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The benefits of combined therapy, such as photody-
namic therapy and anti-VEGF antibody, have been
discussed.?’

In conclusion, intravitreal vasohibin-1 in monkey
eyes is safe and can reduce the activity of laser-induced
CNVs and thus preserve the function of the macula.

Key words: choroidal neovascularization, laser-
induced, monkey, vascular endothelial growth factor,
vasohibin-1.
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Chapter 40
Vasohibin-1 and Retinal Pigment Epithelium

Yumi Ishikawa, Nobuhiro Nagai, Hideyuki Onami, Norihiro Kumasaka,
Ryosuke Wakusawa, Hikaru Sonoda, Yasufumi Sato, and Toshiaki Abe

Keywords Vasohibin ¢ VEGF e Retinal pigment epithelium ¢ Hypoxia ¢ Cell
dynamics ¢ Cobalt chloride

40.1 Introduction

Choroidal neovascularization (CNV) leads to subretinal hemorrhages, exudative
lesions, serous retinal detachment, and disciform scars in patients with age-related
macular degeneration (AMD) (Bressler et al. 1998). Vascular endothelial growth
factor (VEGF), a pro-angiogenic factor, plays a major role in the development of
CNV (Spilsbury et al. 2000). Recently, anti-VEGF treatment for patients with AMD
has developed and reported good results (Krzystolik et al. 2002; Rosenfeld et al.
2006). However, there are many problems, such as repeated intravitreal injections,
side effects (Pilli et al. 2008), suppression of the important physiological VEGF
function (Alon et al. 1995), and further not all patients respond well to this therapy
(Lux et al. 2007). Vasohibin-1 is a VEGF-inducible gene in human cultured endothe-
lial cells (ECs) with antiangiogenic properties (Watanabe et al. 2004; Sonoda et al.
2006). Vasohibin-1 is induced by several pro-angiogenic factors such as VEGF and
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basic fibroblast growth factor (bFGF) (Watanabe et al. 2004). We showed that the
vasohibin-1/VEGF ratio might play a role for clinical significance of CNV in
patients with AMD using surgically excised CNV membranes (Wakusawa et al.
2008). The membranes included not only ECs but also retinal pigment epithelium
(RPE). In this report, we examined the effects of vasohibin-1 on RPE.

40.2 Methods

40.2.1 RPE Preparation

We used commercially available rat RPE cell line, RPE-J. RPE-J was cultured in
DMEM/F-12 medium with 4% fetal bovine serum (FBS; Sigma, St. Louis MO) with
5% CO, supply at 33°C. Human vasohibin-1 cDNA with antineomycin gene vector
was transduced into RPE-J as we previously reported (Abe et al. 2008). Cells that
were stably introduced the vector were selected by antibiotics. We selected 18 clones
on both vasohibin-1 ¢cDNA and only vector-transduced RPE-Js. Cobalt chloride
(100-300 M) and low glucose (0-100 uM) and oxygen supply (2%) were used for
hypoxic stress. Vasohibin-1 was supplied from Shionogi and Co. Ltd, Osaka, Japan
and VEGF and other chemicals were purchased from Wako (Tokyo Japan).

40.2.2 Real-Time RPE Impedance Analysis and MTS Assay

Dynamic cellular biology of the cultured RPE was monitored using Real-Time Cell
Analyzer (RTCA), xCELLigence System (Roche Applied Science, Mannheim,
Germany). The system evaluates cellular events in real time measuring electrical
impedance at an electrode/solution interface at the bottom of cell culture plates. The
system provides cell number, viability, morphology, and adhesion described as Cell
Index (CI). RPE proliferation was also evaluated by 3-(4, 5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (MTS)
assay, and counting cell number for each condition.

40.2.3 Extraction of mRNA, cDNA Generation,
Reverse-Transcriptase, and Real-Time
Polymerase Chain Reaction (RT-PCR)

mRNA was extracted and cDNAs were generated from the cells according to the
manufacturer’s instructions (Pharmacia Biotech Inc., Uppsala, Sweden).
Semiquantitative real-time PCR was carried out by the primer sets described below
(LightCycleST300:Roche, Basel, Swiss). The sequences were 5'-TCT GCT CTC
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TTG GGT GCA AT-3’and 5'-TTC CGG TGA GAG GTC CGG TT-3' for VEGF,
5'-GAT TCC CAT ACC AAG TGT GCC-3' and 5'-ATG TGG CGG AAG TAG
TTC CC-3'for wvasohibin-1, and 5'-CATCACCATCTTCCAGGAGC-3" and
5'-CATGAGTCCTTCCACGATACC-3' for GAPDH. All data were normalized to
the GAPDH expression level, thus giving the relative expression level.

40.2.4 Western Blot Analysis for Vasohibin-1 and VEGF

Cells were collected and used for western blotting analysis after sonication, as we
reported previously (Abe et al. 2008). Cells were washed in ice-cold Dalbecco’s
phosphate buffered saline (DPBS) 3 times, and then immediately sonicated in lysis
buffer. After blotting on Immune-Blot PVDF Membrane (BIO-RAD Laboratories,
CA), it was incubated overnight in mouse antivasohibin-1 or anti-VEGF antibody
(Santa Cruz) at 4°C and visualized using an enhanced chemiluminescence system
(ECL Plus, GE Healthcare) according to the manufacturer’s instructions.

