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FIGURE 3 Comparison between simulated grayscale mapé and real HFA 10-2 resulté of in three Casesyof glaucoma. The grayscale
maps show the simulated visual field (VF) (A, C, E) and real VF (B, D, F). (A, B) Case 1. (C, D) Case 2. (E, F) Case 3.

In conclusion, we found that there were signifi-
cant correlation between structure ‘and function in
the macular area, which ‘enabled us to' create
simulated visual fields from RNFLT data with a
high degree of similarity to actual visual fields. Such
a simulation of macular function, derived from OCT
parameters, may be of help in assessments of
glaucoma, particularly in assessments of patients

who have difficulty ‘undergoing actual visual field
examinations. e
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ARTICLE INFO ABSTRACT

Article history:

The aim of this study was to verify the correlation between mean blur rate (MBR) obtained with CCD-
equipped laser speckle flowgraphy (LSFG) and capillary blood flow (CBF) obtained by the hydrogen
gas clearance method in rabbit optic nerve head (ONH). Using Japanese white rabbits under systemic
anesthesia, a hydrogen electrode was inserted an area of the ONH free from superficial capillaries.
MBR was measured with LSFG near the hydrogen electrode. CBF and MBR were measured in the range of
32.4-83.5 mL/min/100 g and 3.5—6.0, respectively. MBR and CBF were significantly correlated (r = 0.73,
P < 0.01, n = 14). After inhalation of carbon dioxide (CO;) or intravenous administration of endothelin-1
(ET-1), MBR and CBF were changed in the relative range of 0.74—1.27 and 0.76—1.35, respectively. The
relative changes in MBR and CBF induced by CO; and ET-1 were also significantly correlated (r = 0.67,
P < 0.01). The current results suggest that MBR may correlate with CBF and also change with CBF, as an
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index of blood flow in the ONH, linearly.
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1. Introduction

Abnormal blood flow regulation is widely recognized to
contribute to the pathophysiology of ocular diseases such as glau-
coma (Grieshaber et al., 2007; Moore et al., 2008; Pemp et al., 2009).
Circulatory factors in the retrobulbar arteries may be associated
with the progression of visual field defects in patients with normal-
tension glaucoma (Yamazaki and Drance, 1997). Progressive struc-
tural changes in the optic nerve head (ONH) also have been related
to abnormal ocular blood flow in glaucoma patients (Harris et al.,
2008b). For example, Logan et al. (2004) found lower levels of
retinal blood flow in abnormal segments of the ONH than in a cor-
responding normal segment in glaucoma patients. In addition,
glaucoma patients with normal rim segments demonstrated lower

Abbreviations: CBF, capillary blood flow; LSFG, laser speckle flowgraphy; MBR,
mean blur rate; ONH, optic nerve head.
* Corresponding author. Tel.: +81 72 683 1221; fax: +81 72 681 8195.
E-mail addresses: tsugiyama@poh.osaka-med.ac,jp, tsugiyama7@gmail.com
(T. Sugiyama).

0014-4835/$ — see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.exer.2012.12.003

retinal blood flow than controls at each location sampled. However,
the role played by blood flow and ischemia on the ONH and retina in
glaucoma has not yet been clarified, in part because technical
difficulties have limited the accurate measurement of ocular blood
flow in relevant vascular beds (Caprioli and Coleman, 2010; Harris
et al., 2008a).

The Association for Ocular Circulation (http://www.obfra.org/)
has published consensus reports on ocular circulation measure-
ment methods such as laser Doppler flowmetry (Riva et al., 2010),
laser speckle flowgraphy (LSFG) (Sugiyama et al., 2010), retinal
vessel analysis (Garhofer et al., 2010), and color Doppler imaging
(Stalmans et al, 2011). Among them, LSFG is the only method
available to measure tissue circulation non-invasively and provide
a 2-dimensional map of ocular tissue circulation. Normalized blur
(NB) was the value used previously in LSFG and represents an index
of blood velocity (Tamaki et al., 1994, 1995). In vitro, NB demon-
strated a good linear correlation with the mean velocity of blood
cells flowing through a glass capillary tube (calculated from the
blood flow rate generated by a calibrated peristaltic pump)
(Nagahara et al., 1999) and with the speed of rotation of a ground-
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Fig. 1. An example of analyzing hydrogen clearance curve to obtain capillary blood flow (CBF) by the hydrogen gas clearance method. The hydrogen concentration was plotted into
logarithm (A). The half-life (T;2) at 1-2 min after stopping hydrogen inhalation was adopted for calculation because the linearity of hydrogen clearance in logarithm was the highest

there (B). We then calculate CBF as 69.3/T; 2 (ml/min/100 g).

glass disc (calculated from the velocity of diffusing particles, which
are models of blood cells, on the glass) (Nagahara et al., 1999;
Tamaki et al., 1994, 1995, ). In vivo, NB was well correlated with
tissue blood flow rates determined using the microsphere method
in the retina, choroid, or iris, as well as blood flow rates determined
with the hydrogen gas clearance method in the ONH (Sugiyama
et al.,, 1996; Takayama et al.,, 2003; Tamaki et al., 1994, 1995, 1996,
2003; Tomidokoro et al., 1998; Tomita et al., 1999).

