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The VAV2 and VAV3 genes have been implicated as being causative for primary open angle glaucoma
(POAG) in the Japanese. We studied 168 unrelated Japanese patients with primary open-angle glaucoma
(POAG), 163 unrelated Japanese patients with normal tension glaucoma (NTG), 45 unrelated Japanese
patients with developmental glaucoma (DG), and 180 ethnically matched normal controls, to determine

Keywords: whether variants in the vav 2 guanine nucleotide exchange factor (VAV2) and vav 3 guanine nucleotide
POAG exchange factor (VAV3) genes are associated with POAG, NTG, or DG in the Japanese. Genomic DNA
glc:'c was extracted from peripheral blood leukocytes, and variants in the VAV2 and VAV3 genes were amplified
VAV2 by polymerase chain reaction (PCR) and directly sequenced. Two variants were identified: rs2156323 in
VAV3 VAV2 and rs2801219 in VAV3. The variants and the prevalence of POAG, NTG, and DG in unrelated Japa-

Gene screening

nese patients indicated that the variants were not involved in the pathogenesis of POAG, NTG, or DG.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Glaucoma is a complex, heterogeneous disease characterized by
a progressive degeneration of the optic nerve axons, and it is the
second highest cause of blindness, affecting approximately 70 mil-
lion people worldwide [1]. Because the optic nerve axons degener-
ate in eyes with glaucoma, visual field defects develop. Primary
open-angle glaucoma (POAG), the most common type of glaucoma,
is associated with elevated intraocular pressure (IOP). Patients
with POAG who have IOP in the normal range (<22 mmHg) are
classified as having normal tension glaucoma (NTG) [2]. The prev-
alence of NTG is significantly higher among the Japanese than
among Caucasians [3,4].

Although the precise molecular basis of POAG has not been
established, it is most likely a genetically heterogeneous disorder
caused by the interaction of multiple genes and environmental fac-
tors [5,6]. Several genetic loci that contribute to susceptibility to
POAG have been identified. To date, at least 15 loci (GLC1A to
GLC10) have been linked to POAG, and three genes have been iden-
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tified: the myocilin (MYOC) gene [7], the optineurin (OPTN) gene
[8], and the WD-repeat domain 36 (WDR36) gene [9]. The MYOC
gene encodes for myocilin and is mutated in juvenile-onset pri-
mary open-angle glaucoma. The optineurin (OPTN) gene is mutated
in families with autosomal dominant, adult-onset POAG, including
some with normal tension glaucoma. The WDR36 gene is a rela-
tively new causative gene for adult-onset POAG. However, several
studies have reported that the OPTN and WDR36 variants do not
predispose subjects to POAG/NTG [10-15].

Recently, the genes for vav 2 guanine nucleotide exchange fac-
tor (VAV2) (OMIM 600428) and vav 3 guanine nucleotide exchange
factor (VAV3) (OMIM 605541) were reported to cause POAG in the
Japanese [10]. The authors provided functional evidence suggest-
ing that Vav2- and Vav2/Vav3- deficient mice had a spontaneous
glaucoma phenotype resulting in progressive iridocorneal changes
and elevated I0OPs. In addition, a genome-wide association study
(GWAS) that screened for glaucoma susceptibility loci using single
nucleotide polymorphism (SNP) analysis identified intronic SNPs
in VAV2 (rs2156323) and VAV3 (rs2801219) as candidates for genes
associated with POAG in Japanese glaucoma patients.

An accurate diagnostic test for pre-symptomatic individuals at
risk for glaucoma is needed, and screening for the VAV2 and
VAV3 genes may identify pre-symptomatic cases in the general
population. Thus, the purpose of this study was to determine
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whether variants in the VAV2 and VAV3 genes contribute to POAG,
NTG, and developmental glaucoma (DG) in Japanese patients.

2. Patients and methods
2.1. Patients

One hundred and sixty eight unrelated Japanese patients with
POAG (89 men and 79 women; mean age 63.6 + 14.4 years), 163
unrelated Japanese patients with NTG (86 men and 77 women;
mean age 61.8 £ 13.7 years), and 45 unrelated Japanese patients
with DG (18 men and 27 women; mean age 30.7 + 10.7 years),
who were diagnosed in the ophthalmology clinic at the Tohoku
University Hospital, Sendai, Japan, were studied. The percentages
of patients from each of the different regions of Japan were as fol-
lows: 70% of the patients were from the northern region, 20% were
from the eastern region, and <10% were from the western region of
Japan.