40.3 Results

40.3.1 Vasohibin-1 Expression

Vasohibin-1 expression in the RPE was confirmed by real-time PCR and western
blot analysis. When we cultured the cells with cobalt chloride, a pseudo-hypoxic
condition, or low oxygen (2%), 1% serum, and no glucose, gradual upregulation of
VEGF gene was observed with 100-uM cobalt chloride (Fig. 40.1a). Conversely,
statistically significant low vasohibin-1 expression was observed with 100-pM
cobalt chloride at more than 12-h culture when compared to those of standard cul-
ture or less than 6-h culture (Fig. 40.1b). Western blot analysis showed that vaso-
hibin-1 expression seemed to be downregulated at more than 36-h culture with
100-uM cobalt chloride (Fig. 40.1c¢).

40.3.2 RPE Dynamics and Proliferation by Vasohibin-1

An RTCA was used to monitor dynamic changes in the properties of RPE cells during
the culture. The parameter of CI shows cell viability, number, morphology, and
adhesion to the bottom of the plates. When we cultured the cells under standard
condition as described above, we found no difference of CI even though we added
VEGF (Fig. 40.2a) and/or vasohibin-1 (Fig. 40.2b). When we added VEGF (0.2-10 nM)
in the culture medium at 2% oxygen, 1% serum, and no glucose, we found that
VEGF enhanced CI (Fig. 40.2¢). Statistically significant difference was observed
when we cultured the cells more than 15 h after treatments with 1 and 2-nM VEGE.
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Fig. 40.3 Human vasohibin-1 gene was transduced into RPE-J. We selected 18 clones on both
vasohibin-1 gene transduced and only vector-transduced RPE-J. Statistically significant less VEGF
gene expression was observed in vasohibin-1 gene-transduced cDNA when compared to that of
vector-transduced cDNA (a). Western blot analysis also showed comparable results (b)

Conversely, when we applied vasohibin-1 (0.2—10 nM) in the culture medium at 2%
oxygen, 1% serum, and no glucose, we found that vasohibin-1 showed lower CI
(Fig. 40.2d). Statistically significant difference was observed at 2-nM vasohibin-1.
Vasohibin-1 application also showed statistically significant small cell number
either 300-uM cobalt chloride or 2% oxygen, 1% serum, and no glucose. When we
performed MTS assay, statistically significant less cell proliferation was also
observed at these indicated conditions. When we examined the apoptotic cells, there
was no significant difference. Human vasohibin-1 gene-transduced RPE-J showed
statistically significant less VEGF expression when compared to those of vector-
transduced cell by real-time PCR and western blot analysis (Fig. 40.3a, b).

40.4 Discussion

Vasohibin-1 is an endogenous antiangiogenic agent that is induced by variable pro-
angiogenic factors such as VEGF and bFGF. Vasohibin-1 was reported to inhibit the
sprouting of new vessels and to support vascular maturation processes (Kimura
et al. 2009). These antiangiogenic properties were detected after recombinant vaso-
hibin-1 was used for corneal and retinal neovascularization (Watanabe et al. 2004).
We have found that vasohibin-1 is expressed on ECs of choroidal and retinal ves-
sels, human CNV membranes (Wakusawa et al. 2008), and proliferative membranes
of diabetic retinopathy (Sato et al. 2009). In addition, we suggested that the vaso-
hibin-1/VEGF ratio was related to the activity of the CNV (Wakusawa et al. 2008).
RPE is known for secreting VEGF from its basal side to choriocapillaris direction
and performs important function for the survival of the vascular ECs and nonvascu-
lar cells developmentally and also in adults (Alon et al. 1995). This mechanism also
maintains low VEGF concentration at subretinal space (Peng et al. 2010). Because
of this specific function, we examined the correlation of vasohibin-1 and VEGF on
RPE. From the results of present study, vasohibin-1 was expressed in RPE and the
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expression was suppressed under hypoxic condition in RPE-J. Vasohibin-1 was also
suspected to inhibit VEGF function of rat RPE. Interestingly, these results were
observed only at hypoxic conditions and not in standard culture condition. Together
with the previous reports, these results may show that vasohibin-1 may not suppress
physiological VEGF function. External vasohibin-1 may participate as one of the
molecules that suppress the pathological CNV.

In summary, we examined vasohibin-1 expression in rat RPE and the effects under
normal or hypoxic condition. Vasohibin-1 expression was suppressed under hypoxic
conditions. External vasohibin-1 plays an important role on RPE, especially in
hypoxic condition, and suppresses VEGF function on rat RPE.
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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

Keywords:

optic nerve head

laser speckle flowgraphy

mean blur rate

hydrogen gas clearance method
capillary blood flow

rabbit

index of blood flow in the ONH, linearly.

© 2012 Elsevier Ltd. All rights reserved.

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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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
€O, 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
CO; 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 (Tq2) 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
(Ty)2) 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/Tyjz (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 (CO,) or intravenous administration of endothelin-1 (ET-1).

Immediately, 15, and 30 min after 5-min inhalation of 10% CO5 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 (10~'° 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) 50,7 £ 11.5
MBR 47 +£2.0

523 +£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(0.97 + 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.