In 2008, LSFG-NAVI™ was approved as a medical apparatus by
the Pharmaceuticals and Medical Devices Agency in Japan. It has
adopted a new index: mean blur rate (MBR), the relative velocity
index of erythrocytes (Konishi et al., 2002; Watanabe et al., 2008).
Recently, Aizawa et al. (2011) reported that MBR has high repro-
ducibility in normal and glaucoma subjects. However, no reports to
date have investigated whether MBR is correlated with blood flow
rate in the ONH.

The hydrogen gas clearance technique provides multiple capil-
lary blood flow (CBF) measurements quantitatively over long
periods of time (Aukland et al., 1964; Csete et al., 2004; Srinivasan
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Fig. 2. Correlation between the absolute values of CBF and MBR at baseline. CBF and
MBR were obtained by the hydrogen gas clearance method and LSFG, respectively.
Each point represents 1 of 14 different rabbits. Correlation coefficient (r) was 0.73
(P < 0.01),

et al, 2011). In the ophthalmic field, this technique has been
applied to the ONH in rhesus monkeys (Ernest, 1976) and demon-
strated high reproducibility in the measurement of CBF in rabbit
ONH (Sugiyama et al,, 1995). However, use of this technique is
limited to laboratory research because it is highly invasive. The aim
of the current study was to verify the correlation between MBR
obtained by LSFG and CBF obtained by the hydrogen gas clearance
method in the rabbit ONH.

2. Materials and methods
2.1. Animals

Eighteen male Japanese white rabbits weighing 2.5—3.3 kg were
purchased from Kitayama Lab. (Nagano, Japan) for the current
study. They were housed in an air-conditioned room at tempera-
ture of 23 + 3 °C and humidity of 55 + 10% with a 12-h light—dark
cycle and provided with tap water ad libitum throughout the
experimental period. All animal studies were performed in accor-
dance with the ARVO statement for the use of animals in
ophthalmic and vision research and with the approval of the
Institutional Animal Care and Use Committee of Kobe Creative
Center, Senju Pharmaceutical Co., Ltd.
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Fig. 3. Correlation between the relative changes in CBF and MBR after treatment with
CO, and ET-1. Each point represents the ratio of relative values to baseline values. Total
points were obtained from 39 time points (n = 9 and 6 for CO, and ET-1, respectively)
in 10 eyes of 14 rabbits. Correlation coefficient (r) was 0.67 (P < 0.01).
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Table 1
Distributions of variances by randomized block ANOVA regarding individuality and
time-course changes after each treatment.

Treatment Individuality Time-course changes

CBF MBR CBF MBR
COz 569.268 (8)* 15.046 (8)* 68.750 (3)* 1.358 (3)*
ET-1 262.346 (5)* 1.834 (5)* 11.056 (2) 0.127 (2)

Asterisks represent significant differences (P < 0.05) among values obtained from
individual rabbits or values at different time points. Degrees of freedom were shown
in parentheses.

2.2. Measurement of CBF in ONH

Mydriasis was induced by topical tropicamide (Mydrin®-M
ophthalmic solution 0.4%, Santen Pharmaceutical Co. Ltd., Osaka,
Japan). Animals were anesthetized by intraperitoneal injection of
0.8 mg/kg urethane at 0.4 g/mL (Nakalai, Kyoto, Japan) and addi-
tional intramuscular injection of 0.1 mg/kg urethane as necessary.
Topical anesthesia was induced by topical oxybuprocaine (Benoxil®
ophthalmic solution 0.4%, Santen Pharmaceutical Co. Ltd.). The CBF
in the ONH was measured by the hydrogen gas clearance method as
previously reported (Sugiyama et al., 1996). A hydrogen electrode
(Cat.# OA211-013, platinum needle with a 0.7-mm long and 0.1-
mm diameter Pt—Ir tip, Unique Medical Co., Ltd., Tokyo, Japan)
was inserted into a lower portion of the ONH with no visible surface
vessels through the vitreous body from the pars plana using
a vitrectomy lens. The reference electrode was subcutaneously
fixed on the head. After the inhalation of 10% hydrogen gas by
a mask at 5 L/min for 5 min, CBF was calculated with the hydrogen
concentration half-life (T1/2) using a hydrogen clearance flow meter
(model MDH-D1, Unique Medical Co., Ltd.). As shown in Fig. 1A,
since the clearance curve is approximately mono-exponential, the
hydrogen concentration was plotted into logarithm to get half-life
(Tyj2) for calculation. Specifically in the current study, the line-
arity of hydrogen clearance in logarithm was found beforehand to
be the highest at 1-2 min after stopping hydrogen inhalation
(Fig. 1B), therefore we adopted the half-life there to calculate CBF
as 69.3/Ty (mL/min/100 g).

2.3. Measurement method of MBR in ONH

MBR was measured with a LSFG-NAVI-MRC™ device (Softcare
Ltd., lizuka, Japan). The LSFG-NAVI-MRC™ consisted of a fundus
camera equipped with a diode laser (wavelength: 830 nm) and
a CCD image sensor (750 x 360 pixels). The principle and appli-
cation of this method have been described previously (Konishi
et al, 2002; Sugiyama et al, 2010; Tamaki et al., 1995). The
measurement area of MBR was designated as a square area free of
visible surface vessels near the hydrogen electrode in the ONH.