The purpose and procedures of the experiment were explained
to all the patients, and their informed consent was obtained. The
procedures used conformed to the tenets of the Declaration of Hel-
sinki, and the Tohoku University Institutional Review Board ap-
proved this study.

Routine ophthalmic examinations were performed on all the
patients. The criteria for classifying a patient as having POAG were
the following: (1) applanation IOP >22 mmHg in each eye; (2) glau-
comatous cupping in each eye, including a cup-to-disc ratio >0.7;
(3) visual field defects, determined by Goldmann and/or Humphrey
perimetry, that are consistent with glaucomatous cupping in at
least one eye; and (4) an open anterior chamber angle. The criteria
for NTG were the following: (1) applanation IOP less than
22 mmHg in both eyes at each examination; and (2) the same char-
acteristics as the POAG group. Patients with glaucoma due to sec-
ondary causes, e.g., trauma, uveitis, or steroid use, were excluded.

Control subjects (95 men and 85 women; mean age
68.0 = 7.7 years) were characterized by the following characteris-
tics: (1) IOP <22 mmHg; (2) normal optic discs; and (3) no family
history of glaucoma. To decrease the chance of including individu-
als with pre-symptomatic glaucoma in this group, we studied indi-
viduals who were older than 60.

2.2. Sample preparation and variant screening

Genomic DNA was extracted from peripheral blood leukocytes
and purified using the Qiagen QIAamp Blood Kit (Qiagen, USA).
The SNPs rs2156323 (VAV2) and rs2801219 (VAV3) and their flank-
ing regions were amplified by polymerase chain reaction (PCR)
using 0.5 uM intronic primers in an amplification mixture (25 pl)
containing 0.2 mM dNTPs and 0.5 U Ex Taq polymerase (Takara),
with the addition of 30 ng of template DNA at an annealing tem-
perature of 60°C. The oligonucleotides for amplification and
sequencing were selected using Primer3 software (http://frod-
o.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi/, Massachusetts
Institute of Technology, Cambridge, MA).

The PCR fragments were purified with ExoSAP-IT (USB, Cleve-
land, Ohio, USA) and were sequenced with the BigDye™ Termina-
tor Cycle Sequencing Ready Reaction Kit (Perkin-Elmer, Foster City,
California, USA) on an automated DNA sequencer (ABI PRISM™
3100 Genetic Analyzer, Perkin-Elmer).

2.3. Statistical analyses

Differences in the genotype frequencies among the cases and
controls were tested using Fisher’s exact test, depending on the cell
counts. Odds ratios (approximating relative risk) were calculated

to measure the association between the WDR36 genotype and
the POAG/NTG phenotype, and the effects of the mutant allele
were assumed to be dominant (wild/wild vs. wild/mutant and mu-
tant/mutant combined). For each odds ratio, a P value and the 95%
confidence intervals were calculated. The inferred haplotypes and
LD, expressed as D’ [11] and quantified between all pairs of biallelic
loci, were estimated using the SNPAlyze program version 4.0
(Dynacom, Yokohama, Japan). The significance of the associations
was determined by contingency table analysis using the chi-square
test or Fisher’s exact test. The Hardy-Weinberg equilibrium was
analyzed using the gene frequencies obtained by simple gene
counting and the chi-square test with Yates’ correction for compar-
ing observed and expected values. For general stand-alone statisti-
cal power analysis, we used G*Power [12]. G*Power computes the
power values for given sample sizes, effect sizes, and alpha levels
(post hoc power analyses), and the sample sizes for given effect
sizes, alpha levels, and power values (a priori power analyses).

