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Vascular endothelial growth
factor in the aqueous humour in
eyes with myopic choroidal
neovascularization

Osamu Sawada, Hajime Kawamura, Masashi Kakinoki,
Tomoko Sawada and Masahito Ohji

Department of Ophthalmology, Shiga University of Medical Science; Japan

ABSTRACT.

Purpose: To determine the concentration of vascular endothelial growth factor
(VEGF) in the aqueous humour of eyes with myopic choroidal neevasculariza-
tion (mCNY).

Methods: Aqueous humour samples were obtained from 21 eyes of 21 patients
with-mCNYV. and from 21 eyes of 21 patients with cataract without CNV or
other ocular or systemic diseases (control group). The VEGF concentration in
the aqueous humour was measured using an enzyme-linked immunosorbent
assay.

Results: The YEGE concentrations in the aqueous humour of eyes with mCNV.
ranged from < 20.6 to 200 pg/ml (median 35 pg/ml). The concentrations in
the control group ranged from 26 to 218 pg/ml (median 100 pg/ml). The
difference between the two VEGE concentrations in the aqueous humour was
significant (p < 0.001, Mann—Whitney rank sum test).

Conclusion: The VEGF concentration in the aqueous humour of patients: with
mCNY is lower than in normal controls. VEGF might localize in or around
the CNV in eyes with mCNYV.

Key words; aqueous humour — bevacizumab — choroidal neovascularization' — myopia — vascular
endothelial growth factor
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Introduction

Vascular endothelium  growth  factor
(VEGF) is thought to play a key role
in ‘the progression of choroidal nco-
vascularization (CNV) associated with
age-related - macular . degeneration
(AMD) (Ishibashi et al. 1997; Kwak
et al.-2000). Several anti-VEGEF drugs
have been used to treat CNV associ-
ated = with "AMD, : and ' favourable

results have been reported (Gragoudas
et al. 2004; Avery et al. 2006; Rosen-
feld et al. 2006).

VEGF also seems to play a key role
in’ the progression of CNV secondary
to pathological myopia. Anti-VEGFE

' therapy has been reported to have a

favourable effect  on - myopic  CNV
(mCNV). It was reported that intra-
vitreal . injection:  of = bevacizumab
(Avastin®  Genentech, South San

Francisco, California, USA), a recom-
binant humanized: monoclonal - anti-
body . against - all: VEGFE" isoforms
(Ferrara :2004), improved: the: visual
acuity (VA) and decreased ‘the angio-
graphic leakage 'in ‘eyes with- mCNV
(Chan et al.+2009; Gharbiya et al
2009; Ikuno et al. 2009).: Intravitreal
injection = of - ranibizumab  (Lucentis;
Novartis,; Basel, Switzerland), a human-
ized - antigen-binding  portion - of - a
murine anti-VEGF monoclonal anti-
body that has a mature high affinity
to all VEGF isoforms; improved the
VA and reduced the retinal thickness
in eyes with - mCNV. (Konstantinidis
et al. 2009). Further understanding of
the role of VEGF in the pathogenesis
of mCNV may aid current anti-VEGFE
treatment and combination therapy
with  photodynamic therapy (PDT).
To study the relation between VEGF
and mCNYV,  we obtained aqueous
humour samples and measured the
VEGE concentrations in the aqueous
humour of patients with mCNYV.

Materials and Methods

In this prospective comparative study;
we determined the VEGFE concentra-
tion in the aqueous humour of 21
patients (five. men, 16 women) with
mCNV. The mean patient age was
64.7 years (range 31-79 years). Aque-
ous samples from 21 patients (eight
men, 13 women) with cataract who
did not have CNV or other ocular or
systemic . diseases . comprised = the
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Table 1. Clinical characteristics of patients with myopic choroidal neovascularization (mCNV)

and controls with cataract.

mCNV Control p-value
No. of patients 21 21
Gender (female/male) 16/5 13/8 0.504
Age (mean £ SD) 64.7 £ 124 66.3 £ 9.6 0.693
Axial length (mm, mean = SD) 29.50 + 1.47 24.55.+ 2.27 < 0.001

SD, standard deviation.

control group. The mean patient age
in the control group was 66.3 years
(range 44-79 years) (Table 1).

Undiluted aqueous humour samples
were obtained from the eyes of
patients with mCNV just before
intravitreal injection of 1.25 mg bev-
acizumab. Anterior-chamber paracen-
tesis was performed before the
intravitreal injection, because aspira-
tion of the aqueous humour samples
prevents a spike in intraocular pres-
sure-after: bevdcizumab' (1.25 mg/0.05
ml) is injected intravitreally.

