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Figure 2. ADM expression after laser treatment. (A) Time course ADM mRNA expression by gRT-PCR analysis in the RPE/choroid complex after
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doi:10.1371/journal.pone.0058096.g002

viously [18]. Image J for Windows (NIH, Bethesda, Maryland)
analysis software was used to measure the area of CNV, with the
operator blinded with respect to treatment groups.

Flow Cytometry (Analysis and Cell Sorting)

Procedures for cell preparation and staining were as previously
reported [19]. Briefly, eyes from at least 5 mice which were laser
coagulated or not were extracted and the RPE-choroid complex
were gently scraped off the sclera. The RPE-complex was digested
with collagenase (Wako, Osaka, Japan), and type II collagenase
(Worthington Biochemical Corp., Lakewood, New Jersey) at 37°C.
The digested tissue was passed through 40-pm filters to yield single
cell suspensions. Cell surface antigen staining was performed as
described previously [20]. Anti-CD45, -CD31, -CD11b (Pharmin-
gen, BD Biosciences) mAbs were used for immunofluorescence
staining. The stained cells were analyzed and sorted using
a FACSAria flow cytometer (BD) with FlowJo (TreeStar) software.
Dead cells were excluded from the analyses using the 2D profile of
forward versus side scatter.
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Quantitative Reverse-transcription Real-time PCR (qRT-
PCR)

For RNA extraction, we used at least 5 mice in each group for
sorted cells as indicated above. For analysis of ADM mRNA
expression in RPE/choroid complexes, we used 2 mice per day.
RNA was extracted from cells using an RNeasy Mini Kit (Qjagen),
and ¢cDNA was generated using reverse transcriptase from the
ExScript RT reagent Kit (Perfect Real Time) (Takara). Real-time
PCR was performed using a Stratagene Mx3000P (Stratagene, La
Jolla, CA). Polymerase chain reaction (PCR) was performed on
cDNA using specific primers following; mouse CRLR, 5-ACC
TGC ACA CAC TCA TCG TG-3' and 5'-TGA TCC AGC
AAT TGT CGT TG-3'; mouse RAMP2, 5'-CTG AGG ACA
GCC TTG TGT CA-3’ and 5'-AAG TCC AGT TGC ACC
AGT CC-3’; mouse RAMP3, 5'-AAG GTG GCT GTC TGG
AAG TG-3" and 5'-TGA TGT TGG TCT CCA TCT CG
mouse ADM, 5'- GAC TCG CTG ATG AGA CGA CA-3' and
5'- GAA CCC TGG TTC ATG CTC TG’; mouse GAPDH, 5'-
TGG CAA AGT GGA GAT TGT TGC C-3' and 5'- AAG ATG
GTG ATG GGC TTC CCG-3'; human ADM, 5'- ATG AAG
GGT GCC TCT CGA A-3' and 5'- CCC TGG AAG TTG TTC
ATG C-3'; human GAPDH, 5'- GAA GGT GAA GGT CGG
AGT C-3' and 5'- GAA GAT GGT GAT GGG ATT TC-3".
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doi:10.1371/journal.pone.0058096.g003

Expression level of the target gene was normalized to the GAPDH
level in each sample.