3. Results

3.1. Allelic frequencies for rs2156323 SNP in VAV2 and rs2801219 SNP
in VAV3

Two variants were identified: rs2156323 in VAV2 and
rs2801219 in VAV3. The allelic frequencies for rs2156323 in VAV2
and rs2801219 in VAV3 for POAG, NTG, DG, and the control sub-
jects are presented in Table 1. The allele frequencies of
1s2156323 in VAV2 in the POAG, the NTG, and the DG groups were
not significantly different from the control group (minor allele fre-
quency 0.051, 0.049, 0.022 vs. 0.036, respectively; P=0.35, 0.40,
and 0.51, respectively). The allele frequency of rs2801219 in
VAV3 was also not significantly higher in the two groups than in
the control group (minor allele frequency 0.211, 0.236, 0.244 vs.
0.197, respectively; P =0.64, 0.22 and 0.32, respectively). The SNP
adhered to the Hardy-Weinberg expectations (P > 0.05).

3.2. Genotype frequencies for rs2156323 SNP in VAV2 and rs2801219
SNP in VAV3

The genotype frequencies for rs2156323 in VAV2 and rs2801219
in VAV3 are listed for the POAG, NTG, DG, and control subjects in
Table 2. For rs2156323 in VAV2, the genotype frequency was not
statistically higher in the POAG (P =0.25), the NTG (P =0.29), and
the DG (P=0.62) groups than in the control group (Table 2). For
rs2801219 in VAV3, the genotype frequency was not statistically
higher in the POAG (P=0.90), the NTG (P=0.07), and the DG

Table 1
VAV2 and VAV3 SNPs allele frequencies in patients with POAG, NTG and in controls in
Japanese.

SNP VAV2 (152156323 A/G) P-value
Allele G A
POAG (n=168) 0.949 0.051 0.35
NTG (n=163) 0.951 0.049 0.40
DG (n=45) 0.978 0.022 0.51
Control (n =180) 0.964 0.036

VAV3 (152801219 A/C)

A C
POAG (n=168) 0.789 0.211 0.64
NTG (n=163) 0.764 0.236 0.22
DG (n=45) 0.756 0.244 0.32
Control (n=180) 0.803 0.197

The significance of the association was determined by a contingency table analysis
using the 2 test.
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Table 2

Frequency of genotypes VAV2 and VAV3 gene in patients with POAG, NTG and in controls in Japanese.

POAG (n = 168)

NTG (n=163)

DG (n=45) Control (n=180)

VAV2 (rs2156323 A/G)

G/G 151 (89.9%) 147 (90.2%)
G/A 17 (10.1%) 16 (9.8%)
A/A 0 (0%) 0 (0%)

P value* 0.25 0.29

VAV3 (152801219 A/C)

A/A 108 (64.3%) 92 (56.4%)
A/C 49 (29.2%) 65 (39.9%)
C/C 11 (6.5%) 6 (3.7%)

P value* 0.90 0.07

43 (95.6%) 168 (93.3%)

2 (4.4%) 11 (6.1%)

0 (0%) 1 (0.6%)
0.80

25 (55.6%) 119 (66.1%)
18 (40.0%) 51 (28.3%)
2 (4.4%) 10 (5.6%)
0.32

Data presented are number of patients, unless otherwise indicated. The asterisk indicates that the significance of the association was determined by a contingency table

analysis using the y? test.

(P=0.32) groups than in the control group (Table 2). The SNP ad-
hered to the Hardy-Weinberg expectations (P > 0.05).

3.3. Dominant and recessive model for rs2156323 SNP in VAV2 and
rs2801219 SNP in VAV3

The homozygotes for the rs2156323 SNP A/A were 0% in the
glaucoma subjects, and 0.6% in the control subjects (P> 0.05; Ta-
ble 2). We analyzed the dominant and recessive model for the
rs2801219 SNP in VAV3 (Table 3). There was also no significant dif-
ference between the subgroups of glaucoma and SNP rs2801219 in
VAV3. However, in the NTG group, P was 0.06 for the dominant
model.

4. Discussion

Obtaining evidence that candidate genes and gene variants are
significantly associated with a specific disease is more biologically
meaningful when the same associations are also found in different
ethnic populations. The significant associations would then indi-
cate that these genes play a role in the pathogenesis of the disease
[13]. Our findings showed that the alleles rs2156323 (VAV2) and
1s2801219 (VAV3) were not significantly associated with POAG in
Japanese patients. These risk alleles were also not significantly
associated with POAG or primary angle closure glaucoma (PACG)
in Indian cohorts [13]. It has also been reported that the genotype
frequencies at these loci were not significantly different among
POAG, PACG, and control subjects in Indian cohorts [14].