Undiluted aqueous humour: samples
were also obtained: from: the control
eyes of ' the ‘patients with: a- cataract
and no €NV or other ocular disorders
immediately. before  cataract surgery.
All injections and sample. collections
were performed using a standard ster-
ilization procedure that included. the
use of topical -povidone-iodine and
levofloxacin drops. No steroids were
administrated to the cataract patients
before cataract surgery. The samples
were stored in a freezer at —80 °C
until analysis.

The VEGE :concentration in the
aqueous humour was measured by
enzyme-linked immunosorbent assay
(ELISA) for human VEGE (R&D Sys-
tem, Minneapolis, Minnesota, USA).
The primary antibody against VEGFE
detected two (VEGF;3; and VEGFE¢s)
of the four VEGEF -isoforms (Hyodo
et al. 1998). The standard curve was
plotted from the measurements taken
with . the standard solution (20.6=
1000 pg/ml) and the VEGF concentra-
tion in the sample was determined. The
assay was performed according to the
manufacturer’s instructions. The limit
of the detectable VEGF concentration
was 20.6 pg/ml.

The size of the mCNYV was measured
on fluorescein  angiography Dbefore
treatment. The fluorescein angiography
images were digitalized using Image-
Net® (Topcon, Tokyo, Japan), and
both the mCNV and the disc size were

measured using the ImageNet® soft-
ware. The mCNYV area was divided by
the disc area and the mCNYV size was
expressed in ‘disc - areas.” The " axial
length was measured using an IOL
Master® (Carl Zeiss Meditec, Jena,
Germany) in the patients with mCNYV.
The data were analysed using SIGMA-
STAT software (version 3.1; Systat
Software Inc., Richmond, California,
USA) and expressed as the median
value. The differences between the
VEGF concentrations in the aqueous
humour: of patients. with mCNV . and
the  control patients - were compared
using: the: Mann-Whitney rank sum
test. The Spearman rank-order correla-
tion coefficient test was used to exam-
ine the correlation between the VEGF
concentrations in the aqueous humour
and the size of the CNV or the axial
length. A p-value < 0.05 was consid-
ered statistically significant.

This study of the off-label use of
bevacizumab was approved by the
institutional review .board of Shiga
University: of Medical Science Hospi-
tal.  All patients . provided  written
informed  consent,  including those
with mCNV and cataract.

Results

The . VEGF  concentrations in = the
aqueous humour in eyes with mCNV
ranged - from <206 to 200 pg/ml

(median 35 pg/ml) before intravitreal
injection of bevacizumab. VEGF con-
centrations in the aqueous humour
were below 20.6 pg/ml — the lower
limit of detection — in six of the 21
eyes with mCNV. The VEGF concen-
trations in the aqueous humour in the
control eyes with cataract ranged
from 26 to 218 pg/ml (median
100 pg/ml):(Fig. 1). The median con-
centration in the aqueous humour was
significantly lower in eyes with mCNV
than in the control group (Mann-
Whitney rank sum test, p < 0.001).

Correlations between VEGF concen-
tration: and CNV size or axial length
were evaluated. A value of 19 pg/ml
was assigned as the VEGF concentra-
tion in eyes with VEGF < 20.6 pg/ml
and analysed. The CNV sizes ranged
from 0.053 to 2.041 disc areas
[mean + standard deviation (SD)
0.664 + 0.680 disc area] before treat-
ment. No. correlation was - observed
between the VEGE. concentrations in
the aqueous humour and the CNV.size
in mCNV: (Spearman rank-order corre-
lations .. coefficients ' test; p = 0.0946;
p = 0.678) (Fig. 2).

In the eyes with mCNYV, axial length
ranged from 26.90 to 32.55 mm (mean
+'SD 29.50 + 1.47 mm). The VEGF
concentrations in the aqueous humour
seemed to be correlated with the axial
length in the eyes with mCNV. (Speart-
man rank-order correlations  coeffi-
cients test; p = =0.434; p. = 0.0488)
(Fig. 3). The axial length in the con-
trols ranged from 20.98 to 31.95 mm
(mean + SD24.55 + 2.27 mm).