In vitro Assays

We examined the in vitro effect of ADM on inflammatory
responses of 3 major cell types associated with CNV formation,
i.e., microvascular ECs, macrophages, and RPE cells, using the
murine cell lines bEnd3, RAW264.7, and the human cell line
ARPE-19, respectively. ARPE19 cells were purchased from the
American Type Culture Collection (ATCC, Manassas, VA). Cells
were cultured in six-well plates for 12 hours in DMEM (Sigma,
ATCC and Nikken, respectively). After 4 hours serum starvation
using 0.5% fetal bovine serum (FBS), cells were stimulated with
tumor necrosis factor (TNF)-oo (PeproTech, 50 ng/mL) or
lipopolysaccharide (LPS; Wako, 10 pg/mL). After a 12 hour
incubation, cell lysate from each line, and the supernatants from
cultures of RAW264.7 cells, were processed for real-time RT PCR
and EC proliferation assays, respectively. ECs (bEnd3) which were
incubated for an additional 4 hours with supernatant plus 1 UM or
5 uM ADM (22-52), or PBS, were quantified using Cell-counting
kit-8 (DOJINDO) according to the supplier’s protocol. 1 UM
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SU1498 was added to the supernatant in some experiments. Dose-
response model assessing the toxicity of ADM (22-52) was also
performed using same kit after 24 hour incubation of ADM
inhibitor at indicated concentration. Absorbance was then
measured at 490 nm, and at 630 nm as reference, with
a Microplate Reader 550 (Bio-Rad Laboratories). Primary culture
of RPE/choroid complexes was performed using cells dissected
from 8-week-old wild-type C57BL/6 mice. Tissues were dissoci-
ated with trypsin, resuspended in DMEM containing 20% FBS
and then plated on laminin-coated 24-well plates at a density of
a tissue froml mouse/well and incubated at 37°C, 5% CO4 for
24 h before 4 hours serum starvation with 0.5% FBS. After 12
hours TNF-o treatment, tissues were collected and immediately
washed with PBS before RNA extraction. For ELISA, after
seeding the primary culture, we cultured for 24 hours as indicated
above, then serum-starved for 4 hours in DMEM without FBS
before TNF-o stimulation. We stimulated cells with 50 ng/ml
TNF-o for 24 hours without FBS. We used an ADM detection kit
(Phoenix Pharmaceuticals) according to the supplier’s protocol.
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Immunohistochemistry

The procedure for tissue preparation and staining was as
previously reported [21]. For immunohistochemistry, biotin-
conjugated anti-CD31 antibody (BD Biosciences, 1:200) was used
for staining and anti-rat IgG Alexa Fluor 488 (Invitrogen, 1:300) as
the secondary antibody. Samples were visualized using DM5500B
(Leica) and confocal microscopy (TCS/SP5, Leica). Images were
acquired with a DFC 500 digital camera (Leica) and processed
with the Leica application suite (Leica) and Adobe Photoshop CS3
software (Adobe systems). All images shown are representative of
more than 6 independent experiments.
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Statistical Analysis

All data are presented as mean % standard error of the mean
(SEM). For statistical analysis, the statcel 2 software package
(OMS) was used. In experiments involving qRT-PCR and CNV
suppression with ADM mAb, we used two-sided Student’s t-test to
compare two groups (except for expression of ADM mRINA after
CNV induction).We used analysis of variance performed on all
data followed by Tukey-Kramer multiple comparison testing in
qRT-PCR experiments for expression of ADM mRNA after CNV
induction, EC proliferation assays using bEND.3 and for
experiments on CNV suppression with ADM and VEGF
antagonists. A probability value of less than 0.05 was considered
statistically significant.

March 2013 | Volume 8 | Issue 3 | e58096



Results

To elucidate the involvement of ADM signaling in CNV, we
first investigated the expression of the ADM receptor in choroidal
vascular ECs in the CNV model. After we confirmed that CNV
did not invade retinal tissue (Fig. 1A-D), CD317CD45~ EGs in
the RPE-choroid complex were analyzed by flow cytometry
(Fig. 1E) and their number was calculated as a percentage of a total
of 5% 10* choroid/RPE complex cells 7 days after laser induction.
We confirmed that the number of ECs increases after induction of
CNV in laser-treated eyes (6.96% of total cells) compared to
control eyes (4.57% of total cells) (Fig. 1F). There was no change in
the number of CD31% CD45" or CD31~CD45" cells; however,
CD11b cells increased after laser-induction of CGNV (6.32% vs
1.8%) (data not shown). Because ADM signaling is known to be
mediated through CRLR/RAMP2 and CRLR/RAMP3 recep-
tors, we analyzed the expression of CRLR, RAMP2 and RAMP3
mRNA in choroid/RPE complexes after induction of CNV.
CRLR, RAMP2 and RAMP3 were highly expressed in the
CD317CD45~ ECs compared to CD317CD45  non-ECs.
However, the level of expression of these ADM receptor
components in ECs was not altered after CNV induction
compared to sham-operated control groups (Fig. 1G). Moreover,
we confirmed the expression of CRLR in the ECs of CNV by
immunostaining (Fig. 1H).