The finding that Vav2-deficiency alone resulted in a glaucoma
phenotype in mice suggested that the absence of Vav2 is associated
with the development of glaucoma in mice. However, our findings
demonstrated that there was no significant association between
the VAV2 SNP and POAG, NTG, and DG. In addition, the VAV2 SNP
rs2156323 was not associated with these glaucoma phenotypes.
Functionally, the Vav2/Vav3-deficient (Vav2~/~Vav3~/~) mice had
buphthalmos and iridocorneal changes that altered the aqueous
outflow that lead to elevated intraocular pressure. The optic nerve
head cupping resembled that found in developmental glaucoma

Table 3

and PACG. Thus, we hypothesized that VAV2 and VAV3 could be
major candidate genes for developmental glaucoma in humans.
However, our results showed that DG, POAG and NTG were not sig-
nificantly associated with alleles rs2156323 (VAV2) and rs2801219
(VAV3) (Tables 1 and 2). We also compared the DG group with an
age-matched young control group (n=60; 30.4 + 6.2 years). Nei-
ther the frequencies of the A allele of VAV2 rs2156323 (DG 0.022
and young controls 0.075; P = 0.09, chi-square test), nor the C allele
of 12801219 (DG 0.244 and young controls 0.175; P=0.22, chi-
square test) was significantly different from young controls (data
not shown).

There is a possibility that the lack of significant associations at
these loci in our POAG cases could have been due to clinical
heterogeneity.

Another possibility for the lack of significant associations is the
sample size because small sample sizes are known to cause a type
Il error. There were 45 DG cases and 180 controls for a total of 225
subjects. For an effect size = 0.3 (medium), an « error probability of
0.05, and a degree of freedom (Df)=2, the power (1 — beta err
probability) is 98.6%. However, for an effect size = 0.1 (small), an
o error probability of 0.05, and a Df = 2, the power is only 24.9%.
To obtain a power of 80% under the same conditions, the total sam-
ple size must be 964 cases.

The Vav family of proteins consists of a group of signal trans-
duction molecules with oncogenic potential that play important
roles in development and cell signaling. The best known function
of the Vav proteins is their role as GDP/GTP exchange factors that
activate Rho guanosine triphosphatases (GTPases) in a phosphory-
lation-dependent manner [15]. In addition to their function as ex-
change factors, the evidence increasingly suggests that Vav
proteins can mediate other cellular functions, most likely as adap-
tor molecules. Deregulation of the GDP/GTP exchange is one possi-
ble mechanism for the alterations that lead to iridocorneal angle
closure. Thus, we suggest that VAV2 and VAV3 may still be candi-
date genes for PACG, and the association between Vav2/Vav3 and
PACG deserves further study.

In summary, the variants rs2156323 in the VAV2 gene and
rs2801219 in the VAV3 gene do not appear to be major risk factors
for the pathogenesis of glaucoma in the Japanese. However, Vav2/

Frequency of genotypes in dominant or recessive model in VAV3 gene in patients with POAG, NTG and in controls in Japanese.

VAV3 (rs2801219 A/C) POAG (n = 168) NTG (n=163) DG (n = 45) Control (n = 180)
Dominant A/A 108 (64.3%) 92 (56.4%) 25 (55.6%) 119 (66.1%)
AlC+C/C 60 (35.7%) 71 (43.6%) 20 (44.4%) 61 (33.9%)
P value* 0.72 0.06 0.19
Recessive AJA+A/C 157(93.5%) 157 (96.3%) 43 (95.6%) 170 (94.4%)
c/c 11(6.5%) 6 (3.7%) 2(4.4%) 10(5.6%)
P value* 0.70 0.41 0.77

Data presented are number of patients, unless otherwise indicated. The asterisk indicates that the significance of the association was determined by a contingency table

analysis using the y? test.
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Vav3-deficient mice can still serve as useful models for the study of
spontaneous glaucoma, and investigations into the development of
the phenotype may provide information on the pathogenesis of
glaucoma in humans.
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