Discussion

mCNYV, a cause of visual loss and
legal blindness in young and middle-
aged patients, is ‘associated with a
poor . prognosis (Avia et al. 1984;
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Fig. 1. Vascular endothelial growth factor concentrations in the aqueous humour in eyes with
myopic choroidal neovascularization and control eyes.
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Yoshida et al: 2003). PDT with verte-
porfin  reduces: the risk of visual
impairment (Blinder et al. 2003; Ergun
et al. 2004; Lam et al. 2004). Cur-
rently, PDT or the combination of
PDT and intravitreal triamcinolone
acetonide is suboptimal for treating
mCNYV (Degenring & Jonas 2005).
Recent studies have reported that in-
travitreal injection of an anti-VEGF
drug, bevacizumab, seems to be effec-
tive: for treating mCNV. (Chan et al.
2009; Gharbiya et al. 2009; Ikuno et al.
2009). Therefore, VEGE may play a
key role in the development of mCNV.
The VEGF. concentration . in- the
aqueous humour is higher in patients
with diabetic retinopathy and retinal
vein occlusion than in healthy individ-
uals (Aiello et al. 1994; Sawada et al.
2007).: However, it is: controversial
whether the ' VEGF . concentration is
high in AMD and mCNV. Tong et al.
(2006) reported. that the VEGF con-
centrations 'in ‘'the aqueous humour
increased markedly in patients with

polypoidal  choroidal . -vasculopathy,
CNV associated with- AMD and CNV
associated  with =~ myopia compared
with control patients. In contrast,
Jonas & Neumaier (2007) reported
that the VEGF concentrations in the
aqueous  humour  of  patients with
AMD did not vary significantly com-
pared with controls. The VEGFE con-
centration in eyes with mCNV is also
controversial. Chan et al. (2008)
reported that the VEGF concentration
in the aqueous humour of patients
with mCNV was 20.1 + 28.9 pg/ml,
which is similar to the value in the
current study, while Tong et al. (2006)
reported elevated levels of aqueous
VEGEF 1n eyes with mCNV.

In the current study, the VEGEF con-
centrations in the aqueous humour in
patients with mCNV were significantly
Tower than in the controls. In this study,
the VEGF concentration in the control
eyes (100 pg/ml) was similar to that
reported by Noma et al. (2005), who
used the same measurement system.

There are several possible explana-
tions for the lower VEGF concentra-
tion in the aqueous humour in patients
with mCNV compared with controls.
VEGF is expressed strongly in subfo-
veal membranes excised surgically from
patients with AMD (Kvanta et al.
1996; Lopez et al. 1996; Hera et al.
2005). However, to the best of our
knowledge, the presence of VEGF in
the retina and the choroid in mCNV
has not been reported. We speculated
that VEGF might be localized to a
small subfoveal area and might cause
mCNV.and AMD. If the VEGF is
localized to: the retina and the choroid
and: the quantity of VEGF is small,
there might not be sufficient VEGF dis-
tributed throughout the vitréous cavity
and penetrating the anterior chamber.
Therefore, it is reasonable that there is
no correlation between the VEGE con-
centration in the aqueous humour and
the size of the CNV in mCNV. Another
possible explanation is that the VEGF
in-the anterior chamber and vitreous
cavity might be diluted, because the
axial length is longer and therefore the
intraocular volume is large in patiénts
with high myopia. We observed a nega-
tive - correlation’ between . the -VEGF
concentration in the aqueous humour
and the axial length in mCNV. How-
ever, any VEGF concentration below
20.6 pg/ml was not measured precisely
because of the lower limit of the ELISA
used in the current study. This correla-
tion might not be definitive. To evalu-
ate this; we compared the adjusted
VEGE concentrations in the aqueous
humour . between  the patients with
mCNV and the control patients by
adjusting for the difference in axial
length. The circumferential length of
eyes is similar despite differences in the
axial length between myopic eyes and
non-myopic eyes: (Salzmann 1912).
Assuming the intraocular volume was
linear to the axial length, the adjusted
VEGE concentration in the control
eyes was 88 pg/ml, which is still higher
than in myopic eyes. Therefore; the
lower VEGF concentration in mCNV
does not seem to be explained solely by
the difference in axial length.

Other possible explanations are that
VEGE  production = might decrease
because the retina is thin in pathologi-
cal myopia (Lam et al. 2007) or that
retinal thinning might cause relatively
increased - choroidal = perfusion and
decreased retinal hypoxia, resulting in
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decreased VEGF production. In addi-
tion, VEGF isoforms other than
VEGF;2; and VEGF,¢s might play a
key role in mCNV. The antibody we
used can detect free VEGF,; and free
VEGF;gs. Therefore, we cannot deny
the possibility that bound VEGF or
other VEGF isoforms might play a
key role in mCNV.

In the current study, we found a sig-
nificantly lower mean VEGF concen-
tration in the aqueous humour in
patients with mCNV. To determine the
pathogenesis of VEGF in mCNYV, fur-
ther studies are warranted of the local
presence and intraretinal expression- of
VEGEF in eyes with mCNV. and a com-
parison of VEGF concentrations in the
aqueous humour in patients with high
myopia without mCNV,
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