Next, we assessed the expression of ADM during CNV
formation. In the laser-induced CNV model, the presence of
different angiogenic factors in RPE-Choroid complexes has
already been reported [22]. We analyzed the expression of
ADM mRNA and found that it increased in a time-dependent
fashion and peaked 4 days after laser treatment (Fig. 2A). Because
it is reported that ADM promotes angiogenesis in both an
autocrine and a paracrine manner [8,23], we focused on two cell
populations which could be isolated by flow cytometry: CD31*
ECs and CD11b* monocytes/macrophages. We confirmed that
both ECs and macrophages express more ADM mRNA compared
to CD31 CDI1b™ cells (Fig. 2B). Furthermore, after CNV
induction, ADM expression was significantly upregulated in both
ECs and macrophages compared to the same cells in sham-
operated mice (Fig. 2C, D). Therefore, these data suggest that
ADM is involved in this Jaser-induced CNV model.

It is well known that inflammatory cytokines upregulate ADM
expression in various cells [24,25,26]. We confirmed this by using
macrophage (RAW264.7), EC (bEnd.3), and retinal pigment
epithelial (ARPE-19) cell lines stimulated with TNF-o. and LPS
(Fig. 3A). It has been reported that ADM induces EC proliferation,
migration and tube formation through phosphatidylinositol 3’
kinase (PI 3’ -kinase)/Akt, extracellular signal-regulated kinase
(ERK), and tyrosine phosphorylation of focal adhesion kinase
(p125 FAK) [14]. Thus, we tested whether culture supernatant
from RAW264.7 cells after TNF-o stimulation promotes EC
proliferation and whether this can be inhibited by a widely-
accepted ADM antagonist, ADM (22-52) [27]. Although the
inhibitory effect was weak compared to a potent VEGF-A
signaling inhibitor, SU1498 [28], ADM (22-52) did significantly
suppress proliferation of EC cultured not only in supernatant from
TNF-o-stimulated macrophages but also to some extent in
medium containing TNF-¢. without macrophages (Fig. 3B).
Additionally, we confirmed the absence of the potential toxicity
of ADM (22-52) using an in vitro dose-response model (Fig. S1).
These data suggest that ADM signaling affects EC proliferation in
an autocrine and a paracrine manner. Moreover, we evaluated the
expression of ADM in 24 hour-cultured primary RPE/choroid
complexes obtained from wild-type mice. TNF-a stimulation of
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cultured primary RPE/choroid complexes significantly upregu-
lated ADM mRNA and protein levels at the 12 hour time point
(Fig. 3C and 3D); however, expression of ADM mRNA after 24
hours was downregulated relative to the 12 hour time point
(Fig. 3C). The morphology of the cells did not change(Fig. 3E and
3F).

To clarify the role of ADM in this CNV model, we inhibit ADM
signaling using intraocular injections of ADM antagonist, ADM
(22-52). Quantification of CNV size judged by immunohisto-
chemical analysis with anti-PECAM-1 Ab 7 days after laser
treatment revealed that intraocular injection of ADM (22-52)
significantly inhibited the formation of CNV to approximately
60% of controls. In contrast, injection of recombinant ADM did
not affect the size of CNV compared to controls, contrary to our
expectations (Fig. 4A and B). This suggests that an excessive
amount of ADM is produced in the choroid/RPE in this CNV
model. Next, we assessed whether the ADM antagonist had any
synergistic effect with SU1498 on CNV. Treatment with ADM
antagonist and SU1498 together suppressed CNV formation more
than SU1498 alone (Fig. 4C). Furthermore, we confirmed the
effect of anti-ADM monoclonal antibody; intraocular injection of
ADM mAb resulted in significant suppression of CNV formation
(Fig. 4D).