2.4. Measurements of CBF and MBR before and after altering ONH
blood flow

To check their stability in measuring ONH blood flow, CBF
and MBR were recorded 3 times at 15-min intervals and 5 times at
5-min intervals, respectively. The intervals were recommended in

Table 2
Average changes in CBF and MBR after inhalation of CO».

previous reports (Sugiyama and Azuma, 1995; Tamaki et al., 1995).
The inclusion criterion for the stability of measurements was
a coefficient of variance (CV) of CBF within 0.1. Averages of
measurement values were adopted as baseline values. The corre-
lation between the baseline values of CBF and MBR was estimated.
Baseline values were measured before the inhalation of carbon
dioxide (CO3) or intravenous administration of endothelin-1 (ET-1).

Immediately, 15, and 30 min after 5-min inhalation of 10% CO; in
ordinary air via mask at 5 L/min, CBF and MBR were measured
simultaneously in the same rabbit. CBF was measured once at each
time point. MBR was recorded 5 times at each time point, and then
the mean value was calculated. Human ET-1 (Peptide Institute,
Osaka, Japan) was dissolved in 0.1% aqueous acetic acid to provide
a 10~* mol/L concentration and diluted with saline for a 10~ mol/L
solution. CBF and MBR were measured, as above, at 30 minand 1 h
after intravenous injection (107! mol/kg) of the prepared ET-1
solution. The relative change in CBF and MBR was calculated by
dividing by the baseline value. The expiratory CO, density and
arterial O and CO, pressure were not monitored.

2.5. Statistical analysis

Correlation analysis between CBF and MBR was performed using
Ekuseru-Toukei 2008 statistical software (Social Survey Research
Information Co., Ltd., Tokyo, Japan). We analyzed the effects of each
treatment (namely, CO, and ET-1) on MBR and CBF by randomized
block ANOVA with individual animals as a block using JMP software
(Ver. 9.0.0, SAS Institute, Cary, NC). Findings of P < 0.05 were
considered significant.

3. Results
3.1. Correlation between the baseline values of CBF and MBR

A plot of baseline CBF and MBR values is shown in Fig. 2. In 17 of
18 rabbits, the CV of CBF was within 0.1. For measurement of MBR in
3 of 17 rabbits, the square area could not be designated free from
visible surface vessels near the hydrogen electrode in the ONH.
Therefore, data from 14 eyes of 14 rabbits were used for this analysis.
CBF and MBR were measured in the range (mean =+ SE) of 32.4—83.5
(54.3 + 4.5) mL/min/100 g and 3.5—6.0 (4.6 + 0.2), respectively. A
significant positive correlation between the absolute CBF and MBR
baseline values was observed (r = 0.73, P < 0.01, n = 14).

3.2. Correlation between the relative change in CBF and MBR
induced by inhalation of CO; and intravenous administration of ET-1

CBF was altered after inhalation of CO; or intravenous admin-
istration of ET-1. Relative values of CBF changed in the range of
0.74—1.27. MBR in the ONH was also altered. Relative values of MBR
changed in the range of 0.76—1.35. A plot of relative changes in CBF
and MBR is shown in Fig. 3. In 10 of 14 rabbits, the changes in CBF
and MBR induced by CO; (n = 9) and ET-1 (n = 6) were measured
with the hydrogen gas clearance method and LSFG, respectively.
The relative changes in CBF and MBR demonstrated a significant
positive correlation (r = 0.67, P < 0.01).

Baseline levels Immediately

15 min 30 min

CBF (mL/min/100 g) 507 + 11.5
MBR 47420

52.3 + 12.1 (1.04  0.11)
5.0 + 2.0* (1.08 + 0.10)

48.3 + 14.2 (0.95 + 0.14)
4.6 + 2.5 (097 = 0.13)

46.0 + 11.4* (0.91  0.10)
4.0 + 1.4* (0.89 + 0.08)

Data are expressed as mean = SD for 9 rabbits. Asterisks represent significant differences (P < 0.05) compared to baseline levels by paired t-test. CBF/MBR changes to baseline

levels were shown in parentheses.
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Table 3
Average changes in CBF and MBR after intravenous administration of ET-1.
Baseline 30 min 60 min
levels
CBF (mL/min/100 g) 416 + 10.2 419 +98 394 +105
(1.02 +£ 0.15) (0.95 + 0.16)
MBR 4.1 +08 39+1.0 39+07
(0.95 + 0.08) (0.95 + 0.20)

Data are expressed as mean + SD for 6 rabbits. No significant difference was found.
CBF/MBR changes to baseline levels were shown in parentheses.

3.3. Effects of individuality and treatment

Randomized block ANOVA revealed that there were wide ranges
of distribution of differences for the basal blood flow measurement
and that animals’ individuality had significant effects on MBR and
CBF (Table 1). Distributions of differences for the time-course
changes were relatively narrow. Although the time-course
changes in MBR and CBF during ET-1 treatment were not signifi-
cant, those during CO, treatment were significant by repeated
measure analysis (Table 1).

Average and individual changes in CBF after treatments are
shown in Tables 2 and 3 and Fig. 4, respectively. CBF had a tendency
of increasing after CO, inhalation (CBF was increased in 6 cases out
of 9). ET-1 administration decreased CBF in 5 cases out of 6 though
the effect was not significant because CBF was markedly increased
in just one case. Representative hydrogen density curve charts are
shown in Fig. 5. Average changes in MBR after treatments are
shown in Tables 2 and 3. Typical examples of 2-dimensional color-
coded MBR maps are shown in Fig. 6.

