taiwan Chinese
samples. Interestingly, a strong association of rs10038177 with
HTG was also reported in an East Indian cohort.**! However,
the C allele was the minor allele, which conferred a risk effect on
HTG (P=1.4x10"", OR=2.19). Again, confirmation of this
association is warranted in the East Indian population.
Nevertheless, in our meta-analysis, where the effect of the T
allele was summarized, we found no significant association
between rs10038177 and POAG, HTG, or NTG. Of note, there
was high interstudy heterogeneity. We therefore adopted a
random-effect model to generate more conservative results, and
conducted sensitivity analysis and subgroup analysis, but still we
did not find any significant association. Such heterogeneity could
be caused by the opposite effect in the Taiwan Chinese cohort!*’!
compared with other cohorts. Such drastic difference could be
generated by chance due to small sample size. But it could also be
driven by population-specific effect. For example, the effect size
of SNP rs4236601 in the CAV1/CAV2 locus for POAG was
much higher in Chinese (OR>35) than in Caucasians (OR <
1.5).”! Even within the Chinese population, the effects of this
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POAG Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% Cl
Fan 2008 32 248 2 154 47% 11.26 [2.66, 47.69)
Jia 2009 134 352 170 400 29.7% 0.83[0.62,1.11]
Blanco-Marchite 2011 355 958 286 760 33.8% 0.98[0.80,1.19]
Mookherjee 2011 449 646 444 606 31.8% 0.83[0.65, 1.06)
Total (95% CI) 2204 1920 100.0% 0.99 [0.71, 1.39]
Total events 970 902
Heterogeneity: Tau?= 0.08; Chi*= 13.23, df= 3 (P = 0.004); F= 77% lu_m 0f1 3 1‘0 1nn=
Testfor overall effect Z= 0.04 (P = 0.97) Favours experimental Favours control
HTG Control Odds Ratio 0Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% Cl
Fan 2008 27 164 2 154 8.0% 14.98 [3.50, 64.16)
Jia 2009 134 352 170 400 30.2% 0.83[0.62,1.11]
Blanco-Marchite 2011 355 958 286 760 32.3% 0.98 [0.80,1.19]
Mookherjee 2011 144 232 444 606 285% 0.60[0.43,0.82] -
Total (95% CI) 1706 1920 100.0% 1.00 [0.63, 1.60]
Total events 660 802
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Figure 3. Forest plot of rs10038177 (T) in POAG, HTG, and NTG in allelic model. The bars with squares in the middle represent 95% Cls and ORs, respectively. The
size of the square is proportional to the weight of the study. A diamond indicates the summary OR with its corresponding 95% CI. The central vertical solid line
indicates the ORs for the null hypothesis. Cl=confidence interval, HTG =high tension glaucoma, NTG=normal tension glaucoma, OR=odds ratio, POAG =

primary open angle glaucoma.

SNP were different.*¥! Another example is about the SNP
rs1061170 for age-related macular degeneration (AMD). In a
Taiwan Chinese cohort, the frequency of the allele C of
rs1061170 was 11.3% in AMD compared with 2.8% in controls
(P <.00001).*V In contrast, in a Hong Kong Chinese cohort the
C allele presented in 5.8% of AMD and 3.9% of controls
(P>.05).°% Thus, replication studies are warranted to assess the
SNP rs10038177 in HTG among Taiwan Chinese.

This systematic review and meta-analysis provides an overview
of published candidate gene studies on WDR36 in POAG, HTG,
and NTG. However, there are some limitations in this study.
First, the number of eligible studies, and the study populations for
certain SNPs and disease subtypes were limited. In particular,
since the allelic data were available in only 1 Caucasian cohort,
stratified analysis of different ethnicities was not performed.
Therefore, the conclusions are powerful enough for specific
populations. Notably, in the era of genomic study, genome-wide
association studies, which involve thousands of samples, have
provided a powerful platform for the gene discovery of POAG.
Interestingly, the WDR36 gene was not pinpointed in any of the
POAG GWAS. There are several possible explanations. First, in
GWAS only the SNPs that had a P value passing a certain
threshold (usually <107%) would be subjected to replication, and
the WDR36 SNPs might not among the top SNPs. In a recent
large scale study by Bailey et al,"' ! all variants with P <1 x 107
in the NEIGHBORHOOD POAG cohort have been reported, but
none of the WDR36 SNPs included in our meta-analysis was
among the top SNPs. Second, comparing with GWAS, candidate

gene studies usually included more stringently diagnosed patients
and healthy controls, providing a relatively higher power to
detect the association of candidate SNPs. This has been reflected
in the NOS scores of the included studies (all >7), which assessed
the ascertainment of subjects. Third, the positive findings in
candidate gene studies of WDR36 could have been overestimated
due to winner’s curse when the statistical power of the original
study is not sufficient. Therefore, meta-analysis of all reports on
the same SNP(s) would be desirable to confirm the association by
increasing the statistical power. Interestingly, by reviewing the
POAG GWAS papers, including the supplementary materials, we
found in the GWAS of Osman et al,”>! the associations of SNPs in
MYOC, OPTN, and WDR36 were assessed, but no SNP revealed
significant association with POAG (P>.05). This provides
support to our claim that WDR36 does not play a major role
in the genetic susceptibility of POAG. The 2nd limitation is that
there were high interstudy heterogeneities of certain SNPs. This
could be caused by the small sample sizes in some studies and/or
different ethnicities being studied, which has been discussed in
details above. Finally, only common SNPs were taken into
account. The role of rare variants and disease-causing mutations
is out of the scope of this study.

In summary, this systematic review and meta-analysis provided
an overview of reported common WDR36 SNPs in POAG.
Our results do not support WDR36 as a major susceptibility
gene for POAG, HTG, or NTG. Further confirmation of the role
of WDR36 in POAG among specific populations should be
warranted.
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