Discussion

In the current study, we have explored the possibility that ADM
exerts angiogenic effects in a laser-induced CNV model. The
ADM receptor was expressed in choroidal endothelial cells and
ADM was upregulated in the choroid/RPE complex during CNV
formation. Moreover, an ADM pharmaceutical antagonist and
a mAb to ADM efficiently suppressed CNV formation and
mediated synergistic effects together with a potent VEGF-A
inhibitor. These findings suggest that ADM could represent
a therapeutic target and be an attractive option for the treatment
of CNV in AMD.

The biological functions of ADM are well- recognized to be
dilatation of resistance vessels [29,30], increases of cardiac output
[31], regulation of vascular permeability [32] and contribution to
mobilization, adhesion and differentiation into endothelial pro-
genitor cells of bone marrow-derived cells [33,34,35]. Addition-
ally, several lines of evidence have suggested that inhibiting the
ADM pathway with antibodies or antagonists directed against
ADM or ADM receptors can reduce angiogenesis and tumor cell
proliferation in mouse cancer models [8]. Although ADM is
reported to affect not only angiogenesis but also tumor cell
proliferation via its autocrine and paracrine mechanisms in cancer,
there is little data showing the involvement of ADM in a disease
model whose central pathogenesis depends on sprouting angio-
genesis [11,12,13,16,23].

ADM immunoreactivity was reported in cardiac myocytes,
vascular smooth muscle cells, ECs, renal distal and collecting
tubules, mucosal and glandular epithelia of the digestive, re-
spiratory and reproductive system, the endocrine and neuroendo-
crine system, as well as in the central nervous system [29]. In the
current model, upregulation of ADM was not detected in the
retina after laser treatment (data not shown), although Blom et al.
reported the expression of ADM in neural retina. However, we
saw ADM in the RPE/choroid. Secreted inflammatory cytokines
after laser burn might be enhancing ADM expression and further
accumulation of inflammatory cells.

This was confirmed using a primary RPE/choroid culture
model in the present study. However, ADM expression 24 hr after
TNF-a stimulation was lower than at 12 hr, in contrast to findings
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with different cell lines such as RAW 264.7, RPE-19 and bEnd.3.
We hypothesize that this difference can be attributed to the use of
transformed cell lines which could display different expression
patterns compared to that of primary cultures. Local upregulation
of ADM at each photocoagulated site could induce direct ADM
effects, i.e. EC proliferation, migration and tube formation.
Currently, anti-VEGF therapy has become the major treatment
modality for neovascular AMD. However, numerous injections of
the anti-VEGF drug may be required to maintain clinical benefit.
Moreover, after treatment with anti-VEGF drugs, it can be
hypothesized that a hypoxic response could occur and sub-
sequently upregulate ADM, because this has been observed in ECs
[25] [36]. Chen et al. reported reciprocal regulation of ADM and
HIF-1a expression exerted synergistic effects on proliferation of
ECs in vitro [36]. Induction and nuclear translocation of HIF-1
o controls the expression of several angiogenic factors [37].
Therefore, the requirement for additional drugs together with
anti-VEGF therapy is rational even if anti-ADM treatment
partially suppresses CNV formation.

Although we expected that ADM injection would enhance the
angiogenic response, exogenous ADM did not alter the size of
CNV. We hypothesize that ADM was already saturated in the
lesion and therefore additional factor would not be able to further
activate the ADM receptor and exert any greater effects.

Chen et al. reported that tumor-associated macrophages (TAM)
express both ADM and ADM receptor components. They also
reported that ADM from TAM stimulated ECs and furthered
angiogenesis via a paracrine pathway; moreover, it also potenti-
ated the differentiation of TAM from the M1 to M2 state in an
autocrine manner [23]. In the current study, infiltrating macro-
phages in CNV eyes expressed more ADM; therefore we cannot
completely exclude the possibility that upregulation of ADM in
macrophages could cause them to change their characteristics and
to secrete other angiogenic factors such as VEGF. However, the
finding of an inhibitory effect on EC proliferation of ADM
antagonists in supernatant from macrophage cultures implies that
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Abstract

Purpose To evaluate vascular endothelial growth factor
(VEGF) and ranibizumab concentrations in eyes with age-
related macular degeneration (AMD) after monthly and bi-
monthly intravitreal ranibizumab (IVR) injections.