4. Discussion

This report is the first to verify the correlation of MBR, a new
index obtained by CCD-equipped LSFG, with CBF obtained by the
hydrogen gas clearance method in the ONH. A significant and
positive correlation between the absolute values of CBF and MBR at
baseline, as well as their relative changes, was found in the current
study. This result suggests that MBR may correlate with CBF and
also change with CBF, as an index of blood flow in the ONH, linearly.
Since a similar experiment cannot be performed in humans, the
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present study provides important basal data for the measurement
of MBR in humans, though these data cannot be applied directly to
humans because of their many histophysiological differences with
rabbits.

A power analysis (Correlation: point biserial model) by G*
Power software (v. 3.1.3) showed that total sample size of 9 is
needed under the condition of effect size of 0.7, error probability («)
of 0.05 and power (1 — ) of 0.8. Therefore, the sample sizes of 14
and 39 in the current study would be sufficient statistically.

In the present study, inhalation of CO; or intravenous admin-
istration of ET-1 altered CBF obtained by the hydrogen gas clear-
ance method in rabbit ONH. These results are, at least partly,
consistent with previous reports (Sugiyama et al., 1995, 1996). The
relative values of CBF and MBR to the initial levels were in the range
of 0.74—1.27 and 0.76—1.35, respectively. A significant and positive
correlation was also found between the relative changes in CBF and
MBR values induced by CO; inhalation and ET-1 injection. This
correlation suggests that changes in MBR may indicate those in CBF
in the ONH. These results appear similar to a previous report
(Sugiyama et al., 1996). Though the r value in this study (0.67) was
obviously different from that in the previous paper (0.92), the
comparison of r values from different experiments does not seem
fair since they can be affected by many factors.

In the current study, the r value for the correlation between the
absolute values of MBR and CBF was 0.73; this was relatively large
and comparable to that between the relative values during CO,
inhalation and ET-1 injection. This result indicates quantifiability of
absolute values of MBR at least under a certain condition. On the
other hand, the randomized block ANOVA in the current study
revealed significant effects of the individuality of animals on basal
values of CBF and MBR. Therefore, care must be taken in inter-
preting absolute values across individuals, even though the abso-
lute values of MBR were significantly correlated with CBE. In
general, measurement results obtained with apparatus that employ
lasers are affected by the degree of absorption or reflection of the
laser beam in the specific tissue. Particularly in humans, careful
interpretation is needed due to relatively large topographical or
color differences of the ONH induced by individuality or diseases,
which affect absorption and reflection. Actually, we have data on
individual variation in MBRs of young normal volunteers; MBRs in
the temporal rim were measured in the range of 6.3—13.8
(mean #+ SD = 10.6 £+ 2.5, n = 9). In addition, MBRs in the nasal
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Fig. 4. Individual changes in CBF after 5-min inhalation of 10% CO; (A) and administration of 10~'° mol/kg ET-1 (B). CBF was increased in 6 cases out of 9, and decreased in 5 cases

out of 6 in A and B, respectively.



14 H. Takahashi et al. / Experimental Eye Research 108 (2013) 10—15

A before CO, inhalation

B
immediately after CO2 inhalation

before ET-1 injection

D 1hr after ET-1 injection

S-S S U SRSI—" SIS S

[rore— "~ S—

Fig. 5. Representative examples of the hydrogen gas clearance curve. A and B: before and immediately after 5-min inhalation of 10% CO, in the same rabbit (A is the same as Fig. 1A).
CBF values were 65.3 and 77.6 mL/min/100 g, respectively. C and D: before and 1 h after administration of 10~'° mol/kg ET-1 in another same rabbit. CBF values were 40.3 and

32.8 mL/min/100 g, respectively.

rim of them were measured as 17.8 + 3.9, which are much different
from those in the temporal rim. Therefore, the relatively wide range
of ONH blood flow in the present study might be due to an indi-
vidual difference as well as a regional difference.

As a problematic issue for the LSFG apparatus, the zero-offset for
MBR was rather large (around 2.5) in the current study. We actually
obtained 6.1 and 1.9 as mean values of MBR (n = 2) at the same spot
of ONH just before and shortly after a rabbit was euthanized (the

A before CO, inhalation

B immediately after CO2 inhalation)
'a,"v » B 3 %

hydrogen gas clearance method cannot be available while it is dead
because inhalation is impossible then) in the additional experi-
ment. This result (mean value of MBR was 1.9 when blood flow was
stopped in dead rabbits) is almost consistent with the zero-offset of
approximately 2.5. In addition, since a range of baseline values of
MBR was 3.5—6.0, the ratio of the highest to the lowest (6.0/3.5)
was smaller than those by the hydrogen gas clearance method
(83.5/32.4). Taken together, there seems to be a room for more

C  before ET-1 injection

D  1hrafter ET-1 injection

Fig. 6. Representative examples of color-coded MBR maps obtained by LSFG. A and B: before and immediately after 5-min inhalation of 10% CO, in the same rabbit. C and D: before
and 1 h after administration of 10~'° mol/kg ET-1 in another rabbit. Arrowheads indicate the tips of electrodes for the hydrogen gas clearance method, and white squares indicate

the areas analyzed by LSFG.
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adequate calibration of MBR values. While these results (a relatively
large zero-offset and a smaller relative change in MBR) were only
for the animal model in the current study. Further investigation
using other animals should also be needed in the future for vali-
dation of quantifiability of measurement of ONH microcirculation
by LSFG.