Methods Aqueous humor samples were obtained from 26
eyes with AMD before and after IVR injections. Nine eyes
received three monthly injections and 17 eyes received two
bimonthly injections. The VEGF and ranibizumab concentra-
tions were measured by enzyme-linked immunosorbent
assay.

Results The aqueous VEGF concentrations in the monthly
injection group decreased below the lowest detectable limit
in eight of nine eyes 1 month after the first injection and seven
of nine eyes 1 month after the second injection (P<0.001,
mean baseline value, 94.7 pg/ml); the aqueous VEGF concen-
trations in the bimonthly injection group decreased below the
lowest detectable limit in two of 17 eyes 2 months after the
first injection (P <0.001, mean baseline value, 152.4 pg/ml).
The mean aqueous ranibizumab concentrations with monthly
injections were 71.2 ng/ml 1 month after the first injection,
and 96.3 ng/ml 1 month after the second injection. The mean
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aqueous ranibizumab concentrations in the bimonthly injec-
tion group were 2.5 ng/ml in 15 of 17 eyes, and below the
lowest detectable limit in two of 17 eyes 2 months after the
first injection.

Conclusions In this pilot study with limited follow-up, intra-
vitreal injection of ranibizumab can suppress aqueous VEGF
completely for 1 month in most cases. Its effect does not last
for 2 months enough to suppress VEGF completely in most
cases, although aqueous VEGF at 2 months after intravitreal
injection of ranibizumab is less than that before injection in
most cases.

Keywords Age-related macular degeneration - Aqueous
humor - Ranibizumab - Bimonthly intravitreal injection -
Vascular endothelial growth factor

Introduction

Vascular endothelial growth factor (VEGF) plays a key role in
the development of neovascularization in exudative age-
related macular degeneration (AMD) [1-7], the leading cause
of irreversible blindness among aging populations in devel-
oped countries [8—11]. The aqueous VEGF concentration in
eyes with AMD and polypoidal choroidal vasculopathy
(PCV) increases compared with normal eyes [12—16].
Ranibizumab (Lucentis, Genentech Inc., South San
Francisco, CA, USA) is a recombinant, humanized monoclonal
antibody Fab fragment that neutralizes all biologically active
forms of VEGF-A. Anti-VEGF therapy with ranibizumab sig-
nificantly decreased the VEGF concentrations in the aqueous
humor of eyes with AMD [14-16]. Monthly injections of
0.5 mg of ranibizumab prevent visual loss, and the mean visual
acuity (VA) increased after 2 years in patients with all types of
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choroidal neovascularization (CNV) secondary to AMD
[17-19]. It is unclear if monthly intravitreal ranibizumab
(IVR) injections are needed. Monthly injections may increase
the risk of intraocular infection and impose a heavy economic
burden on patients. Some investigators administered quarterly
IVR injections after three monthly loading doses to treat AMD,
but this regimen did not achieve noninferiority to monthly
injections, which means that a regimen with more frequent
drug administration is needed [20-22].

Increasing interest also has focused on aflibercept (VEGF
Trap-Eye, Regeneron Pharmaceuticals, Tarrytown, NY, USA).
Unlike ranibizumab and bevacizumab (Avastin, Genentech
Inc.), aflibercept is a recombinant fusion protein comprised of
portions of human VEGFR1 and VEGFR2 extracellular do-
mains fused to the Fc portion of human immunoglobulin G1
[23, 24]. With an extraordinarily high VEGF binding affinity,
aflibercept binds all VEGF-A, VEGF-B, and placental growth
factor. The VIEW I and VIEW 2 studies, two parallel, phase III,
double-masked, randomized, multicenter trials, evaluated the
efficacy and safety of bimonthly injections of aflibercept after
three monthly injections of the drug, compared with monthly
injections of ranibizumab. The results indicated that bimonthly
injections of aflibercept were not inferior to monthly injections
of ranibizumab over a 1-year period [25]. However, little data
are available on bimonthly injections of ranibizumab. The
current study investigated the aqueous VEGF and ranibizumab
concentrations in patients with AMD after monthly and bi-
monthly IVR injections.