Many agents have been reported to alter ocular blood flow
(Araie and Mayama, 2011; Shimazawa et al,, 1999; Sugiyama and
Azuma, 1995; Sugiyama et al.,, 2010, 2011; Tokushige et al., 2011;
Waki et al.,, 2001). Since the present study revealed that MBR may
correlate with tissue blood flow in the ONH, LSFG-NAVI™ will likely
provide new relevant information concerning the ONH blood flow
in glaucoma and support in verifying whether increasing ONH
blood flow could be a promising strategy for glaucoma
management.

5. Conclusions

Our results suggest that MBR obtained by CCD-equipped LSFG
may correlate with CBF and also change with CBF, as an index of
blood flow in the ONH, linearly.
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ABSTRACT

Purpose: To investigate, using laser speckle flowgraphy (LSFG), the autoregulation of ocular blood flow (BF)

in response to posture change.

Methods: This study comprised 20 healthy volunteers (mean age 30.08.5). The mean blur rate (MBR) of the
ocular circulation in the subjects was assessed in both a sitting and a supine position every 2min over
the course of 10 min. Baseline measurements of the MBR at the optic nerve head (ONH) and the choroid were
taken in a sitting position. Increases in the MBR ratio in a supine position were calculated with reference
to this baseline. Intraocular pressure (IOP), systemic blood pressure and heart rate in the brachial artery were

also recorded.

Results: In the ONH, the MBR ratio increased significantly over the baseline after 2 min (104.8 £ 5.0%, p =0.001)
and 4 min (104.4 +5.6%, p = 0.005), in a supine position, but decreased to the initial level after only 6 min. In the
choroid, on the other hand, while the MBR ratio also increased significantly after 2min in a supine position
(113.7 £8.1%, p <0.001), it kept this significant increase over the time course of 10 min. After 10 min in a supine
position, IOP increased significantly (p<0.001), systolic blood pressure decreased significantly (p<0.001), but

diastolic blood pressure did not change significantly compared to the baseline. (p =0.07)

Conclusions: ONH and choroidal circulation have significantly different hemodynamics in response to posture
change in healthy volunteers. This finding suggests that LSFG enables us to assess the autoregulation of BF in

the ONH.

Keywords: Autoregulation, choroid, laser speckle flowgraphy, ocular blood flow, optic nerve head

INTRODUCTION

The regulation of blood flow (BF) in response to
posture change is important to ensure an adequate
supply of oxygen and nutrients to all tissues in
the body. Changes in posture create changes in
ocular perfusion pressure (OPP) induced by gravity.
Therefore, the local microvasculature of ocular struc-
tures has to compensate for the altered OPP and
altered metabolic stimuli.

Recent studies have investigated th
posture change on choroidal BF (C
subjects by using laser doppler flo
Their results have suggested
between subfoveal ChBF and O
vascular bed responds pass

The response of reti
(ONH) circulation
subjects has also
techniques.®”
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and ONH BF seems to occur despite variations in
OPP. Due to technical limitations, however, conven-
tional instruments have only a small capture area,
making it hard to simultaneously obtain images and
evaluate differing hemodynamics in the ONH, retinal
vessels and choroidal circulation.

Laser speckle flowgraphy (LSFG), by contrast,
allows us to make the necessary simultaneous quan-
tification of microcirculation in the ONH, the choroid
at the fovea, and the retinal vessels. It is a non-contact
technique based on the laser speckle phenomenon,
and has been shown to be reliable and reproducible.*”
Most importantly, LSEG takes just a few seconds to
acquire an image of ocular circulation, and it can be
used in living eyes.® This quick acquisition of images
enables researchers to measure dynamic changes
in ONH BF and ChBF during posture change over a
shorter period.

This study used LSFG to simultaneously examine
dynamic changes in ONH BF and ChBF in normal
subjects during the change from a sitting to a supine
position, and used the resulting data to compare
vascular autoregulation in these two regions.

MATERIALS AND METHODS
Subjects

This study comprised twenty healthy, non-smoking
subjects (age: 30.0 4 8.5 years old, male: female =15:5),
recruited from volunteers at Tohoku University
Hospital, Miyagi, Japan. All subjects included in this
study had baseline intraocular pressure {(IOP) in both
eyes below 22mmHg, as measured by Goldmann
applanation tonometry, and normal findings on a slit
Jamp or funduscopic examination, as well as refract-
ive error within a range of —8.75 to +0.25 diopter
(mean: —3.10+2.83), and pupillary diameters meas-
urable by LSFG-NAVI without mydriasis. Subjects
were excluded if they had a history of ophthalmic or
general disorders, ocular laser or incisional surgery
in either eye, or systemic or topical medication.
All subjects abstained from alcohol and caffeine for
at least six hours before the measurements.

This study monitored only the left eyes of each
participant. The local ethics committee approved the
procedures and followed the tenets of the Declaration
of Helsinki. All participants gave their informed
consent before starting the study.

Measurement of Clinical Parameters

Both systemic blood pressure and heart rate
(HR) were appropriately measured in the Ileft
brachial artery at the height of the heart by an
automated blood pressure monitor (HEM-759E,

Omron Corporation, Kyoto, Japan). Mean arterial
pressure (MAP) was calculated from systolic
blood pressure (sBP) and diastolic blood pressure
(dBP) according to the formula: MAP=dBP +0.42
(sBP — dBP).}*1°

Baseline IOP was determined using Goldmann
applanation tonometry, with subjects in a sitting
position. IOP in a supine position was measured
with a handheld tonometer (Tonopen; Mentor,
Norwell, MA).

OPP in a sitting position was calculated according
to the formula: OPPgjting =2/3 MAPgitting — IOF, which
accounts for the drop in blood pressure between the
brachial and ophthalmic artery when the subject is
sitting.”” The OPP in a supine position was calculated
from following equation: OPPgypine=MAPgupine —
IOP* Since preliminary experiments on five healthy
volunteers had shown that there was no significant
IOP difference after 2 or 10min in a supine position
(148+1.6, 154=+1.7mmHg, respectively, p=0.55),
and to avoid the influence of anesthesia on the
ocular circulation, IOP was not recorded during
the 2min measurements taken in a supine position
over the course of 10 min. IOP for the supine position
was measured after the full 10 min, and this meas-
urement was substituted for the 2 min measurements
when OPPgpine was calculated.

LSFG

We assessed ocular circulation BF using the MBR,
which we measured using a newer, non-invasive
version of LSFG (LSFG-NAVI Softcare., lizuka, Japan).
This instrument consists of a fundus camera equipped
with a diode laser (wavelength 830nm), and an
ordinary charge-coupled device (CCD) camera
(750 (width) x 360 (height) pixels). The mechanism
of LSFG has been described in detail elsewhere.’*"*
MBR was determined using the pattern of speckle
contrast produced by the interference of a laser
scattered by blood cells moving in the ocular
fundus. This is known to be closely associated with
BF velocity."* The relative velocity of BF can be
derived from the inverse of speckle contrast values
using computationally intensive calculations.’> We
determined the MBR ratio by normalizing the values
measured in a supine position to the baseline
(measured in a sitting position) for each subject. The
device acquired images of the BF map continuously at
the rate of 30 images per second. We analyzed the
data from a 55 time period.®

A composite map of BF was obtained at the ONH
and the fovea, and the equipped software automatic-
ally calculated the MBR in arbitrary units (au) for each
area (Figure 1). As depicted in Figure 1, the MBR in
the ONH included measurements for the large vessel
and capillary areas. This study examined only the
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FIGURE 1. Representative retinal images of ocular BF, taken
using LSFG, in a sitting position (A) and after 6 min in a supine
position (B). The color-coded areas around the ONH (white
circle #1) and on the fovea (white square #2) are automatically
tracked in the images at each time point.

MBR in the large vessel area of the ONH. The MBR
in the fovea was obtained from an area within the
fovea one disc diameter in size (150 x 150 pixels).”*®
As shown in Figure 2, we used a raised platform
specially designed for the safety of the subjects to
measure the MBR in a supine position.

Experimental Protocols

Validity Assessment of LSFG-NAVI in the Supine
Position

To assess the validity of LSFG-NAVI measurements in
the supine position, we compared variations between
the MBR and velocity in both the sitting and supine
positions. Figure 3 shows the schematic view of the
experimental set up with the LSFG-NAVI system.
Following a previous study,'” the rotating opal glass
plate (OGP) was placed in front of the LSFG-NAVI
system’s objective lens (Le), and its movement speed
was assumed to be the change in BF velocity. The
MBR was obtained by changing the speed of the
OGP for each position, and then evaluating whether
there were any significant differences in the regression
equations of the variation between the MBR and the
velocity of the OGP.

Reproducibility Assessment of LSFG-NAVI in the
Supine Position

To assess the intrasession reproducibility of LSFG-
NAVI measurements in the supine position, we

© 2013 Informa Healthcare USA, Inc.
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FIGURE 2. A raised platform specially designed in the consid-
eration of patients’ safety was used to measure the MBR in the
supine position.

Mo Le
OGP
Le <&
o g
Motor
aC
Sitting position

Supine position

FIGURE 3. Schematic view of the experimental set up for the
evaluation of the LSFG-NAVI system’s validity. A rotating opal
glass (OGP) is located in front of the lens (Le).

performed a preliminary experiment on ten healthy
subjects (20 eyes, mean age: 27.9 £ 5.7 years old; male:
female =5:5). Two parameters indicating reproduci-
bility, the coefficient of variation (COV) and intraclass
correlation coefficient (ICC), were evaluated with
MBR measurements obtained using LSFG-NAVI
during three continuous examinations, on the same
day, after 10 min in a supine position.

Testing Protocol

On the day of the test, following a slit lamp examin-
ation, a funduscopic examination and baseline IOP
measurement taken with Goldmann applanation
tonometry, each subject was asked to sit in an upright
position for 10min in a dark room before further
investigation. SBP, dBP and HR were then recorded,
and the MBR was assessed in a sitting position, to be
used as the baseline measurement. Soon after, the
subject was asked to lie down on a bed, and sBF, dBP
and HR were recorded just before an LSFG measure-
ment was taken, this was repeated every 2 min for the
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next 10min. We measured IOP 10min after the
supine position. Alterations in ONH BF velocity
were determined using the MBR ratio in the large
vessels of the ONH, and alterations in ChBF velocity
were evaluated using the MBR ratio at the fovea.

Statistics

All data are shown as mean=standard deviation.
We used an analysis of covariance to determine
any differences in the regression equations of the
variation between the MBR and the velocity of the
OGP for the sitting and supine positions. Wilcoxon
signed-rank tests were applied to assess differences
in the measurements for different body positions.
The significance level was set at p<0.05.