Material and methods
Patients

Twenty-six eyes of 26 patients were enrolled between August
2009 and August 2012. The monthly injection group included
nine eyes, and the bimonthly injection group included 17 eyes.
Inclusion criteria included age over 50 years, subfoveal lesions
with CNV secondary to neovascular AMD or PCV cases diag-
nosed according to fluorescein angiography (FA) depending on
the classification of previous paper [26] and indocyanine green
angiography (IA). Patients who received previous AMD treat-
ments and any retina surgery or vitrectomy history were
excluded.

The Institutional Review Board of Shiga University of Med-
ical Science Hospital approved this study, which is registered at
http://www.umin.ac.jp (No. UMIN000005691). All patients
provided informed written consent before participation.

Treatment and aqueous humor preparation

Anesthesia was induced using topical 4 % xylocaine before
the intravitreal injections were administered. A sterile lid

@ Springer

speculum was used in all cases. The ocular surface was
prepared using a povidone—iodine solution. Undiluted aque-
ous humor samples were obtained from the eyes using a 29-
gauge needle, followed by an IVR injection (0.5 mg/ 0.05 ml).
The samples were stored at —80 °C until analysis. Patients
were treated with a topical ophthalmic antibiotic four times
daily starting 3 days before the day of injection and continuing
for 3 days after the injection.

Measurement of VEGF concentrations

Aqueous VEGF concentrations were measured using an
enzyme-linked immunosorbent assay (ELISA) (Quantikine
Human VEGF Immunoassay, R&D Systems, Minneapolis,
MN, USA), according to the manufacturer’s instructions
[16]. The lowest detectable limit of the VEGF concentration
was 9.0 pg/ml.

Measurement of ranibizumab concentrations

Aqueous ranibizumab concentrations were measured by
ELISA. Ninety-six-well plates were coated with recombinant
human VEGF165 (R&D Systems) at a concentration of
1.0 pg/ml (100 pl/well) overnight at 4 °C. After washing three
times with phosphate-buffered saline (PBS) containing
0.05 % Tween-20, the wells were blocked with 3 % bovine
serum albumin (BSA)/PBS overnight at 4 °C (200 ul/well).
The wells then were washed five times with PBS containing
0.05 % Tween-20 and stored dry at 4 °C for later use. Aqueous
humor samples diluted in 0.1 % BSA/PBS were added to the
plates overnight at 4 °C (50 pl/well). Ranibizumab was de-
tected by horseradish peroxidase-goat anti-human IgG/
F(ab”)2 (Pierce Biotechnology Inc., Rockford, IL, USA) at a
concentration of 1 pg/ml after a 2-hour incubation at room
temperature. After five washes, color development was per-
formed with a 100 pl 3, 3°, 5, 5”-tetramethylbenzidine sub-
strate, and the reaction was stopped by adding 1 M hydrogen
chloride (100 pl). The optical density was measured at 450 nm
with correction at 570 nm. The minimal quantifiable concen-
tration of ranibizumab in the aqueous humors was 15.6 pg/ml.
Because the sample volumes were small, we diluted them to
10 times and carried out the measurement. Therefore, the
lowest detectable limit of the ranibizumab concentration was
156 pg/ml (0.156 ng/ml).

Examinations

The best-corrected VA (BCVA) and the central retinal subfield
thickness (CRST) were measured before and monthly after the
initial intravitreal injection. The BCVA was measured using a
Landolt C chart and converted to the logarithm of the mini-
mum angle of resolution (logMAR) VA and analyzed. The
CRST was measured using spectral-domain optical coherence
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tomography (SD-OCT) (Cirrus HD-OCT, Carl Zeiss Meditec,
Dublin, CA, USA). The average retinal thickness in the cen-
tral 1-mm area obtained from the macular thickness analysis
was analyzed. In all eyes, FA and IA were performed before
the first injection.