RESULTS

Validity Assessment of LSFG-NAVI in the
Supine Position

Figure 4(A) shows variation in the MBR relative to the
velocity of the OGP, in the sitting position. The MBR
value increases linearly with increasing velocity.
Figure 4(B) shows similar results from the supine
position. There were no significant differences

(A), 5 . MBR (au)

120
100 -
80
60 -
4 y = 0.53 velocity + 7.15
0 r=0.99
20 p=0.005
0 . :
0 100 200 300

Velocity (mmi/sec)

120 -
100 -
80 -
60
40 y = 0.52 velocity + 7.89
’ r=099
20 p = 0.005
4] v . )
4] 100 200 300

Velocity (mm/sec)

FIGURE 4. The variation in MBR against the velocity of the
OGP in the sitting (A) and supine (B) positions.

between the regression equations for each position
{p =0.60).

Reproducibility of LSFG-NAVI in the Supine
Position

Reproducibility of LSFG-NAVI was similar in the
large vessel area of the ONH and the choroid (large
vessel area: COV: 6.72+5.11%, ICC: 0.90; choroid:
COV: 7.46 +5.81%, ICC: 0.95).

Alteration of Systemic Blood Pressure in
Response to Posture Change

In a sitting position, sBP and dBP were 1249+
11.2mmHg and 76.1415.0mmHg, respectively.
After the posture change to a supine position, both
sBP and dBP did not alter for 2min. After that,
sBP gradually decreased and was statistically signifi-
cantly lower than the initial sBP (in a sitting position).
There was a significant decrease in dBP at four
and 6min after the posture change, after which it
returned to the initial level (Figure 5A). The time
course of MAP was calculated from sBP and dBP
and is depicted in Figure 5(B). The alteration in
MAP after the posture change was similar to that
in sBP.

Alteration of IOP and OPP in Response
to Posture Change

In a sitting position, IOP was 13.4+23mmHg.
IOP in a supine position increased significantly to
16.3 £2.5mmHg after 10min (Figure 5C). The time
course for OPP was calculated from MAP and IOP,
and is depicted in Figure 5(D). In a sitting position,
OPP was 51.0+7.1mmHg. Two minutes after the
posture change, OPP first increased significantly,
to 78.5+11.6mmHg, and then gradually decreased.
After 10min, it was still higher than the baseline,
at 74.8 £9.8 mmHg.

Alteration of MBR in Response to Posture
Change

In a sitting position, the MBR in the vessel area of the
ONH was 45.4 7.3 au. The MBR ratio was defined as
100% in each subject. After the posture change, the
MBR ratio in the vessel area of the ONH gradually
rose, reaching 104.4+5.6% at 4min, a significant
increase, but soon decreased to the initial level, after
6min (Figure 6A). The MBR in the choroid was
122 +4.0au. Two minutes after the posture change,
the MBR ratio suddenly rose to 113.748.1%, and

Current Eye Research
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FIGURE 5. Dynamic changes in systolic (@) and diastolic (O) blood pressure in response to a change in posture from a sitting (0 min)
to supine position (A). Dynamic changes in MAP (B), IOP (C), and OPP (D) are also depicted. The asterisk indicates a statistically
significant difference from the initial sitting position. (Wilcoxon signed-rank tests. *: p<0.05. **: p<0.01).
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FIGURE 6. The dynamic change in MBR, normalized to the
initial sitting position, at the ONH (A) and on the fovea (B) after
a posture change to a supine position. The asterisk indicates
a statistically significant difference from the initial sitting
position. (Wilcoxon signed-rank tests. *: p<0.05. **: p<0.01).
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stayed at this significantly increased level for the
entire time course of 10 min (Figure 6B).

DISCUSSION

The authors first evaluated the validity and reprodu-
cibility of LSFG-NAVI in the supine position.
Variation in the MBR was found to have a linear
relationship with the velocity of the OGP in various
positions. This result is consistent with previous
research.'” In addition to the validity assessment,
we also tested the reproducibility of LSFG-NAVI
in the supine position. Our group has previously
reported on the reproducibility of determining MBR
using LSFG-NAVI in the sitting position in patients
with glaucoma or preperimetric glaucoma (COV:
1.9+ 1.1-12.4 £ 12.4%; ICC: 0.82-0.98).” Results from
this regarding the reproducibility of MBR in the
supine position are similar to the previous research.
As mentioned above, LSFG shows favorable repro-
ducibility in the vessel area of the ONH and choroid
in both the supine and sitting positions. This suggests
that this instrument is suitable for monitoring changes
in ocular circulation in response to posture change.
The major finding of this study is that the
dynamic change in BF velocity after posture change,
as measured by LSFG-NAV], differs between the large
vessel area of the ONH and the choroidal vessels
in normal subjects. Posture change caused a prompt
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and continuous increase in OPP for 10min. In the
ONH, a slight increase in BF velocity after posture
change was observed within 4 min and was corrected
within 6 min.

The large vessel area of the ONH, which we
measured with LSFG-NAVI, is thought to be com-
posed mainly of retinal arterial and venous circula-
tion, but LSFG cannot measure retinal and choroidal
circulation separately due to technical limitations.”

The finding that ONH BF velocity increases sig-
nificantly after 2 min indicates that it compensates for
retinal vessel responses to posture change.