Statistical analysis

Statistical analysis was performed using the Sigma Stat statis-
tical software version 3.1 (Systat Software Inc., Richmond,
CA, USA). One-way repeated measures analysis of variance,
Friedman repeated-measures analysis of variance by ranks, or
the paired 7-test was used to compare the differences in the
aqueous VEGF concentrations, BCVA, and CRST before and
after the IVR injections. P <0.05 was considered significant.
A VEGF concentration below the lowest detectable limit was
calculated as 0 pg/ml when the data were calculated.

Results

The baseline characteristics of the study patients are summa-
rized in Table 1. No major differences were found between the
two study groups except for the baseline aqueous concentra-
tion. According to the classification as published previously
[26], in the monthly injection group, seven eyes of nine
patients were diagnosed with neovascular AMD, including
two eyes with a minimally classic lesion and five eyes with an
occult lesion with no classic lesions identified by fluorescein
angiography (FA); the other two eyes were diagnosed with
PCV, which was identified by indocyanine green angiography.
In the bimonthly injection group, 13 eyes of 17 patients were
diagnosed with typical AMD (one eye with a predominantly
classic lesion, four eyes with minimally classic lesions, and
eight eyes had occult and no classic lesions identified by FA).
The other four eyes were diagnosed with PCV.

In the monthly injection group, the aqueous VEGF con-
centrations ranged from 47.2 to 155.1 pg/ml (mean+standard
deviation [SD], 94.7+32.0 pg/ml) at baseline, and decreased
to below the lowest detectable limit in eight of nine eyes and
64.5 pg/ml in one of nine eyes at month 1 (1 month after the
first injection) and decreased to below the lowest detectable
limit in seven of nine eyes, 17.7 pg/ml and 58.9 pg/ml in the
other two eyes respectively at month 2 (1 month after the
second injection). The aqueous VEGF concentration in the
monthly injection group decreased significantly (P <0.001,
for both comparisons) at months 1 and 2 (Fig. 1).

In the bimonthly injection group, the aqueous VEGF con-
centrations ranged from 41.9 to 380.7 pg/ml (mean+SD,
152.4£80.1 pg/ml) at baseline and decreased to below the
lowest detectable limit in two eyes at month 2 (2 months after
the first injection). The aqueous VEGF concentrations ranged
from 10.3 to 216.1 pg/ml (mean+SD, 69.4+60.9 pg/ml) in 15

Table 1 Baseline characteristics of the study patient

Monthly injection  Bimonthly injection P value
group (n=9) group (n=17)
Age, years 67.9+8.5 73,0£93 0.18
Sex, male/female  8/1 12/5 0.38
VA 0.66+0.32 0.44+0.42 0.09
CRST, um 398.4+207.3 363.1+84.1 0.66
Aqueous VEGF  94.7+32.0 152.4+80.1 0.02
concentration,
pg/ml
Prior therapy for ~ No No -
AMD
PCYV patients 2 4 =

of 17 eyes at month 2, and decreased significantly at month 2
(P<0.001, Fig. 2).

The ranibizumab concentrations in the monthly injection
group ranged from 9.0 to 163.0 ng/ml (mean+SD, 71.2=+
48.6 ng/ml) at month 1 (1 month after the first injection) and
from 16.3 to 222.7 ng/ml (mean+SD, 96.3+65.4 ng/ml) at
month 2 (1 month after the second injection). The
ranibizumab concentrations in the bimonthly injection group
ranged from 0.2 to 6.9 ng/ml (mean+SD, 2.5+£2.2 ng/ml) in
fifteen of 17 eyes, and were below the lowest detectable limit
in the other two of 17 eyes at month 2 (2 months after the first
injection) (Fig. 3). When the ranibizumab and VEGF concen-
trations were evaluated, the aqueous VEGF concentration
decreased and the aqueous ranibizumab concentration in-
creased, with the exception of a few cases. An aqueous
ranibizumab concentration of about 5 ng/ml or greater seemed
to suppress the aqueous VEGF concentrations to below the
lowest detectable limit (Fig. 4).