Several studies of regulation in the retinal vascu-
lature in response to isometric exercise and posture
change have suggested that an increase in systemic
blood pressure or retinal perfusion pressure induces a
vasoconstrictive response in the retinal arterioles.>'®
0 Baer and Hill® have reported that the caliber of the
retinal arteries decreased significantly, with a corres-
ponding increase in the caliber of the retinal veins,
approximately 90s after tilting the head to a bowed
position. That reports tends to support the premise of
this author.

The finding that velocity in the ONH returned to
the initial level after only 6 min, despite a continuous
increase in OPP, indicates the existence of an
autoregulatory mechanism that begins working
within several minutes.

Generally, there are thought to be both myogenic
and metabolic components to the mechanism of
retinal BF autoregulation.”! The myogenic component
is defined as the response of the vascular smooth
muscle and endothelial cells to mechanical forces, and
this response may require several minutes to induce
stable vessel diameters following an acute change in
intravascular pressure.”** By contrast, the metabolic
component is the interaction of factors released from
neurons and glial cells, which affects vascular smooth
muscle cells and pericytes and changes the tone of
vascular resistance. This response seems to occur
within a few seconds.** Our results showed that the
autoregulatory mechanism for ONH BF was complete
after 6min, meaning that our results for dynamic
change possibly reflect the myogenic mechanism.

Ocular BF depends on the interaction of various
factors, such as the vascular resistance generated by
the diameter and length of the vessels, and blood
viscosity. In this study, changes in these factors due to
posture change were not measured due to the tech-
nical difficulty involved, but in the future, a simul-
taneous evaluation of OPP and these factors should be
done to assess the driving force of BE.

In this study, the authors also measured the MBR in
the choroid at the fovea, which is thought to reflect
over 90% of the ChBE"® In the choroid, a significant
increase in BF velocity was observed within 2 min,
and was sustained for 10 min. This was synchronized
with OPP dynamics. Since choroidal circulation is

mainly controlled bgr sympathetic innervation and is
not autoregulated,2 it has been believed that ChBF
responds passively to changes in OPP.'? Our finding
of an approximately 14% increase in the MBR ratio in
the choroid is similar to the 11% increase in ChBF
reported by Longo', although the two investigations
differ in that our study used LSFG and focused on the
period between 2 and 10min after posture change,
and the latter study used LDF and focused on the 2 min
period after posture change. In this study, as in pre-
vious studies, dynamic change in the choroid corre-
lated with OPP, suggesting a lack of autoregulation.

According to recent studies of retinal and ChBF,
there is considerable evidence that vascular dysregu-
lation in eyes with glaucoma®* or diabetic retinop-
athy® occurs in the subclinical stages of these
diseases. Recent studies have demonstrated that
LSFG enables us to assess alterations in the auto-
regulation of ONH BF in experimental animals.*'*? To
the best of our knowledge, however, no information
has yet been available on the use of LSFG-NAVI in
human beings to assess changes in ocular circulation
in response to posture change. The authors can
confirm that this new approach for evaluating
hemodynamics in ONH BF and ChBF in response to
posture change using LSFG-NAVI may be useful in
screening for certain eye diseases, due to its quick and
easy acquisition of wide angle images of the retina.
Our data accords with previous studies reporting that
IOP increases significantly with a postural change
from a sitting to a supine position,**?* Furthermore,
the magnitude of the IOP elevation was higher in
patients with glaucoma than in controls, which ma
indicate an association with glaucomatous damage.’
" Therefore, both vascular dysregulation and IOP
change may be associated with the development and
progression of glaucomatous change. Of course, we
acknowledge the limitations of this study, which had
only a small number of normal subjects. In the future,
larger, multi-center studies using subjects with eye
disease, particularly those with glaucoma, must be
performed.

In conclusion, LSFG-NAVI showed favorable
validity and reproducibility in both the supine pos-
ition and the sitting position, suggesting that this
instrument is suitable for monitoring changes in
ocular circulation in response to posture change.
Additionally, we investigated the dynamic response
of ONH BF and ChBF to posture change in an
intermediate time frame (2-10min) of the vascula-
ture’s adaptation, allowing us to obtain similar results
to previous studies.
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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
I;CT)‘éG exchange factor (VAV3) genes are associated with POAG, NTG, or DG in the Japanese. Genomic DNA
DG 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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Liaoning 110005, China. Fax: +86 24 62689311.
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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 IOPs. 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 pM 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
rs2156323 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 VAVZ2 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
VAVZ and VAV3 SNPs allele frequencies in patients with POAG, NTG and in controls in
Japanese.

SNP VAV2 (rs2156323 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 (rs2801219 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 y? 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%) 43 (95.6%) 168 (93.3%)
G/A 17 (10.1%) 16 (9.8%) 2 (4.4%) 11 (6.1%)
AJA 0 (0%) 0 (0%) 0 (0%) 1(0.6%)
P value* 0.25 0.29 0.80
VAV3 (152801219 A/C)
AJA 108 (64.3%) 92 (56.4%) 25 (55.6%) 119 (66.1%)
AlC 49 (29.2%) 65 (39.9%) 18 (40.0%) 51 (28.3%)
c/c 11 (6.5%) 6 (3.7%) 2 (4.4%) 10 (5.6%)
P value* 0.90 0.07 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 x2 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
rs2801219 (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 1s2801219 (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%)
A/C+C[C 60 (35.7%) 71 (43.6%) 20 (44.4%) 61 (33.9%)
P value* 0.72 0.06 0.19
Recessive A/A+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.



512 D. Shi et al./Biochemical and Biophysical Research Communications 432 (2013) 509-512

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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