The mean logMAR BCVA values in the monthly injection
group were 0.66+0.32 at baseline, 0.69+0.35 at month 1, and
0.61£0.33 at month 2 (95 % confidence interval: —0.15 to
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Fig. 1 The aqueous VEGF concentrations in eyes treated with monthly
IVR injections. The VEGF concentrations decrease significantly (P <0.001
for both comparisons) after [VR injections at months 1 and 2
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Fig. 2 The aqueous VEGF concentrations in eyes treated with bimonthly
IVR injections. The VEGF concentrations decrease significantly (P <0.001)
after IVR injections

0.10 and —0.07 to 0.18, baseline versus month 1 and baseline
versus month 2 respectively). No significant differences were
found in the logMAR BCVA in the monthly injection group at
baseline and after treatment. The mean logMAR VA values in
the bimonthly injection group were 0.44+0.42 at baseline,
0.40+0.41 at month 1, and 0.36+0.40 at month 2 (95 %
confidence interval, —0.03 to 0.10 and —0.12 to 0.16; baseline
versus month 1 and baseline versus month 2 respectively).
The VA tended to improve, although there were no significant
differences between baseline and months 1 or 2 in the two
treatment groups (Fig. 5a).

The mean CRST values in the monthly injection group
were 398+207 pum at baseline, 262+77 pum at month 1, and
221+60 pm at month 2 (95 % confidence interval, —33.78 to
305.78 and 29.59 to 325.96, baseline versus month 1 and
baseline versus month 2 respectively). The CRST value in
the monthly injection group at month 1 decreased significant-
ly (P <0.05) compared with baseline. In the bimonthly injec-
tion group, the mean CRST values were 363+84 pum at
baseline, 263+72 pum at month 1, and 297+103 pm at month

1000
@ Monthly (n=9)
-~ A Bimonthly (n=17)
E —
> — '
= '}————"“’4_”"
= 100 o ——
8 s - -8
®  —————
= -—
g =
g .
8 10 .
k] a
£ A
A 4
e
=
- i
El a
8
a2 A
< A
______________________ e i ‘ Limit of detection,
0.156 ng/ml
0.1+ - &8 =08
Month 1 Month 2

Fig. 3 The ranibizumab concentrations in eyes treated with monthly and
bimonthly injections of the drug. The lowest detectable limit is 0.156 ng/ml.
Ranibizumab is detectable in eight eyes treated with bimonthly injections
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Fig. 4 Correlation between aqueous VEGF and ranibizumab concentra-
tions in eyes treated with monthly and bimonthly injections. With a few
exceptions, the aqueous VEGF level decreases and the aqueous
ranibizumab concentration increases. Since the ranibizumab concentra-
tion increases to 5 ng/ml or higher, most aqueous VEGF is suppressed
below the lowest detectable limit

2 (95 % confidence interval: 70.25 to 130.93 and 17.45 to
114.31, baseline versus month 1 and baseline versus month 2
respectively). The CRST decreased significantly (P <0.05) at
month 1 compared with baseline. The differences in the CRST
values between baseline and months 1 and 2 in the bimonthly
injection group were significant (P <0.001 for both compari-
sons) (Fig. 5b).

Discussion

To the best of our knowledge, the current study was the first to
analyze the levels of aqueous VEGF and ranibizumab in eyes
with AMD treated with bimonthly IVR injections.
Ranibizumab was detected for at least 2 months, and aqueous
VEGF concentrations decreased significantly 2 months after
the first bimonthly IVR injection in most eyes. We measured
the VEGF concentration in the aqueous humor rather than the
vitreous humor because of the high correlation between aque-
ous and vitreous levels of VEGF [27-29] and ease and lower
risk of obtaining aqueous humor samples compared with
vitreous samples.

In the current study, the baseline VEGF level of two groups
has a significant difference (P=0.02) which may result from
the small and uneven number of patients in this study and
from coincidence.

The aqueous VEGF was completely suppressed (decreased
to the lower limit of detection) with monthly IVR injections,
similar to previous reports [14—16]. Meanwhile, in eyes that
received bimonthly IVR injections, a significant decrease in
the VEGF level also was observed in 14 (82.3 %) patients at
month 2, although the aqueous VEGF concentrations in only
two eyes (11.8 %) were suppressed completely. The





